
Diabetes mellitus is associated with cavities, smear grade, and 
multidrug resistant tuberculosis in Georgia

Matthew J Magee1,2, Russell R Kempker3, Maia Kipiani4, Neel R Gandhi2,3, Lasha Darchia4, 
Nestan Tukvadze4, Penelope P Howards2, KM Venkat Narayan2, and Henry M Blumberg2,3

1Division of Epidemiology and Biostatistics, School of Public Health, Georgia State University, 
Atlanta, GA, USA

2Department of Epidemiology, Rollins School of Public Health, Emory University, Atlanta, GA, 
USA

3Division of Infectious Diseases, Department of Medicine, Emory University School of Medicine, 
Atlanta, GA, USA

4National Center for Tuberculosis and Lung Diseases, Tbilisi, Republic of Georgia

SUMMARY

Setting—National tuberculosis (TB) treatment facility, country of Georgia.

Objective—To determine the prevalence of diabetes mellitus (DM) and pre-DM among patients 

with TB using glycosylated-hemoglobin (HbA1c), and to estimate the association between DM 

and clinical characteristics and response to TB therapy.

Design—A cohort study was conducted (2011–2014) at the National Center for TB and Lung 

Disease in Tbilisi. Patients ≥35 years with pulmonary TB were included. HbA1c was used to 

define DM (≥6.5%), pre-DM (≥5.7%–6.4%), and no DM (<5.7%). Interviews and medical chart 

abstraction were performed. Regression analyses estimated associations between DM and 1) 

baseline TB characteristics and 2) TB treatment outcomes.

Results—A total of 318 newly diagnosed patients with TB were enrolled. Prevalence of DM was 

11.6% and pre-DM prevalence was 16.4%. In multivariable analyses, patients with TB-DM had 

more cavitation (aOR 2.26), higher smear (aOR 2.37), and more MDR-TB (aOR 2.27) compared 

to patients without DM. Risk of poor TB treatment outcome was similar among patients with and 

without DM (28.1% vs. 23.6%).

Conclusion—Diabetes and pre-DM were common among adults with newly diagnosed 

pulmonary TB in Tbilisi, Georgia and DM was associated with more clinical symptoms at 

presentation including MDR-TB.
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INTRODUCTION

Diabetes mellitus (DM) increases the risk of active tuberculosis (TB) by approximately 

three-times.1, 2 Impaired immune responses that predispose persons with DM to active 

TB3–5 may also confer a greater likelihood of severe TB disease and poor response to TB 

therapy, thus threatening recent gains in global TB control.6 Global increases in DM 

prevalence and persistently high incidence of TB increase the importance of clarifying how 

DM affects TB disease presentation and response to TB treatment.7, 8

Studies have inconsistent findings regarding how DM affects TB therapy. Some 

observational studies reported that patients with DM and TB require more time to convert 

sputum cultures from positive to negative,9–11 are at increased risk of TB treatment 

failure,12 and have higher rates of death during TB treatment.13–15 Other studies have not 

observed significant differences between these groups.16, 17 An important limitation of most 

studies to date is the reliance on self-reported DM status. Further, few studies have 

investigated the prevalence of pre-DM among patients with TB.18 Moreover, most studies 

examining the relation between DM and TB were retrospective and did not adjusted for 

important known confounders.2, 12

The aims of this study were to 1) estimate the prevalence of DM and pre-DM using a 

glycosolated hemoglobin A1c (HbA1c) test among new adult patients with TB in Tbilisi, 

Georgia; 2) estimate the association between DM and clinical characteristics at the time of 

diagnosis, including MDR-TB; and 3) estimate the association between DM status and 

response to anti-TB treatment.

METHODS

Setting and Participants

Between October 2011 and May 2014 a prospective cohort study was conducted at the 

National Center for TB and Lung Disease (NCTLD) in Tbilisi, the largest TB treatment and 

referral facility in Georgia. Eligible participants included newly diagnosed patients with 

pulmonary TB with no history of prior TB treatment, aged ≥35 years, with confirmed TB 

(sputum AFB smear-positive and/or culture-positive for Mycobacterium, or met NCTLD’s 

clinical definition [symptoms with chest x-ray [CXR] findings]). Physicians and study staff 

recruited eligible participants from NCTLD inpatient and ambulatory outpatient clinics. 

Participants were treated with standard WHO recommended anti-TB treatment regimens19 

and were monitored for study outcomes after two months of treatment and at the conclusion 

of TB treatment.

Magee et al. Page 2

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2016 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Definitions and Study Measures

HbA1c was measured by rapid, point-of-care HbA1c device (Afinion, Axis Shield). 

Capillary blood sample was collected from participants’ fingers at study enrollment; samples 

were analyzed for HbA1c within 30 seconds of collection. HbA1c levels were included in 

the patient’s medical record and reported to physicians. Treatment for DM was at the 

discretion of physicians. For the primary measure of DM status, we categorized HbA1c 

according to American Diabetes Association’s recommended scale: DM ≥6.5%, pre-DM 

5.7–6.4%, and no DM <5.7%.20 Participants with HbA1c <6.5% with previous DM 

diagnosis by a physician or health-care worker and documented use of DM medication were 

also defined as DM. In secondary analyses, we categorized DM by history of DM diagnosis, 

use of DM medication, or uncontrolled DM (HbA1c ≥8.0%).

Clinical TB characteristics (CXR findings, body mass index [BMI], and HIV status) were 

abstracted from participants’ medical records at the time of TB diagnosis. Laboratory results 

were obtained from the Georgia National TB Reference Laboratory, which receives annual 

WHO external quality assessment.21 Ziehl-Neelsen staining was used for sputum smear 

AFB, Lowenstein-Jensen and BACTEC-MGIT for M. tuberculosis culture, and the absolute 

concentration method for TB drug susceptibility (DST), as previously described.21 Sputum 

AFB smears were graded following CDC guidelines22, those with 3+ or 4+ were defined as 

high AFB smear grade. Multidrug-resistant TB was defined as resistance to at least INH and 

RIF. HIV serologic testing was performed for all participants.

At enrollment, patients were interviewed in Georgian (Kartuli) or Russian to determine 

socio-demographics, smoking and alcohol use, TB symptom history, and previous DM 

diagnosis. Patients were asked about tobacco use, those indicating they smoked were 

considered current smokers; patients who were not current smokers but indicated previous 

regular tobacco use were considered past smokers, and those without current or past tobacco 

use were considered never smokers. Alcohol use was defined as heavy (≥5 drinks per day), 

intermediate (≤4 drinks per day), frequent (≥3 days per week), and infrequent (≤2 days per 

week).

Sputum for AFB smear and culture were repeated after two months of anti-TB treatment 

when participants visited the NCTLD directly observed therapy short-course (DOTS) clinic 

or in the hospital for admitted patients. At the end of the study follow-up period (May 2014), 

treatment outcomes were assessed using NCTLD treatment database. Treatment result was 

categorized according WHO guidelines: cured, completed, lost to follow-up, failed, died, or 

transferred.19 Favorable outcome was defined as participants who were cured or completed 

after six months of treatment and poor outcome included participants who defaulted, failed, 

or died.

Data analyses

Analyses were performed using SAS version 9.3 (SAS Institute, Cary, NC, USA). 

Categorical baseline characteristics were compared by DM status using Fisher’s exact or χ2 

tests, and the Kruskal-Wallis test was used for continuous variables. Logistic models were 

used to estimate the association between DM status and baseline patient characteristics (self-
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reported symptoms, radiograph results, sputum microscopy, and drug susceptibility). Log-

binomial or log-Poisson regressions were used to estimate the association between DM 

status and longitudinal outcomes (poor/favorable treatment outcome, two-month AFB status, 

two-month culture status). Covariates included in multivariable models were chosen based 

on previous literature, bivariate associations in the data, and directed-acyclic graph theory.23

Ethical approval

The study protocol and materials were reviewed and approved by Institutional Review 

Boards at the NCTLD and Emory University.

RESULTS

Of 586 eligible TB patients who sought treatment at NCTLD during the study period, 324 

were approached to participate and 318 were enrolled (2 were ineligible, 4 refused). 

Enrolled participants were demographically similar to all patients with TB from Georgia 

(data not shown). Among the 318 enrolled participants, 291 (91.5%) had final TB treatment 

outcome information available. Of the remaining participants, 26 were still on treatment (20 

with MDR-TB) and the outcome for 1 was missing.

Median age of study participants was 49 years (IQR 42–58) and 75.2% were male (Table 1). 

Most participants received a high school education (55.2%), the median income was 

equivalent to $132 USD per month. Current smoking was reported by more than half the 

study subjects (51.1%) and 45.5% indicated heavy alcohol use. Median BMI was 21.3 (IQR 

19.4–23.6); most (N=298) participants were HIV seronegative (93.7%), and MDR-TB 

prevalence was 15.4% (N=49).

The prevalence of DM was 11.6% (95%CI 8.4–15.5%); 31 (9.7%) participants with had 

baseline HbA1c >6.5% and six (1.9%) participants were previously diagnosed DM and had 

HbA1c <6.5%. Among 37 patients with DM, 24.3% were not previously diagnosed with 

DM (N=9) and 32.4% were not receiving DM medications (N=12). Median time with DM 

among those with previous DM diagnosis was 2.5 years (IQR 0.0–8.0). Median HbA1c 

among patients with TB and DM was 7.9% and non-significantly higher among patients 

with previous DM diagnoses (8.0% vs. 7.6%, p-value=0.63) and lower among those 

currently receiving DM medications (7.9% vs. 8.2%, p-value=0.26). There were 52 (16.4%, 

95%CI 12.6–20.8%) patients with TB and pre-DM. The total proportion of participants with 

any hyperglycemia (DM and pre-DM combined) was 28.0% (95% CI 23.3–33.1%).

Diabetes status and TB clinical presentation

Among patients enrolled, 80.4% were sputum culture positive for M. tuberculosis, 68.6% 

were sputum AFB smear positive, 270 (85.2%) were either culture or AFB positive, and 47 

(14.5%) were clinical cases. Compared to patients with TB but without DM, participants 

with TB and DM were more likely to have hemoptysis, positive baseline AFB smear, 

positive baseline culture, MDR-TB, and cavitary disease but less likely to have upper lung 

infiltration (p-value <0.05 for all comparisons).
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In multivariable analyses (adjusted for age, sex, HIV status, and smoking status), TB 

patients with DM were more likely to have cough (aOR 3.43, 95%CI 1.00–11.79) and 

hemoptysis (aOR 2.21, 95%CI 1.02–4.78) compared to those without DM (Table 2). 

Patients with TB and DM were also more likely to have any cavitary disease (aOR 2.26, 

95%CI 1.04–4.90), higher AFB smear grade (aOR 2.37, 95%CI 1.14–4.94), and MDR-TB 

(aOR 2.27, 95%CI 1.02–5.08) compared to those without DM (Table 3). The adjusted odds 

of having any lung cavity among patients with DM but not currently taking DM medications 

was 3.63 (95%CI 1.05–12.60) times the odds among patients without DM or with pre-DM. 

In an adjusted model, each percentage increase in HbA1c increased the odds of having 

higher AFB smear grade (3+ or 4+) by 1.26 (95%CI 1.03–1.54) times. Compared to patients 

without DM or with pre-DM, MDR-TB was significantly more prevalent among patients 

with previous DM diagnosis (aOR 3.09, 95%CI 1.31–7.32), and among those currently 

using DM medications (aOR 3.71, 95%CI 1.51–9.07). The adjusted odds of prevalent MDR 

TB among patients with HbA1c ≥ 8.0% was 3.31 (95%CI 1.19–9.16) times the odds among 

patients HbA1c <8.0%.

Diabetes status and response to TB treatment

Among 291 patients with TB that had complete treatment follow-up, 70 (24.1%) had a poor 

TB outcome (Table 4) including 46 who were lost to follow-up, 17 who failed, and 7 who 

died. In primary outcome analyses, patients with DM (compared to those without DM) did 

not have a significantly greater risk of poor TB outcome in unadjusted (28.1% vs. 23.6%) or 

adjusted models (aRR 1.29, 95%CI 0.55–3.06). In the multivariable analysis for poor TB 

outcome, only baseline MDR-TB (aRR 2.96, 95%CI 1.71–5.13) was significantly associated 

with an increased risk.

We performed additional analyses of response to TB treatment among patients without 

MDR TB. After two months of TB treatment, 170 of 176 baseline AFB smear positive 

patients without MDR TB had a follow-up AFB performed and 164 of 208 baseline culture 

positive patients had a follow-up culture performed. Among those who were initially 

positive, 31.8% remained AFB smear positive and 34.1% remained culture positive after 

two months of treatment. Compared to patients without DM, there was a non-significant 

trend toward increased risk of remaining AFB smear positive after two months among 

patients with DM (aRR 1.82 95%CI 0.68–4.81), but the trend was not observed for sputum 

culture. Among 259 patients without MDR-TB who had complete final treatment 

information, 19.3% had a poor outcome. In a multivariable model, the risk of poor TB 

outcome among patients with DM was 1.39 (95%CI 0.44–4.39) times the risk of patients 

without DM.

DISCUSSION

At the time of TB diagnosis and treatment initiation, we found a high proportion of new 

adult patients with pulmonary TB also had DM (11.6%). Among those identified with DM, a 

quarter did not have a previous diagnosis of DM and nearly a third were not receiving DM 

treatment. We also identified a high proportion of patients pre-diabetes (16.4%); together 

28.0% of patients with TB in our study had either DM or pre-DM. Patients with TB and DM 
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had significantly more severe clinical disease at the time of TB diagnosis compared to those 

without DM, including more hemoptysis, higher AFB smear grade, cavitary lung disease, 

and were more likely to have MDR-TB.

The present study prospectively screened new adult TB patients for DM and pre-DM by 

directly measuring HbA1c, a key strength to our study. Compared to most previous studies 

of DM and TB that relied on self-reported DM and could not examine pre-DM, we used a 

valid average measure of hyperglycemia. Another advantage of our study was a rigorous 

analysis of responses to TB therapy, including three outcome measures. Our analyses were 

appropriately designed to estimate the association between DM and longitudinal TB 

outcomes with proper modeling procedures (log binomial and Poisson).

Most previous studies that examined baseline smear results among patients with TB-DM 

reported a greater proportion AFB-positive11, 15, 24–27 and higher smear grade26, 28 among 

patients with DM. Consistent with our results, a study of TB among patients in Texas 

reported that patients with DM were more likely to be baseline AFB smear positive (aOR 

1.8, 95% CI 1.3–2.4).25 Also similar to our results, previous studies comparing TB 

symptoms at time of presentation have reported more cough24, 25, hemoptysis15, 24, 25, and 

lung cavitation15, 25–27 among patients with DM.

We found that patients with TB and DM were significant more likely (aOR=2.27) to have 

MDR-TB at the time of diagnosis compared than those without DM. To our knowledge, this 

is the first study to find DM associated with MDR-TB in patients without previous history of 

TB treatment. A study from Texas found more MDR-TB among those with TB-DM, but that 

study included retreatment TB cases where MDR-TB is much more common.29 Despite 

excluding patients with previous TB, our observed association (aOR 2.27) between DM and 

MDR-TB was similar to Texas (aOR 2.14). Additional studies from settings with high 

MDR-TB burdens are needed to confirm the association between DM and primary MDR-

TB.

Our study has several limitations. Patients were enrolled at a limited number of sites and 

54% of those eligible were enrolled. However, we compared demographic characteristics to 

national TB data and found that patients enrolled in our study were similar to patients with 

TB from the entire country of Georgia. Second, HbA1c screening was not performed at a 

standard time for all patients, and anti-TB regimens or anemia from iron deficiency may 

influence blood-glucose levels for some individuals.30 We analyzed HbA1c results by time 

between treatment initiation and study enrollment and found TB regimens did not 

substantially affect our results. Third, we measured HbA1c once. Because TB disease may 

cause prolonged inflammation,8 hyperglycemia at the time of TB treatment initiation may be 

transient for some participants. This has the potential to introduce misclassification of DM 

or pre-DM status. Ideally patients with new DM according to HbA1c should be confirmed 

by repeat testing with fasting plasma glucose or oral glucose tolerance tests although this 

may not be feasible in low- and middle-income countries. If DM status was misclassified, 

our prevalence estimates of DM may be overestimated. However, the relationship between 

HbA1c, TB severity, and TB outcomes is of clinical importance regardless of DM 

classification, consequently bias from misclassification of DM status is of minimal concern 
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because reported measures of association between HbA1c and study outcomes were 

unaffected. Fourth, we did not have complete data on treatment adherence or duration of 

intensive phase treatment. However, DOTS was the standard of care during the study. If 

clinicians extended intensive phase therapy (due to suspected risk) for TB-DM, our results 

would likely under-estimate the effect of DM on poor outcomes.

Conclusions

We found a high prevalence of DM and pre-DM in adult TB patients in Tbilisi. TB-DM 

patients had more severe clinical disease at time of treatment initiation than patients without 

DM. We also found DM was associated with MDR-TB among patients without a previous 

history of TB. Our findings suggest that clinical guidelines should recommend DM 

screening in patients with TB and MDR TB. Data from our study also highlight the 

importance of expanding public health programs that link TB and DM diagnostic and 

treatment services. Additional studies are needed to better understand the risk of poor TB 

treatment outcomes in patients with TB and DM.

Acknowledgments

Funding sources: This work was supported in part by the National Institute of Health (NIH) Fogarty International 
Center [D43TW007124 and D43TW007124-06S1], NIH National Institute of Allergy and Infectious Diseases 
[K23AI1030344], the Atlanta Clinical and Translational Science Institute [NIH/NCATS UL1TR000454], Emory 
Laney Graduate School, and the Emory Global Health Institute. The funders had no role in study design, data 
collection and analysis, decision to publish, or preparation of the manuscript.

REFERENCES

1. Dooley KE, Chaisson RE. Tuberculosis and diabetes mellitus: convergence of two epidemics. 
Lancet Infect Dis. 2009; 9(12):737–746. [PubMed: 19926034] 

2. Jeon CY, Murray MB. Diabetes mellitus increases the risk of active tuberculosis: a systematic 
review of 13 observational studies. PLoS Med. 2008; 5(7):e152. [PubMed: 18630984] 

3. Bagdade JD, Nielson KL, Bulger RJ. Reversible abnormalities in phagocytic function in poorly 
controlled diabetic patients. Am J Med Sci. 1972; 263(6):451–456. [PubMed: 4403194] 

4. Al-Attiyah RJ, Mustafa AS. Mycobacterial antigen-induced T helper type 1 (Th1) and Th2 
reactivity of peripheral blood mononuclear cells from diabetic and non-diabetic tuberculosis 
patients and Mycobacterium bovis bacilli Calmette-Guerin (BCG)-vaccinated healthy subjects. Clin 
Exp Immunol. 2009; 158(1):64–73. [PubMed: 19737232] 

5. Moutschen MP, Scheen AJ, Lefebvre PJ. Impaired immune responses in diabetes mellitus: analysis 
of the factors and mechanisms involved. Relevance to the increased susceptibility of diabetic 
patients to specific infections. Diabete Metab. 1992; 18(3):187–201. [PubMed: 1397473] 

6. Banerjee D, Bhattacharyya R, Kaul D, Sharma P. Diabetes and tuberculosis: analysis of a paradox. 
Adv Clin Chem. 2011; 53:139–153. [PubMed: 21404917] 

7. Harries AD, Murray MB, Jeon CY, et al. Defining the research agenda to reduce the joint burden of 
disease from diabetes mellitus and tuberculosis. Trop Med Int Health. 2010; 15(6):659–663. 
[PubMed: 20406430] 

8. Kapur A, Harries AD. The double burden of diabetes and tuberculosis - Public health implications. 
Diabetes Res Clin Pract. 2013

9. Restrepo BI, Fisher-Hoch SP, Smith B, Jeon S, Rahbar MH, McCormick JB. Mycobacterial 
clearance from sputum is delayed during the first phase of treatment in patients with diabetes. Am J 
Trop Med Hyg. 2008; 79(4):541–544. [PubMed: 18840741] 

Magee et al. Page 7

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2016 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



10. Guler M, Unsal E, Dursun B, Aydln O, Capan N. Factors influencing sputum smear and culture 
conversion time among patients with new case pulmonary tuberculosis. Int J Clin Pract. 2007; 
61(2):231–235. [PubMed: 17166185] 

11. Dooley KE, Tang T, Golub JE, Dorman SE, Cronin W. Impact of diabetes mellitus on treatment 
outcomes of patients with active tuberculosis. Am J Trop Med Hyg. 2009; 80(4):634–639. 
[PubMed: 19346391] 

12. Baker MA, Harries AD, Jeon CY, et al. The impact of diabetes on tuberculosis treatment 
outcomes: A systematic review. BMC Med. 2011; 9(1):81. [PubMed: 21722362] 

13. Alisjahbana B, Sahiratmadja E, Nelwan EJ, et al. The effect of type 2 diabetes mellitus on the 
presentation and treatment response of pulmonary tuberculosis. Clinical infectious diseases : an 
official publication of the Infectious Diseases Society of America. 2007; 45(4):428–435. 
[PubMed: 17638189] 

14. Ponce-De-Leon A, Garcia-Garcia Md Mde L, Garcia-Sancho MC, et al. Tuberculosis and diabetes 
in southern Mexico. Diabetes Care. 2004; 27(7):1584–1590. [PubMed: 15220232] 

15. Wang CS, Yang CJ, Chen HC, et al. Impact of type 2 diabetes on manifestations and treatment 
outcome of pulmonary tuberculosis. Epidemiology and infection. 2009; 137(2):203–210. 
[PubMed: 18559125] 

16. Magee MJ, Foote M, Maggio DM, et al. Diabetes mellitus and risk of all-cause mortality among 
patients with tuberculosis in the state of Georgia, 2009–2012. Annals of epidemiology. 2014

17. K VN, Duraisamy K, Balakrishnan S, et al. Outcome of tuberculosis treatment in patients with 
diabetes mellitus treated in the revised national tuberculosis control programme in Malappuram 
District, Kerala, India. PloS one. 2013; 8(10):e76275. [PubMed: 24155897] 

18. Goyal R, Singhai M. Tuberculosis and non-diabetic hyperglycemia: a challenge to public health 
management. Medical hypotheses. 2013; 81(6):1170–1171. [PubMed: 24182869] 

19. WHO. Treatment of tuberculosis: Guidelines for national programmes--4th ed. Geneva: WHO; 
2009. Contract No.: WHO/HTM/TB/2009.420.

20. ADA. Diagnosis and classification of diabetes mellitus. Diabetes Care. 2012; 35(Suppl 1):S64–
S71. [PubMed: 22187472] 

21. Tukvadze N, Kempker RR, Kalandadze I, et al. Use of a molecular diagnostic test in AFB smear 
positive tuberculosis suspects greatly reduces time to detection of multidrug resistant tuberculosis. 
PloS one. 2012; 7(2):e31563. [PubMed: 22347495] 

22. Diagnostic Standards and Classification of Tuberculosis in Adults and Children. This official 
statement of the American Thoracic Society and the Centers for Disease Control and Prevention 
was adopted by the ATS Board of Directors, July 1999. This statement was endorsed by the 
Council of the Infectious Disease Society of America, September 1999. Am J Respir Crit Care 
Med. 2000; 161(4 Pt 1):1376–1395. [PubMed: 10764337] 

23. Greenland S, Pearl J, Robins JM. Causal diagrams for epidemiologic research. Epidemiology. 
1999; 10(1):37–48. [PubMed: 9888278] 

24. Singla R, Khan N, Al-Sharif N, Ai-Sayegh MO, Shaikh MA, Osman MM. Influence of diabetes on 
manifestations and treatment outcome of pulmonary TB patients. Int J Tuberc Lung Dis. 2006; 
10(1):74–79. [PubMed: 16466041] 

25. Restrepo BI, Fisher-Hoch SP, Crespo JG, et al. Type 2 diabetes and tuberculosis in a dynamic bi-
national border population. Epidemiology and infection. 2007; 135(3):483–491. [PubMed: 
16863600] 

26. Chang JT, Dou HY, Yen CL, et al. Effect of Type 2 Diabetes Mellitus on the Clinical Severity and 
Treatment Outcome in Patients With Pulmonary Tuberculosis: A Potential Role in the Emergence 
of Multidrug-resistance. J Formos Med Assoc. 2011; 110(6):372–381. [PubMed: 21741005] 

27. Park SW, Shin JW, Kim JY, et al. The effect of diabetic control status on the clinical features of 
pulmonary tuberculosis. Eur J Clin Microbiol Infect Dis. 2011

28. Hongguang C, Min L, Shiwen J, et al. Impact of diabetes on clinical presentation and treatment 
outcome of pulmonary tuberculosis in Beijing. Epidemiology and infection. 2014:1–7.

29. Fisher-Hoch SP, Whitney E, McCormick JB, et al. Type 2 diabetes and multidrug-resistant 
tuberculosis. Scand J Infect Dis. 2008; 40(11–12):888–893. [PubMed: 18728934] 

Magee et al. Page 8

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2016 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



30. Chou HW, Wang JL, Chang CH, Lee JJ, Shau WY, Lai MS. Risk of severe dysglycemia among 
diabetic patients receiving levofloxacin, ciprofloxacin, or moxifloxacin in Taiwan. Clinical 
infectious diseases : an official publication of the Infectious Diseases Society of America. 2013; 
57(7):971–980. [PubMed: 23948133] 

Magee et al. Page 9

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2016 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Magee et al. Page 10

T
ab

le
 1

D
is

tr
ib

ut
io

n 
of

 h
em

og
lo

bi
n 

A
1c

 b
lo

od
 g

lu
co

se
 le

ve
ls

 a
nd

 b
as

el
in

e 
ch

ar
ac

te
ri

st
ic

s 
of

 c
ul

tu
re

 p
os

iti
ve

 a
du

lt 
pu

lm
on

ar
y 

T
B

 p
at

ie
nt

s 
in

 T
bi

lis
i, 

G
eo

rg
ia

, 

20
11

–2
01

2

B
as

el
in

e 
pa

ti
en

t 
ch

ar
ac

te
ri

st
ic

T
ot

al
N

o.
=3

18
N

o.
 (

%
)

N
o 

di
ab

et
es

H
bA

1c
 ≤

 5
.6

%
N

o.
=2

29
 (

72
.0

)
N

o.
 (

%
)

P
re

 d
ia

be
te

s
H

bA
1c

 5
.7

–6
.4

%
N

o.
=5

2 
(1

6.
4)

N
o.

 (
%

)

D
ia

be
te

s*
H

bA
1c

 ≥
 6

.5
%

N
o.

=3
7 

(1
1.

6)
N

o.
 (

%
)

P
-

va
lu

e†

D
em

og
ra

ph
ic

s

A
ge

, m
ed

ia
n 

ye
ar

s 
(I

Q
R

)
49

.0
 (

42
–5

8)
49

.0
 (

41
–5

7)
52

.5
 (

44
–6

1)
50

.0
 (

42
–5

9)
0.

99

Se
x,

 f
em

al
e

79
 (

24
.8

)
60

 (
26

.2
)

7 
(1

3.
5)

12
 (

32
.4

)
0.

26

M
on

th
ly

 in
co

m
e‡

, m
ed

ia
n 

U
SD

 (
IQ

R
)

13
2 

(4
7–

41
2)

14
7 

(4
7–

41
2)

11
7 

(4
1–

29
4)

17
7 

(8
8–

41
2)

0.
46

In
te

rn
al

ly
 d

is
pl

ac
ed

 p
er

so
n

27
 (

8.
5)

21
 (

9.
2)

4 
(7

.8
)

2 
(5

.4
)

0.
47

E
ve

r 
im

pr
is

on
ed

42
 (

13
.5

)
33

 (
14

.8
)

7 
(1

4.
0)

2 
(5

.4
)

0.
12

Sm
ok

in
g 

St
at

us

  N
ev

er
 s

m
ok

er
75

 (
23

.7
)

54
 (

23
.7

)
9 

(1
7.

3)
12

 (
32

.4
)

0.
05

  P
as

t s
m

ok
er

80
 (

25
.2

)
54

 (
23

.7
)

13
 (

25
.0

)
13

 (
35

.1
)

  C
ur

re
nt

 s
m

ok
er

16
2 

(5
1.

1)
12

0 
(5

2.
6)

30
 (

57
.7

)
12

 (
32

.4
)

H
ig

h 
al

co
ho

l u
se

§
51

 (
16

.1
)

39
 (

17
.1

)
10

 (
19

.2
)

2 
(5

.6
)

0.
06

Se
lf

-r
ep

or
te

d 
sy

m
pt

om
s

C
ou

gh
23

4 
(7

7.
5)

16
2 

(7
3.

6)
40

 (
85

.1
)

32
 (

91
.4

)
0.

04

H
em

op
ty

si
s

68
 (

22
.6

)
46

 (
21

.0
)

9 
(1

9.
1)

13
 (

37
.1

)
0.

03

C
he

st
 p

ai
n

10
7 

(3
5.

7)
71

 (
32

.4
)

22
 (

47
.8

)
14

 (
40

.0
)

0.
57

Fe
ve

r¶
12

4 
(6

3.
3)

95
 (

60
.7

)
17

 (
60

.7
)

12
 (

66
.7

)
0.

75

W
ei

gh
t l

os
s¶

12
7 

(6
5.

8)
90

 (
61

.2
)

22
 (

78
.6

)
15

 (
83

.3
)

0.
10

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2016 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Magee et al. Page 11

B
as

el
in

e 
pa

ti
en

t 
ch

ar
ac

te
ri

st
ic

T
ot

al
N

o.
=3

18
N

o.
 (

%
)

N
o 

di
ab

et
es

H
bA

1c
 ≤

 5
.6

%
N

o.
=2

29
 (

72
.0

)
N

o.
 (

%
)

P
re

 d
ia

be
te

s
H

bA
1c

 5
.7

–6
.4

%
N

o.
=5

2 
(1

6.
4)

N
o.

 (
%

)

D
ia

be
te

s*
H

bA
1c

 ≥
 6

.5
%

N
o.

=3
7 

(1
1.

6)
N

o.
 (

%
)

P
-

va
lu

e†

N
ig

ht
 s

w
ea

ts
¶

12
4 

(6
4.

9)
91

 (
62

.8
)

21
 (

75
.0

)
12

 (
66

.7
)

0.
46

W
ea

kn
es

s¶
14

9 
(7

7.
2)

11
0 

(7
4.

8)
25

 (
89

.3
)

14
 (

77
.8

)
0.

95

Sy
m

pt
om

 to
 d

ia
gn

os
is

 ti
m

e,
 d

ay
s 

(I
Q

R
)

35
 (

20
–1

08
)

35
 (

19
–1

08
)

40
 (

19
–1

41
)

35
 (

17
–1

02
)

0.
96

C
li

ni
ca

l i
nf

or
m

at
io

n

B
M

I

  <
18

.5
54

 (
17

.5
)

44
 (

19
.6

)
8 

(1
6.

0)
2 

(5
.7

)
0.

02

  1
8.

5–
24

.9
20

7 
(6

7.
0)

14
8 

(6
6.

1)
36

 (
72

.0
)

23
 (

65
.7

)

  ≥
25

48
 (

15
.5

)
32

 (
14

.3
)

6 
(1

2.
0)

10
 (

28
.6

)

H
IV

 p
os

iti
ve

12
 (

3.
8)

11
 (

4.
8)

0
1 

(2
.7

)
0.

93

B
as

el
in

e 
A

FB
 s

m
ea

r 
po

si
tiv

e
21

8 
(6

8.
8)

15
0 

(6
5.

5)
36

 (
70

.6
)

32
 (

86
.5

)
0.

01

B
as

el
in

e 
sp

ut
um

 c
ul

tu
re

0.
06

  N
eg

at
iv

e
50

 (
16

.2
)

40
 (

17
.5

)
9 

(1
7.

3)
1 

(2
.7

)

  P
os

iti
ve

25
5 

(8
2.

5)
18

1 
(7

9.
0)

39
 (

75
.0

)
35

 (
94

.6
)

  C
on

ta
m

in
at

ed
/m

is
si

ng
13

 (
4.

1)
8 

(3
.5

)
4 

(7
.7

)
1 

(2
.7

)

T
re

at
m

en
t r

eg
im

en

  F
ir

st
-l

in
e 

th
er

ap
y

26
6 

(8
3.

7)
19

4 
(8

4.
7)

46
 (

88
.5

)
26

 (
70

.3
)

0.
01

#

  M
D

R
49

 (
15

.4
)

32
 (

14
.0

)
6 

(1
1.

5)
11

 (
29

.7
)

  X
D

R
3 

(0
.9

)
3 

(1
.3

)
0

0

D
ru

g 
su

sc
ep

tib
ili

ty

  S
en

si
tiv

e
21

4 
(6

7.
3)

15
3 

(6
6.

8)
36

 (
69

.2
)

25
 (

67
.6

)
0.

04

  M
D

R
 o

r 
X

D
R

52
 (

16
.4

)
35

 (
15

.3
)

6 
(1

1.
5)

11
 (

29
.7

)

  C
lin

ic
al

 c
as

e
52

 (
16

.4
)

41
 (

17
.9

)
10

 (
19

.2
)

1 
(2

.7
)

A
ny

 lu
ng

 c
av

ity
69

 (
22

.5
)

45
 (

20
.4

)
11

 (
22

.4
)

13
 (

36
.1

)
0.

04

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2016 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Magee et al. Page 12

B
as

el
in

e 
pa

ti
en

t 
ch

ar
ac

te
ri

st
ic

T
ot

al
N

o.
=3

18
N

o.
 (

%
)

N
o 

di
ab

et
es

H
bA

1c
 ≤

 5
.6

%
N

o.
=2

29
 (

72
.0

)
N

o.
 (

%
)

P
re

 d
ia

be
te

s
H

bA
1c

 5
.7

–6
.4

%
N

o.
=5

2 
(1

6.
4)

N
o.

 (
%

)

D
ia

be
te

s*
H

bA
1c

 ≥
 6

.5
%

N
o.

=3
7 

(1
1.

6)
N

o.
 (

%
)

P
-

va
lu

e†

In
fi

ltr
at

e,
 u

pp
er

29
8 

(9
5.

8)
21

8 
(9

6.
9)

49
 (

98
.0

)
31

 (
86

.1
)

0.
01

In
fi

ltr
at

e,
 lo

w
er

13
3 

(4
2.

9)
10

0 
(4

4.
4)

19
 (

38
.8

)
14

 (
38

.9
)

0.
67

A
bb

re
vi

at
io

ns
: H

bA
1c

-h
em

og
lo

bi
n 

A
1c

; S
T

D
-s

ta
nd

ar
d 

de
vi

at
io

n;
 I

Q
R

-i
nt

er
qu

ar
til

e 
ra

ng
e;

 G
E

L
- 

G
eo

rg
ia

n 
L

ar
i; 

B
M

I-
bo

dy
 m

as
s 

in
de

x;
 A

FB
-a

ci
d-

fa
st

 b
ac

ill
i; 

X
D

R
-e

xt
re

m
el

y 
dr

ug
 r

es
is

ta
nt

; M
D

R
-m

ul
ti-

dr
ug

 r
es

is
ta

nt

* D
ia

be
te

s 
m

el
lit

us
 d

ef
in

ed
 b

y 
H

bA
1c

 ≥
 6

.5
%

, a
nd

 5
 p

at
ie

nt
s 

w
ith

 H
bA

1c
 <

6.
5%

 w
ho

 s
el

f-
re

po
rt

ed
 p

hy
si

ci
an

 d
ia

gn
os

ed
 d

ia
be

te
s 

an
d 

cu
rr

en
t u

se
 o

f 
di

ab
et

es
 m

ed
ic

at
io

ns
.

† T
w

o 
si

de
d 

p-
va

lu
e,

 c
hi

-s
qu

ar
e 

te
st

s 
or

 F
is

he
r’

s 
E

xa
ct

 te
st

 f
or

 c
at

eg
or

ic
al

 v
ar

ia
bl

es
 a

nd
 K

ru
sk

al
-W

al
lis

 te
st

s 
fo

r 
co

nt
in

uo
us

 v
ar

ia
bl

es
. C

om
pa

ri
ng

 d
ia

be
te

s 
to

 p
re

-d
ia

be
te

s 
an

d 
no

 d
ia

be
te

s 
co

m
bi

ne
d.

‡ H
ou

se
ho

ld
 m

on
th

ly
 in

co
m

e 
in

 U
SD

, E
xc

ha
ng

e 
ra

te
 f

ro
m

 G
eo

rg
ia

n 
L

ar
i (

G
E

L
) 

us
ed

 w
as

 1
 U

SD
 ≈

 1
.7

 G
E

L
.

§ H
ig

h 
al

co
ho

l u
se

 d
ef

in
ed

 a
s 

≥ 
5 

dr
in

ks
 p

er
 d

ay
 a

nd
 ≥

 3
 d

ay
s/

w
ee

k.

¶ Fe
ve

r 
(N

o.
=

12
2)

, w
ei

gh
t l

os
s 

(N
o.

=
12

5)
, n

ig
ht

 s
w

ea
ts

 (
N

o.
=

12
7)

, a
nd

 w
ea

kn
es

s 
(N

o.
=

12
5)

 h
ad

 >
30

%
 m

is
si

ng
.

# M
D

R
 s

ta
tu

s 
w

as
 d

ic
ho

to
m

ou
s 

(Y
es

/N
o)

.

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2016 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Magee et al. Page 13

Table 2

Multivariable analyses for self-reported tuberculosis (TB) symptoms at the time of TB presentation among 

new adult TB patients with diabetes mellitus in Tbilisi, Georgia, 2011–2012

Cough* Hemoptysis*

DM status OR (95% CI) aOR (95% CI)† OR (95% CI) aOR (95% CI)†

DM 3.86 (1.13, 12.93) 3.43 (1.00, 11.79) 2.22 (1.04, 4.75) 2.21 (1.02, 4.78)

Pre-DM 2.05 (0.87, 4.82) 1.91 (0.80, 4.56) 0.89 (0.40, 1.97) 0.85 (0.38, 1.90)

No DM 1.00 1.00 1.00 1.00

DM no med 3.22 (0.40, 25.60) 2.97 (0.37, 23.88) 3.20 (0.94, 10.87) 3.23 (0.94, 11.10)

DM med 3.54 (0.81, 15.44) 3.22 (0.72, 14.49) 1.92 (0.78, 4.71) 1.89 (0.75, 4.78)

Pre-DM/No DM 1.00 1.00 1.00 1.00

HbA1c ≥8.0% 2.10 (0.47, 9.48) 2.03 (0.44, 9.42) 0.47 (0.11, 2.14) 0.49 (0.11, 2.24)

HbA1c <8.0% 1.00 1.00 1.00 1

HbA1c, per 1% increase 1.55 (1.03, 2.34) 1.48 (0.99, 2.21) 1.02 (0.81, 1.29) 1.02 (0.81, 1.29)

Abbreviations: DM, diabetes mellitus; OR, odds ratio; CI, confidence interval; aOR, multivariable adjusted odds ratio; Pre-DM, pre-diabetes 
mellitus; NA, not available; HbA1c, hemoglobin A1c

*
Self-reported by patients at baseline, cough (No.=302) and hemoptysis (No.=301).

†
In addition to diabetes status, adjusted models included age, sex, HIV status, smoking status.
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Table 4

Patient characteristics associated with two-month acid-fast bacilli (AFB) sputum smear positive results among 

adult pulmonary TB patients in Tbilisi, Georgia, 2011–2012

Baseline patient characteristic Poor TB outcome*
70/291 (24.1)

Positive/Total (%)

Risk ratio (RR)
RR (95% CI)

Adjusted RR
aRR (95% CI)†

DM status

  No DM 50/212 (23.6) 1.00 1.00

  Pre-DM 11/47 (23.4) 0.99 (0.56, 1.76) 0.95 (0.45, 1.99)

  DM 9/32 (28.1) 1.19 (0.65, 2.18) 1.29 (0.55, 3.06)

Age (years)

  35–44 25/98 (25.5) 1.00 1.00

  45–54 28/94 (29.8) 1.17 (0.74, 1.85) 1.01 (0.56, 1.81)

  55–64 14/64 (21.9) 0.86 (0.48, 1.52) 0.68 (0.34, 1.39)

  ≥65 3/35 (8.6) 0.37 (0.11, 1.04) 0.62 (0.18, 2.19)

Sex

  Female 7/70 (10.0) 1.00 1.00

  Male 63/221 (28.5) 2.85 (1.37, 5.93) 1.82 (0.68, 4.91)

Income, household USD/Month‡

  ≤$59 21/85 (24.7) 1.00

  $60–$176 19/85 (22.4) 0.90 (0.53, 1.56)

  ≥$177 29/117 (24.8) 1.00 (0.62, 1.63)

Internally displaced person

  No 63/264 (23.9) 1.00

  Yes 6/26 (23.1) 0.97 (0.46, 2.01)

Ever Imprisoned

  No 55/244 (22.5) 1.00

  Yes 13/39 (33.3) 1.48 (0.90, 2.44)

Smoking Status

  Never smoker 7/67 (10.5) 1.00 1.00

  Past smoker 6/71 (8.5) 0.81 (0.29, 2.28) 0.49 (0.14, 1.73)

  Current smoker 57/153 (37.3) 3.57 (1.72, 7.40) 1.94 (0.67, 5.60)

Alcohol use§

  Never 10/82 (12.2) 1.00 1.00

  Frequent/infrequent intermediate 21/75 (28.0) 2.30 (1.16, 4.55) 1.26 (0.49, 3.25)

  Infrequent heavy 23/84 (27.4) 2.25 (1.14, 4.42) 0.99 (0.38, 2.60)

  Frequent heavy 16/48 (33.3) 2.73 (1.35, 5.53) 1.34 (0.48, 3.73)

Cough
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Baseline patient characteristic Poor TB outcome*
70/291 (24.1)

Positive/Total (%)

Risk ratio (RR)
RR (95% CI)

Adjusted RR
aRR (95% CI)†

  No 21/63 (33.3) 1.00 1.00

  Yes 46/213 (21.6) 0.65 (0.14, 1.00) 0.76 (0.44, 1.33)

Hemoptysis

  No 54/213 (25.4) 1.00

  Yes 13/62 (21.0) 0.83 (0.48, 1.41)

BMI

  <18.5 7/51 (13.7) 1.00 1.00

  18.5–24.9 46/191 (30.0) 1.75 (0.84, 3.65) 1.28 (0.55, 2.96)

  ≥25 15/40 (37.5) 2.73 (1.23, 6.06) 2.13 (0.80, 5.69)

HIV status

  Negative 66/274 (24.1) 1.00

  Positive 3/10 (30.0) 1.25 (0.47, 3.28)

  Unknown 1/7 (14.3) 0.59 (0.10, 3.69)

AFB smear

  Negative 26/97 (26.8) 1.00

  1 or 2+ 28/112 (25.0) 0.93 (0.59, 1.48)

  3 or 4+ 16/81 (19.8) 0.74 (0.43, 1.28)

Drug susceptibility

  Drug susceptible 50/259 (19.3) 1.00 1.00

  XDR/MDR 20/32 (62.5) 3.24 (2.25, 4.67) 2.96 (1.71, 5.13)

Cavitary Disease

  None 56/223 (25.1) 1.00

  Any 11/58 (19.0) 0.76 (0.42, 1.35)

Abbreviations: RR-risk ratio; aRR-adjusted risk ratio; HbA1c-hemoglobin A1c; BMI-body mass index; AFB-acid-fast bacilli; MDR-multi-drug 
resistant; XDR-extremely drug resistant

*
Poor outcome was defined as default, failure, or death according to 2013 WHO criteria. Patients still on treatment (No.=27) at the end of follow-

up were excluded from the analysis.

†
Age was also included in the multivariable model as a continuous variable.

‡
Exchange rate from Georgian Lari (GEL) used was 1 USD ≈ 1.7 GEL.

§
Alcohol use: Heavy ≥5 drinks/day, intermediate ≤4 drinks/day, frequent ≥3 days/week, infrequent ≤2 days/week.
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