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Abstract

Background The coexistence of tuberculosis (TB) and type 2 diabetes mellitus (DM) presents unique challenges in
treatment optimization and management, given the mutual exacerbation of disease processes.

Objective This multicenter, open-label, randomized controlled trial aims to evaluate the efficacy and safety of
two different treatment durations (6-month versus 9-month regimens) regimen for patients with drug-susceptible
pulmonary tuberculosis (DS-PTB) and concurrent type 2 diabetes (DM).

Methods Patients with DS-PTB and type-2 DM from 22 hospitals in China are enrolled. They are randomized in a

1:1 ratio into either the 6-month regimen arm(2HRZE/4HR) or the 9-month regimen arm(2HRZE/7HR). At the end

of the intensive phase (the 8th week), patients in both arms who with sputum positive smear will extent one more
month of intensive treatment. The primary outcome is the proportion of unfavorable outcomes at 24 months after
randomization. Secondary outcomes include treatment success rate at the end of treatment, proportion of recurrence
at 24 months after randomization, time to recurrence after treatment completion, proportion of intensive phrase
extension, occurrence of adverse events grade 3 or above during treatment.

Discussion The study focuses on assessing the optimal treatment duration to maximize treatment success while
minimizing recurrence and adverse events. The trial is expected to provide vital insights into the appropriate
treatment duration for patients with TB-DM, aiming to reduce recurrence rates and improve overall treatment
outcomes in this vulnerable population.
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Background

Tuberculosis (TB) and Diabetes Mellitus (DM) are sig-
nificant global health challenges, with their comorbid-
ity increasingly recognized worldwide. According to the
World Health Organization’s Global Tuberculosis Report
2023, in 2022 there were approximately 10.6 million
new cases of TB globally, and TB caused an estimated
1.30 million deaths (95% UI: 1.18—1.43 million) [1].Con-
currently, global data from 2017 indicated approximately
425 million cases of DM, with projections estimating
nearly 629 million cases by 2045 [2]. In a national cross-
sectional study conducted in China, the prevalence of
DM among individuals aged 18 and above was reported
to be 12.8% [3].

The interaction between TB and DM is characterized
by a substantial impact on the risk of TB infection and
treatment outcomes. Studies have shown that individuals
with DM are 2.44 to 8.33 times more likely to contract
TB compared to those without DM [4-6]. Moreover,
the presence of DM significantly affects the outcome of
anti-TB treatment. Good glycemic control is conducive
to improved TB treatment outcomes, whereas poor gly-
cemic control can lead to prolonged positive sputum cul-
tures, treatment failure, relapse, and increased mortality
[7].

Despite the current WHO-recommended 6-month
treatment regimen for TB combined with diabetes mel-
litus (TB-DM) [8], there is ongoing controversy among
researchers. Some studies reported that the standard
6-month treatment regimen (2HRZE/4HR) is more
prone to relapse compared to 9-month or longer treat-
ment durations [9-11]. Additionally, patients treated
with the 6-month regimen are more likely to experience
adverse reactions to anti-TB drugs and intolerance to
treatment [12—16]. Therefore, it is of paramount impor-
tance to identify an optimal anti-TB treatment regimen
for TB-DM patients.

We conducted a multicenter, open-label, randomized
controlled clinical trial to determine whether 6-month
treatment regimen (2HRZE/4HR) can provide a favor-
able efficacy outcome at week 104 after treatment ini-
tiation in diabetic participants with drug-susceptible
pulmonary TB (DS-PTB), as compared with the 9-month
regimen. Safety measures, including adverse events, pre-
mature discontinuation of the assigned regimen for a
reason other than microbiologic ineligibility, were also
assessed and compared. This study protocol (date 2022-
03-01, version 1.4) outlines our methodology for achiev-
ing this goal.

Methods

Study design and oversight

This is a multicenter, open-label, randomized controlled
clinical trial with two arms conducted in China. Patients
with drug-susceptible pulmonary tuberculosis and type 2
diabetes mellitus are prospectively screened by investiga-
tors across 22 participating institutions (Table S1). Eligi-
ble patients who meet the inclusion and exclusion criteria
are enrolled and randomly assigned to either a 6-month
regimen arm (2HRZE/4HR) or a 9-month regimen arm
(2HRZE/7HR) in a 1:1 ratio. Both the 6-month regimen
arm (Group A) and the 9-month regimen arm (Group B)
undergo two phases of treatment: the intensive phase and
the consolidation phase. At the end of the intensive phase
(week 8), patients with a positive sputum smear extend
their intensive treatment by one more month, while those
with a negative sputum smear transition to the consolida-
tion phase. During the intensive phase, patients receive
four anti-TB agents: isoniazid, rifampin, ethambutol, and
pyrazinamide. In the consolidation phase, treatment con-
sists of isoniazid and rifampin. Following the completion
of anti-TB treatment, patients are monitored up to 104
weeks from treatment initiation. Glycemic control during
TB treatment and glycemic control monitoring during
follow-up are managed by diabetes specialists. The pri-
mary hypothesis of the study is that the 6-month regimen
will be non-inferior to the 9-month regimen in terms of
unfavorable outcomes. Figure 1 illustrates the flow chart
of the clinical trial.

This study, named “optimized anti-tuberculosis regi-
mens for drug-susceptible pulmonary tuberculosis with
diabetes mellitus: A multicenter randomized controlled
trial (ORDER-TB)’;, was registered with the Chinese
Clinical Trials Registry and has received ethical approval
from participating hospitals. Written informed con-
sent will be obtained from all participants or their legal
guardians by trained medical personnel who may be an
investigator, clinician, or designated nurse experienced in
explaining the elements of clinical trials.

Site selection

This study is led by the National Center for Clinical
Research in Infectious Diseases. The recruiting coopera-
tion units are 22 institutions in seven provinces. All trial
sites have adequate staffing, facilities, and laboratory
capabilities of performing required mycobacterial tests
and glycemic monitoring test. All of them have secure
data management systems in place. The cooperative’s
quality control will be carried out by a specialist auditing
team.
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Type-2 Diabetes with Pulmonary
Drug-susceptible TB, confirmed by
MTB/RIF or mycobacterial culture
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Proportion of recurrence at 24 months after randomization
Time to recurrence after treatment completion
Proportion of intensive phrase extension
Occurrence of adverse events grade 3 or above during treatment

Fig. 1 Study overview

Patient eligibility criteria

Eligible participants are aged >18 years, with type-2 dia-
betes and active pulmonary rifampicin-susceptible tuber-
culosis confirmed by GeneXpert MTB/RIE, subject to
exclusion criteria, which include HIV positivity, known
drug allergies, and any abnormal lab values among oth-
ers. Full inclusion and exclusion criteria are outlined in
Table 1. Before trial-specific procedures, eligible patients
are given comprehensive information, including known
benefit of glycemic control, reported adverse events and
completed regular treatment and post-treatment fol-
low up. Consent is documented, and screening logs are
securely maintained.

Diagnosis criteria and management of type 2 diabetes

Type 2 diabetes is defined before treatment initiation
based on the following diagnostic criteria: 1. Fasting
Plasma Glucose (FPG) 27.0 mmol/L (126 mg/dL). Fasting
is defined as no caloric intake for at least 8 h.2. 2-hour
Plasma Glucose (2hPG) during Oral Glucose Tolerance
Test (OGTT)=11.1 mmol/L (200 mg/dL). The test should
be performed using a glucose load containing the equiva-
lent of 75 g anhydrous glucose dissolved in water.3. Gly-
cated Hemoglobin (HbA1lc): = 6.5%. 4. a random plasma
glucose>11.1 mmol/L (200 mg/dL) in a patient with clas-
sic symptoms of hyperglycemia or hyperglycemic crisis.
These guidelines are consistent with those established
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Table 2 ORDER TB-DM trial drugs and doses

Inclusion criteria

01 Willing to participate in trial treatment, follow up and sign
informed consent

02 Age > 18 years old

03 The chest CT suggests the presence of a lung lesion

04 Rifampicin-susceptible tuberculosis confirmed by GeneX-
pert MTB/RIF

05 Combined type 2 diabetes
Exclusion criteria

01 Combined extrapulmonary tuberculosis °

02 Resistant to isoniazid, rifampicin, pyrazinamide or etham-

butol confirmed by rapid molecular biological methods,
drug susceptible test in vitro or Whole Genome Sequenc-
ing prior to initiation of treatment.

03 Hemoglobin is less than 90 g/L or platelet is less than
75%1079/L

04 Patients with impaired renal function (Blood creatinine is
more than 1.5 times the upper limit of normal)

05 Patients with impaired liver function (ALT or AST is more
than 3 times the upper limit of normal); alcohol abuse b

06 Have epilepsy, severe depression, irritability or psychosis

07 Drug abuse

08 HIV co-infection

09 Pregnancy

10 Have been on concomitant medications that interfered

with the efficacy observed in this study or have contra-
indications to combination use, such as glucocorticoids;
interferons; Non-Steroidal Anti-inflammatory Drugs
(NSAIDs); monoamine oxidase inhibitors, sympathomimet-
ic drugs, vasopressors, dopamines, 5-hydroxytryptamine
reuptake inhibitors, tricyclic antidepressants, 5-hydroxy-
tryptamine 5-HTI receptor antagonists, and pethidine.

11 Currently participating in another drug clinical trial

12 Be allergic to any study drug

a: Extrapulmonary tuberculosis is defined as tuberculosis excluding simple
pulmonary tuberculosis, pulmonary tuberculosis combined with tuberculous
pleurisy/bronchial tuberculosis/mediastinal lymphatic tuberculosis

b: The male drinking alcohol more than 64 g daily and the female drinking
alcohol over 42 g daily

by the American Diabetes Association (ADA) and other
major health organizations [17-19].

According to the management of Diabetes Mellitus-
Tuberculosis: A Guide to the Essential Practice [20], One
or two diabetes specialists are designated in each center
for homogeneous management of diabetes. During the
anti-TB treatment, blood glucose levels will be measured
at least once per month, and HbAlc levels will be moni-
tored every three months. Diabetes specialists will man-
age and control blood glucose throughout the treatment,
including nutritional management, weight management,
and the use of hypoglycemic medications. During the
follow-up period, blood glucose monitoring will be con-
ducted at least every three months.

Drugs* Weight groups B
<50kg >50 kg
Isoniazid 300 mg 300 mg
Rifampicin 450 mg 600 mg
Pyrazinamide 1250 mg 1500 mg
Ethambutol 750 mg 750 mg

*All drugs are taken once daily, 1 hour before meal or 2 hours after meal

Recruitment, randomization and follow-up

Participants with DS-PTB identified by sputum GeneX-
pert” MTB/RIF assay (Cepheid, Sunnyvale, CA, USA)
are screening to ascertain whether they satisfy the
other eligibility criteria for enrolment. Participants who
meet the inclusion criteria will be randomly assigned to
Group A or Group B at a ratio of 1:1 in week 0. The ran-
domization is performed in individual patient in Third
People’s hospital of Shenzhen on MedSci RTSM Clout
Platform(https://rtsm.medsci.cn/).

Participants of each group will visit the hospital every
2 weeks until 8 weeks after enrollment. Subsequently,
visits will be made every 4 weeks until the end of treat-
ment. The drugs and dose of the trial are presented in
Table 2. The tests performed at each visit will include the
following: physical examination, sputum AFB smear and
culture, and blood test. Blood test includes whole blood
cell count, live and kidney function and random glucose.
Chest CT and Hb1Ac will be performed every 12 weeks.
Participants who cannot produce sputum will be encour-
aged to expectorate sputum. When a participant cannot
produce sputum after the first negative culture sputum,
they will be considered as having negative sputum cul-
ture except of any proof of treatment failure.

After treatment completed, Participants will be fol-
lowed up every 3 months to 6 months until 24 months
after the enrollment date. Physical examination, chest
CT, sputum smear and culture, blood test for monitor-
ing glucose control including random glucose and Hb1Ac
will be performed. If necessary, electrocardiogram, oph-
thalmologic examination, brief peripheral neuropathy
screen and mental assessment will be carried out. The
study timeline is shown in Table 3.

Outcomes definition

The primary outcome is the proportion of unfavorable
outcomes at 24 months after randomization. Second-
ary outcomes include treatment success rate at the end
of treatment, proportion of recurrence at 24 months
after randomization, time to recurrence after treatment
completion, proportion of intensive phrase extension,
occurrence of adverse events grade 3 or above dur-
ing treatment. The treatment success in our study was
defined as two consecutive negative results of sputum
culture tests at the end of the treatment (the interval is
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one month) and did not have proof of treatment failure.
The severity of each adverse event will be assessed based
on Common Terminology Criteria for Adverse Events
(CTCAE) version 5.0 [21].

Sample size assumptions

Based on a non-inferiority test designed to compare the
rates between two groups, with parameters set as follows:
a=0.05, $=0.80, Unfavorable outcome in the experimen-
tal group and in the control group at 0.2, a group ratio
of 1:1, and a cut-off value of 0.1, using Pearson’s chi-
square test, indicating low superiority. The calculations
determined that a total of 396 participants are required.
Accounting for 20% participants loss to follow-up, 495
participants will be enrolled and 248 participants are
needed in each of the two groups.

Data collection and quality management

All staff at the collaborating clinical research center
or hospital are professionally trained and use a dedi-
cated website for data collection and study manage-
ment to record information. Staff will only have access
to the functions and data required for their position in
the study, and all data access on the website will be con-
trolled by a unique login and password. Each sub-center
will have a separate login port. And the research centers
will summarize the data periodically to ensure the quality
of the research progress.

Confidentiality

Collection and operation of participants’ personal infor-
mation will be limited to only information necessary for
the outcome of this study. Paper documents (including
personally identifying information and copies of signed
consent forms) will be securely maintained in lockable
filing cabinets in a closed officed on site. Digital files con-
taining participant data will be saved on a web server,
which will be managed and secured by professional engi-
neers. Only authorized staff will have access to the study’s
files.

Discussion
The global burden of the dual epidemic of tuberculo-
sis (TB) and diabetes mellitus (DM) remains a signifi-
cant public health challenge. The median prevalence of
TB-DM comorbidity is 16% (IQR 9.0-25.3%) globally [1].
While the prevalence of TB among individuals with dia-
betes is relatively low, the incidence of both diseases is
notably higher in countries within the Asian region [22].
Addressing the management and treatment of patients
with TB-DM is crucial.

Currently, the internationally recommended regi-
men for patients with drug-susceptible TB is a 6-month
treatment course [1]. However, there are no specific
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guidelines tailored for individuals with TB-DM. In 2016,
the American Thoracic Society (ATS) recommended that
the consolidation period (4 months) could be extended to
7 months, totaling a 9-month course under exceptional
circumstances: (1) patients with cavitary TB on the initial
chest radiograph and sputum cultures that remain posi-
tive after two months of intensive treatment; (2) patients
who were not treated with two months of pyrazinamide
during the intensive treatment phase [23]. The World
Health Organization’s (WHO) updated 2017 guidelines
for the treatment of drug-susceptible TB emphasize
that patients with TB-DM should be treated with the
same anti-TB regimen as those without diabetes [8]. The
UNION published the first global guideline on the man-
agement of TB-DM in 2019, stating that there is a lack of
strong evidence to support a change in the current stan-
dard anti-TB regimen for TB-DM [24].

Despite the WHO’s recommendations, previous
studies and clinical practice indicate that the stan-
dard 6-month anti-TB regimen may not fully address
the needs of patients with TB-DM. In China, a longer
course of anti-TB treatment for TB-DM, generally 9-12
months with the regimen 2HRZE/10HRE, is advocated
[25]. However, there is a lack of high-quality research
data to support this extended treatment duration. Chi-
na’s approach to extending the anti-TB treatment course
for TB-DM seems overcautious, often implementing a
1-year treatment regimen based on a review of the lit-
erature and multiple surveys. Excessive extension of
treatment imposes unnecessary burdens on patients and
waste health resources.Given the current trend towards
shortening the duration of anti-TB treatment, it is essen-
tial to address the optimal treatment course for TB-DM
without reversing progress. Therefore, minimizing the
treatment duration while ensuring the success rate of
anti-TB therapy aligns with the original aim of this study:
to investigate the optimal course of treatment for TB-DM
through a randomized controlled clinical trial.

2-month sputum smear conversion is a key indicator
of treatment response [26]. Pulmonary TB patients with
DM are prone to being higher smear grading, lung cavi-
tation and delayed sputum smear and culture conversion
[27, 28]. The intensive treatment phase including four
potent drugs is critical in TB management as it aims to
rapidly reduce the bacterial load, prevent the develop-
ment of drug resistance, improve patient outcomes and
lower relapse rate [29]. In our study, we extended the
intensive treatment phase by one month for patients
with a positive sputum smear at the end of the initial two
months of treatment. Extending the intensive phase for
patients who remain sputum-positive ensures that the
bacterial load is sufficiently reduced before transition-
ing to the consolidation phase. This approach is essential
because patients who continue to have positive sputum
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smears at the end of the intensive phase are at a higher
risk of treatment failure and relapse [30]. By extend-
ing the intensive phase, we aim to ensure a more thor-
ough eradication of the bacteria, thereby improving the
likelihood of treatment success and reducing the risk of
relapse. Moreover, the extended intensive phase might
help prevent the emergence of drug-resistant TB strains.

During the treatment, all participants will receive
guidance of blood glucose control regularly from diabe-
tes experts. The effect of the programmatic blood glu-
cose control on the treatment outcome of tuberculosis
will be included in the analysis. This study’s findings are
expected to provide valuable insights into the optimal
duration of intensive treatment for TB-DM patients,
helping to inform clinical practice and public health poli-
cies. By identifying the most effective treatment regimen,
we can improve outcomes for patients with TB-DM,
reduce the burden of disease, and enhance the overall
efficiency of TB control programs.

In conclusion, the management of TB-DM requires a
nuanced approach that considers the unique challenges
posed by the coexistence of these two diseases. Extending
the intensive treatment phase for patients with persistent
sputum positivity might be a critical strategy to enhance
treatment outcomes and prevent relapse. This study
underscores the importance of optimizing treatment reg-
imens to address the specific needs of TB-DM patients,
ultimately contributing to better health outcomes and
more efficient use of healthcare resources.
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