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A B S T R A C T

31 Aim: In Chinese, ethnicity-based and/or diabetes specific modifications of the Modification

32 of Diet in Renal Disease (MDRD) and the Chronic Kidney Disease Epidemiology Collabora-

33 tion (CKD-EPI) equations have been developed for determining estimated glomerular fil-

34 trate rate (eGFR). This study aimed to compare the performance of five different

35 creatinine-based eGFR equations in predicting all-cause mortality among Chinese subjects

36 with type 2 diabetes (T2DM).

37 Methods: A total of 6739 Chinese subjects with T2DM were included. Their eGFR was calcu-

38 lated using the MDRD, CKD-EPI, their respective modified equations for Chinese, and the

39 diabetes specific CKD-EPI Chinese T2DM equations. Multiple Cox regression analysis was

40 used to evaluate the associations of eGFR with all-cause mortality. C-statistics, net reclas-

41 sification index (NRI) and integrated discrimination index (IDI) were applied to assess the

42 discrimination and reclassification of each eGFR equation in predicting mortality outcome.

43 Results: Over a follow-up of 5.7 years, the incidence of all-cause mortality was 12.9%

44 (N = 867). The CKD-EPI equation discriminated all-cause mortality better than the MDRD

45 equation (C-statistics: 0.714 vs. 0.689, p < 0.0001), and Chinese modification of their respec-

46 tive equations did not improve discrimination. Among the five eGFR equations evaluated,

47 the CKD-EPI Chinese T2DM equation provided the best discrimination in predicting all-

48 cause mortality among Chinese subjects with T2DM, and was the only equation providing

49 a significantly positive NRI and IDI relative to the CKD-EPI equation.

50 Conclusions: Among Chinese subjects with T2DM, our findings suggested that the CKD-EPI

51 Chinese T2DM equation best predicted all-cause mortality, and relative to the CKD-EPI

52 equation, conferred improved discrimination and reclassification.
53 � 2017 Published by Elsevier Ireland Ltd.
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57 1. Introduction

58 Type 2 diabetes (T2DM) increases mortality. The presence of

59 kidney disease, be it either an impaired glomerular filtration

60 rate (GFR) or albuminuria, further exacerbates this risk

61 through an additive effect [1]. Current clinical guidelines rec-

62 ommend using the Chronic Kidney Disease Epidemiology Col-

63 laboration (CKD-EPI) equation over the Modification of Diet in

64 Renal Disease study (MDRD) equation for estimating GFR,

65 owing to the improved accuracy and lower bias with the

66 CKD-EPI equation, especially at higher eGFR levels [2]. In addi-

67 tion, the CKD-EPI equation had been shown to be superior to

68 the MDRD equation in predicting all-cause mortality in Wes-

69 tern populations, which in a few studies, also included sub-

70 jects with T2DM [3–6]. In Chinese, ethnicity-based [7,8] and/

71 or diabetes-specific modifications [9] of the MDRD and CKD-

72 EPI equations have been developed for determining eGFR.

73 Nonetheless, their differential performance in the prediction

74 of mortality risk in T2DM remains largely undefined. There-

75 fore, with a view to address this issue, we performed this

76 study in a large cohort of Chinese subjects with T2DM over

77 a median follow-up of 5.7 years.

78 2. Methods

79 2.1. Subjects

80 Subjects were recruited from the Hong Kong West Cluster

81 who attended a diabetes complication-screening program

82 between 1st January 2010 and 31st December 2010. Each dia-

83 betes complication-screening visit consisted of clinical

84 assessments and laboratory investigations to determine the

85 control of diabetes as well as its related cardiovascular risk

86 factors, and the presence of diabetic complications.

87 In this study, inclusion criteria comprised being Chinese,

88 aged more than or equal to 18 years old and with serum cre-

89 atinine data available. Patients who were on renal replace-

90 ment therapy or had received a kidney transplant were

91 excluded. Therefore, a total of 6739 subjects were eligible

92 and had been followed up for all-cause mortality until 31st

93 January 2016. The study protocol was approved by the Institu-

94tional Review Board of the University of Hong Kong/Hospital

95Authority Hong Kong West Cluster.

962.2. Clinical and biochemical assessments

97Subjects attended each diabetes complication-screening visit

98after an overnight fast of at least 8 h. Demographic data,

99including age, gender, smoking and alcohol consumption

100were obtained. Anthropometric parameters, including body

101weight, height, body mass index (BMI), waist circumference

102(WC), and blood pressure (BP) were measured. Fasting blood

103was drawn for plasma glucose, lipids, glycated hemoglobin

104(HbA1c) and serum creatinine. eGFR values were determined

105based on serum creatinine in mg/dL and age as at the refer-

106ence date of serum creatinine measurement, using the MDRD

107[10], MDRD Chinese [8], CKD-EPI [11], CKD-EPI Chinese [7] and

108the CKD-EPI Chinese T2DM equations [9]. (Table 1)

1092.3. Definitions of clinical variables and outcomes

110The presence of dyslipidaemia was defined as fasting triglyc-

111erides (TG)P 1.69 mmol/L, high density lipoprotein choles-

112terol (HDL-C) <1.04 mmol/L in men and <1.29 mmol/L in

113women, low density lipoprotein cholesterol (LDL-C)P
1143.4 mmol/L or on lipid-lowering agents. Hypertension was

115defined as blood pressureP 140/90 mmHg or on anti-

116hypertensive medications. In this study, the outcome of inter-

117est, all-cause mortality, was defined as all registered deaths.

118In this study, all clinical variables, biochemical assessments

119and outcome of interest were retrieved from the Clinical Data

120Analysis and Reporting System (CDARS).

1212.4. Statistical analysis

122All data were analyzed with IBM SPSS Statistics 23.0 and R

123version 3.2.1. Data that were not normally distributed, as

124determined using Kolmogorov–Smirnov test, were natural-

125logarithmically transformed to obtain near normality before

126analysis. Values were reported as means ± standard deviation

127(SD), medians with inter-quartile range (IQR), or percentages

128as appropriate. Multivariable Cox regression analysis was

Table 1 – Creatinine-based estimated glomerular filtration rate (eGFR) equations included in the study.

eGFR equations Formula References

MDRD Study Equation (MDRD) 175 � (SCr)
�1.154 � (age)�0.203 � (0.742 if female) [10]

MDRD Chinese Equation
(MDRD Chinese)

175 � (SCr)
�1.154 � (age)�0.203 � (0.742 if female) � 1.233 [8]

Original CKD-EPI equation
(CKD-EPI)

141 � (SCr/0.9)
�0.411 � 0.993Age if male and serum creatinine 6 0.9 mg/dL

141 � (SCr/0.9)
�1.209 � 0.993Age if male and serum creatinine > 0.9 mg/dL

144 � (SCr/0.7)
�0.329 � 0.993Age if female and serum creatinine 6 0.7 mg/dL

144 � (SCr/0.7)
�1.209 � 0.993Age if female and serum creatinine > 0.7 mg/dL

[11]

CKD-EPI Chinese Equation
(CKD-EPI Chinese)

141 � (SCr/0.9)
�0.411 � 0.993Age � 1.10 if male and serum creatinine 6 0.9 mg/dL

141 � (SCr/0.9)
�1.209 � 0.993Age � 1.10 if male and serum creatinine > 0.9 mg/dL

144 � (SCr/0.7)
�0.329 � 0.993Age � 1.10 if female and serum creatinine 6 0.7 mg/dL

144 � (SCr/0.7)
�1.209 � 0.993Age � 1.10 if female and serum creatinine > 0.7 mg/dL

[7]

CKD-EPI Equation Modified for
Type 2 DM (CKD-EPI Chinese
T2DM)

117 � (SCr/0.9)
�0.277 � 0.994Age if male and serum creatinine 6 0.9 mg/dL

102 � (SCr/0.9)
�0.558 � 0.994Age if male and serum creatinine > 0.9 mg/dL

94 � (SCr/0.7)
�0.511 � 0.998Age if female and serum creatinine 6 0.7 mg/dL

128 � (SCr/0.7)
�0.543 � 0.992Age if female and serum creatinine > 0.7 mg/dL

[9]
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129 used to evaluate the association between eGFR and all-cause

130 mortality. The discrimination of each creatinine-based eGFR

131 equation in predicting mortality outcome was analysed and

132 compared using C statistics. C statistics from different eGFR

133 equationswere compared using CompareC package, R version

134 3.2.2. The incremental value of each eGFR equations with ref-

135 erence to the currently recommended CKD-EPI equation was

136 assessed by the integrated discrimination improvement (IDI)

137 and the net reclassification index (NRI). In all statistical tests,

138 two-sided p-values <0.05 were considered significant.

139 3. Results

140 A total of 6739 Chinese subjects with T2DM were included in

141 this prospective study. Table 2 summarizes their baseline

142 characteristics. At baseline, 49.7% were men. Their mean age

143 was 64.6 ± 12.4 years with a mean BMI of 25.3 ± 4.2 kg/m2.

144 Their mean duration of diabetes was 10.1 ± 7.9 years and their

145 mean HbA1c was 7.5 ± 1.4%. Among them, 21.3% were ever-

146 smokers, 76.6% had hypertension, 73.5% had dyslipidaemia

147 and 12.0% had prevalent cardiovascular disease at baseline.

148 Over a median follow-up of 5.7 ± 1.1 years, there were 867

149 deaths (12.9%). In Cox regression analysis, eGFR determined

150 from all creatinine-based equations was independently asso-

151 ciated with all-cause mortality, after adjustments for gender,

152 age, BMI, duration of diabetes, HbA1c, smoking, dyslipi-

153 daemia and hypertension (all p < 0.001; Table 3). The hazard

154 ratio (HR) for all-cause mortality was 0.966 for MDRD, 0.966

155 for CKD-EPI, 0.973 for MDRD Chinese, 0.969 for CKD-EPI Chi-

156 nese and 0.948 for CKD-EPI Chinese T2DM (Table 3).

157 The discriminatory and reclassifying abilities of different

158 eGFR equations are shown in Table 4. In terms of discrimina-

159 tion, in the prediction of all-cause mortality among Chinese 160subjects with T2DM using C statistics, compared with the

161CKD-EPI equation, both MDRD and its Chinese specific equa-

162tions discriminated poorly (C statistics: CKD-EPI 0.714 vs.

163MDRD 0.689, p < 0.0001; CKD-EPI Chinese 0.714 vs. MDRD Chi-

164nese 0.689, p < 0.0001). The use of Chinese-specific CKD-EPI

165equation also did not improve discrimination (C statistics of

166both CKD-EPI and CKD-EPI Chinese = 0.714), whereas the Chi-

167nese and diabetes specific CKD-EPI Chinese T2DM had the

168best discrimination (C statistics: CKD-EPI Chinese T2DM

1690.724 vs. CKD-EPI Chinese 0.714, p < 0.0001). Compared with

170the CKD-EPI equation, the IDI analysis also showed a modest

171but significant improvement in predicting all-cause mortality

172using the CKD-EPI Chinese T2DM (IDI +0.757, p < 0.0001),

173while it was the reverse for MDRD, MDRD Chinese and CKD-

174EPI Chinese equations. With regard to reclassification, simi-

175larly, when compared with the CKD-EPI equation, both the

176MDRD and its Chinese-specific equations resulted in a signif-

177icant decrease in the NRI for predicting all-cause mortality.

178The use of CKD-EPI Chinese equation also resulted in a mild,

179although insignificant, decrease in the NRI. On the contrary,

180the CKD-EPI Chinese T2DM provided a significant increase

181in the NRI for all-cause mortality (NRI +5.595, p < 0.0001).

182Taken together, among Chinese patients with T2DM, the

183CKD-EPI Chinese T2DM best predicted all-cause mortality

184with the highest C-index, and was the only equation that

185significantly improved both the IDI and NRI for all-cause

186mortality relative to the currently recommended CKD-EPI

187equation.

Table 2 – Baseline characteristics of subjects in the study.

Variables All (N = 6739)

Male/female (n/n) 3348/3391
Age, years 64.6 ± 12.4
Duration of diabetes, years 10.1 ± 7.9
HbA1c, % 7.5 ± 1.4
Ever smokers, % 21.3
Hypertension, % 76.6
Dyslipidaemia, % 73.5
Antihypertensive agents, % 67.2
Lipid-lowering agents, % 24.1
Insulin therapy, % 14.9
Oral hypoglycaemic agents, % 62.1
Body mass index, kg/m2 25.3 ± 4.2
SBP, mmHg 138 ± 22
DBP, mmHg 75 ± 11
Total-cholesterol, mmol/L* 4.6 (4.0–5.2)
LDL-C, mmol/L* 2.7 (2.2–3.2)
HDL-C, mmol/L* 1.2 (1.0–1.4)
TG, mmol/L* 1.3 (0.9–1.8)
Prevalent cardiovascular disease, % 12.0

Data were presented as means ± SD or median (IQR); *Data were

log-transformed prior to analysis; LDL-C, low-density lipoprotein

cholesterol; HDL-C, high-density lipoprotein cholesterol; TG,

triglyceride.

Table 3 – Cox regression analysis on the association of eGFR
with the risk of all-cause mortality.

eGFR equations All-cause mortality

Hazard Ratio p-value

CKD-EPI
Unadjusted 0.964 <0.001
Adjusted model 1 0.973 <0.001
Adjusted model 2 0.966 <0.001

MDRD
Unadjusted 0.965 <0.001
Adjusted model 1 0.975 <0.001
Adjusted model 2 0.966 <0.001

MDRD Chinese
Unadjusted 0.971 <0.001
Adjusted model 1 0.979 <0.001
Adjusted model 2 0.973 <0.001

CKD-EPI Chinese
Unadjusted 0.967 <0.001
Adjusted model 1 0.976 <0.001
Adjusted model 2 0.969 <0.001

CKD-EPI Chinese T2DM
Unadjusted 0.942 <0.001
Adjusted model 1 0.960 <0.001
Adjusted model 2 0.948 <0.001

eGFR, estimated glomerular filtrate rate; Adjusted Model 1: adjus-

ted for gender and age; Adjusted model 2: adjusted for gender, age,

BMI, duration of diabetes, HbA1c, smoking, dyslipidaemia and

hypertension.
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188 4. Discussions

189 To our knowledge, this is the first study comparing the perfor-

190 mance of different creatinine-based eGFR equations in pre-

191 dicting all-cause mortality in Chinese subjects with T2DM.

192 In this regard, our results suggested that the CKD-EPI Chinese

193 T2DM equation appeared to perform the best, in terms of

194 both satisfactory discrimination and reclassification. In keep-

195 ing with the current clinical recommendations, we demon-

196 strated that the CKD-EPI equation, be it the original or the

197 Chinese modified version, was superior to the MDRD study

198 equation or its Chinese version, not only in terms of GFR

199 determination, but also in the prediction of all-cause mortal-

200 ity and cardiovascular mortality, as previously demonstrated

201 in Western populations [3–6]. A meta-analysis involving 1.1

202 million adults from 25 general population cohorts, 7 cohorts

203 of subjects at high cardiovascular risk, and 13 cohorts of sub-

204 jects with chronic kidney disease (CKD), had shown that the

205 CKD-EPI equation improved reclassification with respect to

206 risks of both all-cause and cardiovascular mortality, com-

207 pared with the MDRD equation. Moreover, NRI was consis-

208 tently positive for mortality outcomes irrespective of the

209 presence or absence of diabetes [4]. Similarly, in another

210 study involving 2823 subjects with T2DM, the areas under

211 the receiving operating characteristic curves (AUROCs) for

212 all-cause mortality and cardiovascular mortality were signifi-

213 cantly higher with GFR estimated from the CKD-EPI equation,

214 than those from the MDRD equation, highlighting the more

215 accurate risk stratification of the CKD-EPI equation [6]. Bias

216 in GFR estimation could result in misdiagnosis of CKD, and

217 influences risks of CKD-related complications including all-

218 cause and cardiovascular mortality. Therefore, the CKD-EPI

219 equation, with less bias than the MDRD equation, especially

220 at higher levels of eGFR [11], should theoretically also have

221 increased accuracy in predicting mortality outcome.

222 In our study, ethnicity-based modification did not improve

223 mortality prediction in both the CKD-EPI and MDRD equa-

224 tions. In a multiethnic study comprising 40.5% Chinese, it

225 had been shown that the CKD-EPI equation was less affected

226 by ethnicity than the MDRD Study equation and even sug-

227 gested that ethnic adjustments might not be truly necessary

228 when using the CKD-EPI equation, given the small average

229 difference in GFR estimation [7]. In another study performed

230 in the Chinese population, the addition of ethnic coefficient

231 also did not improve GFR estimation [12].

232 Among the five creatinine-based equations assessed in

233 this study, the CKD-EPI Chinese T2DM equation appeared to

234 provide the best discrimination and, relative to the CKD-EPI,

235conferred satisfactory reclassification in predicting all-cause

236mortality in our cohort. Our data would suggest that this

237disease-specific equation for GFR estimation might be more

238helpful in stratifying mortality risk among Chinese subjects

239with T2DM. Indeed, differences in body mass index, muscle

240mass as well as glycaemic status could influence the estima-

241tion of GFR [9,13]. A cross-sectional study done in Brazil had

242previously shown that both the CKD-EPI and MDRD equations

243could result in significant under-estimation of measured GFR

244among 105 subjects with T2DM, especially at higher GFR

245levels [14]. Notably, in the development and validation dataset

246of the original CKD-EPI equation, only around a third of sub-

247jects had diabetes with only 1–2% being Asians [11]. There-

248fore, compared with the original CKD-EPI equation, the

249CKD-EPI Chinese T2DM equation appeared to achieve less

250bias and a higher precision in GFR estimation among Chinese

251subjects with T2DM [9].

252The strength of our study is the prospective, observational

253design with a large representative sample of Chinese subjects

254with T2DM. However, an important limitation is the relatively

255low number of events that could have influenced the compar-

256ison of the performance of different eGFR equations in pre-

257dicting this mortality outcome. Moreover, our results might

258not be generalizable to patients with more severe CKD stages

259as more than 70% of our subjects had eGFR >60 ml/

260min/1.73 m2 with relatively preserved kidney function.

261Finally, since direct GFR measurements are not available in

262this study, a gold standard is not available for a comprehen-

263sive comparison of various eGFR equations to predict mortal-

264ity outcomes.

265Notwithstanding these limitations, our results demon-

266strated that, first, in keeping with current recommendations;

267the CKD-EPI equation is superior to the MDRD equation for

268the prediction of all-cause mortality. Second, compared with

269the currently recommended CKD-EPI equation, this

270diabetes-specific CKD-EPI Chinese T2DM equation appears

271to improve the performance in predicting all-cause mortality

272among Chinese subjects with T2DM, especially in those with

273relatively preserved kidney functions. Further prospective

274studies, using a larger cohort with longer duration of follow-

275up, are warranted to validate our findings on the importance

276of disease-specificity in the use of the CKD-EPI equation for

277both GFR estimation and mortality prediction in patients with

278T2DM.
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