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Abstract

In recent years, due to alterations in lifestyle and dietary patterns, the prevalence of prediabetes
and obesity has exhibited a yearly upward trend. Obesity, as an important risk factor for predia-
betes, has attracted much attention for its association with glucose metabolism disorder. The ob-
jective of this article is to comprehensively review the research advancements pertaining to obes-
ity and diabetes, while delving into the intricate link between obesity and glucose metabolism dy-
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sregulation. This endeavor aims to furnish a theoretical foundation and practical directives for the
early intervention of prediabetes.
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1. 51§

B R 993 11T B (Prediabetes mellitus, PDM) & 45 iU 7K P-4 T 1 ¥ FORE R 7 (Diabetes mellitus, DM) &35 2
[ FRRZS, EH R B A2 IR LR 2451 (Impaired Fasting Glucose, |FG)AIH# it & 7 % (Impaired Glucose To-
lerance, IGT). PDM j& DM K JE ) — D EE (A3, AHCHI TR R, A TEBRTH, PDM 7£ 10 44
Ay DM J L& 18 70% [1].

DM HARAH A, EHESEWUASFAL. 228 B0 AL D RERERT, M ™ B
BE ARG, JFRERE I RIESE TR TI[2]. B 24T DM B0 2 A 2 BKIE FE A A
I, & 105% A 0 #EH DM [3] [4], Bl DM K PDM ZIA%8 %% .

NERE, £ DM B85 B M fa [ PR 38 2 —, I S AE AW H OGRS DM R BILIAH DS H#H 72 [5] [6]
{HH: 5 PDM 2 [A] A S B R E 70 /b o 1 1T PDM ROAT IS4, 25 REWIRAAEIE S5 PDM (1)55 2 KL,
WU 4R T PDM B HEAT BT, @ik DM, X DM [IBi6aH & BB L.

2. PDM BB ITRFERBE

T PDM B EAER, HegEid A R, PDM KB R B IF AR, HIEAR %S4, PDM
FEABRYE N 1) S AN T, 220 7.2 NAE T PDMUIRES, 7236 B H 25 3 At 1 A& PDM [2].
MAEE P, HRYE 2013 D4 E &5 o, TR BCE WS R A B 20 35.7%, A 1.482 {0
ENEAWEREETIA7]. Ak, R — kL X A\ PDM Wi #E B 7R: 2003 4F. 2008 4F f& 2013 4,
%41 X PDM B R4 58 16.5%. 16.0% /% 28.7% [8], MU R E, HMK#EEFE ZW A, i PDM
AMUEZFE NP EREFE], ER2ERLGES . BT R AR ZER. THERIIR. REAMESE
K2, PDM B RMAT R R M NR T BEE AT iE 5, PDM A FMAEZE T, $oE
PEKI PDM &35, AMUZE DM &%, TA LR EE.

T2, PDM B O M0 1 XU St 32 v - I LE 8 PN . B SER W], PDM 8 BT I W i
DIRESZA BRI . MR T MR S DR 3, G LA 0 1 XU 2 A R S 1) 2~4
f%[10],

HR, PDM BEMUMEHAR . M K. PDM B3 T IR AT 25, 5% 51 R AR5
AF[11] B AR [12] S A, ATTIE RSB . B e S T S H . IUE 0 S IR AT RE 5| R
ZIUIIBL I D) RERERT, SR T REIRIR B UIAHOC[13], W LASGAN R 1 R AR AR o BEAh, SRR 1)
WKW, PDM B TARPNACH AL R hie FHZERERK, S5k 14]. FUIRE[15] S E R A4
ST A o, H-S5 50T JAE f 45 5 RS 385 I AH G [16] [17]
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3. IBEHIRITRERAZNM

REJHE S —Ff 1 22 R 22 51 RS IS A PR, A 9 g T E AR O 22 RS0 A S 04 31 s T4 e
IFERE, —RLL BMIFEEORE X BMI 1E 24.0~27.9 2 5E XUNKEE, 124 BMI > 28.0 NAEME. AEREAEAR
[F) AR08 BORME ) 2 [ AE— B I 22 5. — MR UL, IR AERE 2 RO NE A E, T L PERE I 2 2 30 N
Eceialu)i

BEAE A T IR . AR B AR TS LR AL 2 R TR, BRI S 2R AE A 3RV [l Y 2 I R
TR, N 1975 SEAE] 1% EFHF] 2016 -1 6%~8%, JUH )L HRARRE b FE Y B R [18] [19].
XA ITE AR E SR, e A 8 5% TR T I 5 AR il R P 0 Bk i [20]

REJE EBAR AR A8, A NGB 52, IERORHBIE N T B0 B . AT 4 AR
LREAE. DM, PHZEVERERRIFIRE 15 M PER 0T . JRRESE 2 s (1 KR [21] [22]. JCH R B Cod g w
RS DM BIRELEEMIOE, WBRSH TR I, BMI &R n— MrdE2E, DM 0% KUSHE N 1.7
&, BRI —/MRdEZE, DM B KRN 2.0 £%[23]: sk FRRGTSEH R B, S5IEW4HE,
FEEEE AT DM X 2% & T 5@ A [24]. B TARMEL DM K& PDM IR K%, —ShifnpEZiy
TEIRPRIATT DM A — & B FH[5] .

4. BiES PDM £ Z

15 R A 2 8 7~ 0 5 XU R 3R 2 TA) O R () B AR o KB I R e AR Bl A O BRY R R (LR
FEALAEE) S PDM B XU A7 7E 55 35 OBk

A TSN T TSRS AR 70 &3, PDM &7 BMIL B . g%, IRRERE
BRS8N BEAFAE 22 5, VLI FHE SR AE A PDM 2 Wr s 5 B 1 T 70% [25]. L2, RiEE—
TR JLEE ORI FE R B, B FEARRE L L IFG XU B 1.84 {%[26]. 1h4h, —8[E 4t H ik
7N T ERENST PDM FSEI: 7535 [F, FIRIE A PDM B o, 8T 809 5 34 T I R =5 sl A B A Il /[ 271
55 22— IR T - 22 BRI O X AR R I, 7R IER BMI A+ PDM 7% 145 15.8%, fi
HEEE . JEPEAEER) PDM U RN 20 5T F) 35.1%F0 49.1%, (FEREER, S REHER T IEHEE S
R DR T H IR, 2 T 1) T AH DG 56 2R [28] o B FE ) — TUVEL S ST B 28 22 5 4R (A St R B0, AT ALK 2.4%
f) PDM Hoi %, EEAALPE LK) PDM B0 R 3% & 28.2%41 16.1% [29], SE & TIEHE A, BEARH
NEHE D, (BAZ 4SS FATIRE 7R E R N PDM B 5 25 T

— SIS PRI SR SR TR R E L B AR TSR G A B R 5 5 T MR () T TR it Xt W PR 9 A
JHSZMR A UESE o R BT X LB B 7T i R I, R 2 /DA B IS 3 e 2 2 FEIK PDM 20 KUK [26] .
BV B — T X PDM B0 OB St R B, 12 JE AR B B, AR 3 PR T SEE L 50 5 (1) BMIL B
B, THRSHR TSI AT AN S PDM B 5[30]. AR, EAMESET R AT, R
G770 T DM, Aeds m f A N T2DM R ZR B4 58% [31].

UbAh, —SEZGW7E IR T IERER PDM IBEEIMER, IR EREL PDM BX R'E% . WwRlfiH ik, &f
FHORIGARRIG R I, HASOS R 8 B AR, R 52 F, 2945 85.7%I1 % feik £ 5%k
JEHFR, THFEAEH 1 4ELH 72.2% PDM B2 R TEZM32] ZRIARE, — TS F AR AR R ) XS 22 &
TN B I ARG, A6 T 7 AR AT R A A PDM GR35 T, A e e 4 v 8 5 2 U - FAARC T U
197 A2 BRI [33]

5. BEBBURE R BB IR iR
MR FE U T RS PDM 2 [AIfFEEZDIECR, JERES] R PDM [IAH ML HI B 7E1Z 5
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BB Ao AR 2K X I EL PDM ML AT FE 2k R HEAT 4338, AR TR ANiG 77 PDM S0t (1) [ i
M55

51. EHEXREER

L R AL RS PDM (Rt fE e 1) 7 B EAE ], —SestfL A8 7 5 B BEART PDM 1k A Z DA .
T, A PR AH S 1 35 DX G g o 2EL 2 P 193 2% A2 AR L (Rl (LEPR) A R 4 K] (LEP) (948 57, DA Nz DM AH 9% 1) 5
IR ks & 2R A2 AR R (INS) A 55 R LRI (INS) A8 5, #85 PDM 1) R AE7H 95[6] .

5.2. FEREHEXERA R EERE

JIE 7 40 B RT 4 R s 6 R0 40 W I T R 1) P €00 G T A s V4 3 R IS e 0 5 7 A R R P A € I U 4
i, FARTE AR BT AL el A RSB IR B R B R oK o i i . TG PERESE A, A €l 0 4 BAE /D
DhRE. RADIRSM e G0 An L2 KA . TR R4 R < B 0, 2 sl ig i 4 230 P Ak . 4 i
R S BRI R NE kS . R AR B WOR B T RAE F4Efb. SR AN R S R i
RES, SIS R, BRRBES 2R 2 B 518 15 30 [34] . SEIRUE, AEREE A fg i 2 200 S
AR BN 3K BT — Pl ARG 1 I M R AU AT IRk 200 it S RN 28 MR B sl A OO B, X S 3UTR
s AR A A A R SR IR A . AR BN S A3
5.3. PEBEHEXABEREF ik ZE

AERE S SR T R K, R & IERE I AR R . WIERE W L 240 Wb K R iR i 4i B IR 7, 4
ORISR FE ] T--a (TNF-ar) FAA25-6 (IL-6)F1 resistin 4, XU THETHESRESIES . BIRES S
S, SEUE S RI35].

5.4, BBBEHE XA

JIE PR 51 A 1S P AR FEE 28 IR AS A2 W PR mr A A S LA 2 — o HIERESIIR S RS, 1R s 2 b
Fhn s BT IR 4 B SORE I R AR AR B S Z T R R = RN AE & 7 U 1) B R A

FIE 7 240 6 A0 i s L S B AE A R AR R T Il R . 4EE AR IL-6. IL-8. R . HITEM
B EEE 1 EMERT, SIESEES. PUR MM TS N4 g 3nE], s AR
RAE[36]o BERII SIEN AN LR S ZIPT R B, BBIE KR RIE RS, i EERERES B
N ThRE .

5.5. BEREHEX BRE

B W A BRI A R 7y, 4ERFARI PR AN SR B DR . BOLBt U B, MR U H R )
. KZHIAMSLREIRRY, WA, AT RS A, BRI g, 201 A i 5 Ak
BERTEERGIN, I 7 23 AN B KA AT e 2 S S0P U A A AR SRR 5 SR AR [37] [38] -

5.6. AERHHAEXATRERIHEEL

FEREARA R, IERECR IR, SEOISIIIE A0 . I AT BL S SO b & ZARFT I, et
S AR, SECIBACT T, BEAh, RIS T DA BT b 2 AR e P
PV R OB TR 5 0, 30— 25 R BB

5.7. BBHEXMEFERELR
MEAER, Pl B AR A AR R IS A0 b (O B 2 205G . T TR, IR AR B T 1
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AT, 5

JeRiis

REGSA R AR, B H WG, A o B [39] . IXM iz T8 B A R TR T AE T SR AR R L JOE NN

Ji &%, JEMAEEE PDM R AR E . BEAl, I8 v REE nT G i 520 i 0 IR 1 ) 2 i A, () 4250 ik
B ZEEURE PDM R R,

L5 BRIk, NEHES PDM R RS AL B35 k0, B PDM LR BE T . HAERHLH]

Bk, EM @B AR R AR R SRR T it SRR BE0E F R I
JEREAC 2580 A SR8 R < R 55 07 St i PDM FR XU o ERLIEE, RN AT, ) St R ST 10
BB DT R WEAR AT LB, X W] AT B T Z2 i A% PDM AR AE AT JE

BEE

[1] Delesus, R.S., Breitkopf, C.R., Rutten, L.J., et al. (2017) Incidence Rate of Prediabetes Progression to Diabetes: Mod-
eling an Optimum Target Group for Intervention. Population Health Management, 20, 216-223.
https://doi.org/10.1089/pop.2016.0067

[2] Echouffo-Tcheugui, J.B., Perreault, L., Ji, L., et al. (2023) Diagnosis and Management of Prediabetes: A Review.
JAMA, 329, 1206-1216. https://doi.org/10.1001/jama.2023.4063

[3] (2023) Global, Regional, and National Burden of Diabetes from 1990 to 2021, with Projections of Prevalence to 2050:
A Systematic Analysis for the Global Burden of Disease Study 2021. Lancet, 402, 203-234.

[4] Magliano, D.J. and Boyko, E.J. (2021) IDF Diabetes Atlas. International Diabetes Federation, Brussels.

[5] Ruze, R, Liu, T., Zou, X., et al. (2023) Obesity and Type 2 Diabetes Mellitus: Connections in Epidemiology, Patho-
genesis, and Treatments. Frontiers in Endocrinology, 14, Article 1161521.
https://doi.org/10.3389/fendo.2023.1161521

[6] Chobot, A., Gorowska-Kowolik, K., Sokotowska, M., et al. (2018) Obesity and Diabetes-Not Only a Simple Link be-
tween Two Epidemics. Diabetes/Metabolism Research and Reviews, 34, €3042. https://doi.org/10.1002/dmrr.3042

[71 Wang, L., Gao, P., Zhang, M., et al. (2017) Prevalence and Ethnic Pattern of Diabetes and Prediabetes in China in
2013. JAMA, 317, 2515-2523. https://doi.org/10.1001/jama.2017.7596

[8] GkEk, JIDE, SKEHE, & BEPREEALIX AR 10 FEWE RS AO0E PR T B0 R AR M 3A 0], EARERIR 4R,
2016, 41(11): 1117-1120.

[O] EFFRE, &%, W15, % PEZE AR TR RN Meta 20 8T[J]. FFH97 2, 2022, 39(12): 62-65, 100.

[10] E¥, ZEMEF. 2019 4 ESC Wk EASD XIWE PRI AT WEIRM L oM 18 B A AR 0], D O I A
2, 2020, 12(5): 516-518.

[11] Lamparter, J., Raum, P., Pfeiffer, N., et al. (2014) Prevalence and Associations of Diabetic Retinopathy in a Large
Cohort of Prediabetic Subjects: The Gutenberg Health Study. Journal of Diabetes and its Complications, 28, 482-487.
https://doi.org/10.1016/].jdiacomp.2014.02.008

[12] Cundy, T., Holden, A. and Stallworthy, E. (2021) Early Worsening of Diabetic Nephropathy in Type 2 Diabetes after
Rapid Improvement in Chronic Severe Hyperglycemia. Diabetes Care, 44, e55-e56. https://doi.org/10.2337/dc20-2646

[13] Casagrande, S.S., Lee, C., Stoeckel, L.E., et al. (2021) Cognitive Function among Older Adults with Diabetes and Pre-
diabetes, NHANES 2011-2014. Diabetes Research and Clinical Practice, 178, Article ID: 108939.
https://doi.org/10.1016/j.diabres.2021.108939

[14] Shen, E. and Chen, X. (2023) Prediabetes and the Risk of Lung Cancer Incidence and Mortality: A Meta-Analysis.
Journal of Diabetes Investigation, 14, 1209-1220. https://doi.org/10.1111/jdi.14057

[15] Keesari, P.R., Jain, A., Ganampet, N.R., et al. (2024) Association between Prediabetes and Breast Cancer: A Compre-
hensive Meta-Analysis. Breast Cancer Research and Treatment, 204, 1-13.
https://doi.org/10.1007/s10549-023-07181-x

[16] Scappaticcio, L., Maiorino, M.l., Bellastella, G.., et al. (2017) Insights into the Relationships between Diabetes, Pre-
diabetes, and Cancer. Endocrine, 56, 231-239. https://doi.org/10.1007/s12020-016-1216-y

(7] sk, MRS, SE, S MERPTRTINNS M R AR B AL, BES %, 2023, 35(11): 931-934,

[18] Jaacks, L.M., Vandevijvere, S., Pan, A., et al. (2019) The Obesity Transition: Stages of the Global Epidemic. The
Lancet Diabetes and Endocrinology, 7, 231-240. https://doi.org/10.1016/S2213-8587(19)30026-9

[19] Lee, E.Y. and Yoon, K.H. (2018) Epidemic Obesity in Children and Adolescents: Risk Factors and Prevention. Fron-

tiers of Medicine, 12, 658-666. https://doi.org/10.1007/s11684-018-0640-1

DOI: 10.12677/acm.2024.1441052 512 Il PR 155 2 33k Jé


https://doi.org/10.12677/acm.2024.1441052
https://doi.org/10.1089/pop.2016.0067
https://doi.org/10.1001/jama.2023.4063
https://doi.org/10.3389/fendo.2023.1161521
https://doi.org/10.1002/dmrr.3042
https://doi.org/10.1001/jama.2017.7596
https://doi.org/10.1016/j.jdiacomp.2014.02.008
https://doi.org/10.2337/dc20-2646
https://doi.org/10.1016/j.diabres.2021.108939
https://doi.org/10.1111/jdi.14057
https://doi.org/10.1007/s10549-023-07181-x
https://doi.org/10.1007/s12020-016-1216-y
https://doi.org/10.1016/S2213-8587(19)30026-9
https://doi.org/10.1007/s11684-018-0640-1

B

m

[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]
[31]

[32]

[33]

[34]
[35]
[36]
[37]
[38]

[39]

Zhu, J., Zhang, Y., Wu, Y., et al. (2022) Obesity and Dyslipidemia in Chinese Adults: A Cross-Sectional Study in
Shanghai, China. Nutrients, 14, Article 2321. https://doi.org/10.3390/nu14112321

Lin, X. and Li, H. (2021) Obesity: Epidemiology, Pathophysiology, and Therapeutics. Frontiers in Endocrinology, 12,
Article 706978. https://doi.org/10.3389/fendo.2021.706978

Asgari, S., Molavizadeh, D., Soltani, K., et al. (2024) The Impact of Obesity on Different Glucose Tolerance Status
with Incident Cardiovascular Disease and Mortality Events over 15 Years of Follow-Up: A Pooled Cohort Analysis.
Diabetology & Metabolic Syndrome, 16, Article No. 27. https://doi.org/10.1186/s13098-023-01253-0

B, WO, BN A E AR HrO PR R S v AR PR AR SCHE BT AL [T]. MRICE R Ak &, 2015,
40(10): 803-808.

T, RAkE, TINGS, . 2018 4 [E 15 44 18~65 % & [CHEIME L 2 B PR Hm I DGR 2 0], R ARAT
Jpisf A&, 2022, 43(10): 1596-1602.

2, BRth, #E, & R AR, JRRE U ES R AT I S RERDTI]. AR BERERF AR, 2020,
38(1): 64-66.
Wang, S., Li, W., Qiao, Y., et al. (2021) Abnormal Glucose in Pre-School Children and the Association with Obesi-

ty/Physical Activity: A Large Population-Based Study. Diabetes/Metabolism Research and Reviews, 37, e3442.
https://doi.org/10.1002/dmrr.3442

Liu, C., Foti, K., Grams, M.E., et al. (2020) Trends in Self-Reported Prediabetes and Metformin Use in the USA:
NHANES 2005-2014. Journal of General Internal Medicine, 35, 95-101. https://doi.org/10.1007/s11606-019-05398-5

Lushchak, V.1., Covasa, M., Abrat, O.B., et al. (2023) Risks of Obesity and Diabetes Development in the Population of
the Ivano-Frankivsk Region in Ukraine. EXCLI Journal, 22, 1047-1054.

Jabbar, P.K., Nair, A., Chellamma, J., et al. (2023) Type 2 Diabetes and Precursors in Community Dwelling Asian In-
dian Adult Youth. Indian Journal of Endocrinology and Metabolism, 27, 307-314.
https://doi.org/10.4103/ijem.ijem 331 22

XNFESF. REFEH B R HCHT S AR IR A AR G R [J]. BRPE IR 240K, 2015, 44(9): 1202-1204.
Ma, J., Yank, V., Xiao, L., et al. (2013) Translating the Diabetes Prevention Program Lifestyle Intervention for Weight

Loss into Primary Care: A Randomized Trial. JAMA Internal Medicine, 173, 113-121.
https://doi.org/10.1001/2013.jamainternmed.987

Wilmington, R., Ardavani, A., Simenacz, A., et al. (2024) Liraglutide 3.0 Mg (Saxenda®) for Weight Loss and Remis-
sion of Pre-Diabetes. Real-World Clinical Evaluation of Effectiveness among Patients Awaiting Bariatric Surgery.
Obesity Surgery, 34, 286-289. https://doi.org/10.1007/s11695-023-06895-7

Cetin, E., Pedersen, B., Porter, L.M., et al. (2023) Protocol for a Randomized Placebo-Controlled Clinical Trial Using
Pure Palmitoleic Acid to Ameliorate Insulin Resistance and Lipogenesis in Overweight and Obese Subjects with Pre-
diabetes. Frontiers in Endocrinology, 14, Article 1306528. https://doi.org/10.3389/fend0.2023.1306528

Czech, M.P. (2020) Mechanisms of Insulin Resistance Related to White, Beige, and Brown Adipocytes. Molecular
Metabolism, 34, 27-42. https://doi.org/10.1016/j.molmet.2019.12.014

Yang, Q., Vijayakumar, A. and Kahn, B.B. (2018) Metabolites as Regulators of Insulin Sensitivity and Metabolism.
Nature Reviews Molecular Cell Biology, 19, 654-672. https://doi.org/10.1038/s41580-018-0044-8

Saltiel, A.R. and Olefsky, J.M. (2017) Inflammatory Mechanisms Linking Obesity and Metabolic Disease. Journal of
Clinical Investigation, 127, 1-4. https://doi.org/10.1172/JC192035

Zhang, Y., Sowers, J.R. and Ren, J. (2018) Targeting Autophagy in Obesity: From Pathophysiology to Management.
Nature Reviews Endocrinology, 14, 356-376. https://doi.org/10.1038/s41574-018-0009-1

Soussi, H., Clément, K. and Dugail, 1. (2016) Adipose Tissue Autophagy Status in Obesity: Expression and Flux—
Two Faces of the Picture. Autophagy, 12, 588-589. https://doi.org/10.1080/15548627.2015.1106667

Grasset, E. and Burcelin, R. (2019) The Gut Microbiota to the Brain Axis in the Metabolic Control. Reviews in Endo-
crine and Metabolic Disorders, 20, 427-438. https://doi.org/10.1007/s11154-019-09511-1

DOI: 10.12677/acm.2024.1441052 513 Il R 2% 27 3k e


https://doi.org/10.12677/acm.2024.1441052
https://doi.org/10.3390/nu14112321
https://doi.org/10.3389/fendo.2021.706978
https://doi.org/10.1186/s13098-023-01253-0
https://doi.org/10.1002/dmrr.3442
https://doi.org/10.1007/s11606-019-05398-5
https://doi.org/10.4103/ijem.ijem_331_22
https://doi.org/10.1001/2013.jamainternmed.987
https://doi.org/10.1007/s11695-023-06895-7
https://doi.org/10.3389/fendo.2023.1306528
https://doi.org/10.1016/j.molmet.2019.12.014
https://doi.org/10.1038/s41580-018-0044-8
https://doi.org/10.1172/JCI92035
https://doi.org/10.1038/s41574-018-0009-1
https://doi.org/10.1080/15548627.2015.1106667
https://doi.org/10.1007/s11154-019-09511-1

	肥胖与糖尿病前期的关系及发病机制研究进展
	摘  要
	关键词
	Research Progress on the Relationship and Pathogenesis between Obesity and Prediabetes
	Abstract
	Keywords
	1. 引言
	2. PDM的流行病学及危害
	3. 肥胖的流行病学及其影响
	4. 肥胖与PDM的关系
	5. 肥胖致糖尿病前期的机制研究进展
	5.1. 肥胖相关遗传因素
	5.2. 肥胖相关组织微环境重塑
	5.3. 肥胖相关细胞因子分泌改变
	5.4. 肥胖相关炎症
	5.5. 肥胖相关自噬
	5.6. 肥胖相关肝脏代谢紊乱
	5.7. 肥胖相关肠道菌群失调


