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CHRONIC RESPIRATORY DISEASES

Henry A. Anderson, MD, Carrie Tomasallo, PhD, MPH,
and Mark A. Werner, PhD

Introduction

Chronic respiratory diseases include a broad range of conditions marked by
variability in the range of symptoms, causative and exacerbating factors, and
diagnostic criteria. The “upstream” causes and “downstream” consequencé's of
chronic respiratory diseases are complex, and related to the specific type of
disease (Figure 17-1). According to the Centers for Disease Control and Pre-
vention’s (CDC’s) National Center for Health Statistics, chronic lower respira-
tory diseases were the third leading cause of death in the United States in 2013,
responsible for 5.7% of U.S. deaths (Xu et al. 2016). Hospitalization is a fre-
quent adverse outcome of a chronic respiratory disease diagnosis, with the
average duration of a hospitalization of 4.5 days for chronic bronchitis and
3.6 days for asthma in 2010 (CDC 2012a). Population-based national health
surveys have found that approximately 12% of adults reported obstructive lung
disease, including chronic bronchitis, emphysema, and asthma in 2014 (Black-
well and Lucas 2015).

Significance

The primary consequence of chronic respiratory diseases that contributes to mor-
bidity is dyspnea, or pathologic breathlessness (Stulberg and Adams 2000).
Depending on the severity, dyspnea may result in restrictions ranging from
inability to climb stairs to constant breathlessness and difficulty in sleeping.
Effects of dyspnea include impaired respiratory tract clearance mechanisms,
excessive mucus production, and reduced lung capacity, which likely contribute
to more frequent, severe, and prolonged acute viral and bacterial respiratory
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Figure 17-1. Chronic Respiratory Diseases: Causes, Consequences, and High-Risk Groups

infections (Mahler and Meija 1999). Dyspnea is also a common clinical feature in
chronic nonpulmonary conditions such as heart disease, obesity, and muscular
diseases. Cough, chest pain, excessive phlegm or sputum production, wheezing,
and coughing of blood (or hemoptysis) are other commonly observed symptoms
of respiratory disease (Mason et al. 2000). As is the case for dyspnea, these symp-
toms can manifest variously in different respiratory and nonrespiratory disorders.
Among the challenges of describing symptoms commonly observed in respi-
ratory disease is that terminology can differ greatly among clinicians describ-
ing similar patterns of respiratory impairment. The use of the term chronic
obstructive pulmonary disease (COPD) can describe sets of symptoms that are
alternately described as chronic bronchitis, emphysema, or asthma; as such,
assigning a definition based on clinical, physiologic, or pathologic criteria may
be problematic (Figure 17-2). Clinicians may also use the term COPD to describe
nonspecific respiratory symptoms in cases in which airflow impairment may be
either absent or present. The International Classification of Diseases (ICD)-9 and
-10 codes and the definitions used in this chapter are presented in Table 17-1.
Both cystic fibrosis (CF) and sleep apnea are chronic diseases affecting mul-
tiple systems with principal effects on the respiratory system. Cystic fibrosis is
an inherited disease characterized by the production of abnormally thick and
sticky mucus, resulting in respiratory infections and pancreatic obstruction,
and is a major source of severe chronic lung disease in children and an increas-
ingly important cause of morbidity and mortality from chronic lung disease in
young adults (Boucher et al. 2000). Obstructive sleep apnea is characterized by
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Source: Based on Snider (1988).

Note: Chronic obstructive pulmonary disease (COPD) includes patients with chronic bronchitis and
emphysema, and a subset of patients with asthma. Patients with COPD found outside the box for
airways obstruction would have clinical or radiographic features of chronic bronchitis or emphysema.

Figure 17-2. Schema of Chronic Obstructive Pulmonary Disease (COPD)

sleep-disordered breathing associated with daytime symptoms, such as exces-
sive sleepiness, and intermittent upper respiratory tract obstruction (Caples
et al. 2005). The condition has been estimated to be present in 3% to 7% of men
and 2% to 5% of women (Punjabi 2008).

Pathophysiology

The diagnostic tests and associated criteria for definition differ among various
chronic respiratory diseases. Chronic bronchitis is diagnosed by clinical signs
and reported symptom history, whereas asthma and other forms of COPD are
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|
Table 17-1. Definitions of Specific Chronic Respiratory Diseases
Disease IcD-9 ICD-10 Definition

Asthma 493 J45-)46 Reversible airway obstruction
with airway inflammation and
increased airways responsiveness
to a variety of stimuli.

Bronchitis?® 490-491 J40-)42 Excessive tracheobronchial
mucus production associated
with narrowing of the bronchial
airways and cough.

Emphysema® 492 J43 Alveolar destruction and
associated airspace
enlargement.

Other chronic obstructive 491.21-491.22, Ja4 Asthma with chronic obstructive
pulmonary diseases 493.2, 496 pulmonary disease and other
chronic airway obstruction.
Cystic fibrosis 277.00,277.01 E84 Genetic disease with exocrine

gland dysfunction resulting
in pancreatic insufficiency,
chronic progressive lung
disease, and elevated sweat
chioride production.

Bronchiectasis 494 147 Bronchial wall destruction.
Pneumoconioses (and 500-504, J60-167 Dust-, fume- or mist-induced
other externally induced 506.4, 507.1, pneumoconiosis or lung
alveolar diseases) 507.8, 515, injury (not immunologically
516.3 mediated).
Sleep apnea 780.51, 780.53, G47.3 Repetitive cessation of
780.57 breathing during sleep.

Note: ICD-9=International Classification of Diseases, Ninth Revision; ICD-10=International
Classification of Diseases, Tenth Revision.

*Bronchitis and emphysema are the major conditions falling under the classification of chronic
obstructive pulmonary disease.

diagnosed by clinical evaluation and spirometric tests of lung function (GINA
2015; GOLD 2016). Emphysema is defined in histopathologic terms (i.e., study
oflung tissue) and is diagnosed with certainty only with Jung biopsy or autopsy,
although computerized axial tomography (CT) scanning of the chest can be
informative. A further complication is that the symptoms of gastroesophageal
reflux, a digestive condition, can occasionally be similar to those of various
airways diseases, and the two conditions are often confused (Guill 1995).
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One manifestation of the occupation-related pneumoconioses, or dust-
induced lung conditions, is a fibrotic response to deposition of inorganic mate-
rial. Diagnosis requires an exposure history and x-ray assessment (ILO 2002).
In a heterogeneous group of lung disorders, interstitial lung diseases, the chest
x-ray, and occasionally CT of the chest can assist in the evaluation and moni-
toring of disease status and are used in conjunction with other methods of
assessing respiratory function, such as spirometry.

Spirometric testing is simple and inexpensive and is a sensitive and nonin-
vasive method of assessing obstructive lung diseases as well as different fibrotic
or restrictive lung diseases. Spirometry measures the expired volume as a func-
tion of time. Forced vital capacity (FVC) and forced expiratory volume in the
first one second (FEV1) are less variable than many other tests of lung function
(Gold 2000a). Using the FVC or FEV1, or the ratio of FEV1 to FVC, lung dis-
orders can be categorized into those with airflow obstruction (ratio of FEV1
to FVC less than 0.75) or restriction (FVC less than 80% of predicted) or into
mixed disorders (decreases in both FEV1 to FVC ratio and FVC).

In addition to spirometry, other lung function tests can include measure-
ment of total lung capacity, functional residual capacity, carbon monoxide
diffusing capacity, and cardiopulmonary exercise testing. Assessment of lung
function following bronchoprovocation with methacholine or histamine may
indicate airway hyperreactivity and is sometimes performed if asthma is sus-
pected but spirometry is inconclusive.

The chest radiograph is of most help in the clinical evaluation of chronic
lung diseases. However, its role in the screening or epidemiologic study of
lung diseases is limited by expense, feasibility, and technical considerations.
A uniform method of chest radiograph interpretation has been developed by
the International Labour Office (ILO) for use in selected clinical settings (e.g.,
disability assessment for occupational lung disease) and for research purposes
(ILO 2002; ILO 2011). The system categorizes opacities and pleural changes
on the chest radiograph by their shape, size, location, and density (ILO 2002;
ILO 2011). Physicians who obtain additional training in ILO interpretation of
the chest x-ray and pass an examination are called B readers. Methods similar
to the ILO scheme for the chest x-ray have been developed for standardized
interpretation of CT images of the chest (Tamura et al. 2015).

This chapter not only discusses the two major chronic lung diseases,
asthma and COPD, but also includes shorter descriptions of a variety
of occupationally induced chronic lung diseases, including coal workers’

799



800

CHRONIC DISEASE EPIDEMIOLOGY PREVENTION, AND CONTROL

pneumoconiosis, silicosis, asbestosis, byssinosis, and occupational asthma;
lung diseases associated with exposure to organic dusts; a diverse group of
diseases resulting in fibrosis of the lung (i.e., interstitial lung disease); CF;
and obstructive sleep apnea.

ASTHMA

According to results of the 2014 National Health Interview Survey, approxi-
mately 7.7% of the general population currently has asthma (current preva-
lence), and 12.9% have received a diagnosis of asthma during their lifetime
(lifetime prevalence; CDC 2016a). Although much effort has been made in
recent years to develop standardized diagnostic criteria for asthma, estimates
of asthma prevalence continue to vary with different data collection
approaches, such as self-reported and physician-reported data. International
asthma prevalence estimates vary widely, ranging from less than 2% in Nepal
to 16% in Isle of Man (GINA 2015). In 2013, 3,630 people in the United States
died from asthma (Xu et al. 2016).

Significance

Asthma was responsible for an estimated 17.3 million ambulatory care visits in
2010, including visits to physician offices, emergency departments, and hospi-
tal outpatient departments (CDC 2012b). Appropriate medical management
may limit the degree to which asthma affects productivity of children and
adults; however, asthma remains a significant cause of missed days of work or
school. In 2013, U.S. children missed an estimated 13.8 million days of school
because of asthma (CDC 2013).

Pathophysiology

Historically, asthma has been classified into two categories: allergic or atopic
(extrinsic) and nonallergic or nonatopic (intrinsic) asthma. Atopy is defined as
the capacity to produce abnormal amounts of immunoglobulin E (IgE) in
response to environmental allergen exposure. Between the two categories,
asthma appears to be more commonly classified as allergic in children than in
adults (Pearce et al. 1999; Knudsen et al. 2009). However, many individuals have
asthmatic responses that are characteristic of both categories and the basis for
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this classification has been under question. The introduction of newer informa-
tion about the role of genetics in asthma and observations of higher IgE levels in
patients of all age groups has added weight to the proposal of a unifying hypoth-
esis for both types of asthma (White and Kaliner 1991; Meyers et al. 2004).
Asthma primarily manifests itself in the airways, and patients with asthma
show evidence of mucosal edema, epithelial disruption, infiltration with
inflammatory cells, and excessive amounts of mucus in airways (Boushey et al.
2000). The development of the changes responsible for airway obstruction and
hyperresponsiveness is primarily attributable to inflammatory responses in
the airways of patients. In allergic asthma, IgE-antigen complexes bind to the
membranes of various connective tissue cells, causing the release of signaling
chemical agents responsible for an asthmatic response. Positive response to
skin test batteries for common allergens is more prevalent among those with
extrinsic asthma than those with intrinsic asthma, and more common among
people with asthma as a category than among people without asthma (Pearce
etal. 1999). .
Symptoms of asthma, such as intermittent wheezing or shortness of breath
triggered by specific environmental exposures or exercise, frequently appear in
children before the age of five years. About 50% of adults who were diagnosed
with asthma as children no longer have the condition, with about half of these
becoming totally symptom-free (Barbee and Murphy 1998). Conversely, about
one fourth of childhood asthma cases persist with a similar degree of severity
into adulthood, and the remaining one fourth may experience a temporary
cessation in symptoms, with symptoms returning in adulthood (Sears 1991).

Descriptive Epidemiology
High-Risk Populations

Although there is a range of factors that are useful for describing the distribu-
tion of asthma and asthma-related adverse health outcomes among popula-
tions, the most important determinants of asthma and related morbidity and
mortality are race/ethnicity, age, and sex. Racial disparities for asthma are
found for a range of endpoints, most notably prevalence, mortality, and hospi-
talizations (Figure 17-3). Data from the 2014 National Health Interview Survey
found significantly higher values of current asthma prevalence for non-
Hispanic African Americans than for non-Hispanic whites (9.9% vs. 7.6%;
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Figure 17-3. Asthma"Hospitalization Rates and Asthma Death Rates (Population-Based), by
Race, United States, 1980-2009

CDC 2016a). When the data were limited to children, the disparity was even
more striking (13.4% vs. 7.6%; CDC 2016a). Across all race groups, Hispanic
ethnicity is not associated with higher asthma prevalence. As a subset of the
Hispanic population, however, those of Puerto Rican descent have an asthma
prevalence rate of 16.5% for all age groups and 23.5% among children. Asthma
prevalence tends to be higher in children than adults. Data from the 2014
National Health Interview Survey show similar prevalence among white chil-
dren and adults (7.6%) but higher prevalence among children versus adults for
African Americans (13.4% vs. 9.9%), and among Hispanics (8.5% vs. 6.7%;
CDC 2016a).

For health care utilization, rates of inpatient hospitalization and emergency
department use related to asthma are significantly higher for African Amer-
icans than for whites. In 2010, the inpatient hospitalization rate for asthma
among African Americans was 29.9 per 10,000 population compared to 8.7
per 10,000 for whites (CDC 2016b). The emergency department visit rate for
asthma among African Americans and whites per 10,000 population was 182.1
and 51.0, respectively, in 2009 (Moorman et al. 2012). Differences in asthma
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health care utilization for persons with current asthma by age, sex, and race
are depicted in Figure 17-4 (Moorman et al. 2012). Rates for the population
with asthma take into account differences in asthma prevalence among demo-
graphic groups. In 2014, the asthma mortality rate for non-Hispanic African
Americans was three times higher compared to that for non-Hispanic whites
(2.5 vs. 0.9 per 1,000,000 population, respectively; CDC 2015).

Among the striking features of the epidemiology of asthma is the observed
trend by which prevalence shifts according to sex among age groups. By sex,
asthma prevalence is higher in boys than in girls (Moorman et al. 2012). In
2014, asthma prevalence among boys and girls was 10.1% and 7.0%, respec-
tively (CDC 2016a). Among adults, however, this trend is reversed, with 2014
asthma prevalence rates for men and women of 5.1% and 9.6%, respectively
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Note: Crude risk-based rates (per 100 persons with current asthma) are presented.

Figure 17-4. Asthma Physician Office Visit, Hospital Outpatient Department, Emergency

Department and Hospitalization Rates by Age, Sex, and Race: United States, Average Annual
2007-2009
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(CDC 2016a). This trend is borne out in health care utilization rates (inpatient
admissions, emergency department visits, and ambulatory care visits) and for
mortality rates. No clear explanation for this observation has emerged.

The degree to which the racial disparity in asthma prevalence and adverse health
outcomes can be explained by socioeconomic differences is a subject of some con-
troversy. Factors such as access to high-quality health care and housing conditions
are likely to account for some of the racial disparities seen with asthma. Some eco-
logic studies of national databases indicate that controlling for family income can
diminish or decrease the racial difference in asthma prevalence (Weitzman et al.
1992; Smith et al. 2005), whereas others have found that racial and ethnic dispar-
ities in asthma prevalence and health care utilization persist after accounting for
income and other socioeconomic factors (Bhan et al. 2015; Law et al. 2011).

As described earlier, approximately 30% to 50% of the general population
can be classified as atopic, and most asthmatics fall into this category (Pearce
et al. 1999). Because of growing knowledge that atopy is strongly influenced
by genetics, it follows that some aspects of asthma development may be under
genetic control. Indeed, those with a family history of asthma have long been
known to be at increased risk for developing the disease (Burke et al. 2003).

Geographic Distribution

Data from the National Health Interview Survey from 2008 to 2010 suggest that
regional differences exist in the United States for asthma prevalence. Based on stan-
dard U.S. census regions, asthma prevalence is highest in the Northeast (8.8%), fol-
lowed by the Midwest (8.7%), West (8.0%), and South (7.6%; Moorman et al. 2012).
Average annual emergency department visit rate estimates for the period 2007 to
2009 are highest in the Northeast (10.2 per 100 persons with current asthma), fol-
lowed by the South (8.7), Midwest (8.0), and West (5.5; Moorman et al. 2012).

Time Trends

Although the range of data sources available for asthma surveillance has changed
over time, observed increases in patient encounter measures for asthma have
been predicated by increased asthma prevalence in recent decades (Moorman et
al. 2012). Based on survey responses regarding whether a family member had
asthma in the past 12 months, asthma prevalence increased from 3.1% in 1980 to
5.5% in 1996, an increase of 3.8% per year. This increase occurred among all age,
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sex, and race subgroups. Although changes in survey questions make compari-
sons from 1997 to 2000 with newer national prevalence data problematic, cur-
rent asthma prevalence rates increased from 7.3% in 2001 to 8.4% in 2010, an
increase of 1.5% per year. Data on asthma mortality suggest that death rates
increased from 1980 through 1989, remained stable from 1989 to 1998, and have
declined by 4.9% per year from 1999 to 2009 (Moorman et al. 2012).

Seasonal trends have been consistently exhibited for both asthma morbid-
ity and mortality. Asthma hospitalization rates reflect a seasonal variation
whereby the highest rates occur in early spring and early fall, and rates are low-
est in the summer (Weiss 1990). Studies on asthma mortality have suggested
that asthma mortality in children and young adults may peak in summer,
whereas mortality among older adults peaks in winter. Potential explana-
tions for this observed seasonality include plant allergens, acute respiratory
infections, cold weather, and air pollution. For school-age children, the onset
of school in September has been found to contribute to increased emergency
department visits for asthma (Silverman et al. 2005).

Causes

Modifiable Risk Factors

The bulk of the published literature on asthma epidemiology and risk factors
has focused on the identification of asthma triggers—specific exposures that
often precipitate symptoms in individuals with asthma. Common asthma trig-
gers include dust mites, allergens from pets, cockroaches and rodents, second-
hand smoke, molds, ambient air pollutants, cold conditions, and exercise
(GINA 2015). There are, by contrast, relatively few conclusive findings about
what risk factors contribute to the development of the condition itself, and the
factors that cause asthma remain largely unidentified (Taussig et al. 2003).

As discussed in the previous section, atopic individuals are more likely to
be diagnosed with asthma than others, and atopy is a significant risk factor for
developing asthma. One study found that most people with asthma are atopic
(Arbes et al. 2007). Although the relationship to atopy suggests that there is a
strong genetic component among the factors related to the etiology of asthma,
environmental factors appear to play a role as well. One longitudinal study
in children found that although IgE levels in umbilical cord blood were not
predictive of subsequent development of asthma, IgE blood levels in blood
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samples taken at age one year were predictive (Martinez et al. 1995). This find-
ing suggests that exposures within the first year of life may be substantial con-
tributors to the risk of developing asthma in childhood.

Although exposures to dogs and cats in the home can be an asthma trigger
for some people with asthma, results from studies on the effect of the presence
of dogs and cats in the home environment on the development of asthma have
been mixed. One longitudinal study found a decreased likelihood for develop-
ing wheezing among children without maternal asthma in homes with one or
more indoor dogs, but no effect related to cats in the home (Remes et al. 2001).
Another study found increased likelihood of cat sensitization and develop-
ment of severe asthma among children reporting the presence of cats in the
home before the age of two years (Melen et al. 2001).

Although breast-feeding practices in childhood may also affect the risk of
developing asthma in children, the results of studies on this question have also
been mixed. In one longitudinal study, atopic children with asthmatic mothers
were more >likely to have asthma if they were exclusively breast-fed as infants
(Wright et al. 2001). In the same study, however, exclusive breast-feeding was
associated with reduced likelihood of recurrent wheeze in the first two years of
life regardless of atopy status or whether the child’s mother had asthma.

Secondhand smoke has clearly been established as a risk factor for asthma exac-
erbations (Chilmonczyk et al. 1993; Witorsch and Witorsch 2000). There is also
increasing evidence that exposure to secondhand smoke may contribute to the
development of asthma, both in adults and children (Gold 2000b; Jaakkola et al.
2003). For children, the risk associated with secondhand smoke may be confounded
by effects of maternal smoking that may have been incurred during pregnancy.

The relationship between asthma and obesity has received increased atten-
tion in recent years. Because obesity is associated with a generalized increase in
inflammatory response, a causal role in asthma has been postulated (Beuther
et al. 2006). Increased incidence of asthma and poorer asthma control have
been observed at higher rates among people with elevated body mass index
(BMI) values (Akinbami and Fryar 2016). In children, the impact of obesity
on incident asthma was shown to be more pronounced among girls than boys
(Gold et al. 2003). Because of the possibility that reduced physical activity
among people with asthma could contribute to the likelihood of obesity, the
relationship between asthma and obesity is likely to be complex in nature.

Ambient air pollutants have been shown to be important asthma trig-
gers (GINA 2015). Associations between asthma and exposure to ozone and
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particulate matter have been commonly observed, but other pollutants such
as nitrogen dioxide and volatile organic compounds, and community traffic
density and proximity to heavily traveled roads have also been found to be
associated with adverse asthma-related health outcomes (Sarnat and Holguin
2007). The role of air pollution in the development of asthma is less certain.
In a study of southern California schoolchildren, residence within 75 meters
of a major road was found to be associated with increased risk of lifetime
asthma, with effects more pronounced in girls than in boys (McConnell et al.
2006). Incidence of asthma was also associated with traffic-related air pollu-
tion exposure from roadways near homes and schools (McConnell et al. 2010).
Among school-age children active in sports, incidence of asthma was found to
be higher in children living in communities with high ozone concentrations
than among other children (McConnell et al. 2002).

Population-Attributable Risk

The development of asthma clearly appears to be related to both genetic and
environmental factors. As such, quantifying the relative contribution of genet-
ics and environment is a difficult proposition. Specific genes related to atopy
and asthma development have begun to be identified (Ober and Yao 2011).
Although it appears increasingly apparent that some specific environmental
factors play a role in asthma development, there is a substantial amount of
variability among individuals with asthma as to the triggers causing exacerba-
tions. It is likely that the list of environmental and occupational exposures that
may contribute to the development will be highly individual-specific as well.

Evidence-Based Interventions
Prevention

Because of the considerable uncertainty about how specific genetic and envi-
ronmental factors contribute to the development of asthma at both the individ-
ual and population levels, there are few clear recommendations to offer by way
of preventing the development of asthma. For potentially susceptible popula-
tions, such as siblings and children of people with asthma, there may be benefit
in extending environmental control measures applied to the individual with
asthma (such as limiting exposure to pests and mold) to other members of the
household. For example, dust mites can be effectively controlled by encasing
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mattresses and pillows in airtight covers, washing bedding every week, and
removing wall-to-wall carpeting, especially in bedrooms. Given the increased
evidence regarding secondhand smoke and air pollutants as contributors to
developing asthma, public policy efforts to ban smoking in public places and
establish appropriate air pollutant restrictions for ozone and particulate matter
may have benefit in reducing future asthma incidence and prevalence.

Rather than focus on poorly informed efforts on asthma prevention, public
health activity on asthma has focused primarily on means by which individu-
als with asthma can reduce or eliminate exacerbations that may pose a threat
to a patient’s health or limit his or her quality of life. This has been done
by promoting regular interaction with appropriate health care providers,
providing and disseminating guidance about appropriate use of controller
medications to patients and health care providers, and by educating patients
about the nature of asthma as a chronic disease and how to identify and avoid
asthma triggers that may cause exacerbations. Because secondhand smoke
is a known asthma trigger, efforts to discourage tobacco use in homes and
other indoor en\;i;onments or focusing smoking cessation efforts on people
with asthma and their families may be worthwhile approaches to consider.
Because influenza may have a considerable impact on asthma-related mor-
bidity, it is recommended that people with asthma obtain a yearly flu shot.
Whether people with asthma constitute a risk category on par with the elderly
or other groups for targeting flu shots when resources are scarce remains
an open question (Bueving et al. 2005). Exposure to ambient airborne par-
ticulates and irritants has been associated with asthma exacerbations and
increased inpatient hospitalization and emergency department visit rates for
asthma. In addition to efforts to decrease ambient concentrations of these
pollutants, state and national public health alerts are issued when pollution
concentrations exceed standards and could pose a threat to sensitive popula-
tions, including people with asthma.

Screening

Because effective management can minimize the frequency and severity of
asthma exacerbations, applying a proper diagnosis to individuals who have
asthma is an important step in controlling the disease and reducing asthma-
related adverse health outcomes. However, mild to moderate cases of asthma
may be difficult to diagnose, especially among young children. In such cases,
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symptoms can often be confused with recurrent respiratory infections or
bronchitis, and, as such, may not be recognized as a chronic condition.

Because of its impact on school attendance, as a major cause of hospitaliza-
tion in children, and the preventable nature of asthma-related morbidity, the
notion of population-based screening for asthma has received much attention
as a potential intervention. Many organizations, including the American Tho-
racic Society, have refrained from endorsing such screening efforts because of
the lack of evidence that such approaches result in measurable improvements
in health outcomes (Gerald et al. 2007). Population-based screening may be
most effective in areas where there is likely to be a high prevalence of undiag-
nosed asthma and where access to high-quality care is likely to be available for
newly diagnosed patients.

Treatment

The primary goal of asthma treatment is to control the condition and mini-
mize exacerbations to avoid adverse asthma-related health outcomes. Most
asthma medications can be described as controller medications or reliever
(rescue) medications (GINA 2015). Controller medications are generally taken
daily on a long-term basis to achieve control of inflammation. Common types
of controller medications include inhaled corticosteroids such as fluticasone,
leukotriene modifiers such as montelukast, and long-acting p2-agonists such
as salmeterol. Reliever medications act quickly to address bronchoconstric-
tion. These include rapid-acting B2-agonists and systemic glutocorticoste-
roids. Frequent use of reliever medications (e.g., on a daily basis) may signify
that a patient’s asthma is not being well controlled and his or her treatment
plan should be re-evaluated. Some medications in both classes are not recom-
mended as stand-alone therapies, but are generally prescribed only when other
controller medications are included in the patient’s therapy plan.

Examples of Evidence-Based Interventions

Over the past decade, substantial effort has been made in designing, imple-
menting, and evaluating public health interventions to address asthma. Com-
mon objectives for intervention efforts include educating patients about
asthma, controlling exposure to triggers in the home and work environments,
and enhancing communication across different parts of the health care system
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about patients with asthma. Sites where interventions have been implemented
to address asthma include health care facilities (clinics, hospitals, and emer-
gency departments), pharmacies, homes, schools, and workplaces. The focus
of such interventions has ranged from patients and parents to teachers and
health care providers, and effective programs have taken approaches such as
modifying the home environment during pregnancy to reduce the likelihood
of developing asthma in childhood (Custovic et al. 2001), assessing the quality
of patients’ interaction with pharmacists (Barbanel et al. 2003), and eﬂsu‘ring
that health education messages are culturally appropriate for patients
(Brotanek et al. 2007).

Reducing exposure to secondhand smoke through state smoke-free policies
has been associated with a lower risk of asthma health care utilization (Mackay
et al. 2010; Millett et al. 2013). A systematic review of public health interven-
tions for asthma found that skills-based asthma self-management education
is effective for both children and adults (Labre et al. 2012). Furthermore, a
Guide to Community Preventive Services review indicated that home-based,
multi-trigger, multi-component environmental interventions are effective in
children and demonstrate a modest return on investment (Guide to Commu-
nity Preventive Services 2012). Guidelines have been established for asthma
management and prevention at both the national and international levels, set-
ting the stage for more uniform practices for the evaluation, dissemination,
and adaptation of effective public health interventions for asthma (GINA 2015;
NHLBI 2007).

Areas of Future Research

Risk factors for the development of childhood asthma have not been fully
assessed, and further work to develop appropriate animal models for asthma
research is needed (Coleman 1999). Longitudinal cohorts of asthma patients are
recommended to further understand the origins of asthma and the relation-
ships between exposures and developmental changes over the lifespan (Levy
et al. 2015). A broader description of the genetic determinants of asthma will
help enable the identification of high-risk individuals for whom particular
interventions to prevent asthma might be recommended. Although effective
medications for asthma control exist, there remain concerns about long-term
side effects, such as growth restrictions in children, for which more data are
required. Although home-based multicomponent interventions to reduce
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exposure to asthma triggers in the home have been shown to be effective in
children with asthima, the evidence demonstrating effectiveness for adults with
asthma remains tenuous (Guide to Community Preventive Services 2012). Fur-
ther data on the effectiveness of such interventions for adults with asthma
would be of great benefit.

CHRONIC OBSTRUCTIVE PULMONARY DISEASE

Chronic obstructive pulmonary disease (COPD) has been defined as a disease
chiefly marked by airway obstruction that is not fully reversible (Rabe et al.
2007). The condition is usually progressive in nature and is associated with an
abnormal inflammatory response of the lungs to noxious particles and gases
(Shapiro et al. 2000). Conditions such as chronic bronchitis and emphysema that
are obstructive in nature are frequently grouped together under the broader
heading of COPD. Because there can be a significant overlap of symptoms and
manifestations of different forms of COPD, distinctions among the various diag-
noses within the broader COPD category can be difficult to make successfully.

Significance

In National Health Interview Survey findings from 2007 to 2009, self-reported
prevalence for chronic bronchitis (in the past 12 months) or emphysema (life-
time) was estimated at 5.1% (Akinbami and Liu 2011). Findings from the
Behavioral Risk Factor Surveillance System indicate that 6.3% of adults in the
United States reported having been given a diagnosis of COPD by a physician
or other health professional (CDC 2012c). For adults aged 40 to 79 years, pop-
ulation projections based on spirometry data from physical examinations
from the National Health and Nutrition Examination Survey (NHANES)
from 2007 to 2010 place the prevalence of mild and moderate obstructive pul-
monary disease between 10.2% and 20.9% (Tilert et al. 2013). These findings
suggest that prevalence estimates based on self-reported data may significantly
underestimate actual COPD prevalence. Inpatient hospitalization rates in the
United States for COPD of 33.4 (women) and 31.6 (men) per 10,000 population
were observed in 2010 (Ford et al. 2013), with a national mortality rate for that
year of 63.1 per 100,000 population. For all health endpoints related to COPD,
however, imprecise and variable definitions make the quantification of preva-
lence, morbidity, and mortality difficult.
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An estimate of the economic costs of COPD in the United States was placed
at $36 billion—including $32.1 billion for direct medical costs and $3.9 billion
for absenteeism (Ford et al. 2015). Primary payers of direct costs included
Medicare (51%), Medicaid (25%), and private insurance (18%).

In addition to being a common primary diagnosis for hospitalization,
COPD is a common comorbidity for inpatient hospitalizations. It was found
to be present as a comorbid condition in 12% of hospital discharge records
(Merrill and Elixhauser 2005).

Pathophysiology

Initial pathologic changes of COPD occur in the proximal and peripheral air-
ways, lung parenchyma, and pulmonary vasculature (Hogg 2004). These
pathologic changes consist of inflammatory responses and associated increases
in goblet cell number and mucous gland size. This inflammation appears to be
an amplification of normal inflammatory responses to toxic gases and partic-
ulates. This response is most commonly observed as ongoing exposure to
tobacco smoke (Rabe et al. 2007).

Emphysema is best characterized by the destruction of the bronchioles,
alveolar ducts, and alveoli that constitute gas exchange air spaces. The mech-
anism for this destruction is inflammatory in nature, most commonly result-
ing from ongoing exposure to tobacco smoke (Shapiro et al. 2000). The chief
physiological result in emphysema is the obstruction of expiratory airflow and
reduced gas transfer capacity. It is increasingly recognized that elastases play an
important role in the pathophysiology of emphysema. Elastases are enzymes
that digest and degrade elastin, an elastic substance that supports the structure
of the lungs. It is theorized that exposure to toxic gases and particulates alters
the balance between proteinase and antiproteinase activity in the lungs, result-
ing in the degradation of lung tissue that leads to the symptoms of emphysema
(Shapiro et al. 2000).

In adults, the onset of COPD often begins with a moderate decline in lung
function capacity before age 50 years. In many cases, COPD would be observ-
able by spirometry, but medical attention may not be sought until symptoms
such as dyspnea are observed. Among smokers, a characteristic cough may
provide early evidence of the onset of COPD. In the typical case, the decline in
lung function accelerates after the age of 50 years (Shapiro et al. 2000; GOLD
2016). As the disease progresses, the damage to the lung ultimately results in
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inadequate oxygen delivery. Chronic obstructive pulmonary disease is a com-
mon comorbid condition among patients presenting with cardiovascular dis-
ease and a range of other systemic conditions.

Descriptive Epidemiology
Hi_gh-Risk Populations

Although describing the epidemiological burden of COPD is complicated by
variable diagnostic criteria and differences between self-reported data and
results from physical examinations, certain groups are at greater risk for
COPD than others. Smokers and ex-smokers constitute the most distinct
high-risk group for COPD, and the prevalence of tobacco smoking is the best
predictor of COPD prevalence across the globe (GOLD 2016). The prevalence
of COPD also increases with age, especially after the age of 40 years (Halbert
et al. 2006). This increase in risk with age is attributable to both increased
cumulative tobacco smoke exposure among smokers and a generally observed
decline in lung function with age across populations. While the U.S. death rate
from COPD remained steady among women from 1999 to 2010, it decreased
moderately for men over the same period (from 88 per 100,000 to 74 per
100,000; Ford et al. 2013). Although observed COPD prevalence by sex closely
follows expectations based on patterns of tobacco smoking, decline in lung
function consistent with COPD appears to be more strongly affected by smok-
ing in women than in men (Connett et al. 2003). Improvements in lung func-
tion upon tobacco cessation also appear to be greater among women than
among men.

A small number of patients with COPD have a deficiency of the protein
alpha-1 antitrypsin. The genetic variation leading to this deficiency is seen
most commonly in whites of Scandinavian descent, and is estimated to be
present in some degree in roughly one of every 2,500 to 5,000 newborns in
Western Europe (Fregonese and Stolk 2008). This protein acts to inhibit the
destructive capabilities of the white blood cell elastase responsible for degra-
dation of lung tissue, and deficiencies of alpha-1 antitrypsin have been asso-
ciated with emphysema. Other high-risk groups may be defined based on low
birthweight, respiratory infections in childhood, and occupational exposure
to dusts (described later in this chapter). In addition, there is some evidence
that physician-diagnosed asthma increases one’s risk of developing the irre-
versible airway obstruction seen in COPD (Silva et al. 2004).
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Geographic Distribution

By state, COPD mortality rates tend to be higher in some parts of the Westand
South, including Appalachia. Mortality data from 2010 showed the highest
age-adjusted COPD mortality rates among adults aged 25 years and older in
Oklahoma (102.6 per 100,000 population), West Virginia (95.1), Kentucky
(90.7) and Wyoming (89.6), whereas the lowest rates were found in Hawaii
(24.8 per 100,000), the District of Columbia (37.7), and Connecticut (43.6; Ford
et al. 2013). Although comparison with state-specific smoking-attributable
mortality rates explains COPD mortality rates for Appalachian states, it does
not explain elevated rates in Western states (Weinhold 2000). Although theo-
ries regarding population migration, ambient air pollutants, and diagnostic
differences have been postulated, this discrepancy has yet to be fully explained.

Time Trends

Unlike the period of 1990 to 1998, when COPD prevalence increased among
women in the United States (Mannino et al. 2002), COPD prevalence was
largely stable over the period 1999 to 2010 (Ford et al. 2013). Declines were seen
over this period for COPD inpatient hospitalizations and Medicare hospital
discharge claims overall, among men, and among enrollees aged 65 to 74 years
(Ford et al. 2013).

Causes
Modifiable Risk Factors

The most commonly encountered risk factor for the development of COPD is
cigarette smoking. This risk is dose-related, and factors such as age of starting
to smoke, total pack-years smoked, and current smoking status are all predic-
tive of COPD mortality (GOLD 2016). As has been increasingly found for
other smoking-related health outcomes, exposure to secondhand smoke may
also contribute to the risk of developing COPD (Eisner et al. 2005). Further
study has indicated that exposure to secondhand smoke in childhood is
associated with COPD and related respiratory symptoms in adulthood
(Johannessen et al. 2012).

Occupational exposure to organic and inorganic dusts and fumes may con-
tribute to the development of COPD (Trupin et al. 2003; Blanc et al. 2009).
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In an analysis of data from the NHANES, occupations found to be associ-
ated with an increased risk of developing COPD included records processing
and construction trades workers (Hnizdo et al. 2002). There is growing liter-
ature that indoor pollution from the burning of biomass in poorly ventilated
dwellings can contribute to the development of COPD, especially in develop-
ing countries (Ezzati 2005; Orozco-Levi et al. 2006; Hu et al. 2010). Although
outdoor air pollution can contribute to COPD exacerbations, its role in the

development of COPD remains unclear.
1

Population-Attributable Risk

Cigarette smoking is by far the most commonly encountered risk factor for
COPD, and estimates of the fraction of cases attributable to smoking range
from 45% to 90% (Marsh et al. 2006). The American Thoracic Society con-
cluded that the population-attributable fraction of COPD attributable to
cigarette smoking is no more than 80% (Eisner et al. 2010). Estimates for the
population-attributable fraction for secondhand smoke in the home and
work environments have been derived to account for 9% and 7% of COPD
cases, respectively (Eisner et al. 2005). Other factors for which quantifiable
fractions of COPD may be derived include occupational exposures, exposure
to biomass smoke, and exposure to traffic and outdoor air pollutants (Eisner
et al. 2010).

Evidence-Based Interventions
Prevention

Because of the primacy of tobacco smoking as a risk factor for COPD, preven-
tion of tobacco smoking is the single most important preventive activity to
reduce the burden of COPD. Because the effect of tobacco smoking on COPD
is dose-related, any reduction in smoking may bring about a reduction in
related COPD morbidity. When a smoker quits, the age-related rate of decline
in FEV1 can approach the rate of lung function decline in never smokers, but
it does not return to the level of lung function seen in never smokers.

For individuals exposed to multiple risk factors, the effect of the collective
set of risk factors appears to be additive. As such, identifying individuals with
multiple risk factors, such as smoking and occupational exposures, may pro-
vide an important avenue for COPD prevention.
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Screening

Because interventions aimed at reducing harmful exposures can be effective in
slowing the progression of COPD, early detection of disease is beneficial for
patients. The primary mode of screening for COPD is to measure airflow
obstruction with spirometry or peak airflow measurement. Because there is a
large population that may be in the early stages of COPD without being aware of
it, increasing awareness of the relationship between symptoms such as chronic
cough and excessive sputum production and COPD may increase the fraction of
patients who are appropriately diagnosed with COPD. Broad population-based
screening should be limited to individuals at high risk for developing COPD,
such as cigarette smokers. Screening for genetic markers for alpha-1 antitrypsin
deficiency is available and is recommended for individuals for whom a genetic
predisposition to the deficiency is suspected as well as infants displaying unusual
hepatic symptoms (de Serres and Blanco 2006; Fregonese and Stolk 2008).

Treatment

The most effective treatment for COPD is to avoid exposure to causative and exac-
erbatory agents, such as cigarette smoke, workplace dusts, and ambient air pollut-
ants. Once COPD has been diagnosed, the objectives of disease management are to
relieve symptoms, improve exercise tolerance and health status, and prevent and
treat complications and exacerbations (GOLD 2016). A range of medications, such
as inhaled bronchodilators and glucocorticosteroids, can help alleviate some of the
symptoms of COPD. When the progression of disease results in decreased blood
oxygen, supplemental oxygen therapy has been shown to increase survival (Shapiro
et al. 2000). Pulmonary rehabilitation efforts such as exercise training and breath-
ing retraining have been shown to decrease dyspnea, increase exercise tolerance,
and improve patients’ quality of life (GOLD 2016). Surgical approaches, such
removal of emphysematous lung or lung transplantation, can be effective in
increasing survival in selected circumstances. Pneumococcal and influenza vacci-
nation are recommended for people diagnosed with COPD (GOLD 2016).

Examples of Evidence-Based Interventions

Effective tobacco prevention and control efforts (as discussed in Chapter 7)
represent the most important avenue for interventions achieving a reduction in
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the burden of COPD. Policies prohibiting tobacco smoking in workplaces such
as taverns and restaurants are now commonplace in the United States and may
decrease exposures that can precipitate COPD exacerbations.

Governmental agencies such as the Occupational Safety and Health Admin-
istration (OSHA) and the Mine Safety and Health Administration (MSHA)
have established enforceable occupational exposure limits to reduce harmful
workplace exposures that may contribute to COPD development. The Envi-
ronmental Protection Agency (EPA) and various state and local agencies
have adopted emissions limits for ambient air pollutants. Public health and
environmental agencies routinely issue alerts when air pollutant levels exceed
guidelines to advise individuals with COPD and other high-risk groups to
avoid activities that may increase the risk of an exacerbation.

Areas of Future Research

Although the primary risk factors for COPD are well established, differences in
regional COPD mortality rates that remain unexplained by tobacco smoking
patterns may offer an opportunity to better understand the epidemiology of
COPD. Additional studies of the cellular basis of COPD and identification
of more sensitive and specific biochemical, genetic, and molecular markers of
COPD may lead to better approaches for the diagnosis and control of COPD
(Petty and Weinmann 1997; Thomashow et al. 2014). Additional epidemiologic
studies assessing the interaction between cigarette smoking and exposures from
environmental and occupational sources may aid in assessing the relative effi-
cacy of various avenues for intervention. Longitudinal epidemiology studies may
help identify and quantify risk factors that contribute to the development of
COPD, either independently or in tandem with established COPD risk factors.

CYSTIC FIBROSIS
Significance

Cystic fibrosis is an inherited disease characterized by the production of abnor-
mally thick and sticky mucus resulting in respiratory infections and pancreatic
obstruction, and is a major source of severe chronic lung disease in children and
an increasingly important cause of morbidity and mortality from chronic lung
disease in young adults (Boucher et al. 2000). Although CF continues to result
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Figure 17-5. Median Predicted Survival Age for Individuals with Cystic Fibrosis, 1986-2014
(Five-Year Intervals)

in premature 'death from its effects on the respiratory, gastrointestinal, and
endocrine systems, major strides in screening and treatment in recent decades
have improved pat‘i'ént outcomes and survival for patients with CF (Figure 17-5;
Strausbaugh and Davis 2007; MacKenzie et al. 2014). There are an estimated
30,000 patients in the United States with CE, and the current median projected
survival for patients born and diagnosed with CF in 2010 is estimated at 37 years
for female and 40 years for male patients (MacKenzie et al. 2014).

Pathophysiology

The primary genetic defect associated with CF affects a transmembrane con-
ductance regulator protein that acts as a chloride channel. This genetic defect
has been localized to chromosome seven, and more than 1,500 specific muta-
tions have been identified and recorded. Levels of the functional regulator pro-
tein are substantially reduced in patients with CE affecting ion transport in
sweat ducts, airways, pancreatic ducts, and elsewhere. The severity and level of
organ involvement in CF is directly related to tissue levels of the protein. The
primary manifestation of CF in the respiratory tract is abnormally thick and
copious mucus in the airways that impairs microbial and mucociliary clearance.
This often contributes to progressive cycles of respiratory infection and inflam-
mation (Strausbaugh and Davis 2007; Flume and Van Devanter 2012). Impaired
ion transport may result in depletion of periciliary liquid on airway surfaces,
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resulting in impaired clearance by both cough and ciliary mechanisms (Boucher
2004). As more patients survive into adulthood, extrarespiratory effects such as
CF-induced diabetes and fibrotic and cirrhotic liver disease are increasingly
observed. Lung disease, however, remains the primary cause of morbidity and
mortality from CE

Descriptive Epidemiology
High-Risk Populations

Cystic fibrosis is among the most common lethal genetic defects affecting
whites in the United States. Incidence varies greatly in the United States on the
basis of ethnicity, with incidence at 1 in 3,200 births for whites, 1 in 15,000
births for African Americans, and 1 in 31,000 births for Asian Americans
(Orenstein et al. 2000). It is inherited in an autosomal recessive fashion, and the
estimates of the prevalence of the heterozygous form in individuals of Northern
European descent ranges from 2% to 4% (Tsui and Buchwald 1991; Schulz et al.
2006). Individuals with the heterozygous form are not affected with CE

A review of CF mortality records from 10 countries found that the median
age of death was consistently highest in the United States. Although increases
in life span were observed in all 10 countries over time, all 10 showed a shorter
life span for women with CF than for men with CF (Fogarty et al. 2000).

Causes

Risk for developing CF is based on genetics. However, there are several classes
of specific mutations within the target gene that can lead to the condition, and
there are observed differences in disease severity associated with the different
classes (Strausbaugh and Davis 2007). Among patients with CF, decrease in
FEV1 and use of nutritional intervention have been established as markers for
mortality risk (Kerem et al. 1992; Belkin et al. 2004).

Evidence-Based Interventions
Prevention

Aside from genetic counseling and education for prospective parents, the pre-
vention of CF is a difficult proposition. Gene therapy approaches, whereby
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copies of the normal CFTR gene could be incorporated and expressed in
affected cells, remain a promising line of inquiry. The approach in this regard
would be to place a copy of the gene for normal transmembrane conductance
regulator protein in affected cells, resulting in production of the normal pro-
tein. Although clinical trials have shown some early success, many hurdles
remain to the use of gene therapy approaches in routine treatment of CF
(Griesenbach and Alton 2012).

Screening

Newborn screening for CF is now undertaken in all 50 states. The most common
method used for screening is measurement of immunoreactive trypsinogen on
dried blood spots, followed by direct gene analysis approach for confirmation.
Among the reported benefits of early screening is the ability to begin nutritional
interventions that may reduce the risk of growth failure and prolonged vitamin
deficiency that can be associated with CF (Castellani 2003; Dunn et al. 2011).

SLEEP APNEA
Significance

Sleep apnea is a chronic condition characterized by recurrent episodes of par-
tial or complete collapse of the upper airway during sleep (Punjabi 2008). It is
one of the leading causes of excessive daytime sleepiness in adults, and con-
tributes to the development of conditions such as hypertension and cardiovas-
cular disease. Obstructive sleep apnea is the most common form of the
condition. In obstructive sleep apnea, airflow is restricted because of occlusion
at the oropharyngeal level, which leads to arousal and obstruction relief. The
observed arousal does not always lead to complete awakening, but may inter-
fere with sleep efficiency and contribute to daytime sleepiness.

Pathophysiology

Apnea is defined as a total cessation of airflow; hypopnea occurs when there is
a decrease in airflow at the nose and mouth (Caples et al. 2005). A small number
of apnea and hypopnea events occur in all people during sleep; the number of
apneas and hypopneas considered abnormal depends on the population being
tested and indications for testing. The frequency with which airflow reductions
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occur is termed the apnea—hypopnea index. The index is used as a quantitative
characterization of the severity of sleep apnea (Caples et al. 2005). An apnea-
hypopnea index of five or more is indicative of mild sleep apnea, whereas an
index value of 15 or more indicates sleep apnea of moderate severity.

Depending on the severity of the condition, sleepiness may be observed
during passive activities such as reading or, in more severe cases, activities
such as operating motor vehicles. Aside from daytime sleepiness, commonly
observed symptoms of sleep apnea include snoring, poor memory, and impaired
psychomotor function (Young et al. 2002).

Descriptive Epidemiology
High-Risk Populations

Estimates of the prevalence of obstructive sleep apnea can vary greatly depend-
ing on the methodology used. Because obtaining an assessment of an individ-
ual’s apnea-hypopnea index requires an overnight visit to an appropriaté sleep
laboratory, data to support measurements of the prevalence of obstructive
sleep apnea can be scarce. Available data from population-based studies place
the prevalence of sleep apnea in the range of 5% to 7% for men and 2% to 5%
for women (Punjabi 2008). However, because of the intensive nature of the
assessment needed to diagnose sleep apnea, it is thought that the majority of
cases of sleep apnea go undiagnosed (Young et al. 1997).

Obstructive sleep apnea has been implicated as a contributor to the devel-
opment of a range of conditions, including hypertension, and cardiovascular
and cerebrovascular diseases (Young et al. 2002). Specific outcomes such as
acute myocardial infarction incidence and mortality (He et al. 1988; Hung
et al. 1990) and stroke (Mooe et al. 2001) have been observed at increased
levels among people with sleep apnea. Injury-related outcomes observed with
increased frequency in people with sleep apnea include motor vehicle crashes
and occupational injuries (Young et al. 2002). In one study, individuals with
sleep apnea were found to be about 2.5 times more likely to have had an auto-
mobile accident than individuals without the syndrome (Karimi et al. 2015).

Causes

Factors contributing to the development of obstructive sleep apnea include
age, excess body weight, smoking, alcohol consumption, nasal congestion, and
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habitual snoring (Wetter et al. 1994; Young et al. 2002; Punjabi 2008). Other
factors for which a causative role is suspected include certain craniofacial fea-
tures and hypothyroidism.

Evidence-Based Interventions
Screening

Certain features of obstructive sleep apnea, such as its high prevalence and its low
recognition as a public health problem, have generated interest in using screening
approaches to address the condition. Applying screening approaches to certain
occupational populations such as long-distance truck drivers and hazardous duty
personnel may be warranted (Baumel et al. 1997). Concern about public safety led
to the issuance of specific screening recommendations for sleep apnea in com-
mercial motor vehicle operators (Hartenbaum et al. 2006). Validated screening
tools such as the STOP-Bang questionnaire (Chung et al. 2008; Chung et al. 2013)
have been de{relopgd for application in identifying surgical patients at risk for
postoperative complications as a result of undiagnosed sleep apnea.

Examples of Evidence-Based Interventions

The use of continuous positive airway pressure (CPAP) via a nasal mask is a
well established and effective means of therapy for obstructive sleep apnea
(Caples et al. 2005). Certain oral appliances worn overnight may be useful in
some cases. In some cases where the habitual use of CPAP does not improve
the condition, surgical options to remove soft palate tissue may be considered.

Addressing known risk factors such as body weight has been shown to reduce
apnea-hypopnea index in affected patients, and population-based weight reduc-
tion interventions may address diagnosed and undiagnosed cases of obstructive
sleep apnea. Increased awareness of sleep apnea as a focus for attention in pri-
mary care settings and referral of individuals with suspected cases of sleep apnea
to sleep specialists may help reduce the burden of this condition.

INTERSTITIAL LUNG DISEASE

Interstitial lung disease refers to diseases that manifest in the interstitium,
which includes the spaces between the pulmonary capillary cells and the pul-
monary alveoli, the connective tissue surrounding blood vessels and bronchi,



CHAPTER 17 |

and the connective tissue of the pleura. Specific descriptors of this category of
disease include pulmonary fibrosis, alveolitis, and pneumonitis. Although
exposure to occupational dusts and fumes can be associated with this form of
disease, most cases of interstitial lung disease cannot be attributed to occupa-
tional exposures (Coultas et al. 1994). Non-occupational contributors to this
class of disease include medications, therapeutic radiation exposure, infec-
tions, and toxic gas inhalations (Raghu et al. 2004).

During the initial assessment of individuals with interstitial lung disease, it is
important to look for connective tissue disease or malignancy, and to consider
medication use, symptom duration, and the history of exposure to different
organic and inorganic dusts. Progressive dyspnea is the most common present-
ing complaint. Pulmonary function testing, although it may show abnormalities
with a restrictive defect with decreased FVC, is more helpful in following the
course of the disease than in the initial diagnostic evaluation. The location and
type of opacities on the chest radiograph can be helpful in diagnosing inter-

stitial lung diseases (Coultas et al. 1994). A lung biopsy is sometimes required

if the diagnosis remains in doubt or if the disease process is severe or rapidly
progressive.

Descriptive Epidemiology

Aside from specific agents and processes described elsewhere in this chapter,
literature on the epidemiology of interstitial lung diseases is scarce. Diagnosis of
interstitial lung disease can often be a diagnosis of exclusion. In many cases, a
diagnosis of idiopathic interstitial fibrosis may be applied in the absence of a
thorough investigation of occult occupational exposures. In a population-based
registry in an urban county, the prevalence of interstitial lung disease in adults
aged older than 18 years was 80.9 per 100,000 population in men, and 67.2 per
100,000 population in women (Mannino et al. 1996). Occupational and envi-
ronmental causes were the most frequent in men (20.8 per 100,000) with idio-
pathic pulmonary fibrosis as the second-most-likely diagnosis (20.2 per
100,000). In women, pulmonary fibrosis was the most common diagnosis (14.3
per 100,000 individuals) with idiopathic pulmonary fibrosis second (13.2 per
100,000 individuals; Mannino et al. 1996). In a retrospective cohort study of
idiopathic pulmonary fibrosis using health plan records from 1996 to 2000,
national U.S. prevalence and incidence rates were estimated at 14.0 and 6.8 per
100,000, respectively (Raghu et al. 2006).
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Causes

Risk factors for developing many of the interstitial lung diseases remain poorly
understood. An autopsy study on the risk factors for idiopathic pulmonary fibro-
sis found that laundry workers, barbers, beauticians, painters, production metal-
workers, and production woodworkers were at greater risk for developing the
disease (Scott et al. 1990). Other studies on environmental factors and idiopathic
pulmonary fibrosis have found increased odds ratios for exposure to wood dust,
textile dust, metal dust, agricultural dust, and damp, moldy environments
(Hubbard et al. 1996; Mapel et al. 1996; Baumgartner et al. 1997; Taskar and
Coultas 2008). Smoking has been found to be a risk factor for idiopathic
pulmonary fibrosis in several studies (Scott et al. 1990; Hubbard et al. 1996;
Baumgartner et al. 1997). In a case—control study, a history of having ever smoked
increased the risk for idiopathic pulmonary fibrosis by 60% (Hubbard et al. 1996).

Occupational exposure to artificial food flavorings such as butter flavor-
ing (diacetyl) applied to many different food products such as microwave
popcorn has been associated with bronchiolitis obliterans (CDC 2007).
Exposure to diacetyl and other diketones has been observed from the com-
mercial grinding and roasting of unflavored coffee beans (Gaffney et al.
2015). These findings highlight the need for vigilance as the use of syn-
thetic chemicals use evolves to new settings and the need to establish and
maintain surveillance for illness associated with emerging industries and
product use.

Evidence-Based Interventions

For interstitial lung diseases that develop from inhaling organic or inorganic
dusts or fumes, limiting or avoiding the exposure will minimize or prevent the
disease. Because of the important therapeutic benefits of medications and
radiation therapy, addressing these exposures as risk factors for interstitial
lung disease is difficult. For many of the interstitial diseases, treatment is pri-
marily supportive, treating the complications of respiratory and right heart
failure. Preventive care should include influenza and pneumococcal vaccines.
Public health surveillance and clinician reporting of unusual diseases associ-
ated with occupational exposures is critical to early identification of emerging
problems when intervention has the greatest potential for interrupting the
emergence of disease.
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OCCUPATIONAL LUNG DISEASES

This section covers coal workers’ pneumoconiosis, silicosis, asbestosis, byssi-
nosis, occupational asthma, and organic dust-related lung disease.

Significance

It is estimated that, in 1999, 14 occupational illnesses generated $14.5 billion of
health expenditures, including $2.2 billion attributed to COPD and $1.5 billion
to asthma (Leigh et al. 2003). One of the most common occupational lung
diseases, occupational chronic bronchitis (see COPD earlier in the chapter),
along with the symptom of cough, is the least specific response to occupational
exposures and is often the first indication of work-related pulmonary pathol-
ogy. Given a sufficient dose and duration of exposure, nearly all respirable
agents can contribute to the development or aggravation of chronic lung dis-
eases. It is not uncommon to have multiple occupational lung diseases present
in the same workforce or even the same person. This is especially true for occu-
pational bronchitis and occupational asthma.

Many chronic occupational lung diseases are defined by the agent asso-
ciated with the specific disease and often named after the agent (i.e., silica
inhalation causes silicosis, asbestos fiber inhalation causes asbestosis). Several
distinct pathological processes have been associated with exposure to spe-
cific respirable dusts present in the occupational environment. Only a few of
these diseases result from acute exposures. Most, especially pneumoconiosis,
result from multiple years of exposure and are associated with an important
hallmark of the disease process known as the “disease latency period.” This
means that disease does not appear immediately, and typically at least 10, and
commonly 20 or more, years pass between first exposure and the recognition
of clinical disease. Some of these diseases may first appear and even progress
many years after exposure has ended. '

Occupational dusts are classified as either inorganic (e.g., coal dust, silica,
asbestos) or organic (e.g., cotton dust, grain dust, mold spores). The respira-
tory conditions associated with most inorganic dusts are called pneumoco-
nioses and result from the direct effect of the dust on lung tissue. Chest x-ray
is the primary diagnostic tool used to identify these diseases. Guidelines on
how to classify chest radiographs for persons with pneumoconioses have been
published by the World Health Organization ILO since 1950. These guidelines
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describe and codify the radiographic abnormalities of the pneumoconioses in
a simple, reproducible manner by using two sets of standard comparison films.
The guidelines were issued in 1971 and 1980, revised in 2000, and published in
2002 (ILO 2002). In 2011, the ILO revised the guidelines to extend the classifi-
cation to use with digital radiographic images (ILO 2011).

From 1968 to 2010, a total of 145,750 deaths from pneumoconiosis were
recorded among U.S. residents (NIOSH 2016a). The U.S. OSHA has established
national permissible exposure limits for all inorganic dusts associated with dis-
ease. Diseases resulting from exposure to most organic dusts are immunologically
mediated. One exception to this latter classification is the condition related to
cotton dust exposure; cotton dust is organic, but the condition is probably not
immunologically mediated and is related to endotoxins present in the cotton dust.

Cigarette smoking increases the risk of lung disease in occupationally
exposed workers. In most cases, the disease risks are additive—that is, the total
disease risk is the sum of the risk from cigarette smoking and the risk from the
occupational'exposure. An exception to this is the multiplicative risk between
asbestos exposuré’and cigarette smoking in the occurrence of lung cancer (dis-
cussed in Chapter 2).

The following sections briefly describe some important occupation-related
chronic lung diseases.

COAL WORKERS' PNEUMOCONIOSIS

Coal workers’ pneumoconiosis (CWP), first described in 1831 in a British coal
miner, is known as black lung disease and is identified by a pattern of x-ray
abnormalities and an exposure history. Through greater mechanization, coal
production has increased while the workforce has declined. However, greater
mechanization has led to dustier conditions. In 2013, there were approximately
123,000 coal mining sector employees in the United States.

Between 1968 and 2010, 73,849 U.S. deaths occurred with coal workers’ pneu-
moconiosis noted on the death certificates. Deaths have significantly declined from
ahigh 0f2,870in 1972 to 486 in 2010. For the decade from 1990 to 1999, more than
three fourths of all CWP decedents were residents of Pennsylvania, West Virginia,
Virginia, and Kentucky. Pennsylvania alone accounted for about half of all CWP
deaths in this period (NIOSH 2016a). Mining machine operators had the highest
proportionate mortality ratio among occupations (NJOSH 2016a). Although CWP
has declined in the United States, the threat of CWP has significantly increased in
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developing countries seeking inexpensive sources of energy and where dust con-
trol measures are often rudimentary and regulatory frameworks ineffective. Since
the enactment of the US. Black Lung Compensation Program in 1969, through
2004, approximately $41 billion has been paid for CWP benefits. In 2012, 52,296
beneficiaries received $376,497,000 in benefits (NIOSH 2016b).

Descriptive Epidemiology

The prevalence of CWP increases with increasing exposure to coal dust. In
studies of CWP, years of mining are often used as a surrogate for dust exposure
because information on dust exposure for individual miners is rarely complete.

Coal workers’ pneumoconiosis is classified as simple CWP if rounded
opacities less than one centimeter are seen on the chest radiograph (ILO opac-
ities “p,” “q,” or “r”; ILO 2002). It is typical for the opacities to first appear in
the upper lung fields of the chest x-ray and then to progress to involve all lung
fields. The National Study of Coal Workers” Pneumoconiosis is maintained by
NIOSH. Data from that ongoing surveillance program shows that, among UsS.
underground coal miners with 25 or more years of mining surveyed between
1973 and 1978, 34% had simple CWP. The prevalence of simple CWP declined
to 4% during survey years 1996 to 1999 (NIOSH 2004). It is uncommon in sim-
ple CWP for the radiographic abnormalities to progress after the individual
has left the dusty environment.

Complicated CWP, often described as massive progressive fibrosis, is often
preceded by recurrent infection, especially tuberculosis. Radiographically, it is
defined as small opacities and the presence of large opacities (greater than one
centimeter) on the chest x-ray. Data from the national study suggest that the
incidence of both simple and complicated CWP is declining, largely attributed
to dust standards in mines being enforced, but may be increasing among
younger individuals. In addition, although CWP prevalence in working coal
miners declined substantially from 1970 to 1994, it increased from 1995 to
2006 (Figure 17-6; Attfield et al. 2009; NIOSH 2016b).

Chronic exposure to coal dust can lead to the development of COPD, even in
the absence of radiographic changes (Oxman et al. 1993). Coal miners with COPD
have increased rates of dyspnea, cough, and phlegm production. The magnitude of
the deficit in lung function attributable to chronic coal dust exposure is between 150
and 450 milliliters over an average lifetime of work in a coal mine, with a smaller
percentage of individuals having deficits of greater than one liter (Lewis et al. 1996).
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Figure 17-6. Percentage of Examined Underground Miners with Coal Workers’ Pneumoconiosis
(International Labour Office [ILO] Category 1/0+) by Tenure in Mining, 1970-2009

Causes

Coal workers’ pneumoconiosis is related to the total dust burden in the lungs.
The type of coal (known as coal rank, which is determined by the carbon con-
tent of the coal) is also important; the higher the rank, the greater the disease
risk and dust biologic activity. Anthracite coal has the highest rank, followed by
bituminous, subbituminous, and lignite. Coal workers’ pneumoconiosis is
caused by respirable coal mine dust (generally defined as dust particles less than
five microns in aerodynamic diameter). Usually, 10 or more years of exposure
to coal dust must have elapsed before CWP can be diagnosed by a chest x-ray.
Coal dust also may contain other harmful mineral dusts, such as silica dust,
which increase the risk of other chronic lung diseases such as silicosis. The
radiographic appearance of silicosis can be indistinguishable from CWP. The
risk of CWP diagnosed by x-ray increases with the higher rank of coal, in part
explaining the higher occurrence in miners from the eastern coal-producing
regions of the United States compared to western areas. Miners who work
underground, where dust control is problematic, are at higher risk than abo-
veground or surface miners.

Risk factors for the development of COPD in coal miners are the dura-
tion and extent of dust exposure, previous dust exposure, and the presence of
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other risk factors for obstructive lung disease, especially cigarette smoking.
The average lifetime coal dust exposure among coal miners with symptoms of
chronic lung disease was found to result in a loss in lung function equivalent to
that associated with smoking 20 cigarettes per day over a lifetime (Lewis et al.
1996). Coal miners working in jobs with higher silica exposure, such as surface
coal mine drillers, are at higher risk for the development of COPD.

Eyidence-Based Interventions

Coal workers' pneumoconiosis can best be prevented by reducing coal dust
exposure in mines and the workplace, comprehensive industrial hygiene moni-
toring to measure dust suppression, educating workers about disease risk and
safe work practices, and, when excessive exposure circumstances are unavoid-
able, providing respiratory protection. Medical monitoring of coal miners is
required, and periodic chest radiographs are intended to identify individuals
who have CWP in its preliminary phases, thus enabling them to avoid further
exposure and possibly preventing the disease’s progression to more advanced
stages. The use of the ILO pneumoconiosis grading system is critically important
to allow quantification of changes over time and assessment of progression.

The Federal Coal Mine Health and Safety Act passed in 1969 and its amend-
ments set limits on the amount of worksite respirable coal dust in the United
States. For coal dust with less than 5% silica, the standard is 2 milligrams
per cubic meter of air (mg/m?). Although there is evidence that the current
dust standards have contributed to the decrease in the occurrence of CWP,
the MSHA monitoring data from the 1980s through 1999 show little change
in the level of coal dust exposure exceedances. More than 8% of the 794,000
samples exceeded the permissible exposure limit. In 1995, NIOSH adopted a
recommended exposure level of 1 mg/m?, which was adopted because of con-
cerns that the current standard did not protect against other lung conditions.
Between 1995 and 2003, one fourth of coal mine dust exposures recorded by
MSHA exceeded the recommended exposure level (NIOSH 2016b).

SILICOSIS

Silicons comprise almost 28% of the earth’s crust. It is the crystalline forms
that are most toxic. It exists as five polymorphs, the most common being
quartz. Silica has many industrial applications. Occupational exposures occur
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worldwide, and although the disease is decreasing in the developed countries, it
is increasing in developing countries. In the United States, excessive exposures
continue and are most frequently found in small operations that are seldom
visited by regulatory agencies. Chronic inhalation of respirable particles of crys-
talline silica is the cause of silicosis. Like CWP, silicosis is characterized by a
predominance of small, rounded x-ray abnormalities predominantly in the
upper lung fields indicative of fibrosis. The histopathologic hallmark is the for-
mation of silicotic nodules containing birefringent particles. Also like CWP,
silicosis can be divided into simple silicosis and complicated silicosis, or pro-
gressive massive fibrosis, based on the size of the opacities on the chest x-ray.

Unlike CWPD, silicosis is also characterized as acute, accelerated, or chronic.
Fortunately, acute silicosis is uncommon today and occurs after high levels of
exposure as can occur in silica flour mills or in the now-outlawed use of silica
for sandblasting. It is defined as silicosis that appears in less than five years
from first exposure. The acute form is often life-threatening and characterized
by pulmonary édema, accumulation of proteinaceous fluid within alveoli, and
interstitial inflammation. The most common form of the disease is chronic
silicosis, which is defined as silicosis that appears 10 or more years after first
exposure.

In its initial phases, the disease is not associated with declines in lung func-
tion, although cough and phlegm production are common. Chronic exposure
to silica dust can also result in COPD, even without the x-ray manifestations
of silicosis (Hnizdo and Vallyathan 2003). The disease may slowly progress
over 20 to 40 years to the point of respiratory failure. Individuals with silicosis
are at increased risk of developing tuberculosis (Snider 1978). On the basis of
analyses of nine studies showing increased rates of lung cancer, silica is now
categorized as a probable human carcinogen by the International Agency for
Cancer Research (Smith et al. 1995; IARC 1997; IARC 19972012). Although
deaths in the United States attributed to silicosis have decreased from more
than 1,000 per year before 1971 to less than 200 in the late 1990s (NIOSH
2016a), an estimated 2,000 cases of silicosis are diagnosed each year in the
United States (Weeks et al. 1991).

Descriptive Epidemiology

Hazardous exposure to respirable silica occurs in many different occupational
settings including surface and underground mining of ores containing silica,
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surface drilling, ceramics manufacturing, stone cutting, construction, silica
flour mills, foundries, cement production, abrasive manufacturing and use,
and sandblasting. In 2013, when OSHA proposed a revised silica standard,
they estimated that approximately 2.2 million workers were currently exposed
to respirable crystalline silica including 1.85 million workers in the construc-
tion industry and 320,000 workers in general industry and maritime work-
places (OSHA 2016), As with CWP deaths, silicosis listed as a cause of death on
a death certificate has declined from more than 1,000 annual deaths in the
1960s to less than 200 per year in the 1990s and to 101 in 2010 (NIOSH 2016a).
Pennsylvania alone accounted for nearly 18% of all reported silicosis deaths
from 1990 to 1999. Construction and mining industries accounted for more
than one third of deaths from silicosis during that same period. Short-stay,
nonfederal hospital-reported discharges listing silicosis decreased from
approximately 6,000 per year in 1970 to 1,000 in 2000 (NIOSH 2016b).

The prevalence of nonfatal silicosis in the United States is unknown. There
are no national registries for the disease, and only a few states have surveillance
requirements. By extrapolating from national mortality data, the Michigan
state-based surveillance system and capture-recapture methodology esti-
mated that from 1987 through 1996, 3,600 to 7,300 cases of silicosis occurred
annually (Rosenman et al. 2003). The U.S. Department of Labor estimated in
1980 that 59,000 of the workers who were then exposed to silica would eventu-
ally develop silicosis (Bates et al. 1992).

Silicosis is most prevalent among workers involved in the dry drilling or
grinding of rock with high silica content and other activities that generate
large quantities of respirable particles. Largely reflecting the exposed work-
force, silicosis is nine times more common in men than in women and more
common among African American than white males. The most common
industrial environments where silicosis occurs among men are mines, found-
ries, quarries, and silica flour mills (NIOSH 2016b). Among women, silicosis
occurs most commonly in the ceramics industry.

Causes

Silicosis is caused by acute or chronic inhalation of crystalline silica, which is
present in quartz. A more toxic form of silica may be produced when quartz is
heated or with freshly fractured quartz particles (Vallyathan et al. 1995).
Foundry workers who are in occupations involving both heating and grinding
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quartz may be at greater risk of silicosis. A disturbing trend has been the con-
tinuing occurrence of silicosis deaths in young adults (aged 15-44 years) and
reports of new occupations and tasks that place workers at risk for silicosis,
such as fabricators and installers of quartz-containing engineered stone prod-
ucts and most recently workers employed to extract natural gas by hydraulic
fracturing exposed to the silica used in that process (Mazurek et al. 2015).

Evidence-Based Interventions

The most effective method for preventing silicosis is primary prevention—
eliminating exposure to respirable silica—and, in settings where silica dust
occurs, verifying exposure reduction and maintenance through an industrial
hygiene monitoring program. A secondary line of defense is worker education
and training, use of protective equipment, and regulatory inspections and
enforcement of existing work site standards. The OSHA regulatory exposure
limits for silica concentrations in the work environment were 0.1 mg/m? from
1989 to 1993. In 1993, this limit was modified (and effectively raised) based on
a formula with a default limit of 5 mg/m?®that is reduced as the silica content in
a dust sample increases. NIOSH and American Conference of Governmental
Industrial Hygienists (ACGIH) recommended an exposure limit of 0.05 mg/m®.
Under development by OSHA since 2013, a revised silica standard became
effective on June 23, 2016, reduces the permissible exposure limit for respirable
crystalline silica to 50 micrograms per cubic meter of air, averaged over an
eight-hour shift. It is estimated to prevent nearly 900 cases of silicosis each year
and 600 deaths per year (OSHA 2016). As with medical screening for condi-
tions associated with other inorganic dusts, x-ray screening may identify indi-
viduals who have minimal disease, enabling these people to avoid additional
exposure and possibly preventing progression to more advanced phases.

ASBESTOSIS

There are four main types of commercially used asbestos fiber—chrysotile
(serpentine mineral), and the amphibole minerals amosite, crocidolite, and
anthophyllite. Another fibrous amphibole, tremolite, is a frequent contami-
nant of chrysotile ores as well as vermiculite. An estimated 27,500,000 workers
were exposed to asbestos between 1940 and 1979 (American Thoracic Society
2004a). Asbestos was widely used in construction materials, especially those
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used for insulation and acoustical products in many public, residential, and
commercial buildings.

Most uses of asbestos have been eliminated and many countries, but not the
United States, have banned all use of asbestos (Collegium Ramazzini 2011).
Although its use in Europe, United States, and many other countries has signifi-
cantly decreased, the mining production of asbestos has been growing. Raw fiber
continues to be used in less-developed countries (LaDou 2004). Current con-
cerns in the United States focus on the potential for exposure to widely distrib-
uted, in-place asbestos-containing materials. The risk of adverse health effects
from these sources of asbestos to workers or to building occupants depends on
many factors, most specifically the status of the material —whether it is releasing
asbestos fibers into the indoor environment, whether it is frequently disturbed,
and how well contained fiber releases are from maintenance activities.

Adverse health effects from exposure to asbestos include pleural effusions,
pleural thickening, and plaques with and without calcification, malignant meso-
thelioma, lung cancer, and asbestosis. Of these, asbestosis is the most prevalent
chronic lung condition. Approximately 107,000 asbestos-related deaths (from
cancer or other diseases) occur worldwide each year (Collegium Ramazzini
2016). For each year since 1998, asbestosis deaths outnumbered CWP deaths,
displacing CWP as the most frequent type of pneumoconiosis death.

In its early stages, asbestosis is often clinically characterized by dry rales,
or whistling or crackling noises, at the end of each inspiration. Often, clinical
signs and pulmonary function abnormalities appear before chest x-ray abnor-
malities become apparent. Eventually, diffuse fibrosis can result in decreased
lung capacity, decreased gas exchange, and severe shortness of breath. The
x-ray abnormalities evident in people with asbestosis are predominantly small,
irregular opacities in the lower lung fields (ILO “s,” “t,” and “u”). In addition,
pleural thickening or pleural plaques, often with calcification, can occur alone
or in combination with asbestosis. Unlike CWP or silicosis, asbestosis deaths
were increasing, from fewer than 100 in 1968 to more than 1,250 in 1999, but
between 2000 and 2010, U.S. death numbers leveled out at around 1,400 deaths
per year (NIOSH 2016a).

Descriptive Epidemiology

In various surveys, between 6% and 40% of asbestos textile or insulation work-
ers have detectable x-ray lung abnormalities. Results from the NHANES
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indicate that 2.3% of U.S. men and 0.2% of U.S. women have pleural thicken-
ing upon chest x-ray (Rogan et al. 1987). In a study of 17,800 insulation workers
in the United States, asbestosis was identified as the cause of death in 7% of the
workers who died (Selikoff et al. 1979; Markowitz et al. 2013).

Asbestos had thousands of uses, each of which presented the possibility of
exposure. Occupations and workers at risk span the life cycle of asbestos from
removal from the ground to product manufacturing to installation of products
to maintenance and removal, and finally disposal. Although most uses of asbes-
tos in newly manufactured products in the United States have been eliminated,
today’s exposure threats come from the long life of asbestos-containing prod-
ucts still present in building materials, which may pose a risk to workers during
maintenance, repair, renovation, and demolition. A long latency period usually
exists between exposure and the development of asbestosis resulting in current
cases seen today being a result of the legacy of exposures in the 1940s to 1970s
(Selikoff and Lee 1978).

Causes

Asbestosis is caused by exposure to airborne asbestos fibers. The magnitude of
the risk of asbestosis depends on both the duration and the intensity of the
exposure to asbestos dust. The more intense and prolonged the exposure, the
greater the risk of developing the disease. Brief, but very heavy exposure can
also cause the disease.

Asbestos is unique among the pneumoconiosis-causing agents. Non-
occupational exposure to family members of workers bringing dust home on
their clothes and those living in residences near mines and manufacturing
facilities using asbestos have been associated with the occurrence of asbestos-
associated disease (Anderson et al. 1976; NIOSH 1995). Most recently, an
environmental disaster was identified in Libby, Montana, where a large
vermiculite mine and processing facility had been operating since the mid-
1920s. The facility closed in 1990 and the community health impacts of the
vermiculite asbestiform amphibole present in concentrations as high as 26%
have been investigated. Six hundred and ninety-four decedents were identi-
fied as having at least one asbestos-related cause of death and residing within
the study area boundary. Workers, family members of workers, and commu-
nity residents had significant excesses of asbestos-associated disease (Naik
et al. 2016).
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Evidence-Based Interventions

Asbestosis can be prevented by eliminating exposure to asbestos. New
asbestos-containing product manufacturing has been largely eliminated from
the work environment in the United States and the European Union countries,
but its release from existing materials must be controlled. Containment of
asbestos in buildings may be initially less expensive than removal; however,
containment is only a temporary solution, because product aging and deterio-
ration will continue and ongoing maintenance and repair can result in a fur-
ther release of asbestos and eventual enforced removal under US. EPA
regulations. National legislation requires accreditation of contractors who
work with asbestos and training for asbestos abatement workers to ensure
safety as well as to prevent “bystander” exposure. Safe work practices include
identifying materials that contain asbestos; implementing rigorous operating
procedures, such as wetting asbestos-containing materials; and wearing a
self-contained breathing apparatus.

X-ray and pulmonary function screening may also help in protecting
workers. Results from these examinations can encourage the workers to
avoid additional exposure, make them more aware of the need for strict work
practices, and encourage them to participate in special health surveillance
programs.

BYSSINOSIS

Byssinosis is both an acute and chronic airways disease caused by exposure
to cotton dust. The acute phase of byssinosis is sometimes called “Monday
morning syndrome,” in which chest tightness or shortness of breath occurs
when workers return to cotton dust exposure following a weekend or days
off. Symptoms usually resolve the second day. Progression of the disease is
characterized by chronic cough and a decline in lung function. After more
than 10 years of exposure, overall pulmonary function is often seen to
decline. Byssinosis is similar in pathology to chronic bronchitis. A grading
system has been developed for byssinosis (Bouhuys et al. 1977). In the United
States, approximately 500,000 workers are potentially at risk for byssinosis
(Glindmeyer et al. 1991; Lai and Christiani 2013), although the disease is
rarely fatal, claiming fewer than 10 lives per year between 1995 and 2005
(NIOSH 20164a).
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Descriptive Epidemiology

It is estimated that more than 60 million people worldwide work in the textile
or clothing industry and are at risk for developing byssinosis. The prevalence
of byssinosis varies from a few percent to as high as 47% in some surveys
(Zuskin et al. 1991). In 1970, it was estimated that approximately 35,000 work-
ers in the cotton textile mills had byssinosis (Glindmeyer et al. 1991). Since
regulation of cotton dust began in 1978, the degree of lung function impair-
ment in cotton textile workers may have decreased (Glindmeyer et al. 1991).
There is no evidence of sex or race differences in risk of developing byssinosis.

Causes

Byssinosis results from exposure to the dust of cotton, flax, or hemp. Much has
been learned about the causal agent of byssinosis, but the precise etiology is
still being investigated. Evidence supports that it is not the cotton itself that is
the causal agent but a bacterial endotoxin present in cotton dust (Rylander
2002; Shi et al. 2010). Among cotton workers, the risk is highest among work-
ers involved in the initial stages of processing: opening, picking, carding,
stripping, and grinding raw cotton.

Evidence-Based Interventions

The best way to prevent byssinosis is to avoid exposure to cotton dust. Cotton
dust concentrations in the workplace must be kept below OSHA’s permissible
exposure level. A technique known as “cotton washing” is effective but may
not be feasible on a large scale. Employers must treat the acute phase of byssi-
nosis as a sentinel health event, using it as an opportunity to reduce exposure
among other workers with early symptoms.

OCCUPATIONAL ASTHMA

Although the incidence of occupational respiratory diseases already discussed
in this chapter is decreasing, occupational asthma is increasing and is rapidly
becoming the most common occupational lung disorder in the developed
countries (ATS 2004b). Work-related asthma includes occupational
asthma and asthma aggravated by work or the work environment, and is
characterized by episodes of bronchoconstriction, airway inflammation, and
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airway hyperresponsiveness to agents or conditions present in the work envi-
ronment (Tarlo 2016). Primary occupational asthma is distinguished from
exacerbations of existing asthma by the presence of a workplace sensitizing
agent or acute exposure event and diagnosis by a specific case definition
(Beach et al. 2007). The overall prevalence of occupational asthma varies from
region to region with estimates for the United States ranging between 10% and
23% of all adults with asthma (ATS 2004b). In the United States, it was esti-
mated that 15% of all asthma cases in the 1978 Social Security Disability Sur-
vey were occupationally related (Smith et al. 1989). Between 50% and 90% of
individuals with occupational asthma will continue to have symptoms even
after being removed from the source of the exposure (Blanc 1987).

In diagnosing occupational asthma, it is important to establish the presence
of airflow obstruction (Tarlo et al. 2008). If the preliminary spirometry is nor-
mal, a repeat test, following inhalation challenge with methacholine or hista-
mine, may be indicated. It may be difficult to establish that asthma is caused
by an occupational exposure. The fact that initial symptoms may occur only at
home or after work can be misleading (Blanc 1987). To document a change in
airflow obstruction related to work, it may be helpful to measure the peak expi-
ratory flow rate several times a day for two to three weeks. Skin testing with the
suspected compound may also be of diagnostic value in selected cases. Specific
inhalation challenge with the suspected compound is not routinely performed
because it is expensive, time-consuming, not widely available, and carries the
risk of a potentially serious reaction (Alberts and Brooks 1992; Tarlo et al. 2008).

Reactive airways dysfunction syndrome occurs hours after a single expo-
sure to high levels of irritant gases and results in cough, wheezing, and short-
ness of breath (Tarlo et al. 2008). Reactive airways dysfunction syndrome is
not- usually considered a form of occupational asthma because there is no
latency period between the exposure and the development of symptoms. In
occupational asthma, symptoms usually do not appear until a few weeks to as
long as several years after the first exposure (Alberts and Brooks 1992). Bys-
sinosis is another condition that may be confused with occupational asthma.

Descriptive Epidemiology

Several mechanisms have been identified that are associated with the develop-
ment of work-related asthma; they include the following: sensitization; reac-
tive airways dysfunction syndrome (associated with a single, high exposure to
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irritant agents with onset of symptoms within hours); nonimmunologic air-
way irritation of preexisting asthma; and poor indoor environments with bio-
logic contaminants (ATS 2004b; Tarlo et al. 2008). Agents are classified as
high-molecular-weight compounds or low-molecular-weight compounds
(Chan-Yeung and Malo 1999).

The high-molecular-weight compounds are proteins, polysaccharides, and
peptides, which induce an allergic response by stimulating the production of
specific IgE and sometimes IgG antibodies. Depending on the level of expo-
sure, the prevalence of asthma from these compounds can be high. Asthma
has been reported in 3% to 30% of animal handlers; 10% to 45% of workers
exposed to biologic enzymes that are used, for example, in laundry detergents
and other cleaning agents; 20% of bakers; and in 70% of flight crews dispersing
sterile irradiated screwworm flies (Blanc 1987).

Examples of the low-molecular-weight compounds are isocyanates, wood
dusts, metals, and drugs (Chan-Yeung 1990). An allergic response involving IgE
occurs less frequently in the development of asthma from the low-molecular-
weight compounds than from the high-molecular-weight compounds. Work-
related asthma has been reported in 4% of workers exposed to the dust of
western red cedar (Chan-Yeung et al. 1982), in 5% to 10% of workers exposed
to toluene diisocyanate, in 29% to 40% of workers using epoxy resins, and in
70% of workers exposed to platinum salts in such processes as metallurgy and
photography (Mapp et al. 2005).

Causes

Several groups have developed and applied criteria to characterize chemicals
as asthmagens (AOEC 2008; Crewe et al. 2016). The AOEC list was updated in
2015 and designated 327 substances as asthma agents. Among these 173
(52.9%) were coded as sensitizers, and 113 (34.6%) proposed as sensitizers but
not yet reviewed (Rosenman and Beckett 2015).

Materials having known or suspected allergic properties account for the
majority of cases of occupational asthma. The risk of developing occupational
asthma is usually related to the magnitude of exposure for many agents includ-
ing western red cedar, toluene diisocyanate, baking products, and colophony
fumes from soldering (Blanc 1987). Atopy, or allergy, is an important risk fac-
tor for developing asthma from the high-molecular-weight compounds but not
for the low-molecular-weight compounds (Beach et al. 2007).
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The risk for persistent symptoms in workers diagnosed with occupational
asthma was examined in 125 western red cedar workers (Chan-Yeung et al.
1982). All workers who remained at work continued to have symptoms. Among
workers who left the work, those who were older, had a longer duration of
exposure, and had a longer duration of symptoms were at higher risk for hav-
ing persistent symptoms. Workers who develop toluene diisocyanate-related
asthma and continue to be exposed to the compound have been found to have
continued deterioration in pulmonary function.

Evidence-Based Interventions

The only way to prevent occupational asthma is to avoid work and work sites
where exposure to certain levels of agents occurs. Thus, it is important for
facility managers to know what agents in their plant have been associated with
asthma and to inform their workers and establish work practices that maintain
exposures below known sensitization levels (Spagnolo et al. 2015). Material
safety data sheets need to include information on components that may cause
or exacerbate asthma. Workers need to be educated and trained on proper
handling of materials and avoiding spills. Improved ventilation and the use of
respirators when exposures are likely can decrease the risk of disease.

When sensitization occurs, often the only remedy for the affected worker is
a transfer from the area of exposure. In cases where transfer is not possible, it
is debatable whether the worker should be allowed to continue working with
the suspected compound, even when protective measures are instituted (ATS
2004b; Tarlo et al. 2008). Deaths have been recorded when sensitized individ-
uals have been re-exposed at the workplace. Desensitization before exposure
has not been shown to be effective (Weeks et al. 1991).

ORGANIC DUST-RELATED LUNG DISEASE

A variety of chronic lung conditions can develop following short-term or long-
term exposure to organic dusts (hypersensitivity pneumonitis) or toxic gases
such as nitrogen oxides produced from the storage or decay of organic material
(silo fillers disease). Although agricultural workers are most frequently impacted
(Bang et al. 2006), as with occupational asthma, there are more than 200 agents
known to cause hypersensitivity pneumonitis and among them industrial
chemicals such as metal-working fluids (Kreiss and Cox-Ganser 1997).
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In 2003, OSHA estimated that, in 1996, 92,000 grain elevator and 68,000
grain mill employees working in approximately 5,200 grain elevator firms and
1,500 grain mill firms were impacted by the OSHA (2003) grain dust standard.
Grain dust is a mixture of different grains, bacteria and fungus, mites, inor-
ganic material, and herbicides and pesticides. Grain-handlers’ disease, caused
by inhaling grain dust, is characterized by a drop in lung function over a work
shift and by changes that persist over a harvest season (James et al. 1986).
Chronic grain dust exposure can result in chronic cough, phlegm, wheezing,
and dyspnea, and a permanent decline in lung function. Pulmonary fibrosis
may occur but is uncommon in workers with chronic grain dust exposure
(James et al. 1986).

Farmer’s lung is caused by inhaling spores from moldy hay and is charac-
terized by repeated attacks of fever, chills, malaise, coughing, and breathless-
ness (do Pico 1992). The condition is a type of hypersensitivity pneumonitis
or extrinsic allergic alveolitis that results from inhaling many different organic
dusts. Most commonly, thermophilic Actinomyces or other fungi are present.
Testing patient serum for specific precipitating antibodies can help identify
which organisms or agents may be contributing to the disease. In a well-
controlled research setting, inhalation chamber challenges have been used to
identify offending agents. Such testing is not a routine practice. The chronic
form occurs in fewer than 5% of patients who develop the acute form of the
disease (Speizer 1981). Lung function is abnormal in patients with the chronic
form of the disease, with a decline in the FVC and a diffuse fibrosis on the
chest x-ray.

Descriptive Epidemiology

Hypersensitivity pneumonitis is a rare disease with an increasing incidence
and little is known about the distribution of the disease outside the agricul-
tural sector (Bang et al. 2006; Spagnolo et al. 2015). Some of the increase may
be attributable to changes in agricultural practices and the movement to large-
scale production of livestock in confined feeding operations (Van Essen and
Auvermann 2005). Symptoms are often similar to asthma, COPD, and bron-
chitis, and initial acute attacks are often mistaken for pneumonia. No single
clinical or laboratory test exists to establish the diagnosis. Chronic lung dis-
ease from inhaling of grain dust is probably more common, but relatively little
is known about its epidemiologic patterns.
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Causes

Those at risk for the disease from inhaling biologically active organic dusts
include farmers, grain handlers, wood workers, bird breeders, mushroom work-
ers, and animal handlers, including workers who clean pens and handle labora-
tory animals (Bang et al. 2006). Environments where water-based machining
fluids are used have also been associated with hypersensitivity pneumonitis,
probably because of aerosolization of bacteria or fungi growing in the fluids
(Kreiss and Cox-Ganser 1997).

Evidence-Based Interventions

Agricultural dusts are regulated in the United States; the NIOSH has proposed
a limit of 4 mg/m?® for grain dust. The concern over dust levels in grain handling
facilities has, in part, been because of the risk of explosions (OSHA 2003).
Improved design of grain elevators and livestock confinement spaces, proper
ventilation, and education of farmworkers and rescue services can reduce the
risk from dust and toxic gases (Speizer 1981). Self-contained breathing devices
should be worn by workers entering closed or poorly ventilated spaces or tanks
containing liquid manure. Diseases caused by molds can be minimized by
proper grain storage techniques. A critical factor in control of disease is worker
knowledge of the circumstances in which exposures are likely to occur so that
preventive precautions can be taken.

Resources
American Lung Association, http://www.lungusa.org
Centers for Disease Control and Prevention, http://www.cdc.gov

Agency for Toxic Substances and Disease Registry, http://www.atsdr.cdc.gov
Case Studies in Environmental Medicine, http://www.atsdr.cdc.gov/csem/csem.html
National Asthma Control Program, http://www.cdc.gov/asthma

National Institute for Occupational Safety and Health, http://www.cdc.gov/niosh
Toxicological Profiles, http://www.atsdr.cdc.gov/substances/index.asp

Work-Related Lung Disease Surveillance System, http://wwwn.cdc.gov/eworld/
Set/Work-Related_Respiratory_Diseases/88

Cystic Fibrosis Foundation, http://www.cff.org
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Environmental Protection Agency (asthma and indoor environments), http://www.
epa.gov/asthma

Global Initiative for Chronic Obstructive Lung Disease, http://www.goldcopd.com
National Heart, Lung, and Blood Institute, http://www.nhlbi.nih.gov

® Guidelines for the Diagnosis and Management of Asthma (EPR-3), http://www.
nhlbi.nih.gov/health-pro/guidelines/current/asthma-guidelines

® Lung disease information for patients and the general public, http://www.nhlbi.
nih.gov/health/public/lung/index.htm

National Sleep Foundation (obstructive sleep apnea), http://www.sleepfoundation.org
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