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Global Impact of 
Co-Morbid Conditions on TB cases

WHO Global Tuberculosis Report 2017



TB and Co-Morbidities Closer to Home

Diabetes HIV IVDU
Non-injecting 

drug use
Excessive
Alcohol

US 16.5% 5.6% 1.3% 6.8% 10%

Texas 19% 6% 2% 9% 15%

Region 4/5N 14.8% 3.7% 0 7.4% 18.5%

2016 REPORTED TUBERCULOSIS IN THE UNITED STATES
Texas TB Surveillance Report  2016
Region 4/5 data provided by:
Daniele Fedonni and Jie Deng             
DSHS TBHIVSTDdata





The Fattening and Sweetening of the US
Age-adjusted Prevalence of Obesity and Diagnosed Diabetes Among US Adults

Obesity (BMI ≥30 kg/m2)

Diabetes

1994

1994

2000

2000

   <14.0%         14.0%–17.9%                  18.0%–21.9%                22.0%–25.9%            > 26.0%

             <4.5%                  4.5%–5.9%                     6.0%–7.4%                   7.5%–8.9%                  >9.0%

CDC’s Division of Diabetes Translation. United States Surveillance System available at http://www.cdc.gov/diabetes/data

2015

2015



Type 2 Diabetes in the US

• Prevalence: In 2015, 30.3 million Americans, or 9.4% of the population, had diabetes. 

• Approximately 1.25 million American children and adults have type 1 diabetes.

• Undiagnosed: Of the 30.3 million adults with diabetes

• 23.1 million were diagnosed

• 7.2 million were undiagnosed

• New Cases: 1.5 million Americans are diagnosed with diabetes every year.

• Deaths: Diabetes remains the 7th leading cause of death in the United States in 2015





Relative Risk of Progressing to 
Active TB Disease for Diabetes:

CDC, ATS, IDSA: Treatment of LTBI 2000



Association Between Diabetes Mellitus and Active 
Tuberculosis: 
A systematic review and meta-analysis

Al-Rifai et al. PLoS ONE 2017 12(11): e0187967



Association Between Diabetes Mellitus and Active 
Tuberculosis: 
A systematic review and meta-analysis

Increase in risk
• By study type

• 1.55-fold (retrospective)
• 2.09-fold (case-control)
• 3.59-fold (prospective)

• By country income level
• 3.16-fold low/middle income vs. 
 1.73-fold in high income

• By geographical region
• 2.44-fold in Asia
• 1.71-fold in Europe
• 1.73-fold in USA/Canada

Conclusion:  DM is associated with a two- to four-
fold increased risk of active TB

Al-Rifai et al. PLoS ONE 12(11): e0187967



Dooley, & Chaisson, Lancet ID, Dec 2009

Diabetes and Clinical Presentation of TB

• Autopsy series of 126 patients: no pathological findings unique to “the 
tubercular diabetic”

• 245 TB cases in diabetic patients, “no special insidiousness” of signs or 
symptoms and similar CXR findings to non-diabetics

• Did note that TB developed most frequently in patients with poor diabetic 
control



Chiang et al. PLoS ONE 2015 10(3): e0121698



Does Diabetes Impact TB Treatment and 
Cure?

Four studies from Baltimore, Texas, Taiwan and Indonesia reveal:
• Delayed culture conversion
• Higher mortality

    

Dooley, 2009; Restrepo 2008; Wang 2008; Alisahlanda,2007



Treatment Concerns – Rifampin

Rifampin induces CYP450 enzyme system increasing production 
of enzymes that metabolize many drugs

• Increased metabolism results in lower blood levels of drug 
(20 – 40+%)

• Affects many classes of diabetic medications



Heartland 
National TB 
Center Product



TB and Diabetes -Treatment Concerns

• Diabetic neuropathy at baseline complicates therapy due to 
INH-related neuropathy

• Baseline assessment of neuropathy
• Vitamin B 6 (pyridoxine) to all diabetics on INH or 

ethionamide

• Renal insufficiency is associated with diabetes, especially long 
standing or poorly controlled diabetes

• Adjust dose and dosing interval of EMB and PZA in those 
with Creatinine Cl < 30



New Options for Treatment…..?



Immune Effects of Metformin

Naiker et el. Frontiers in Microbiology |April 2020 | Volume 11 | Article 435 Seminars in Immunology 65 (2023) 101672



Metformin Use Reverses the Increased Mortality
Associated With Diabetes Mellitus During Tuberculosis 
Treatment

Degner et al. CID 2018; 66(2):198–205



Metformin Use Reverses the Increased Mortality
Associated With Diabetes Mellitus During Tuberculosis 
Treatment

DDegner et al. CID 2018; 66(2):198–205



• Retrospective review of databases through March 2019

• 12 observational studies, 6980 cases

• Results
• Metformin prescription was not related to lower risk of TB infection

• Metformin prescription decreased risk of TB among diabetics (TBI to TB disease)

• Metformin use resulted in higher probability of smear conversion at 2 months

• Metformin medication during treatment for TB disease reduced mortality

• Relapse was not reduced by metformin prescription



• 322 patients randomized 1:1 to RIPE vs. RIPE + metformin for 8 weeks

• All patients (not just those with diabetes)

•  Results
• Addition of metformin to ATT for 8 weeks did not hasten sputum conversion

• Metformin did diminish excess inflammation (decreased blood cytokines), 
reduced lung tissue damage (seen as faster clearance on X-ray)



Tobacco…
and TB



Systematic Reviews and Meta-analyses 
Evaluating Tuberculosis and Cigarette smoking

• Slama et al, Int J Tuberc Lung Dis 2007, 11; 1049
• “Tobacco and tuberculosis: a qualitative systematic review and meta-analysis”

• Lin et al, PLoS Med 2007, 4; e20
• “Tobacco smoke, indoor air pollution and tuberculosis: a systematic review and meta-analysis”

• Bates et al Arch Intern Med 2007
• “Risk of tuberculosis from exposure to tobacco smoke: a systematic review and meta-analysis”

• Conclusions:
• Smokers almost twice as likely to be infected with TB and to 

progress to active disease
• 2 of 3 studies suggest smokers almost twice as likely to die from 

TB



Tobacco and TB

• Review of 33 papers on smoking and TB

• Compared with people who do not smoke, smokers have an increased risk of 

➢ having a positive tuberculin skin test 

➢ of having active TB 

➢ and of dying from TB

• TB control programs might benefit from a focus on interventions aimed at reducing 
tobacco and indoor air pollution exposures, especially among those at high risk for 
exposure to TB.



Tobacco and Treatment Delay

• 605 TB patients
– 44.8%   current smokers

– 5.5%     ex-smokers  

– 49.8%   never smokers 

• Median total delay in seeking treatment was 103 days 
— current smokers 133 days
— ex-smoker 103 days and
— never smokers 80 days 

• Longer delay was more common among current smokers (OR 2.03, 95%CI 1.24–3.31) 



Tobacco and Culture Conversion

• 714 patients in Brazil

• Excluded if co-morbid conditions: DM, asthma, rheumatologic disease, HIV

• 2 months daily HRZE then 2 or 4 months daily HR, all evaluated after 2 months

➢ Patients who smoked had three-fold greater odds of remaining sputum culture-
positive after 2 months of treatment than non-smokers

➢ *Alcohol consumption did not affect culture conversion



Tobacco and Diabetes

• 657 patients presenting at TB hospital, 25% with DM

• DM associated with greater radiographic severity and with recurrent or relapsed 
TB. 

• Diabetes and cigarette smoking independently increased the risk of death in the 
first 12 months after enrollment. 

• Estimating the combined impact of diabetes and smoking yielded a hazard ratio of 
5.78. 



Systematic Reviews and Meta-analyses 
Evaluating Tuberculosis and Cigarette Smoking

• Approximately 13% of the TB cases in the world each 
year may be attributable to tobacco exposure.

• “Tobacco cessation must become an integral part of all TB 
control programs.”



Alcohol Misuse and TB

Fiske et al Journal of Infection (2009) 58, 395-401

Pulmonary Disease
92.3% vs 61.1%

Smear positive
74% vs 57.6%

IV drug use 
4.2% vs 0.8%



Alcohol and Hepatotoxicity in the 
Treatment of TB Disease

Pande Thorax 1996;51:132-136





Tuberculosis and Substance Abuse in the 
United States, 1997-2006

Oeltmann et al. Arch Intern Med. 2009;169(2):189-197



Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 17, No. 3, March 2011



Percent of TB Cases in Persons with History of 

Substance Abuse,* 1993–2004
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Kenneth G. Castro, MD
Stop TB in the African-American Community
May 16-17, 2006, Atlanta, Georgia



Substance Abuse in TB patients 

• Tuberculosis Outbreak in Southern Mississippi, 2005-2007

• Bloss et al. 2011. Southern Medical Journal 104 (11):731

• All US-born, all HIV negative, 92% black, 82% substance abuse, 100% pulmonary 
disease, 170 contacts (45% TST+)

• Crack Cocaine and Infectious Tuberculosis

• Story et al. 2008. EID 14 (9):1466

• 64% UK-born, 64 % white or black Caribbean, crack use associated with 2.4X 
higher rate of smear positivity

• Tuberculosis and Drug Users in Iran

• Shamaei et al. IJ STD & AIDS. 2009. 20:320

• 91% Iranian, 98% men, heroin/opium, 89% sputum smear positive

• Tuberculosis Outbreak in Nevada and Arizona

• Mitruka et al. Public Health Reports 129: 78

• 100% Hispanic (born in Mexico), index case deported by ICE (returned), 130 
contacts (54.6% TST positive), methamphetamines



Rifampin and Opioids

• Methadone

• Rifampin lowers the serum concentration of methadone by 33-66%

• Administration of rifampin to patients on methadone has led to opioid 
withdrawal in patients on methadone replacement therapy

• Need to increase methadone dose and monitor carefully to prevent 
withdrawal with co-administration of rifampin and methadone

• Codeine

• Administration with rifampin leads to decreased biotransformation to 
morphine (which is responsible for most of the analgesic effects)

• Decreased serum concentration with rifampin

• Morphine

• 28% decrease in serum levels when given with rifampin

• Loss of analgesic effect
Niemi et al. Clin Pharmacokinet 2003 42 (9): 819-50 



Rifampin and Benzodiazepines

• Diazepam

• Reduction of half-life by 76%

• Enhanced total body clearance by 300%

• May require a 2-3 fold increase in dose for effect

• Midazolam and Triazolam

• Decreased serum concentration to 2-4% of controls

• Ineffective during co-administration with rifampin

 

Niemi et al. Clin Pharmacokinet 2003 42 (9): 819-50 



Rifampin and Benzodiazepines

Niemi et al. Clin Pharmacokinet 2003 42 (9): 819-50 



Rifampin Drug Interactions

It is imperative to be aware of all medications a patient is 
taking when that patient is placed on rifampin.



Rifabutin

• A substitute for rifampin for patients who are receiving 
drugs, especially antiretroviral drugs, that have 
unacceptable interactions with rifampin.

• Adverse effects: Less severe induction of hepatic 
microsomal enzymes, therefore, less effect on the 
metabolism of other drugs



± Rifampin ± Rifabutin



Biggest Barrier to care:
What is important to you? Your patient?

• Difference in focus between care providers and substance abuser

• Providers are focused on 

• Compliance

• Co-morbid conditions

• Pill counts

• Patient is frequently focused on 

• Available foods, foods I like

• Avoiding withdrawal

• Avoiding drugs that make me feel bad or ‘kill my buzz’

• Next ‘fix’, next meal, a place to sleep

• Avoiding incarceration



How do we help the patient?

• Let go of stigma and focus on walking with the patient to care

• See addiction as another co-morbidity to be addressed

• Answer the question: “What’s in it for me?”

• A meal?

• A bed?

• Explore available programs to help the patient effect a change



Hepatitis C – TB



HCV and the Immune Response

HCV infection is associated with impaired macrophage 
activation and T-cell responses.

• Reduces production and concentration of INF-gamma and TNF 
alpha

• These are involved with activation of macrophages; essential for control of MTB

• Increases level of inhibitory cytokines such as interleukin-10
• These cytokines inhibit those cytokines needed for effective response against MTB

• Affects natural killer cells
• Reduces their capability to produce cytokines involved in immune response pathways 

against MTB

• Viral persistence in chronic HCV can lead to functionally inferior T 
cells – T cell exhaustion 

• Leads to decreased release of inflammatory mediators including IFN-gamma  



TB - HCV
MTB

•Globally 1.7 “billion” 
infected with MTB
• Highest prevalence Africa 

and Asia

•Likely over 1000 cases in 
Texas for 2022 

HCV

•Globally -  58 million with 
chronic HCV
• 1.5 million new cases/year

• Highest prevalence in WHO’s eastern 
Mediterranean and European regions 

• U.S. 2019 – 123,312 newly 
reported chronic cases



Who is at risk and 
should be tested ?

Contacts of someone with TB

People who have lived in areas of 
world where TB is common

People who like or work in high-risk 
settings

 correctional settings

 long term care facilities

 nursing homes

 homeless shelters

Health-care workers who care for 
patients at increased risk of TB 
disease

Infants, children and adolescents 
exposed to adults who are at 
increased risk for LTBI or TB disease

Those with HCV infection????



Risk Factors for Progression from LTBI 
to Active TB Disease

•Immune compromising conditions
• HIV
• Diabetes
• Organ Transplantation
• Smoking
• Malignancy 
• Immune suppressing medications
• Elderly
• Hepatitis C????



Study aim: Assess how untreated and treated chronic HCV infection 
status impacts the incidence of active TB disease.

Hypothesis:  Incidence of active TB is highest among those with 
untreated chronic HCV infection followed by those who were treated 
and lowest among those never infected with HCV

• Conducted cohort study among adults in Georgia tested for HCV 
from 1/1/2015 – 9/30/2020

• Excluded those with known diagnosis of active TB disease before or at time 
of first HCV test. 

January 2023



Methods and Setting:

Eastern European country of Georgia

     TB 70 cases/100,000 in 2020

     All TB diagnostic and treatment 
services free

     During study period only children < 
5 and high-risk groups such as HIV + 
were offered LTBI testing and 
screening. 

Chronic HCV infection highly prevalent 
in Georgia

     Affects 5.4% of general adult 
population

     First country to implement 
nationwide program to eliminate HC

     Screening in multiple setting and 
free treatment

Followed for median time 26 months for TB disease after screen



Results

•Active TB diagnosed in 3136 persons during follow up

• Incidence rate/1000,000 person-years:
• Untreated HCV – 296  > 4 times higher than never infected 
• Treated HCV     -  109  1.7 times higher than never infected
• HCV negative   -   65

•Those treated who had sustained virologic suppression 
had lower rates of TB (1.5 times greater than never 
infected).



Conclusions

•Adults with HCV infection, particularly untreated 
individuals were at high risk of developing active TB 
disease

•Persons with HCV infection should be screened for 
LTBI TB infection and active TB disease

•Suggests those who are positive be treated for LTBI
• Safety of LTBI therapy unclear in chronic HCV 



CDC National Center for Health Statistics; http://wonder.cdc.gov/mcd-icd10.html

Texas in top three by number of deaths 
but not rate





THEY ALWAYS COME BACK
Do It Right The First Time!

Barbara Seaworth, MD
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