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Abstract: The progress towards ending tuberculosis (TB) by 2035 is less than expected in 11 high
TB burden countries in the World Health Organization South-East Asia and Western Pacific
regions. Along with enhancing measures aimed at achieving universal access to quality-assured
diagnosis, treatment and prevention services, massive efforts are needed to mitigate the prevalence
of health-related risk factors, preferably through broader actions on the determinants of the
“exposure-infection-disease-adverse outcome” spectrum. The aim of this manuscript is to describe
the major socio-economic determinants of TB and to discuss how there are opportunities to address
these determinants in an englobing manner under the United Nations Sustainable Development
Goals (SDGs) framework. The national TB programs must identify stakeholders working on the
other SDGs, develop mechanisms to collaborate with them and facilitate action on social-economic
determinants in high TB burden geographical areas. Research (to determine the optimal mechanisms
and impact of such collaborations) must be an integral part of this effort. We call upon stakeholders
involved in achieving the SDGs and End TB targets to recognize that all goals are highly interlinked,
and they need to combine and complement each other’s efforts to end TB and the determinants
behind this disease.

Keywords: tuberculosis; End TB; sustainable development goals; South-East Asia; Western Pacific
Region; national TB program; socio-economic determinants

1. Introduction

Tuberculosis (TB), caused by the bacteria Mycobacterium tuberculosis (Mtb), is one of the top 10
leading causes of death world-wide and the leading cause of death from a single infectious agent [1].
Mtb spreads from person to person through airborne droplet nuclei. When a person with active TB of
the lungs or throat, coughs or sneezes, droplets containing Mtb are expelled into the air and inhalation
of this contaminated air may cause TB infection [2]. Once infected, about 5–15% of the people develop
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active TB disease in their lifetime, with the risk of developing the disease being highest in the first two
years of infection [3,4]. About 1.7 billion people or 23% of the world’s population are estimated to be
infected with Mtb, of which 55.5 million (0.8% of the world’s population) are estimated to be recently
infected and at high risk of progression to active TB [5]. The aim of this manuscript is to describe the
major socio-economic determinants of TB and to discuss how there are opportunities to address these
determinants in an englobing manner.

2. TB Burden: Globally and in the WHO South-East Asia and Western Pacific Regions

Globally, about 10 million people developed TB in 2018, with this number being relatively
stable in recent years. The annual TB incidence rate ranged from less than 5 people per 100,000
population to more than 500 people per 100,000 population, with the global average of 130 people per
100,000 population. In 2018, an estimated 1.2 million HIV-negative people and an additional 251,000
HIV-positive people died from TB. Although these numbers are large, the number of deaths among
HIV-negative people has reduced by 27% from 1.7 million in 2000 to 1.2 million in 2018. Similarly,
the number of deaths among HIV-positive people has reduced by 60%, from 620,000 in 2000 to 251,000
in 2018.

Geographically, in 2018, the TB burden varied across the six regions of the World Health
Organization (WHO): this comprised 44% in the South-East Asia region [6], 24% in the Africa region,
18% in the Western Pacific region, 8% in the Eastern Mediterranean region, and 3% each in the
Americas and Europe. Globally, 30 high TB burden countries accounted for 87% of the world’s patients,
with 11 of these being in the South-East Asia and Western Pacific regions (Table 1). Five countries
in the South-East Asia and Western Pacific regions accounted for more than half of the global total:
India—27%, China—9%, Indonesia—8%, the Philippines—6%, and Bangladesh—4%. Even within
countries, the distribution of the TB burden is highly heterogeneous [7].

Table 1. List of high TB burden countries in the WHO South-East Asia and Western Pacific Regions.

Country Annual TB Incidence in Thousands
(Uncertainty Intervals)

The Approximate Annual Number of TB
Deaths in Thousands (Best Estimates)

Bangladesh 357 (260–469) 47.2
Cambodia 49 (27–77) 6.7

China 866 (740–1000) 39.4
DPR Korea 131 (114–149) 20.0

India 2690 (1840–3700) 449.7
Indonesia 845 (770–923) 98.3
Myanmar 181 (119–256) 24.7

Papua New Guinea 37 (30–45) 4.7
Philippines 591 (332–924) 26.6

Thailand 106 (81–136) 11.5
Vietnam 174 (111–251) 13.2

Source: WHO Global TB Report 2019 [6].

3. End TB Strategy

In 2014, to rid mankind of the enormous burden of TB, the 67th World Health Assembly adopted a
resolution to make the world free of TB by the year 2035. WHO’s “End TB Strategy” provides a holistic
overview of this resolution and has four principles and three pillars [8]. The three high-level target
indicators of the End TB Strategy are reductions in TB deaths by 95%, reductions in the TB incidence
rate by 90% and the percentage of TB patients and their households experiencing catastrophic costs
being maintained at zero. These indicators and targets are relevant to all countries, with interim
milestones to be achieved by 2020, 2025 and 2030.
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Progress towards the 2020 Milestones of the End TB Strategy

By the end of 2019, at the global level, most of the WHO regions and many high TB burden
countries were not on track to reach the End TB Strategy’s 2020 milestones (20% reduction in TB
incidence rate, 35% reduction in the number of TB deaths and reduction in the households experiencing
catastrophic costs to 0%). The reduction in the cumulative global TB incidence rate between 2015 and
2018 was only 6.3%, and the reduction in the total number of TB deaths between 2015 and 2018 was
11% [6]. Table 2 shows the reduction in the TB incidence rate, TB mortality, and catastrophic costs in
the 11 high TB burden countries in the Asia Pacific region (which comprises South-East Asia and the
Western Pacific). However, with this rate of decline in incidence and mortality, and with the data on
catastrophic costs unavailable, it is unlikely that any of the countries in the Asia Pacific region will be
able to reach all the End TB Strategy’s 2020 milestones.

Table 2. High TB burden countries in the WHO South-East Asia and Western Pacific Regions and the
relative change in crucial indicators between 2015 and 2018.

Country
TB Incidence Rate

(Per 100,000 Population)
Number of TB Deaths

(in Thousands)
Proportion of TB Patients
Experiencing Catastrophic

Costs (in 2018)2015 2018 Reduction * 2015 2018 Reduction *

Bangladesh 221 221 0% 66.0 47.0 29% NA
Cambodia 367 302 18% 3.8 3.4 11% NA

China 65 61 6% 43.0 40.0 7% NA
DPR Korea 513 513 0% 10.0 20.0 −100% NA

India 217 199 8% 470.0 449.0 4% NA
Indonesia 325 316 3% 102.0 98.0 4% NA
Myanmar 391 338 14% 36.0 25.0 31% NA

Papua New
Guinea 432 432 0% 4.3 4.7 −9% NA

Philippines 550 554 −1% 28.0 26.0 7% NA
Thailand 163 153 6% 15.0 11.0 27% NA
Vietnam 199 182 9% 17.0 13.0 24% NA

Source: Point estimates from WHO Global TB Report 2019 [6]; NA = Data Not available; * negative sign indicates an
increase in the TB incidence rate or number of TB deaths.

4. Factors Influencing the Risk of Exposure to Mycobacterium tuberculosis (Mtb), Infection,
the Progression from Infection to Disease and Adverse Treatment Outcomes

There are two important aspects to understanding the TB epidemiology. First, Mtb infection
in humans results in a spectrum of clinical presentations. As mentioned earlier, most infections are
subclinical and asymptomatic, with Mtb replication contained by the host immunity—a condition
called latent TB infection (LTBI)—and only a small subset of infected individuals presenting with
symptomatic, active TB disease. Even within and between these two states, there is a wide ranging
spectrum of Mtb bacterial load, immune responses, pathologies and clinical presentations [9]. Second,
like all other infectious diseases, the risk of infection and disease is dependent on the characteristics
and interaction of the bacteria, the human host and the environment [7]. A good understanding of
these factors and their unique complex interactions—at both the population level and the individual
level—is crucial for designing the intervention strategies to mitigate the TB burden.

The factors that influence the risk of exposure to Mtb, infection, the progression of infection
to disease, and adverse treatment outcomes (such as death) are shown in Box 1 [10,11]. The factor
that is essential for TB infection and disease is close contact with a person with a person with
infectious TB disease; the greater the closeness, bacterial load and duration of contact, the higher
the chances of infection. Other factors such as age, sex, tobacco use, alcohol use, malnutrition,
human immunodeficiency virus (HIV) infection, diabetes mellitus and silicosis increase the risk of
infection, the progression from infection to disease and adverse TB treatment outcomes, and are
therefore called major health-related risk factors. Factors such as poverty, socio-economic and/or
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gender inequality, food and/or job insecurity and weak health systems affect not only all aspects of
the “exposure-infection-disease-adverse outcome” spectrum, but also several aspects of the health
of populations in general, and are therefore called the critical underlying ‘determinants’ or the ‘root
causes’ of TB. While age and sex are not modifiable, all the other factors listed in Box 1 can be modified
by human interventions. Table 3 shows the health-related risk factors and the corresponding lifetime
increase in the risk of TB disease and the ‘population attributable fraction (PAF)’ of these factors [12–18].

Table 3. Health-related risk factors and the corresponding lifetime increase in the risk of TB disease
and their corresponding population attributable fraction.

Risk Factor
Relative Risk of TB

(95% Confidence
Intervals) *

Estimated Prevalence of Risk
Factor in the South-East Asia

and Pacific Region **

Estimated Population
Attributable Fraction

(PAF) ***

HIV 19 (16–22) 0.2% [12] 3.5% (2.9–4.0%)
Alcohol abuse 3.3 (2.1–5.2) 13.5% [13] 23.7% (12.9–36.2%)

Undernourishment 3.2 (3.1–3.3) 11.5% [14] 20.2% (19.5–20.9%)
Smoking 1.6 (1.2–2.1) 24.8% [15] 13.0% (4.7–21.4%)

Diabetes Mellitus 1.5 (1.3–1.8) 8.6% [16] 4.1% (2.5–6.4%)
Indoor Air Pollution 2.0 (1.2–3.2) 38.6% [17] 27.8% (7.2–45.9%)

* Source: Global TB report 2019 [6]); ** these are approximates and vary widely across countries; *** PAF indicates
the proportion of all cases of a particular disease in a population that is attributable to a specific exposure and is
estimated based on the relative risk and the prevalence of the risk factor in the population [18].

Box 1. Factors influencing the “exposure-infection-disease-adverse outcome” spectrum of TB.

The essential factor for TB infection and TB disease

• Close contact with a person with infectious TB disease

Major health-related risk factors (factors that increase the chances of infection, disease, adverse TB treatment
outcomes)

• Age, sex, tobacco use, alcohol abuse, malnutrition, HIV infection, diabetes mellitus, exposure to indoor
air pollution, silicosis, intake of immunosuppressive drugs/medications (e.g., tumor necrosis factor-alpha
(TNF) antagonists, corticosteroids)

Major underlying determinants

• Poverty, socio-economic and gender inequality, overcrowding, food and job insecurity, weak health systems

4.1. Relationship between Various Health-Related Risk factors and Major Underlying Socio-Economic
Determinants of TB

In the past, the trends in TB incidence rates in high-income countries clearly show that efforts
towards improving the socio-economic status, living conditions and nutritional status (as was seen
before and soon after the world wars) resulted in the rapid decline in the TB burden, and, deterioration
in these conditions (during times of war) increased the TB incidence rates. Both in high and low-income
countries, TB predominantly affects people of lower socio-economic status [19,20].

Most of the risk factors for TB are associated with poverty, socio-economic and gender inequalities,
and living conditions [21]. Malnutrition, poor housing/living conditions, and overcrowding are direct
markers of poverty [22]. People from lower socio-economic groups are more likely to live and/or work
in overcrowded settings, experience greater food insecurity, have lower levels of awareness about
healthy behavior, and are less likely to have access to quality health care services [23]. They are also
more likely to come into contact with people with active TB disease. The prevalence of tobacco use,
alcohol use, HIV, and diabetes mellitus is relatively higher in people of low socio-economic status
groups in various settings [24–28].

The Multisectoral Accountability Framework to accelerate progress to end TB (MAF-TB) by 2035
developed by the WHO in 2019 [29] urges governments to address a wide range of socio-economic
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determinants through collaborations and partnerships. Although the primary responsibility to pursue
public health in all policies rests with different ministries within governments, the national TB programs,
as champions and implementers of the TB care and prevention services in the countries, should take
the lead in developing partnerships and support the implementation of the multisectoral accountability
framework, both through advocacy and by helping to address the social conditions of patients and
their families.

4.2. Need for Action on Risk Factors and Major Determinants of TB

TB (as described earlier) is a multifactorial disease, and the achievement of the End TB Strategy
milestones requires universal access to quality-assured diagnosis, treatment, and prevention services
promptly. For this, it is necessary to strengthen the national TB programs, by ensuring adequate
resources for deploying latest WHO-endorsed rapid TB diagnostics and drug susceptibility testing
(DST) facilities, the provision of appropriate treatment services for drug-susceptible and drug-resistant
TB, preventive treatment for high risk individuals (people living with HIV and household and other
close contacts of TB patients), and the implementation of infection control measures in all health
facilities. While these are necessary, it is being increasingly recognized that End TB targets are ambitious
and unlikely to be achieved by these measures alone [10,11,30]. Massive efforts are needed to mitigate
the prevalence of health-related risk factors, preferably through broader actions on the determinants
of the “exposure-infection-disease-adverse outcome” spectrum, such as health system strengthening,
poverty alleviation, addressing socio-economic and gender inequality, limiting job loss and food
insecurity, improving housing quality and reducing overcrowding. An increase in the health-related
risk factors of TB or the worsening of the determinants of TB (as is currently happening due to the
socio-economic consequences of the SARS-CoV-2 pandemic [31]) can harm the global progress made
towards ending TB.

5. Framework for Action on Social Determinants of Tuberculosis: Sustainable
Development Goals

The sustainable development goals (SDGs) [32] are a list of 17 global goals, which outline the
vision, principles, and commitments of all United Nations member countries to a fairer and more
sustainable world, now and in the future. The SDGs, launched in 2015 by the United Nations General
Assembly, and intended to be achieved by the year 2030, are part of UN Resolution 70/1, the 2030
Agenda. The 17 SDGs are mentioned in Box 2.

Box 2. The Sustainable Development Goals (2015 to 2030) *.

1. No Poverty
2. Zero Hunger
3. Good Health and Well-being
4. Quality Education
5. Gender Equality
6. Clean Water and Sanitation
7. Affordable and Clean Energy
8. Decent Work and Economic Growth
9. Industry, Innovation, and Infrastructure
10. Reducing Inequality
11. Sustainable Cities and Communities
12. Responsible Consumption and Production
13. Climate Action
14. Life Below Water
15. Life on Land
16. Peace, Justice, and Strong Institutions
17. Partnerships for the Goals
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The seventeen SDGs each have a list of targets that are measured with indicators [33]. These goals
necessitate collaboration and the alignment of all actions to secure a fair, healthy, and prosperous future
for everyone on this planet—Earth. These SDGs provide a framework for action on the determinants of
TB disease. Action on the determinants of TB through the SDGs framework will also mean endorsing
the socio-ecological model of health which outlines that disease prevention and its mitigation may
require action at five levels: individual, interpersonal, organisational, community and public policy [34]
and addressing every TB determinant may require actions at these five levels.

5.1. Sustainable Development Goals that Are Likely to Have a Significant Impact on the Burden of TB

5.1.1. SDG Goal 1: No Poverty

As discussed above, poverty is a significant determinant of several aspects of health including
TB [22,35]. Globally, more than 90% of TB cases and deaths occur in low and middle income
countries [36]. There is an inverse correlation between a country’s gross domestic product (GDP) per
capita and TB incidence rates [21]. Therefore, efforts to reduce poverty will have a substantial impact
on the TB burden. Despite great progress made globally in reducing poverty levels, some countries in
the WHO South-East Asia and Western Pacific Regions, such as India (~21%) and Papua New Guinea
(38%), have high reported levels of people living below the international poverty line (SDG Indicator
1.1.1 in Table (SDG Indicator 2.1.1 in Table 4).

5.1.2. SDG Goal 2: Zero Hunger

Hunger leads to undernutrition, which is one of the significant determinants of TB [37]. It is
estimated that in India (the highest TB burden country in the world), where the prevalence of
undernutrition is high, nearly 50% of TB cases are attributable to undernutrition [38,39]. Undernutrition
is also ubiquitous in all high TB burden countries in Asia and the Pacific region (SDG Indicator 2.1.1 in
Table 4). Therefore, ending hunger and improving the nutritional status of populations can dramatically
reduce the burden of TB.

5.1.3. SDG Goal 3: Good Health and Well Being

One of the key targets of this goal (Target 8) is to achieve universal health coverage (UHC) by
2030 [40]. UHC means that everyone can access and receive sufficient and quality health services that
they need without suffering financial hardship. There are two key indicators to monitor progress.
They are: a) UHC service coverage index (SCI)—SDG Indicator 3.8.1 (Table 5), and b) the percentage
of the population experiencing expenditures on health care that are relatively large in relation to the
household expenditures or income—SDG Indicator 3.8.2 (Table 5). The achievement of UHC and
improved patient-centered TB care will have a direct effect on the reach and delivery of quality TB
services and on catastrophic costs incurred by TB patients and their families [40]. Apart from this,
the SDG goal also has indicators for dramatically reducing the prevalence of HIV, tobacco and alcohol
use, and diabetes mellitus, all of which will have a considerable impact on reducing the TB burden.

5.1.4. SDG Goal 4: Quality Education

Quality education typically leads to better and secure jobs, more money and higher purchasing
power, resulting in better access to quality health care (including for TB) [41]. Higher earnings also
allow people to afford homes in safer neighbor hoods, as well as consume healthier diets. Incorporating
health within the ambit of ‘quality education’ builds knowledge, skills, and positive attitudes about
health and all other determinants of health, which can directly or indirectly have a considerable impact
on efforts to End TB [42]. Education also improves the ability to identify the symptoms suggestive
of TB and seek timely care for diagnosis and treatment of TB [43], thus, limiting the delays in the
diagnosis of TB and the community spread of the disease.
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5.1.5. SDG Goal 5: Gender Equality

TB can affect either gender. In almost all countries, the notification rates of TB are higher in
males than in females. Although more men than women develop TB disease and die from it, TB is
nevertheless a leading infectious cause of death among women. Higher tuberculosis notification
rates in men partly reflect epidemiological and biological differences in exposure, risk of infection,
and progression from infection to disease [44]. Despite this, in several countries, gender inequality,
socio-economic, and cultural factors act as barriers to accessing health care among women. These may
lead to the under-detection and under-notification of TB in women. The stigma and discrimination
associated with TB and certain co-morbidities, such as HIV infection, adversely affect women more
than men, often leaving them in a more vulnerable position [45,46]. It is also widely believed that the
medical care-seeking behavior of men and women with TB is mostly determined by how they and
those around them perceive the symptoms, regard the diagnosis, accept the treatment, and complete it.
Gender may influence each of these components and affect the early detection of the disease and its
outcome [47]. Studies that have assessed gender differences have shown that, on average, women
are either undiagnosed, or diagnosed late in the course of TB disease when compared to men [48,49].
Promoting gender equality in all spheres of life helps to mitigate some of these issues and contribute
towards ending TB.

5.1.6. SDG Goal 6: Clean Water and Sanitation

Access to clean water and sanitation is essential to reduce illness, malnutrition, poor physical and
cognitive development, and death due to water-borne diseases [50]. In countries of the Asia-Pacific
region, the proportion with access to clean water ranges from 16.7% in rural Cambodia to 92.3% in
urban China. The proportion with access to safe sanitation ranges from 5.1% in rural Democratic
People’s Republic of Korea to 83.7% in urban China. The provision of clean water and sanitation can
affect the TB burden by reducing infections and improving nutritional status.

5.1.7. SDG Goal 7: Affordable and Clean Energy

There is evidence of an association between indoor air pollution (such as that caused by the
burning of solid fuels for cooking at homes), outdoor ambient air pollution and TB infection and
TB disease [51–54]. Depending on the prevalence of indoor air pollution, the fraction of TB cases
attributable to indoor air pollution varies across countries. The proportion of the population using
clean fuels in the South-East Asia and Western Pacific regions ranges from 11% in DPR Korea to 74% in
Thailand (Table 4; indicator 7.1.2). Interventions such as clean cook stoves to reduce the adverse effects
of indoor air pollution merit rigorous evaluation [50], particularly in high TB burden countries in Asia
and the Pacific, where the prevalence of both indoor air pollution and TB is high. Clean energy is also
expected to reduce outdoor air pollution and improve ambient air quality, which can reduce the risk of
TB [55].

5.1.8. SDG Goal 8: Decent Work and Economic Growth

TB predominantly affects people in the economically productive age-groups [56]. Apart from
providing stable and regular job opportunities for the economically productive age groups, provision
for early diagnosis and treatment of TB at workplaces, making workplaces safe by reducing the chances
of airborne transmission of infections, adopting favorable policies towards social/job security in case of
diseases and reducing occupational diseases like silicosis, will help in reducing the TB burden and
improving the economic productivity of the workforce [57]. Stable/formal employment also increases
access to employer-sponsored social health insurance programs and paid sick leaves, both of which are
known to be associated with the reduced risk of occupational diseases and all-cause mortality [58–60].
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5.1.9. SDG Goal 10: Reduced Inequalities

Empowering and promoting social, economic and political inclusion of all, irrespective of age,
sex, sexual orientation, disability, race, ethnicity, origin, religion or economic or another status will
help in mitigating the effects of socio-economic disparities—disparities that are key drivers of all the
risk factors of TB [61].

5.1.10. SDG Goal 11: Sustainable Cities and Communities

Rapid industrialization, urbanization, and migration—dominant occurrences in most developing
countries in the Asia Pacific region—can create ideal conditions for infectious diseases (including
TB) to flourish [62,63], unless accompanied by proper urban planning, social reforms, environmental
protection, adequate housing, transportation, and a well-coordinated and robust health system.

5.1.11. SDG Goal 13: Climate Action

Climate change that manifests itself in the form of higher variations in temperatures and rainfall is
known to have a substantial effect on several aspects of human health and behaviour (such as crowding,
migration, changes in food habits), either directly or through several intermediaries, resulting in an
increase in the burden of infectious diseases including TB [64,65].

The linkages between the various SDGs and TB are pictorially depicted in Figure 1.
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and reduction in tuberculosis burden. The arrows indicate the probable direction of action, with the
bi-directional arrow indicating that effects in both the directions are possible. The relationships/pathways
shown in this figure are ‘indicative’ only and not ‘definitive’. The size of the square boxes in the figure
have been arrived at using the best fit function, and therefore the varying sizes or shapes of the text
boxes/circles in the figure do not carry any special significance. SDGs 1, 4, 5, 8, 10 are grouped together,
to indicate the author’s view that they are interdependent and can act alone or in a combined manner
to influence the other aspects in the pathway.
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Table 4. Current levels of TB relevant SDG 1, 2, 7, 8, 10, 11 indicators in high TB burden countries in the WHO South-East Asia and Western Pacific Regions (in 2018).

Country

SDG Indicators

1.1.1 Proportion
of the Population
Living below the

International
Poverty Line

1.3.1 Proportion
of the Population
Covered by Social
Protection Floors

or Systems

2.1.1 Prevalence of
Undernourishment

7.1.2 Proportion of
the Population with
Primary Reliance on

Clean Fuels and
Technology

8.1.1 Gross Domestic
Product (GDP) Per

Capita, PPP (Constant
2011 International

Dollars)

10.1.1 Gini
Index for
Income

Inequality *

11.1.1 Proportion
of the Urban
Population

Living in Slums

Bangladesh 15% 18% 15% 18% 3500 32 55%
Cambodia NA 3.1% 18% 18% 3700 NA 55%

China 0.7% 63% 8.7% 59% 15,300 39 25%
DPR Korea NA NA 43% 11% NA NA NA

India 21% 30% 15% 41% 6500 36 24%
Indonesia 5.7% 57% 7.7% 58% 11,200 38 22%
Myanmar 6.4% 2.3% 10% 18% 5600 38 41%

Papua New Guinea 38% 4.2% NA 13% 3800 48 NA
Philippines NA 41% 14% 43% 7600 40 38%

Thailand 0% 79% 9% 74% 16,300 36 25%
Vietnam 2% 35% 11% 67% 6200 35 27%

PPP = Purchasing Power Parity; NA = Not available; Source of data: [66–68]; * Gini index = measure of income distribution across income percentiles in a population. It ranges from 0% to
100%, with 0% representing perfect equality and 100% representing perfect inequality.



Trop. Med. Infect. Dis. 2020, 5, 101 10 of 19

Table 5. Estimated prevalence of TB relevant SDG-3 indicators in high TB burden countries in the WHO South-East Asia and Western Pacific Regions (in 2018).

Country

SDG-3 Indicators

3.8.1 Coverage of Essential
Health Services (UHC)
Measure with an UHC
Index Based Essential
Health Services and

Ranges between 0 and 100

3.8.2 Proportion of the
Population with Large

Household Expenditures
on Health as a Share of

Total Household
Expenditure or Income

3.c.1 Current Health
Expenditure Per

Capita in Current
International Dollars

3.3.1
Prevalence

of HIV

3.a.1
Prevalence of

Smoking

3.4.1
Prevalence of

Diabetes

3.5.2 Prevalence
of Alcohol Use

Disorder

Male Female Male Female Male Female

Bangladesh 48 25% 91 0.1% 45% 1% 10% 9.3% 1.4% 0.3%
Cambodia 60 15% 229 0.5% 34% 2% 7.4% 6.9% 8.7% 1.8%

China 79 20% 761 NA 48% 1.9% 9.9% 7.6% 8.4% 0.2%
DPR Korea 71 NA NA NA NA NA 5.8% 5.9% 6.2% 1.0%

India 55 17% 241 0.2% 21% 1.9% 9.1% 8.3% 9.1% 0.5%
Indonesia 57 2.7% 363 0.4% 76% 2.8% 7.6% 8.0% 1.4% 0.3%
Myanmar 61 14% 291 0.7% 35% 6.3% 6.9% 7.9% 3.2% 0.6%

Papua New Guinea 40 NA 92 0.9% 49% 24% 15% 14% 8.8% 1.8%
Philippines 61 6.3% 342 0.1% 41% 7.8% 7.1% 7.3% 8.8% 1.8%

Thailand 80 2.2% 635 1.1% 39% 1.9% 8.3% 8.8% 10% 0.9%
Vietnam 75 9.4% 356 0.3% 46% 1.0% 5.5% 5.1% 9.8% 1.2%

NA = Not available; Source of data: [66–68].
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6. Role of National TB Programs in Accelerating the Progress towards Achieving SDGs

Together, TB and poverty form a vicious cycle: TB decreases people’s capacity to work and adds
to treatment expenses. This, in turn, exacerbates their poverty. Poor people also go hungry and live in
close, unhygienic quarters, where TB and its risk factors flourish. Progress in ending TB will accelerate
the progress on SDG goal 1, and through it, progress on other related SDGs [36].

According to the WHO’s “A Multisectoral Accountability Framework to accelerate progress to
end Tuberculosis by 2030 (MAF-TB)” [29], the following are recommended actions for national TB
programs:

• Development of national (and local) strategic and operational plans to end (or eliminate) TB,
with a multisectoral perspective involving government and partners, consistent with the End
TB Strategy.

• Development and use of a national MAF-TB.
• Establishment, strengthening or maintenance of a national multisectoral mechanism (e.g.,

inter-ministerial commission), tasked with providing oversight, coordination and a periodic
review of the national tuberculosis response.

• Implementation of multisectoral actions on the social determinants of tuberculosis.
• Revisions to plans and policies, and associated activities, based on monitoring, reporting,

and recommendations from reviews.

WHO has identified the following fourteen SDG indicators as relevant to TB. These include

A. Seven indicators relevant to TB under SDG 1, 2, 7, 8, 10 and 11 and seven indicators within SDG-3.

(1) SDG 1 (No poverty)—Indicator 1.1.1: Proportion of the population living below the
international poverty line

(2) SDG 1 (No poverty)—Indicator 1.3.1: Proportion of the population covered by social
protection floors or systems

(3) SDG 2 (Zero hunger)—Indicator 2.1.1: Prevalence of undernourishment
(4) SDG 7 (Affordable and clean energy)—Indicator 7.1.2: Proportion of the population with

primary reliance on clean fuels and technology
(5) SDG 8 (Decent work and economic growth)—Indicator: 8.1.1: Gross domestic product

(GDP) per capita
(6) SDG 10 (Reduced inequalities)—Indicator: 10.1.1: Gini index for income inequality
(7) SDG 11 (Sustainable Cities and Communities)—Indicator: 11.1.1: Proportion of the urban

population living in slums

The levels of these seven indicators under SDG 1, 2, 7, 8, 10 and 11 at the end of 2018 in the 11
high TB burden countries in WHO South-East Asia and Western Pacific Regions are given in Table 4.

B. Seven indicators relevant to TB within SDG 3 are as follows:

(1) SDG Indicator 3.8.1: Coverage of essential health services (UHC) measure with an UHC
index based essential health services and ranges between 0 and 100

(2) SDG Indicator 3.8.2: Proportion of the population with large household expenditures on
health, as a share of total household expenditure or income

(3) SDG Indicator 3.c.1: Current health expenditure per capita in current international dollars
(4) SDG Indicator 3.3.1: Prevalence of HIV
(5) SDG Indicator 3.a.1: Prevalence of smoking
(6) SDG Indicator 3.4.1: Prevalence of diabetes
(7) SDG Indicator 3.5.2: Prevalence of alcohol use disorder
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The levels of these seven within SDG-3 indicators at the end of 2018 is in the 11 high TB burden
countries in WHO South-East Asia, and Western Pacific Regions is given in Table 5.

National TB programs, Ministries of Health and Governments in the 11 high TB burden countries
must realize that interventions beyond diagnosis and treatment of TB and LTBI are needed to reduce
the risk factors and determinants of TB. TB programs must take a lead and list the stakeholders in their
countries who are working on the other SDGs and equip themselves with resources and the necessary
skillsets to engage with them. Since TB is not homogenously distributed within the country, there will
be geographical areas/communities with high TB burdens. As a first step, TB programs should share
details/information of high TB burden geographical areas, assess the socio-economic determinants that
are locally relevant/prevalent, and facilitate concentrated action on those socio-economic determinants
as a priority in these areas wherever possible. The list of sample interventions that can be undertaken
to reduce the prevalence of the socio-economic determinants of TB (based on needs assessment) are
given in Table 6. (In this table, using India as an example, we have highlighted public programs [69–82]
that can be galvanized to address the determinants at the local level.)

The stakeholders/partners who can be involved in carrying out the interventions could be respective
government departments (who have the mandate and jurisdiction to perform the intervention),
non-governmental/community based organizations, private sector, developmental partners etc.,
who may share the common vision of improving the lives of the people. Identifying suitable partners
will help the national TB programs, in facilitating their interventions in such geographic high TB
burden areas. This holistic approach may contribute towards ending TB in such communities or
geographic areas in a sustainable manner. Demonstration projects on how to operationalize intersectoral
coordination and build partnerships (at the local level) are urgently needed to generate evidence
and to show that the impact of such initiatives goes beyond the simple sum of its immediate returns.
Research—to find out the optimal mechanisms for collaboration and to measure the impact of such
collaborations—must also be undertaken, so that the lessons learnt are disseminated widely. Apart
from this, national TB programs must also find themselves represented in all in-country developmental
committees and agendas of the government, so that ending TB is seen, not just as a responsibility of
the health sector, but seen as a necessity for human development in all spheres of life. International
technical and funding agencies/organizations, like WHO, the Global Fund, etc., should advocate for
progress on broader SDGs and provide technical and financial assistance on this aspect to TB programs.



Trop. Med. Infect. Dis. 2020, 5, 101 13 of 19

Table 6. Sample policies/interventions that can be implemented at the community level in high TB burden geographical areas within a country by the National TB
program and its partners to address determinants of tuberculosis.

Determinant of TB Sample Community Level Policies/Interventions to Address the Determinant Example: Public Programs in India that Can Be Galvanized
to Address the Determinant at the Local Level

To reduce poverty
(SDG-1)

• Skills building programs
• Providing access to credit/microfinance and markets
• Generating employment opportunities

• Pradhan Mantri Kaushal Vikas Yojana (PMKVY)—A skill
development scheme [69]

• Mahatma Gandhi National Rural Employment Guarantee
Act (MGNREGA) 2005 (India)—Aims to enhance
livelihood security in rural areas [70]

To reduce hunger
(SDG-2)

• Nutrition education
• Food subsidy interventions/ Cash transfers
• Targeted Supplemental nutrition assistance programs
• Finding ways to increase agricultural production and cost of food crops

• National Food for Work Program (India)
• School mid-day meals program [75]

Improve the quality
of education

(SDG-4)

• Improving physical infrastructure of schools (including sanitation facilities), providing
teaching and learning materials, and training and hiring extra teachers.

• Enhancing community ownership and engagement in education
• Adult literacy, numeracy and education programs and special education programs to

children and youth with disabilities and learning difficulties
• Compulsory and free education programs for children and youth

• National Education Mission (Samagra Shiksha Abhiyan)
[76]

Gender equality
(SDG-5)

• Awareness-raising and sensitization programs to reduce gender inequality, raise
awareness about different gender identities and reduce gender-based violence

• Engagement with political leaders, religious leaders, community leaders to address
practices that impair the rights of women and girls

• Empowering young girls and women by creating employment and education
opportunities for their holistic growth and development

• Provide legal and psychosocial support services to address gender discrimination and
human rights violations

• Beti Bachao Beti Padhao Scheme (To provide education to
girls’ and their welfare. To prevent the violation in the
interest of girls. To celebrate the birth of a girl child.) [77]

• Support to Training and Employment Program for
Women (STEP) [78]

• Mahila E-Haat (To help women to make financial and
economic choices which will enable them to be a part of
‘Make in India’ and ‘Stand Up India’ initiatives) [79]

Clean water and
sanitation
(SDG-6)

• Construction of toilets and latrines in all households and public spaces that flush into a
sewer or safe enclosure.

• Information, Education and Communication to promote good hygiene habits (e.g., hand
washing).

• Rainwater harvesting to collect and store rainwater for drinking or recharging
underground aquifers.

• Provide low cost home water-treatment capability through the use of filters, chlorine
tablets, plastic bottles for solar disinfection, or flocculants, to make drinking water safe.

• Invest in public piped water supply systems that provide good quality and potable
water particularly for the poor.

• Swachh Bharat Abhiyan-gramin (to eliminate open
defecation and improve solid waste management in rural
areas) [80]

• National Water Supply and Sanitation Program in
India [81]

• National Rural Drinking Water Program (to provide safe
and adequate water for drinking, cooking and other
domestic needs to every rural person on a sustainable
basis) [82]
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Table 6. Cont.

Determinant of TB Sample Community Level Policies/Interventions to Address the Determinant Example: Public Programs in India that Can Be Galvanized
to Address the Determinant at the Local Level

Affordable and clean
energy (SDG-7)

• Provision of improved cookstoves, cleaner and drier fuels which aim to burn fuel more
efficiently and therefore produce fewer harmful combustion products;

• Improving natural and artificial ventilation, to avoid air pollution inside the household;
• Changing cooking behavior and patterns, to reduce the amount of time an individual

spends in proximity to a fire or stove;
• Altering regulatory or financial policies, with intent to improve access to advanced

cookstoves or fuels and provide incentives for changes within communities or towards
community development.

• Strict industrial regulations to control environmental air pollution

• Pradhan Mantri Ujjwala Yojana (to distribute LPG gas
connections to women of below poverty line families) [71]

Decent work and
economic growth

(SDG-8)

• Encouragement for locally available micro, small, and medium sized enterprises
through access to necessary financial services

• Generate employment opportunities
• Trainings/mentorship support for entrepreneurship
• Low interest loan schemes

• Entrepreneurship Development Program (EDP) [72]
• Mahatma Gandhi National Rural Employment Guarantee

Act (MGNREGA) 2005 (India) [70]

Reduced
inequalities

(SDG-10)

• Local programs aimed at financial inclusion and social security or linkages to existing
social security schemes

• Jan Dhan-Aadhaar-Mobile programs (For Financial
Inclusion to ensure access to financial services, namely
banking savings and deposit accounts, remittance, credit,
insurance and pension in an affordable manner and to
prevent leakage of government subsidies) [73]

Sustainable cities
and communities

(SDG-11)

• Local implementation of slum development schemes/ slums upgrading programs which
includes improvements in housing conditions, water supply and sanitation, roads,
ground stabilization, storm water drainage etc.,

• Jawaharlal Nehru National Urban Renewal Mission (a
city-modernization scheme) [74]

Climate action
(SDG-13)

• Efforts to reduce carbon emissions through increased generation of power using
renewable sources of energy

• Increase additional forest and tree cover

• National Solar mission [83]
• National Afforestation Program [84]
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7. Conclusions

Achieving End TB targets with the current pace of progress is highly challenging and un-realistic
if the thrust is mainly medical and focusing only on ‘diagnosis and treatment’ of TB and LTBI, without
addressing the underlying determinants of TB. While the strengthening of national TB programs under
the framework of universal health coverage is quintessential for accelerating the progress towards End
TB targets, the SDG framework provides an excellent opportunity for acting on several determinants
and risk factors of TB. All stakeholders, be it government ministries, non-governmental organizations
or private sectors involved in achieving SDGs and the End TB targets must recognize that most of
their goals are strongly interlinked. Failure to acknowledge this fact may result in ineffective and
inappropriate actions and a delay in the achievement of both SDG goals and End TB targets.

Author Contributions: S.S. and P.T. wrote the first draft which was critically reviewed by A.M.V.K., Y.L., R.A.D.,
M.K., R.Z. and A.D.H. All authors contributed to subsequent drafts and agreed upon and approved the final
version. All authors have read and agreed to the published version of the manuscript.

Funding: The research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

Disclaimer: The views expressed in this document are those of the authors and may not necessarily reflect those
of their affiliated institutions.

References

1. World Health Organisation. The Top 10 Causes of Death. Available online: https://www.who.int/en/news-
room/fact-sheets/detail/the-top-10-causes-of-death (accessed on 19 March 2020).

2. Pai, M.; Behr, M.A.; Dowdy, D.; Dheda, K.; Divangahi, M.; Boehme, C.C.; Ginsberg, A.; Swaminathan, S.;
Spigelman, M.; Getahun, H.; et al. Tuberculosis. Nat. Rev. Dis. Prim. 2016, 2, 16076. [CrossRef] [PubMed]

3. Behr, M.A.; Edelstein, P.H.; Ramakrishnan, L. Revisiting the timetable of tuberculosis. BMJ 2018, 362, k2738.
[CrossRef] [PubMed]

4. Behr, M.A.; Edelstein, P.H.; Ramakrishnan, L. Is Mycobacterium tuberculosis infection life long? BMJ 2019, 367,
l5770. [CrossRef] [PubMed]

5. Houben, R.M.G.J.; Dodd, P.J. The global burden of latent tuberculosis infection: A re-estimation using
mathematical modelling. PLoS Med. 2016, 13, e1002152. [CrossRef]

6. Global Tuberculosis Report 2019. Available online: https://www.who.int/tb/publications/global_report/en/

(accessed on 19 March 2020).
7. Trauer, J.M.; Dodd, P.J.; Gomes, M.G.M.; Gomez, G.B.; Houben, R.M.G.J.; McBryde, E.S.; Melsew, Y.A.;

Menzies, N.A.; Arinaminpathy, N.; Shrestha, S. The Importance of Heterogeneity to the Epidemiology of
Tuberculosis. Clin. Infect. Dis. 2019, 69, 159–166. [CrossRef]

8. The End TB Strategy. Available online: https://www.who.int/tb/post2015_strategy/en/ (accessed on 13
June 2020).

9. Cadena, A.M.; Fortune, S.M.; Flynn, J.L. Heterogeneity in tuberculosis. Nat. Rev. Immunol. 2017, 17, 691–702.
[CrossRef] [PubMed]

10. Lönnroth, K.; Jaramillo, E.; Williams, B.G.; Dye, C.; Raviglione, M. Drivers of tuberculosis epidemics: The
role of risk factors and social determinants. Soc. Sci. Med. 2009, 68, 2240–2246. [CrossRef] [PubMed]

11. Pedrazzoli, D.; Boccia, D.; Dodd, P.J.; Lönnroth, K.; Dowdy, D.W.; Siroka, A.; Kimerling, M.E.; White, R.G.;
Houben, R.M.G.J. Modelling the social and structural determinants of tuberculosis: Opportunities and
challenges. Int. J. Tuberc. Lung Dis. 2017, 21, 957–964. [CrossRef]

12. Avert. HIV and AIDS in the Asia and the Pacific Regional Overview. Available online: https://www.avert.
org/professionals/hiv-around-world/asia-pacific/overview (accessed on 11 May 2020).

13. Epidemiology of Alcohol Use in the WHO South-East Asia Region. Available online: https://apps.who.int/
iris/handle/10665/259831 (accessed on 13 June 2020).

14. Hunger Notes. Asia Hunger facts. Available online: https://www.worldhunger.org/asia-hunger-facts-2018/

(accessed on 11 May 2020).

https://www.who.int/en/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://www.who.int/en/news-room/fact-sheets/detail/the-top-10-causes-of-death
http://dx.doi.org/10.1038/nrdp.2016.76
http://www.ncbi.nlm.nih.gov/pubmed/27784885
http://dx.doi.org/10.1136/bmj.k2738
http://www.ncbi.nlm.nih.gov/pubmed/30139910
http://dx.doi.org/10.1136/bmj.l5770
http://www.ncbi.nlm.nih.gov/pubmed/31649096
http://dx.doi.org/10.1371/journal.pmed.1002152
https://www.who.int/tb/publications/global_report/en/
http://dx.doi.org/10.1093/cid/ciy938
https://www.who.int/tb/post2015_strategy/en/
http://dx.doi.org/10.1038/nri.2017.69
http://www.ncbi.nlm.nih.gov/pubmed/28736436
http://dx.doi.org/10.1016/j.socscimed.2009.03.041
http://www.ncbi.nlm.nih.gov/pubmed/19394122
http://dx.doi.org/10.5588/ijtld.16.0906
https://www.avert.org/professionals/hiv-around-world/asia-pacific/overview
https://www.avert.org/professionals/hiv-around-world/asia-pacific/overview
https://apps.who.int/iris/handle/10665/259831
https://apps.who.int/iris/handle/10665/259831
https://www.worldhunger.org/asia-hunger-facts-2018/


Trop. Med. Infect. Dis. 2020, 5, 101 16 of 19

15. World Health Statistics Data Visualisation Dashboard: Prevalance of Tobacco Smoking. Available online:
https://apps.who.int/gho/data/node.sdg.3-a-viz?lang=en (accessed on 13 June 2020).

16. Global Report on Diabetes. Available online: https://apps.who.int/iris/bitstream/handle/10665/204874/WHO_
NMH_NVI_16.3_eng.pdf;jsessionid=244DC978B0833D7128BD508B32D46E9A?sequence=1 (accessed on 16
June 2020).

17. Lin, H.-H.; Ezzati, M.; Murray, M. Tobacco Smoke, Indoor air pollution and tuberculosis: A systematic
review and meta-analysis. PLoS Med. 2007, 4, e20. [CrossRef]

18. Mansournia, M.A.; Altman, D.G. Population attributable fraction. BMJ 2018, 360, k757. [CrossRef]
19. Murray, J.F. A Century of Tuberculosis. Am. J. Respir. Crit. Care Med. 2004, 169, 1181–1186. [CrossRef]

[PubMed]
20. Murray, J.F. Tuberculosis and World War I. Am. J. Respir. Crit. Care Med. 2015, 192, 411–414. [CrossRef]

[PubMed]
21. Janssens, J.P.; Rieder, H.L. An ecological analysis of incidence of tuberculosis and per capita gross domestic

product. Eur. Respir. J. 2008, 32, 1415–1416. [CrossRef] [PubMed]
22. Carter, D.J.; Glaziou, P.; Lönnroth, K.; Siroka, A.; Floyd, K.; Weil, D.; Raviglione, M.; Houben, R.M.G.J.;

Boccia, D. The impact of social protection and poverty elimination on global tuberculosis incidence:
A statistical modelling analysis of Sustainable Development Goal 1. Lancet Glob. Heal. 2018, 6, e514–e522.
[CrossRef]

23. Adler, N.E.; Newman, K. Socioeconomic disparities in health: Pathways and policies. Health Aff. 2002, 21,
60–76. [CrossRef] [PubMed]

24. Tobacco and Poverty: A Vicious Circle. Available online: https://apps.who.int/iris/handle/10665/68704
(accessed on 16 June 2020).

25. Karriker-Jaffe, K.J.; Roberts, S.C.M.; Bond, J. Income inequality, alcohol use, and alcohol-related problems.
Am. J. Public Health 2013, 103, 649–656. [CrossRef]

26. Killewo, J. Poverty, TB, and HIV infection: A vicious cycle. J. Health. Popul. Nutr. 2002, 20, 281–284.
27. Gaskin, D.J.; Thorpe, R.J.; McGinty, E.E.; Bower, K.; Rohde, C.; Young, J.H.; LaVeist, T.A.; Dubay, L.; Dubay, L.

Disparities in diabetes: The nexus of race, poverty, and place. Am. J. Public Health 2014, 104, 2147–2155.
[CrossRef]

28. Agardh, E.; Allebeck, P.; Hallqvist, J.; Moradi, T.; Sidorchuk, A. Type 2 diabetes incidence and socio-economic
position: A systematic review and meta-analysis. Int. J. Epidemiol. 2011, 40, 804–818. [CrossRef]

29. Multisectoral Accountability Framework to Accelerate Progress to End Tuberculosis by 2030; World Health
Organisation: Geneva, Switzerland, 3 August 2019.

30. MacNeil, A.; Glaziou, P.; Sismanidis, C.; Date, A.; Maloney, S.; Floyd, K. Global Epidemiology of Tuberculosis
and Progress Toward Meeting Global Targets—Worldwide, 2018. MMWR. Morb. Mortal. Wkly. Rep. 2020, 69,
281–285. [CrossRef]

31. Nicola, M.; Alsafi, Z.; Sohrabi, C.; Kerwan, A.; Al-Jabir, A.; Iosifidis, C.; Agha, M.; Agha, R. The Socio-Economic
Implications of the Coronavirus and COVID-19 Pandemic: A Review. Int. J. Surg. 2020, 78, 185–193.
[CrossRef]

32. United Nations. Sustainable Development Goals. Available online: https://sustainabledevelopment.un.org/

?menu=1300 (accessed on 13 June 2020).
33. United Nations. Global indicator framework for the Sustainable Development Goals and targets of

the 2030 Agenda for Sustainable Development. Available online: https://unstats.un.org/sdgs/indicators/
GlobalIndicatorFrameworkafter2020review_Eng.pdf (accessed on 26 March 2020).

34. Golden, S.D.; Earp, J.A.L. Social ecological approaches to individuals and their contexts: Twenty years
of health education & behavior health promotion interventions. Health Educ. Behav. 2012, 39, 364–372.
[PubMed]

35. Oxlade, O.; Murray, M. Tuberculosis and poverty: Why are the poor at greater risk in India? PLoS One 2012,
7, e47533. [CrossRef]

36. Stop TB Partnership. What is the Relation between TB and Poverty? Available online: http://www.stoptb.
org/assets/documents/events/world_tb_day/2002/1Therelationship.pdf (accessed on 27 March 2020).

https://apps.who.int/gho/data/node.sdg.3-a-viz?lang=en
https://apps.who.int/iris/bitstream/handle/10665/204874/WHO_NMH_NVI_16.3_eng.pdf;jsessionid=244DC978B0833D7128BD508B32D46E9A?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/204874/WHO_NMH_NVI_16.3_eng.pdf;jsessionid=244DC978B0833D7128BD508B32D46E9A?sequence=1
http://dx.doi.org/10.1371/journal.pmed.0040020
http://dx.doi.org/10.1136/bmj.k757
http://dx.doi.org/10.1164/rccm.200402-140OE
http://www.ncbi.nlm.nih.gov/pubmed/15161611
http://dx.doi.org/10.1164/rccm.201501-0135OE
http://www.ncbi.nlm.nih.gov/pubmed/26278794
http://dx.doi.org/10.1183/09031936.00078708
http://www.ncbi.nlm.nih.gov/pubmed/18978146
http://dx.doi.org/10.1016/S2214-109X(18)30195-5
http://dx.doi.org/10.1377/hlthaff.21.2.60
http://www.ncbi.nlm.nih.gov/pubmed/11900187
https://apps.who.int/iris/handle/10665/68704
http://dx.doi.org/10.2105/AJPH.2012.300882
http://dx.doi.org/10.2105/AJPH.2013.301420
http://dx.doi.org/10.1093/ije/dyr029
http://dx.doi.org/10.15585/mmwr.mm6911a2
http://dx.doi.org/10.1016/j.ijsu.2020.04.018
https://sustainabledevelopment.un.org/?menu=1300
https://sustainabledevelopment.un.org/?menu=1300
https://unstats.un.org/sdgs/indicators/Global Indicator Framework after 2020 review_Eng.pdf
https://unstats.un.org/sdgs/indicators/Global Indicator Framework after 2020 review_Eng.pdf
http://www.ncbi.nlm.nih.gov/pubmed/22267868
http://dx.doi.org/10.1371/journal.pone.0047533
http://www.stoptb.org/assets/documents/events/world_tb_day/2002/1Therelationship.pdf
http://www.stoptb.org/assets/documents/events/world_tb_day/2002/1Therelationship.pdf


Trop. Med. Infect. Dis. 2020, 5, 101 17 of 19

37. Gupta, K.B.; Gupta, R.; Atreja, A.; Verma, M.; Vishvkarma, S. Tuberculosis and nutrition. Lung India 2009, 26,
9–16. [CrossRef]

38. Bhargava, A.; Benedetti, A.; Oxlade, O.; Pai, M.; Menzies, D. Undernutrition and the incidence of tuberculosis
in India: National and subnational estimates of the population-attributable fraction related to undernutrition.
Natl. Med. J. India 2014, 27, 128–133.

39. Padmapriyadarsini, C.; Shobana, M.; Lakshmi, M.; Beena, T.; Swaminathan, S. Undernutrition & tuberculosis
in India: Situation analysis & the way forward. Indian J. Med. Res. 2016, 144, 11–20. [PubMed]

40. Reid, M.J.A.; Arinaminpathy, N.; Bloom, A.; Bloom, B.R.; Boehme, C.; Chaisson, R.; Chin, D.P.; Churchyard, G.;
Cox, H.; Ditiu, L.; et al. Building a tuberculosis-free world: The lancet commission on tuberculosis. Lancet
2019, 393, 1331–1384. [CrossRef]

41. Hahn, R.A.; Truman, B.I. Education improves public health and promotes health equity. Int. J. Health Serv.
2015, 45, 657–678. [CrossRef] [PubMed]

42. Cutler, D.M.; Lleras-Muney, A. Understanding differences in health behaviors by education. J. Health Econ.
2010, 29, 1–28. [CrossRef]

43. Samal, J. Health Seeking Behaviour among Tuberculosis Patients in India: A Systematic Review. J. Clin.
Diagn. Res. 2016, 10, LE01. [CrossRef]

44. Nhamoyebonde, S.; Leslie, A. Biological differences between the sexes and susceptibility to tuberculosis.
J. Infect. Dis. 2014, 209, S100–S106. [CrossRef] [PubMed]

45. Holmes, C.B.; Hausler, H.; Nunn, P. A review of sex differences in the epidemiology of tuberculosis. Int. J.
Tuberc. Lung Dis. 1998, 2, 96–104. [PubMed]

46. Connolly, M.; Nunn, P. Women and tuberculosis. World Health Stat. Q. 1996, 49, 115–119. [PubMed]
47. Krishnan, L.; Akande, T.; Shankar, A.V.; McIntire, K.N.; Gounder, C.R.; Gupta, A.; Yang, W.-T. Gender-Related

Barriers and Delays in Accessing Tuberculosis Diagnostic and Treatment Services: A Systematic Review of
Qualitative Studies. Tuberc. Res. Treat. 2014, 2014, 1–14. [CrossRef] [PubMed]

48. Horton, K.C.; MacPherson, P.; Houben, R.M.G.J.; White, R.G.; Corbett, E.L. Sex Differences in Tuberculosis
Burden and Notifications in Low- and Middle-Income Countries: A Systematic Review and Meta-analysis.
PLoS Med. 2016. [CrossRef]

49. Yang, W.-T.; Gounder, C.R.; Akande, T.; De Neve, J.-W.; McIntire, K.N.; Chandrasekhar, A.; de Lima Pereira, A.;
Gummadi, N.; Samanta, S.; Gupta, A. Barriers and Delays in Tuberculosis Diagnosis and Treatment Services:
Does Gender Matter? Tuberc. Res. Treat. 2014, 2014, 1–15. [CrossRef]

50. Quansah, R.; Semple, S.; Ochieng, C.A.; Juvekar, S.; Armah, F.A.; Luginaah, I.; Emina, J. Effectiveness
of interventions to reduce household air pollution and/or improve health in homes using solid fuel in
low-and-middle income countries: A systematic review and meta-analysis. Environ. Int. 2017, 103, 73–90.
[CrossRef]

51. Jafta, N.; Jeena, P.M.; Barregard, L.; Naidoo, R.N. Childhood tuberculosis and exposure to indoor air pollution:
A systematic review and meta-analysis. Int. J. Tuberc. Lung Dis. 2015, 19, 596–602. [CrossRef]

52. Sumpter, C.; Chandramohan, D. Systematic review and meta-analysis of the associations between indoor air
pollution and tuberculosis. Trop. Med. Int. Heal. 2013, 18, 101–108. [CrossRef]

53. Lin, H.-H.; Suk, C.-W.; Lo, H.-L.; Huang, R.-Y.; Enarson, D.A.; Chiang, C.-Y. Indoor air pollution from solid
fuel and tuberculosis: A systematic review and meta-analysis. Int. J. Tuberc. Lung Dis. 2014, 18, 613–621.
[CrossRef]

54. Lai, T.C.; Chiang, C.-Y.; Wu, C.-F.; Yang, S.-L.; Liu, D.-P.; Chan, C.-C.; Lin, H.-H. Ambient air pollution and
risk of tuberculosis: A cohort study. Occup. Environ. Med. 2016, 73, 56–61. [CrossRef]

55. Lin, Y.J.; Lin, H.-C.; Yang, Y.-F.; Chen, C.-Y.; Ling, M.-P.; Chen, S.-C.; Chen, W.-Y.; You, S.-H.; Lu, T.-H.;
Liao, C.-M. Association between ambient air pollution and elevated risk of tuberculosis development.
Infect. Drug Resist. 2019, 12, 3835–3847. [CrossRef] [PubMed]

56. Donald, P.R.; Marais, B.J.; Barry, C.E. Age and the epidemiology and pathogenesis of tuberculosis. Lancet
2010, 375, 1852–1854. [CrossRef]

57. Maher, D.; Boldrini, F.; Alli, B.O.; Gabriel, P.; Kisting, S.; Norval, P.-Y. Guidelines for workplace TB control
activities the contribution of workplace TB control activities to TB control in the community. Available
online: http://www.stoptb.org/assets/documents/resources/publications/technical/workplace_guidelines.pdf
(accessed on 27 March 2020).

http://dx.doi.org/10.4103/0970-2113.45198
http://www.ncbi.nlm.nih.gov/pubmed/27834321
http://dx.doi.org/10.1016/S0140-6736(19)30024-8
http://dx.doi.org/10.1177/0020731415585986
http://www.ncbi.nlm.nih.gov/pubmed/25995305
http://dx.doi.org/10.1016/j.jhealeco.2009.10.003
http://dx.doi.org/10.7860/JCDR/2016/19678.8598
http://dx.doi.org/10.1093/infdis/jiu147
http://www.ncbi.nlm.nih.gov/pubmed/24966189
http://www.ncbi.nlm.nih.gov/pubmed/9562118
http://www.ncbi.nlm.nih.gov/pubmed/9050189
http://dx.doi.org/10.1155/2014/215059
http://www.ncbi.nlm.nih.gov/pubmed/24900921
http://dx.doi.org/10.1371/journal.pmed.1002119
http://dx.doi.org/10.1155/2014/461935
http://dx.doi.org/10.1016/j.envint.2017.03.010
http://dx.doi.org/10.5588/ijtld.14.0686
http://dx.doi.org/10.1111/tmi.12013
http://dx.doi.org/10.5588/ijtld.13.0765
http://dx.doi.org/10.1136/oemed-2015-102995
http://dx.doi.org/10.2147/IDR.S227823
http://www.ncbi.nlm.nih.gov/pubmed/31827330
http://dx.doi.org/10.1016/S0140-6736(10)60580-6
http://www.stoptb.org/assets/documents/resources/publications/technical/workplace_guidelines.pdf


Trop. Med. Infect. Dis. 2020, 5, 101 18 of 19

58. Heymann, J.; Rho, H.J.; Schmitt, J.; Earle, A. Ensuring a healthy and productive workforce: Comparing
the generosity of paid sick day and sick leave policies in 22 countries. Int. J. Health Serv. 2010, 40, 1–22.
[CrossRef]

59. Asfaw, A.; Pana-Cryan, R.; Rosa, R. Paid sick leave and nonfatal occupational injuries. Am. J. Public Health
2012, 102, e59–e64. [CrossRef] [PubMed]

60. Kim, D. Paid Sick Leave and Risks of All-Cause and Cause-Specific Mortality among Adult Workers in the
USA. Int. J. Environ. Res. Public Health 2017, 14, 1247. [CrossRef]

61. Duarte, R.; Lönnroth, K.; Carvalho, C.; Lima, F.; Carvalho, A.C.C.; Muñoz-Torrico, M.; Centis, R. Tuberculosis,
social determinants and co-morbidities (including HIV). Pulmonology 2018, 24, 115–119. [CrossRef]

62. Reyes, R.; Ahn, R.; Thurber, K.; Burke, T.F. Urbanization and Infectious Diseases: General Principles,
Historical Perspectives, and Contemporary Challenges. In Challenges in Infectious Diseases; Springer New
York: New York, NY, USA, 2013; pp. 123–146.

63. Prasad, A.; Ross, A.; Rosenberg, P.; Dye, C. A world of cities and the end of TB. Trans. R. Soc. Trop. Med. Hyg.
2016, 110, 151–152. [CrossRef]

64. Nardell, E.; Lederer, P.; Mishra, H.; Nathavitharana, R.; Theron, G. Cool but dangerous: How climate change
is increasing the risk of airborne infections. Indoor Air 2020, 30, 195–197. [CrossRef]

65. Harries, A.D. Chronic kidney disease, tuberculosis and climate change. Int. J. Tuberc. Lung Dis. 2020, 24,
132–133. [CrossRef]

66. WHO Global TB Report App launched. Available online: https://www.who.int/tb/features_archive/TB-
report-App/en/ (accessed on 11 June 2020).

67. Tuberculosis Country Profiles. Available online: https://www.who.int/tb/country/data/profiles/en/ (accessed
on 11 June 2020).

68. Measuring progress towards the Sustainable Development Goals - SDG Tracker. Available online: https:
//sdg-tracker.org/ (accessed on 27 March 2020).

69. Pradhan Mantri Kaushal Vikas Yojana (PMKVY). Available online: https://pmkvyofficial.org/ (accessed on
11 May 2020).

70. Mahatma Gandhi National Rural Employment Gurantee Act. Available online: https://nrega.nic.in/netnrega/

home.aspx (accessed on 11 May 2020).
71. Pradhan Mantri Ujjwala Yojana. Available online: https://pmuy.gov.in/ (accessed on 11 May 2020).
72. Ministry of Skill Development and Entrepreneurship. Available online: https://www.msde.gov.in/proposed-

scheme.html (accessed on 11 May 2020).
73. Pradhan Mantri Jan-Dhan Yojana, Ministry of Finance, Government of India. Available online: https:

//www.pmjdy.gov.in/scheme (accessed on 11 May 2020).
74. Jawaharlal Nehru National Urban Renewal Mission: Ministry of Housing and Urban Affairs, Goverment of

India. Available online: http://mohua.gov.in/cms/jawaharlal-nehru-national-urban-renewal-mission.php
(accessed on 11 May 2020).

75. School Education, Government of India, Ministry of Human Resource Development. Available online:
https://mhrd.gov.in/mid-day-meal (accessed on 11 May 2020).

76. Samagra Shiksha. Available online: http://samagra.mhrd.gov.in/ (accessed on 11 May 2020).
77. Beti Bachao Beti Padhao, Ministry of Women & Child Development, Government of India. Available online:

https://wcd.nic.in/bbbp-schemes (accessed on 11 May 2020).
78. Governement of India. Ministry of Women and Child Development, Revised Guidelines and Application

Format on Support to Training and Employment Programmer for Women (STEP) 2009. Available online:
https://wcd.nic.in/sites/default/files/RevisedschemeofSTEP_0.pdf (accessed on 11 May 2020).

79. Ministry of Women & Child Development. Available online: http://mahilaehaat-rmk.gov.in/en/ (accessed on
11 May 2020).

80. Swachh Bharat Mission-Gramin. Available online: https://sbm.gov.in/sbmReport/home.aspx (accessed on
11 May 2020).

81. National Water and Sanitation Programmer, Ministry of Environment & Forest, Govt. of India. Available
online: http://www.sulabhenvis.nic.in/Database/NationalWater_176.aspx (accessed on 11 May 2020).

82. National Rural Drinking Water Programmer. Available online: https://www.prsindia.org/content/national-
rural-drinking-water-programme-22 (accessed on 16 May 2020).

http://dx.doi.org/10.2190/HS.40.1.a
http://dx.doi.org/10.2105/AJPH.2011.300482
http://www.ncbi.nlm.nih.gov/pubmed/22720767
http://dx.doi.org/10.3390/ijerph14101247
http://dx.doi.org/10.1016/j.rppnen.2017.11.003
http://dx.doi.org/10.1093/trstmh/trw004
http://dx.doi.org/10.1111/ina.12608
http://dx.doi.org/10.5588/ijtld.19.0556
https://www.who.int/tb/features_archive/TB-report-App/en/
https://www.who.int/tb/features_archive/TB-report-App/en/
https://www.who.int/tb/country/data/profiles/en/
https://sdg-tracker.org/
https://sdg-tracker.org/
https://pmkvyofficial.org/
https://nrega.nic.in/netnrega/home.aspx
https://nrega.nic.in/netnrega/home.aspx
https://pmuy.gov.in/
https://www.msde.gov.in/proposed-scheme.html
https://www.msde.gov.in/proposed-scheme.html
https://www.pmjdy.gov.in/scheme
https://www.pmjdy.gov.in/scheme
http://mohua.gov.in/cms/jawaharlal-nehru-national-urban-renewal-mission.php
https://mhrd.gov.in/mid-day-meal
http://samagra.mhrd.gov.in/
https://wcd.nic.in/bbbp-schemes
https://wcd.nic.in/sites/default/files/Revised scheme of STEP_0.pdf
http://mahilaehaat-rmk.gov.in/en/
https://sbm.gov.in/sbmReport/home.aspx
http://www.sulabhenvis.nic.in/Database/NationalWater_176.aspx
https://www.prsindia.org/content/national-rural-drinking-water-programme-22
https://www.prsindia.org/content/national-rural-drinking-water-programme-22


Trop. Med. Infect. Dis. 2020, 5, 101 19 of 19

83. Jawaharlal Nehru National Solar Mission. Available online: https://vikaspedia.in/energy/policy-support/
renewable-energy-1/solar-energy/jawaharlal-nehru-national-solar-mission (accessed on 1 June 2020).

84. National Afforestation Programmer, Ministry of Environment and Forests, Government of India. Available
online: http://www.naeb.nic.in/documents/NAP_intro.htm (accessed on 31 May 2020).

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

https://vikaspedia.in/energy/policy-support/renewable-energy-1/solar-energy/jawaharlal-nehru-national-solar-mission
https://vikaspedia.in/energy/policy-support/renewable-energy-1/solar-energy/jawaharlal-nehru-national-solar-mission
http://www.naeb.nic.in/documents/NAP_intro.htm
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	TB Burden: Globally and in the WHO South-East Asia and Western Pacific Regions 
	End TB Strategy 
	Factors Influencing the Risk of Exposure to Mycobacterium tuberculosis (Mtb), Infection, the Progression from Infection to Disease and Adverse Treatment Outcomes 
	Relationship between Various Health-Related Risk factors and Major Underlying Socio-Economic Determinants of TB 
	Need for Action on Risk Factors and Major Determinants of TB 

	Framework for Action on Social Determinants of Tuberculosis: Sustainable Development Goals 
	Sustainable Development Goals that Are Likely to Have a Significant Impact on the Burden of TB 
	SDG Goal 1: No Poverty 
	SDG Goal 2: Zero Hunger 
	SDG Goal 3: Good Health and Well Being 
	SDG Goal 4: Quality Education 
	SDG Goal 5: Gender Equality 
	SDG Goal 6: Clean Water and Sanitation 
	SDG Goal 7: Affordable and Clean Energy 
	SDG Goal 8: Decent Work and Economic Growth 
	SDG Goal 10: Reduced Inequalities 
	SDG Goal 11: Sustainable Cities and Communities 
	SDG Goal 13: Climate Action 


	Role of National TB Programs in Accelerating the Progress towards Achieving SDGs 
	Conclusions 
	References

