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[ Abstract]

which increase the cost of health care to countries and financial burden on patients. In the past decade, many studies have shown that

Diabetes is one of the biggest health problems in the world, and has quite high incidences of disability and mortality,

there is an association between changes in the intestinal flora and various systemic diseases, including diabetes. It is well known that
factors such as lifestyle, increased intake of fat and high-sugar foods, and host genes may all contribute to type 2 diabetes mellitus

(T2DM). Some recent studies have shown that changes in the composition of intestinal flora can trigger T2DM. In this paper, we

reviewed the current research status of the correlation between T2DM and intestinal flora.

[ Key words)]

diabetes mellitus, type 2; intestinal flora; research progress

This work was supported by the National Natural Science Foundation of China (82073491, 81872560).
Corresponding author: QIAO Hong, E-mail . giaohong@ hrbmu. edu. cn

N ARG 7 A T A R 2 2 k4
TARKRM AL, JEHRA R B m, kgl
WEFIRE D5 003 FE 48 A | - SBONE JHE AR PR 551 14
TP 0 A AT Tt DR & o
BRI H 2 28 Pk 2 (B DA, e 1l FX W PR 24
HLYH 10% Y BRI BERET A L 142N, 5
LR P ER 2 MR 173, T 2 BOBE R (type 2
diabetes mellitus, T2DM ) & 25 5508 o B IR 5 B B
B 909%™, Rk, #F5T T2DM A BILTI B A7 R B
BTERAEAEZENE XL,

MR B 22 FYUESE R I, 72 2 Fh 52 2= 15 K g
AR WA R A, R RE S e R
R PR R rh A T — A SR e TR
ZHAE PTG S, AnRE RS e REERIE L AR
WHME 5 LU i 18 5 B Y 6 B VE RN R SR R 985 . 78
W EE: 2020-12-15; #Z HHE: 2021-02-26

EL£mA: EKAKRP:A4 (82073491,81872560)
BIS1E& ;. 7rUT, E-mail: giachong@ hrbmu. edu. cn

NE B AT 5, P SRR BT Al 7 ik
FEAS B 22 110 4t 2 11 20 o P13, IR AE AR AS Rl 2 B AT
A= BE , X LEREA L T-H RS AR A . IR, AR S
Hh i T BRI R — T S R

1 BpiEEEE

NP T8 AR 2 R A 2, A T A
B ELBEAURAE S, WA E B E AT & — A
B EARE S E, B 500~ 1 000 Fhy 10" AS4HE
AL, JEREGETT ERBET] AT T T AASTE i ] 2
il 4 FhEBRYAPE T, W ARGE I8 R R
A5 PSR BR A O , AR LR AR AR
BREIRIR S 45
1.1 FFEEEAHERK

AREMAEY (FERNE) FAEEANLRBIE,



.56 AR ZAVERRAE 2022451 A 28 H 4521 % 45 13 Chin J Mult Organ Dis Elderly, Vol. 21, No. 1, Jan. 28, 2022

IEH A N 18 20 TR Y R AT LAk #1000 ~
1 500 g, F36 P20 A 79 250k R 240 2 A A4 1) s B
10 fi5 AR B 2R R K, BT A miE e
FORER2H e AR IR RN ZH 22 100 2450, s 4
P A A 2 IR T (R T T TR A2 T AT IR
17 A 22 CCBH M R R 2 v REERE TR 1)) o ST I
[7(20% ~25% ) FIZZTEAF R T (5% ~10%) , LA Kk
L1 (3%) FIERERTT(60% ~65%) ,F R, T K%y
9T %IMIFIBETERE . LA 200 438 (1 JEERETE [ 10T 4 1
il e e, FE P B EE A S AR TR R | SR TR NS
JEARE
1.2 ¥ EREHNEZR

AW E R T A 32 2] 0607 2 ( B 2R/
e =) A B LAR & (REFL/BE T Wk ) 1Y B
w7 A AL LA AR A R | e e
B D4 il T BRI IE BOR B 2 kbl Z Ak
P 2t 2 v As A T R A R A
B A A A T P AR R A X B B A A AT
FHRE Y A Sh P 5T 3R iz B R AR i T
A R E R AL RS M A Ik Sz

Xof Jig T A A ) R I E 5 e B, B A
5126 ASAMEMERT 7RSS A, Hb g 60
PR E R F 31 PN TERR 19 Fh2G 44 12 Bl
AN 4 Fh AR AT AR 22 R 0 s 1 T
TR S I RE I P 2 A R I

2 BFEEES T2DM

T2DM J2: Il AR 0L 1 12 M 5 , H: 22 i AL il 1
AN, B AR R IR T e st A% RN i 2
RERRAT AN, i 18 TR A 25 AL vT BB S 0 PR v 19 3 43 iR
U AR, REFR I miE WS S TR
RIS FE , X 5 T2DM B9 % A LA KR AR Y % i 23
DI R
2.1 T2DM EERFERBNFER

2010 4F, Larsen %5 47 7 — I WF 5T, 94 &
T2DM 35 FIE R A I E i 22 5 . FIUH &
RO AT, UREE ) 2 2 22 [B) () B A R TR AR AR ]
IR FAFAE 35 22 5, T2DM 20 JEBE R | ] AH X =
P A e X IR 4 ARG, T T2DM 4 A8 HE B T AT 1 1]
ARG =B 55 ; T2DM A8 3 i 3 K g 3% A& vl RABURT B
I AL 23 B0 R K- T i, JERBE TR ] G B RRARR , BB
FF PR S 254 B 1 7 it AR D9 A A HL A A
FER I T2DM F8 5 A2 T T FEEBE 3 1) L A7) B %
REAL

Qin 25! LB, T2DM B EHF(EREA H ET )
VA LS BUR B, 940 25 BT 1 & R AT B

JB AR EE IR BRI R N 2 BRI . T
gt BT B ZH ZEMERE A rp 7 2 1 JLT- I A o B PR A
JRARAK A ALFEAR R S IR TR | B LA R s S
W% IR 55 7 T TRER AN . I Ah, 78 T2DM B3
Hh Ry DL T T 04 O TR B L 2 B0 Y
BRI

BV, T2DM (5 55 TE 0 I 4L 3 T AR
Zrr R AT REA LU LA, (D) REERN, RE
IR TE T2DM (1% % A & Ji v e 4 J A T, AR &
FS 35 T g AR T 2 B, T2DML A8 5 IR B 25 A 4%
TR NA T2 5, TS B0 Tl R AN )
(2) MBS . T2DM A6 5 A o ) e 7K 1 5 BOH
JY T R BE A2 A, T 5 [ T8 TR 2R, 20U
R ZE A2, (3) BHEHER, 25 T2DM &
AMFERIRS 5 T X I 18 TR P IR 4R DTS e
R BELS M, (4) HAh, T2DM BEEThE AR JH
S ZEARPTR T REE S8 T2DM B i AR Y
JRIA
2.2 WEEEEX T2DM HIfELH

T2DM J2— 25 DL JBE % 38 70 WA A X i 268 % AN A2 |
L2 BT R B 3R U T B AR, Ak A AR AR WS
BT K N i B S AR R AL AR &R G k. B
K T2DM 19 PRURI A AL 1o AN 5 A B - R AR S
JR B 28 43 WA AN JE B JBR 5% 2% K4 (insulin resistance,
IR) A5G, BARZIH AT R, 8 B AE T2DM
(0 4 A 2 S b A ] 5 st A%\ IR B RN AR B R R [
FERHEE

T2DM F8 3 17 38 T R 20 RV MRS E TR R IIR
A gt R 0800 SO T BRI N 2% 0 P TR A Py
AT 5 S g T AT AR M S | DT B0 5 R AT
WFFE BRI W b 55 5 g T LR R XL
T 55 2 A T R 080/ 35 DD AR G 2 28 08/ 1T BE 2
Ve 3] 2 A AR R 0 P R AT T) s 2 2 TR I ) 5 o AR it
O EORIRE R Z A, A, miE RS S
T2DM KR K B HARBL G AT A, H ATk sk =
W R A2 DL T A ROMASE e R I 0 5 358 . W
H R 320 T2DM 58— ML A 1, B i
AT RE Y B A J5 4% BE 7 B2 ( short-chain fatty acid,
SCFAs) BEiE HIH R HIE I N3 R EIE T
2.2.1 MEENRWTTRERIE  SCFAs J2H LR (INTR
TR FUR 2 TR IR AR C IR 1~6 i
FARMAYUIRER, SCFAs F 2L ih 18 40 B8 & IREAIR
R 20 2K BEA BRSO W
WAz SCFAs R A0 T A FUFF T8 AR T SUBHF i L 12
FEGATHE AL PR B BR R 25 . X 2K SCFAs A DL B H45
e B 0 Y KCE AT RE , 32 i B Y RSN 7%



FRAE AR BV ENPRZE 2022 4F 1 28 H %521 4 55 1 # Chin J Mult Organ Dis Elderly, Vol. 21, No. 1, Jan. 28,2022 - 57 -

RSB 1] # K 28, 02 o I J0E 09 0% 55 A OF S A1t i
30% 14 JIF EAC 51 B 75 B9 RE 0 T I F 9T K BH,
SCFAs 5 T2DM % I AH 3¢, b5 IR 9 8 3 Ak o ™= Ak
SCFAs HI4NTE 5%, 3L SCFAs = St it
Fh,SCFAs I /D FEAR 2 75 T3 30 T2DM 1) &4
FER A A TE BT 96 SN RE F1 I 55 SCFAs 32 /40 BE
FIAERLH], T B AN D RE S B B R AU R
A IR &4

2.2.2 JEERRAGE MR N Y E A AR
3, A P o IR e At ) A . IR R AR
N MR LA R AW F532 Ry A ke 2 2
AIVERT, IF HAE A—FE 507, T RE AR, )
fiB AN P A BE R, il RS S I R A R
I FIRFIRFR ARG AL , e ROK AR T RR T R 0 Sk
i, RRIFRRVET S — N A4 7, 75 B R R
iR IE R 2L RIVE . B R M S BT R S 1k
WL, A RS X AZARFN G LRI A T RS2 R
PRFES , BB R 43 WU/ I 5 2R SR R A1
AR IANAC R , JE i 850 T2DM A
2.2.3 HNHEZRHIL WEEZEIEZH (lipopolysac-
charides, LPS) BYZH BGHR43, #4) il A =2 G B 4 1 240 e
BEMIRANZ . BRI 55 R R 800 8 B R R
WUEE T FN LR B 55 A 2 b1 HL BT 9, o 22 R RH
W L BT B B A T e B T AR, 22 IR
R B 2o 7= 2 TN WS 22 1) i 22 W, 00 il i 3 ot
BEDRE T BRI N R MAE R 2R R AT 5
EHUARRAE R fEZEEL ), R BN 2 [C P T L
BisE N, LPS W= AL AR 2, RAE 7T L5 | i ik
5 B 40 HE S5 H B0 A T RE A, (i HE B 4 At A4 A
T, 0 BUB AL 3 RAE IR 1T 5 R P9 7 40
SEFRINRESE R, T B R 240k 5 R % is 3R
6L, T IE R TAE, 51 IR,

3 KBEEEAEAR T2DM RIF RS A

=X

R R, 158 HE R4S T2DM % Y]
FAE1200 i T T ) 25 L 5 8L SCRAs AR TR
KP4 IR IR (RR Y'Y | JB i A R R K- 1 B
M RAERR-2) B & 5 N R, T LPS & =7, i
SECIR A1 T2DM 1Y & AR o VA 1 M 2 TR RS AL AT
DABEHEBLAAR 58T A 3, 38 AT DA S ML 119 4 3 1)
AE. VAR IE R AT ARk IR RS Bk & 2= 5
2, DT LA
3.1 HmAEFEMEAR

i AR TR YO FR S 45 T 1 238 Y 1 i, w]
DAXE A 3277 A e 25 AL S A SR T 2R

FEAS AR L= e 0 28 B 2 R B S AS TR S DL
() g A2 TR o B A FLIR TR A BRTA OBUBAT AR 1K
Wt X T2DM 1A FI52 06 O 7E ) 52 56 4k
JIZ AR BH AT e BE SR 1T/ AU B E A
SCFAs 40 , Il /D S AE 73 F Wi SRS A - o, 20
N ZFE -1 A AN R -6 B, T 1 & i
FRERR-1 KOF  Bs i F 4 oo, 2i A
ALY R Yk /D B 1 3 37 P B 1R A0 B LPS
G — B R GRS RE A 2R W 25 4 1R T RE
X T2DM 85 A I R4 i fl /e, (B i ik
ML SR APTRLAER M ARG —22
3.2 REFTMm

WG SCAR ,, A i SCFAs AR Al BEJE VA
7 T2DM MEZ Ik, F2RE S g fRE AR
WA R B R AR SE W SCFAs B A2 i, MR R R 3
AT AR FE I B 27 4k LU = W 1B G B SCFAs 8 B %
#hFE SCFAs(NIR S T FRAE) , R34 hnfizs i A 23 1A 1Y
i B IR R E R Y R G, T RE
R, e T2DM SEAR (AN ) 158 6 £ 4 X 3 7
FERIR VR FHAS IR i 3 AR 20 B > 14 25 5 1T g
SO LY OSSR S8 RN B AT
AEBE AN H AN FE SCFAs 7] fi 35 A 3] 1 3 5501
FEXTA R B T8 o R (U R A E S5 A/ T
BT B A BUS , I 0] A AR L R A 1 AR AR T A
T % KB TR R A A0 15 5 ARk
LIRS 2 RO ) — A s A 2R IR &
TR, B SR PR B 3R =, I
AR T 5 A4S B T2DM {2 B R, RS E
UG A B = v SE R AT A B AR AR
PR AR IFFETRE T v B4 T 3k 2 ) R R v A4 B4R A BT
FFR R PRAR . 75 TEURHE R S HRPRG 10 35 FR 1 Th %
B g AR G 8 35 T W0 1k LA M Al A4k
3.3 EFRHBHE

FEME TE BERS R I W T8 B B A 9 5 1Y)
FB M EEEREN I, fNE 2, fe
W5 25 24 A DA BRE A 1) 7 T S A 30 R AR O R ) B
TH 1 £ 3 TR AR 0 S S A A 3 R, SN
P e AR B s iR T . AT R A s
NHEEAE AN P A AR B AL E TR Py, v] 2 5 R
FRS RAURE D ROk, B R A T g
RCAYARIT T2DM B 5,
3.4 Hfth

FFFE e B i 1 R AE 2T I TR DR R
(7 E T ARE , N TTREARAILAR R AE KT, 2k T2DM 3R
RO EARE B, IR AR AR T LU
WA E Y, FRARHLIR R E K, 2035 T2DM E A,



- 58 -

MR AR BV ENPRZRE 2022 4F 1 28 [ 4521 4 %51 8§ Chin J Mult Organ Dis Elderly, Vol. 21, No. 1, Jan. 28, 2022

BT R T BEXT A 8 A 25 W R i 3, 8%
T PERER R PR PR B e A A Rsg e, PRI g
WAEIRYT T2DM B AE APt AE R WAZH Bl
FPTAFR | A8 PR BB 10 PR R 1% i 1
HANEIRIT TS, A, AR AN WE ST IR iE 3
YR T AR R v 2 A5 1A AT e R Y A B R A 2R
IEF P T2DM B H B

Zi 1, T2DM 1) kAR % J 5 I 18 v A 5 %
KT, —FHHAREM, EX A E AT T2DM 1
TEMARTE N, HiIERBFECRE R, PR B L U
M 2R I A2 T LAFRA T A SR anfe] S okt A
HAth PR S0 i B b WL EE T2DM 5 17 18 T R O 2R 1Y
Jiid, B IRE AN B IR TR I ok
AT R, S T2DM 35 1 IR KT D) 2
TAVIFET — L5 7 ), V8T i 28 TR A 7T i
SR EINE NG T 1 il o oy R ETA 0P SR

[ &% k]

[1] Wang L, Gao P, Zhang M, et al. Prevalence and ethnic pattern
of diabetes and prediabetes in China in 2013[ J]. JAMA, 2017,
317(24) : 2515-2523. DOI; 10. 1001/jama. 2017. 7596.

[2] Holman N, Young B, Gadshy R. Current prevalence of type 1 and
type 2 diabetes in adults and children in the UK[J]. Diabet Med,
2015,32(9) : 1119-1120. DOI; 10. 1111/dme. 12791.

[3] Moossavi S, Bishehsari F. Microbes: possible link between
modern lifestyle transition and the rise of metabolic syndrome[ J].
Obes Rev, 2019, 20(3) ;: 407-419. DOI; 10. 1111/0br. 12784.

[4] Gilbert JA, Blaser MJ, Caporaso JG, et al. Current understanding
of the human microbiome[ J]. Nat Med, 2018, 24 (4): 392-
400. DOIL; 10. 1038/nm. 4517.

[5] MaQ, Li Y, Li P, et al. Research progress in the relationship
between type 2 diabetes mellitus and intestinal flora[ J]. Biomed
Pharmacother, 2019, 117. 109138. DOI: 10. 1016/]. biopha.
2019. 109138.

[6] Mondot S, de Wouters T, Doré J, et al. The human gut microbiome
and its dysfunctions[ J]. Dig Dis, 2013, 31(3-4) . 278-285.
DOI. 10. 1159/000354678.

[7] Penders J, Thijs C, Vink C, et al. Factors influencing the compo-
sition of the intestinal microbiota in early infancy[ J]. Pediatrics,
2006, 118(2): 511-521. DOI; 10. 1542/ peds. 2005-2824.

[8] Maier L, Pruteanu M, Kuhn M, et al.
non-antibiotic drugs on human gut bacteria[ J]. Nature, 2018,
555(7698) : 623-628. DOL: 10. 1038/nature25979.

[9] David LA, Maurice CF, Carmody RN, et al. Diet rapidly and

Extensive impact of

reproducibly alters the human gut microbiome[ J]. Nature, 2014,
505(7484) : 559-563. DOI; 10. 1038/nature12820.

[10] Kang SS, Jeraldo PR, Kurti A, et al. Diet and exercise orthogo-
nally alter the gut microbiome and reveal independent associations
with anxiety and cognition[ J]. Mol Neurodegene, 2014, 9. 36.
DOI; 10. 1186/1750-1326-9-36.

[11] Zhernakova A, Kurilshikov A, Bonder MJ, et al. Population-
based metagenomics analysis reveals markers for gut microbiome

composition and diversity[ J]. Science, 2016, 352(6285) ; 565—

[12]

[13]

[14]

[16]

[17]

[19]

[21]

[23]

[24]

[25]

[26]

569. DOI. 10. 1126/science. aad3369.

Song S, Lee JE. Dietary patterns related to triglyceride and high-
density lipoprotein cholesterol and the incidence of type 2 diabetes
in Korean men and women[ J]. Nutrients, 2018, 11(1) : 8. DOI;
10. 3390/nu11010008.

Jeon J, Jang J, Park K. Effects of consuming calcium-rich foods
on the incidence of type 2 diabetes mellitus[ J]. Nutrients, 2018,
11(1): 31. DOI; 10.3390/nul1010031.

Larsen N, Vogensen FK, van den Berg FW, et al. Gut microbiota
in human adults with type 2 diabetes differs from non-diabetic
adults[ J]. PLoS One, 2010, 5(2): €9085. DOI; 10. 1371/journal.
pone. 0009085.

Karlsson FH, Tremaroli V, Nookaew I, et al. Gut metagenome
in European women with normal, impaired and diabetic glucose
control[ J]. Nature, 2013, 498(7452) : 99-103. DOI. 10. 1038/
nature12198.

Lau K, Benitez P, Ardissone A, et al. Inhibition of type 1 diabetes
correlated to a Lactobacillus johnsonii N6. 2-mediated Th17 bias[ J].
J Immunol, 2011, 186(6) : 3538-3546. DOI . 10. 4049/ jimmunol.
1001864.

QinJ, Li Y, Cai Z, et al. A metagenome-wide association study of
gut microbiota in type 2 diabetes[ J]. Nature, 2012, 490(7418) .
55-60. DOI:; 10. 1038/ nature11450.

Sato J, Kanazawa A, lkeda F, et al. Gut dysbiosis and detection
of "live gut bacteria" in blood of Japanese patients with type 2 dia-
betes[ J]. Diabetes Care, 2014, 37(8): 2343-2350. DOI; 10.
2337/dc13-2817.

Li X, Wang E, Yin B, et al. Effects of Lactobacillus casei
CCFM419 on insulin resistance and gut microbiota in type 2
diabetic mice[ J]. Benef Microbes, 2017, 8(3) : 421-432. DOI.
10. 3920/BM2016. 0167.

Cani PD, Possemiers S, Van de Wiele T, et al. Changes in gut
microbiota control inflammation in obese mice through a mecha-
nism involving GLP-2-driven improvement of gut permeability[ J].
Gut, 2009, 58(8) : 1091-1103. DOI; 10. 1136/ gut. 2008. 165886.
Sanders ME. Probiotics: definition, sources, selection, and uses[J].
Clin Infect Dis, 2008, 46 ( Suppl 2) : S58-S151. DOI; 10. 1086/
523341.

Tian P, Li B, He C, et al. Antidiabetic (type 2) effects of Lacto-
bacillus G15 and Q14 in rats through regulation of intestinal per-
meability and microbiota[ J]. Food Funct, 2016, 7(9) . 3789-
3797. DOI; 10. 1039/¢6f000831c.
Pasini E, Corsetti G, Assanelli D, et al. Effects of chronic exer-
cise on gut microbiota and intestinal barrier in human with type 2
diabetes[ J]. Minerva Med, 2019, 110(1); 3-11. DOI; 10.
23736/50026-4806. 18. 05589-1.

Yao K, Zeng L., He Q, et al. Effect of probiotics on glucose and
lipid metabolism in type 2 diabetes mellitus; a meta-analysis of
12 randomized controlled trials[ J]. Med Sci Monit, 2017, 23.
3044-3053. DOI; 10. 12659/ msm. 902600.

Vrieze A, Van Nood E, Holleman F, et al. Transfer of intestinal
microbiota from lean donors increases insulin sensitivity in indivi-
duals with metabolic syndrome [ J ].
143(4) : 913-916. 7. DOI; 10. 1053/j. gastro. 2012. 06. 031.
Rankin LC, Artis D. Beyond host defense; emerging functions of

Gastroenterology, 2012,

the immune system in regulating complex tissue physiology [ J].
Cell, 2018, 173(3) : 554-567. DOI. 10. 1016/]. cell. 2018. 03. 013.
(h#h. BAH)



