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Abstract

Tuberculosis-Diabetes mellitus co-morbidity is listed among the new challenges in TB control. Diabetes mellitus is recog-
nized as a risk factor contributing to the development of TB disease and playing a deleterious role in the therapeutic out-
come of  patients  undergoing  TB treatment.  Some of  the  pathophysiological  mechanisms  implicated  in  the  occurrence  of
this unfavorable outcome during this comorbidity have been identi�ed. �is literature review allows us to highlight the role
and impact of this co-morbidity so that clinicians and those responsible for programs to combat these two scourges are in-
formed of its e�ects with a view to appropriate management of co-infected tuberculosis patients.
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Introduction

Tuberculosis  is  the  leading  cause  of  infectious
death in the world. It is caused by Mycobacterium tubercu-
losis (MTB), which is transmitted from person to person by
aerosol droplets, usually through coughing.

In 2020, 10 million new cases of tuberculosis (TB)
were reported worldwide with 1.5 million deaths [1]. In ad-
dition,  it  is  estimated that  one third of  the world's  popula-
tion is latently infected with MTB[1]. �e speci�c treatment
of active tuberculosis includes multidrug therapy with Isoni-
azid,  Rifampicin,  Ethambutol,  and  Pyrazinamide,  each  of
which has a speci�c mechanism of action. However, this an-
ti-tuberculosis treatment is becoming increasingly problem-
atic due to the emergence of strains of mycobacteria that are
multi-drug resistant (MDR) to these antibiotics [1]. �ere-
fore,  many  new  therapeutic  options  are  being  explored  as
possible  alternatives  or  adjunctive therapies  to combat this
devastating disease.

Despite considerable progress in the control of dia-
betes mellitus (DM), diabetic patients remain at high risk of
contracting  TB  compared  to  non-diabetics  [2-6].  In  2020,
for a long time considered a condition of the wealthy "West-
ern"  countries  of  Europe  and  North  America,  it  has  been
shown  that  type  2  diabetes  mellitus  (DM)  is  present,  with
high  prevalence,  even  in  the  so-called  resource-poor  and
middle-income countries. Indeed, there are now more peo-
ple  with  diabetes  in  developing  economies  (Asia,  Latin
America  and  Africa)  than  in  industrialised  countries,  and
the proportion of diabetes cases related to insulin resistance
is about 90-95% of the total prevalence of diabetes [7].

Glycated  haemoglobin  (HbA1c)  is  not  only  used
as an indicator of plasma glucose level, but also utilised as a
more reliable follow-up biomarker in that it shows the evo-
lution  of  blood  glucose  in  the  previous  months.  However,
the  glucose  overload test  is  instead used as  a  more  reliable
diagnostic parameter for type 2 diabetes mellitus than fast-
ing  blood  glucose.  Although  more  research  is  needed  to
establish  the  aetiology  of  type  2  diabetes,  current  research
evidence indicates that genetic factors, obesity and possibly
epigenetic (exosome) factors such as a high-fat or high-su-
gar diet may also be linked to the development of type 2 dia-

betes [8].

In  addition,  the  complications  linked  to  Type  2
DM are many and varied (vascular, nervous, metabolic, in-
fectious,  etc.).  �ese  represent  major  health  problems.  Al-
though type 2 diabetes a�ects millions of people worldwide,
studies  on  the  epidemiology  and co-morbidities  associated
with this scourge are largely limited by unspeci�c models of
the  disease  that  do  not  consider  nutritional  and  polygenic
factors involved in the development of  diabetes mellitus in
humans. Some authors acknowledge that diabetes decreases
the  e�ciency  of  cell-mediated  immunity,  making  diabetic
patients  more  susceptible  to  Mycobacterium  tuberculosis.
However, the exact mechanism of Mycobacterium tubercu-
losis susceptibility in diabetics is not fully elucidated. Some
animal studies have suggested that there may be a delay in
immune  recognition.  A  more  recent  study  in  humans
suggests that epigenetic reprogramming may be responsible
for increased in�ammation, making individuals more vuln-
erable  to  infection  (8).  Nevertheless,  research  has  shown
that Mycobacterium tuberculosis infection may present dif-
ferently in cases of co-morbid tuberculosis and diabetes mel-
litus.

Epidemiology

�e  burden  of  communicable  diseases  is  particu-
larly high among low-income countries. However, non-com-
municable diseases, which accounted for 47% of the burden
of  disease  in  1990  in  low-income countries,  were  expected
to  reach  69%  by  2020  [9].  Increasing  industrialisation  and
urbanisation,  because  of  development  and  modernisation,
and the nutritional transition, would lead to an increase in
obesity  and  diabetes.  �e  proportion  of  people  with  dia-
betes, which was 171 million in 2000, is expected to rise to
366-440 million by 2030, and three quarters of the projected
diabetes  patients  are  expected  to  be  in  low-income  coun-
tries [10-12].

Diabetes  carries  a  signi�cant  �nancial  cost  in  re-
source-limited countries. For example, in Africa, where the
average per capita health expenditure is US$ 30-800, the av-
erage annual cost of diabetes care is US$ 214-11,430 (direct
costs US$ 876-1220) and this cost is usually borne by the pa-
tient  due  to  the  poorly  organised  health  system  [13].  In
many countries, insulin is expensive or not widely available:
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a one-month supply of insulin can cost up to 20 days' salary
[14].  �us,  social  and  economic  conditions  have  a  strong
impact on treatment options [15]. In these resource-limited
settings, TB continues to have high mortality and is among
the top �ve causes of death [16].

TB, poverty and poor access to health services are
closely linked, making TB management more di�cult [17].
And associated co-morbidities such as diabetes mellitus fur-
ther complicate the management of TB.

Several studies show that co-morbidity of tubercu-
losis and diabetes mellitus is common in both low and high
income  countries  [18-21].  Recent  studies  have  shown  that
DM prevalence among TB cases  is  variable.  It  ranges from
about  50%  to  2%  in  America,  Asia,  Europe,  and  Sub-Sa-
haran Africa [22,23].

Pathophysiology

�e  interaction  between  Diabetes  Mellitus  and  Tu-
berculosis

Diabetes as a risk factor of Tuberculosis

Diabetes is not only a risk factor for lower respira-
tory tract infections in general, but also particularly for TB.
Although  TB  is  more  associated  with  other  immunosup-
pressed conditions such as HIV infection, diabetes remains
a signi�cant risk factor in vulnerable populations due to its
higher prevalence [24]. Stevenson et al. [25] reported that di-
abetes  increased  the  risk  of  TB  by  1.5  to  7.8  times,  while
Jeon and Murray [26], in a meta-analysis, reported that the
relative risk of TB in patients with diabetes was 3.11.

And in the latter study, the authors found that the
prevalence  of  diabetes  in  TB patients  ranged from 1.9% to
35% a�er screening, with the highest proportions found in
regions of the world with the highest prevalence of diabetes
[26]. Also, a United States study showed that the odds ratio
of  multidrug-resistant  tuberculosis  (MDR-TB)  associated
with diabetic patients is 2.1 [27]. Although type 2 diabetes is
more common worldwide, the risk of TB in type 1 diabetes
is three to �ve times higher [28,29] due to relatively poorer
glycaemic control, lower body weight in type 1 diabetes pa-
tients and the younger age of type 1 diabetes patients [29].

Although it is not clear whether diabetes a�ects the clinical
pro�le of TB, diabetic patients tend to have more lower lobe
involvement  compared  to  their  non-diabetic  counterparts
and  this  could  be  explained  by  the  reactivation  of  old  foci
[30].  In this regard, some studies have reported lower pro-
portions of cavitated lung disease [27] while others have re-
ported higher rates of cavitated lung disease [21,31,32].

Other  authors  have  suggested  that  haemoptysis
and  fever  are  also  common  manifestations  of  co-morbid
TB-DM. Atypical  presentations  have  also  been reported in
relation  to  non-diabetic  TB  patients  [25,27,33].  In  relation
to  smear  negativities,  Alisjahbana  et  al.  [27]  reported  in
2007 that diabetic TB patients had more symptoms, but no
evidence of  more severe  disease  and a  lower  proportion of
smear negativities for acid-fast bacilli a�er two months of in-
tensive TB treatment compared to their non-diabetic coun-
terparts (18.1 % versus 10.0 %). However, these results were
no longer statistically signi�cant a�er adjusting for age, sex,
BMI (body mass index),  study site,  chest X-ray abnormali-
ties and sputum mycobacterial load prior to treatment initia-
tion. �e study also reported that a�er 6 months, 22.2% of
sputum from diabetic patients still  had Mycobacterium tu-
berculosis compared to 6.9% in controls (adjusted odds ra-
tio:  7.65;  p=0.004).  A  retrospective  study  of  TB  patients
from  southern  Texas  (USA)  and  north-eastern  Mexico
found  that  diabetic  patients  (identi�ed  by  self-reporting)
were  more  likely  to  remain  positive  at  the  �rst  month
(Texas cohort) or second month (Mexican cohort) of treat-
ment  [21].  Other  studies  have  also  shown a  trend  towards
increased sputum conversion time (19,34–36), while others
have  shown  no  relationship  between  diabetes  and  sputum
conversion rate at the end of the second month [19,37].

In  relation  to  treatment  outcome,  diabetes  would
increase the risk of combined failure and death, death, and
relapse in patients with TB. A systematic review by Baker et
al. [38] reported that patients with diabetes had a hazard ra-
tio (HR) for the combined outcome of failure and death of
1.69  (95%  CI:  1.36  to  2.12),  while  the  HR  of  death  during
TB  treatment  among  23  unadjusted  studies  was  1.89  (95%
CI:  1.52  to  2.36).  Diabetes  was  also  associated  with  an  in-
creased  risk  of  diabetes  was  also  associated  with  an  in-
creased risk of relapse (RR: 3.89; 95% CI: 2.43 to 6.23). How-
ever,  these  authors  did  not  �nd  evidence  of  an  increased
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risk of TB relapse with drug-resistant strains in people with
diabetes  [38].  In  a  Brazilian  study  to  evaluate  sociodemo-
graphic and clinical factors that may in�uence di�erent TB
outcomes in diabetic patients identi�ed in the Brazilian Na-
tional  Health  Directory  between  2001  and  2011,  it  was
found that  the  development  of  MDR TB was  more  related
to relapse (OR = 9.60, 95% CI: 6.07-15.14), to a previous de-
fault  (OR = 17.13,  95% CI:  9.58-30.63) and to a transfer of
treatment centre (OR = 7.87, 95% CI: 4.74-13.07) [39]. Dia-
betes may a�ect the pharmacokinetics of anti-TB drugs, par-
ticularly  rifampicin,  by  reducing  their  plasma  concentra-
tions  [40].  However,  there  are  con�icting  reports  on
whether  this  a�ects  the  e�cacy  of  TB  treatment  [30,40].

Tuberculosis as a Risk Factor for Diabetes

Although the association between diabetes and tu-
berculosis  has  long  been  recognized,  studies  to  determine
whether  tuberculosis  increases  the  risk  of  diabetes  are  few
[41-43].  Tuberculosis  can  be  responsible  for  impaired  glu-
cose tolerance (IGT) [43,44] and newly diagnosed diabetes
[33,43].  Generally,  IGT  normalises  a�er  treatment  of  TB,
but it is still an important risk factor for the development of
type 2 diabetes later on [45]. For some authors, it is still un-
clear whether tuberculosis is a risk factor for newly discov-
ered  hyperglycaemia  or  diabetes  in  previously  unscreened
tuberculosis  patients  [42,43,46].  Basoglu  et  al  [43],  in  a
study  of  patients  with  active  TB  without  a  history  of  dia-
betes mellitus, found glucose intolerance in 10.4% and dia-
betes in 8.6% of the cohort; and compared to a matched con-
trol group of community acquired pneumonia, 17.4% were
found  to  have  diabetes  and  none  had  glucose  intolerance.
�ere was no signi�cant di�erence between the two groups
(p  >  0.05).  Oral  glucose  tolerance  test  (OGTT)  results  re-
turned  to  normal  in  the  TB  and  pneumonia  groups  a�er
treatment.  In  a  Nigerian  study,  a  sequential  follow-up  of
oral  glucose  tolerance  tests  in  54  patients  with  active  TB,
42.6% of the patients examined showed pathological results,
including  5.6%  diabetes  and  37.0%  IGT(42).  A�er  three
months  on  anti-TB therapy,  only  one  of  the  eight  patients
with  glucose  intolerance  on  the  second  oral  glucose  toler-
ance  test  remained  glucose  intolerant,  while  only  one  pa-
tient was frankly diabetic. In a retrospective cohort study us-
ing data from the Oxford Record Linkage Study (ORLS) cov-
ering the period 1963 to 2005 in a predominantly white En-

glish population, Young et al. [41] found that although dia-
betes was associated with a two- to three-fold increased risk
of TB, there was no evidence that TB increased the risk of di-
abetes. �us, several literatures believe that hyperglycaemia,
which may be related to TB infection and some commonly
used  anti-TB drugs,  such  as  rifampicin  and isoniazid,  may
have led to an overestimation of diabetes mellitus in previ-
ously unscreened TB patients [24,47,48]. However, tubercu-
losis  infection  as  well  as  certain  anti-tuberculosis  drugs
would have led to uncontrolled blood sugar levels in previ-
ously  diagnosed diabetic  patients  [45].  �is latter  situation
may  therefore  justify  a  re-evaluation  of  oral  antidiabetic
treatment or simply justify a switch to strict insulin therapy.

Underlying Pathophysiological Mechanisms

�e increased risk of TB in diabetic patients is mul-
tifactorial  [49-51]  and  several  mechanisms  have  been
suggested (see Figure 1). �ere is a decrease in cellular im-
munity  due  to  a  reduction  in  T-cell  number  and  function
and a  low neutrophil  count  [49].  Diabetics  have  a  reduced
T-helper 1 (TH 1) cytokine response,  tumour necrosis fac-
tor (TNF-alpha and TNF-beta), interleukin-1 and interleuk-
in-6  compared  to  their  non-diabetic  counterparts  [49,50].
�e  susceptibility  of  diabetic  patients  to  tuberculosis  is
mainly due to reduced T-cell number and function, in par-
ticular  the  inhibition  of  TH1 cytokines  from Mycobacteri-
um tuberculosis, but also as a result of decreased IL-2 pro-
duction �ere is macrophage dysfunction in diabetes result-
ing in impaired reactive oxygen species production, phago-
cytic and chemotactic functions [49,50].

Monocyte chemotaxis is  also impaired in diabetic
patients,  a  defect  that  does  not  improve  with  insulin  [52].
Hyperglycaemia  is  also  thought  to  impair  the  strength  of
the  respiratory  burst  in  expelling  pathogens  [49,50].  Al-
though  these  proposed  mechanisms  are  plausible,  it  is  im-
portant that further studies are carried out to con�rm them
or not.  �e oxidative  stress  response  to  infection may also
play a role in blood glucose disorders, a situation mediated
by  the  e�ect  of  interleukin-1  (IL-1),  interleukin-6  (IL-6)
and  TNF-alpha  [24,45,53].  �is  temporal  relationship  has
been demonstrated in some studies where it was found that
between 19 and 42.6% of patients with active TB had GI or
diabetes,  with  a  signi�cant  reduction  or  complete  regres-
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sion of the prevalence a�er treatment [42,43]. In one of th-
ese studies, the rate of glucose intolerance was similar with
the  control  group  who had  community-acquired  pneumo-
nia, supporting the possibility of a stress response to infec-
tion [43]. In contrast, in the study by Zack et al. [54], 41% of
256 patients admitted to the TB ward were glucose intoler-
ant  when oral  glucose tolerance tests  were performed a�er
at least one month of hospitalisation and some of these de-
veloped frank diabetes. However, it is thought that the large-
ly abnormal test  results  obtained one month a�er the start

of  treatment  may re�ect  a  true  underlying  glucose  intoler-
ance rather than a stress response to the infection [54]. Tu-
berculosis can also cause tuberculosis pancreatitis and pan-
creatic endocrine hypo-function, which can lead to de novo
IGT  or  diabetes  or  worsen  uncontrolled  diabetes  [45,53].
Tuberculous pancreatitis  may not become evident until  af-
ter  the  onset  of  diabetes  [45,53].  Finally,  malnutrition  has
been proposed in other studies as a risk factor for infections
and glycaemic disorders. However, body mass index has not
been associated with IGT or diabetes [33,42,43].

Figure 1: Underlying pathophysiological mechanisms of TB-DM comorbidity [55]

�e role of Hyperglycaemic Stress

Stress  hyperglycaemia  is  a  state  of  blood  glucose
disturbance  resulting  from a  variety  of  acute  illnesses  such
as trauma, infection, surgery, or myocardial infarction, and
usually  resolves  with  resolution  of  the  precipitating  condi-
tion. Stress hyperglycaemia results from multiple signalling
pathways,  including  counter-regulatory  hormones  such  as
glucagon,  growth  hormone,  catecholamine  and  cortisol,
and  cytokines  such  as  tumour  necrosis  factor-α  (TNF-α)
and  the  interleukins  IL-1  and  IL-6.,  metabolic  and  en-
docrine mechanisms during TB disease. In the absence of ex-
tensive studies  on TB disease and stress-induced hypergly-

caemia,  we  can  assume  that  part  of  the  hyperglycaemia  in
TB patients is due to acute stress resulting from changes in
host immune, metabolic and endocrine mechanisms during
TB disease (�gure 2). During any infection, whether tuber-
culosis or other pathogens, pro-in�ammatory cytokines and
stress  hormones  can  lead  to  stress  hyperglycaemia  by  in-
creasing hepatic  glucose  production (gluconeogenesis)  and
peripheral insulin resistance [56-59]. However, unlike other
acute  infections,  the  endocrine  and  immune  responses  in
the context of TB disease are more prolonged in nature, as
they can be activated during subclinical TB disease, sympto-
matic  TB  disease,  during  TB  treatment,  and  even  a�er  TB
treatment [60,61].
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During initial infection with Mycobacterium tuber-
culosis  (M.t.)  and  during  TB  disease,  pro-in�ammatory
(IL-1,  IL-6,  interferon  (IFN)-γ  and  tumour  necrosis  factor
(TNF)-α) and anti-in�ammatory (IL-10) cytokines are pro-
duced.  In  addition,  macrophages  generate  nitric  oxide  and
reactive oxygen species, T cells and natural killer (NK) cells
[62,63]. In the context of obesity-related diabetes, increased
pro-in�ammatory cytokines, reactive oxygen species and ni-
tric  oxide cause insulin resistance through a  cascade of  in-
�ammation  pathways  leading  to  hyperglycaemia  [64–66].
As increased levels of pro-in�ammatory cytokines, reactive
oxygen species and nitric oxide are hallmarks of the host re-
sponse  to  TB,  similar  mechanisms  of  hyperglycaemia  may
be involved in patients with active TB. �e pro-in�ammato-
ry cytokines released during TB also activate the hypothala-
mic-pituitary  axis  (neuroendocrine  pathway),  increasing
the release of cortisol,  prolactin, oestradiol,  catecholamines
(dopamine,  epinephrine,  norepinephrine)  and  thyroid  and
growth hormones, while decreasing the production of dehy-
droepiandrosterone and testosterone [60,67-71].

A study conducted in South Africa by Opolot et al.
[69]  in  hospital  patients  (n=160)  found  that,  compared  to
patients with other acute stress conditions (n=89),  patients
with newly diagnosed smear-positive TB (n=71) had higher
cortisol  and  dopamine  levels  than  the  non-tuberculosis
group,  and  higher  than  normal  levels  of  epinephrine  and

norepinephrine.  Another  study  of  newly  diagnosed  male
pulmonary TB patients (n=30) found that growth and thy-
roid hormone, cortisol, oestradiol and prolactin levels were
elevated and dehydroepiandrosterone and testosterone lev-
els  were  lower  than  in  the  healthy  male  control  group
(n=19)  [70].  As  concentrations  of  catecholamines,  cortisol,
growth  hormone,  dopamine,  epinephrine  and  nore-
pinephrine are elevated during TB, it is plausible that these
elevations  result  in  increased  gluconeogenesis  and
glycogenolysis in the liver and kidney and insulin resistance
in peripheral tissues that may lead to subsequent hypergly-
caemia [72-74].  In addition, the decrease in dehydroepian-
drosterone  and  testosterone  during  TB  correlates  with  in-
sulin resistance, which may also indirectly increase the likeli-
hood of hyperglycaemia [75-77].

Current  studies  on  the  e�ect  of  diabetes  on  TB
treatment  outcomes  found  that  patients  with  diabetes  had
approximately  twice  the  odds  of  death  (pooled  odds  ratio
[OR] 2.1, 95% con�dence interval [CI] 1.8–2.5) and TB re-
lapse (pooled OR 1.8, 95% CI 1.4–2.3) compared to patients
without diabetes (78). However, most studies that estimated
an  association  between  diabetes  and  adverse  TB  outcomes
did  not  stratify  by  previously  diagnosed  diabetes,  undiag-
nosed pre-existing diabetes, or extent of hyperglycemia, and
none  have  estimated  the  e�ect  of  stress  hyperglycemia  on
TB treatment outcomes [78].
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Figure 2: Metabolic and endocrine factors during active TB contributing to hyperglycaemic stress [78]

Clinical presentation of TB in TB-DM patients

Many  studies  suggest  that  DM  is  associated  with
the clinical presentation of TB. Patients with TB-DS comor-
bidity (compared to those without diabetes) are more likely
to present with pulmonary,  cavitary and microscopic posi-
tive TB at diagnosis. During TB treatment, TB-DM patients
take longer to go from sputum smear positive to a negative
sputum  smear.  Some  studies  also  show  that  patients  with
DM  are  more  likely  to  develop  drug-resistant  or  multi-
drug-resistant  TB,  although  this  relationship  is  not  ob-
served  in  all  series  or  cohorts  in  the  literature  [79].

In relation to the Anatomical site of the Disease

Pulmonary  tuberculosis  accounts  for  70-80%  of
cases and it is generally acknowledged that immune compro-
mise  facilitates  the  haematogenous  dissemination  of  M.t.,
predisposing  to  extra-pulmonary  tuberculosis  (EPT).  �is
is the case for TB patients with HIV-AIDS [80] or those tak-
ing TNF inhibitors [81]. �is is in contrast to patients with
DST  who  are  less  likely  to  develop  PET  [3,21,39,82].  �is
may  be  due  to  a  hyper-reactive  cell-mediated  immune  re-

sponse to M.t.  in patients with DS that may be suboptimal
for containing the growth of M.t.  in the lung but su�cient
to prevent its spread and reactivation elsewhere [83-85].

In Relation to Bacteriological Diagnosis

M.t.  induces strong cell-mediated immunity lead-
ing  to  the  formation  of  pulmonary  granulomas  (tubercles)
which  are  considered  a  double-edged  sword  for  the  host
[86].  �e  granulomas  initially  restrict  the  growth  of  M.t.,
but eventually, alas, it continues to replicate. �ese granulo-
mas  undergo  caseation  with  rupture  and  spillage  of  thou-
sands of viable bacilli into the respiratory into the respirato-
ry  tract.  �is  "cavitary  tuberculosis"  explains  the  positivity
of the sputum smears [87].

TB-DM patients are more likely than TB-non-DM
patients  to  have  TB  with  a  higher  sputum  bacillary  load
[88,89]. Overall, a higher frequency of pulmonary versus ex-
tra-pulmonary TB, cavitary TB and a positive smear at diag-
nosis  and  extension  during  treatment  would  predict  that
TB-DM patients are more infectious than non-DM TB pa-
tients [90]. Such studies have not yet been described in our
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work setting.

In Relation to Drug Resistance

�e relationship between drug-susceptible TB (D-
ST) or multidrug-resistant TB (MDR-TB) and Creutzfeldt--
Jakob  disease  (CJD)  is  unclear,  with  con�icting  results  on
the  association  between  higher  drug-susceptible  or  multi-
drug-resistant TB in CJD patients compared to those with-
out CJD [78,91–98]. However, these results are based on on-
ly  four  studies.  �erefore,  there  is  a  need for  more  studies
that  would  systematically  assess  the  relationship  between
MDR-TB and  diabetes  comorbidity,  by  performing  appro-
priate  MDR-TB  testing  in  the  general  population  at  the
time  of  TB  diagnosis  (and  not  only  in  patients  who  have
failed treatment), performing multivariate analysis to distin-
guish the  independent  contribution of  diabetes  from other
confounding factors, and taking into account characteristics
of the study population and local TB programme protocols,
to  understand  how  MDR-TB  and  diabetes  may  synergise
[38].

Management of TB-DM comorbidity

Although it  has  been suggested that  diabetes  may
lead  to  more  severe  TB  disease,  death  and  relapse,  the
dosage and duration of TB treatment do not di�er between
people with and without TB [38,99]. All screening and treat-
ment centres (STCs) treat TB for six months for DST, con-
sisting  of  an  initial  intensive  phase  of  two  months  of  ri-
fampicin,  isoniazid,  pyrazinamide  and  ethambutol  and  a
continuation phase of four months of rifampicin and isoni-
azid.  For  the  neuro-meningeal  form,  among  others,  the
treatment  takes  12  months  [99].

�ere is a proposed pharmacokinetic and pharma-
codynamic interaction between anti-tuberculosis drugs and
anti-diabetics. Rifampicin, which is a key component of the
anti-tuberculosis  cocktail,  accelerates  the  metabolism  of
sulphonylureas  and  biguanides  by  enzymatic  induction,
thereby reducing their plasma levels, which may result in un-
controlled blood glucose levels [24,100]. In non-diabetics, it
increases intestinal glucose absorption [99]. Isoniazid antag-
onises the action of sulphonylureas and worsens blood glu-
cose  control  [48].  In  some  situations,  isoniazid  decreases
the  metabolism  of  oral  antiglycaemic  drugs  and  increases

their plasma levels such as cytochrome P2C9 (CYP2C9) in-
volved  in  the  metabolism  of  sulphonylureas;  however,  the
inducing e�ect of rifampicin is thought to far outweigh this
inhibitory  e�ect  [101].  Similarly,  it  can  inhibit  insulin  re-
lease,  even  in  non-diabetics,  causing  hyperglycaemia  [48].
Rifampicin and isoniazid are not known to signi�cantly af-
fect insulin degradation, as insulin is mainly degraded by hy-
drolysis of disul�de bonds by an insulin-degrading enzyme
in the liver [102]. �eoretically, dipeptidyl peptidase (DPP)
IV  inhibitors  can  cause  immunparesis  and  potentially
worsen  treatment  outcomes  in  the  management  of  TB
[24,103].  �iazolidinediones  may  be  substrates  for  cy-
tochrome  P450  enzymes  that  are  induced  by  rifampicin.
Rosiglitazone  is  largely  metabolised  by  CYP2C8  and  ri-
fampicin decreases  rosiglitazone concentrations by 54-65%
and pioglitazone by 54% [36]. �e treatment of diabetes in
tuberculosis infection requires careful evaluation and selec-
tion  of  anti-diabetic  drugs.  Again,  the  general  approach  to
diabetes management does not di�er according to the pres-
ence  or  absence  of  TB,  despite  the  possible  drug  interac-
tions described above [24,99].

Appropriate  dietary  advice  is  needed,  taking  into
account the need for glycaemic control  and the nutritional
requirements  of  underweight  or  malnourished  people
[104]. Metformin remains the �rst-line antidiabetic agent, a
relatively  safe  and  inexpensive  drug  with  a  reduced  inci-
dence of hypoglycaemia [104]. Other agents to consider are
sulphonylureas,  meglitinides,  alpha-glucosidase  inhibitors,
dipeptidyl peptidase (DPP) IV inhibitors, glucagon-like pep-
tide (GLP) 1 analogues, thiazolidinediones and insulin. Ob-
viously,  in  type  1  DM,  insulin  remains  the  essential  treat-
ment [104]. �e choice of drug should be based on patient
characteristics,  availability,  and  adverse  event  pro�le.  In-
deed,  treatment  should  be  individualised  [104].  Treatment
can be intensi�ed in terms of dose escalation or preference
of a particular class or addition of one or more classes, de-
pending on the situation, to achieve adequate glycaemic con-
trol or glycaemic targets [104].

In  some  situations,  insulin  is  the  preferred  agent
in  type  2  diabetes  in  the  presence  of  active  TB  infection
[24]. �e choice of insulin is justi�ed by the severity of the
TB infection, the loss of body tissue, the need for increased
anabolism, hypofunction of the pancreas, the interaction be-
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tween  oral  antidiabetic  drugs  and  some  anti-TB  drugs,  as
noted  above,  and  the  possibility  of  associated  liver  disease
that  would preclude the  use  of  oral  agents  [24,47].  For  the
above  reasons,  patients  with  pre-existing  diabetes  on  oral
therapy may be switched to insulin therapy if they have ac-
tive TB once diagnosed, or if they are already on insulin; ad-
justments may be required if glycaemic control deteriorates.
Once  glucotoxicity  has  improved  and  infection  is  con-
trolled,  insulin  requirements  may  decrease.  However,  re-
quirements  may  increase  again  as  appetite  improves  and
food  intake  increases  [24].  he  choice  of  insulin  should  be
based  on  safety,  e�cacy,  cost,  and  patient  characteristics.
However, it should be noted that once the infection is con-
trolled,  oral  antidiabetic  drugs  can  be  carefully  considered
[24].  Despite  these  advantages,  insulin  may  or  may  not  be
readily  available  or  expensive  in  some  parts  of  the  world
[105]. For optimal control, regular monitoring of blood glu-
cose levels is necessary. �is allows early recognition of pos-
sible adverse e�ects, such as hypoglycaemia caused by some
anti-diabetic  drugs  such  as  sulphonylureas  and  insulin,  as
well as assessment of the blood glucose pro�le that may re-
quire gradual dose adjustments. �e fact that, in the majori-
ty  of  resource-limited  countries,  diabetic  patients  must  be
self-managed  and  that  there  is  no  compensation  or  reim-
bursement  system,  the  achievement  of  the  goals  of  correct
disease monitoring and detection of acute complications re-
lated to DM, including hypoglycaemia, is hypothetical. How-
ever,  patient education remains an essential  part  of  patient
management  to  understand  the  nature  of  the  disease  (TB
and diabetes), the duration of treatment, adverse drug reac-
tions  and  complications  of  the  disease  and  to  promote  a
healthy lifestyle [104-107].

Treatment of tuberculosis-diabetes mellitus comor-
bidity and outcome

Treatment of Tuberculosis-Diabetes Mellitus comor-
bidity

Treatment of tuberculosis in diabetic patients

�e optimal treatment strategy for co-morbid TB
and diabetes is not known. Diabetes is associated with an in-
creased risk of TB treatment failure, death, and relapse, but
it is not known whether optimal glycaemic control can par-
tially  or  fully  mitigate  these  negative  e�ects,  and  whether

TB  treatment  should  be  adapted  in  patients  with  diabetes.
�e  treatment  of  drug-sensitive  TB  is  highly  standardised
and  usually  consists  of  a  4-drug  combination  (rifampicin,
isoniazid,  pyrazinamide,  and  ethambutol)  for  the  �rst  2
months  of  treatment  and a  combination of  rifampicin and
ethambutol for the remaining 4 months. In general, patients
with  this  comorbidity  are  not  treated  di�erently  from  pa-
tients  with  tuberculosis  alone.  However,  this  approach
should  perhaps  be  reconsidered.  It  is  unlikely  that  the  in-
creased failure rates of TB treatment in diabetic patients are
due to high rates of TB drug resistance or poor adherence to
treatment. Other causes of treatment failure could be more
extensive  tuberculosis,  impaired  immune  response  in  peo-
ple with diabetes (although this theory is more speculative),
or reduced concentrations of anti-TB drugs in diabetic pa-
tients  [108,109].  Another  option  to  improve  TB  treatment
outcomes in diabetic  patients  could be to extend the dura-
tion  of  treatment,  a  possibility  that  is  advocated  in  some
guidelines but has not yet been formally studied. However,
the  toxic  e�ects  of  �rst-line  anti-TB  drugs,  especially  pe-
ripheral neuropathy with isoniazid and ocular toxicity with
ethambutol, need to be considered as they may be more fre-
quent  due  to,  or  in  addition  to,  the  complications  of  dia-
betes  [110,111].  �e  dosage  of  ethambutol  should  be  re-
duced  when  diabetic  patients  have  reduced  renal  function
[112].

Treatment of Diabetes in Patients with Tuberculosis

Optimal control of blood glucose levels could im-
prove  the  outcome  of  TB  treatment  and  prevent  many  of
the complications associated with diabetes. However, TB of-
ten leads to a decrease in appetite, body weight and physical
activity (patients may be tired and therefore less active), all
of which can a�ect glucose homeostasis. Frequent monitor-
ing is necessary to ensure good blood glucose control. Self--
monitoring of blood glucose is not feasible in many settings
and for some patients.  Fasting blood glucose measurement
in the clinic is not realistic but remains the best proposal for
outpatient care in busy clinics in areas where TB is endemic
and where  random blood glucose  and glycosuria  measure-
ments are less accurate than fasting blood glucose [113].

In  the  choice  of  drugs  for  diabetes,  consideration
should be given to possible drug interactions, especially for
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rifampicin,  the most  important  anti-tuberculosis  drug as  it
has reduced the duration of treatment for TB from 18 to 6
months,  except  for  extra-pulmonary  forms  such  as  neuro-
meningeal TB for which treatment takes 12 months. Resis-
tance to rifampicin is associated with poorer treatment out-
comes,  worse  than for  any  other  anti-TB drug.  Rifampicin
increases the hepatic metabolism of all  sulphonylurea deri-
vatives,  the  most  widely  used  class  of  oral  anti-diabetic
drugs in the world. Less is known about the newer classes of
anti-diabetic  drugs,  and  studies  are  underway  to  demons-
trate  their  contribution.  Rifampicin  probably  has  no  e�ect
on  the  exposure  of  glucagon-like  peptide-1  receptor  agon-
ists and only a slight e�ect on dipeptidyl peptidase-4 inhibi-
tors;  however,  the  low  availability  and  high  cost  of  these
drugs  will  limit  their  use  in  settings  where  TB  is  endemic
[114].

Several other factors determine the choice of anti--
diabetic drugs to be used in TB patients, such as availability,
cost, ease of administration and safety. Safety issues include
hypoglycaemia with sulphonylureas and insulin, lactic acido-
sis  (especially  under  hypoxic  conditions)  with  biguanides,
gastrointestinal  disturbances  with  biguanides,  meglitinides
and  alpha-glucosidase  inhibitors,  and  hypersensitivity  to
sulphonylureas (which may overlap with the adverse e�ects
of TB drugs). �e use of insulin at the start of TB treatment
has  been  suggested;  some  national  treatment  guidelines
(e.g.Indonesia)  strongly  suggest  the  use  of  insulin  for  dia-
betes  in  TB patients,  although there  is  no evidence base  to
support this approach. As insulin is not metabolised in the
liver, it does not have pharmacokinetic interactions with ri-
fampicin or other anti-TB drugs, but insulin has several po-
tential  disadvantages  when  used  in  resource-poor  settings,
including cost, availability, storage and delivery [24].

Outcomes of Tuberculosis Treatment

Observational  studies  increasingly  show  that  TB-
DS  co-morbidity  is  associated  with  increased  adverse  out-
comes  of  TB  treatment,  including  delays  in  achieving
smear-negative  results,  treatment  failures,  deaths,  relapses
and reinfections [115-117]. �e risk of recurrent TB disease
a�er  successful  completion  of  treatment  is  also  higher  in
those with DM compared with those who do not have DM
[118].

In Relation to Sputum Smear Negativity and Treat-
ment Failure

Patients  with  TB-DM  comorbidity  compared  to
TB-non-DM  patients  are  more  likely  to  remain  sputum
smear positive a�er the end of the intensive phase of treat-
ment, and this result is an early predictor of treatment fail-
ure (sputum smear or culture positivity at �ve months or lat-
er during treatment), which is a major risk factor for the de-
velopment of  TB.  �is is  also more likely to be the case in
comorbid  patients  compared  to  TB-non-DM  patients
[38,117,119].  DM  is  most  o�en  associated  with  late  smear
negativity  during  treatment  [116,120].  In  other  words,  pa-
tients  with  this  comorbidity  compared  to  controls  have  a
higher proportion of positive smears a�er the end of the in-
tensive  phase  of  treatment  or  have  longer  median  days  to
sputum negativation. �ese �ndings are early predictors of
treatment  failure,  which  is  also  more  common  in  patients
with TB-DM comorbidity than in controls [38,117,119].

In Relation to Death

In  the  1950s,  studies  reported  that  death  was  a
common  outcome  in  cases  of  comorbidity,  and  that  these
patients  were  more  likely  to  die  following  a  coma  [121].
�is �nding was also reported by Root in 1934 a�er a study
of 245 patients with this comorbidity [122]. In a systematic
review  and  meta-analysis  of  the  contemporary  literature,
Baker et al. [38] reported that the risk of death from tubercu-
losis or any other cause in 23 studies with unadjusted analys-
es was almost doubled (RR 1.89; 95% CI 1.52-2.36), and in-
creased to 4.95 (95% CI 2.69-9-10) in 4 studies with analys-
es  adjusted  for  age  and  potential  confounders.  �is  di�er-
ence in results su�ciently demonstrates that it would be im-
portant  to  identify  all  confounding  factors  in  TB-DM  co-
morbidity studies.

In Relation to Relapse and Reinfection

TB-DM patients also appear to have a higher risk
of TB disease. �e observation by Baker et al. shows an al-
most fourfold increase in the risk of relapse in TB patients
compared  to  non-DM  TB  patients  (RR  3.89;  95%  CI
2.43-6.23) [38].  A prospective study in southern Mexico of
1,262 TB patients further distinguished between relapse and
reinfection and found higher adjusted probabilities of both
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outcomes  in  patients  with  DM  compared  to  non-DM  pa-
tients (OR= 1.8 for recurrence and relapse) [116].

Prevention  of  Tuberculosis-Diabetes  Mellitus  Co-
morbidity

Prevention of Tuberculosis

TB is a preventable bacterial infection and the pre-
vention  focuses  on  treating  latent  TB,  early  diagnosis,  and
vaccination [123].

Treatment of latent TB

Latent  tuberculosis  is  an  infection by  the  bacteria
Mycobacterium  tuberculosis  where  the  individual  a�ected
does not have active infection or symptoms of tuberculosis
infection. Individuals with latent tuberculosis infection (LT-
BI) remain asymptomatic and non-infectious until the bacte-
ria become reactivated (Elekes et al.). �e risk of developing
active TB following LTBI is dependent on many factors, es-
pecially  the  immunological  status  of  the  infected  host
(American �oracic). If e�ective chemoprophylaxis is given
to individuals with LTBI, the risk of developing active TB is
signi�cantly reduced [124].

�e treatment of latent tuberculosis infection (LT-
BI) is an essential component of tuberculosis (TB) elimina-
tion in regions that have a low incidence of TB. Four poten-
tials  drug regimens  are  recommended for  the  treatment  of
LTBI  and  there  is  considerable  evidence  for  the  risks  and
bene�ts of treatment:

isoniazid daily or semi-weekly for 9 months,

isoniazid daily or semi-weekly for 6 months,

isoniazid and rifapentine weekly for 3 months,

or rifampin daily for 4 months.

�ese  regimens  are  recommended  only  for  the
treatment of LTBI when the source organism is not suspect-
ed to be drug resistant [125].

Systematic  Screening  and  Early  Diagnosis  of  TB
[126]

Systematic screening for TB disease is the systemat-

ic identi�cation of people at risk for TB disease, in a prede-
termined  target  group,  by  assessing  symptoms  and  using
tests, examinations or other procedures that can be applied
rapidly. Systematic screening can bene�t people who are at
risk getting TB, as early detection and start of treatment can
improve their outcomes and reduce their costs.

�e  following  groups  should  always  be  screened
for TB:

- Household and close contacts of people with TB

- People living with HIV

- People in prisons and penitentiary institutions

- People exposed to silica (mainly miners)

- Patients with Diabetes Mellitus.

TB vaccination [127]

Vaccination  is  the  most  e�ective  intervention  for
the  control  of  infectious  disease.  �e  eradication  of  small-
pox  and  rinderpest  and  the  near  eradication  of  polio  have
only been possible due to the availability of highly e�ective
vaccines.  While  the  BCG vaccine,  �rst  introduced in  1921,
has been used worldwide to prevent life-threatening TB dis-
ease  in  infants  and  children,  it  has  demonstrated  limited
and variable e�ectiveness in preventing pulmonary TB and

the transmission of Mycobacterium tuberculosis  (Mtb), the
causal agent of TB, in adolescents and adults.

�ere are 13 vaccines currently in clinical develop-
ment (self-reported by vaccine sponsors).  �ese can be di-
vided into:

whole cell-derived vaccines: �e strategy of utiliz-
ing whole cell vaccines for TB has gained increased interest
due to the ongoing di�culties in identifying individual anti-
gens  critical  to  generating  protective  immune responses  to
Mtb.  Additionally,  as  whole  organisms,  these  vaccines  in-
duce  a  more  diversi�ed  immune  response  than  do  subu-
nit-based vaccines, including both humoral and cellular im-
mune  responses  to  a  range  of  protein,  lipid  and  antigens.
Currently  candidates  are  M Vaccae,  VPM1002,  MTBVAC,
MAR-901.
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viral vectored subunit vaccines: Ad5Ag85A, ChA-
dOx185A,  MVA85A  and  TB/FLU-04L  are  all  viral  vectors
expressing antigen 85A (Ag85A) from Mtb. Ag85A is a my-
colyl  transferase  enzyme  important  for  cell  wall  synthesis.
Ag85A  is  also  involved  in  lipid  accumulation  and  storage,
potentially important in Mtb dormancy.

adjuvanted  protein  subunit  vaccines:  M72  +
AS01E,  H4  +  IC31,  H1  +  IC31,  H56  +  IC31  and  ID93  +
GLA-SE  are  adjuvanted  protein  subunit  vaccines.  �ese
vaccines  are  being  developed  as  boosts  to  BCG  to  prevent
de novo infection with Mtb and/or reactivation in those al-
ready infected. 

Prevention of Diabetes Mellitus [128]

DM is at least theoretically preventable, and there-
fore,  the  most  important  goal  of  ultimately  reducing  the
population burden of DM is to prevent the disease. Several
methods that have been proven to be successful in preven-
tion  of  DM  include  lifestyle  modi�cations  such  as  weight

loss, increasing physical activity, and dietary changes.

Lifestyle  modi�cation  has  been  di�cult  to  main-
tain over a long term and has costs associated with regular
visits to various health care professionals and lifestyle coach-
es. However, the WHO declared that: “supportive environ-
ments  and  communities  are  fundamental  in  shaping  peo-
ple’s  choices,  by  making  the  choice  of  healthier  foods  and
regular physical activity the easiest choice and therefore pre-
venting  overweight  and  obesity.”.  At  the  individual  level,
people  at  risk  for  DM  may  limit  energy  intake  from  total
fats  and  sugars,  increase  consumption  of  fruit  and  vegeta-
bles, as well as legumes, whole grains, and nuts, and engage
in  regular  physical  activity  (60  min  a  day  for  children  and
150 min spread through the week for adults).

An  individual  behavior  change,  which  may  pre-
vent  DM, needs to  be  facilitated by sustained implementa-
tion  of  evidence-based  and  population-based  policies  that
make regular physical activity and healthier dietary choices
available, a�ordable, and easily accessible to everyone.
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