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Abstract: Rapid urbanization, increasing population and increased industrialization to cater to 

demands of the growing population has imposed upon us a huge environmental cost. The 

significantly deteriorated air quality across the globe is associated with a direct and indirect 

impact on public health. While associated disorders such as chronic obstructive pulmonary 

diseases, heart failures are well documented, less is known about the biological basis of the 

process. We hypothesize that the worsening air quality may likely impact common systemic 

inflammatory processes, thus driving communicable and non-communicable diseases 

alike.Receptor mediated entry of particulate matter (PM2.5) results in activation of signaling 

cascades which culminate in production of inflammatory chemokine and cytokine responses, 

traversing through the blood mediating impacting not only on other organs but also dysbiosis of 

microflora. For the purpose of the review we choose tuberculosis (TB) as a model for 

communicable infectious disease and type 2 diabetes mellitus (T2DM) as a marker for non-

communicable disorder.   The increasing prevalence of these co-morbidities and the burdening of 

public health systems justifies this example. However the hypothesis may be applicable to other 

inflammation driven disorders also. 
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Introduction 

The focus of this article is the co-existence of two high morbidity and mortality associated 

diseases, one communicable and largely localized namely tuberculosis (TB) and other non- 

communicable but systemic- type 2 diabetes mellitus (T2DM). The co-morbidity has been 

recognised for over a century now[1]. However the concerns are due to the increasing evidence 

of association between TB and T2DM, often exceeding, levels of HIV-TB comorbidity[2]. 

Studies have reported a higher incidence of lower lung lobe involvement in T2DM-TB cases 

along with cavitary nodular lesions[3–5].  Type -2 diabetes mellitus may have a negative impact 

on the outcome of TB treatment: higher failure rates, higher rates of all-cause mortality, and 

death specifically related to TB. Impaired glucose tolerance has been reportedly associated with 

active TB. Anti-TB treatment (isoniazid, rifampicin and pyrazinamide) are also known to induce 

hyperglycaemic effects[6]. 

Eight percent new cases of active TB attributable to T2DM amount to more than 700 000 cases 

per year worldwide. In 8 of the 22 high TB burden countries, some of which are heavily 
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populated, T2DM accounts for a greater proportion of TB cases as opposed to TB caused by 

HIV. A few examples include: Russia, where T2DM accounts for 14% of TB cases (vs 11% for 

HIV), India 23% (vs 5%), and Pakistan 9% (vs 1·5%)[7]. Notably, a common link between these 

regions has been the recording of high levels of both indoor and outdoor air pollution[8]. 

A number of common risk factors such as socio economical[9], genetic [10,11] and 

environmental [12,13]have been associated with the development of TB and T2DM. Independent 

associations between the risk factors and either of the co-morbidities have been established but a 

mechanistic linkage between the TB-T2DM comorbidity  through a common environment 

trigger is substantially less defined. 

We hypothesise that the existence of the co-morbidities is a not a chance event but may be 

interrelated; driven by an often overlooked but omnipresent factor of air pollutants. The 

biological basis to the intertwining of the TB- T2DM epidemics is the focus of this hypothesis. 

We systematically guide the reader through a brief review of the burden of air pollution in 

developing countries with a focus on India. We then move on to establish how air pollutants can 

drive a systemic or localized inflammatory response. We link how these inflammatory processes 

drive each other. And finally we relate inflammatory mechanisms to either expression (latent 

TB) or occurrence of the disease (T2DM) thus exacerbating co-morbidities. 

The World Health Organization in its Air quality guidelines directs measure of particulate matter 

2.5 (PM2.5) and 10 (PM10), Ozone (O3), Nitrogen-di-Oxide, and Sulphur-di-oxide (SO2) as 

indicators of environmental air pollution which may be contributed by indoor (example, 

incomplete biomass combustion, smoking, molds and fungi) and outdoor activities (example, 

thermal power plants, vehicular pollution). The air is considered unsafe when measurements are 

above mean values as indicated in Table 1[14].  

Table 1: WHO guideline for permissive levels of Ozone, PM2.5, PM10, NO2 and SO2 

Parameter Permissible levels 
O3 100 μg/m3 (8-hour mean)  

PM2.5 10 μg/m3 (annual mean) 25 μg/m3( 24-hour mean) 
PM10 20 μg/m3  (annual mean) 50 μg/m3(24-hour mean) 
NO2 40 μg/m3 (annual mean) 200 μg/m3 (1-hour mean) 
SO2 20 μg/m3 (24-hour mean) 500 μg/m3 (10-minute 

mean) 
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India’s urban average PM2.5 concentration in 2014 was recorded at 65.7 μg/m3 and the averages 

across 25 monitoring stations in three metropolitan cities of the country range from 44-61 μg/m3
. 

Similarly, in other Asian regions such as China and Pakistan, recorded levels of PM2.5 were 

found to be 59.5 and 67.7 μg/m3 respectively {WHO Global urban ambient air pollution database 

(update 2016), http://www.who.int/entity/phe/health_topics/outdoorair/databases/}.  Since a 

variety of sources both organic and inorganic in origin can give rise to PM2.5 and PM10, the 

measurements of these suspended air particles have been chosen as sentinel markers of air 

pollution. Recent reports confirm that long term and short term exposure to PM2.5 and PM10 

respectively, is linearly associated with mortality [8,15].  While no study has estimated the levels 

of air pollution and its impact on TB-T2DM co-morbidity, we found evidence pointing to high 

TB-T2DM burden in regions of high pollution namely, India and China.  A recent review 

assessed the bi-directional burden of TB and T2DM. The review concludes that DM prevalence 

among TB patients as ranging from approximately 5% to more than 50%, whereas TB 

prevalence among diabetic patients were 1.8–9.5 times higher than in the general population 

[16]. 

Particulate matter 2.5 (PM2.5) and inflammation 

The interaction of PM2.5 with alveolar macrophages (AMs) generates a localized inflammatory 

environment which subsequently leads to a systemic inflammatory environment characterized by 

the migration of inflammatory cells from bone marrow into the circulatory system, generation of 

acute phase proteins by the hepatocytes and an increase of circulatory inflammatory markers. 

While the biological particles such as LPS, endotoxin and glucans interact via the Toll lke 

receptors (TLR 2 and TLR4), the unopsonized PM is phagocytosed through class A scavenger 

receptor (SR-A) and macrophage receptor with collagenous structure (MARCO). SRA and 

MARCO are known to be pro inflammatory by mediating their interaction with TLR 4 a known 

agonist for NF- ΚB  activation and inflammatory cytokine production [17,18]. Interaction of PM 

with TLRs induces an inflammatory response which is augmented by involvement of non 

opsonic receptors such as SR-A and MARCO. 
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Further evidence to establishment of a pro inflammatory response is through the polarization of 

AMs to an M1 phenotype. A seminal study by Zhao et al established that exposure of 

macrophages to PM2.5 enhanced M1 polarization through activation of reactive oxygen species 

(ROS) leading to an increased expression of pro-inflammatory cytokines granulocyte-

macrophage colonystimulating factor (GM-CSF), interleukin-6 (IL-6), interleukin-1β (IL-1β), 

tumor necrosis factor alpha (TNFα). Simultaneously,  it inhibited M2 polarization ( a 

predominant Th2 driven anti-inflammatory phenotype characterized by the presence of IL-10, a 

sentinel marker) through an mTOR dependent pathway [19].  

This locally generated inflammation may give rise to systemic inflammation by either a direct or 

indirect ‘spill over’. Studies have shown movement of proteins from lung surface to systemic 

circulation. Animal studies have shown the detectionof aerosolized proteins from the lungs in the 

lymph and plasma [20]. In addition, the proteins are functional as has been demonstrated 

independently in the systemic therapeutic effect of aerosolized insulin[21]. Further, an inverse 

correlation between the transit times of neutrophils from the bone marrow with higher fraction of 

AMs phagocytosing PM has been demonstrated by Eeden et al [22].  It is also likely that the IL-

1β and IL-6 generated in the lung upon exposure to PM enhance the expression of C- reactive 

protein and other acute phase proteins in the hepatocytes (by a systemic spill over) causing their 

release in the system and thereby enhancing the systemic inflammatory response. Such 

independent evidence in different settings indicate the likely migration of a localized 

inflammatory response to the systemic level [23]. 

Particulate matter 2.5 (PM2.5) , gut and inflammation 

Particles deposited in the nasal cavities also find their way in the gut[24] Human studies have 

also shown muco-ciliary transport of the PM cleared from lungs and deposited in the intestine. 

PM may induce gut inflammation either directly or indirectly. It has been shown that ingestion of 

PM increased small intestine permeability accompanied by an inflammatory response. The gut 

permeability is increased through rearrangement of epithelial tight junctions. Increased 

permeability causes release of reactive oxygen species (ROS). These further induce cytokine 

secretion inducing breakdown of barrier and systemic inflammation. ROS is known to impact 

vital organs of the body with more damaging effects on pancreatic β cells and adipocytes. An 

indirect onset of inflammation may be mediated by the impact of PM2.5 on reduced microbial 
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diversity and altered composition. The altered composition may contribute to decrease 

production of useful metabolites such as butyrate and short chain fatty acids.  Production of toxic 

metabolites through altered gut microbial composition additionally may result in low grade 

inflammation [25].  

PM 2.5 driven inflammatory pathways in tuberculosis and type 2 diabetes mellitus 

Protective Th1 responses have often been implicated in clearance of the pathogen and limiting of 

disease. However strong Th1 responses characterized by inflammatory markers have been 

identified in patients presenting with severe forms of TB and a non-contained state of 

infection[26]. As explained, exposure to PM2.5 is associated with an onset of systemic 

inflammation. A recent study also indicates that exposure to PM2.5 results in significantly higher 

levels of neutrophils[27]. The increased neutrophils are not only found in circulation but are also 

reported in bronchoalveolar lavage [28]. Neutrophils are the primary polymorph leukocytes to be 

recruited in infection of lower lung lobes and are believed to contain infection[29]. However, 

during TB infection, recruitment of neutrophils and uptake of mycobacteria in early post 

infection results in tissue pathology [30,31]. We propose that PM2.5 exposure, induces 

neutrophilleucocytosis and enhances the recruitment of these cells to the lung (post TB 

infection). This results in a cell phenotype that survives longer, contains more mycobacteria, 

displays low antimycobacterial phenotype and is resistant to IFN γ[31]. Additionally, cytokines/ 

chemokines secreted by neutrophils have an autocrine effect resulting in an increased number of 

neutrophils. Neutrophil associated chemokines induce migration of other cell types, resulting in 

formation of granuloma, which is a known protective structure allowing proliferation of 

mycobacteria.Additionally,a recent study establishes that a rich granulocytic inflammation 

generates a nutrient-replete niche that supports M. tuberculosis growth [32]. The dysbiosis of the 

gut may also contribute to progression of mycobacterial infection to disease. The microbiota 

imbalance negatively influences antigen processing and presentation. This may consequently 

repress development of Tcell immunity and development of CCR4+Tcells which are antigen 

specific Tcells capable of homing to the lung [33,34]. The absence of the development of this 

Tcell phenotype depresses bacterial clearance in the lungs.  Overall the process exemplifies how 

PM2.5 exposure may result in progression of TB disease. 
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Insulin resistance (IR) is a sentinel mechanism of pathogenesis and etiology of type 2 diabetes 

mellitus. During low-grade systemic inflammation, macrophages infiltrate the adipose, hepatic 

and muscular tissue. Macrophages are major producers of TNF, which interferes with the ability 

of these tissues to respond to insulin.  

Under normal conditions insulin adheres to a receptor located on the surface of the adipocyes, 

hepatocytes and miocytes, initiating an intracellular signalling cascade mediated by the 

insulinreceptor substrate (IRS), which activates AKT and finally induces the mobilisation of 

glucose transporter proteins (GLUT-2 and 4) for the incorporation of glucose to the inside of the 

cell. The presence of TNF in an ERK dependent pathway interferes with the IRS-AKT-GLUT 

signaling, thereby inhibiting phosphorylation of IRS-2, AKT, GLUT-2 and -4 leading to a state 

of hyperglycaemia and later hyperinsulinameia. 

Another pro inflammatory cytokine, IL-6 induces activation of suppressor of cytokine signaling 

(SOCS) protein. The SOCS inhibits IRS through threeknown mechanisms (1) competitive 

inhibition of docking site (2) Proteasomal degradation of IRS (3) inhibition of IR kinase causing 

tyrosine phosphorylation of the docking site. [35,36]. The seminal work of Cani and colleagues 

[37,38] has already demonstrated that gut dysbiosis can lead to insulin resistance. In a series of 

studies, the investigators have shown that gut microbiota produce LPS. The leaky gut, which 

may also be contributed by exposure to air pollutants (PM2.5), may lead to translocation of these 

molecules to the blood stream. The presence of LPS in the blood stream leads to a state of 

metabolic endotoxemia, also known to be associated with obesity; a preceding factor to 

development of T2DM. Our observations are summarized in Figure 1. 
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While this hypothesis is based on observations from current literature, its existence bears testing 

through use of modern, high throughput genetic tools. For example, the use of cytokine 

biomarkers or markers of activated inflammasomes  in individuals exposed to pollutants and in a 

pollution free environment and their clinical testing for the presence of infectious diseases such 

as TB and non-infectious diseases such as T2DM and/or cardiovascular diseases[8]. 

Additionally, testing for a proof of concept using animal models for anti-inflammatory agents in 

groups exposed to pollutants and its impact on development of co-morbidities with presence of 

risk may be a helpful assessment. 

The nature and dimension of these emerging problems in low and middle-income countries need 

attention. Interventions have to be directed towards assessment of risk factors to the effects of air 

pollution. Vulnerable informal settlements in urban areas of developing nations often form a part 

of high risk communities which need targeted attention through convergences in water supply 

and sanitation, solid waste management, regulation on industrial effluents, vehicular emissions 

and archetypal modifications to name a few. Diet and physical activity have been routinely 

stressed upon as adjunct therapies for long term host benefits but recent studies indicate to the 

contrary. A compilation of several studies has shown the acute deleterious effect of even short 

term exposure to air pollution[39–41] . While exercise imparted benefits are not doubted it is 

likely that its impact may be reduced in high pollution areas. The realization that air borne 

pollution is responsible for onset of both communicable and non-communicable diseases, should 

spur national governments of affected countries to put in place environmental safeguards more 

stringently and effectively. 
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Figure legend 

Figure 1: induction of inflammation and its consequences on activation of latent TB infection 

and induction of Type 2 diabetes mellitus (T2DM).(1) PM2.5 are inhaled or ingested by alveolar 

macrophages through surface receptor A and macrophage receptor with collagenous structure 

(MARCO) (2) inhaled particles get deposited in the lungs and are processed by (3)macrophages, 

activating them, inducing an inflammatory response. (2A) Ingested particles induce 

inflammation through increasing gut permeability. (4) The localized inflammation may give rise 

to systemic inflammation, which may consequently develop into active TB disease and T2DM. 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 January 2018                   doi:10.20944/preprints201801.0095.v1

http://dx.doi.org/10.20944/preprints201801.0095.v1

