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[ Abstract] Objective To analyze the differences of body composition and islet function between pa-
tients with or without nonalcoholic fatty liver disease (NAFLD) , and between patients with or without viscer-
al obesity in type 2 diabetes mellitus (T2DM). The effects of fatty liver and visceral fat on islet function

were also investigated. Methods A total of 519 patients with T2DM were divided into 4 groups according to
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the presence or absence of fatty liver and visceral obesity. Group 1:242 cases of T2DM + NAFLD with vis-
ceral obesity, group 2:59 cases of T2DM + NAFLD without visceral obesity, group 3:101 cases of T2DM
with visceral obesity but without NAFLD and group 4:117 cases of T2DM without NAFLD and visceral obesi-
ty. Bioelectrical impedance method was used to analyze human body composition, including visceral fat area,
skeletal muscle content, mineral content and other indicators. At the same time, biochemical indicators such
as liver and kidney function, blood lipid, oral glucose tolerance and islet function were measured in all pa-
tients. Variance analysis or nonparametric test was used to compare the difference of body composition and
biochemical indexes between groups. Spearman rank correlation was used for correlation analysis, and binary
logistic regression was used for multivariate analysis. Results (1)The mineral content, protein content, to-
tal body water, body mass index in group 1 were higher than those in group 4 ( F =16.202-100.482, all
P <0.05) ; the percentage of fat was decreased gradually from group 1 to group 4 (T =47.027, P<0.05) ;
the skeletal muscle content in group 2 was higher than that in group 1 (7=2.879, P<0.05). (2)The
white blood cell, C-reactive protein, total protein, albumin, gamma glutamyl transferase, alanine amin-
otransferase, aspertate aminotransferase, estimated glomerular filtration rate, serum uric acid, triglyceride,
low-density lipoprotein-cholesterol and very low-density lipoprotein-cholesterol showed a downward trend,
and the level of high density lipoprotein-cholesterol was increased gradually ( F/T =4.036-18.831, all
P <0.05) from group 1 to group 4. (3) Among the four groups, homeostatic model assessment of insulin re-
sistance, homeostasis model assessment of B cell function, insulin sensitivity index, area under curve of in-
sulin and area under curve of C-peptide showed a downward trend from group 1 to group 4, with significant
difference between group 1 and group 4 (F/T =5.757-13.860, all P <0.05). (4) After adjusting for age
and sex, the visceral fat area was positively correlated with body mass index, waist to hip ratio, visceral fat
content, subcutaneous fat content, basal metabolic volume, gamma glutamyl transferase, alanine aminotrans-
ferase, aspertate aminotransferase and serum uric acid(r =0. 340-0. 916, all P <0.05), and negatively cor-
related with high density lipoprotein-cholesterol (r = — 0.442, P<0.05). (5) Visceral fat content
(OR =5.463,95% CI.1.886-4.451, P=0.071) and low-density lipoprotein-cholesterol ( OR =1.224,
95% CI.1.180-1.227, P =0.025) were independent risk factors for NAFLD in patients with T2DM.
Conclusions Both T2DM patients with NAFLD or visceral obesity have insulin resistance and compensatory
increase of insulin secretion. The most serious insulin resistance is found in T2DM patients with NAFLD and
visceral obesity simultaneously. Increasing skeletal muscle content is beneficial to control visceral obesity
and improve islet function in patients with NAFLD. Reducing visceral fat area is beneficial to improve meta-
bolic indicators.

[ Key words] Type 2 diabetes mellitus; Non-alcoholic fatty liver disease; Visceral obesity; Body
composition; Insulin resistance
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PEI3 BT R FH Spearman B AH 3G 5 2 N & 43k H — 5t
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2.1 —RBERL AR A R R TR AR A 4 4
BFRETE AR 22 R TG E R (P >0.05) ;
1N R AR B & R B B AR
KT MRFEHEBOR TAL 4 (P 1 <0.05) ;20 1 ~ 4 4
JEWi o3 HLLH R T FRE(P <0.05) 540 2 Bk L e
BEETHI(P<0.05),WF1,

R1 4 HBH RO AR AR FE bR LU (3 £ 5)

&b 2 1(n=242) ZH2(n=59) ZH3(n=101) M4 (n=117) F{H/T1H P
AR () 53.38 +11.42 51.76 +12.18 55.24 +8.84 53.21 +11.47 1.351 0.257
ST (4E) 8.69 +6.78 8.66 +6.54 9.71 £5.84 9.22£7.10 0.657 0.579
BMI(kg/m?) 28.89 +3.67™ 25.28 £2.22° 26.13 +2.35° 23.21 +£2.28 100. 482 0. 000
WHR 0.94 +0.07 0.83 +0.04 0.93 +0.04 0.81 +0.05 166.039 0. 000
BRILE E (kg) 27.40 +6.91° 32.67 +5.96 28.05 +7.56 26.30 +6.19 2.879 0.036
WY (kg) 4.75 £0.72%° 3.95 0. 56" 4.21 +0.49 3.63 £0.54 93.063 0.000
Bk Bk (kg) 41.93 £8.03% 36.07 £6.99 39.33 £6.27° 35.78 £7.35 16.202 0.000
HH R (kg) 11.51 £2.12% 10.21 £2. 12 11.03 £1.74 9.98 +2.14 17.215 0.000
KA (kg) 25.30 £5.04" 21.64 +4.82 23.75 +3.91 21.42 +4.30 16.281 0. 000
SRS (kg) 16.88 +3.07" 14.44 £2.39 15.57 £2.76 14.36 +3.46 17.171 0. 000
REE (%) 30.21 +£5.56%° 26.72 +£5.92¢ 25.88 +5.71¢ 22.17 +7.56 47.027 0.000
P A 77 T AR em® ) 135.08 +33.51%° 68.00 =17. 62" 118.12 +23.07°¢ 59.64 +20.56 243.947 0.000
AR 2 = (kg) 3.85+1.18%° 2.14 +0.57° 2.73 £0.78¢ 1.53+£0.57 180. 861 0. 000
F& T e (kg) 21.28 +4.78% 16.19 +3.74° 16.20 +3.74¢ 12.35 +4.23 119.513 0. 000
Al R (keal) 1 387.50 +228.03% 1 231.50 +204.59 1297.15+161.32 1 236.96 +£202.07 13. 662 0.000
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2.5 O logistic [MIVA 3 My N E AR BT & &=
VLDL-C A T2DM g2 & NAFLD {2 57 1@ B [N &, WL
%5,

T2 A ABBREYFIEIR LR [ X + s, DA (5750 |

e 2 1(n=242) 4 2(n=59) 4 3(n=101) H4(n=117) FAE/T A& P&
FIZ0M( x 10°/1) 6.87 +1.83™ 6.30 £1.45 6.25+1.44 6.24 +1.60 5.677 0.001
LIAIMI( x 102/1) 4.87 £0.50 4.64 £0.48 4.89 +0.49 4.59 +0.49 11.838 0.000
MLEH (g/L) 144.52 £16.00* 137.29 £14.04 143.35 £15.18¢ 135.89 £15.22 10.086 0.000
/M ( x 10°/L) 221.13 +49.75 227.14 +54.94 207.88 +58.15 222.09 +56.26 2.132 0.095
CRP(mg/L) 3.45+3.27° 2.65 £3.36 2.54 £3.24 1.78 £2.23 7.885 0.000
PT(s) 11.17 £0.65 10.90 +1.40 11.13 +1.14 11.22 +0.66 1.832 0.140
PT-INR 0.97 +0.06 0.96 +0.06 0.97 +0.06 0.97 +0.06 1.108 0.346
APTT(s) 26.09 +3.34 25.30 +2.93 26.85 +3.32 27.25+3.29 5.741 0.001
TT(s) 17.75 £1.09 17.70 £1.13 17.49 +0.91 17.50 +1.41 1.843 0.139
TR (mg/L) 0.35+0.41 0.28 +0.13 0.29 +0.18 0.37 +0.49 0.847 0.469
FIB(g/L) 2.38 £0.79 2.21 £0.33 2.33£0.42 2.48 +1.18 1.529 0.206
HbAlc(% ) 8.42+1.79 8.72+1.86 8.25+1.82 8.64 £2.02 1.134 0.335
MEH(g/L) 68.41 +5.80° 67.31 £5.83 66.93 £5.79 65.53 £6.17 6.150 0.000
&M (g/L) 42.24 +4.10 41.83 +4.12 41.32 +4.35 40.93 +4.99 2.554 0.055
HER 1.71 £0.62 1.67 £0.26 1.64 £0.27 1.69 £0.33 0.530 0.662
SR 2 (mol/L) 13.74 £5.26 12.62 +5.13 14.15 £6.53 12.65 +5.09 1.942 1.122
IBIL( pmol/I) 9.02+£3.62 8.24 £3.22 9.32+4.11 8.30 +3.38 2.062 0.104
DBIL ( pumol/L) 4.73+£1.96 4.38 +2.14 4.95+2.59 4.36 +2.03 1.727 0.161
ALP(IU/L) 70.17 £19.99 74.75 £21.96 70.24 +20.56 72.79 £25.82 0.914 0.434
GGT(IU/L) 29.00(20.35,45.65)° 25.9(17.9,41.78)  21.1(15.9,32.5)  16.3(12.33,24.15) 7.496 0. 000
ALT(IU/L) 26.07 £18.20" 24.67 £15.85°¢ 18.91 +14.31 16.29 £7.75 12.281 0. 000
AST(I1U/L) 20.37 £11.44% 19.63 +12.52 16.82 +7.12 16.22 +5.48 5.981 0.001
JRZE 4 (mmol/L) 5.43+1.67 4.84+1.17 5.47+1.33 5.48 +2.23 2.131 0.095
ML ALEF ( pmol /L) 68.28 +19.48 57.84 +11.37 69.36 +17.17 66.88 +40.96 2.956 0.032
eGFR 128.39 +36.95" 121.57 £40.39¢ 107.55 +28.74 101.08 £29.96 18.831 0.000
ML PR AR ( mol/L) 324.29 +£99. 74" 289.40 +83.79 286.48 +78.83°¢ 249.41 +£75.03 18.439 0.000
Hith =1 (mmol /L) 2.35+1.96" 1.92 +1.13% 1.46 £0.75 1.38 +0.95 14.068 0. 000
S0 [ 82 ( mmol /L) 5.02+1.17 4.91+0.99 4.81+1.03 4.71 £1.09 1.282 0.280
HDL-C( mmol/L) 1.11 +£0.22° 1.12 £0.20¢ 1.17 £0.28 1.28 £0.35 10.623 0.000
LDL-C( mmol/L) 3.22 0.88° 3.06 £0.74 2.91 £0.84 2.72 £0.80 4.036 0.008
VLDL-C( mmol/L) 0.62 +0.48" 0.56 +0.28 0.47 £0.22 0.44 £0.29 11.519 0.000

TE:2H 1. T2DM + NAFLD PRI AL EZH ; 24 2 : T2DM + NAFLD JoiE BUALJHEZH s 26 3 : T2DM JE NAFLD fiE RUIEJHEAH s 2H 4 . T2DM JE NAFLD ¢

JERIREIELL s X ANNE LD A0 208 i/ PT-INR APTT B 1 HEE H  EHEREE ALP JREA

eGFR ML FRIR BB A\ LCL-CR IEZS /3

A, 2H 180 LR F 75 22 00T , LA VERL AL I A R R AE BB 305 541 2 MG, P <0.05; 521 3 A LL,"P <0.05; 541 4 ALk, P <0.05;CRP;
C SRS 5 P« J56 I Al 1] 5 PT-INR < 356 i, 8 D P 0 [ s o v A LG AT 5 APTT 335 0 30 53 B8 o 375 i I 18] 5 T'T - 458 ot g i 6] 5 BB« 27 48 45 5 i
IBIL: [A]4%JHET 3 s DBIL: BAEANLLE ; ALP B MR AR ; GO« y-45 Z L% IRl s ALT - 25 DU 3% UM 5 AST . 25 RERE Bl s GFR Al B0 B/ R i
#R; HDL-C.. 15 % BZ IR 4 1 - IR 18 85 5 LDL-C. . {5 B2 I 4 19 -IFL 4 52 5 VLDL-C A% {5 % BE i o 1 -0 [ e
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®3 A GUBHEBRE RIS LR % + 5, DA (9550 |

Lo 20 1(n=242) 202(n=59) 20 3(n=101) H4a(n=117) F/THE P
GLUO min( mmol/L) 8.03+1.93 7.38 £1.63 8.31 £2.30 8.56 +3.08 1.924  0.126
GLU30 min( mmol/L) 13.15 £2.83 12.73 £2.78 13.43 £2.93 13.84 +3.74 1.051  0.371
GLU60 min( mmol/L) 17.31 £3.49 16.48 +2.54 17.35 +4.09 17.92 +4.03 0.939  0.422
GLU120 min( mmol/L) 18.03 +4.05 16.85 +4. 14 18.71 +4.67 19.98 +5.20 4.167  0.007
GLU180 min( mmol/L) 14.36 +5.46 14.28 +4.75 15.50 +5.26 17.27 +5.73 4.054  0.008
INSO min(mIU/L) 11.99(6.53,19.43)¢ 9.58(6.99,13.34) 8.42(5.85,12.15)  6.10(3.72,8.90) 6.498  0.000
INS30 min(mlIU/L) 22.06(15.28,38.00)° 18.24(10.94,31.24)° 15.34(9.84,22.55) 12.50(6.28,20.37) 6.385  0.000
INS60 min(mlIU/L) 33.56(22.12,55.06) 28.75(17.32,51.11) 21.12(12.47,32.69) 16.71(9.53,25.84)10.538  0.000
INS120 min(mIU/L) 38.04(25.60,60.11)¢ 36.13(21.38,62.99) 26.75(16.01,46.02) 20.13(12.11,31.40)5.852  0.001
INS180 min(mIU/L) 36.69 £27.07° 34.63 £29.66 26.03 £24.26 20.38 =16.31 6.672  0.000
CPO min(ng/ml) 2.02 £0.94% 1.50 £0.55¢ 1.50 £0.60° 1.10 £0.57 25.696  0.000
CP30 min(ng/ml) 2.92 £1.62" 2.25+1.23 2.20%1.11 1.74 £0.99 11.757  0.000
CP60 min(ng/ml) 4.05£1.97" 3.49 £1.90 2.93£1.75 2.30 £1.40 14.310  0.000
CP120 min(ng/ml) 5.13 £2.39¢ 4.35£2.25 4.12£2.59 3.54 £2.90 6.182  0.000
CP180 min(ng/ml) 4.79 £1.93% 3.81+1.57 3.61 +1.68 3.18 £1.68 12.190  0.000
HOMA-IR 3.66(2.19,6.14)° 2.96(1.98,4.58) 2.88(1.78,4.80) 1.92(1.21,3.87) 5.757  0.001
HOMA-B 54.30(30.01,89.95)" 46.19(26.64,84.12) 37.57(24.17,65.56) 25.52(15.72,50.48)6.224  0.000
1S 1.91 £0.36™ 1.80 +0.41 1.71 £0.39 1.63 £0.41 8.392  0.000
AUC,¢ 46.63 +9.94 44.68 +9.11 48.65+11.18 51.84 +11.87 3.952  0.009
AUC s 113.59 +68.35"™ 107.30 +86. 80 74.11 £57.05 62.56 +44.89 10.445  0.000
AUCp 12.76 £5.41° 9.93 +4.40 9.51 £5.23 7.82 +£4.34 13.860  0.000

1 : 20 1:T2DM + NAFLD f{:JiF BUIEJHEZH s 20 2. T2DM + NAFLD JolE #UIEFEZH ; 2 3: T2DM JENAFLDff:Ji B I JHEH 5 26 4 : T2DM JENAFLDJE
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