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Abstract
Globally, Tuberculosis (TB) is one of the leading prevalent illnesses. Researchers have been working 
efficiently to prevent TB in recent decades. The innate and adaptive immune mechanism of host are 
compromised by diabetes mellitus (DM), which reduces their ability to eradicate Mycobacterium 
tuberculosis (MTB) bacilli. This may significantly enhance the likelihood for contracting TB. The WHO has 
suggested a number of important intervention techniques to lessen this dual burden, most notably the 
creation of cooperative control programs, TB diagnosis and treatment in people with DM, as well as DM 
detection and treatment in patients with TB. The co-occurrence of DM and TB is an increasing worldwide 
health problem, therefore serving as the rationale for this study. As DM reaches epidemic proportions 
globally and TB remains a major infectious cause of death, their bidirectional relationship poses a critical 
public health concern. TB patients are more prone to diabetes because of their weakened immune 
systems, in accordance to numerous research findings. Angiogenesis-inflammation nexus indicators, 
such as elevated levels of circulating inflammatory cytokines along with an increase in inflammation, 
are distinctive characteristics of DM co-morbidity with TB. In an effort to lessen the collective impact 
of both illnesses, it would be crucial to develop logical treatment decisions by comprehending more 
about the immunological foundation of TB with DM susceptibility.
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INTRODUCTION

 Globally, Tuberculosis (TB) remains as 
the prevalent communicable illness. Researchers 
have been working efficiently to prevent TB 
in recent decades. The innate and adaptive 
immune mechanism of host are compromised 
by diabetes mellitus (DM), which reduces their 
ability to eradicate Mycobacterium tuberculosis 
(MTB) bacilli.1 As per the July 2023 report by 
the World Health Organisation (WHO), there are 
an estimated 10.6 million new active TB cases 
diagnosed globally each year.2 According to recent 
estimates, due to continuous epidemiological 
changes in an increasing number of nations 
worldwide, the global population of people with 
diabetes mellitus (DM) will likely exceed 552 
million within 2023. The rapid increase in DM 
prevalence justifies its classification as an epidemic 
disease.3 The World Health Organisation reported 
422 million diabetics globally in 2014, up from 108 
million in 1980. Based on this, it was estimated 
that nearly 463 million people would be affected 
by 2019. Moreover, estimates indicate that the 
population is expected to grow from 578 million by 
2030 and 700 million by 2045. The WHO indicate 
that DM is associated with approximately 15% of 
TB cases globally.4 By 2030, when 62-80 million 
people are likely to get diabetes, India has been 
predicted to become the “Diabetes Capital” of the 
entire world.5

 In spite of this increasing incidence, DM 
is considered a potential challenge that should be 
controlled and treated in TB patients.6 However, 
several significant intervention strategies have 
been recommended by the WHO to reduce 
TB and DM comorbidity to alleviate the dual 
burden, emphasising on identifying and treating 
TB in DM patients, diagnosing and managing 
DM in TB patients, and establishing cooperative 
control strategies.7 As a result, understanding 
the scope and immunological mechanisms of 
comorbidity is crucial, particularly in low-income 
and middle-income nations.8 According to the 
level of incidence of TB with diabetes in different 
nations, India had the greatest prevalence (29%), 
followed by Korea (26.5%), Mexico-Texas (25%), 
and Ethiopia (15.8%).9

 Even though the association among TB 
and DM has been recognised for a number of 

decades, the WHO and International Union Against 
Tuberculosis and Lung Disease stated that by 2011, 
all TB patients should have DM tests done due to 
a significant increase in DM globally.10 Moreover, 
in India and China, programs for screening TB in 
DM have already begun. However, worldwide 
responses to this crisis have been impeded by 
poor awareness of the technologies and the most 
suitable methods for screening in TB centres.11

 Although the association with TB along 
with DM as well as their combined involvement 
in the development of human illness has been 
recognised for decades, it has only lately gained 
attention from both fundamental followed 
by clinical researchers.12 DM and pulmonary 
tuberculosis (PTB) are the two most prevalent co-
morbid illnesses in different parts of the world, and 
their combination appears to represent a serious 
threat to healthcare facilities worldwide. A number 
of epidemiological and clinical investigations have 
shown diabetes mellitus as a contributing factor to 
active TB occurence.13 Moreover, the relationship 
between TB with diabetes in infected individuals 
has had an adverse impact on disease presentation 
and therapeutic responses. However, the available 
information is to draw definitive conclusions, 
as it has detrimental consequences on global 
public health, particularly for diabetic patients.14 
As a result, the present review highlights the 
mechanism by which DM affects the immune 
system of TB patients and the consequences that 
follow.

Comorbidities and complications
 According to a number of studies, TB 
patients are more likely to get diabetes because 
of a compromised defence mechanism. However, 
poor glucose tolerance is one of the main factors 
contributing to the occurrence of DM among TB 
affected individuals.15,16 The risk of developing 
TB remains in most of these cases even when 
the modified glucose tolerance level returned to 
normal after taking effective TB treatment. TB is a 
major contributor to pancreatitis, and as a result, 
hyperglycaemia may be the first sign of pancreatic 
tuberculosis.16 Pancreatic hypofunction is the 
primary factor in this course of action, even if some 
of the hyperglycemia associated with the elevated 
stress level due to the illness itself could possibly 
represent the cause of TB. However, TB-related 
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hyperglycaemia affects the glycaemic control of 
diabetics and requires dosage adjustments for 
insulin.17

Role of hyperglycemia in TB disease progression
 The adaptive and innate immunity of the 
host can be weakened by diabetes, which lowers 
the ability of the immune system to eradicate 
Mycobacterium tuberculosis (MTB) bacilli and 
elevates the likelihood of contracting TB.18 Initially, 
elevated glucose levels in the blood may cause 
M2 polarization of macrophages by diminishing 
their phagocytic function and leading to higher in 
vivo MTB burden. Furthermore, hyperglycaemia 
increases absolute neutrophils count thereby 
imparing their phagocytic ability.19 Third, an 
upsurge in natural killer cells, that release IL-17F, 
TNF-a and IL-2, is additionally associated to an 

aggravation of the disease or larger bacterial 
burdens. Fourth, DM reduces secretion of dendritic 
cells (DC), which lowers activation of CD4+ T cell as 
well as impairs adaptive immunological response. 
Hyperglycemia suppresses Th1 T cell production of 
cytokines including IFN-γ and TNF, which reduces 
the efficacy of the Th1 an immune reaction in 
clearing along with killing MTB.20 A decrease in 
IFN-γ might also hinder Th1-type cell ability to 
activate CD8+ T lymphocytes, which lowers the 
production of bactericidal chemicals including 
granzyme, lysozyme, and IFN-γ. This hinders 
cytotoxic T cells from being able to eradicate 
bacteria. As a result, adaptive and innate immune 
cell activity weakens in TB patients with DM, 
impairing their capacity to manage MTB and 
raising the risk of TB21 (Figure 1).

Figure 1. The impact of Hyperglycaemia on the immunity in tuberculosis patients
NKT - Natural killer T cells, NK - Natural Killer cells, CD8+ - Cluster of differentiation 8, CD4+ - Cluster of differentiation 
4+, IFN-γ  - Interferon gamma, TNF-a - tumor necrosis factor-alpha, and M. tuberculosis - Mycobacterium tuberculosis
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Innate immune mechanism
 The pathophysiology and susceptibility 
to tuberculosis are significantly impacted by the 
variations in innate immunity among diabetics 
together with non-diabetics.22 Research has 
shown that changes associated with DM severely 
affect the function of neutrophils, dendritic 
cells (DCs), NK cells, macrophages, as well as 
various other innate immune-related cells. As a 
result, dysfunction in defence mechanism may 
significantly influence the host’s ability to recover 
and its susceptibility to exogenic TB infections.23

Monocytes
 The pathogenesis of TB is significantly 
influenced by blood monocytes. Following MTB 
infection, they quickly migrate to the lung where 
they differentiate into DCs and macrophages 
to produce cytokine and antigen presentation. 
Additionally, MTB has the ability to infiltrate 
monocytes and proliferate within them.24 Kumar 
et al. found that PTB patients with concomitant 
DM had significantly reduced frequencies of 
intermediate and classical monocytes. After the 
completion of anti-TB treatment, the characteristics 
of monocytes were analyzed, suggesting that TB 
with DM co-morbidity can reverse alterations in 
monocyte frequency. Therefore, further research 
into the role of monocytes in the co-morbidity of 
TB and DM is essential.25

Dendritic cells
 Through their function in collecting, 
digesting, and presenting antigens, DCs are 
major players in bridging adaptive and innate 
immune responses; they are prominent sites 
of TB infections.26 Studies have shown that TB 
infections, which lead to naive T cell activation, 
rely on DCs migrating to lymph nodes during the 
disease progression.27,28 To better understand how 
DCs are impacted by TB, Kumar et al. investigated 
the ex vivo phenotypic characteristics of DCs in 
patients suffering from TB regardless of their DM 
status. Compared to patients with both DM and 
TB, the frequencies of myeloid and plasmacytoid 
DCs were considerably lower in TB patients having 
diabetes.29 As a result, anti-TB therapy reverses 
alterations in the proportions of DCs in TB patients 
with DM. Thus, hyperglycaemia and its associated 

factors may be the primary cause of altered DM 
incidence in TB patients.30

Neutrophils
 The aetiology of TB infection as well 
as defence systems of the body are significantly 
influenced by neutrophils, another kind of innate 
cell. The natural immune response to TB fluctuates 
according to neutrophils, which are believed to 
mitigate infection by oxidatively destroying MTB.31 
When the bacterial load is high, this promotes 
the growth of neutrophils, as these cells can 
also contribute to pathology. Active TB infection 
has been demonstrated to be correlated with 
a whole blood neutrophil-dominant interferon 
signature. Increased absolute neutrophil counts 
are a hallmark of TB with DM co-morbidity.32

Natural Killer Cells
 The innate immunity effector cells, 
sometimes referred to as NK cells, undergo 
regulation by a set of either stimulating or 
inhibiting receptors. It is believed that the 
generation of NK cells plays a substantial role on 
the host’s defence against TB through the release 
of IFN-γ, IL-17, and IL-22.33 Recent research 
uncovered that TB with DM can be distinguished 
by the production of type 1 (TNF-a) and type 17 
(IL-17A and IL-17F) cytokines, as well as an increase 
in NK cell counts triggered on by the TB antigen. 
However, among TB patients with DM, CD107a 
antigen-specific expression was significantly 
reduced in association with NK cells.34 Additionally, 
according to Zhang et al., patients with TB have 
significantly more peripheral blood mononuclear 
NK cells than healthy individuals.35

Antimicrobial peptides
 Antimicrobial peptides (AMPs), which 
are predominantly found in phagocytic cells, play 
a substantial role in innate immunity to infections. 
They work by engulfing and killing pathogens and 
destroying their hosts.36 According to various 
studies, AMPs promising therapeutic agents due 
to their significant anti-mycobacterial efficacy and 
minimal immunogenicity.37-39 Among the AMP 
family, Human beta-defensin 2 (HBD2), human 
neutrophil peptide 1-3 (HNP1-3), cathelicidin 
(LL37) as well as granulysin are four of the most 
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notable molecules.40 In comparisons between 
TB patients with DM and non-TB (NTB) or latent 
tuberculosis (LTB) infected patients, they found 
that HBD2, HNP1-3 and cathelicidin levels were 
elevated, while granulysin levels were decreased. 
However, the degree and severity of pulmonary 
illness, bacterial loads, cathelicidin, HBD2, and 
AMPs were also correlated with glycaemic 
indices.41 Gonzalez Curiel et al. also demonstrated 
that in contrast to LTB, the expression of the AMP 
gene was higher during active TB. In conclusion, 
decreased phagocytosis of TB and reduced gene 
expression in TB infection suggest that DM patients 
may have altered innate immunity.42

Adaptive Immune Mechanism
 Numerous investigations comparing 
patients with TB and DM to those without DM 
have established the significance of adaptive 
immunity to MTB in the setting of DM. There has 
been a reduction in naturally existing T-regulatory 
cells such as CD127, CD4+, and CD25+, as well 

as an increase in cytokines like Th1 (IFN-γ, IL-2) 
along with Th17 (IL-17A, but not IL-22) in the 
plasma of patients with TB and DM.43 Since TB 
patients with diabetes also had greater levels of 
IL-10, it has been shown that their levels of pro-
inflammatory and anti-inflammatory cytokines 
were higher than those of patients without 
diabetes.44 In addition, TB patients with diabetes 
mellitus exhibited a bronchoalveolar lavage with 
greater IL-10 levels and lower levels of IFN-γ, 
demonstrating an abnormal Th2 response within 
the lung compartment, as documented by Sun et 
al.45

 Generally, patients having TB with DM 
have hyperactive cell-mediated immunity to 
MTB antigens, based on the majority of adaptive 
immune mechanism-related study findings.46 
Alternatively, research on patients having TB 
without diabetes marginally strengthen the idea 
that diabetics are more susceptible to TB due 
to compromised immune systems. However, 
additional investigation on this hyper-reaction 

Figure 2. Immunology of Tuberculosis and Diabetes Mellitus. 
PTB - Pulmonary tuberculosis, LTB - Latent tuberculosis, DM - Diabetes mellitus, VEGF - Vascular endothelial 
growth factor, HO-1 - Heme oxygenase-1, MMPs - Matrix metalloproteinases and TIMPs - Tissue inhibitor of 
metalloproteinases.
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would be intriguing to understand its connection 
with DM, as it may increase the susceptibility to 
TB and influence immunopathology. Furthermore, 
a few of these research investigations discovered 
that the IFN-γ to IL-10 ratios were significantly 
lower in those with both TB and DM47 (Figure 2).

Biomarkers related to tuberculosis with diabetes 
mellitus
 There is a wide array of biomarkers for 
TB, specific to the pathogen or the host. The 
cytokines including IL-19, IL-20, IL-22, IL-24, and 
IL-26 constitute members of IL-20 subfamily-are 
essential for host’s defensive systems and glucose 
metabolism. The innate immunological responses 
of the host are significantly influenced by the IL-20 
cytokine subfamily.48 For instance, it stimulates 
increased leucocyte recruitment and activation 
at the inflammation, which improves the function 
of the epithelial and mucosal surfaces as barriers 
and enhances the production of antibacterial 
peptides.49 Kumar et al. conducted research on 
the function of the inflammatory cytokine IL-20 
subfamily in individuals with TB having DM in 
order to gain an improved comprehension of the 
interactions among TB and DM. The circulating 
plasma cytokines levels in each group were 
measured and compared between those with 
LTB-DM or PTB-DM and patients without DM. 
PTB in DM patients was linked to higher levels 
of circulating IL-10 and a decreased IL-19, IL-20, 
IL-22, and IL-24 levels. In LTB patients having DM, 
the circulation concentrations of IL-10, IL-19, IL-
20, and IL-24 were lowered, whereas IL-22 levels 
were increased.50 Furthermore, among PTB and 
LTB patients, there was a strong inverse correlation 
among haemoglobin A1C (HbA1c) levels along 
with IL-10, IL-20, IL-19, IL-22 and IL-24 levels. IL-
20 subfamily cytokines are involved in regulation 
of co-morbidity-related host immunological and 
metabolic processes because decreased IL-20 
production of cytokines was a feature of co-
occurring DM in LTB or PTB51 (Figure 2).
 As markers of the actively active 
an g i o genes i s - i n f l ammat i on  n exus ,  the 
characteristics of TB with DM coexistence 
include an increase in inflammation and raised 
circulating inflammatory cytokines in the blood. 
The circulating levels of angiogenesis-promoting 
agents, including vascular endothelial growth 

factor A (VEGF-A), VEGF-C, VEGF-D, VEGF-R1, 
VEGF-R2, and VEGF-R3, as well as angiopoietins 
like Angiopoietin-2 and Tie2 receptor, were 
examined by Kumar et al. to investigate their 
relationships of TB with DM. TB-DM patients 
had much higher levels of all angiogenic factors 
compared to TB patients; however, angiopoietins 
such as Angiopoietin-1 and Angiopoietin-2 were 
markedly lower.52 Furthermore, VEGF-A, VEGF-C, 
VEGF-R2 and VEGF-R3 had considerably greater 
levels.
 among TB with DM patients presenting 
with haemoptysis or bilateral or cavitary disease, 
implying a relationship between the severity of 
the illness and poor clinical outcome. However, 
following six months of an effective anti-TB 
regimen, circulation levels of angiogenic factors 
were noticeably reduced, while angiopoietins 
were elevated. According to the authors, the 
aforementioned elements may serve as precise 
biomarkers for tracking therapy outcomes in co-
morbidity in TB patients with DM.53

Diabetes and tuberculosis-disease progression 
and recovery
 MTB infection progresses more quickly 
in people with diabetes compared with non-
diabetic controls and is associated with a 
increased bacterial loads, a shorter lifespan, and 
greater risk of pulmonary and extrapulmonary 
conditions. Additionally, miliary TB, increased 
bacterial loads, and disease progression result in 
significantly higher mortality rates among those 
with TB and DM.54 Inducing hyperglycaemia 
enhances the incidence of MTB shedding from 
the airways, irrespective when there are number 
of cavities, as demonstrated by studies conducted 
in laboratories on animals. An upward trend 
in the pulmonary bacterial load along with 
alterations in the diabetic airway milieu may 
be the cause of this phenomenon. Research 
indicates that TNF-a and IL-1 expressions were 
higher in chronically hyperglycaemic guinea pigs 
than in NDM controls, with the extrapulmonary 
bacterial load also increasing, which worsened the 
severity and progression of TB.55-57 As a result, the 
immunological response of cells to MTB infection 
and the consequent altered the formation 
particular cytokines could potentially be an 
influential variable in the disease’s severity. When 
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diabetes and TB coexist, increased granulocytic 
infiltration likely contributes to higher IL-8 and 
IL-17 levels. In addition to oxidative stress, these 
effects of chronic hyperglycemia trigger a pro-
inflammatory reaction that worsens inflammation 
and raises the risk of TB in people with DM.58

 However, before developing an adaptive 
immune response to MTB, those suffering from 
diabetes with TB have faster progression of the 
disease. It happens as a result elevated IL-4 
concentrations as well as cytokines that reduce 
inflammation by blocking IFN-γ expression, 
therefore rendering it unable to regulate bacterial 
growth.59 Cohort studies demonstrate that after 
receiving TB treatment, the mortality rate is 
greater for those with diabetes than for those 
without the illness. It is believed that a higher 
bacterial load upon diagnosis is correlated with 
delayed TB clearance among DM patients as well 
as the possibility of TB failure during treatment. 
This might be because DM patients have delayed 
immune response kinetics, and TB patients 
with DM have changed anti-TB medication 
pharmacokinetics involving drug absorption, 
metabolism, distribution, and excretion.60

Current challenges and future opportunities
 Despite being a long-standing infectious 
disease, TB is increasingly being recognized as 
an immune-related condition. The direction in 
which the disease develops is determined by 
the conflict between MTB’s invasiveness and the 
host’s resistance. MTB will become active if its 
invasiveness is greater than the host’s immunity. 
LTB infections will be detected if the two forces 
are balanced and if MTB’s invasiveness is weaker 
than the host’s immunity, it will be eliminated.61

 The growing involvement of DM in 
TB offers a new viewpoint and a chance for 
investigators to learn more about the disease’s 
aetiology. With the cooperation of fundamental 
scientific and epidemiological research teams, an 
algorithm to categorise million individuals with 
diabetes according to their risk of MTB or TB is 
expected to be developed in the future. Based on 
this, individuals with the highest benefit-to-risk 
ratio would be recommended for LTB infection 
therapy, while those with the poorest prognoses 
would receive tailored TB treatment.62,63

CONCLUSION

 In this review, we have outlined the 
immunological changes associated with TB and DM. 
Public health is impacted, especially in countries 
where both diseases are widespread, as the 
increasing risk of DM exacerbates the severity of 
TB. Several investigations have demonstrated that 
hyperglycaemia impairs the defence mechanism of 
host, which facilitates the development followed 
by TB spread and leads to markedly a poor 
therapeutic prognosis. On the other hand, an 
array of research investigations suggests that TB 
patients with DM have altered immune systems. 
Further thorough investigation into the pathways 
that are pathogenic underlying TB associated DM 
is required for completely comprehending the 
manner in which hyperglycaemia affects immune 
system of host and to provide appropriate therapy. 
Thus, it would be advantageous to improve our 
understanding of the immunological underpinnings 
concerning TB with DM susceptibility to develop 
effective treatment methods that would lessen 
the combined burden of both conditions.
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