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Abstract

Diabetes mellitus (DM) is an emerging chronic health condition of developed and developing
countries. We conducted a retrospective cohort study of patients with active, culture-confirmed
tuberculosis (TB) in Maryland to determine the impact of DM on TB treatment outcomes. Of 297
TB patients, 42 (14%) had DM. Patients with diabetes had 2.0 times higher odds of death than patients
without diabetes (95% confidence interval [CI] 0.74-5.2, P = 0.18). Adjusting for human
immunodeficiency virus (HIV), age, weight, and foreign birth, the odds of death were 6.5 times
higher in patients with diabetes than patients without diabetes (95% CI 1.1-38.0, P = 0.039). In
pulmonary TB patients, time to sputum culture conversion was longer in patients with diabetes than
patients without diabetes (median 49 versus 39 days, P = 0.09). Two-month culture conversion
proportions were similar (70% and 69%). Treatment failure occurred in 4.1% of patients without
diabetes and 6.7% of patients with diabetes (P = 0.51). In conclusion, DM was a risk factor for death
in Maryland TB patients. There was a trend toward increased time to culture conversion; two-month
culture conversion proportions, however, were similar.

Copyright © 2009 by The American Society of Tropical Medicine and Hygiene

*Address correspondence to Kelly E. Dooley, Divisions of Clinical Pharmacology and Infectious Diseases, Johns Hopkins University
School of Medicine, 600 N. Wolfe Street, Osler 527, Baltimore, MD 21287..



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Dooley et al. Page 2

INTRODUCTION

Over the past several decades, tuberculosis (TB) incidence has declined in industrialized
countries, but incidence has risen in countries with high rates of infection with human
immunodeficiency virus (HIV).1 At the same time, the prevalence of diabetes mellitus (DM)
is soaring globally, fueled by the obesity epidemic.? In the United States, 23.1% of individuals
over 60 years of age are diabetic, and DM is the seventh leading cause of death.3 In developing
countries, the number of individuals with DM is expected to increase from 84 million people
in 1995 to 228 million people by 2025.4 In a recent study in Taiwan, diabetes was the most
common underlying co-morbidity in patients with culture-confirmed TB, present in 21.5% of
patients. ® With the convergence of the TB and DM epidemics, co-affliction with the two
diseases is on the rise.b

A number of case-control studies have shown that the relative odds of developing TB is higher
in patients with diabetes than non-diabetics, with odds ratios (OR) ranging from 2.44 to
8.33.7-10 Cohort studies involving thousands of patients and a recent 1.7 million participant
meta-analysis provide further convincing evidence that TB is more common in patients with
diabetes,11-15 especially in those with poor glycemic control.14 Diabetes has been associated
with increased risk of TB treatment failure or relapse,8:16 and diminished 2-month and 6-month
culture conversion rates.1”:18 Diabetes mellitus has been associated with increased risk of all-

cause mortality in TB patients'® and, more specifically, with death related to pulmonary TB.
20

We conducted a retrospective study to determine the prevalence of DM among TB patients,
and to determine and compare treatment outcomes among TB patients with versus without
DM.

METHODS

Study design and patient population

This retrospective cohort study included all patients with culture-confirmed TB diagnosed in
2004 and 2005 in Montgomery County, Prince George's County, and Baltimore City in
Maryland. Collectively, these three counties include 80% of the state's incident TB cases.
Tuberculosis cases were identified via routine surveillance data (TB Information Management
System, or TIMS). Patients were excluded from the study if they were not alive at the time of
TB diagnosis, initiated TB treatment outside of Maryland, or died before information regarding
diabetes status could be obtained. Analyses of time to sputum culture conversion included only
those patients with a baseline diagnostic sputum culture positive for Mycobacterium
tuberculosis plus at least one additional sputum submitted for mycobacterial culture. Sputum
cultures were collected under program conditions, and frequency of sampling varied but was
at least monthly. For each identified TB case, information about demographics, TB treatment
course, medical history, cavitary disease status, and outcomes were abstracted from both public
health clinic charts and the TIMS database. Data were recorded on a study form and entered
into a computer database. The study was approved by Institutional Review Boards of the Johns
Hopkins Schools of Public Health and Medicine and the Maryland Department of Health and
Mental Hygiene.

Study definitions and data collection

Patients were considered to be diabetic if they had baseline diagnosis of DM, were taking oral
hypoglycemics, or had a non-fasting glucose measurement of greater than 200 recorded in
public health clinic charts. Human immunodeficiency virus status was determined using chart
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documentation of serologic testing. Causes of death were determined by review of death
certificates.

Tuberculosis treatment was in accordance with current guidelines.?! Directly observed therapy
(DOT) was provided to patients by the respective counties' health department staff members
throughout the treatment course.

The primary study outcome was all-cause mortality during TB treatment, comparing patients
with diabetes to patients without diabetes. In the subset of pulmonary TB patients with growth
of M. tuberculosis in baseline sputum cultures, secondary outcomes included proportion of
patients with sputum culture conversion to negative by completion of 2 months of treatment;
treatment failure; time to sputum culture negativity; and acquired resistance by M.
tuberculosis isolates to any anti-tuberculosis drug. Time to sputum culture negativity was
defined as days from treatment initiation date to date of first of three negative sputum cultures.
Treatment failure was defined by a sputum culture positive for M. tuberculosis at or after
completion of 4 months of treatment.

Statistical analysis

RESULTS

To compare demographic and clinical characteristics of TB patients with and without DM, we
used Pearson's x2 or Fisher's exact tests for categoric variables and student's t tests or Mann-
Whitney U tests for continuous variables. For multivariable analyses, initial criteria for
selection of factors to be considered for inclusion in the models were based on factors known
in the TB literature to be risk factors for increased mortality or for delays in clearance. To
compare mortality between the two groups, univariate and multivariate logistic regression was
used. Covariates in mortality analyses included factors known to be risk factors for death from
TB, including HIV status, weight, and age, as well the predictor shown in our data to be strongly
associated with improved outcomes, foreign birth.22:23 To compare proportions of patients
with and without DM with sputum culture conversion by 2 months of treatment, we used
multiple logistic regression, stratifying by cavitary disease status, as the relationship between
2-month culture conversion and diabetes varied by cavitary disease status in our data, and
adjusting for Hispanic ethnicity. To evaluate our logistic regression models, we used Hosmer-
Lemeshow goodness of fit tests. To compare time to culture conversion, log-rank and stratified
log-rank tests were performed. For those individuals who did not convert their sputum cultures
to negative, their data was right-censored and included in the survival analysis. A two-tailed
alpha level of 0.05 was used to determine statistical significance. Statistical analyses were
performed using STATA software, version 10.0 (StataCorp LP, College Station, TX).

There were 419 reported cases of incident TB during the study period in the study jurisdictions.
Of these, 413 were alive at the time of TB diagnosis. Five patients died before initiation of
treatment or began treatment outside of Maryland and were excluded from the study. Of these,
299 had culture-confirmed TB and were followed for all their treatment in the state of
Maryland. Of the 299, 2 died within 4 days of diagnosis, and their diabetes status could not be
ascertained, so they were excluded. For the 297 patients included in the study, Table 1 shows
the baseline demographic and clinical characteristics, stratified by diabetes status. Of these 297
patients, 42 (14%) were diabetic. Patients with diabetes more commonly had pulmonary
disease (90% versus 75%, P = 0.029), were older (mean age 57 versus 40 years of age, P <
0.01), and were slightly heavier than those without DM (mean weight 146 versus 135 pounds,
P =0.051). Of the 297 patients, 228 had pulmonary TB; among these 228, presence of cavitary
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disease was similar in patients with diabetes and patients without diabetes (39% versus 37%,
P =0.88).

Twenty-six (9%) of the 297 study patients died of TB or other causes while undergoing TB
treatment. In bivariate analyses, patients with DM had an odds of death that was 2.0 times
higher than patients without DM (OR 95% confidence interval [CI] 0.74-5.2, P = 0.18). Death
was more common in patients with HIV or whose HIV status was unknown, those born in the
United States, and those with pulmonary involvement ( Table 2 ). Being US-born was strongly
associated with likelihood of death (OR 7.50, 95% CI 3.03-18.6, P < 0.001). For each one-
year increase in age, odds of death were 6% higher (95% OR 1.04-1.09, P < 0.01), and for
each one-pound increase in weight, odds of death were 1% lower (OR 95% CI 0.97-1.0, P =
0.08). Because HIV was such a strong risk factor for death, HIV status was included in our
multivariate model, despite the fact that HIV status was known for only 250 of the subjects.
After adjusting for HIV status, age, weight, and foreign birth, the odds of death were 6.5 times
higher in patients with diabetes than patients without diabetes (OR 95% CI 1.1-38.0, P =
0.039). Of the diabetic TB patients, 9.5% died within one month after starting TB treatment,
compared with 3.5% of patients without diabetes (P = 0.09). Causes of death are listed in Table
3.

Acquired drug resistance

Drug susceptibility testing results were available for a pre-treatment M. tuberculosis isolate
for all 297 culture-positive patients. There was no difference in the proportion of patients with
baseline drug resistance, comparing patients with diabetes to patients without diabetes (14.3%
versus 15.3%, P = 0.87), so differences in drug resistance patterns were unlikely to have
contributed to mortality differences between the two groups. Among the 26 patients who died,
none had multidrug-resistant (MDR) TB. Of 89 study patients who also had drug susceptibility
testing performed on an isolate obtained during treatment, 19 had an isolate that was resistant
to one or more anti-tuberculosis agents. However, all resistance was present at baseline, and
none was acquired during the study.

Sputum culture conversion

Of 228 patients with pulmonary TB, 208 had baseline positive sputum cultures; of the 208,
one elderly patient with dementia declined subsequent sputum collection. Among the 207
patients with culture-confirmed pulmonary TB and at least one follow-up culture, the median
time to sputum culture conversion among patients with diabetes was 49 days versus 39 days
among patients without diabetes, but this difference did not reach statistical significance (P =
0.09 by log-rank test) (Figure 1). In an analysis evaluating time to culture conversion stratified
by cavitary disease status, mean time to culture conversion was longer in patients with diabetes
than patients without diabetes among those with noncavitary disease (P = 0.05) but similar in
those with cavitary disease (P = 0.88); however, overall time to culture conversion did not
differ between patients with diabetes and patients without diabetes (P = 0.14 by stratified log-
rank test) ( Figure 2).

Sixty-five percent (134/207) of the patients with culture-confirmed pulmonary TB converted
their sputum to negative by 2 months, 59 (29%) still had positive sputum cultures at or beyond
2 months of treatment, and 14 (7%) were missing these data (12 of the 14 died before 60 days
of therapy). Of the 193 whose 2-month sputum culture conversion status was known, the
proportion of patients with diabetes and patients without diabetes who converted their sputum
culture to negative by 2 months was 70% and 69%, respectively (P = 0.94). Of those with
cavitary disease, 55% converted their sputum by 2 months, compared with 78% of those with
noncavitary disease (P = 0.001) (Table 4). Asians had a 2-month culture conversion proportion
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of 77%, whereas blacks had a proportion of 72%, and whites 54% (P = 0.05). Of white subjects,
those of Hispanic ethnicity had a 50% 2-month culture conversion proportion, whereas non-
Hispanics had a proportion of 73%. In multivariate analysis, among those with noncavitary
disease, patients with diabetes had a 61% lower odds of converting their sputum by 2 months
than patients without diabetes, after adjusting for Hispanic ethnicity and age, but this difference
was not statistically significant (P = 0.12); among those with cavitary disease, 2-month culture
conversion proportions were not different (P = 0.18). Treatment failure was seen in 4.1% of
patients without diabetes and 6.7% of patients with diabetes (P = 0.51). In a multivariate model,
odds of treatment failure were 59% higher in patients with diabetes than patients without
diabetes after adjusting for cavitary status, ethnicity, and age, but this association was not
statistically significant (P = 0.34)

DISCUSSION

In this community-based study, we found that diabetes was a relatively common comorbid
condition in patients with active TB, and diabetes was independently associated with an
increased risk of death in patients undergoing treatment of TB. After adjusting for other
covariates, the odds of death were over six times higher in patients with diabetes than patients
without diabetes, though confidence intervals were wide. There was a trend toward earlier
culture conversion in patients without diabetes compared with patients with diabetes, especially
among patients with noncavitary culture positive pulmonary TB; however, 2-month culture
conversion proportions and odds of treatment failure were similar.

To our knowledge, our study was the first cohort study designed to directly evaluate the
relationship between diabetes and TB treatment outcomes in an industrialized country, where
management of DM and adherence to DOT should not be hindered by limitations of resources.
Our results corroborate those seen in developing and developed country settings. In Egypt, in
one case-control study, diabetes conferred a 9-fold increased risk of treatment failure, and this
risk increased with adjustment for adherence.1® Similarly, in the Congo, treatment failure or
death from respiratory failure or diabetic coma was seen in 41% of patients with diabetes but
only 13% of nondiabetics.8 In a study in Indonesia with high adherence rates, 6-month sputum
culture results were positive in 22% of patients with diabetes and 6.9% of nondiabetics.1” In
one study in Baltimore, Maryland, evaluating multiple potential risk factors for poor TB
treatment outcomes, the hazards ratio for all-cause mortality in patients with diabetes as
compared with patients without diabetes was 6.7 after adjusting for renal failure, chronic
obstructive pulmonary disease (COPD), HIV status, and age.1®

It has been shown that the severity of diabetes affects the risk of developing active TB. In one
large cohort study, for example, diabetes was associated with an increase in the risk of active
pulmonary TB only in those with a hemoglobin Alc greater than 7%.14 Similarly, the incidence
of active TB is higher in insulin-dependent diabetes than non-insulin dependent diabetes.24:
25 The patients classified as diabetic in our study included a heterogeneous mix: 10 had insulin-
dependent diabetes mellitus (IDDM); 18 were receiving oral diabetic medications at baseling;
4 were insulin-requiring type Il patients with diabetes; 3 had a pre-treatment diagnosis of
diabetes in the medical records; 1 had prednisone-induced hyperglycemia; and 6 were classified
as patients with diabetes based on hyper-glycemia (undiagnosed diabetes or temporal
hyperglycemia). Glycemic control was not systematically assessed, so the relationship between
severity of diabetes and TB outcomes could not be evaluated in this retrospective study. Of
note, it is not clear if treatment outcomes are affected by glycemic control and whether tight
diabetes control would positively impact treatment outcomes in those who already have active
TB. In one study that evaluated TB treatment outcomes in patients with diabetes, of those who
died, 60% had complicated DM.8 In addition, it is not known whether increased mortality in
patients with diabetes with TB is secondary to DM-related comorbidities or to increased TB
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severity, although in one recent study, TB-related death was nearly three times as common in
patients with diabetes as in patients without diabetes.2? In this study, information regarding
the cause of death in patients with diabetes was collected from death certificates, limiting our
ability to fully assess the role of DM in the patients’ clinical course. Nonetheless, mortality in
patients with diabetes was secondary to TB or other infections in all cases but one, in which
hypoglycemia was listed as the cause of death. Patients without diabetes on the other hand,
died of a broader array of disease processes. It will be important to understand whether or not
aggressive management of DM can improve TB treatment outcomes, perhaps by diminishing
risk of concurrent infection or by decreasing TB severity.26:27 |f so, diabetes management
should be a standard part of TB care.

In this study, among patients with culture-positive pulmonary TB, there was a trend toward
increased time to culture conversion in patients with diabetes, especially those with noncavitary
disease, but the proportion of patients who converted their sputum culture to negative by 2
months was similar. In one recent study involving 469 patients in Texas, an evaluation using
survival techniques showed that the median time to culture conversion was statistically
significantly longer in patients with diabetes by 5 days.?8 In addition, a study in Indonesia
showed that, although culture conversion proportions were similar in patients with diabetes
and patients without diabetes at 2 months (17.1% and 18.3%, respectively), of those tested at
the end of 6 months of treatment, 22.2% of patients with diabetes compared with 9.6% of non-
diabetics had positive cultures.1” If it is true that patients with diabetes with pulmonary TB
take longer to convert their sputum cultures to negative, this delay could impact transmission,
risk of relapse, and, consequently, appropriate treatment duration. A systematic evaluation of
relapse rates, comparing patients with diabetes to patients without diabetes would shed light
on the clinical consequences of delay in sputum conversion and the potential benefit of
prolonged treatment duration in patients with diabetes, particularly if, as our data suggest, time
to culture conversion among patients with diabetes is increased. The unexpected finding of
prolonged time to culture conversion in patients with diabetes with noncavitary disease,
discovered by visual inspection of Kaplan—Meier curves and evaluated in a subgroup analysis,
should be confirmed prospectively.

Several mechanisms have been explored for increased development of TB or increased severity
of TB in patients with diabetes. In studies of dogs with pancreatectomy, tuber-culous lesions
contain higher bacillary counts, suggesting that the direct effects of hyperglycemia or
insulinopenia contributed to diminished TB control.29 Indirect effects on immune function
likely also play a role. Patients with diabetes may have impaired chemotaxis of monocytes,
30 diminished activation of alveolar macrophages,3! diminished interferon (IFN)-Y levels,32:
33 or altered innate and type | cytokine expression.34 Pharmacologic interactions between
rifampin and diabetic agents and decreased absorption of rifampin by patients with diabetes
further impacts concurrent treatment of the two diseases.3°:36

Our study has several limitations. First, because this was a retrospective cohort study, sputum
samples were not systematically collected on a weekly basis, which would have enhanced our
ability to determine exact time to sputum culture conversion. To ensure that there was no bias
resulting from differences in frequency of sputum collection between patients with diabetes
and patients without diabetes, we compared the rates of sputum collection for the two groups
and found that the mean rate of culture collection was the same (5.6 versus 5.4 samples per
month, respectively, P =0.89). Second, because HIV is a strong risk factor for death in patients
with TB, we included HIV status in our multivariable model despite the fact that 44 patients
did not have their HIV status recorded, resulting in a smaller sample size for this analysis. It
is important to note the considerable uncertainty around the point estimates for mortality in the
univariate and multivariable analyses; the potential for residual confounding resulting from
unmeasured factors exists and would likely be better addressed in a prospective study. Third,
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though we would like to have collected data on relapse, an important TB treatment outcome,
the Centers for Disease Control and Prevention (CDC) TB surveillance system used by the
state did not routinely track information about recurrent disease in the year after treatment, the
time period when the majority of relapses occur. Last, the number of deaths in Maryland TB
patients was low; a larger cohort with higher absolute mortality would provide improved
statistical power to evaluate TB outcomes in diabetic patients.

In conclusion, in our TB patient population, diabetes was a relatively common morbidity, and
it had a negative impact on treatment outcome. Mortality was higher in TB patients with
diabetes compared with patients without diabetes, particularly in the first month of treatment.
TB patients should be queried about diabetes, which should be attentively managed if present.
Enhanced medical vigilance, especially during the early part of TB treatment, is warranted.
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Figure 1.
Kaplan-Meier survival analysis showing days to sputum culture conversion in patients with
culture-positive pulmonary TB, comparing patients with diabetes to patients without diabetes.
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Figure 2.

Kaplan-Meier survival analysis showing days to sputum culture conversion in patients with
cavitary (panel A) and noncavitary (panel B) pulmonary TB, comparing patients with diabetes
to patients without diabetes.
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Baseline demographic and clinical characteristics of 297 patients with culture-confirmed tuberculosis, stratified by
diabetes status

Patients without

diabetes Patients with
Characteristic (N =255) diabetes (N = 42) P value
Male gender (n, %) 130 (51) 27 (64) 0.11
Race (n, %)
Asian 72 (21) 13 (26) 0.37
Black 206 (58) 24 (48)
White 77 (22) 13 (26)
Hispanic ethnicity (n, %) 39 (15) 7(17) 0.82
HIV-positive* (n, %) 44 (20) 4 (11) 0.19
Foreign-born (n, %) 178 (70) 28 (67) 0.68
Site of disease (n, %)
Pulmonary 146 (57) 33(79) 0.024
Extrapulmonary 65 (25) 4 (10)
Both 44.(17) 5(12)
Cavitary diseaseT (n, %) 71 (37) 15 (39) 0.88
Smear positivity T (n, %) 105 (55) 23 (61) 0.70
Dialysis (n, %) 5(2.0) 3(7.1) 0.22
Age (mean, [SD]) 39.8 (18) 56.5 (15) <0.01
Weight (SD)S 135.1 (32) 146.1 (37) 0.051
*N =253.
TN =228 (pulmonary only).
TTN = 208 (sputum culture positive patients with smear collected).
§N =285.
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Table 2
Comparison of proportion of patients who died during tuberculosis (TB) therapy by demographic or clinical
characteristics

Characteristic (N = 297) Number of deaths (%) P value

Diabetes
Yes 6 (14.3) 0.17
No 20 (7.8)

Gender 0.61
Male 15 (9.6)
Female 11(7.9)

Race
Asian 4 (5.6) 0.51
Black 17 (10.5)
White 5(7.8)

Ethnicity 0.39
Hispanic 2(4.9)
Non-Hispanic 24 (9.6)

HIV <0.001
Positive 5 (10.4)
Negative 6(2.9)
Unknown 15 (34.1)

US-born <0.001
Yes 19 (20.9)
No 7(34)

Site of disease 0.013
Pulmonary 25 (11.0)
Extrapulmonary only 1(1.5)

Dialysis 0.22
Yes 2(25.0)
No 24 (8.3)
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Table 3
Causes of death among Maryland tuberculosis (TB) cases, by diabetes status

Patients without diabetes (N = 19) Patients with diabetes (N = 6)

Tuberculosis
Pulmonary TB (3) Pulmonary TB (2)
Pulmonary and CNS TB (1) Miliary TB (1)
AIDS with disseminated TB (3)
Pulmonary TB and pulmonary embolus (1)

Diabetes
N/A Hypoglycemia (1)
Infection
Community-acquired pneumonia (1) Klebsiella pneumoniae septicemia in
setting of end stage renal disease (1)
Pneumonia with sepsis (1) Pneumonia with renal failure (1)

Pneumonia with sepsis complicated by chronic obstructive pulmonary disease (1)
Cancer
Lung cancer (2) None
Metastatic lung cancer with brain metastases plus TB (1)
Colon cancer with colon perforation and shock (1)
Metastatic renal cell carcinoma with renal failure complicated by upper gastrointestinal bleed (1)
Other
Myocardial infarction (1) None
Parkinson's disease plus TB (1)

Chronic obstructive pulmonary disease (1)

CNS = central nervous system; AIDS = acquired immunodeficiency syndrome.
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Table 4
Comparison of proportion of patients with pulmonary tuberculosis (TB) who converted their sputum cultures to negative
within 2 months after initiation of TB therapy by demographic or clinical characteristics

2-month sputum culture

Characteristic (N = 193) conversion (N[%]) P value

Diabetes 0.94
Yes 21(70)
No 113 (69)

Gender 0.53
Male 73 (68)
Female 61 (72)

Race 0.052
Asian 30 (77)
Black 83(72)
White 21 (54)

Ethnicity 0.014
Hispanic 17 (52)
Non-Hispanic 117 (73)

HIV" 0.59
Positive 29(73)
Negative 89 (68)

US-born 0.92
Yes 40 (69)
No 94 (70)

Cavitary disease 0.001
Yes 42 (55)
No 91 (78)

Hemodialysis 0.31
Yes 4 (100)
No 129 (69)

*N =171.
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