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Risk factors analysis and prediction model construction of SGLT2 inhibitor-

associated euglycemic diabetic ketoacidosis

HUANG Wenhui®, CHEN Xiufen’, CHEN Jianming®, HONG Yana®, CAI Jingjing®, CHEN Jinshan"(a. Department of Pharmacy,
b. Department of Endocrinology and Rheumatology, The 909th Hospital/Dongnan Hospital of Xiamen University, Zhangzhou
363000, China)

[Abstract] Objective To explore risk factors of sodium-dependent glucose transporters 2 (SGLT?2) inhibitor-associated
euglycemic diabetic ketoacidosis (euDKA) and to construct a risk prediction model. Methods A retrospective analysis was
performed on the clinical data of type 2 diabetes patients treated with SGLT2 inhibitors in Dongnan Hospital of Xiamen University
from January 2020 to December 2023, including age, gender and course of diabetes. The risk factors of SGLT2 inhibitor-associated
euDKA were analyzed by univariate analysis and multivariate Logistic regression, and a prediction model was established.
According to the receiver's operating characteristic (ROC) curve, the area under the curve (AUC) and the optimal critical value of
the prediction model were determined. The prediction model was subjected to both internal and external validation. Results A
total of 119 patients with type 2 diabetes treated with SGLT?2 inhibitors were included in this study. Among them, there were 98
cases without euDKA (non-euDKA group)and 21 cases with euDKA (euDKA group). Multivariate Logistic regression analysis
showed the DKA history (OR=114.153), appetite or diet decreased three days before admission (OR=21.774), elevated neutrophil
count (OR=2.056) and pre-hospital adjustment of hypoglycemic agents (OR=45.745) were independent factors to increase risks of
euDKA associated with SGLT?2 inhibitors (P<0.05). Surgical history before admission was an independent factor to reduce this risk
(OR=0.007, P<0.05). By establishing the calculation formula of the prediction model = neutrophil count+6.571 (DKA history)
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—6.874 (surgical history before admission)+4.273 (appetite or diet decreased three days before admission)+5.302 (pre-hospital
adjustment of hypoglycemic drugs), the ROC curve was drawn. The AUC of the ROC of the prediction model was 0.982 (95%CI:
0.961-1.000, P<0.001), with accuracy of 94.96%, sensitivity of 0.905, specificity of 0.959 and a critical value of 7.405. The AUC of

ROC curve after the model’s ten-fold cross validation was 0.930. And the accuracy of the external validation of the prediction model

was 85.29%. Conclusion The DKA history, appetite or diet decreased three days before admission, elevated neutrophil count and

pre-hospital adjustment of hypoglycemic agents increased the risk of SGLT2 inhibitor-associated euDKA, while the surgical history

before admission reduced this risk. The risk prediction model constructed on this basis could better predict the risk of SGLT2

inhibitor-associated euDKA.

[Key words] sodium-dependent glucose transporters 2(SGLT2); SGLT2 inhibitor; euglycemic diabetic ketoacidosis

(euDKA); type 2 diabetes; prediction model
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SRS, M(Pys,Pas)] 60.00(29.00, 85.00) 50.00(24.00, 75.00) -2.291 0.022
I, n(%)] 52(53.06) 16(76.19) 3.778 0.052
BMI(kg/m?, X+s) 24.6242.87 23.30+3.12 1.873 0.064
A58 [ (%) ] 21(21.43) 9(42.86) 4212 0.040
PP 5 [ (%)] 7(7.14) 5(23.81) 3.619 0.057
DKAH[n(%)] 6(6.12) 5(23.81) 4.513 0.034
THALRG L [n(%)] 42(42.86) 5(23.81) 2.626 0.105
ABERTFARL[12(%)] 52(53.06) 2(9.52) 13.225 <0.001
ABERT dE AR PR [n(%)] 4(4.08) 12(57.14) 37.405 <0.001

<U4E[n(%)] 7(7.14) 1(4.76) <0.001 1.000

1~ 104 [n(%)] 39(39.80) 16(76.19) 9216 0.002

>104E[n(%)] 52(53.06) 4(19.05) 8.031 0.005
BRI ILLT 2 [%, M(Pys,Po5)] 7.95(5.40, 13.40) 10.50(6.50, 15.10) 3.319 0.001
ABE MU [mmol/L, M(Pys,P75)] 8.22(3.01,29.20) 10.30(6.50, 13.72) 2.523 0.012
F 2B [ < 10°/L, M(Pys,P75)] 6.68(2.78, 14.46) 11.65(5.24,24.22) 4.186 <0.001
NEUT[*10°/L, M(Pys,P+5)] 3.55(1.79, 12.89) 8.18(3.26, 16.88) 5.507 <0.001
R AR AR 10°/L, (3s)] 2.07+0.67 1.95+1.48 0.356 0.725
i/ MIUEEL[*10°/L, M(Pys,P75)] 231.50(101.00, 358.00) 289.00(146.00, 403.00) 2.558 0.011
eGFR[ml/(min-1.73m?), Xs] 95.41£32.31 106.68+35.47 -1.426 0.157
JHELTZE (pmol/L, X+s) 11.51£5.50 13.41£11.70 -1.136 0.258
ALT(U/L, X+s) 29.59+40.99 23.93+19.51 0.617 0.539
AST(U/L, X+s) 22.01+17.87 21.09+9.87 0.230 0.818
TG(mmol/L, X+s) 3.61+14.42 3.10+3.32 0.161 0.872
TC[mmol/L, M(Ps,P75)] 4.39(2.33,8.94) 5.24(2.98,11.87) 3.004 0.003
HDL-C(mmol/L, ¥+s) 1.08+0.27 0.99+0.27 1.296 0.198
LDL-C[mmol/L, M(Pys,P55)] 2.46(0.85,5.66) 3.51(1.43,5.35) 3.067 0.002
CRP[mg/L, M(P,5,P;5)] 2.31(0.07, 341.00) 6.27(0.05, 360.74) 2.938 0.003
PCT[ng/ml, M(P,s5,P;5)] 0.03(0.01,7.62) 0.06(0.01, 12.15) 3.011 0.003
BIER

L [R(%)] 50(51.02) 3(14.29) 9.448 0.002

Y [n(%)] 17(17.35) 12(57.14) 14.860 <0.001

ASCVD[n(%)] 34(34.69) 7(33.33) 0.014 0.905
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BN (%)) 6(6.12) 5(23.81) 4513 0.034

BAEEN (%)) 46(46.94) 10(47.62) 0.003 0.955

RN [n(%)] 46(46.94) 6(28.57) 2371 0.124
i Esig

<1Am(%)] 16(16.33) 6(28.57) 1.004 0316

1H ~ 14 [n(%)] 54(55.10) 5(23.81) 6.774 0.009

>14E[n(%)] 28(28.57) 10(47.62) 2.887 0.089
B BT R 24 [0 (%) ] 2(2.04) 7(33.33) 19.954 <0.001
B HAL BRRE 2 E 10

A H U2 (%)] 64(65.31) 19(90.48) 5.193 0.023

BRABRIRIY AR RS [n(%)] 38(38.78) 3(14.29) 4593 0.032

%A o-FHH A [n(%)] 44(44.90) 9(42.86) 0.029 0.864

e AmEmi e — 25 [n(%)] 8(8.16) 4(19.05) 1.219 0.270

A TR SE IR -430 570 [ (%) ] 31(31.63) 5(23.81) 0.502 0.479

165 TR e U AR IIR- 152 A3 7 [ (%) ] 7(7.14) 2(9.52) 0.140 0.708

BB TR Z[n(%)] 34(34.69) 4(19.05) 1.948 0.163
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FARE)+3.081 (CABERT 3 d EAEHEFE TR )+0.721
(NEUT)+3.823 (Bt Hif 5 % [ ¥ 25 )-6.575, R HI
H-L #: (Hosmerand Lemeshow test) X 15 AU (1 481 &
JEHEATAEE, 25 R BRI E BRI (7 H =
3.557, P=0.895) o X iR [alA 77 R4 fm 15 H i)
R 1145 Z=NEUT+6.571 (DKA J5 %2 )—6.874
(ABERTF AR )+4.273(ABEHT 3 dEREHET
K )+ 5.302 (BEFTIRIEEREIEZ ) .
2.6 ROC ¥ &5 #r

MR ROC kY AUC 4 0.982(P<0.001),
HER N 94.96%, HURE K 0.905, R 554k 0.959,
Il FEE R 7.405, UL 3. BEAY 1738 LERAIE I T

=2 %EE Logistic EYANHFER

IiH BIHRBHB  FRAERSE  K{EWaldy  EHHEd HEHEOR  95%CIE(EX [E PlH
DKAJ 4738 2.017 5.515 1 114.153 2.189 ~ 5 952.744 0.019
ABERTFA S -4.956 1.958 6.410 1 0.007 0.000 ~ 0.326 0.011
ABEHT3 dE A& TR 3.081 1.262 5.957 1 21.774 1.834 ~258.463 0.015
NEUT 0.721 0.202 12.678 1 2.056 1.383 ~ 3.058 <0.001
o i I e Ml 2 3.823 1.483 6.649 1 45.745 2.502 ~ 836.278 0.010
o —6.575 1.564 17.666 1 0.001 / <0.001

# 3 ROC HIZ DR
TiH S HE R Fi5 EARER R4 AUC PfH

NEUT 4555 0.905 0.755 0.660 0.884(0.805 ~ 0.963) <0.001

DKAJ 0.500 0.238 0.939 0.177 0.588(0.443 ~ 0.734) 0.205

ABERTFA S 0.500 0.952 0.469 0.422 0.282(0.176 ~ 0.388) 0.002

ABEHT3 dEAkaEE T 0.500 0.571 0.959 0.531 0.765(0.630 ~ 0.901) <0.001

e TR R 24 0.500 0.333 0.980 0.313 0.656(0.509 ~ 0.804) 0.025

TR A 7.405 0.905 0.959 0.864 0.982(0.961 ~ 1.000) <0.001
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