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In this update, recent publications within
the field of environmental and occupational
medicine, from this journal and others, are
highlighted. Effects of ambient air pollution
on a diverse range of airways disease
continue to be discovered, reiterating the
impressive potency of this near-ubiquitous
and largely anthropogenic toxicant. Air
pollution is now recognized as the third
leading cause of disability-adjusted life years
due to chronic respiratory disease globally
(1). Studies in the past year have
significantly strengthened the link between
air pollution exposure and adverse health
outcomes including mortality (2–4), lung
cancer (4–6), infections (7–9), and
obstructive lung disease (including asthma)
(10, 11). Important underlying mechanistic
details were illuminated in several animal
models (12–17). The association between
poor indoor air quality and lung diseases
is a topic of increasing interest and was
investigated in several reports in 2013
(18–21). Controlled human exposure
experiments were in the spotlight, in part
because of ethical concerns about the
justification of this approach. An important
position paper by leading researchers and
a biomedical ethicist strongly supports the
usefulness of controlled exposures, which
continue to provide new insights into
adverse health effects of different pollutants
(22).

Asbestos exposure is a well-recognized
risk factor for pleural mesothelioma, and
two epidemiology studies were published
that explored the interaction between
exposure to asbestos, other mineral fibers,

and cigarette smoking in mesothelioma,
asbestosis, and lung cancer (23, 24). Arsenic
is increasingly recognized as a groundwater
contaminant, with potential effects on
lung development and function. An
important paper provided strong evidence
that even low levels of arsenic exposure
are associated with reduced lung function
(25). The adverse health effects of global
warming are becoming apparent, and one
paper provided a sobering reminder that
elevated ambient temperatures are a strong
risk factor for respiratory morbidity (26).
Unfortunately, the adverse effects of
environmental and occupational exposures
on lung health occur disproportionately in
ethnic minorities and those with lower
socioeconomic status, underscoring the
urgent need to address these important
health disparities (27). Although our
understanding of the adverse effects of
environmental and occupational exposures
on lung health continues to expand, more
research is needed to understand
mechanisms involved and discover the
optimal public health measures to mitigate
risk.

Air Pollution

Effects on Mortality
The association between particulate matter
(PM) exposure and ischemic cardiovascular
events is well established. However, it is
not as clear that PM exposure is associated
with mortality from chronic obstructive
pulmonary disease (COPD), lung cancer, or

other pulmonary diseases. Carey and
colleagues used a large (835,607 subjects)
database to show that PM, nitrogen dioxide
(NO2), and sulfur dioxide were associated
with all-cause mortality in England:
interestingly, the signal was stronger for
respiratory than cardiovascular causes (2).
This paper provides a counterpoint to the
prevailing view that these pollutants are
particularly associated with deaths from
cardiovascular causes. Whether this
represents something unique to the
cohort studied in England requires
further study. The association between
respiratory mortality and air pollution
was underscored by Gan and colleagues,
who reported a link between traffic-related
elevations in black carbon concentrations
and COPD hospitalization and mortality
(3). A key strength of this population-based
cohort study from Vancouver, Canada
was the use of personalized exposure
estimates afforded by land use regression.
Additionally, exposure to higher levels of
wood smoke pollution was also associated
with increases in COPD hospitalizations.
Although the study by Carey and colleagues
argues against ozone as a key mediator of
noted effects in England (2), Jerrett and
colleagues provide a contrasting perspective
using data from the American Cancer
Society cohort from an earlier era (4).
Exposure to fine PM, ozone, and NO2 was
positively associated with ischemic heart
disease mortality, whereas NO2 (a marker
for traffic pollution) and fine PM were also
associated with mortality from all causes
combined. Taken together, these studies
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firmly establish that even low-level
exposure to ambient outdoor air pollution
from traffic and other sources is an
important risk factor for lung disease and
deaths from COPD. A recent American
Thoracic Society consensus statement
stopped short of linking air pollution
exposure with the development of or
mortality attributable to COPD (28), but in
light of these new studies the causality of
these associations should be reassessed.

Chen and colleagues reported on the
“Great Smog of 2013” in Beijing, China,
when residents were exposed to the worst
air quality on record (29). During a 1-week
stretch in January 2013, the average
concentration of particles less than 2.5 mm
in diameter (PM2.5) was 231 mg/m3, with
a peak daily value of 443 mg/m3, both
substantially higher than maximal
recommended exposures. The authors
compared hospital visits and admissions
during matched periods before, during, and
after the event. Although mortality was not
specifically investigated, the authors did
detect significant increases in hospital visits
for both cardiovascular and respiratory
diseases (29), underscoring the urgent need
to improve air quality in Beijing and other
metropolitan areas (30, 31).

Links to Lung Cancer
In 2012, diesel exhaust was officially
designated a human carcinogen by the
International Agency for Research on
Cancer, part of the World Health
Organization. This reflected cumulative data
on the effects of chronic exposure to diesel
exhaust, which was strengthened even
further in the past year. Diesel exhaust was
tied closely to lung cancer in a study that
linked three occupational cohorts from the
United States (5). With lifelong exposure,
even ambient levels of pollution were
associated with lung cancer, suggesting that
the concern extends beyond those working
in particulate-prone occupations. In the
American Cancer Society cohort (see
above), only NO2 had significant positive
association with lung cancer mortality
(4). Raaschou-Nielsen deepened this
evidence base further still, using more
than 4 million person-years of risk to
connect PM specifically with risk of
lung adenocarcinoma (6). Consequently,
research should now focus on the
mechanisms for these sobering associations,
so that rational public health measures can
be put in place to mitigate risks.

Relationship with Infections
As opposed to the association with mortality
and lung cancer, the effects of PM and
other air pollutants on infections is less
definitive. Stern and colleagues provided an
important advance by focusing on infants,
using a prospective birth cohort to
demonstrate that even current levels of
ambient particulates in a very well-developed
country (Switzerland) may increase
respiratory symptoms and—particularly in
those with preexisting lung function
deficits—duration of respiratory tract
infections (7). In adults, increased risk for
infection is one explanation posed for the
novel finding that acute exacerbations of
idiopathic pulmonary fibrosis are linked to
ozone and NO2 exposure, recently noted by
Johannson and colleagues (8). In a mouse
model, early-life exposure to combustion-
derived PM caused immunosuppression that
persisted even to adulthood (12). Separately,
exposure to chlorine gas was found to
predispose to invasive fungal infection via
suppression of antimicrobial myeloid cells
(13), but it remains to be seen how these
mechanisms extrapolate to less irritating
ambient pollutants. In contrast, one
“criteria” pollutant (32), namely carbon
monoxide, was associated with a nearly
6% decrease in hospital admission for
respiratory tract infection in Hong Kong,
particularly in children and adults (9). In
a thoughtful editorial, Goldberg and Holguin
speculate on potential mechanisms for this
association and touch on the classic “dose is
the poison” construct to encourage further
investigation of carbon monoxide’s
therapeutic potential (33).

Association with Asthma, Airway
Obstruction, and Allergy
The association between air pollution
exposure and risk of asthma in children was
highlighted by Nishimura and colleagues.
These authors harnessed the GALA II and
SAGE II populations, which included Latino
(n = 3,343) and African American (n = 977)
children with and without asthma from five
urban regions in the mainland United
States and Puerto Rico (10). The key
finding was that exposure to ambient NO2

during infancy was associated with a small
but statistically significant increased risk for
asthma during later childhood years (odds
ratio [OR] = 1.17). Because this study
included only minority children, it is not
clear whether minority children are

particularly vulnerable in this regard.
Although most of the recent literature on
air pollution’s health effects continues to
emphasize long-term effects, Rice and
colleagues nicely captured a signal
connecting exposure to PM or ozone with
only a 1- or 2-day lag with decreases in
FEV1 (11). Remarkably, exposures fell
generally within acceptable governmental
standards, and the cohort studied was not
a particularly vulnerable population
(mostly never smoking and middle aged).

Allergic rhinitis is much more common
than asthma, but the relationship
between ambient pollution and rhinitis
pathophysiology is not well understood.
Fuertes and colleagues studied the
association between traffic-related air
pollution exposure and childhood allergic
rhinitis in the Traffic, Asthma, and Genetics
(TAG) study, a pooled analysis of six birth
cohorts (n = 15,299) (34). The authors
detected an association between allergic
rhinitis and PM2.5 mass, which was
critically dependent on the inclusion of
certain large cohorts, as statistical
significance was lost on cohort exclusion.
Additionally, there was no evidence for
gene-by-environment interactions, because
air pollution–associated rhinitis risk was
not increased in subjects with common
variants in antioxidant (GSTP1) or pattern
recognition receptor (TLR2 and TLR4)
genes. Although noting that statistically
detecting such interactions often requires
particularly large sample sizes (even larger
than those in Fuertes and colleagues [34]),
and recognizing the complexity of oxidative
stress pathways, this study does not support
the widely held belief that defective
antioxidant status is a risk factor for the
potentiating effects of air pollution
exposure on allergen sensitization.

Mechanistic Insights into Air Pollution
and Allergen Sensitization: An
Emerging Role for IL17
Several mechanistic studies during the past
year provided new insights into how air
pollution might potentiate allergen
sensitization and the development of
asthma. Current thinking is that air
pollution acts as an “inhaled adjuvant”
in this regard (i.e., that it boosts the
development of adaptive immunity by
generating mucosal inflammation). Support
for this model comes from the observation
that pollutants including PM can activate
dendritic cells, key antigen-presenting cells
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that instruct T-cell differentiation (35, 36).
Although CD41 Th2 cells are firmly
implicated in the pathogenesis of allergic
asthma, the role of other lymphocyte
subsets is becoming apparent (37). Th17
cells, which secrete IL-17A and promote
neutrophil-dominant responses, have
attracted attention recently because these
cells arise in the lung after mucosal
sensitization, tend to be steroid-insensitive,
and are associated with severe asthma
in some studies (38, 39). Several papers
in 2013 uncovered an interesting role
for Th17 responses in mediating the
effect of air pollution on allergen-driven
lung inflammation and airway
hyperresponsiveness (AHR). Martin and
colleagues capitalized on a mouse model of
sensitization to ovalbumin to demonstrate
that preexposure to NO2 promotes an
antigen-specific response that requires
the IL-1 receptor and caspase-1 to
generate Th17 cells (14). Interestingly,
dexamethasone blocked Th17 cytokine
production in this model but did not affect
responses induced by adoptively transferred
canonical Th17 cells (40). Thus, Th17 cells
that arise in the lung in response to NO2

priming followed by allergen exposure are
different than those that arise in vitro under
highly polarizing conditions. Surprisingly,
however, IL-1R knockout mice developed
enhanced AHR compared with wild-type
mice, demonstrating the complexity of
mucosal immune responses in this context
and the need for further work (40). In
a separate study, Brandt and colleagues
demonstrated that combined exposure to
diesel exhaust particles and house dust mites
elicited IL17-dependent AHR in mice,
although airway inflammation had
a mixed Th2/Th17 phenotype (15). These
investigators also showed that plasma IL-
17A levels were higher in children exposed
to higher diesel exhaust particle levels. In
another study, the ability of ambient PM to
promote Th17 responses was found to
depend on the aryl hydrocarbon receptor,
implicating a role for polycyclic aromatic
hydrocarbons (16). In a study of mice
exposed to engineered nanomaterials, Sayers
and colleagues observed a mixed Th1/Th2/
Th17-dependent phenotype that was
dependent on COX-2 (17). Collectively,
these studies emphasize the emerging role of
IL17-dependent immune responses induced
by air pollution and environmental
exposures and underscore the importance of
coexposure studies in immunotoxicology.

Indoor Air Pollution
Indoor air quality is increasingly linked with
exacerbations of asthma and other lung
diseases, but the mechanisms remain poorly
understood. Matsui and colleagues explored
the relationship between indoor NO2,
airborne endotoxin levels, and asthma
symptoms in a cohort of children living in
Baltimore, Maryland (18). In children living
in homes with lower NO2 concentrations,
higher endotoxin was associated with an
increase in acute asthma-related medical
visits (OR = 1.27). In contrast, in those
living in homes with higher NO2

concentrations, endotoxin was negatively
associated with such visits (OR = 0.80). The
modifying effect was essentially opposite
that observed with airborne nicotine (a
proxy for secondhand smoke [SHS]),
suggesting complex relationships that bear
further study before public health
recommendations can be proposed. The
accompanying editorial summarized the
challenges in assessing multiplicative
interactions of different environmental
exposures using statistical modeling (41). In
another study from this group, Lu and
colleagues reported a significant association
between being overweight or obese and
asthma symptoms in children exposed to
indoor PM2.5 or NO2 (19). Interestingly,
however, other measures of asthma
morbidity (such as lung function or health
care use) did not vary by weight. The
relationship between SHS exposure and
adult-onset asthma was specifically
investigated by Lajunen and colleagues
(20). These authors reported a strikingly
synergistic interaction between parental
history of asthma, SHS exposure, and risk
of adult-onset asthma in a population-
based incident case-control study from
Finland. Specifically, the ORs for asthma
were 1.97 for SHS exposure, 2.64 for
parental asthma, but 12.69 for their joint
effect (20). In former smokers with COPD,
Hansel and colleagues found that even
small increases in indoor PM2.5 and NO2

were associated with increased respiratory
symptoms and risk of exacerbation (21).
This report underscores the importance of
studying vulnerable populations who may
be especially susceptible to adverse health
effects of poor indoor air quality.

Controlled Human Exposures
The mechanisms by which outdoor and
indoor pollutants contribute to respiratory

morbidity and mortality require further
study, both to provide biological plausibility
for observed findings from other disciplines
and also to concretely assess the potential for
interventions in the (human) species of
ultimate concern. Controlled human
exposure studies have provided important
insights in this regard and occupy a critical
position between epidemiological
associations and in vitro mechanistic
research in cells or animal models
(Figure 1). Controlled human exposures
require specialized approaches and
infrastructure and careful attention to
safety and are not widely available. In
a recent position paper, Rom, Boushey, and
Caplan provide important historical
and ethical perspectives on these studies
and conclude that “(s)tudies in humans in
real-time are nonetheless essential to the
understanding the adverse health effects of
air pollution, and importantly, chamber
studies have ethically modeled exposures at
levels of pollutants above, at, or below
promulgated air quality standards,
measured adverse health effects, and
performed this with a remarkable safety
record” (22). Several studies in 2013 were
reported that provided new insights using
these approaches. Yamamoto and
colleagues conducted a double-blinded,
randomized crossover study of filtered air
versus diesel exhaust exposure (with or
without supplementation with the
antioxidant N-acetylcysteine) in 13 subjects
with asthma (42). These authors studied
gene expression profiles in peripheral blood
mononuclear cells before and after
exposure, focusing on micro-RNA (mi-
RNA) expression. mi-RNAs are small
noncoding RNAs that regulate gene
expression at the post-transcriptional level
and have previously been shown to be
regulated by diesel exhaust in human
airway epithelium (43). Yamamoto and
colleagues found that diesel exhaust
exposure induced several mi-RNAs in
circulating cells, including those involved in
oxidant responses. Interestingly,
supplementation with N-acetylcysteine
attenuated the effects of diesel exhaust
exposure, although there was
interindividual variability in this regard
(42). Additional support for the role of
oxidative stress came from a report by
Alexis and colleagues, who built on prior
ozone exposure studies showing variability
in neutrophilic airway inflammation (44).
In a newer analysis, the authors compared
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ozone-induced sputum neutrophilia in
subjects with and without the GSTM1
null genotype, a common variant in an
antioxidant gene. The authors concluded
that subjects with increased neutrophilic
response to low-level ozone (0.06 ppm for
6 h) were 13 times more likely to have the
GSTM1 null genotype than nonresponders.
Sava and colleagues exposed eighteen
subjects with asthma to filtered air or diesel
exhaust (300 mg/m3 PM2.5), and 18 hours
later nasal lavage fluids were collected and
methacholine bronchoprovocation was
investigated (45). The authors detected
a small but statistically significant increase
in nasal lavage substance P (but not
calcitonin gene-related peptide) after diesel
exhaust exposure. Although methacholine
reactivity did not increase after diesel
exposure versus filtered air, these authors
did detect a significant association between
changes in substance P and the
methacholine dose–response slope. This
study suggests that neurogenic
inflammation may contribute to adverse
health effects of diesel exposure in
susceptible patients with asthma (45).
Taken together, these studies suggest that
controlled human exposures will continue
to provide new insights into the adverse
health effects of air pollution in the future.

Asbestos Exposure,
Mesothelioma, and Lung
Cancer

Lacourt and colleagues reported a case-
control study investigating associations
between pleural mesothelioma and
occupational exposure to asbestos, mineral
wool, and silica (23). A total of 1,199 cases
and 2,379 control subjects were identified
from different sources in France from 1987
to 1996 and 1998 to 2006. Although
occupational exposure to asbestos is
a well-known risk factor for pleural
mesothelioma, the risks associated with
mineral wool (which is used in insulation)
and silica dust are less clear. The main
finding was that occupational exposure to
mineral wool was associated with
a significantly increased OR for
mesothelioma when adjusting for asbestos
exposure (e.g., OR = 2.5 for highest
exposure group). No such associations
were found for silica exposure in adjusted
analyses, although a significantly higher
OR was observed for silica exposure in the
unadjusted subgroup analysis. These
seemingly contradictory results could be
the result of misclassification, the inability
to independently separate exposures to the

different compounds, or other factors,
which were discussed in subsequent
correspondence (46, 47). Coexposure to all
three particles seemed to enhance the risk
of pleural mesothelioma even further.
Although previous cohort studies did not
suggest an association between mineral
wool exposure and mesothelioma, two
previous smaller case-control studies did
(48, 49). Taken together, these data suggest
that more research is needed to understand
how mineral wool and other fibers interact to
increase risk of mesothelioma over time.

Markowitz and colleagues studied the
association between asbestos exposure,
asbestosis, cigarette smoking, and lung
cancer in 2,377 male North American
insulators (24). Chest X-ray, spirometric,
occupational, and smoking data were
collected in 1981 to 1983, and lung cancer
mortality was monitored from 1981 to
2008. The comparison group was 54,243
non–asbestos-exposed blue-collar male
workers for whom occupational and
smoking data were available during the
same period. This study confirmed the
strong association between radiographic
evidence of asbestosis and lung cancer
mortality, with a striking synergistic effect
of concomitant cigarette smoking (rate
ratio of 7.40 vs. 36.8 for asbestosis in

Figure 1. Controlled human exposures provide a critical link between epidemiology and basic research.
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the absence or presence of smoking,
respectively). A smaller but statistically
significant increase in lung cancer
mortality was also observed for asbestos
exposure even in the absence of radiographic
evidence of asbestosis at time of enrollment
(RR = 3.6 among nonsmokers). This study
has important medicolegal implications,
because occupational exposure to lower levels
of asbestosis occurs in other professions
where it is often not accompanied by overt
asbestosis. However, this study did not
explicitly determine whether asbestosis was
present at the time lung cancer was
diagnosed and therefore might have
overestimated the effect of asbestos exposure
in the absence of asbestosis (50–52).
Reassuringly, smoking cessation significantly
decreased lung cancer risk in all subgroups,
as pointed out in the accompanying editorial
(53).

Arsenic

Chronic arsenic exposure is a major
public health problem worldwide,
affecting hundreds of millions of people
(54). The relationship between arsenic
toxicity and lung disease has long been
recognized, included studies from Chile
showing that early life arsenic poisoning
resulted in severe and sometimes fatal
lung fibrosis in children. In 2013, Parvez
and colleagues reported the results of
a prospective cohort study in Bangladesh,
where low-level arsenic exposure occurs
via contaminated well water (25). This
study has several strengths, including
a large sample size (950 individuals who
presented with respiratory symptoms to
a local chest clinic), simultaneous
analysis of urinary and water arsenic,
together with pre- and post-
bronchodilator spirometry. The main
observation was that increasing levels of
urinary and water arsenic were associated
with a dose-related decrease in lung
function (both FEV1 and FVC). These
associations remained significant in

multivariate logistic regression analyses
controlling for age, cigarette smoking,
socioeconomic status, and other potential
confounders (25). Previous experiments
using mouse models and cell culture
suggest that epithelial cells are one
potential target of arsenic in the lung.
Sherwood and colleagues reported that
arsenic disrupted airway epithelial
barrier function using in vitro cell culture
models (55). Epithelial barrier
dysfunction is increasingly associated
with lung diseases and can lead to
epithelial activation and airway
inflammation (56). Using mouse and
human airway epithelial cells, these
authors and found that arsenic exposure
reduced transepithelial electrical
resistance, a sign of barrier dysfunction
(55). Further research will be needed to
determine the mechanisms for this effect
and whether it translates into enhanced
macromolecular permeability. Taken
together, these studies indicate that
even low-level arsenic exposure
compromises lung function, and the
challenges now are to define the relevant
mechanisms involved and implement
preventive public health measures.

Coal Mine Dust Lung Disease

Petsonk, Rose, and Cohen wrote a timely
update summarizing “new lessons from
an old exposure” (57). Although
pneumoconioses are widely believed to be
only of historical interest, the authors
summarize recent data indicating an
ongoing increase in both the prevalence
and severity of coal mine dust lung
disease. Particularly concerning are hot
spots of exposure, with miners developing
rapidly progressive fibrosis and loss of
lung function in certain parts of the
country. The authors provide
recommendations for screening,
diagnosis, and management of the
broad spectrum of these disorders,
including medicolegal implications of

establishing the degree of impairment
(57).

Climate Change Will Impact
Pulmonary Disease Burden

The impact of global warming on
respiratory health is only now beginning to
be understood. Rom, Evans, and Uppal
reported on how Superstorm Sandy affected
Bellevue Hospital, which can be viewed as
a sentinel event of climate change (58).
Although warm temperatures are known to
increase rates of respiratory mortality, the
relationship between heat and respiratory
morbidity has not been as well
characterized. Previous studies from other
countries have provided conflicting
results, with some studies reporting slight
decreases in hospitalizations during hot
weather (e.g., in Athens, Greece). Anderson
and colleagues used a dataset that
contained daily hospitalization rates from
1999 to 2008 for 221 U.S. counties and
studied the relationship between outdoor
heat and hospitalization for COPD and
respiratory infections using International
Classification of Diseases, ninth revision
codes (26). The final data set covered
approximately 12.5 million Medicare
beneficiaries across the United States (more
than 30% of the U.S. population >65 yr
of age). The main finding was that
respiratory hospitalizations increased 4.3%
for each 108F increase in daily mean
summer temperature. These results were
similar across demographic groups and
were slightly more pronounced in cooler
counties. These sobering results suggest
that the collision of an aging population
with warming global temperatures will
result in increased respiratory morbidity in
the future. n

Author disclosures are available with the text
of this article at www.atsjournals.org.
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