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[ Abstract] Background Clinically, when metformin ( Met) combined with acarbose ( Aca) cannot achieve

the ideal hypoglycemic effect, a third drug will be usually added, such as insulin (Ins) or dipeptidyl peptidase—4 inhibitor
(DPP-4i) etc., but there are few reports on the effect of triple therapy on complications related to type 2 diabetes (T2DM ) .
Objective To explore the risk of adverse events of DPP-4i combined with Met and Aca, Ins combined with Met and Aca in
the treatment of T2DM patients, in order to provide help for the choice of drugs for clinical T2DM treatment. Methods In the
retrospective cohort study, patients diagnosed with T2DM and treated with Met+Aca+ DPP-4i or Met+Aca+Ins in Shijiazhuang
Second Hospital from November 1, 2017 to August 1, 2020 were selected as the study subject. Telephone follow—up was
conducted from November 20, 2017 to August 4, 2020, the follow—up wasn't terminated until a preset outcome occurred,
then that was recorded. The three prespecified outcome events were non—fatal cardiovascular disease, death from all causes, and
severe hypoglycemic events. The comprehensive outcome events including all-cause death, or composite non—fatal cardiovascular
events, or severe hypoglycemic events. Propensity score matching ( 1: 1 ratio for data matching, caliper value set to 0.02 ) was
used, and multivariate Cox proportional hazards regression model was used to analyze the risk of comprehensive outcome events in
T2DM patients after drug treatment. Stratified analysis was performed on the effect of each covariate on the risk of comprehensive
outcome events in patients treated with different drugs. Results Finally, 1 570 patients with T2DM were enrolled, including
1 089 patients who received Met+Aca+Ins treatment ( Met+Aca+Ins group ) and 481 patients who received Met+Aca+DPP-4i
treatment  ( Met+Aca+DPP—4i group ) . There were 434 cases in both groups after propensity score matching. Compared with the
Met+Aca+Ins group, the incidences of comprehensive outcome events ( 6.53/100 person—per year ) , non—fatal cardiovascular
disease (5.03/100 person—years ) , all-cause death (0.73/100 person—per year ) , and severe hypoglycemic (0.73/100
person—er year ) were lower in the Met+Aca+ DPP—4i group. The multivariate Cox proportional hazards regression model analysis
showed that the risk of comprehensive outcome events in the Met+Aca+DPP—-4i group was 67% lower than the Met+Aca+Ins group

( HR=0.34, 95%CI (0.23, 0.50) , P<0.001) , the risk of composite non—fatal cardiovascular disease decreased by 52%
compared with the Met+Aca+Ins group ([ HR=0.48, 95%CI (0.30, 0.77) , P=0.002]) , and the risk of all-cause mortality
was higher than the Met+Aca group. The Met+Aca+Ins group group decreased by 81% [ HR=0.19, 95%CI (0.07, 0.56) ,
P=0.003 J,and the risk of severe hypoglycemia decreased by 80% compared with the Met+Aca+Ins group [ HR=0.20,95%CI 0.07,
0.59) , P=0.003] . The survival curve was drawn with the comprehensive outcome events as the outcome event. The results of
Log-rank test showed that the survival rate of Met+Aca+DPP—4i group was higher than the Met+Aca+Ins group ( x ’=32.849,
P<0.001 ) . The results of covariate interaction analysis showed that in patients with adequate sleep (>7 h/d) , non—smoking,
and no family history of cardiovascular disease, Met+Aca+DPP—4i treatment reduced the incidence of comprehensive outcome
events in T2DM patients compared with Met+Aca+Ins treatment ( P values were 0.008, 0.031, and 0.042, respectively ) .
Conclusion After failure treatment of Met and Aca in T2DM patients, the supplementation of DPP—4i was associated with a
lower risk of comprehensive outcome events, cardiovascular disease, all-cause mortality, and severe hypoglycemia compared
with the Ins addition, particularly in patients with adequate sleep, no smoking, and without family history of cardiovascular
disease.

[ Key words ]  Diabetes mellitus, type 2; Dipeptidyl-peptidase IV inhibitors; Metformin; Acarbose; Drug—related

side effects and adverse reactions; Cohort studies; Retrospective studies
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95%CI (023, 0.47) , P<0.001) ; {8 [ ¥ ¥ 43 T fiQ
Jii, Met+Aca+DPP-4i 21 [0 3 & A 25 45 45 Ry S0 UG 4
Met+Aca+Ins 20U/ 67%( HR=0.34, 95%C1( 0.23, 0.50 ),
P<0.001 ] .

DL T2DM 16 & AR 2 A AR S O IS B
AR (IR . RAEZE =0, K4 =1), LiZi¥iandh
B2 & ( M H: Met+Aca+lns 4 =0, Met+Aca+DPP—4i
4 =1) HITLZHE Cox LB AR 34, 455
R, A ETE S VEECHT, Met+Aca+DPP—4i 21 5% &
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Table 1 Comparison of clinical data of patients in two groups before and after PSM
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At ) AT 53 DE I fisi 1) M 43 DR L I FrifE b2 S8
i H Met+Aca+Ins 41 Met+Aca+DPP-4i  Met+Aca+Ins 41 Met+Aca+DPP-4i  fH[EIPEIE A LT WS
(n=1089) 41 (n=481) (n=434) 20 (n=434) SYVERCHT  SRPRRc/s

PR (n (%) )

E 633 (58.13) 287 (59.67) 252 (58.06) 254 (58.53) 0.031 0.009 0.012

“ 456 (41.87) 194 (40.33) 182 (41.93) 180 (41.47) 0.031 0.009 0.012
R (Xxs, ¥) 60.6 +12.8 612+11.2 61.6+11.4 613+11.1 0.057 0.032 0.020
AR (n (%) )

18~45 % 120 (11.02) 21 (4.37) 19 (4.38) 20 (4.61) 0.252 0.011 0.003

46~64 % 372 (34.16) 194 (40.33) 165 (38.02) 172 (39.63) 0.128 0.033 0.001

=65 % 597 (54.82) 266 (55.30) 250 (57.60) 242 (55.76) 0.010 0.037 0.001
5 (X+s, m) 1.67 +0.08 1.67 = 0.08 1.67 + 0.08 1.67 £0.08 0.060 0.007 0.018
KR (X+s, kg) 732 £10.6 718114 722 £10.7 71.8+11.3 0.123 0.026 0.020
BMI (X5, kg/m’) 262+32 25.6+3.1 257 +3.1 25.6 3.1 0.198 0.032 0.032
BMI (n (%) )

18.5~<24.0 kg/m’ 222 (20.39) 139 (28.90) 118 (27.19) 119 (27.42) 0.199 0.005 0.010

24.0~<28.0 kg/m’ 582 (53.44) 242 (50.31) 222 (51.15) 224 (51.61) 0.063 0.009 0.012

= 28.0 kg/m’ 285 (26.17) 100 (20.79) 94 (21.66) 91 (20.97) 0.127 0.017 0.024
e (%+s, mmHg) 134+ 18 133+ 17 134+ 18 133+ 17 0.067 0.040 0.022
#F9KIE (X+s, mmHg) 80+ 11 80+ 10 80+ 10 80+ 10 0.025 0.005 0.024
BHMEEE (F+s, mmol/L) 475+1.23 472+121 475+1.23 475+123 0.025 0.004 0.007
FEEIEEN (X+s, mmol/L) 1.18 £0.29 1.20+0.28 1.20+0.30 1.19+0.28 0.042 0.024 0.014
R NRE (x+s, mmol/L) 2.68 +0.89 2.60 £ 0.85 2.66 = 0.83 2.62+0.86 0.100 0.048 0.019
HIEEM Al (X+s, mmol/L) 1.15 £0.61 1.15£0.30 1.15£0.29 1.15£0.30 0.013 0.004 0.013
HIEHEM B (x+s, mmol/L) 0.81 +0.40 0.80 +0.33 0.81+0.36 0.80 +0.34 0.031 0.014 0.004
JREZA (X+s, mmol/L) 5.40 £ 1.69 5.44 +1.87 5.49 +1.80 542 +1.66 0.022 0.039 0.006
JRER (X+s, wmol/L) 28323+89.12  287.56+91.65 289.09+91.29  284.61 +89.85 0.048 0.049 0.002
MEHEA (x£s, /L) 41.67 +4.72 4227 +4.60 4227 +4.25 42.08 +4.62 0.130 0.042 0.028
MIEFRZEREN (x£s, /L) 26.47 +4.77 26.27 +4.82 26.35 +4.63 26.30 + 4.87 0.042 0.010 0.001
PAEWLEFERR S (X+s, ml/min)  93.99 +31.52 94.74 + 3381 93.47 +31.00 92.49 +27.57 0.023 0.033 0.021
B Er (x£s, %) 9.46 £2.01 8.80 + 1.91 9.03 +1.84 9.05 +1.90 0.291 0.006 0.020
FiRRE (x£s, 4F) 9.82+7.25 9.50+7.10 9.58 +7.21 9.74+7.25 0.045 0.021 0.020
WA (n (%) )

<54 376 (34.53) 158 (32.85) 149 (34.33) 138 (31.80) 0.036 0.054 0.012

>5~ < 104 306 (28.10) 162 (33.68) 138 (31.80) 142 (32.72) 0.121 0.020 0.015

>10 4F 407 (37.37) 161 (33.47) 147 (33.87) 154 (35.48) 0.082 0.034 0.026
AR AT T] (X +5, h) 6.81+1.21 7.07 +2.79 6.98 +1.18 7.05+2.93 0.123 0.031 0.002
REAGHE] (2 (%) )

<7 h/d 455 (41.78) 136 (28.27) 140 (32.26) 134 (30.88) 0.286 0.030 0.007

= 7h/d 634 (58.22) 345 (71.73) 294 (67.74) 300 (69.12) 0.286 0.030 0.007
IR (n (%) ) 264 (24.24) 98 (20.37) 345 (79.50) 341 (78.57) 0.093 0.023 0.028
P EFEL (n (%) )

A I He 24 606 (55.65) 345 (71.73) 258 (59.45) 252 (58.06) 0.052 0.028 0.012

A G 24 324 (29.75) 142 (29.52) 132 (30.41) 123 (28.34) 0.005 0.046 0.015

[RIHEE R L BG4 408 (37.47) 192 (39.92) 178 (41.01) 165 (38.02) 0.050 0.061 0.034
HIHE

FRIAE (n (%) ) 217 (19.93) 80 (16.63) 70 (16.13) 79 (18.20) 0.085 0.055 0.020

SEOH (n (%) ) 364 (33.43) 157 (32.64) 145 (33.41) 147 (33.87) 0.017 0.010 0.002

RS E (n (%) ) 40 (3.67) 14 (291) 15 (3.46) 13 (3.00) 0.043 0.026 0.022

REAMAE (n (%) ) 6 (0.55) 5(1.04) 2 (0.46) 4(0.92) 0.055 0.056 0.006

DR (n (%) ) 3(0.28) 1(021) 1(023) 1(023) 0.014 <0.001 0.026
D MEBIRFBES (n (%) ) 64 (5.88) 30 (6.24) 23 (5.30) 27 (6.22) 0.015 0.040 0.003

T Met= —HUUIK, Aca= FT-KI8E, Ins= B2, DPP-4i= JIKIEIKEF —4 04415,

BMI= {&FiH54%; 1 mm Hg=0.133 kPa
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Table 2 Outcome events, overall survival, median follow—up and

A

incidence density of patients in two groups before and after PSM

e V5 DAL fim P DFAR VAL
REHE Met+Aca Met+Aca Met+Aca Met+Aca
+ns 4l +DPP-4i4l  +Ins4l +DPP-4i4l
(n=1089)  (n=481) (n=434)  (n=434)
LERERAEE
RENON) 233 35 96 35
SVELEINTE (4F) 1266.34 584.38 501.46 536.00
BT (4F) 1.030 1.140 1.030 1170
R (/100 A4F) 18.40 599 19.14 6.53
RO MR
RENEON) 147 27 54 27
AR (4F) 1323.60 584.90 521.69 536.52
LB (4F) 1.120 1.140 1.120 1170
KA (/100 N4F) 1111 462 10.35 5.03
Eam
RENCN) 33 4 2 4
AR (4F) 1478.8 595.36 580.99 546.98
Hafir Bl () 1310 1.140 1250 1200
RARERE (/100 N4 ) 223 0.67 3.79 0.73
e R
RENGCON) 53 4 20 4
SRR (4F) 1421.6 504.84 560.76 546.46
i RE ) (45 ) 1250 1140 1.295 1.200
KRR (/100 N4E) 373 0.67 357 0.73
1.00
0.75
E 0.50
Eq
0.25 —o— Met+Aca+Ins ZH
—— Met+Aca+DPP—4i 4
0 0.5 1.0 1.5 2.0 2.5

Afal (45 )
W Met= ZHAUIK, Aca= B[R WY, Ins= & %, DPP-4i= —
JRHL AR —4 306057
1 i PEPE S VLIS P 2 AR Y A AT R 2

Figure 1 Survival curves of two groups of patients after PSM
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W, TEMEIRETE] <7 h/d L, Met+Aca+DPP—4i
B F LRSS R P & A XU 2 Met+Aca+Ins 2111 0.434
f% ( HR=0.434, 95%CI (0.242, 0.778) ) ; 7EREHRHT(A]
= 7 b/d BE4LH, Met+Aca+DPP-4i 41 H #5445 R
1 & XU J2: Met+Aca+Ins 2H 1 0.290 1% [ HR=0.290,

95%CI (0.173, 0.487) ] ; $E&/RTFEREARFEE (>7 h/d)
i) Z 1, Met+Aca+DPP-4i & JT7 5 Met+Aca+Ins 1897
REIH W PRI LR B 4 R R 2 AR XU (P=0.008)

76 WM B B T, Met+Aca+DPP-4i 4 B # 4

B85 R FAE R E R & Met+Aca+Ins 41 19 0.429 1%

( HR=0.429, 95%CI (0.281, 0.655) ) ; 7 A& W 4
0 % b, Met+Aca+DPP—4i 4 R H 42 & 45/ 1k &
A KB 2 Met+Aca+Ins 2H 19 0.121 1% ( HR=0.121,
95%CI (0.042, 0.348) ) ; FE/RAEANWM L) EE T,
Met+Aca+DPP—4i J& 97 # Met+Aca+Ins J& 7 g B i [ AI%
HepGa5 R AR (P=0.031) .

FEAT O I 0 I L i JR 3, Met+Aca+DPP-
4i 415 Met+Aca+Ins 418 H L5 E 45 JRr S & Az XU 7] 22
SRS X [ HR=1.020, 95%CI (0.319, 3.262) ];
FE TGO LA 99 S0 S () ER 2, Met+Aca+DPP—4i 4
A LA S5 Rk & A2 XU 2 Met+Aca+Ins 4117 0.291
¥ ( HR=0.291, 95%CI (0.191, 0.445) ) ; &£/, 7E L
Ao I 9 08 5 T S0 1Y) SR Y, Met+Aca+DPP-4i iR 9T
Lt Met+Aca+Ins 3697 1T AR L 25 5 45 5 F 0 & A2 XU

(P=0.042) .
3 iTig

AMFEER BN, SHH Met+Aca AT HY T2DM £
FIR AR BRSO MBS 26 3 M2, Skt
64 Ins ML, BEE DPP-4i JAJT I T2DM ¥ kKB E
HAEgmtE o mE R AR FEMN (REIESm
PO L5 2R B3 4 PR AE T ™ S A B ) XU
M, It LA R AR S A o FH L 4
B AR IE 4 . PRk, EEUCK DPP—4i /E - T2DM f 3
Met+Aca 1697 FERERCRAER i Ak 258 . Heah,
MEAR TS (>7 h/d) o ARWEHH LR TGO I A8 90 SR
f) T2DM fE A DPP—4i 1697 )5 £ 6 45 Ry S0 XU
RSB &

—Ij Meta 738745 S WoR, 5 Met 25897 AH L,
{#i FH Met+Aca JGITTEBA KR . 2SI, &5 2 h il
BEACE FBE AL I 213 A 4545 b Bl e b 0 R AL
HIRE RAIROR R A, (AR IERE, o g 4l
M2 TR, B A T BB T PR, M
Met+Aca JAJT ANREIA B BIAE SR 0 Ik, T2DM %
T L 2 A BRI OB RLAF R 0, ]
HHERS Ins SRR DECH WAk, (A B AR, 4
BRIAET . AR UE O AR T Bl O 2R S R I R A
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P=031) "' (HWA RIS R, DPP-4i fffd T A%
MU A AR BET- [ XUBR: ) o Besh, HHEF] Aca
5 DPP-4i I AE DM RIZLN, X APALAAE T2DM 36T
AT BE R — AR R . I, Met. Aca F1 DPP-
4i IR G RO AR RS & A XU . oKL B A i
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