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&, TEREHE 9 HELED LI 7 HARM, A7uaA F
R EE L L7 A i: (ACCU-CHEK Aviva ;
Roche Diabetes Care GmbH, Indianapolis, IN, USA),
(LifeScan : Wayne, PA, US) (2Tl &7z AlEb
BRRIE (AR Y H 2 & B2 FTEl o8k (R, i,
AR OREE (B RS x T L O TUTF K
Sl Emsd) FToHE (F5REIEH ) TRHI L 7.
FEUHEII AR OB TR L B L. AFZEid—= 7
bt KR 201525, K2 H 2016 4F 3 H 23 H), #
AR YERE ORBR 5 4 1V 5, AKGEH 2017 4 1
H 23 H) DMAZRBEROARBLZHETEY, BEOME
E/TT— 2 REATHEDR TN S,

Primary outcome : BIEB/ARGERE (FRAIBAE) (S

HEL EFOME

HARAFTH BB L2 HF A R) & LT,
AEHE, PER, body mass index (BMI), 7'V a~AEF 1
Y v (HbAlc), AREIEEH M 1 H O i
%, A 5RER H B o R e m 5, AEBE H %,
ABERE D S HE RIS IR OB O, Ao Af ~
2V LI XY, BHoy 22 WY (HIEk, C ROsH:
HE, TVTIY, NEZFUE Y, BREYLE Y,
BORERRIE SR, R &g & e (s X
Pk H - Ei ), ARIMEE (70 mg/dL Kiw) o F #
(fRIfpE ), MpEZEHIE (ADRR (7~13 H o4 b &,
PUFHAZ ADRR £3589 4), CV, SD), F¥IlkEH
I L, & 4% B 5RBIEH B & o BIR % 8% ks AT
TR L 72,

Secondary outcome :

- MFRIE I B L - - o dhi

WL CITEE L WF GIHEH) L LT, b,
PR, BMI, HbAle, i H~REEHO 1 HOii
BEIE AR, A2 H ~ B BE O ORI e %L, 7R
HE, ABEkR O &ERERGEHREOMEH O K, AbiH
DA YAY LI A Y BN AT K DZALAE (i
mid X OGREEH —fivan), AKIMHE, mpEZ EhiE (ADRR,
CV, SD), “P¥ipEZ il L, %458 E 0K
O Y AT A v 7 BRSHIC TR L7

P, RILEE, MpBEZENE (ADRR, CV, SD), *F
MU XA SR B0 H B & 7213424 H ~BRe H <l
E L 723 RCTOMBHEA S5 L7z, ADRR (ZIfiUHE#
2 ARG IR B OF i MBS SRS C A A R RIS IE A § % &
IMIEL, Eha ) AZEICE#RL, &g BICDH
7o HAKIMEE ) A 27 i, ESIpEY A 25 1 Hd7z
DY AT HPHONI R HH L7z, F 7N
DOMBIREAY05 L Lo b D13 L EILHIED 72D
BRSO L7z falE s % kilzFRe L, 7%
(TP £ EERER A TR L 7.

- P CE ORI O CE A B e AEZ BhE » v b

F 7O

HRAFHBECRLOPELZ T I T 1 v 71
ST I TIRAT L, A B B % G 7235 F, Receiver
operating characteristic analysis (ROC f##r) % H v
T, BCY A7 OFRED I b =\ ASREIE H o
#y b7 (A SRS EWE) (BT, [FECT
WH] &ngd) 28 L7

7HY%HZ 5ARERH B E PN 288005 b
=W ADRR, CV,SD @ % v b 7% ROC f#bT %
WTHH L7

JEC TR E %8 2 % A 5%A818 B % Fll5 2580 %%
i b Vv ADRR, CV, SD @ v 4 7% ROC il
EHWTHEB L.

B/ R

SR BEOMBRGASBAETETHO T 0 —
F ¥ — % Fig. 1 \IR. Iz > bo— i AEBE
Bix 372 A (BUE214 A, K158 N) THo72. #
BRFOWNFUZ, HALEIFAT 172 A (462 %), HIEH
377 N (207 %), WRERSVEEAS 24 N (65 %), M
HREMERDS 24 N (65 %), L AFEAT19 A (5.1 %),
FUBR - W WAAES 18 N (48 %), WIRZRFI217 A
(4.6 %), LIRS E29 N (24%), Ferikl, H&H
MRS 12 N (32 %) Td o 72 Wit L 7z Mopi & i
WA SRAER 0B O RETAY 22436 [, ABEh & EHD
46683 81T - 72. 1 H O I & I EU A SR80 H £
B OFHH353+09 [, ABEHOFA545+1.2 [, #
IURE 52 A A R B0 H 5L A% 60.3 +24.6 I, AR
HA% 1255627 M THh - 72, BHEIFHR%E Table 1 1R
7.

AR A B AR e OB WT, HER
RNt ORGSR, MR, BMIL 3XTORBAIY A 7 K1 (i
Hi, 2 bEE ), HERIERIE, A R LT RAY
BAARBRHBUCAHRICEE L o7z, —T7, 4l
@O L&A, HbAlec o E&, MKIbEOfF(E, ADRR & L&
CV o L5, SD @ 15, FHMsEo Fa, ek H 5
DIER, 1 H O MR E M o> 15, gl 5 o
LI RAIE A O RICH FIIHE L 72 (Table
1).

SEBIRNT (AT v 7T A4 R BRI AR
TEHEHAE (AIC)) IS TR L -/ R %2 DM IR,
% WILHE & ARFFRIC BT A L L CoE#EY
ERL, 1 H o MUBE a5 2 $RA U B ) 7 ol 4%
ZBRAL L7z, ADRR EFMICBWTIE, £ELEMED
7% CV, SD, EHIMmfEEEBRN L. A5y 7TIA4
R XY, 4B, HbAlc, 1 H o MBI & [l Boid 3 Y
BRIGER S N o 72, RiBE OFF7E, ADRR @ |
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Hospitalized patients screened

n = 23369
Excluded
e without surgical patients needing skin incision
n = 17404
n = 5965
Excluded

« without glycemic control interventions
e glucose monitoring <2 times per day
« long and short durations of hospital stay (> 90 and < 7 days)

e without diabetes

» using steroid
n = 5593

Extraction completed
n =372

Fig. 1 Flow chart from screening to complete extraction.

FIZE R H ORI, L CHEBEICHME L 72
(standardized partial regression coefficients () =0.22
p<0.0001, B=0.23 p<0.0001). CV EFNIIBWTIL,
2 EILHMED 729 ADRR, SD # B4 L7z A5 v 77
A4 XX, 4EEs, HbAle, RILEEDGFSE, F3Igi0N
PEAE, 1 H oM 2 O F A B EIR S e
o7z, CV O L5, TEBE H ORI HREIE H o
AT L CH TSI L7 (3=049 p<00001, B
=0.11 p=0.02). SD EF V2BV T, LHELHEED -
& ADRR, CV, ‘PHIMEMZ BRI L7z, ATy T4
AP LY, EHS, HbAle, 1 H o MUBER 52 M1 1 5
ERUEIRS N o7z, RIMBEDOLETE, SD @ k5,
TEPE H BOERIIARAFH ORI L TR
2B L 72 (B=0.11 p=0.03, B=041 p<0.0001, B=0.10
p=0.048) . FI M E 7 VBT, L RO
72 ADRR, SD #Bm L7z, A7y 774 XEI2&
0, fF#s, HbAlc, KIMAEOAALE, SFHIMBEHE, 1 Ho
MU E R BRI E N e Do 72, CV D
A, EBEH BOERIGA SRR H RO LRI L
TAHBEIZEE L 72 (8=049 p<0.0001, B=0.11p=0.02)
(Table 2).

- MERIE I L - Ao dhi

FETE EFHIER L OBEIZ BT, HARMITO
A, AW, MER, TRTOBEAN) X7 KT (i,
ZALMEE &), BRIRIGHEEE, 4 Y A) Y LI XAV IEA
FAIBH B A BICBE L 25572, —J, BMI 0k
T, HbAlc ® &, KiudEDLFLE, ADRR @ E5. CV
? L5, SD o F&, Pl o A3, ke H %o ¢k

S, 1 H oM 5o F5, Bz miko F5
FARABHBOERICHERICEMEL 72 (Table 1).
SIRIFNT (AT v 774 A RS, ARl
TEHEHEE (AIC)) ST LR R 2 DTSR T
% EILHE L RIFFEIC BT 2 HAE R E L CoRERE
ERL, 1 H MR o2 57 L i e B %5
ZBAL72. ADRR EFVICBWTIE, £EERED
72 CV, SD, ‘PHMEEzZ R L7z, ATy T4
12X Y, BML HbAlce, 1 H o Mk o a1 %5 35 B
ERIRIRS N Do 7z, RIMAEDFAE, ADRR @ I
HIZWTEHRD EH I L CHEICHME L 72 (odds
ratio (OR) 8.76 (95 % confidence interval (CI) 3.58-
21.44) p=0.0007, OR 1.10(95 % CI 1.06-1.15) p<0.0001).
CVEFNMIZBVTIE, ZEILEMED 72D ADRR, SD
BB LT, ATy TI 4 XX Y, BMI, HbAlc,
SPGB, 1 H o fopi o [ 50 3 A BT EIR &
Mo 7 ARMBEDOAE, CV O LI RO 5
WA, LT EICEE L 72 (OR548 (95 % CI2.17-
13.83)p=0.0003, OR 1.10(95 % CI 1.04-1.16) p=0.001).
SD EFNMIZBWTIE, ZELHMED 729 ADRR, CV,
S Z BRI L7z, ATy TIA4 ZFEICED,
BMI, HbAlc, 1 H O MU E MIBUE A B #EIR S
Nhho 7z, R DOLETE, SD @ F5, Tt H BT
R HEO EHAHN L CHEICHE L 72 (OR 692
(95 % CI 2.82-16.93) p<0.0001, OR 1.05 (95 % CI 1.03-
1.07) p<0.0001, OR 1.01 (95 % CI 1.00-1.03) p=0.04).
FHIMBEHE T VIZBWTIE, Z2EEBEDO -
ADRR, SD#BA L7 ATy 774 XEI2LD,

— 153 —



FESR 61 % 475 (2018)

Table 1 The baseline characteristics, and the relationship between the outcomes (period until stitch removal [in days]
and mortality) and the factors (glycemic variability indexes and risk factors for protracted wound healing).

Days of wound

with stitches Mortality
Characteristic (Variable) Total B D OR (95 % CI) D
N (Male/Female) 372 (214/158) -0.08 0.12 1.02 (0.98-1.06) 0.36
Type 1 diabetes/Type 2 diabetes, n 1/371
Gastroenterological Surgery, n (%) 172 (46.2)
Orthopedics, n (%) 77 (20.7)
Thoracic Surgery, n (%) 24 (6.5)
Neurosurgery, n (%) 24 (6.5)
Gynecology, n (%) 19 5.1)
Breast and Endocrine Surgery, n (%) 18 (4.8)
Urology, n (%) 17 (4.6)
Cardiovascular Surgery, n (%) 9 (24)
Dermatology, Otorhinolaryngology, n (%) 12 (3.2)
Age, years 728+10.3 012 0.02 1.87 (0.87-4.03) 0.11
BMI, kg/m? 239+43 -0.04 047 0.84 (0.76-0.93)  0.0008
HbAlc (NGSP), % 71+14 016  0.003 1.29 (1.05-1.59)  0.02
WBC, mg/dL 8355.4 +3289.2 006 0.24 1.00 (1.00-1.00)  0.26
CRP, mg/dL 24+39 -0.01 0.84 097 (0.87-1.07) 054
Alb, g/dL 36+06 -0.08 0.15 112 (0.62-2.02) 0.72
Hb, g/dL 123+22 -0.06 0.25 1.00 (0.85-1.17)  0.95
T-Bill, mg/dL 09+16 -0.06 0.29 1.04 (0.87-1.25)  0.66
eGFR, mL/min/1.73 m? 66.9 +415 -0.03 0.62 1.00 (0.98-1.01) 0.66
BT, C 36.6 0.5 -0.04 043 065 (0.32-1.32) 0.23
Stitch removal/Discharge
Change in WBC, mg/dL —1441.4+3052.0/ —1526.3+3423.0 —0.06 0.25 1.00 (1.00-1.00)  0.16
Change in CRP, mg/dL -03+42/-06+44 -0.06 0.23 1.02 (0.94-1.11)  0.63
Change in Alb, g/dL -02+05/-02+06 -0.09 0.08 0.76 (041-141) 0.38
Change in Hb, g/dL -05+16/-07x16 -0.05 0.34 089 (0.71-1.11)  0.29
Change in T-Bill, mg/dL -03+15/-03+15 002 077 095 (0.80-1.13) 055
Change in eGFR, mL/min/1.73 m? 09+349/04+353 007 018 1.00 (0.99-1.01) 0.88
Change in BT, C -01+06/-02+06 007 016 151 (0.82-2.78) 0.18
Mean glucose level, mg/dL 161.0+39.0/153.9 + 32.9 019 00003 1.02 (1.01-1.03) <0.0001
SD, mg/dL 41.7+20.1/434+20.1 042 <0.0001 1.06 (1.04-1.08)  <0.0001
CV, % 252+89/273+89 046 <0.0001 1.13(1.08-1.18) <0.0001
ADRR 128+9.8/126+94 027 <0.0001 1.11(1.07-1.15) <0.0001
Hypoglycemia, n (%) 46 (12.4)/81 (21.8) 0.3 <0.0001 11.83 (5.37-26.09) <0.0001
Number of blood measurements
Per day 53+09/45+1.2 011 0.03 1.69 (1.17-246)  0.006
During the hospitalization 60.3 +24.6/1255+62.7 082 <0.0001 1.01 (1.01-1.02) <0.0001
Days of wound with stitches, day 10.2+£55
Length of stay, day 31.3+26.2 015 0.004 1.01 (1.00-1.03)  0.005
Mortality, n (%) 34 (9.1
Prehospital antidiabetic agent
Sulfonylurea agent, n (%) 108 (29.0) 0.1 0.06 1.19 (0.56-2.53)  0.65
Metformin, n (%) 96 (25.8) -0.01 0.88 047 (0.18-1.25) 0.3
Thiazolidinediones, n (%) 68 (18.3) 002 074 0.75 (0.28-2.02) 057
a-glucosidase inhibitor, n (%) 54 (14.5) 004 041 0.77 (0.26-2.27)  0.63
Insulin, n (%) 54 (14.5) 0.003 0.96 1.95 (0.83-4.58) 0.12
DPP-4 inhibitor, n (%) 157 (42.2) -0.03 054 095 (047-195) 09
GLP-1 receptor agonist, n (%) 11 (3.0 —-0.03 0.63 099 (0.12-801) 1
Rapid-acting insulin secretagogue, n (%) 13 (3.5) —-0.05 0.33 0.82 (0.10-6.53) 0.85
SGLT 2 inhibitor, n (%) 4 (1.1 -0.04 047 3.38 (0.34-33.46) 0.3
Insulin regimen in the hospital
Insulin sliding scale, n (%) 273 (734) 005 037 177 (0.71-442)  0.22
Basal-bolus, n (%) 17 (4.6) 008 0.11 0.61 (0.084.75) 0.64
Basal insulin only, n (%) 11 (3.0) -0.01 08 099 (0.12-801) 1
The others, n (%) 7 (19 0.005 093 1.68 (0.20-14.35) 0.64
Not receive any insulin treatment, n (%) 64 (17.2) -0.1 007 0.82 (0.30-2.19) 0.69

Data are shown as mean and SD. Data were analyzed with univariate linear and logistic regression analysis. Hypogly-
cemia was defined as any documented in-hospital episode of glucose <70 mg/dL. BMI, body mass index; HbAlc, gly-
cosylated hemoglobin; WBC, white blood cell; CRP, c-reactive protein; Alb, Albumin; Hb, hemoglobin; T-Bill, total biliru-
bin; eGFR, estimated glomerular filtration rate; BT, body temperature; Stitch removal, period from the preoperative
day to the day of stitch removal; Discharge, the preoperative day to day of discharge from hospital; SD, standard devi-
ation; CV, coefficient of variation; ADRR, average daily risk range; Period until stitch removal, the number of days
from surgery to removal of stitches on a cutaneous wound; DPP, dipeptidyl-peptidase; GLP, glucagon-like peptide;

SGLT, sodium glucose co-transporter.
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.........

0.8

0.6

Sensitivity

......

ADRR AUC 0.72 (95% CI: 0.66-0.78, p<0.0001)
Cutoff: 7.6, Sensitivity: 69 %, Specificity: 64 %

AUC 0.75 (95% CI: 0.70-0.81, p<0.0001)
Cutoff 23.6 %, Sensitivity: 64 % Specificity: 73 %

AUC 0.76 (95% CI: 0.71-0.81, p<0.0001)
8D gutoff: 37.4 mg/dL, Sensitivity: 61 % Specificity: 77 %

0 0.2 0.4 0.6 0.8 1

1 - Specificity
Fig. 2 ROC curves for the period until stitch removal (in days)>7 in average daily risk range (ADRR), coefficient of
variation (CV) and standard deviation (SD).
Regarding the ADRR, when the cutoff value was 7.6, which showed the highest prediction ability, the sensitivity was
69 % and the specificity was 64 %. The AUC for death was 0.72 (95 % CI, 0.66-0.78; p<<0.0001).
Regarding CV, when the cutoff value was 23.6 %, which showed the highest prediction ability, the sensitivity was
64 % and the specificity was 73 %. The AUC for death was 0.75 (95 % CI, 0.70-0.81; p<0.0001).
Regarding SD, when the cutoff value was 374 mg/dL, which has the highest prediction ability, the sensitivity was
61 % and the specificity was 77 %. The AUC for death was 0.76 (95 % CI, 0.71-0.81; p<0.0001).

HARAIEBH B LRI A B E % o7 (OR
1.08 (95 % CI 1.03-1.13) p=0.003).

EHMENH Yy PETHEIZI0ETH Y, EEIX
68 %, HFFLEEIZ58 % Tdh o72. Areaunder the curve
(AUC) 1067 (95% CI059-0.75 : p<0.0001) T&» >
7z.

7THZEBZZARE8H A FIT 20005b
W ADRR, CV, SD®D# v ++ 71

ADRR ICEIL Cid, &Nz h vy b+ 71376
ThY, EEIF69% FHREZ6M4%THo7. AUC
12 0.72 (95% CI0.66-0.78 : p<0.0001) T&H 7. CV
LTI, Bl Ehzhy b+ 7MHIZ 236 %TH Y,
JEHE 1L 64 %, FEREIZT3%TH 72, AUCIE 075
(95 % CI10.70-0.81 : p<0.0001) Tdh->7z. SDIZH LT
&, sz v M 7IE 374 mg/dL TH D, &
JE1E 61 %, HFEREIX 77T % TH 72 AUC 1 0.76(95 %

CI0.71-081 : p<0.0001) TH -7 (Fig. 2).

10 H GELY 227 2 Fill§ 2 he0 0% b AR El
MHBO Ay M 7)) %2 545815 H % 7l
35005 b Ev ADRR, CV, SDD% v b4+ 71H

ADRR IZBI LTI, JHEh7zh v + 4 71 100
THh, BT 68 %, FREII%THo72. AUC
13064 (95 % CI0.580.70 ; p<0.0001) TH-7z. CV
LT, Bl shizsy b 71X 261 %TH D,
TR 1263 %, FFREE7TI%TH - 72. AUCIZ0.72
(95 % CI10.66-0.77 : p<0.0001) TdH->7z. SDIZBIL T
&, Bl ENA Y P TEIE 426 mg/dL TH D, &
FEIE 61 %, FFREEILX 73% TH - 72, AUC 1 0.70(95 %
CI0.64-0.76 ; p<0.0001) TH -7 (Fig. 3).
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ADRR AUC 0.64 (95% CI: 0.58-0.70, p<0.0001)
Cutoff: 10.0, Sensitivity: 68 %, Specificity: 58 %

0.2 AUC 0.72 (95% GI: 0.66-0.77, p<0.0001)

Cutoff: 26.1%, Sensitivity: 63 %, Specificity: 71 %

AUC 0.70 (95% CI: 0.64-0.76, p<0.0001)
SD Cutoff: 42.6mg/dL, Sensitivity: 61 %, Specificity: 73%

0 0.2 0.4 0.6 0.8 1

1 - Specificity
Fig. 3 ROC curves for the period until stitch removal (in days)>10 in average daily risk range (ADRR), coefficient
of variation (CV) and standard deviation (SD).
Regarding the ADRR, when the cutoff value was 10.0, which showed the highest prediction ability, the sensitivity
was 68 % and the specificity was 58 %. The AUC for death was 0.64 (95 % CI, 0.58-0.70; p<0.0001).
Regarding CV, when the cutoff value was 26.1 %, which showed the highest prediction ability, the sensitivity was
63 % and the specificity was 71 %. The AUC for death was 0.72 (95 % CI, 0.66-0.77; p<<0.0001).
Regarding the SD, when the cutoff value was 42.6 mg/dL, which showed the highest prediction ability, the sensitivity
was 61 % and the specificity was 73 %. The AUC for death was 0.70 (95 % CI, 0.64-0.76; p<0.0001).

17 o 7RI A DR IE EE PR IS B W, Al
BIED Y 2 7R/ A0V A7 HT) FnThd g
FIIXA KRB 0B B3, MBS ZBhIE o 578
ABICARAIEHROERICHET 52 2 RSN
7o F72, AU X7 BT ARICIIET
SICHLERT, RO E, MAEFEEIEO LA, °F
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MplE 2 25 U < Pl 2 0N, RomEmpEs X0
i & B HET LI EPHRESRL TV DY,
ADRR 35F, ICU BHIZBVWTIRER LT 52
ENRFHEINTVD Y. RIFZEHR LD, ADRR, CV,
SD (X MAEAEIEOIREE L L CIFIZM S ICAH SRR H
BOLEEBLIUWCHRO LA TFRTELEEZLN
L. AWZRICBWTEAMD Y 227 WA R A5 H 5
BILUOWCRICHEL 2ozl L 2 EOMERE ELE
35 &, BERFHABIEEETMEE CEMmD ) 22
WFFLEELTWTS, Iy ha—ViAz1T-
TS0 hbh 6 TMREET 2K EVEFIZ, A
DREHFEIEL, BTV A7 D LEFIZORDDL ERZ
HILNTEL, MPEERIKE WEEZOBRO G
PEIEST B E LCIE, MBEEEEO FAIC X )R

— 157 —



FESR 61 % 475 (2018)
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— Abstract

Glycemic Variability Affects Protracted Postoperative Wound Healing in Patients With Diabetes

Soichi Takeishi”?, Akihiro Mori"”, Miyuka Kawai", Yohei Yoshida", Hiroki Hachiya”, Takayuki Yumura”,
Shun Ito?, Takashi Shibuya”, Nobutoshi Fushimi?, Noritsugu Ohashi”, Hiromi Kawai?,
Hiroki Tsuboi® and Shodo Takekoshi?

"Department of Endocrinology and Diabetes, Ichinomiyanishi Hospital

“Department of Diabetes, General Inuyama Chuo Hospital

We investigated the relationship between protracted wound healing (PWH) and glycemic variability (GV)
and already-known risk factors (AKRFSs) in non-critical surgery patients with diabetes (NCSPDs). We retro-
spectively analyzed 372 NCSPDs who underwent glucose monitoring >3 times per day. PWH was defined as
the number of days from surgery to the day on which stitches were removed from a cutaneous operative
wound. Hypoglycemia, GV (standard deviation [SD], coefficient of variation [CV] and average daily risk range
[ADRR]), and the mean glucose concentrations were determined based on all of the glycemic data collected
during the period before stitch removal. We analyzed the association between the period before stitch re-
moval and AKRFs using a linear regression analysis. No AKRFs were associated with the period before
stitch removal. However, significant independent associations were found between a high ADRR, CV and SD
and a long period before stitch removal. GV, rather than the AKRF's, was associated with PWH in NCSPDs.
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