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Abstract
Background: There is inconclusive evidence on the association between ambient air pollution and pulmonary
tuberculosis-related hospital admission and mortality. This review aims to assess if and to what extent, selected air
pollutants are associated to pulmonary tuberculosis (PTB) incidence, hospital admissions and mortality.
Methods: This will be a systematic review and meta-analysis of studies published in English between January 1st,
1946 and October 31st, 2020, quantitatively assessing the association between air pollutants and PTB incidence,
hospital admissions and mortality. A comprehensive search strategy will be used to search the databases: Medline,
Embase, Scopus and The Cochrane Library. Retrieved studies will be screened based on the set eligibility criteria and
data will be extracted from eligible studies. Extracted data will be analysed on STATA version 14.0 software. Studies
included will be assessed for their quality using the respective Study Quality Assessment Tools of the National Health
Institute. The quality of the evidence on the study outcomes will be graded using the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) approach. The risk of bias will be assessed using Cochrane’s Risk of
Bias In Non-randomized Studies-of Interventions (ROBINS-I) tool. Study characteristics, socio-demographic and clinical
characteristics across eligible studies will be summarised and presented. Pooled estimates of the measures of association between air pollutants and PTB incidence, hospital admission and mortality will be obtained through randomeffect meta-analyses models and the respective I2 test statistics will be reported. Meta-regression analyses will be
done in case of significant between-study heterogeneity.
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Background
Significant progress has been made worldwide in the
control of the tuberculosis (TB) epidemic over the past
two and a half decades [1]. Nevertheless TB still remains
a global health emergency, being one of the top 10 causes
of death worldwide and the leading cause of death from a
single infectious agent [2]. In 2018, up to 10 million new
cases of tuberculosis and 1.5 million tuberculosis-related
deaths were reported [2]. Despite this significant progress
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in TB control over the years, much still needs to be done
to end the TB epidemic by the next decade. At the present rate of 2% annual decrease in tuberculosis incidence
worldwide, there are reasonable concerns that the World
Health Organisation’s (WHO) sustainable development
goal (SDG) to end the TB epidemic by 2030 [3] will not be
attained globally, most especially with the growing resistance to Rifampicin and the emergence of drug-resistant
TB which currently constitutes a public health crisis
[2, 4]. Of more pressing concern is the End TB strategy
2020 milestones of a 35% reduction in TB deaths and a
20% reduction in TB incidence rate [2] which are unlikely
to be met. This is particularly important as TB remains
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a significant economic burden to affected households,
despite being easily treatable and preventable when diagnosed and managed in an appropriate and timely manner. The commonest predisposing factors to TB infection
are other health risks such as smoking, diabetes, human
immunodeficiency virus (HIV) and social determinants
of health such as poverty, malnutrition, poor ventilation
and over-crowding among others [2, 5]. This therefore
means that attaining the WHO’s SDG target of ending
the TB epidemic worldwide by 2030 [2] requires a multifaceted and multi-sectorial approach to TB prevention,
case identification, management and control of its health
and social determinants [5, 6].
Addressing all known TB risk factors from all perspectives is therefore essential in tackling the TB epidemic by
the end of the decade. With the increasing global urbanisation, transportation-related emissions and increased
energy consumption, air pollution has become a global
problem and will be an important factor to deal with
in the fight against TB. This is because there are growing concerns of ambient air pollution being linked to
increased TB-related hospital admissions and deaths [7,
8]. There is a well-known association between different
air pollutants and cardio-respiratory diseases in both
adults and children [9–11]. Several large reports have
linked air pollutants such as particulate matter (PM),
ozone (O3) and nitrogen dioxide (NO2) among others to
both the development and exacerbation of airway disease including asthma and COPD [12–14] and other respiratory conditions [15, 16]. Air pollutants when inhaled,
suppress the natural defence barriers of the respiratory
tract by inhibiting macrophage action and muco-ciliary
clearance, and initiating a chronic inflammatory response
through the generation of inflammatory mediators and
free-radicals, thereby increasing susceptibility to infections and sensitivity to allergens [12, 17, 18]. PTB has
been previously shown to be associated with indoor
pollution from activities such as smoking, biomass fuel
burning [19–21]. Despite this background knowledge of
the association between indoor air pollution and PTB
risk, not much has been reported about the contribution
of ambient air pollution to the risk of PTB development
or exacerbation. Rajaei et al. using geographical information systems, showed a possible association between
long-term exposure to PM2.5 and CO and TB development but not with S
 O2, NO, and PM10 [7]. Another study
reported a potential link between P
 M2.5, PM10, SO2, NO2
and active PTB [8]. On the other hand Hwang et al. found
no link between PM10, CO, NO2, O3 and PTB, but rather
with SO2 [22]. Variations in study settings, study designs
and study populations could potentially account for
these contrasting findings across studies. The systematic
review conducted by Popovic et al. in 2018 which is the
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only published synthesis of studies on the link between
ambient pollution and PTB to date showed mixed results
[23]. This review reported that P
 M2.5 was the air pollutant most frequently associated with PTB. This review
also found no evidence of association between CO and
O3 and active PTB and limited evidence of associations
between PM10, SO2, and N
 O2 and active PTB [23]. The
systematic review, however, did not quantitatively assess
to what extent these air pollutants might be associated
to active PTB. Also, several other studies which provide
more evidence on this topic were published after the systematic review. The uncertainty of which air pollutants
could be linked to PTB and to what extent, is therefore
amenable to further exploration.
This review will enable us to ascertain if available evidence suggests ambient air pollution is associated to PTB
and to what extent these air pollutants are linked to PTB
incidence, tuberculosis-related hospital admissions and
deaths, by systematically reviewing and quantitatively
synthesising published evidence on this topic. This is
particularly relevant as identifying potentially modifiable
environmental determinants of PTB and the socio-demographic and clinical characteristics of at-risk population
groups would greatly help to inform policy and decision
making with regards to targeted control measures and
prevention strategies, in line with WHO’s SDG goal to
end the TB epidemic in 2030. [2, 3].

Objectives of the review
This review has as primary review questions: Is ambient
air pollution associated with PTB incidence, mortality
and hospital admissions? And if so, what air pollutants
are involved? The specific objectives of the review are:
1. To determine if there is an association between air
pollution and PTB incidence, mortality and hospital
admissions
2. To determine to what extent selected air pollutants
(PM2.5, PM10, NO2, SO2, CO, O
 3) are associated to
PTB incidence, mortality and/or hospital admissions

Methods
The study has been registered with the international
prospective register of systematic reviews (PROSPERO
registration number: CRD42020165888). The RepOrting
standards for Systematic Evidence Syntheses (ROSES)
for systematic review protocols [24] were used to report
this protocol as presented in Additional file 1. Likewise,
the completed systematic review and meta-analysis will
be reported in accordance with the ROSES for systematic
review reports. Amendments made to this protocol will
be documented and justified accordingly.

Dimala et al. Environ Evid

(2020) 9:29

Searching for articles

This will be a systematic review of studies that quantitatively test for any association between ambient air pollution and PTB including drug-resistant TB. The search
strategy to be used is presented in Table 1. The search
will be run by two independent reviewers (CAD and
BMK). The medical subject headings (MeSH) searches
of the keywords; air pollution; tuberculosis, incidence,
mortality, hospital admission and hospitalisation will
be combined with the respective free-text searches of
these keywords and more keywords using the Boolean
operator ‘OR’. The respective outputs from these initial
searches will then be combined using the Boolean operator ‘AND’ to obtain the definitive search results. The
databases to be searched will include Medline, Embase,
Scopus and The Cochrane Library and all searches will be
conducted in English. The reference list of eligible articles
will be searched, but no other specialist searches will be
done including grey literature search, stakeholder contacts, organisational website searches or public calls for
literature.
Article screening and eligibility criteria
Screening process

Articles returned by the search will be saved on Zotero
Version 5.0 reference management software from where
duplicates of articles will be removed by the principal investigator (CAD). The titles and abstracts of the
remaining articles will then be screened by two independent reviewers (CAD and BMK) to identify and
exclude studies which are out of scope and unrelated
to the study objectives. For consistency checks, the two
reviewers will then check with each other the number of
records they each retained for full text review to make
sure their numbers match and any discrepancies will be
reviewed and addressed by both reviewers. The reviewers will then review the full texts of the retained articles
for their eligibility based on the study selection criteria.
Thereafter, the two reviewers will compare their final
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eligible list of studies to ensure concordance in their
selection. In case of any mismatch in the eligible studies identified by both reviewers, these two reviewers will
again review the discrepancy to agree on a final list. Any
disagreement between the two reviewers at any point
during the article screening process will be subject to
arbitration by a third reviewer (AH). More studies will be
assessed for eligibility by reviewing the reference list of
eligible studies. A list of studies excluded following full
text review will be made with the respective reasons for
their exclusion.
Eligibility criteria

The following studies will be included:
1. Studies published in English between January 1st,
1946 and the date of the search
2. Population: Studies focused on patients of all ages
with confirmed PTB including drug-resistant TB
3. Exposure: Studies that report on any of the air pollutants; carbon monoxide (CO), nitrogen dioxide
(NO2), sulphur dioxide (SO2), ozone ( O3), particulate
matter ≤ 2.5 micrometres (PM2.5) and/or particulate
matter ≤ 10 micrometres (PM10)
4. Comparator: more or less air pollution
5. Outcomes: Studies that report risk of TB incidence,
hospital admission and/or mortality from PTB or
some other measure of effect from which the risk or
odds ratios can be calculated
6. Study design/Other: Cross-sectional, case–control,
cohorts, case-crossover and time-series studies that
report on the association between ambient air pollution and PTB.
The following studies will be excluded
1. Population: Studies that report on patients of all ages
with respiratory diseases other than PTB and studies
that report on extrapulmonary TB rather than PTB

Table 1 Ovid Medline and Embase Search Strategy for study on the association between ambient air pollution
and pulmonary tuberculosis
Search # Search words
1

Air pollution (MeSH terms) OR air pollution OR ambient air pollution OR outdoor air pollution OR air pollutants OR environmental pollutants
Carbon monoxide OR CO OR Nitrogen dioxide OR NO2 OR Sulphur dioxide OR SO2 OR Ozone OR O3 OR Particulate matter OR PM10

2

Tuberculosis (MeSH) OR tuberculosis OR pulmonary tuberculosis OR TB OR mycobacterial infection OR mycobacterium OR drug-resistant
tuberculosis OR multidrug-resistant tuberculosis OR MDR-TB OR XDR-TB

3

Incidence (MeSH) OR hospital admission (MeSH) OR hospitalisation (MeSH) OR mortality (MeSH) OR incidence OR admission OR mortality
OR death

4

#1 AND #2 AND #3

MeSH Medical Subject Headings
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2. Exposure: Studies reporting exclusively on indoor air
pollution with no assessment of ambient or outdoor
air pollution
3. Outcomes: Studies reporting outcomes related to
PTB in combination with other respiratory diseases.
Studies from which data on measures of effect/association such as relative risk, risk ratios and odds
ratios are inadequately reported
4. Study design/Other: Conference abstracts, editorials,
letters, opinion papers, same studies published in different journals with the same or a different title
For prospective studies with multiple publication of
their results over time, only the most recent publication
that provides adequate quantitative data will be considered for the meta-analysis. Data from single-pollutant
models will be given preference over data from multipollutant models for studies that provide both. Data
from multi-pollutant models will be considered if there is
consistency in the air-pollutants considered in the multipollutant models across two or more studies. Adjusted
measures of effect/association will be given preference
over crude measures when both are reported.
Study validity assessment

Assessment of study quality and risk of bias will be done
by two independent reviewers (CAD and BMK). Particular attention will be paid to; the study designs; the
availability of clearly reported measures of effect/association on the outcomes of interest; and the reporting
and control of confounders. The quality of studies will
be graded as poor, fair, good using appropriate Study
Quality Assessment Tools of the National Health Institute/National Heart, Lung and Blood Institute (NHI/
NHLBI) [25]. The criteria used by the quality assessment
tool assess the method of randomisation of the participants to the study, treatment concealment, blinding of
participants and investigators, the similar across groups
at baseline, the drop-out rate, the extent of adherence of
participants to the intervention protocol and the reported
sample sizes. The study quality will be considered during
study synthesis to assess its effect on the overall results.
The risk of bias will be assessed using Cochrane’s Risk Of
Bias In Non-randomized Studies-of Interventions (ROBINS-I) tool [27].
The quality of the cumulative evidence on the outcome measures (hospital admissions and mortality) will
be assessed and graded as high, moderate, low and very
low, using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach on the
bases of the study limitations, inconsistencies, indirectness, imprecision and publication bias [26].
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Data coding and extraction strategy

Meta-data (first author and publication year), and data on
study methods and outcomes of interest will be extracted
by the principal investigator (CAD) from the eligible
studies, including: Study location (region, country and
city or province or county), study design, socio-demographic and clinical characteristics of study participants,
study duration, data on pollutants of interest (CO, NO2,
SO2, O3, PM2.5 and PM10), the average ambient temperature over the study period, incidence of PTB during study
duration, measures of effect/association (risk ratios, odds
ratios, hazard ratio, relative risk, percentage change, and
their respective confidence intervals) of unit increments
(in µg/m3) in the various air pollutant concentrations on
the incidence, mortality and hospital admissions due to
PTB and confounders reported by the respective studies. Air pollutant data collected will include the method
of measurement of air pollutants’ concentration and the
median and/or mean pollutant concentrations during
the study period. Air pollutant concentration units of
measurement considered will be µg/m3, parts per million (ppm), and parts per billion (ppb). Where different
units of air pollutant concentrations are reported, appropriate conversions will be done according to standards
to ensure consistency. Where studies provide sufficient
data, the appropriate measures of effect and association will be calculated accordingly and added into the
data extraction sheet. Potential effect modifiers and confounder such as study location, temperature and seasonality will also be recorded. Relevant missing and unclear
data will be sought by directly contacting the authors of
the respective studies by their provided emails and will
be added to the data extraction sheet once provided. All
data extracted and the coding will be double-checked for
errors by a second investigator (BMK) and discrepancies in entries will be settled by discussions between both
investigators. Disagreements between the investigators
will be subject to arbitration by a third investigator (AH).
Data will be extracted unto a Microsoft excel office 365
sheet and exported to STATA version 14 statistical software for analysis. Extracted data will be made available as
Additional file 1.
Data synthesis and presentation

A narrative synthesis of the study characteristics (study
location, study design, study duration and total participants) will be presented and this will be complemented
by figures and tables summarising descriptive statistics
such as a means, and frequencies of the socio-demographic and clinical characteristics of the participants
in the various studies. Meta-analyses will be done using
random-effects models to account for the possibility of
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between-study heterogeneity. Studies with incomplete or
missing data and studies from which appropriate measures of effect/association (risk ratios, odds ratio, hazard
ratios, relative risk and percentage change) cannot be
derived, will not be included in the meta-analysis. The
first and second study objectives will be addressed by
deriving random-effect pooled estimates for the measures of association between the various air pollutants and
the outcomes of interests (hospital admission and mortality) gathered from the various studies. Heterogeneity
between studies will be assessed using the Cochrane’s Q
test and the I2 test statistic reported as a measure of the
extent of this heterogeneity. Meta-analysis findings will
be summarised in tables and forest plots. Studies assessing exposure to air pollutants at different levels (individual versus population-level) will be analysed separately.
Likewise, studies with different methods of measuring
air pollutant concentrations will be analysed separately.
If data collected allows for the possibility of combining
the meta-analysis for studies that used different methods of measurement of air pollutant concentrations,
then sub-groups analyses according to the various methods of measurement of air pollutant concentration in
the atmosphere will also be done to assess their impact
on the overall results. Meta-regression analyses will also
be done to assess for between-study heterogeneity and
explore other parameters that could affect PTB distribution such as study year, duration and location. Graphical
and Statistical assessments of publication bias and small
study effect will be conducted by ways of funnel plots and
Harbord’s and Peter’s statistical tests respectively [28].
Meta-regression analyses will be done to explore potential factors that could account for between-study heterogeneity, if any.
The RepOrting standards for Systematic Evidence Syntheses (ROSES) for systematic review protocols [28] were
used to report this protocol as presented in Additional
file 1. Likewise, the systematic review and meta-analysis
proper once completed will be reported in accordance
with the ROSES for systematic review reports. Amendments made to this protocol will be documented and
justified accordingly. The findings of this study will be
published in a peer-reviewed journal and made widely
available to the respective health institutions and health
care providers and patients.
We envisage some limitations to this review. The review
may overestimate the effect of the various air pollutants
and their contribution to the development of PTB. This
is because the nature of clinical presentation of the cases
admitted to hospital and the synergistic effect of several
pollutants makes it clinically impracticable to quantify
with precision the impact of the individual air pollutants.
Preferentially selecting data from single-pollutant models
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and including multi-pollutant models including the
same air pollutants will help minimise this confounding
effect. Also, this study does not take into consideration
the contribution of household/indoor air pollution to the
increased risk of hospital admission and mortality from
PTB, as well as the contribution of other comorbidities or
health conditions. Finally, as with all ecological studies,
this study will be limited by the ecological fallacy which
means individual level exposures to air pollutants cannot accurately be predicted from measurements at city
or country level and consequently, associations we may
observe after aggregating data from cities or countries
may not necessarily hold at the individual level in these
populations.

Supplementary information
Supplementary information accompanies this paper at https://doi.
org/10.1186/s13750-020-00213-9.
Additional file 1. The RepOrting standards for Systematic Evidence
Syntheses (ROSES) for systematic review protocols for the systematic
review protocol on the association between ambient air pollution and
pulmonary tuberculosis.
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