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[Abstract] Objective To conduct a systematic meta-analysis of the risk of ketoacidosis (DKA) in adults with type 2
diabetes mellitus(T2DM) caused by SGLT-2 inhibitors.Methods Randomized controlled trials (RCT) of SGLT-2 inhibitors in
adults with T2DM included in PubMed,Embase and Cochrane Library were searched from the establishment of the databases
to December 31,2023. Data such as sample size,age of subjects,body mass index,occurrence of DKA,type and time of hypo—
glycemic drugs used were extracted. Revman 5.4 software was used for meta-analysis. The risk ratio(RR)value and 95% CI
were used as effect variables for dichotomous variables. Results A total of 26 RCT involving 65176 T2DM patients were in—
cluded,including 37021 T2DM patients in the SGLT-2 group and 28155 T2DM patients in the control group,and 139 DKA e-
vents occurred. The incidence of DKA events in the SGLT=2 group was 0.29% (106/37021), while in the control group it was
0.12% (33/28155). Compared with the control group,SGLT-2 group had a higher risk of DKARR =2.7195% CI 1.84~3.97P
<0.001). Subgroup analysis showed that T2DM patients with age>60 years®R =2.7395% CI 1.84~4.05P <0.001),body mass
index=31 kg/m’RR =2.7395% CI 1.82~4.07P<0.001) and medication duration >52 weeks®R =2.7395% CI 1.84~4.05P <
0.001)who received SGLT-2 inhibitors had a higher risk of DKA compared with their respective control groups. In the sub—
groups of drug types,the risk of DKA was higher in canagliflozin®R =4.8295% CI 1.70~13.64P =0.003)and ertugliflozin®R
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=4.1095% CI 1.11~15.20pP =0.040)than in the control group.Conclusions

in adults with T2DM. Moreover, the older the age, the higher body mass index,and the longer the duration of receiving SGLT—

2 inhibitors, the higher the risk of developing DKA,and the risk of DKA is also related to the type of medication.
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Tab.l Clinical data and literature quality included in the literature
() 7)) () (kg/m?)
()
Zinman 2 2015 4687 2333 2686/2001  1376/957  62.4+7.8 61.1+8.2 28.2+3.1 28.0+3.3 76
Neal 3 2017 5790 4344 3065/2725 2428/1916  56.8+9.2 57.3+8.9 27.3+£3.2 27.4+£3.0 70
Wiviott 2019 8575 8570  6396/2179 6223/2347  55.3+8.0 56.2+7.6 29.2+2.4 29.0+£2.6 104
Allegretti ~ ° 2019 157 155 85/72 82/73 69.9+6.5 68.4+6.2 27.3+3.3 27.5+3.6 52
Araki 6 2017 123 60 71/52 32/28 57.3+£9.7 58.3+9.0 30.2+2.1 30.3+2.2 70
Aronson 2018 308 153 1577151 78175 64.3+7.2 63.0£7.6 28.4+2.0 28.5+2.1 64
Bhatt 8 2021 5291 5286 3695/1596 3691/1595  62.8+7.0 63.7+7.5 30.1+£2.8 30.2+2.6 102
Cannon  ° 2020 5493 2745  3570/1923  1795/950  65.9+8.8 67.1+8.4 28.6+2.5 28.1+2.9 78
Cho 10 2019 36 35 23/13 21/14 64.2+7.2 64.9+7.6 27.9+£3.6 28.3+3.9 24
Dagogo-Jack 1 2018 309 153 191/118 98/55 58.1+£5.2 58.0+4.8 27.1£3.6 27.5+£3.8 48
Ferdinand 12 2019 80 77 47/33 44/33 55.1£9.3 55.6+9.8 30.2+£2.5 30.6+£2.8 32
Fioretto 13 2018 160 161 98/62 100/61 60.3+7.5 60.9+7.9 29.1+2.0 29.7+2.2 64
Raven 14 2023 1048 332 696/352 223/109 59.0+8.0 59.4+7.8 28.3+2.3 28.3+2.5 48
Sugawara 15 2023 158 159 84/74 87/72 57.3+7.9 56.5+8.3 28.1+£2.6 28.5+£2.3 84
Han 16 2018 73 66 45/28 41/25 52.6+10.4 53.3x10.6  29.9+3.1 29.3+3.3 52
Hollander 7 2018 888 437 522/366 259/178 56.0+8.9 55.2+9.4 27.9+3.2 27.4+3.0 26
Kang 18 2023 328 66 228/100 43/23 62.3+9.1  63.0+10.1 30.0+1.8 29.4+2.0 26
Ishihara 19 2016 168 87 101/67 55/32 66.1+£5.5 66.6+6.2 29.6+£2.0 29.4+1.8 104
Ito % 2017 32 34 20/12 22/12 63.0+8.2 62.5+7.9 28.1+2.6 28.7+2.6 84
Ji A 2019 339 167 233/106 112/55 58.0+7.1 57.2+7.5 27.3+2.9 27.8+2.8 96
Kadowaki 2 2017 70 68 48/22 49/19 55.9+£10.3  56.2+9.9 30.0£2.4 29.3+2.4 50
Katakami 2020 169 171 108/61 110/61 57.7+8.6 57.7£9.0 27.7+£3.4 28.6+3.2 35
Kawamori 2 2018 182 93 121/61 63/30 57.9+9.2 58.4+9.1 29.2+2.1 28.4+2.2 76
Liu » 2021 53 53 28/25 27/26 56.3+8.9 57.1+9.7 29.1£3.4 28.2+3.4 52
Lu 2 2021 304 153 219/85 112/41 62.7+4.9 63.8+5.6 28.1+£2.9 28.7+£3.0 48
Tanaka 7’ 2023 2200 2197 1183/1017 1187/1010  59.5+7.7 60.7+8.6 28.6+2.7 29.6+3.2 50
2.2 SGLT=2 DKA 20 P=0.040) DKA 3,
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2 SGLT=2 DKA
Tab.2 Risk of DKA in SGLT-2 inhibitor group and control group

(%)
DKA DKA RR 95%CI
Zinman 2 4 4687 1 2333 3.7 1.98 0.23~17.81
Neal 3 12 5790 3 4344 9.5 3.01 0.86~10.64
Wiviott 4 27 8575 12 8570 33.2 2.26 1.15~ 4.43
Allegretti 5 0 157 0 155 - - -
Araki 6 0 123 0 60 - - -
Aronson 0 308 0 153 - - -
Bhatt 8 30 5291 14 5286 38.8 2.15 1.15~ 4.02
Cannon o 19 5493 2 2745 7.4 4.76 1.12~20.36
Cho 10 0 36 0 35 = . -
Dagogo-Jack 11 0 309 0 153 - - -
Ferdinand 12 0 80 0 77 - - -
Fioretto 13 0 160 0 161 - - -
Raven 14 0 1048 0 332 - - -
Sugawara 15 1 158 0 159 1.4 3.03 0.13~73.56
Han 16 0 73 0 66 - - -
Hollander 17 1 888 0 437 1.9 1.49 0.07~36.22
Kang 18 0 328 0 66 - - -
Ishihara 19 0 168 0 87 - - -
Io * 0 32 0 34 - - -
i 0 339 0 167 - - -
Kadowaki 2 0 70 0 63 - - -
Katakami % 0 169 0 171 - - -
Kawamori % 0 182 0 93 - - -
Liu % 1 53 0 53 1.4 3.01 0.13~72.03
Lu % 0 304 0 153 - - -
Tanaka 7 11 2200 1 2197 2.8 10.97 1.43~85.02
106 37021 33 28155 100 2.71 1.84~ 3.97
X?=3.441 df=8 P=0 P=0.901 SCLT-2
1 7Z=5.022 P<0.001
3 DKA
Tab.3 Risk analysis of DKA in different subgroups of patients
( /) ( I ( /) RR(95%CI) P P P (%)
<60 3/8640 3/5624 0/3016 2.38(0.38~14.75) 0.351 0.941 0
>60 136/56536 103/31397 33/25139 2.73( 1.84~4.05) <0.001 0.651 0
BMI <31 kg/m2 7/13650 6/8968 1/4682 2.42(0.52~11.59) 0.272 0.972 0
=31 kg/m2 132/51526 100/28053 32/23473 2.73(1.82~4.07) <0.001 0.643 0
<52 3/9678 3/5715 0/3963 2.38(0.39~14.75) 0.356 0.944 0
>52 136/55498 103/31306 33/24192 2.73(1.84~4.05) <0.001 0.651 0
27/13714 23/7497 4/6217 4.82(1.70~13.64) 0.003 0.282 14
39/17176 27/8541 12/8635 2.26( 1.15~4.43) 0.021 - -
6/10498 5/6863 1/3635 2.28(0.39~13.66) 0.372 0.845 0
22/11242 20/7378 2/3864 4.10( 1.11~15.20) 0.040 0.512 0
4419777 30/4991 14/4786 2.15(1.13~4.02) 0.020 - -
1/2769 1/1751 0/1018 3.03( 0.14~73.56) 0.502 - -
DKA DKA
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