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ABSTRACT

Tuberculosis continues to be a major public health problem. Although efforts to control
the epidemic have reduced mortality and incidence, there are several predisposing
factors that should be modified in order to reduce the burden of the disease. This review
article will address some of the risk factors associated with tuberculosis infection and
active tuberculosis, including diabetes, smoking, alcohol use, and the use of other drugs,
all of which can also contribute to poor tuberculosis treatment results. Tuberculosis can
also lead to complications in the course and management of other diseases, such as
diabetes. It is therefore important to identify these comorbidities in tuberculosis patients
in order to ensure adequate management of both conditions.
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RISK FACTORS FOR TUBERCULOSIS

Diabetes mellitus

Patients with diabetes mellitus (DM) are at a higher risk of transitioning from latent
to active tuberculosis. A diagnosis of DM also increases the risk of progressing from
the initial infection to active tuberculosis.(*) Case-control studies have demonstrated
that the odds ratio of developing tuberculosis is 2.44 to 8.33 times higher in patients
with DM than in those without.(>*) A systematic review of 13 observational studies
found that a diagnosis of DM triples the risk of developing tuberculosis (relative
risk = 3.11; 95% CI: 2.27-4.26).©® Some studies have shown that patients with
DM are more likely to develop multidrug-resistant tuberculosis (MDR-TB), although
there is as yet no explanation for that association.”"® In fact, other studies have
shown no increased risk of MDR-TB in patients with DM, (10-123)

Approximately 15% of tuberculosis cases worldwide might be linked to DM.®
The reported prevalence of DM among tuberculosis patients ranges from 1.9%
to 45.0% worldwide. The reported prevalence of tuberculosis among DM patients
ranges from 0.38% to 14.0%, and the overall median prevalence is reported to
be 4.1%, with an interquartile range (IQR) of 1.8%-6.2%."% The World Health
Organization (WHO) collaborative framework for tuberculosis and DM currently
recommends bidirectional screening—screening for DM in all patients with
tuberculosis and vice versa.(*>

Active tuberculosis develops most frequently in patients with poor glycemic
control. One study of patients with DM showed that the risk of active tuberculosis
was three times greater among those who with a hemoglobin Alc (HbAlc) level
> 7% than among those with an HbA1lc level < 7% (hazard ratio = 3.11; 95%
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CI: 1.63-5.92). In addition, insulin dependence is
purported to be a risk factor for tuberculosis. In
the Philadelphia Diabetic Survey, the likelihood of
developing tuberculosis was found to be twice as high
among patients with DM using more than 40 units of
insulin per day than among those using lower doses.*®

Poorly controlled DM can lead to multiple
complications, including increased susceptibility to
infection. Diabetes causes increased susceptibility to
tuberculosis through several mechanisms, including
hyperglycemia and cellular insulinopenia, which
have indirect effects on macrophage and lymphocyte
function.*¥ However, tuberculosis can temporarily
cause impaired glucose tolerance, which is a risk
factor for developing DM.™ Transient hyperglycemia
can occur due to the inflammation induced during
tuberculosis.® Therefore, to establish a new diagnosis
of DM, glucose levels should be measured again after
4 weeks of treatment for tuberculosis, especially after
the patient is no longer febrile.*”)

Tuberculosis patients with DM have a worse clinical
presentation and more symptoms, especially weight
loss, fever, dyspnea, and night sweats.(!® Patients
with tuberculosis and previously-diagnosed DM are
usually female, older, and obese. In contrast, patients
with tuberculosis and newly-diagnosed DM are more
likely to be male and younger, as well as to have
lower levels of HbA1c.(®

Radiologically, patients with tuberculosis and DM have
more extensive lesions, more often have multilobar
disease, and more frequently present cavitation.(*?
Lower-lung involvement is typically as common in
DM patients as it is in controls, except in patients
> 40 years, among whom it is more common in the
presence of DM.(1®

In comparison with patients without DM, the bacillary
burden at presentation is higher in patients with DM,
who also take longer to transition to culture negativity.
However, the rates of sputum-culture conversion after
2 months of treatment are similar between the two
patient populations.®®

Rifampin is a powerful inducer of the hepatic
microsomal enzyme system and can lower the serum
levels of sulfonylureas and biguanides,*” leading
to hyperglycemia, either directly, or indirectly via
interactions with oral hypoglycemic drugs.*®) Therefore,
in patients with DM who take rifampin, the doses of
oral antidiabetic drugs should be adjusted upwards
according to plasma glucose levels. In patients
with severe DM, insulin should be used initially.*”)
In addition, if isoniazid is prescribed, pyridoxine
should also be given, in order to avoid the peripheral
neuropathy associated with the use of the former.®

The likelihood that a person with tuberculosis will
die or relapse is significantly higher if the person
also has DM.™ Two retrospective cohort studies have
shown that, in patients with pulmonary tuberculosis,
the risk of death is 6.5-6.7 times higher for those
who have DM than for those who do not.(%%% In a
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systematic review and meta-analysis, Baker et al.
concluded that patients with tuberculosis and DM
have a nearly 4-fold higher risk of relapse than do
those with tuberculosis alone.® In addition, one study
showed that patients with DM are at a 3.9 times higher
risk of treatment failure.*® Tuberculosis patients with
DM are also more likely to be lost to follow-up than
are those without.*»

Smoking

It is estimated that, worldwide, 1.3 billion people
consume tobacco and that most of them live in
underdeveloped or developing countries, where
the tuberculosis rates are also higher.?® Therefore,
the greatest impact of smoking in terms of public
health issues related to infection is probably the
increase in the risk of tuberculosis. Some systematic
reviews and meta-analyses of observational studies
have shown an unfavorable association between
the global epidemics of tuberculosis and smoking,
exposure to tobacco smoke having been associated
with tuberculosis infection, active tuberculosis, and
tuberculosis-related mortality. %22

The role that cigarette smoke plays in the
pathogenesis of tuberculosis is related to ciliary
dysfunction, to a reduced immune response, and to
defects in the immune response of macrophages, with
or without a decrease in the CD4 count, increasing
susceptibility to infection with Mycobacterium
tuberculosis.?® The alveolar macrophage binds to
the bacillus through complement receptors 1, 3,
and 4. Activated lymphocytes release cytokines
while recruiting macrophages, fibroblasts, and other
lymphocytes. The major cytokine involved in granuloma
formation is TNF-a, which is released by macrophages
immediately after exposure to M. tuberculosis antigens.
The TNF-a activates macrophages and dendritic
cells. In smokers, nicotine, acting through the a7
nicotinic receptor, reduces the production of TNF-a by
macrophages, thereby preventing its protective action
and favoring the development of tuberculosis. 324

Secretion of IL-12 by macrophages induces the
production of IFN-y in natural killer cells. This immune
response aspect, known as the Th1 response, aims
to destroy M. tuberculosis by forming a fibrous
granuloma. Cigarette smoke selectively promotes
low production of interleukin-12 and TNF-a, impeding
granuloma formation, which would contain the
infection at this stage in immunocompetent individuals,
smoking therefore creating conditions that allow the
development of active tuberculosis.(?3:24

Tuberculosis-related mortality rates are significantly
higher in smokers than in never-smokers.?> Among
individuals without a history of tuberculosis, the risk
of death due to tuberculosis is nine times higher
for smokers than for never-smokers.*> One recent
study showed that smoking and HIV infection were
significant risk factors for mortality in patients with
MDR-TB.(?® When smokers quit smoking, the risk of
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death due to tuberculosis drops significantly (by 65%
compared with that observed for those who continue
smoking), which indicates that smoking cessation is
an important factor in reducing tuberculosis-related
mortality.(?>)

A prospective study, conducted in rural China in
2017, underscored the supposition that smoking is
an independent risk factor for tuberculosis infection,
especially in elderly smokers, as well as demonstrating
a direct correlation between smoking history (pack-
years) and the risk of latent tuberculosis.?”) Recent
investigations suggest that, in the detection of latent
tuberculosis with IFN-y methods, the proportion of
false-negative results is higher among smokers than
among nonsmokers, and that smoking has a negative
impact on the results of tuberculosis treatment,
delaying conversion of the sputum culture during
the treatment and extending the time of treatment.
8 Likewise, nicotine withdrawal has been shown to
be strongly associated with successful completion of
the treatment for latent tuberculosis. %)

A study conducted in Brazil showed that men with
a history of tuberculosis are 4.1 times more likely to
present airway obstruction than are those with no
such history, and those results remained unchanged
after having been adjusted for age, gender, level of
education, ethnicity, smoking, exposure to dust or
smoke, respiratory morbidity in childhood, and current
morbidity. In conclusion, a history of tuberculosis is
associated with airway obstruction in middle-aged
and older adults.G%

Passive and active exposure to cigarette smoke are
both associated with an increased risk of infection
with M. tuberculosis and of the development of active
tuberculosis. A qualitative systematic review, published
in 2007, highlighted the strong correlation between
smoking and active tuberculosis, as well as showing
that passive smoking correlated moderately with active
tuberculosis and with the need for retreatment.%
A history of parental smoking is already part of the
investigation of episodes of respiratory infection in
children. A recent study also showed that the risk
of infection with M. tuberculosis was increased in
children living in a region endemic for tuberculosis,
and that parental smoking was significantly associated
with the risk of active tuberculosis, even after having
been adjusted for associated factors.*?) Therefore,
the effects of passive smoking are also a concern
regarding active tuberculosis, and every smoker
with tuberculosis should be educated about the harm
that their addiction can cause to other individuals,
especially their contacts, who are at greater risk of
contracting active tuberculosis. A study of children
who were household contacts of tuberculosis patients
showed that exposure to passive smoking, as confirmed
by the measurement of urinary nicotine levels, is a
major risk factor for active tuberculosis (OR = 5.39;
95% CI: 2.44-11.91).G3

Another crucial point in the control of tuberculosis
is the abandonment of treatment. Smoking has been
associated with the abandonment of tuberculosis
treatment, and that association has been found to be
independent of alcohol or illicit drug use.G* Therefore,
abandonment of tuberculosis treatment might be
related to the psychosocial aspects of smoking, the
predominance of males, and the lower socioeconomic
status of the affected populations, all of which are
factors associated with lower rates of adherence to
treatment.* The recognition of that association is of
paramount importance in combating exposure to tobacco
smoke in order to reduce the risk of tuberculosis, as is
simultaneous treatment for smoking and tuberculosis,
both of which mainly affect the respiratory system.
Because the smoking epidemic is increasing in some
parts of the world and tuberculosis control is still far from
being achieved, the prospects are quite worrisome. In
one study, a mathematical model was applied in order
to evaluate the impact of smoking on the incidence of
tuberculosis, that impact being calculated on the basis
of the trend in smoking, as well as on the projections for
tuberculosis incidence, prevalence, and mortality from
2010 to 2050.¢% The authors estimated that smoking
will produce in excess of 18 million tuberculosis cases
and 40 million deaths if the number of smokers around
the world continues to increase at the current rate.
They also estimated that, between 2010 and 2050,
smoking will be responsible for a 7% increase in the
number of new cases of tuberculosis (from 256 million
to 274 million) and a 66% increase in the number of
tuberculosis-related deaths (from 61 million to 101
million), making it even more problematic to reach the
tuberculosis control targets set by the WHO. For a
tuberculosis control program to be effective in daily
clinical practice, patients with tuberculosis should be
encouraged to undergo smoking cessation treatment,
which can also improve the quality of life of such patients.

Alcohol use

Although the consumption of alcohol is considered
socially acceptable worldwide, it can lead to
dependence. Alcohol consumption problems vary
widely. The harmful use of alcohol ranks among the
top five risk factors for disease, disability, and death,
as well as being a causal factor in more than 200
disease and injury conditions, including tuberculosis,
worldwide.*®) It has been estimated that approximately
10% of all tuberculosis cases are attributable to
alcohol use.”

One major obstacle to making a diagnosis of alcohol
abuse is the difficulty in quantifying alcohol intake.
According to the fifth edition of the Diagnostic and
Statistical Manual of Mental Disorders, published by
the American Psychiatric Association, alcohol use
disorder (AUD) is a chronic, relapsing brain disease
characterized by an impaired ability to stop or control
alcohol use despite adverse social, occupational, or
health consequences. The presentation of AUD can
range from mild to severe, and recovery is possible
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regardless of the level of severity.*® The prevalence
of AUD among tuberculosis patients varies depending
on the population studied. Russia and countries of the
former Soviet Union are among the regions most critically
impacted by alcohol use. In a cohort of individuals
starting tuberculosis treatment in Tomsk, Siberia, 60.2%
had a lifetime history of AUD and, most importantly,
approximately 28% were female.*® In a prospective
study conducted in New York City, a cohort of individuals
with AUD were followed for 8 years and the incidence
of tuberculosis was found to be 464 cases/100,000
person-years, which was 9 times the incidence found
for the age-matched general population.“®

The association between alcohol use and tuberculosis
has long been known, although there have been
inconclusive findings related to various confounding
factors, because it is still not known whether the
increased risk of tuberculosis is due to the use of
alcohol per se or because of the sequelae of AUD, such
as liver damage and nutritional deficiency, or social
factors, such as crowding, malnutrition, homelessness,
and imprisonment, independently of the alcohol
consumption. However, in vivo and in vitro studies have
demonstrated that alcohol use significantly disrupts
the immune response, increasing susceptibility to
respiratory diseases such as tuberculosis.“

Various population-based studies have shown
that there is a strong association between AUD and
tuberculosis.“?43) In a meta-analysis that included 3
cohort studies and 18 case-control studies,“® heavy
alcohol use (defined as = 40 g alcohol per day) or a
clinical diagnosis of AUD was found to have a pooled
relative risk for the development of active tuberculosis
of 3.50 (95% CI: 2.01-5.93). Neither exclusion of the
smaller studies (because of suspected publication
bias) nor adjustment for various sets of confounders
altered the results significantly. In a prospective study
conducted in China, a cohort of adults were followed
for a mean of 16.8 £ 5.2 years.*> The authors found
that alcohol consumption (= 2 drinks per day) were
associated with an increased risk of tuberculosis when
accompanied by smoking (hazard ratio = 1.51; 95%
CI: 1.11-2.05), which is another risk factor for the
development of active tuberculosis.“®

Alcohol abuse influences not only the incidence of
tuberculosis but also its clinical evolution and outcome.
Individuals with AUD are considered more infectious
because AUD has been associated with the finding
of cavitary disease on chest X-rays and therefore
with smear positivity.(“%4” In addition, AUD has been
associated with higher rates of treatment default (OR
=1.99; 95% CI: 1.04-3.81) and relapse (OR = 3.9;
95% CI: 2.5-6.1).(4849 There are several reasons for
that, including precarious living conditions and the
increased risk of hepatotoxicity due to tuberculosis
treatment in this group of patients.®®

Whether alcohol abuse increases the risk of MDR-TB is
not well established. In a case-control study conducted
in Botswana, the prevalence of alcohol use was found
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to be higher among the individuals with MDR-TB than
among those in three different control groups, even
after adjustment for several confounders.t)

Ensuring healthy lives and promoting well-being for
individuals of all ages are among the United Nations
Sustainable Development Goals for 2030, calling for
the prevention and treatment of substance abuse,
including the harmful use of alcohol.>? It is clear
that AUD has an negative impact on tuberculosis risk
and treatment outcomes. Therefore, in populations
at high risk for AUD, it is important to evaluate this
condition, integrating the management of AUD and
the treatment for tuberculosis, as well as to monitor
treatment adherence in order to avoid default and
to follow patients closely to identify adverse events.

Illicit drug use

It is estimated that 1 in 20 adults, or a quarter of a
billion people between 15 and 64 years of age, used
at least one illicit drug in 2015. That is the equivalent
of the combined populations of France, Germany,
Italy, and the United Kingdom. Over 29 million
people who use drugs are estimated to suffer from
drug use disorders, 12 million of those are injection
drug users, and 14% of injection drug users are
living with HIV. Therefore, the impact of drug use, in
terms of its consequences on health, continues to be
devastating, with an estimated 207,400 drug-related
deaths in 2014. Among all forms of illicit drug use,
the most common is the use of the cocaine. In 2015,
cocaine (either in powder form or as crack cocaine)
was used by 18.3 million people, corresponding to
0.3-0.4% of the global population. The magnitude
of the harm caused by illicit drug use is evidenced
by the estimated 7.4 million illicit drug users seeking
treatment via health care systems and the 1 million
disability-adjusted life years lost in 2014 because
of drug-related premature death and disability.>>:>
According to the WHO, approximately 10% of people
living in large urban centers consume psychoactive
substances, regardless of gender, age, level of
education, or social status. That has been confirmed
in a study of large urban centers in Brazil.(>>

Cocaine can be administered by inhalation (smoking
or snorting) or by intravenous injection. Currently, the
most widely used route of administration is inhalation,
especially in the form of crack, or freebase, cocaine
smoking. The shift in preference from intravenous
injection to inhalation in recent decades is mainly
due to the increase in HIV transmission via injection
drug use, to the intense euphoric effect (occurring
within the first few minutes) of crack, and to the
lower cost of the latter.®®

Epidemiological data suggest that the relationship
between tuberculosis and illicit drug use is increasing,
leading to a public health problem because it involves
political, human, social, and economic aspects.
(57.58) The presence of illicit drug users infected with
tuberculosis in families and communities is a crucial
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factor in maintaining the chain of tuberculosis
transmission. Among illicit drug users, infection with
M. tuberculosis and the progression to active disease
are both promoted by a number of factors®*: the
risky lifestyle of such users; the crowded housing
conditions; the accumulation and isolation of people
indoors for the consumption of illicit drugs; the
sharing of materials such as pipes; the malnutrition
and severe cough presented by many users; the
spread of HIV infection among illicit drug users; and
the high number of imprisonments. The proportion of
individuals who present risk factors for infection with
M. tuberculosis and progression to active tuberculosis
is 8.0% among injection drug users, compared with
only 0.2% in the general population.®

Marked and repeated exposure to smoked cocaine has
been associated with a broad spectrum of pulmonary
complications, including pulmonary edema, diffuse
alveolar hemorrhage, acute asthma exacerbations,
barotrauma, pulmonary eosinophilic infiltrates,
nonspecific interstitial pneumonia, and bronchiolitis
obliterans organizing pneumonia, as well as acute
pulmonary infiltration, together with a variety of
clinical and pathological findings, collectively referred
to as “crack lung”.® Hard drugs such as cocaine can
be injected intravenously or ingested through other
routes such as inhalation. However, the respiratory
damage caused by habitual cocaine smoking makes
the users more vulnerable to pulmonary tuberculosis.
That might be attributable to the fact that cocaine
consumption has been shown to impede the production
of alveolar macrophages and immunoregulatory
cytokines, both of which are of vital importance in
conferring resistance against active tuberculosis.
Cocaine use causes a significant reduction in inducible
nitric oxide synthase activity, which in turn reduces
the antibacterial activity of alveolar macrophages.
In addition, cocaine decreases proinflammatory
responses, including those involving IFN-y, chemokine
CCL2, TNF-a, and GM-CSF, which are required in the
immune response to tuberculosis. Overall, cocaine
use attenuates the capacity of monocyte and alveolar
macrophage protective mechanisms, resulting in
failure to respond to a mycobacterial challenge, the
ultimate consequence of which is a failure to prevent
active tuberculosis. ¢

In two separate studies, 2 the use of powder or
crack cocaine was found to correlate directly with the
prevalence of active and latent tuberculosis; delays
in the diagnosis of the disease; noncompliance with
and abandonment of treatment; higher rates of
retreatment; and the emergence of multidrug-resistant
strains. A study conducted in the United States
showed that the use of crack cocaine correlated with
a positive PPD skin test result in 147 individuals with
schizophrenia. The relative risk of a positive PPD result
was 3.53 for the crack cocaine users when compared
with the non-drug-using patients.(®* A study conducted
in the Brazilian city of Porto Alegre evaluated diagnostic
delays in 153 patients with tuberculosis. The authors

reported that the median total time of the delay was
60 days (IQR: 30.0-90.5 days), the median patient
delay and health care system delay being 30 days
(IQR: 7.0-60.0 days) and 18 days (IQR: 9.0-39.5
days), respectively. The factors that were found to be
independently associated with a patient delay > 30
days were crack cocaine use (OR = 4.88; p = 0.043)
and powder cocaine use (OR = 6.68; p = 0.011).(9

In a case-control study of patients with pulmonary
tuberculosis, conducted in London, England, 19
(86%) of 22 crack cocaine users were smear positive
at diagnosis, compared with 302 (36%) of 833
non-drug-using patients.®> The authors found that
smear positivity at the time of diagnosis of pulmonary
tuberculosis was 2.4 times and 1.6 times more likely in
patients who were crack cocaine users and in patients
who were hard drug users not known to use crack
cocaine, respectively, than in their non-drug-using
counterparts. There was also a significant difference
between the crack cocaine users and the users of
other drugs, in terms of smear positivity at diagnosis.

A study carried out at a university hospital in
the city of Sao Paulo, Brazil, studied the causes
of abandonment of treatment in 100 patients with
pulmonary tuberculosis followed as outpatients.©®
The authors showed that alcoholics, smokers, and
illicit drug users abandoned tuberculosis treatment
with greater frequency than did the patients who
did not present any of those risk factors. Among the
illicit drug users, marijuana use was reported in 33%,
inhaled cocaine use was reported in 29%, intravenous
cocaine use was reported in 17%, and crack cocaine
use was reported in 11%; half of the illicit drug users
reported using combinations of those drugs. The
authors of a study conducted in Portugal used data
from the Portuguese National Surveillance Center to
evaluate the causes of failure to treat tuberculosis
(bankruptcy, abandonment of treatment, and death)
between 2000 and 2012.(°”) The overall rate of such
failure was found to be 11.9%, the rate being higher
in patients with tuberculosis/HIV coinfection (OR =
4.93), patients over 64 years of age (OR = 4.37),
patients who used illicit drugs (OR = 2.29), patients
with other diseases, excluding DM/HIV (OR = 2.09),
and patients undergoing retreatment (OR = 1.44).

Casal et al.(®® evaluated risk factors for multidrug
resistance among patients with pulmonary tuberculosis
in four European Union countries (France, Germany,
Italy, and Spain) between 1997 and 2000.¢® The
authors evaluated a total of 138 cases and 276
controls. In the four countries as a whole, the most
statistically significant risk factors were as follows:
intravenous drug use (OR = 4.68); asylum-seeker
support as income (OR = 2.55); living in a nursing
home (OR = 2.05); a history of pulmonary tuberculosis
(OR = 2.03); imprisonment (OR = 2.02); known
contact with an active tuberculosis case (OR = 2.01);
immunosuppression other than that related to HIV
infection (OR = 1.96); AIDS (OR = 1.96); current
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pulmonary tuberculosis (OR = 1.77); and being a
health care worker (OR = 1.69).

FINAL CONSIDERATIONS

In addition to having a direct effect on the health of

individuals, tuberculosis is a public health problem.
Given the complexity of the combination of illicit drug
use and tuberculosis, together with the profile of the
population affected and the scarcity of studies dealing
with this issue, there is a need for authorities and

health professionals to create new, better strategies for
evaluating user behavior and to establish intervention
policies to control this disease combination, the
prevalence of which is increasing in Brazil.
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