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[ Abstract] Background The incidence of diabetic kidney disease ( DKD ) and the proportion of its related end-
stage renal disease in dialysis patients in China are increasing. So it is urgent to take measures to prevent and control DKD.

Intensified multifactorial interventions may prevent or delay the progression of DKD. Therefore, developing a personalized risk
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prediction model can effectively delay or even prevent the progression of DKD and be useful for the prevention and treatment of
DKD. Objective The purpose of this study was to develop and validate a nomogram for the risk prediction of the progression from
microalbuminuria ( MAU ) to macroalbuminuria ( CAU ) in type 2 diabetes mellitus ( T2DM ) patients. Methods A total of
1263 T2DM patients with albuminuria who were hospitalized in Department of Endocrinology, the First Affiliated Hospital of Air
Force Medical University from October 2016 to March 2020 were retrospectively recruited and divided into a development cohort
of 906 cases and a validation cohort of 357 cases, according to the admission time. LASSO regression was used to screen the
optimized variables measured at baseline for CAU. A Nomogram was constructed based on selected predictive factors identified by
the multivariate logistic regression model of the development sub—cohort. The receiver operating characteristic ( ROC ) curve,
calibration curve and Hosmer—Lemeshow ( H-L ) test were employed to assess the calibration and discrimination of the model.
Decision curve analysis ( DCA ) was performed to evaluate the net clinical benefit of the Nomogram. Results The diabetes
duration, systolic blood pressure (SBP ), glycosylated hemoglobin Alc ( HbA,, ) , low—density lipoprotein cholesterol ( LDL-C ) ,
cystatin C ( Cys—C ) , estimated glomerular filtration rate (eGFR ) , and diabetic retinopathy ( DR ) were screened as
predictive factors for progression from MAU to CAU by LASSO penalty regression. Multivariable Logistic regression analysis using
these factors indicated that seven of those potential predictors were present in the final model, diabetes duration = 10 years,
SBP = 140 mmHg, HbA,, = 7.0 mmol/L, LDL-C = 1.8 mmol/L, Cys—C>1.09 mg/L., and DR were risk factors for the
progression from MAU to CAU in T2DM patients ( P<0.05) , while eGFR showed no statistically significant association with
the progression in stratified analysis ( P>0.05) . External and internal validations of the nomogram indicated a good predictive
performance. The AUC of the model was 0.814[ 95%CI( 0.782,0.846 ) ) in the development cohort, and was 0.768( 95%CI( 0.713,
0.823 ) Jin the validation cohort. The model was well fit according to the calibration curve and the H-L goodness of fit test( internal
validation: P=0.065; external validation: P=0.451) . DCA curve showed that the Nomogram's net henefit was higher than hoth
extreme curves when the threshold probability set between 0.08 and 0.74 in the development cohort, and between 0.14 and 0.70 in
the external validation cohort, suggesting potential clinical benefits provided by this Nomogram. Conclusion This study finally
constructed a prediction model with seven indicators containing diabetes duration, SBP, HbA,., LDL-C, Cys-C, eGFR, and
DR, and will be a useful clinical predictive tool for the risk of progression from MAU to CAU in T2DM patients.
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58] SRR 2R AR AR R B FR B, X3 3 v oA o
2. SBP, HbA, . LDL-C. Cys-C., eGFR # 17 T 43 )2
AbBR, JEXE BR 7 AR TIRE, AR 4. ZE, DU
T2DM & JF U R R = A & A CAU SR AE & (TR
HIF L), LAFE 4ty )2 AR BRS () 7 4~ B0 AS &R [
LR Logistic FIHFTMALA, 250 BR, b
PRIFHRFE = 10 4E. SBP = 140 mmHg. HbA, = 7.0%.
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Figure 1 The process of LASSO penalty regression screening predictive
variables for progression from microalbuminuria to macroalbuminuria in type

2 diabetes patients

LDL-C = 1.8 mmol/L. Cys—C>1.09 mg/L.. eGFR<60
mL - min" - (1.73m*) ' &4 JF DR 2 T2DM & If 11
EHREHE KE CAU B N E (P<0.05, £5) .
ool PRI 2 5~<10 E AT <5 4FE 1 OR (B3 1
(P=0.939) VI eGFR 43 JZAbHL 5 P>0.05, %41t
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24 BUMATYRG IR b T 2D PP A R Y S B
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B, FIFH ROC IR (AUC) SRR X 43 B,
JF &R BAFIHY AUC 9 0.814 [95%CI (0.782, 0.846) ) ,
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FEE, H-L A (FFRBF: x°=13.186, P=0.065; &
TEBAF: % =7.823, P=0.451) 1 5 5% 1% R 60 il 45 =
SR TIOR3 5 SR & AR MR AR B, UG R .
25 WIREH A T PGB A IG R A e, ik
221 DCA, HE— L PE45 T2DM B3 MAU #F )& & CAU
XA I i R 4 (8] SA FLSB ) o G551 i s,
FEFFRBANSI Y, S E{ERE R 0.08~0.74 B, {H FHi%51
£3 MAUBER CAU MMEZHZHE Logistic [1I75H7
Table 3 Multivariate Logistic regression analysis of the influencing factors

of progression from microalbuminuria to macroalbuminuria in type 2 diabetes

patients

A B Wald x’fE P{E OR

VR RE  0.015 1313 0252 1015

95%CI
(0.989, 1.042)

SBP 0.024 18443  <0.001 1.024 (1013, 1.035)
HbA,, 0.196 14.140  <0.001 1216 (1.098, 1.347)
LDL-C 0.260 6.335 0.012 1297 (1.059, 1.589)
Cys—C 0.772 7.391 0.007 2.164 (1.240, 3.776)
eGFR -0.014 7.644 0.006 0.987 (0.977, 0.996 )
DR (LAAR X )

2 1.065 33321 <0.001 2902 (2021, 4.166)

R4 MAU SRR CAU FiAR B 5 2B %
Table 4 The multi-layered assignment table of the predictive factors for
progression from microalbuminuria to macroalbuminuria in type 2 diabetes

patients

I WikAH
WhbpRRE (4F) <5=1, 5~<10=2, = 10=3
SBP (mmHg) <140=0, = 140=1
HbA,, (%) <7.0=0, =7.0=1
LDL-C ( mmol/L,) <1.8=0, = 1.8=I
Cys—C (mg/L) < 1.09=0, >1.09=1
eGFR (mL * min™" + (1.73m>) ™) <60=0, = 60=1
DR =1, =0
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Figure 2 The nomogram predicting the progression risk from

microalbuminuria to macroalbuminuria in type 2 diabetes patients
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Table 5 Multivariate Logistic regression analysis of the influencing factors

of progression from microalbuminuria to macroalbuminuria in type 2 diabetes

patients

AF B Wald x°1€ P  OR 95%CI
R (4F)

5~<10  -0.022 0.006 0.939 0979 (0.563, 1.700)
=10 0.574 6.156 0.013  1.775 (1.128, 2.794)
SBP (mmHg)

=140  0.555 9.446 0.002 1.742  (1.223, 2.482)
HbA,, (%)

=170 0.833 8.238 0.004  2.301
LDL-C ( mmol/L )

(1.302, 4.065)

=138 0.438 4.073 0.044 1550 (1.013, 2.371)
Cys—=C (mg/L)
>1.09 1.364 44.220 <0.001 3911 (2.616, 5.846)

eGFR (mL * min™ + (1.73m*) ™)

= 60 -0.417 2.953 0.086  0.659 (0.409, 1.060)

DR
B2 1.099 35.429 <0.001 3.001 (2.090, 4.310)
)
&
w
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Figure 3 ROC analysis of the nomogram predicting the progression risk

from microalbuminuria to macroalbuminuria in type 2 diabetes patients
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Figure 4 The calibration curve of the nomogram for predicting the risk of
progression from microalbuminuria to macroalbuminuria in type 2 diabetes

patients
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LDL-C. Cys-C. eGFR LK J2 G DR 19 7 NS & 1)
GRS, AR SEPR TR RE RN, T & BAS Fil4h
TREIEBAS ) AUC 43514 0.814 F1 0.768, £ #i i 28 11
H-L K56t 5 7 3z R oM 45w S 0 S B 2 A A
RGN R AR — B, DCA 43 b7 2 W 1 24 70 ]
ARASRER I R 25 o % T2DM B R B
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Figure 5 The decision curve analysis of the nomogram for predicting the risk of progression from microalbuminuria to macroalbuminuria in type 2 diabetes

patients

BB IRYT B RFAE R A RN 2.3%; T2DM JREE 10 4E L4
I, MAU B 5% h 249%, CAU H 9% F K 5.3%, Scr
T 5B AR YT B BB R R 0.8% DL SLAREFET R
19.2% (95%CI (14.0%, 24.4%) ) '™ % 4G W5 %
B, AR RRER I TG, KA 20%~40% 1Y) MAU
BFE KRN CAU, {BAE T2DM & # ¥EJE Jy CAU 9 20
ESE, B 20% M FE SR N ESRD YL AW &
B, S5 <S AERBEHLL, = 10 4FR R kR
Jg CAU 4 KURS 23 2 G 1.775 4%, 2 BH JR i o 12 2
T2DM H3# MAU #EJE K CAU fUE G N K, 5 DKD
S FEE R DIA X

EILESE DKD R4 RIBMEEERHFE 2,
S 14 SBP = 140 mmHg ( 1 mmHg=0.133 kPa ) #il 3 1
DBP = 80 mmHg 5 DKD f8 358 22 (1) B 115 25 UIAH G,
T ) 1 T W B % UACR AL 22, FFBHL R sk
FIEGE MAU 2 CAU 80 ESRD 0 . & I AR WF
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MR B FR A <130/80 mmHg " .
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11 B 0 =5 1 5 3 a2 32% ([ HR=0.68, 95%CI (0.56,
0.82) , P<0.000 1] , HAvigfbihyr 414 T Figh R e i
B R G ( MAU [0 NAU 803 CAU [ MAU/
NAU RINZE# )} 30.0%, 1M HIGTT MR N 16%
(P<0.001) , H7ET#WME HbA,, BT & 1% FEHE
MR R0 219%, HbA,, 5 B AH SR B 2 5 1)
I e KU 55 W AR G (P=0.002) ') ASHFSE KR,
5 HbA,.<7.0% # L, HbA, = 7.0% [ # MAU 3f J&
i CAU Ay XUR 2 H: 2.301 4% (P=0.004) , X it —20ED
UE T HbA,, J& DKD &4, KR ek Hz= . B,
WG E M EoR, X T2DM A3 HE H IR EE,
NELEA AT A . R . BIME . JFREL AR
MBS, 2 HR AR A P ) E bR
LDL-C {E M M fs#H A brp dEEidshriz — ', 5
Wi R BB R AR W & A sl R UM G, k%4
il i g 5% (LDL-C<100 mg/dL) B 1F MAU 3k Jig |
HE 2% ' 95 10F JE& B ESRD A FRAIG O 1757 58 T S 19 A 250hE
B0 BRI K 14 GO PRI I £ £ e B
LA BRI R SR 45 SR R, ShsET B, 2
Zimfkiayr 40 ( Hifh LDL-C<100 mg/dL ) DKD % F
BEEIE 1 AEBICNE O A F 1 KU RIS 53% (R385 1Y
HR=0.47, 95%CI (030, 0.74) , P=0.001) , 4 A %
T XU B 47% ( 8%% )5 i HR=0.53, 95%CI (0.29,
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1697 (LDL-C<80 mg/dL ) AT {5 Jik = F fl 2 ik /> 32%
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Pty 22 PR & FAT S 5080 (1 4 1A DR At R e 8
T AW R B E9s B TR 4 re 1, AR AR DKD R 1
ASCVD KU #E47 43 )2, JC ASCVD ¥ H2 i LDL-C K& JF
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HDL-C 7K ¥ ¥ <2.6 mmol/L; 4 B #f ASCVD 95 5
LDL-C<1.8 mmol/L, 3F HDL-C<2.2 mmol/L.' ",

Cys—C Fll eGFR ( Ser fhi%30 ) JEVFEAL S D) BE Yy g2
FER, 2 DKD B A KBS fa R &
S VTAR B e A7 B T 9B 1 8 PR A AR BOEAR, I8
ZZ o BH 1L A ESRD, S iFos £ W, 5 Ser ML,
Cys—C FIVE MM PRI E2 25 eGFR T B 58 BEAH ARG,
o HowE RLI B 52 B DKD 1932 W (A T Ser, 1 XF
i 1) 5% 2 5 DKD A2 WifE 5 Ser AHY4 B o I H
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