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Background: The clinical assessment of kidney function based on the estimated glomerular
filtration rate (GFR) in older patients remains controversial. This study evaluated the concor-
dance and feasibility of using various creatinine-based equations for estimating GFR in elderly
Chinese patients with type 2 diabetes mellitus (T2DM).

Methods: A cross-sectional analytical study was conducted in 21,723 older diabetic patients
(=60 years) based on electronic health records (EHR) for Minhang District, Shanghai, China.
The concordance of chronic kidney disease (CKD) classification among different creatinine-
based equations was assessed based on Kappa values, intraclass correlation coefficient (ICC)
statistics, and the eGFR agreement between the equations was tested using Bland—Altman plots.
The GFR was estimated using the Cockcroft-Gault (CG), Berlin Initiative Study 1 (BIS1),
simplified Modification of Diet in Renal Disease (MDRD), MDRD modified for Chinese popu-
lations (mMDRD), chronic kidney disease epidemiology collaboration (CKD-EPI), CKD-EPI
in Asians (CKD-EPI-Asia), and Ruijin equations.

Results: Overall, the proportion of CKD stages 3—5 (eGFR <60 mL/min/1.73 m?) was cal-
culated as 28.9%, 39.1%, 11.8%, 8.4%, 14.3%, 11.5%, and 12.7% by the eGFR , eGFR ,
eGFR,, .., €GFR | = eGFR ;) sop €GFR [ o and eGFRRuiji" equations, respectively.
The concordance of albuminuria and decreased eGFR based on the different equations was
poor by both the Kappa (<0.2) and ICC (<0.4) statistics. The CKD-EPI-Asia equation resulted
in excellent concordance with the CKD-EPI (ICC =0.931), MDRD (ICC =0.963), mMDRD
(ICC =0.892), and Ruijin (ICC =0.956) equations for the classification of CKD stages, whereas
the BIS1 equation exhibited good concordance with the CG equation (ICC =0.809). In addition,
significant differences were observed for CKD stage 1 among all these equations.
Conclusion: Accurate GFR values are difficult to estimate using creatinine-based equations
in older diabetic patients. Kidney function is complex, and the staff need to be aware of the
individualized consideration of other risk factors or markers of reduced renal function in
clinical practice.

Keywords: estimated glomerular filtration rate, renal function, elderly, type 2 diabetes mellitus,
electronic health records

Introduction

The number of older patients with chronic kidney disease (CKD) and/or end-stage
renal disease (ESRD) has increased dramatically in China during the past two decades.!
CKD is associated with various comorbid conditions in older people, such as cardio-
vascular disease and disability, which in turn increase the risk of hospitalization and
death. Diabetes mellitus has become one of the main causes of CKD in older patients
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in China.? The early identification and appropriate manage-
ment of CKD in diabetic patients are important measures to
slow its progression, for appropriately correcting the dosage
of renally eliminated medications, and for avoiding potential
drug toxicity. The direct measurement of glomerular filtra-
tion rate (GFR) using a substance exclusively filtered by
the kidneys, such as inulin or other markers (eg, Tc-99m-
diethylene triamine pentaacetic acid, 51Cr-labeled ethylene
diamine tetraacetic acid, and '*I-iothalamate), is the most
reliable method to assess renal function.> However, these
exogenous markers need to be infused or injected using
costly and labor-intensive procedures to measure GFR. These
evaluations are impractical in large numbers of older subjects.
In clinical practice, serum creatinine (Scr)-based equations
for calculating estimated glomerular filtration rate (¢GFR) are
important tools for identifying geriatric patients with CKD
and for allocating appropriate drug dosage in these patients.
The most often employed and analyzed equations include
the Cockcroft-Gault (CG),* Modification of Diet in Renal
Disease (MDRD),*® MDRD modified for Chinese popula-
tions (mMDRD),” and chronic kidney disease epidemiology
collaboration (CKD-EPI) equations.® These equations use
information on age, gender, Scr, and race. Weight is also a
factor in the CG equation. However, the clinical assessment
of kidney function based on eGFR in older patients remains
controversial. Older individuals experience age-related loss
of muscle mass, and sarcopenia has been reported in 1%—29%
of community-dwelling populations,’” which may influence
body weight and Scr levels. Malnourished patients are par-
ticularly at risk of having decreased eGFR, even when they
have normal Scr levels.!’ Race is also an important determi-
nant of GFR estimation due to differences in dietary habits
and body composition.'" All of these factors can influence
the accuracy of the results obtained when applying Scr-based
equations. A multiple-race and -ethnicity study suggested
that the use of a four-level race CKD-EPI equation (Black,
Asian, Native American and Hispanic, White and other) in
Asians (CKD-EPI-Asia) may improve the accuracy of results
obtained for Asians.!?

Currently, the American Diabetes Association recom-
mends an annual screening for diabetic kidney disease
based on an evaluation of the urinary excretion of albumin
and GFR, as estimated using equations including Scr, such
as the MDRD or the CKD-EPI equation."* However, some
studies suggest that evaluating eGFR based on the CKD-EPI
equation provides improved risk prediction for heart failure,
ESRD and cardiovascular mortality compared with the value
of eGFR obtained using the MDRD equation.'*!¢ It has also

been reported that the MDRD equation significantly under-
estimates GFR in diabetic patients with microalbuminuria or
overt diabetic nephropathy.'” One study, which was conducted
in Type 2 diabetic patients in a Korean population, suggested
that the value of eGFR obtained using the CKD-EPI equation
can more accurately stratify earlier-stage CKD among type 2
diabetic patients with nephropathy than the value of eGFR
obtained using the MDRD equation.' While some studies
have suggested that the performances of CKD-EPI and
MDRD are comparable,' others have suggested that the
CKD-EPI formula does not exhibit better performance than
the simplified MDRD formula for estimating GFR in diabetic
patients.”* Using *"Tc-DTPA dynamic renal imaging as the
gold standard, some studies in China have suggested that the
Ruijin formula is more accurate than MDRD for estimating
GFR in Chinese diabetes patients (the rate of achieving 30%
accuracy was over 70.0%),%'?? and one study suggested that
this method is suitable for older diabetic patients (mean age of
70.3£6.4 years).*' Furthermore, some studies have suggested
that the Ruijin formula is more suitable for estimating GFR
during the early stage of CKD in Chinese diabetes patients
than the CKD-EPI equation.?* However, the sample size
in each of the previous Chinese studies was not larger than
300 diabetic patients. The Ruijin formula was refitted based
on the MDRD by investigating 760 Chinese cases of CKD
hospitalized at the Shanghai Jiaotong University-affiliated
Ruijin Hospital during 2002-2005.% The feasibility of using
this formula needs verification in a large sample of diabetic
patients. Some recent studies have suggested that the use
of the Berlin Initiative Study 1 (BIS1) equation based on
Scr is more suitable and accurate for estimating GFR in
older patients, including diabetic patients; this equation
was developed and validated in a population of older adults
aged 70 years or more.” Studies comparing the MDRD,
CKD-EPI, BIS1, CKD-EPI-Asia, and Ruijin equations are
rare. The present study aimed to evaluate the concordance of
estimating renal function using the CG, MDRD, mMDRD,
CKD-EPI, BIS1, CKD-EPI-Asia, and Ruijin equations for
older patients with type 2 diabetes mellitus (T2DM) based
on electronic health record (EHR) data for the Minhang
District of Shanghai.

Methods

Subjects

For this study, data collected between October 1, 2012 and
September 30, 2013 were extracted from the EHR for all
55,533 patients participating in a diabetes management
program in the Minhang district of Shanghai, China, including
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13 community care centers. In total, 25,021 elderly patients
diagnosed with T2DM (International Classification of
Diseases [ICD]-10 codes E10-E14) were eligible for analysis
after excluding patients for whom incomplete data were
available regarding Scr, urinary albumin to creatinine ratio
(ACR), and standard hemoglobin Alc (HbAlc; n=24,491)
or who were under the age of 60 years (n=6,021). Details of
the data extraction have been described previously.”” After
data cleaning and excluding patients with seriously abnor-
mal Scr (<53 umol/L or >618 umol/L) levels, a total of
21,723 cases of older diabetic patients remained. Diabetic
history and data from physical examinations, including
measurements of blood pressure, body height, weight, waist
circumference, fasting blood glucose, HbAlc (measured
using standard high-performance liquid chromatography),
Scr measured by Jaffe’s kinetic method, and the urinary
albumin-to-creatinine ratio (ACR, milligram per gram), were
extracted. The study adhered to the Declaration of Helsinki
and was approved by the ethics committee of the Fifth
Hospital of Shanghai, Fudan University, Shanghai, China
(EC 2010-024). A consent form was not required because
this study was based on the secondary data analysis of a
pre-existing, de-identified dataset.

Measurements

GFR was estimated using the CG, MDRD, mMDRD, CKD-
EPI, CKD-EPI-Asia, Ruijin and BIS1 equations, which are
presented below:

The Cockeroft-Gault formula*
eGFR (mL/min/1.73 m?)
= Creatinine clearance rate (Ccr) X 1.73/body
surface area (BSA)*®
where Ccr (mL/min)
= (140 — age [years]) x weight (kg)/72 x Scr
(mg/dL) (x 0.85 if female), and BSA (m?)
=0.007184 x (weight [kg])*** x (height [cm])®7*."

MDRD study equation®
eGFR (mL/min/1.73 m?)
=186.3 x Scr™'"1** x (age [years]) 2"
% [0.742 for women]) x (1.210 if black), where
Scr is measured in mg/dL (1 mg/dL = 88.4 umol/L)

mMDRD equation’
eGFR (mL/min/1.73 m?)
=175 x Scr!3* x age™®1” x 0.79 (if female)

CKD-EPI equation®

Female (Scr =0.7), eGFR (mL/min/1.73 m?)
=144 x (Scr/0.7)03% x (0.993)*¢ (x 1.159 if black)

(Scr >0.7), eGFR (mL/min/1.73 m?)
=144 x (Scr/0.7)712% x (0.993)"¢ (x 1.159 if black)

Male (Scr =0.9), eGFR (mL/min/1.73 m?)
=141 x (Scr/0.9)%411 x (0.993)e (x 1.159 if black)

(Scr >0.9), eGFR (mL/min/1.73 m?)
=141 x (Scr/0.9)712% x (0.993)*¢ (x 1.159 if black)

CKD-EPI-Asia equation'?

Female (Scr =0.7), eGFR (mL/min/1.73 m?)
=151 X (Scr/0.7)328 x (0.993)ee

(Scr >0.7), eGFR (mL/min/1.73 m?)
=151 x (Scr/0.7)7121% x (0.993 )Aee

Male (Scr =0.9), eGFR (mL/min/1.73 m?)
= 149 x (Scr/0.9) 0415 x (0.993)Ae¢

(Scr >0.9), eGFR (mL/min/1.73 m?)
= 149 X (Scr/0.9)121% x (0.993 )z

Ruijin equation®
eGFR (mL/min/1.73 m?)
=234.96 x (Scr) 926 x (Age) 0% x 0.828 (if female)

BISI equation?

eGFR (mL/min/1.73 m?)
= 3,736 x (Scr) ¥ x (Age) "% x 0.82 (if female)

CKD was defined as either reduced renal function (low
eGFR) and/or kidney damage. Kidney damage was estimated
as albuminuria >30 mg/g creatinine.” Albuminuria catego-
ries were based on ACR in a spot urine sample: Al, <30 mg/g
(normal to mildly increased); A2, 30 to <300 mg/g (moder-
ately increased); and A3, >300 mg/g (severely increased).
The stages of CKD were as follows: Stage 1, albuminuria
with an eGFR of =90 mL/min/1.73 m?; stage 2, albuminuria
with an eGFR of 60—89 mL/min/1.73 m?; stage 3a, an eGFR
0f 45-59 mL/min/1.73 m?; stage 3b, an eGFR of 30—44 mL/
min/1.73 m?; stage 4, an eGFR of 15-29 mL/min/1.73 m?;
stage 5, an eGFR of <15 mL/min/1.73 m? or dialysis.*® Stages
with eGFR values of <60 mL/min/1.73 m? (stages 3—5) were
considered to indicate reduced renal function.

Statistical analysis

For data processing, the Statistical Product and Service
Solutions-IBM SPSS Statistics 19.0 (Armonk, NY, USA) and
GraphPad Prism 5 (La Jolla, CA, USA) were used. Qualitative
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variables are presented as frequencies and percentages, and
quantitative variables are presented as the means and stan-
dard deviations (mean + SD). BMI was evaluated in the
following 2 ways: 1) as 4 categories (underweight <18.5,
normal weight 18.5-23.9, overweight 24-27.9, and obese
=28 [kg/m?])*! and 2) as a continuous variable. Abdomi-
nal obesity was defined as waist circumference =90 cm
for men and =80 cm for women.* Concordance between
the different eGFR estimations was analyzed by calculating
intraclass correlation coefficients (ICCs, two-way mixed
model) together with the respective 95% confidence interval
and Kappa statistic. Kappa values of 0.0-0.2 indicate slight
agreement, values of 0.21-0.40 indicate fair agreement,
values of 0.41-0.60 indicate moderate agreement, values
of 0.61-0.80 indicate substantial agreement, and values of
0.81-1.0 indicate almost perfect or perfect agreement.’>
Higher ICC values indicate greater inter-rater agreement,
with ICC values of <0.4 indicating poor agreement, values
0f 0.40-0.59 indicating fair agreement, values of 0.60-0.74
indicating good agreement, and values of 0.75—1.0 indicat-
ing excellent agreement.** Bland—Altman plots were used to
assess the pairwise agreement between eGFR levels obtained

using different equations.** Two-sided P<<0.05 was consid-
ered to indicate statistical significance.

Results

Subject characteristics by age group

Table 1 summarizes the demographic and some clinical char-
acteristics of the 21,723 diabetic patients. The mean age of all
patients was 70.7017.35 (range 60-95 years). Almost 55% of
the patients were 60—69 years old (11,835, 54.5%), and 2,515
(11.6%) were =80 years old. More females (11,146, 51.3%)
than males (10,577, 48.7%) were included, especially in
the =80-year-old age group (females: 1,502, 59.7%; males:
1,013, 40.3%). The proportion of obese (BMI =28 kg/m?)
and abdominally obese patients decreased with age, while
the proportion of underweight (BMI <18.5 kg/m?) patients
increased from 1.2% in the 60—69 years age group to 4% in
the =80 years age group.

Mean eGFR differed according to the formula used and
decreased with aging. The lowest levels were observed
for GFR values that were estimated using the BIS1 equa-
tion (70.11+15.48), similar values were obtained using the
CG equation (70.20£18.18), and the highest value for eGFR

Table I Demographic and clinical characteristics of study population by age groups

Characteristics Total 60-69 years 70-79 years =80 years P-value
Number 21,723 11,835 (54.5%) 7,373 (33.9%) 2,515 (11.6%) -
Age (years) 70.70+7.35 64.99+2.98 75.34+2.90 83.95+2.86 <0.001
Female 11,146 (51.3%) 5,803 (49.0%) 3,841 (52.1%) 1,502 (59.7%) <0.001
Duration of T2DM (years) 8.95+6.25 8.05+5.52 9.84+6.73 10.60£7.25 <0.001
Fasting glucose (mmol/L) 8.11+2.80 8.17£2.77 8.11+2.81 7.85+2.89 <0.001
Waist circumference (cm) 84.82+7.79 85.07+£7.74 84.60%7.70 84.36+8.22 <0.001
Abdominal obesity 11,353 (52.3%) 6,175 (54.4%) 3,784 (33.3%) 1,394 (12.3%) 0.002
BMI (kg/m?) 24.20+2.98 24.45+2.97 23.99+2.95 23.6613.02 <0.001
<185 409 (1.9%) 139 (1.2%) 170 (2.3%) 100 (4.0%) <0.001
18.5-23.9 10,435 (48.0%) 5,389 (45.5%) 3,725 (50.5%) 1,321 (52.5%) -
24-27.9 8,664 (39.9%) 4,958 (41.9%) 2,813 (38.2%) 893 (35.5%) -
=28 2,215 (10.2%) 1,349 (11.4%) 665 (9.0%) 201 (8.0%) -
Serum creatinine (mmol/L) 77.98+25.55 75.08+22.99 80.07+26.65 85.48+31.04 <0.001
HbAlc (%) 7.29%£1.72 7.30£1.69 7.30%1.74 7.22%1.76 0.077
HbAlc (%, =7.0%) 11,663 (53.7%) 6,312 (53.3%) 3,931 (53.3%) 1,420 (56.5%) 0.012
Hypertension (yes) 13,112 (60.4%) 6,361 (53.7%) 4,953 (67.2%) 1,798 (71.5%) <0.001
Albuminuria (ACR =30 mg/g) 7,637 (35.2%) 3,742 (31.6%) 2,874 (39.0%) 1,021 (40.6%) <0.001
eGFR_. (mL/min/1.73 m?) 70.20+18.18 78.67+16.05 63.18+14.45 50.92+13.26 <0.001
eGFR,, (mL/min/1.73 m?) 70.11£15.48 77.35+13.53 63.87+12.49 54.35£11.93 <0.001
eGFR .o (mL/min/1.73 m?) 91.61+23.04 96.50+21.88 87.78122.54 79.82+23.38 <0.001
eGFR,_., (mL/min/1.73 m?) 83.86+20.73 88.46+19.79 80.29+20.09 72.69+20.63 <0.001
eGFR_, ¢ (ML/Min/1.73 m?) 78.23+16.41 83.79+14.40 73.81%15.49 64.97+16.38 <0.001
eGFR 1 o ace (ML/min/1.73 m?) 82.36+17.35 88.23+15.25 77.70+£16.37 68.35£17.29 <0.001
eGFR, _ (mL/min/1.73 m?) 76.91+15.29 80.97+14.25 73.67+14.68 67.32+15.28 <0.001

Ruijin

Notes: Data are means + SD or n (%). All percentages are column percentage.

Abbreviations: ACR, albumin to creatinine ratio; BISI, Berlin Initiative Study | equation; BMI, body mass index; CG, Cockcroft-Gault equation; CKD-EPI, chronic kidney
disease epidemiology collaboration; CKD-EPI-Asia, CKD-EPI equation in Asians; Chinese-Ruijin, Ruijin equation; eGFR, estimated glomerular filtration rate; HbA I c, hemoglobin
Alc; MDRD, modification of diet in renal disease equation; mMMDRD, MDRD modified for Chinese equation; T2DM, type 2 diabetes mellitus.
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was obtained using the mMDRD equation (91.61£23.04). The
CKD-EPI-Asia (68.35+17.29), CKD-EPI (64.97£16.38), and
Ruijin (67.32+15.28) equations provided very similar estima-
tions of eGFR for the =80-year-old group (Figure 1).

Subject characteristics according to the

presence of reduced eGFR

Table 2 compares the differences in the demographics and
clinical characteristics regarding decreases in renal function
between the various GFR estimation equations. In the case
of GFR values of <60 mL/min/1.73 m?, one can observe
decreases in renal function of 28.9%, 39.1%, 11.8%,
8.4%, 14.3%, 11.5%, and 12.7% when estimated using the
eGFRCG’ eGFRBISl’ eGFRMDRD’ eGFRmMDRD’ eGFRCKD-EPI’
eGFR i asir @Nd €GFR o equations, respectively.
Although different methods for calculating eGFR were used
in this study, patients with reduced renal function were older
and mostly female (except for values calculated using the
eGFR

BIS1
longer times, and the patients showed higher proportions of

equation), their conditions had been diagnosed for

hypertension and albuminuria. There were significantly lower
values of waist circumference and BMI for patients with
reduced renal function compared with those with GFR =60
mL/min/1.73 m? according to the CG formula (P<<0.001).

Status of albuminuria and decreased
eGFR according to the different

equations
Albuminuria status and low eGFR (<60 mL/min/1.73 m?) as
calculated by the different equations are shown in Table 3.

& -

£ 100

™

™~

T

= 80+

E

-

£

14

o 60+

(O]

[

c

3

= 40 T T T
60-69 years 70-79 years 2 80 years

-8 CG equation -m= mMMDRD equation == MDRD equation
~¥- CKD-EPI equation =#= CKD-EPI-Asia equation
=8~ Ruijin equation =Bk BIS1 equation

Figure | Estimated GFR of various equations by age groups.

Abbreviations: BIS|, Berlin initiative study | equation; CG, Cockcroft—Gault; CKD-
EPI, chronic kidney disease epidemiology collaboration; eGFR, estimated glomerular
filtration rate; MDRD, modification of diet in renal disease; mMDRD, MDRD modified
for Chinese populations; Ruijin, Chinese Ruijin equation.

The total rate of albuminuria based on urine ACR >30 mg/g
was 35.2% (7,637), 31.0% (6,717) with moderately increased
(ACR 30-300 mg/g) and 4.2% (920) with severely increased
(ACR >300 mg/g) albuminuria. Most of the patients had
albuminuria with eGFR =60 mL/min/1.73 m? according to
the various equations, ranging from 20.4% to 27.5%. It can
be seen that the calculated proportions of patients with both
albuminuria and reduced renal function were quite similar
among the MDRD (6.4%), CKD-EPI (7.5%), CKD-EPI-Asia
(6.3%), and Ruijin equations (6.8%) but were higher for
the BIS1 (16.2%) and adjusted CG (12.9%) equations and
lower for the mMDRD equation (4.8%). The concordance
of albuminuria and decreased eGFR (<60 mL/min/1.73 m?)
based on the different equations was poor according to both
the Kappa (<0.2) and ICC (<0.4) statistics. The CKD-
EPI (ICC =0.243, Kappa =0.123) and Ruijin equations
(ICC =0.240, Kappa =0.119) had a similar concordance.

Comparison of the proportions of
diabetic kidney disease stages calculated

using the different equations

Table 4 shows the calculated proportions of the various
stages of CKD. The total proportion of CKD stages 1-5 was
51.2%, 58.7%, 40.6%, 38.7%, 42.0%, 40.4%, and 41.1%
according to the eGFR ., eGFR ,eGFR,, . eGFR
eGFR ooy €GFR ) pp 0o and eGFR, o equations,
respectively. Significant differences in the proportion of

CcG?

stage 1 CKD were observed according to the various equa-
tions. The proportion of CKD stage 3a (eGFR 60—45 mL/
min/1.73 m?) was 20.6% as calculated by the CG equation,
29.6% as calculated by the BIS1 equation, 5.7% as calculated
by the mMDRD equation, 8.5% as calculated by the MDRD
equation, 10.1% as calculated by the CKD-EPI equation,
8.0% as calculated by the CKD-EPI-Asia equation, and
10.0% as calculated by the Ruijin equation. The proportion
of CKD stage (3b-5, eGFR <45 mL/min/1.73 m?) was 8.3%,
9.5%, 2.7%, 3.3%, 4.2%, 3.5%, and 2.7% as calculated by
the eGFR ., eGFR,, eGFR = eGFR ... €GFR
eprr €GFR ) coia» and eGFRRllijin equations, respectively.
Similar proportions of stage 2 (22.9%, 20.0%) and stage 3a
(10.1%, 10.0%) CKD were identified by the CKD-EPI and
Ruijin equations (Table 4).

CcG’

In general, Table 5 reveals good concordance among
these creatinine-based equations in classifying CKD
stages. High concordance was observed among the MDRD,
CKD-EPI-Asia, CKD-EPI, and Ruijin equations. The
lowest concordance was observed between the BIS1 and
mMDRD equations. The CKD-EPI-Asia equation exhib-
ited excellent concordance with the MDRD (ICC: 0.963),
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Table 2 Demographic and clinical characteristics of subjects by reduced renal function according to different GFR estimated equations

Variables Reduced renal function (eGFR <60 mL/min/1.73 m?)

eGFR by adjusted CG eGFR by BISI eGFR by mMDRD

No Yes No Yes No Yes

N=15,445 N=6,278 N=13,228 N=8,495 N=19,907 N=1,816

(71.1) (28.9) (60.9) (39.1) (91.6) (8.4)
Age (years) 68.35+6.09 76.48+6.99%* 67.961+6.08 749747, 20 70.28+7.17 75.2547. 72
Female 7,616 (49.3%) 3,530 (56.2%)*+* 7,850 (59.3%) 3,296 (38.8%)*** 10,126 (50.9%) 1,020 (56.2%)*+*
Duration of T2DM (years) 8.35+5.79 10.42+7.06%+* 8.3745.79 9.8546.8 1% 8.7516.10 111947 345
BMI (kg/m?) 24.59+2.95 23.2542.85%* 24.30+3.01 24.04£2.93%F* 24.224+2.98 24.03+3.00*
Waist circumference (cm) 85.34+7.75 83.5547.73%¥* 84.53+7.66 85.28+7.97+* 84.82+7.76 84.9048.10
Abdominal obese (yes) 8,252 (72.7%) 3,101 (27.3%)** 7,288 (55.1%) 4,065 (47.9%)*** 10,346 (91.1%) 1,007 (8.9%)**
Fasting glucose (mmol/L) 8.15+2.77 8.02+2.86** 8.15+2.82 8.041+2.77%* 8.11+2.78 8.13+2.96
HbAlc (%) 7.31£1.70 7.23%1.75%F 7.32%1.72 7.24%1.71%* 7.28%1.72 7.34£1.71
HbAlc 7.0 8,208 (53.1%) 3,455 (55.0%)* 7,075 (53.5%) 4,588 (54.0%) 10,722 (53.9%) 941 (51.8%)
Scr (mmol/L) 69.42+11.13 99.05+36.48% 66.3318.53 96.11+3].88%+* 73.03£13.28 132.20£51.67+%*
Hypertension (yes) 8,883 (57.5%) 4,229 (67.4%)*** 7,517 (56.8%) 5,595 (65.9%)*** 11,817 (59.4%) 1,295 (71.3%)***
Albuminuria (yes) 4,840 (31.3%) 2,797 (44.6%)*** 4,128 (31.2%) 3,509 (41.3%)*** 6,594 (33.1%) 1,043 (57.4%)***

Notes: Subjects with missing data were excluded. Data are means + SD or n (%). *Statistically significant difference of reduced renal function compared to those with
eGFR =60 mL/min/1.73 m? (P<0.05). **Statistically significant difference of reduced renal function compared to those with eGFR =60 mL/min/1.73 m? (P<<0.01). **Statistically
significant difference of reduced renal function compared to those with with eGFR =60 mL/min/1.73 m? (P<0.001).

Abbreviations: BISI, Berlin initiative study | equation; BMI, body mass index; CG, Cockcroft-Gault equation; CKD-EPI, chronic kidney disease epidemiology collaboration;
eGFR, estimated glomerular filtration rate; EPI-Asian, CKD-EPI equation in Asians; HbAlc, hemoglobin Alc; MDRD, modification of diet in renal disease equation; mnMDRD,
MDRD modified for Chinese equation; Scr, serum creatinine; Ruijin, Chinese Ruijin equation; T2DM, type 2 diabetes mellitus.

Ruijin (ICC: 0.956), CKD-EPI (ICC: 0.931), and mMDRD
(ICC: 0.892) equations, and the Ruijin equation exhibited
high concordance with the CKD-EPI equation (ICC: 0.950)
(Table 5). In addition, the BIS1 equation exhibited good
concordance with the modified CG equation (ICC: 0.809).
These results are consistent with the results of the Bland—
Altman plot shown in Figure 2. Increasing scatter of the dif-
ferences with increasing values of eGFR was observed among
the equations, especially with eGFR values of =90 mL/
min/1.73 m? (Figure 2).

Discussion

This study included nearly all commonly used GFR estimat-
ing equations used for CKD in China. For the first time, high
concordances were observed between the CKD-EPI-Asia
equation and the MDRD, Ruijin, CKD-EPI, and mMDRD
equations for the categorization of CKD stages after con-
sidering albuminuria in a large community sample of older
diabetic patients. Good concordance was also observed
between the BIS1 and modified CG equations.

This study found that the great majority of older diabetic
patients (over 20.0% according to the various equations)
had mild kidney damage (albuminuria with eGFR =60 mL/
min/1.73 m?); this proportion was higher than that found
in the UK study of general T2DM patients (~12.6%) and in
the US study of patients =65 years of age (~14.7%) using
the CKD-EPI equation.’**” This result was consistent with

our previous study, which found that ethnic Chinese people
may be prone to albuminuric diabetic kidney disease.”’
The Ruijin and CKD-EPI equations had similar predictive
values (~10.0%) for the early stage of reduced renal function
(CKD stage 3a).

The low concordance among all equations regarding the
eGFR value of =90 mL/min/1.73 m? was observed by both
the CKD stage classification shown in Table 4 and the mean
differences shown in Figure 2 (the Bland—Altman plot). This
result is consistent with the report by the ADA consensus con-
ference, which stated that the existing estimation equations
had low precision at higher values of GFR.?** The question
of whether the early course of diabetic kidney disease is
associated with hyperfiltration in older patients with T2DM
still needs further study.

In this large population of 21,723 older diabetic patients,
it was not surprising that eGFR declined with age according
to all these creatinine-based estimation equations. The decline
found using the CG formula was much greater with advanced
age. The finding that the CG formula identified a lower level
of eGFR and a higher rate of CKD than the other equations
was also reported by other studies.”***° This discrepancy
may due to structural differences between the equations. The
CG equation was originally based on the urinary creatinine
excretion of hospitalized Caucasian men aged 18-92 years
and with normal renal function.*' The estimation of GFR by
the CG formula is proportional to body weight or BMI, as

submit your manuscript

1666

Dove

Clinical Interventions in Aging 2017:12


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Feasibility of various creatinine-based equations for estimating GFR

eGFR by MDRD

eGFR by CKD-EPI

eGFR by EPI-Asian

eGFR by Ruijin

No Yes No Yes No Yes No Yes

N=19,165 N=2,558 N=18,613 N=3,110 N=19,220 N=2,503 N=18,954 N=2,769
(88.2) (11.8) (85.7) (14.3) (88.5) (11.5) (87.3) (12.7)
70.11£7.10 75.0947.68%** 69.8416.96 75.85£7.5 0 70.00£7.04 76.1017.46%* 70.01£7.06 75.4317.54%F*
9,484 (49.5%) 1,662 (65.0%)** 9,218 (49.5%) 1,928 (62.0%)*** 9,573 (49.8%) 1,573 (62.8%)*** 9,536 (50.3%) 1,610 (58.1%)***
8.69+6.05 10.91£7.32%F* 8.6616.02 10.68+7.26%F* 8.68+6.05 | 1.06£7.33%#* 8.68+6.04 10.80+7.29
24.21+£2.97 24.1243.05* 24.22+2.97 24.10£3.02* 24.22+2.97 24.08+3.04* 24.22+2.97 24.10£3.03
84.58+7.75 84.6618.12 84.83£7.75 84.76+8.00 84.84+7.75 84.74+8.08 84.81t7.74 84.9518.11
9,839 (86.7%) 1,514 (13.3%)*%* 9,545 (84.1%) 1,808 (15.9%)** 9,891 (87.1%) 1,462 (12.9%)*** 9,779 (86.1%) 1,574 (13.9%)***
8.12+2.78 8.06+2.92 8.12+2.79 8.03+2.87 8.12+2.79 8.02+2.91 8.12+2.79 8.03+2.88
7.29+1.72 7.29+1.68 7.29+1.72 7.29+1.68 7.29£1.72 7.29+1.67 7.29+1.72 7.29+1.68

10,307 (53.8%) 1,356 (53.0%) 10,002 (53.7%) 1,661 (53.4%) 10,337 (53.8%) 1,326 (53.0%) 10,188 (53.8%) 1,475 (53.3%)
72.30£12.90 120.52+47.42%%  71.65+12.33 115.85+44.47+%  72.35+12.91 121.23+47.69%*  71.86x12.31 119.84+45.57++*
11,313 (59.0%) 1,799 (70.3%)*** 10,927 (58.7%) 2,185 (70.3%)*** 11,323 (58.9%) 1,789 (71.5%)*** 11,156 (58.9%) 1,956 (70.6%)***

6,256 (32.6%)

1,381 (54.0%)%*

6,017 (32.3%)

1,620 (52.1%)**

6272 (32.6%)

1,365 (54.5%)***

6,161 (32.5%)

1,476 (53.3%)%*

was verified by our study and other studies.*** The high rate
of reduced GFR was identified by the CG formula and the
BIS1 equation, possibly due to a systematic bias in terms of
an overdiagnosis of CKD due to the (on average) lower body
weight and decreased muscle mass in older diabetic Chinese
patients compared with Caucasians. The mMDRD and Ruijin
equations were both adapted from the four-variable MDRD
equation, and the gold standard was **"Tc-DTPA plasma
clearance.”® The mMDRD equation predicted a higher level
of GFR and a relatively low CKD rate compared to the other
equations, possibly due to the different average reference GFR
in the collected sample. In total, 454 patients were randomly
selected from 684 patients and used for the training model, and
the remaining 230 patients were used to test the performance
of the modified MDRD Chinese equation. Only 37 (5.4%)
of diabetic nephropathy was diagnosed in the entire sample.
The reference GFR in mMDRD was 55.1£35.1 (median
49.9) mL/min/1.73 m?.” For comparison, the Ruijin formula
was based on 670 people randomly selected from 760 CKD
patients, and the remaining 90 cases were used to test the
modified equations. The reference GFR used in the Chinese
Ruijin formula was (51.26£30.49) mL/min/1.73 m? for males
and (54.36134.94) mL/min/1.73 m? for females. Furthermore,
67 (8.8%) of diabetic patients were included in this study.?
The four-variable MDRD equation was originally devel-
oped based on data from a study entitled Modification of
Diet in Renal Disease, which included 1,628 mostly white

CKD patients. Among these patients, 1,070 were randomly
selected as the training sample, and the remaining 558 were
used for validation. Only 99 patients (6.1%) in the sample
had diabetes. The gold standard used to develop the MDRD
equation was '»I-iothalamate clearance. The mean GFR
for the entire population was 39.8 mL/min/1.73 m2.°> The
CKD-EPI equation used the same four variables adopted by
the MDRD equation and was based on a cohort study that
included 8,254 participants with and without CKD. Among
the participants, 5,504 subjects were randomly selected for
development, and the remaining subjects were used for
validation. Patients with diabetes comprised almost 30% of
the cohort. The mean GFR was 68 mL/min/1.73 m2.® The
CKD-EPI-Asia equation is based on the CKD-EPI data
source, and the mean GFR was 57 mL/min/1.73 m? in Asians.
The equations were validated in different racial-ethnic
groups (White and other, Black, Asian, Native American,
and Hispanic groups), including studies conducted in China
(N=675) and Japan (N=248). The overall number of patients
with diabetes was 2,406 (29%).!2 Therefore, there is no stan-
dardized protocol for measuring GFR, and the diversity of the
mean level of GFR and diabetic status found using different
equations will influence the accuracy of the equations in
predicting CKD in Chinese diabetic populations. The differ-
ent standard methods of estimating GFR may influence the
concordance. The Jaffe kinetic method was used in this study
for creatinine measurement, and this may differ from other
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Table 4 Proportions of stages of diabetic kidney disease according to the various estimating equations (n=21,723)

eGFR in mL/min/1.73 m? CG BISI mMDRD MDRD CKD-EPI  CKD-EPI-Asia Ruijin

=60 10,605 (48.8) 9,100 (41.9) 13,313 (61.3) 12,909 (59.4) 12,596 (58.0) 12,948 (59.6) 12,793 (58.9)
No kidney damage with normal or mildly

decreased eGFR

=90 (stage ) 841 (3.9) 149 (0.7) 3,430 (15.8) 2,380 (11.0) 1,675(7.7) 2,569 (11.8) 1,197 (5.5)
Kidney damage with normal eGFR

60-89 (stage 2) 3,999 (184) 39,791 (8.3) 3,164 (14.6) 3,876 (17.8) 4,342 (20.0) 3,703 (17.0) 4,964 (22.9)
Kidney damage with mildly decreased eGFR

45-60 (stage 3a) 4,478 (20.6) 6,427 (29.6) 1,228 (5.7) 1,847 (85) 2,194 (10.1) 1,748 (8.0) 2,173 (10.0)
Mild to moderately decreased eGFR

3045 (stage 3b) 1,491 (6.9) 1,801 (8.3) 432 (2.0) 550 (2.5) 701 3.2) 572 (2.6) 486 (2.2)
Moderate to severely decreased eGFR

15-29 (stage 4) 272 (1.3) 248 (1.1) 121 (0.5) 126 (0.6) 171 (0.8) 142 (0.7) 100 (0.5)
Severely decreased eGFR

<15 (stage 5) 37 (0.2) 19 (0.1) 35(0.2) 35(0.2) 44 (0.2) 41 (0.2) 10 (0.0)
Kidney failure

<45 (stage 3b-5) 1,800 (8.3) 2,068 (9.5) 588 (2.7) 711 (3.3) 916 (4.2) 755 (3.5) 596 (2.7)
Total CKD stage 1-5 11,118 (51.2) 12,623 (58.1) 8,410 (38.7) 8,814 (40.6) 9,127 (42.0) 8,775 (40.4) 8,930 (41.1)

Note: Data presented as n (%).

Abbreviations: BISI, Berlin initiative study | equation; CG, Cockcroft -Gault equation; CKD, chronic kidney disease; CKD-EPI, chronic kidney disease epidemiology
collaboration; CKD-EPI-Asia, CKD-EPI equation in Asians; eGFR, estimated glomerular filtration rate; MDRD, modification of diet in renal disease equation; nMDRD, MDRD

modified for Chinese equation; Ruijin, Chinese Ruijin equation.

creatinine-based measurement, cystatin C was considered to
be less biased by age, gender, race and body weight.>* One pro-
posed equation is the CKD-EPI creatinine and cystatin formula,
which uses both Scr and serum cystatin levels for estimating
kidney function.’>*® However, the high cost of the cystatin C
assay and the lack of specificity for CKD have limited the use
of cystatin C as the first-line measure of kidney function.’” To
avoid misclassification and mistreatment, some studies have
suggested using cystatin C as a supplement to Scr for estimat-
ing the risk of adverse outcomes and the diagnosis of mild-
to-moderate decreases in GFR (eGFR: 45-59 mL/min/1.73
m?).%%% The use of albuminuria combined with cystatin C may
benefit the risk stratification and management of early stage
diabetic kidney disease (GFR values between 60 and 90 mL/
min/1.73 m?), where changes in Scr are not observed.

One of the strengths of the study was the large sample
size from a community of elderly Chinese diabetic patients

based on the EHR information system. This was the first
time that the concordance of different creatinine-based GFR
estimation equations was evaluated and analyzed in such a
large sample of diabetic patients. Also, the selection bias
may have been reduced by deleting the data for patients with
highly abnormal Scr levels. The data were obtained from
one southern district of Shanghai, and the results need to be
verified in other districts or regions of China. In addition,
prospective studies evaluating the ESRD, mortality, and
cardiovascular disease outcomes based on different eGFR
equations may provide more valid evidence for accurately
identifying patients with early stage diabetic kidney diseases.
The main limitation of the study was the unavailability of
gold standard isotopic GFR measurements for comparison;
therefore, the accuracy and precision of these formulae are
not known. However, it has been suggested that the CKD-EPI
equation predicts a reasonable distribution of eGFR values

Table 5 Intraclass-correlation coefficients for 5 stages of diabetic kidney disease according to different equations

eGFR (mL/ CG
min/1.73 m?)

BISI mMDRD

MDRD CKD-EPI CKD-EPI-Asia

BISI 0.809 (0.804-0.814)

mMDRD 0.552 (0.540-0.564)  0.462 (0.447-0.476)
MDRD 0.662 (0.653-0.671)  0.562 (0.550-0.574)
CKD-EPI 0.736 (0.729-0.743)  0.635 (0.626-0.645)
CKD-EPI-Asia  0.667 (0.658-0.676) 0.566 (0.555-0.578)
Ruijin 0.688 (0.680-0.697) 0.590 (0.579-0.601)

0.897 (0.894-0.900)
0.823 (0.819-0.828)
0.892 (0.889-0.895)
0.868 (0.864-0.871)

0.932 (0.930-0.934)
0.963 (0.962-0.964)
0.953 (0.952-0.954)

0.931 (0.929-0.932)

0.950 (0.949-0.951) 0.956 (0.955-0.957)

Note: Data presented as intraclass-correlation coefficient (95% confidence interval).

Abbreviations: BIS|, Berlin initiative study | equation; CG, Cockcroft—Gault equation; CKD-EPI, chronic kidney disease epidemiology collaboration; CKD-EPI-Asia, CKD-
EPI equation in Asians; eGFR, estimated glomerular filtration rate; MDRD, modification of diet in renal disease equation; mMMDRD, MDRD modified for Chinese equation;
Ruijin, Chinese Ruijin equation.
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Figure 2 The Bland—Altman plots showing the comparisons between different eGFR equations.

Notes: The average eGFR level between the two methods in mL/min/1.73 m? (x-axis) is plotted against their difference (y-axis). Mean and SD of the difference are reported
to quantify the extent of the bias.

Abbreviations: BISI, Berlin initiative study | equation; CG, Cockcroft-Gault; CKD-EPI, chronic kidney disease epidemiology collaboration; eGFR, estimated glomerular
filtration rate; MDRD, modification of diet in renal disease; mMMDRD, MDRD modified for Chinese populations; Ruijin, Chinese Ruijin equation.

in healthy Chinese adult populations compared with the = method for accurately evaluating renal function.®*¢! Improved
MDRD equation.'? Prospective studies are needed to verify — methods and individualized considerations for measuring
these equations. Recently, a practical method of measuring  or estimating GFR will lead to a better ability to accurately
GFR by iohexol clearance using dried capillary blood spots  identify early changes in GFR and to track GFR changes over
was developed and has been suggested to be a convenient  time in patients with diabetes in clinical practice.
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Feasibility of various creatinine-based equations for estimating GFR

Conclusion

The CKD-EPI-Asia equation resulted in excellent concor-
dance with the CKD-EPI, MDRD, mMDRD, and Ruijin
equations for the classification of CKD stages after con-

sidering albuminuria in a large community sample of older

diabetic patients, whereas the BIS1 equation exhibited good

concordance with the CG equation. In addition, significant

differences were observed for stage 1 CKD among the

studied equations.

Low concordance between albuminuria and reduced

renal function was observed for all creatinine-based equa-

tions. Accurate GFR estimates are difficult to obtain using

creatinine-based equations in older diabetic patients. Kidney

function is complex, and staff need to be aware of the individ-

ualized consideration and management of other risk factors

or markers of reduced renal function in clinical practice.
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