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SUMMARY

Objectives: Diabetes is a risk factor for active tuberculosis (TB). Data are limited regarding the
association between diabetes and TB drug resistance and treatment outcomes. We examined
characteristics of TB patients with and without diabetes in a Peruvian cohort at high risk for drug-
resistant TB. Among TB patients with diabetes (TB-DM), we studied the association between
diabetes clinical/management characteristics and TB drug resistance and treatment outcomes.

Methods: During 2005-2008, adults with suspected TB with respiratory symptoms in Lima,
Peru, who received rapid drug susceptibility testing (DST), were prospectively enrolled and
followed during treatment. Bivariate and Kaplan—Meier analyses were used to examine the
relationships of diabetes characteristics with drug-resistant TB and TB outcomes.

Results: Of 1671 adult TB patients enrolled, 186 (11.1%) had diabetes. TB-DM patients were
significantly more likely than TB patients without diabetes to be older, have had no previous TB
treatment, and to have a body mass index (BMI) 218.5 kg/m? (p < 0.05). In patients without and
with previous TB treatment, the prevalence of multidrug-resistant TB was 23% and 26%,
respectively, among patients without diabetes, and 12% and 28%, respectively, among TB-DM
patients. Among 149 TB-DM patients with DST results, 104 (69.8%) had drug-susceptible TB
and 45 (30.2%) had drug-resistant TB, of whom 29 had multidrug-resistant TB. There was no
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association between diabetes characteristics and drug-resistant TB.Of 136 TB—DM patients with
outcome information, 107 (78.7%) had a favorable TB outcome; active diabetes management was
associated with a favorable outcome.

Conclusions: Diabetes was common in a cohort of TB patients at high risk for drug-resistant
TB. Despite prevalent multidrug-resistant TB among TB—-DM patients, the majority had a
favorable TB treatment outcome.

Keywords
Tuberculosis; Multi-drug resistance; Diabetes; Peru

1. Introduction

Globally, there are an estimated 8.8 million new tuberculosis (TB) cases each year, and
approximately 340 million people are living with diabetes.:2 Diabetes is a known risk factor
for the development of active TB,3-5 and an estimated 15% of patients with TB in countries
with a high TB burden have diabetes.® The association between diabetes and TB is an area
of growing interest due to the persistently high prevalence of both diseases internationally
and the expected increase in diabetes incidence and deaths over the coming decades.? 78

Due to global increases in multidrug-resistant TB (MDR-TB),? the importance of
understanding the relationship between diabetes and MDR-TB is growing.10 For example,
studies from India, the Philippines, Spain, and Turkey have shown that diabetes is prevalent
among patients with MDR-TB, with 10-23% of MDR-TB patients having concomitant
diabetes.11-14 Other studies have reported an independent association between diabetes and
MDR-TB,1.16 byt data are limited regarding factors associated with drug resistance among
TB patients with diabetes (TB-DM). Furthermore, among TB-DM patients, there remains a
paucity of information about the relationship between diabetes control and clinical care
characteristics and TB outcomes.*17

The greatest TB and MDR-TB burdens occur in low- and middle-income countries, where
the largest increases in diabetes prevalence and incidence are expected during the next 20
years.*8 In 2009, the incidence of TB in Peru was 113 per 100 000 persons, which is the
highest in South America.18 The national prevalence of MDR-TB among patients never
treated and previously treated for TB (one of the strongest known risk factors for MDR-TB)
is also high, at 5.0% and 23.6%, respectively.? Similarly, there is a growing burden of
diabetes in Peru. The prevalence of diabetes in urban areas was recently reported to be 7.0%;
14 based on limited data, the national prevalence is estimated to be 5.1-6.0% among adults1®
and is expected to increase to 7.3% by 2030.7 Given the high burden of TB and diabetes in
Peru, the complexities in managing patients with these co-morbidities, and the challenges
that exist in linking TB and diabetes services, it is important to better understand the
relationship between diabetes and drug-resistant TB to help inform efforts to optimize
patient care. Therefore, in this study we aimed to (1) describe the characteristics of TB
patients screened for MDR-TB in Peru with and without diabetes; (2) describe the diabetes
clinical characteristics and medical care associated with drug resistance among patients with
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TB and diabetes; and (3) determine diabetes care characteristics associated with favorable
TB treatment outcomes.

2. Methods

2.1. Setting and program description

In 2005, the Peruvian National Tuberculosis Program (PNTP) and the National Reference
Laboratory (NRL) initiated a pilot program in two districts in Lima to strengthen its TB
laboratory network, implement rapid diagnostic strategies for drug-resistant TB, and
decentralize drug susceptibility testing (DST) to district laboratories.20 Patients with risk
factors for MDR-TB, as defined by the PNTP, had rapid screening for drug-resistant TB
using DST by the direct nitrate reductase assay (Griess method). Diabetes was one of the
indications for rapid DST per the PNTP criteria.?! Additional details about this

programmatic strategy of rapid screening for MDR-TB have been described elsewhere.
20,22,23

2.2. Data collection

Patients who had suspected or confirmed TB were prospectively enrolled in two (of four)
health districts of Lima from January 2005 through May 2008. Health care workers from 54
health centers in Lima Ciudad and Lima Este identified patients with risk factors for MDR-
TB, and then patient sputum samples were sent to the district laboratory for DST.
Observational data were collected on all individuals referred for DST using standardized
data collection forms. For TB patients, HIV status was recorded as a part of the routine
PNTP guidelines. Chest radiographs performed <1 year before the enrollment date or <1
month after the enrollment date were reviewed. Socio-demographic, clinical, bacteriologic,
and risk factor data were also collected at baseline. Patients were then followed throughout
TB treatment.

Patients with diabetes were identified from their history recorded in the medical records.
From each of these patients, information about date of diabetes diagnosis, result, and type of
last glucose test were collected. To supplement these data, additional diabetes-related
information from before and during TB treatment were abstracted from existing records at
health clinics and hospitals in Lima where patients with diabetes received medical care. The
following information was collected: type and date of diabetes diagnosis, type of
medications used, diabetes-related care and complications prior to and during enroliment,
and laboratory results during the year prior to and during study enrollment.

2.3. Definitions

Definitions of MDR-TB and diabetes as defined by the World Health Organization (WHO)
were used for this project.242> MDR-TB was defined as infection with Mycobacterium
tuberculosis with in vitro resistance to at least isoniazid and rifampin. Drug-resistant TB was
defined as M. tuberculosis with in vitro resistance to any first-line anti-TB drug. Patients
identified as having diabetes in the medical records had their diabetes confirmed by any one
of the following criteria: fasting plasma glucose =7.0 mmol/l (126mg/dl), 2-h plasma
glucose/random blood glucose =11.1 mmol/l (200 mg/dl), glycosylated hemoglobin

Int J Infect Dis. Author manuscript; available in PMC 2021 July 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Magee et al.

Page 4

(HbA1c) =7.0%, or treatment with insulin or oral hypoglycemic agents. Any values for
HbA1c or urine glucose during the previous year before enrollment start date were also
recorded. Diabetes control was defined by documentation of controlled diabetes status by a
nurse or physician in the patient’s medical records prior to TB treatment. Diabetes care
during TB treatment was defined using a combination of the following measures: recorded
endocrinologist visit, diabetes control documented in the medical record, recorded use of
diabetes medications, or three or more measures of blood glucose. The level of diabetes care
during treatment was defined as frequent care (three or four of the measures mentioned
above), some care (one or two measures), and none (0 measures). A favorable TB treatment
outcome was defined as cured or completed, and a poor treatment outcome was defined as
default, failed, or died, in accordance with WHO guidelines.28 If final outcome information
was unavailable, converted sputum culture during treatment was also considered favorable.

2.4. Data management and analyses

Data were double-entered into an Epi-Info database (Centers for Disease Control and
Prevention (CDC), Atlanta, GA, USA). All analyses were performed using SAS 9.3 (Cary,
NC, USA). We limited our analysis to all adult (=15 years) TB patients who were enrolled
into the study during January 2005-May 2008. Patients aged less than 15 years were
excluded from the analysis because both childhood diabetes (primarily type 1) and TB differ
clinically from adult disease. TB-DM patients were excluded from analyses of the
association of diabetes characteristics (prior to TB treatment) with drug resistance pattern if
TB drug susceptibility data were not available (7= 35).

The Chi-square test or Fisher’s exact test was used to calculate p-values for categorical
variables. The Student’s #test and analysis of variance (ANOVA) were used to compare
differences in normally distributed continuous variables, and the Wilcoxon-Mann-Whitney
rank sums test was used when continuous variables were not normally distributed. The
associations between patient characteristics and study outcomes were examined in bivariate
analyses. A two-sided p-value of less than 0.05 was considered statistically significant
throughout the analyses. Product limit survival estimates were created using Kaplan—Meier
curves, and the log-rank test was used to evaluate statistical difference in survival time. Cox
proportional hazards models were used to estimate the rate of culture conversion using
survival time. Time to TB culture conversion for survival estimation was calculated as the
number of days between the date a sputum sample was sent for DST and the first date a
negative sputum sample was collected that was followed by at least one additional
consecutive negative sputum sample =30 days apart.

2.5. Ethical approval

The institutional review boards at Brigham and Women’s Hospital and the Peruvian National
Institute of Health reviewed and approved the study. This activity was approved by the US
CDC as program evaluation and not as human subject research.
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3. Results

3.1. Characteristics of TB patients screened for MDR-TB in Peru

A total of 1671 adult patients with culture-positive TB were screened for MDR-TB and
enrolled in the prospective cohort (Figure 1). The majority of patients were male (66%) and
the median age was 31 years (range 15-83 years). Baseline drug susceptibility testing results
were available for 1190 patients; 394 (33.1%) of these had MDR-TB. One-hundred and
eighty-six patients (11.1%) had diabetes.

TB-DM patients were significantly more likely than those without diabetes to be older
(median age in years 54 (range 31-80) vs. 39 (range 15-83)), married or partnered (65.6%
vs. 35.1%), and have less than a primary education (25.8% vs. 11.5%) (Table 1). They were
also less likely to have had previous TB treatment (23.1% vs. 54.2%). TB-DM patients had
a significantly lower proportion of bilateral lung cavitations (3.2% vs. 5.1%) compared to
TB patients without diabetes (p < 0.05). More TB-DM patients than TB patients without
diabetes had positive cultures at baseline (o < 0.05). TB-DM patients were also significantly
less likely to have HIV infection (0.5% and 13.3%) and to be undernourished (BMI < 18.5
kg/m?) (4.8% vs. 22.2%). Overall, TB-DM patients were significantly less likely than those
without diabetes to have MDR-TB (15.6% vs. 24.6%, p < 0.01). Because of the strong
influence of previous TB treatment on drug resistance status, we examined the relationship
between diabetes and drug resistance stratified by treatment history (Figure 2), and among
those with previous TB treatment, 27.9% of TB—DM patients and 26.1% without diabetes
had MDR-TB at baseline.

3.2. Characteristics of TB-DM patients by drug resistance pattern

Of the 186 adult TB—DM patients in the study, 149 (80.1%) had complete baseline TB drug
susceptibility data. Of these, 104(69.8%) had drug-susceptible TB and 45 (30.2%) had drug-
resistant TB, of whom 29 had MDR-TB (Table 2). There were no significant differences in
the demographic or TB characteristics (data not shown) or diabetes characteristics (Table 2)
comparing TB-DM patients with and without drug-resistant TB. However, a significantly
greater proportion of patients with any drug-resistant TB had a household contact with TB
(13.3% vs. 3.9%), including MDR-TB (13.3% vs. 1.0%), and were more likely to have been
previously treated for TB (31.1% vs. 17.3%) (p < 0.05 for all comparisons).

3.3. Clinical and diabetes care characteristics by TB treatment outcomes among TB—-DM

patients

Complete TB treatment outcome data were available for 136 (73.1%) TB-DM patients
(Figure 1). Of these, 107 (78.7%) had a favorable outcome (cured, completed treatment, or
converted cultures) and 29 (21.3%) had a poor outcome (failed, default, or death) (Table 3).
Diabetes care during TB treatment differed across treatment outcome groups: among
patients with favorable TB treatment outcomes, 67.3% received diabetes management with
diet or medicine, compared to 44.8% of patients with a poor TB treatment outcome (p <
0.05). More TB-DM patients with a favorable TB treatment outcome received an oral
hypoglycemic (44.9%) or both an oral hypoglycemic and insulin (21.5%), but fewer
received insulin alone (9.4%) compared to those with poor TB treatment outcomes (27.6%,
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10.3%, and 20.7%, respectively); however, overall more TB-DM patients with a favorable
treatment outcome received any diabetes medications during TB treatment (75.5%)
compared to those with a poor TB treatment outcome (58.6%) (p = 0.07). While 89.9% of
TB-DM with drug-susceptible disease had favorable outcomes, only 48.6% of those with
drug-resistant TB had favorable outcomes (p < 0.05).

Data for the time until TB culture conversion were available for 149 (80.0%) of the 186 TB-
DM patients. The mean time to culture conversion was 152 days and the median was 171
days (range 1300 days). Among TB-DM patients, those with documented diabetes control
during TB treatment converted TB cultures from positive to negative more quickly (p <
0.01) than patients without any record of diabetes control (Figure 3, A-C). After
stratification by TB treatment history, among TB-DM patients with no history of previous
TB treatment, those with documented diabetes control converted sputum cultures more
quickly (p = 0.01) (Figure 3, B and C). After controlling for TB treatment history and drug
susceptibility, the hazard rate of culture conversion among those with documented diabetes
control was 2.2 (95% confidence interval 1.1, 4.1) times the rate of patients with no
documented control (Table 4). Similarly, Figure 4A shows that TB—DM patients who
received frequent diabetes care during TB treatment converted cultures to negative more
quickly than TB—DM patients with no diabetes care (o < 0.05), and this significant
difference remained even after stratifying by treatment history (Figure 4, B and C). After
controlling for TB treatment history and drug susceptibility, the hazard rate of culture
conversion among those with frequent diabetes care during TB treatment was 1.8 (95%
confidence interval 0.9, 3.7) times the rate of patients with some care during TB treatment
(Table 4).

4. Discussion

In this study of a Peruvian cohort of TB patients at increased risk of MDR-TB, we evaluated
the role of diabetes in TB clinical presentation, drug resistance patterns, and treatment
outcomes. Among TB patients enrolled in this cohort, 11.1% had diabetes. Furthermore,
11.9% of never previously treated and 27.9% of previously treated TB-DM patients had
MDR-TB. Among TB-DM patients we found that drug-resistant TB was associated with
having a household TB contact and previous TB treatment, and a favorable TB treatment
outcome was associated with diabetes management, drug-susceptible TB, and receiving
diabetes medications during TB treatment.

Consistent with previous studies, we found TB—DM patients were more likely to be married
or partnered, older, and less educated than TB patients without diabetes.2’-31 It is important
for health providers to better understand who may be at increased likelihood of having a
comorbid illness to better identify high-risk patients and ensure they receive the necessary
care for both diseases. Patient-centered strategies to treatment, such as those promoted in the
International Standards for TB Care, should be applied in the management of TB-DM
patients.32

TB-DM patients were more likely to be culture-positive at the time of diagnosis but less
likely to have had previous TB treatment, have MDR-TB, or have bilateral lung cavitation
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than TB patients without diabetes. Although diabetes is known to modify clinical features
and radiological manifestations of pulmonary TB patients, previous studies have reported
inconsistent results.28:33 Previous studies have reported a lower proportion of previous TB
treatment,3* MDR-TB,33 and cavitation3435 among TB-DM patients compared to TB
patients without diabetes, while other studies have found the opposite.36-37 Because our
cohort consisted of TB patients with at least one risk factor for MDR-TB, our finding that
11.9% of never previously treated TB-DM patients had MDR-TB and 22.8% of never
previously treated non-diabetes patients had MDR-TB may not suggest a lack of association
between MDR-TB and diabetes, but rather may reflect a high prevalence of even stronger
risk factors than diabetes in our cohort.

Overall, almost 79% of TB—DM cases had a favorable outcome, a result consistent with
recent studies of TB-DM patient treatment outcomes.34:38 We found favorable TB outcomes
were associated with receiving diabetes care, specifically the use of a provider-indicated diet
or medicine to manage diabetes, including the use of an oral hypoglycemic or both an oral
hypoglycemic and insulin. Additionally, we showed that diabetes control and frequent
diabetes care during TB treatment resulted in a significantly shorter time to TB culture
conversion. These results suggest that regardless of the complex clinical care required for
both diseases, TB treatment effectiveness can be improved among TB patients with well-
managed diabetes.

Our findings suggest optimal diabetes control should be part of TB-DM patient management
in Peru. Furthermore, TB-DM patients in Peru are at risk of MDR-TB, and screening for
drug resistance among TB-DM is the important first step to effectively diagnose MDR-TB
in this group. With increasing access to rapid diagnostics, universal screening for drug
resistance is feasible for the national TB program.

Given the high prevalence of diabetes in this cohort of TB patients, our findings also support
the importance of conversely screening TB patients for diabetes. The detection of diabetes in
TB patients and linking these persons to care (management with diet and/or medicine) may
improve TB treatment outcomes. Additionally, active TB screening among persons with
diabetes, particularly those with uncontrolled diabetes, may be worthwhile for TB control in
Peru, especially since diabetes patients visit their health care providers more frequently
compared to other groups at risk of TB. Further studies are needed to assess the feasibility
and cost-effectiveness of such interventions.

There were several limitations in this study. First, patients were selected for this study
because of specific risk factors for drug-resistant TB. Therefore, the observations reported in
Table 1 cannot be applied to the general TB population in Peru. Without a comparison group
representing the experience of general TB patients without diabetes, our results only
highlight differences in patients with diabetes compared to other TB patients already
determined to have an increased MDR-TB risk. Previous TB treatment was the strongest,
most common risk factor for drug resistance. The prevalence of TB drug resistance among
patients with diabetes was greater than its prevalence among TB patients in general, but the
magnitude of the increased risk was less than the magnitude of increased risk associated
with previous TB treatment. Second, misclassification of study patients by diabetes status
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and diabetes clinical features is possible due to measurement error. However, we do not have
reason to believe any misclassification would be disproportionately distributed by factors
related to drug susceptibility or treatment outcome, consequently if bias exists it is likely
toward the null effect. Third, although this study represents one of the largest reported TB—
DM cohorts, missing drug susceptibility and treatment outcome data precluded multivariable
analyses due to sample size.

Currently few published studies have examined diabetes clinical and care characteristics
associated with drug-resistant TB, TB treatment outcome, or time to culture conversion. A
strength of this study is that it examined a large cohort of TB-DM patients with detailed
information on diabetes clinical history both before and during TB treatment, including
glucose levels, duration of diabetes disease, type of diabetes management (including type of
medication used and access to endocrinologists), and reported diabetes complications or
hospitalizations. Our findings highlight the importance of linking TB and diabetes
diagnostic and treatment services in Peru.
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1,671 culture positive adult TB patients enrolled

186 adult TB patients with diabetes (TBDM) 1,485 adult TB patients without diabetes

149 TBDM with complete drug susceptibility test results

136 TBDM with treatment outcome results

Figure 1.
Tuberculosis (TB) patients at risk for multidrug-resistant TB enrolled, screened for diabetes

mellitus (DM), and followed up forTB treatment outcomes in Peru.
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Figure 2.
Anti-tuberculosis (TB) drug susceptibility results for 1671 Peruvian TB patients with and

without diabetes (DM) stratified by previous TB treatment history (drug-resistant refers to
any resistance to first-line drugs, but is not multidrug-resistant).
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(A) Kaplan—Meier curves for time until tuberculosis (TB) culture conversion from positive

to negative by diabetes control status among TB patients with diabetes mellitus (7= 149);
control status determined by medical record indication. (B) Kaplan—Meier curves for time
until TB culture conversion from positive to negative by diabetes control status among TB
patients with diabetes mellitus who have been previously treated for TB (= 32). (C)
Kaplan—Meier curves for time until TB culture conversion from positive to negative by
diabetes control status among patients with diabetes mellitus who have not been previously
treated for TB (7= 117).
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(A) Kaplan—Meier curves for time until tuberculosis (TB) culture conversion from positive

to negative by diabetes care during TB treatment among TB patients with diabetes mellitus
(n=149). Frequent diabetes care during TB treatment was defined as at least three of the
four following measures: at least one endocrinologist visit, medical record mentioned
diabetes is controlled, recorded oral hypoglycemic agent or insulin use, or =3 documented
blood glucose exams. Some care during TB treatment was defined as one or two of the
aforementioned measures and none was defined as 0 of these measures. (B) Kaplan—Meier
curves for time until TB culture conversion from positive to negative by diabetes care during
TB treatment among TB patients with diabetes mellitus who have been previously treated
for TB (n= 32). (C) Kaplan—-Meier curves for time until TB culture conversion from positive
to negative by diabetes care during TB treatment among patients with diabetes mellitus who
have not been previously treated for TB (n=117).
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Diabetes characteristics prior to tuberculosis treatment and tuberculosis risk factors by drug resistance pattern

among tuberculosis patients with diabetes in Lima, Peru, 2005-2008 (N = 149)

Characteristics

Susceptible TB, n (%) (n = 104)

Any DR-TB,2n (%) (n =45)

Total, n (%) (N = 149)

DM:-related factors prior to TB treatment

Type of DM
Type 2
Type 1
Unclassified
Duration of DM, years
Mean (SD)
Median (IQR)

FBGb

Mean (SD)

Median (IQR)
Tertiles of mean FBG

<153

153-252

>252

No measures

Prior DM medication®
Insulin or oral agent

None/unknown

Any DM complicationsd
Yes
No

Ever DM hospitalization
Yes
No

Risk facz‘orse

HIV-positive

Any household TB contactf

Household MDR contactf
Current tobacco
Current alcohol

Low BMI (<18.5 kg/m?)
Previous TB treatmentf

>1 MDR risk factord

86 (82.7)
2(1.9)
16 (15.4)

8.1(8.9)
5.0

205.9 (100.7)
197.5 (124.5)

10 (9.6)
16 (15.4)
7(6.7)
71(68.3)

55 (52.9)
49 (47.1)

28 (26.9)
76 (73.1)

7(6.7)
97 (93.3)

0
4(3.9)
1(L0)
5 (4.8)
4(3.9)
6 (5.8)

18 (17.3)

11 (10.6)

38 (84.4)
1(2.2)
6 (13.3)

6.8 (8.2)
4.0

184.9 (55.6)
170.2 (76.5)

5(11.1)
10 (22.2)
3(6.7)
27 (60.0)

24 (53.3)
21 (46.7)

10 (22.2)
35 (77.8)

5(11.1)
40 (88.9)

0
6 (13.3)
6 (13.3)
2(4.4)
2 (4.4)
3(6.8)

14 (31.1)

9 (20.0)

124 (83.2)
2(2.0)
22 (14.8)

7.7 (8.7)
5.0

198.5 (87.4)
178.0 (105.0)

15 (10.1)
26 (17.5)
10 (6.7)
98 (65.8)

79 (53.0)
70 (47.0)

38 (25.5)
111 (74.5)

12 (8.1)
137 (91.9)

0
10 (6.7)
7(47)
7(4.7)
6 (4.0)
9(6.1)

32 (21.5)

20 (13.4)

BMI, body mass index; DM, diabetes mellitus; DR, drug-resistant; FBG, fasting blood glucose; IQR, interquartile range; MDR, multidrug-

resistant; SD, standard deviation; TB, tuberculosis.
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alncludes 16 DR and 29 MDR patients.

bFasting blood glucose (FBG): mean ofFBG measures taken before TB treatment; 18/45 resistant patients and 33/104 susceptible had
measurements available.

Prior DM medication: insulin, oral hypoglycemic agents, or both taken prior to study enrollment.

Complications: include poor glycemic control, eye disease, renal failure, cardiovascular disease, peripheral neuropathy, or hospitalization due to
DM before study enrollment.

e . . .
Not mutually exclusive categories, should not add up to 100%, column percentages are listed.
f

Mantel-Haenszel p-value <0.05.

gGreater than one MDR-TB risk factor identified by the Peruvian National TB Control Program.
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