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1. INTRODUCTION 

Tuberculosis (TB) is one of the most important infectious 

diseases globally, resulting in high morbidity and 

mortality despite the existence of effective anti-TB 

chemotherapy for the last several decades.
[1] 

According 

to the World Health Organization (WHO), an estimated 

10.6 million people developed TB in 2022, with 1.3 

million deaths among HIV-negative individuals, 

reiterating TB as a major cause of death from a single 

infectious agent.
[1] 

Although the global incidence of TB 

has slowly declined over the last decade, this progress 

remains precarious and inconstant across the globe.
[2]

 

 

Concurrently, diabetes mellitus (DM), especially type 2 

DM, has also been recognized as one of the fastest-

growing non-communicable diseases globally.
[3]

 

According to the International Diabetes Federation 

(IDF), the global burden of diabetes is increasing, with 

more than 537 million adults currently living with 

diabetes, which is projected to rise to 643 million by 

2030.
[3]

  

 

The co-existence of these two diseases has given rise to a 

serious public health problem, especially in low- and 

middle-income countries where the burden of both 

diseases is very high.
[4]

 The association between diabetes 

and TB is not new, and historical evidence from the early 

20th century indicated that people suffering from 

diabetes were more susceptible to TB.
[5]

 Nevertheless, 

this association was also recognized in the last two 

decades due to the global DM epidemic.
[6]

  

 

The epidemiological evidence of the association between 

diabetes and TB has consistently shown that diabetes 
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increases the risk of developing active TB two to three 

times more than non-diabetic people.
[7,8] 

Moreover, a 

meta-analysis study has also confirmed that diabetes 

independently increases the risk of developing TB 

among people from diverse backgrounds, irrespective of 

their HIV status.
[9]

  

 

Countries such as India, China, Indonesia, Pakistan, and 

the Philippines have the heaviest TB burdens in the 

world.
[10]

 At the same time, there has been a rapid 

increase in the prevalence rates of diabetes in these 

countries because of urbanization, sedentary lifestyles, 

and dietary habits.
[3,11]

 India has the heaviest TB burden 

in the world and at the same time has the largest number 

of diabetic patients in the world.
[1,12] 

Prevalence rates of 

diabetes among TB patients in India have been found to 

vary in the range of 15 to 30 percent in different states in 

India.
[13,14]

 Thus, there are major problems in the TB 

elimination programs in the TB-endemic countries such 

as India, and the TB/DM problem has the potential to 

jeopardize the achievement of the goals in the End TB 

Strategy. 

 

Pathophysiological Mechanism 

The pathophysiological mechanisms involved in the 

TB/DM problem are complex and multifactorial.
[15] 

Hyperglycemia has a negative effect on the innate and 

adaptive immune responses in diabetic patients. 

Macrophage dysfunction is a key feature in diabetic 

patients, in whom there is a diminished capacity to 

produce reactive oxygen species that are essential in the 

killing of M. tuberculosis.
[16] 

In addition, hyperglycemia 

affects antigen presentation and cytokine signaling 

pathways that are important in effective immunity 

against infection.
[17]

  

 

T-cell immunity, particularly Th1 responses, are impaired 

in patients with diabetes through decreased production of 

IFN-γ, TNF-α, and IL-12.
[18,19]

 These cytokines are 

important in the formation of granulomas and 

containment of Mtb infection.
[20]

 

 

 
Figure 1.3: Represents link between Diabetes and Tuberculosis. 

 

In addition to immune suppression, diabetes causes 

various changes in the lung that may contribute to 

increased severity of TB disease in patients with 

diabetes.
[21]

 Diabetic microangiopathy may affect 

pulmonary microcirculation and decrease immune cell 

migration to sites of infection.
[22]

 Studies have 

demonstrated that patients with diabetes and TB are more 

likely to have cavitary disease, extensive pulmonary 

disease, and increased bacillary loads at presentation 

compared with patients with TB alone.
[23&24]

 Increased 

bacillary loads not only increase disease severity but may 

also delay sputum smear and culture conversion in 

patients undergoing treatment.
[25]
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Figure 1.3: Shoes detailed pathogenesis of Tuberculosis and Patients with Diabetes Mellitus. 

 

Delayed sputum conversion is one of the most consistent 

negative outcomes of TB treatment in patients with 

diabetes.
[26,27] 

Delayed conversion of bacillary loads may 

increase the risk of transmission and relapse of 

disease.
[28]

 Several cohort studies have established the 

fact that diabetic TB patients require longer periods to 

become culture negative compared to their non-diabetic 

counterparts.
[29]

 Poor glycemic control has also been 

strongly linked to the delayed response to treatment in 

TB patients. Therefore, it is crucial to monitor the blood 

glucose levels during TB treatment.
[30]

 

 

It has also been established that the treatment failure and 

relapse rates are higher in diabetic TB patients.
[31,32]

 A 

study published in the International Journal of 

Tuberculosis and Lung Disease concluded that TB 

patients with diabetes have a significantly higher risk of 

treatment failure, recurrence, and mortality compared to 

non-diabetic TB patients.
[9]

 TB patients with diabetes 

also have a higher risk of mortality compared to non-

diabetic TB patients.
[33]

 The risk is higher in TB patients 

with uncontrolled hyperglycemia and in diabetic TB 

patients with long-standing disease. 

 

Pharmacokinetic Interactions 

Pharmacokinetic interactions also play an important role 

in the treatment outcome in TB-DM patients.
[34&35]

 

Several studies have established the fact that the plasma 

levels of first-line anti-tuberculosis drugs such as 

rifampicin and isoniazid are reduced in diabetic 

individuals.
[36]

 

 

However, rifampicin is a potent inducer of cytochrome 

P450 enzymes and may increase the metabolism of oral 

hypoglycemic drugs, leading to poor glycemic control.
[37]

 

In addition, poor glycemic control may impair drug 

distribution and tissue penetration.
[38]

 This two-way 

effect between TB and DM necessitates careful 

therapeutic monitoring. 

 

Emergence of MDR-TB 

Another dimension of complexity in the TB–DM 

syndemic is the emergence of MDR-TB. Although 

evidence on the relationship between diabetes and MDR-

TB risk varies across studies, several studies have 

indicated a possible link between diabetes and MDR-TB 

risk.
[39,40]

 For example, diabetes may delay sputum 

conversion, decrease drug concentrations, and 

compromise adherence because of complex comorbidity 

management, all of which may contribute to MDR-TB 

risk.
[41]

 Hyperglycemia may create a favourable 

condition for M. tuberculosis survival and increase the 

risk of developing MDR-TB.
[42]

 

 

In recognition of the developing TB-DM syndemic, the 

WHO and the International Union Against Tuberculosis 

and Lung Disease have recommended bidirectional 

screening of TB and DM patients.
[43]

 Early detection of 

diabetes in TB patients and TB in diabetic patients may 
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lead to improved outcomes of patients suffering from co-

infection of TB and DM.
[44]

 These integrated care models 

have shown significant improvements in the adherence to 

treatment, glycemic control, and outcomes of the 

patients.
[45]

 However, the implementation of these 

models is inconsistent in these settings of high TB and 

DM due to resource limitations and the fragmented 

nature of the health care systems. 

 

Inflammation and Metabolic Disorders 

Inflammation and metabolic disorders also have 

significant roles to play in the severity of the disease in 

the co-infection of TB and DM. Advanced glycation end-

products (AGEs) have been found to accumulate in the 

setting of hyperglycemia, leading to oxidative stress and 

endothelial dysfunction.
[47]

 Oxidative stress can also 

worsen tissue damage during TB infection and disrupt 

the immune signalling pathways.
[48]

 Insulin resistance is 

also associated with low-grade inflammatory markers 

and can paradoxically worsen tissue pathology and 

disease severity without effectively controlling bacterial 

replication.
[49]

 

Relapse of condition 

Another significant problem with TB treatment is the risk 

of relapse after the completion of treatment. Longitudinal 

study results have identified that there is a greater 

prevalence of TB relapse in diabetic TB patients when 

compared to non-diabetic TB patients.
[50&51]

 The role of 

glycemic control and metabolic dysregulation can be a 

major factor in the relapse of TB.
[52]

 However, the 

benefits of good glycemic control in the management of 

TB relapse have also been identified in the latest research 

findings.
[53]

 

 

Thus, the interrelationship between diabetes and TB 

poses a major problem to the world’s health systems. It 

has the effect of increasing the susceptibility to TB, the 

severity of TB, the delay in the microbiological response 

to TB, the relapse rate and mortality rate in TB, and the 

pharmacological management of TB.
[36&48]

 In the face of 

the increasing prevalence of diabetes in TB-endemic 

areas, it is essential to implement a strategy that 

addresses the interrelationship between communicable 

and non-communicable diseases.  

 

Table 1.1: Impact of Diabetes on Tuberculosis Treatment Outcomes. 

Outcome 

Parameter 

Effect of 

Diabetes 
Proposed Mechanism 

Clinical 

Implication 

Risk of Active 

TB 
↑ 2–3 fold 

Impaired innate & 

adaptive immunity 

Increased TB 

incidence 

Sputum 

Conversion 
Delayed 

Higher bacillary load, 

immune dysfunction 

Prolonged 

infectiousness 

Treatment 

Failure 
Increased 

Subtherapeutic drug 

levels 

Need for 

monitoring 

Relapse Increased 
Persistent immune 

impairment 

Extended follow-

up required 

Mortality Higher Poor glycemic control 
Risk stratification 

needed 

MDR-TB 
Possible 

increased risk 

Drug PK alterations, 

delayed response 

Drug susceptibility 

monitoring 

 

2. DISCUSSION 

The co-existence of tuberculosis (TB) and diabetes 

mellitus (DM), therefore, is an important issue of 

concern in the management and treatment of TB, 

especially in endemic areas and countries. From the 

evidence reviewed in this article, it is evident that 

diabetes has a negative impact on the treatment outcome 

of TB through various mechanisms, which are 

interrelated and have a synergistic effect on the treatment 

outcome of the two conditions. Hyperglycemia is the 

major cause of the weakening of the body's defense 

mechanisms against the development and progression of 

TB. Both innate and acquired immunity are weakened in 

the body of a diabetic person. Macrophage dysfunction, 

weakened chemotaxis, and weakened intracellular killing 

ability are the major reasons why TB is not well 

managed in the body of a diabetic person. Additionally, 

the weakened Th1 cell-mediated response, including the 

production of interferon gamma, is the reason why the 

granulomatous response to the bacteria is weakened in 

the body of a diabetic person, leading to the development 

of cavitary TB, which is common in the body of a 

diabetic person. 

 

Delayed sputum smear and culture conversion is one of 

the most consistent effects of TB and DM co-morbidity. 

The longer the positivity, the longer the infectious 

period, which may contribute to the sustained 

transmission of TB in the community. However, it has 

also been observed that delayed sputum smear and 

culture conversions are strongly related to poor glycemic 

control and not to diabetes per se. Thus, it is essential to 

conduct blood glucose tests in diabetic patients 

undergoing TB treatment. It has also been observed that 

the chances of treatment failure and relapse are high in 

diabetic patients. It has also been observed that the 

recurrence of TB after the completion of the course in 

diabetic patients can be related to the fluctuations in 

blood glucose and the duration of diabetes. Thus, the 

follow-up after the completion of the TB course in 

diabetic patients should be more vigilant compared to 

non-diabetic patients. 
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Pharmacokinetic interactions are another factor that 

affects the outcome in TB and DM co-morbidity. 

Research has also shown that the plasma concentrations 

of rifampicin and isoniazid may be decreased in diabetic 

patients. This may be due to delayed gastric emptying, 

altered absorption, and metabolic factors. This may lead 

to failure of the drugs, as well as the development of 

drug resistance. Though the need to conduct TDM is not 

advocated, it can be useful in the management of diabetic 

TB patients. 

 

Another area that has been identified in the association 

between diabetes and TB is the risk of the development 

of multidrug-resistant TB. Some research findings have 

identified that the prevalence of multidrug-resistant TB is 

more in diabetic patients. It can be an indirect effect, as 

the delayed sputum conversion as well as the 

concentration of the drugs can be a problem in diabetic 

patients who suffer from two disease states. 

 

Further prospective studies need to be done to ascertain 

the link between diabetes and the risk of developing 

MDR-TB. Mortality during TB treatment is higher in 

diabetic individuals. Advanced age, hyperglycemia, and 

the presence of cardiovascular or renal co-morbidities 

can all contribute to a greater risk. Hyperglycemia has 

also been recognized as a predictor of poor outcomes in 

TB therapy. This again emphasizes the importance of a 

holistic approach to the management of TB that includes 

the metabolic effects as well. 

 

Thus, diabetes mellitus has a considerable impact on the 

outcome of TB therapy in a multitude of complex 

biological and clinical pathways. It is essential to modify 

the outcomes in TB therapy by addressing the issue of 

poor glycemic control and delayed diagnosis. 

 

3. CONCLUSION 

Diabetes mellitus has a considerable negative impact on 

the outcome of TB therapy, affecting the immune system, 

causing delays in the clearance of the causative 

organism, increasing the chances of relapse, and causing 

mortality. Hyperglycemia and possible effects on the 

pharmacokinetics of the drugs used in TB therapy may 

contribute to the poor outcome in TB therapy. However, 

poor glycemic control has been recognized as a major 

factor that affects the outcome in TB therapy. Thus, it is 

essential to implement TB/DM management strategies 

such as bidirectional TB/DM screening, glucose 

monitoring, and the delivery of healthcare services to 

improve the prognosis of the patients. As the prevalence 

of diabetes mellitus continues to increase in TB-endemic 

areas, it is essential to implement specific interventions 

to combat the co-endemicity of TB/DM. Improving the 

collaborative public health system will be key in the 

management and control of TB. 
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