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ABSTRACT
Objectives Tuberculosis (TB) and mental illnesses are 
highly prevalent globally and often coexist. While poor 
mental health is known to modulate immune function, 
whether mental disorders play a causal role in TB 
incidence is unknown. This systematic review examines 
the association between mental health and TB disease risk 
to inform clinical and public health measures.
Design Systematic review, following Preferred Reporting 
Items for Systematic Reviews and Meta- Analyses 
(PRISMA) guidelines.
Search strategy and selection criteria MEDLINE, 
PsycINFO and PsycEXTRA databases were searched 
alongside reference list and citation searching. Inclusion 
criteria were original research studies published 1 January 
1970–11 May 2020 reporting data on the association 
between mental health and TB risk.
Data extraction, appraisal and synthesis Data 
were extracted on study design and setting, sample 
characteristics, measurement of mental illness and TB, 
and outcomes including effect size or prevalence. Studies 
were critically appraised using Critical Appraisal Skills 
Programme (CASP) and Appraisal Tool for Cross- Sectional 
Studies (AXIS) checklists.
Results 1546 records published over 50 years were 
screened, resulting in 10 studies included reporting data 
from 607 184 individuals. Studies span across Asia, South 
America and Africa, and include mood and psychotic 
disorders. There is robust evidence from cohort studies in 
Asia demonstrating that depression and schizophrenia can 
increase risk of active TB, with effect estimates ranging 
from HR=1.15 (95% CI 1.03 to 1.28) to 2.63 (95% CI 1.74 
to 3.96) for depression and HR=1.52 (95% CI 1.29 to 
1.79) to RR=3.04 for schizophrenia. These data align with 
evidence from cross- sectional studies, for example, a large 
survey across low- income and middle- income countries 
(n=242 952) reports OR=3.68 (95% CI 3.01 to 4.50) for 
a depressive episode in those with TB symptoms versus 
those without.
Conclusions Individuals with mental illnesses including 
depression and schizophrenia experience increased TB 
incidence and represent a high- risk population to target 
for screening and treatment. Integrated care for mental 
health and TB is needed, and interventions tackling mental 
illnesses and underlying drivers may help reduce TB 
incidence globally.
PROSPERO registration number CRD42019158071.

INTRODUCTION
Both tuberculosis (TB) and mental health 
are urgent global health priorities, with 
1.4 million TB deaths worldwide in 2019,1 
and approximately 14% of the global burden 
of disease attributable to neuropsychiatric 
disorders.2 There is increasing recognition 
that physical and mental health are intercon-
nected.3 4 Mental illnesses are highly preva-
lent among TB patients and vice versa,5 6 and 
poor mental health is associated with reduced 
treatment- seeking and adherence, and there-
fore with greater morbidity, mortality, trans-
mission and drug resistance.7 8 Moreover, 
TB can infect the central nervous system 
(CNS) causing neurological symptoms,9 and 
certain anti- TB medications have psychiatric 
side effects.5 The greatest burden of TB is 
experienced in individuals with risk factors 
including homelessness, drug and alcohol 
misuse, and migration.10 Mental illness is 
more prevalent in all of these groups.11–13 
The relationships between TB and mental 
health are highly complex, with TB–depres-
sion comorbidity termed a ‘syndemic’ due to 
the bidirectional synergies involved.14

Previous research has examined the impact 
of TB and its treatment on mental health,5 the 
relationship between mental disorders and 
TB treatment outcomes7 15 and adherence,8 16 

Strengths and limitations of this study

 ► This review examines all available evidence on the 
relationship between mental health and tuberculosis 
(TB) incidence holistically.

 ► Comprehensive systematic review methods were 
used, following Preferred Reporting Items for 
Systematic Reviews and Meta- Analyses (PRISMA) 
guidelines.

 ► There was considerable variation in study design, 
which limits comparability of results across the in-
cluded studies.
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and the prevalence of mental disorders among TB and 
multidrug- resistant TB (MDR- TB) patients.17–19 There is 
increasing interest in whether mental health may increase 
TB risk, supported by a growing body of evidence that 
chronic stressors and poor mental health directly influ-
ence the immune system, including susceptibility to infec-
tion.14 20 How these pathways operate in TB is unknown, 
although various mechanisms are possible; for instance, 
the suppression of cellular immunity due to poor mental 
health could contribute to reactivation of latent TB infec-
tion (LTBI) or progression from subclinical to clinical 
disease.21 However, while the bidirectional relationship 
between mental health and TB has been the subject 
of discussion,6 14 21–25 there has been no systematic and 
comprehensive examination of the evidence base on asso-
ciations between mental health and TB incidence. This 
systematic review aims to examine the evidence on the 
relationship between mental health and TB, to provide 
insight into whether poor mental health may be a risk 
factor for TB disease and to inform clinical and global 
public health measures.

METHODS
Search strategy
We carried out a systematic review following Preferred 
Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA) guidelines, registered with PROS-
PERO (CRD42019158071)26. MEDLINE, PsycINFO and 
PsycEXTRA were searched from inception to 11 May 
2020, combining terms and subject headings for mental 
health and TB (online supplemental box 1), restricting 

the search to English language papers. Records were 
imported into EndNote, and duplicates were deleted. 
Two independent reviewers (SEH and KR/AD) carried 
out title/abstract and full- text screening using Rayyan 
QCRI.27 We searched reference lists and carried out cita-
tion searching via Web of Science for included papers 
and previous reviews in this area.5 7 8 15–19

Selection criteria
This study includes empirical research reporting on 
the relationship between poor mental health and risk 
of active TB (table 1). This includes two study designs: 
(1) longitudinal studies investigating the causal rela-
tionship between mental health and TB incidence and 
(2) cross- sectional studies investigating the association 
between mental health and TB disease. Cross- sectional 
studies were included regardless of whether they treated 
mental health as the exposure and TB as the outcome 
or vice versa, since both provide evidence for an associa-
tion (provided that those with a history of mental illness 
are not excluded). Prevalence studies were excluded, as 
studies without controls cannot establish the presence of 
an association. No exclusions were made based on popu-
lation, age or geographic location.

The exposure measure was mental ill health, assessed 
either as an overall measure of mental illness or as a 
specific mental disorder. Mental disorders are defined 
here to include psychotic disorders (eg, schizophrenia), 
mood or affective disorders (eg, depression), and 
neurotic, stress- related and somatoform disorders (eg, 
anxiety).28 Mental illness may be diagnosed clinically 
(ie, by a medical professional and/or prescription of 

Table 1 Inclusion criteria, using PECOS framework

Inclusion criteria Exclusion criteria

Population Any population in any geographic 
location, including vulnerable groups, 
for example, the homeless

Exposure Mental illness, including psychotic 
and affective disorders, diagnosed 
clinically or by any psychological tool

 ► Alcohol and drug disorders.
 ► Studies where mental illness is not a primary variable.

Control No mental illness

Outcome Incidence of active TB in humans, 
including reactivation of LTBI and 
MDR- TB

 ► LTBI without reactivation.
 ► CNS TB (including tuberculosis meningitis).
 ► TB- HIV coinfection.
 ► Studies investigating outcomes, for example, mortality (and not incidence).

Study 
design

Observational epidemiological studies 
(a) longitudinal studies (cohort): 
mental health must be treated as the 
exposure and TB as the outcome; 
(b) cross- sectional studies (cross- 
sectional and case–control): mental 
health may be treated as the exposure 
and TB as the outcome or vice versa

 ► Prevalence studies without controls.
 ► Qualitative studies.
 ► Case reports.
 ► Non- original research, for example, protocols, commentaries, reviews.
 ► Longitudinal studies in which TB is the exposure and mental health is the 
outcome.

 ► Cross- sectional studies that exclude those with a history of mental illness.

Dates Papers published 1970–2020

CNS, central nervous system; LTBI, latent tuberculosis infection; MDR- TB, multi- drug resistant tuberculosis; PECOS, population, 
exposure, control, outcome, study design; TB, tuberculosis.
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medication) or by any psychological tool (ie, a struc-
tured questionnaire or interview). Only studies for which 
mental illness was a primary variable were included to 
ensure that the study was powered to detect an associa-
tion. Studies focused solely on substance use disorders 
were excluded as alcohol and drug use are already known 
to be strongly associated with TB risk, possibly due to 
social mixing patterns, or the effect of these substances 
on the immune system.29–31

The outcome measure was active TB disease, diagnosed 
according to bacteriological, clinical and/or radiological 
criteria.32 This excludes LTBI but includes reactivated 
disease. TB of any site, pulmonary or extrapulmonary, 
was included, with the exception of CNS TB. TB- HIV 
coinfection was also excluded. In these cases, different 
mechanisms are expected to underlie the associations. 
Studies relating to outcomes of TB infection or treatment 
(including psychiatric side effects of anti- TB medication), 
rather than incidence, were excluded, as this has been 
previously reviewed.7 15

Data extraction
Two independent reviewers (SEH and KR/AD) extracted 
data using a standardised form adapted from the 
Cochrane Effective Practice and Organisation of Care 

(EPOC) group,33 including study characteristics, popula-
tion, setting, methods, participants, exposure, outcome, 
results (summary estimates), and applicability.

Critical appraisal
Two independent reviewers (SEH and KR/AD) assessed 
the quality of all included studies, using Critical Appraisal 
Skills Programme (CASP) checklists for cohort and case–
control studies and the Appraisal Tool for Cross- Sectional 
Studies (AXIS) tool for cross- sectional studies.34 35 The 
tools were amended to remove questions on local applica-
bility and implications for practice, instead asking about 
external validity and implications for the review. A study 
was defined as high quality at a critical appraisal score 
of above 90%, moderate above 60% and low at 60% or 
below. This score relates to the appropriateness and rele-
vance of the study for this review question rather than in 
relation to the study’s own aims.

Synthesis
Extracted data were tabulated, detailing methods and 
results of included studies, categorised by type of mental 
illness. Results are presented as reported in the studies. 
The primary outcome extracted is the main effect measure 
for the relationship between mental health and TB, 

Figure 1 Study selection, PRISMA flow chart. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta- Analyses; 
TB, tuberculosis.
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and the secondary outcome is any additional measures 
reported relating to different definitions or levels of 
mental illness. For cross- sectional studies, any cases of 
mental illness arising post- TB diagnosis or treatment 
were excluded where possible. Given the wide range of 
populations, study designs and statistical methods used, 
meta- analysis was not appropriate. A narrative synthesis 
was therefore completed, by study design and type of 
mental illness. Effect size and precision were compared 
where studies were sufficiently similar. The evidence as a 
whole was assessed as to whether poor mental health may 
be associated with, and act as a risk factor for, TB disease.

Patient and public involvement
Patients and/or the public were not involved in the 
design, conduct, reporting or dissemination plans of this 
research.

RESULTS
We screened 1546 records published over 50 years and 
found that 10 published articles met the inclusion criteria 
(figure 1), with a combined sample size of 607 184. 
Reasons for exclusion are presented in figure 1, with the 
most common being that mental health is not a primary 
outcome or that the study design does not meet the inclu-
sion criteria outlined above.

Included studies span multiple locations, including five 
in Asia,36–40 three in South America,41–43 one in Africa44 
and one across low- income and middle- income countries 
(LMICs).45 Two studies were published in the 1980s38 40 
and the remainder within the last 10 years.36 37 39 41–45 Seven 
studies assess mood disorders36–38 41–43 45 and three assess 
psychotic disorders.39 40 44 Seven studies investigate 
pulmonary TB exclusively,37 38 41–45 and three consider 
both pulmonary and extrapulmonary disease.36 39 40 Study 
characteristics are summarised in table 2. Only one paper 
included here was included in any prior systematic review 
of mental health and TB.5 7 8 15–19

Several study designs were used to investigate the asso-
ciation between mental health and TB. Four retrospective 
cohort studies use insurance or registry data to follow- up 
TB incidence in those with a mental illness compared 
with matched controls36 37 39 or general population inci-
dence.40 Where specified, the studies use International 
Classification of Diseases (ICD- 9 or ICD- 10) codes on 
patient medical records, in addition to the prescription 
of medication, to identify patients with a mental disorder 
and with TB disease. These are large studies, making up 
59.6% of the total sample size (n=361 765) (figure 2).

Other studies use questionnaire screening tools or inter-
views to assess mental health at a single timepoint. These 
may be short disorder- specific questionnaires, such as 
the Patient Health Questionnaire- 9 (PHQ- 9) for depres-
sion,46 or longer interviews covering a range of psychiatric 
disorders, such as the Composite International Diag-
nostic Interview (CIDI).47 One case–control study iden-
tifies mental illnesses prior to TB diagnosis in cases and 
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matched controls.42 Two population- based cross- sectional 
studies establish prevalence of mental illnesses and TB, 
and assess the association between them.43 45 Three addi-
tional cross- sectional studies compare point prevalence of 
mental illnesses in TB cases and controls.38 41 44 One of 
the population- based cross- sectional studies is very large, 
making up 40.0% of the total sample size (n=242 952), 
whereas the other five cross- sectional studies are smaller, 
making up 0.4% of the total sample size (n=2467) 
(figure 2).

While the retrospective cohort studies use population- 
based databases or registers,36 37 39 40 other studies are only 
applicable to certain populations such as the homeless 
patients43 or patients with MDR- TB.44 Included studies 
vary in quality, with three high, four moderate and three 
low- quality studies overall, and an average critical appraisal 
score of 71% for mood and 70% for psychotic disorder 
papers. The longitudinal studies are all moderate to high 
quality (average score 84%), whereas the cross- sectional 
studies are low to moderate quality (average score 62%). 
Common problems identified are issues with sampling 
and inadequate consideration of confounding. Results 
and study quality are tabulated in table 3 and in detail in 
online supplemental tables 1,2.

Mood disorders
Four studies specifically investigate depression,36 37 41 45 
and three look generally at mood disorders.38 42 43 This 
includes two large, high- quality cohort studies on depres-
sion, both using nationally representative databases. One, 
in South Korea, reports an adjusted HR for TB incidence 
among those with depression compared with controls of 
2.63 (95% CI 1.74 to 3.96, p<0.001),36 and the other, in 
Taiwan, reports an adjusted HR of 1.15 (95% CI 1.03 to 
1.28).37 The former also finds a dose–response relation-
ship, with more severe depression associated with greater 
TB risk. Both studies report a higher TB incidence rate in 
those with depression than in controls (figure 3).

Other studies use a cross- sectional design to assess the 
association between mood disorders and TB. A large study 
using community- based World Health Survey data from 
across LMICs reports an adjusted OR for a depressive 
episode in those with TB symptoms vs those without of 
3.68 (95% CI 3.01 to 4.50).45 By contrast, a cross- sectional 
study among presumptive pulmonary TB cases in Rio de 
Janeiro, Brazil that compares the prevalence of depres-
sion among patients with and without a bacteriologically 
confirmed diagnosis of pulmonary TB finds no evidence 
of a difference. Of 259 participants screened for depres-
sion, the prevalence among TB cases is 60.2% versus 
62.1% in controls (crude OR=0.92, 95% CI 0.55 to 1.54, 
p=0.79), and of 159 who screened positive for depression, 
this diagnosis was confirmed in 59.5% of TB cases versus 
50.9% of controls (crude OR=1.42, 95% CI 0.63 to 3.19, 
p=0.42).41

Beyond depression, a case–control study in Salvador, 
Brazil considers common mental disorders (CMDs) more 
broadly, characterised by diverse depressive, anxiety or 
somatoform symptoms, and finds elevated odds of having 
TB among those with a CMD (adjusted OR=1.34, 95% CI 
1.05 to 1.70).42 A cross- sectional study among the home-
less in Medellín, Columbia investigates the association 
between TB and various psychiatric illnesses, but finds 
that only dysthymia (persistent mild depression) and 
history of major depression are associated with TB, and 
only for dysthymia is this statistically significant in multi-
variate analysis (adjusted OR=2.54, 95% CI 1.10 to 5.86, 
p=0.028).43 Finally, a cross- sectional study into the current 
psychological state of TB cases and controls in Bikaner, 
India finds a significant association between TB and symp-
toms including anxiety, depressed mood and sleep/appe-
tite disturbances, and reports a prevalence of psychiatric 
illness in TB patients of 41.6% versus 13.3% in controls.38

Psychotic disorders
Two studies specifically investigate schizo-
phrenia,39 40 and one considers psychosis more generally.44 

Figure 2 Sample size of included studies.

https://dx.doi.org/10.1136/bmjopen-2021-048945
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The schizophrenia studies are retrospective cohort 
studies, both finding that schizophrenia is significantly 
associated with TB risk. A large, high- quality study in 
Taiwan, using a nationwide database, reports an adjusted 
HR for TB incidence in those with schizophrenia versus 
controls of 1.52 (95% CI 1.29 to 1.79, p<0.001).39 The 
other, in Nagasaki, Japan uses registry data to identify 
TB incidence in those diagnosed with schizophrenia, 
and compares this to general population incidence. The 
reported relative risk (RR) for observed versus expected 
TB incidence is 3.04 (p<0.005).40 Both studies report a 
higher TB incidence rate in those with schizophrenia 
than in controls (figure 3).

A cross- sectional study investigates psychosis more 
generally among patients attending an MDR- TB clinic in 
Ibadan, Nigeria. This reports a prevalence of psychosis of 
33.0% in patients with MDR- TB versus 2.7% in controls. 
When recalculated to exclude anti- TB medication- 
induced psychotic disorders, this is a prevalence of 18.3% 
in patients with MDR- TB. This includes a prevalence 
of schizophrenia of 8.7% in TB patients versus 0.9% in 
controls (χ2=5.9, p=0.02).44

DISCUSSION
Included studies, synthesising data from 607 184 individ-
uals, show an association between mental health and TB. 
This includes robust evidence from cohort studies, all of 
which were based in Asia, demonstrating that depression 
and schizophrenia increase risk of TB disease. While the 
coexistence of poor mental health and TB is consistent 
with existing literature,5 this is the first review to show that 
mental health is a risk factor for active TB.

Four population- based cohort studies are included, 
which are large studies using registry or insurance records 
to assess the relationship between medically coded depres-
sion or schizophrenia and TB disease in nationwide 
samples in Asia. Other studies, which are generally much 
smaller and cross- sectional in design, use questionnaire 
or interview mental health screening tools carried out 
in community or healthcare settings across Asia, South 
America and Africa. They therefore can detect less severe 
and undiagnosed conditions and can focus on specific, 
vulnerable populations such as the homeless. Whereas 
the cohort studies consider specific conditions such as 
depression or schizophrenia, most of the cross- sectional 
studies use screening tools that capture a wider range of 
mental health conditions.

Despite significant heterogeneity in study design and 
population, nine out of 10 included studies find a signif-
icant association between mental health and TB. In the 
one study that does not find a significant association, 
controls are individuals with prolonged respiratory symp-
toms, who might be expected to have a higher prevalence 
of depression than the general population.41 While not 
directly comparable, some of the observed variations 
may be attributed to different levels of adjustment for 
confounding; the cohort studies with more extensive 
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adjustment for confounders37 39 show smaller effect sizes 
than their counterparts with less or no adjustment for 
confounders.36 40

A key strength of this study is that, through undertaking an 
exhaustive search of the literature, it brings together a large 
sample of over 600 000 individuals. By synthesising evidence 
from a range of study designs, we collate all the evidence 
on this topic and analyse the findings holistically. Neverthe-
less, this review has certain limitations. Future reviews could 
focus on LTBI, CNS TB and TB- HIV coinfection, which were 
excluded from this study. Moreover, the heterogeneity in study 
populations and methods made drawing direct comparisons 
between studies difficult and made meta- analysis inappro-
priate. For example, it was not possible to directly compare 
measures of effect generated from rates (HRs) with those 
generated from risks (RRs/ORs).

The nature of available evidence means that some 
caution is required when drawing conclusions. Studies 
addressing the association between mental health and TB 
are of variable design and quality, with four large studies 
(three cohort and one cross- sectional) accounting for 
99% of included participants.36 37 39 45 Three included 
studies were classified as low quality; however, these only 
account for 0.001% of the total sample size (773 partici-
pants).38 43 44 Only the cohort studies can establish tempo-
rality to provide compelling evidence that mental health 
precedes and acts as a risk factor for TB, and these are 
the highest quality studies.36 37 39 40 However, the cohort 
studies only cover depression and schizophrenia and 
are all from Asia. Further cohort studies are required 
to confirm whether these findings hold true for other 
mental illnesses in other global regions.

The study findings increase our understanding of TB 
risk factors, yet further research is needed to elucidate 
the pathways by which mental health may increase TB 

incidence, causally or via associations between mental 
health and other risk factors for TB such as alcohol/drug 
use, homelessness, incarceration, physical comorbidities 
and poverty. The relationships between mental health, 
TB and social risk factors are multi- directional, meaning 
that complex conceptual frameworks will be needed to 
understand the observed associations.

The existence of plausible immune mechanisms supports a 
causal explanation, with evidence that psychosocial stressors 
are associated with immune biomarkers relevant to TB.48 
Mental illnesses including depression are associated with 
various immunological changes which could increase suscep-
tibility to TB14 49; however, the key neuroendocrine and 
immunological pathways involved are unknown. In addition, 
mental health could be one factor influencing risk of progres-
sion from LTBI to active disease. Understanding the pathways 
that connect mental health and the immune response to TB 
may guide the development of host- directed approaches, for 
example, to prevent reactivation of LTBI.

The findings have implications for policy and clinical 
practice. The Lancet Commission on TB recommends 
that to achieve a TB- free world, populations at high risk 
must be reached and brought into care.50 The evidence 
presented here suggests that those suffering from mental 
illnesses, in particular depression and schizophrenia, could 
constitute such a high- risk group for active case- finding 
and treatment. This group could benefit from a holistic 
approach, integrating services for mental health and TB to 
facilitate rapid diagnosis and treatment of TB disease and 
LTBI, as well as providing better mental health support for 
individuals with TB. As such, the WHO End TB Strategy 
2015–2035 recommends that treatment for TB and mental 
health is brought together.51 Providing high- quality mental 
health support and ensuring treatment adherence for 
TB both require substantial engagement with patients, so 

Figure 3 TB incidence rate reported in longitudinal studies. TB, tuberculosis.
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leveraging this contact to provide holistic care could prove 
effective.52

In addition, the finding that mental illnesses constitute 
risk factors for TB suggests that tackling poor mental 
health and its underlying drivers may reduce TB inci-
dence. In LMICs with a high TB incidence, poverty is 
consistently associated with common mental illnesses.53 
Social protection schemes that lift individuals out of 
poverty are known to improve mental health and reduce 
TB risk factors,54–56 suggesting that tackling poverty and 
associated poor mental health through investment in 
wider social policies could help reduce TB incidence.57

Conclusion
We find evidence that mental health is a risk factor for 
active TB. There is robust evidence from cohort studies 
based in Asia that depression and schizophrenia increase 
incidence of TB disease. This data, in combination with 
evidence from cross- sectional studies, identifies individ-
uals with mental illnesses as a high- risk population for 
clinical TB that could be targeted for screening and treat-
ment. This highlights the need for integrated programmes 
providing care for mental health and TB and suggests that 
interventions that tackle mental illnesses and their under-
lying drivers may help reduce TB incidence globally.
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