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[HE] BH HEDHZW 2 BUBERIE (type 2 diabetes mellitus, T2DM ) 85 FilfiE
RGBS R 3R, JFRERFTNETA . ik W4T 2017 4F 1 H % 2022 4F 6 ATEIR
TN B S B N 43 I BT BE (K872 M T2DM 55 205 f41], MR 482 75 R A0 43 b BR.al
A (125 41) | FRAE A (80 141 ) , AL PR B M Im RFFE, K H Logistics
1= 23 BT L e A A fa b PRI 2R, e oy SIS AR 2R FH A2 1038 TAERRE (receiver operator
characteristic, ROC ) HHZEPEAM H X B2 W T2DM £ & BRAE B i i E ., &S8R S5
ARPTLHAR L, AR EE HEZ UL (P=0.009) | FIRTE/N (P < 0.001) , Wi
H (P=0.003) . =% g (high density lipoprotein, HDL) ( P=0.001) . =58 &
Ji 2 /NI CRRIKAE (P < 0.001) . 42 HFR AR 3 2 (thyroid—stimulating hormone, TSH )

(P=0.003) . I35 I 2 — WL H R MR &R (free triiodothyronine, FT3) (P=0.012) T
fi%; R FRATE (P <0001) , L8 A (glycosylated hemoglobin, HbAlc )

(P < 0.001) . Fa 58 A g 5 R HEPTFE 20 (homeostasis model of assessment for insulin
resistance index, HOMA-IR ) (P < 0.001 ) ¥ 5; £ EK Logistics [MIHZE R TR, il .
HDL. ZEH8 C JRoKF- | TSH JRERAE & A2 B9 R4 2K, HbA e, HOMA-IR S0 57 16
B ER s MRAIEZ R Logisties [MIH3HTE5 R B2 W T2DM 327 ERAE BUMALRY , 24
RIF 2 S 1A (area under the curve, AUC ) i 0.880[95%CI ( 0.832, 0.928 ) , P < 0.001],
KRS 80.8% . FAUE 86.3%. ROC IZR4h S0 R HMLR Be s Moy H by T 66
HFRIE 2T T2DM 8 E BIE R &= . 8518 4R HDL, = C Ik, TSH /2#1i2
Wi T2DM £8 2 FWAE & 2B At ST AR I 3, HbALe, HOMA-IR 24057 fa b R R, FiAE i
DS X PR {6 1wi] ) i A A 8 T P
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[ Abstract] Objective To explore the risk factors of ketosis onset in patients with
newly diagnosed type 2 diabetes mellitus (T2DM), and to build a prediction model. Methods
205 newly diagnosed T2DM patients hospitalized in the department of endocrinology of
Wenzhou People's Hospital from January 2017 to June 2022 were enrolled and divided into
the simple onset group (n=125) and the ketosis onset group (n=80) according to ketosis onset
or not. The clinical characteristics of the two groups of patients were compared. Logistics
regression was used to analyze the risk factors of ketosis. A prediction model was established
and the receiver operator characteristic (ROC) curve was used to evaluate its predictive value
of the onset of ketosis in newly diagnosed T2DM patients. Results Compared with the simple
onset group, patients in the ketosis onset group were more likely to be male (P=0.009), younger
(P<0.001), lower systolic blood pressure (P=0.003), high density lipoprotein (HDL) (P=0.001),
fasting and 2 h C peptide levels (P<0.001), thyroid-stimulation hormone (TSH) (P=0.003 ),
free triiodothyronine (FT3) (P=0.012), higher loss of weight after the onset (P<0.001), higher
glycosylated hemoglobin (HbA1lc) (P<0.001), homeostasis model of assessment for insulin
resistance index (HOMA-IR) (P<0.001). The multivariate Logistics regression results showed
that age, HDL, fasting C peptide level, and TSH were independent protective factors for the
development of ketosis, and HbAlc and HOMA-IR were independent risk factors. According
to the results of multivariate Logistics regression analysis, the ketosis prediction model of newly
diagnosed T2DM patients was established. The AUC of this model was 0.880 (95%CI 0.832 to
0.928, P<0.001). The specificity was 80.8% and the sensitivity was 86.3%. The ROC curve results
showed that the ketosis prediction model can better predict the occurrence of ketosis in newly
diagnosed T2DM patients compared with the independent indicator. Conclusion Age, HDL,
fasting C peptide level, and TSH are independent protective factors for the development of ketosis
in newly diagnosed T2DM patients, HbAlc and HOMA-IR are independent risk factors, and the

predictive model of ketosis has a good predictive effect on the occurrence of ketosis tendency.

[Keywords] Type 2 diabetes mellitus; Newly diagnosed; Ketosis tendency; Risk

factor; Prediction model
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HUIR IR S BEIE B B2 Wibn e A R IR R
(thyroid—stimulating hormone, TSH ): 0.27~4.2 mIU/L;
L7 9% 5 = Al FFAR i L 2R (free triiodothyronine,
FT3) : 3.1~6.8 pmol/L; & UM HUIRFZRR ( free
tetra—iodimethmoine, FT4 ) : 12~22 pmol/L.

HRAR 2 A BAAE AL 70 A Bl 20, JCHRAE
B AE R P R AL s AR A, A B R >
13.9 mmol/L, A7 HRAE ( TCH 52375 P A ifn i < i bk
WA PR ), PR TRk 8 DI S i BN B TR AR T S
W o AIFTE 2R M BERR I R T 5% = R 2 B

CIEIHTT N REERE ) 1R A 22 0l ot i (KY-
2022-412)
1.2 7k

HRAEAEBE F 0 BoRHISCAR R M) | AR
BRI TR . A PRI A AR T A, SR
PR R R E B R ISR EPIK
e, THEAREFEEC (body mass index, BMI) | Jif
By Z A5 % (homeostasis model of assessment for
insulin resistance index, HOMA-IR ) .

FAR B F SN 8 /NN LA B il A Ak g AR,
2 HEM R KL (P K cec702) #HATERE
I o FH I T s A A 2 0 o H Yl =T ( triglyceride,
TG) , BLH I E AR B s 4 I B (low
feE HIHEEE (high density lipoprotein cholesterol,
HDL-C) , GPO-POD i% Jll %E & BH [ B (total
cholesterol, TC ) , JLETEE HMMPS M 52 1fi 1T,
BRI S M T 2 0 7 I PR R, W i v ) 5 M
I (8 B AL I 21 8 20 B {X (Tosoh HLC-
723G8) , KM OB € 3 I e A i 212

( glycosylated hemoglobin, HbAle ) . fi# F 4> F 3
2 R G o A A (AR 12000) , SR AL
R G HORE 5~ G B A V) 5 s R I L s TR 5

density lipoprotein cholesterol, LDL-C ) |

. BT CK. RS 2 /DTS C k.
M4 A AL RE K (BT cec702) , K
ML ROGEE TSH, FT3, FT4, HURIRATIA.
1.3 Sitoh

K SPSS 25.0 B AFHEAT R S0 Mo IEASS)
AT OB U EO AR E 2 (x5 ) R,
YA R AT ¢ KB I 25 53041 Y T SR AR
REECRIU 8L (M (Pos, Prs) 138, ZHTRIHCER
RARSBGI . 73278 5 ORISR 773 L
(n, %) Fon, HRILBECRHRITRE . KHH
KR M Z R Logisties [A1JH 43 BT iAE & A= D47 J
fE b5 R R I HE ST Logistics [PIHBRL, 12 3210
TAEFHIE (receiver operator characteristic, ROC )
il R PP LIS 5 % 2% 37 48 B X382 W T2DM
BHEBEEP BN E. Pl P < 0.05 £mER
AG R

2 R

2.1 —fRIER

WEFE L9 A2 B T2DM 523 205 1], A
g AL A b, AR R AL R B X
(P=0.009) , EWETFEAE (P <0.001) .
HbAlc (P < 0.001) . HOMA-IR (P < 0.001)
s MR (P < 0.001) , Uik (P=0.003) |
B VR % 2 (P=0.014) . HDL-C ( P=0.001) .
28 KA G 2 /NI € Ik (P < 0.001) . TSH
(P=0.003) . FT3 (P=0.012) . FT3/FT4 ( P=0.002)
B, WAk 1.
2.2 BEZEKZEZELogisticsElVF5r 7

[l 5 43 B 45 S 2 /8 HbAle (P=0.018) |
HOMA-IR (P < 0.001) J&Fri2 Wi T2DM £ & i
FER AR 2 . AR (P=0.001) | 20T
C ik (P=0.018 ) . HDL( P=0.024 ) . TSH ( P=0.012)
SIS T2DM FEE FAE de i () AR 3 R 22, L3R 2,

®1 BARRASIERRHSENELHE

Table 1. Baseline characteristics of patients in the simple onset group and the ketosis onset group

FHIE HaliiRa (n=125) FAE AL (n=80) 174G Pl
R (%, Xx+s) 50.28 + 11.98 4241 +12.64 4489  <0.001
BYE (n, %) 86 (68.8) 68 (85.0) 6.850 0.009
BMI (kg/m®, M (P, Py) ) 246 (2295, 2635) 2470 (22.58, 26.35) -0.461 0.645
Wil (mmHg, X +5) 130.98 + 15.53 124.74 + 12.66 3.009 0.003
&F5kIE (mmHg, X +5) 81.92 +10.47 79.26 +9.99 1.805 0.073
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FEAE AL (n=125) FRAE AL (n=80) ueIZtE Pl
BEIRIPTIRARE (K, M (Py, Pis) ) 60 (15, 180) 30 (10, 90) —2.449 0.014
TR (kg, M (Py, Py) ) 0(0, 4) 425 (0, 8) 4292 <0.001
WERIE ARG L (n, %) 27 (21.6) 19 (23.8) 0.130 0.719
HbAlc (%, X+s) 11.18 £2.09 12.70 + 2.03 -5512  <0.001
TC (mmol/L, M (P, Py) ) 5.13 (4.60, 6.30) 527 (449, 6.15) -0.046 0.963
TG (mmol/L, M (P, Py) ) 1.75 (1.37, 2.72) 1.89 (1.12, 3.82) -0.451 0.652
HDL-C (mmol/L, M ( Py, Py) ) 1.06 (0.88, 1.26) 0.92 (0.78, 1.16) -3.338 0.001
LDL-C (mmol/L, M (P, P,) ) 3.11 (2.56, 3.84) 3.26 (2.54, 3.85) -0.262 0.793
LT (umol/L., M ( Py, Pys) ) 56.0 (46.0, 66.5) 56.0 (47.5, 65.25) -0.416 0.677
ZZJEIMAE (mmol/L, M ( Py, Pys) ) 9.36 (7.67, 11.64) 10.05 (7.98, 12.40) -1.186 0.236
25 % (mIU/L, M (P, Py) ) 9.70 (5.75, 9.70) 9.5 (4.53, 13.48) -0.513 0.608
JREZ (umol/l., M (P, Py5) ) 307 (248.4, 378) 285.5 (225.15, 378.85) —0.728 0.467
M MECHK (ng/mL, M (Py, Pis) ) 1.3 (0.90, 1.82) 1(0.70, 1.49) -3.486  <0.001
FJF2 hiECHK (ng/mL, M (P, Py) ) 34 (23, 491) 254 (155, 3.49) 4509  <0.001
HOMA-IR (M ( Py, P,5) ) 3.98 (2.36, 5.87) 5.90 (3.40, 15.29) -4.006  <0.001
TSH (mIU/L, M (P, Py) ) 1.6 (1.03, 2.33) 1.28 (1.01, 1.59) -2.935 0.003
FT3 (pmol/L, M ( Py, Py) ) 48 (43, 54) 45 (39, 53) -2.522 0.012
FT4 (pmol/L, M (P,s, Py) ) 15.6 (14.2, 17.25) 16.8 (14.08, 18.35) -1.853 0.064
FT3/FT4 (M (P, Pys) ) 0.30 (0.26, 0.35) 0.27 (0.23, 0.33) -3.101 0.002
FAR BRI (R, %) 13 (10.4) 5(6.25) 1.049 0.306

Fz2 W T2DM B & ERER % R B E = K £ [E ZELogistics B 3 2 4
Table 2. Univariate and multivariate Logistics regression analysis of the onset of ketosis in patients
with newly diagnosed T2DM

2 BRI ZHZE T

OR (95%CI ) PIE OR (95%CI) Pl
AEiY 0.950 (0.927, 0.973) <0.001 0.942 (0911, 0.975) 0.001
el 2.570 (1.250, 5.284) 0.010 2.092 (0.705, 6.211) 0.184
Wi 0.969 (0.949, 0.990) 0.004 0.979 (0.952, 1.008) 0.150
HbAlc 1.454 (1.237, 1.709) <0.001 1.343 (1.052, 1.714) 0.018
25 ML CIK 0.385 (0.231, 0.640) <0.001 0.378 (0.169, 0.849) 0.018
52 hifiL s CIK 0.640 (0.520, 0.789) <0.001 0.909 (0.682, 1.212) 0.515
HOMA-IR 1.162 (1.089, 1.240) <0.001 1.200 (1.095, 1.313) <0.001
HDL 0.171 (0.056, 0.519) 0.002 0.191 (1.052, 1.714) 0.024
TSH 0.603 (0415, 0.877) 0.008 0.539 (0.332, 0.874) 0.012
A S VR T % 1.155 (1.072, 1.244) <0.001 1.039 (0.937, 1.153) 0.468

0.880, FAEARWI{E 0.354. 55 80.8% . R
i 86.3% (3 3) o 43 AINTHAAE FRuABI AL | AFHS |
HbAlc, HDL, %5 ILF% C k. HOMA-IR. TSH
221 ROC #h&k, 255 i EE SO 012 Witk
RERCA ST Fe bR T M e (&1 1) o

2.3 FIMZETT2DMEE & A R B il 4
Bt

DABRRE L . JETRAE L AR 2 i, IR
. HbAle, =SMEIMYE C k. HOMA-IR. HDL,
TSH A4 7 [ A T00 00 455 780, 50 3000 A5 784 (i) AUC Dy
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3 FMAE TN EY K &P ST R AR HTIS W T2DM B & R E 15 (3 /912 B (&
Table 3. The diagnostic value of the ketosis prediction model and each independent index on the
tendency of ketosis in newly diagnosed T2DM patients

Ei gy AUC PfH 95%C1 T {E RYE T
P FHT AR 5 0.880 <0.001 0.832~0.928 0.354 0.863 0.808
AR 0.687 <0.001 0.611~0.762 46.500 0.664 0.663
HbAlc 0.696 <0.001 0.622~0.769 12.750 0.500 0.808
HDL 0.638 0.001 0.561~0.716 1.025 0.544 0.713
75 W M BECAK 0.644 <0.001 0.569~0.720 1.530 0.400 0.850
HOMA-IR 0.666 <0.001 0.587~0.745 7.763 0.400 0.896
TSH 0.622 0.003 0.544~0.699 1.595 0.528 0.750
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Figure 1. ROC of ketosis prediction model and
the prediction of ketosis tendency by each
independent index in newly diagnosed
T2DM patients

3 g
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BRI 7 ISR 23 BT AH S B X TRAE T )
2R 1. SR BRAER . HDL, 2SI C Ak
I, TSH &2 W T2DM 58 B & A 154 P
%, HbAlc, HOMA-IR J& /G K. FRAE 7 45
TR T FRAE 5 1) () TN (SO0 T4 A Sr 8 hm, HAY
S 80.8% . RAEGE 86.3%, s FAE TN AR Y
FHZ W T2DM FE 3 2 75 FAE R HLAT 0 T
Wi, ABFFEH, KP-T2DM %25 I i C kK
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B ZHCHT, H APk KP-T2DM 3% iy 85 L fig
ZPE T, BT Z L, KP-T2DM 3% HbAlc
TRy, AT A AR R Y B A A RE R A
F B 5 RIRPUA HAR L5 1 AU . 2088 T2DM
X 43 ™, #Ah, Briaud 45 K RSLIRESE, IR
BEPEAE I S A8 M v U I D0 R AT E W A
B 243 . ARIFSE & R KP-T2DM £ # HDL /K
VARG, AMAREI TG, TC ZAE/E B 25,
AWFFE 45 J 878 TSH i KP-T2DM £ & 9 {4
PR, AR, HRREES T2DM /7
FEEYIEFR, XIS M R B HUR IR T RE AE & 1Y
T2DM BB HATE R IR T BE AL, e &
BLFT3. FT4KFHAIC, JalddieE, HARIEMER
IR RN 2 3 WK EARRE I . Verga 55 1 &
7 Y e e N NNTTRS =5 G RN 37 &
s B AR, APPSR R, My HE C ROk
TF&5 TSH ) FFEME, Chen %, Madsbad 45 % 3
ARAK .5 25 43 WA vt FRAR BRI AT R 1,
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