
Effect of type 2 diabetes mellitus on sputum negative conversion and
treatment effects of multi-drug-resistant tuberculosis.

Baodong Yuan1, Juan Du1, Xing Lan1, Meilan Zhou2, Jianjie Wang2, Weihua Wang2*

1Internal Medicine 4th Ward, Wuhan Institute for Tuberculosis Control, Wuhan Pulmonary Hospital, Wuhan, PR China
2Global Fund MDR-TB Project Office, Wuhan Institute for Tuberculosis Control, Wuhan Pulmonary Hospital, Wuhan,
PR China

Abstract

The aim of this study was to investigate the effect of Type 2 Diabetes Mellitus (T2DM) on sputum
negative conversion and treatment of Multi-Drug-Resistant Tuberculosis (MDR-TB). We included a
total of 359 MDR-TB patients for comparing the sputum negative conversion rates at 2, 6, and 12
months after initiating treatment and the recovery (treatment success) rates after completion of
treatment for patients with T2DM (Group 2DM+) versus those without (Group 2DM-). A total of 20.6%
of the patients (74/359) had T2DM; there were no significant differences in the sputum negative
conversion rates between Group 2DM+ and Group 2DM- at 2 and 6 months (P>0.05), but the sputum
negative conversion rate in Group 2DM+ at 12 months was significantly lower than that in Group 2DM-
(P<0.05); the treatment success rates in Group 2DM+ and Group 2DM- were 56.8% and 79.3%,
respectively, and the difference was statistically significant (P<0.05). MDR-TB patients with T2DM had
a higher recurrent sputum positive rate at the end of the 12-month treatment, and the success rate was
relatively low. Therefore, these patients should undergo early screening for MDR-TB and be supervised
during the entire treatment course; standardized management and treatment may be able to improve
the treatment success rate.

Keywords: Tuberculosis, Multi-drug resistance, Diabetes mellitus.

Introduction
Multi-Drug-Resistant Tuberculosis (MDR-TB) is defined as
infection with a Mycobacterium tuberculosis strain that shows
resistance to two or more drugs, at least simultaneously to
Rifampin (R) and isoniazid (H). MDR-TB has become an
important source of infection because of the required long
treatment time, difficulty of treatment, high cost of treatment,
low cure rate, and high mortality. It constitutes a heavy burden
on society and a threat to global Tuberculosis (TB) control, and
has become an urgent problem to be solved.

The World Health Organization (WHO) estimates that there
have been 480 thousand patients infected with MDR-TB.
Among them, approximately 190 thousand patients have died,
and only around 50% of cases have been successfully treated
[1]. China is one of the 22 countries with the highest burden of
TB in the world. A national survey of MDR-TB in China
revealed 52 thousand MDR-TB cases in 2014.

Over the past few years, the relationship between TB and other
diseases has been supported by mounting evidence. Diabetes
Mellitus (DM) has been found to be one of the diseases linked
with TB, something that has been suspected for decades [2].
Owing to their immune-compromised status, people with DM

are more vulnerable to infections and suffer from relatively
more severe illness, especially with TB. A report from India
found that the proportion of TB patients with DM was about
13% [3], while the corresponding proportion in China was
16.0%-24.0%.

Two systematic reviews have highlighted the higher risk
among people with DM for active TB, and other research over
the same period shows the relative risk as 3.1 (95% CI
2.3-4.3); case-control studies have reported odds ratios of 1.2
to 7.8 [4,5]. These findings have confirmed that the overall risk
among people with DM also suffering from TB is three times
higher than that among the general population [6].

DM also increases the risk of relapse of TB; five studies
reported the relative risk of relapse as 3.89 (95% CI 2.43-6.23)
[7]. The incidence of both DM and TB worldwide are
increasing over time, and so is the number of patients with both
diseases. Therefore, the increasing incidence of both diseases
poses a severe challenge for controlling TB in China.

Currently, most studies have reported that TB patients with
DM have higher rates of treatment failure [8,9], but there is
still controversy as to whether DM significantly increases the
risk of acquiring MDR-TB. The effect of DM on the treatment
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of MDR-TB is rarely reported, especially its effect on the
sputum negative conversion rate. Therefore, we applied
Observed Treatment Short course (DOTS) management during
the whole treatment course for MDR-TB patients, aiming to
investigate the sputum negative conversion rate and the success
rate of treating MDR-TB patients with and without Type 2
Diabetes Mellitus (T2DM).

Materials and Methods

Study design
This study used a case-control design.

Subjects
All of the cases were collected from the fifth-round China
Global Fund MDR-TB project (the 1st stage), China Global
Fund MDR-TB integrated project, and prolonged project,
which were consecutively implemented in Wuhan from
December 2006 to June 2014. During the implementation
period, a total of 4870 suspected MDR-TB cases were screened
throughout Wuhan and after strain identification and
susceptibility tests, 593 MDR-TB patients were diagnosed and
included in the management, treatment, and 18-24 month
follow-up. A total of 359 cases had complete treatment
outcomes and were registered, including 74 patients who also
had T2DM and 285 patients without T2DM. The patients with
T2DM included those with a history of diabetes or newly
diagnosed with diabetes. Definitions of MDR-TB and diabetes
as defined by WHO were used for this project [10,11]. This
study was conducted in accordance with the declaration of
Helsinki. This study was conducted with approval from the
Ethics Committee of Wuhan Pulmonary Hospital. Written
informed consent was obtained from all participants.

Data variables and data collection
All of the MDR-TB patients had a TB sputum smear and
culture performed once every month during the injection
period after initiation of treatment and once every 2 months
during the non-injection period. The sputum negative
conversion rate was compared between the two groups 2, 6,
and 12 months after initiation of treatment.

Criteria of treatment outcomes
The results of laboratory sputum smear and culture were set as
the primary evidence of the treatment outcomes; the treatment
outcomes were divided into six categories, namely “cured,”
“treatment completed,” “treatment failed,” “died,” “lost to
follow up,” and “not evaluated” [12], among which “cured”
and “completed” were considered as successful treatment, but
the rest were considered as unsuccessful in accordance with the
WHO guidelines.

Analysis and statistics
SPSS v. 19.0 software was used for the statistical analysis. The
interactions of multiple factors were analysed using logistic
regression analysis, and the count data were analysed using the
χ2 test or Fisher's exact test, with P<0.05 defined as statistically
significant.

Results

General situations
A total of 359 MDR-TB patients were enrolled into DOTS who
were registered, had treatment outcomes, and completed the
18-24-month follow-up from December 1, 2006 to June 30,
2014, including 74 cases with MDR-TB and T2DM (Group
2DM+, 61 men and 13 women, aged 30 to 68 years, mean age
(50.59 ± 9.77 years), and 285 cases with MDR-TB without
T2DM (Group 2DM-, 199 men and 86 women, aged 18 to 72
years, mean age (41.82 ± 13.79 years). The χ2 test showed no
statistically significant difference in sex between the two
groups (P>0.05) but there was for age (P<0.01); further
analysis revealed that the prevalence of MDR-TB combined
with T2DM in patients aged 35-54 and>55 years old was
higher than that in the age group of 18 to 34 years old, and the
difference was statistically significant (P<0.01). There were
also statistically significant differences between groups in
drinking habits, liver and kidney diseases, first or re-treatment,
and the presence of a pulmonary cavity (P<0.05) (Table 1).

Table 1. Demographic and clinical characteristics of MDR-TB
patients with and without DM, Wuhan, 2006-2014.

Population features 2DM+ (n=74) 2DM- (n=285) T/χ2 P

BMI 20.94 ± 3.30 19.36 ± 2.61 4.39 <0.01

Gender   0.57 >0.05

M 55 (74.3) 199 (69.8)   

F 19 (25.7) 86 (30.2)   

Age   25.28 <0.01

18~34 6 (8.1) 98 (34.4)   

35~54 37 (50.0) 129 (45.3)   

55~ 31 (41.9) 58 (20.4)   

Drinking history   21.78 <0.01

Yes 33 (45.2) 54 (18.9)   

No 40 (54.8) 231(81.1)   

Combining with liver
disease

  9.34 0.002

Yes 18 (24.7) 31 (10.9)   

No 55 (75.3) 254 (89.1)   

Combing with renal
disease

  5.56 0.033

Yes 5 (6.8) 5 (1.8)   
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No 68 (93.2) 280 (98.2)   

First or re-treatment   3.86 0.049

First treatment 26 (35.1) 68 (23.9)   

Re-treatment 48 (64.9) 217 (76.1)   

Pre-treatment sputum
smear

  1.83 0.176

Positive 32 (43.2) 99 (34.7)   

Negative 42 (56.8) 186 (65.3)   

Resistant to levofloxacin   2.8 0.246

Yes 9 (12.2) 65 (11.6)   

No 32 (43.2) 137 (48.1)   

Pulmonary cavity   6.77 0.009

Yes 45 125   

No 29 160   

The sputum negative conversion rate
There were no significant differences in the sputum negative
conversion rates between Group 2DM+ and Group 2DM- at 2
and 6 months (χ2=5.61 and 0.41, respectively, P>0.05);
however, at 12 months, 59 cases in Group 2DM+ were
negative, and 242 cases in Group 2DM- were negative, a
statistically significant difference (χ2=8.78, P<0.05) (Table 2).

Table 2. Smear status of sputum culture-positive MDR-TB patients with and without DM at the end of the 2nd-, 6th- and 12th-month, Wuhan,
2006-2014.

 Sum (n=359) 2DM+ (n=74 (%)) 2DM- (n=285 (%)) χ² P

2nd-month

Negative 303 66 (89.2) 237 (83.2) 5.61 0.06

Positive 49 5 (6.8) 44 (15.4)   

No sputum retained 7 3 (4.1) 4 (1.4)   

6th-month

Negative 302 64 (86.5) 238 (83.5) 0.41 0.815

Positive 16 3 (4.1) 13 (4.6)   

No sputum retained 41 7 (9.5) 34 (11.9)   

12th-month

Negative 301 59 (79.7) 242 (84.9) 8.78 0.012

Positive 8 5 (6.8) 3 (1.1)   

No sputum retained 50 10 (13.5) 40 (14.0)   

Treatment outcomes
The overall treatment success rate in these 359 MDR-TB
patients was 74.7%, among whom Group 2DM+ had 32
unsuccessful cases, a cure rate of 56.8%; 59 cases in Group
2DM- were unsuccessful, a cure rate of 79.3%. The success
rate in Group 2DM+ was much lower than Group 2DM-, and
the difference was statistically significant (χ2=15.76, P<0.05)
(Table 3).

Table 3. Treatment outcomes for MDR-TB patients with and without
DM, Wuhan, 2006-2014.

Treatment
outcome

2DM+ (n=74 (%)) 2DM- (n=285 (%)0 χ2 P

Successful
treatment

    

Cured 42 (56.8) 226 (79.3)   

Treatment
completed

0 0   

Unsuccessful
treatment

32 (43.2) 59 (20.7) 15.76 0

Treatment failed 14 (18.9) 28 (9.8)   

Died 2 (2.7) 2 (0.7)   

Lost to follow up 13 (17.6) 28 (9.8)   

Not evaluated 3 (4.0) 1 (0.4)   

Logistic regression analysis of possible confounding
variables
Taking T2DM as the dependent variable, logistic regression
analysis was performed for age and sex. Single factor analysis
showed that the therapeutic effect was correlated with T2DM
(OR: 2.92, 95% CI: 1.70-5.02). After correction for age and
sex, both T2DM and older age were correlated with a
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therapeutic effect (OR: 2.27, 95% CI: 1.29-3.99; OR: 0.51,
95% CI: 0.26-0.99; OR: 0.36, 95% CI: 0.17-0.76) (Table 4).

Table 4. Logistic regression analysis of effect of therapeutic effect.

  Model 1   Model 2  

Variable OR 95% CI P OR 95% CI P

Combined diabetes

Yes 1   1   

No 2.92 1.70-5.02 <0.001 2.27 1.29-3.99 0.004

Age

18-34 years
old

   1   

35-54 years
old

   0.51 0.26-0.99 0.049

≥ 55 years old   0.36 0.17-0.76 0.007  

Gender

Male    1   

Female    1.58 0.86-2.92 0.14

Model 1 is single factor analysis, and model 2 contains gender and age.

Discussion
This study reported, for the first time, the effect of T2DM on
the sputum negative conversion rate and treatment success of
MDR-TB in Wuhan, China. In this study, the prevalence of
T2DM in patients with MDR-TB was 20.6% (74/359). Studies
in other countries also reported higher prevalence’s of T2DM
in MDR-TB patients [13-16]; for example, studies from India,
the Philippines, Spain, and Peru showed that the prevalence of
DM in MDR-TB patients was 10-23%, consistent with this
study.

Some limitation studies have shown that negative sputum
culture results after 2 months of treatment can better predict the
treatment outcomes of MDR-TB [17]. Holtz et al. [18] found
poor treatment outcomes in patients who still had positive
sputum culture results at the end of the 2nd month of treatment;
Dembele et al. [19] confirmed the above results. They followed
up patients and found higher cure rates in the patients with
negative sputum culture results at 2 months. However, these
studies merely analysed the effect of the sputum negative
conversion rate at 2 months on final outcomes, but did not
analyse the subsequent sputum negative conversion rate.

We found no significant differences in the sputum negative
conversion rate between Group 2DM+ and Group 2DM- at 2
and 6 months, but at 12 months, the proportion of patients with
positive sputum culture results in Group 2DM+ was higher
than in Group 2DM-, indicating that the patients in Group
2DM+ suffered from a higher failure rate than those in group
2DM-.

Currently, there is controversy about the impact of T2DM on
the sputum negative conversion rate in TB patients, especially

in MDR-TB patients, but reports targeting the latter are rare.
Recently, Magee’s study [16] found that after treatment, there
was no statistically significant difference in the sputum
negative conversion rate between patients with and without
T2DM, but Salindri et al. [20] reported close relationships
between T2DM and the sputum negative conversion rate in
MDR-TB patients. Therefore, for MDR-TB patients with
T2DM, it is necessary to pay attention to the sputum culture
results at 12 month after initiation of treatment.

In this study, the re-positive rate of sputum bacteria in MDR-
TB T2DM patients was higher, and there may be several
reasons for this: a. obesity and glycaemic control during anti-
TB treatment causing alterations in immunity [21], making
them more prone to be re-infected by MDR-TB bacteria; b.
most T2DM patients have severe lung lesions and cavities, and
in this study, the incidence of pulmonary cavities in the
patients with T2DM was higher, which has been defined by
Kempker et al. [22] as one risk factor for patients to develop
new drug resistance. A cavitary lesion is an ideal setting for
acquired resistance, and given high bacterial loads, it can
activate mycobacterial replication, reduce host defenses, and
result in potentially low penetration by drugs; c. a relatively
long conversion time among Armenians was found to be
correlated with the presence of a high level of ofloxacin
resistance [23]; d. unstable blood sugar control or long-term
high blood sugar levels can make the internal environment
acidic, which thus leads to low immunity, helps pathogens to
regrow, and results in a higher risk of recurrence [24]. These
are just some possibilities, and more clinical trials and studies
need to be performed to investigate the reason(s) in the future.

This study found that the treatment success rate in Group 2DM
+ (56.8%) was lower than Group 2DM- (79.3%), similar to the
results of previous studies. After correction for sex and age,
both T2DM and older age were found to be risk factors that
lead to a lower curative ratio in patients with MDR-TB. Kang
et al. [25] studied 1407 MDR-TB patients and found that the
treatment success rate in the MDR-TB patients with T2DM
was lower than in those without T2DM (36.0% vs. 47.2%,
P=0.002); meanwhile, it has also been found that DM is an
independent factor that can increase the treatment failure rate
and mortality of MDR-TB. Choi et al. [26] reported that older
age, T2DM, Body Mass Index (BMI)<18.5 and MDR-TB are
risk factors for failure, death, and recurrence during TB
treatment. They also found that MDR-TB patients with T2DM
are relatively older, and this may be a contributory factor to
treatment failure.

Patients with T2DM often have metabolism disorders, low
immunity, and a higher bacterial load, which easily leads to
bacterial clearance delays. Meanwhile, elderly patients also
tend to have low immunity, decreased drug metabolism, and an
increased incidence of adverse reactions, and these are all
likely to affect the therapeutic effects.

There also exist studies that reported no correlation between
T2DM and the treatment outcomes of TB; for example, Prasad
et al. [27] reported no statistically significant difference in the
treatment success rate between the TB patients with/without
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T2DM (91% vs. 84%, P=0.06). In short, the treatment of
MDR-TB combined with DM is much more complex, and its
cure rate is affected by many factors; hence, multiple follow-up
studies are needed for further confirmation.

Although this study found that the treatment success rate in
Group 2DM+ was lower than in Group 2DM-, it was still
higher than other studies (36.0% in Kang [25]). This suggests
that joint expert treatments, which integrate multiple
disciplines (including experts in endocrinology, psychiatrics,
psychology, and surgery) and perform simultaneous treatment,
monitoring, and standardized management against the two
diseases, can achieve results better than expected. Therefore,
treatments with full-process supervision and standardized
management against MDR-TB combined with T2DM are
particularly important.

There still exist certain shortcomings in this study. It was a
single-center study, and there may have been bias when
enrolling the patients, such as those patients unable to maintain
an effective treatment regimen or refused treatment were not
included, and some patients were lost to follow-up for diverse
reasons. We also did not perform multivariate analysis of the
factors that may influence the sputum bacteria, such as
smoking, comorbidities, and blood sugar level, and these
factors may have an effect on the final outcomes. In the future,
high-quality, prospective, randomized, controlled, and multi-
center clinical trials are required so as to further optimize the
treatment and management protocols for MDR-TB patients
with T2DM.

Conclusions
In summary, in this study, the prevalence of T2DM in MDR-
TB patients was 20.6%, and the positive rate of sputum culture
in these patients at the end of 12 months of treatment was high,
indicating that the recovery rate was low. Therefore, we
recommend that patients with both TB and T2DM should be
screened for MDR-TB in the early stages and undergo full-
procedure supervision and standard management therapies to
attempt to improve their cure rate.
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