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• Public Health Importance and Implications



Background: TB in brief
• Infectious disease spread by airborne 

droplets produced by active case
• Following infection, TB can exist in either a 

latent or active state
• Risk factors for developing active TB 

include but are not limited to:
– Older age
– Immunosuppression
– Foreign place of birth
– Diabetes mellitus



TB in Maryland

• Incidence (2005) per 100,000 population
– U.S. overall: 4.5 
– MD state: 5.1 

• High-incidence Jurisdictions
– Montgomery County: 8.8 
– Baltimore City: 10.6 
– Prince George’s County: 6.7 



Background: Diabetes in brief

• Type I DM (5-10%) 
– Insulin-dependent

• Type II DM (90-95%)
– Non-insulin-dependent

• Gestational diabetes
• Other specific types 

(1-5%)



Source: Mokdad et al., Diabetes Care 2000;23:1278-83; J Am Med Assoc 2001;286:10. CDC

Diabetes Trends, U.S. Adults 
BRFSS, 1990,1995 and 2001

1990 1995

2001



Research Questions
• What is the impact of DM on treatment 

outcomes among Maryland TB cases?
– Treatment failure (culture conversion >4 mos)
– Prolonged treatment (longer than 6 mos)
– Development of drug resistance
– Death during treatment

• Does race/ethnicity or place of birth modify the 
association between diabetes and treatment 
outcome?

• What are the epidemiologic and clinical 
characteristics associated with each of four TB 
treatment outcomes?



Methods: Study Population

• Retrospective Cohort:
– 419 incident TB cases
– 3 jurisdictions (Baltimore City, Montgomery 

and Prince George’s Counties)
– 81% of TB cases in 2004-2005
– Identified by routine surveillance (TIMS)

• Exclusions:
– 6 were deceased at report of TB 
– Final study cohort = 413 cases



Methods: Data Collection

• Public health clinical chart abstraction
– Diabetes, related clinical and epidemiologic 

exposures (e.g., blood glucose, HbA1C, renal 
failure)

• Routine Surveillance data (TIMS)
– Baseline demographic variables
– Laboratory results 
– Risk factors (e.g., HIV serostatus, previous 

diagnosis of TB, severity of disease)



Methods: Model-Building
• Covariates:

– Age
– Sex
– Race
– Hispanic ethnicity
– Country of birth
– HIV serostatus
– Previous TB diagnosis
– Severity of TB disease

• Outcomes:
– Treatment Failure
– Prolonged Treatment
– Drug Resistance
– Death during treatment

• Stratified Analysis
• Multivariable Logistic 

Regression (likelihood-ratio 
testing, effect modification, 
collinearity, goodness-of-fit, 
sensitivity analyses)

Source: http://en.wikipedia.org/wiki/Tuberculosis







Results: Death during treatment
• Univariate analyses:

– Associated with older age, US birth, HIV infection, 
and having a prior TB diagnosis

– Not associated with Diabetes
• Multivariable analyses:

Characteristic Adjusted 
OR

95% CI p-value

Aged 65+ 6.5 1.3-32.7 .022

Unknown HIV 
status

12.0 3.2-44.6 <.0005



Results: Prolonged Treatment
• Univariate analyses:

– Associated with older age, Hispanic ethnicity, and 
unknown HIV status

– Not associated with Diabetes
• Multivariable analyses:

Characteristic Adjusted 
OR

95% CI p-value

Unknown HIV 
status

0.40 0.20-0.80 0.010

More severe 
TB disease

1.76 1.02-3.05 0.042



Results: Drug Resistance

• Univariate analyses:
– Associated with Hispanic ethnicity and Black race
– Not associated with Diabetes

• Multivariable analyses:
– None of the covariates were statistically significant

Characteristic Adjusted 
OR

95% CI p-value

Previous TB 
diagnosis

3.39 0.91-12.6 0.068



Conclusion

• Diabetes was not shown to be associated 
with any of the four adverse treatment 
outcomes studied

• Other predictors were identified
• Overall prevalence of diabetes in study 

population (12.4%) is higher than the 
overall MD prevalence of diabetes* (7.2%)

* Behavioral Risk Factor Surveillance System (BRFSS), 2005



Public Health Impact and 
Importance

• Builds upon limited existing data on diabetes 
and TB treatment outcomes

• Uses a large, diverse, community-based cohort 
representing a high-TB-incidence area

• TB remains a significant public health issue; 
combined with increasing diabetes, poses public 
health challenges

• May help guide TB control in high-DM-incidence 
setting
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Diabetes by age group

Diabetes occurs in higher proportions in 
older adults than in younger adults. 
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Background: TB in brief

		Infectious disease spread by airborne droplets produced by active case

		Following infection, TB can exist in either a latent or active state

		Risk factors for developing active TB include but are not limited to:

		Older age

		Immunosuppression

		Foreign place of birth

		Diabetes mellitus





Brief Overview of TB:

Globally, over one-third have TB infection.

Risk factors for getting infected are different from risk factors for developing active disease; i.e., older people are more likely to get infected, …



In addition to Diabetes, cancer, silicosis, immunosuppressive therapy, prolonged corticosteroid therapy, and being below 10% below ideal body weight are risk factors for developing active disease.









TB in Maryland

		Incidence (2005) per 100,000 population

		 U.S. overall: 	4.5 

		 MD state: 	5.1 

		High-incidence Jurisdictions

		Montgomery County: 	8.8 

		Baltimore City: 	         10.6 

		Prince George’s County: 	6.7 





In Maryland state, TB rates are higher than in other parts of the country. Within MD, certain health jurisdictions experience elevated rates. The top three jurisdictions in terms of highest incidence in 2005 were: Montgomery County, Baltimore City, and Prince George’s County. These three jurisdictions make up over 80% of cases reported statewide. 



Note: the next high-incidence jurisdictions are: Baltimore County (2.6), Anne Arundel (2.9), and Howard (4.5), and the remaining 18 counties together have a case rate of 1.8 per 100,000 population. 

Note: 2005 total statewide cases = 283; 314 in 2004. 











Background: Diabetes in brief

		Type I DM (5-10%) 

		Insulin-dependent

		Type II DM (90-95%)

		Non-insulin-dependent

		Gestational diabetes

		Other specific types (1-5%)





Diabetes is “a disease in which the body does not produce or properly use insulin. Insulin is a hormone that is needed to convert sugar, starches and other food into energy needed for daily life.” [ADA website]

Both type 1 and 2 DM begin with insulin resistance, leading to overt disease as beta cells fail. Type 1: beta-cell destruction with insulinopenia; juvenile-onset. Type 2: impaired insulin secretion due to beta-cell failure, and insulin resistance; adult-onset.



Note: Other specific types include (per Dr. Sherita Hill Golden, JHU SOM and Welch Center):

       Genetic defects

Beta-cell function

Insulin action

Disease of exocrine pancreas

Endocrinopathies

Drug- or chemical-induced

Infection-related

Other genetic syndrome associated with diabetes









Source: Mokdad et al., Diabetes Care 2000;23:1278-83; J Am Med Assoc 2001;286:10. CDC

Diabetes Trends, U.S. Adults BRFSS, 1990,1995 and 2001
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Diabetes has been steadily increasing in prevalence over the last fifteen years. 1.5 million new cases of diabetes were diagnosed in people aged 20 years or older in 2005 [NDIC: National Diabetes Information Clearinghouse]

Also, people with diabetes are more susceptible to many other illnesses and, once they acquire these illnesses, often have worse prognoses. For example, they are more likely to die with pneumonia or influenza than people who do not have diabetes [NDIC]



Note: Diabetes was the sixth leading cause of death listed on U.S. death certificates in 2002, and diabetes is likely to be underreported as a cause of death.









Research Questions

		What is the impact of DM on treatment outcomes among Maryland TB cases?

		Treatment failure (culture conversion >4 mos)

		Prolonged treatment (longer than 6 mos)

		Development of drug resistance

		Death during treatment

		Does race/ethnicity or place of birth modify the association between diabetes and treatment outcome?

		What are the epidemiologic and clinical characteristics associated with each of four TB treatment outcomes?





In a recent study, diabetes (21.5%) was the most common underlying co-morbidity in 461 culture-confirmed TB patients, and was associated with a higher probability of cavitary nodules. [i] 

Existing research has also suggested that co-morbid diabetes in TB patients may be associated with slower response to TB medications and increased mortality. [ii] 

Increasing prevalence of diabetes nationwide, in part related to increasing obesity, corresponds to additional challenges to treatment completion and survival for TB cases with uncontrolled chronic conditions. 

No studies to date have examined the epidemiology of pulmonary and extrapulmonary TB with and without diabetes in a U.S. population with high TB incidence. 



[i] Wang JY, Lee LN, Hsueh PR. Factors changing the manifestation of pulmonary tuberculosis. Int J Tuberc Lung Dis. 2005 Jul;9(7):777-83.

[ii] Nijland HM, Ruslami R, Stalenhoef JE, Nelwan EJ, Alisjahbana B, Nelwan RH, van der Ven AJ, Danusantoso H, Aarnoutse RE, van Crevel R. Exposure to rifampicin is strongly reduced in patients with tuberculosis and type 2 diabetes. Clin Infect Dis. 2006 Oct 1;43(7):848-54. Epub 2006 Aug 22. 









Methods: Study Population

		Retrospective Cohort:

		419 incident TB cases

		3 jurisdictions (Baltimore City, Montgomery and Prince George’s Counties)

		81% of TB cases in 2004-2005

		Identified by routine surveillance (TIMS)

		Exclusions:

		6 were deceased at report of TB 

		Final study cohort = 413 cases





These jurisdictions manage cases who are residents of their jurisdictions.

The majority of cases are managed using DOT completely (81%) or DOT and Self-Administered Therapy (13%). 



Note: Exclusions were due to not being in the risk set for treatment outcomes; e.g. being deceased at first report of TB disease.

Note: The majority of cases in these three jurisdictions are managed by public health clinics.









Methods: Data Collection

		Public health clinical chart abstraction

		Diabetes, related clinical and epidemiologic exposures (e.g., blood glucose, HbA1C, renal failure)

		Routine Surveillance data (TIMS)

		Baseline demographic variables

		Laboratory results 

		Risk factors (e.g., HIV serostatus, previous diagnosis of TB, severity of disease)





Lab results include: drug susceptibilities, radiographic results, smear and culture reports

Severity of disease defined as More Severe if smear positive and/or smear negative with cavitary disease present, Less Severe if smear negative and no cavitary disease.









Methods: Model-Building

		Covariates:

		Age

		Sex

		Race

		Hispanic ethnicity

		Country of birth

		HIV serostatus

		Previous TB diagnosis

		Severity of TB disease 



		Outcomes:

		Treatment Failure

		Prolonged Treatment

		Drug Resistance

		Death during treatment



		Stratified Analysis

		Multivariable Logistic Regression (likelihood-ratio testing, effect modification, collinearity, goodness-of-fit, sensitivity analyses)

		



Source: http://en.wikipedia.org/wiki/Tuberculosis





Note: We performed univariate analysis on each of the eight covariates selected based on existing literature (age group, sex, race, Hispanic ethnicity, country of birth, HIV serostatus, previous TB diagnosis, severity of TB disease) with each outcome. Simple logistic regressions were run to investigate the unadjusted associations between each covariate-outcome pair. Multivariable logistic regression models were constructed with all eight covariates for each outcome and likelihood-ratio testing was used to select final models for each outcome. Effect modification was evaluated using interactions between diabetes status and all covariates, as well as for HIV status. Inspection of variance inflation factors (VIF) was performed to check for collinearity among covariates. We conducted Hosmer-Lemeshow goodness-of-fit testing based on fewer covariate patterns identified, deviance testing, and sensitivity analyses as appropriate for final logistic regression models to further refine the models. All statistical tests were two-sided, and a p-value of less than 0.05 was considered statistically significant. 













TB cases with diabetes were not statistically significantly different from cases without diabetes for all demographic covariates except for age.













However, diabetic TB cases were statistically significantly more likely to have had previous TB diagnosis, have pulmonary disease, and be smear positive at baseline (which is traditionally thought of as a marker of being infectious).









Results: Death during treatment

		Univariate analyses:

		Associated with older age, US birth, HIV infection, and having a prior TB diagnosis

		Not associated with Diabetes

		Multivariable analyses:



		Characteristic		Adjusted OR		95% CI		p-value

		Aged 65+		6.5		1.3-32.7		.022

		Unknown HIV status		12.0		3.2-44.6		<.0005























A final multivariate model controlling for sex, race, place of birth, diabetes status, previous TB diagnosis, and severity of disease showed that patients who died during treatment were more likely to be 65 years of age or older (adjusted OR: 6.5; 95% CI: 1.3-32.7) (p=.022) compared to those who were 25 to 44-years old).  Severity of disease was not associated with having diabetes in our study population. Additionally, having an unknown HIV serostatus is highly associated with having an increased odds of death during treatment (AOR: 12.0; 95% CI: 3.2-44.6) compared to the odds of death for those who are HIV negative (p<0.0005). 









Results: Prolonged Treatment

		Univariate analyses:

		Associated with older age, Hispanic ethnicity, and unknown HIV status

		Not associated with Diabetes

		Multivariable analyses:



		Characteristic		Adjusted OR		95% CI		p-value

		Unknown HIV status		0.40		0.20-0.80		0.010

		More severe TB disease		1.76		1.02-3.05		0.042























Notes: Patients with unknown HIV status was statistically significantly less likely to have prolonged treatment compared to those who were HIV negative (p=.010). Having more severe disease is also statistically significantly associated with a 76% increased odds of treatment longer than six months compared to having less severe disease (p=.042), in agreement with treatment recommendations. Compared to the 25-44 year old group, the youngest age group had an AOR 2.4 (95% CI: 0.98-5.95) that bordered on statistical significance (p=.057). Being Hispanic was borderline statistically significantly associated with a 73% decreased odds of prolonged treatment compared to not being Hispanic (p=.055). No effect modification was observed in this analysis. 









Results: Drug Resistance

		Univariate analyses:

		Associated with Hispanic ethnicity and Black race

		Not associated with Diabetes

		Multivariable analyses:

		None of the covariates were statistically significant



		Characteristic		Adjusted OR		95% CI		p-value

		Previous TB diagnosis		3.39		0.91-12.6		0.068































Conclusion

		Diabetes was not shown to be associated with any of the four adverse treatment outcomes studied

		Other predictors were identified

		Overall prevalence of diabetes in study population (12.4%) is higher than the overall MD prevalence of diabetes* (7.2%)





* Behavioral Risk Factor Surveillance System (BRFSS), 2005



		In light of the overall increasing prevalence of diabetes in the United States, this elevated prevalence within TB subpopulations may signal TB control staff to maintain concern and vigilance for diabetes-related TB, especially in higher-risk groups. 

		Our finding that diabetes is not statistically significantly associated with any adverse treatment outcomes may not necessarily point to a lack of true association between diabetes and adverse treatment outcomes, but may reflect a well-managed and appropriately treated cohort of TB patients. 











Public Health Impact and Importance

		Builds upon limited existing data on diabetes and TB treatment outcomes

		Uses a large, diverse, community-based cohort representing a high-TB-incidence area

		TB remains a significant public health issue; combined with increasing diabetes, poses public health challenges

		May help guide TB control in high-DM-incidence setting





Note: These results may not be generalizable to other areas since the cases in our study were managed by three public health TB programs with well-trained and culturally appropriate personnel with ample experience managing complicated TB cases. The high quality of care in these three jurisdictions may explain why we are unable to detect statistically significant differences in outcomes between diabetic and non-diabetic patients. Despite the weak generalizability of these findings, these results may perhaps serve as a benchmark upon which other TB programs with similarly diverse patient bases may set their goals for good TB control with respect to treatment outcomes for diabetic patients.



By estimating the prevalence of diabetes among incident TB cases and suggest several inferences pertaining to risk factors for prolonged treatment, drug resistance, and death during TB treatment which are relevant to TB control staff. Despite successful ongoing prevention and control efforts, TB remains a significant public health issue, affecting both patient and community health. The results of this study shed light on the magnitude and impact of diabetes mellitus on TB treatment outcomes and gives suggestions to guide TB control in one setting of high diabetes incidence. In conclusion, these findings contribute to the limited existing data on diabetes and TB treatment outcomes in a high-incidence, diverse U.S. population. 
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Diabetes by age group









Diabetes occurs in higher proportions in older adults than in younger adults. 



Just a backup slide with info in case of questions about diabetes









