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Overview

• Clinical Impact of DM on TB 
• Immunological impact of DM on TB
• Burden of TB and DM globally 
• What to do

– Screening
– Prevention 
– TB treatment
– DM treatment



DM accounts for a substantial portion of global TB.
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Diabetes and risk of TB disease

Christie Jeon

Jeon CY, Murray MB (2008) Diabetes Mellitus Increases the Risk of Active Tuberculosis: A Systematic Review of 13 
Observational Studies. PLoS Med 5(7): e152. doi:10.1371/journal.pmed.0050152



Severity of diabetes and risk of TB

Study Diabetes strata Relative 
Risks

95% CI

Pablo-Mendez 
1997

No DM 1 --

Type II DM, uncomplicated 1.08 (0.98-1.20)
Type I DM, uncomplicated 1.47 (1.25, 1.73)

Poorly controlled 2.75 (2.46, 3.06)
Leung 
2008

No DM 1 --

DM, HbA1c<7% 0.81 (0.44, 1.48)
DM, HbA1c>=7% 2.80 (1.95, 3.35)



Dose–response relationship in the reviewed cohort studies on the 
association between BMI and TB incidence. 

Lönnroth K, Williams BG, Cegielski P, Dye C. A consistent log-linear relationship between tuberculosis 
incidence and body mass index. Int J Epidemiol. 2009 Oct 9. Ahead of print.

http://www.ncbi.nlm.nih.gov.ezp-prod1.hul.harvard.edu/pubmed?term=%22L%C3%B6nnroth%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov.ezp-prod1.hul.harvard.edu/pubmed?term=%22Williams%20BG%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov.ezp-prod1.hul.harvard.edu/pubmed?term=%22Cegielski%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov.ezp-prod1.hul.harvard.edu/pubmed?term=%22Dye%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract


Baseline data 
17,715 persons > 12 yo
SES
Other co-variates

DM diagnosis
ICD-9 code OR
prescription for anti-DM drugs

# of DM complications OR
DCSI (ICD-9)

TB diagnosis
ICD-9 code AND
>2 anti-TB drugs for >28 days 

AND
No misdiagnosis 

Meghan Baker



Hsien-ho Lin

Baker MA, Lin HH, Chang HY, Murray MB. The risk of tuberculosis disease among persons with diabetes mellitus: a prospective 
cohort study. Clin Infect Dis. 2012 Mar;54(6):818-25. Epub 2012 Jan 11.



TB Outcomes 
among People with DM

} Early culture conversion
} Proportion of treated patients who experience culture         

conversion at 2-3 months

} Relapse
} Bacteriologically positive TB disease that occurred after a patient 

was considered to have completed treatment or to have been 
cured.

} Death 
} Death for any reason during course of treatment



Overall  (I-squared = 62.5%, p = 0.003)
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Culture conversion at 2-3 months

Weights are from random effects analysis
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Population with DM
Positive sputum 
culture 2-3 months/ 
Total 

Population without DM
Positive sputum 
culture 2-3 months/ 
Total

Heterogeneity I-squared = 62% (17, 82)

1



Weights are from random effects analysis

Summary

Mboussa, 2003 [45]

Singla, 2006 [48]

Study

Wada, 2000 [51]

Maalej, 2009 [43]

Congo

Saudi Arabia

Country

Japan

Tunisia
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Relapse



Death (No stratification) 



DM

MDR

HIV

Silicosis

No 
comorbidity

Risk of poor outcomes among 
controls varies in different 
settings.



Weights are from random effects analysis

Summary

Wang, 2009 [53]

Dooley, 2009 [12]
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Study   

Fielder, 2002 [35]

Taiwan
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USA
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13/74 (18%)
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8/18 (44%)

13/22 (59%)

11/143 (8%)
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4.95 (2.69, 9.10)
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Population 
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Deaths/
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Country

Death stratifying on age and other risk factors



Chiang CY, Bai KJ, Lin HH, Chien ST, Lee JJ, Enarson DA, Lee TI, Yu 
MC. The influence of diabetes, glycemic control, and diabetes-related 
comorbidities on pulmonary tuberculosis. PLoS One. 2015 Mar 
30;10(3):e0121698.



More TBDM patients developed cavitations (82% vs. 
59%) more often in the lower lung fields (29% vs. 3%). 
More multiple cavities were seen in TBDM patients 
(25% vs. 2%).

Int J Tuberc Lung Dis. 2001 May;5(5):455-61.

. Diabet Med. 2014 Jun;31(6):707-13.





Global Burden of Tuberculosis



Global Burden of Diabetes



Globally, 45.8%  
DM is 
undetected.

83.8% UDMs in 
LMICs and 
LICs.

UDM more 
frequent at 
younger 
ages.

Beagley J et al. Global estimates of undiagnosed
diabetes in adults. Diabetes Res Clin Pract. 2014 
Feb;103(2):150-60. 

Zhang X,. The missed patient
with diabetes: how access to health care 
affects the detection of diabetes.
Diabetes Care. 2008 Sep;31(9):1748-53



But
PAF = 22.6 if DM prevalence is 9.5.
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Increasing risk as T2DM 
and TB overlap

Hypothesized Relationship between Individual-level T2DM/TB 
Interactions and Increased Population Health Risk.

Jeremy D Goldhaber-Fiebert, Christie Y Jeon, 
Ted Cohen, and Megan B Murray
Diabetes mellitus and tuberculosis in 
countries with high tuberculosis burdens: 
individual risks and social determinants
Int. J. Epidemiol. (2011) 40 (2): 417-428

Jeremy Goldhaber-Fiebert





WORLD at a glance





Jama, Sept 2015; 314:10



Excess risk of diabetes patients divided into genders 
between 1917 and 1961 for the Austrian data. 

Stefan Thurner et al. PNAS 2013;110:4703-4707



Why?



A proposed model 
for TB 
susceptibility in 
DM.

A defective innate 
response to 
inhaled Mtb by 
diabetic hosts 
results in a critical 
delay in priming 
adaptive immunity. 

Martinez N, Kornfeld H. 
Diabetes and immunity to 
tuberculosis. Eur J Immunol. 
2014 Mar;44(3):617-26.



DM delays T-cell 
response



What to do?



Screening People with DM for Active TB

Jeon C et al.  Bi-directional screening for tuberculosis and diabetes:a 
systematic review. Trop Med Int Health. 2010 Nov;15(11):1300-14



Screening for latent TB
• What test?

Walsh MC et al. Int J Tuberc Lung Dis. 2011 
Feb;15(2):179-84



But…

Choi JC et al. Int J Tuberc Lung Dis. 2015 
May;19(5):582-8.Neither study assesses these tests 

for latent TB. Or how test positive 
latent TB should be managed. 

Midori Kato-Maeda



Efficacy of Treatment for latent TB among Diabetics

• AV Lesnichii, LZ Karpina, Experience with the chemoprophylaxis of pulmonary 
tuberculosis in diabetes mellitus patients, Probl Tuberk, 47 (1969), pp. 1–3 (in 
Russian).

• R Pfaffenberg, H Jahler, Isoniazid & recurrence of tuberculosis in diabetics, Z Tuberk, 
111 (1958), pp. 167–173 (in German).

Current WHO Guidelines
Current US Practice



Screening TB patients for DM

Number of 
patients with 
active TB to 
screen to detect 
one additional 
case of DM. 



Some hyperglycemia will 
resolve during the course of 
TB treatment. 

Jeon et al, Bidirectional Screening, 2010

Hyperglycemia after TB 
infection reproduced in 
a guinea pig model.

Randy Basaraba and Brendan Podell



How to screen for DM in TB patients?

Hemoglobin A1c 
performed better than 
fasting blood sugar 
versus OGTT for 
diagnosis of DM 
among patients with 
TB.



Whom should we screen?





Should we treat TB in DM 
differently than in non-DM?

Wang JY, Lee MC, Shu CC, Lee CH, Lee LN, Chao KM, Chang 
FY. Optimal duration of anti-TB treatment in patients with 
diabetes: nine or six months? Chest. 2015, Feb;147(2):520-8. 



Drug levels?

Continuation phase
Exposure to 
rifampicin was 53% 
lower in Indonesian 
patients with TB and 
DM, compared with 
patients with TB only. 

Intensification phase
No difference in 
Rifampicin, PZA or 
Ethambutol levels in 
DM. Reinout van Crevel and 

Rovina Ruslami in IndonesiaRuslami R. et al. Antimicrob Agents 
Chemother, 54 (2010), pp. 1068–
1074

Nijland H et al. Clin Infect Dis, 43 
(2006), pp. 848–854



How to treat DM in TB?

• Optimal hypoglycemic drugs
– Drug-drug interactions
– Interactions with TB immune 

responses
• Frequency of monitoring

– Expected weight gain with 
clinical improvement

– Expected resolution of TB-
specific hyperglycemia

• Glycemic targets
– Tight versus loose control



• If hyperglycemia reflects disease severity, lowering it 
may not improve outcome. 

• Studies in ICU patients have shown that tight control can 
be detrimental.

• Some hypoglycemic agents may affect immune 
responses to TB in ways other than by lowering sugars. 

Jørgensen ME, Faurholt-Jepsen D. 
CurrDiab Rep. 2014 Jul;14(7):505. 



Drugs

• Metformin

Mtb survival, pathology and 
extent of lung involvement in 
mice reduced by metformin.



Effect of Met in TB 
patients with DM 
as comorbidity.

Reduced 
incidence of 
LTBI in MET-
treated DM 
patients.

In humans:





Clin Pharmacol Ther. 2011 Mar;89(3):416-21.



Complex interactions between 

glucose lowering drugs and immune 

pathways that affect TB.



TANDEM STUDY
International Consortium funded by the European Union 



Richard Brostrom, CDC

In the meantime……
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