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2021 4F 1 [ % 2021 4 10 [ £ B2 2B 5 = B Is B e 40 BB 1) T2DM g8 38 230 B RF 58X 4, iR IE 2 & 5 T
MAFLD 43 A 84l T2DM 26 (n =77) F1l T2DM 45 3F MAFLD 4 (n =153) . WSEfFA BE LD R 55 AR E
B BMI) 8¢ — I PRGEAE s B 3 25 A ARk Il 5 miL, o7 R AR 0 A2 430K I 2 B I ( FPG) B IBE BE (TC) | =k
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H (HbAlLc) , 4 B B k2% K He A A A0 2 25 I8 & 28 (FINS) & C JIK(FC-P) , FF 1A AR AR i &% Z K8 4L
(HOMA-IR) ; & H 4T 7 WA AR IMMH WM , I H550 M0 7K AR i 22 (SDBG) 48 )5 ML WE % 3l B ( PPGE) | K A %
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Relationship between glycemic variability and type 2 diabetes mellitus combined with metabolic asso-
ciated fatty liver disease

ZHANG Lili, WENG Xiaogang, YAO Shufan

(The Third Clinical College of Xinxiang Medical University ,Xinxiang 453003 , Henan Province ,China)

Abstract: Objective  To investigate the relationship between glycemic variability and type 2 diabetes mellitus
(T2DM) combined with metabolic associated fatty liver disease ( MAFLD). Methods A total of 230 patients with T2DM
admitted to the Department of Endocrinology, the Third Affiliated Hospital of Xinxiang Medical University From January to
October 2021 were selected as the research subjects. According to the patients whether combined with MAFLD, they were
divided into simple T2DM group(n =77 ) and T2DM combined with MAFLD group(n =153). The general clinical data such as
gender, age , height ,and body mass index (BMI) of all patients were collected. A total of 5 mL of fasting elbow vein blood of
patients was extracted ,and the levels of fasting blood glucose (FPG),total cholesterol (TC),triacylglycerol (TG), high-density
lipoprotein cholesterol (HDL-C) ,low-density lipoprotein cholesterol ( LDL-C) ,total bilirubin, conjugated bilirubin, unconjugated
bilirubin ,albumin ( ALB) , alanine aminotransferase ( ALT) and aspartate aminotransferase ( AST) were measured using a
biochemical instrument ;the glycosylated hemoglobin ( HbAlc) was measured with a fully automatic glycosylated hemoglobin
analyzer;the levels of fasting insulin ( FINS) and fasting C-peptide ( FC-P) were measured with a fully automatic chemilumi-
nescence immunoassay analyzer,and the homeostasis model insulin resistance index ( HOMA-IR) was calculated ; the fingertip

blood glucose monitoring was conducted for 7 times a day, and the standard deviation of mean blood glucose ( SDBG),
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postprandial glucose excursions (PPGE) and large amplitude of glycemic excursions ( LAGE) were calculated. The differences
in various indicators of patients between the simple T2DM group and T2DM combined with MAFLD group were compared , and
the correlation between glucose variability and T2DM combined with MAFLD was analyzed. Results The BMI, diastolic blood
pressure , total bilirubin, conjugated bilirubin, unconjugated bilirubin, ALB, ALT, AST, FPG, TG, FINS, FC-P, HOMA-IR,
SDBG,PPGE and LAGE of patients in the T2DM combined with MAFLD group were significantly higher than those of patients
in the simple T2DM group, while the age and course of disease were significantly lower than those of patients in the simple
T2DM group (P <0.05). The prevalence of MAFLD in patients with normal SDBG and abnormal SDBG was 51. 1% (23/45)
and 70.3% (130/185) ,respectively ; the prevalence of MAFLD in patients with normal SDBG was significantly lower than that
in patients with abnormal SDBG (y* =5.970,P <0.05). The prevalence of MAFLD in patients with normal PPGE and abnormal
PPGE was 52.4% (22/42) and 69.7% (131/188) ,respectively;the prevalence of MAFLD in patients with normal PPGE was
significantly lower than that in patients with abnormal PPGE (y* =4.610,P <0.05). The prevalence of MAFLD in patients
with normal LAGE and abnormal LAGE was 43.5% (10/23) and 69. 1% (143/207) ,respectively;the prevalence of MAFLD
in patients with normal LAGE was significantly lower than that in patients with abnormal LAGE (y* =6.090,P <0.05).
Multivariate logistic regression analysis showed that the course of disease, BMI, total bilirubin, TG, fasting insulin and SDBG
were independent risk factors for MAFLD in patients with T2DM ( OR =0.955,1.232,1.072,1.771,1.013,1.671;P <0.05).

Conclusion Glucose variability is closely related to MAFLD in T2DM patients, controlling glycemic variability may play a

positive role in the prevention and treatment of MAFLD.
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AR 0 K5 4 B8 5 14 BT 9% ( nonalcoholic fatty liver
disease, NAFLD ) 5 BE Ji. i & & #E $T ( insulin
resistance , IR) fRIFE AT 25 VIAH OC, 2020 4F P&
IR IS NAFLD iy 24 A AR 5C g 107 7
T %5 ( metabolic associated fatty liver disease,
MAFLD) ,ix ¢t VA REZRALAE MAFLD i o
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h25.0% , 7E 2 BIKE R 97 (type 2 diabetes mellitus,
T2DM) i Hhal ik 75. 0% 5 1iif T2DM 3T 1
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GE PR AEREAL 12125 ( glycosylated hemoglobin,
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(standard deviation of mean blood glucose,SDBG) &
J& I 4% % 3 % B ( postprandial glucose excursions,
PPGE) | &% K Ifil ¥ I 35 0% & (large amplitude of
glycemic excursions, LAGE) , £515] Ifil 1k 3 5 T2DM
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1.1 —fg&Es 82021 41 A FE 2021 4£10 A
B 2 BB o =B B e N e I RHIBR Y T2DM AR
& 230 FIAMTTER G, o 55 138 ], 4 92 415 4F 1%
18 ~ 80(53.91 £13.56) % . BN ASRHE: (1) £F
#2020 ¢ 2 AUBERR B A HERE) T o T2DM
IS8T B o BRARRUE 5 (2) 756 CHOBAH DGR D5 14
BE I B IR A ) o MAFLD 2 Wi 4
5 (3) 4F 1% 18 ~80 4 5 (4) BT pbse s s (5) (&
SR BAVE R HEBRARE: (1) & 05 bR R 4iE
R BE L e i MU ZR 5 R S RO S I e
(2) HoAth 7y BUBE PRI 7 5 (3) 5 IF B B e 22 4 L
AR BRI RE T 55 JH 52 WA I i 5 (4) i
AR TS B BRI YT 5 (5) B IR DR P e 7
PE B B s 2 5 (6) B I E S
R4 PRI TG (T) AR Ak
JUVREZE S AR O g vy R 2 e i o 3895 55 (8)
GIRPIPIR AR & o AWK & BB
o KR ERE AR P2 O 2 H AL, B SRR
FAEFEA .

1.2 7%

1.2.1 —MAEReeE i A s Ui 8 5 1Y
PER AW R AR B R e R R I, OF
BT 53840 (body mass index, BMI) ,

1.2.2 SEIGEIEAREVMEI  FlIBCE 5 2 IE bk
I 5 mL, R A= 99 4 2 ASCRS: D 25 I i % ( fasting
blood glucose, FPG) | &l IH [# ¥ (total cholesterol ,
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TC) (=t H it (triacylglycerol TG) |y BENR # H
[& [ ( high-density lipoprotein cholesterol , HDL-C) i
92 1 g 2 [ IH [& 1% (low-density lipoprotein cholesterol ,
LDL-C) , G HZL 5 A5 G A R R HMHA R . A
# M (albumin, ALB) . N 2 % ¥ & [ ( alanine
aminotransferase , ALT ) | K |7] & & R & & ¥ # i
(aspartate aminotransferase, AST ) 7K 3 ; v F 4 H 3l
WAL LA 3 A 5E HbALe; R4 A 3h il &
S 3 o3 BT AN 72 25 I8 B B 3R (fasting insulin,
FINS) .25 C ik (fasting C-peptide , FC-P) , Jf-i &2
TSAERI R S ZHPTFE 2 (homeostasis model assessment
of insulin resistance index, HOMA-IR ) , HOMA-IR =
FINS x FPG/22.5,

1.2.3 SDBG.PPGE.LAGE gyl AR ET
ABEJE AT E oz sl 5, 8 H T 7 AR R B
I (AR VS 2 h BERT) 715 SDBG (7 YA Y
PRER, IEH S5 <2.0 mmol - L™') PPGE(4/52 h
5 TR 7 22 T IR 25 (1 240 XL 2 R P850, IEH 5
F(H <2.2 mmol - L") \LAGE (4 H 5K 5 fe/IN L%
{HZ 22, IEH 2% <4.4 mmol - L) 435l L)
SDBG .PPGE \LAGE () Z % {8y br tfE, R4 85 1Y
SDBG \PPGE \LAGE K i 3 73 0y IR AL A 52 4

1.2.4 JSRARTROREI BEWTALSE 2 HigR
ZE ATV BB AGAL , AR S T AT AL W20 D A
4fi T2DM 21 F1 T2DM & 3f MAFLD £,

1.3 Zeit=4b38 N SPSS 26. 0 B {F AT £
Gt St IS RUIEZS A T B DL
W+ bprfEZE (v +5) FR,2 A18] FEECR AL AEAS ¢
6 5 i 25 0 A1 (0 3 Kl DA AP 2 2 (0 23 62 %50
[M(Pys,Pys) 1327 ,2 418 LB AR S BB A
s THECTORL AR 4 238, 2 A 18] U R
X K s R Z K logistic LRI T2DM £
H KA MAFLD (2N ER 5 P <0. 05 325+ A 4eit

2 #R

2.1 4 T2DM 485 T2DM & 3 MAFLD 46 &
HlRARTEIEE 450K 1, 230 ] T2DM &%
Hi, 43 MAFLD H3% 153 f4(66.5% ) , T2DM 43
MAFLD 20 [ 35 19 BMI 75K & S IHEL R (456 0Ll
£ REEAIHL %  ALB ALT  AST FPG . TG FINS |
FC-P HOMA-IR .SDBG .PPGE .LAGE & & & T #a4f
T2DM 41, 4% i Fe 2 35T H 4l T2DM 4, 22 57
ALt #E X (P<0.05),

F1 B4 T2DM 5 T2DM &§3f MAFLD A B HERIGKZ#H LR
Tab.1 Comparison of clinical data of patients between the simple T2DM and T2DM combined with MAFLD group

I PR % 46} B4l T2DM 4 (n =77) T2DM 43 MAFLD 4 (n =153) VI P
Ll

B/ (% ) 42(54.5) 96(62.7)

L/ (% ) 35(45.5) 57(37.3) 1435 0.231
AW % 58.62 £12.71 51.54 £13.39 3.850 0. 000
it/ a 10.00(2.50,18.00) 3.00(0.00,10.00) -3.740 0. 000
BMI/ (kg - m~?) 23.24 +3.20 25.57 £3.28 -5.110 0. 000
e 45 %/ mm Hg 135.17 +20. 54 133.24 +20.33 0. 680 0. 500
£F3K JE/mm Hg 83.12 +11.35 87.57 +11.21 -2.830 0.005
FHLT £/ (mmol - L™1) 14.53 +4.46 16.45 +6.49 -2.630 0.009
LEAHLE/ (mmol - L) 4.39 +1.55 4.88 +2.07 -1.990 0.048
KA ML ZE/ (mmol + L71) 10.14 +3.35 11.56 £4.82 -2.610 0.010
ALB/(g- L") 41.89 £2.70 42.82 +3.14 -2.220 0.027
ALT/(U - L7h) 17.00(12.50,23.00) 22.00(16.00,34.00) -3.560 0. 000
AST/(U - L) 18.00(14.50,22.00) 20.00(17.00,25.00) -2.450 0.014
FPG/(mmol - L") 10.49 +4.11 12.08 +4.06 -2.790 0. 006
TC/(mmol - L") 4.37(3.70,5.30) 4.77(4.00,5.58) -1.730 0.084
TG/ (mmol « L™1) 1.24(0.85,1.73) 2.06(1.49,3.09) -6.280 0. 000
HDL-C/(mmol - L") 1.32£0.27 1.25+0.26 1.830 0.068
LDL-G/(mmol « L™") 2.77 +1.10 2.96 +1.05 -1.220 0.224
HbAlc/% 9.92 +2.40 10.29 £2.03 -1.200 0.231
FINS/(pmol + L™1) 25.80(14.95,45.65) 44.40(24.25,80.10) -4.190 0. 000
FC-P/(nmol - L") 0.53 £0.33 0.69 +0.31 -3.540 0. 000
HOMA-IR 1.63(0.72,3.22) 3.64(1.80,5.73) -4.530 0. 000
LAGE/(mmol - L") 7.30 £2.71 8.42 +3.43 -2.510 0.013
SDBG/(mmol - L") 2.61£0.97 3.04+1.18 -2.760 0.006
PPGE/(mmol + L") 3.36 £1.63 3.88 +1.68 -2.250 0.026

7 :1 mm Hg =0. 133 kPa,
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2.2 SDBG.PPGE.LAGE EEAE5R®EHEEE
MAFLD ZFZ LB  SDBG IE % 411 SDBG F#
41 H % MAFLD 5 %4 5K 51, 1% (23/45) .
70.3% (130/185) ; SDBG 1F % 4 i % MAFLD %
KRG ERT SDBC Rl ERA G HE L () =
5.970,P <0.05) ., PPGE 1F & 40 PPGE S 4H /2
% MAFLD 5 840 51 K 52. 4% (22/42) .69. 7%
(131/188) ;PPGE 1E % 2 i % MAFLD 5 % g 3%
8T PPGE R 41, 2R A GHE R L (x° =4. 610,
P<0.05), LAGE IE % 4 f1 LAGE ¥ 4l i &
MAFLD £ 95 4 B h 43. 5% (10/23) . 69. 1%

&2 T2DM BE A4 MAFLD 200 [E E#) logistic [B])3 347

(143/207) ; LAGE 1E % 4 f83#& MAFLD Hoi R I %
KT LAGE 4L, 2R A G L (x* =6.090,
P <0.05),

2.3 T2DM &3 MAFLD &0 & 2 i logistic [F 13
St SR WEK 2, DUEERA I MAFLD Sy R A8 4,
H 52l T2DM 24 5 T2DM 5 Jf MAFLD 2 [a] He A7
2 RAE R B EHET 2 R logistic [H]1H4 4y
Mr, 2R FH 16 Al i 00 A B R, 45 51 R i B2 L BMIL, L
JHZT 2 TG FINS .SDBG 42 T2DM 43 MAFLD i
SLfERRIER (P <0.05)

Tab.2 Logistic regression analysis of influencing factor for MAFLD in patients with T2DM

. S 95% EAv X Ii)
A B FRifE i Wald x* P HL A e I
bt -0.047 0.021 4.748 0.029 0.955 0.915 0.995
BMI 0.209 0.059 12.311 0.000 1.232 1.096 1.384
BARLT R 0.069 0.031 5.004 0.025 1.072 1.009 1.138
TG 0.571 0.185 9.507 0.002 1.771 1.231 2.546
FINS 0.013 0.005 5.822 0.016 1.013 1.002 1.023
SDBG 0.513 0.172 8.876 0.003 1.671 1.192 2.343
3 Wi HEALARE o DA gE SR T A R 2R 3 7 2k B ik

UTAESK , MAFLD [ U 5 5 T2DM 2 IR i AT
P A K . MAFLD () 5 U 5 5k
T B RAAERRE (48, T AR 56 9 & E M L5
B ML R ANt 8 B S o 5 T KT
ST T T S R e O B Y R,
MAFLD 5 T2DM #H H 5¢ i . mfu,@‘ff“” , MAFLD
SN AR 1/4 I RAE A, T 6 T2DM B 3w
R R S AT A R R, T2DM B
MAFLD 95528 66.5% , i —fix ABE, T2DM 5
MAFLD 2 [0]4 % 5 Ze SR B 2, 24 2 Rl 4 9F
FEAERT, T2DM B 2 ) \MAFLD o 5 ke . A,
BT T2DM 4 Jf MAFLD f9 £5 K6 B I AT FiAg
FIFix 2 FREER AL B

FR L/ BLBEAE S MAFLD 3752 LY 3 ANhRifE >
— 5 MAFLD 4 £ R B R . AR,
5zl T2DM 41AH H, T2DM 45 MAFLD 4 845 11
BMI W S 4 5, EL7E 4 AR 24 R K 5, BMI {32
T2DM 4 3F MAFLD f b <7 fa 6 R 5. — 90 40, 4%
10 625 41144 2 5% () KR LE 340 W R 1, 8 7 A
PR S v 4 PR AR T SR U AR 56 o IRk ST
3 o AR R R A A e A X — i
TR R 75 A 70 A AR 56 KUK PR 2%, 4 1fL ) | I
I USR5 . SIS (BT AT R L, A e
FRETRUME I 5 2 7 ML | LS O S g XL,
1%, JEAA BRI UE WIS % 5 MAFLD % A= ™ 5 T 41

PR A B I EE M, BRI, Ak A T2DM J¢
MAFLD (5515 BEAL , BET7 e A B B PR T4
I FE AL /A g XS AR )

JREH Z R Z W HLH 2 5 MAFLD (1) % A
IR 5156 1) P AR 0 E AT SR AZ O I i, g iy ( 22
J& TG) TENF 41 N i BUR J& MAFLD 1) Jg bl 4518,
IR BEAR Ak 7K A6 & W Ak B 5T, ] ) 384 a5
A BTV ERR Y AR AL , o — 25 N = i N AR
ERL, ABFFE LSRR, T2DM 45 3 MAFLD 4 4
FH 1) HOMA-IR J& TG 7K 4 3 = T B4l T2DM 41 ;
ZHZE L5955, FINS K SEH1 TG 5 T2DM 4
Jf MAFLD 757 /126 , #2755 T2DM 4 3 MAFLD &%
A4 HE W IR FM IR GG % . 5 T2DM B
i MAFLD & & 95 RO [R), 1 BB R 9% B 3%
MAFLD % 5 % At %7, X B R B T IR 7
MAFLD %A= HLiil o i) 35 24

A5 5 R, 5 gl T2DM 24 H] e, T2DM
4 3F MAFLD 4 H 3% 11 FPG /K - 87 &5, L Bl 1
W BhiEE 4% SDBG , PPGE | LAGE 1t 3 FF &, ifif 2
B HbAle 2R LG X; L SDBG,
PPGE | LAGE IE ¥ 2 % {f 41 41 J5, SDBG ., PPGE |
LAGE 53¢ 41 MAFLD () Ji R ¥ & FIEH 4. X
P28, T2DM £ 3F MAFLD [ A7 45 58 )™ 5 i A Qi
ZEHL, MBS 3K, T2DM (35 & 4= MAFLD (1) X
Bk 5 3 2 R R logistic 23047 7R, SDBG J& T2DM £
F£ MAFLD [l s7 fa 6 R & . A B 98 B, e i
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91 OBE I Bl R FE AR HbALe BT AR Sk 7 3 b
PR B # MAFLD & B B9 K& ™ . B A — T %)
T2DM £ 7 MAFLD g8 3 iF 47 16 46 i F 58 6
HbAle KV SIFLF4Efb A o R BF 5 %
B, T2DM 453 MAFLD 35 %45 Wi H AR Bl P st ]
5P LT GEAL R £ 7 A 56 . SCHIAFFINT 25 5 1
)25 W A & R, I U B0 5 T I £ 4R AL R 2
A G, H e AT O, O PR S AR Y o B S
MAFLD [1lfi RS 5Lk 2R B %, SC B R A7 174 M B4 ol
A REZ TR FIIE 9T MAFLD B35 55 &, 1B R s B
H Y RS PN {UE T HbA e il 3hAR, B B AT
A AR A T 1 T8 S0 s 2, 5 L A8 325 s 1 ] i

Zi LT, A 375 T2DM (84 A MAFLD
SYIARSE , 1 ) IUBE 8 3 % Bl 33 MAFLD A5 B A
Fo MAFLD {3838 3 15 B 3697 10 B il 4 4ok L s oy
B B I R B i MAFLD AN 2 bR
e A AR S% D7, T LB B AN TR PR 5 22 K 1 % D)
Ak
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