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ABSTRACT

Background: Tuberculosis remains a major global health problem with 10.4 million incident cases in 2016. Although
Mycobacterium tuberculosis is the causative agent, many environmental factors play a role in disease progression.
Several respiratory hazards including smoking and indoor air pollution were suggested to increase the risk of
tuberculosis, but only fewer studies has been conducted on the association between ambient air pollution and
tuberculosis.

Methods: Data on ambient air quality levels (annual mean concentration of particulate matter 2.5 pg/m?) for the year
2016 was collected from the World Health Organization (WHO) data base for 190 countries which comprises of 6
WHO regions. Similarly data on incidence and mortality rate of tuberculosis for the year 2016 was collected for the
above countries from the WHO data base. The data were tabulated and statistical analysis was performed using
Pearson’s correlation coefficient model to examine the association of annul mean concentration of particulate matter
2.5 with incidence and mortality rates of tuberculosis.

Results: Incidence and mortality rates of tuberculosis were found to be increasing with increasing levels of air
pollution. It was correlated using scatter plot. Pearson’s correlation coefficient for air pollution level and incidence of
tuberculosis was 0.331 (95% CI: 0.435-0.883), (p<0.001), and for tuberculosis mortality was 0.39 (95% CI: 0.525-
0.906) (p<0.001).

Conclusions: The study suggests there is a significant positive relationship between ambient air pollution level and
tuberculosis incidence and mortality rates.
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INTRODUCTION
the epidemic of the disease.

Tuberculosis is an infectious disease caused by

of treatment of tuberculosis we are still not able to end

Mycobacterium tuberculosis. It spreads from one person
to another mainly by droplet infection. Tuberculosis is
one of the top 10 causes of death worldwide in 2017,
there were an estimated 10 million new (incident) TB
cases worldwide and about 1.3 million deaths was caused
by tuberculosis among the HIV negative individuals
during 2017." Despite many progress in the development

Although Mycobacterium tuberculosis is the causative
agent many environmental factors play a role in disease
progression. Several respiratory hazards including
smoking and indoor air pollution were suggested to
increase the risk of tuberculosis, but only fewer studies
has been conducted on the association between ambient
air pollution and tuberculosis.
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As the world gets hotter and more crowded, our engines
continue to pump out dirty emissions and half the world
have no access to clean fuels and technologies the very
air we breathe is growing dangerously polluted.

Air pollution is hard to escape no matter how rich an area
you live in, it is all around us. Children are highly
affected by air pollution because their lungs are still
developing and the air pollution can interfere with this
biological process, their bodies are less able to
metabolize, detoxify and excrete the toxins contained in
the air pollution. They inhale more air per unit of body
weight than the adults and babies born to mothers who
were exposed to air pollution during pregnancy are more
likely to be premature and low birth weight babies.
Exposure to air pollution is linked to respiratory diseases,
cancer and cognitive impairments in infants, children and
adolescents.’

Ambient air pollution has various detrimental effects on
health which has a major impact globally in the morbidity
and mortality pattern of the humans. Globally it is
estimated that 9 out of 10 breathe polluted air and about 7
million deaths are attributed to air pollution.® It is
estimated that 91% of the world’s population lives in area
where the World Health Organization (WHO) Air
Quality Guidelines are not met.* It is due to these facts
that air pollution is regarded as one of the Global Public
Health Threats in the year 2019 by WHO.> Air pollution
refers to substances in the air which are capable of
causing ill effects to humans and the environment.
Pollutants with strong evidence for public health concern
are particulate matter (PM), ozone, nitrogen dioxide and
sulphur dioxide. Of these the particulate matter 2.5 is
very important because it is so tiny that it can pass
through many of our body's protective armors such as
mucous membrane and other barriers to damage our
lungs, heart and brain.

Due to the increasing number of air pollution episodes
and increased awareness about its health impact- PM 2.5
is measured and monitored by National Air Quality
Monitoring Networks. WHO has been compiling annual
mean concentration of particulate matter 2.5 and
particulate matter 10 in cities across the world since
2011.° The WHO Air Quality Guidelines offers guidance
on threshold levels on key pollutants of air. The
guidelines says that by reducing the concentration of
particulate matter 10 from 70 to 20 pg/m® we can reduce
the air pollution related deaths by 15%.*

Based on the above background this study was carried
out to determine the association of ambient air pollution
levels (PM 2.5) with the incidence and mortality rates of
tuberculosis in selected countries, in order to ascertain the
gaps existing in the study area and to plan possible
preventive measures.

METHODS
Study design

Retrospective data based ecological study on ambient air
pollution levels (PM 2.5) and incidence and mortality
rates of tuberculosis in 190 countries from the WHO data
base.

Data source

Data on ambient air quality levels (annual mean
concentration of PM 2.5 mcg/m®) for the year 2016 was
collected from the WHO data base for 190 countries
which comprises of 6 WHO regions. They are Africa,
America, South East Asian, Europe, Western Pacific and
Eastern Mediterranean region.

Similarly data on incidence and mortality rates of
tuberculosis (2016) for the above said countries were
collected from the WHO data base.

Statistical analysis

As the parameters (ambient air pollution level,
tuberculosis incidence, tuberculosis mortality) were not
distributed normally, logarithmic values of the
parameters were taken. The Kolmogorov-Smirnov test
was used to assess the normality of distribution of the
investigated parameters. Now all parameters in our study
were distributed normally. Pearson’s correlation
coefficient (r) was used to analyze the association
between ambient air pollution level and tuberculosis
incidence and tuberculosis mortality. Pearson’s
correlation coefficient (r) expresses the strength of linear
relationship between two variables and it takes value
from +1 to -1. The value of 0 indicates that there is no
association between the two variables. A value greater
than 0 indicates that there is a positive association and a
value less than O indicate that there is a negative
association. The relationship identified using correlation
co-efficient are interpreted for what they are association
and not causal relationship. The p value <0.05 were
considered statistically significant. Statistical analysis
was done using SPSS software version 16.0.

RESULTS

The results of the study on association between ambient
air pollution level and pulmonary tuberculosis are
presented below as tables, graphs and scatter plots.

Figure 1 shows the annual mean concentration of PM 2.5
mcg/m?® for the 6 WHO regions in the year 2016. It shows
that the annual mean concentration of the particulate
matter is high in south East Asian region followed by the
Eastern Mediterranean region. Globally the concentration
of PM was 39.6 ug/m® which is above the WHO Air
Quality Guideline value. The guideline value for PM 2.5
pg/m® according to WHO is 10 pg/m® of annual mean or
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25 pg/m® of 24 hour mean. In general air quality levels
are better in American and European regions.
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Figure 1: Levels of annual mean concentration of PM
2.5 pug/m?®, 2016.

Figure 2 shows the incidence rate of tuberculosis per
100000 populations for the WHO regions for the year
2016. It shows that the incidence rate is higher in African
and South East Asian regions compared to other
American and European region. The global average of
incidence of tuberculosis for the year 2016 was found to
be 134 per 100000 populations which were also higher as
we are on the verge of end TB strategy.
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Figure 2: Incidence of tuberculosis per 100,000
populations, WHO region, 2016.

Similarly, Figure 3 shows the mortality rate of
tuberculosis per 100000 populations for the WHO
regions for the year 2016. It showed that the mortality
rate was higher in African and South East Asian regions
compared to the developed regions of the world.

Figure 4 shows the scatter plot in which logarithmic
values of annual mean concentration of particulate matter
2.5 is in the X axis and logarithmic values of incidence
rate of tuberculosis is in the Y axis. As seen from the
figure there is a positive linear relationship between the
two variables. As the ambient air pollution level increases
the incidence rate of tuberculosis in the countries are also
increasing.
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Figure 3: Mortality rate of tuberculosis per 100,000
populations, WHO region, 2016.
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Figure 4: Scatter plot of ambient air pollution level
and incidence of tuberculosis.
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Figure 5: Scatter plot of ambient air pollution level
and mortality rate of tuberculosis.
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Similarly figure 5 shows the scatter plot in which
logarithmic values of annual mean concentration of PM
2.5 is in the X axis and logarithmic values of mortality
rate (per 100000 population) of tuberculosis is in the Y
axis. As seen from the figure 5, there is a positive linear
relationship between the two variables. As the ambient
air pollution level increases the mortality rate of
tuberculosis in the countries are also increasing.

Table 1 shows the Pearson’s correlation coefficient of
annual mean concentration of particulate matter 2.5 and
the incidence and the mortality rates of tuberculosis. The
Pearson’s correlation coefficient (r) for air pollution and
Incidence of tuberculosis is 0.331 with a p value of
<0.001 and 95% confidence interval (CI) of 0.435-0.883
which means that there is a strong association between
the two variables.

Table 1: Pearson’s correlation coefficient of ambient air pollution and incidence and mortality rate of tuberculosis.

Variable Statistical analysis Tuberculosis incidence Tuberculosis mortality
Pearson’s correlation r=0.331 r=0.391
Air pollution Sig 2 tailed p<0.001* p<0.001*
PM 2.5 pg/m? 95% CI 0.435-0.883 0.525-0. 906
N 190 190
*p value (<0.05) statistically significant at 95% CI.
The Pearson’s correlation coefficient (r) for air pollution Limitations

and mortality rate of tuberculosis is 0.391 with a p value
of <0.001 and 95% confidence interval (Cl) of 0.525-
0.906 which means that there is a strong association
between the two variables.

DISCUSSION

The current study suggests that the incidence and
mortality rate of tuberculosis in different countries were
found to increase as the level of air pollution increases.
This is similar to the ecological study done in North
Carolina by Smith et al, where they have found evidence
suggestive for an association between pulmonary
tuberculosis in North Carolina and two indices of air
pollution PM 2.5 pg/m® and PM 10 pg/m®, but this
ecological study is restricted to a specific geographical
area where both ambient air pollution levels and the
incidence and mortality rate of tuberculosis is low.” In
this study we have included all 190 countries of the six
WHO region hence we will have a better picture of the
situation.

Similarly a cohort study done by Lai et al, revealed that
there is a possible link between ambient air pollution and
risk of active tuberculosis and a systematic literature
review done by Popovic et al, revealed that there is a
significant association between the particulate matter and
tuberculosis outcomes.®® Similarly in a study conducted
by Liu et al. It was found that there is a positive
association between particulate matter 2.5, sulphur
dioxide, ozone and carbon monoxide and the risk of
newly developing pulmonary tuberculosis.*°

Another ecological study done by Mutalip in Malaysia
provided evidence on association between the particulate
matter 10 and sulphur dioxide with pulmonary
tuberculosis, but this study did not include particulate
matter 2.5 which is important in the disease process.**

We have used ecological study design to address our
hypothesis. It is a retrospective study in which the data is
collected from the WHO and the database compiles the
ground measurements of annual mean concentration of
PM of diameter 2.5 pg/m®. This approach is commonly
used to generate hypothesis and to check the biological
plausibility. Despite the biological plausibility of ambient
air pollution and tuberculosis our results should be
interpreted with caution as there are inherent limitations
in this kind of study design. As the units of measurement
in this study is population and not individuals we cannot
apply the end result to the individuals as they are
subjected to ecological fallacy. The fallacy of this study
is each individual of the group should possess the average
characteristic of that entire group, meaning all people
residing in a specific country should be exposed to same
level of air pollution but this cannot occur as there will be
individual variations due to many factors like climate
change, humidity, rainfall, exposure to indoor pollution
or the people can migrate from one place to another.

There are various other pollutants in the air like sulphur
dioxide, carbon monoxide etc., that can also have an
effect on tuberculosis but we have considered only
particulate matter 2.5 as there is unavailability of data for
other factors. Furthermore the available data could not
account for people migrating in and out of the country
and varying air pollution exposures as a result.

CONCLUSION

There is a significant positive relationship between
ambient air pollution level and tuberculosis incidence and
mortality rates. Tuberculosis is an important threat
worldwide leading to 1.4 million deaths worldwide. Since
laboratory and epidemiological evidences suggest that
there is an association between air pollution and
tuberculosis. It is very crucial to study the link between
air pollution and tuberculosis by using analytical
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epidemiological studies that takes in to account all major
confounders

Thus preventing or reducing ambient air pollution levels
is one way of reducing the incidence and mortality rates
of tuberculosis. This can be achieved by adopting clean
and sound energy efficient technologies in industries that
could reduce the industrial emissions, proper
management of urban and agricultural waste, by ensuring
access to clean household energy solutions and shifting to
clean modes of power generation.
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