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Abstract

The comorbidity of pulmonary tuberculosis (PTB) and diabetes mellitus (DM) poses a major global
public health challenge, with bidirectional synergistic aggravation that increases treatment diffi-
culty and the risk of drug resistance. This review systematically summarizes key research advances:
the comorbid population is predominantly middle-aged and elderly males, presenting with severe
clinical symptoms, high rates of cavity formation and positive sputum bacteriology, and low treat-
ment success rates; hyperglycemia disrupts the integrity of tuberculous granulomas by inducing
innate immune dysfunction, adaptive immune imbalance, and immunometabolic disorders; diabe-
tes mellitus promotes drug resistance of Mycobacterium tuberculosis through multiple pathways,
with rpoB, inhA and other genes as characteristic mutation sites; glycemic control is the core mod-
ifiable prognostic factor, and metformin along with novel antidiabetic agents offer new directions
for comorbidity management. Future efforts should advance bidirectional screening, large-scale
prospective studies, and the translation of precision prediction models.
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1. 5|8

Jiti 45 #% (pulmonary tuberculosis, PTB)-5 ¥ J& 7 (diabetes mellitus, DM) XL E i /T £ A 2 ERE K AL
DA A AL (2024 FRFREGZFMRE) Bor, 2023 FEEERPTR SR B 1080 Jif1,
R B A BB 4 BREE = (1] SULRIS, B PebE Rop k& 2 Bl o, 2021 o B R 3 O3
£ 141, frfEtAREA[2]. HERNMIRRIZ, P AR P A RO, 3 A AN el B8 A 3
A, FEORIT IR EC. SRR T, R E NS 50 BT I 2 (Drug Resistance, DR) XU . B
FOUESE, W R0 S8 B B IR I 45 A 1 IR 2 AR F s SR 11 2~4 53], A BRET 15% ) S5 4% 9393 ] 7 U
LT B PR (4]0 ASCIRIE R Gobn 32 AR SO, IR AR 1B PRI & I it 45 A% 88 IR R ARRAIE S i
FEEELILE T 257 AR L R BUS TR AR AR . E AT T e U S S e . 254K 1 B B
IR 23S S MR T 1) A S D s W DR A Tit) P2 /) At N e e R I PR SN S Nt et i)
FIEWIHNRE NS, B NIR BF PSS IR AL AR S5 .

ALFR GG R G MR R RIEN] . RGiK R PubMed. Web of Science. A [E&1FI(CNKI). J3 5%
P o A b ORI T BOE FE o 95 SCRE 2 A B S : “tuberculosis” OR “Mycobacterium tuberculosis” AND “di-
abetes mellitus” OR “type 2 diabetes” AND “drug resistance” OR “immune” OR “treatment outcome”; 3 f&
RGN AR + CREROR T /2 TR + T R TR . ke
RN ) #5 B2 2013 28 2026 . GINbR#E: © W50 BN % G 08 PR 38 B IR RRFAE . s bil
il INZEER UG R 3R; @ BEASRBL ARSI 5T s HRAH 78 BT 78 . BEAL RGOS K R4t
ik Meta 73t @ KREFIET NP CEHIE . HiBRbrdE: © ZHYSei. 40 Sei S B Al S (5 H T-HL
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iR e S EERR T FERR ALY @ DRINTE. SVEHE. WL © Bl A Te BEsUiR SR 4 ST STk -
B NNTFEFRERISCHR 59 58, VEAARZER IR R HE .

2. RATIREFFHIES KRR
2.1. RATRRE

T il 65 4% 6 0 PRI e o L 2P S, 2019 4F 1) 3.73%2E T+ & 2023 519 9.09% [5],
i 25 4% A M PR R I R IE S 2R, MO ZE R B35, AIRRYi# 517k TR BkEL . BN 2 X1
W, R [T HARE . B EAFMX PTB-DM BH 2D s, B SE. miEk.
G I 2 SHREE, HLIRYT Ih R B K T s Al il 5 A% BB (5] 7] — D007 a5+ 1 7 g b X PR KA A [ o
W Eos, HOREEUTME, P2FAE, ARIUE AR EEA S8, B AFRFESL X —E&s, 5%
FEM LT — T 2020~2021 4 [ RTHEEAFI0F 5T 7R, PTB-DM 3 i bk 8.9%, L 26.9% M IA R &5 R
BET= 09T R RUT%E), R TCRE R 34 10 14.8 £5[9]. PTB-DM 3 LB M T, Yk m kS5
AR RIS, PEEN SRS RS IMAR[10]. REALPAFEMSE,
WIS S By, HORERME D BT, RUURRERHEE A S PR S A TR,

2.2. ISRRISRARFHFE

il G5 % A e PR BB I R R ILE 5, A% b AR Ll i s e B T AR T aiis 3h
PEBEEAZ B3, 2% 6 0 PR3 2 tH 2 s % 1 3k 248 Ml 25 A% SR SRER P U B s [ 12], RIS BE 5
RIHIETT AR E TR STMAREIR . BEAL, 03 Ji 270 25 D 10 % o B A LU 491 B vy o nFLAB S 56 (6] R I,
Jili 5 4% 45 FERE PRI BB R IR B R 72.25%, 3 T4l PTB 5 (43.09%); M= S5 7118, sk
Wi FEWE PRI FR R R B R 78.89%, T 242K 4.78%, i T alifilishh% i s kLA 13 0t 2w,
I 25 4% A TR R a8 3 I 22 P PR 2R 80.71%, EA EE 9.57%, & T4l PTB. EPRZRAR[14] [15]48
BB PR 2 35 0 L 5 A SR I S A AR B, S R I 2 IR B S e R S A A A
TR TR AT 2% BRI RIS TR A SR B DI A DG o MO BRMLAI R, B3 KA m BRRR S I LAk S D) e,
HI 55 B WA 0 A S R B R AT, RIS 2 2R B8, 3T S BRSO s T s VR AR
AR Sl A% I 7 ) AR, R R B SR IR S i 2 KU I B AR S AR, I AR
T VAL S5 RI7 7 Eile B A BRI S E L.

2.3. ISR 5 HE 4

il G5 A% A HERE R R S A IR L S, S I A S AL R AR . R SE 16554 RIE, SMA
Ji 45 B R R BB kI AEIR % 65.74%, WLREIRI H] 27 K5 5K SLEE[131 KB, AT Ml 45 4% & b
PRI B S IEIR K 72.90%, W@ TRAMEZ . MiEEE[7I TSR, TN S5 & s R &
FRILIEIR K 62.44%, T B4l 45 1% i3 (45.73%) . ARIZIER T G K K4 SIEL . 54,
TRV SUEAE . WEIAR[16]. (ERIZHIFEOR Y 8. BT B K W25 BT, o3t
i i B A S AT

2.4. JRITES

iS5 4% & FFRE PRI B3 16T I R K T e S5 1% B, ARER XK EZEF 5. REZ 0
B o, B IRIT IR L) 80%~89%, AR 4RI 10%~20% [6][7][17]. 004 R HiE F & G
EW . YA MR ZE . TR R AR 18] [19]. SR, XUEH Kz M EAEHE S, Hodism&k
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3. RERENHIMFIER
3.1. KRRREINREREFR

B PR8I 2 FE AL A0 T S K e e B RS . B AME I U4 HE[20], BB IR B A Xt MTB 1)
TWRRE ST R, e B AN s SZ B, eV BB B M A R A, REERE ) R % Cheng 55211 KL
MEFREETT S BRI M2 B Ak, B M5 IS R B DI Rg: Martinez Z5[22|5WSE I SE, B
PRI/ B E R 4T R 17 CD14 Rl MARCO SZARRIA K, T MTB 5] 5 HFMERCR . 4,
Thong %5[15] RGLA LKL, DM B3 AR 40 i 11 SE(ROS) = AR k2 o rh b 4 i i #1175 465 I (NEE Ts)
TERCRH, A IOIRAH AR B, S RIS SR S B A B

3.2. BRI

i 5 A% A E 0 R I3 R0 3 A7 AE S5 3 1A 1 G928 2R AT o Kumar 5[ 2318 75 o, e B F 3 Thi M
Th17 ZUeSiZTt &, (HIhReRH, Treg AMMLLLHIFEMK, SEHLZETIRME; Ronacher [24]Z51RFE H,
DM A ZEIRE R e B 8, (H )5 BAE R AH Rl 7 I BERE I, TERR “ iRy - SOIE AR RE P H;
Eckold %525 i@t ¥ s H A HrilEsE, Sk S DM 80 TB B SO R B, 1 BT R R T,
B — A R K EL . Thong SE[151AMFRULHH, Wi % CDA+T 4H o3& SIS ME AL T 70 WA 2
CDS8+T 4H 20 B EE D Re 240, oL R0 bRk G4l .

3.3. eEAEIEE

G AR ZR LA T 45 4% A o R S (A% oML 22—, 0853 2 RN RS S5 38 A7 16 7™ B JB 15 R AKPL,
I I 0E PI3BK/AKt/mTOR 38 B2 2F 02 28 40 B PR R, 184 56 15 Wk 40 AL 55 B 2 20 PRLIYV) SORE OB, T Js A 1tk
RIE JOREIRTS, MRS 8, SEUREY KE R 261, AHFFIESE, S RAEPTaT 1y
5 ELREAH B TNF-0n IL-6 IL-18 {2 AN+, X IE R mEE R FIARIREE[27]. EHEAFEER
e, RS MBEE A ], e I 3R I A By 1 w] R i e AR ML A S e 25 A% A A

3.4. BESRETE

HET R RENE, 18 £ S RYTIEMEDT) CECAIF AT . Smith 252813 H, @ 3T R
W 0 SORE T e R VR IT 45 )R Singhal Z5[29] & B XUITAT i@ IE AMPK @ #4014 MTB Ay
4K Lachmandas 5[30]10ESE — I XUATRENE o (il R L8 & BRI U X MTB [&EBERE SR ROS F=4:.
Padmapriydarsini Z¢[3 1R BRRESRoR, 4 Bl = B OUNCIE 7 ] ek Jfs 8 2 ) T2 el 98 i e B2, A3
TRIRTT SRR T ]

4. PTB-DM BEMZRITREFHES HIFITAR
4.1. TERITIRFFHE

2 TGURF 5 3E S B PR F T 25 45 A% 1 B 2 K 25 . Rehman 25[32] Meta 20 HT9AN 30 TRBFSE, HiFsk
TB-DM % MDR-TB R/E X H 4 TB 3% 5 19%: Tegegne %[33] R %44 &8, DM 5 MDR-TB
B FAHIS(OR = 1.97); Perez-Navarro Z5[34 13 1& DM RJ B4 24 KB AN KRR T 455 . IEHIEEoR, &

KT V4 PTB-DM B H N 25K N 54l PTB a1 1.5~2.3 £i5[6] [18], RIEFFLE[3S)KI 20~40 % 4F
4 Bt RR-TB+DM 41 F 48T} 24 LL 451 (11.8%) A% T #L41 RR-TB £(24.5%), {HEERI 2 mta . PR
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FEANRB I EEL S BN BT HRMAE TR, SERSKEh 245 K
4.2. THE5EEZEEFHE

PTB-DM &N AR E . RIGFEZE[351% 170 BIRIAE i 245 38 A R I, rpoB J:K 5
AFPL 531, 526 Al 511 7 A8E, RR-TB 4 526 £ fif77E CAC—~GAC R45(7.8%), Ifi RR-TB+DM 4K
RIZFTAE, $#7~ DM 1] REFZURRR € i 24 0 s RALHZE ;. Lin 55[36] K ILi# 1 [X TB-DM-MDR 3% 5
S R4 inhA-15 87%, 5 #4li MDR-TB £ KatG315 AN L MRFHIEFEZE T HEEE3 TN A
(T 2 TN A R, &R IRIE . BUISZ REFHL > 6 > rpoB I RAE. katG/inhA £:FR4F /& PTB
i 25 A% O fERE IR R, AL AUC IA 0.799, B &I R I 2 77

4.3. T RALE

Cornejo-Baez Z5[38] R4 A T T2DM {21t PTB M 25 1) =S HLH|: @© = MFEPA 55 FRAR S AR (INH)
FIFIAET-(RIF) MR EE, LR ERCR: @ Wuh MTB SMIEE RS, HRAMINZ: O FFekmb
RSE R 25 98B HRIEFE 5395 . Pérez-Martinez 25[39]K Il DNA #4718 HAH RGN B TR L &1
(SNPs) 5 DM Alifif 2% V)41 5% ; Bermudez-Hernandez 5 [40738 i 4= K 400 FFE 2, T2DM w] s it 24 45
KR BRI EE, A8 FI 24 % A T]

4.4. THZHFMAZEY (Nomogram)#32

NI PR 7 2 AR, RIS [41]1 2RI 7 PTB-DM 83 1 24 XU 11 81 28 B (Nomogram) B . 1%
WHFLRIH 2 K3 Logistic [l AT H RS . BEIRFIHFE . HbAle oG 7, Hudid ROC Mgk, £
I 2% K% PSR 1 28 23 A (DC ARSI T AL ) R IX 73 B SR SE F I o e N4 18 . BMILL Tl
A/ 2 5 FLE(GLR), Tl et — 232 FH[42 9 5 2 F U0 = fa N BRIt T AL

RRTI S, ST 2 B 7L CNIG R R B RN BRI Y 2T AH bR i 2 7 B e 5 Ml i 24 R AR
B 73X — 1) A e BUA TR Y A R, AR REA R KNSR/ BEA 7 s,  HASAYAE L R X
R IR ARBE R CRER SRR

5. AR ER
5.1. MEFEHIKP—RXENTTRER

I pEE ) 2 B R FUS e bR . 2 TUATHEMERAS I FCIESL, Bk 2T 25 (A (HbA Le) I TN : 697 913
HbAle>7.5%~8.0%1) 3, Foom A S 45 AUy 2% B [ 7% 28 S 25 (K T g 45 1) R 473 (HbA1c < 7%). HbAlc
BTE 1%, /97 RICEGET ARG INZ) 15%~20% [43]. EAEWFRARR, B TP MK F4r, ik
PSRBT TG AN RIK 2o I Z0E s m] o A A P R Thaedi s, ik — B3 G Thig[44]. W
AT RITIR , R 5 ZHRPUAR 5 mT 38 I 2 R AL R S5 A% kB, 0000 2 Z0H PR G A5 3 A7 0 ™ JLJB 5 KL
BV b A4 1 L o 5 2R IMRE A7) AT 3 L W NF-,eB 388 I8 {1 3k 05 DR PR 0, T IR A 2 M e e e
TELZI S UL [45]

5.2. R ERESHAY

TV B i 3585 2 Y0 Bl (R Sk 2 AN AR AE 575 BRI . 4HBE SAar G BH PR S 40 /& 48 L (1) 7
JE TR bR o XUl Z IR B A T () B 3, R oy i) R4, B 5 R B i hee 4 5 5 5k [43]. 3L
B R AN 25 45 OO0 Ho 2 MDR-TB) ) XS 4l TB B THE 4 1.5~2 £#%[33], —E.&Jf MDR-TB, 4
JTRMEL S 18 MHULE, FEHZE.
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53. BEFERES

B PRI B W ATE R BRI, I EE5Zm s e, e SECEFRA RAMLE AME. BMI<
18.5kgm? FI 3, HAeZibas, ALUEERE TS, RATHMIL BRI ER[460]. AR D 8. 5%
BRI EE PR L. 4R D AMUS SEBH, SR E AR AR, K 54500 5 Bk
FETT AEIR BHFE AR IC[47 ] 8 37 3 FF AT 508 S e T RE 5 ¥R 97 T [48]

5.4. BERHREXHLIE

EIFHRIR BR E, UG AYIOUE IS, A TEOHEMZ I, 5K EaMEHt, S
TRITHWT[49]. & FEARIN R AR B A R AR, K 25 BN (S R i 5 1 S 4 ] L 22 8 ) 4D TR e R i
ZMEZE[50]. HOm B O LA SR XS B, S50 VAT JA) B NIRRT 6 A O LRI ZE BN 25 v, 4%
SEIET[51].

6. AT EIEREE X TS KR
6.1. EZIATT A RHBMML

T BURAER%, I3HER S FIART 0 2HRZE/AHR 775 (R a6 UM TUAT ThA, DRI PR 6% 11 fl 4 9F
REMTIF, JFFHR 05 KU N[52]: T 5 H (I HbA e F54>9%. WU Z 548 . EIRBIRE %), 4518
A SRR E 4 K (A K% 3 AN A9 AN H), LA S K #([53]. MDR-TB #3%4 JR i 4
FRIERE 7 St BPALM J5 S, (H % 15 MR 2 UM EAR I (54]. B0, DUAMEMAIET S 2
55 MR (1 A M D A AR 55 I RS L MO i i A ML R BT AL

6.2. MPEETERIREIER

TSN R 2R, SERE g R FL AT BB B A A 1 S s U I [56]. T R 2
SGLT-2 IR GLP-1 2Rk, 7 FRE I B O A RS ARV, T4 R0 A e 58
R R BB LA AN G . (B VR 7S SGLT-2 4030 T b s bR R e R, 5 I W[ 57]. JB
BB B YRR B T ShAS A A R B 1 e . B4, LS I 3h A RS W CGM) R,
KEHE T RIS Bha s, N REIE T 7 R58].
63. EXXRHE5ZENME

SR R E R T ML E BT STEEE. SRR, EYNRBNRETE, YFREAR
s WIS 4R 2 D ACTAR FE AN 2 D, AT REA B T3 s ThRS[47] [48]. HESLHUEILERL. P94
WRL, EFRL. ARIBLLRI 2 RN, SRR IT TR, IR RONOR BR Y, TR
VT IR RN -
6.4. LB FHFIRHESHRNEEE

o R RN B RR R, R A, 25 A AR A 4 . 2B IR A Tk
FABKIZG AR TR, SRR L, AR E L, Y4 B WA R [59]. Rk, R2hnag
BEHE, SRULEERECE R R L R R 2 O N — 18 ), S A X B SR + T
T LS s 0 X
7. B ERE

KLR BGRFL T IS 1 4 I R U B B HEE , 73 DL F B84 6: D U & B2 bk 7t
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K, HEAL

s, U ZERMNE, BEIERERE. SR S 5K B E E0E 70%~80%, W2 IEBILG
Wik, JRTT ) FR B R A S5 AR 3~5 NE . @ IS 2 IR A E S R S (E g
MOFWERE 1 TR H RN ROS 772 A2 90/ FIE B 4 9% (Th1/Th17 ThEE 5 . Treg LLBIREMR), %%
AU ZFLOR S W HLHUHE PI3BK/AKY/mTOR #3420 A% O ALET, 1E £ m7 i Cn = BT $2 (it
THBWKYE. @ W MDR-TB XU INZ) 19%~97%, HAZHM 25 NLHI G BRIRPUSE % 25410
BT BRI ARG IR 25 A8 Rk 13k % . PTB-DM HR 3 IR 24 5848 HAT R (A inhA-15 58
ATEE W), CARPME T BT ISR AR 1 25 T AL (AUC 29 0.80). @ B2 il 7K S 2 e B (1 v]
TR, WANEZRR ™ ERRE . B IRIRASBMI < 18.5). iR I RAE S IETT M IR R 2 VeI 457 .
® B WU E R RN G 28 R 5 W E AL 3, SGLT-2 fI7/GLP-1 SR Eh A O BRI EH, 18
IR S 0 A AR A BRI T T L

KRG FREERNIGIR LR T B, HAZRE RS TRBAIREA. N5 EER,
FEH LR S AN EARRIHEFL R @ O 7E PTB-DM &, BT 22 b Wi ) 5 5 s 0 i+ F(anva 7
TFG 2 8 P o R B ARE D, RS AELLIE T HbALe [ U FETE A R e 2 AN H R [
R, FRRAK 6 N ARITRICER? @ MHE B 3R 5 R o A 5 E B 1) 2 15 B 3 R 45 A% 20 BT B it 25 9748
AR BRI GT? BRI S, HbAlc> 9%FF4EHENT 4 FIf S, rpoB B inh A JE R H7 K 28748 (1) KUK &
BREE TIPS ? @ ZHOUIE N BGRTT , 76 MU HI A fE(HbA e > 8%) (1) PTB-DM & # 1,
AT REIEIT AMPK I8 B 0 ST T B WE A FH 2 o0 o5t 995 B R A b TR R 2 V] P 6 2R 2 TR B 22 KR = IR AL
X RIS R IGE IR IR R A BRIME ? @ 4B D ANABCA mE AR T, e ilid 845 Th17/Treg P
TR LI R (0 S B AR 2L, T4 T RO R BRI 2 AW A W) (0 25-OH-D 7K~ IL-17/TGF-
BB TR E R Z /02 ® FETER . BMIL 257 M0/ 50 B A 3 AR 25 TR, 78 Bt
Fi 7 p BT WA R B AR B AE R e (AUC ARHERE L S 2R3 Bl 2 2 75 75 4 N 24 i 24 3 4705 2
T SRR AT 38 I 1 o 2

R R RE RS R BN RIS e KRG o RO JJHERE 4 [ G — ) 3o
BTG VPGS, JFRKFEARTTIEMERN S 5 st AT, IdfE 3 2 iE IR IR Ak, R sedk
B IR R, RAREIUR R R, MR EIET R, B RESEZRAT H .

SE

[1] #AgEe, mFs. A TAHL 2024 FEARREZHIRE ) M) S5 5w A&, 2024, 5(6): 500-504.

[2] Sun, H., Saeedi, P., Karuranga, S., Pinkepank, M., Ogurtsova, K., Duncan, B.B., e a/. (2022) IDF Diabetes Atlas: Global,
Regional and Country-Level Diabetes Prevalence Estimates for 2021 and Projections for 2045. Diabetes Research and
Clinical Practice, 183, Article ID: 109119. https://doi.org/10.1016/j.diabres.2021.109119

[3] Al-Rifai, R.H., Pearson, F., Critchley, J.A. and Abu-Raddad, L.J. (2017) Association between Diabetes Mellitus and
Active Tuberculosis: A Systematic Review and Meta-Analysis. PLOS ONE, 12, ¢0187967.
https://doi.org/10.1371/journal.pone.0187967

[4] Noubiap, J.J., Nansseu, J.R., Nyaga, U.F., Nkeck, J.R., Endomba, F.T., Kaze, A.D., et al. (2019) Global Prevalence of
Diabetes in Active Tuberculosis: A Systematic Review and Meta-Analysis of Data from 2.3 Million Patients with Tu-
berculosis. The Lancet Global Health, 7, e448-e460. https://doi.org/10.1016/s2214-109x(18)30487-x

[5] HRY, ZEL, &%, . 2019-2023 49 E 4512 5 08 PR I B E 097 e H e m N 2 (9], B B 4%
&, 2025, 47(12): 1547-1555.

[6] FLpE, BiSGE, Emml, 55 2016-2022 4 8 K iliS5 1% & 0 Rp AFHEE . Ao a7 % IAp). R EA
FTA, 2025, 41(1): 80-87.

[7]1 Bik%, B4, FWE, % 2014-2023 4F 7P T Ml G5 A% I R0 PRI 8 B RAT SR AE SR 9T 5630 W [3]. H E By
Bik &, 2024, 46(12): 1504-1510.

DOI: 10.12677/hjbm.2026.164073 717 LR 2


https://doi.org/10.12677/hjbm.2026.164073
https://doi.org/10.1016/j.diabres.2021.109119
https://doi.org/10.1371/journal.pone.0187967
https://doi.org/10.1016/s2214-109x(18)30487-x

[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

Kong, D., Xia, Y., Wang, X., Zhang, Y., Zhong, J., Zhang, T., et al. (2024) Prevalence Trends, Population Characteristics
and Treatment Outcomes of Tuberculosis Combined with Diabetes in Southwest China: A Register-Based Retrospective
Study. Frontiers in Public Health, 12, Article ID: 1445857. https://doi.org/10.3389/fpubh.2024.1445857

Adane, H.T., Howe, R.C., Wassie, L. and Magee, M.J. (2023) Diabetes Mellitus Is Associated with an Increased Risk of
Unsuccessful Treatment Outcomes among Drug-Susceptible Tuberculosis Patients in Ethiopia: A Prospective Health
Facility-Based Study. Journal of Clinical Tuberculosis and Other Mycobacterial Diseases, 31, Article ID: 100368.
https://doi.org/10.1016/j.jctube.2023.100368

SIS, KE, SR, . AL IRATIR SRR S IR 2R A3 R[], 57 A, 2024, 39(2): 207-214.

Wang, Z., Zhao, S., Zhang, A., Quan, B., Duan, C., Liang, M., et al. (2024) Trends of Type 2 Diabetes with Pulmonary
Tuberculosis Patients, 2013-2022, and Changes after the Coronavirus Disease 2019 (COVID-19) Pandemic. Tuberculo-
sis, 146, Article ID: 102499. https://doi.org/10.1016/j.tube.2024.102499

MrasE, skER, K&, 5. AN BESE di A 100 PR At 45 42 B8 28 IR PRARRAE AR 7 e A 0 A 0], i RS e Tty 5 4%
i1, 2022, 30(9): 704-707.

W, BRI, ATE, 2. 2017-2022 G HE A A HERE R S AT AAE B B AR ). o
Yot Za i, 2025, 24(3): 402-409.

Boadu, A.A., Yeboah-Manu, M., Osei-Wusu, S. and Yeboah-Manu, D. (2024) Tuberculosis and Diabetes Mellitus: The
Complexity of the Comorbid Interactions. International Journal of Infectious Diseases, 146, Article ID: 107140.
https://doi.org/10.1016/].ijid.2024.107140

Thong, P.M., Wong, Y.H., Kornfeld, H., Goletti, D. and Ong, C.W.M. (2025) Immune Dysregulation of Diabetes in
Tuberculosis. Seminars in Immunology, 78, Article ID: 101959. https://doi.org/10.1016/j.smim.2025.101959

FRAE, BRE, £33, 5. 2016-2023 F5TN A G H0E IR I 25 12% 88 U2 IR A R 45 )R fa ke R 2= 2 1T [7].
BB 4 35, 2025, 47(2): 201-209.

ZYR, A=k, K, . 2018-2022 HEFH M i g% A 08 R B VAT 5 AR5 00 K s i (RN R A ()], P I
By 2k &, 2025, 47(4): 432-438.

RIE, FRHOAK, TR, S, 2019-2023 FEIREG A A% A JENE PR B R IT IS m R 3R AT [I]. I B Ak
&, 2025, 47(4): 425-431.
Khattak, M., Rehman, A.U., Muqaddas, T., Hussain, R., Rasool, M.F., Saleem, Z., et al. (2024) Tuberculosis (TB) Treat-

ment Challenges in TB-Diabetes Comorbid Patients: A Systematic Review and Meta-Analysis. Annals of Medicine, 56,
Article ID: 2313683. https://doi.org/10.1080/07853890.2024.2313683

Kumar Nathella, P. and Babu, S. (2017) Influence of Diabetes Mellitus on Immunity to Human Tuberculosis. Immunol-
ogy, 152, 13-24. https://doi.org/10.1111/imm.12762

Cheng, P., Wang, L. and Gong, W. (2022) Cellular Immunity of Patients with Tuberculosis Combined with Diabetes.
Journal of Immunology Research, 2022, Article ID: 6837745. https://doi.org/10.1155/2022/6837745

Martinez, N., Ketheesan, N., West, K., Vallerskog, T. and Kornfeld, H. (2016) Impaired Recognition of Mycobacterium
tuberculosis by Alveolar Macrophages from Diabetic Mice. Journal of Infectious Diseases, 214, 1629-1637.
https://doi.org/10.1093/infdis/jiw436

Kumar, N.P., Sridhar, R., Banurekha, V.V., Jawahar, M.S., Nutman, T.B. and Babu, S. (2013) Expansion of Pathogen-
Specific T-Helper 1 and T-Helper 17 Cells in Pulmonary Tuberculosis with Coincident Type 2 Diabetes Mellitus. The
Journal of Infectious Diseases, 208, 739-748. https://doi.org/10.1093/infdis/jit241

Ronacher, K., Joosten, S.A., van Crevel, R., Dockrell, H.M., Walzl, G. and Ottenhoff, T.H.M. (2015) Acquired Immu-
nodeficiencies and Tuberculosis: Focus on HIV/AIDS and Diabetes Mellitus. Immunological Reviews, 264, 121-137.
https://doi.org/10.1111/imr.12257

Eckold, C., Kumar, V., Weiner, J., Alisjahbana, B., Riza, A., Ronacher, K., et al. (2021) Impact of Intermediate Hyper-
glycemia and Diabetes on Immune Dysfunction in Tuberculosis. Clinical Infectious Diseases, 72, 69-78.
https://doi.org/10.1093/cid/ciaa751

Ieronymaki, E., Daskalaki, M.G., Lyroni, K. and Tsatsanis, C. (2019) Insulin Signaling and Insulin Resistance Facilitate
Trained Immunity in Macrophages through Metabolic and Epigenetic Changes. Frontiers in Immunology, 10, Article

No. 1330. https://doi.org/10.3389/fimmu.2019.01330

Ayelign, B., Negash, M., Genetu, M., Wondmagegn, T. and Shibabaw, T. (2019) Immunological Impacts of Diabetes on
the Susceptibility of Mycobacterium tuberculosis. Journal of Immunology Research, 2019, Article ID: 6196532.
https://doi.org/10.1155/2019/6196532

Smith, S.G., Bowness, R. and Cliff, J.M. (2025) Host-Directed Therapy in Diabetes and Tuberculosis Comorbidity to-
ward Global Tuberculosis Elimination. International Journal of Infectious Diseases, 155, Article ID: 107877.

DOI: 10.12677/hjbm.2026.164073 718 A=


https://doi.org/10.12677/hjbm.2026.164073
https://doi.org/10.3389/fpubh.2024.1445857
https://doi.org/10.1016/j.jctube.2023.100368
https://doi.org/10.1016/j.tube.2024.102499
https://doi.org/10.1016/j.ijid.2024.107140
https://doi.org/10.1016/j.smim.2025.101959
https://doi.org/10.1080/07853890.2024.2313683
https://doi.org/10.1111/imm.12762
https://doi.org/10.1155/2022/6837745
https://doi.org/10.1093/infdis/jiw436
https://doi.org/10.1093/infdis/jit241
https://doi.org/10.1111/imr.12257
https://doi.org/10.1093/cid/ciaa751
https://doi.org/10.3389/fimmu.2019.01330
https://doi.org/10.1155/2019/6196532

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]
[42]

[43]

[44]

[45]

[46]

[47]

https://doi.org/10.1016/j.1jid.2025.107877

Singhal, A., Jie, L., Kumar, P., Hong, G.S., Leow, M.K., Paleja, B., ef al. (2014) Metformin as Adjunct Antituberculosis
Therapy. Science Translational Medicine, 6, 263ral59. https://doi.org/10.1126/scitranslmed.3009885

Lachmandas, E., Eckold, C., Bohme, J., Koeken, V.A.C.M., Marzuki, M.B., Blok, B., ef al. (2019) Metformin Alters
Human Host Responses to Mycobacterium tuberculosis in Healthy Subjects. The Journal of Infectious Diseases, 220,
139-150. https://doi.org/10.1093/infdis/jiz064

Padmapriydarsini, C., Mamulwar, M., Mohan, A., Shanmugam, P., Gomathy, N.S., Mane, A., et al. (2022) Randomized
Trial of Metformin with Anti-Tuberculosis Drugs for Early Sputum Conversion in Adults with Pulmonary Tuberculosis.
Clinical Infectious Diseases, 75, 425-434. https://doi.org/10.1093/cid/ciab964

Rehman, A.U., Khattak, M., Mushtaq, U., Latif, M., Ahmad, 1., Rasool, M.F., ef al. (2023) The Impact of Diabetes
Mellitus on the Emergence of Multi-Drug Resistant Tuberculosis and Treatment Failure in TB-Diabetes Comorbid Pa-
tients: A Systematic Review and Meta-Analysis. Frontiers in Public Health, 11, Article ID: 1244450.
https://doi.org/10.3389/fpubh.2023.1244450

Tegegne, B.S., Habtewold, T.D., Mengesha, M.M. and Burgerhof, J.G.M. (2017) Association between Diabetes Mellitus
and Multi-Drug-Resistant Tuberculosis: A Protocol for a Systematic Review and Meta-Analysis. Systematic Reviews, 6,
Article No. 6. https://doi.org/10.1186/s13643-017-0407-9

Perez-Navarro, L.M., Restrepo, B.1., Fuentes-Dominguez, F.J., Duggirala, R., Morales-Romero, J., Lopez-Alvarenga,
J.C., et al. (2017) The Effect Size of Type 2 Diabetes Mellitus on Tuberculosis Drug Resistance and Adverse Treatment
Outcomes. Tuberculosis, 103, 83-91. https://doi.org/10.1016/j.tube.2017.01.006

RilgE, XHE, EiEE, & BEIRPIS BT rpoB 2[RI il 2547 s 2848 R MR U AH DG [J]. HH I #hiy R 2,
2024, 24(9): 1094-1099.

Lin, M., Liao, J., Gong, Y., Han, X., Chen, Y., Tang, Z., et al. (2020) Diabetes and Multidrug-Resistance Gene Mutation:
Tuberculosis in Zunyi, Southwest China. Annals of Palliative Medicine, 9, 3152-3161.
https://doi.org/10.21037/apm-20-1368

WL, PR, R, L AR R T G HHIE S fE e R 3 R TR R A g [J]. R AREE R G 2R A, 2023,
33(23): 3542-3546.

Cornejo-Baez, A.A., Zenteno-Cuevas, R. and Luna-Herrera, J. (2024) Association between Diabetes Mellitus-Tubercu-
losis and the Generation of Drug Resistance. Microorganisms, 12, Article No. 2649.
https://doi.org/10.3390/microorganisms12122649

Pérez-Martinez, D.E., Bermudez-Hernandez, G.A., Madrazo-Moya, C.F., Cancino-Muiloz, 1., Montero, H., Licona-Cas-
sani, C., et al. (2022) SNPs in Genes Related to DNA Damage Repair in Mycobacterium tuberculosis: Their Association
with Type 2 Diabetes Mellitus and Drug Resistance. Genes, 13, Article No. 609.
https://doi.org/10.3390/genes13040609

Bermudez-Hernandez, G.A., Pérez-Martinez, D., Ortiz-Leon, M.C., Mudiz-Salazar, R., Licona-Cassani, C. and Zenteno-
Cuevas, R. (2024) Mutational Dynamics Related to Antibiotic Resistance in M. tuberculosis Isolates from Serial Samples

of Patients with Tuberculosis and Type 2 Diabetes Mellitus. Microorganisms, 12, Article No. 324.
https://doi.org/10.3390/microorganisms 12020324

RSFe, WA, BRI, & BEPRITIL 125 R 8 T 25 A R A 22 0], AR TR B2 272, 2026, 53(1): 160-165

Liu, M., Li, T., Liu, H., Song, F., Zhou, L. and Zhang, W. (2026) Development and Validation of a Nomogram for
Predicting Unfavorable Treatment Outcomes in Patients with Pulmonary Tuberculosis and Diabetes Mellitus. Frontiers
in Medicine, 13, Article ID: 1722736. https://doi.org/10.3389/fmed.2026.1722736

B SRR R I R 22T T b, BRI = AN REERE, B AR IR E Ao f O, . 452005
B PRI IR (367 R B R AR ] IR B 4k &, 2021, 43(1): 12-22.

Shewade, H.D., Ravichandran, P., Satish, S., Pradeep, S.K., Jeyashree, K., Mahajan, P., et al. (2025) Effect of Glycemic
Control and Type of Diabetes Treatment on TB Treatment Outcomes among People with TB-Diabetes: A Systematic
Review (Updated August 2024). PLOS ONE, 20, €0328619. https://doi.org/10.1371/journal.pone.0328619

KB, TEU, MMEZ, % BREE IS GRS RAENLE KT M R T]. IR %, 2022,
33(22): 2985-2988.

Li, Y., Cheng, J., Bai, X., Zheng, J., Mao, P. and Zhou, X. (2025) Impact of Body Mass Index on Mortality Rates in

Tuberculosis: A Systematic Review and Meta-Analysis. Pakistan Journal of Medical Sciences, 41, 1836-1844.
https://doi.org/10.12669/pjms.41.6.11722

Zeng, M., Ran, J., Luo, Y., Zhou, X., Hu, Y. and Tian, X. (2026) The Potential Role and Value of Vitamin D in the
Treatment of Tuberculosis. Frontiers in Cellular and Infection Microbiology, 15, Article ID: 1654860.
https://doi.org/10.3389/fcimb.2025.1654860

DOI: 10.12677/hjbm.2026.164073 719 LR 2


https://doi.org/10.12677/hjbm.2026.164073
https://doi.org/10.1016/j.ijid.2025.107877
https://doi.org/10.1126/scitranslmed.3009885
https://doi.org/10.1093/infdis/jiz064
https://doi.org/10.1093/cid/ciab964
https://doi.org/10.3389/fpubh.2023.1244450
https://doi.org/10.1186/s13643-017-0407-9
https://doi.org/10.1016/j.tube.2017.01.006
https://doi.org/10.21037/apm-20-1368
https://doi.org/10.3390/microorganisms12122649
https://doi.org/10.3390/genes13040609
https://doi.org/10.3390/microorganisms12020324
https://doi.org/10.3389/fmed.2026.1722736
https://doi.org/10.1371/journal.pone.0328619
https://doi.org/10.12669/pjms.41.6.11722
https://doi.org/10.3389/fcimb.2025.1654860

[48]

[49]

[50]

[51]

[52]

[33]

[54]

[55]

[56]

[57]

[58]

[59]

Sahile, Z., Tezera, R., Haile Mariam, D., Collins, J. and Ali, J.H. (2021) Nutritional Status and TB Treatment Outcomes
in Addis Ababa, Ethiopia: An Ambi-Directional Cohort Study. PLOS ONE, 16, €0247945.
https://doi.org/10.1371/journal.pone.0247945

Mondal, S., Roy, V., Meshram, G.G., Khanna, A., Velpandian, T. and Garg, S. (2024) Pharmacokinetics-Pharmacody-
namics of First-Line Antitubercular Drugs: A Comparative Study in Tuberculosis Patients with and without Concomitant
Diabetes Mellitus. European Journal of Clinical Pharmacology, 80, 1945-1958.
https://doi.org/10.1007/s00228-024-03754-x

Kim, J. and Ahn, S.J. (2024) Risk Factors of Optic Neuropathy in Ethambutol Users: Interaction with Isoniazid and Other
Associated Conditions of Toxic Optic Neuropathy. Toxics, 12, Article No. 549. https://doi.org/10.3390/toxics12080549

Huang, C.T., Chan, C.Y., Tsai, M.C., et al. (2025) Microvascular Diseases Predict Mortality and Cardiovascular Events
in Type 2 Diabetes: A Retrospective Cohort Study. Diabetes Research and Clinical Practice, 226, Article ID: 112356.
https://doi.org/10.1016/j.diabres.2025.112356

Lim, J., Kim, J.S., Kim, H.W., Kim, Y.H., Jung, S.S., Kim, J.W., et al. (2023) Metabolic Disorders Are Associated with
Drug-Induced Liver Injury during Antituberculosis Treatment: A Multicenter Prospective Observational Cohort Study
in Korea. Open Forum Infectious Diseases, 10, ofad422. https://doi.org/10.1093/ofid/ofad422

Habib, M.A., Afrin, K., Efa, S.S., Hossain, M.D., Islam, M.R., Rahman, M.M., et al. (2024) Effects of Diabetes Mellitus
on Retreatment of Tuberculosis: A Multi-Centered Case-Control Study from Bangladesh. Journal of Clinical Tubercu-
losis and Other Mycobacterial Diseases, 36, Article ID: 100450. https://doi.org/10.1016/j.jctube.2024.100450

Saukkonen, J.J., Duarte, R., Munsiff, S.S., Winston, C.A., Mammen, M.J., Abubakar, 1., et al. (2025) Updates on the
Treatment of Drug-Susceptible and Drug-Resistant Tuberculosis: An Official ATS/CDC/ERS/IDSA Clinical Practice
Guideline. American Journal of Respiratory and Critical Care Medicine, 211, 15-33.
https://doi.org/10.1164/rccm.202410-2096st

Hu, M., Zheng, C. and Gao, F. (2016) Use of Bedaquiline and Delamanid in Diabetes Patients: Clinical and Pharmaco-
logical Considerations. Drug Design, Development and Therapy, 10, 3983-3994. https://doi.org/10.2147/dddt.s121630

Sutter, A., Landis, D. and Nugent, K. (2024) Metformin Has Immunomodulatory Effects Which Support Its Potential
Use as Adjunctive Therapy in Tuberculosis. Indian Journal of Tuberculosis, 71, 89-95.
https://doi.org/10.1016/.ijtb.2023.05.011

Yoosuf, B.T., KT, M.F., D P, S., Saini, A., Garg, P., Medenica, S., et al. (2025) Risk of Genitourinary Tract Infections
with SGLT-2 Inhibitors in Type 2 Diabetes Mellitus: A Meta-Analysis of Randomised Controlled Trials and Dispropor-
tionality Analysis Using FAERS. Endocrine, 90, 439-452. https://doi.org/10.1007/s12020-025-04393-7

Rissaadah, S., Nursiswati, N. and Pahria, T. (2025) Glycemic Profile and Clinical Treatment in Patients with Diabetes
Mellitus-Tuberculosis: An Update Scoping Review. Journal of Multidisciplinary Healthcare, 18, 747-758.
https://doi.org/10.2147/jmdh.s510247

Appiah, M.A., Arthur, J.A., Gborgblorvor, D., Asampong, E., Kye-Duodu, G., Kamau, E.M., et al. (2023) Barriers to
Tuberculosis Treatment Adherence in High-Burden Tuberculosis Settings in Ashanti Region, Ghana: A Qualitative
Study from Patient’s Perspective. BMC Public Health, 23, Article No. 1317.
https://doi.org/10.1186/s12889-023-16259-6

DOI: 10.126

77/hjbm.2026.164073 720 A=


https://doi.org/10.12677/hjbm.2026.164073
https://doi.org/10.1371/journal.pone.0247945
https://doi.org/10.1007/s00228-024-03754-x
https://doi.org/10.3390/toxics12080549
https://doi.org/10.1016/j.diabres.2025.112356
https://doi.org/10.1093/ofid/ofad422
https://doi.org/10.1016/j.jctube.2024.100450
https://doi.org/10.1164/rccm.202410-2096st
https://doi.org/10.2147/dddt.s121630
https://doi.org/10.1016/j.ijtb.2023.05.011
https://doi.org/10.1007/s12020-025-04393-7
https://doi.org/10.2147/jmdh.s510247
https://doi.org/10.1186/s12889-023-16259-6

	肺结核合并糖尿病的临床特征、耐药机制及预后影响因素研究进展
	摘  要
	关键词
	Research Progress on Clinical Characteristics, Drug Resistance Mechanisms, and Prognostic Factors of Pulmonary Tuberculosis with Diabetes Mellitus
	Abstract
	Keywords
	1. 引言
	2. 流行病学特征与临床特点
	2.1. 流行病学
	2.2. 临床表现与影像学特征
	2.3. 就诊延迟与诊断困难
	2.4. 治疗转归

	3. 免疫病理机制研究进展
	3.1. 先天免疫功能障碍
	3.2. 适应性免疫紊乱
	3.3. 免疫代谢调控
	3.4. 宿主导向疗法

	4. PTB-DM患者耐药流行病学特征与机制研究
	4.1. 耐药流行病学特征
	4.2. 耐药基因突变特征
	4.3. 耐药形成机制
	4.4. 耐药预测模型(Nomogram)构建

	5. 影响预后的核心因素
	5.1. 血糖控制水平——最关键的可干预因素
	5.2. 结核病严重程度与耐药性
	5.3. 营养状态
	5.4. 糖尿病相关并发症

	6. 治疗管理策略对预后的影响
	6.1. 抗结核治疗方案的优化
	6.2. 血糖管理策略的革新
	6.3. 营养支持与多学科协作
	6.4. 社会经济学支持与依从性管理

	7. 结论与展望
	参考文献

