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[ Abstract] Objective To investigate the correlation between serum silent information regulator factor 6 (SIRT6),
solute carrier family 7 member 11 (SLC7A11), and type 2 diabetes mellitus (T2DM) combined with non-alcoholic fatty liver
disease (NAFLD). Methods A total of 90 patients with T2DM complicated with NAFLD, who were admitted to the De-
partment of Endocrinology at Harbin Second Hospital from January 2022 to March 2024, were enrolled in the NAFLD group.
Another 90 T2DM patients without NAFLD were selected in a 1:1 ratio as the non-NAFLD group. Serum SIRT6 and
SLC7AL11 levels were detected using enzyme-linked immunosorbent assay. Multivariate logistic regression was performed to
analyze the influencing factors of T2DM complicated with NAFLD. Receiver operating characteristic (ROC) curves were
plotted to evaluate the diagnostic efficiency of serum SIRT6 and SLC7A11 levels for T2DM complicated with NAFLD. Re-
sults Serum SIRT6 and SLC7A11 levels were significantly lower in the NAFLD group compared to the non-NAFLD group
(t/P=17.892/<0.001, 7.643/<0.001). The alkaline phosphatase (ALP), aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), and triglyceride (TG) levels were higher in the NAFLD group than in the non-NAFLD group (¢/P =2.953/0.
004, 3.764/<0.001, 4.729/<0.001, 4.862/<0.001). Body mass index (BMI), hypertension, ALP, AST, ALT, and TG were
independent risk factors for T2DM complicated with NAFLD, while high SIRT6 and SLC7A11 levels were independent pro-
tective factors[ OR(95% CI)=1279 (1.044 -1.569), 2.342 (1.096 - 5.005), 1.026 (1.001 —1.052), 1.038 (1.003 - 1.074), 1.
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026 (1.001 —1.052),2.524 (1.307 —4.874),0.782 (0.692 - 0.882), 0.987 (0.981 —0.994)]. The area under the curve (AUC) for
serum SIRT6, SLC7A11, and their combination for diagnosing T2DM complicated with NAFLD were 0.791, 0.787, and 0.
876, respectively. The combined diagnosis of serum SIRT6 and SLC7A11 for T2DM complicated with NAFLD showed an
AUC greater than the individual diagnosis by SIRT6 and SLC7A1l (Z/P=2.217/0.027, 2.041/0.041). Conclusion The de-
crease in serum SIRT6 and SLC7A11 levels in T2DM patients is closely related to T2DM complicated with NAFLD. The
combination of serum SIRT6 and SLC7A11 levels has high diagnostic efficiency for T2DM complicated with NAFLD.
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Tab. 1

Clinical data comparison of T2DM patients between non

NAFLD and NAFLD groups

5 EaRSAL S ent i
PRI BI(% ) ] B 43(47.78)  53(58.89) 2.232 0.135
4 47(52.22) 37(41.11)

F (v x5, %) 63.26 +6.13 64.72+5.78 1.652 0.100

BMI(x +s,kg/m?) 24.26 £1.82 26.04 £3.14 4.650 <0.001

T2DM JGFE (% £5,4F)  7.63+4.97  9.90+5.37 2.939 0.004
W R T (% ) ] 38(42.22)  45(50.00) 1.096 0.295
P % ) ] 27(30.00)  33(36.67) 0.900 0.343

NAFLD FEL[ (% )] 11(12.22) 18(20.00) 3.157 0.076

GIELHI(%) ]
T IR 25(27.78)  45(50.00) 9.351 0.002
PR UL B AE  14(15.56)  17(18.89)  0.351 0.554
W PR B 28(31.11)  37(41.11) 1.951 0.163
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- 420 - BEXMERR 25 2025 4F- 4 H 2524 554 ] Chin ] Diffic and Compl Cas, April 2025, Vol. 24, No. 4

WAL REAR ¢ K58 5 THAICTERE USRS F I L (% ) R
LT x> K5 Z K Logistic [B1JH 404 T2DM 4 5
NAFLD 5200 R 5 s 22 521038 TAERAE (ROC) M2k
A% BT I3 SIRT6 . SLC7TA1L 7K °F- 12 Wy T2DM 4 Jf
NAFLD [%RE, P <0.05 NESHGITFE X,

2 & R

2.1 2 Iy SIRT6 SLCTALL /KF-H%  NAFLD 41
IM¥E SIRT6 ,SLCTA11 7K V-3 F39E NAFLD 41 (P <
0.01), W52,

%2 dE NAFLD 415 NAFLD 41 T2DM j& # Ifi ¥ SIRT6
SLCTALL K HLH (x25)

Tab.2 Comparison of aerum SIRT6 and SLC7A11 levels between
non NAFLD and NAFLD groups in T2DM patients

A % SIRT6 (g/L) SLC7A11 (ng/L)
4 NAFLD 44 90 3.00 +0.41 225.57 +78.89
NAFLD 20 90 2.48 +0.49 139.52 £72.00
t1H 7.892 7.643
P1{E <0.001 <0.001

2.2 2 HRFYIRE MUBEAALAG L3 NAFLD 41 ALP,
AST ALT TG & T3E NAFLD 4, 2 S ¥ A G it% 5 L
(P<0.01), %3,

2.3  ZKE Logistic MIH53#HT T2DM 4 Jf NAFLD 5%
MNZE DL T2DM 5 Jf NAFLD (J&/7% = 1/0) i H 728
i, PR R 2R E A AR, BT 2R
Logistic FIH 4087, 4554 27~ , BMI, (5 i, ALP  AST
ALT TG F+#&52h T2DM 354 I NAFLD fy b7 fa s K]
# SIRT6 SLCTALL & M ST A4 % (P <0.05) , L
4,

2.4 IfiL¥E SIRT6 , SLCTALl /K Fi2 Wr T2DM & I
NAFLD fU%LRE 217 SIRT6 .SLCTAL1 /K12 W
T2DM 4 I NAFLD 2LHE i ROC HhZk, it T
HAL(AUC) , 45 5 WK : i3 SIRT6 SLCTALL /K- J%
—H G 12 W T2DM & JF NAFLD #9 ittt £ T 1 1
(AUC) 435124 0.791 0. 787 0. 876, —H A2 T2DM
43F NAFLD B9 AUC KT IfiLi SIRT6 SLCTA11 45 H 5.
MagWi (Z/P =2.217/0.027 2.041/0.041) , W35,

%3 4 NAFLD 415 NAFLD £ T2DM & HF2IfE b | iz
Mg (x£s)
Tab.3 Comparison of liver function, blood glucose, and lipids be-
tween non NAFLD and NAFLD groups in T2DM patients

4 4
W ENVIDAL MDA g
iR R 7
TBA (mmol/L) 3.17 £1.80 3.64+1.73 1.806 0.073
ALP(U/L) 69.12 +16.40 76.37 £16.57 2.953  0.004
AST(U/L) 42.34 £10.92 48.41 £10.71 3.764 <0.001
ALT(U/L) 36.14 £12.94 47.47 +18.70 4.729 <0.001
BN T bR
FPG(mmol/L) 11.19 £3.82  12.24 £4.98 1.590 0.114
HbA,, (%) 7.27+1.14 7.52+1.21 1.388 0.167
TC(mmol/L) 4.79 £0.91 5.03 £0.86 1.861  0.064
TG (mmol/L) 1.63 +0.73 2.24 £0.94 4.862 <0.001

HDL-C(mmol/L)  1.19 +0.22
LDL-C(mmol/L)  2.66 +0.41

1.17 £0.16 0.917 0.360
2.78 £0.40 1.943  0.054

F4 ZHZEZKM Logistic [FIHHF T2DM &I NAFLD AYR20H
M
Tab.4 Multivariate conditional Logistic regression analysis of in-

fluencing factors of T2DM combined with NAFLD

AR BIH SEMH Waldf& P8 OR{H  95%CI

BMI 0.246 0.104 5.616 0.018 1.279 1.044 ~1.569
T2DM #HFEK 0.075 0.047 2.566  0.109 1.078 0.983 ~1.182
1R IR 0.851 0.387 4.826 0.028 2.342 1.096 ~5.005
ALP & 0.026 0.013 4.195 0.041 1.026 1.001 ~1.052
AST % 0.037 0.017 4.576 0.032 1.038 1.003 ~1.074
ALT & 0.026 0.013 4.287 0.038 1.026 1.001 ~1.052
TG & 0.926 0.336 7.608 0.006 2.524 1.307 ~4.874
SIRT6 -0.246 0.062 15.849 <0.001 0.782 0.692 ~0. 882

SLC7AIl & -0.013 0.003 15.885 <0.001 0.987 0.981 ~0.994

34t g

NAFLD &4 B A .35 00 s 1 o0~ A 2 g
R | KB JET IR PR 0 A7 kR e AL - B30 ) A8 1 I 9
T, A2 P9 I 3 2 O I IR ) JEE 58 44 I ) AT
AR E AT AL D 32 B0 AR AL, m] otk — 2 1] JiT £F
A JFREAL AN 20 A A T2 T2DM AR R T
BEFSET Al W R A 2L A S SRR
PSSR 2 I 200 M 7 722 1 i 2 2 NAFLD , — 2% & i nf
b 25 HEINTF R A — T 40 L W DO O A O il
TP A R FET XU I R 32 A A M 2 21

&5 ML SIRT6 SLCTAL1 /KF2 W7 T2DM 5 3 NAFLD FIRLRE 4K
Tab.5 Energy efficiency comparison of serum SIRT6 and SLC7A11 levels in diagnosing T2DM combined with NAFLD

& Cut-off 1 AUC 95% CI Pi U Fr 5 Youden $8%k
SIRT6 2.49 pg/L 0.791 0.724 ~0. 848 <0.001 0.533 0.900 0.433
SLC7ALl 155.51 ng/L 0.787 0.720 ~0. 844 <0.001 0.833 0.611 0.444
e 0.876 0.819 ~0.920 <0.001 0.811 0.767 0.578
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B 1 I SIRT6 SLCTALL K-Fi2 W T2DM 5 Jf NAFLD KJ
ROC fh£k
Fig.1 ROC curves of serum SIRT6 and SLC7A11 levels for diag-
nosing T2DM with NAFLD

TR AL A2 12 B NAFLD  (H PR H A ) 532 3 3
WLPFH S PR R 5, 30 V) 75 22 A S s 9, 12
#E]T R T2DM 85 1) NAFLD fifi & Fi2

RV EALR IR FIAE R ISEZR AL T2DM
A I NAFLD Ry & Z ML, IR A1 BT 48 2 il 2
T2DM NAFLD {3t [l #ELRE , T2DM & w4 IR A1
Jig A 5 ZE ELAR HERR W5 G B 22 9 26 P IE rp HE A T3
NAFLD, [R]i T2DM i85 4 B A 25 L AT 300G R M
N7 AR IO S8R AT T, e ] o 45 405 B A0 i R
NAFLD %/EP7 ) SIRT6 J&—Ff 2= Z. WL AL it , 2 59877
FEPRIFIR DNA 52 AR S e 55 2 M AR W) 2 ik 72
A rE B L A R T AE () R § 11
SIRT6 FE I it AL B A1 BE Y0 52 A o peroxi-
some proliferators-activated receptors o, PPARa) 3% i
R R IR REE AT PR BT S fh 3 P 3R AT I 5 ok
TR, DN IR Ak B R A e ) L
B SR AE |, STRT6 78/ B BRI & 8 37 9 NAFLD
PRI IR 263k, _E A SIRT6 fEii% PPAR« {5518
AR JHFFUE gt 75 P S AL, T3 P O g I REURT AR P 2
HETHH] NAFLD #E#. Luo 251" 5236 % 18 , NAFLD
SEE R B /N BROFF 4B SIRT6 IR 33k, 114 SIRT6
REDEIZ R ML S 1 10 Bl = BT 3508y I A B 15 72
PE IR MR, A 4#E 8 H i SIRT6 /K-
FEASS T2DM B3 IR INE A ¢, ABFsEH, T2DM &
J£ NAFLD #& [fiLi% SIRT6 7K, SIRT6 /K -4 Tt
55 0.1 wg/L, T2DM & NAFLD XU F&AK 21. 8% , Uit
B I SIRT6 /KT 55 T2DM 4 Jf NAFLD KUK %
&A%, 4rHrE IR SIRT6 1 I3 PPAR« 45 i i 4

A R ] S B 1T eSS B R e SR A ik
FEFRIR , el g At LA A B P A i 5 B, a2k T e
i T2DM & Jf NAFLD XU SIRT6 fig I 841 & 1k
LD Sk s 20 B b S AL RE T, TR R R GA
PR TE I R N, 2 2 ) 2 8 BB A ) FH 0 il
IR, 3 B AL BT G 5 Je % 28 A0 B A FH sk e
A5 43 AR I HEAR , ARTRAIR T2DM & 9 NAFLD X
6100 Nie 4520 52ibh B | SIRT6 n] LA 33 4038 AF
YRR AT R AR R B R 23 A ok U P U B EORN
LR J84% T2DM /L NAFLD

SLCTATT J2& g ith > ok 2 W/ 45 2 IR iy i 2 i)
LIEFEBIRE R LA 1 LAY E 0K 20 M A0 23 S R A8 e
AN R , I VR S Al Py A B B H K
(glutathione , GSH ) B SCEFTIA , BB 1 GSH LAZE+5
IO R/ 4 E R A2 1R 2R Ge BT A AL R ) Ak FE T 1Y
AESI7 . F9H SLCTALL BEiE S GSH 77 A, 1 i ik 1y
PR AR I 35 IR & 15 R 57 11 AR BB T, DT 4 3 /N BT 440 g
FREHEEY | Jiang 42 5200 B R, Bl SLCTALL fE
FEAAR PR AN S AR v 1005 20 AR BT T, DA G2 i/
SUNAFLD, 6%t A1 4 fig U8 SLCTALL 385
GSH A B, I T 400 1 it 25 1 oy P -5 10 S L o7 35 A 2k
T, o3 /N B NAFLD'™ | [ B} SLC7A11 F il 5
T2DM & I AR R A W P 2 /0N SR Ak 1 38 Fn gk Bt
ToHESERY . ARWESE & L, T2DM 4 Jf NAFLD H % I
T SLCTAL1 K[, SLCTALL KE4THE 1 ng/L,
T2DM & If NAFLD JRURS BEAIK 1. 3% , 3 156 BH Il ¥
SLC7A11 /K F-FHiE 5 T2DM 43 NAFLD XU R AR A
Ko TR, SLCTALL VRN Bt 20 IR/ 45 24 R 306 m) e
B R RGN S L, 1 UK A R AN HE IR e
R P A AN A, DT AR E 40 Ak N 34 F GSH 1A 1
I3 SLCTA11 /KT e e #f GSH Kt & Ak, il
TR G, VB SR IO JROGT I A 534 i U 34 AL AR AT
T2DM 4 3 NAFLD XU ; Rl SLC7ALL S Pr stk
o AR BB g e SR AL B FRUER R 1 40 ik 4
SZRRBET 1Y 1 F KN o S Ak W R ) IR, FEAIG
T2DM &3 NAFLD XU 227

AWFFEIE K P, IR B2 BMI ALP AST ALT TG
42 T2DM &9 NAFLD A7 G R 2, 2R,
BMI Fl TG F} & f it T2DM £ 3 4% i ZX 5L ™ &,
ALP AST ALT JHi5 St T2DM F 34 HF45 405 3 2
It T2DM &9 NAFLD JRURS: 68 /57 w5 1 DU 3 1 334 580
HVE A IR B0 T2DM 4 JF NAFLD R &,
ROC M4k B8, IMiL7# SIRT6  SLCTAL1 7K 552 W
T2DM 471 NAFLD i AUC K T 82 W i AUC, i
B B B A K v] LR THE Wik fE



<422 - BEXMERR 25 2025 4F- 4 H 2524 554 ] Chin ] Diffic and Compl Cas, April 2025, Vol. 24, No. 4

2t FRTIR, I W SIRT6  SLCTALL /K F [& 1K 5
T2DM & Ff NAFLD f3 %, ~E B &2 W T2DM & IF
NAFLD (RS o (HARBIFSE Ay o e O B TTAF 5
FEA AR B, T RESEZ e 25 SR A3 e |t JC o
RKA ; FIRABF A4 T 15 SIRT6  SLCTATL1
K5 T2DM A9 NAFLD f95C R, RBER AR
T . ARRBLHIEAT Z2 b0 REEABES, I ik — 20
AH#f SIRT6 SLC7A11 5 T2DM &3 NAFLD iy [R5 5%
BB FIBL , DL A Y 70118 3% SR T AL
P2k 52 P A /R R W 2 v
1E& ik A BA

AR 4L SR IS 5 ) ST S, W R, S AT O i
PR RIS I SO IR0k 6 SR SEE AT AR, BdE i
B W ABITIR G R % TR 8 SR S R Bl
WA o e 3 s SCHESE
SE 0k

[1] Sun H, Saeedi P, Karuranga S, et al. IDF Diabetes Atlas: Global,
regional and country-level diabetes prevalence estimates for 2021 and
projections for 2045 [ J]. Diabetes Res Clin Pract,2022,37 (1)
109119. DOI.10. 1016/j. diabres. 2021. 109119.

(2] wAREEZES A 23 AR DG (ARSI ) AR s 1 903 By 3
TR (2024 4FRR) [J]. APARFHE G A5 5, 2024 ,32(5) :418-434.
DOI:10. 3760/ cma. j. ¢cn501113-20240327-00163.

[3] Huang XJ, Yin M, Zhou BQ, et al. Impact renaming non-alcoholic
fatty liver disease to metabolic associated fatty liver disease in preva-
lence, characteristics and risk factors[ J]. World J Hepatol 2023,
15(8) :985-1000. DOI.10.4254/wjh. v15.i8.985.

[4] PARBEZ S NGIEsrox AR R SR IO 4 22 RN
2 BUBE PR G I AEORE M RE 5 P4 B R IR T ). AR
Ay AR 2% 7, 2021, 37 (7) : 589-598. DOT: 10. 3760/ cma. j.
¢n311282-20210105-00016.

[5] Mao S, Song C, Huang H, et al. Role of transcriptional cofactors in
cardiovascular diseases[ J ].
706.149757. DOI.10.1016/]. bbrc. 2024. 149757.

(6] 3k, 32 kA SIRT 76 40118 % X et 1 A BL
WRIE[D]. W94 S R PR ,2018.

[7] =291, 7™3CH#r, 1% SLCTALL/xCT 7E JIT JIE 5 5 v 1 BF 5% i J2
[J].VLOR K % 2 4 P52 12,2023, 33 (5) : 404411, DOI: 10.
13312/j. issn. 1671-7783. y230075.

[8] Liu H, Yan J, Guan F, et al. Zeaxanthin prevents ferroptosis by

Biochem Biophys Res Commun,2024,

promoting mitochondrial function and inhibiting the pS3 pathway in
free fatty acid-induced HepG2 cells[ J]. Biochim Biophys Acta Mol
Cell Biol Lipids,2023,1868(4) :159287. DOI.10. 1016/j. bbalip.
2023.159287.

(9] M-F5R BUATK, BT, 55 ARPORE AR V5 I 09 A AL K P e
Y TT R [ ], Wb B 25,2023 ,45 (22) :3484-3488. DOI:
10.3969/j. issn. 1002-7386. 2023. 22. 029.

[10] hfepR ol oy 2. vhIE 2 BOBE R B 16 75 79 (2020 4F
JE) [J]. ThAe bRk 24,2021 ,13 (4) :315409. DOL: 10. 3760/
cma. j. ¢nl115791-20210221-00095.

(11]  pARBR 2R P 2 20 2 N5 W T R A R AT s 2 4, o ] B Uil
SR WITEINS % 522 Bt 2. ARIRE M AR 07 M B v 5 7 (2018

[12]

[14]

[15]

[16]

[17]

[20]

[21]

(23]

[24]

[25]

[26]

TOHRR) [J]. A IR 45,2018 ,26 (3) : 195-203. DOI:; 10.
3760/ cma. j. issn. 1007-3418.2018. 03. 008.

g R e R S IR W B R R WU G T R B Ao T E R
2R AR YN S R B 2. AR AR S i T 95 et R A B
W51 (AT AR) [J]. v e fdt e i B 2% J 75, 2023, 17 (3) : 169-
179. DOI:10.3760/cma. j. cnl115624-20230112-00026.
SRR, o, s, S5 ARTEORS PRI 7 AT AR S A 1
PRI 5500 1082 93 D106 00 [ P S B R s SR [0 ] v [ 2 I
2#,2024,27(16) :2033-2038. DOI; 10. 12114/j. issn. 1007-9572.
2023.0084.
Guo Z, Li P, Ge J, et al. SIRT6 in aging, metabolism, inflamma-
tion and cardiovascular diseases[ J]. Aging Dis,2022,13(6) :1787-
1822. DOI:10. 14336/AD. 2022. 0413.
Sun Y, Zheng C, Li T, et al. GBla activates SIRT6 to regulate lipid
metabolism in mouse primary hepatocytes[ J]. Int J Mol Sci, 2023,
24(11):9540. DOI.10.3390/ijms24119540.
JUB. BT SIRTO--PPARe {5538 s 445 JFF JUE N 5 1 4R
AL NAFLD FIALEIBEFE[ D )M ) B 24K, 2023.

Luo P, Qin C, Zhu L, et al. Ubiquitin-specific peptidase 10
(USP10) inhibits hepatic steatosis, insulin resistance, and inflam-
mation through Sirt6 [ J]. Hepatology, 2018, 68 (5) : 1786-1803.
DOI:10. 1002/ hep. 30062.
HE . AR R I SIRT6 7K -5 [ K5 RIRHL M AR 5
PEFSEL D). 3R H b T4 B, 2020.
T2 S8, Hi/IME , #RSCE. SIRT6 5 1 AE T B A2 2 vh i 8 45
PERI[J]. IR, 2023 ,28 (4) : 496-499. DOI: 10. 3969/]. issn.
1008-1704.2023.04. 028.
Nie K, Gao Y, Chen S, et al. Diosgenin attenuates non-alcoholic
fatty liver disease in type 2 diabetes through regulating SIRT6-related
fatty acid uptake[ J]. Phytomedicine,2023,5(111) :154661. DOI.
10. 1016/j. phymed. 2023. 154661 .
LiuY, WuK, FuY, etal. Slc7all stimulates glutathione synthesis
to preserve fatty acid metabolism in primary hepatocytes[ J]. Redox
Rep, 2023, 28 ( 1 ). 2260646. DOI. 10. 1080/13510002.
2023.2260646.
Jiang T, Xiao Y, Zhou J, et al. Arbutin alleviates fatty liver by in-
hibiting ferroptosis via FTO/SLC7AIl pathway [ J]. Redox Biol,
2024,69:102974. DOI.10. 1016/j. redox. 2023. 102974.
Zhang J, Zhang T, Chen Y, et al. Spermidine mitigates ferroptosis
in free fatty acid-induced AML-12 cells through the ATF4/
SLC7A11/GCLM/GPX4 pathway [ J]. Biochim Biophys Acta Mol
Cell Biol Lipids,2024,1869(8) :159560. DOI;10. 1016/j. bbalip.
2024. 159560.
Gong Y, LiuZ, Zhang Y, et al. AGERI deficiency-triggered ferrop-
tosis drives fibrosis progression in mnonalcoholic steatohepatitis with
type 2 diabetes mellitus[ J]. Cell Death Discov,2023,9(1) .178.
DOI:10. 1038/s41420-023-01477 -z.
Mo M, Pan L, Deng L, et al. Iron overload induces hepatic ferrop-
tosis and insulin resistance by inhibiting the Jak2/stat3/slc7all sig-
naling pathway [ J]. Cell Biochem Biophys, 2024 ,82 (3) .2079-
2094. DOI.10.1007/s12013-024-01315-8.
BLRE TR 28 B S AR AR A D i s 4 05 2 A IR Tt
RIS, S0 [ ] DO 22440 BE 2 iR, 2023,54(3)
591-595. DOI:10.12182/20230560109.

(Wickii H 391:2024 — 11 -26)



