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n = 50911

Hospitalized patients screened

Excluded
e without diabetes
» without terminal cancers

« without glycemic control interventions
« glucose monitoring <2 times per day
n = 50407

n = 504

Extraction completed

Observetion period

Death
n =192

(90 day after admission)

Lost to follow-up (survival discharge)
n = 297

n=15

Fol low-up completed

Fig. 1 Flow chart from screening to the end of observation.
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Table 1 Characteristics of patients and the relationship between the factors (glycaemic control and prognostic factors
for cancer) and the survival rate after admission (‘survival rate’)

Survival rate after admission

Characteristic (Variable) Survivors Deceased Total HR (95 % CI) D
N (Male / Female) (Male sex, n) 319 (243/76) 185 (135/50) 504 (378/126) 1.00 (0.98-1.01) 0.76

Type 1 diabetes / Type 2 diabetes, n 1/318 0/185 1/503

Digestive cancer, n (%) 75 (23.5) 20 (10.8) 95 (18.8)

Hepatobiliary and pancreatic cancer, n (%) 82 (25.7) 73 (39.5) 155 (30.8)

Lung cancer, n (%) 108 (33.9) 62 (33.5) 170 (33.7)

The others, n (%) 54 (16.9) 30 (16.2) 84 (16.7)
Age, years 730+86 739+81 733+85 1.15 (0.83-1.59) 041
BMI, kg/m? 229+46 21.7+438 22447 0.97 (0.94-1.01) 0.14
HbAlc (NGSP), % 69+1.2 7114 70+13 1.10 (0.98-1.22) 0.1
HbAlc (IFCC), mmol/mol 472+272 538+15.6 515+133
WBC, /uL 6929.2+3364.8 7029.7+3121.1  6966.1 +3274.7 1.00 (1.00-1.00) 0.09
CRP, mg/dL 24+38 27+40 25+39 0.99 (0.96-1.03) 0.75
Alb, g/dL 36+06 36+06 36+06 0.95 (0.75-1.20) 0.66
Hb, g/dL 125+6.1 11.9+22 122+50 0.95 (0.89-1.02) 0.15
LDH, IU/L 2412+2316 250.7 +126.9 2447 +199.7 1.00 (1.00-1.00) 0.7
BUN, mg/dL 170+92 179+10.1 17.3+96 1.00 (0.99-1.01) 081
BT, °C 366+05 366+05 366+05 1.30 (0.98-1.73) 0.07
Change in WBC, mg/dL —4777+33177 —4411+3089.8 —464.3+32329 1.00 (1.00-1.00) 0.27
Change in CRP, mg/dL -04+35 -02+38 -03+36 1.02 (0.98-1.06) 0.39
Change in Alb, g/dL -02+05 -01+04 -02+04 1.29 (0.91-1.83) 0.15
Change in Hb, g/dL -01+145 -04£16 -02+115 1.00 (0.98-1.02) 097
Change in LDH, IU/L -202+207.0 —181+687 -19.4+169.8 1.00 (1.00-1.00) 048
Change in BUN, mg/dL -21%75 -1.0+105 -17+88 1.01 (1.00-1.02) 0.14
Change in BT, °C -01x07 -00x07 -01x07 0.94 (0.76-1.15) 0.55
Mean glucose level, mg/dL 159.2+42.0 203.1+£59.6 1753£535 1.01 (1.01-1.01) <0.0001
SD, mg/dL 404+21.0 714+27.1 51.8+278 1.02 (1.01-1.02) <0.0001
CV, % 245+94 352+9.1 284+10.6 1.04 (1.03-1.06) <0.0001
ADRR 13.0+11.0 269+14.7 182+14.2 1.04 (1.03-1.05) <0.0001
Hypoglycemia, n (%) 31 9.7) 85 (45.9) 116 (23.0) 1.58 (1.18-2.12) 0.002
Number of blood measurements

Per day 4212 4611 44+11 1.27 (1.12-1.44) 0.0002

During the hospitalization 746 +62.8 95.9+59.5 824+624 0.99 (0.99-0.99) <0.0001
Length of stay, day 233257 269+194 24.6+236
Mortality, n (%) 0 (0) 185 (100) 185 (36.7)
Prehospital antidiabetic agent

Sulfonylurea agent, n (%) 82 (25.7) 53 (28.6) 135 (26.8) 0.99 (0.72-1.36) 093

Metformin, n (%) 87 (27.3) 49 (26.5) 136 (27.0) 0.76 (0.55-1.06) 0.11

Thiazolidinediones, n (%) 58 (18.2) 38 (20.5) 96 (19.0) 1.08 (0.76-1.55) 0.66

o-glucosidase inhibitor, n (%) 57 (17.9) 20 (10.8) 77 (15.3) 0.71 (0.45-1.14) 0.15

Insulin, n (%) 74 (23.2) 42 (22.7) 116 (23.0) 1.18 (0.84-1.67) 0.34

DPP-4 inhibitors, n (%) 137 (42.9) 90 (48.6) 227 (45.0) 0.92 (0.69-1.23) 059

GLP-1 receptor agonists, n (%) 4 (1.3) 5(2.7) 9 (1.8) 2.35 (0.96-5.72) 0.06

Rapid-acting insulin secretagogue, n (%) 16 (5.0) 4 (2.2) 20 (4.0) 0.44 (0.16-1.19) 0.11

SGLT 2 inhibitor, n (%) 1(0.3) 1(0.5) 2(04) 5.42 (0.75-39.09) 0.09
Insulin regimen in the hospital

Insulin sliding scale, n (%) 209 (66.8) 124 (67.0) 333 (66.1) 0.79 (0.58-1.07) 0.12

Basal-bolus, n (%) 21 (6.6) 9 4.9 30 (6.0) 1.79 (0.87-3.67) 0.11

Basal insulin only, n (%) 9(28) 7 (3.8) 16 (3.2) 1.21 (0.56-2.57) 063

The others, n (%) 9(2.8) 4 (22) 13 (2.6) 0.71 (0.23-2.22) 0.56

Not receive any insulin treatment, n (%) 66 (20.7) 46 (24.9) 112 (22.2) 1.14 (0.82-1.61) 044

The data are shown as the mean and SD. The data were analysed with a univariate Cox proportional hazards
model. Hypoglycaemia is defined as any documented in-hospital episode of glucose <70 mg/dL.

BMI: body mass index, HbAlc: glycosylated haemoglobin, WBC: white blood cell, CRP: C-reactive protein, Alb: Al-
bumin, Hb: haemoglobin, LDH: lactate dehydrogenase, BUN: blood urea nitrogen, BT: body temperature, SD: stan-
dard deviation, CV: coefficient of variation, ADRR: average daily risk range, DPP: dipeptidyl-peptidase, GLP: gluca-
gon-like peptide, SGLT: Sodium glucose co-transporter
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Table 2 The relationship between the ‘survival rate’ and the factors significantly associated with the ‘survival

rate’ (adjusted).

Survival rate after admission

Mean glucose

ADRR model CV model SD model
level model
Variable HR b HR b HR 5 HR
95 % CI) 95 % CI) 95 % CI) 95 % CI)
Mean glucose level, 1.01 <0.0001 1.01 <0.0001
mg/dL (1.01-1.01) (1.01-1.01)
SD, mg/dL 1.02 <0.0001
(1.01-1.02)
CV, % 1.02 0.01 1.02 0.01
(1.00-1.04) (1.00-1.04)
ADRR 1.04 <0.0001
(1.03-1.05)
Hypoglycemia, 152 0.006 152 0.02 152 0.02
n (%) (1.13-2.03) (1.08-2.12) (1.08-2.12)
Number of blood 1.16 0.02
measurements (per day) (1.02-1.31)

The data were analysed with a stepwise multivariate Cox proportional hazards model. Factors with a correla-
tion coefficient >0.6 were eliminated as explanatory variables because of multicollinearity.
ADRR model: The model in which factors strongly correlated with the ADRR (correlation coefficient >0.6)

were eliminated as explanatory variables.

CV model: The model in which factors strongly correlated with the CV (correlation coefficient >0.6) were elimi-

nated as explanatory variables.

SD model: The model in which factors strongly correlated with the SD (correlation coefficient >0.6) were elimi-

nated as explanatory variables.

Mean glucose level model: The model in which factors strongly correlated with the mean glucose level (correla-
tion coefficient >0.6) were eliminated as explanatory variables.

B FTRTOHMAEDEIIBVCHE LB L2 R
(p=0.02~<0.0001 : A ¥ 7~ > DA MG . M
BIERELIE, CV & P fE o B4R DAL ADRR, CV,
SD, “EXMBHER 3T ORAR, 1 H o mbE il E [al
& A B o f MRS 52 [ E O BRI BT 06 DLk
Thotz. WERMBHOMREEEE ZAMIEICBIT S
SHERE LCoBEFLER L, 1 HOMBENE N5
PR UABER O MBEN 2 B 2 b L. 485
T (A7 v 70 A4 Rk ARk, ARt e Bl
# (AIC)) IC Tl L 2% £ %2 L FIZ/RT. ADRR
ETFTVICBWTIL, KiBEOFAE, ADRR @ LA A
Bt EAE R O T IS IS L, RIhE o fE7E 1S &
DIELY R 7 352 %ML (HR 1.52 (95 % CI 1.13-
203) p=0006), ADRR#1 ER$ 222N Y
A7 D4 %W L7z (HR 1.04 (95 % CI1.03-1.05) p<
00001). CVEFNMIZBWTIE, (RILBEDHELE, CV
O L5, FIHMPERE O 173 ABRBEFEOMLTICA
HICHE L, IO E DT Y A7 5352 %
B L (HR 152 (95% CI1.08-212) p=0.02), CV #%
1%LEST 2I20o0NBEY) 27 H32%8m L (HR 1.02
(95 % CI1.00-1.04) p=0.01), 34 IfiL ¥k A% 1 mg/dL
EHATBICONEE) 22751 %1 L7 (HR 1.01

(95 % CI1.01-1.01)p<<0.0001). SD EFIVIZBWTIZL,
SD @ b5, 1 H DI E 5D FAE ABESR AR
DIERTICAHZEIWCHAEL, SD A1 mg/dL LHT5I1ZD
NFEL) A 7 A2 %34 L (HR 1.02 (95 % CI 1.01-1.02)
p<0.0001), 1 H D MAEMNEHEAT1 | EA-§ 512201
Y A7 A16%H I L 72 (HR1.16 (95 % CI 1.02-
1.31) p=0.02). FHMpEEE 7 MBI, ik
DAEAE, CV @ B, P M EO b X A Btk Ar 3
OETICHZICHEL, IO FEICL VIELY A
27 H 52 %HHN L (HR 1.52 (95 % CI 1.08-2.12) p=0.02),
CVALI%ERATHIZONBLEY 27 2% L
(HR 1.02 (95 % CI 1.00-1.04) p=0.01), “F¥iipftAs 1
mg/dL ERFT AHI2OoNBEY 27 H 1%L 72
(HR1.01 (95% CI1.01-1.01) p<0.0001) (Table 2).
FEFERC ARt B3 & B BN T & oo B % fif
W (ZEILBEZZE LA T Yy 774 X - B
W) L2k S, HAL#ME CTlE ADRR @ L&, SD
D LA, EHMAEMEO FAS, IR Tl ADRR
® L&, CV D L&, SD @ L&, FHImEED Fa5H
fii%E Tld ADRR @ L5, SD @ E&., “FgipHEo F
Hs, oMK OfF 7, ADRR @ L&, SD
O L5, FHIMBE SO LAY, FNRENABRBESE
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DIRTEAEEICHM L 72 (HR 1.01~2.8 p=<0.0001~
0.045).

FECHN BT B ARets BRI & S BN 7 &
Bz G (S EBEEZZER LA T v 7Y
A A BRI TR L7252, ADRR, SD,
SIS IMAEE O LRI E A BRI oA & A I
HW L7z (B=-021~-02p=0.003~0.008). —7F, fKif
BEDAFAE NI ABE R A o & A IS L 72
(B=0.2 p=0.004).

O Y AT 4y 7 BRGH& v TS SRR & K
M DAEAE & DRIMRZMRET L7z, BRI O R,
P3G MBS A AR IS D AR BICHE L 2o 72
(odds ratio [OR] 1.00 (95 % CI0.99-1.00) p=0.39).
ADRR @ 15, CV @ k5, SD @ FS 3Rk o7 7E
WAL 72

LA B AT I CAAE L 72458, ADRR E7VIZB W
Tix, ADRR @ _ESFII MR OFFFE A RIS BRI L,
ADRR %1 L5 B \Z o MARIMBEFSFE ) 2 27 252 %
BinL7: (OR1.02 (95% CI1.01-1.03) p=0.007). CV
EFVIIBWTIE, CV ORI OFELEICHE
B L, CV2%1 %59 5120 URIAE S RE ) A
7 315%kEm L 72 (OR1.15 (95% CI1.11-1.18) p<
0.0001). SD EFNMIZBWTiZ, SD @ _EFIZKIHE D
HAECAHBICHEEL, SD2%1mg/dL LA 520N
CIBEFERE D) A 27 H32 %3 L7z (OR 1.02 (95 % CI
1.02-1.03) p<0.0001).

Receiver operating characteristic analysis (ROC f#
M) Z T, ) A7 O FMEED R b v ADRR,
CV, SD®A v M+ 74 (FH2 Sk bz n) %
B L7 ADRRICEILTIE, FETCY 227 OFllEEAS
ROEL b hy A T7MEIZ163TH Y, KEIX
76 %, FEFEEIX 75 % T o7z, Area under the curve
(AUC) 13081 (95% CI0.77-0.85 : p<0.0001) TH -
2. CVICH LTI BT 27 o FllRED R bl &
HHy MA TEIZ296%TH Y, KB T7 %, FFEE
F77%T & o 72. AUCIX08 (95% CI10.76-084 : p
<0.0001) THo72. SDICBHLTIX, EVAZDOTF
MEEr D E L %D H Yy b+ 7MEi1E 494 mg/dL T
0, &I 85 %, FFREIX 7T3%TH -7z, AUC I 0.84
(95 % CI 0.8-0.87 : p<0.0001) TH -7 (Fig.2).

A A7 i & MAEEBOREIC L > THRBEEZ
RME L, ABefREFERICB W TR L2, x5
BEEZEIML L2 D% Table 3 12R Y. WNHEHKIX
MAEZE DR (ROC TIC TR E N/ A7
OFMNEI R EWS v b+ 7 [ADRR15, CV
30%, SD50mg/dL]), Z L CTAKILHE DA HEZ TRl
fbE 7>, I & ADRR ICTREIMLS -84,
ADRR #1573V — 2, 3, 4 DG EZ D ABe#AAr%

I3 ADRR 7 7 TV — L IZHREEIEK Y (FhZh
192 %, 412 %, 394 %DIET) #RTH -7z (Zhzh
HR 292 : 95 % CI 1.59-5.36 : p = 0.0005, HR 5.12 : 95 %
CI3.16-8.29 ; p<0.0001, HR 4.94 ; 95 % CI 3.00-8.13 ; p
<0.0001). fEILKEE CVICTERIMLE =34, CV
7T — 3L 4 ONLREED AR EFAFIZCV A
7T — IR (22 231 %, 204 %
DIET) HRTHo72 (FNZFNHR331; 95%CI
2.19-499 ; p<0.0001, HR 3.04 : 95 % CI 2.02-456 : p
<0.0001). fXifipE & SD 2 TREMLE N34, SD
AT T —2, 3, 4 OWNEEFOARBELAAFITSD
AT T — LIZHRAEIK Y (Z1h21 240 %,
685 %, 553 %NDILT) #FTH o7 (FNENHR
340 : 95 % CI 1.68-6.88 : p=0.0007, HR 7.85: 95 % CI
453-1360 : p<0.0001, HR 653 : 95% CI 3.73-11.46 : p
<0.0001) (Table 3).

AVANYATA T4 YT A= VOMHOFEE
ABete A%, K1k, ADRR, CV, SD, “F¥ifikiE
L OEE Cox WBINF—FETN, I RAT4 v 7
WG AT, MR AT IS TRRES L2/, wWIndfd
BERMEEZRO Lo (FRZFNHR0.79 5 95 % CI
058107 : p=0.12, OR 1.11: 95 % CI 0.71-1.73 : p=
063, B=-002p=073, B=-001 p=0.76, B=—0.02
p=061, B=-0005p=091).

£ =

SR ORET, BRI G OEA LG © AR LIk 2 >
ME— VA AERIT- BB TIE, @HENSNDETH
T w3 b A BT A B A A7 3R B
3, AR OAFALE, MBEZBIIR OB, ¥l
BIMAA B ABERAFROMTICEE T 5 2 L AVR
ENz. KEFZeRES X ), ADRR, CV, SD 1 ILbEZ5 8)
RO L U CIRIZRSICEEOEGTHE TR TE
HLEZONL. BEEINISTTOIRXTOBMEICE
W, MAEZEE)N T & ABERAFRE OBRIEEkE
EIZE B D B S 7z, AR IHE O FEFE I AR B2k
RO TICAZICHE L7245, BEplicB ) 2K
PEDGFAEI A BRI OB A ZICBEE L 72 &
W) RERIE, AAEENC e FEC CRE O AR AE B 2
FEHITL N (97 % vs 459 %) Z L A%, FEREHE AR
(E EAEBE AU AR TS DSAEAE S 2 W REPEASHESR I & £
HT DB r Lo 7-MR b0 3NEEZ 5.
HWARMATIZB VT, 1 HompEEEo A
Betz A Ar =R O TIZA BICBIM L7225, ARer o
FENE M0 FAEARBRAEFED FAICHEICEE
L7z & W) iR, AEPMHERTE2HBPEY,
F ) 7ERE H AR\ I1F & A B o Fe bl il 22 71§43 |
A3 52 LB, 1 HOMmBENERZD EARA
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ADRR AUC 0.81 (95% CI: 0.77 - 0.85, p < 0.0001)
Cutoff: 16.3, Sensitivity: 76 %, Specificity: 75 %

AUC 0.8 (95% CI: 0.76 - 0.84, p < 0.0001)
Cutoff: 29.6 %, Sensitivity: 77 %, Specificity: 77 %

AUC 0.84 (95% CI: 0.8 - 0.87, p < 0.0001)
””””””” SD Gutoff: 49.4 mg/dL, Sensitivity: 85 %, Specificity: 73 %

0 0.2 0.4 0.6 0.8 1
1 - Specificity
Fig. 2 Receiver operating characteristic (ROC) curves for death in the average daily risk range
(ADRR), coefficient of variation (CV) and standard deviation (SD). Regarding the ADRR, when the cut-
off value was 16.3, which has the highest prediction ability, the sensitivity was 76 %, and the specificity
was 75 %. The area under the curve (AUC) for death was 0.81 (95 % confidence interval [CI], 0.77-0.85;
p<0.0001). Regarding the CV, when the cut-off value was 29.6 %, which has the highest prediction abil-
ity, the sensitivity was 77 %, and the specificity was 77 %. The AUC for death was 0.8 (95 % CI, 0.76-
0.84; p<0.0001). Regarding the SD, when the cut-off value was 49.4 mg/dL, which has the highest pre-
diction ability, the sensitivity was 85 %, and the specificity was 73 %. The AUC for death was 0.84 (95

% CI, 0.8-0.87; p<0.0001).

B AEAFEORTICAREICHE L2 Lo ExY I
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Table 3 Comparison between the categories in which the study subjects were stratified according to their GV

and hypoglycaemia status on their ‘survival rate’.

Survival rate after admission

HR
(95 % CI) P
ADRR ADRR<15, n ADRR>15,n Total ADRR category 1 Reference Reference
Hypoglycemia 235 153 388 ADRR category 2 292 0.0005
absent, n (ADRR category 1) (ADRR category 3) (1.59-5.36)
Hypoglycemia 39 77 116 ADRR category 3 512 <0.0001
present, n (ADRR category 2) (ADRR category 4) (3.16-8.29)
Total 274 230 504 ADRR category 4 494 <0.0001
(3.00-8.13)
Cv CV<30 %, n CV>30 %, n Total CV category 1 Reference Reference
Hypoglycemia 270 118 388 CV category 2 1.65 0.11
absent, n (CV category 1) (CV category 3) (0.89-3.05)
Hypoglycemia 26 90 116 CV category 3 3.31 <0.0001
present, n (CV category 2) (CV category 4) (2.19-4.99)
Total 296 208 504 CV category 4 3.04 <0.0001
(2.02-4.56)
SD SD<50 mg/dL, n SD>50 mg/dL, n  Total SD category 1 Reference Reference
Hypoglycemia 233 155 388 SD category 2 340 0.0007
absent, n (SD category 1) (SD category 3) (1.68-6.88)
Hypoglycemia 33 83 116 SD category 3 7.85 <0.0001
present, n (SD category 2) (SD category 4) (4.53-13.60)
Total 266 238 504 SD category 4 6.53 <0.0001
(3.73-11.46)

The data were analysed with a Cox proportional hazards model.
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— Abstract

Hypoglycaemia and Glycaemic Variability Are Associated With the Survival Rate After Admission
in Hospitalized Terminal Cancer Patients With Diabetes Mellitus

Soichi Takeishi, Akihiro Mori, Miyuka Kawai, Yohei Yoshida, Hiroki Hachiya, Takayuki Yumura,
Shun Ito, Takashi Shibuya, Nobutoshi Fushimi, Noritsugu Ohashi and Hiromi Kawai

Department of Endocrinology and Diabetes, Ichinomiyanishi Hospital

The authors investigated the relationship between the survival rate after admission (SR) and the prognostic
factors for cancer (PFC) and glycaemic control in hospitalized terminal cancer patients with diabetes mellitus
(HTCDM). The authors retrospectively analysed 504 HTCDM who underwent glucose monitoring >3 times
per day. Data were extracted regarding the PFC (white blood cell count and levels of C-reactive protein, al-
bumin, haemoglobin, lactate dehydrogenase and blood urea nitrogen). Hypoglycaemia, glycaemic variability
(GV; standard deviation [SD], coefficient of variation [CV] and average daily risk range [ADRR]) and mean glu-
cose concentrations (MGC) were determined from the glycaemic data collected throughout the patients’ en-
tire hospital stay. We analysed the association of these factors with the SR using a Cox proportional hazards
model. The PFC were not associated with the SR. However, hypoglycaemia, ADRR, CV, SD and MGC were
independently significantly associated with the SR. Hypoglycaemia and GV, rather than the PFC, are associ-
ated with the SR in HTCDM.
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