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Abstract
Current international literature suggests a higher prevalence of respiratory conditions in military personnel
during and following deployment to the Middle East for reasons that are not well understood. Therefore, a
systematic review of research into the impacts of deployment on respiratory function among international and
Australian contemporary military Veterans was undertaken.
The findings from this review suggest that deployment-related environmental, psychological trauma exposures
and other military factors such as physical activity, increased tobacco use and individual susceptibility markers
could contribute to respiratory conditions and other health effects not yet identified.
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Introduction
During the last decade, over 2.5 million United
States (US) and coalition troops have deployed
to Iraq and Afghanistan.1-3 In addition to combat
injuries, late health effects of operational service
are well recognised 4, particularly psychological
and physical effects of deployment exposures.
There is also increasing evidence suggesting a
higher prevalence of respiratory conditions among
international military personnel deployed to the
Middle East Area of Operations (MEAO).5-7 Although
no specific risk factors other than deployment
have been definitively linked to these respiratory
health outcomes, there are many characteristics
of deployment that may raise the risk of adverse
respiratory health effects, including exposure to
various airborne contaminants, burn pits, dust,
particulate matter, industrial fires and traumatic
exposure.5, 6 In addition, evidence suggests tobacco
smoking, physical activities and other individual
susceptibility factors such as age, sex, body mass
index (BMI), blood pressure, physical fitness, preexisting conditions and personal characteristics
may also increase the risk of respiratory symptoms
and may enhance susceptibility to environmental
exposures.8-11
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Although many studies have reported increases in
respiratory conditions and symptoms among military
personnel, existing knowledge regarding underlying
aetiology is yet to be fully clarified. Therefore, a
systematic review of research into the impacts
of deployment on respiratory function among
contemporary military Veterans of deployments to the
MEAO was undertaken. The aim of this review was
to examine the evidence regarding specific exposures
and risk factors in the deployment environment
that could be associated with respiratory symptoms
and illnesses among military Veterans, and to
ascertain whether there are unique risk factors and
manifestations of respiratory health among deployed
personnel. In this review, we summarise the existing
published research related to the respiratory
health of military personnel deployed to Iraq and
Afghanistan, and examine evidence regarding
associations between various deployment and other
factors, and respiratory health. To provide context
for the review, we first describe key respiratory
health outcomes and potential exposures relevant
to the military and deployed environment, and how
these could be associated with respiratory health of
MEAO deployed Service members. Following this, the
available evidence regarding the association between
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military deployment risk factors and respiratory
health will be reviewed.

Methods
A systematic literature search of library databases
was undertaken in May 2016, including, Embase,
PubMed and Scopus. Emtree and MeSH Indexing
languages were used in Embase and PubMed
databases respectively (there is no indexing language
available for Scopus). The following keywords were
searched in titles, abstracts and texts: respiratory,
respiratory tract diseases, lung disease, acute lung
injuries, lung function test, respiratory function,
veterans, veteran’s health, military, military
personnel, defence, deployment, armed conflicts,
Afghan campaign 2001, Operation Enduring
Freedom (OEF), Iraq wars 2003-2011,Operation
Iraqi Freedom (OIF), air pollutants, environmental
exposure, inhalational exposure, air environmental
pollutant, combat disorder, trauma and stressor
related disorder, and tobacco smoking.

Key findings of articles, country of origin,
measurement, population and sample size are
presented in Appendix 1. Where possible a military
comparison group was preferred; however, broader
criteria were used to provide the most comprehensive
overview of available published research. Due to the
limited research in this area, studies of lower levels of
evidence addressing issues of interest were retained,
although findings were interpreted with caution and
used as supporting rather than primary evidence
sources. A total of 172 papers were evaluated by the
lead author, with ~50% n=87) also evaluated by the
second author. Following this process, a total of 85
papers were included in this review (see Figure 1).
Figure 1: Studies obtained from initial database searches
Initial database searches n= 3630 (3526 from databases+104 by
pearling)
Removed duplicates: n= 1029
Excluded based on tiltle, abstract: n=2320

To broaden the search, the reference lists of all
included studies were examined to identify any other
potentially relevant papers (pearling). Results were
limited to studies published in English from the year
1997 to 2016.

Excluded based on relevance and full text screening: n=109
Excluded following evaluation: n=86
Total number of included papers: n=85

Exclusion criteria from the initial search included:
•

Editorials or correspondence

•

Items that were not journal articles, reviews,
clinical trials, government publications or
observational studies

•

Languages other than English

•

Published prior to 1997

•

Items not published in peer-reviewed journals

•

Included ages less than 18

•

Items that did not involve military, veterans or
servicemen

•

Preliminary assessment of studies identified the
following key areas where the impact of deployment
on these respiratory outcomes could be examined.
•

Environmental and/or chemical exposures
including; particulate matter (including metal
particles), burn pits and air pollution

•

Trauma and combat exposures including; blast,
trauma/stress

Items that did not report respiratory problems.

Included studies were assessed on their design and
level of evidence according to the Australian National
Health and Medical Research Council (NHMRC)
hierarchy of evidence.12 Inclusion criteria were
further refined to focus on:
•

Deployed Service members or Veterans of military
forces

•

The impact of deployment exposures
associations with respiratory health.
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Results

•

Other exposures/factors including; physical
activity, smoking and individual susceptibility
factors.

Papers were grouped accordingly. An assessment
of the available evidence was summarised for each
outcome, and conclusions regarding the state of
evidence in the area as a whole presented, including
an overview of notable gaps. Key study information
and findings, organised by topic, are summarised in
Appendix 1.

and
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Respiratory health outcomes in deployed
military populations
International studies have documented an increased
incidence of respiratory disorders in military personnel
who served in the Middle East compared with nondeployed populations.5-7 Overall, studies have
reported increased rates of non-specific respiratory
symptoms, asthma and constrictive bronchiolitis
in deployed military personnel, with evidence that
exposures while on deployment contribute to this
via direct actions and by disturbance of the immune
system.
In a study of the causes underlying respiratory
symptoms in military personnel returning from duty
in Iraq and Afghanistan by Morris et al. (2013), 42%
of US Veterans reported non-specific respiratory
symptoms, although most did not reach the threshold
for a specific clinical diagnosis.13 The majority of
patients who did receive a specific diagnosis had
evidence of asthma or nonspecific airway hyperreactivity. This may have reflected aggravation of
pre-existing disease13 or hyper-activation of the
immune system.14 Smith et al. (2009) also reported
that deployment was associated with respiratory
symptoms in both US Army and Marine Corps
personnel, independent of smoking status and
deployment length was positively associated with
increased symptom reporting in Army personnel.
This study concluded that specific exposures rather
than deployment in general are determinants of postdeployment respiratory illness.6 Further recent US
studies have also implicated inhalational exposures
during deployment as predictors of constrictive
bronchiolitis and new-onset asthma in Veterans.15, 16
In this review, we describe the most prevalent
respiratory health outcomes reported among
military personnel including asthma, constrictive
bronchiolitis (CB), chronic obstructive pulmonary
disease (COPD), respiratory infection and acute
eosinophilic pneumonia (AEP).

Asthma
Asthma, a form of reversible bronchospasm, is
usually connected to allergic reaction or other
forms of airway hypersensitivity. Given the nature
of deployment exposures, deployed populations may
be at risk of increased inflammation, which in turn
can impact on respiratory function.17 Since 2004, US
military candidates diagnosed with asthma after the
age of 13 have been excluded from military enlistment
unless exempted via medical waiver.16 Entry to the
Australian Defence Force (ADF) for people with
asthma similarly changed post 2007. Currently
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candidates with mild asthma may be considered
for entry to the ADF subject to certain criteria,
including normal spirometry and negative bronchial
provocation testing.18 However, rates of asthma
among serving military personnel are generally low,
in comparison to the general population. Despite
low asthma rates at intake into the military, asthma
diagnoses have increased in the US military since
the beginning of the Iraq Afghanistan war.6, 19 The
US Department of Defense reported that 13% of US
Army Medical visits in Iraq were for new-onset acute
respiratory illness.16
Recently, an increasing number of studies have
reported consistent positive associations between
psychosocial stress and asthma6, 13, 16, 20 suggesting
that, in the context of military service and deployment
specifically, both environmental exposures and
also the psychological stress of deployment should
be considered as important contributing factors.
In relation to deployment specifically, several
studies provide evidence of an association between
deployment and new-onset asthma and other
respiratory symptoms.6, 16, 19 A retrospective review
of medical diagnoses by Szema et al. (2010) of more
than 6 000 US military personnel deployed and
subsequently discharged from military active duty,
reported that deployment to Iraq was associated
with a higher risk of having a new International
Classification of Diseases-9 (ICD-9) diagnosis
of asthma post deployment.16 Similar findings
were documented in occupationally exposed first
responders to the World Trade Center disaster.21-23
In a case control study, Abraham et al. (2012)
reported an increase in post-deployment respiratory
symptoms and medical encounters for obstructive
pulmonary diseases, relative to pre-deployment
rates, in the absence of an association with
cumulative deployment duration or total number of
deployments, indicating that it may be more specific
exposures having an impact rather than deployment
alone.24 However, in contrast, DelVecchio et al. (2015)
evaluated 400 US Army personnel with a clinical
diagnosis of asthma and found that there was no
significant relationship between rates of diagnosis
or severity based on history of deployment.25 The
findings from this retrospective study may indicate
that deployment-related lung conditions are subtle
and require careful evaluation over time to determine
the long-term impacts of deployment on the
development of respiratory disease. Furthermore,
this study did not focus on deployment-related
environmental exposures, which may explain why
no association was found.
Despite screening processes in many international
militaries, pre-existing disease may also play a role
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in the development of respiratory symptoms. In a
prospective study Morris et al. (2007) examined
airway hyper-reactivity in asymptomatic US military
personnel.19 Asymptomatic airway obstruction had a
prevalence of 14% in young military personnel with
evidence of worsening obstruction during exercise.
This suggests that rates of asymptomatic asthma may
be higher than previously recognised. Results of a
cross-sectional study by Roop et al. (2007) suggested
that asthmatics with good baseline symptom
control are similar to non-asthmatics in their risk
of developing worsening respiratory symptoms or
functional limitations during deployment.26
Overall some studies show increased rates of asthma,
which may or may not be related to deployment. There
are also suggestions that asymptomatic asthma may
be underestimated, therefore deployment could
possibly be exacerbating, rather than causing the
condition. However, in the absence of mandated
pre-enlistment lung function testing, it is difficult to
determine the true prevalence of asthma or hyperreactive airways in the enlistment population.

Constrictive bronchiolitis (CB)
Constrictive bronchiolitis (CB) is a recognised form
of non-reversible obstructive lung disease in which
bronchioles are compressed and narrowed by
fibrosis and/or inflammation. In a descriptive case
series by King et al. (2011), 49 soldiers that returned
from the Middle East with unexplained respiratory
symptoms underwent lung biopsy.15 Thirty-eight of
these soldiers subsequently received diagnosis of
CB, an otherwise uncommon diagnosis. The majority
of biopsy samples showed polarisable material
consistent with the inhalation of particulate matter,
even though most of the soldiers were lifelong nonsmokers. In addition, thickening of the arteriolar
wall or occlusion in adjacent arterioles was observed,
which may have been the result of toxic inhalation.

Chronic obstructive pulmonary disease
(COPD)
A small number of participants in a prospective
study of Australian military personnel deployed to
the MEAO were found to meet the global initiative for
COPD criteria. A slight but statistically significant
change to lung function between pre-and postdeployment was also observed among this group,
specifically between small decreases in the lung
function and reported exposure to different chemical
and/or environmental exposures.1 In a retrospective
review by Matthews et al. (2014), military personnel
diagnosed with COPD were investigated. Despite
evidence of increased respiratory symptoms in
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deployed military personnel, this study reported that
the impact of deployment on increased diagnosis or
severity of COPD appears minimal.27

Infection
Respiratory infections are the leading cause of
outpatient treatment during deployment and account
for 25–30% of infectious disease hospitalisations in
US Army personnel.28, 29 Soltis et al. (2009) found
that 39% of soldiers have had at least one respiratory
infection while on deployment.30 The deployment
environment may facilitate transmission of respiratory
infections, thereby accounting for higher incidence
rates than comparable civilian populations. Service
members may be exposed to high level of stress,
contagious novel pathogens, harsh environmental
conditions31 as well as overcrowding and inadequate
hand-washing facilities.32 Respiratory bacteria
and viruses are transmitted person-to-person via
respiratory droplets, and typically result in acute
self-limiting infections.33 However, highly virulent
and transmissible strains of pathogens can lead to
morbidity and mortality.34
Combat training programs are demanding, involving
not only prolonged periods of physical activity but
also exposure to psychological stressors, sleep
deprivation, shifts in daily rhythm, and exposure to
thermal extremes and high-altitude environments.
The effects of such challenges on a soldier’s health are
complex, resulting in a broad spectrum of changes
in the immune system, which may predispose to
various diseases, predominantly of the respiratory
tract.8 Although recent attention has been directed
towards acute morbidities as a result of respiratory
infections, the adverse long-term effects of respiratory
infections are not well understood, specifically in
military populations. Given the potentially high rates
of respiratory infection in deployed personnel, this is
an important area for further research.

Acute Eosinophilic pneumonia (AEP)
Acute eosinophilic pneumonia (AEP) is an
uncommon, idiopathic lung disease. The diagnosis
is typically based upon clinical testing that include
bronchoalveolar lavage, blood test or smear and chest
radiograph. Lung biopsy is rarely necessary. AEP
is characterised by general respiratory symptoms,
alveolar and or blood eosinophilia, and peripheral
pulmonary infiltrates on chest imaging.35 In most
cases the acute illness lasts less than four weeks.
Dry cough, dyspnoea and fever are present in almost
every patient. Associated symptoms and signs can
include malaise, myalgia, night sweats, chills and
chest pain.35 Some studies suggest that AEP is an
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acute hypersensitivity reaction to an unknown
inhaled antigen in an otherwise healthy individual.36
Eighteen cases of AEP (including two fatalities) were
reported among over 180 000 military personnel
deployed in or near Iraq between March 2003 and
March 2004. All AEP patients were smokers with
78% recently beginning to smoke during deployment
and all but one patient had significant exposure to
fine airborne sand or dust; no other common source
exposure could be identified. The study concluded
that ‘recent exposure to tobacco may prime the lung
in some way such that a second exposure or injury,
eg, in the form of dust, triggers a cascade of events
that culminates in AEP’.5, 37 AEP was also reported in
at least one firefighter following the collapse of the
World Trade Center towers in 2001.38
As outlined above, current literature, including case
reports and retrospective cohort studies, suggest a
potentially higher prevalence of respiratory symptoms
and respiratory illnesses including asthma,5, 16, 26
CB,15 COPD,1, 39 and AEP37 among deployed military
personnel. Specific deployment-related exposures
such as environmental (particulate matter, metal
particles, burn pit, air pollution), combat (blast,
stress) and other exposures (smoking, physical
activity, military living conditions) may relate to
these impairments in respiratory function5, 10, 11, 15, 37,
40-44
and are discussed below.

Environmental and/or chemical exposures
Military personnel who have served in Iraq and
Afghanistan have expressed concern about
possible long-term health effects associated with
environmental exposures during deployment,
including toxic industrial chemicals, local combustion
sources and poor air quality.5, 41, 42, 45-47 US Veterans
seeking treatment at Department Veterans Affairs
(DVA) clinics after deployment, have reported a high
prevalence of environmental exposure and exposure
concerns, although whether this concern translates
to actual adverse respiratory health outcomes is
unclear.
In line with these concerns, researchers have
hypothesised that there may be a relationship
between deployment exposures and respiratory
symptoms.21, 43, 46, 47 Korzeniewski et al. (2013)
reported that the prevalence of respiratory diseases
was closely related to environmental factors on
deployment, such as exposure to sand and dust
storms, extreme temperature changes and poor
public health measures.7 A medical research working
group formed to consider lung disease in US soldiers
returning from Iraq and Afghanistan identified a
number of potential risks for developing lung disease
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post deployment. These include type, severity and
duration of exposure to environmental hazards,
such as desert dust storms, proximity and duration
of exposure to burn pits or fires, and frequency of
exposure to air pollution.5

Air pollution
Air sampling studies, conducted by US researchers
suggest that multiple sources of air pollution including
smoke from oil well fires, sand and dust storms, and
not exclusively burn pit emissions, contribute to poor
air quality in the deployed environment.46, 48 These
findings are supported by independent work from
investigators outside of the US;47-49 however, there is
no data available from longitudinal research studies
with objective pulmonary assessments comparing
lung function between those deployed to the Middle
East and non-deployed personnel. A review article by
Falvo et al. (2015) summarised current knowledge
about the impact of service and environmental
exposures on respiratory health of military Service
members deployed to Iraq and Afghanistan.21 The
report reviewed 19 studies published from 2001 to
2014. While studies of environmental exposures,
in particular airborne pollutants, have shown an
association with an increased burden of acute
respiratory symptoms, studies reporting chronic
respiratory diseases do not provide conclusive results,
mainly because of the non-representative sample of
the study populations. Data associating airborne
hazard exposures to respiratory disease are similarly
inconclusive. Therefore, there is insufficient evidence
to support any association between air pollution in
the deployed environment and respiratory health of
military personnel.21

Particulate matter (PM)
US data suggests that deployment to both Iraq
and Afghanistan may pose additional risk factors
to respiratory health because of the high levels of
airborne PM and geologic dusts inherent in those
regions.50 A majority (94%) of US Service personnel
deployed to OIF and OEF reported exposure to high
levels of airborne PM from a range of sources that
may have exceeded environmental, occupational
and military exposure guidelines,43, 51 indicating
that these pose a real risk to health. McAndrew et
al. (2012) reported that among MEAO deployed
personnel, the most prevalent exposures were air
pollution (94%), vaccines (86%) and petrochemicals
(81%).43 Exposures and concern about exposures
were both related to greater somatic symptom
burden, and concern about exposure was highly
correlated with symptom burden.
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Metal particles
Another exposure of relevance to the deployed
environment is metal PM. Biopsied lung tissue from
selected deployed US soldiers with unexplained
respiratory symptoms and history of inhalational
exposure, identified the presence of metals including
iron, titanium and crystalline material. This
deployment’s inhalational exposure was thought to
be the cause of unexplained exertional dyspnoea and
diffuse CB conditions in these soldiers.15 Exertional
dyspnoea is excessive shortness of breath and mainly
reflects poor ventilation or oxygen deficiency in
circulating blood. CB is a rare, small airway fibrotic
respiratory disease. The cause of this condition is still
unknown, although it is thought that environmental
factors and genetic susceptibility could be major
contributors to the development of the disease.52 King
et al. (2011) found that in 38 of 49 previously healthy
soldiers with unexplained exertional dyspnoea and
diminished exercise tolerance after deployment,
an analysis of biopsy samples showed diffuse CB,
possibly associated with inhalational exposure.15

Burn pit
A further identified exposure for respiratory insult,
again common in the MEAO, is open-air burning of
rubbish and other waste. Although the extent of the
chemicals released in burn pits is unknown, ambient
air sampling performed in selected Middle East
regions has revealed that smoke from burn pits is a
major source of air pollution.42 Some air pollutants
such as dioxins, carbon monoxide, volatile organic
compounds from burning of trash, vehicle/generator
exhaust, oil well fires, gases from industrial facilities,
and contaminants from dust containing silica,
asbestos, lead, aluminium and manganese are well
recognised carcinogens. Other agents may irritate
the respiratory system causing acute cough or
shortness of breath, hypersensitivity pneumonitis,
irritant induced asthma and CB, especially when
exposures are repetitive or exceed recommended
concentrations.45
Evidence to support long-term adverse effects of
exposure to burn pits is controversial. Although
some studies have found that deployment may be
associated with a subsequent risk of developing
respiratory conditions. Abraham et al. (2014)
suggests that elevated medical encounter rates
(visits to medical centres for respiratory outcomes
including general respiratory system and other chest
symptoms, asthma, COPD, bronchitis, emphysema,
bronchiectasis and extrinsic allergic alveolitis) were
not uniquely associated with burn pits.42 In this study,
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medical encounter rates among personnel deployed
to burn pit locations were compared directly to those
among personnel deployed to locations without
burn pits. No significant differences in respiratory
outcomes between these groups were found.
Furthermore, findings from Smith et al. (2012) do
not support an elevated risk for respiratory outcomes
among personnel deployed within proximity of
documented burn pits in Iraq.45 Comparing burn
pit exposed and non-exposed groups, this study
observed similar proportions of newly reported CB
and emphysema (1.5% vs 1.6% respectively), newly
reported asthma (1.7% vs 1.6%), and respiratory
symptoms in 2007 (21.3% vs 20.6%). Similarly,
a study by Baird et al. (2012) reported that while
potential exposure to sulphur plant fires was
positively associated with self-reported health
concerns and symptoms, it was not associated
with an increase in clinical encounters for chronic
respiratory health conditions.44 Powell et al. (2012)
found no increase in chronic multi-symptom illness
(CMI) symptom reporting in military personnel
deployed to three selected bases with documented
burn pits compared with other deployment sites.53
However, limitations in standardising exposures
may have biased these results.
Toxicological, epidemiological and clinical data
are limited and prevent reliable evaluation of
the prevalence or severity of adverse effects of
inhalational exposures to PM or burn pit combustion
products in military personnel deployed to Iraq
and Afghanistan. The current clinical evidence on
the effect of deployment on respiratory health is
primarily retrospective and does not provide clarity
regarding specific causative factors or the effect on
the deployed population as a whole.21 Taken together,
these findings suggest that environmental exposures
including burn pits and air pollution may be
associated with subjective physical health symptom
reporting, but there is no evidence of increased rates
of objective respiratory health outcomes.
Regardless of the source, it seems likely that higher
levels of air pollution are common in many deployment
areas and could contribute to future pulmonary and
other health effects not yet identified.48 Together,
these findings indicate that while deployment appears
to be associated with adverse respiratory outcomes,
this cannot be reliably attributed to environmental
exposures. Other deployment exposures that should
also be considered include trauma, particularly blast
trauma and psychosocial stress associated with a
combat environment.
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Combat exposures
Blast
In addition to air pollution and smoke from burn
pits, military Veterans who have served in Iraq
and Afghanistan may have been exposed to other
significant respiratory stressors, such as aerosolised
metals and chemicals from improvised explosive
devices (IEDs), or to traumatic respiratory insult
such as blast overpressure or shock waves to the
lung.54
Concern about the effects from embedded metal
fragments from IEDs used in the Middle East conflicts
has been raised among Service members. As a result,
the US DVA established a special registry in 2008 for
medical surveillance and management of Veterans
with retained metal.51 Some of the embedded metal
contaminants, including aluminium, arsenic, cobalt,
chromium and nickel, may have immunogenic
respiratory health effects. In a recent report from the
Toxic Embedded Fragment Surveillance Centre, of
89 urine samples tested, 47% exceeded the reference
value for aluminium and 31% for tungsten.55
Recently, publication of an unusual case report of
chronic beryllium disease (CBD) was described in a
41-year-old Israeli soldier who suffered mortar shell
injury with retained shrapnel in the chest wall. This
report raised the possibility of shrapnel- induced CBD
from long-term exposure to the surface of retained
aluminium shrapnel fragments in the body.56
It has been proposed that Service members
who sustained subclinical blast injury may be
susceptible to long-term sequelae. Apart from
direct consequences of blast injuries such as blast
pressure wave, fragments of debris or injuries
due to acceleration or deceleration, there are also
less obvious injuries caused by a blast including
psychological trauma, burns and toxic-substance
exposure from inhalation of hot contaminated
air.57,58 Such injuries can have unpredictable longterm outcomes including permanent fibrosis of the
bronchial mucosa.59
Despite the high plausibility of long-term adverse
effects following acute pulmonary blast injury, there
is an absence of data on the long-term outcomes.
Furthermore, the possibility of other long-term
pulmonary consequences of blast exposure, such
as the effect of explosion-related dust exposure,
and other exposures such as smoking, has not been
adequately examined. Overall there is limited data
to support a conclusion regarding an association
between exposure to blast and long-term respiratory
outcomes.57
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Trauma/stress
In addition to the frequent and proximate exposures
to ambient airborne hazards, factors unique to
military service that may make military personnel
more vulnerable to greater respiratory health risk
include high levels of psychological stress.21 Vocal
cord dysfunction (VCD) refers to abnormal closing of
the vocal cords when inhaling or exhaling. It is often
misdiagnosed as asthma in the clinical setting and
has been reported in military personnel.50 A study
of exertional dyspnoea in US military personnel
demonstrated that 12% of patients evaluated had
evidence of VCD, most of which was exercise related.
Morris et al. suggested that the development of
VCD in the deployed environment might be related
to nonspecific upper airway irritation, underlying
psychiatric conditions and/or significant stress
attributed to the combat environment.50
There is also growing evidence for an association
between exposure to traumatic stress, including
childhood maltreatment or combat experience
and pulmonary diseases such as asthma, CB and
COPD.60-63 This relationship was also demonstrated
in adult research populations exposed to the 11
September 2001 World Trade Center terrorist attack.
More specifically, moderate associations between
probable post-traumatic stress disorder and
respiratory symptoms have been observed in first
responders to the World Trade Center disaster.22, 23,
60, 64

A cross-sectional study conducted by Spitzer et
al. (2011), analysed the associations between lung
function, trauma exposure and post-traumatic
stress disorder (PTSD) in 1 772 adults from the
general population using standardised questions
and spirometry test.60 Those with a diagnosis of PTSD
had a significantly greater risk of having asthma
symptoms than those without PTSD. However,
those with a history of psychological trauma, but
no diagnosis of PTSD, did not have an elevated risk,
suggesting the association is specific to disorder
status rather than symptomatology or trauma
exposure. Analyses indicated that subjects with
diagnosed PTSD had a significantly increased risk
for airflow limitation independent of its definition.
One possible mechanism underpinning the
association between stress and reduced respiratory
function could be increased levels of systemic
inflammatory markers.20, 65-68 Excessive proinflammatory responses may cause airway damage
and consequently structural and functional
pulmonary changes.31 Hypothetically, higher levels
of stress during deployment among personnel may,
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in part, explain the increased rate of respiratory
symptoms reported in recent studies. There is
increasing evidence of associations between stress
related mental disorders such as PTSD and altered
immune responses, and elevated circulating
inflammation. The direction of this association
is not conclusive, however. Regardless, low level
inflammation and altered immune response provide
plausible mechanisms by which trauma exposure
may be associated with respiratory symptoms.20, 60,
65-68

Other exposure factors
In addition to deployment specific risks, evidence
suggests other military factors such as physical
activity, increased tobacco use and other individual
susceptibility factors may increase the risk of
respiratory symptoms and enhance susceptibility
to environmental and trauma exposures in this
population.

Physical activity
Researchers have suggested that physical activity
performed in stressful environments alters
immune function.17 Light physical activity or
moderate environmental stress stimulate immune
responses, but exhausting physical activity or severe
environmental stress can have immune suppressant
effects, manifested by a temporary increase in
susceptibility to respiratory infections.9 Multiple
physical and psychological stressors, such as those
encountered on deployment, may induce alterations
in immune parameters (as discussed above) and/
or neurological and endocrine responses; these
common exertion-induced pathways could result in
respiratory tract syndromes.8

Smoking
Cigarette smoking has been associated with
morbidity and mortality in a number of studies.5-7,
21, 31, 69, 70
Pathological mechanisms of smoking and
its adverse health effects generally overlap with
environmental air pollution. Smoking has also been
related to increased susceptibility to respiratory
insult from airborne hazards.70 Interestingly, there
is no clear evidence of direct effects of smoking
on respiratory outcomes in deployed military
populations. For example, Sanders et al. found that
approximately 70% of US military personnel deployed
to Iraq and Afghanistan reported at least 1 episode
of an acute respiratory illness and 15% reported
3 or more incidents of respiratory illnesses during
their deployment.31 There was, however, no observed
relationship between cigarette smoking and self-
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reported respiratory illnesses during deployment;
suggesting that factors other than tobacco use
were likely to contribute to the observed respiratory
symptoms and morbidity.
Findings from a prospective study of Australian
military personnel deployed to the MEAO showed that
those respondents who began or resumed smoking
while on deployment were also likely to have more
co-morbidities compared to those who did not smoke
on deployment.1 Similarly, those who smoked more
than usual were likely to have more co-morbidities
compared to those who did not smoke.1 However,
the relative impact of different exposures and other
non-smoking related risk were not examined in this
population.
Since the 1960s, the rate of tobacco smoking has
declined in the US including in the military.71
However, the rate of tobacco smoking among active
duty military personnel remains higher (32%)
compared to the general population (~20%).71 Within
the US military population, the prevalence of smoking
is approximately 40% higher among Veterans and
50% higher among deployed military personnel
compared with their non-deployed counterparts.71
In a cross-sectional study by Sanders et al. (2005),
it was reported that 47.6% of US military personnel
deployed to Iraq and Afghanistan began or resumed
smoking while deployed and ~40% smoked half a
pack of cigarettes or more per day.31 High rates of
tobacco smoking are not restricted to US military
personnel but are also increased 40%–60% among
coalition militaries.72
While specific factors contributing to smoking rates
have not been ascertained, the significant smoking
uptake observed in a number of studies is thought
to relate to deployment stress particularly among
those with prolonged deployments, or combat
exposures.73 Combat exposure, military stressors
and PTSD have all been identified also as predictors
for cigarette smoking.74, 75 As discussed above,
these psychological risk factors and mental health
disorders have also been associated with respiratory
symptoms, abnormal lung function and diseases
such as asthma.20, 76 Although tobacco smoke
may differ in many respects from the ambient air
pollution in deployed settings, the contribution of
tobacco smoke exposure to military personnel’s
cumulative exposures to airborne hazards while on
deployment cannot be underestimated, given the
prevalence and intensity of tobacco use in stressful
combat situations.21 The potential for smoking to
interact with and/or exacerbate other environmental
or stress exposures is of importance to examine.

Page 81

Review Article
Individual susceptibility factors
Studies regarding the association between respiratory
health conditions and individual factors (age, sex,
BMI, blood pressure, physical fitness, pre-existing
conditions and personal characteristics) in general
the population and deployed military personnel
generally focus on single respiratory outcomes and
are usually assessed using different methods.
In a cross-sectional study, data collected from a
European Community Respiratory Health survey of
16 countries were examined. The aim of this study
was to estimate the age and sex-specific incidence
of asthma from birth to the age of 44 in men and
women across several countries, and to evaluate the
main factors influencing asthma incidence in young
adults. This study demonstrated that there are
different patterns of asthma incidence in men and
women. During childhood, girls had a significantly
lower risk of developing asthma than did boys.
Around puberty, the risk was almost equal in the two
sexes, while after puberty, the risk in women was
significantly higher than that in men.77
In a case control study of active duty and retired
US military members, increasing BMI, younger
age, gender, non-active duty beneficiary status and
arthritis were significant independent predictors of
asthma in this population.78 Similarly, Abraham et
al. (2012) reported that gender, enlisted and Army
personnel remained independent predictors of having
a new obstructive pulmonary disease encounter.39
Age and combat occupations were not statistically
significantly associated with a post-deployment
obstructive pulmonary disease diagnosis. The way in
which these factors might interact with deployment
exposures to influence respiratory health outcomes
has not been thoroughly studied. This deserves
further attention in larger epidemiological studies,
particularly given emerging evidence of their
influence on physical and psychological health.

Limitations
Due to the limited research regarding respiratory
health of MEAO deployed Service members, studies
of lower levels of evidence addressing issues of
interest were discussed in this review, although
findings were interpreted with caution and used as
supporting rather than primary evidence sources.
A number of studies in this review were of crosssectional design; consequently, any respiratory
health issues in existence before an exposure were
not accounted. Without baseline data, it is not
possible to accurately assess the impact of specific
deployment exposures on a person’s respiratory
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health. Cross-sectional studies are carried out at
one period and do not indicate the series of events,
therefore it is difficult to determine the relationship
between exposure and outcome as it lacks the time
element.
Previous studies have largely relied on self-report
data to measure the impact of exposures on
respiratory health. This type of measurement is open
to recall bias, particularly when data is collected well
after exposures have occurred.31, 26 Medical record
reviews are predominantly retrospective7, 16, 39 and
therefore also subject to potential biases (reflected in
documentation and health care seeking).

Discussion
Long-term psychological and physical health effects
following deployment are of concern to Veterans,
healthcare providers and the community. While some
international literature suggests a higher prevalence
of respiratory conditions in military personnel during
and following deployment to the Middle East, findings
are equivocal and the exact reasons underpinning
any elevated respiratory health consequences
are not well understood. Some inconsistencies in
findings could be due to difficulties retrospectively
standardising for exposure; reliance on self-reported
symptoms or conditions, or inconsistent application
of ICD codes, making it difficult to say with certainty
which conditions are increasing in incidence or
prevalence. Furthermore, many studies have
focused on limited exposure and outcome variables.
The potential interaction of these factors, and their
effects on multiple respiratory outcomes, has not
been thoroughly considered.
Current evidence (mainly from US studies) indicates
that deployment-related environmental (PM, burn
pit, air pollution, metal particles), combat (blast,
stress) and other exposures (smoking, physical
activity, military living conditions), and psychological
trauma more generally, may be associated with
several respiratory conditions in military personnel,
such as asthma,5, 16, 26 CB,15 COPD,1, 39 sinusitis,40
and AEP37. These associations may be via direct
actions and by disturbance of the immune system.
Psychological stress, while highly prevalent in
relation to deployment, is a less investigated risk
factor for respiratory health outcomes and its
contribution to respiratory health outcomes and
potential mechanisms underlying associations, as
well as potential predictors of good or poor health
over time, are not well understood.61, 68, 79-85
Taken together, further prospective and crosssectional analyses are needed to clarify relationships
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between the individual and combined impacts
of environmental and psychological exposures
on deployment, and any potential moderating or
mediating effects of other factors on respiratory
outcomes.
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levels of PAHs and oxy-PAHs,
which are toxic combustionrelated pollutants

- High concentrations of PM
were identified as the main
potential health hazard, with
PM2.5 and PM10 exceeding
both long-term marginal
Air-MEGs and short-term
negligible Air-MEGs outdoors
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Page 89

Page 90

Weese CB

79

Luft BJ

76

Farfel M

64

2008

Potential health implications
associated with particulate
matter exposure in deployed
settings in southwest Asia

2009

Exposure, probable PTSD and 2012
lower respiratory illness among
World Trade Center rescue,
recovery and clean-up workers

An Overview of 9/11
Experiences and Respiratory
and Mental Health Conditions
among World Trade Center
Health Registry Enrollees

USA

USA

USA

NA

- Structural equation
modelling (SEM) were used to
explore patterns of association
among exposures, other
risk factors, probable WTCrelated PTSD based on PCL,
physician-assessed respiratory
symptoms arising after 9/11,
and abnormal pulmonary
functioning defined by low
forced vital capacity

- Data were derived from
the initial examinations that
took place ~4 years after 11
September 2001

Literature review

Cross-sectional

- The WTCHR protocol,
Cross-sectional
including the baseline survey
completed using computerassisted telephone interviewing
(CATI) and computerassisted in-person personal
interviewing (CAPI)

NA

IV

IV

NA

- 8 508 police
and 12 333
non-traditional
responders to
WTC terrorist
attack

- World Trade
Center Health
Registry
(WTCHR)
enrollees

NA

-12 333 nontraditional
responders

- 8 508 police

- 71 437

- Outlined current and planned
efforts to utilise sampling data
to assess health outcomes in
deployed military populations

- Paper discussed what is
currently known about the
effects of PM on human
health, focusing on the
limited evidence specific to US
personnel

- The SEM model suggested
that PTSD statistically
mediated the association of
exposure with respiratory
symptoms

- Exposure was more strongly
associated with respiratory
symptoms than with PTSD or
lung function

- Newly diagnosed asthma
was most common among
rescue and recovery workers
who worked on the debris pile
(4.1%)

-3% reported newly diagnosed
asthma, 16% screened positive
for probable PTSD, and 8% for
serious psychological distress

- After 9/11, 67% of adult
enrollees reported new
or worsening respiratory
symptoms
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Diagnosis and management
of chronic lung disease in
deployed military personnel
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DelVecchio SP

25

Douwes J

20

The impact of combat
deployment on asthma
diagnosis and severity

Asthma nervosa: old concept,
new insights

Immune changes induced
by exercise in an adverse
environment

9

Shephard RJ

Title

Author

Trauma/Combat exposures

Morris MJ

82

2014

2011

1998

Year

2013

USA

New
Zealand

Canada

Country

USA

- Electronic medical record

- Editorial review

NA

Measurement

NA

Retrospective

Editorial review

Literature review

Design

Literature review

III-2

NA

NA

Level of
evidence

NA

NA

NA

Sample size

NA

-Army personnel - 400
with a clinical
diagnosis of
asthma were
evaluated

NA

NA

Population

NA

- Among active duty military
personnel with career limiting
asthma, there is no significant
relationship between rates of
diagnosis or severity based on
history of deployment to SWA

(adjusted for smoking,
socioeconomic status, BMI and
familial and genetic factors)

- There is evidence that asthma
precedes panic disorders and
that panic disorders may
exacerbate pre-existing asthma

- Emotional stress, anxiety
and PTSD precedes the
development of asthma both in
children and adults

- Exhausting physical
activity or more severe
environmental stress have a
suppressant effect, manifested
by a temporary increase in
susceptibility to viral infections

- Light physical activity
or a moderate level of
environmental stress
stimulates the immune
response

Key Findings

- The current clinical evidence
is primarily retrospective in
nature and does not provide
any clear information on
specific causative factors or
the effect on the deployed
population as a whole

- Current data not adequate to
reliably evaluate the prevalence
or severity of adverse effects
of inhalational exposures to
PM or burn pit combustion
products
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Scott K

63

Goodwin R

62

Bandoli G

61

Spitzer C

60

2010

Childhood Adversity, EarlyOnset Depressive/Anxiety
Disorders, and Adult-Onset
Asthma

Association between childhood
trauma and physical disorders
among adults in the United
States

Psychosocial stressors and
lung function in youth ages
10–17: an examination by
stressor, age and gender

2008

2004

2016

Association of airflow limitation 2011
with trauma exposure and
post-traumatic stress disorder

Blast injuries to the lung:
Mackenzie IMJ epidemiology and management

58

USA

USA

USA

Germany

UK

- Face to face interview

- Composite International
Diagnostic Interview (CIDI 3.0)
as part of the World Mental
Health surveys

- Data were drawn from the
National Comorbidity Survey

- Lung function test with
spirometry

- Self-report measures

- Lung function was assessed
using spirometry.

- Trauma exposure, PTSD and
respiratory symptoms were
assessed using standardised
questions

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

- Plain chest films taken for the Case series
diagnosis of adult respiratory
distress syndrome

III-3

IV

III-3

IV

IV

- 135

- 584 children
aged 5 – 17

Journal of Military and Veterans’ Health

- USA 4969

- Mexico 2064

- Japan 856

- Spain 2006

- Netherlands
1017

- Italy 1698

- Germany 1283

- France 1326

- Belgium 980

- Colombia 2104 -18 303

- Individuals
- 5 877
age 15 to 54
in the noninstitutionalised
population

- Adolescents in
the Los Angeles
Family and
Neighborhood
Survey

- With no
trauma (n=857)

- With trauma
(n=887),

- Adults from
- 1 772
the general
population: with
PTSD (n=28),

- Military
casualties
admitted to
University
Hospital
Birmingham’s
critical care
services, during
the period 1
July 2008 to 15
January 2010

- Childhood adversities and
early-onset depressive/anxiety
disorders independently
predict adult-onset asthma,
suggesting that the mental
disorder-asthma relationship
is not a function of a shared
background of childhood
adversity

- Childhood neglect was
associated with increased risk
of diabetes and autoimmune
disorders.

- Childhood sexual abuse was
associated with increased risk
of cardiac disease

- Childhood physical abuse
was associated with increased
risk of lung disease peptic
ulcer and arthritic disorders

- Associations were stronger in
older males ages 15–17 years
for each stressor

- Study observed reductions in
lung function in males related
to the absence of a father in
the house and family conflict;

- Findings suggest an
association of trauma
exposure and PTSD with
airflow limitation, which may
be mediated by inflammatory
processes

- Only a small minority
requiring non-conventional
support in the form of
high-frequency oscillatory
ventilation

- The majority of casualties
with blast-related lung injury
have been very successfully
managed with conventional
ventilatory support employing
a lung protective strategy
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Carroll D

85

Wright RJ

68

Ha ̈nsel A

67

Provençal N

66

Generalized Anxiety Disorder
is Associated With Reduced
Lung Function in the Vietnam
Experience Study

Epidemiology of Stress and
Asthma: From Constricting
Communities and Fragile
Families to Epigenetics

Inflammation as a
psychophysiological biomarker
in chronic psychosocial stress

The effects of early life stress
on the epigenome: From the
womb to adulthood and even
before

2011

2011

2010

2014

USA

USA

USA

Germany

- Forced expiratory volume in
1 second was measured by
spirometry

- One-year prevalence
of Generalized Anxiety
Disorder (GAD) and major
depressive disorder (MDD)
was determined using DSM-III
criteria

NA

NA

NA

Cross-sectional

Epidemiological
review

Literature review

Literature review

III-2

III-2

NA

NA

Entered military
service between
1965-1971;
served only
one term of
enlistment;
served at least
16 weeks of
active duty

- Participants
from the
Vietnam
Experience
Study

NA

NA

NA

- 4 256

NA

NA

NA

- In models additionally
adjusting for weight, service,
ethnicity, marriage, smoking,
alcohol consumption, income,
education and major illness,
GAD was still associated with
poorer lung function (p = 0.01),
whereas MDD was not (p =0
.18)

- In models that adjusted for
age and height, both GAD
(p=0.001) and MDD (p = 0.004)
were associated with lower
FEV1

- Evidence increasingly links
psychosocial stress to asthma,
atopic disorders more broadly
and lung function

- Job stress, low socioeconomic
status, childhood adversities
as well as life events, caregiver
stress and loneliness were
all shown to exert effects on
immunologic activity

- These epigenetic mechanisms
are distinct for the different
stages of stress exposure

- There is increasing evidence
for a prominent role of
epigenetic mechanisms
in embedding long-term
effect of stress at different
developmental stages as well
as across generations

Review Article

Page 93

Page 94

De Silva VA

74

Smith B

73

Bray I

72

2013

1997

Year

Smoking among troops
deployed in combat areas
and its association with
combat exposure among navy
personnel in Sri Lanka

2012

Cigarette Smoking and Military 2008
Deployment A Prospective
Evaluation

Smoking prevalence amongst
UK Armed Forces recruits:
changes in behavior after 3
years follow-up and factors
affecting smoking behavior

Comparing the Smoking
Behavior of Veterans and
Nonveterans

11

McKinney WP

Title

Author

Other exposures/factors

-The incidence of new smoking
in baseline never-smokers
and the prevalence of resumed
smoking in baseline past
smokers were calculated

- Survey of the health
behaviours

- National Medical Expenditure
Survey (NMES)

- Self-reported questionnaire
data from the 1987

Measurement

Prospective

Cohort 3 years
follow-up

Cross-sectional

Design

Sri Lanka - The 28 page questionnaire
Cross-sectional
used in the study “Health of
UK military personnel deployed
to the 2003 Iraq war” was
used as the data collection
instrument

USA

UK

USA

Country

IV

II

III-3

Level of
evidence

- SLN Special
Forces and
regular forces
deployed in
combat areas

- US military
personnel

- UK recruits in
1998/1999

- Random
sample of
veterans
and the
civilian, noninstitutionalised
population
of the United
States.

Population

- 412
regular navy
personnel

- 259 Special
Forces

- 48 304

- 10 531

- 173 veterans
using DVA
system
vs 2 218
veterans who
sought care
elsewhere.

- 133 female
veterans vs
12 063 female
nonveterans

- 3 372
veterans vs
18 606 nonveterans

Sample size

- Prevalence of smoking was
significantly higher among
Special Forces personnel.

- Prevalence of current
smoking was less among
military personnel than in the
general population.

- Current smoking was
strongly associated with
current alcohol use

- There was significant
association between current
smoking and combat
experiences

- Military deployment is
associated with smoking
initiation and, more strongly,
with smoking recidivism,
particularly among those
with prolonged deployments,
multiple deployments or
combat exposures

- Smoking levels increased in
the 3 years after recruitment to
the Armed Forces.

- There were clear differences
between service, rank and
trade groups in smoking
prevalence at recruitment

- The prevalence of current
smoking was higher for
veterans than for non-veterans
and higher for those seeking
care within the DVA system
than for other veterans.

- The likelihood of ever having
smoked cigarettes was higher
for veterans than for nonveterans and for women
veterans than for women nonveterans.

Key Findings
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South Korean Military Service
Promotes Smoking: A QuasiExperimental Design

War Syndromes and Their
1996
Evaluation: From the U.S. Civil
War to the Persian Gulf War

4

Hyams CK

Title

Author

Year

2012

Prospective examination of
2014
cigarette smoking among
Iraq-deployed and nondeployed
soldiers: prevalence and
predictive characteristics

Respiratory health outcomes

Allem JP

86

Harte CB,

75

USA

Country

USA

USA

NA

Measurement

- Telephone interview
questionnaire regarding
smoking status and behaviour
before, during and after
military service

Alcohol Use, Sociodemographic
, Military Characteristics,
Deployment-Related Stressful
Experiences, NondeploymentRelated Stressful Experiences,
Traumatic Stress

- Smoking Characteristics,

Literature review
article

Design

Observational
study. QuasiExperimental
Design

Prospective

NA

Level of
evidence

IV

II

NA

Population

- Data were
drawn from
a populationbased
probability
telephone
sample of
Korean adults
in California

NA

Sample size

- 156 civilians

- 319 veterans

- n total= 475

- 1082 US Army - n total= 1082
soldiers
- 773 Iraqserving between deployed
April 2003 and
- 309 non
September 2006 deployed

- Many types of illness were
found among evaluated
veterans, including welldefined medical and
psychiatric conditions, acute
combat stress reaction, PTSD,
possibly the chronic fatigue
syndrome

- Poorly understood war
syndromes have been
associated with armed conflicts
(Fatigue, shortness of breath,
headache, sleep disturbance,
forgetfulness and impaired
concentration)

Key Findings

- Military service is strongly
associated with smoking

- Military rank and alcohol
use were associated with
both smoking initiation and
cessation

- female gender and high
military unit support predicted
cessation

- Smoking initiation was
associated with warzone stress
exposure;

- Approximately 48 % of
participants smoked at both
time points, with 6 % initiating
smoking and 6 % quitting

Review Article

Page 95

Page 96

Morris MJ

13

7 Korzeniewsk

Smith B

6

Rose C

5

Study of Active Duty Military
for Pulmonary Disease Related
to Environmental Deployment
Exposures (STAMPEDE)

Prevalence of Acute
Respiratory Tract Diseases
Among Soldiers Deployed for
Military Operations in Iraq and
Afghanistan

Newly Reported Respiratory
Symptoms and Conditions
Among Military Personnel
Deployed to Iraq and
Afghanistan: A Prospective
Population-based Study

Overview and
Recommendations for Medical
Screening and Diagnostic
Evaluation for Postdeployment
Lung Disease in Returning US
Warfighters

2014

2013

2009

2012

USA

Poland

USA

USA

Retrospective
cohort

Retrospective
cohort

Literature
review and
Recommendations

- Pulmonary function testing,
Descriptive case
cardiopulmonary exercise
series
testing, methacholine challenge
test, bronchoalveolar lavage,
impulse oscillometry system
testing and high resolution
computed tomography imaging

- Medical record review

- Health survey questionnaire
at baseline and follow-up

NA

IV

III-2

III-2

NA

- 55 021

NA

- Returning
US military
personnel

- 10 female

- 40male

- n total=50

- Polish Military - 6 071
Contingents
relocated to Iraq
and Afghanistan

- Millennium
Cohort Study
participants

NA

- 66% had mental health and
sleep disorders

- 20% had airway hyperreactivity

- 42% had non-diagnostic
evaluation

- The prevalence of respiratory
diseases was closely related
to the environmental factors,
extreme temperature changes,
unsatisfactory sanitary
conditions

with a prevalence ranging from
46 to 63 cases per 100 persons

- Respiratory tract diseases
were the most common
health problem treated on an
outpatient basis,

- Elevated odds of symptoms
were associated with landbased deployment as compared
with sea-based deployment

- Deployment length was
linearly associated with
increased symptom reporting
in Army personnel

-New-onset respiratory
symptoms higher in deployers
(14% vs. 10%), rates of
obstructive disease similar
at 1%

(3) case definitions for major
deployment- related lung
diseases

(2) criteria for medical referral
and diagnosis

(1) standardised approaches
to pre- and post-deployment
medical surveillance

- The Working Group
recommended:
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Falvo MJ

21

Morris MJ

19

Szema AM

16

King MS

15

MA

Flierl

14

Airborne Hazards Exposure
and Respiratory Health of Iraq
and Afghanistan Veterans

Airway Hyperreactivity
in Asymptomatic Military
Personnel

New-onset asthma among
soldiers serving in Iraq and
Afghanistan

Constrictive Bronchiolitis in
Soldiers Returning from Iraq
and Afghanistan

The role of C5a in the innate
immune response after
experimental blunt chest
trauma

2015

2007

2010

2011

2008

USA

USA

USA

UK

Germany

NA

- Baseline spirometry
examination

- Data source: CD-9 codes
493.00–493.92c

- Participants identified
through existing database and
compared asthma proportions
of Iraq/Afghanistan War
veterans with veterans
deployed stateside

- Cardiopulmonary exercise,
pathology testing, pulmonary
gas exchange and minute
ventilation, high-resolution
computed tomography (CT)

- C5a ,Neutrophil, Factor H,
Complements, Cytokines,
chemokines

Epidemiologic
review

Prospective

Retrospective

case series

Descriptive

Clinical/
Observational
study using
animal model

II

III-1

III-2

III-3

III-3

NA

- Healthy,
asymptomatic,
US military
personnel with
no previous
history of
asthma and <1
year on active
duty status

- Soldiers who
attended the
DVA OEF Clinic

NA

- 222

- 5 335 state
side-stationed
troops (not
deployed)

and discharged
from
military service
during 2004
-2007

- 920
deployed,

- 49

- 4-8 for each
experimental
condition

- All US soldiers
deployed

- US soldiers
from
Kentucky, with
inhalational
exposures
during service
in Iraq and
Afghanistan

- Wistar Rats

- Published data based on
case reports and retrospective
cohort studies suggest a higher
prevalence of respiratory
symptoms and respiratory
illness consistent with airway
obstruction

- Screening spirometry may
identify early reactive airway
disease in asymptomatic
individuals

- A significant percentage of
individuals also have evidence
of worsening obstruction
during exercise

- Asymptomatic airway
obstruction has a prevalence
of 14% in young military
personnel

- Deployment to Iraq and
Afghanistan is associated with
new-onset asthma

- New-onset asthma diagnoses
are more common among US
veterans returning from Iraq
and Afghanistan compared
with stateside-stationed troops

- 38/49 soldiers received
diagnosis of constrictive
bronchiolitis, an otherwise rare
illness, which was possibly
associated with inhalational
exposure

- C5a might represent a
potential target for therapeutic
immunomodulation to prevent
immune dysfunctions posttrauma

- Blunt chest trauma leads
to systemic activation of
complement and robust C5a
generation, which causes
perturbations in defensive
functions of neutrophils
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Abraham JH

39

Shorr AF

37

Sanders JW

31

Soltis BW

30

Pazzaglia LTG

28

Roop SA

26

Does Deployment to Iraq and
Afghanistan Affect Respiratory
Health of US Military
Personnel?

Acute Eosinophilic Pneumonia
Among US Military Personnel
Deployed in or Near Iraq

Impact of illness and
non-combat injury
during Operation Iraqi
Freedom and Enduring
Freedom(Afghanistan)

Self-Reported Incidence and
Morbidity of Acute Respiratory
Illness among Deployed
U.S. Military in Iraq and
Afghanistan

Recent trends of pneumonia
morbidity in US Naval
personnel

2012

2004

2005

2009

1983

The Prevalence and Impact
2007
of Respiratory Symptoms in
Asthmatics and Nonasthmatics
during Deployment

USA

USA

USA

USA

USA

USA

- ICD-9 codes 490–496

- Medical record review

- Morbidity, mortality related
to AEP

- Health survey questionnaire
on return from deployment

- Health survey questionnaire
during deployment

- Medical record data

- Health survey questionnaire

Nested casecontrol

Descriptive case
Series

Cross-sectional
study

Cross-sectional

Retrospective

Cross-sectional

III-3

IV

IV

IV

III-3

IV

- 29 281

- 58
asthmatics

- 1 073 nonasthmatics

- US military
personnel with
post-deployment
medical records

- US military
personnel
deployed in or
near Iraq

- US Military
personnel who
were deployed
to Iraq or
Afghanistan in
2003-2004

- 2 128
matched
controls

- 532 cases,

- 18

- 15 459

- US troops
- 15 463
deployed to Iraq,
Afghanistan and
the surrounding
region

- Active duty
Naval personnel
admitted for
pneumonia
by primary
diagnosis

- Nonasthmatics,
and asthmatics
active duty
soldiers and
Department
of Defense
contractors
returning from
OEF

- There was an increase in
post-deployment respiratory
symptoms and medical
encounters for obstructive
pulmonary diseases

- With 78% recently beginning
to smoke during deployment

- AEP occurred at an increased
rate among this deployed
military population and
resulted in 2 deaths

- 47% either began smoking
or restarted smoking during
deployment

- 2% have been diagnosed with
mild pneumonia

- More than two-third had at
least one respiratory illness
and 17% of these individuals
sought medical care

- 69.1% had acute respiratory
illness during deployment

- 39.5% had acute respiratory
illness, of these, 18.5% sought
medical care and 33.8%
reported having decreased job
performance because of acute
respiratory illness

- Respiratory disease is
responsible for 25%–30% of
infectious disease–related
hospital admissions, with
pneumonia cited as the leading
medical cause of lost workdays

- Similar increase in
respiratory symptoms during
deployment (10% vs. 13%);
more prevalent in asthmatics

- Asthmatics with good
baseline symptom control are
similar to non-asthmatics
in their risk of developing
worsening respiratory
symptoms or functional
limitations during deployment
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Krefft SD

80

Gan Q

65

Rose C

51

Morris MJ

50

Barth SK

40

2014

Emerging spectrum of
deployment-related respiratory
diseases

Association between chronic
obstructive pulmonary disease
and systemic inflammation: a
systematic review and a metaanalysis

Military Service and Lung
Disease

2015

2004

2012

Vocal Cord Dysfunction
2013
Related to Combat Deployment

Prevalence of Respiratory
Diseases Among Veterans of
Operation Enduring Freedom
and Operation Iraqi Freedom:
Results From the National
Health Study for a New
Generation of U.S. Veterans

USA

Canada

USA

USA

USA

NA

NA

NA

- Medical record review,
laryngoscopy, spirometry and
methacholine challenge test

- Health survey questionnaire
(National Health Survey for
a New Generation of U.S.
Veterans)

Literature review

Systematic review

Literature review

Retrospective
review/
Descriptive case
series

Retrospective
cohort

NA

II

NA

III-2

IV

NA

NA

NA

- US military
personnel
(OIF,OEF)
evaluated at
Landstuhl
Regional
Medical Center
with a new VCD
diagnosis postdeployment

- US veterans

NA

NA

NA

- 48

- 20 563

- In a group of 50 consecutive
deployed patients evaluated at
San Antonio Military Medical
Center, 36% were found to
have airway hyperreactivity,
whereas 42% were
undiagnosed

- Investigators from Vanderbilt
University, Nashville, TN,
found constrictive bronchiolitis
on 38 surgical lung biopsies in
a case series of army deployers
with unexplained chest
symptoms

- Reduced lung function is
associated with increased
levels of systemic inflammatory
markers, which may have
important pathophysiological
and therapeutic implications
for subjects with stable COPD.

- Respiratory illnesses affect
mission readiness, burden
active duty military and
veterans’ health care systems,
and may lead to significant
morbidity and mortality

- 3 of 48 had abnormal
spirometry test results

- 83% had a negative
methacholine challenge test

- 48% had a truncated flowvolume loop

- Deployed veterans are at
increased risk for sinusitis
compared to nondeployed.
(odds ratio = 1.3) There was no
significant difference in asthma
or bronchitis risk between
deployed and nondeployed
veterans
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Korzeniewski
K

84

Panos RJ

83

Szema AM

81

Respiratory tract infections in
the military environment

Patient Reported Determinants
of Health: A Qualitative
Analysis of Veterans with
Chronic Obstructive
Pulmonary Disease

Respiratory Symptoms
Necessitating Spirometry
Among Soldiers With Iraq/
Afghanistan War Lung Injury

2015

2013

2011

Poland

USA

USA

NA

- Transcripts demonstrated
five major themes: (1)
Physical and Functional
Limitations; (2) Restricted
Social Interactions/ Altered
Social Networks; (3) Emotional
Effects; ( 4) Limitations in
the Understanding of COPD;
and (5) Complex Healthcare
Interactions

- Medical record review( data
included age, gender, smoking
history, deployment location,
discharge date, whether they
received spirometry, branch of
service, diagnoses of TBI and
PTSD

Literature review

Qualitative study
focus group

Retrospective
cohort

NA

IV

III-2

NA

- Veterans with
COPD and high
utilisation of
VHA healthcare

- Compared
Iraq/
Afghanistan
war veterans
to veterans
deployed
stateside
(all soldiers
deployed and
discharged
from military
service during
March 1, 2004,
to December 1,
2010)

NA

- 42

- 5 335 non
deployed

- 1816
deployed,

- Respiratory health hazards:
extreme air temperatures,
desert dust, emissions from
burn pits, industrial pollutants
and airborne contaminants
originating from degraded soil

- ~40–70% of all soldiers
participating in recent
military operations in Iraq
and Afghanistan report to
medical treatment facilities
due to upper respiratory tract
infections

- COPD causes pervasive and
extensive effects on all aspects
of patients’ lives that have
significant consequences for
their care and management.

- Symptomatic soldiers
requiring spirometry were
more frequent in the Iraq/
Afghanistan group compared
with the elsewhere group,
with rates of 14.5% and 1.8%,
respectively

- New onset Iraq/Afghanistan
war lung injury is common and
rates of symptoms leading to a
diagnosis requiring spirometry
are high
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