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 E: BM 2 BAMRE (T2DM) FHR 3E E#H 5 HAT £ (nonalcoholic steatohepatitis, NASH ) % 3 s 7 fig iy
WM BB WML, Fik IR 2018 44 A ~ 2020 F 4 A+ BARMA R IWREF S L= — ELIKE 4 80 4
T2DM 5+ & 3k B PR B P 9% (nonalcoholic fatty liver disease, NAFLD ) %%, #HAEAF EE LR 544, L+ T2DM 5
X NASH %4 38 #] (NASH #0) , FFAAEEAR ML MASIEF (NAFL) %4 42 4] (NAFL 4 ) . RARZRORME
# - BB E (UPLC-MS/MS) #H4T i 5 AL o7, SHbi Aeml 2 R, B et R A Logistic 47 w1 )a o4 & 2 X4
IAEHAE (ROC) w3t T2DM & 4 NASH #9 £ AR &t 47k, 455 5 NAFL 4033, NASH 40 B8
B (ALP) (98.79+29.65 U/L vs 82.94+18.66U/L) . RARBMRAIKIEHH (AST) (32.12+13.64 U/L vs 21.33 £15.51
UL) . y-5>REAHKSE (GGT) (86.87+24.38 U/L vs 45.06+15.22U/L) . BRZM a4 (FPG) (1020+3.15
mmol/L vs 7.72 + 1.79mmol/L ) ¥l 25+ &, ZFEA %5 E L (=4.176~33.168, ¥ P<0.05) ; B& i 5 4 #7 NASH 41
BERgitiesk (PC) (38:3), PC(35:4), PC(36:1)°, PC(36:1)°, PC(44:5) . BEfsBLEM: (PE) (34:1)°,
PE (34:1)° PE(36:2), PE(38:1), PE(39:1) , BipgBt &8 (PS) (33:0) . =ZBHw& (TG) (52:1)
TG (54:2) . 35885 (SM) (37:1), SM(39:1), SM (40:1) . # &#EAr 280 (GlcCer) (40:2) AAzABEE
F R RBL KT 3490 2% T NAFL 28 ( VIP=1.275 ~ 3.176, ¥ P<0.05); NASH#LPC (38:5), PC(38:6), TG(52:4),
TG (54:4) , TG (54:5) , TG (57:6) , TG (58:4) # TG (60:6) K-F81 4% F NAFL 28 ( VIP=1.086 ~ 3.086,
¥ P <0.05 ); Logistic 3% ¥ ©1)3 547 -%: PC(36:1)*F2 PE(38:1 )7 %52 T2DM & i & 4 NASH 9 £ % B % ( P<0.05 );
PC (36:1) “# PE (38 : 1) ROC W& T @45 51 4 0.814, 0.792, & JE 5 3| 4 94.28%, 94.86%, 4FF/E 25 A
77.65%, 76.31%, 31&F GGT, AST #= ALT, %5if T2DM 4 NASH &%, HILEACH) 20502 Hmakng . 305
Fo TG, 3 PC (36:1) , PE (38: 1) TTHLMR A i NASH 64 # 72 s iF AR &4 .
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Abstract: Objective To investigate the value of serum lipoomics analysis and diagnosis in type 2 diabetes mellitus (T2DM)
patients with nonalcoholic steatohepatitis (NASH).Methods 80 patients with T2DM combined with nonalcoholic fatty liver
disease (NAFLD) admitted to the 921st Hospital, Joint Logistics Support Force of the Chinese People’s Liberation Army from
April 2018 to April 2020, and grouped on the liver biopsy results. Among them, 38 patients with T2DM combined with NASH
(NASH group ) , and 42 patients with non-alcoholic simple fatty liver disease (NAFL) ( NAFL group ) .The serum lipids were
analyzed by ultra-high performance liquid chromatography-mass spectrometry and the detection results were compared. At the
same time, the potential serum markers of NASH in T2DM were screened by logistic stepwise regression analysis and subject
working characteristics (ROC). Results Compared with NAFL group, in NASH group, ALP (98.79 + 29.65 U/L vs 82.94 +
18.66 U/L), AST (32.12 + 13.64 U/Lvs 21.33 + 1551 U/L), +y-GGT (86.87 + 24.38 U/L vs 45.06 = 15.22U/L) and FPG
(10.20 = 3.15 mmol/L vs 7.72 = 1.79 mmol/L) increased significantly in the morning, with significant difference
(t=4.176 ~ 33.168, all P<0.05). Lipographic analysis of NASH group phosphatidylcholine (PC) (38 : 3), PC (35 : 4),
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PC(36: 1)', PC (36: 1), PC (44 : 5), phosphatidylethanolamine (PE) (34 : 1), PE (34 : 1)’, PE (36 : 2), PE (38 :1), PE (39: 1),
phosphatidylserine (PS) (33 : 0), triacylglycerol (TG) (52: 1), TG (54 : 2), sphingomyelin (SM) (37 : 1), SM (39:1), SM (40:1).
The levels of glucose ceramide (GlcCer) (40 : 2) and palmitoyl phenylalanine were significantly higher than those in NAFL group
(VIP=1.275 ~ 3.176, all P<0.05). The levels of PC (38:5), PC (38:6), TG (52:4), TG (54:4), TG (54:5), TG (57:6), TG (58:4)
and TG (60 : 6) in NASH group were significantly lower than those in NAFL group (VIP=1.086 ~ 3.086, all P <0.05). Logistic
stepwise regression analysis showed that the increase of PC (36 : 1)" and PE (38 : 1) was a risk factor for T2DM patients to
develop NASH (P<0.05). The area under ROC curve of PC(36 : 1)* and PE (38 : 1) were 0.814 and 0.792, the sensitivity were
94.28% and 94.86%, and the specificity were 77.65% and 76.31%, respectively, higher than GGT, AST, ALT. Conclusion In
T2DM patients with NASH, the main lipid changes were glycerophospholipid, sphingolipid and TG. PC (36 : 1) and PE (38 : 1)

may become potential serum markers for the diagnosis of NASH.
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FEFR o RAT AR A, JUHLAE 2 AU RGN (type
2 diabetes mellitus, T2DM ) H & 2 =5 15 28% ~
55%"M . PRI AL FE AR RGP LA ME R T F ( nonal-
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NASH) . JFffife ., HE AP0, i NAFL H
BRI RGNS, KR RO R R AT, (H
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TCRIEH A, QU A IR A 58 1 7 IR A I i

R Qi 1 A HIRAERIRA . B - Z KM

T s HLABERR A 259 3 s OB K i
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RGBSR SERAI KA, Q&M (iR i
FUFFAARE . NAFL 4. S0k 18 4], otk 24 44,
AEI% 30~70 (53.14+£11.18 ) %5 {RBTH4E4L (body
mass index, BMI) 20~38 (31.49+4.17) kg/m’;
U, ( waist-to-hip ratio, WHR ) 0.97 + 0.04; 45
[ 143.86 + 14.75mmHg, #75K % 85.16 + 12.77mmHg.
NASH #: J5 P17 4, 1k 21 6], 4F#% 33 ~ 69
(54.05+11.23) %; BMI 19~37 (30.75+5.61) kg/mz;
WHR 0.95+0.05; U4/ 141.32 £ 1429 mmHg, %
KR 84.65 + 12.44 mmHg., W41 FELE TR LA 22 57
TG #E L (P>0.05) o BB E KRR AU
FEE MG R, It KB s e B 4
12 Z2MEHRA BEAIELET AU64 4 A 3141k
1 HIEZAT ) 5 CHT210R K258 i i 5 208
BLOAL [ ER B (o) ARAF ] o
Fitait ( ACQUITY UPLC IClass %%5; [ Waters
oA 5 HMESE - PUGLFT RATHTE] B (Xevo G2-
SQ-TOF; Z&[# Waters AH] ) .
13 ik REFAZIAFHZE 2D 8h 5 R
ki, 3 000 r/min A9 5514 T B5.0#4E 10min, 153
ME, BT -80 CUKAFE AP fE, frillle R
BARMA T AU64 4= F 3l A= Ak AR T il 37 A T [ st
(‘total cholesterol, TC ) . Mt H Ml ( triglyceride, TG ) .
I FENE - IHE R (low density lipoprotein-cho-
lesterol, LDL-C) . =5 % B g 25 11 I [& B (high
density lipoprotein-chlesterol, HDL-C ) | N % i % 5
¥ ¥ M (alanine aminotrasferase, ALT ). B, P4 i fig
fif (alkaline phosphatase protein, ALP ) | vy - £+ it 5&
IR ( gamma-glutamyltransferase, GGT ) . KA
TR LG F4 M} ( aspartate aminotrans-feras, AST) |
JRE S (urea nitrogen, BUN ) | IfLJRFR ( serum uric
acid, SUA) . 7SR I ( fasting plasma glucose,
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FPG) F1% J5 2h I F% ( 2-hour post-meal blood glu-
cose, 2hPG) 7K. IUH ¥ R b A B ORI IR = 7
10s L b, FEJG B TAREE DAL 10 000r/min 2.0
10min, HCEVEW, AR, SR B RO AH fo i -
EBIE IS (UPLC-MS/MS) JEHA7 IR 4122k, {4
R4, 3%k ACQUITY UPLC R7%1, HIB% -
DUZGHT KATI R BRI, B4 H R 3 kV; HEFLHLE:
25V; fffERE: 15~60 Vi VIR . 120 °C; BIEH
ML 500 C; HEFLAAREEE: 50 L/h; B <
PRBEJE : 800 L/h; HHHHTIE . 0.2 s5 i 2 &M i
MERKIEA TICHIAREE 5 it FH R R MR TAL IE
1.4 SRt F o4 W5 EE R H SPSS19.0 4t it
A, TR AR « bRiEZE (xxs) £
N, AT R THEERIIR (%) FoR, 1/ K
5 T2DM H# & 4 NASH 15 16 [F £ 17 Logistic
B M504 SR ROC #£E 20 Hr i ik T2DM &
A NASH B 7E LIS bRk ¥, P<0.05 25 HA
Giil2faE o MR T 2H 24 Ko DN BCHE R Waters /23 )
A MassLynx4.1, Progenesis QI X {47 R4, |
FH Simea-P X ECHE #1750 B, I 457 OPLS-DA #
HY 1% A 5 A H {H (variable importance of projection,
VIP) &, 4 VIP>1, [[AIE} P<0.05 Bf, Fmb2zES
PENR T
2 HR
2.1 WmARFE e, BARRHEARLER LR
1, NASH 21 ALP, AST, GGT # FPG /KFEH] 5.5
T NAFL 41, ZREAEG 53X (¥ P<0.05) ;
ALT, BUN, SUA, TC, TG, HDL-C, LDL-C A
2hPG AL, ZERgiit (¥ P>0.05) .

=1 WABMTEIIEE. EIEREHEREE (x£5)

W
ALT (UL) 34312037 37.82+1821 1972  0.134
ALP (U/L) 82.94+18.66 98.79+29.65 8.154  <0.001
AST (U/L) 21.33+1551 32.12+13.64  5.142 0.001
GGT (U/L) 4506+ 1522 86.87+2438 33.168 <0.001

BUN ( mmol/L.) 571+153  5.66+149 0926 0231

SUA (mol/l.)  319.17+96.24 305.73+99.48 1.835  0.094
TC (mmol/L ) 446112 480+1.02 0316 0571
TG (mmol/L ) 219+£1.08  247+141 0736 0385
HDL-C (mmol/L)  0.97£0.22 1.02+027 0637 0281
LDL-C (mmol/.) 272086  273+2085  0.049  0.832
FPG ( mmol/L ) 772+179  1020+£3.15 4176  0.033
2hPG (mmoll)  11.67+438  1285+2.63 0715 0284

22 MRS R4 a4 UPLC BEIE W4 NG i 4H
2, RERBRBAMESS R Mg, A5 3] 792 MR,

K H Simca-P 347 53#7, I 37 OPLS-DA BEAY,
HERIZ B 17=0.59, 0°=0.45, %7 OPLS-DA H&
&, WK 1, A4 OPLS-DA BHISRTE VIP, A
98 4™IE I VIP>1, NASH 41 PC(38:3 ), PC(35:4),
PC(36:1)* PC(36:1)", PC(44:5),PE(34:1)°,
PE(34 : 1), PE(36:2),PE(38:1),PE(39:1),
PS(33:0), TG(52:1), TG(54:2),SM(37:1),
SM (39:1), SM (40:1) , GlcCer(40:2), it
Bt 2R T & R K7W 5 T NAFL 4, ZS38H %0
2 X (¥ P<0.05) ; NASH 4 PC (38 :5),

PC(38:6), TG(52:4), TG (54:4) , TG
(54:5), TG (57:6) , TG (58:4), TG (60:6)
ACFIBACT NAFL 41, 2R EA40E X (1
P<0.05) , WLF&2, Kl 2.
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2.3 T2DM 5% NASH # Logistic % ¥ w1)a 547 W,
3. KR 2 A E LR RN A Logistic 1% 25 1]
M, 4558 5R: PC (36:1)%, PE(38:1)
Tt & J& T2DM & oF J2  NASH ) 15 [ R &
(P<0.05) .
2.4 T2DM 3% NASH #fm ROC W £ 547 L
4, K3, 4 ROC k25 R BoR: PC (36:1)°,
PE (38:1) ROC & FHF50 0.814, 0.792,
R BE 43 )k 94.28%, 94.86%, 4R S 4y Bk
77.65%, 76.31%, #IET GGT, AST, ALT.
3 g

T2DM F: & NAFLD Z&F [F T 2= 2R F LR,
P T N AR I T A = A TR S e A, AR
g R W BT P NAFLD %% 1%+ NASH
YRR, JFAEAL . A MR & A AU AR X R
HAro R E Ty 2 kAt S, #om, 5
I NASH 2 W T AE 9 IV bRl P R i 5 44
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*2 M EERMEAERILE (x25) %3 T2DM F#% NASH B Logistic ZE# [E 3447
i H NAFL#] (n=42) NASH# (n=42) VIP P % FAZS R Wald i HR  95%CI P
(35:4)  119877+298134 1347522+2475.16 1472 0.017 PC(36:1)° 0526 0439 8019 0043 0713-1711 0012
(36:1)° 5727032+ 1062138 68915.11 1090755 2.861 0.021 PE(3:1) 0372 0726 971 0081 0.035-0.264 0591
(36:1)"  837.18+28144 124105446881 1.694 0.019 = 4 T2DM 35 NASH AN B RER T (%)
(38:3)  1620255+514762 2004684+526347 1713 0.025 e WL TRE WEEONE PRI AL
(44:5)  8001.66+975.16  883641+137412 2.086 0.014 () wm e me ey
(38:5)  1100749+314425 921763197624 1.842 0.031 b s a0 w00
(38:6)  46897.14+223875 3612821 +104182 1.086 0.031
(34:1)° 3368273651384 3784669593816 1451 0.038 oot Lok T 703 7336 06%
(34:1)" 27411186741 361952114284 2816 0.029 AST 61 ML BH 86 0703
(36:2) 564286174518 723986211853 1932 0.019 ALT 7798 6952 70.29 7415 0657
(38:1) 7917534145528 955432+152001 1756 0.027 — = s
PE(39:1) 985216312504  1298341+297854 3.176 0.028 5 —reas
(33:0) 15386753297 20001465382 1572 0.009 “r /”> ( _:e;GTTT
(52:1) 1024932851084 1468572£664827 1329 0.011 — s34
(54:2) 1098275531842 1425735496828 1284 0.018 % I : /J
(52:4) 7928414+ 18514.16 6284132+ 1426311 1.941 0.007 ® L/
TG (54:4)  S118105+1895274 4128301817452 1795 0013 {
TG (54:5) 4001528+ 1438211 3148328761524 2.863 0.005 0z [/
TG (57:6) 431982138425  310542:72862 1275 0.038 / | . | |
TG (58:4)  404283:13847 312811:75426 1884 0041
TG (60:6) 26142578146  201468+51763  3.086 0.036 -5
SM(37:1) 1084299+ 190257 12843.11:175426 1592 0016 B3 PC(36:1), PE“( 38:1) Fﬂ*ﬁﬁ ROC #h%
(39:1)  1948669+3742.18 2238169435619 2397 0.004 B — R LRk S0 A PR A
SM(40:1) 8269435+ 1594218 9547636+ 1847298 1.694 0.023 TREGH LN, %*ﬁ%é{z#’,{ﬂ%ﬂ@ﬁ%éﬂbj@
CleCer0:2)  149285+59183  197526+69L14 1275 0.039 Wy, TS SR E/JL%'?J‘ Ao, ML
WHBATER  31839£10754  98967£35009 1816 0.002 e " oSy, AAERMENFMA. HExEE
T TG: =@ Hh; PC: BEARBEAHSN; SM: ¥iwEAG; PE: F‘Eﬁﬁﬂﬁﬁ AN, BB /AR @‘%H%E}z
BTN PS: BHIRREALENG: GleCe: AN, %*Qgﬁ ggﬂ?ﬁ ﬁ;ﬁ%ﬁﬁigﬁﬁﬂz& [91]@?3;;
w5 : A
e 0000 NAFLD &A= & J i # v e i RAChu e S22 /E A,
Toe o e [ i FARBC AR BRS S I o . iERs e R T
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—— — Kk, FIHRRRAI AT 2B, B
roge. NAFL } NASH ,%%‘m?.%ﬂﬂl@; ( free cholesterol,
o FC) . TG /K- & TIEH AR ; NASH 41 PC
o 3 H AR PO R (2024 n6 ) K Je TG i — ik
b, 1 FHERE (20:5n3, EPA) KEFREAG, Hrigimah
reco n6/n3 Z A AR T LR THEG, 4R NAFLDT
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Bi4UN
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53

% 2 WHEERY
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Xt T2DM - NASH f6 35 lig 5t 21 2 43 BT 1) F 50 i
S

ARBFFELE R BN, 16 T2DM ¥, NASH 41
BE 5 NAFL B F AR L, AATE W] 22 5 19 i o
o FESHIMBEAR . IR TG, HmBEAs 2
AP EE NSy, TEVUANEL PC, PE B
&, Hoh PC AT LATE SRR A i U RIS
B, LERER I £ BERE N- H 3L R4 8 ( phosphatidyl
ethanolamine methyltransferase, PEMT ) ) F 3& fk
YEHIF PE 7E 5 I £ 2 I $2 11k i FPY B 445 5 7
PC, PEMT Jjfig fifi5 2> 5 2 PE K HE R E 22 &
R 5L AL B AR R B A PSY. bAbh, PC A K.
a3 Wb 55 WA %5 B A IR [E B (very low density
lipoprotein-cholesterol, vLDL-C ) A & J¢Ht, H
PC A I RERETIT, VLDL-C & L. /b g F1 R
i, 23 TG Afghtis 1FNE Ko TG 7EFIEHER,
(] N4 B 5 A 0 i v L[ e 5 7 A 3 3 P o oY
DL, Z ARV IR, RAYEH i S BU
R A A . TRFE, MR NAFLD $ei i A A &
Je S, AR ST v & B NASH 415 NAFL 41 g i
Hh2ESEREA 26 1>, HHPC (36:1) %, PE

(38:1) Fhi e T2DM R # 3# JE S NASH 1916

&, PC (36:1) , PE (38:1) ROC £k Tt
¥1>0.7, WURE . FEREYE, 4R, T2DM
P A& S NASH Jlg B st 7 2R, H
H1PC (36:1), PE (38:1) J& T2DM & # & J&
N NASH B8 A MLV AR &Y, AITRES PEMT JfE
BEfiT 20 PC AUz, AR PE K HERR,
[l PE [n] PS Ak fin 56 ', Hcifi PEMT wJ fE
i NAFLD $5i 1607 I TE A ARE L, il R
LW NASH 5 $R A7 2 8% . (HARRF S B AFAE
—E R, — AR D, ST, A
WS WIS, 178 i Bk -F- 5 AR D5 9 5C &
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— I SEEACHR PR IR ABIESE , T ik R B 4 1) T e
T2DM Jf- % NASH 1235 TAE

25 LTk, T2DM & NASH 3, H#iAE L
f 2R O Hh B BRI TG, P PC( 36:1 ),
PE(38:1) ATAENC IS NASH H T FE I AR &
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