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Learning Objectives

. To review the epidemiology of TB-DM co-
infection

. To review the impact of DM on TB disease

. To review management issues of TB-DM

Diagnosis of Diabetes

Fasting plasma glucose (FPG)
=126 mg/dL (7.0 mmol/L)
OR
2-h plasma glucose =200 mg/dL
(11.1 mmol/L) during an OGTT
OR
A1C 26.5%
OR
Classic diabetes symptoms + random plasma glucose
=200 mg/dL (11.1 mmol/L)

American Diabetes Association Standards of Medical Care in Diabetes.
Classification and diagnosis of diabetes. Diabetes Care 2017; 40 (Suppl. 1): S11-S24
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Number and Percentage of U.S. Population with Diagnosed Diabetes,
1958-2015

—=—Percentage with Diabetes

—e—Number with Diabetes

Percentage with Diabetes
Number with Diabetes (Millions)

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

Age-adjusted Prevalence of Obesity and Diagnosed Diabetes
Among US Adults
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Dooley K; Lancet Infect Dis 2009; 9: 737-46
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Convergence of Two Epidemics

DM and Risk for Active TB

Study Sample Size
Cohort Cases/Pop

Kim, 1995 [7] 5105/814713 3.57 (3.07,5.16)
John, 2001 [32) 166/1251 e 2.24 (1.38, 3.65)
Chen, 2006 [30) 20756 _ 3.07 (1.14, 8.26)
Summary 3.11(2.27, 4.26)
Heterogeneity: F=30% (0%81%)

Case-control Cases/Cntris

Mori, 1992 [34] 46/46 —_— 520(1.22,22.1)
Buskin, 1994 [35] 151/545 _— 1.70 (0.70, 4.30)
Rosenman, 1996 [36] 148/200 ——mM—— 1.16 (0.58, 2.32)
Pablos-Mendez, 1997 (8] 5290/37366 1.61(1.50, 1.73)
Brassard, 2006 [31) 386/38600 1.50 (1.15, 1.90)
Coker, 2008 (37] 334/334
Jick, 2006 [33] 497/1966
Perez, 2006 [11] 3847/66714

Heterogeneity: P =68% (34%,85%)
Other* Cases/Pop
Ponce-de-Leon, 2004 [9] 581/21230 6.00 (5.00, 7.20)

Dyck, 2007 [25] 1118/791673 0.99 (0.80, 1.23)
Heterogeneity: P =89% (99%,100%)

Jeon CY, Murray MB;PLoS Med 2008;5:el
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Attributable Risk

TabLE L: Relative risk, prevalence and population attributable risk of selected risk factors for TB.

Relative risk for active Weighted prevalence, total population,
I'B disease (range)* 22 TB high burden countries”
HIV infection 83(6.1-10.8) L19

Population attributable
Risk factor (reference) ! ¢
fraction (range)
3% (5.2-6.9)

34.1% (14.7-46.3)
6.3% (1.6-18.6)

Malnutrition 1.0 (2.0-6.0)
Diabetes 3.0(1.5-78)
Alcohol use > 40 g/day 2.9(1.9-4.6)
Active smoking 26 (1.6-4.3) % (9.9-37.4)

Indoor pollution 1.5(1.2-3.2) 2% (12.4-61.0)

Narasimhan et al. Pulm Med;2013:828939

DM and TB Outcomes

* WORSE!




DM and TB: Culture Conversion (by 2 months)

Population with DM
Positive sputum
Country Cuiture 2-3 months/

Total

Kithara, 1994 [44] Japan 11771 (15%)

Hara, 1996 [41] Japan 32/03 (34%)

Wada, 2000 [54] Japan 14/90 (16%)

Alisjahbana, 2007 [11] Indonesia 7141 (17%)

Banu Rekha, 2007 [32] India 8/69 (12%)

Blanco, 2007 [34) Canary Islands, 4/13 (31%)
S

pain

Guler, 2007" [40] Turkey 32044 (73¢

Dooley, 2009(12]  USA 9730 (30%)

Tatar, 2009 [S2) Turkey

Heterogeneity l-squared = 58% (12, 80)

Weights are from random effects analysis

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

337449 (7%)

43/301 (14%)
167334 (5%)

68/372(18%)

10/88 (15%)

13/85 (15%)

88/262 (34%)

50/163 (31%)

8/53 (15%)

RR (95% CI)

211(1.12,3.98)
241(162,357)
3.25(1.65,6.40)
0.93 (0.46, 1.90)
0.79(0.33, 1.88)
2.01(0.77,5.24)
2.17(1.69,2.78)
0.98(0.54, 1.77)

1.33(0.58, 3.04)

Baker et al. BMC Medicine 2011, 9:81

DM and TB: Failure and Death

Population
4th DM
Country  Failure and
Deatns.
Tota:
Ambrosetti, 1995 Report [28] italy ¥32(9%)
Ambrosetti. 1996 Report [29] taly 8/50 (10%)
Ambrosett, 1997 Report [30) italy 240 (5%)
Centis, 1998 Report [35]  italy 841 (12%)
Cents, 1999 Report [36]  Raly 2140 (5%)
Mboussa, 2003 [47] Congo 1332 (41
Ponce-de-Leon. 2004 [3]  Mexico
Anunnatsir, 2008 [31] Thailand 4738 (11%)
Singla, 2006 [50] Seudi 1187 (<1

Arabia
Alisjshbans, 2007 [11] Ingonesia 894 (%)

Chiang. 2009 [37) Taiwan 60241 (25%)

Wang. 2009 [56] Taiwan 1374 (18"
Summary

Heterogeneity l-squared = 19% (0, 58)
Weights are from random effects analysis

20773 (¥

45867 (7%

61/1089 (6

28/852 (¥

13/100 (13

67/409 (16

1/188 (8

RR (95% CI)

209 (0.68, 6.47)
3.87(1.51,987)
0.74 (0.19, 2.95)
2.12(0.90, 4.99)
1.52(0.38, 6.16)
3.13(1.62,6.03)
149 (1.06. 2.10)

1,80 (0.60, 5.35)

7/505 (1%

32/540 (6"

161/886 (18

11143 @

0.39(0.05, 3.11)

144 (0.68,3.02)

1.37 (1.06, 1.78)

228(1.08. 4.85)

169(1.36, 2.12)

Baker et al. BMC Medicine 2011, 9:81
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DM and TB: Death, Adjusted OR

Population Population
with DM without DM

Country  Deaths’ Deaths OR (85% CI)
Total Total

Fielder, 2002 [38] USA 13/22(58%) 20/152(19%) 3.80 (1.42, 10.16)

Oursler 2002 [48] USA 8/18 (44%) 14/108 (13%) 6.70(1.57,28.52)

Dooley. 2009 [12] USA 6/42(14%) 20/255(8%) 6.50(1.11,38.20

Wang, 2000 [56] Taiwan13/74 (18%) 11/143 (8%) 5.20(1.77, 15.25!

Summary 4.95(2.69,9.10)

Heterogeneity I-squared = 0% (0, 85)

Weights are from random effects analysis

Baker et al. BMC Medicine 2011, 9:81

DM Alters TB Immunity

immunology of TB & diabetes

PTB DM
PTB Non-DM

LTB DM
_LTBNon-DM

Inflammatory Markers

PTB DM
PTB N

LTE

LTB Non-DM

Nathella. Immunology. 2017;152:13
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Active TB in Diabetic Patients

e Often more advanced disease
* More cavitary disease

* ? Lower lobe disease

Dooley K; Lancet Infect Dis 2009; 9: 737-46

Active TB in Diabetic Patients

People with DM and TB have...
» 2x risk of remaining culture positive

» 3x risk of progression to TB disease

» 4x risk of relapse after standard tx

* 5xrisk of death during TB treatment
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Managing DM-TB Patient

* 2016 ATS/CDC Guidelines:

* Always give pyridoxine

* Consider prolonging treatment and drug level

monitoring

Month of Treatment Completed

Basole y 2 3 4 5 & 7

[= -
o

Vision assessment’

LABORATORY TESTING

telet count”

Hepatitis B and C screen
Drabetes Screen

AST, ALT, bilirubin, alkaline phosphate

Oobooodg |ood |d (od

TB-DM: Rifampin levels

e Rifampin levels can
be 50% lower in
diabetics

* Obesity dosing is not
“established”

e Consider checking
levels

$335

Mean plasma concentration, mg/L

S aNw AP YR

N
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\

Time, b

Figure 1. Mean plasma concentration (mg/L) over time (h) of rifampicin
in 17 patients with tuberculosis (TB; open circles) and 17 patients with
TB and with type 2 diabetes (DM; closed squares), with standard devi
ations. P value of comparison between groups <05

ampicin in Patients with TB and Type 2 Diabetes + CID 2006:43

10
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TB-DM: Drug Interactions

Rifampin affects hepatic metabolism

Sulfonylureas: glyburide, glipizide —DECREASES
levels

Thiazolidinediones -decreased
Insulin is not metabolized, so not affected
Metformin?

Take Away: Need to manage diabetes and TB,
DM may worsen initially

Metformin Interaction

Rifampin enhances glucose lowering effect of
metformin

Complex mechanism: rifampin increases
organic cation transporters (OCT1), increases
drug absorption of metformin

11



TB-DM Drug Issues

* Increase glucose monitoring

* Monitor renal and hepatic function more
closely due to drug interactions and
propensity for renal disease

» Establish endocrine support, since infectious
patients will not be able to attend regular
clinics

Latent TB Infection

* Diabetes is a risk factor for active TB, therefore
suggest prioritizing treatment for diabetics
with LTBI

* Screening for DM in LTBI, usually not feasible,
but consider for high risk diabetic populations

9/27/2018
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BCG Vaccination and DM

n pJ Va CCi nes www.nature.com/npjvaccines

ARTICLE OPEN

Long-term reduction in hyperglycemia in advanced type 1
diabetes: the value of induced aerobic glycolysis with BCG
vaccinations

Willem M. Kihtreiber', Lisa Tran', Taesoo Kim', Michael Dybala', Brian Nguyen', Sara Plager', Daniel Huang (3!, Sophie Janes',
Audrey Defusco', Danielle Baum', Hui Zheng? and Denise L. Faustman'

* Type 1 diabetics given BCG x2, followed for 8 years, and
compared to control (placebo) subjects

BCG Vaccination and T1D

Basoline 12 Wooks 208 Weoks

HBAIC (% change)

Stimulated C-Peptide ( pmoliL)

HbALc (%)

Years

Fig. 1 Long-term improvement of glycemic control in T1Ds after BCG treatment. a, b Glucose control was ms:lod !hluugh measurements of
HbAlc. HbAIc levels in the control T1D groups (saline-treat bo group =3 of the untre e gr 40) remained
unchanged over the 8-year observation period (placebo) or 5- ervath jod (untreated

change (a) or as raw HbA1c values (b) (p - 0.73). The percentag ge was ted from pre-t

every 6 months or yearly. In contrast, a decrease in HbA ¢ for the 8 year long followed BCG-treated patients uniformly occurre

and thereafter showed sustained lowering, with an 18% decrease from baseline at year 04. After the drop in HbA1¢ values in the BCG-treated
group, HbA 1< values remained lower for the next 5 years of monitoring and was statistically different from placebo (p ~ 0.0002 at year 8) and

npj Vaccinesvolume 3, Article number: 23 (2018)
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Conclusions

Watch for poor outcomes in diabetic patients
Prioritize diabetic patients for LTBI treatment
Watch for drug interactions

If possible, Try to treat the TB and the
diabetes together

Questions?

Thank you

9/27/2018
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