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Abstract

The bidirectional association between tuberculosis (TB) and diabetes mellitus (DM) creates a dual burden of these diseases
globally. DM patients have chronicinfections more often than those without DM and one of the possible causes isa compromised
immune system that can lead to various persistent infections. This correlation creates special attention and thus the detailed
study of the human immune system and needs to develop some good strategies for the prevention of diabetes in patients who
are exposed to Mycobacterium tuberculosis (MTB). Both diseases are negatively affecting each other as patients taking diabetic
drugs may interact with Anti TB drugs which may decrease the efficiency of drugs and on the other side patients having
tuberculosis may be prone to hyperglycemic condition. In this mini-review, we tried to describe the bidirectional association
of TB and DM’ and possible mechanisms by which a diabetic patient develops active TB and TB patients develop DM. Reducing
diabetes could potentially reduce individual-level risks of TB and ultimately prevent increases in TB population incidences.
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Abbreviations: TB: Tuberculosis; DM: Diabetes Mellitus;
MTB: Mycobacterium tuberculosis ; WHO: World Health
Organization; HIV: Human Immunodeficiency Virus; PMNs:
Polymorphonuclear Neutrophils; ROS: Reactive Oxygen
Species; NO: Nitric Oxide; IFN-y: Interferon Gamma; TNFa:
Tumor Necrosis Factor-Alpha; CR-4: Complement Factor 4;
CRF: Chronic renal failure; ESRD: End-Stage Renal Disease;
IL-1: Interleukin-1; IL-6: Interleukin-6; IRS-1: Insulin
receptor substrates; GLUT-4: Glucose transporter-4; PI-3-K:
Phosphoinositide 3-kinases; IKK: Inhibitor «B kinase; NF-
kB: Nuclear factor-kappa B; I kB: Inhibitor «B; MDR-TB:
Multi drug resistance Tuberculosis.

Introduction

Tuberculosis (TB) is a contagious airborne disease
caused by Mycobacterium tuberculosis H,,Rv (MTB) that
mostly affects the lungs called pulmonary TB, but also
can affect the bones and occasionally other organs having
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extremely vascular areas such as lymph nodes, kidneys,
spine and eyes known as extra-pulmonary TB [1,2]. In most
of the people, infection with MTB is latent TB. However, the
infection has the potential to develop into active TB at any
time, and persons with active TB become sources of new
infections [3]. Despite intensified global efforts of cases of
TB worldwide increasing. According to the world health
organization (WHO) report 2019, estimates that in 2018,
there were about 10.0 million (range 9.0-11.1 million)
develops TB disease and globally 1.2 million (range, 1.2-1.3
million) TB deaths have been reported. Among 10.0 million
people 57% male, 32% female and 11% youngster suffering
from TB disease. Globally, 1.2 million (range, 1.2-1.3 million)
TB deaths occur among human immunodeficiency virus
(HIV) uninfected population and 251,000 additional deaths
reported in HIV infected population [4]. Several studies
also demonstrated a bilabial relationship between diabetes
mellitus (DM) and the occurrence of TB disease [5].
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DM is a health condition in which the body does not
produce enough insulin, or does not properly respond to it
and leads to high blood sugar levels over a prolonged period.
There are two main types of diabetes: Type 1 DM and Type 2
DM. Type 1 DM occurs because of the insulin-producing cells
of the pancreas are damaged while Type 2 DM, the pancreas
makes insulin, but it either doesn’t produce enough, or the
insulin does not work properly. A number of studies have
compared the occurrence of TB risk associated with type 1
and type 2 DM separately. These finding suggest that type 1
DM has a stronger association with TB than type 2 DM [6,7].
DM patients have infections more often than those without
DM and one of the possible causes is a compromised immune
system that can lead to various persistent infections [8]. The
WHO estimates that as many as 346 million people suffer
from diabetes globally. An association between DM and TB
outcomes and the burden of TB patients with DM globally
would suggest that diabetes could increase the number of
people infected by a source case and the number of patients
needing enhanced anti-TB treatment [9]. The effect of DM
on the development and severity of TB’ and the complex
interrelations between nutrition, obesity, diabetes, and TB
remain challenging issue in the public health and the clinical
medicine and represents a global health risk [10,11].
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Probable Mechanisms of the Association
between DM and TB

People with DM are much more vulnerable to the
infection, or development of latent infection to active TB. The
accurate mechanisms by which DM influences to TB are still
ambiguous.

Compromised Immune System

DM is known to affect chemotaxis, phagocytosis,
activation, and antigen presentation by phagocytes leads
to weakening immune response [12]. DM hampers cell-
mediated immunity and has been associated with low level
of leucocytes, polymorphonuclear neutrophils (PMNs), and
a decreased T-helperl cytokine response to TB [13]. The
phagocytotic capacity of PMNs is lower in diabetic patients
compared to normal persons. Macrophages also play a
crucial role in the pathogenesis of TB, being the primary site
of infection. Macrophage cells are able to kill the bacteria.
The function of macrophages is repressed in people with
DM [14]. Production of Reactive oxygen species
(ROS) and phagocytic and chemotactic abilities are also
impaired in diabetic patients [15].

Figure 1: Factors endorsing TB in DM: DM leads to development of latent to active TB having enhanced pathogenicity and
compromised immune system. This causes loss in self-defense, pulmonary microangiopathy, renal insufficiency, deficiency of
micronutrients and the interaction of anti-TB drug with antidiabetic drugs causing decreased therapeutic index of TB.
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Activated macrophages also produce nitric oxide
(NO), an important step to eradicate TB infection, but
it has been reported that activation of macrophages
also impaired in TB-DM [16]. DM patients have
impaired PMNs and T-helper1 which may play an important
role in the inhibition of TB infection by cytokines production
and granuloma formation. Granuloma is a mass of cells
that forms when the immune system tries to fight off a
harmful substance but cannot remove it from the body;
ultimately it inhibits spreading of mycobacterium [17].
Cytokines produced by T-helper 1 (Th1) such as Interferon
Gamma (IFN-y) and Tumor necrosis factor-alpha (TNFa)
are important for fighting microbial infection by activating
macrophages [18]. DM is known to be associated with
chronic inflammation, which would be expected to interfere
with efficient immune signaling and reduced Th1 response
[19]. All of these DM patients who have a depressed immune
system would possibly cause a higher risk of developing TB.
(Figure 1).

Complement system is also the component of
immune system that improves the ability of antibodies
and phagocytic cells eradicate out microbes and damaged
cells from an organism endorses inflammation, and attack
the pathogen’s plasma membrane. In the complement
system once signal generated, initiate a cascade of reaction
which would cleave the proteins, involved in the complement
pathways, to convert them from inactive (proproteins) to
active form. The proteins involved in the complement system
are called Complement proteins or complement factors.
There are mainly nine complement factors known as namely
C1, C2, C3,....C9. It has been reported that the concentration
of complement factor 4 (CR-4) is lower than the normal range
in DM patients, which increases the risk of infections [20].

Pulmonary Microangiopathy

Long term DM causes the
pulmonary microangiopathy where high blood glucose
levels cause the blood vessels to take in more glucose than
normal in endothelial cells lining. Glycoproteins formation is
increased on the surface of the cells and causes the basement
membrane in the vessel wall to grow abnormally thicker
and weaker [21]. Pulmonary microangiopathy is a serious
hurdle of DM that may account for part of the increased
susceptibility of people with DM to TB infection and alter its
clinical presentation [22].

Renal Insufficiency

Chronicrenalfailure (CRF)isthe permanentdeterioration
of renal function that gradually progresses to end-stage
renal disease (ESRD). It is also a common complication of
DM which strongly associated with an increased risk of TB.
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Incidences of TB are increased in patients with ESRD as in
comparison with the general population. CRF patients are
vulnerable to TB, especially to atypical tuberculosis outside
the lung (Extra-pulmonary TB), although the underlying
mechanisms are fully not understood [10,21,23].

Vitamins Deficiency

DM can be stated as a metabolic disorder which along
with TB is often associated with malnutrition. Micronutrients
act as a cofactor or part of many enzymes that may play a
crucial role in the control and development of DM. Low
concentrations of micronutrients may also affecthostdefense.
TB patients commonly suffer from deficiencies in nutrients
such as Zinc, vitamins A, C, and D, which are fundamental
to the integrity of the immune response, especially the host’s
immune response against mycobacterium. Patients having
zinc-deficiency have severe immune dysfunctions, mostly
affects T helper cells. This also adversely affects activation
of many zinc-dependent enzymes and transcription factors.
Some studies reported that in HUT-78 cell lines in gene
expression of interleukin-2 (IL-2) and IL-2 receptor « (IL-
2Ra) were due to decreased activation of nuclear factor-xB
(NF-xB) in zinc deficient cells. Decreased NF-«B activation
in HUT-78 due to zinc deficiency was due to decreased
binding of NF-kB to DNA, decreased level of NF-kB mRNA,
decreased kB inhibitory protein (IxB) phosphorylation,
and decreased inhibitor kB kinase (IKK). Decreased NF-
kB activation leads to decreased gene expression and
generation of pro-inflammatory cytokines such as TNF-a, IL-
1B, and IL-8. The exact mechanism by which vitamin C play
important role on lymphocytes is less clear, but it has been
shown that it enhance the differentiation and proliferation
of B- and T-cells, probably due to its gene regulating effects.
Vitamin C deficiency causes impaired immunity and higher
susceptibility to infections. Vitamin A is an antioxidant as
well as anti-inflammatory vitamin that plays regulatory role
in cell mediated immune response as well as in humoral
immune responses. Numerous current studies in different
populations have demonstrated that vitamin D deficiency
increases the risk of tuberculosis. Vitamin D regulates [ cell
function in pancreatic islets, insulin activity, and the levels of
systemic inflammation [10, 24-26].

Iron Deficiency and Overload

Iron deficiency is the most common cause of anemia, a
common accessory to diabetes, this leads to many chronic
infections, including TB, which are highly prevalent. Iron is a
necessary nutrient for both host and mycobacteria that plays
an essential role in host immunity and mycobacterial growth.
It has been reported that iron overload in black Africans might
be a possible risk factor for death from hepatocellular
carcinoma and for death from tuberculosis [27,28] (Figure 1).
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Dose TB cause DM?

TB does not cause DM directly but it may unmask those
atrisk of DM in the future. TB is also associated with glucose
intolerance and hyperglycemia, both of which resolve
automatically with TB treatment. Long-time TB treatment
causes impairment of blood glucose level is an instance of
stress-induced hyperglycemia, will usually improve during
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TB treatment [29,30]. During TB infection, proinflammatory
cytokines (IL-1, IL-6 and TNFa) may cause an increase in
insulin resistance and decreased insulin production, thereby
leading to hyperglycemia. Apart from this, Anti TB drugs
Isoniazid and Rifampin have hyperglycemic effects. Rifampin
directly doesn’'t affect the metabolism of insulin, it encourages
the metabolism and decreases blood level of sulfonylureas
(an antidiabetic drug), leading to hyperglycemia (Figure2).

by drug-drug interaction, lead to hyperglycemia.

Figure 2: Allegation of TB on DM: MTB infected macrophages start to secrete proinflammatory cytokines to eradicate
MTB. Proinflammatory cytokines (TNF-alpha and IL-6) somehow accelerate the insulin resistance and inhibits the insulin
production. Anti-TB drugs like Isoniazid and Rifampin decrease the level of sulfonylureas (an antidiabetic drug) in the blood

Pathology of Stress-Induced Hyperglycemia
during Active TB

During the start of TB treatment, patients also screened
for having hyperglycemia and they receive a new diabetes
diagnosis (not earlier known to have diabetes). Although
most of the recent studies have not determined what
proportion of these new diabetes diagnoses have diabetic
levels of blood glucose due to stress-hyperglycemia in
response to active TB, and what proportion have previously
undiagnosed but pre-existing diabetes [31]. Stress-induced
hyperglycemia is a condition of dysglycemia resulting from
various illnesses such as trauma, infection and surgery,
or myocardial infarction. Stress-induced hyperglycemia
results from multiple signal pathways including counter
regulatory hormones such as glucagon, growth hormone,
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catecholamine, cortisol, and cytokines such as TNF-a and
interleukin (IL-1) and IL-6. During chronic infections,
whether with TB or other pathogens, these cytokines can
drive stress-induced hyperglycemia by increasing hepatic
glucose production (glyconeogenesis), peripheral insulin
resistance or by modifying the signaling properties of insulin
receptor substrates (IRS-1) [32,33]. Increased hepatic
output of glucose may therefore be more important than
peripheral insulin resistance in the genesis of stress-induced
hyperglycemia [34].

Sepsis is described as a harsh circumstances resulting
from the presence of infectious microorganisms in the blood
or other tissues and the body’s response to their presence,
potentially leading to the malfunctioning of various organs.
The insulin resistance in sepsis is directly proportional to the
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severity of stress response and marked by insulin resistance
[35]. Insulin induces the phosphorylation of IRS-1 and
subsequent activation of Phosphoinositide 3-kinases (PI-
3-K) is impaired resulting in defective glucose transporter-4
(GLUT-4) channel translocation toward the cell membrane
from vacuoles, diminished glucose uptake, insulin resistance
in skeletal muscle, and hepatic insulin resistance. Although
the actual mechanism whereby sepsis induces these
alterations are unidentified, but the induced level of TNF-a
may play an important role in this mechanism. Aljada, et
al. (2002) have confirmed that TNF -a causes reduction of
tyrosine phosphorylation and expression of the insulin
receptor in endothelial cells and diminishes the insulin-
induced IRS-1 tyrosine phosphorylation in hepatocytes leads
to make worse the activation of PI-3-K. TNF-a induced IRS-
1 serine phosphorylation which reduces ability to interact
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with the insulin receptor however, normally IRS-1 tyrosine
phosphorylated protein by insulin receptor and to bind PI-
3-K [36-41]. Gao, et al. [42] demonstrated that an inhibitor
kB kinase (IKK) complex is activated by Toll-like receptor 4
(LTR4) as well as by TNF-a and IL-1 is associated with serine
phosphorylation of IRS-1. The IKK as a serine kinase which
manage the nuclear factor-kappa B (NF-«kB) a ubiquitous
nuclear transcription factor closely associated with the
activation of the genes for almost all of the pro-inflammatory
mediators. NF-kB is bounded to inhibitor kB (I kB) before
activation, but IKK phosphorylates I kB on the serine residue
leads to the degradation of I kB followed by the nuclear
translocation of NF-«kB. The phosphorylation of IRS-1 and I
kB by IKK on the serine may partially elucidate the insulin
resistance noted with activation of the pro-inflammatory
cascade [42] (Figure 3).

Figure 3: Impact of TB on DM: Lipopolysaccharide (LPS) interact with Toll Like receptors (TLR) and activates inhibitor kB
kinase (IKK) complex, a serine kinase which phosphorylates inhibitor kB (I kB) on Serine residue tends to dissociate from
nuclear factor-kappa B (NF-kB) and NF-kB translocate inside nucleus and activates pro-inflammatory cytokine genes. Insulin
binds with Receptor tyrosine kinase (RTK) lead to dimerisation and auto-phosphorylation. RTK phosphorylates IRS-1 on
Tyrosine residue and activates PI3K which trigger the translocation of GLUT-4 containing vesicles toward cell membrane
and mediates uptake of glucose inside the cell through GLUT-4 (an insulin dependent glucose transporter channel). Pro-
inflammatory cytokines TNF-a and IL-1 also activates IKK which might be phosphorylates IRS-1 on serine residue and make
it inactive so PI3-K could not trigger the GLUT-4 translocation toward membrane and ultimately impair the glucose uptake
inside cell. Increased level of glucose in the blood due to sepsis called stress induced hyperglycemia.
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Drug-Drug Interaction

As an anti-TB drug Rifampicin is also a strong inducer
of hepatic enzymes that accelerates the metabolism of
several oral Anti-diabetic agents like sulphonylureas and
biguanides’ and reduces their plasma levels in the blood and
shown hyperglycemic effect in diabetic patients. However, in
non-diabetic patients it enhances the intestinal absorption
of glucose and may simulate the symptoms of diabetes.
Isoniazid interacts with sulphonylureas and inhibits their
action in the diabetic patients and in non-diabetic patients
it impairs the release and action of insulin leading to
hyperglycemia [43,44].

Is there any Possibility to Diminish TB by
Targeting DM?

TB treatment outcomes are adversely affected by DM,
the reason behind it is not completely understood but drug-
drug interactions adversely affects from medications.
The suboptimal adherence to medication reduces
bioavailability of the drugs and the immunosuppressive
effects of DM itselfhave alsobeenreported [29]. The efficiency
of anti- TB drugs is hampered by Anti-diabetic drugs as a
result of drug-drug interaction. DM increases the risk of TB by
compromising our immune system which creates trouble to
combat TB infections. In several studies stated that diabetes
continues to be a risk factor for tuberculosis and there is a
significant association between diabetes and MDR-TB. So by
targeting DM as one of the associated factors of TB, it will
optimize treatment response of TB [29,45].

Significance

We have found reliable evidences which suggest a strong
association of DM and TB which, in turn, increases the risk of
TBamongpeople those are suffering from DM. The prevalence
of DM has been increasing in many countries since long
time, thus it may threaten the success of TB control. A better
understanding of this bidirectional relationship of the TB
and DM is necessary for proper planning and collaboration
to decrease the dual burden of diabetes and TB. Screening,
prevention and treatment of both diseases together are more
effective and may have a beneficial impact on TB control.
Emerging information on human studies on the biological
mechanisms by which hyperglycemia may affect the host
immune response to TB needs to be understood [46]. Earlier
management and screening of diabetes may reduce the risk
of developing active TB.
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