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a b  s  t  r a  c t

Tuberculosis  (TB) is the  leading  cause  of infectious  mortality  in the  world,  affecting  mainly  developing
countries (DC),  while diabetes  (DM) is  one  of the  most  prevalent  chronic diseases.

This  review  analyzes  the  fact that  diabetes  is currently  an  important risk  factor  for  developing TB,  also
presenting  more  complicated TB, more relapses and higher mortality. The  DCs  and  the  fourth world  of
the  large cities are  those with  the  highest  incidence  of TB and  an  increase  in DM, which  will  make  it
difficult  to control tuberculosis  disease.  At  the  same time,  the  COVID-19  pandemic  is  complicating the
management of both  diseases  due to  the  difficulty of access  to control and treatment  and the  worsening
of  socioeconomic inequalities.  It  is necessary  to  establish  a  bidirectional  screening  for  TB and  DM  and
promote recommendations  for  the  joint management  of both  diseases.

© 2021  The Author(s).  Published  by  Elsevier  España, S.L.U. This  is an  open access article  under  the CC
BY license  (http://creativecommons.org/licenses/by/4.0/).
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r e  s u  m  e  n

La  tuberculosis  (TB) era  la  primera  causa  de  mortalidad  infecciosa mundial  hasta  la  pandemia de  COVID-
19. Afecta sobre todo  a los países en  vías de  desarrollo  (PVD), mientras que  la  diabetes  mellitus  (DM) es
una  de  las enfermedades crónicas  más  prevalentes.

En  esta revisión se objetiva  que  la DM constituye  actualmente  un importante  factor de  riesgo  para  desa-
rrollar TB, presentando  además TB  más  complicadas, más  recaídas  y mayor  letalidad.  Los PVD y  el  cuarto
mundo de  las  grandes  ciudades son  los  que presentan  mayor  incidencia  de  TB  y un incremento  de  la DM,
lo  que dificultará el  control  de  la enfermedad  tuberculosa.  Paralelamente,  la pandemia por  COVID-19  está
complicando el  manejo  de  ambas enfermedades por  la dificultad  de  acceso  al control  y  tratamiento  y  por
el empeoramiento  de  desigualdades  socioeconómicas.  Es  necesario  establecer  un cribado  bidireccional
de TB y  DM e  impulsar  recomendaciones  para el  manejo conjunto  de  ambas enfermedades.

©  2021  El Autor(s).  Publicado  por  Elsevier España,  S.L.U. Este  es un artı́culo Open  Access  bajo  la
licencia CC  BY (http://creativecommons.org/licenses/by/4.0/).

Introduction

Tuberculosis (TB) is  a  disease that has been present in  the
world since the Palaeolithic age, 75,000 years ago1. It  is the lead-
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ing cause of mortality from an infectious disease worldwide, above
HIV, although in  2020 it may  be  surpassed by COVID-192. It partic-
ularly affects the poorest countries and the most disadvantaged
areas of the developed countries. The WHO  estimates that in
2018 a  total of 10 million people developed this disease which
caused 1,200,000 deaths directly, plus another 250,000 deaths
in HIV-positive people3.  It  is  estimated that two  thirds of  TB
cases worldwide are concentrated in eight countries: India (28%),
China (9%), Indonesia (8%), Philippines (6%), Pakistan (6%), Nige-
ria (4%), Bangladesh (4%), and South Africa (3%) (Fig. 1). In Spain,
the incidence rate of cases reported in Spain in 2019 was only
9.4 cases per 100,000 inhabitants3,  although there is  a significant
underreporting4,5.
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Fig. 1. Estimated incidence of TB in 2018, for countries with at least 100,000 incident cases. Source: Global Tuberculosis Report 2019. Geneva: World Health Organization;
2019.  License: CC BY-NC-SA 3.0 IGO. Available in: https://www.who.int/tb/publications/global report/en/.

Initially, Mycobacterium tuberculosis, the aetiological agent of
TB, causes Latent Tuberculosis Infection (LTI) and only a  small pro-
portion of these patients (5–10%) will develop the disease in  their
lifetime. The WHO  considers that the main risk factors for this are
malnutrition, HIV infection, alcoholism, smoking and diabetes3.
Other diseases or immunosuppressive treatments and advanced
age could also play a  role.

Over the last few years, migratory movements from countries
with low incomes and high TB burdens to developed countries
have changed the epidemiological pattern of the disease in  recipi-
ent countries, concentrating in  disadvantaged urban areas of large
cities, where the migratory flow is more intense6.

As for diabetes mellitus (DM), it is one of the most preva-
lent chronic diseases in  our environment. A population study
(Di@bet.es) carried out in Spain in 2012 showed that the regis-
tered prevalence of DM was around 13.8% of the population over
18 years of age, with 43.5% of cases being unknown (6% prevalence
of ignored DM)7.  The current estimate of the incidence in Spain
annually is 11.6 cases per 1000 person-years8. Thanks to  the use
of large databases obtained from routine medical practice, the epi-
demiological study of this metabolic disease is  becoming more and
more accurate9.  According to the International Diabetes Federation
Diabetes Atlas (2019)10,  about 463 million people worldwide suffer
from this disease. The prevalence of DM worldwide is  estimated at
9.3% in adults between 20 and 79 years of age (Fig. 2). Its impact
varies considerably around the world and depends on factors such
as diagnostic capacity, genetic inheritance, lifestyles, and the qual-
ity of health care that affected people receive, which is  always lower
in low-income countries.

Low- and middle-income countries are responsible for 80% of
the global burden of DM (underdiagnosis, difficult access to  treat-
ment, greater number of complications and mortality). In fact, in
these countries located mainly in the Middle East, East Pacific,
Southeast Asia and Africa, a further increase in DM cases is expected
in the coming years. The prevalence of DM in areas of North Amer-
ica, Mexico and the Caribbean is  11.1%, two points above the world
average, and it is  expected to increase to 13% in  204510.  This
increase is predicted as a  consequence of the progressive changes in

lifestyle and globalization, following the trend of greater consump-
tion of inappropriate diets in  these populations. And progressively
improving access to  DM diagnosis and increased life expectancy
could also contribute. Consequently, it is estimated that the global
incidence of DM will continue to increase, with the forecast for
2030 being 578 million affected (10.2% of the world population),
directly influencing the increase in  morbidity and mortality of this
population10.

In  this review, the relationships between TB and DM are consid-
ered, assuming that both diseases constitute a  syndemic, which is
being complicated by the COVID-19 pandemic. Some recommen-
dations are also provided for improving clinical-epidemiological
control.

Immunological mechanisms in  the Mycobacterium

tuberculosis infection and their impact on diabetes mellitus

There is evidence that DM is  a  risk factor for TB, and animal mod-
els have been used to  study how hyperglycaemia could influence
the immune response against M. tuberculosis,  although a definitive
explanation has not yet been reached.

A delay in  the innate response of the alveolar macrophages was
observed in hyperglycaemia-induced mice, which also impaired
the phagocytic and antimicrobial functions against mycobacteria11.
In addition, there would be a delay in the recruitment of myeloid
cells to the infection site, as the hyperglycaemia would cause a
defect in the expression of receptors related to antigen presentation
and related to T cell activation. Mycobacteria would take longer to
be  delivered to the lymph nodes, and the antigen-specific T-cells
activation, their proliferation and their migration to  the infection
site would also be delayed, since chemotaxis would also be affected.
The neutrophil functions including migration to the place where
they should act, their bactericidal activity and their killing abilities
would also be impaired. There would also be a  lower initial pro-
duction of cytokines and IFN-y. This generalized delay would allow
the bacilli to  replicate for more days11.
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Fig. 2. Prevalence of diabetes in adults (20-79 years) in the International Diabetes Federation regions, using age-adjusted comparative prevalence. International Diabetes
Federation. IDF Diabetes Atlas, 9th ed. Brussels, Belgium: International Diabetes Federation, 2019. Available in http://www.diabetesatlas.org.

In summary, hyperglycaemia in diabetic patients would alter
cell activation, phagocytic capacity and microbicidal mechanisms,
leukocyte transmigration and chemotaxis, and there would be  a
delay in antigenic presentation. While at the same time there would
be a constant multiplication of bacilli12.  These animal models have
shown that once this adaptive immune response develops, it does
so in a more pro-inflammatory environment where a  large number
of inflammatory cytokines have been generated and where there is
already a high bacterial load, which is more difficult to contain11.

Diabetes as a risk factor for tuberculosis infection

Two cities with TB control programs have collected the risk fac-
tors associated with this infection for years. These have shown
that the significance of DM is growing while some of the other
risk factors are more controlled (HIV, drug addiction, etc.). Thus,
in Barcelona in 2017, with an incidence of 16.5/100,000, 8.6% of the
265 patients detected had DM,  while HIV infection only reached
7.9%. In New York, the impact of DM on TB is even more significant,
since in 2019, with a  TB  incidence of 6.9/100,000, 23% of the 566
patients detected had DM,  while HIV-infection was  only present in
6%13,14.

People with DM are at greater risk of presenting different types
of infections, especially urinary, mucocutaneous and lower respi-
ratory tract infections15, including TB16. In fact, the WHO considers
DM as one of the main risk factors for TB3,  since multiple stud-
ies have shown that between 5%–30% of patients with TB present
concomitantly with DM developed years before17. The incidence
of TB is triple in diabetics compared to non-diabetics18.  In a  cohort
study carried out in  the poorest district of Barcelona, a higher risk of
developing TB was observed in  diabetic patients compared to  non-
diabetic patients (HR 1.77; CI: 1.09–2.86) and especially in patients
of Indian origin19.

It is  considered that the prevalence of LTBI is approximately
double in patients with DM compared to non-diabetics20,21.  A
recent study estimates a somewhat lower prevalence, i.e. 1.59
times greater in diabetics from high TB incidence areas22.  In a
meta-analysis, an association between DM and LTBI was observed,
although with a weak epidemiological association (OR =  1.18;
1.06–1.30)23.  The prevalence of LTBI in  diabetic patients was
higher in those with poorer glycaemic control, with glycated
haemoglobins greater than 7%24.

Additionally, patients with DM  had a  more severe clinical
presentation25. It has been observed that patients diagnosed with
TB and with a history of DM presented more cavitary patterns on
chest x-rays, more adverse effects to anti-tuberculosis drugs, and a
greater need for hospitalisation at the time of diagnosis26.  The treat-
ment guidelines indicated in patients with both pathologies do not
differ from those indicated in  non-diabetic patients27,  despite the
difficulty in  handling this situation correctly.

Likewise, patients with DM have a greater risk of relapse after
antituberculous treatment. A meta-analysis carried out in  2011
mentioned the probability as up to four times greater28,  while
another more recent study estimates this risk at 1.6429. It appears
that in  diabetic patients, the risk that the sputum cultures remain
positive two  to  three months after initiation of treatment is  approx-
imately double. Probably, greater failure in  the anti-tuberculosis
treatment, a  delay in the negativisation of the culture, and a higher
relapse rate translates into greater infectivity: an increase in  sec-
ondary transmission and a  higher incidence of TB28,29.

Diabetic patients have been seen as doubling the risk of hav-
ing multidrug-resistant TB29,30 and of presenting serious adverse
reactions to  the complicated treatment of multidrug-resistant TB31.

As with chronic complications of the disease, glycaemic control
in  diabetic TB patients most likely directly influences the progno-
sis of this infection. It  has been seen that patients with DM and TB
have poorer glycaemic control32, whereas good metabolic control
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would improve the functioning of the immune system and con-
tribute to a better response to  the treatment administered33. In
fact, a recent study defines that a  glycated haemoglobin equal to
or greater than 7% would be a  risk factor for the development of
isoniazid-resistance and multidrug-resistance in  patients with DM
and TB34.

In a study on the long-term mortality of patients who  had
developed TB, DM was associated with lower survival at 5-years35.
Another study observed that patients who present DM and TB
simultaneously would have a  1.88 times higher risk of mortality29.

Tuberculosis as a  risk factor for diabetes

It  has been described that transient hyperglycaemia when TB is
first diagnosed is  related to an increased risk of progression to  DM
in some individuals. This is probably explained by the inflamma-
tion induced by the infection itself (physiological stress response
to an infection27 and also due to the hyperglycaemic effect of
some antituberculous drugs such as isoniazid36,  especially in the
case of isoniazid intoxication37,  or due to the interaction of these
with oral antidiabetics, as in the case of rifampicin with sulpho-
nylureas and biguanides, reducing their plasma levels and making
glycaemic control difficult27). Therefore, in patients with TB, some
authors prefer hyperglycaemia treatment with insulin to avoid
drug interactions27.

Some articles mention that TB  itself could be a  factor that
could identify patients who would be more propense to  future
metabolic alterations38.  Additionally, TB itself can cause tuber-
culous pancreatitis with the pancreatic endocrine hypofunction
causing hyperglycemia27.

In another study carried out in Taiwan, a  higher-than-expected
incidence of DM,  stroke and myocardial infarction was  observed in
patients with a history of TB, especially in  those who had undergone
a longer treatment39.  In a  recent meta-analysis, the mean preva-
lence of DM among people who had presented TB was  15.3%, while
the prevalence in the general population was 8.8%. Thus, it was
seen that the prevalence of DM in TB patients in each region stud-
ied approximately doubled the local prevalence, except for Central
America and Europe, where the difference was not so marked40.
Consequently, it would be convenient to confirm the new diag-
noses of DM in this context, once the TB is resolved41,  since TB is
configured as a possible risk factor for DM.

The impact of the COVID-19 pandemic on diabetes and

tuberculosis

The healthcare system has often been overwhelmed by the
COVID-19 pandemic around the world. According to a  WHO  state-
ment made from surveys from 163 countries, it is  estimated that
the healthcare of non-communicable diseases has been particu-
larly affected. In the case of DM,  49% of the surveyed countries have
seen how access to the treatment of this disease has been reduced,
together with an increase in the secondary complications. Addi-
tionally, the pandemic is aggravating situations of socioeconomic
inequality, and this fact directly affects the evolution of chronic
diseases such as DM42.

In the case of COVID-19, some studies have already described
DM as one of the most frequent comorbidities in infected patients
treated in hospitals43,44, although the prevalence of this disease
among COVID-19 patients does not  appear to  be higher than
that of the general population. However, they present worse
disease progression, with more complications and even tripling
the fatality of non-diabetics45.  According to a study conducted
in Wuhan (China), this higher fatality is associated with the
higher risk of coagulopathy in patients with DM46. Therefore, DM

would be a  predictor of morbidity and mortality in  patients with
COVID-1947.

TB has also been identified as a possible risk factor for severity
for COVID-1948. In fact, assuming the greater probability of  poor
progression in  the case of developing both infections concomitantly
and given that the initial symptoms may  coincide (although they
develop quicker in  the case of COVID-19), in  countries with a  high
incidence of TB, such as India, it is proposed to  test patients with
COVID-19 to rule out TB, and vice versa. This would be especially
important when there is poor response to treatment, significant
deterioration or atypical symptoms49.

Due to the extraordinary COVID-19 pandemic, it is estimated
that the global detection of new TB  cases will be 25% lower than
the level of detection prior to  the pandemic. As a  result, an addi-
tional 190,000 TB deaths are estimated, that is, an increase of 13%.
If this prediction comes true, it will mean a step backwards in the
fight against TB, placing us at values similar to 2015. The WHO
considers that TB surveillance and treatment centres should be
considered as essential and kept active as a  priority during the
pandemic50.

Screenings and controls in patients with diabetes and/or

tuberculosis

As described in  this review, DM and TB behave like a syn-
demic, that is,  a  confluence of two highly prevalent diseases that
act synergistically51.  Therefore, their prevention and control should
not be considered as separate entities. Bidirectional screening for
both diseases is  necessary, according to various studies and the
WHO  initiative «Collaborative framework for  care and control of

tuberculosis and diabetes»
52.  It is considered that a better manage-

ment of DM would help to control the burden of TB, especially in
regions with a  high incidence of this infection, and vice versa. There-
fore, a  key factor such as diet should also be  taken into serious
consideration in  these regions.

Lee et al.23 detected a  higher incidence of LTBI  in diabetic
patients and suggested that these data would be useful for future
cost-effectiveness studies, to analyse the impact of LTBI screen-
ing in  diabetic patients. However, the LTBI screening in patients
with DM would be  based on QuantiFERON or tuberculin tests and
X-rays at least for those positive to one of the two tests men-
tioned. This has an affordable cost, and would imply prescribing
LTBI treatments, which would prevent TB  cases, or  would directly
detect some TB  cases that would benefit from early diagnosis and
treatment. This strategy would also make it possible to advance
the study of contacts of TB cases, which would also be a  step
forward.

For patients with both diseases, good glycaemic control is rec-
ommended, thus reducing the chances of poor progression of
both TB and DM.  The joint approach of both pathologies rep-
resents a  clinical challenge. The establishment of the correct
antituberculous treatment and ensuring its compliance is  a pri-
ority. Also, and especially when both diseases occur at the same
time, cardiovascular risk factors should be controlled53.  This con-
trol is based on the fact that the main causes of mortality in
diabetic patients are cardiovascular diseases and that patients
with TB also have a higher risk of presenting an acute coronary
syndrome54,55.

More clinical and epidemiological studies are needed that help
us: to understand the impact of DM and its associated factors on
the evolution of TB; to determine the most cost-effective interven-
tions in the approach of the two  pathologies29 and; to  determine
the Real World Data that could help clarify the potential interac-
tion between both entities, and thus implement its prevention and
control37.
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Conclusions: DM and TB, a  bidirectional relationship

There is already strong evidence that DM is a  risk  factor for TB,
although the pathophysiological mechanisms have yet to be  clari-
fied. It is also suggested that TB may  favour the presentation of DM
in some patients. In addition, numerous studies have found that the
progression of TB in patients with both diseases is slower27.

Both DM and TB  are two of WHO’s main control targets. TB still
causes the highest mortality from an infectious agent in  the world
or did until the onset of the COVID-19 pandemic, and DM has a
high prevalence and greater growth in  countries where the burden
of TB is greatest. Consequently, the prevention and control of both
diseases is a priority issue on  a global public health level.

The COVID-19 pandemic is greatly complicating healthcare on
a global scale. All patients, regardless of their pathology, are suffer-
ing significant delays in  health care, and this fact has already been
clearly demonstrated in TB56,57 and in  the DM58,  and these delays
complicate the natural history of both diseases.

Recommendations for the prevention and control of DM

and TB in the COVID-19 era

In TB patients, it is  advisable to carry out strict glycaemic con-
trol. Advantage should be  taken of the laboratory tests (at the time
of diagnosis and in months 1,  2, 4 and 6 of treatment in  patients
with a six-month treatment regimen59), with the aim of ruling out
hyperglycaemia or the start-up of DM.  This follow-up should con-
tinue for a longer time, to diagnose any possible incidence of DM
in patients with sustained hyperglycaemia as soon as possible.

In patients with DM,  LTBI and TB should be screened, since they
are patients who  could benefit from early LTBI or TB treatment.

In patients with TB  and/or DM,  SARS-CoV-2 infection should
be ruled out since this infection can complicate the progression
of these diseases. For  this reason, these patients should constitute
a priority group for vaccination against COVID-19.
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