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    Chapter 1   
 Introduction to Health Disparities 
and Respiratory Health       

     Andrew     Pleasant      ,     Jennifer     Cabe     , and     Richard     H.     Carmona     

         A review of a 2014 report released by the Forum of International Respiratory 
Societies makes the case for an increased focus on respiratory health crystal clear, 
“the  morbidity and mortality   related to lung diseases is staggering. Hundreds of 
millions of people are burdened with chronic respiratory conditions; four million 
people die prematurely from chronic respiratory diseases each year. Respiratory 
infections are the leading cause of death in developing countries [ 1 ].” 

 Most respiratory illnesses are avoidable. The  cost of prevention  —as is the case 
with most chronic disease—is only a fraction of the cost of treatment. While 
research is always important, we very often already know how to prevent the 
millions of cases of chronic respiratory illness occurring around the world [ 2 ]. 

 We hold a high value for basic research, but perhaps nowhere more than in 
this arena is there a critically important need for applied research and informed 
advocacy. 

 The leading respiratory diseases—where the most gain is likely—are chronic 
obstructive pulmonary disease (COPD), asthma, acute respiratory infections, 
tuberculosis, and lung cancer. The most fruitful areas for solutions are also very 
well known and researched: the use of tobacco, indoor and outdoor air quality, 
childhood immunizations, nutrition, and physical activity/exercise. 

 As is well demonstrated throughout this volume, access to better living conditions, 
escape from poverty and unhealthy environments, and having hope for tomorrow 

        A.   Pleasant ,  Ph.D.    (*) •    J.   Cabe ,  M.A.    
  Canyon Ranch Institute ,   Tucson ,  AZ ,  USA   
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are often least available to those who would benefi t the most. These structural deter-
minants of health are not a mystery—we currently have the knowledge of how to 
improve those. What the world lacks is the will. Our hope, and thus we are collabo-
rating on this introduction, is that collections of evidence and understanding such as 
this volume will help create that will. 

 In this volume, you will explore complex connections between poor respiratory 
health, the proximal causes, the social and environmental determinants that under-
pin those causes, and suggested solutions. 

 Following this introduction, in the remainder of this volume you can explore the 
creation and possible responses to health disparities in regard to tobacco smoke 
exposure, environmental air quality, occupational exposures, pulmonary function 
testing, medication adherence, acute respiratory distress syndrome (ARDS), asthma, 
COPD, tuberculosis, lung cancer, critical illness, sleep-related breathing disorders, 
and end-of-life care. 

 First, Fagan offers insight into disparities associated with exposure to tobacco 
smoke. Fagan writes, “Tobacco affects nearly every organ in the body [ 3 ] … Annual 
indirect costs due to productivity losses are $150 billion [ 4 ] and medical expenses 
range from $130 billion to $176 billion [ 4 ].” 

 Fagan accurately points out and relies on the history of reports on tobacco from 
the U.S. Surgeons General—beginning with the fi rst report now over 50 years ago 
by Surgeon General Dr. Luther Terry. These reports have driven not only more sci-
entifi c research and signifi cant changes in policy around the world but also helped 
improve health literacy so people are better equipped to fi nd, understand, evaluate, 
communicate, and use information to make informed choices and change behaviors 
in relation to their health and well-being [ 5 ,  6 ]. 

 In Chap.   3    , Bose and Diette take on issues of health disparities related to  envi-
ronmental air quality  . The pair explores disparities related to socioeconomic status, 
race, gender, age, and place. While maintaining awareness that certain groups—
people in poverty, racial minorities, women, children, the elderly, those living in 
developing rural areas, and inner-city residents—face an unfair burden of the 
adverse effects, they also remain aware that “no one group can be ‘safe’ or immune 
to the far-reaching nature of outdoor pollution as it sweeps across continents, nor to 
the toxins emerging from the indoor environments that we create in our own homes 
in which we purposefully seal ourselves.” 

 Chapter   4     takes a look at occupational exposures with a series of brief case stud-
ies on  issues   such as chromates, coke oven emissions, cotton dust in textile mills, 
Navajo miners in uranium mines, rubber workers, exposure to silica in drilling and 
mining, and work-related asthma. The chapter’s author, Rosenman, calls for 
improvements in monitoring systems, including, “requiring the reporting of race in 
the annual Bureau of Labor Statistics employer based survey on injuries and ill-
nesses; adding race as a core variable in worker compensation state data systems; 
adding industry and occupation to the core module of the annual BRFSS survey 
administered in the 50 states; and routinely collecting information about occupa-
tion/employer in medical records and making collection of such information a 
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requirement for future meaningful use incentives as part of the transition to elec-
tronic medical health records.” 

 In Chap.   5    , readers will explore health disparities in the context of  pulmonary 
function testing  . Skalski, Gibson, Narotzky, Yadav, and Scanlon explore disparities 
related to access, language barriers, cultural variations among English speakers, 
reference values for pulmonary function testing based on gender, age, height, and 
ethnicity, and corrections based on self-reported race. 

 The authors of this chapter explore, in part, the two-sided nature of many 
underpinning causes of health disparities—the failure of health care professionals 
and systems to effectively communicate as well as the level of skills and abilities 
in many of the populations they serve. In this context, the authors argue that “an 
important aspect of lung function testing is that accurate testing is highly depen-
dent on patient performance.” While avoiding blaming the victims, the authors 
conclude that “all of this makes PFTs more sensitive than many other medical 
diagnostic tests to linguistic and cultural barriers that may exist between testing 
personnel and the patient. Furthermore, for a patient to have access to accurate 
PFTs, they must not only have access to a medical facility with equipment and 
willingness to perform the PFTs but they must also have appropriately trained 
technicians at that facility, assisted by translators when necessary, to perform max-
imal and error-free tests.” 

 In Chap.   6    , Wilson, Halley, and Knowles explore health disparities as they relate 
to  medication adherence  . They begin their focus by discussing disparities related to 
characteristics of the health care delivery system, the physician/patient relationship, 
disease and treatment regimen, and characteristics of the patient—such as age, gen-
der, health literacy, income, insurance, socioeconomic status, comorbidities, and 
race and ethnicity. 

 As is true of discussions of disparities in general, medication adherence studies 
often blame, or verge on blaming, the patients and even more frequently focus on 
whether, not how, the medications were taken, while neglecting the demand side of 
the equation coming from the health care system. That history is refl ected in this 
review of the literature to date in Chap.   6    . Refl ecting the state of disparities research 
overall—which is the driver of the content of this book—the authors of this chapter 
call for better measurement, better theory, and more equitable and practical research 
and practice. We couldn’t agree more, but do suggest the argument can be taken 
further in terms of the causative factors related to social determinants of health such 
as health literacy, a focus on prevention versus documenting effects, and an even 
stronger emphasis on identifying causes within the sick care system—the demand 
side—versus placing such an emphasis on patients. 

 The next chapter shifts the focus to health care disparities in ARDS. Briefl y 
stated,  ARDS   is a life-threatening lung condition that prevents enough oxygen from 
getting to the lungs and the blood. Casanova, Navarrete, Quijada, Hecker, and 
Garcia highlight that further ARDS research studies focused on Latinos, African 
Americans, Native Americans, and other minorities are needed to understand the 
multifactorial causes associated with disparities. They conclude by pointing out the 
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potential benefi ts from increased and continued studies focused on genomic and 
epigenetic analysis of the risk factors underlying ARDS. 

 Chapter   8    , written by Brunst and Wright, takes a look at the role of social stress 
in asthma  disparities  . They suggest, “Social toxicity experienced as increased psy-
chological stress is likely a major driver of observed disparities in lung growth and 
development and asthma, as well as a range of other respiratory conditions. Most 
respiratory conditions likely share overlapping etiology; therefore, multiple mecha-
nistic pathways with complex interdependencies must be considered when examin-
ing the integrative infl uence of stress independently as well as the interaction of 
social and physical environmental toxins in explaining the social patterning of 
respiratory diseases. Because these factors tend to cluster in the most socially disad-
vantaged, this line of research may better inform the etiology of growing health 
disparities increasingly documented for respiratory disorders.” 

 While we don’t disagree, we wonder if solutions to disparities might also be 
discovered by looking at where they don’t exist, as well as where they do. 
Communities and individuals suffering greater prevalence of disease are certainly 
where researchers will identify disparities and their associations, but observing 
where disease is not prevalent may be a better way to understand what changes need 
to be put in place to prevent disparities from occurring at all. 

  Bime  continues the focus on asthma by looking at disparities related to patient 
factors, social and environmental factors, and factors related to health care systems 
and health care professionals. Asthma is perhaps the quintessential example of 
health disparities.  Bime  describes that situation very well and concludes with a call 
for greater emphasis on “adequate representation of members of high-risk popula-
tions and minority investigators that should be involved in the research.” 

 The next chapter by Siegel, Krishnan, Lamson-Sullivan, Cerreta, and Mannino 
focuses on health disparities in chronic obstructive pulmonary disease (COPD). The 
authors point out the multitude of types of disparities in  COPD   that currently exist—
from death rates and frequency in various populations to perception of the disease. 
They discuss disparities related to race and ethnicity, gender, age, genetic predispo-
sition, geographic residence and location of care, type of chronic illness, un- and 
under-insured, work trajectory and unemployment, income inequality, and the 
nature of critical care settings. 

 In Chap.   11    , health disparities and tuberculosis ( TB  ) become the central point of 
interest. Oren argues that “as with many other diseases, the TB burden follows a 
clear socioeconomic gradient, with the poorest at the most elevated risk.” For exam-
ple, Oren reports that “worldwide, one out of three persons is infected with M. 
tuberculosis, with 1.5 million deaths due to TB… In the U.S.A., foreign-born per-
sons have case rates 11.5 times higher than U.S. -born persons, and among the U.S. 
-born, the largest disparities are between blacks and whites; where TB rates in 
blacks are 5.8 times greater than among whites, and distribution is geographically 
heterogeneous, with California, Texas, New York, and Florida reporting half of all 
TB cases in 2012.” 

 A true highlight of this volume is Chap.   12     by Chang, Feigenbaum, and Gould 
that takes a defi nitive look at disparities in  lung cancer outcomes  . Taking a proactive 

A. Pleasant et al.

http://dx.doi.org/10.1007/978-3-319-23675-9_8
http://dx.doi.org/10.1007/978-3-319-23675-9_11
http://dx.doi.org/10.1007/978-3-319-23675-9_12


5

view and offering a series of practical and tangible recommendations to address the 
issue, the authors set up the problem by arguing that “despite good intentions and 
the passage of major legislation, signifi cant social, economic, and cultural barriers 
still persist that undermine access to appropriate health care for those at greatest risk 
for lung cancer. Thus social revolution, rather than technological innovation, may 
be the true answer to improving lung cancer mortality in America on a large scale.” 

 Taking a broad and holistic approach, Chang, Feigenbaum, and Gould assert that 
“no matter what kind of modern miracles medicine may offer, the social paradigms 
in America will ultimately defi ne what kind of impact they achieve in regard to lung 
cancer outcomes.” They suggest aggressive action to address tobacco prevention, 
improvement of infrastructure and environments within poverty-stricken communi-
ties, universal health care, standardization of practices within health care, health 
care professionals receiving training in cultural sensitivity, increased enrollment of 
underrepresented populations in clinical trials, and a new appreciation of “the com-
plexity of lung cancer biology, including gender differences and genetic mutations, 
leading to more targeted, effective, and personalized therapy.” 

 Health disparities in critical illness are the focus of the Chap.   13    , offered by 
Chaves and Thornton. As is true for much of this volume, this chapter paints a 
detailed picture of the issue. The authors sum up the issue, accurately, by stating, 
Race and ethnicity also continue to be used as poor substitutes for the true factors 
that need to be identifi ed including income, insurance status, location where health-
care was delivered, neighborhood of residence, and work trajectory. This not only 
leads to false declarations, but it prevents the fi eld from moving forward as it implies 
that such factors and their associated outcomes are not modifi able. 

 Loredo offers in Chap.   14     a focus on health disparities in  sleep-related breathing 
disorders  . For those looking for an in-depth introduction to the existing science of 
sleep and sleep-related breathing issues, go no further. The case is made that while 
the importance of sleep to health has only been recently recognized, the nature, 
causes, and extent of disparities in sleep and sleep-related breathing disorders are 
areas where more research is needed. 

 Health disparities  in end-of-life care   are the focus of Long and Curtis in Chap.   15    . 
The authors explore differences in end-of-life care across patient characteristics, 
including gender; race and ethnicity; socioeconomic status; health literacy; and 
members of the lesbian, gay, bisexual, and transgender community. It seems more 
work may be needed to fully explore the extent of causes of disparities in this area 
that may refl ect the health care system and/or the patient and their family’s responses 
to end-of-life issues. The authors conclude, “Cultural competence in end-of-life 
care must be a priority for health care providers in order to improve communication 
for nonwhite patients and their family members and ensure respect for informed 
decisions that refl ect patient and family preferences.” 

 Wrapping up this volume focusing on health disparities and respiratory health 
issues, Celedón, Ewart, and Finn offer a chapter titled, “Where do we go from here? 
Improving disparities in respiratory health.” The authors base their argument on the 
all-too-well-known but under-addressed reality that “current health disparities are 
not only morally unacceptable but fi nancially unsound.” 

1 Introduction to Health Disparities and Respiratory Health
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 Causing that unwise and unsound approach is a lack of prevention of respiratory 
health issues. The authors acknowledge that the modifi able risk factors for most 
respiratory health issues are environmental and lifestyle risk factors—tobacco use, 
air pollution, and occupation—and that those determinants are unevenly distributed 
in society. To conclude, the authors call for true universal health care, more research, 
a more diverse health care workforce, environmental justice, healthier lifestyles, 
and advocacy. 

 There are two important issues, in our view however, that deserve further atten-
tion than they receive in the volume that follows. One is the importance of health 
literacy as a solution. The second is a need for the scientifi c enterprise to begin not 
only to embrace calls for more research but also to propose functional solutions and 
responses to the social determinants of health. 

 Health literacy is being shown to be one of the strongest social determinants. 
While the concept is mentioned in some—but far from all—of the chapters in this 
volume, the idea is worthy of greater consideration in the realm of health disparities. 
Respiratory illnesses may prove a key context in which to fully deploy the ability of 
health literacy not as a diagnosis, but as a powerful tool of prevention. One issue this 
volume, in its totality, makes perfectly clear is that in order to prevent and treat 
respiratory illnesses, true partnerships must occur between health care professionals 
and the individuals and communities they are striving to serve. 

 In this age, when we face shortages in qualifi ed health care professionals, the 
burden of addressing chronic diseases of all types will only succeed through forging 
new partnerships between the public and the health care systems based on the best 
practices of health literacy. Only then we can successfully transform our current 
sick care systems into true health care systems focusing on prevention. The benefi ts 
of that transition will be signifi cant to all of the global community. 

 Finally, we close with a plea to all readers.  Research   is incredibly valuable—but 
not when it sits on a dusty shelf for years before it is utilized. We fully embrace the 
need for verifi cation and building a body of evidence, but such a vast majority of 
book chapters and journal articles simply conclude with a call for further research 
that it is no wonder society does not give due heed to the lessons learned through 
vigorous and reliable research. We hope that researchers will conclude with a call to 
action and advocate for application of their fi ndings. Furthermore, we hope that 
readers will be inspired to implement evidence-based solutions derived from such 
research. 

 Certainly, part of the know-do gap—the gap between what people know and 
what they actually do to improve or maintain their health—has many explanations 
and causes. We hope that the exceptional discussions in this text of the complex 
scientifi c and social issues around pulmonary disease will inspire all of us to aggres-
sively translate what we know into effective and sustainable public health programs 
that reduce morbidity, mortality, and cost while improving the quality of life for our 
fellow citizens.    

A. Pleasant et al.
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          Key Points 

•     While overall smoking rates have decreased in the USA, disparities related to 
tobacco smoking by race/ethnicity and socioeconomic status persist.  

•   Secondhand smoke exposure also differs by race/ethnicity and socioeconomic 
status, but objective measurement using cotinine levels is complex because 
nicotine metabolism differs by gender, race/ethnicity, and type of cigarette 
consumed.  

•   Reporting aggregate data on racial/ethnic groups, sampling strategies that capture 
small numbers of disparate groups, and low response rates to national surveys 
are examples of some of the methodological challenges that infl uence the study 
of tobacco-related health disparities.  

•   Comprehensive tobacco control programs are essential in developing strategies 
to reduce health disparities in tobacco-related respiratory diseases.     

    Introduction 

 Cigarette smoking rates in the USA have dramatically declined in the past 50 
years, and the reduction in cigarette smoking is one of the top  public health 
achievements   in the 20th and 21st centuries [ 1, 2 ]. Per capita cigarette consumption 
has declined from 4345 cigarettes in 1963 to 1196 cigarettes in 2012 [ 2 ]. However, 
in the past 10 years, declines in cigarette smoking have slowed among adults [ 3 ]. 
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Approximately 42 million Americans smoke, putting many smokers at risk for 
tobacco-related and -caused diseases and conditions [ 4 ]. 

  Tobacco exposure  , including cigarette smoking and secondhand smoke exposure 
( SHS        ), is the leading cause of preventable death in the USA [ 5 ] and globally [ 6 ]. 
Worldwide, tobacco kills more than six million people annually and in the USA, an 
estimated 480,000 Americans die each year from tobacco exposure [ 2 ]. Cigarette 
smoking is responsible for one in fi ve deaths in the USA annually [ 2 ]. Since 1964, 20 
million Americans have died from smoking-attributable diseases [ 2 ]. Tobacco affects 
nearly every organ in the body [ 7 ]. Tobacco exposure in utero and among children, 
adolescents, and adults can increase the risk for adverse reproductive health out-
comes, cancer, cardiovascular disease, respiratory disease, hip fractures, sudden 
infant death syndrome, cataracts, and other conditions [ 7 ] (see Table  2.1    ) .  There are 
economic costs as well. Annual indirect costs due to productivity losses are $150 
billion [ 2 ] and medical expenses range from $130 billion to $176 billion [ 2 ].

   There are 16 million people in the USA who have at least one tobacco-related 
serious illness [ 2 ], and tobacco is associated with the top three leading causes of 
death in the USA. Among adults age 35 years and older, 41 % of all smoking attrib-
utable deaths are due to cancer [ 7 ], 32.7 % are due to cardiovascular disease, and 
26.3 % are due to respiratory disease [ 8 ]. The three major categories of tobacco- 
caused deaths are lung cancer ( n  = 128,922), ischemic heart disease ( n  = 126,005), 
and chronic obstructive pulmonary disease (COPD) ( n  = 92,915). In addition, 
49,400 lung- and heart disease-related deaths are due to SHS annually [ 8 ]. 

 About 90 % of all lung cancers in the USA are due to tobacco [ 8 ], and lung can-
cer is the leading cause of cancer mortality in the USA. From 2005 to 2011, 5-year 
survival rates have increased from 11.4 to 17.4 %, but survival rates remain quite 
low [ 9 ]. Lung cancer comprises an estimated 13.3 % of all new cancers and 26.8 % 
of cancer deaths [ 9 ]. Most importantly, lung cancer can nearly be eliminated if 
tobacco were eliminated. Therefore, the prevention of lung cancer by targeting 
tobacco exposure has been a primary goal for the U.S. Department of Health and 
Human Services, Offi ce of Disease Prevention and Health Promotion [ 10 ]. 
Unfortunately, tobacco-caused respiratory diseases and conditions other than lung 
cancer have received less attention. Tobacco exposure affects the trachea, bronchi, 
and the  lungs  . The primary nonmalignant respiratory diseases caused by tobacco 
exposure are asthma and COPD, which includes emphysema and chronic 
bronchitis. 

 The 1964 Surgeon General’s report,  Smoking and Health: Report of the Advisory 
Committee to the Surgeon General of the Public Health Service , was the fi rst docu-
ment to conclusively state that smoking causes chronic bronchitis [ 11 ]. 

 “Cigarette smoking is the most important cause of chronic bronchitis in the USA 
and increases the risk of dying from chronic bronchitis [ 11 ].” 

 The casual relationship between smoking and COPD was later confi rmed in the 
1984 Surgeon General’s report,  The Health Consequences of Smoking: Smoking 
and Chronic Obstructive Lung   Disease    [ 12 ]. Subsequent reports further supported 
this fi nding, and additional diseases and conditions have been causally linked to 
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tobacco exposure. The 2004 Surgeon General’s report on  Smoking and Health  [ 7 ] 
confi rmed that active smoking and involuntary exposure to tobacco smoke cause 
multiple preventable respiratory diseases and conditions that affect the trachea, 
bronchi, and lungs of the respiratory tract (see Table  2.2    ). Tobacco exposure 
increases the risk for acute respiratory illnesses, respiratory symptoms, and reduced 
lung function among children and adults. Data also suggest that tobacco use is 

   Table 2.2    Causal relationships between tobacco use and exposure and  respiratory diseases and 
conditio ns      

 Active smoking  Secondhand smoke exposure 

 • Lung cancer  • Lung cancer in nonsmokers 
 • Poor asthma control  • Stroke 
 • Asthma-related symptoms (i.e., wheezing) 

in childhood and adolescence 
 • Coronary heart disease morbidity and 

mortality 
 • Acute respiratory illnesses, including 

pneumonia, in persons without underlying 
smoking-related chronic obstructive lung 
disease 

 • Ever having asthma among children of 
school age 

 • Exacerbations of asthma in adults  • Lower respiratory illnesses in infants 
and children 

 • Chronic obstructive pulmonary disease 
morbidity and mortality 

 • Middle ear disease in children, 
including acute and recurrent otitis 
media and chronic middle ear effusion 

 • All major respiratory symptoms among 
adults, including coughing, phlegm, 
wheezing, and dyspnea 

 • Ever having asthma in school age 
children 

 • Mycobacterium tuberculosis disease 
and mortality 

 • Exposure after birth and lower level of 
lung function during childhood 

 • Premature onset of accelerated age-related 
decline in lung function among adults 

 • Cough, phlegm, wheeze, and 
breathlessness among children of 
school age 

 • Reduced lung function and impaired lung 
growth during childhood and adolescence 

 • Onset of wheeze illnesses in early 
childhood 

 • Early onset of decline in lung function 
during late adolescence and early adulthood 

 • Maternal smoking and persistent 
adverse effects on lung function across 
childhoo d   • Respiratory symptoms in children and 

adolescents including coughing, phlegm, 
wheezing, and dyspnea 

 • Asthma-related symptoms (i.e., wheezing) 
in childhood and adolescence 

 • A reduction of lung function in infants of 
mothers who smoked during pregnancy 

 • Odor annoyance 
 • Nasal irritation 

   Source : The Health Consequences of Smoking—50 years of Progress: A report of the Surgeon 
General, 2014  

P. Fagan
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associated with asthma, idiopathic pulmonary fi brosis, bronchiolitis, infl uenza, 
Legionnaires’ disease [ 7 ], and pulmonary hypertension [ 13 ]. There is growing 
 evidence to support that respiratory bronchiolitis-interstitial lung disease [ 14 ], 
 histiocytosis X [ 14 ], smell dysfunction [ 15 ,  16 ], and snoring [ 17 ] are related to 
tobacco exposure, but causal relationships have not yet been confi rmed. The 
Surgeon General’s report, The  Health Consequences of Smoking — 50 Years of 
Progress , is the fi rst to address tuberculosis related to tobacco exposure [ 2 ]. Tobacco 
use and exposure are associated with about 53,795 respiratory disease-related 
deaths annually [ 8 ].

   The mechanisms by which tobacco exposure causes and is linked to respiratory 
diseases and conditions are described in detail in the Surgeon General’s report,  How 
Tobacco Smoke Causes Disease  [ 13 ]. In brief, tobacco smoke exposure moves 
through the mouth to the upper airways and eventually reaches the alveoli [ 13 ]. 
Both harmful soluble gases and particles are deposited in the airways and alveoli 
[ 13 ]. Tobacco use and exposure increase the exposure of the airways and lungs to 
toxic constituents, and over time, tobacco smoke can reduce the lung defenses to 
these toxins. Tobacco smoke reduces the clearance rate of particles from the lung, 
and 60 %  o f the particles from cigarette smoke are deposited in the lung [ 13 ]. 
 Reduced particle clearance   is due to the shortening, loss, or discoordination of cilia 
[ 12 ,  18 ,  19 ] and possibly changes in airway surface liquid including mucus visco-
elasticity [ 12 ,  19 ,  20 ]. Furthermore, these particles are diffi cult to clear due to their 
high numbers, and smokers remove these particles at a slower rate [ 12 ]. The amount 
of particles and gases received from tobacco smoke depends on the nature of the 
tobacco, puff volume, air drawn in through ventilation holes of cigarettes, and local 
characteristics within the lung that determine the diffusion of toxic gases and the 
deposition of particles. The repeated exposure to these gases and particle damage to 
the mucociliary system increase the risk for bacterial or viral infections [ 13 ]. 

 Tobacco-caused and tobacco-related respiratory diseases and conditions affect 
all smokers, but studies suggest that some racial/ethnic groups and individuals of 
low socioeconomic status (SES), and the intersection of these groups, suffer dispro-
portionately from respiratory diseases and conditions. Tobacco use has also been 
linked to disparities in lung and other cancers and cardiovascular disease. There is 
adequate evidence to say that tobacco causes disparities in cancer among minority 
racial/ethnic groups [ 10 ,  21 ] and low SES groups [ 22 ]. However, it remains unclear 
if tobacco exposure is a cause of health disparities related to nonmalignant respira-
tory diseases among minority racial/ethnic groups and low SES groups in the USA. 

 For example, cigarette smoking is the primary cause of chronic obstructive pul-
monary disease (COPD) [ 2 ]. Approximately 80–90 % of all  COPD   deaths are 
caused by smoking [ 23 ]. COPD is associated with an elevated risk of lung cancer 
and although African Americans have similar COPD prevalence rates as Whites 
[ 24 ], African American men with COPD have a sixfold increased risk for lung can-
cer compared to Whites [ 25 ]. African American men have the highest incidence and 
death rates of lung cancer in the USA [ 9 ]. Disparities in lung cancer between African 
American and White men and women are largely unexplained by the duration, fre-
quency, and intensity of cigarette smoking [ 21 ,  25 ,  26 ]. In one study, 94 % of 
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African American men and 78 % of African American women with lung cancer also 
had a diagnosis of COPD [ 27 ]. These data suggest that it is possible that a respiratory 
diagnosis can contribute to tobacco-caused disparities in another disease category 
since African Americans disproportionately suffer from lung cancer incidence and 
mortality. 

  COPD   can also contribute to deaths from pneumonia, ischemic heart diseases, 
and heart failure [ 20 ,  28 – 31 ], and heart disease disproportionately affects minority 
racial/ethnic groups. Deaths from heart disease, stroke, and hypertension combined 
are higher among African Americans compared to all other ethnic groups and 
almost twice that of White adults [ 32 ]. Furthermore, SHS increases adverse health 
outcomes among COPD patients and could adversely affect minority groups who 
are more likely to be exposed to SHS [ 33 ,  34 ]. Thus, although Whites suffer more 
adverse health outcomes from COPD [ 23 ], COPD increases the risk for other 
tobacco-caused illnesses that minority groups suffer from disproportionately. 

 The purpose of this chapter is to (1) provide an overview of populations in the 
USA who disproportionately experience disparities; (2) review current data 
on tobacco exposure among these groups; (3) present a framework for examining 
the problem; (4) discuss gaps in research and methodological challenges; and (5) 
provide suggestions for future research and practice. 

 This chapter specifi cally focuses on disparities in tobacco use and exposure 
among racial/ethnic minority and low socioeconomic groups for which there have 
been long-standing disparities. We report on the intersection between gender and 
race/ethnicity and gender and socioeconomic status (SES) when possible. There is 
insuffi cient evidence on tobacco-related health disparities in lesbian, gay, bisexual, 
and transgender (LGBT) individuals and populations that suffer from mental ill-
nesses, but we report the available data. Recommendations for research and practice 
are made for all of these populations in the chapter summary.  

    Populations in the USA Who Disproportionately Experience 
Tobacco-Related Health Disparities 

 There are differences in health and indicators of health, but not all differences are 
health disparities and not all similarities suggest an achievement of equity. For 
example, smoking prevalence has declined among racial/ethnic groups, and 
African Americans and Whites have similar smoking rates. In 2013, current smok-
ing was 18.3 % among African American and 19.4 % among White adults [ 4 ]. 
African Americans smoke fewer cigarettes per day on average, have a higher per-
centage of non-daily smokers, and have later age of onset of smoking compared to 
Whites [ 21 ,  35 ]. If one were to only examine these indicators, one might assume 
that there is equity and possibly a slight health advantage to African Americans as 
compared to Whites. 

P. Fagan
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 However, African Americans have disproportionately higher tobacco-caused 
cancer morbidity and mortality rates and lower survival  rates  . One might suggest 
that the lag in lung cancer rates may be due to lag in time related to smoking 
declines. Yet, historically, cigarettes smoking rates among African American males 
were not much higher than White males in 1965 and began to decline at the same 
time. In addition, smoking rates among African American women since 1965 have 
been similar to rates among White women [ 36 ], but African American women have 
historically had higher lung cancer incidence rates and lower 5-year survival rates 
than White women. These disparities are largely unexplained using the dose–
response model of lung cancer. In this chapter, disparities are examined from a 
broad perspective, since not one indicator tells the entire story and there are multiple 
factors that infl uence the respiratory disease continuum in minority racial/ethnic 
and low SES groups. 

    Defi nition of Tobacco-Related Disparities 

 The defi nition of tobacco-related disparities was derived from the 2002   National 
Conference on Tobacco and Health Disparities    : Forging a National Research 
Agenda to Reduce Tobacco Related Health Disparities , which was a meeting of 
national stakeholders co-sponsored by the National Cancer Institute, Centers for 
Disease Control and Prevention, the American Legacy Foundation, the Robert 
Wood Johnson Foundation, the American Cancer Society, the Campaign for 
Tobacco-Free Kids, the National African American Tobacco Prevention Network, 
and the National Latino Council on Alcohol and Tobacco. The defi nition was cre-
ated at a time when stakeholders at local, state, and national levels were defi ning 
health disparities and seeking to increase the visibility of the need to address dis-
parities within the USA. The consensus statement developed by this group defi ned 
tobacco-related disparities as, “differences in patterns, prevention, and treatment of 
tobacco use; the risk, incidence, morbidity, mortality, and burden of tobacco-related 
illness that exist among specifi c population groups in the USA; and related differ-
ences in capacity and infrastructure, access to resources, and environmental tobacco 
or SHS” [ 37 ]. 

 This defi nition was later modifi ed slightly by Fagan and colleagues [ 38 ] to cap-
ture more details embedded in the patterns of use that impact prevention and treat-
ment: “tobacco-related health disparities are differences in exposure to tobacco, 
tobacco use initiation, current use, number of cigarettes smoked per day (cpd), quit-
ting/treatment, relapse, and the subsequent consequences among specifi c groups, 
and include differences in capacity and infrastructure as well as access to resources”. 

 In this expanded defi nition, differences in capacity, infrastructure, and access to 
resources are inclusive of access to care, quality of health care, socioeconomic 
indicators that impact health care, and psychosocial and environmental resources 
[ 38 ]. These defi nitions were intended to provide a framework for the scope of 
research that is needed to understand tobacco-related disparities at different points 
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along the tobacco-disease continuum, different trajectories that lead to health con-
sequences, and how various social, community, and societal level factors that inter-
act with tobacco use/exposure contribute to the development of or amelioration of 
tobacco- related disparities.  

    Populations Who  Experience   Tobacco-Related Disparities 

 In 2018, the nation will celebrate the 20-year anniversary of the publication of the 
1998 Surgeon General’s Report,  Tobacco Use Behaviors Among U.S. Racial / Ethnic 
Minority Groups  [ 21 ]. This was the fi rst major government report to bring attention 
to the need to examine tobacco use and disease outcomes in minority racial/ethnic 
groups in the USA. This report focused on Blacks/African-Americans, Hispanic/
Latino Americans (Hispanics/Latinos), American Indians and Alaska Natives 
(American Indian/Alaska Natives), and Asian, Native Hawaiian, and other Pacifi c 
Islander Americans. This chapter defi nes these groups more inclusively since data 
are often reported using aggregate racial/ethnic categories. This chapter also recog-
nizes the heterogeneity within each aggregate racial/ethnic group where possible. 
The aggregate categories include people who come from diverse cultures, nationali-
ties, religions, heritages, and lifestyles. 

 American Indians and Alaska Natives are people whose ancestors include any of 
the original peoples of North and South America (including Central America) and 
who maintain tribal affi liation or community affi liation or attachment with their 
indigenous group [ 39 ]. There are approximately 566 federally recognized tribes 
[ 40 ] and non-federally recognized tribes that have their own culture, beliefs, and 
practices. We use Blacks/African-Americans to be inclusive of the diverse people 
who self-identify as Black or African American. This category may include people 
of US born descent, Caribbean descent, or immigrants from other countries. 
Hispanic/Latino/Spanish American is an aggregate ethnic category that includes 
people who self-identify with at least one of these terms, and this identifi cation is 
consistent with the census terminology as well. Persons who self-identify as 
Hispanic/Latino/Spanish American often are people from Latin American, South 
America, or Spain. Asian, Native Hawaiian, or other Pacifi c Islander Americans is 
an aggregate category that comprises persons of Asiatic descent and persons of 
Polynesian, Melanesian, or Micronesian descent. The aggregate grouping is largely 
based on sample size rather than similarities in origin. Furthermore, the category is 
somewhat misleading since these social groups convey different disease risks 
related to tobacco. Some studies have used Asian Americans alone or Native 
Hawaiian/Pacifi c Islander alone. Although important to report, because of the popu-
lation sizes at the national levels, there are often too few data to report out specifi c 
Asian groups including Japanese, Chinese, Korean, Vietnamese, Hmong, Filipinos 
(many of whom will state they are of Hispanic origin), and many other Asian ethnic 
groups. The Native Hawaiians and Pacifi c Islanders category includes Native 
Hawaiians, Samoans, Guamanians, Chamorros, Tahitians, Tongans, Tokelauans, 
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Chuukese, Palauans, Yapese, Marshallese, Carolinians, Pohnpeians, Kosraeans, 
Nauruans, Fijians, Guineans, or Solomon Islanders, or other Pacifi c Islander ethnic 
groups [ 41 ]. Although important to report if available, Native Hawaiians and Pacifi c 
Islanders are often not reported in national data due to sample sizes, but these groups 
also experience disparities. In 2015, the fi rst national survey on Native Hawaiians 
and Pacifi c Islanders was released as public  data   [ 42 ]. 

 Thus, the four major minority racial/ethnic groups in the USA (American Indian/
Alaska Native, Black/African American, Hispanic/Latino/Spanish American, 
Asian/Native Hawaiian/Pacifi c Islander  Americans) are aggregate categories with 
unique ethnolinguistic characteristics; multiple ancestries; different histories of 
entry to the USA; diverse settlement in the USA; and different evolutions as racial, 
ethnic, and minority groups. None of these racial/ethnic groups represent biological 
groups or are necessarily used to describe one’s skin color. Common factors shared 
by some of these racial/ethnic groups include that they have often suffered from 
disparities and estimates suggest that these groups will experience population 
growth in the next 50 years. 

 Overall, the USA will experience population growth and the total population will 
increase by 98.1 million between the years 2014 and 2060 [ 43 ] (see Table  2.3 ). 
Changes in population size are driven by births, deaths, and net international migra-
tions [ 43 ]. The U.S. Census Bureau estimates that as the number and proportion of 
non-Hispanic Whites declines, the number and proportion of minority populations 
will increase. For example, the White population will decrease from 198 million in 
2014 to 182 million in 2060, and the number and proportion of all other racial/eth-
nic categories will increase [ 43 ] (see Table  2.3 ). In 2014, minority comprised 37.8 
% of the US population and in 2060 will comprise 56.4 % of the US population 
[ 43 ]. The actual growth of minority populations will more than double and increase 
from 116.2 million people in 2012 to 241.3 million by 2060 [ 44 ]. The number of 

     Table 2.3    Population growth estimates for racial/ethnic aggregate groups in the USA   

 Race/ethnicity 

 2014  2060 

 % or number  % or number 

 Total population (in millions)  318,748  416,795 
 White alone a   77.7  68.5 
 White alone, not Hispanic or Latino  62.6  43.6 
 Black or African American alone a   13.2  14.3 
 American Indian and Alaska Native alone a    1.2   1.3 
 Asian alone a    5.4   9.3 
 Native Hawaiian and Other Pacifi c Islander a    0.2   0.3 
 Two or more races   2.5   6.2 
 Hispanic or Latino b   17.4  28.6 

   Source : Colby S and Ortman JM. Projections of the size and composition of the US population: 
2014 to 2060, Current Population Reports, P25-1143, U.S. Census Bureau, Washington, DC 2014 
  a Includes persons reporting only one race 
  b Hispanics may be of any race, so also are included in applicable race categories  
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Americans of Hispanic ethnicity will more than double by 2060 and Hispanics will 
experience the largest increase of all racial/ethnic groups (see Table  2.3 ). In 2014, 
48 % of children under age 18 were minority and by 2060, 64.4 % of children in the 
USA will be  minority   [ 43 ].

   As minority racial/ethnic populations grow in the USA, our nation’s health is not 
likely to improve. Minority racial/ethnic groups are over-represented at the bottom 
end of the socioeconomic ladder. Since 1967, median household income has both 
increased and decreased among racial/ethnic groups. For example, among all racial/
ethnic groups, in 1967 the median household income was $43,558 and in 2013 was 
$51,939. Among Asians and Pacifi c Islanders, the median income was $63,214 in 
1987 (year data were fi rst collected) and was $70,571 in 2001 [ 45 ]. The racial/eth-
nic categories were then changed to separate Asians from Pacifi c Islanders. Among 
Asians, the median income was $68,143 in 2002 and $67,065 in 2013. Data are not 
reported for Pacifi c Islanders or Native Americans and Alaska Natives. Among non- 
Hispanic Whites, the median income was $51,380 in 1972 and $58,270 in 2013. 
Among Hispanics, the median income was $38,229 in 1972 (year data were fi rst 
collected) and $40,963 in 2013. Among African Americans, the median income was 
$29,569 in 1972 and $34,598 in 2013. In 2013, the median household income 
among Asian Americans was more than double that in African Americans [ 45 ]. 

 The poverty rate for all Americans was 14.7 % in 1966 and 14.5 % in 2013 [ 45 ]. 
For the fi rst time since 2006, poverty rates declined from 15 % in 2012 to 14.5 % in 
2013, but the number of people in poverty did not signifi cantly change [ 45 ]. 
Furthermore, there have been very small fl uctuations in the percent of people in 
poverty. In 2013, 9.6 % of Whites, 10.5 % of Asians, 10 % of Asian and Pacifi c 
Islanders, 27.2 % of African Americans, and 23 % of Hispanics lived in poverty 
[ 45 ]. Aggregate data, like Asian and Pacifi c Islander, mask some of the differences 
in poverty among racial/ethnic groups. For example, prior data show that American 
Indians, Alaska Natives, and Native Hawaiians have higher levels of poverty than 
Whites. If the data were aggregated with Asians, who have lower levels of poverty, 
then the data would be misleading. Data from the U.S. National Center for Education 
Statistics also show that individuals with greater educational attainment were fur-
ther away from poverty than those with less education, and overall, Asians and 
Whites have higher educational attainment compared to the other racial/ethnic 
 groups   [ 46 ]. 

 According to the 2014 National Healthcare Quality and Disparities Report, few 
disparities were eliminated. For example, advice for cessation services for African 
Americans decreased. Poor people generally experienced less access and worse 
quality health care compared to more advantaged people. Disparities in health care 
quality and outcomes by income and race/ethnicity are large, remained the same, 
and did not improve substantially through 2012 [ 47 ]. Through 2012, most dispari-
ties in access to care related to income and race/ethnicity also showed no signifi cant 
change, neither getting smaller nor larger. 

 Improvements have been observed in health insurance coverage among adults. 
From 2000 to 2010, the percentage of adults aged 18–64 who were uninsured 
increased from 18.7 to 22.3 % [ 47 ], whereas from 2010 to 2013, the percentage 
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without health insurance decreased to 20.4 %. During the fi rst half of 2014, the 
percentage without health insurance decreased even further to 15.6 %. Although 
disparities still exist in insurance coverage and African Americans and Hispanics 
are less likely to be insured than Whites, uninsured adults decreased from 2013 to 
2014 among three racial/ethnic aggregate groups reported. In 2013, 14.5 % of 
Whites, 24.9 % of African Americans, 40 % of Hispanics reported being insured. In 
2014, 11.1 % of Whites, 15.9 % of African Americans, and 33.2 % of Hispanics 
reported being uninsured. Improvement in insurance coverage is likely due to the 
2010 Affordable Care Act, which as part of its implementation established market-
place enrollment in health insurance in 2013. No such declines in the uninsured 
population were observed among racial/ethnic groups prior the implementation of 
the Affordable Care Act [ 47 ]. It is important to determine whether improvements in 
health insurance will lead to improvements in preventive care, access to care, and 
quality care among the poor and minority racial/ethnic groups. As the US popula-
tion becomes more diverse, it becomes more important to monitor changes in access 
to care and quality care among racial/ethnic and socioeconomic  groups  .   

    Tobacco Use Disparities 

 Racial/ethnic and SES disparities exist in tobacco use and SHS exposure. Differences 
in smoking prevalence rates exist by employment status, occupation, income, pov-
erty, and education. SES, race/ethnicity, and gender often interact to increase 
tobacco-related disparities among these groups. We briefl y review tobacco use 
prevalence rates among racial/ethnic and low SES groups as well as SHS exposure 
in these groups using the available data. 

    Tobacco  Use Rates Among Young People   

 Healthy People 2020 seeks to reduce cigarette smoking among adolescents to 21 % 
overall and less than 16 % in the past 30 days as a strategy to help reduce tobacco- 
related and tobacco-caused diseases and conditions in the USA [ 10 ]. Signifi cant 
progress was made in reducing cigarette smoking as a result of the 1998 Master 
Settlement Agreement (MSA) [ 48 ]. The MSA resulted after Attorney Generals 
from 46 states, fi ve US territories, and the District of Columbia fi led a lawsuit 
against tobacco industry to recover health care-related costs of tobacco use. Five of 
the largest tobacco industries paid states approximately $10 billion per year, and the 
MSA sets standards for the sales and marketing of cigarettes, particularly to young 
people. Cigarette smoking rates declined among young people after the 1998 Master 
Settlement Agreement from 2000 to 2009 [ 31 ] and then reached a plateau. Recent 
data show dramatic changes in the use of combustible versus noncombustible 
tobacco among middle school and high school students [ 49 ,  50 ]. 
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 Among adolescents, tobacco use varies by tobacco product. Combustibles, 
including cigarettes and cigars, have historically been used more commonly than 
other tobacco products and to our knowledge, pose a higher risk for respiratory 
disease than noncombustibles (see Fig.  2.1 ). In 2012, among middle school stu-
dents, past 30-day tobacco use rates were highest among Hispanics, followed by 
African Americans, Whites, and others, respectively. Among high school students, 
past 30-day tobacco use was highest among Whites, followed by African Americans, 
Hispanics, and others, respectively. Among middle school students, cigarette use 
was highest among Hispanics, but among high school students, cigarette use was 
most prevalent among Whites. The prevalence of cigar use was highest among 
African Americans, followed by Hispanic, White, and other middle and high school 
students, respectively [ 49 ].

   In 2014, a major shift occurred in the use of combustibles and noncombustibles 
among young people. Past 30-day use rates of electronic cigarettes and hookah 
increased and surpassed past 30-day use of cigarettes overall. Among high school 
students, 13.4 % reported electronic cigarette use, 9.4 % reported hookah use, 9.2 % 
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level, sex, race/ethnicity, and product type—National Youth Tobacco Survey, United States, 2012. 
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P. Fagan



21

reported cigarette use, and 8.2 % reported cigar use in the past 30 days. Among 
middle school students, 3.9 % reported electronic cigarette use, 2.5 % reported 
hookah use, 2.5 % reported cigarette use, and 1.9 % reported cigar use in the past 
30  days   [ 50 ]. 

 The 2014 data also showed differences in the use of combustibles and noncom-
bustibles by race/ethnicity. Among high school students, 10.8 % of Whites, 4.5 % 
of African Americans, 8.8 % of Hispanics, and 5.3 % of non-Hispanic others 
reported cigarette use in the past 30 days. Among middle school students, 2.2 % of 
Whites, 1.7 % of African Americans, and 3.7 % of Hispanics reported cigarette use 
in the past 30 days. Data were not reported for “other” race/ethnicity. Among high 
school students, 8.3 % of Whites, 8.8 % of African Americans, 8.0 % of Hispanics, 
and 2.6 % others used cigars in the past 30 days. Among middle school students, 1.4 
% of Whites, 2.0 % of African Americans, and 2.9 % of Hispanics used cigars in the 
past 30 days. Data were not reported for “other” race/ethnicity [ 50 ]. 

 Noncombustible use increased from 2012 and use rates were largely driven by 
increases in electronic cigarettes. Among high school students, 15.3 % of Whites, 
5.6 % of African Americans, 15.3 % of Hispanics, and 9.4 % of non-Hispanic others 
reported electronic cigarette use in the past 30 days. Among middle school students, 
3.1 % of Whites, 3.8 % of African Americans, and 6.2 % of Hispanics reported 
electronic cigarette use in the past 30 days. Among high school students, 9.4 % of 
Whites, 5.6 % of African Americans, 13.0 % of Hispanics, and 6.0 % of non- 
Hispanic others reported hookah use in the past 30 days. Among middle school 
students, 1.4 % of Whites and 5.6 % of Hispanics reported hookah in the past 30 
days. Data were not reported for African American middle school students and 
“other” race/ethnicity [ 50 ]. 

 The most recent data are not reported by SES indicators. Parental education has 
often been used as a proxy for SES [ 51 ], but the data are diffi cult to interpret since 
parental education does not necessarily predict smoking rates among  adolescents  .  

    Cigarette  Use Among Adults   

 Healthy People 2020 seeks to reduce current cigarette smoking among adults aged 
18 and over to less than 12 % as a strategy to help reduce tobacco-related and 
tobacco-caused diseases and conditions in the USA [ 10 ]. Smoking rates among 
adults are slowly declining. In 2013, an estimated 17.8 % of adults smoked ciga-
rettes [ 4 ]. The most recent data show that smoking rates among adults are highest 
among individuals reporting multiple races, followed by American Indians and 
Alaska Natives, Whites, African Americans, Hispanics, and Asians, respectively 
(see Table  2.4  and Fig.  2.2 ). Smoking decreases with educational attainment and is 
higher among persons in poverty compared to persons not in poverty (see Table  2.4 ; 
Figs.  2.3  and  2.4 ). However, there were no signifi cant changes from 2005 to 2013 in 
smoking by educational attainment status. Current smoking among persons in 
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  Fig. 2.2    Percentage of persons aged ≥18  years   who were current cigarette smokers,* by race/
ethnicity—National Health Interview Survey, United States, 2005 and 2012       

  Fig. 2.3    Percentage of persons aged ≥18  years   who were current cigarette smokers,* by educa-
tion—National Health Interview Survey, United States, 2005 and 2012       

poverty did not change in the years 2005 and 2013. Smoking rates are lower among 
women compared to men, but patterns of disparities by race/ethnicity and SES are 
similar for men and women [ 4 ].

      For the fi rst time, the Centers for Disease Control and Prevention recently 
reported cigarette smoking rates by sexual orientation [ 4 ]. In 2013, 26.6 % of les-
bian, gay, and bisexual (LGB) persons reported current smoking compared to 17.6 
% of straight adults. Among males, 26.4 % of LGB compared to 20.3 % of straight 
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males smoked; however, these differences were not signifi cant. Signifi cant 
 differences were found among females and 26.7 % of LGB smoked compared to 15 
% of straight women. Data on transgender populations, a gender identity category, 
were not  reported  .  

    Intersection between  Race/Ethnicity and SES 
with Mental Illness   

 There are limited data available on tobacco use among the mentally ill but data 
show that smoking prevalence rates among persons with a mental illness are almost 
double those of persons without a mental illness [ 52 ]. Few studies have reported on 
smoking among the mentally ill by race/ethnicity and SES, but smoking prevalence 
rates among the mentally ill refl ect the specifi c disparities observed in the general 
population [ 52 ]. For example, American Indians/Alaska Natives have the highest 
smoking prevalence rates followed by Whites, and smoking prevalence rates 
among the mentally ill are highest among Native Americans and Alaska Natives 
followed by Whites, African Americans, Hispanics and the Asian aggregate groups. 
Smoking prevalence in general is highest among the least educated. Smoking rates 
are also highest among the least educated persons who have a mental illness and 
lowest among the most educated. In addition, smoking rates are also higher among 
the poor mentally ill compared to mentally ill smokers who are not in  poverty   [ 52 ] 
(see Table  2.5 ).

  Fig. 2.4    Percentage of persons aged ≥ 18   years who were current cigarette smokers,* by poverty 
status—National Health Interview Survey, United States, 2005 and 2012       
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       Disparities in Secondhand Smoke Exposure 

 In 2006, the Surgeon General concluded there is no safe level of exposure to SHS 
[ 53 ]. About 49,000 tobacco-caused deaths each year are due to secondhand smoke 
( SHS) exposure   [ 8 ]. SHS is inhaled involuntarily by nonsmokers including children, 
and the smoke lingers in the air hours after the cigarette has been extinguished [ 54 ]. 

 SHS causes several  nonmalignant respiratory conditions   including nasal irrita-
tion, middle ear disease, respiratory symptoms, impaired lung function, lower respi-
ratory illness, and sudden infant death syndrome. Secondhand exposure among 

   Table 2.5    Percentage of adults who smoke  cigarettes  ,* by mental illness status, †  sex, and selected 
characteristics—National Survey on Drug Use and Health, United States, 2009–2011   

 % of persons with 
any mental illness 
who smoke cigarettes 

 % of persons with 
no mental illness 
who smoke cigarettes 

 ( n  = 29,400)  ( n  = 84,700) 

 %  % 

  Race / ethnicity  §  
 White  37.7  22.3 
 Black  34  22.3 
 Hispanic  31.6  19.8 
 American Indian/Alaska Native  54.7  30.5 
 Asian¶  20.6  10.4 
 Other  40  26.3 
  Education**  
 Less than high 
school graduate 

 46.6  28.9 

 High school graduate  40.2  25.2 
 Some college  38.1  21.6 
 College graduate  18.7  10.6 
  Poverty status††  
 At or above poverty level  33.3  20 
 Below poverty level  47.9  32.8 
 Unknown  24.2  19.5 
  Total   36.1  21.4 

   Source : CDC (2014). Vital signs: Current smoking among adults aged. Aged ≥18 years with men-
tal Illness—United States, 2009–2011. MMWR, February 8, 2013;62(05);81–87
§ Excludes 45 (2005) and 73 (2013) respondents of unknown race. Unless indicated otherwise, all 
racial/ethnic groups are non-Hispanic; Hispanics can be of any race
¶ Does not include Native Hawaiians or Other Pacifi c Islanders
** Among persons aged ≥25 years. Excludes 339 (2005) and 155 (2013) persons whose educa-
tional level was unknown
†† Family income is reported by the family respondent who might or might not be the same as the 
sample adult respondent from whom smoking information is collected. 2005 estimates are based 
on reported family income and 2004 poverty thresholds published by the U.S. Census Bureau, and 
2013 estimates are based on reported family income and 2012 poverty thresholds published by the 
U.S. Census Bureau  
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children is associated with acute respiratory infections, middle ear disease, exacer-
bated asthma, respiratory symptoms, and decreased lung function [ 7 ]. Prior reports 
have confi rmed that some minority racial/ethnic and low socioeconomic groups are 
disproportionately exposed to SHS. If smoking rates are higher among some minor-
ity racial/ethnic groups, then one might hypothesize that secondhand smoke would 
be higher as well. However, disparities in SHS exposure exist, but do not mirror 
cigarette smoking rates as noted in Tables  2.4  and  2.6 . For example, SHS exposure 
among African Americans is more than double that of Whites. Moreover, Mexican 
Americans have higher SHS exposure than Whites, yet cigarette smoking is higher 
among Whites than Hispanics. These disparities in SHS exposure likely infl uence 
children’s risk of tobacco-caused respiratory conditions and diseases.

   The principal indicator used to determine tobacco smoke exposure in nonsmokers is 
 cotinine  , which is the primary metabolite of nicotine [ 55 ]. Nicotine is fi rst metabolized 
to cotinine and cotinine is metabolized to  trans  3′ hydroxycotinine, a process which is 
almost exclusively mediated by the enzyme cytochrome P450 2A6 (CYP2A6) [ 56 ]. 
Data show that SHS exposure as measured by detectable serum cotinine levels 0.05 to 

       Table 2.6    Percentage of nonsmokers aged 3 and older with serum cotinine levels 0.05–10 ng/mL, 
by selected  demographic characteristics  —National Health and Nutrition Examination Survey, 
United States, 1999–2012   

 % with serum cotinine 
0.05–10 ng/mL (95 % CI) 

 Characteristic  1999–2000  2011–2012 

 Total  52.5 (47.1–57.9)  25.3 (22.5–28.1) 
  Sex  
 Male  58.5 (52.1–64.9)  27.7 (24.7–30.6) 
 Female  47.5 (42.5–52.5)  23.3 (20.4–26.3) 
  Race / ethnicity  
 White, non-Hispanic  49.6 (42.4–56.7)  21.8 (18.6–24.9) 
 Black, non-Hispanic  74.2 (70.2–78.2)  46.8 (30.8–55.6) 
 Mexican–American  44.3 (37.4–51.1)  23.9 (16.3–31.4) 
  Poverty status  
 Below poverty level  71.6 (64.8–78.5)  43.2 (37.3–49.0) 
 At or above poverty level  48.8 (42.8–54.8)  21.2 (18.8–23.6) 
 Unspecifi ed  53.5 (48.4–58.6)  31.7 (22.8–40.5) 
  Education aged 25 and older  
 ≤Grade 11  53.9 (48.7–59.0)  27.6 (23.0–32.2) 
 High school diploma or equivalent  51.6 (44.5–58.6)  27.5 (21.2–33.7) 
 Some college or associate degree  48.2 (40.8–55.6)  21.2 (17.5–24.9) 
 ≥College diploma  35.2 (27.5–43.0)  11.8 (9.1–14.4) 
  Own or rent home  
 Own  45.8 (39.3–52.3)  19.0 (16.1–22.0) 
 Rent  68.1 (61.6–74.6)  36.8 (32.3–41.3) 

   Source : Homa DM, Neff LJ, King BA, Caraballo RS, Bunnell RE, Babb SD, Garrett BE, Sosnoff 
CS, Wang L. (2015). Vital Signs: Disparities in Nonsmokers’ Exposure to Secondhand Smoke—
United States, 1999–2012. MMWR, February 6, 64(04);103–108  
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10 ng/mL has signifi cantly declined overall from 1999/2000 to 2011/2012 [ 57 ]. Despite 
these declines, according to the most recent data, a considerably higher proportion of 
non-Hispanic African American nonsmokers were exposed to SHS than other groups, 
and current exposure is double that of non- Hispanic Whites (see Table  2.6 ). 

 African Americans have similar smoking rates as Whites, so observed differ-
ences in SHS exposure among nonsmokers may be due to differences in policy 
implementation, but could also be related to differences in nicotine metabolism. 
 African American smokers   have lower odds of having smoke-free policies in the 
home compared to non-Hispanic Whites [ 58 ]. However, even among children who 
are not exposed to SHS in the home, non-Hispanic Blacks have signifi cantly higher 
serum cotinine levels compared to non-Hispanic Whites [ 59 ]. 

 Research indicates that nicotine metabolism varies by gender [ 44 ] and race/eth-
nicity [ 60 ,  61 ], and some studies show that menthol also infl uences the metabolism 
of nicotine in the liver [ 62 ]. Study fi ndings suggest that African Americans have 
slower rates of nicotine metabolism as indicated by cotinine and the nicotine metab-
olite ratio, which is highly correlated with rates of nicotine clearance [ 63 ] and 
the CYP2A6 genotype, which is primarily responsible for nicotine metabolism [ 64 , 
 65 ]. African American nonsmokers exposed to tobacco smoke may have slower 
nicotine metabolism like African American smokers. 

 Nationwide, about 76–88 % of African Americans smokers consume menthol- 
fl avored cigarettes [ 66 – 68 ] compared with 26 % of the Asian/Pacifi c Islander smokers 
[ 49 ], 28 % of Hispanic smokers, and 22 % of White smokers [ 66 ,  67 ]. Data from Hawaii 
also show that 78 % of Native Hawaiian/Pacifi c Islander aggregate category of smokers 
use menthols [ 69 ]. Menthol inhibits the metabolism of nicotine in liver microsomal test 
systems [ 70 ,  71 ] by slowing oxidative metabolism and glucuronide conjugation [ 71 ]. 
Some studies have demonstrated higher cotinine levels [ 71 ,  72 ] among menthol smokers 
compared to non-menthol smokers [ 72 ,  73 ]. However, other studies have not shown 
higher cotinine levels among menthol compared to non-menthol smokers [ 74 ,  75 ] 
Because race/ethnicity, gender, menthol, and other factors may infl uence nicotine 
metabolism, additional studies are needed to determine how these factors are related to 
and infl uence the assessment of SHS exposure and health disparities. 

 Data show declines in SHS exposure, but still indicate signifi cant differences in 
SHS exposure by poverty status (see Table  2.6 ).    In 2011–2012, a signifi cantly 
greater percentage of nonsmokers living in poverty had serum cotinine levels 0.05–
10 ng/mL compared to their more economically advantaged counterparts (43.2 % 
vs. 21.2 %) [ 57 ]. In another study, SHS exposure in the home was signifi cantly 
higher among children and adolescents from families with annual income less than 
$20,000 (26.4 %) compared to those earning $20,000 or more (15.5 %) [ 59 ]. To our 
knowledge, studies have not examined poverty as an environmental factor that infl u-
ences the metabolism of nicotine to cotinine, but it is likely that the data refl ect true 
differences in SHS exposure among nonsmokers. 

 While SHS exposure has declined overall, there continues to be differences by 
educational attainment (see Table  2.6 ). Among nonsmokers with less than 11 years 
of education, 27.6 % were exposed to  SHS,   27.5 % with a high school education or 
equivalent, 21.2 % with a college or associates degree, and 11.8 % with a college 
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degree or more [ 57 ]. These data also show signifi cantly higher serum cotinine levels 
among children from families with lower annual family incomes and lower house-
holder educational levels even in homes where they did not have exposure to SHS 
in the home [ 57 ]. It is possible that children of disadvantage may not only be dispro-
portionately exposed to SHS inside the home, but perhaps outside the home and in 
other social environments. Data on SHS exposure is also reported at the national 
level by home ownership, which is another indicator for SES. SHS exposure 
declined among both homeowners and renters yet remained signifi cantly higher 
among renters (see Table  2.6 ). 

 It is clear that SHS exposure is associated with respiratory disease, but whether 
or not disparities in SHS exposure lead to disparities in respiratory diseases and 
conditions like middle ear disease, respiratory symptoms, impaired lung function, 
sudden infant death syndrome, and nasal irritation is not clear. There are genetic 
variations in CYP2A6, and studies suggest this enzyme can bioactivate tobacco- 
specifi c pre- carcinogens   including (methyl-nitrosamino)-1-(3pyridyl)-1-butanone 
(NNK) [ 75 ] and  N ′-nitrosonornicotine (NNN) which have been associated with 
lung cancer [ 76 ] in addition to its role in nicotine metabolism. However, it is not 
clear if CYP2A6 is related to nonmalignant respiratory diseases. 

    Tobacco Causes Respiratory Health Disparities and Populations Impacted 
by Disparities 

 Americans are living longer, and life expectancy has increased for most populations 
in the USA. In 2012, the life expectancy for all Americans was 79 years according to 
the World Bank [ 77 ]. The USA was only ranked 26th out of 36 countries that are 
members of the Organisation of Economic Cooperation and Development with 
respect to life expectancy [ 78 ]. Factors such as  health care system fragmentation  , 
large uninsured population, socioeconomic conditions, and enormous income inequal-
ities may contribute to relatively modest life expectancy gains in the USA compared 
to other countries [ 78 ]. Notably, respiratory disease is a large contributor to lower life 
expectancy among Americans, and tobacco use exposure is a major cause of respira-
tory diseases and conditions in the USA. Other chapters in this book will specifi cally 
address health disparities in COPD, asthma, lung cancer, and tuberculosis, which are 
all related to tobacco exposure with respect to risk and/or exacerbation of disease.    

    Framework for Examining the Problem 

 To better understand tobacco-related health disparities among different groups, it is 
important to have a framework for  examining   the issue (Fig.  2.5 ). Asthma is used 
as an example since it is a chronic respiratory condition associated with smoking as 
well as individual, social, and environmental factors; access to care and treatment 
issues; and health policy.
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   Figure  2.5  suggests that there are individual level factors that put smokers and 
persons exposed to smoke at risk for respiratory diseases and conditions. While 
research is not well developed in this area, there may be biological processes and 
differences in disease susceptibility that either increase or decrease the risk for 
respiratory symptoms among smoking or SHS-exposed asthmatics. Knowledge, 
attitudes, beliefs, and risk perceptions related to tobacco use may infl uence personal 
decisions about smoking or parental decisions to smoke around children, which 
increases their risk for asthma and exacerbates asthma symptoms. Sociodemographic 
factors, literacy, nativity, culture, and use of English language may infl uence help- 
seeking behaviors related to the treatment of asthma. 

  Social and environmental factors   may infl uence air quality independent of 
tobacco smoke exposure, which may further exacerbate asthma. Moreover, social 
and environmental factors may affect where asthma care is received (e.g., patients 
may go to emergency rooms to receive care instead of receiving ongoing regular 
care). Furthermore, policies such as smoke-free multi-unit housing may improve air 
quality and reduce asthma incidence among children. Persons who rent will benefi t 
since they are disproportionately exposed to SHS exposure. Social and environmen-
tal factors and related policies are important to understanding health disparities 
because minorities are more likely to live in poor environments. For example, 
African American and Hispanic individuals are more likely than Whites to live in 
environmental spaces with high levels of air toxins [ 79 ]. Minorities are also more 

  Fig. 2.5    Framework for examining  disparities   in tobacco-related respiratory diseases and 
conditions       
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likely to live in communities near freeways and areas with high traffi c, which 
increases their exposure to air toxins [ 80 – 82 ]. To date, the mechanisms by which 
interactions between environmental exposures and tobacco use affect respiratory 
disease risk remain poorly understood.  

     Policies   to Reduce Tobacco-Related Respiratory Diseases 

 Tobacco policies have been implemented primarily to reduce smoking and SHS 
exposure. For example, clean-indoor air laws and policies in workplaces, restau-
rants, bars, and other public places; voluntary smoke-free home policies; federal 
and state tobacco taxes; age of purchase laws; restrictions on advertising and pro-
motion; and youth access restrictions are important components of a comprehensive 
tobacco control program to reduce tobacco use initiation, increase smoking cessa-
tion, and reduce SHS. The Family Smoking Prevention and Tobacco Control Act of 
2009 (Public Law 111–31, U.S. Statutes at Large 123) [ 83 ] has allowed govern-
ment, for the fi rst time, to have the authority to regulate a legal but lethal product. 
Moreover, the Patient Protection and Affordable Care Act (Public Law 111–148, 
U.S. Statutes at Large 124) [ 84 ] passed in 2010 requires insurance companies, 
including Medicaid, to cover tobacco cessation treatments as a strategy to reduce 
barriers to access to cessation treatments. 

 From a societal perspective, it is important to understand not only the impact of 
tobacco control on trends [ 85 ] in smoking and SHS exposure among racial/ethnic 
and SES minority groups, but also the effects on disease rates as well. For example, 
the 2014 Surgeon General’s report concluded that there was suffi cient evidence to 
infer that smoke-free laws and policies reduce coronary events in persons younger 
than 65 years of age. Further investigation is needed to determine if policies can 
eliminate cardiovascular disease disparities. Lung cancer rates are declining among 
most racial/ethnic groups [ 9 ], but African American males still show the highest 
incidence and death rates from lung cancer. Further investigation regarding the 
impact of tobacco policies on respiratory diseases such as lung cancer and COPD is 
warranted. Understanding how tobacco control programs affect respiratory disease 
beyond their impact on smoking rates alone will help infl uence policymaker deci-
sions and governmental strategies to decrease smoking-related health disparities 
and decrease the overall burden of  tobacco  .  

    Limitations and Methodological  Challenges   

 This chapter focuses on disparities in tobacco smoking and smoke exposure among 
different groups in the USA, examining differences by gender, race/ethnicity, age, and 
socioeconomic status. However, the evidence available to examine these disparities is 
limited by several factors. For example, death rates due to smoking- related respiratory 
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diseases are often reported in aggregate form, and thus it may be diffi cult to distin-
guish differences in specifi c conditions by race/ethnicity or SES. On the other hand, 
death rates reported in disaggregate form by race/ethnicity may be diffi cult to gener-
ate due to the small sample sizes of many racial/ethnic groups. In general, there is 
limited information available regarding the relationship between tobacco exposure 
and respiratory disease and conditions among minority racial/ethnic groups, but there 
is even less data for Native Americans, Alaska Natives, Native Hawaiians, and Pacifi c 
Islanders. While these groups account for less than 2 % of the US population, the 
limited evidence suggests that disparities exist, and population numbers should not 
drive the generation of scientifi c evidence that would facilitate the health of popula-
tions, though they may be small in number. In most cases, data for these groups are 
either not reported or collapsed into a single “other” category. Response rates are also 
low for national surveys. The National Health Interview Survey, which is used to 
report adult current smoking annually, had a 61.2 % response rate in 2013 [ 4 ]. Non-
response can introduce bias and result in under-reporting of smoking rates, particu-
larly among racial/ethnic minority and low SES groups. 

 We have reported on interactions between gender–race/ethnicity and gender–
SES where possible, but these data are often not available for all groups due to small 
sample sizes. We do not focus on pregnant women as a disparate population in this 
chapter but believe it is critical to our nation’s health to examine the relationship 
between tobacco exposure and respiratory illnesses among pregnant women and 
their children. This review also has limited information on health disparities in 
LGBT populations since there is little data available at this time. New national data 
were reported on LGB smoking, but not transgender smoking, for the year 2013. 
LGB data were not reported by race/ethnicity or SES [ 4 ]. Further investigation is 
warranted on tobacco use and exposure by race/ethnicity, SES, LGBT status, and 
their associations with tobacco-related disease. Finally, prevalence data on smoking 
among the mentally ill have recently been reported at the national level, but tobacco- 
related respiratory diseases and conditions for these groups are not reported at the 
national level. Thus, our understanding of the impact of smoking among individuals 
with mental illness relative to the US population at large remains limited. 

 This report does not focus on smokeless tobacco, cigars of any kind, kreteks, 
hookahs/waterpipes, pipes, electronic cigarettes/vaporizers, or any other form of 
tobacco/nicotine, although we report some data for youth. The investigation of how 
new and emerging products like fl avored electronic cigarettes, cigars of any kind, 
and hookah/waterpipes contribute to respiratory diseases and conditions is critical 
since the landscape of tobacco use is changing, particularly among young people 
who may benefi t the most from early cessation of these  products  .  
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    Directions for  Future Research   

 Approximately 42.1 million Americans smoked in 2013 [ 4 ], and we are not likely 
to reach our Healthy People 2020 goals to reduce cigarette smoking to 12 % among 
adults. As a result, progress in reducing health disparities for tobacco-related dis-
eases will also likely be delayed. The landscape of tobacco control is changing and 
has expanded to include more combustibles and also many popular fl avored non-
combustibles. Such changes may reverse progress made to reduce tobacco use 
among youth and potentially establish new pathways for disparities. 

 Moving forward, the power of the Food and Drug Administration Center for 
Tobacco Products to have a signifi cant impact on tobacco control will depend on 
their ability to overcome legal and lobbying challenges by the tobacco industry, to 
circumnavigate the boundaries of operating within the federal government system, 
and to garner public support for regulatory policies that may benefi t public health. 
The Affordable Care Act may be a game changer for those with the least health care 
access who are also often those at greatest risk for smoking and tobacco-caused 
respiratory diseases. 

 In future research, it is important that we monitor dual and poly-tobacco use and 
its impact on respiratory diseases and conditions. Young people are more likely than 
older people to use multiple forms of tobacco along with alcohol, marijuana, and 
other drugs. About 30 % of young adult cigarette smokers report dual use of tobacco 
products [ 86 ]. Young adults who currently use cigarettes are also at increased risk 
for electronic cigarette use [ 87 ] and are more likely to use fl avored little cigars and 
cigarillos [ 88 – 90 ]. To date, there is limited data regarding the effects of poly- 
tobacco use on respiratory disease risk and progression. Furthermore, we have lim-
ited data on dual and poly use of substances among racial/ethnic minority and low 
SES groups. 

 Because national surveys cannot capture suffi cient data to report respiratory dis-
eases for Native Hawaiians and Pacifi c Islanders, Filipinos, Native Americans, 
Alaska Natives, Asian ethnic, and Hispanic ethnic groups, it is important to collect 
state and local data that would allow for the accurate reporting of tobacco-related 
respiratory diseases in these minority groups. These populations are growing, and 
by 2060, there may be suffi cient numbers of different Hispanic ethnic groups to 
report data at the national level. However, this is unlikely to be the case for other 
minority groups in the USA. Data can be collected at the national level for LGBT 
populations and for the mentally ill since there are suffi cient numbers of these 
groups. It is recommended that data on the prevalence and death rates of tobacco- 
related respiratory diseases should be reported by these factors and by race/ethnic-
ity, poverty status, and gender when possible. 

 Longitudinal data on tobacco-related respiratory diseases are evolving, but it has 
been challenging to track how the prevalence and death rates of tobacco-related 
respiratory diseases are related to tobacco exposure trajectory data among minority 
racial/ethnic and low SES groups in the USA. In addition to studying prevalence 
and death rates over time, it is important to examine other health indicators such as 
hospitalization and quality of life in individuals with tobacco-related diseases. 
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Furthermore, knowledge, attitudes, and beliefs and health care access and quality 
may infl uence disease outcomes related to tobacco exposure among different 
groups, and therefore warrant further  study  . 

 Future research should also examine the differential disease causal pathways of 
tobacco exposure and increase our understanding of who is at greatest risk for each 
tobacco-related disease. Tobacco-caused diseases may be consequences of multiple 
pathways, multiple mechanisms toward those pathways, and the interactions of 
genes and environmental factors that modulate the activities of the pathways [ 13 ]. 
Understanding these mechanisms can help us better target disease prevention strate-
gies including the implementation of policies that target specifi c products and prod-
uct constituents, like nicotine, menthol, and other fl avors. A better understanding 
may also allow us to develop new approaches, such as using biomarkers in early 
stage disease diagnosis or genetic counseling for smoking cessation programs that 
specifi cally seek to eliminate disparities [ 13 ]. 

 Further study is needed to understand how socioeconomic status may infl uence 
the risk of tobacco-related respiratory diseases and their outcomes and how this 
intersects with health disparities in racial/ethnic minorities. Cumulative adverse 
health effects result from living in poverty [ 91 ,  92 ], and poor individuals are more 
likely to die prematurely than higher income  persons   [ 91 ,  92 ].  

    Summary and Conclusions 

 In summary, minority racial/ethnic group populations are growing in the USA. It is 
not expected that the nation will grow healthier with as the population of those who 
experience health and socioeconomic disparities increases. Understanding how 
tobacco exposure impacts diseases among these groups is important to the planning 
of targeted public health initiatives to curtail disease growth with population growth. 
Forward thinking and planning will also help to reduce health care costs associated 
with disparities as minority populations in the USA increase in numbers. 

 Smoking has declined among all racial/ethnic and socioeconomic groups. 
However, some minority racial/ethnic and low SES groups continue to suffer dis-
proportionately from tobacco use and exposure. These use patterns, however, do not 
convey disease risk. Lower use of tobacco is not directly associated with lower risk 
of tobacco-caused chronic conditions. Nor is higher tobacco use associated with 
higher risk of tobacco-caused illnesses. Tobacco control continues to be a top public 
health priority, as we know that quitting smoking, reducing the initiation of tobacco 
use, and eliminating SHS exposure will ultimately reduce tobacco-caused diseases 
and deaths and improve the quality of life for many Americans. Different strategies 
may be needed for different groups since declines in smoking despite existing inter-
ventions are not equivalent for all groups.     
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          Key Points 

•     Air pollution, including both indoor and outdoor sources, has signifi cant negative 
impact on respiratory morbidity and mortality.  

•   Health disparities related to environmental air quality and its associated out-
comes have been identifi ed with respect to socioeconomic status, race, gender, 
age, and geographic location.  

•   Mechanisms that may be responsible for health disparities related to environ-
mental air exposure include differential exposure, differential susceptibility, and 
differences in social coping.     

    Introduction 

 It has been more than 50 years since the Great London Smog drew the world’s atten-
tion to the poisonous health effects of air pollution. For an entire greater city area, 
industrial fumes permeated down to the street level, suffocating clouds replacing all 
breathable air. Sulfurous smoke, trapped in both outdoor spaces and within build-
ings, shrouded the visual world of every Londoner (Fig.  3.1    ). Unable to escape such 
a pervasive exposure, Londoners succumbed to an additional 12,000 deaths, as well 
as numerous ER visits and hospital admissions, during and in the immediate months 
after this environmental tragedy [ 1 ].

   Since that time, air pollution has been recognized as a major health concern 
across the globe, and unfortunately, this has not been purely limited to discrete 
events in time and space. There has been growing appreciation that chronic or 
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repeated exposures to elevated airborne levels of particles and gases are responsible 
for  short- and long-term adverse health outcomes   in populations living in both 
industrialized and developing areas [ 2 ,  3 ]. In most cases, poor air quality has not 
been an undiscriminating uniform plague across people as it was in London in 1952. 
Rather, patterns of exposure to air pollution have evolved  into a complex mosaic of 
disparities across lines of race, gender, age, geography, and socioeconomic strata. 
Concentrations of gaseous and particulate matter in the airborne microenvironment 
of defi ned subpopulations may vary at both local and regional levels, resulting in 
meaningful differences in health among these groups. 

 In this chapter, we will explore the unequal effects of air pollution across sub-
populations divided by these lines. We will begin by reviewing the key air pollut-
ants that are known to result in adverse respiratory health and their sources, then 
describe these health effects, and fi nally survey the evidence supporting disparities 
among subgroups. While not a comprehensive review, our discussion will reveal the 
complexities behind the ways in which different populations in the world suffer the 
varied consequences of airborne environmental hazards.  

    Air  Pollutants   

 Ambient air pollution is often a toxic mixture of  gaseous and particulate compo-
nents  , of which six primary air pollutants—sulfur dioxide (SO 2 ), particulate matter 
(PM), ozone, nitric oxide (NO 2 ), carbon monoxide (CO), and lead—have been 

  Fig. 3.1    An image of London during the Great Smog of  1952  . The tall buildings in the back-
ground are completely masked by the thickly polluted air. Source: Getty Images       
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individually demonstrated to bear health impact (Table  3.1    ). Certain pollutants were 
labeled  as criteria pollutants after the 1970 Clean Air Act in the USA set standards 
to specifi cally limit each of their outdoor emissions. Another signifi cant source of 
pollution worldwide is environmental tobacco smoke ( ETS     ), which is now perhaps 
the most well known of the air pollutants because of its widely-recognized adverse 
health effects. The impact of  ETS   is discussed elsewhere in this book and will not 
be specifi cally dealt with in this chapter.

   Among the six criteria pollutants,  sulfur dioxide (SO 2 )   is one that most com-
monly originates from the burning of fossil fuels such as coal and petroleum in 
power plants and factories, as well as in the burning of fuels for various vehicles and 
locomotive equipment [ 4 ]. In the case of the Great London smog, the severe cold led 
Londoners to burn more coal that winter, which along with the city’s usual indus-
trial emissions, resulted in levels of SO 2  and particles of several thousands of μg per 
m 3 . Although the institution of the Clean Air Act in the USA has resulted in an 
overall decline in SO 2  emissions since 1970, elevated airborne concentrations con-
tinue to persist in regional portions of North America today and are subject to oxi-
dation into sulfuric acid as the gas disperses across high altitudes and mixes with 
other particles and liquids [ 4 ]. 

 The interaction of sulfur gases with the environment generates a mixture that 
notably also includes particles. In hindsight, these particles may have been the com-
ponent of the London black smoke responsible for most of the ensuing health effects 
[ 4 ]. Particulate matter (PM) itself is a complex mixture of solids and/or liquid 
particles of various sizes and is classifi ed by its aerodynamic equivalent diameter 
(PM 10  (<10 μm), PM 2.5  (<2.5 μm), and PM 0.1  (<0.1 μm)), which is important in that 

   Table 3.1    Major air pollutants  and common sources     

 Pollutant  Source 

 PM 2.5 , 
PM 2.5–10  

 Natural sources: windblown soil, pollen, spores, sea salt, volcanic ash 
 Man-made sources: road/street dust, agricultural and construction activities, 
particles from industrial and vehicular combustion, tobacco smoke, cooking 
activities 

 NO x , NO 2   High-temperature combustion activities from stationary sources such as thermal 
powerplants and incinerators, cooking, and mobile sources such as automobiles 

 O 3   Produced in the atmosphere from photochemical reactions induced by ultraviolet 
light between pollutant nitrogen oxides (NO x ) and volatile organic compounds. 
Levels typically vary throughout the day and across seasons depending on 
intensity of sunlight and temperature 

 SO 2   Combustion by-product of fuels such as coal and petroleum. Sources include 
industrial emissions from refi neries, diesel fumes, paper factories. Natural 
sources include volcanic eruptions 

 CO  Burning of fossil or other organic fuels, vehicular exhaust, forest fi res, volcanic 
eruptions 

 Lead  Industrial sources such as exhaust from vehicles using leaded gasoline,  smelters   

  PM 2.5 : Particulate matter (PM) of less than 2.5 μm in diameter; PM 2.5–10 : PM of sizes between 2.5 
and 10 μm in diameter. Adapted from Arbex et al. [ 3 ]  
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particle size affects the ability to penetrate and deposit in human airways. Fine 
particles such as those <2.5 μm and ultrafi ne particles <0.1 μm have the greatest 
propensity to deposit further down into the air spaces, in contrast to larger particles 
which are trapped by the mucociliary apparatus of the nose and the upper airway. 
Whether from natural sources such as soil/dust, fi res, and volcanoes, or from man-
made sources such as industry, smoking, and usual human activity, PM has been 
shown to play a signifi cant role in overall and cardiopulmonary mortality and mor-
bidity with both short- and long-term exposures [ 5 ]. 

 Another primary pollutant is  ozon  e, a highly reactive gas that is synthesized from 
photochemical reactions when UV light reacts with other pollutants such as nitrous 
oxides and volatile organic compounds in the atmosphere. The majority of exposure 
to ozone is in the ambient outdoor environment, with indoor ozone only generated 
by specifi c appliances or by penetration of outdoor air into indoor spaces. High 
levels in the ambient air are noted especially in the summer months in the USA and 
with acute exposures, can induce noticeable respiratory symptoms (chest pain, 
cough) as well as underlying airway infl ammation and cellular injury [ 4 ]. 

 In contrast to ozone, NO 2  has gained recent interest as both an ambient and an 
indoor air pollutant. Indoor NO 2  is generated by the burning of fossil fuels and is 
released from the operation of gas and kerosene stoves, heaters, and furnaces, often 
not vented to the outdoors. The effects of  airborne NO 2    may have particular implica-
tions for those with underlying respiratory conditions such as asthma and COPD [ 6 ,  7 ]. 
The last two criteria pollutants, carbon monoxide and lead, are both by-products of 
industrial and vehicular combustion and tend to be concentrated in urban areas, 
though levels of lead have diminished since the reduction in the use of vehicular 
leaded gasoline [ 4 ]. Lead has been associated with adverse health effects not wholly 
limited to the respiratory system, often with particular relevance to fetal, infant, and 
child neurocognitive development [ 8 ]. 

    Impact on  Respiratory Health   

 The evidence that has accumulated over the last half century linking acute and 
chronic exposures of these major air pollutants to morbidity and mortality is signifi -
cant, and ongoing studies continue to strengthen such associations [ 9 ]. Particulate 
matter, for example, has been estimated to contribute to 800,000 premature deaths 
in the world annually [ 5 ]. Early studies of mortality from long-term outdoor expo-
sures such as the “Harvard Six Cities” study and related follow-up studies observed 
that inhabitants of the most polluted cities had increased rates of all-cause and car-
diopulmonary mortality compared to less polluted cities [ 5 ]. Subsequent studies 
that focused specifi cally on respiratory outcomes demonstrated associations 
between incremental increases in ambient PM and increased respiratory symptoms, 
lower lung function, and increased healthcare encounters for pulmonary disorders 
such as asthma and COPD, as well as more frequent lung infections in children and 
adults. The mechanisms behind such relationships have been proposed to involve 
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the ability of particulates to induce infl ammatory responses in human airway epithe-
lial cells, which in turn cause oxidative stress and further airway damage [ 5 ]. 

 Similarly, pollutants such as ozone are cytotoxic to cells in the airway and are 
also associated with local infl ammatory responses and injury that may underlie the 
observed decrements in lung function and increase in bronchial hyper-reactivity. 
Some studies support the relationship of high-ozone days with increased hospital 
admissions for respiratory illness such as asthma [ 4 ], though it is diffi cult to sepa-
rate the effects of ozone from the combined effects of other commonly occurring 
co-pollutants, thereby warranting further single-pollutant studies. 

 Ongoing efforts to fully characterize the health effects of air pollution have 
yielded consistent fi ndings that link airborne exposures to respiratory morbidity but 
in ways not previously well understood. A recent multi-cohort study in Europe 
found ambient air pollution, particularly PM, to be linked to lung cancer [ 10 ], and 
new evidence on the relationship of increases in indoor NO 2  to more severe asthma 
and COPD symptoms has led to work aimed at developing interventions to reduce 
indoor exposures [ 6 ,  7 ,  11 ]. This and future work will help to elucidate the true 
breadth of air pollution’s impact on human  health  .  

    Sources of Pollutants 

 As described above, air pollution can originate from both  natural and anthropogenic 
sources  , and patterns of dispersion have greatly been affected by global climate 
change and the spread of industrialization over the last century. Regardless of the 
source, human exposure to air pollution is unfortunately ubiquitous, and the type 
and extent of these exposures depend not only on where they are being generated 
but also on lifestyle factors that shape where individuals spend their time. 
Meteorological factors also play a major role, since ambient temperatures and 
weather conditions motivate varying degrees of insulation and ventilation in con-
structed spaces, which in turn affects the communication of outdoor and indoor 
environments. 

 In the USA, Americans spend over 90 % of their time inside [ 12 ], and therefore 
indoor sources of pollution can have a signifi cant impact on health. Moreover, 
despite the impact of the Clean Air  Ac     t on ambient pollution, indoor levels of air 
pollution are not centrally monitored or regulated and therefore may pose unrecog-
nized hazards for those who spend extended periods of time indoors. Indoor envi-
ronments where people spend most of their time are commonly divided into three 
realms: the household, the school, and the workplace. 

 The level of exposure in each of these places relies on such characteristics as the 
type and frequency of activities being performed, the degree of enclosure and ven-
tilation patterns of the building, and any efforts to fi lter or shield from the inhalation 
of airborne gases and particles. For example, common  household activities   have 
been known to generate high indoor levels of particulate matter. In one study of 
urban homes in Baltimore, three major sources of particulate matter in the homes 
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were identifi ed: smoking, sweeping, and stove use, with increasing frequency of 
these behaviors signifi cantly associated with increasing levels of PM 10  measured in 
the indoor air [ 13 ]. Cleaning activities contribute to indoor pollution, not only from 
the emissions from toxic cleaning agents used themselves, but also due to the re- 
suspension of particles in the settled dust. Similarly, NO 2  concentrations within the 
home are correlated to both the presence of a gas stove and gas heater, as well as use 
of a space heater or stove/oven for heat [ 6 ], demonstrating the effects of cooking 
activities upon the generation of indoor NO 2 . Besides cleaning and cooking, other 
activities such as the burning of candles or incense, use of fi replaces/wood stoves 
and certain appliances, and smoking are common indoor sources of air pollution in 
the developed world. 

 In contrast, the burden of household air pollution in the developing regions of the 
world is largely the result of indoor burning of biomass  fuels  . Almost half of the 
world, mostly in the poorest of settings, depends on the burning of cheaper, but 
energy-ineffi cient, organic materials such as animal dung, charcoal, and crop waste, 
as well as kerosene and mixed fuels, in open fi res in order to cook and heat homes. 
The indoor levels of smoke and particulate matter generated from this burning are 
orders of magnitude above those seen in developed regions and have been linked to 
signifi cant mortality and morbidity from acute respiratory infections/pneumonia, 
COPD, and airway cancers [ 14 ]. 

 Many of the same indoor activities common to personal residences pertain to 
school environments. Cleaning and heating activities within  school buildings   may 
contribute more to indoor levels of pollution. One specifi c source of indoor pollu-
tion relevant to schools that has gained recent interest is school bus exhaust-related 
pollutant exposure. Due to the common phenomenon of bus “idling” while waiting 
to pick up and drop off children at schools, as well as the general transport of chil-
dren within buses, exposure to diesel fumes inside and around buses has been found 
to be a measurable source of particulate matter, elemental carbon, carbon monox-
ide, and other gaseous and particulate pollutants [ 15 ,  16 ]. This exposure has led to 
considerable concern regarding the effects of noxious diesel fumes on young chil-
dren, and further research on this is underway. 

 A third portion of indoor time for a large number of the world’s adult population 
is spent at work.  Occupational hazards   remain a concern as the cause for a variety 
of acute and chronic respiratory conditions, including exposures that span from 
airborne industrial toxins to aerosolized agricultural pollutants to the common 
indoor exposures from routine human activity discussed above. Given its large 
scope, work-related exposures and their health impact is specifi cally discussed in 
another chapter of this book. 

 In contrast to the variety of indoor pollutant exposures thus far described, out-
door pollution often affects large populations at once and is not readily amenable to 
lifestyle modifi cations by the exposed individual. Pollution sources can be described 
as “stationary” sources, such as factories with smoke stacks, and “mobile”  sources   
such as motor vehicle tail pipes [ 4 ]. Despite the lessons learned during the 1952 
London Great Smog and other similar environmental disasters, industrial emissions 
continue to be a major source of ambient pollution, particularly in urban areas. 
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Combustion of fuels by power plants, factories, and waste incinerators that directly 
release organic, acidic, and metallic compounds into the air, continue to dominate 
as sources of ambient pollution. Historically, in an effort to improve local air qual-
ity, industrial smoke stacks have been redesigned to be taller, removing their emis-
sions from the mixing layers nearer to the ground and from the breathable air of the 
people who live around them [ 4 ]. However, the emissions from these tall stacks, 
which are often at higher temperature and linger longer in the suspended air, become 
more widely dispersed and are capable of blanketing a larger geographical area 
[ 17 ]. In contrast, domestic chimneys and other low-lying emissions disperse less 
and accordingly, contribute greater to local airborne pollution [ 17 ].  Vehicular traffi c   
is another example of low-lying emissions that can rapidly elevate concentrations 
of particulate and gaseous pollution in the direct breathing space of an individual. 
Not only do vehicles contribute through by-products of combustion released from 
tail pipes, but operation of these vehicles over often long pathways of transport 
generate particulate emissions into the air that are released from tire wear and road 
abrasion [ 17 ]. 

 Lastly, natural sources of  outdoor pollution   such as soil, dust, volcanic eruptions, 
and organic material such as pollen and fungi, can contribute signifi cantly to ambi-
ent levels of particulate matter and gases and can cause meaningful health effects. 
For example, volcanic activity is known to release a unique diversity of particles and 
volatiles such as SO 2 , CO, CO 2 , HCL, HF, H 2 S, and radon in ash [ 18 ]. In the case of 
the Eyjafjallajökull eruption in Iceland, up to 25 % of the ash was found to be less 
than 10 μm, well within the respirable range. Health effects of such eruptions can 
extend for great distances, as in the case of Icelandic events that led to fallouts 
across the European continent, and can manifest with acute respiratory effects 
including symptoms of airway irritation and exacerbations in people with asthma 
and chronic bronchitis [ 18 ].  

    Evidence for Disparities 

 Disparities in the exposure to, and health effects from, air pollution are a uniquely 
relevant dilemma due to the intimate association between the environment and 
respiratory system. Thus, the inequalities in the environment that characteristically 
divide groups often coexist with differences in air quality, which in turn lead to 
disparities in respiratory health. Experts describe three mechanisms that may trans-
late variations in the air quality of microenvironments into further differences in the 
health of their inhabitants [ 19 ]. The fi rst is  “differential exposure”   where certain 
groups are found to be more exposed to air pollution sources, thereby violating the 
principle of environmental justice, which upholds that no one population should 
bear the brunt of toxic exposure over another [ 20 ]. The second mechanism is that of 
“differential susceptibility,”    such that a given exposure to air pollution may have 
different effects on an individual due to specifi c personal and social vulnerabilities 
of people in a group. This is especially relevant to those individuals with pre- existing 
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lung disease such as asthma and COPD. Lastly, the “social coping” mechanism 
includes factors that relate to socioeconomic status that may modify the ability of an 
individual to manage risk imposed by the threats faced, such as adequate access to 
healthcare [ 21 ]. These mechanisms are useful to consider when assessing the true 
burden of poor air quality for specifi c groups (Table  3.2 ).   

   In the following sections, we will discuss the evidence for disparities in air 
pollution across various dividing lines—socioeconomic status, race, gender and 
age, and geography. While many of these divisions overlap, they highlight the ways 
in which various groups of people around the world disproportionately bear the 
burden of global air pollution. 

    Socioeconomic  Status   

 Over the last several decades, inequalities in health across socioeconomic strata 
have been recognized for a variety of health outcomes. In one study comparing 22 
nations across the European continent, those countries with lower socioeconomic 
status ( SES  ) (as measured by education, occupation, and income) had higher mor-
tality and poorer health  assessments   [ 22 ]. Inequalities in overall mortality across 
Europe were found to be attributable to differences in rates of cardiovascular, 
smoking-, and alcohol-related mortality between people of different educational 
backgrounds. Moreover, variations between countries with regard to the relative 
contribution of these disease-specifi c mortalities were also found. In respiratory 
disease, inequalities between the rich and the poor have been recognized, with 
asthma morbidity known to be higher in areas in the USA with greater poverty [ 23 ]. 
While the exact causes of this phenomenon are incompletely understood, the link 
between poverty and lung disease illustrates the interdependence of socioeconomi-
cally driven environmental factors and respiratory health and reinforces the notion 
that pollution may have differential effects upon people who are disadvantaged. 

   Table 3.2    Pathways of environmental health  disparities     

 Mechanism  Example 

 Differential 
exposure 

 A family who lives upon a major congested road. The exposure to 
traffi c-related air pollution is higher for these individuals than those who 
may live on a private street 

 Differential 
susceptibility 

 A young child in this household who plays in the front yard. He/she, as an 
active child, has higher minute ventilation and may have a less-developed 
immune system compared to the adults in the home, rendering him/her 
more susceptible to respiratory illness 

 Social coping  The family has an income below the poverty line, and as a result cannot 
afford to relocate to avoid the pollution exposure, to enroll their child to a 
safer play environment, or to obtain private insurance to cover healthcare 
when the child becomes ill, all options which would minimize their risk of 
pollution-related health effects 
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 To further understand this relationship, we can consider the conclusions of the 
WHO Commission on  Social Determinants of Health  , which attributed physical 
environments, among other factors pertaining to an individual’s living  circumstances, 
to observed disparities in health [ 24 ]. As poverty itself may predispose disadvan-
taged groups to spend more time in poor-quality housing, work in toxic environ-
ments, and engage in hazardous behaviors (e.g., smoking) that directly affect 
surrounding air quality, greater exposure to a physically-damaging environment in 
disadvantaged circumstances would allow for further downstream inequalities of 
health [ 25 ]. 

 As the Great London smog event illustrated, among the most pervasive of poor 
quality environments is that of polluted air. Subsequent work from other  European 
studies   has supported that chronic levels of air pollution are associated with disad-
vantaged populations, potentially more so than other environmental threats. 
Evidence for social inequalities being linked to higher concentrations of PM, NO 2 , 
and SO 2  can be found across European nations, though there are a few studies 
demonstrating confl icting data with regard to the strength and direction of these 
relationships [ 19 ]. Despite such variations in fi ndings regarding differential exposure 
highlighted by one set of reviewers, the authors conclude that as a whole, indi-
viduals from disadvantaged socioeconomic brackets suffer greater effects from air 
pollution and speculate that this is mediated perhaps by additional mechanisms 
such as comorbid conditions or social coping which may impact individual vulner-
ability [ 19 ]. 

 In the United States as well, several studies support that persons of lower socio-
economic status are preferentially exposed to greater air pollution. An analysis of 
counties across the USA revealed that those areas with the worst air quality, as 
measured by annual and daily PM 2.5 , were also the poorest, compared with those 
counties with the best air quality [ 26 ]. In another report from North Carolina, 
predicted estimates of PM 2.5  concentrations were 0.10 μg/m 3  lower with each 
increase in interquartile range of median household income [ 27 ], further demon-
strating that the burden of air pollution may disproportionately fall upon socioeco-
nomically disadvantaged communities. More specifi c work by Bell and colleagues 
found that estimated exposure to the specifi c components of PM 2.5  was higher for 
those who had less than a high school education and for unemployed persons, with 
larger disparities between the groups in some of the individual particle components 
than in PM 2.5  overall [ 28 ]. Such exposures may have  long-term health consequences  , 
with several studies demonstrating that there is an increased risk of mortality related 
to PM 2.5  exposure among groups of lower education and income [ 25 ,  29 ]. 

 Perhaps the largest socioeconomic inequality which greatly impacts exposure to 
air pollution is one which affects three billion people worldwide, primarily in devel-
oping regions.  Biomass fuel combustion   is one of the worst polluters of the indoor 
environment and preferentially affects the world’s poor due to the fact that biomass 
fuels are among the cheapest of fuels. Its low rung on the “energy ladder,” whereby 
fuels low in cost also are least effi cient and produce more pollution [ 14 ], results in 
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a higher burden of pollution-related adverse respiratory effects among individuals 
living in parts of the world that cannot afford cleaner fuels. Since women and 
children are the most affected by domestic activities that require solid fuel, biomass 
burning will be discussed in greater detail in a later section of this  chapter  .  

     Race   

 The disparities across socioeconomic strata discussed above are often diffi cult to 
parse out from overlapping inequalities related to race. However, in North America, 
there is a rich racial diversity that allows for recognition of specifi c race-related dif-
ferences in exposure to air pollutants, and the evidence thus far is most telling 
regarding inequalities between Caucasian and African-American populations. 
Using information from the US EPA Air Toxics Data which estimates the airborne 
concentration of 148 chemicals in more than 60,000 US census tracts, a survey of a 
series of 44 metropolitan areas in the US found that in each and every geographical 
area, blacks were more likely to live in highly polluted areas than their white coun-
terparts, with varying degrees of disparity in each metropolis [ 30 ]. Another study 
specifi cally assessed exposures to PM 2.5  and found that non-Hispanic blacks had 
higher exposures than other racial subgroups [ 26 ]. As a follow-up to these results, a 
third study specifi cally examined 14 components within PM 2.5  and found that 
African-Americans experienced the highest estimated exposures for 13 out of the 
14 components compared to Caucasians [ 28 ]. 

 Black–white segregation patterns have been suggested as an infl uential force in 
the design of this unequal distribution of exposures [ 30 ,  31 ]. The effects of segrega-
tion on air pollution exposure may encompass broader themes of implicit racial 
discrimination that limit black individuals’ options to pursue housing and occupa-
tional choices away from highly polluted areas [ 30 ]. The role of segregation in 
mediating disparities in environmental exposures between African-Americans and 
other racial minorities is a topic of active research. 

 Inequalities in exposures between racial groups may partially explain the ongo-
ing conundrum as to why blacks in the USA experience a disproportionate burden 
of respiratory health morbidity compared to whites, such as higher rates of asthma- 
related ER visits, hospitalizations, and deaths [ 32 ]. Data from the 2002 to 2005 
National Health Interview Survey suggested that associations between higher ambi-
ent PM 2.5  exposure and asthma morbidity were strongest among non-Hispanic 
blacks compared to whites, illustrating an effect modifi cation upon the relationship 
between air pollution and health outcomes by race [ 33 ]. Some effect of race itself in 
respiratory disease susceptibility seems to be independent of differences in environ-
mental exposure, socioeconomic status, and other factors; among over 9000 chil-
dren studied across four US cities, black children continued to be more likely to 
report asthma compared to white children in the same cities even after consideration 
of these factors [ 34 ]. Further studies are needed to identify factors yet unaccounted 
for that mediate these disproportionate effects between racial  subgroups  .  
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     Gender   

 A recent review of the relationship between gender and air pollution explored the 
evidence that women and men may experience distinct differences in environmental 
exposures and effects [ 35 ]. To begin with, the author of this review reminds us that 
appropriate assessment of this disparity requires the distinction of gender, which is 
a personally-assigned identity that implies social roles and activities, from sex, 
which is biologically assigned and may implicate differences that stem from chro-
mosomal or hormonal characteristics. Both classifi cations are relevant to the dis-
parities in the burden of air pollution worldwide. Gender and sex differences may 
both be additionally modifi ed by developmental life stage, and thus adults and chil-
dren have generally been studied within their own cohorts. Studies that report stron-
ger effects in boys are balanced by other studies demonstrating that pollution may 
affect girls more, with inequalities attributed to age, gender variations in types and 
location of play activities, differences in lung structure/function and growth rates, 
and hormonal differences [ 35 ]. Additionally, unlike the dichotomous nature of sex 
assignment, differential exposure between gender groups can vary greatly across 
societies, depending on ethnic, cultural, and religious behaviors that shape how and 
where people spend their time. Finally, similar to differences in health effects 
across SES and race, differences in the effects of air pollution between genders and 
sexes are complex and may be the result of multiple amplifying stages, starting with 
inequalities in ambient pollution exposure, followed by differences in the effective 
exposure dose, and lastly with regard to differential susceptibility related to the 
biologic response of the lung to inhaled toxins [ 16 ]. 

 Among adults, differential exposures to air pollution between men and women 
are often driven by occupational stratifi cation, which affects risk of job-related haz-
ards. In many societies where men are likely to be in the public workforce, occupa-
tional exposures related to ambient pollution from industry or agriculture may 
dominate, whereas women who are domestically involved, either in their own 
homes or the homes of others, may have exposures related to indoor household 
activities (cooking, cleaning, etc.).    

 Nowhere is this gender disparity more striking than in the exposure of women in 
developing nations to indoor air pollution from biomass burning. Household air 
pollution from the use of biomass fuels has been studied across the Indian subcon-
tinent, Africa, and Latin America [ 36 ]. Approximately three billion people world-
wide rely on the use of ineffi cient types of solid fuel as their major source of energy, 
and burning animal dung, wood, and crop residues for cooking and heating often 
takes place in open fi res within the home. In these circumstances, women, and the 
children they often carry on their backs while working around the stove, are the 
primary victims [ 37 ]. The amount of time women spend in direct contact with 
active burning can be anywhere from 3 to 7 h each day, but gases and particles 
that are generated continue to fi ll the indoor atmosphere beyond the burn time [ 38 ]. 
The indoor air pollution generated from these burning activities is composed of 
over 200 airborne chemicals of which over 90 % are respirable, including pollutants 
such as PM (both PM 10  and PM 2.5 ), SO 2 , N0 2 , and poly-aromatic hydrocarbons. 
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The level of PM 10 , for example, can average between 300 and 3000 μg/m 3  in a day, 
with peak levels as high as 10,000 μg/m 3  [ 38 ]. This is in stark comparison to US 
Environmental Protection Agency  annual  exposure limit of 50 μg/m 3 . Particulate 
matter has thus far proven to be the most detrimental of the pollutants in biomass 
burning to human  health  . 

 Increasing evidence has highlighted the ill health effects suffered from such 
chronic exposure to these toxic levels of indoor pollution throughout a woman’s 
lifetime. Of these, the most important is the development of chronic obstructive 
pulmonary disease (COPD). In the developed world, COPD is known more com-
monly to be a smoker’s disease, but globally, the majority of COPD is in nonsmok-
ers globally, with biomass exposure as the most likely culprit. In India, for example, 
an estimate of 20,000–155,000 deaths annually occur due to COPD in women and 
are attributable to household air pollution [ 36 ]. Dose response studies have revealed 
that hours and years of accumulated exposure to biomass smoke increases the likeli-
hood of decreased pulmonary function and risk of chronic bronchitis [ 39 ]. One 
meta-analysis estimated that the odds ratio for developing COPD with exposure 
compared to no exposure was 2.40, a risk comparable to smoking [ 40 ]. Several of 
the components of biomass smoke are known carcinogens, and as a result, in addi-
tion to obstructive lung diseases, upper airway and lung adenocarcinomas have been 
associated with biomass smoke exposure as well [ 38 ]. Lastly, the effects of the 
exposure on children will be discussed in more detail below. Overall, the World 
Health Organization has estimated that approximately two million premature deaths 
each year can be attributed to indoor biomass-generated air pollution, rendering 
indoor air pollution a serious health issue, specifi cally for the women of the world. 

 A large focus of sex-related disparities of air pollution has centered around the 
effects on reproductive health and pregnancy. Prenatal effects of air pollution expo-
sure, such as that of indoor biomass smoke, include low birth weight [ 41 ,  42 ]. Other 
sources of ambient pollution including traffi c-related air pollution in the USA and 
Europe have also been found to be negatively associated with fetal growth [ 43 – 46 ]. 
Low birth weight in turn may have long-term consequences in the eventual achieve-
ment of lung function and risks for asthma [ 45 ] in these offspring, implying that the 
adverse effects of air pollution in women can have indelible effects lasting beyond 
a  generation  .  

    Age   

 The phenomenon of indoor biomass smoke exposure not only highlights women as 
a subgroup that has disproportionate exposure to air pollution, but it also draws 
attention to the welfare of children as well. In developing countries, young children 
are frequently exposed to solid fuel pollution within the home while they are being 
cared for by their mothers. For many of these children, this exposure may have 
started in utero which may confer a particular disadvantage with regard to their lung 
development and susceptibility to additional airborne insults postpartum. In fact, 

S. Bose and G.B. Diette



53

infants born to women with biomass exposure during pregnancy have lower birth 
weight [ 41 ,  42 ]. Furthermore, the exposures to indoor air pollution have been found 
to translate into an excess of acute respiratory infections (2–3 times increased risk, 
compared to unexposed children), which are the most common cause for childhood 
deaths in the world. In fact, more than half of all deaths attributed to biomass smoke 
exposure occur among children under 5 years of age [ 38 ]. 

 In the industrialized nations of the world such as the USA and Europe, indoor air 
pollution also plays a signifi cant role in respiratory morbidity. In the USA, children 
spend most of their time indoors. In addition to being in school and in mass trans-
port vehicles which have their own specifi c environmental exposures described ear-
lier, children spend an average of 6 h a day indoors at home engaging in activities 
such as watching television and playing video games [ 47 ]. Furthermore, older chil-
dren may begin to become engaged in the workforce, which has potential for occu-
pational exposures. Unfortunately, in these ways, the lifestyle of children often 
facilitates exposure to the pollution generated by other members of the household 
and  workplace  . 

 The effects of air pollution from other indoor and outdoor sources on children are 
also well described in the literature, especially among children with pre-existing 
lung disease such as asthma. In a recent review of existing panel studies, increasing 
concentrations of particulate matter have been shown to be associated with increased 
respiratory symptoms and decreased lung function [ 48 ]. A systematic review of the 
short-term effects of PM revealed predominantly adverse effects on respiratory 
symptoms and lung function [ 49 ]. Similar work supports the effects of NO 2  in chil-
dren with asthma [ 48 ]. These effects may manifest as early as the preschool age. In 
one study in urban Baltimore, asthmatic children (ages 2–6) who spent most of their 
time in the home had increased respiratory symptoms and rescue medication use in 
response to increases in PM 2.5  and PM 2.5–10  [ 50 ]. Such studies have real implications 
for the development of appropriate interventions aimed at reducing the health 
impact of airborne pollution in children. 

 There are multiple reasons why young children may disproportionately bear the 
brunt of air pollution. For example, children have greater indoor exposures because 
of increased time spent at home, higher respiratory rates that lead to greater intake 
of pollutants per unit body weight, and higher levels of physical activity and explor-
ative tendencies. They are also undergoing ongoing lung growth and development 
and have young immune systems, characteristics that may render them more sus-
ceptible to airway injury [ 51 ,  52 ]. The damage sustained at these vulnerable times 
also may have more permanent effects, as lung development continues into 
adulthood. 

 At the other end of the spectrum are the elderly, who may also spend a signifi cant 
time indoors. Studies dedicated to the differential effects of air pollution in persons 
of older age are limited and use a variety of age cutoffs to defi ne their populations. 
Individual examination of these studies reveals confl icting results with regard to 
associations between PM exposure and respiratory health effects. However, meta- 
analysis performed with a subset of 23 studies looking at older populations did fi nd 
that a 10 μg/m 3  increase in PM 10  exposure led to higher increases in mortality (0.64 
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% vs. 0.34 % increase in risk of death) among older compared to younger subgroups 
[ 53 ]. The reasons for such effect modifi cation are not clear but may include ele-
ments such as comorbid conditions, nutritional status, or access to healthcare which 
heighten the susceptibility and vulnerability of elderly persons to air  pollution  .  

    Place   

 Thus far, we have discussed the disparities that pertain to environmental air quality 
exposure across subpopulations stratifi ed by SES, race, gender, and age, and the 
dividing lines between each of these categories are often indistinct. Yet another 
potential disparity in air quality exposure may lie between urban and rural popula-
tions, each of which has distinct characteristics with regard to the elements such as 
composition of their inhabitants, the concentration of stationary and mobile emis-
sion sources, and the accessibility of healthcare services. 

 One global example of the rural–urban divide is tied to biomass fuel burning, 
which more heavily impacts rural populations. For example, in China, one study 
comparing cooks in rural to urban areas found that concentrations of PM 10  were 64 
% higher in rural kitchens [ 54 ]. These indoor levels translated to the personal expo-
sure of the cooks, who inhaled PM 2.5  levels 5.4 times greater than cooks from urban 
areas. Possible reasons for this differential are the use of cleaner fuels such as liquid 
petroleum gas (LPG) or mixed fuels in wealthier urban areas instead of biomass, as 
well as the longer cooking times required to gather and cook with biomass fuel used 
in rural areas [ 54 ]. 

 A reversal of these urban–rural disparities in air pollution may occur in industri-
alized nations, where individuals living in urban environments may have greater 
risk of pollution exposure because of dense population, proximity to industrial 
power plants and/or manufacturing stations, and congested traffi c patterns prone to 
idling. Moreover, other factors related to urbanization may affect pollution exposure 
and health effects, including the high percentage of racial/ethnic minority and low- 
income populations, lifestyles that shape activity level and diet, social stresses, 
access to medical care, and co-exposure to other pollutants and allergens within 
urban neighborhoods [ 21 ]. 

 In their 2001 workshop report of health disparities of urban air pollution, The 
American Lung Association reviewed the evidence for environmental inequalities 
within metropolitan areas and highlighted the need for a coordinated research 
agenda to address the needs of these communities going forward [ 55 ]. Specifi c rec-
ommendations to identify the mechanisms by which urban exposures lead to adverse 
health effects—especially in those subpopulations with disproportionate burdens of 
disease—included improved air quality and exposure measurements, research on 
chronic and acute health effects along with intervention research, integration of 
community-based research ( CBR  ),    and use of public policy efforts to manage these 
inequities [ 55 ]. Now may be the time to assess the progress we have made since 
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these recommendations and to reexamine the disparities in air pollution that still 
exist in urban  neighborhoods  .    

    Summary and Conclusions 

 In the more than half a century since the Great London Smog heightened our aware-
ness of the tangible health effects of air pollution, a greater appreciation for the 
sources, components, and dynamics of toxins in the air has grown from the exten-
sive research efforts of the scientifi c community. Inequalities across exposures and 
susceptibilities in global subpopulations have resulted in disproportionate health 
effects from pollution exposures. Socioeconomic status, race, gender and sex, age, 
and geographic boundaries, though often overlapping, each uniquely modify the 
human experience of pollution exposure and challenge both our understanding of its 
ill effects as well as our abilities to mitigate its consequences. 

 Broadly, the evidence supports that people in poverty, racial minorities, women, 
children, the elderly, and developing rural and inner-city inhabitants suffer a dispro-
portionate degree of the adverse effects of poor air quality. These patterns are not 
wholly the result of unequal distribution of exposures but are also of coincident 
biological and social susceptibilities unique to these subgroups. This fundamentally 
violates the tenets of environmental justice that uphold that no one group should 
bear an excessive share of the pollution burden, and the signifi cant and lifelong 
health impacts that ensue from these exposures elevate this violation to a matter of 
human rights for vulnerable populations. 

 However, no one group can be “safe” or immune to the far-reaching nature of 
outdoor pollution as it sweeps across continents, nor to the toxins emerging from the 
indoor environments that we create in our own homes in which we purposefully seal 
ourselves. Yet the solution, as in so many public health problems, does not easily 
rely on simply accelerating technology, as both industrialized and “underdevel-
oped” regions of the world face the issues of air pollution in parallel, often with 
further advancements introducing new brands of poisons. Rather, we must use the 
knowledge accumulated in research and the roads of public advocacy paved through 
government and community activity to create dedicated action plans that prevent the 
release of environmental pollutants to begin with, as well as implement interven-
tions that attempt to reverse the destruction already incurred. In these efforts, we 
will ultimately be serving and protecting  all  from ongoing global threat.     
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 Health Disparities in Occupational Exposures       
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          Key Points 

•     Respiratory occupational health disparities have occurred from the overrepre-
sentation of minorities in hazardous industries and job titles with respiratory 
toxins.  

•   Known respiratory occupational health disparities have been identifi ed from 
medical studies and high profi le events as there is no ongoing nationwide surveil-
lance system that is tracking work-related health disparities.  

•   Minorities continue to be overrepresented in particular industries and occupa-
tions despite the cessation of overt discriminatory hiring practices.  

•   The addition of occupation and industry to health surveys and race/ethnicity to 
occupational injury and illness surveillance systems is needed to provide ongo-
ing evaluation.     

  “When the white man had a job ,  his job wasn ’ t molding and shaking out. He had a 
job like setting cores. You couldn ’ t hardly fi nd a one that shake out  [foundry depart-
ment with the highest silica dust levels]. ”  (Quote from a black retired Michigan 
foundry worker describing work conditions from the mid-1950s to the mid-1970s) 
(see Fig.  4.1 ).
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      Introduction 

  Federal and state governmental programs   to address health disparities generally 
have not included addressing occupational health disparities as part of their mission 
[ 1 ]. However, for the fi rst time in 2013, the Centers for Disease Control and 
Prevention (CDC) report on health disparities contained two chapters related to 
occupational health which focused on disparities in work-related nonfatal injuries 
and illnesses and on work-related fatal injuries [ 2 ]. The long-standing omission in 
addressing occupational health disparities has occurred despite the many examples 
in the medical literature of a disproportionate occurrence of work-related injuries 
and illnesses in minority and immigrant populations [ 3 – 7 ], the estimated economic 
costs of occupational injuries and illnesses in low-wage workers of $15 billion for 
medical care and another $24 billion for lost productivity [ 8 ], and a history of trag-
edies among minority and immigrant workers. An example of a well-known occu-
pational tragedy in labor history was the 1911 Triangle shirtwaist factory fi re in 
New York City when 146 predominantly female immigrant textile workers died [ 3 ]. 
This chapter will focus on health disparities in the USA as they relate to occupa-
tional respiratory exposures and illnesses. 

 Most respiratory-related occupational health disparities are related to the over-
representation of minorities in hazardous industries and job titles/assignments that 
involve increased exposure to  respiratory toxins   [ 9 – 14 ]. Additionally, there has 

  Fig. 4.1    African-American foundry worker preparing to pour molten metal at a foundry in 
Minnesota. Photo by David Parker, MD       
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been incomplete penetration of occupational health and safety interventions to 
certain worker populations due to barriers created by social, cultural, and economic 
issues including language, literacy, and marginal economic status [ 15 – 17 ]. Examples 
of the latter would be migrant farm workers or construction day laborers, who are 
predominately Hispanic. The aggregation of lower  socioeconomic and immigrant 
populations   in certain industries and occupations is an ongoing issue that suggests 
that historically well-documented occupational respiratory health disparities have 
the potential to continue in the future. The uneven distribution of race and ethnicity 
by occupations in Michigan is described later in the chapter as an illustration of job 
placement throughout the USA. 

 Although work-related health disparities have been recognized through high pro-
fi le events and research studies, there is no ongoing nationwide surveillance system 
to track work-related health disparities [ 18 ]. Race and ethnicity data from the 
Bureau of Labor Statistics annual Survey of Occupational Injuries and Illnesses 
( SOII     ) are very limited and not summarized in offi cial publications because 
employer reporting of these data elements is voluntary and is missing in 37 % of 
submitted records [ 19 ]. Additionally, most workers compensation data systems are 
not useful for tracking disparities by race and ethnicity because the national stan-
dard for recording worker compensation claims that is used by 80 % of state sys-
tems does not have data elements that cover race or ethnicity [ 20 ]. 

 A limited number of states (23) have their own occupational health surveillance 
system and even fewer (California, Massachusetts, Michigan, New Jersey, and 
New York) conduct any surveillance for occupational respiratory disease, which is 
for the most part limited to work-related asthma. At this time, Michigan is the only 
state that conducts surveillance for all occupational lung diseases. Although limited 
in their scope, these state programs are capable of collecting data about race and 
ethnicity through access to demographic information in hospital discharge records, 
health care provider reports, and death certifi cates. 

 This chapter will review the overrepresentation of racial and ethnic minority 
workers in the most hazardous occupations and industries, providing specifi c exam-
ples of increased respiratory morbidity and mortality in minority workers due to 
disparities in exposure to chromates, coke oven emissions, cotton dust, radiation, 
and silica using information from epidemiologic studies and public health surveil-
lance data [ 9 – 14 ].  

     Chromates   

 Beginning in the 1930s, cases of lung cancer among chromate production workers 
were reported in the German medical literature. In the 1950s, the United States 
Public Health Service ( USPHS     ) studied the workers at all seven US production 
facilities (four in New Jersey, one in New York, one in Ohio, and one in Maryland) 
where chromates and bichromates were made from chromite ore [ 9 ]. USPHS found 
that black males constituted 37 % of the total workforce, and most black workers 
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came from the South. For example, less than 4 % of the black workers in the four 
New Jersey facilities were born in that same state. The vast majority (86 %) of black 
workers in the chromate industry were employed at the two largest facilities, where 
they represented 46 % and 37 % of the workforce, respectively. The proportion of 
white workers was much lower in the production areas (mill room 67 %, kiln room 
53 %, primary leach and residue drying 29 %, liquor room 71 %, and special pro-
cesses 68 % white) compared to areas of lower exposure, such as maintenance (93 
% white) and offi ce, laboratory, and outside yard workers (79 % white). 

 The  USPHS      study found that  respiratory   morbidity and mortality were high in all 
chromate workers, but notably, black workers had greater risk than white workers in 
these facilities [ 9 ]. For example, the prevalence of nasal perforation, which has been 
associated with chromate work since the early 1800s, was higher in black workers 
(76.6 %) compared to white workers (49.3 %). Moreover, chromate workers overall 
demonstrated a 29-fold increased risk of death from respiratory cancer, but  separated 
by race, the risk of lung cancer was increased 80-fold in black workers compared to 
only 15-fold in white workers. This is due to the production of hexavalent chro-
mium compounds, which are known human carcinogens, during conversion of 
chromite ore to chromates. The increased risk of respiratory cancer  death   in blacks 
compared to whites was particularly notable because the prevalence of smoking 
among white and black workers was similar (81 % vs. 84 %,), the prevalence of 
heavy smoking was higher among whites (32 % vs. 12 %), and a higher proportion 
of white workers had a longer duration of exposure (proportion of white workers 
with ≥20 years employment was 21.8 % compared to 10.2 % among black work-
ers). However, hexavalent chromium exposures were highest in those areas with a 
higher percentage of black workers (kiln, leach, and liquid areas). There is no dis-
cussion in the USPHS report describing how workers were assigned jobs in these 
facilities. In the early 1990s, a follow-up study was conducted examining the vital 
status of the New Jersey portion of the cohort. For workers with more than 20 years 
since fi rst exposure and work duration of at least 20 years, the proportionate cancer 
mortality ratio for lung cancer was 3.08 (95 % CI 1.13–6.71) in black workers com-
pared with 1.94 (95 % CI 1.15–3.06) in white workers [ 21 ]. Follow-up of these 
former workers is still ongoing although the facilities in New Jersey have closed. 

 Chromite ore continues to be imported into the USA, and the USA continues to 
be a major producer of chromium products with the largest  facilities   in Indiana, 
Louisiana, Massachusetts, Nebraska, Ohio, Pennsylvania, South Carolina, Texas, 
and  Wisconsin  .  

    Coke Oven  Emissions   

  Metallurgical   coke is used in the process of making iron. Iron ore, limestone, and 
coke are added to the blast furnace to produce iron, which can be further processed 
into steel. By the 1930s, most coke was made in “by-product” ovens from coal (Fig.  4.2 ). 
Coke is the residue of coal after the volatile components of coal are removed during 
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6–20 h of heating at temperatures from 700 to 1200°C. The tars, oils, and chemicals 
removed from the coal during the heating process are recovered and sold.  Coal tar 
pitch volatiles   released during the heating process are known human carcinogens 
[ 22 ] and contain polycyclic aromatic hydrocarbons such as anthracene and benzo(a)
pyrene, aromatic compounds such as benzene and β-napthylamine, and metals such 
as arsenic and chromium. Coke oven emissions also include gases such as nitric 
oxides and sulfur dioxide, and emissions are highest in the work areas on the top of 
the coke ovens.

   In 1970, an important study was published that examined mortality by specifi c 
work area in 58,828 steel workers employed at seven facilities, including two with 
coke manufacturing, in Allegheny County, Pennsylvania [ 23 ]. Race was identifi ed 
from personnel fi les as white and non-white. All-cause mortality among white coke 
workers was not increased compared to the general population, but there was a 22 
% increase in the risk of death among non-white coke workers. Similarly, there was 
no increase in risk of overall cancer death among white coke workers, but among 
non-white coke workers, the risk of cancer death was double that which was 
observed in the general population. 

 Coke plant workers worked in three distinct  areas  : (1) handling coal; (2) loading 
and unloading the coke ovens; and (3) processing the by-products removed from the 
coal. Of the total workforce, 89 % of non-white workers versus 32 % of white 

  Fig. 4.2    Pusher side of a by-product coke oven battery Courtesy of “The Making, Shaping and 
Treating of Steel.” Courtesy association of iron and steel Engineers       
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workers participated in loading and unloading the coke ovens. Non-white workers 
made up 61 % of the coke oven workforce but only 8 % of the non-oven workforce. 
Across the entire coke plant workforce, there was a 75 % increase in the risk of 
respiratory cancer compared to the general population, but this was due to increased 
risk among non-white workers. White coke plant workers had less respiratory can-
cer than expected, while non-white coke plant workers had an increased risk of 
respiratory cancer death [ 10 ]. These fi ndings refl ect the  work area location of   non- 
white coke plant workers in the coke oven area. Further characterizing the coke 
oven workers as “topside” versus “never worked topside” found that non-white 
workers made up 73.5 % of the topside workforce and had 10.8-fold increased risk 
of respiratory cancer. Although there was a fi vefold increased risk of respiratory 
cancer among the fewer number of white topside workers, with one death compared 
to 0.2 expected, no statistical tests were performed in this study where there were 
less than fi ve deaths. 

 In a subsequent publication, the study was expanded to include coke plant work-
ers from ten other facilities in the USA and Canada. Non-whites made up 70.4 % of 
topside coke oven workers in this larger cohort. The highest risk for cancer of the 
lung, bronchus, and trachea continued to be among non-white topside workers with 
a 7.68-fold signifi cantly increased risk compared to non-white, non-coke plant 
workers [ 24 ]. Follow-up of the vital status of this cohort through 1982 found risk of 
respiratory cancer was 1.59-fold higher (95 % CI 1.19–2.12) for white workers and 
2.12-fold higher (95 % CI 1.70–2.84) for non-white workers among all coke plant 
workers compared to non-coke plant workers [ 25 ]. Topside workers continued to 
have the highest risk of death from respiratory cancer, demonstrating 4.25-fold 
higher risk (95 % CI 2.91–7.14) after working 10–14 years topside, 4.45-fold higher 
risk (95 % CI 2.79–7.56) after working 14–19 years topside, and 4.34-fold higher 
risk (95 % CI 2.89–6.97) after working 20 or more years topside compared to non- 
coke plant workers [ 25 ]. 

 In 1966, coke oven exposure assessments were performed that measured coal tar 
pitch volatiles, thereby allowing for dose–response studies [ 26 ,  27 ]. Reinforcing the 
notion that topside jobs are associated with the greatest exposure, the average con-
centration of coal tar pitch volatiles for topside jobs was 3.15 mg/m 3 , which was 
3.6-fold higher than the average level for side oven jobs and dramatically higher 
than the Occupational Safety and Health Administration’s current permissible 
exposure limit of 0.2 mg/m 3 . In further support of this, measurements of polycyclic 
aromatic hydrocarbons in the air and in worker urine samples from multiple coke 
ovens in different countries in the 1980s and 1990s demonstrated consistently 
higher exposure levels to topside workers [ 22 ] (IARC, 2005). Estimates of cumula-
tive exposure to coal tar pitch volatiles among non-white workers, consistent with 
their more frequent assignment to topside jobs, were higher than white workers [ 26 ] 
(see Table  4.1    ). The risk for lung cancer mortality between non-white and white 
workers has been reported to be similar when duration of employment and job loca-
tion topside was taken into account [ 28 ]. The disparity in lung cancer mortality 
observed is thus attributed to the overrepresentation of non-whites in topside jobs. 
A 1973 affi rmative action ruling at a steel plant in Maryland documented ongoing 
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discriminatory job placement in this industry with blacks making up 75–100 % of 
the workforce of some departments including coke ovens and 0 % of other depart-
ments such as pipefi tting or machining [ 29 ].

   From 1950 to 1968, the lung cancer mortality rate for non-white males in 
Allegheny County was 28 % higher than that in white males. This is in contrast to 
the fact that non-white males had a slightly lower mortality rate for lung cancer than 
white males during the same time period at the national level [ 29 ]. The increased 
risk from a given work area in a given industry is presumably one factor explaining 
this difference between Allegheny County and the national rates. It is example of 
how the increased risk of cancer from an occupational exposure may affect  local 
geographic rates   when that industry workforce makes up a large enough proportion 
of the population in a geographic area [ 30 ].  

     Cotton Dust      

 Exposure to cotton in textile mills is associated with acute respiratory symptoms 
and the development of chronic bronchitis and COPD, particularly with long-term 
work in high dust areas such as opening bales, “picking” (a process that is no longer 
necessary in modern textile mills that used to prepare the cotton lint for carding), 
and carding (separation and alignment of fi bers). In 1973, a survey that measured 
respiratory symptoms and pulmonary function was conducted in 6432 workers at 14 
US textile plants [ 12 ]. Black men had a higher prevalence of acute symptoms con-
sistent with byssinosis (5.5 % vs. 3.6 % in white men). Among the 165 cases of 
byssinosis identifi ed, 64 % of the cases worked in the high dust work areas, where 
only 12 % of the overall textile mill workforce was located. Blacks made up 64.5 % 
of the workforce in the high dust areas, which was much greater than their overall 
workforce prevalence of 34.4 %. Despite the fact that blacks had a shorter duration 
of work, chronic bronchitis prevalence was similar between blacks and whites. 
Moreover, blacks had lower pulmonary function results than whites, with workers 
in the dustier area having the lowest results. Data on cigarette smoking was not 
provided by race, but it was noted, that there were less heavy smokers in the dustier 

   Table 4.1     Cumulative exposure to coal tar pitch volatiles   among non-white and white coke oven 
workers based on sampling performed in 1966   

 Cumulative exposure 
(mg/m 3 -months)  Non-white workers  White workers 

 #  %  #  % 
 <200   865  (32.3)   970  (49.0) 
 200–499  1042  (38.9)   807  (40.8) 
 500–699   422  (15.7)   140  (7.1) 
 700+   353  (13.2)   62  (3.1) 
 Total  2682  1979 

  Data obtained from [ 26 ]  
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work areas, where the workforce was 64.5 % black. Much of this industry has now 
moved overseas with reports of respiratory disease among cotton textile workers 
now being reported from China, India, Pakistan, and Turkey.  

    Radiation 

 Signifi cant uranium  mining   began in the USA during World War II. The mines were 
predominately located in the southwest on the Colorado Plateau where the four 
states of Arizona, Colorado, New Mexico, and Utah abut. In this region, major 
deposits of uranium were identifi ed on the Navajo Reservation. Four centers of min-
ing and milling were established there, and there are an estimated 1000 abandoned 
shafts on the reservation [ 31 ]. Mining was the primary industry offering job oppor-
tunities for most Navajo  individuals  , and the peak years of mining occurred from 
1948 to 1969. Although the risk of lung cancer among uranium miners was fi rst 
recognized in Europe as early as 1879 and was made compensable in Europe in the 
1930s, there were no regulatory standards for limiting radiation exposure during the 
peak years of mining on the Navajo reservation [ 32 ]. Navajo miners were paid mini-
mum wage, and they worked underground blasting, building wooden supports, dig-
ging blasted rock (muckers), transporting ore, and milling ore. Foremen were white 
and thus did not spend as much time underground. 

 Mining dust contains  radon progeny   which produce alpha particles responsible 
for the increased lung cancer risk. The nomenclature for expressing radon progeny 
exposure is based on working levels. A working level ( WL        ) is the amount of radon 
progeny in a liter of air that releases a specifi ed amount of alpha radiation. Exposure 
to a WL for 170 h (the average number of work hours in a month) equals a working 
level month ( WLM  ).    Background levels of radon progeny from radon contamina-
tion in homes cause the average person in the general population to have a lifetime 
exposure of 10–20 WLM. In contrast, WLM exposures in miners with lung cancer 
ranged from 465 to 16,467 [ 33 ]. Current workplace regulations allow up to 4 WLM/
year or 160 WLM over a 40 year working lifetime. 

 From 1969 to 1982, 72 % of the lung cancer cases among Navajo men in the New 
Mexico Cancer Registry had been employed by a uranium mine versus 0 % of con-
trols in a matched case–control study [ 34 ]. This corresponds to an infi nite odds ratio 
with a 95 % CI lower limit of 14.4. Thirty-eight percent of the uranium miners with 
lung cancer in this study were nonsmokers, while the other 62 % of Navajos with 
lung cancer averaged only one to three cigarettes per day. Consistent with the low 
smoking burden in the case control study of Navajo miners with lung cancer, a sur-
vey of Navajo miners showed low smoking prevalence (41 % ever smokers) and low 
cigarette consumption among active smokers [ 31 ]. An extension of the New Mexico 
cancer registry case–control study until 1993 continued to fi nd a high percentage 
(67 %) of lung cancer in Navajo men to be attributable to past work in the uranium 
mines. This later study was able to calculate an odds ratio since some controls in 
this later study had worked in the uranium mines; the investigators found an odds 

K.D. Rosenman



67

ratio of 28.6 (95 % CI 13.2–61.7) compared to matched Navajo men with non- 
respiratory cancer [ 32 ]. Surveys of white miners have found appreciably higher 
cigarette smoking rates, with only 18 % of white miners having never smoked ver-
sus 59 % in the Navajo miners [ 35 ]. The joint effect of  cigarette smoking and radon 
progeny exposure   is synergistic [ 36 ]. Despite the lower smoking rates in Navajo 
miners, lung cancer risk between white and Navajo miners were similar and are 
indicative of higher radon progeny exposure in Navajo miners [ 14 ,  35 ]. 

 A cross-sectional study of miners who participated in the New Mexico Miners 
Outreach Program found that Navajos who had worked in the uranium mines dem-
onstrated an increased risk of chronic obstructive pulmonary disease (COPD), low 
lung function (FEV1), and radiologic evidence of  pneumoconiosis   in relation to 
years worked [ 37 ]. However, this was not true of white miners who had worked in 
uranium mines. In this study, 73 % of Navajo miners had never smoked cigarettes, 
and those who had smoked cigarettes averaged 6.4 cigarettes per day. In contrast, 
only 22 % of white uranium miners had never smoked cigarettes, and among those 
who had the average were 20.3 cigarettes per day. Thus, the increased risk of respi-
ratory disease in relation to work only occurred among Navajo miners, despite 
decreased cigarette smoking among Navajo compared to white uranium miners.  

     Rubber Workers      

 Mortality of workers from a large rubber tire manufacturing plant in Akron, Ohio, 
was examined between 1964 and 1972. Study investigators identifi ed a greater than 
twofold difference in the proportion of whites and blacks in different occupations 
with blacks being more likely to have worked in high exposure occupations such as 
compounding and mixing (27 % of blacks vs. 3 % of whites had worked in this 
occupation). There was an increased age-standardized risk ratio of lung cancer of 
1.4 (99.9 % CI 1.1–2.0) in the compounding and mixing area compared to local 
county or national rates [ 11 ], but this risk was only signifi cantly increased for black 
workers in the area. This latter difference was “clearly infl uenced by the racial com-
position of the workforce in that work area” [ 11 ]. Potential exposures to carcino-
gens in this work area would have included asbestos and silica, which are also 
known to cause chronic lung disease, as well as multiple solvents. Disparities in 
respiratory health related to this industry are likely ongoing today, as there are 
approximately 40 rubber tire manufacturing facilities in the USA and appreciably 
more  worldwide     .  

     Silica   

 Silicon in combination with oxygen, silica (silicon dioxide) is one of the most com-
mon constituents of the  earth’s crust  . Mining for any mineral or tunneling will cause 
generation of respirable dust that will contain varying percentages of silica 
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depending on the underlying geology of the particular rock formation. Silica is 
widely used in foundries in the production of metal products and the production of 
ceramic products such as sinks and toilet bowls, and there is also risk of silica expo-
sure during abrasive blasting, and more recently in the process of fracking as part of 
oil and gas drilling.  

    Example #1:  Hawk’s Nest, West Virginia   

 In March 1930, dam construction on the New River began at Hawk’s Nest, West 
Virginia, and this included boring a three mile water tunnel through Gauley 
Mountain to power a new power plant at Gauley Bridge (see Fig.  4.3 ). Tunnel con-
struction required drilling through sandstone that was over 99 % silica. Despite the 
dustiness and high silica content of the rock being tunneled, water suppression to 
keep dust levels down was not used because of the rapid speed of drilling that was 
required to meet the 17.5 month contract deadline for completion of the tunnel. It is 
estimated that the total number of workers at the job site was about 5000, of whom 
2500 worked underground in the tunnel. Turnover was high with an average length 

  Fig. 4.3    Interior of Hawk Mountain tunnel in 1932. Courtesy West Virginia archives and history       
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of employment of 15 weeks. There were 600 tunnel workers at any one time. Silica 
exposure was highest for underground workers, which included 75 % of African- 
American workers versus only 44 % of white workers. White workers who did work 
underground were more likely to be foreman or heavy equipment operators, whereas 
African Americans were drillers, muckers (who hauled away rock and debris), and 
driller assistants. There were two 10-h work shifts each day with ongoing work 6 
days a week. During each shift, drilling was performed to set the dynamite (600–
800 lb per charge), the charge was set, and then the rock and debris were removed 
after the explosion. Eighteen deaths (5 whites and 13 blacks) occurred from acute 
traumatic injuries, and a much larger number of workers died from respiratory dis-
ease. Sixty-fi ve percent of the overall workforce was composed of African-American 
men who came from southern states to work at the site. Their migrant status and 
racism are factors that may have delayed the initial recognition and response to 
addressing the epidemic of work-related respiratory disease that occurred. Other 
factors that have been identifi ed that contributed to the delay in response include: 
(1) high worker turnover with workers returning to their home states when they 
became sick, (2) slow reporting on the part of local newspapers with respect to 
worker deaths, (3) fear and intimidation on the worksite that limited reporting, and 
(4) attribution of deaths to poor nutrition and inability of African Americans from 
southern states to tolerate cold  weather  .

   Within a few years after the  tunnel   was completed, the related respiratory epi-
demic was recognized as silicosis that occurred in response to silica dust exposure 
during the tunneling operation. Unfortunately, no accurate count of the number of 
workers who died or developed silicosis is available. During congressional hearings 
that were held 5 years after completion of the tunnel in 1936, a senator stated there 
were 2000 deaths. There was also testimony from one funeral home director indi-
cating he was paid to dig 169 unmarked graves. In support of this, highway con-
struction records from a 1972 West Virginia Department of Transportation contract 
documented removal of 63 unmarked graves during construction of a nearby road. 
For the entire tunneling project, the offi cial death toll from the company was 109, 
including the traumatic deaths. However, by 1933, worker compensation suits were 
fi led by 336 individuals. 

 The best estimate of deaths from silicosis was derived in 1986 [ 13 ]. This esti-
mate used county death records and determined the excess respiratory deaths from 
1931 to 1937 that occurred in Fayette County, where Hawk’s Nest was located, in 
comparison to adjoining West Virginia counties and extrapolated the number of 
migrant worker deaths that were not reported in the county. Cherniak’s calculation 
was based on 1213 workers, 291 whites and 922 blacks, who worked at least 2 
months underground and were considered to be at the highest risk of developing 
silicosis. The total number of workers estimated to have died from silicosis was 
764, including 581 (63 %) of the 922 African-American workers and 183 (62.8 %) 
of the 291 white workers who worked 2 or more months underground. Typically, 
silicosis related to work exposure in foundries or mines develops after 20 or more 
years of exposure, but for the limited number of identifi ed workers with available 
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medical records from Hawk’s Nest, it appears the high silica exposure in the tunnel 
resulted in a short time to development of respiratory disease, with workers dying 
within months and a few years of exposure due to acute silicosis (pathology similar 
to alveolar proteinosis) and accelerated silicosis (same pathology as chronic silico-
sis but rapid onset). No long-term follow-up was conducted on this workforce, and 
there is no data on the incidence of chronic silicosis or the development of tubercu-
losis. Presumably, this was already a population with an increased prevalence of 
tuberculosis, and active tuberculosis is more common and virulent in individuals 
with a history of  silica exposur  e [ 38 ].  

    Example #2:  Foundries   

 Ford Motor Company was the largest employer of black auto workers prior to World 
War II, as they started to hire a large number of African-Americans in 1918. Other 
auto manufacturers did not begin to hire blacks in appreciable numbers until the 
labor shortages of World War II. For example, the largest grey iron foundry in the 
USA located in Muskegon, Michigan, sent personnel managers to the south during 
World War II and paid black workers to move north to work in their foundry. Ford 
paid black and white workers the same wage but placed blacks in the undesirable, 
hot, and more dangerous foundry jobs where the quit rates of white workers had 
been high [ 39 ]. Given the lack of alternatives for black workers and the relatively 
good pay, quit rates from foundry jobs by blacks were low, and foundries became 
known as the “black departments.” The consequence of the concentration of blacks 
in foundries is refl ected in the current statistics on the incidence of silicosis. In 
Michigan, 40 % of individuals with silicosis are African-American, although 
African-Americans only make up 14.3 % of the Michigan population [ 40 ]. The 
annual average incidence rate of silicosis among African-American males (8.8 
cases per 100,000) is 5.5 times higher than that of white males (1.6 cases per 
100,000). The rates within specifi c Michigan counties range between 2 and 366 
times higher for African-American males than the rates for white males [ 40 ]. 

 Signifi cant racial disparity in silica exposure in foundries is documented from a 
study of a foundry in another Midwestern state [ 41 ]. In a cross-sectional study of 
current and retired workers, the prevalence of silicosis was 8.3 % among blacks and 
4.0 % among whites. This higher prevalence of silicosis among African-Americans 
was found despite the fact that white and black workers had a similar distribution of 
duration of work, which is a common surrogate measure often used to estimate 
workplace exposures (see Fig.  4.4 ). The cause of the higher silicosis prevalence in 
black workers was their higher levels of silica exposure despite working the same 
number of years as white workers (see Fig.  4.5 ). This later determination was pos-
sible because of a detailed job exposure matrix that was developed during a review 
of industrial hygiene sampling results over many years, which documented that 
African-Americans had jobs with higher silica exposure [ 42 ]. In analyses control-
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ling for silica exposure, blacks and whites had a similar prevalence of silicosis [ 41 ]. 
The discriminatory practices leading to placement of black workers in foundries has 
been well documented [ 39 ]. In a collection of interviews conducted by a historian 
at Michigan State University, retired black foundry workers with confi rmed silico-
sis who had moved from the South for work describe how being black affected job 

  Fig. 4.4    Duration of work for African-American  and   Caucasian workers at a gray iron foundry. 
Reprinted with permission Am J Epid 1996; 144: 890–900       

  Fig. 4.5    Mean silica exposure for African- American   and white workers at a gray iron foundry. 
Reprinted with permission Am J Epid 1996; 144: 890–900       
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placement within the foundries [ 20 ]. Please see the quote from one of the individu-
als who were interviewed at the beginning of this  chapter  .

        Example # 3:  South African Gold Mines      

 Occupational health disparity is not unique to the USA. Respiratory exposure 
disparity has been described among black South African gold miners. The workforce 
in the South African mines in the 1990s was 600,000, with 90 % of the workers 
being black. The black workers were the laborers, while white workers were gener-
ally in supervisory jobs. The fi rst study of black gold miners was not published until 
1991 because black miners were considered transient rural individuals who worked 
to obtain suffi cient money to return to their farms [ 43 ]. This fi rst study of black min-
ers was a cross-sectional study that only included current workers, but in spite of 
that limitation, study investigators found that 857 (71.6 %) of 1197 black miners 
had silicosis and 62 % had chronic bronchitis including 45 % of the miners who had 
never smoked cigarettes. In contrast, a study published 13 years earlier of white 
south African gold miners found that only 134 of 1973 (6.8 %) had silicosis [ 44 ]. 
While the prevalence of chronic bronchitis among the white miners was similar 
to the results in black miners (62.7 %), the percentage of nonsmokers among 
black miners was 29.2 % versus 11.3 % among white miners. Although changes 
since the end of apartheid have ended legislated differences, such as increased com-
pensation rates for white miners who develop silicosis compared to black miners, 
“race remains an important determinant of occupation, salary, housing and disease 
 burden     ” [ 45 ].  

    Work-Related  Asthma   

 American Thoracic Society ( ATS     )    consensus statements have determined that 36.5 
% of adult asthma is either caused or aggravated by work. The median estimate is 
that 15 % of adult asthma is caused by work exposures and that 21.5 % of adult 
asthma is aggravated by work exposures [ 46 ,  47 ]. 

 The prevalence of work-related asthma among adults was calculated from the 
Behavioral Risk Factor Surveillance System ( BRFSS     )    asthma call-back survey that 
was administered to a random sample of the general population in 38 states and the 
District of Columbia from 2006 to 2009 [ 48 ]. Work-related asthma was defi ned as 
having current asthma and responding yes to the following question: “Were you 
ever told by a doctor or other health professional that your asthma was related to 
any job you ever had?” The overall prevalence of work-related asthma was 9.0 % 
(95 % CI 8.4–9.6). Black and Hispanic participants reported a greater prevalence of 
work- related asthma compared to white participants (blacks 12.5 % (95 % CI 9.8–
15.2), Hispanics 10.5 % (95 % CI 7.7–13.4), whites 8.2 % (95 % CI 7.6–8.8)) [ 48 ]. 
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The BRFSS survey did not collect industry or occupation data as a core variable of 
the survey. 

 Incidence data from Michigan demonstrated similar differences in work-related 
asthma by race. The annual incidence rate  o  f work-related asthma for African 
Americans was 4.8/100,000, which was nearly twofold greater than that of whites 
(2.5/100,000) [ 20 ]. This incidence data was derived from the state’s occupational 
disease reporting system based on reports received from health care facilities and 
practitioners. 

 Cross-sectional surveys of the general population have shown marked differ-
ences in the prevalence of asthma by occupation [ 49 ,  50 ]. The National Health 
Interview Survey ( NHIS  ) collects information on industry and occupation as well as 
self-report of health care provider diagnosed asthma. The overall prevalence of 
asthma from the combined surveys from 1997 to 2004 was 9.21 % with Blacks hav-
ing the highest prevalence of 9.42 %, then Whites with a prevalence of 9.28 % and 
Hispanics with the lowest prevalence of 6.77 %. By occupation, service occupations 
had the highest prevalence of asthma at 10.58 %, and farming, forestry, and fi shing 
occupations had the lowest prevalence at 6.83 % [ 50 ]. Within a given occupation, 
the prevalence of asthma by race differed from the overall prevalence of asthma by 
race. For example, among individuals who reported having a service occupation, 
Whites had the highest prevalence of asthma at 11.01 %, compared with 9.82 % 
among Blacks and 6.39 % among Hispanics in the same occupation category. 
Interpretation of this data is limited because the data collected was related to current 
occupation, which is not necessarily the same occupation that participants had when 
their asthma began as they may self-select a new occupation after development of 
their asthma [ 51 ]. Additionally, individuals with childhood asthma may self-select 
into certain occupations [ 52 ]. 

 Industries with exposures that cause occupational lung diseases from mineral 
exposures have typically had a predominately  male workforce  , i.e., construction and 
manufacturing, and consequently most cases of pneumoconiosis have occurred in 
men. An exception to this generalization in gender differences in occupational lung 
disease is that more cases of work-related asthma are reported in women than men 
(60 % vs. 40 %) [ 53 ]. The more common occurrence of work-related asthma in 
women can be partially attributed to exposure to allergens in some industries that 
are predominately female [ 54 ] and differential exposure to men and women who are 
in the same industry, i.e., health care [ 55 ]. 

 In addition to considering the work relatedness of asthma, the 2003 ATS 
statement on occupational airways disease described that work was a signifi cant 
contributor to the development of COPD in 15 % of cases [ 46 ]. Cross-sectional 
studies of  COPD   in the general population, like those for asthma, have clearly 
shown marked differences in prevalence of obstructive lung disease by occupation 
[ 50 ,  56 ]. While the overall prevalence of COPD is greatest among whites [ 50 ,  56 ], 
the estimated proportion of cases associated with work is greatest among Mexican 
Americans (49.6 %), followed by Blacks (23.4 %) and whites 22.2 % [ 56 ]. The 
industries contributing to the attributable fraction of COPD caused by work also 
differ by race. Among whites, the most important industries were armed forces, rub-
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ber, plastics and leather manufacturing utilities, and textile manufacturing. In con-
trast, among blacks, the related industries included construction, metal and 
automobile manufacturing, food product manufacturing, and agriculture. Among 
Mexican Americans, the important industries included agriculture, construction, 
and services. The authors concluded the higher percentage of COPD attributable to 
work among Mexican-Americans was due to the lower cigarette smoking burden in 
Mexican-Americans. 

 The strongest associations between  COPD   and specifi c work-related exposures 
are with chlorine, coal, cotton dust, silica, and welding fumes [ 57 ]. There are no 
data available that assess current exposure to these substances by age, race, or eth-
nicity. There are limited data on differential exposures between men and women 
[ 54 ,  55 ]. It is generally acknowledged that lower socioeconomic, labor intensive 
jobs are likely to have greater safety and health risks, including exposure to respira-
tory toxins, than higher socioeconomic white collar/offi ce jobs.  

    Current Racial Distribution of the US Workforce 

 This chapter contains multiple historical examples where discrimination in hiring 
practices led to disparities in the development of  occupational respiratory disease  . 
Given the typical long latency between onset of exposure and development of pneu-
moconiosis or lung cancer, some current racial differences in respiratory disease 
rates may represent a legacy from past discriminatory hiring practice (i.e., lung 
cancer). This certainly is the case with the occurrence of silicosis in Michigan. Even 
though discriminatory hiring practices are now illegal, there are other reasons why 
there continue to be marked differences in the distribution of the races across occu-
pations. These include residential clustering by race with geographic limitations on 
the availability of jobs and differences in educational attainment. Table  4.2  shows 
the distribution of the ten most common occupations where individuals in each race/
ethnicity group were employed in Michigan in 2011. The top ten occupations among 
blacks and Hispanics were service or manual labor; in contrast, six of the ten top 
occupations of whites and only one among Asians were service or manual labor. 
The CDC has shown using 2010 data that minorities are overrepresented in occupa-
tions having the highest occupational injury rates—24.4 % of Hispanics versus 11.6 
% of Blacks versus 3.8 % of Whites are employed in high-risk occupations [ 2 ]. This 
determination of  high-risk occupations   was based on current work-related injury 
rates. No similar analysis of the current workforce for occupations with increased 
risk for respiratory exposures has been performed. Establishment of the Occupational 
Safety and Health Administration in 1970 and the implementation of workplace 
standards and reductions in exposures for respiratory toxins over time have ideally 
made the workplace safer for all workers. However, there continues to be documen-
tation of disparities in work-related injuries [ 4 – 7 ]. On the other hand, there have 
been no dramatic disparities in mortality from work-related lung cancer documented 
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in the medical literature for the last 30 years. The overrepresentation of minorities 
in certain occupations such as service occupations (see Table  4.2 ) indicates the 
 potential   for ongoing occupational respiratory disparities secondary to differential 
exposure risks. For example, service workers have an increased prevalence of 
asthma [ 50 ] and are likely to have an increased potential for exposure to cleaning 
agents, which are associated with the development of work-related asthma [ 58 ].

   Given the documented defi ciencies in the current occupational surveillance sys-
tem, changes are necessary if we are to accurately assess the occurrence of current 
and future occupational respiratory health disparities. The modifi cations needed 
include adding race to surveillance systems that already collect information on 
work-related injuries and illnesses and adding information on occupation and indus-
try to surveys/medical records that collect medical and race data.  Recommendations   
include: (1) requiring the reporting of race in the annual Bureau of Labor Statistics 
employer-based survey on injuries and illnesses; (2) adding race as a core variable 

    Table 4.2    Ten most common occupations for Hispanics, African Americans, Asians and Whites, 
Michigan  2011 a      

  Hispanic  (#  employed :  161 , 489 )   African Americans  (# employed :  435 , 105 ) 
 Agricultural workers (9.8 %)  Nursing/home health aides (4.6 %) 
 Assemblers and fabricators (4.1 %)  Janitors (3.1 %) 
 Grounds maintenance workers (3.1 %)  Assemblers and fabricators (3.1 %) 
 Retail salespersons (3 %)  Personal and home care aides (2.8 %) 
 Janitors (2.8 %)  Cashiers (2.8 %) 
 Cooks (2.5 %)  Laborers (2.5 %) 
 Food preparation workers (2.2 %)  Customers service reps (2.4 %) 
 Packers and packagers, hand (2.2 %)  Retail salespersons (2.3 %) 
 Waiters/waitresses (1.9 %)  Cooks (2.2 %) 
 Secretaries (1.8 %)  Bus drivers (2.1 %) 
  Asian  (#  employed :  129 , 414 )   White  (#  employed :  white — 3 , 558 , 662 ) 
 Mechanical engineers (9 %)  Cashiers (2.4 %) 
 Software developers (7.5 %)  Retail salesperson (2.4 %) 
 Postsecondary teachers (4.3)  Driver/sales workers and truck drivers (2.8 %) 
 Computer/information systems 
managers (3.9 %) 

 Secretaries (2.3 %) 

 Physical therapists (3.9 %)  Managers, all other (2.1 %) 
 Managers (3.4 %)  Nurses (2.1 %) 
 Nurses (3.1 %)  Elementary/middle school teachers (2.1 %) 
 Cooks (2.9 %)  Supervisors of retail sales workers (1.9 %) 
 Accountants (2.9 %)  Waiters/waitresses (1.6 %) 
 Physicians (2.7 %)  Assemblers/fabricators (1.5 %) 

   a Rankings of most common occupations are from the 2011 Current Population Survey, U.S. Bureau 
of Census. Occupations are the occupational categories used by the Bureau of Census [  http://www.
census.gov/people/io/methodology    ] 
 Percents in the table are the percent of all employed members of that race/ethnicity group who 
work in that particular occupation (Table adapted from ref [ 20 ]  
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in worker compensation state data systems; (3) adding industry and occupation to 
the core module of the annual BRFSS survey administered in the 50 states; and (4) 
routinely collecting information about occupation/employer in medical records and 
making collection of such information a requirement for future meaningful use 
incentives as part of the transition to electronic medical health records [ 59 ]. 
Successful implementation of the above changes will not only allow for the genera-
tion of valuable data on occupational respiratory health disparities but will also 
allow for development of targeted interventions.     

  Acknowledgements   Grant sponsor: National Institute for Occupational Safety and Health. Grant 
# U60 OH008466.  
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          Key Points 

•     Pulmonary function tests (PFTs) are necessary for the accurate diagnosis and 
management of most  lung diseases  . They are underutilized in nearly all patient 
populations, but particularly in the underprivileged who face many barriers to 
receiving high-quality care including undergoing PFTs.  

•   Unlike some medical tests, PFTs are highly performance dependent, meaning 
that patients must understand and follow complex instructions to achieve accu-
rate results. Language and cultural barriers between testing personnel and 
patients can lead to inaccurate PFTs.  

•   Pulmonary function tests are  interprete  d in comparison with predicted normal 
values derived from large cohorts of healthy individuals.  

•    Differences   in lung function have been observed by self-identifi ed race. Race is 
therefore  used   as a corrector for the calculation of predicted normal values.  

•   Environmental and socioeconomic factors can affect pulmonary function. 
This likely explains some but not all of the observed differences in lung func-
tion by race.  

•   The use of “race correction” to calculate  predicted normal values   has generated 
controversy, but it likely results in more accurate estimation of lung function. 
Each individual patient’s results must be interpreted in their clinical context.     

© Springer International Publishing Switzerland 2016 
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    Overview of Pulmonary Function Testing 

 The  primary function   of the lungs is the exchange of gases between the environment 
and the blood stream. This function can be measured as a series of fl ows and volumes 
inhaled and exhaled during breathing maneuvers and by measures of gas exchange 
into the blood stream. Pulmonary function tests (PFTs) include a variety of diagnos-
tic procedures used to identify and quantify  abnormalities   in lung function. Among 
the most widely used PFTs are spirometry, measurement of lung volumes, and mea-
surement of diffusing capacity. Spirometry is  measurement   of forced air fl ow and 
volume over time after a maximal inhalation. Multiple variables are measured and 
reported, including the maximum volume exhaled in the fi rst second (FEV 1 ) and the 
total volume of air exhaled after a single maximal inhalation, the forced vital  capac-
ity      (FVC). Spirometry can be performed with a simple  handheld device  . Lung vol-
ume testing measures the total volume of air in the lungs ranging from  total lung 
capacity   (TLC) at full inspiration down to the air remaining in the lungs after full 
exhalation, the residual volume (RV). Measurement of lung volumes requires more 
complex equipment such as a plethysmography chamber, commonly known as a 
body box. Diffusing capacity is a test in which the lungs’ ability to absorb carbon 
monoxide gas is measured as a surrogate of their ability to absorb oxygen and elimi-
nate carbon dioxide. When these results are put together, PFTs can classify abnor-
mal lung function into either an obstructive or restrictive pattern with or without an 
associated gas transfer abnormality, and each pattern is associated with different 
diseases of the lung. 

 An important  aspect of   lung  function   testing is that accurate testing is highly 
dependent on patient performance. This is different from many other medical tests, 
such as vital sign measurements or blood tests, which do not necessarily require 
patients to understand and follow complex instructions in order to achieve accurate 
results. For example, to obtain reliable results during  spirometry  , the patient must 
take in a maximal breath and then make a maximal rapid and forceful effort of exha-
lation. A deviation from this procedure will usually result in underestimation of the 
FEV 1  and FVC. A well-trained technician is essential for  accurate PFT perfor-
mance  . The technician provides coaching to each patient to ensure maximal perfor-
mance during the spirometry test. Technicians must be able to review spirometry 
curves, recognize common performance errors, reinstruct the patient, and repeat the 
test as needed to achieve maximal results. Without appropriate instruction and 
coaching, patients may have suboptimal effort resulting in unreliable results. In par-
ticular,  submaximal   spirometry performance may result in overestimating the sever-
ity of lung disease or even result in the diagnosis of lung disease where there is 
none. This is true of most other modalities of PFTs as well. All of this makes PFTs 
more sensitive than many other medical diagnostic tests to linguistic and cultural 
barriers that may exist between testing personnel and the patient. Furthermore, for 
a patient to have access to accurate PFTs, they must not only have access to a medi-
cal facility with equipment and willingness to perform the PFTs, but they must also 
have appropriately trained technicians at that facility, assisted by translators when 
necessary, to perform maximal and error-free tests.  
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    Health Disparities and  Performance of PFTs  

    Access to Pulmonary Function Testing 

 PFTs are typically used for the diagnosis and monitoring of  lung diseases  , most 
commonly obstructive lung disease (e.g., asthma and COPD). However, patients do 
not present with defi ned diseases, but rather with undifferentiated symptoms such as 
dyspnea, cough, and wheezing. To prevent misdiagnosis and thus misdirected medi-
cal care, current COPD and asthma guidelines unanimously require the use of PFTs 
for disease diagnosis, assessment of disease severity, and ongoing disease monitor-
ing [ 1 ,  2 ]. The National Committee for Quality Assurance ( NCQA     ) has adopted 
spirometry as a performance measure in patients with a new diagnosis of COPD. 

 Despite these recommendations and the high  social and economic burden   of 
these diseases, utilization of spirometry remains low. COPD itself is underdiag-
nosed in the general U.S. population. Figure  5.1  shows data from the  Third National 
Health and Nutrition Examination Survey (NHANES III)  , a survey of the general 
U.S. population that included health questions and medical tests including spirom-
etry. As illustrated in the fi gure, many participants were found to have obstructive 
 airfl ow limitation   on spirometry, including severe limitation, even if they had never 
previously been diagnosed with COPD. These individuals were not asymptomatic 
and instead reported substantial burden of respiratory limitations on the health 
survey [ 3 ], suggesting that they would likely benefi t from diagnosis and treatment 
of their lung disease.
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  Fig. 5.1     Underdiagnosis   of COPD in the absence of routine spirometry. Reproduced with permis-
sion from  Insights for Improvement :  Advancing COPD Care Through Quality Measurement . 
Copyright © 2009 by the National Committee for Quality Assurance (NCQA). To access a copy of 
this publication, visit   http://www.ncqa.org           
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   Even among patients who do receive a diagnosis of  COPD  , spirometry is under-
utilized. In a 2007 review of over 5000 patients newly diagnosed with COPD, just 
32 % had any PFTs prior to disease diagnosis [ 4 ]. Similarly, a review of around 
200,000 Veteran Affairs patients newly diagnosed with  COPD   found the frequency 
of spirometry testing was around 34 % [ 5 ]. Both studies found the frequency of 
spirometry testing lower among older patients. Additionally, several studies have 
established that the burden of asthma and respiratory disease is not uniform across 
all patient groups.  Ethnic minorities   and those with lower socioeconomic status 
(SES) have increased morbidity and mortality related to asthma, with lack of access 
to healthcare, including PFTs, implicated [ 6 – 13 ]. 

 The lack of routine PFTs in these settings has a number of potential conse-
quences for patient care. Limited use of PFTs in the initial  evaluation of patients   
with possible COPD has been shown to increase the risk of underdiagnosis of 
COPD. Confi rmation of the diagnosis of asthma/COPD with PFTs results in better 
overall care, giving providers greater confi dence in prescribing medications appro-
priately for moderate to severe COPD, such as anticholinergic inhaler therapy and 
long-acting beta agonists [ 14 ]. Additionally, there is a risk of misdiagnosis or “ over-
diagnosis  ,” with patients being exposed to treatments for conditions they don’t have, 
as well as delayed or missed diagnosis of other serious disorders.  Misdiagnosis   can 
also lead to patients being “labeled” with chronic medical conditions, with resulting 
psychosocial stigmata, as well as increased premiums for health and life insurance. 
When COPD or asthma is misdiagnosed, often due to lack of spirometry, prescrip-
tion of  inhaled bronchodilator medications      can be ineffective and wasteful. This is 
particularly true when patients experience an apparent response to therapy because 
of spontaneous resolution of self-limited conditions such as viral respiratory tract 
infections. This can result in undesirable medication side effects, as well as fi nancial 
burden from having to purchase inhalers or nebulizers. Many inhalers have a 
monthly cost of $100–$300, so this fi nancial burden may be considerable. 

 Many factors may contribute to underutilization of spirometry in  primary care 
settings,   but exact reasons for underutilization have not been adequately explored. 
Many laboratories have substantial wait times prior to pulmonary function testing 
being available. Long waiting times (as long as several weeks) may be a suffi cient 
disincentive to prevent some otherwise appropriate testing. In our pulmonary func-
tion laboratory, we operate with the assumption that “unmet demand goes away” 
and manage test availability with a targeted maximum wait time of 2 days and 
immediate accommodation of patients who show up requesting immediate testing. 

 Perhaps the greatest contributing factor to lack of test availability is lack of the 
most expensive component of the testing system: well-trained staff who can coach 
patients to perform acceptable and repeatable PFTs. Comprehensive technician 
training and a  program   of quality assurance and feedback have been shown to 
improve the quality of spirometry results [ 15 ]. The American Thoracic Society 
(ATS) and the European Respiratory Society ( ERS  ) have published standardization 
guidelines for spirometry [ 16 ,  17 ]. In surveys of general practitioners, lack of con-
fi dence in the quality of the spirometry measure was felt to be a major limitation to 
widespread utilization of PFTs in primary care practice [ 18 ]. Prior studies noted that 
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spirometry performed in family practice settings without technician training fre-
quently does not satisfy  ATS/ERS criteria   for acceptability and repeatability. 
However, following relatively simple training, the proportion of maneuvers achiev-
ing quality standards increased substantially, highlighting the importance of effec-
tive training and quality assurance programs to ensure successful spirometry in 
 primary care practice   [ 19 ]. Crucially, several studies have demonstrated that when 
spirometry is performed in primary care practices by healthcare professionals 
trained to appropriately coach patients through spirometry maneuvers, the quality 
of spirometry results was comparable to those performed in a specialist-run pulmo-
nary function laboratory [ 20 ]. 

 As noted earlier, the  utilization of PFTs   in newly diagnosed COPD cases is lower 
among older patients [ 4 ,  5 ]. Part of this age discrepancy may be out of concern for 
poor test quality  in older adults  . In the SARA  study  , spirometry reproducibility and 
acceptability was assessed for older adults (>65 years) undergoing PFTs for the 
diagnosis of asthma or COPD. Investigators found that testing in older adults typi-
cally required more time and more attempts. However, if this was done with rigor-
ous quality control measures implemented, good spirometry test quality was 
achievable with result quality comparable to that among younger patients. Cognitive 
impairment, a shorter 6-min walk distance, and lower educational level were all 
found to be independent predictors for a poorer acceptability rate [ 21 ]. 

 Spirometry  certifi cation programs   exist both nationally and internationally to 
provide the necessary training. In the United States, certifi cation was established 
through the Cotton Dust Standard [29 CFR 1910.1043] and is coordinated by the 
National Institute for Occupational Safety and Health ( NIOSH  ). Initial certifi cation 
requires 15 h of training. A 1-day recertifi cation program is required every 5 years. 
In addition to time and money, another potential roadblock to certifi cation is not 
having geographical proximity to one of the NIOSH-approved training centers [ 22 ]. 
In primary care clinics where adequate technician training limits the availability of 
quality PFTs, a possible alternative is spirometry performed locally within the 
clinic, but coordinated and coached online by certifi ed technicians working at a 
separate pulmonary function laboratory. This concept has been shown to provide an 
adequate alternative to conventional spirometry in primary care centers [ 23 ]. Once 
staff members have been appropriately trained to perform spirometry or other tests, 
ongoing staff management is required to provide test availability when needed. In 
the  primary care setting  , this includes juggling of other duties for busy staff who 
may be nurses, respiratory therapists, phlebotomists, or other laboratory or clinical 
personnel. Most have other tasks that must be prioritized. 

 Equipment availability, by contrast, is probably rarely a legitimate limitation to 
availability of PFTs in the United States and other developed countries. Although 
pulmonary function equipment capable of complete PFTs (including lung volumes 
and diffusing capacity in addition to spirometry) typically cost more than $30,000, 
a simple offi ce spirometer can be purchased for under $1000, and a more compre-
hensive spirometry system can be purchased for less than $5000 complete with 
computer and printer.  Medicare reimbursement   for spirometry with bronchodilator 
is over $70 per test, though  Medicaid reimbursement   is less. The test requires 
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20–30 min of staff time and the only disposable cost is for a fi lter/mouthpiece, 
which typically costs $1–5. Reimbursement for healthcare services in the United 
States typically underpays for cognitive services but overpays for procedural ser-
vices, so the  underutilization   of spirometry seems curious and illogical. As stated 
earlier, we believe lack of timely test availability is a major unrecognized contribut-
ing factor. 

 As discussed elsewhere in this text, asthma has increased disease prevalence 
among low-income and inner-city communities, those with lower educational 
attainment (high school or less), women, and African-Americans [ 13 ]. Over time, 
there has been a widening of the racial differences  in asthma severity  , with studies 
suggesting African-Americans may be more likely to have asthma hospitalizations, 
greater severity of disease, and higher asthma-related mortality [ 8 ,  10 – 12 ].  Cigarette 
smoking   remains a major modifi able risk factor for developing respiratory diseases, 
and the burden of cigarette smoking is similarly disproportionate—greater in those 
living below the poverty level, with lower educational levels, and within certain 
ethnicities (particularly Native Americans) [ 24 ,  25 ]. The prevalence of cigarette 
smoking has declined over time, thanks to concerted public health campaigns, 
increased taxation on cigarettes, prohibition of indoor cigarette smoking, antito-
bacco mass  media   campaigns, and barrier-free access to smoking cessation aids 
[ 24 ]. These public health efforts need to continue and should be focused on com-
munities and groups in which prevalence of cigarette smoking remains high. Inner- 
city communities also have increased exposures to airborne particulate matter and 
other vehicle emissions [ 26 ,  27 ]. These exposures have been linked to declines in 
 lung function   in the general population [ 27 ,  28 ], which are likely even greater for 
the elderly and patients with chronic respiratory conditions [ 29 ]. Other potentially 
signifi cant exposures seen more commonly among inner-city residents include 
inhaled drugs such as crack cocaine and greater exposure to certain antigens such as 
from cockroaches and dogs [ 30 – 32 ]. 

  Inner-city and poorer communities   also have lower doctor-to-patient ratios, 
resulting in less time per clinic visit, less continuity of care, greater proportion of 
care in emergency room and urgent care settings, as well as longer waiting times for 
routine appointments [ 33 ,  34 ]. Quality of asthma care has been shown to be lower 
for inner-city patients with asthma, particularly within ethnic minorities and those 
living in poorer neighborhoods [ 6 ,  7 ,  9 ,  12 ]. In these time-pressured settings, often 
in urgent care centers without established patient–provider relationships, diagnostic 
accuracy including  evaluation   with spirometry may be neglected in favor of “quick 
fi xes” such as empiric antibiotics, rescue inhalers, and oral corticosteroids. Patients 
may have lower rates of insurance coverage and indicated diagnostic testing such as 
spirometry may be skipped because of patients’ inability to pay [ 34 ]. 

 Another barrier to access may be  lack of transportation  . In the inner-city setting, 
testing facilities are likely to be close—within a few miles of a patient. However, in 
the absence of affordable, accessible, and safe mass transit systems, getting to clin-
ics may be time or cost prohibitive. In the  rural setting  , including Native American 
reservations, the opposite problem exists, where distances may be great. 
Consequently, patients require not only vehicles, but also money for gasoline and 
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the ability to take time off from work. Again, this can be time and cost-prohibitive. 
The ultimate result is less access to PFTs, and a greater proportion of patients with 
underdiagnosed, misdiagnosed, or mismanaged pulmonary conditions, including 
not only asthma and COPD, but also other less common conditions which are 
frequently misdiagnosed as asthma or COPD until more thoughtful evaluation is 
pursued.  

     Language barriers   and Pulmonary Function Testing 

 Patients with limited English profi ciency face additional barriers to accessing high- 
quality PFTs in the United States. It has been well established that ensuring ade-
quate communication in the healthcare setting is critical in providing safe and 
effi cacious care for those with limited English profi ciency [ 35 ]. Language barriers 
in the United States and around the globe can lead to suboptimal healthcare delivery 
and poor health outcomes [ 36 ]. Federal requirements in the United States related to 
culturally and linguistically appropriate services have been crucial in helping to 
change how medical interpretation is viewed. The Offi ce of Minority Health devel-
oped “National Standards on Culturally and Linguistically Appropriate Services” to 
help hospitals ensure quality care for diverse patient populations [ 37 ]. Despite these 
standards, clinics and hospitals often still utilize family members and friends to 
serve as  interprete  rs. Additionally, the use of interpreters accessible by telephone or 
other communications media has risen drastically, especially in areas with limited 
availability of in-person services. While telephone interpreters provide a much 
needed service, they lack the ability to provide the nuances of face-to-face interac-
tions that can be critical in many medical interactions. 

 The diversity of the United States population continues to increase. According to 
data collected from NHANES from 1999 to 2004, nearly 16 % of the sampled indi-
viduals spoke a language other than English, which was most commonly Spanish 
(96 %, though Mexican-Americans were oversampled) with the remaining individ-
uals (4 %) speaking 30 different languages. Language interpreters must work “on 
the spot” and convey spoken words from one language to another. A common mis-
conception is that individuals (including clinic staff and patient families) that are 
bilingual can serve as interpreters with no diffi culty; however, those with no formal 
training are more likely to add or omit information in an exchange between exam-
iner and patient. In addition, individuals who are unfamiliar with using language 
interpreters often do not speak directly to the patient, which can alienate that indi-
vidual. They also tend to speak in long sentences, can unintentionally patronize or 
infantilize adults with limited English abilities, and often raise their voice, although 
the patient is not hearing impaired [ 38 ]. 

 Language barriers are not insurmountable. At Mayo Clinic Rochester, interpreta-
tion services for 17 languages are provided by in-person interpreters available 
daily, including American Sign Language, Arabic, Bosnian/Croatian/Serbian, 
Cambodian, Chinese Mandarin, Dinka, French, Italian, Lao, Somali, Spanish, Swahili, 
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Taiwanese, and Vietnamese. With advanced notice interpretation services are available 
for Greek, Hebrew, Japanese, Korean, and Russian speakers. A “Language Line” 
telephone interpreter service is available for many additional languages and dia-
lects. Olmsted County, in which Mayo Clinic Rochester is located, is one of the 
fastest growing counties in Minnesota, with Rochester being the fastest growing 
metropolitan area in the state. According to the 2006 Census, the resident popula-
tion of Olmsted County is 137,521, with 70 % of the population living in Rochester. 
Minorities (races other than White or Hispanic-Latino  ethnicity  ) make up 11 % of 
the county’s population [ 39 ]. Enrollment in the Rochester Public  Schools   shows 
that 20.9 % of students are classifi ed as minority. Diversity is further refl ected in the 
fact that K-12 students speak more than 53 languages in their homes [ 39 ]. Despite 
the vast resources available at such tertiary medical centers to provide interpreters 
during patient visits and other testing, there remain instances when family and 
friends are relied upon to provide interpretation. Sadly, not all medical centers have 
such resources, and at times there is no access to even basic translation services. 

 The importance of language and communication is evident in PFTs, where the 
technician must work closely with the patient to ensure proper technique. The 
importance of the use of medical  translator  s in the pulmonary function lab is exem-
plifi ed by a 31-year-old Somali-speaking woman who was referred to Mayo Clinic 
for further evaluation of abnormal PFTs. The outside pulmonary testing was per-
formed for nonspecifi c cough, tightness in throat, and episodic shortness of breath 
following an upper respiratory tract infection (URI). There was no evidence of 
wheezing or other pulmonary abnormality on physical exam, with the only pertinent 
physical fi nding being morbid obesity. 

 Spirometry performed without an interpreter at an external site is shown in the 
left panel of Fig.  5.2 , demonstrating evidence of severe obstruction (FEV 1  0.89 L, 
31 % predicted; FVC 2.10 L, 62 % predicted; FEV 1 /FVC 42.4 %). She was also 
reported to have a severe reduction in DLCO (8.0 mL/min/mmHg, 30 % predicted) 
and a small improvement after bronchodilator. The outside provider ordered a CT 
scan of the chest, which was negative, and referred the patient for pulmonary, oto-
laryngology (ENT), and gastroenterology consultations. Repeat spirometry, per-
formed with a  Somali interpreter  , is shown in the right panel of Fig.  5.2 . The repeat 
test shows borderline restriction, likely secondary to obesity, with no evidence of 
airfl ow obstruction (FEV 1  2.27 L, 79 % predicted; FVC 2.55 L, 75 % predicted; 
FEV 1 /FVC 89.0 %) or bronchodilator response and normal DLCO (24.2 mL/min/
mmHg, 99 % predicted). This example demonstrates how the services of an inter-
preter drastically improved the patient’s ability to perform PFTs. Without the addi-
tional data provided by the second round of pulmonary testing, the patient might 
have undergone additional unnecessary testing, and she might have been errone-
ously labeled with severe lung disease and treated with expensive and potentially 
harmful medications. The use of interpreters for PFTs for non-native-English speak-
ers has not been directly studied; however, experience shows that  coaching   a patient 
in their native language provides the best results.
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       Description of Respiratory Symptoms: Cultural Variations 
among English Speakers 

 Even among English speakers, cultural variations in language utilization and word 
selection can create  communication barriers  . Caucasians and African-Americans 
may select different words to describe the symptom of dyspnea [ 40 ]. Healthcare 
providers may fail to recognize that their patient’s symptoms are due to respiratory 
disease resulting in underutilization of PFTs. In a study of African-Americans with 
asthma in Nashville, Tennessee, participants were broken into focus groups where 
they discussed their perception of asthma symptoms and severity. Common symp-
tom descriptions included  breathing problems ,  chest tightness  or  pain ,  wheezing , 
 sweating , and  dizziness . Overall, it was found that the study participants denied 
feeling that they were unable to “get air in” [ 41 ]. In a follow-up study, both African- 
American and Caucasian study participants were asked to complete a questionnaire 
reporting asthma symptoms, and it was found that African-Americans use descrip-
tive terms to report their symptoms that differ from Caucasians [ 42 ]. Nocturnal 
awakenings, dyspnea, chest pain, throat pain, and fatigue were all descriptors used 
to report asthma symptoms that were used more frequently by Caucasians than 
African-Americans [ 42 ]. 

 In another study, differences between word descriptors of dyspnea were assessed 
among four different groups, including African-Americans, Hispanic-Americans, 
Asian-Pacifi c Islanders, and Caucasians [ 40 ]. Caucasian subjects used primarily 
lower airway  ethnic word descriptors (EWDs)  , such as  chest heavy ,  wheezing ,  deep 
breathing ,  out of air , and  hurts to breathe . There were several distinct upper airway 

  Fig. 5.2    Comparison of spirometry performed with and without a medical interpreter.  Left panel  
shows spirometry performed with no interpreter. Severe obstruction is noted with a severe reduc-
tion in DLCO. Some improvement with bronchodilator noted.  Right panel  shows near normaliza-
tion of the spirometry curve when testing is repeated with assistance of a Somali interpreter 
(patient’s native language) to coach the patient through the maneuvers       

 

5 Health Disparities and Pulmonary Function Testing



88

descriptors used by Asian-Pacifi c Islanders and African-Americans, including  itchy 
throat ,  itchy ,  itchy at back of throat ,  tight throat , and  cough . Hispanic-Americans 
used both upper and lower airway word descriptors to describe their symptoms. 
This study showed different ethnic groups used different terms to describe the same 
disease process and symptoms. The use of upper airway terminology goes against 
what most healthcare providers have been taught to associate with breathlessness 
[ 40 ]. This indicates that minority patients may use words to describe an acute 
asthma fl are that some healthcare providers do not associate with the disease.   

     Health Disparities   and Interpretation of  PFTs   

     Reference Values   in Pulmonary Function  Testing   

 An important component of interpretation of PFTs is comparing the measured result 
to a reference standard or predicted value. This is usually reported as a “percent 
predicted” for each measurement. Reference values vary with sex, age, height, and 
ethnicity. For example, a healthy 60-year-old white woman who is 165 cm (5′5″) 
tall is expected to have an FEV 1  value of 2.65 L whereas a healthy 25-year-old white 
man who is 188 cm (6′2″) is expected to have an FEV 1  value of 5.10 L [ 43 ]. PFT 
reports include the value of each lung measurement as well as the predicted normal 
value and the percent of the predicted value. If the 60-year-old woman had a mea-
sured FEV 1  of 2.12 L, she would be reported to have FEV 1  of 80 % percent 
predicted. 

 The “percent-predicted” value is used to diagnose disease or quantify the sever-
ity of disease. For example, the widely used GOLD criteria (Table  5.1 ) for chronic 
obstructive pulmonary disease (COPD) categorize the  severity   of COPD based on 
the percent-predicted value for the postbronchodilator FEV 1  [ 44 ]. Patients with dif-
ferent degrees of severity are often prescribed different medications or therapies.

   Accurate reference values are extremely important when using PFTs to diagnose 
disease. Flawed calculation of reference values can lead to underdiagnosis or over-
diagnosis of disease. Numerous reference equations have been developed to calcu-
late normal values. The  ATS and ERS   lung function testing guidelines published in 
2005 list over three dozen published spirometry reference equations from around 
the world [ 45 ]. These reference equations are generally derived from large groups 
of healthy nonsmoking individuals with presumed normal lung function who have 

  Table 5.1    GOLD staging for 
severity of COPD [ 44 ]  

 Stage  FEV1 (%)  Severity 

 I  >80  Mild 
 II  50–79  Moderate 
 III  30–49  Severe 
 IV  <30  Very severe 
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volunteered to undergo spirometry testing. No single reference equation is used 
universally, and the  ATS/ERS 2005 guidelines   do not recommend a particular 
 reference equation. Rather, they recommend that each pulmonary  function   labora-
tory selects reference equations derived from a population that is similar to the 
patients tested by the laboratory [ 43 ]. 

 The most widely used reference equations in the United States were derived 
from the National Health and Nutrition Examination Survey (NHANES  III  ) and 
reported by  Hankinson   and colleagues in 1999 [ 43 ]. NHANES III was a random 
sample from the U.S. population of 20,627 individuals (including 16,484 adults). 
The study included an intentional oversampling of African-American and Mexican-
American individuals (Fig.  5.3 ). Participants completed a health survey and collec-
tion of health data including standardized spirometry measurements. After 
excluding individuals with known or suspected lung disease and cigarette smokers, 
4634 adults age 17–80 were included in the fi nal dataset used by Hankinson to 
derive spirometry reference equations. Three separate equation sets were devel-
oped including Caucasian Americans, African-Americans, and Mexican-Americans. 
No equations were developed for Asian Americans because of lack of statistical 
power for that group.

   The  Global Lung Initiative (GLI) equations,   published in 2012, are an effort to 
develop international spirometry reference equations [ 46 ]. The GLI authors pooled 
spirometry data at the individual level from previous studies of healthy asymptom-
atic nonsmokers, including data from NHANES III [ 43 ] and MESA [ 47 ]. The result 
was the largest yet single dataset of spirometry results from asymptomatic non-
smokers, consisting of 74,187 individuals across 26 countries. This dataset was then 
used to generate reference equations for calculation of percent-predicted normal 
spirometry values. Unfortunately, despite this great effort, the 2012 version of the 
GLI equations still are not universal spirometry equations as  they   did not include 
enough individuals from some parts of the world including Arab, Asian Indian, 
Polynesian, sub-Saharan African,  and   Latin American peoples [ 46 ].  

AGE DISTRIBUTION OF THE SELECTED REFERENCE POPULATION

Age (yr)

8–13 14–20 21–35 36–50 51–65 66–80
Total
(n)n % n % n % n % n % n %

Male subjects
Caucasian 268 30 154 17 192 21 124 14 70 8 90 10  898
African-American 351 34 254 25 251 24 109 11 35 3 27 3 1,027
Mexican-American 386 35 224 20 306 27 111 10 57 5 32 3 1,116

Female subjects
Caucasian 284 21 172 12 260 19 239 17 192 14 236 17 1,383
African-American 393 27 316 21 382 26 219 15 100 7 71 5 1,481
Mexican-American 381 25 270 18 444 29 225 15 117 8 86 6 1,523

  Fig. 5.3    Demographics from NHANES  III   reference population. Reprinted with permission of the 
American Thoracic Society. Copyright © 2014 American Thoracic Society. Hankinson JL, 
Odencrantz JR, and Fedan, KB.  Spirometric Reference Values from a Sample of the General 
U.S. Population . Am J Respir Crit Care Med 1999; 159:179–187. Offi cial Journal of the American 
Thoracic Society       
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    “ Race Correction  ” in Pulmonary Function  Testing   

 Differences have been reported in comparing individuals of different ethnicity or 
race. Reference equations generally use age, gender, and height in calculation of 
predicted normal values. A few have race- or ethnicity-specifi c equations but most 
apply a multiplier or “race correction factor” for members of races or ethnicities 
other than the predominant group. Current  ATS/ERS guidelines   (2005) do recom-
mend the use of “race correction” factors for interpretation of PFTs and recommend 
that self-identifi cation be used to defi ne a subject’s race [ 45 ]. The 2005 guidelines 
state: “The subjects being tested should be asked to identify their own race/ethnic 
group, and race/ethnic-specifi c reference equations should be used whenever 
possible. If such equations are not available or are unsuitable for a particular setting, 
a race/ethnic adjustment factor based on published data may be used for lung 
volumes” [ 45 ]. This is based on the observation that variations in stature and envi-
ronmental or socioeconomic factors do not fully explain the observed differences in 
lung function between racial/ethnic groups. The concept of “race correction” is 
problematic and controversial [ 48 ]. 

 The NHANES  III   study   found a difference in spirometry results by race and eth-
nicity (Fig.  5.4 ). The authors observed that the lower FEV1 values obtained from 
Mexican-Americans can be attributed to shorter heights, but that African-Americans 
have lower FEV1 values even after adjusting for height. The authors speculate that 
this may be due to difference in body build, only partly explained by the fact that 
African-Americans may have a smaller trunk-to-leg ratio than Caucasians, that is, a 
smaller trunk at any given height, hence smaller lungs. A subsequent analysis of 
NHANES data suggested that differences in SES and body habitus between 
Caucasians and African-Americans accounted for only about half of the observed 
racial difference in FEV1 and FVC [ 49 ]. On the basis of these observations, 
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  Fig. 5.4    Relationship between race and FEV 1  for men and women in asymptomatic nonsmokers 
from NHANES III reference population. Reprinted with permission of the American Thoracic 
Society. Copyright © 2014 American Thoracic Society. Hankinson JL, Odencrantz JR, and Fedan, 
KB.  Spirometric Reference Values from a Sample of the General U.S. Population . Am J Respir Crit 
Care Med 1999; 159:179–187. Offi cial Journal of the American Thoracic Society       
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Hankinson reported separate equations for Caucasians, African-Americans, and 
Mexican-Americans. The GLI authors observed similar fi ndings. Lung function in 
the  GLI dataset   was similar between white Europeans and Mexican-Americans 
after correcting for height, and the GLI authors report a single reference equation 
(“Caucasian”) for use with individuals from both groups. Among African- 
Americans, lung function was observed to be lower compared to “Caucasians” even 
after adjustment for  height   by a mean difference of 14.7 % for men and 13.8 % for 
women for FEV 1  [ 46 ].

   The  NHANES III survey   population did not include enough individuals of Asian 
ancestry (Eastern or Southern) to assess the ethnic differences in lung function from 
these groups. Therefore, no separate NHANES equations are available for use in 
testing patients from these ethnic groups. For Asian-Americans, the ATS/ERS 2005 
guidelines recommended using a correction factor of 0.94 applied to reference val-
ues  obtained   from the Caucasian equations [ 45 ]. Only two references are cited by 
the guidelines in support of this correction factor [ 50 ,  51 ]. One study examined 
3076 elderly Japanese-Americans (ages 71–90) residing on the island of Oahu, 
Hawaii [ 51 ]. The other cited study was a small study sampling 80 medical students 
and physicians between age 22 and 33 that included 40 whites and 40 Asian- 
Americans [ 50 ]. The authors found slightly lower lung function measurements in 
Asian-Americans compared to whites after correcting for age, length of residence in 
the United States, activity level, baseline characteristics, and anthropometric 
measurements. 

 A correction factor of 0.88 was subsequently proposed for Asian-Americans 
based on results of the 2010 Multi-Ethnic Study of Atherosclerosis (MESA) Lung 
 study   [ 47 ] which evaluated spirometry in 1068 healthy nonsmokers. The study 
group was ethnically diverse, including 25 % white, 20 % African-American, 32 % 
Asian-American, and 23 % Hispanic (including roughly half Mexican and half 
non- Mexican Americans) individuals. The purpose of the study was to validate the 
NHANES  III   reference equations in a large multiethnic adult population. The 
NHANES III equations performed well when applied to the MESA-Lung patients 
who identifi ed themselves as whites, African-Americans, and Hispanics. However, 
the authors observed that the NHANES III equations consistently overestimated 
lung function  in Asian-Americans   even when the 0.94 correction factor was used. 
They therefore proposed that a correction factor of 0.88 applied to the NHANES 
III equations for Caucasians should be used to achieve the best fi t for Asian-
Americans. The authors note that the MESA-Lung study population included pri-
marily Asian- Americans of Chinese origin. Therefore, the observed difference in 
correction factor may be due to differences in lung function between Americans of 
Japanese and Chinese ancestry. No recommendation was made regarding patients 
of South Asian ancestry. 

 The GLI  equations   apply separate reference equations for Caucasians, African- 
Americans, North East Asians, and South East Asians. The GLI equations are the 
largest effort yet to generate accurate spirometry reference equations for individuals 
from Asia. Asia is a large continent with multiple ethnic groups, and predictably, 
analysis of the GLI dataset demonstrated that individuals from Asia could not be 
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pooled together as a single ethnic group. In particular, they observed differences in 
lung function between East Asians from the north and south. North East Asians 
were observed to have similar lung function to Caucasians while South East Asians 
had reduced lung function with a  mean   difference in FEV 1  of 9.7 % for men and 
13.0 % for women compared to Caucasians [ 46 ]. The North East Asia group 
includes Koreans and Chinese  from   north of the Huaihe River and Qinling 
Mountains; while the South East Asia group includes Thailand, Taiwan, and the 
remainder of China including Hong Kong. There is insuffi cient data in the GLI 
population to generate reference equations for Japanese or South Asians (including 
India and Pakistan) and patients from these groups must use the “Other” ethnic 
group reference equations which are derived from a composite average of the 
reference equations from the four reported racial groups. These  observations   under-
score the diffi culty and uncertainties in race-based adjustment of reference values 
for PFTs.  

    Potential Causes for  Disparities   in Lung Function 

 From the initial NHANES  III   proposal of race-specifi c reference equations through 
the GLI equations, multiple studies have validated NHANES III fi ndings of lower 
mean FEV 1  and mean FVC in African-Americans compared to Caucasians, as well 
as other race-specifi c equations [ 46 ,  47 ,  52 ]. A complete understanding of these 
racial differences in lung function remains elusive, but thorough investigation of 
prior study results may provide insight. 

 In 2001, Harik-Khan et al. examined 1242 white and 1084 African-American 
asymptomatic, nonsmoking adult participants from NHANES III to assess the racial 
difference in lung function after adjusting for anthropometric and socioeconomic 
factors such as sitting height, body mass index (BMI), poverty index, and educa-
tional attainment [ 49 ]. Socioeconomic indices were defi ned using level of education 
attained and the poverty index, where poverty index was defi ned as the ratio of fam-
ily income in the last 12 months to the federal poverty line; therefore, a higher 
poverty index denoted a higher income and presumably SES. They concluded that 
about half of the racial difference in FEV 1  and FVC in both sexes could be accounted 
for by sitting height, poverty index, and level of education [ 49 ]. The remaining 
unexplained differences in lung function were speculated to be attributable to 
unmeasured environmental infl uences such as access to prenatal care, low birth 
weight, maternal smoking during pregnancy,    air pollution, or other environmental 
exposures or, alternatively, to genetically determined differences in pulmonary 
development [ 49 ]. 

 SES during  childhood   may be an important environmental factor contributing to 
the observed differences in lung function across racial groups. Its effect on young 
adult pulmonary function was examined in a study population extracted from the 
 Coronary Artery (Disease) Risk Development in (Young) Adults (CARDIA) study   
[ 53 ]. Pulmonary function tests were collected at baseline (1985–1986), year 2, and 
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year 6, from 5113 participants ranging in age from 18 to 30 years. Childhood SES 
was measured from baseline self-reports of parental highest completed level of edu-
cation [ 53 ]. Results showed a signifi cant effect of childhood SES on pulmonary 
function at baseline and subsequent decline in lung function across young adult-
hood even after adjusting for anthropometric factors and current SES. Both young 
men and women from higher childhood SES had higher FEV 1  and FVC at baseline 
compared to those from lower childhood SES (Fig.  5.5 ) [ 53 ]. Moreover, in men, 
observed decline in FEV1 and FVC was steepest in those from lower childhood 
SES. In women, FEV1 decline was more rapid in participants from lower childhood 
SES, but there was no signifi cant difference in FVC decline [ 53 ]. The authors con-
cluded that individuals with lower childhood SES attained lower maximal pulmo-
nary function as adults and also had faster and earlier onset of age-associated decline 
in lung function. These observations persisted even after controlling for the indi-
vidual’s current SES. The authors speculated that differences in environmental 
exposures and nutritional intake during childhood development may explain some 
of the study’s observations [ 53 ].
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  Fig. 5.5    Association between childhood socioeconomic status (SES) and pulmonary function 
over fi ve years. Subjects divided into three groups by their parent’s maximal educational attain-
ment which is used as a proxy measure of their SES during childhood. Adjusted for initial pulmo-
nary status, age, age 2 , current SES, asthma (unconfi rmed and confi rmed), parental smoking status 
(maternal and paternal), participant smoking status. Reproduced with permission of Oxford 
University Press from Jackson B, Kubzansky LD, Cohen S, Weiss S, and Wright RJ.  A Matter of 
Life and Breath :  Childhood Socioeconomic Status Is Related to Young Adult Pulmonary Function 
in the CARDIA Study . Int J Epidemiol 2004; 33:271–278       
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   Air quality may be a signifi cant and underappreciated environmental contributor 
to disparities in lung function. Wheeler et al. evaluated the effects of air quality and 
SES on  pulmonary function   in a population of 39,251 English participants ranging 
in age from 16 to 79 years [ 54 ]. Occupation of the head of household was used as 
a measure of SES with classes divided into six categories (in order of highest to 
lowest SES): I (professional), II (managerial), IIIN (skilled nonmanual), IIIM 
(skilled manual), IV (semiskilled), and V (unskilled) [ 54 ]. Air quality was extrapo-
lated from 1996 annual mean pollutant concentration estimates over a defi ned 
geographic area. Pollutants measured included benzene, particulate matter, sulfur 
dioxide, and nitrous oxide. From these data, an air quality index quintile was com-
puted for each residential postcode—quintiles 1–3 representing good ambient air 
quality and quintiles 4 and 5 poor ambient air quality. Results revealed urban house-
holds from the lower  socioeconomic   class were exposed to poorer air quality and 
had worse lung function (Table  5.2  and Fig.  5.6 ) [ 54 ]. Poor air quality had a nega-
tive effect on lung function even after adjusting for socioeconomic class. Limitations 
in this study included the use of 1 year’s mean exposure to represent an assessment 
of total outdoor air pollution over the course of the study as well other potential 
confounding factors including other air pollutants such as ozone and possible occu-
pational exposures [ 54 ].

    Hegewald and Crapo sought to examine the effect of SES on  lung function   in 
children and adults by review of the medical literature [ 55 ]. They discovered adults 
and children from a lower SES had reduced pulmonary function. Smoking status 
contributed to this relationship, but did not fully explain the decline in pulmonary 
function in the poor, and most importantly, this relationship persisted in never 
smokers. The deleterious effect of low SES on lung function was concluded to be 
multifactorial as both male and female study participants of all ages in countries 
with various standards of living and environmental exposures mirrored these fi nd-
ings. Prenatal exposures, recurrent childhood respiratory infections, housing condi-
tions (including proximity to highways), second-hand smoke exposure, air pollution, 
and poor nutrition were considered possible contributing factors [ 55 ]. 

 The question of genetic versus environmental infl uence on lung function was 
tested in a 2010 study comparing pulmonary function in immigrant and US-born 
Asian Indians [ 56 ]. In this study, 462 healthy nonsmoking Asian Indian subjects 
16–36 years in age living in the Chicago area were recruited from 1995 to 2005. 

   Table 5.2    Socioeconomic status and exposure to poor air quality in the United Kingdom. In urban 
areas, households of lower socioeconomic status are more likely to live in areas with poor air 
quality [ 54 ]   

 Occupation of head of household 
 Urban households exposed 
to poor air quality (%) 

 Professional (I) or managerial (II)  67.5 
 Skilled Manual (IIIM) or nonmanual (IIIN)  71.8 
 Semiskilled (IV) or unskilled (V)  73.2 
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Immigrant Asian Indians were defi ned as subjects migrating to US from the Asian 
India subcontinent. US-born Asian Indians were born to Asian Indian parents and 
were raised in the US. For the same age and height, US-born Asian Indian men and 
women had higher pulmonary function values compared with Asian Indian immi-
grant men and women [ 56 ]. Prior studies comparing pulmonary function in US-born 
Japanese to Japanese immigrants have noted similar fi ndings with US-born Japanese 
having  higher   pulmonary function than their Japanese immigrant countrymen [ 57 ]. 

 The observed difference in US-born versus immigrant Asian Indians was hypoth-
esized to be related to environmental, socioeconomic, or nutritional factors. 
Investigation of socioeconomic factors (education and income levels) revealed no 
difference between the groups; however, in both sexes, US-born Asian Indian sub-
jects were taller than the immigrant study population. It has been noted in the devel-
oping world that poor growth in infancy (the fi rst 1–2 years of life) and low birth 
weight lead to a reduced height with age [ 3 ,  56 ]. As economic conditions improve, 
individuals grow taller mainly due to an increase in leg length. This causes the ratio 
of sitting height to standing height to approach that of American Caucasians; hence, 
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  Fig. 5.6    Effect of ambient air quality index quintile and social class on FEV 1  in men and 
women. Social class categories (in order of highest to lowest SES): I (professional), II (manage-
rial), IIIN (skilled non-manual), IIIM (skilled manual), IV (semi-skilled), and V (unskilled). 
Reproduced from Wheeler BW and Ben-Shlomo Y.  Environmental Equity ,  Air Quality , 
 Socioeconomic Status ,  and Respiratory Health :  A Linkage Analysis of Routine Data from the 
Health Survey for England . J Epidemiol Community Health 2005; 59:948–954 with permission 
from BMJ Publishing Group Ltd       
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establishing an association between the sitting height to standing height ratio and 
SES on lung function. This relationship provides a possible link between the effects 
of environment and nutrition on lung function [ 3 ,  44 ,  56 ]. 

 Exploring the relationship between genetics and pulmonary function, Kumar 
et al. sequenced DNA from self-identifi ed African-Americans [ 58 ]. The authors 
identifi ed a series of genetic markers indicative of African ancestry and modeled for 
each individual a percentage of African ancestry. They found the percentage of 
African ancestry was inversely associated with lung function and, subsequently, 
created an ancestry-based model that proved to be superior to standard NHANES III 
models in predicting lung function [ 58 ]. They concluded that integrating individual 
genetic ancestry with normative equations for lung function in African-Americans 
may provide more accurate predictions than self-reported ancestry alone with 
acknowledgment that these observations may also be secondary to unmeasured con-
founding factors such as premature birth, SES, or environmental factors [ 58 ]. 

 The impact of selection bias in modeling NHANES  III   reference equations and 
disproportionately excluding individuals of lower SES was investigated by Sickle 
et al. in 2011 [ 59 ]. He analyzed two study populations from NHANES III with 
acceptable and reproducible spirometry—the “restricted” group (the “healthy” 
patients use to model the NHANES III reference equations which excluded partici-
pants with prior tobacco use, physician-diagnosed respiratory disease, or respira-
tory symptoms in the last year;  N  = 2638), and the “full” group (including these 
participants despite their exclusion criteria;  N  = 9658). High school completion was 
used to measure SES [ 59 ]. Compared to the full group, the restricted group was 
younger, had a larger median FEV 1 , and was more educated [ 59 ]. Figure  5.7  shows 
the cumulative distribution of FEV 1  by sex in the full and restricted group after 
adjusting for age and height [ 59 ]. FEV 1  was consistently higher in the restricted 
sample in both sexes, with the greater difference in FEV 1  occurring in men [ 59 ]. 
Figure  5.8  shows quantile regression estimates of FEV 1  adjusted for age and height 
from the full sample where African-Americans with less than high  school   comple-
tion represent the baseline [ 59 ]. Results show high school completion and Caucasian 
race are positively associated with increased FEV 1  in men and women across the 
full sample distribution. Additionally, high school completion has a more dramatic 
effect in Caucasians [ 59 ]. Based on these results, the authors suggested the unin-
tended consequence in restricting the sample size was to create selection bias, and, 
consequently, underestimate the impact of SES on  lung function   [ 59 ]. Additionally, 
inclusion of smokers in the full sample likely contributed to the lower FEV 1  obser-
vation in the full sample; however, its signifi cance could not be determined as 
NHANES III combined active smokers with prior smokers.

    The prognostic value of FVC in predicting all-cause mortality in Caucasian and 
African-American participants from the  Atherosclerosis Risk in Communities 
(ARIC) study   was investigated by Burney et al. in 2012 [ 52 ]. In this study 15,792 
participants were recruited, and 7489 (47.4 %) were asymptomatic, had usable spi-
rometry, and complete data for confounding variable analysis (BMI, waist–hip 
ratio, sitting height, income category, current working status, most recent occupa-
tion, ever smoked, current smoking, pack-years of smoking, education level, and 
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  Fig. 5.7    Cumulative distribution of FEV 1  (adjusted for age and height) by sex from NHANES III 
cohort demonstrating higher FEV 1  in “restricted sample” compared to the “full sample.” The 
restricted sample includes only asymptomatic nonsmokers and was the source for NHANES  III   
reference equations. The full sample includes all subjects with acceptable spirometry. The exclu-
sion criteria used to generate the restricted sample results in disproportionate exclusion of indi-
viduals of low SES compared to the full sample. Reprinted with permission of the American 
Thoracic Society. Copyright © 2014 American Thoracic Society. Sickle DV, Magzamen, S, and 
Mullahy J.  Understanding Socioeconomic and Racial Differences in Adult Lung Function . Am J 
Respir Crit Care Med 2011; 184:521–527. Offi cial Journal of the American Thoracic Society       

  Fig. 5.8    High school completion, a proxy measure of socioeconomic status, is associated with 
increased FEV 1  for both whites and blacks. Conditional quantile regression estimate of FEV 1  
increment (adjusted for age and height) relative to a baseline of black race with no high school 
(HS) completion using data from the NHANES III “full sample.” Reprinted with permission of the 
American Thoracic Society. Copyright © 2014 American Thoracic Society. Sickle DV, Magzamen, 
S, and Mullahy J.  Understanding Socioeconomic and Racial Differences in Adult Lung Function . 
Am J Respir Crit Care Med 2011; 184:521–527. Offi cial Journal of the American Thoracic Society       
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systolic blood pressure) [ 52 ]. The authors compared two ways of calculating the 
percent-predicted FVC in this population—either with the same equation used for 
all participants regardless of their race or with race-specifi c equations. Figures  5.9a, b  
and  5.10a, b  show percent-predicted FVC calculated with the white-specifi c 
NHANES  III   equations applied to all participants; whereas, Figs.  5.9c, d  and 
 5.10c, d  show percent-predicted FVC  calculated   using the race-specifi c NHANES 
III equations [ 52 ]. The authors found that all-cause mortality increased with decreas-
ing FVC in both genders and ethnic groups regardless of how FVC was calculated 
[ 52 ]. However, when the race-specifi c equations were used, an unexplained survival 
benefi t was observed among whites compared with African-Americans with the 
same percent-predicted FVC (Figs.  5.9c  and  5.10c ). When a single set of equations 
was used for all participants, the percent-predicted FVC was associated with a simi-
lar mortality for both whites and African-Americans. The authors therefore sug-
gested that the use of race-specifi c equations to calculate percent-predicted FVC 
could lead to underestimation of the prognosis and degree of respiratory impairment 
in African- Americans [ 52 ].

    As demonstrated in this section, numerous studies have investigated the reasons 
for differences in lung function by race and SES. Unfortunately, making compari-
sons between these studies is diffi cult due to the lack of a uniform defi nition of race 
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  Fig. 5.9    Relationship between FVC and mortality from the ARIC study population (women). In 
the  left panel  ( a ,  b ), a single set of equations (NHANES white) is used to calculate percent- 
predicted FVC for all participants regardless of race. In the  right panel  ( c ,  d ), race-specifi c equa-
tions are used. When a single set of equations is used, percent-predicted FVC is associated with a 
similar mortality for both ethnic group. When race-specifi c equations are used, there is an unex-
plained difference in mortality between the two groups at the same percent-predicted 
FVC. Reproduced with permission of Oxford University Press from Burney PJ and Hooper RL. 
 The Use of Ethnically Specifi c Norms for Ventilatory Function in African - American and White 
Populations . Int J Epidemiol 2012; 41:782–790       
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and SES. Race has been defi ned by study participant, investigator, place of birth, or 
genetic analysis; whereas the parent’s or participant’s occupation, place of  residence, 
income, or level of education has been used as surrogates for  SES  . Braun et al. pro-
posed developing a consensus on the defi nition of race and ethnicity [ 60 ]; perhaps 
also to be considered is the need for a consensus defi ning SES. SES is broadly 
defi ned as a fusion of income, place of residence and housing, highest education 
level obtained, and occupation by Hegewald and Crapo [ 55 ].  The   inclusion of mul-
tiple variables allows multiple factors to be considered as potentially infl uencing 
SES. The lack of a standard defi nition for SES leads to diffi culty in translating and 
comparing results across studies. 

 A preponderance of evidence suggests that environmental factors have deleteri-
ous effects on lung development, and consequently, pulmonary function. The com-
parison of immigrant versus US-born Asian Indian pulmonary function provides 
strong evidence of the infl uence of environmental factors on pulmonary function 
[ 56 ]. Genetics also plays a role as Kumar et al. demonstrated an inverse relationship 
between percentage of genetically determined African ancestry and pulmonary 
function [ 58 ]. In considering the race-specifi c spirometric differences, the method 
of analysis may infl uence outcomes. Selection bias may unintentionally lead to 
underestimation of the effect of confounding variables such as SES contributing to 
observed differences across races [ 59 ]; however, overinclusiveness in defi ning study 
populations may result in  lower spirometric   reference values, which would  be   more 
specifi c but less sensitive in identifying pulmonary disease.  
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  Fig. 5.10    Relationship between FVC and mortality from the ARIC study population (men). Just 
as in Figure  5.9 , there is an unexplained difference in mortality between the two ethnic groups at 
the same percent-predicted FVC when race-specifi c equations are used. Reproduced with permis-
sion of Oxford University Press from Burney PJ and Hooper RL.  The Use of Ethnically Specifi c 
Norms for Ventilatory Function in African - American and White Populations . Int J Epidemiol 2012; 
41:782–790       
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    Controversies Associated with “Race  Correction  ” 

 The use of “race correction” or race-based equations in the calculation of normal 
PFT values has generated controversy [ 60 ]. This is in the context of broader contro-
versy about the use of race or ethnicity in  biomedical research   [ 61 ,  62 ]. Race has 
been used for many years in biomedical research as a crude proxy for genetic simi-
larity between patient groups, but substantial limitations exist with this approach. 
Race and ethnicity are social constructs that do not have clear scientifi c defi nition 
[ 62 ]. The most commonly used racial classifi cations in biomedical research are 
derived from the U.S. Census, which includes fi ve major groups: African-American, 
white, Asian, Pacifi c Islander, and American Indian. 

 Race in biomedical research is generally, but not universally, classifi ed by self- 
report of subjects. It has been demonstrated among African-Americans that self- 
identifi ed race is associated with an individual’s predominant ancestral background 
[ 63 ]. However, there are signifi cant limitations in the use of race in this manner. 
Admixture is not accounted for by this defi nition of race. Specifi cally, individuals 
who share the same self-identifi ed race may vary widely in their percentage of 
African or European ancestry. The previously described study by Kumar illustrates 
the importance of admixture. The authors used genetic markers to calculate percent-
age of African ancestry in subjects who identifi ed themselves as African-American 
[ 58 ]. They then examined FEV 1  of these patients in comparison with the percentage 
of African ancestry, fi nding an inverse linear association between FEV 1  and per-
centage of African ancestry (Fig.  5.11 ). This ancestry-based model was superior to 
standard NHANES III models in predicting lung function, and, furthermore, the 
percentage of genetic African ancestry was inversely associated with lung function 
in the three independent cohorts across a wide range of ages [ 58 ]. This supports the 
idea that genetic factors, independent of environmental factors such as SES, 

  Fig. 5.11    Relationship between FEV1 and percentage African ancestry (estimated by genetic 
markers) in men and women.  Dashed line  95 % confi dence interval. From Kumar R, et al.  Genetic 
ancestry in lung - function predictions . N Engl J Med 2010; 363:321–330. Copyright © 2014 
Massachusetts Medical Society. Reprinted with permission from Massachusetts Medical Society       
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account for part of the observed differences in lung function between whites and 
 African- Americans. This study also underscores the limitations of use of self-
reported race without accounting for admixture. Supporters of race adjustment  in   
pulmonary function have advocated that although race is an imperfect tool, the use 
of race correction results in more accurate estimation of lung function and that 
absence of race correction may result in misdiagnosis of disease and misclassifi ca-
tion of the severity of disease [ 48 ]. In the future, more detailed genetic analysis may 
improve precision of the estimate of normal values for lung function.

        Summary 

 Pulmonary function tests (PFTs) are necessary for the diagnosis and management of 
many lung diseases. The provision of high-quality PFTs requires access to facilities 
with specialized equipment and trained technicians. PFTs are underutilized, partic-
ularly in the care of underprivileged and elderly persons. The underprivileged, 
including minorities, non-English speakers, and individuals of low SES, may 
encounter numerous barriers to receiving high-quality pulmonary function results 
and appropriate interpretation of the results. Pulmonary function results are inter-
preted in the context of predicted reference values derived from large healthy popu-
lations that may not adequately refl ect the diversity of the larger population for a 
variety of reasons. Poor quality PFTs, which are often misinterpreted as showing 
evidence of disease, are more common in the underprivileged and the elderly. 
 Differences   in lung function occur in relation to race and SES. Some, but not all, of 
these observed differences in lung function are attributable to anthropomorphic and 
environmental factors, but some remain and make the distinction of health from 
disease more diffi cult in these individuals than in the larger population. The use of 
race-specifi c reference equations or race correction factors improves the interpreta-
tion process, but further effort is needed to improve both the quality of tests and the 
ability to use the tests in clinical management and research.     
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          Key Points 

•     Rates of medication nonadherence in respiratory disease are high.  
•   A number of factors have been found to infl uence medication adherence in 

respiratory disease including characteristics of the health care delivery system, 
physician–patient relationship and communication, disease and treatment regi-
men, and patient.  

•   Low adherence appears to be more prevalent among vulnerable populations who 
experience disproportionate disease prevalence and severity and face barriers to 
obtaining adequate medical care.  

•   There is moderately strong evidence that interventions which use more diverse 
components, such as case management, self-management education, and shared 
decision-making are more effective at improving adherence than brief interven-
tion with little personal contact.  

•   There is somewhat weaker evidence that strategies that achieve signifi cant 
improvement in adherence are associated with improvement in clinical outcomes.  

•   When targeting adherence interventions to vulnerable patients who are at risk of 
poor health  outcome  s, it is essential to recognize that the existing regimen for 
many patients with poorly controlled disease may not adhere to current treatment 
guidelines. Attempting to motivate patients to follow an inadequate treatment regi-
men is both inappropriate and unlikely to be successful in improving outcomes.  

© Springer International Publishing Switzerland 2016 
L.B. Gerald, C.E. Berry (eds.), Health Disparities in Respiratory Medicine, 
Respiratory Medicine, DOI 10.1007/978-3-319-23675-9_6

mailto:wilsons@pamfri.org


106

•   There is a need to replicate and extend promising adherence improvement inter-
ventions in respiratory diseases and to determine whether these interventions 
work as well in low-income and minority populations as in more advantaged 
populations.     

 Successful treatment of chronic  disease   depends upon patients’  disease management 
behaviors  , which are guided by the recommendations of their physicians and other 
health care providers. Adherence has been defi ned as “the degree to which patient 
behaviors coincide with the clinical recommendations of health care providers [ 1 , p. 
S69].” However, adherence has multiple dimensions, and there is no consensus on 
measurement methods or criteria that defi ne behavior as “adherent” versus “nonad-
herent.” In chronic respiratory diseases, as in other chronic conditions, adherence to 
clinical recommendations often requires not only adherence to a medication regi-
men, but also to monitoring of symptoms and  lung function  , avoidance of environ-
mental exposures that worsen the disease process or precipitate symptoms, and 
other lifestyle changes. For the purposes of this chapter, however, we will focus 
primarily on  medication  adherence. In that context, the term “nonadherence” 
encompasses not only underuse of medication (typically, failure to fi ll/refi ll pre-
scriptions for medication intended to be used on a routine basis to control a disease 
process and/or failure to keep medications available when and where they are 
needed) but also medication overuse (e.g., of quick relief or “rescue” medication) 
[ 2 ] and improper medication administration [ 3 ]. 

    Adherence Measurement Methods 

     Direct   Measurement 

 Direct methods of measuring adherence offer the advantage of confi rming that the 
patient obtained and administered the medication appropriately. Use of biomarkers 
indicating the level of a medication or its breakdown products in blood or other tis-
sue is one direct approach. Theophylline blood levels, for example, were commonly 
measured when that medication was in widespread use because of the need to main-
tain the level of that medication within a relatively narrow  ther  apeutic range. 
However, such markers are not available for all respiratory disease medications, and 
even when available, the measured levels may refl ect other internal and external 
sources and infl uences, as well as the amount of medication used. Further, no one 
biomarker can assess adherence for all medications in a multidrug regimen, and 
measurement of even a single biomarker can be invasive and expensive [ 1 ,  4 ]. 

 Directly observed therapy (DOT), which has been commonly used to assure 
adherence in the treatment of tuberculosis [ 5 ], is also a very direct approach to 
assessing adherence. However, DOT is infeasible for adherence measurement (or 
for improving adherence) in chronic, noninfectious diseases in which medications 
must be administered daily or more frequently over long periods of time [ 1 ,  4 ].  
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    Indirect Measurement 

 Indirect methods of  monitoring   adherence are more commonly used in both research 
and clinical practice [ 1 ,  4 ]. Self-reported adherence is commonly used, even in 
many clinical trials of pharmacotherapy, because it is low cost, unobtrusive, and the 
data may be collected through a wide variety of instruments, such as diaries and the 
Medication Adherence Rating Scale (MARS) [ 6 ]. In theory, patient report could 
also identify intentional versus unintentional nonadherence, and thereby provide 
clinicians with guidance as to the appropriate response to nonadherence. However, 
studies comparing self-report to more objective measures have repeatedly found 
that patients overestimate/overstate their medication adherence [ 7 – 12 ], and there-
fore all self-report measures of adherence must be interpreted with extreme caution 
and are not recommended for research use. In clinical practice, most clinicians do 
not formally assess adherence, but instead rely on their  clinical   judgment to evaluate 
the patients’ likely adherence [ 1 ,  13 ]. However, there is strong evidence that clini-
cians are unable to accurately assess the extent to which patients comply with their 
instructions [ 8 ,  14 ,  15 ], underscoring the need for systematic use of more objective 
adherence measurements. 

 Various indirect measurement methods offer a relatively simple, more objective, 
and low cost alternative to self-report [ 1 ]. Pill counts and canister weights have been 
two of the most commonly used adherence measurement methods, especially in 
research [ 1 ]. Electronic adherence monitoring devices (EMDs) are increasingly 
used as the standard against which more traditional measures are evaluated [ 16 ]. 
Medical Events Monitoring System (MEMS) devices (e.g.,  TrackCap  or  SmartCap ) 
offer an alternative to traditional pill counts, though these devices are not applicable 
to inhaled medications, but are susceptible to deception through patient “dumping” 
prior to clinical/research visits [ 17 ,  16 ]. Many metered dose inhalers (MDIs) and 
dry powder inhalers (DPIs) now come with a built-in electronic monitor and offer a 
potential method for effective adherence measurement in clinical practice. However, 
the basic models only record actuation, not date and time, so the results of monitor-
ing can be misleading if patients actuate the device many times in a row without 
medication actually being administered to their airways [ 4 ]. More complex EMDs 
that attach to an MDI are also available, some of which store the time and place of 
each actuation (thus revealing medication “dumping”), wirelessly transmit reports, 
and even remind patients to take their medication (e.g., SmartInhaler (Nexus 6, 
Auckland, New Zealand)) [ 4 ,  16 ]. Nebulizer chronologs (Forefront Technologies, 
Lakewood, CO) can record the total length of nebulizer treatment per use [ 18 ]. 
These more complex EMDs are increasingly used in research, but are medication 
and/or device specifi c, expensive, and currently impractical for routine clinical use. 
Further, even the best EMDs do not provide direct information on actual  me  dication 
inhalation or deposition in the airways. 

 With the expansion of electronic pharmacy and health records, medication refi ll 
orders and pharmacy dispensing data are increasingly used in larger health care 
systems to monitor whether patients actually acquire the medications they are 
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prescribed [ 4 ]. This information source allows calculation of multiple types of indi-
ces to provide a comprehensive picture of adherence to the medication regimen [ 19 , 
 20 ]. Such indices include, for example, the days’ supply acquired as a proportion of 
days in a particular time period, gaps in medication availability, and even derivative 
measures that consider the strength of individual medications (referenced, for 
example, to canister equivalents of a standard ICS preparation), as well as the 
amount dispensed in a given time period (adherence), to produce a measure of the 
aggregate intensity of the regimen dispensed over a period of time [ 21 ]. A limitation 
of indirect measures, including refi ll orders, dispensing records, pill counts, and 
canister weights, is that they may overestimate actual use because a portion of the 
medication dispensed may not actually be used, not used correctly, not used by the 
individual for whom it was prescribed, or because patients may be prescribed mul-
tiple supplies of a medication to have available at a child’s school or second home. 
In some cases, this second supply may only be used for acute problems [ 4 ]. 

 Careful attention to the type of adherence measure used—and its specifi c bene-
fi ts and limitations—is essential in order to accurately evaluate the reliability and 
validity of the results of research on medication adherence, which includes research 
on potential disparities in medication adherence and research on potential dispari-
ties in response to medication  adh  erence interventions.   

    Criteria for Defi ning Medication Nonadherence 

 As noted earlier, the criteria for classifying individuals as adherent or nonadherent 
have varied widely, as evidenced by examination of the criteria used in studies 
included in a 2004 review of 50 years of research on treatment adherence for a range 
of  medical conditions   [ 22 ]. In some studies the criterion has been derived from 
evidence of the minimal extent to which a particular prescribed regimen must be 
implemented in order to obtain a specifi c (or any) clinical benefi t. Arguably, such 
evidence provides the most defensible approach to defi ning adherence. More often, 
the criterion has been arbitrary and based on  clinical judgment   or convention, for 
example, that the patient should have used 80 % or some other proportion of the 
recommended amount of medication, or should have used the medication on at least 
some defi ned proportion of the recommended days over a given period of time. 
Other investigators have avoided dichotomous classifi cation of patients as adherent 
or not, and instead have used a continuous measure such as the proportion of the 
prescribed amount of medication that was used in a given time period, or the propor-
tion of the prescribed amount of medication that was dispensed to the patient, or a 
metric based on refi ll prescription rates. Such defi nitional and methodologic differ-
ences may refl ect a lack of reliable information on dosing levels required to achieve 
either minimum or optimal clinical effi cacy, differences in study purpose, and the 
diffi culties of determining how much medication patients actually used. These dif-
ferences are problematic in many respects, and complicate efforts to determine the 
sources of the observed variance in adherence rates between studies, medical condi-
tions, and populations.   
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    Rates of Medication Nonadherence  in Respiratory Disease  s 

 Notwithstanding the problems of assessing adherence, by almost any measurement 
method and criterion reported rates of nonadherence warrant concern. The 2004 
review of 50 years of research on treatment adherence for a range of medical condi-
tions found that, on average, 24.8 % of patients were, by the researchers’ various 
criteria, nonadherent to medical recommendations regarding medications, diet, 
health care behavior, exercise, or appointment follow-up. Reported nonadherence 
rates ranged from 11.7 % for HIV disease to 34.5 % for sleep disorders. Reported 
rates of nonadherence to preventive screening, exercise, health behavior change, 
medical appointments, and dietary recommendations, which ranged from 28.0 to 
40.7 %, were even higher than rates of nonadherence to medications (mean 
rate = 20.6 %) [ 22 ]. A more recent (2012) review done for the Agency for Health 
Care Research and Policy (AHRQ) concluded that, across many different diseases 
and conditions, the fi ndings have been consistent that “20–30 % of medication pre-
scriptions are never fi lled and that, on average, 50 % of medications for chronic 
disease are not taken as prescribed [ 23 , p. 2].” Again, the defi nition of “not taken as 
prescribed” may differ among different researchers and for different types of dis-
eases (e.g., TB, HIV vs. chronic noninfectious medical conditions). 

 Medication nonadherence in respiratory diseases appears to be at least as preva-
lent as nonadherence in other chronic diseases. In DiMatteo’s 2004 review, mean 
nonadherence to physician recommendations in studies involving pulmonary dis-
eases was 31.2 % [ 22 ]. Asthma patients have been reported to use, on average, only 
20–50 % of the prescribed amounts of controller medication [ 4 ,  24 ,  25 ]. Rates of 
nonadherence to tuberculosis treatment are suffi ciently high, and the consequences 
of incomplete treatment suffi ciently serious, for public as well as the individual’s 
health, that DOT is the recommended approach, even in settings in which 90 % of 
 p  atients take the course of medications as prescribed [ 26 ].  

    Consequences of Medication Nonadherence in Respiratory 
Diseases 

 Medication nonadherence has substantial  negat  ive consequences across all chronic 
conditions [ 22 ]. It has been estimated that, due to lack of adherence to the physi-
cians’ recommendations, as many as 188.3 million medical visits (one-fourth of all 
medical visits other than checkups) are essentially wasted, at a cost of as much as 
$300 billion dollars a year [ 22 ]. The consequences of nonadherence, however, go 
far beyond the cost of visits whose prescriptions and/or advice are ignored. 
Nonadherence to prescription medications has been estimated to account for 
125,000 deaths annually [ 27 ,  28 ], 10 % of hospital admissions, and 23 % of nursing 
home admissions [ 23 ,  28 ,  29 ]. Nonadherence to controller medications has been 
associated with poor asthma control and activity limitations [ 30 ] and also has been 
implicated in fatal asthma episodes [ 31 ]. 
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 Specifi c estimates of the fi nancial costs and morbidity associated with nonadher-
ence to treatment for respiratory diseases collectively do not appear to be available. 
However, it is estimated that asthma alone, which affects 8.2 % of adult Americans 
and for which effective treatment is available, was responsible for approximately 
1.75 million emergency department (ED) visits (1 % of all ED visits) and hospital-
izations in 2010  [ 32 ].  Bender and Rand [ 33 ] cite Iskedjian et al.’s (2002) estimate of 
the annual Canadian national cost of hospitalizations due to nonadherence to asthma 
controller therapy as exceeding US $1.6 billion [ 34 ]. In the US, a 2014 review of 
adherence and health  care   costs found that increased adherence was associated with 
lower rates of hospitalizations and lower overall health care costs in patients with 
COPD and asthma patients with past ED visits and hospitalizations  [ 35 ].  

 High rates of adherence in medication effi cacy trials are often achieved by care-
ful patient selection and/or special efforts to motivate compliance. The results  o  f 
such trials may lead to unrealistic expectations of medication effectiveness when 
treatment at the trial dosage is delivered in typical clinical settings to an unselected 
patient population or to patients with greater barriers to treatment adherence. 
Conversely, nonadherence among patients involved in clinical trials also may have 
an adverse effect on research to evaluate new respiratory therapies [ 7 ,  36 ]. Relatively 
high rates of nonadherence have been found, using objective measures, in clinical 
trials of medication therapy in asthma in patients supposedly selected for their will-
ingness to adhere to the study protocol, and the common use of diary cards or other 
forms of self-reported medication use may result in a substantial (e.g., 30 %) over-
estimate of actual use and “Unrecognized non-adherence to therapy in research 
studies can lead to an underestimate of the pharmacologic effects of study medica-
tions, especially for outcomes more sensitive to dose response” [ 35 ]. In such cases, 
the effi cacy of the medication may be underestimated, and/or the dose required for 
clinical benefi t may be overestimated. 

     Causes of Medication Nonadherence  

 A number of factors have been  found   to infl uence medication adherence in respira-
tory and other diseases. In an extensive 2003 report detailing these factors, the 
World Health Organization (WHO) organized these factors into fi ve domains: health 
care system/team related, disease, therapy, patient, and socioeconomic factors [ 37 ], 
resulting in the Multidimensional Adherence Model. There are varying levels of 
evidence with regard to the role  of   these factors in shaping medication nonadher-
ence in respiratory disease.  

     Characteristics of the Health Care Delivery System  

 The  health care delivery system   can affect the success of the management of any 
chronic illness that requires ongoing monitoring of the patient’s regimen, adjust-
ment as appropriate, and patient engagement. Health care delivery systems built on 
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an  acute care model   impede successful chronic disease management, including 
respiratory disease. Patients who receive their primary care from EDs—dispropor-
tionately patients who are low income, of minority backgrounds, and uninsured 
[ 38 ]—are unlikely to experience the benefi ts of a chronic care model that focuses 
on long-term control. Only recently, and with the advent of P.L. 111–148, the 
Affordable Care Act (ACA), has a shift begun in the fi nancing of health care in the 
US, on a broad basis, away from a traditional fee-for-service model and toward a 
system with fi nancial incentives for reducing the utilization of services for acute 
exacerbations of chronic conditions. The ACA provides opportunities for reim-
bursement of providers for chronic disease management services and the develop-
ment of chronic disease management programs (ACA §2717(a)), as well as for 
providing patient counseling and education for disease prevention and reduction of 
various health risks. The availability of coverage under the  ACA   may increase the 
likelihood that such programs are developed and are more widely available, includ-
ing to low- income and minority patients. In addition, for many patients with chronic 
respiratory (and other) diseases, specialist evaluation is necessary for proper diag-
nosis and treatment, and access to specialty care has in the past been more limited 
for uninsured (predominantly low-income and minority) patients [ 39 ]. One survey 
of 6612 adults with asthma found that ICS underuse was signifi cantly more likely 
to be reported by patients being treated by generalists compared to those receiving 
specialty care [ 40 ].  

     Characteristics of the Physician–Patient Relationship and 
 Communicatio  n  

 In focus groups, patients have identifi ed poor doctor–patient communication as a 
key barrier to medication adherence [ 41 ], and poor provider–patient communica-
tion has been associated with poor adherence [ 42 ,  43 ]. Among the specifi c commu-
nication defi ciencies that can increase nonadherence are inadequate monitoring, 
failure to explain side effects, failure to analyze patient’s medication-taking behav-
iors, and failure to address the patient’s individual situation and preferences. In their 
very thorough review, Diette and Rand cite direct evidence from studies in asthma, 
as well as indirect evidence from studies in other diseases, that poor provider–
patient communication may contribute to nonadherence to asthma controllers and 
overuse of rescue medications and to disparities in outcomes for patients with 
asthma [ 44 ]. They also identify specifi c mechanisms by which this may occur. 
Physician characteristics and behaviors that may impair relevant communication 
include unconscious biases, incorrect assumptions, and stereotypes about groups of 
patients (such as that they are noncompliant), and behavior that reinforces the ste-
reotypes. For example, a  brusque  communication style—one dominated by close- 
ended questions, lacking in empathy, and that doesn’t offer treatment options—tends 
not to encourage sharing of worries, beliefs, or opinions about treatment. This may 
result in the physician receiving less information from the patient. That lack of 
information, and/or a different presentation/description of symptoms in some 
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patient groups, may also result in mis/under-estimation of symptom severity, which 
can remain uncorrected if objective measurement of lung function is not employed. 
In the face of such uncertainty and/or misinformation, the physician may rely on 
heuristics as a basis for treatment decisions and tend to underprescribe or under-
dose. This in turn may result in a patient perception that the treatment is not effi ca-
cious, which would further impair treatment adherence. Patient characteristics such 
as low literacy, lack of disease-specifi c knowledge, negative/inaccurate beliefs 
about the disease or the treatments, culturally conditioned disease models, the use 
of alternative therapies, and negative feelings about or lack of a positive relationship 
with the provider can also impair communication between the patient and clinician. 
And fi nally, characteristics of the health care system may also negatively affect 
communication between physicians and vulnerable patients, by failing to provide 
patient-appropriate educational materials, presenting barriers to access that differ-
entially affect low literacy/non-English-speaking  patie  nts, having time limitations 
on visits that encourage physician reliance on heuristics and discourage addressing 
or even asking questions about potentially more complex problems and circum-
stances, and nonuse of nonphysician providers and alternative care models that 
could assist in care, particularly for vulnerable patients. All of these communication 
factors would tend to decrease the likelihood that patients, in particular, vulnerable 
patients, would adhere to the recommended treatment.  

     Characteristics of the Disease and Treatment Regimen  

 Implementing recommended  medical treatment for respiratory diseases   presents 
some unique challenges to adherence for patients and their parents/caregivers. 
These challenges derive from the inherent complexities of these diseases, their treat-
ment, and the length of treatment required, medication side effects and patient con-
cerns about possible side effects, and differences in how rapidly different medications 
act to reduce/relieve symptoms. While most chronic diseases are treated with medi-
cation delivered orally or by injection, respiratory diseases (notably asthma and 
COPD) are commonly treated by medication delivered to the airways by inhalation. 
More complex and technique-dependent medication regimens are associated with 
higher rates of nonadherence [ 45 ,  46 ]. A patient with moderate asthma, for exam-
ple, typically has at least two inhaler devices—one for a controller and one for quick 
relief medication. Having three devices is not uncommon (e.g., if a separate long- 
acting beta agonist/LABA is added), and an oral medication may be added as well 
in more severe disease. One study found that COPD patients averaged a total of 6.26 
medications with various dosing schedules and modes of administration, with some 
patients using as many as 16 medications just to manage their COPD [ 47 ].  Delivery 
devices   for inhaled medications differ widely and require different techniques for 
effective medication administration. In addition, each medication may have a dif-
ferent administration schedule and/or a pattern of use that has to be adjusted to 
changes in the patient’s disease status [ 48 ]. Despite advances in breath-actuated 
devices, spacers, nebulizers, etc., and the use of combination preparations (e.g., 
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inhaled corticosteroids plus long- or short-acting beta agonists or anticholinergics), 
improper administration/use is extremely common and can result in inadequate 
dose delivery to the smaller airways [ 49 ,  50 ]. 

 In respiratory disease,  adherence   appears to be positively associated with 
medication taken only once daily, with oral nonsteroidal medications compared 
with inhaled corticosteroids [ 51 ,  52 ], and with combination ICS and LABA 
compared with ICS alone or both medications in separate inhalers [ 53 – 55 ]. 
There is also limited evidence to suggest that adherence is poorer when more 
frequent (e.g., qid) rather than less frequent (e.g., bid) medication use is pre-
scribed [ 56 – 58 ]. 

 As is the case for all chronic diseases, the long (and potentially indefi nite) dura-
tion of treatment presents an additional challenge to adherence in asthma, COPD, 
and other respiratory diseases such as cystic fi brosis. In latent TB, as well, the stan-
dard treatment with  isoniazid   is 9 months, and this extended timeframe relative to 
other common infections presents a similar challenge to adherence [ 59 ]. In addition, 
the various medications used to treat respiratory diseases also differ in how imme-
diately their benefi ts are apparent. Rescue medications such as  albuterol   provide a 
rapid sense of relief of obstruction, whereas  anti-infl ammatory agents   that must be 
taken routinely, such as inhaled corticosteroids and leukotriene modifi ers, do not 
provide immediate relief and may need to be continued when the patient is not 
having acute symptoms. These differences in the timeline to apparent benefi t con-
tribute to the underuse of ICS and overuse of rescue medication in asthma and 
COPD [ 2 ,  60 ]. 

 Both actual side effects and patients’ concerns and beliefs regarding potential 
side effects are known to affect adult patients’ willingness to use respiratory disease 
medications [ 61 ,  62 ] and the willingness of caregivers to administer them to their 
children on a routine basis [ 63 ]. In the treatment of active and latent TB, serious side 
effects of  antituberculosis drugs   are common [ 64 ]. There is evidence that both pedi-
atric [ 65 ] and adult TB patients [ 66 ] who experience side effects are less adherent to 
treatment. Finally, negative health beliefs regarding inhaled medications and ste-
roids have been identifi ed as a potential factor contributing to lower medication 
adherence [ 41 ], and holding negative health beliefs regarding inhaled medications 
is correlated with lower adherence [ 67 ,  68 ], including in studies using pharmacy 
refi ll records [ 63 ,  69 ] and electronic adherence monitors [ 70 ]. 

    Characteristics  of   the Patient 

 While disparities in respiratory disease prevalence and morbidity between different 
population groups are well documented, disparities in medication adherence are not 
as clearly documented. Adherence is poor across  all  demographic and socioeco-
nomic groups. However, evidence exists that low adherence is associated with some 
of the characteristics of vulnerable populations—populations who experience dis-
proportionate disease prevalence and severity and face barriers to obtaining ade-
quate medical care (including specialist care). 
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  Age . Multiple studies have shown that older children—and particularly adoles-
cents—are less adherent to medication than younger children [ 9 ,  22 ,  71 – 73 ]. 
Surveys of parents and children suggest that parents are often unable to accurately 
evaluate their child’s medication adherence [ 74 ], and that parents and older children 
may have unclear expectations regarding each other’s changing level of responsibil-
ity in maintaining medication adherence [ 75 ]. For example, one study of African- 
American adolescents found lower adherence rates among families when parents 
and their children each believe the other is primarily responsible for medication 
adherence [ 76 ]. 

 Several studies suggest that adherence rates are particularly low among elderly 
asthmatics [ 24 ,  77 ], although further research is needed to clarify the exact nature 
of this association. Characteristics of elderly patients that potentially contribute to 
poor adherence include diminished cognitive and motor skills necessary to follow 
complex medication regimens and use complex drug delivery devices [ 24 ,  50 ,  78 ], 
as well as high rates of comorbidities and poly-pharmacotherapy, and heightened 
concern about and/or experiences of side  e  ffects due to drug interactions [ 79 – 81 ]. 

  Gender . Adherence does  not   appear to be reliably infl uenced by gender in adult 
populations. While some studies have found males with asthma to be more adherent 
[ 82 ], others have found females to be more adherent [ 40 ], and still others have 
found no gender difference [ 22 ,  42 ]. A systematic review and meta-analysis of 
adherence in chronic diseases (including respiratory diseases) concluded that female 
pediatric patients are more adherent than males [ 22 ]; however, a recent systematic 
review of studies in pediatric asthma did not fi nd suffi cient evidence to confi rm this 
association [ 75 ]. 

  Knowledge ,  Health Literacy, and Formal Education . The evidence of an  asso  ciation 
between asthma knowledge and level of medication adherence is limited [ 43 ], but 
many studies have shown that higher or increased knowledge about asthma and 
asthma medications do not necessarily translate into better or improved adherence 
[ 9 ,  71 ,  73 ,  83 – 85 ]. The evidence that low health literacy is associated with poor 
adherence is also equivocal. Two recent systematic reviews [ 86 ,  87 ] found only 
moderately strong evidence of an association between health literacy and medica-
tion adherence, but neither included studies in respiratory diseases [ 86 ]. A recent 
study examining the relationship between health literacy and medication adherence 
in asthma found such a relationship in an unadjusted analysis, but this association 
diminished after controlling for age, sex, and race/ethnicity [ 88 ]. There is stronger 
evidence in support of an association between medication adherence and more 
years of formal education [ 42 ,  46 ]. Education, however, is typically  correlate  d with 
income, race/ethnicity, and other markers of socioeconomic status (SES) discussed 
below. One study that examined the relationship between adherence and these com-
monly confounded factors found education was a stronger predictor of adherence 
than were race and income [ 42 ]. 

  Income ,  Insurance, and Socioeconomic Status (SES) . The evidence regarding the 
relationship between SES and adherence is mixed, with some studies reporting 
lower adherence among lower SES patients [ 22 ,  42 ,  46 ,  77 ], and others fi nding no 
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association [ 8 ,  9 ,  71 ,  89 ]. Comparison across studies is diffi cult because SES may 
be measured at the  i  ndividual or household level, and may be based on a range of 
factors, including income, educational status, race/ethnicity, employment, and/or 
other variables. A systematic review found that adherence is more clearly associated 
with income than with other measures of SES, but did not fi nd an association 
between income and adherence in studies of asthma or COPD [ 22 ]. However, cost 
of medications clearly plays a role in nonadherence. One study in a national prob-
ability sample of over 16,000 Medicare (> age 65) patients found that higher out-of- 
pocket costs of inhaled medications were associated with particularly high rates of 
cost-related medication nonadherence [ 90 ]. Similarly, a systematic review of the 
literature on patient cost sharing and medication adherence found that, as patients’ 
share of medication costs increased, adherence decreased [ 91 ]. Lack of medical 
insurance also has been associated with poorer adherence in the treatment of latent 
tuberculosis [ 66 ]. However, studies in populations with uniform health insurance 
and pharmacy benefi ts have continued to fi nd variation in adherence [ 46 ], suggest-
ing that fi nancial barriers alone cannot  explain   lower adherence rates. 

  Comorbidities . Multiple studies have found evidence that patients with more 
comorbidities are more likely to be nonadherent [ 46 ,  77 ,  92 ]. A variety of  factor  s 
may be involved, including fi nancial barriers resulting from the fact that multiple 
comorbidities are likely to require more medications and hence greater out-of- 
pocket costs and the fact that multiple medications increase the complexity of the 
patient’s overall medication regimen, and greater complexity, as noted earlier, is 
associated with lower adherence. With regard to specifi c comorbidities, depression 
is associated with lower adherence to asthma medication among adult women [ 92 ]. 
Asthmatic children with behavioral diffi culties have been found to be less adherent 
with asthma medication [ 89 ]. For children, higher levels of parental stress and 
poorer parental mental health [ 8 ], as well as higher levels of reported family dys-
function [ 9 ] all appear to be associated with poorer adherence. These and other 
comorbidities also are more prevalent in vulnerable populations [ 93 ,  94 ]. 

  Race / Ethnicity . Poor  adheren  ce is observed in virtually all studies of adherence in 
chronic diseases regardless of the racial or ethnic composition of the study popu-
lation. To evaluate disparities in medication adherence rates, valid comparative 
studies using appropriate samples and analytic methods are required. Many cross- 
sectional comparative studies have reported such disparities in a wide range of 
diseases. African-American US Veterans Administration patients with hypertension 
are less likely to have well-controlled blood pressure, more likely to be less literate, 
and less adherent to their BP control medication regimen than whites [ 95 ]. A study 
using a 5 % sample of US Medicare benefi ciaries found that adherence to heart 
failure medication was 63 % in Whites, 57 % in Asians, 53 % in Hispanics, 50 % in 
Native Americans,    and 52 % in African-Americans and among Medicare survivors 
of myocardial infarction, adherence to β-blockers was 59 %, 54 %, 52 %, 47 %, and 
43 %, respectively [ 96 ]. 

 Studies of  ethnic disparities   in medication adherence in respiratory diseases are 
less numerous than such studies in cardiovascular diseases or diabetes and, to the 
extent that they do exist, they focus primarily on asthma. Such studies in both chil-
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dren and adults have reported lower medication adherence in minority subgroups, 
even after adjusting for covariates such as education and income [ 46 ], and include 
studies that use electronic monitors to measure adherence [ 9 ,  71 ]. 

 Despite the documented association between minority status and adherence, 
minority status may refl ect a range of both personal internal factors (i.e., knowl-
edge, attitudes, beliefs, and other psychological factors) and external factors (i.e., 
barriers to receiving care, doctor–patient communication, environmental stressors, 
etc.) leading to increases in intentional and/or unintentional adherence in these pop-
ulations [ 97 ]. Evidence from studies in  HMO patient populations   with uniform 
insurance and pharmacy benefi ts, noted earlier, suggests that minority status remains 
associated with adherence, and that health insurance alone does not explain the dif-
ference in adherence by race/ethnicity [ 46 ,  82 ,  98 ]. Another study using  pharmacy 
records   found that among African-Americans, residential crime rates were nega-
tively associated with ICS adherence, suggesting an environmental exposure poten-
tially affecting adherence among minorities [ 98 ]. There is also emerging evidence 
that lower health literacy may at least partially explain racial  disparities   in health 
outcomes [ 86 ], though more research is needed. One study in elderly African- 
American and White asthma patients on Medicare examined self-report of running 
out of medications before fi lling them, failing to following physicians’ instructions, 
and forgetting to take medications. After controlling for potential confounding fac-
tors, African-American race was only associated with not following physician 
instructions on how to take medication [ 99 ]. 

 Another proposed explanation for the association between minority status and 
poor adherence is the potential impact of negative health beliefs on adherence [ 100 ]. 
One study that examined the relationship between minority status, health beliefs, 
and poor adherence found that negative beliefs about asthma therapy were more 
prevalent among minority patients and partially mediated the relationship between 
minority status and adherence to therapy [ 101 ]. Another study using  pharmacy 
records   found that accounting for “internal factors” (i.e., patient beliefs, knowledge, 
and motivation regarding asthma and asthma medications) diminished the associa-
tion between race ethnicity and adherence [ 97 ]. However, further research is needed 
to confi rm this relationship, as negative health beliefs—and particularly fear of 
adverse medication effects, belief that the asthma medication does not help or is not 
necessary, and the sense of only an intermittent need for medications—appear to be 
an important determinant of poor adherence in all patient groups, not solely minor-
ity patients [ 70 ,  102 ].   

    Effectiveness of Adherence Improvement Interventions 

 Since  Haynes’ seminal systematic review in 1987 [ 103 ], its periodic updates (most 
recently  in 2014 [  104  ] ) , several other independent systematic reviews [ 23 ,  105 , 
 106 ], and two meta-analyses [ 28 ,  107 ] have been published that have critically 
examined the evidence of whether medication adherence in chronic diseases can be 
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improved, and have attempted to identify successful intervention strategies and 
intervention components. These efforts have also assessed the evidence that such 
interventions improve  clinical outcomes  as well as adherence, and the evidence that 
observed improvements in clinical outcomes are mediated by adherence improve-
ments. These reviews encompass studies of adherence interventions in  respiratory 
diseases   (asthma, chronic obstructive pulmonary disease/COPD and, in some 
reviews, tuberculosis) but also adherence in other diseases including diabetes, 
hyperlipidemia, hypertension, depression, heart failure, and other chronic condi-
tions. More focused reviews also have been carried out of interventions in asthma 
[ 108 ], COPD [ 109 ,  110 ], latent tuberculosis/TB [ 111 ], cystic fi brosis/CF [ 112 ], and 
other disease areas as well. Rather than add to these reviews, it seems more useful 
to consider their general conclusions about the effectiveness of medication adher-
ence interventions in respiratory disease. We will focus especially on the evidence 
that has accumulated concerning the effectiveness of medication adherence inter-
ventions in asthma, since that disease has been most extensively studied. We will 
also consider methodological features of the original research studies and of the 
reviews that have implications for future research to develop effective adherence 
interventions. 

  Overview of the reviews . All but one [ 106 ] of the systematic reviews to date, as well 
as the meta-analyses, have restricted their scope to evidence provided by  random-
ized controlled trials (RCT)   in order to ensure that the study results would support 
a causal interpretation of any observed relationships between the intervention and 
study outcomes. With the exception of one review that only considered patient 
reminder systems [ 108 ], most reviews have considered a wide range of different 
approaches and combinations of approaches. None have included studies of fi nan-
cial or other incentive strategies, which typically have been utilized, with some 
success, to motivate/enable medication adherence in  chronic infectious diseases   
such as TB and HIV/AIDS [ 113 ]. In most cases, the reviews have been restricted to 
studies involving adult patients, who make up the majority of patients with chronic 
diseases. Where studies of pediatric patients have met the inclusion criteria of spe-
cifi c reviews, they have primarily been studies in adolescents with asthma, the most 
prevalent chronic disease in children. 

 Studies included in these reviews have recruited their patient populations from 
both health care settings (private practices, large health care systems) and/or the 
community at large and from diverse racial/ethnic backgrounds and both genders. 
Very few studies have reported the effectiveness of their intervention in subgroups 
defi ned by income, education, or race/ethnicity, and have typically had limited 
power to make such comparisons. A few studies exclusively targeted low-income 
and minority patients. The recent review by Hu et al. [ 106 ] specifi cally addressed 
the evidence concerning the effectiveness of interventions to increase medication 
adherence in African-American and Latino populations, and considered studies eli-
gible for that review if at least 75 % of their sample consisted of patients from a 
particular ethnic minority group or if appropriate comparative analyses were carried 
out. This review included both RCT, quasi/preexperimental, and observational 
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study designs, with sample sizes ranging from 10 to 520 (median 126). Four of the 
36 studies involved asthma and three involved tuberculosis patients [ 106 ]. 

  The   AHRQ review   . The very ambitious 2012 review carried out for the  Agency for 
Healthcare Research and Policy (AHRQ)   [ 23 ] identifi ed 62 studies published 
between 1994 and 2011 that met its selection criteria. The majority of these studies 
concerned hypertension, depression, hyperlipidemia, and diabetes, which share 
some features with chronic lung diseases (e.g., the need to continue treatment 
through periods when no symptoms are apparent), but studies in asthma and COPD 
were included as well. Studying intervention strategies that have been tested across 
many different diseases may identify generally effective strategies. However, it also 
is important to focus on particular diseases, considering    what research has been 
done, what strategies have been evaluated, and what strategies have been shown to 
be effective or ineffective in those diseases, since unique features of different dis-
eases may infl uence their fi ndings. Respiratory diseases, in particular, have unique 
features related to the use of inhaled medications, and there have been historical 
changes in treatment (e.g., inhaled medications replacing oral theophylline), in con-
ceptualization of the diseases (e.g., the shift in asthma from severity to level of 
control as the basis for treatment in all but newly diagnosed patients), and in other 
features that have implications for study design (e.g., the signifi cant potential for 
misdiagnosis in and between asthma and COPD that necessitates confi rmation of 
the diagnosis as an eligibility criterion). Such temporal changes need to be consid-
ered when evaluating fi ndings of adherence intervention studies, especially those 
done two or more decades ago, but have been ignored in most reviews. 

 Eight of the 62 studies identifi ed by the 2012 AHRQ review targeted lung dis-
ease. Seven focused exclusively on asthma; [ 21 ,  114 – 119 ] one included both asthma 
and COPD patients [ 120 ]. Studies involving infectious diseases, including tubercu-
losis, were excluded from the review. The interventions tested in these studies var-
ied substantially in their approaches and intensities of intervention. One utilized two 
to three 5-minute automated interactive voice response (IVR) contacts with patients 
to assess symptoms, provide educational messages, and encourage refi ll of asthma 
controller medications and communication with their providers [ 114 ]. Another uti-
lized a 30-minute audiotape or an educational booklet or both [ 118 ]. Others pro-
vided individual patient medication refi ll history and other medication use data to 
pharmacists [ 120 ] or clinicians [ 119 ] along with guidance for the use of this infor-
mation in counseling or caring for patients. Patients whose pharmacists received 
and utilized the information on patients’ refi ll history were supplied with a peak 
fl ow meter and instructions on its use, and the study design allowed for determina-
tion of the effect of the peak fl ow meters alone [ 120 ]. It was intended that these 
interventions would lead the clinician to communicate with the patient to encourage 
his/her adherence to the existing regimen. While this )   was not an intended outcome, 
the interventions in which physicians [ 119 ] or pharmacists [ 120 ] were given infor-
mation on patients’ refi ll history could have resulted in changes in the patients’ 
medication regimens, but this was not mentioned as a possibility in the publications 
or review. 
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 Several studies utilized  self-management education  , delivered, variously, in one 
30-minute individual session conducted by an advanced practice nurse, plus two 
30-minute individual reinforcement sessions with the study coordinator [ 116 ,  117 ], 
six weekly 2-hour group sessions [ 115 ], or as a part of one individual session with 
an asthma care manager that lasted, on average, ~1-1/4 or 1-2/3 h, depending on 
whether the patient was randomized to a traditional  clinician decision-making 
approach   to the selection of a treatment regimen or to a shared decision-making 
approach, respectively, plus a 30-min follow-up session a month later, and up to 
three brief follow-up phone calls 3, 6, and 12 months after session 1 (~10 min each) 
[ 21 ]. This was the only study in which the adequacy of the patient’s medication 
regimen was directly addressed in the intervention and one of the few that specifi -
cally targeted patients with poorly controlled disease. 

 The follow-up periods in the  respiratory disease studies   reviewed by AHRQ 
ranged from 6 weeks to 2 years and the sample sizes varied widely. The minimum 
sample size of studies included in the AHRQ review was 40. However, this mini-
mum did not take into account the study design or planned comparisons. One 4-arm 
study with a total of 46 patients had only 10–13 participants per comparison group 
in the analyses [ 118 ]. No signifi cant differences were found, perhaps because the 
study appears underpowered to detect group differences. In contrast, another study 
randomized 36 pharmacies to three study arms/conditions ( n  = 12 each) and had a 
total patient sample size of 1113 [ 120 ]. Follow-up retention at the fi nal (12 month) 
assessment was high (81 %), and since pharmacy identity proved not to be a signifi -
cant source of variance (i.e., there was no cluster/design effect), the effective sample 
sizes in the patient-level analyses were  n  = 447 (pharmaceutical care program 
group),  n  = 363 (peak fl ow monitoring control group), and  n  = 303 patients (usual 
care control group). Two 2-arm studies [ 116 ,  117 ] had samples ranging from 25 to 
45 per group; one 3-arm study had a total sample size of  n  = 612 ( n  = 204 per group) 
[ 21 ]. The fi rst two of these studies reported signifi cant effects on both medication 
adherence and at least one clinical outcome; the third reported signifi cant effects on 
multiple outcomes compared with the usual care control group. While some of the 
smaller studies may have been underpowered to detect improvements in their pri-
mary and secondary outcomes, large sample size was not necessarily associated 
with positive results. The two reasonably large studies that provided feedback to 
pharmacists or physicians on patients’ medication adherence failed to fi nd 
intervention- related evidence of improved adherence and found that the adherence 
of the clinicians to the intervention-recommended activities at the patient level was 
extremely poor [ 119 ,  120 ]. 

 Considering the evidence across multiple medical  diagnoses  , the conclusions of 
the earliest reviews primarily focused on the scarcity of well-designed trials, the 
spotty picture of positive and negative results, and the reliance, in many studies, on 
patient-reported adherence as an outcome. Over time, the quality of the research has 
improved, including the use of objective measures of adherence. More recent 
reviews, such as the one done for AHRQ [ 23 ], came to more positive conclusions, 
and there appears to be a general consensus that: (1) there is moderately strong evi-
dence, at least in some disease areas (notably asthma) that interventions that utilize 
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more diverse components, such as case management, self-management education, 
and shared decision-making, appear to be more effective than brief interventions 
with little personal contact, (2) there is somewhat weaker evidence that strategies 
that achieve signifi cant improvement in adherence are associated with improvement 
in clinical outcomes, and (3) additional analyses and research are needed to deter-
mine whether improved adherence mediates the improved clinical outcomes. 

 The AHRQ review concluded that, “Collectively, the most consistent evidence 
was that various types of interventions improved medication adherence outcomes 
for hypertension, heart failure, depression, and asthma. These improvements were 
accompanied by … improved symptoms, pulmonary function, health care utiliza-
tion, and quality of life for shared decision making for asthma patients…” With 
regard to the specifi c intervention component of involving the patient in decisions 
about their regimen, the review concluded that one study [ 21 ] “demonstrated that 
shared decision making (in which non-physician clinicians and patients negotiated 
a treatment regimen that accommodated patient goals and preferences) had a greater 
effect on adherence to asthma medications than did a clinician decision making 
approach (in which the non-physician clinician prescribed treatment without spe-
cifi cally eliciting patient goals or preferences). Both approaches were more effi ca-
cious than usual care. The effects of shared decision making on adherence lasted up 
to 2 years, whereas those attributed to clinical decision making had attenuated at 
that point” [ 23 ]. The latter statement is somewhat inaccurate in that the study’s 
measure of adherence (the cumulative medication acquisition index) decreased in 
both conditions in the second follow-up year, although perhaps not on the same time 
course. It was the strength of the medication regimen (in canister equivalents of 
beclomethasone), that persisted into the second follow-up year, due in part to the 
somewhat stronger regimens selected when patients participated in the shared 
decision- making process. 

 The AHRQ review also considered the effectiveness of  policy-level  interventions 
(i.e., reductions in out-of-pocket expenses for prescription dru)   gs) to improve medi-
cation adherence was reasonably strong across clinical conditions, but the only study 
that looked at inhaled corticosteroid (ICS) use in asthma and COPD found no effect. 
The fact that this strategy, which specifi cally addresses a barrier to adherence for 
low-income, uninsured patients, has been effective in other diseases and with other 
medications suggests a need for further research to determine whether it is consis-
tently ineffective with ICS medications and, if so, what the explanation might be.  

    Potential Unrecognized Sources of Variability in Adherence 
Intervention Study Results 

 The  variability   in results of adherence intervention studies in the past has been 
largely assumed to come from variability in the measures of adherence and in the 
intervention strategies themselves. However, a signifi cant portion of the variability 
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in the results of studies reviewed by AHRQ and others, and hence the possible per-
ception that strong evidence that medication adherence and clinical outcomes can 
be improved is lacking, may result from characteristics of the study samples and 
from a fundamental difference among intervention strategies that has not received 
attention in systematic reviews or meta-analyses. 

  Failure to confi rm disease diagnosis . Only three of the studies of respiratory disease 
reviewed by AHRQ required confi rmation of the diagnosis as an inclusion criterion 
[ 21 ,  116 ,  117 ]. Such  confi rmation  is considered    requisite in asthma clinical trials 
[ 121 ] and is a concern in COPD and other respiratory conditions as well. Basing 
eligibility on a patient-reported doctor diagnosis of asthma, for example, or even on 
an asthma diagnosis   enc  ountered  in the patient’s medical record, risks inclusion of 
patients with fi xed airway obstruction and/or COPD, or some other condition that 
has been misdiagnosed as asthma. Such patients would be much less likely to show 
clinical improvement when treated with asthma medications, even if their medica-
tion adherence was improved. Moreover, the failure to benefi t from the treatment 
regimen, in the past or as a result of attempted use consequent to the intervention, 
would not be expected to motivate adherence in such patients. 

  Lack of focus on the appropriate target population . Even more fundamentally, the 
 inclusion and exclusion criteria   of most of the existing evaluations of adherence 
improvement interventions in respiratory diseases do not clearly target the patients 
who stand to benefi t from an adherence intervention. We suggest that  it is patients 
whose chronic disease is poorly controlled who warrant intervention , as shown in 
Fig.  6.1 . Those whose chronic disease is well controlled on their present medica-
tion regimen, even if they are not “adherent,” do not appear to warrant either medi-
cal or adherence intervention, unless the goal were to be to determine whether 
therapy might be stepped down, without loss of control, to minimize possible side 
effects. The level of adherence of patients whose disease is well controlled is not a 
primary concern.

   For patients with poorly controlled asthma, medical treatment guidelines advise 
clinical intervention and stepping up therapy [ 48 ]. But it is also recommended that, 
before doing so, the possibility of medication nonadherence should be considered, 
and, if  prese  nt, addressed. If the patient is determined to be adherent, then evalua-
tion of the patient’s regimen and other factors that may be affecting control is in 
order. Because a change in regimen may lead to subsequent adherence issues, the 
use of  strategies   that lead to better adherence is clearly warranted. Patients with 
disease that is not well controlled and who are nonadherent to their regimen are 
clearly the primary target population for an  adherence intervention   (as illustrated by 
the lower right quadrant in Fig.  6.1 ), including attention to the regimen and the 
patient’s goals and preferences. However, in the same sense that a decision to step 
up therapy should not be undertaken without considering whether nonadherence to 
the current regimen may be compromising its effectiveness, an adherence interven-
tion is arguably inappropriate in patients with poorly controlled disease unless it is 
known, or can be assured by the intervention process itself, that the regimen to 
which the patient is expected to adhere is consistent with accepted  medical guidelines   
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and appropriate for that patient. Attempting to motivate patients to adhere to an 
inadequate or potentially inadequate treatment regimen, using strategies that are 
isolated from the patients’ medical care is unlikely to be successful in improving 
adherence, especially when that care is discontinuous or inadequate in some other 
respect. Ignoring the possibility of defi ciencies in patients’ regimen (as is the case 
in adherence interventions that do not involve personal contact with the patient) 
does not make these problems go away and may be one reason why such interven-
tions have not demonstrated much success in terms of clinical improvement [ 109 ]. 

 In research to evaluate adherence interventions, the vast majority of studies have 
not selected patients whose disease was poorly controlled. Instead, studies have 
used other eligibility criteria, such as patients who were prescribed an ICS or other 
asthma controller medication within some preceding time period or patients who 
had asthma of some particular severity level (mild-moderate, for example, in one 
study, or moderate-severe in another). This is understandable in studies carried out 
prior to the clarifi cation of the distinction between  asthma severity   (applicable to 
treatment-naïve patients) and asthma control (applied to treated patients), and prior 
to the development of straightforward instruments and procedures to assess control. 
However, even more recent adherence intervention studies have not always defi ned 
their target population clearly or chosen their eligibility criteria appropriately for 
that target. The  implicit assumption   may have been that this is unnecessary because 
patients’ adherence will be poor, as it so often is. However, not focusing on the 
appropriate target population has resulted, in some studies, in the recruitment of 
patients with relatively high adherence at enrollment and/or relatively well- 
controlled disease (FEV 1  ~80 %; low symptom level), and may have decreased the 

  Fig. 6.1    Classifi cation of patient  population   relative to control and medication adherence       
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likelihood that any clinical benefi ts would be detected. While, from a study design 
perspective, the adequacy of the treatment regimen might be addressed during a 
run-in period and prior to randomization and delivery of an intervention of interest, 
we would suggest that it is more appropriate to integrate reexamination of the 
patient’s regimen in relation to their level of control into the  adherence improve-
ment strategy   itself. 

 There is a further potential problem. In carrying out research on interventions 
that use strategies that place intervention personnel in direct contact with the partici-
pants but that do not directly address the patient’s medication regimen, the possibil-
ity exists that the interventionists may become aware of problems in a patient’s 
regimen or medical care, and this can put them in an uncomfortable confl ict between 
their responsibility not to deviate from the research protocol and their responsibility 
to the individual patient. 

 The fact that both the shared decision-making and clinician decision-making 
 care management interventions   in the study by Wilson et al. [ 21 ] were associated 
with clinically and statistically signifi cant improvement in clinical outcomes rela-
tive to usual care may not only refl ect the effect of intervention strategies such as 
patient education, effective communication to the patient of the individual patients’ 
level of asthma control and the possibility of improvement, written asthma manage-
ment and action plans, but also the fact that a diagnosis of asthma was confi rmed as 
an eligibility criterion, that the participants had poorly controlled disease, and that 
the possibility that their current treatment and their adherence to it were inadequate 
were both addressed [ 21 ]. It is quite possible that greater clinical improvement 
would have been observed in other trials that reported clinical outcomes had those 
samples consisted of patients with poorly controlled disease and had the nature of 
the regimen, as well as adherence, been addressed.   

    Effective Adherence Improvement Strategies in  Vulnerable 
Populations   

 Hu et al. identifi ed 36 studies of medication adherence interventions in various 
chronic diseases that were tested in exclusively or predominantly (≥75 %) African- 
American and Hispanic populations with chronic diseases; 20 studies obtained posi-
tive results for medication adherence [ 106 ]. However, a substantial proportion of 
the studies did not use any objective measure of adherence and relied upon self/
caregiver report, including two of the four asthma studies [ 122 ,  123 ] and one of the 
three tuberculosis studies [ 124 ]. Among the conclusions of this review was that 
“Interventions demonstrating mixed results included motivational interviewing, 
reminder devices, community health worker (CHW) delivered interventions, and 
pharmacist-delivered interventions. DOT was a successful intervention in two stud-
ies. Interventions which did not involve human contact with patients were ineffec-
tive,” and “No single intervention has been seen to be universally successful, 
particularly for patients from ethnic minority backgrounds” [ 106 ]. 
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 One of the key questions of the AHRQ-sponsored review also concerned the 
evidence for effective interventions in vulnerable populations, at risk for disparities 
 in   health care and health outcomes, especially those for whom English is a second 
language, those with low literacy, and those with low income and/or no or inade-
quate health insurance. The review found that African-Americans were well repre-
sented in the evidence base but that evidence was lacking for other minority groups. 
They concluded “that the evidence base for mainstream patient populations with 
common chronic conditions points toward a variety of medication adherence pro-
grams suitable for these (vulnerable) groups” [ 23 ]. No evidence has emerged sug-
gesting that entirely different strategies are required in low-income or minority 
populations; however, translation as well as attention to an appropriate literacy level 
and cultural tailoring may be important in some populations. 

 Case or care management is a strategy that is typically adopted as a result of the 
high costs to the health care system of acute, emergency, and inpatient care for 
patients with poorly controlled chronic diseases, among which minority and low- 
income individuals are disproportionately represented. One large health care system 
in the southeastern US, whose patient population consists primarily of very low- 
income African-Americans and Spanish-speaking Hispanics, is implementing a 
shared decision-making care management intervention, based on the shared 
decision- making program developed and evaluated by Wilson et al. [ 21 ], which was 
updated, adapted to their setting, resources, and patients’ reading level, modifi ed for 
use with pediatric as well as adult asthma patients, and made available in both 
English and Spanish. The reception of this program by clinicians and patients at the 
fi rst six clinics has been reported to be very positive, and the program is being 
extended to the more than 90 clinics of the health care system in a study of two 
implementation strategies [ 125 ,  126 ]. Some systematic reviews have referred to 
such intervention approaches as “complex,” which may carry an unjustifi ed impli-
cation that they are inherently only suitable for implementation in specifi c, espe-
cially well-resourced settings or with more educated or affl uent patient populations. 
While they may be more likely to be used in larger health care settings that utilize 
population chronic disease management strategies and models, their modest cost 
and the initial effort to integrate them into ongoing clinical processes may prove to 
be fully justifi ed by the results. 

 The possibility, discussed earlier, that the patient’s regimen is inadequate has 
special salience when considering adherence intervention with patients from vul-
nerable demographic groups. Such patients have a disproportionately high likeli-
hood of having poorly controlled disease. There is a compelling need to concurrently 
address both the treatment regimen and adherence in these and all patients with 
poorly controlled disease in order to bring about clinical improvement, especially of 
a magnitude that might be effective in reducing disparities in clinical outcomes. 
While this may seem obvious, to date it has not been typical in adherence interven-
tion studies in respiratory disease to consider whether the patient’s disease is poorly 
controlled (i.e., whether there is a clinical indication that their poor adherence is 
problematic), or the appropriateness of the regimen to which the patient is being 
asked  to   adhere. Further, the reviews to date, including of studies carried out in 
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vulnerable populations, have not considered either the appropriateness of the study 
target population or the possibility of an inadequate treatment regimen as a potential 
explanation of the lack of success of some trials. 

    Directions for Future Research 

 Additional research is clearly needed to understand the extent of disparities in medi-
cation adherence in respiratory disease and to determine the extent to which poor 
adherence and/or adherence disparities contribute to disparities in health  outcome  s. 
While the evidence of disparities in adherence is not as strong as the evidence of 
disparities in outcomes in respiratory diseases, given the signifi cantly poorer out-
comes seen in low-income minority populations and the central role of adherence in 
achieving positive outcomes, poor adherence, even if not disproportionate, is most 
likely a signifi cant contributor to outcome disparities. To discern the extent to which 
outcome disparities are specifi cally attributable to nonadherence, it will be impor-
tant to concurrently consider the adequacy of the patients’ treatment regimens. 

 There is a further need to replicate and extend promising adherence improve-
ment interventions in respiratory diseases and to determine whether these interven-
tions work as well in low-income and minority populations as in more advantaged 
populations, and in both pediatric and adult patients. Well-designed trials of adher-
ence interventions in vulnerable respiratory disease populations are limited, as are 
comparative analyses of subgroups of patients from adherence intervention studies 
that have signifi cant numbers of minority and low-income participants. While some 
approaches are promising, more rigorous research is needed in order to determine 
whether such interventions can help reduce disparities in health  outcome  s in respi-
ratory disease. Most research to date also has focused on asthma and tuberculosis, 
with some research in COPD, and there is a need for further studies to assess the 
effectiveness of such interventions in these and many other chronic lung diseases. A 
lack of detailed documentation of intervention procedures and materials also can be 
an obstacle to replication. In asthma, for example, we could identify only two stud-
ies that mentioned the availability of such materials [ 21 ,  115 ]. 

 When carrying out adherence improvement studies, especially in vulnerable 
populations, it will be especially important to focus on the appropriate target—
patients with poorly controlled chronic disease, and to use eligibility criteria appro-
priate to that purpose. It will also be important to ensure the quality of such research 
by adhering to current standards for clinical trials, especially with regard to  reporting 
preplanned sample size determinations, and confi rmation of the relevant diagnosis 
by objective evaluation. 

 Further, and especially when targeting adherence interventions to vulnerable 
patients who are at risk from poor health outcomes, it is essential to recognize that 
the existing regimen for many patients with poorly controlled disease may not 
adhere to current treatment guidelines. Many reviews have pointed out that the eval-
uation of adherence improvement interventions should include clinical outcomes as 
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well. However, attempting to motivate patients to follow an inadequate treatment 
regimen is both inappropriate and unlikely to be successful in improving outcomes. 
Clinical outcomes are affected by adherence and by what is being adhered to—the 
treatment regimen. Studies of the effectiveness of adherence interventions in vul-
nerable populations, as well as studies that compare intervention effects in vulner-
able and mainstream populations, should characterize the regimens of study 
participants and should potentially simultaneously address both the regimen and 
medication adherence. 

 Adherence improvement intervention research, in general, will also benefi t from 
greater standardization of adherence measures. Progressive advances have been 
made in the standardization of asthma outcome measures [ 127 ], but medication 
adherence measures have not been subjected to such standardization efforts. 
Agreement on a single adherence measure that suits all research and clinical pur-
poses appears unlikely (if not impossible) when it comes to medications used to 
treat respiratory diseases, since they are administered by diverse routes and devices. 
However, it may be possible to achieve a closer consensus on objective measures 
within each of two basic classes, which might be used concurrently or alternatively, 
depending on the disease and study purpose: (1) indirect measures, based on phar-
macy dispensing or refi ll data, of (a) adherence and (b) aggregate regimen potency, 
and (2) direct measures of adherence to (a) inhaled medications and (b) oral medica-
tions. Study of the relationships between the direct and indirect measures would 
also be important.      
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Key Points 

• Compared to other respiratory diseases, health disparities related to acute lung 
injury and acute respiratory distress syndrome outcomes have only recently been 
recognized and investigated.

• African Americans appear to be at increased risk of mortality due to acute lung injury.
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• Genetic variation may contribute to variability in acute lung injury outcomes by 
race and ethnicity, and several risk SNPs have been identified.

• Beyond genetic variation, other potential contributors to health disparities in acute 
lung injury outcomes include differences in risk related to factors that predispose to 
acute lung injury including sepsis, differences in the prevalence and severity of 
comorbid illness, and differences in health care quality and access to care.

 Overview: Health Disparities and ARDS

In the context of health, the term “disparity” signifies not only a difference in health 
quality and access to care among groups, but it also denotes inequality and/or unfair-
ness. Thus, “disparity” is inherently controversial and difficult to quantify. Multiple 
definitions of health disparities exist, and a variety of methods have been employed to 
measure these disparities. The National Healthcare Disparities Reports (NHDR) 
defines health disparity as “all differences among populations in measures of health 
and health care” and therefore assesses differences in group means. However, a limi-
tation of this definition is that it does not account for health status and age differences 
between populations. The Institute of Medicine (IOM) defines health care disparities 
in the Unequal Treatment Report as “differences in health care services received by 
the two groups that are not due to differences in the underlying health care needs or 
preferences of the members groups.” Under this definition, various factors are assessed 
in addition to differences in health status, such as differences due to the operation of 
health care systems, the legal and regulatory climate, and discrimination [1]. Health 
disparities are present when differences in health outcomes adversely affect groups of 
people who have experienced greater obstacles to health on the basis of factors includ-
ing race, ethnicity, gender, age, and/or geographic location, such as rural and border 
areas. The adverse impact of health disparities extends to a much broader, societal 
level due to the resulting economic consequences, including the rising cost of health 
care and lost work-related efficiency and productivity.

Minority populations, including Hispanics and African Americans, are more fre-
quently affected by these inequities, and these populations experience greater mor-
tality from common complex health disorders than non-Hispanic whites. In general, 
minorities receive less and poorer quality health care. The combined direct and 
indirect cost of health disparities for minorities in the USA between 2003 and 2006 
was estimated at $1.23 trillion; direct medical expenditures were estimated at $230 
billion and indirect costs associated with illness and premature death were approxi-
mately $1 trillion [2]. Eliminating health inequalities for minorities would greatly 
reduce indirect costs on society, impacting worker productivity and losses from 
premature death. The U.S. Department of Health and Human Services has acknowl-
edged the importance of addressing social determinants of health through the 
Healthy People program, which provides science-based 10-year objectives for 
improving the health of Americans; a major goal outlined for 2020 is to eliminate 
disparities and improve the health of all groups (www.healthypeople.gov).
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Because racial and ethnic identity are not only related to genetic ancestry but are 
also inextricably linked to socioeconomic status, cultural/historical heritage, and 
access to health care, the study of health disparities in racial/ethnic minority groups 
poses many challenges, and this is particularly true for health disparities research 
related to critical illness. In comparison to other respiratory diseases, health dispari-
ties in acute lung injury (ALI) and acute respiratory distress syndrome (ARDS) 
have only recently begun to be described and investigated. In the USA, racial/ethnic 
minorities suffer disproportionately from preventable and treatable conditions 
including ALI and ARDS among the critically ill [3, 4]. ARDS is a heterogeneous 
critical illness with mortality often exceeding 30–40 % [5, 6]. ARDS is character-
ized by acute diffuse inflammatory lung injury, increased vascular permeability, and 
flooding of alveoli with protein-rich fluid, resulting in devastating physiologic 
derangements that cause acute respiratory failure. Under the Berlin definition, ALI 
and ARDS are defined by acute onset bilateral infiltrates on chest imaging associ-
ated with hypoxemia determined by a reduced ratio of arterial partial pressure of 
oxygen (PaO2) to fraction of inspired oxygen (FiO2) in the absence of left atrial 
hypertension. ARDS severity is based on the degree of hypoxemia: mild (PaO2/FiO2 
200–300), moderate (PaO2/FiO2 100–200), and severe (PaO2/FiO2 < 100), and each 
category has a mortality index. Compared with the previous AECC definition, the 
current Berlin definition is better at predicting mortality [7]. Recent epidemiologic 
studies indicate that minority populations demonstrate increased risk for ARDS and 
associated mortality [8–10]. This chapter will review various factors that may con-
tribute to this important and devastating disparity.

 Health Disparities in ARDS Risk and Outcomes

Epidemiologic studies have demonstrated differences in ARDS incidence and mor-
tality by race/ethnicity. Moss and Mannino (2002) reported that the annual ARDS 
mortality rates in the USA were higher for African American patients when com-
pared with whites during 1979–1996. Further, African American men had the high-
est annual age-adjusted mortality rate from ARDS, compared with other race/
ethnicity and gender subgroups [8]. This raised the question of whether the increased 
mortality among African Americans was associated with higher risk of diagnoses 
leading to ARDS, such as pneumonia, sepsis, or trauma; whether race/ethnicity may 
influence the care of these patients with ARDS; and/or whether socioeconomic sta-
tus and access to care may contribute to these outcomes. A recent multicenter obser-
vational cohort study of 5201 patients at risk for ALI showed no significant 
difference in in-hospital ALI-related mortality by race or sex after adjusting for 
potential confounders [11]. However, it demonstrated differences in clinical presen-
tation based on race; African Americans more frequently presented with ARDS in 
the setting of pneumonia, sepsis, or shock and had higher severity of illness [11]. 
While African Americans were more likely to present with greater severity of ill-
ness in this study, they were overall less likely to develop ALI compared to white 
patients (4.5 % vs. 6.5 %, p = 0.014). This study’s findings are in contrast to prior 
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work published by investigators from the ARDS Network which reported that 
African American and Hispanic patients are at significantly higher risk of death 
from ARDS compared to white patients [9]. In summary, the limited available evi-
dence suggests that African Americans are at higher risk of ARDS-related mortality 
but may be at lower risk of developing ARDS, and likewise Hispanics appear to be 
at higher risk of death due to ARDS.

 Factors Influencing Health Disparities in ARDS

Differences in the quality and intensity of care by race may influence racial differ-
ences in ARDS-related outcomes. For example, differences also exist in the inten-
sity of ICU care at the end of life in non-white patients compared with white patients 
[12]. Similarly in one study black patients with pneumonia were less likely to 
receive antibiotics within the recommended 4-h window than white patients, even 
after adjusting for severity of illness and other patient factors [13]. Hospital charac-
teristics are other contributors that may be correlated to outcome disparities. For 
instance, minorities with severe sepsis are more likely to be treated in larger urban 
academic centers, and differences in care variation across hospitals have been dem-
onstrated [14, 15].

As noted throughout this book, racial and ethnic minorities experience higher 
levels of poverty. Income is linked with health regardless of racial or ethnic group, 
but differences in health status by income do not completely capture the differ-
ences by race or ethnicity [16]. Minorities of low SES are more susceptible to 
experiencing diminished quality of life and increased burden of respiratory dis-
ease, as they are up to 14 times more likely to have respiratory diseases as com-
pared to higher SES social groups [17]. Likewise environmental exposure and 
occupational hazards are more common among the lowest socioeconomic groups 
as well, with the lungs being the most immediate organ affected by environmental 
exposures such as tobacco smoke, air pollution, and occupational inhalants. 
Multidisciplinary strategies such as reducing environmental exposures, promoting 
a healthy life style, and improving the quality of health care are likely needed to 
significantly ameliorate these disparities. However, the role that these individual 
factors play in the development of ARDS remains largely unexplored, cultural 
competence at all levels of care has been recommended as a strategy to address 
disparities, based on the premise that improving provider-patient communication 
is an important component of addressing differences in quality of care that are 
based on the race, ethnicity, or culture of the patient [18]. Cultural competence 
enables providers to deliver services that are respectful of and responsive to the 
health beliefs, practices, and cultural and linguistic needs of diverse patients and 
favors treatment adherence. A cross-sectional analysis of the multi-center, ran-
domized trials conducted by the ARDS Network from 1996 to 2005 failed to find 
significant evidence of sex or racial/ethnic minorities underrepresentation in ARDS 
clinical trials [19, 20], although it should be noted that this study also reported that 
Black, Hispanic, and American/Indian/Alaskan Native patients were more often 
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unable to be consented for research participation due to the lack of surrogate or 
family refusal. This may reflect existing mistrust of the research environment, lack 
of research staff diversity, and/or language and communication barriers [19]. 
Although the majority of studies on disparities in critical care illnesses have 
focused primarily on race differences, Hispanic patients have not been sufficiently 
represented in prior studies [6].

 Predisposing Conditions and ARDS

While ARDS is associated with preexistent conditions such as sepsis, trauma, gastric 
acid aspiration, excessive mechanical ventilation and pneumonia [21–23], only a 
fraction of patients exposed to ARD-Sinciting events actually develop the syndrome. 
Epidemiologic studies over the past several decades have shown that race and gender 
influence sepsis-related deaths, and sepsis is a major risk factor for ARDS. Prior work 
has suggested that at least one possible reason for racial differences in ARDS mortal-
ity may be due to the fact that African Americans are thought to be at higher risk of 
severe sepsis [8]. Severe sepsis, defined by international consensus conference crite-
ria, includes an infection plus acute organ dysfunction, and it represents a consider-
able public health burden that afflicts over 750,000 Americans each year. Sepsis was 
the most at-risk common condition associated with non-cardiogenic acute respiratory 
failure across racial and ethnic groups according to the National Hospital Discharge 
Survey (NHDS) database (1992–2007) [24]. African Americans have an increased 
risk for sepsis and other high-risk conditions that predispose them to develop acute 
respiratory failure. This increased susceptibility may be multifactorial, including 
higher proportion of chronic conditions over extended time and environmental, socio-
economic, and genetic factors. Table 7.1 shows the most common predisposing con-
ditions associated with ARDS by race category [9–11, 14, 24]. African Americans 
have the highest rate of severe sepsis, followed by Latinos then whites; this corre-
sponds with a rate ratio (RR) of 1.7 for blacks and 1.1 for Latinos, compared to whites 
[25]. Moreover, blacks had the highest sepsis-related mortality compared to other 
races when adjusting for age and sex, followed by Hispanics and whites (p < 0.0001). 
In complicated cases of severe sepsis requiring ICU admission, blacks with severe 
sepsis were more likely to die if they were admitted to the ICU (p < 0.0001) [14].

According to data from a National Trauma Data Bank study, there was no evi-
dence to support significant differences in ARDS incidence, severity, or mortality 
based on race in trauma patients [10]. Interestingly, in a previous study, Black and 

Table 7.1 Most common 
conditions associated with 
ARDS by race

Race Condition Reference

African Americans Sepsis, pneumonia [11, 14, 24]

Asians Aspiration, trauma [10, 11]

Hispanics Sepsis, trauma [9, 11]

Whites Surgery [9, 11]
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Hispanic patients showed a significantly higher risk of death compared to whites, 
and this risk seemed to be associated with illness severity in blacks but not in 
Hispanics [9]. In addition, Hispanics were reported to have significantly fewer 
ventilator- free days compared to whites and African Americans [9]. Racial differ-
ences in predisposing comorbidities and outcomes have been documented as well. 
Mortality rate in ARDS is higher in African Americans and Hispanics than in other 
groups in the USA [8]. Likewise, the incidence of sepsis among black patients is 
proportionally higher compared to white patients [9, 14, 24]. The difference in the 
outcomes between subjects with sepsis associated with other comorbidities sug-
gests that the presence of comorbidities may place patients at a higher mortality risk 
if ARDS is present (Table 7.2).

 Genetic Susceptibility as a Contributor to ARDS Disparities

Given that African Americans and Latinos have increased risk of ALI mortality, 
significant interest exists for the identification of genetic and non-genetic factors 
potentially contributing to ARDS susceptibility and prognosis [26]. Individual 
genetic variation may be responsible for conferring differing risks with respect to 
ALI outcomes among different racial groups.

In the era of personalized medicine, study of the human genome is providing 
increasing insight into the role of race and ethnic variations in multiple complex dis-
orders including the influence of single nucleotide polymorphisms (SNPs) on sus-
ceptibility and severity of sepsis and sepsis-associated ARDS [27–35]. Due to the 
increasing number of epidemiologic studies that implicate race may play a role in the 
large heterogeneity associated with ARDS outcomes, several strategies have been 
developed to identify race-specific candidate genes. Using a candidate gene- based 
case-control association study, sampling distinct individuals from the population of 
patients and controls was performed to assess differences in the frequency of variants 
in genes of interest. Candidate gene variants were identified by analyzing publicly 
known SNPs or via gene sequencing [36] and SNPs associated with human ARDS 
were determined, with unique variants observed specifically in African Americans. 
Highly differentially regulated genes between the apex and base regions included 
several genes commonly associated with ARDS: vascular endothelial growth factor 
(VEGF), thrombospondin 1 (THBS1), plasminogen activator inhibitor 1 (PAI-1), 

Table 7.2 Comorbidities associated with severe sepsis

Sepsis comorbidity Non-Latino Black (%) Latinos (%) Non-Latinos White (%)

Diabetes 18.7 19.7 15.1

Renal infection 35.3 30.2 32.7

Lung infection 38 38.6 42.6

ICU admission 54.3 52 53.6

Source: Adapted from Barnato, AE et al. [14]
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transforming growth factor β (TGF-β), and pre-B cell colony- enhancing factor 
(PBEF) [37]. Several variants of genes involved in inflammatory and innate responses 
to infection showed different allelic frequencies by race and gender in ARDS and 
sepsis, suggesting that race and gender may have variable inherent response to infec-
tion [38]. Studies, however, suggest that genetic variation alone does not fully explain 
the differences in outcomes with respect to common acute critical illness. Immunologic 
and inflammatory diseases are associated with a large number of genetic markers 
with a large variance among different ethnic populations. Examples of this variation 
have been associated with individuals of African descent and individuals of non-
African descent with either the presence of diseases associated with the inflammatory 
and/or infection pathways, or for which the susceptibility allele occurs at a larger 
frequency. Examples include the 237G allele of the beta chain of the high-affinity IgE 
receptor [FCER1B]; the -589T allele of interleukin (IL)-4 receptor alpha; the P46L 
(c.224C>T) variant in the gene encoding member 1A of tumor necrosis factor recep-
tor superfamily (TNFRSF1A); the -174G/G genotype in the pro-inflammatory cyto-
kine IL-6 gene; and the -401A allele of RANTES [35, 39]. Moreover, there are gene 
variants that have been associated with sepsis development and ARDS. For example, 
Saleh et al. identified CGA (Arg) codon resulting in a full-length caspase polypeptide 
(Csp12-L) associated with severe sepsis and a higher mortality due to sepsis; this 
variant confers hypo- responsiveness to LPS-stimulated cytokine production and is 
present in approximately 20 % of African descent but is absent in Europeans and 
Asians [40]. Tumor necrosis factor alpha has also been associated with 
ARDS. Similarly, the functional rs2814778 SNP in the gene encoding Duffy antigen/
receptor for chemokines is associated with worse clinical outcomes among African 
Americans with ARDS, possibly via an increase in circulating IL-8 [41].

Candidate gene-based studies from our laboratory utilizing preclinical models of 
sepsis and ARDS identified a number of genes that have been shown to be associ-
ated with features of ARDS pathobiology [28, 30, 35, 36, 42, 43]. For example, two 
genes associated with ARDS susceptibility include NAMPT/PBEF (NAMPT) and 
myosin light chain kinase (MYLK). PBEF was identified from high-throughput 
expression profiling in animal models of ARDS and in human patients following 
ALI [35, 43]. PBEF protein levels were elevated in human bronchoalveolar lavage 
and serum samples from patients with ARDS, and also DNA sequencing identified 
two SNPs in the PBEF promoter that were overrepresented in patients with sepsis- 
induced ARDS [26]. Variants in the promoter region of PBEF were shown to confer 
a 7.7-fold higher risk of sepsis-associated ALI (p < 0.001) compared with both indi-
viduals with severe sepsis and healthy control subjects. Additionally, functional 
studies have further validated PBEF as a novel biomarker in ARDS [30, 39]. PBEF 
is not only an essential participant in ventilator-induced lung injury (VILI), but also 
a key regulator of cellular apoptosis and vascular barrier regulation.

MYLK is a multifunctional Ca2+/calmodulin (CaM)-dependent kinase in endothe-
lium that contributes to endothelial contraction and barrier dysfunction. The human 
MYLK encodes three proteins including non-muscle and smooth muscle myosin 
light chain involved in cell motility, vascular regulation of inflammation, permeabil-
ity, and apoptosis [36, 42, 43], with an important role in endothelial/epithelial barrier 
dysfunction and vascular leak, trademarks of ARDS. Direct sequencing of MYLK in 
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individuals of European and African descent with sepsis, sepsis-associated ARDS, 
and healthy controls identified 57 genetic variations and 51 polymorphic base substi-
tutions. Five of ten MYLK SNPs conferred an amino acid change and four novel 
polymorphisms. Genotyping studies showed several MYLK SNPs to be overrepre-
sented in Caucasians as well as several SNPs overrepresented in African Americans. 
These observations implicate a variety of potential contributors that may influence 
ARDS incidence and mortality. Recent reports support a genetic/epigenetic predispo-
sition to ARDS, with several studies highlighting individual genetic variation as a 
contributor to ALI susceptibility with increased frequency of ARDS-associated vari-
ants in individuals with African descent. For example, the coding SNPs in MYLK, 
rare in European descendants but frequent in those of African descent, confer suscep-
tibility to ARDS as well as severe asthma in African Americans [36].

 Chronic Comorbid Conditions Associated with ARDS 
Disparities

African American and Hispanic/Latino populations exhibit decreased life expec-
tancy and disproportionately higher morbidity and mortality from preventable dis-
eases [38, 44]. These include the burden of acute and chronic lung diseases, 
conditions well established to be significant and distributed unevenly across gender, 
ethnic, and social groups, including African Americans and Latinos [44]. A well- 
established Index of comorbidity, the Charlson Comorbidity Index (CCI), has been 
used to assess the comorbidities in ARDS patients. CCI has been statistically sig-
nificantly correlated with the acute physiology and chronic health evaluation score, 
also known as APACHE II, and sequential organ failure assessment (SOFA) score 
(r = 0.387, p < 0.01 and r = 0.288, p < 0.05, respectively) [45]. The CCI score is deter-
mined through the sum of an already established point value for categories of 
comorbidities, where each condition category is scored from 1 to 6 (Table 7.1). 
Examination of the CCI list of comorbidities indicates there are several which are 
more common among racial and ethnic minorities. Chronic untreated conditions 
such as diabetes are more often seen in minorities and some of these conditions, 
such as diabetes, predispose to sepsis development [14]. African American septic 
patients are more likely to have diabetes, chronic renal failure, obesity, and HIV 
compared to whites (Table 7.3).

A retrospective cohort study analyzing 47 patients over 198.2 days (6.6 months) 
using CCI showed that the prognosis of ARDS was affected more by comorbidity 
than by age [45].

It has been estimated that the overall chronic disease prevalence will increase 
42 % by 2023 and the projected economic burden will be about $4.2 trillion; that 
includes the economic cost associated with obesity, diabetes, and hypertension, con-
ditions with higher prevalence among blacks and Hispanics [46]. Increasing access 
to interventions that enhance outcomes and care of individuals with chronic preexist-
ing conditions may decrease ARDS incidence and improve its prognosis (Table 7.4).
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Table 7.3 Charlson 
Comorbidity Index (CCI)

Points Comorbidities

1 Dementia

Peripheral vascular disease

Myocardial infraction

Congestive heart failure

Ulcer disease

Mild liver disease

Diabetes (without complications)

Chronic pulmonary disease

Cerebrovascular disease

2 Lymphoma, multiple myeloma

Leukemia

Diabetes (with end organ damage)

Hemiplegia

Moderate or severe renal disease

Second solid not metastatic tumor

3 Moderate or severe liver disease

6 Second solid metastatic tumor

AIDS

Comorbidities commonly found in minorities 
are italicized

Table 7.4 Chronic disease: current and projected burden, USA, 2003–2023

Chronic disease
Increase in 
prevalence (%)

Current cost (billion 
$) (2003)

Future cost (billion $) 
(2023)

Overall chronic 
illness

42 271 814

Diabetes 53 132 430

Pulmonary conditions 31 139 384

Source: Adapted from Bodenheimer T et al. [46]

 Access to Care Effect on Disparities

Despite substantial evidence documenting racial and ethnic disparities in health 
care, the analysis of the factors involved in these disparities continues to be a chal-
lenging and complex process. Health status is intrinsically related to several factors, 
including health services use, socioeconomic status, physical environment, discrim-
ination, racism, and literacy levels. These factors are known to be associated with 
race and ethnicity; furthermore, Black and Latino patients live in geographically 
segregated regions and use different hospitals than whites [25, 47]. The complex 
relationships between health and biology, genetics, and individual behavior likely 
contribute to ARDS disparities.
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In the USA, health care access is a significant determinant of health status; par-
ticularly due to the way the health system is organized. The presence or absence of 
health insurance defines individual access to medical care and consequently health 
condition throughout life. Data from the National Healthcare Quality Report (NHQR) 
2013 indicates that 26 % of Americans reported barriers that restricted their access to 
care. In addition to issues with health care access, disparities also exist with regard to 
quality of care, with Blacks and Hispanic/Latinos receiving decreased quality of 
health care compared to non-Hispanic whites. Most of these disparities of care related 
to race, ethnicity, or income have remained without any significant change over the 
past several years [16]. Uninsured individuals are less likely to have a regular source 
of care, are more likely to report delaying seeking care, and are more likely to report 
that they have not received needed care—all resulting in experiencing avoidable hos-
pitalizations, emergency hospital care, and adverse health outcomes [17].

Data from Healthy People 2020 shows that delays in accessing or inability to obtain 
necessary medical care is directly related to the Federal Poverty Level (FPL) with 
Blacks and Hispanics disproportionately affected [48]. African Americans and Hispanics 
had lower odds of receiving pneumococcal vaccination, smoking cessation counseling, 
first antibiotic dose within 4 h of accessing the emergency room, and influenza vaccina-
tion [49]. Pneumococcal immunization and influenza immunization among hospitalized 
patients with pneumonia and long-stay nursing home residents are some of the several 
quality measures for prevention of pneumonia, a condition that is frequently associated 
with ARDS [16]. Alcohol abuse, which is commonly found in African Americans, 
Hispanics, and Native Americans, is associated with higher acuity of acute critical ill-
nesses, as well as higher rates of sepsis, pancreatitis, ARDS, and organ dysfunction.

 Summary

Further ARDS research studies focused on Latinos are needed to improve the under-
standing of the ethnic differences and racial mixture present in minority groups. The 
American Thoracic Society (ATS) Executive Committee recognizes these dispari-
ties as one of the most important contributors to the health expenses in the health 
care system and has created a Health Equality Subcommittee with the purpose to 
direct efforts to eliminate respiratory health disparities. In order to address these 
inequities, efforts from multiple stakeholders, such as government, health care pro-
fessionals, and other members of the society are required [49]. In addition, research 
efforts directed to better understand the genetic variation and environmental inter-
action among Latinos, African Americans, Native Americans, and other minorities 
are much needed in order to understand the multifactorial causes associated with 
disparities that predispose to critical illness and adverse outcomes. The health care 
system in the USA has entered into a transformation phase, with the Affordable 
Care Act offering the possibility to address the health care inequities and access 
among minorities thereby decreasing the impact of comorbid conditions that predis-
pose and influence the course of critical care illnesses. In addition, the rapid growth 
in research focused on the genomic and epigenetic analysis of ARDS risk and out-
comes in specific populations may allow integration with personalized medicine as 
part of routine medical care.
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    Chapter 8   
 Social Disparities in Lung Growth 
and Respiratory Health       

       Kelly     J.     Brunst      and     Rosalind     J.     Wright     

          Key Points 

•     The etiology of sociodemographic disparities in respiratory disease outcomes is 
not well understood.  

•   While a number of theoretical models explaining how social conditions get into 
the body to impact health are proposed, the  psychosocial stress model   has been 
increasingly adopted.  

•   Social toxicity experienced as  increased   psychological stress is a likely driver of 
observed disparities in lung growth and development and a range of other respi-
ratory conditions.  

•   A life course framework that considers biological, psychological, and social pro-
cesses interacting throughout the life course to infl uence disease expression is 
needed.  

•   Beginning in utero, stress infl uences programming of integrated physiological 
systems in offspring (e.g., neuroendocrine, autonomic, immune function, oxida-
tive stress) that impacts lung growth and development and respiratory disease 
risk.  

•   Multiple mechanistic pathways with complex interdependencies must be consid-
ered when examining the integrative infl uence of stress independently as well as 
the interaction of social and physical environmental toxins in explaining the 
social patterning of respiratory diseases.     
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    Introduction 

 It is well established  that   socioeconomic status (SES) infl uences health with SES 
disparities being observed across a range of health outcomes in adults including 
cardiovascular disease, diabetes, and mental health [ 1 – 3 ]. More recently, sociode-
mographic disparities in respiratory disease outcomes including lung function [ 4 – 6 ], 
wheezing [ 7 ], asthma [ 8 – 11 ], and  chronic obstructive pulmonary disease (COPD)   
[ 12 ,  13 ] have been documented. 

 An area of particular interest is the search for mechanisms responsible for health 
disparities across economic and ethnic groups which may inform intervention and 
prevention strategies aimed at reducing such disparities. While a number of theo-
retical models explaining how social conditions “get into the body” to impact health 
more broadly have been proposed, the psychosocial stress model has been increas-
ingly adopted in this regard [ 14 ,  15 ]. It has been suggested that much of the observed 
 SES   and racial disparities may be determined by increased exposure to acute and 
chronic stress, psychological correlates of stress (i.e., anxiety, depression), and lack 
of control over one’s life [ 15 ,  16 ]. According to this framework, the likelihood of 
having reduced lung function and higher rates of respiratory disease and associated 
morbidity is greater among lower SES groups because they bear a disproportionate 
burden of exposure to suboptimal, socially toxic environments and experience 
increased social stress. However, in order to examine this hypothesis in epidemio-
logical research, it is necessary to consider several key theoretic and methodological 
principles involving social sciences, psychology, immunology, and developmental 
biology and their interconnections as detailed herein. In order to exemplify these 
concepts, we focus our discussion on lung growth and development as well as a 
major determinant of chronic airway infl ammation in early life—asthma—which 
impacts lung function trajectories over the life course (Fig.  8.1 ).

       Early Life Programming of Lung Structure and Function 

 Exposure to negative social factors (e.g., low SES, psychological stress) during pre-
natal and/or early childhood development may alter the normal course of lung mor-
phogenesis, resulting in changes that affect both structure and function of the 
respiratory system [ 17 ,  18 ]; this is referred to as developmental plasticity. The fetal 
and infant respiratory system may be particularly vulnerable, in part, due to the long 
developmental and maturation period of the lung [ 19 ]. Lung development starts in 
utero and progresses through a series of carefully orchestrated stages starting with 
establishment of core lung structure with airway branching in the embryonic (4–7 
weeks gestation) and pseudoglandular (5–17 weeks) stages of early lung develop-
ment. This is followed by the canalicular stage (16–24 weeks) during which air 
spaces are beginning to open with subsequent formation of  saccular units   in the 
airways during the saccular stage (24–35 weeks); secondary septa divide the 
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saccular units during the alveolar stage which starts late in pregnancy (beginning at 
~34 to 36 weeks gestation) and continues postnatally over a period of several years. 
Over the fi rst 2–3 years of life, the full complement of 23 airway generations and 
approximately 300 million alveoli are formed. Throughout early lung development, 
rapidly proliferating cells are most susceptible to the adverse effects of social and 
physical environmental factors that may impact many physiological systems under-
lying respiratory developmental processes [ 20 ]. Finally, there is a prolonged period 
of equilibrated lung growth that continues until body growth stops in late adoles-
cence and early adulthood [ 21 ]. Gross changes in lung structure occur if develop-
ment is disrupted during the embryonic phase which is characterized by a period of 
rapid cellular differentiation and morphogenesis. When late lung development is 
disrupted, lung architecture is malformed with consequent lung function changes. 
The underlying mechanisms leading to reduced lung function and exaggerated air-
way responsiveness involve  chronic airway infl ammation   associated with a cycle of 
injury, repair, and remodeling [ 22 ,  23 ]. Furthermore, the fundamental cause of the 
airway infl ammation is aberrant and/or excessive immune responses to various 

  Fig. 8.1    Conceptual model linking social stress to lung growth/development and asthma       
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social and physical environmental factors [ 22 ] and the most common cause of 
chronic airway infl ammation in early childhood is arguably asthma. Notably, air-
way infl ammation and remodeling begin and progress even in the presymptomatic 
state in early childhood [ 24 ,  25 ]. Given this and the fact that most of the extant 
research on social disparities in respiratory disease has centered on asthma [ 26 – 29 ], 
many of the principles presented herein will highlight asthma albeit they are more 
broadly applicable to other respiratory disorders.  

    Programming Stress Pathways Involved inRespiratory Disease 

    Critical Periods of  Development and Perinatal Programming   

 It is essential to characterize mechanisms that lead to and maintain early predispo-
sition if we want to identify individuals at risk for chronic respiratory disorders. 
Most respiratory conditions, including asthma and other chronic conditions, have 
their origin in early life. Immune and lung development occur largely in utero and 
during early childhood. Research continues to delineate early immunophenotypes 
and early airway response outcomes among children predisposed to asthma (atopic 
and nonatopic) and other chronic atopic disorders [ 30 ,  31 ]. Regulatory pathways 
that involve the collaboration of innate and adaptive immune responses are 
involved. Infl uences of factors outside the immune system, i.e., neurohormonal, 
autonomic nervous system (ANS), and mitochondrial function may also be 
involved. Plasticity is a consequence of environmental exposures (both social and 
physical) in critical periods affecting key physiological systems involved in devel-
opmental processes. Although both asthma and respiratory function are  polygenic 
traits   [ 32 ,  33 ], maternal factors in particular contribute to the intergenerational cor-
relation [ 32 ,  34 ,  35 ]. That is, the risk of developing asthma is particularly increased 
if a positive parental history of atopy is present with effects being strongest for 
 maternal history  [ 34 ,  35 ]. Studies have also shown a greater correlation in forced 
expiratory volume in 1 s (FEV1) and other lung function parameters between 
mothers (compared with fathers) and offspring [ 32 ]. In addition to  heritable traits  , 
this may be due to perinatal programming—the infl uence of nongenetic or environ-
mental factors in the perinatal period that organizes or imprints physiological sys-
tems. There is a growing list of environmental factors that may have programming 
effects including stress- induced changes in a number of molecular, cellular, and 
physiological states and their interrelating systems over development. As summa-
rized below, in response  to   chronic stress, physiological systems may function at 
higher or lower levels than during typical homeostasis resulting in systems being 
permanently organized toward trajectories of poorer lung function and enhanced 
respiratory disease risk.  
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     Immune System   

 Central to the pathophysiology of asthma phenotypes, as well as other respiratory 
diseases, are mechanisms of infl ammation. These mechanisms overlap and may 
include immune-mediated infl ammation associated with a  Th2-biased response   [ 36 ] 
and a tendency to produce immunoglobulin E (IgE) in response to environmental 
stimuli (e.g., allergens). The Th1–Th2 paradigm involves a complex interaction of 
T and B lymphocytes, resulting in the production of higher levels of particular cyto-
kines, such as interleukin-4 (IL-4) or IL-13 and the more recently described IL-9, 
IL-25, and IL-31 as well as lower levels of interferon-γ (IFN-γ) [ 37 ]. Evidence sug-
gests that those with early (i.e., starting in the fi rst 2–3 years) sensitization to aller-
gens are at greatest risk of developing chronic atopic disorders, airway infl ammation, 
and obstruction [as reviewed in [ 38 ]]. While this  paradigm   has been useful in under-
standing the large fraction of subjects with allergic asthma, it is now recognized that 
the Th2-biased polarization of adaptive immunity is likely only one of numerous 
axes that give rise to heightened susceptibility to airway infl ammation and altered 
reactivity [ 39 ]. Antigen-independent responses involving innate immune cells (e.g., 
bronchial epithelial cells, alveolar macrophages, and dendritic cells) may also be 
important [ 40 ,  41 ] and include novel cytokines (e.g., IL-17) [ 42 ]. Factors, including 
stress [ 41 ,  43 ], that disrupt maturation of local immune networks (e.g., dendritic 
cells [DCs], epithelial cells [ECs], regulatory T cells) may predispose to ongoing 
eosinophilic and  neutrophilic   infl ammation. 

 These immune mechanisms have their roots in utero with an immunological 
bias toward a Th2 phenotype [ 44 – 50 ]. Immune programming can also be infl u-
enced by early postnatal environmental factors [ 51 ,  52 ]. Consequently, researchers 
have begun to examine in vitro responses of  peripheral blood mononuclear cells 
(pBMCs)   to allergens or mitogens to gain a better understanding of the immunode-
viations that facilitate the manifestation of asthma and atopy in response to envi-
ronmental factors [ 30 ]. The infl uence of stress on the timing and trajectory of these 
immunophenotypes and their relationship to the later development of clinical dis-
orders, however, has only just begun to be studied. Prospective epidemiological 
studies have linked early life caregiver stress to dysregulation of immune function 
in a birth cohort predisposed to allergy, i.e., greater antigen-specifi c  TNF-alpha 
production   [ 53 ] and cord blood total IgE [ 54 – 56 ]. Interestingly, it has also been 
demonstrated that increased prenatal maternal stress is associated with increased 
IL-8 and TNF-α production following microbial stimulation suggesting that stress 
may operate through Toll-like receptor-dependent pathways [ 57 ]. Furthermore, 
 low maternal childhood SES   appears to be important for immune regulation and 
risk of adverse respiratory outcomes in children suggesting  possible   intergenera-
tional effects [ 7 ].  
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     Neuroendocrine and Autonomic Nervous         Systems 

 Both  glucocorticoid (GC) action   and sympathovagal balance play a role in immuno-
modulation as well as fetal and postnatal lung development [ 38 ,  43 ,  58 ]. While research 
has made considerable strides toward the advancement of immune function assess-
ment in the fi eld of stress and respiratory diseases such as asthma [ 37 ,  53 ,  57 ,  59 ], 
studies assessing  the   hypothalamic–pituitary–adrenocortical (HPA) axis [ 60 ,  61 ] are 
infrequent and none consider the autonomic response in early development (i.e., preg-
nancy, early childhood). Increasingly, evidence suggests that autonomic imbalance or 
dysfunction, independent of neuroendocrine or hormonal abnormalities [ 62 – 64 ] may 
be an understudied factor in the expression of a number of respiratory disorders. 
Indeed, research implicating autonomic imbalance in the pathogenesis of infl amma-
tory and hypersensitivity reactions in the nose, skin, and the lung spans more than four 
decades [ 65 – 67 ]. This is because the ANS is integrally involved in regulation of air-
way function [ 68 ] and has important ties to immunoregulation. Notably, the HPA axis 
 and ANS   seem particularly susceptible  to   stress-induced programming. 

 Animal and human studies support the connection between an adverse intrauter-
ine environment as well as experiences in early postnatal life and alterations of 
ANS functioning (e.g., sympathovagal balance) [ 69 – 72 ]. Animal research suggests 
that neural control of airway smooth muscle and irritant receptor systems is sensi-
tive to environmental programming [ 69 ]. Respiratory and vagal systems undergo 
postnatal maturation to form an integration of respiratory and cardiovascular func-
tion [ 73 ,  74 ]. While our knowledge about the vulnerability of these systems to peri-
natal environmental infl uences and early programming is scarce [ 75 ], prenatal 
stress can increase allergen-induced airway infl ammation [ 76 ,  77 ] and  airway 
hyperresponsiveness (AHR)   in prenatally stressed mice [ 78 ]. Others show exacer-
bations in airway infl ammation in OVA-sensitized rats following repeated psycho-
social challenge [ 79 – 83 ]. 

 In humans, autonomic responses show developmental changes with relative sta-
bility between 6 and 12 months of age [ 84 ]. It seems  reasonable   that disruption of 
neuroendocrine and  vagal anti-infl ammatory pathways   may predispose some indi-
viduals to immunodeviations and consequent disproportionate infl ammatory 
responses resulting in altered respiratory responses. Balancing functional parasym-
pathetic and sympathetic activity, in relation to emotional stimuli and immune func-
tion, may be central to understanding how psychological stressors infl uence airway 
infl ammation and enhanced airway reactivity.    Unfortunately, this has not been 
examined in human research. Nonetheless, reversible airway obstruction has been 
demonstrated during psychological challenge; cholinergic blockade supports a 
vagal origin [ 85 ,  86 ]. Negative affect in particular increases airway resistance [ 87 ] 
and it is suggested this occurs through vagal excitation to the airways [ 88 ]. Airway 
responses to induction of depressed mood are correlated with increased  respiratory 
sinus arrhythmia (RSA)   in asthmatics [ 89 ,  90 ]. Individuals with a propensity toward 
a greater vagal system response to distress may be prone to exaggerated airway 
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 narrowing. Interestingly, in an urban pregnancy cohort designed to study the effects 
of prenatal maternal and early life stress on urban childhood asthma risk, differen-
tial stress reactivity  as   indexed by prenatal HPA axis  disruption   [ 91 ] and cardiore-
spiratory parameters in infancy [ 92 ] has been observed. 

 Growing evidence also implicates a number of  neurotrophins (NTs)   as mediators 
or moderators of allergic disorders [ 93 ,  94 ] and shows that NT expression and signal-
ing may be infl uenced by stress [ 95 ,  96 ]. One study in subjects with allergic asthma 
demonstrated that increased psychological stress was correlated with increased lev-
els of  brain-derived neurotrophic factor (BDNF)   which, in turn, was negatively cor-
related with percent predicted forced expiratory volume in 1 s (FEV 1 ) [ 97 ]. Notably, 
stress perception was also positively correlated with the percentage of TNF-alpha-
producing T cells in these subjects. The authors suggest that this may indicate a 
neuroimmunological interaction given the ubiquitous secretion of BDNF in human 
peripheral blood  monocytes   which was enhanced when stimulated with TNF-alpha 
[ 98 ]. This  group   has also demonstrated stress-induced increase in tachykinin- like 
substance P associated with allergic airway infl ammation in a mouse model [ 99 ]. 

  Glucocorticoid resistance   is an alternative hypothesis linking stress, neuroendo-
crine disruption (i.e., HPA axis), and immune function [ 100 ,  101 ]. Insight into the 
cellular and molecular mechanisms fundamental to stress-induced steroid resistance 
is provided in several studies. Oxidative stress pathways are likely involved in path-
ways linking psychosocial stress and  respiratory diseases   such as asthma [ 102 ] as 
well as steroid resistant asthma [ 103 ,  104 ]. This may be particularly applicable to 
airway infl ammation where neutrophilic rather than eosinophilic infl ammation pre-
dominates [ 105 ,  106 ]. Indeed, oxidative stress has been shown to contribute to ste-
roid resistance in the context of neutrophilic infl ammation in a mouse model of 
acute asthma exacerbations [ 107 ] supporting this hypothesis. While human data in 
the context of lung disease are sparse in this regard, one recent cross-sectional anal-
ysis in adolescents demonstrated that pBMCs harvested from asthmatics who per-
ceived low parental support (i.e., greater stress) were more resistant to 
hydrocortisone’s effects on cytokine expression (IL-5, IFN-γ) and activation of 
eosinophils relative to asthmatics reporting higher parental support [ 108 ]. Further, 
 glucocorticoid resistance   disproportionately affects minority and low-income preg-
nant women [ 109 ] resulting in  a   limited ability to regulate infl ammation. Examination 
of mechanisms contributing to steroid resistance in relation to increased environ-
mental stressors may provide insight into  the   relationship between social stress, 
 respiratory disease, and   AHR across populations.  

     Oxidative Stress      

 While the mechanisms underlying environmental toxicities contributing to altered 
lung growth starting in utero are not fully elucidated, many lines of research point 
to a central role of oxidative stress and redox imbalance. Because  reactive oxygen 
species (ROS)   are thought to play a role in the etiology of disrupted lung growth and 
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a number of respiratory disorders, in utero and early life exposures that promote 
(or diminish) the antioxidant defense system of the offspring may have lasting 
impacts. For example, studies show that factors that enhance antioxidant defense 
during pregnancy may have a persistent effect on antioxidant capacity that may 
mitigate oxidative stress-induced DNA damage later in life in tissues including the 
lung [ 110 ]. Social stress, like tobacco smoke exposure, is a pro-oxidant and may 
thus operate through these same pathways [ 102 ]. Parallel to research on  intrauterine 
tobacco smoke exposure  , epidemiological studies link increased prenatal stress with 
poor somatic growth [ 111 – 113 ]. This in turn is associated with smaller lungs and 
hence smaller airways, which also increase the risk of respiratory viral infections, 
altered lung function, wheeze, and other respiratory disorders [ 114 ,  115 ]. 

 Emerging biomarkers of  systemic oxidative stress   include mitochondrial 
changes [ 116 ]. Mitochondria are major intracellular sources and primary targets of 
ROS, making them particularly susceptible to even small increases in systemic 
ROS [ 117 ]. Mitochondrial function can be altered by oxidative stress and infl am-
mation [ 118 ]. In turn,  dysfunctional   mitochondria produce additional oxidation 
that may sustain systemic oxidative stress [ 118 ]. Alterations in mitochondrial 
function in the airway epithelium may intensify oxidative stress effects [ 119 ] sug-
gesting mitochondrial- dependent  pathways   are important for airway remodeling 
and ultimately respiratory disease development [ 120 ]. Given that social stress has 
been shown to induce  oxidative stress and damage   [ 121 ], mitochondriomic changes 
may serve not only as a mechanistic function in the pathway from exposure to 
disease, but also as a “biomarker of stress.” Recent studies have implicated mito-
chondrial  dysfunction   in the etiology and symptomatology of many respiratory 
diseases [ 122 – 125 ]. Elevated serum lactate, an indicator of mitochondrial dysfunc-
tion [ 126 ], has been linked to  both   stable and acute severe asthmatic phenotypes 
[ 123 ,  124 ]. Variations in mitochondrial DNA have also been associated with ele-
vated total serum IgE levels and augmenting Th2-type responses suggesting a role 
in the development of adaptive immunity [ 122 ,  127 ]. Mitochondrial  changes   have 
also been linked to the development and modulation of COPD, cystic fi brosis, and 
cancer [ 125 ]. Further, early life stress has been shown to induce mitochondrial 
changes via adenosine triphosphate (ATP) release and mitochondrial oxygen con-
sumption [ 128 ,  129 ]  suggesting   alterations in these specifi c subcellular compo-
nents likely play a role in stress-induced effects on the developing respiratory 
system and disease expression. 

 In addition to disparities in  glucocorticoid resistance  , high levels of oxidative 
stress, as measured by gamma-glutamyltransferase, a correlate of biologic exposure 
to pro-oxidant producing toxins [ 130 ], also disproportionately affect individuals of 
lower SES (education, occupational class, income). Similarly, increasing evidence 
suggests that minorities may be more likely to experience enhanced oxidative 
stress, oxidative DNA damage, and infl ammation in response to environmental 
stimuli [ 131 ,  132 ]. These data suggest that the racial disparities and increasing 
 prevalence of asthma  , and other respiratory conditions, with decreasing SES may 
result from higher levels of oxidative stress among persons of lower relative to 
 higher   status and minorities.   
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     Genetics   and  Epigenetics   

 Genetic factors of potential importance include those that infl uence immune devel-
opment and airway infl ammation in early life, corticosteroid regulatory genes, 
adrenergic system regulatory genes, biotransformation genes, and cytokine pathway 
genes. Variants of the glucocorticoid receptor gene have been shown to contribute 
to interindividual variability in HPA axis activity and  glucocorticoid sensitivity   in 
response to stress [ 133 ,  134 ]. Studies related to factors regulating the feedback 
mechanisms involved in the glucocorticoid response to stress are also of interest 
[ 135 ]. A recent study examined polymorphisms of the TNF-alpha promoter region 
(TNF-308G/A) and linked specifi c variants to increased  C-reactive protein (CRP),   a 
proinfl ammatory marker [ 136 ]. These are potentially interesting candidate genes to 
include in future studies of risk for atopic disease. Such studies that consider gene x 
environment interactions (i.e., stress by pathway genes) may inform specifi c mecha-
nisms related to stress and atopy. 

 Programming effects of stress on respiratory outcomes may operate at a more 
fundamental molecular level, i.e., through epigenetic programming. Epigenetics 
may be at the roots of developmental plasticity imprinting environmental experi-
ences on the fi xed genome [ 137 ] albeit data are scare for respiratory health and 
allergic disorders [ 138 ,  139 ]. The epigenetic landscape has multiple layers, com-
prising of histone modifi cations, ncRNA, nucleosome positioning, and DNA meth-
ylation (the most studied epigenetic mechanism). In particular, DNA methylation is 
an adaptable epigenetic mechanism that modifi es genome function through the 
addition of methyl groups to cytosine to form  5-methyl-cytosine (5mC).   DNA 
methylation marks are largely established early in life [ 140 ] and may ensure stable 
regulation that mediates persistent changes in biological and behavioral phenotypes 
over the lifespan. Determining the range of environmental exposures that impact the 
 epigenome   during development was a research priority identifi ed at the recent 
NHLBI  Pediatric Pulmonary Disease Strategic Planning Workshop  [ 141 ].  DNA 
methylation   of many genes changes with disease status and in response to environ-
mental signals including chemical exposures such as diet, drugs, and toxins. Recent 
fi ndings also implicate psychological stress given behavioral studies demonstrating 
epigenetic changes during fear conditioning [ 142 ,  143 ] and evidence for epigenetic 
programming related to maternal care [ 144 ,  145 ]. 

 The epigenome may be particularly sensitive to dysregulation in early develop-
ment when DNA synthesis rates are highest. Genes involved in hypothalamic–pitu-
itary–adrenal (HPA) axis functioning seem particularly susceptible to stress-related 
programming [ 146 ]. These include glucocorticoid receptor expression, the activa-
tion of which alters HPA activity through negative feedback inhibition. The human 
glucocorticoid receptor (GR) promoter region is extensively methylated with diverse 
methylation profi les demonstrated  in   normal donors [ 147 ]. The intracellular access 
of glucocorticoids to their receptors is also modulated by the  11 beta- hydroxysteroid 
dehydrogenase (11βHSD) enzymes  , which interconvert biologically active 11 
β-hydroxyglucocorticoids and inactive 11-ketosteroids [ 148 ]. While compromised 
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11βHSD2 activity can be caused by loss-of-function mutations of the gene encoding 
11βHSD2, the frequency of such mutations is extremely low. Thus, other mecha-
nisms accounting for the interindividual variability in 11βHSD2 enzyme  activity 
  should be considered. The 11βHSD2 promoter comprises a highly G + C-rich (or 
GC-rich) core, contains more than 80 % GC, lacks a TATA-like element, and has 
two typical CpG islands raising the possibility that methylation may play a role in 
the epigenetically determined interindividual variable expression of 11βHSD2. 

 Another candidate pathway implicated in both airway infl ammation [ 149 ] and 
autonomic response [ 150 ] is the nitric oxide (NO) signaling pathways. Alterations 
of NO expression occur in the context of psychological stress and stress-related 
behaviors [ 151 ]. The inducible nitric oxide synthase (NOS) genes are also suscep-
tible to epigenetic programming [ 152 ]. 

 The notion that variability in methylation between subjects may refl ect an impor-
tant epigenetic mechanism is suggested by recent studies in both animals and humans. 
Epigenetic modulation of the 11βHSD2 gene has been recently demonstrated in a 
rodent model and cultured cell lines [ 153 ], albeit epigenetic regulation of this gene is 
not well characterized in humans. Weaver and colleagues have demonstrated differ-
ential methylation patterns of the NGFI-A-binding site in GR promoter 1 7  in the rat 
brain in offspring that had received poor maternal care versus those that had received 
better maternal care [ 154 ]. When pups were cross-fostered between dams providing 
good or poor postnatal care, the pups developed the  epigenome   of the foster mother. 
This same group reported increased methylation in a neuron-specifi c GC receptor 
(NR3C1) promoter as well as decreased levels of GC receptor mRNA from hippo-
campus tissue obtained from suicide victims with a history of childhood abuse [ 155 ]. 
Similar postnatal care has been linked to several hypermethylated regions upstream 
and downstream of the proximal GR promoter [ 156 ]. Recent human data demon-
strates that methylation of exon 1 F in fetal cord blood  was   sensitive to maternal 
mood in the perinatal period and the infants HPA stress reactivity [ 157 ]. 

 As highlighted earlier, the expression of neurotrophins, specifi cally BDNF, con-
tributes to normal airway structure and function, and to airway hyperreactivity and 
remodeling in respiratory diseases. As reviewed by Prakash and Martin [ 158 ], sus-
tained stress has been linked to hypermethylation of the   BDNF  gene  , an effect 
which has been shown to begin in infancy and persist into adulthood, and consis-
tently reduce BDNF mRNA and protein levels. Although early life  adversity   appears 
to infl uence the epigenetic markings of the  BDNF  gene, the underlying mechanisms 
are not completely clear. 

 In summary, genetic and epigenetic studies tell us that exposure to altered gluco-
corticoid receptor response through early development, even beginning in utero, pro-
grams major changes in the endogenous neuroendocrine and immune  mechanisms 
that may, in turn, lead to increased vulnerability to respiratory disease. Whether altera-
tions in DNA methylation underlie stress-induced phenotypic plasticity related to lung 
structure and function or disease risk remains largely unexplored in ethnically diverse 
populations. It will be important to begin to understand factors related to developmen-
tal programming of glucocorticoid sensitivity during critical periods of development 
which may play a  role   in disease etiology  as   well as subsequent morbidity.  
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    Role of Stress in  Respiratory Disease Morbidity  : Asthma 
as an Evidence-Based Example 

 While  asthma affects people   of all ages, races, and ethnic groups, in the United 
States (U.S.), morbidity disproportionately burdens poor, ethnic minorities in both 
urban and nonurban environments [ 28 ,  29 ,  159 ]. Low SES has been consistently 
associated with greater asthma impairment, including more frequent emergency 
department visits [ 26 ] and greater symptoms/morbidity [ 27 ]. Similarly,  racial/eth-
nic differences   in asthma prevalence, asthma attacks, and increased emergency 
room visits for asthma exist among children and adults [ 160 ]. 

  Asthma exacerbations   are infl uenced by numerous factors including psychoso-
cial infl uences [ 161 ,  162 ]. Trueba and Ritz [ 163 ] published an extensive review 
concluding individuals with existing asthma experiencing stress express a stronger 
bias toward  Th2 activation  . This is in line with the theory that stress effects Th cell 
functioning negatively increasing the risk of asthma exacerbations. The basic prem-
ise is that psychological stress can heighten airway infl ammation in response to 
environmental triggers, and consequently increase the frequency, duration, and 
severity of an individual’s symptoms [ 164 ]. 

  Low SES   is consistently associated with greater asthma impairment, including 
more frequent emergency department visits, hospitalizations, greater symptoms, 
and more severe asthma [ 8 ,  165 ,  166 ], fi ndings which are consistent regardless of 
the SES measure being explored. Ungar and colleagues [ 166 ] report that children 
with high income adequacy experience up to 28 % fewer exacerbations than chil-
dren with low income adequacy and that every percentage increase in the proportion 
of income spent out of pocket on asthma medications was associated with a 14 % 
increase in exacerbations. 

 How does  social stress   help explain this observation? Poorer asthma morbidity 
may be greater among individuals of lower SES because they bear a disproportion-
ate burden of exposure to suboptimal, unhealthy socially toxic environments. For 
example, in a study examining stressors immediately before or during  pregnancy   
among a sample of 143,452 women [ 167 ], stress  exposure   increased as income 
decreased, with 57 % of low-income women experiencing at least one chronic 
stressor [e.g., economic hardship (37 %), job loss (19 %), separation or divorce 
(15 %), incarceration of partner (8 %), and domestic violence (5 %)]; 29 % 
 experienced multiple stressors concurrently. In 2014, a study was published which 
explored the role of fi nancial and social hardships in asthma racial disparities [ 28 ]. 
Compared to whites, African American caregivers experienced more social hard-
ships including lower income and education attainment, diffi culty fi nding work, 
having no one to borrow money from, not owning a car, and being single/never 
married. They reported that the SES and hardships explained 49 % of the observed 
racial disparity in  asthma morbidity   defi ned as hospital readmission. Effects of 
these stress exposures may be compounded among minorities by racism-related 
stressors. 
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  Traumatic stressors   may warrant particular consideration for many reasons 
[ 146 ]. Trauma, like other stress, occurs at increased rates among low-income, 
minority populations [ 168 ,  169 ]. Holman and colleagues [ 169 ] examined the rates 
of trauma in an ethnically diverse, community-based sample ( N  = 1456). Nearly 
10 % experienced a trauma in the past year; 57 % reported at least one lifetime event 
including interpersonal violence occurring outside the family (21 %), acute losses 
or accidents (17 %), witnessing death or violence (13 %), and domestic violence 
(12 %). Hien and Bukszpan [ 170 ] examined lifetime interpersonal violence among 
a “control” group of urban, low-income women, predominantly Latina or blacks, 
who had been screened for the absence of psychopathology. Almost 28 % of these 
urban women reported a history of childhood abuse, compared to general popula-
tion estimates of 10 %. Urban minority women also experience heightened levels of 
community violence [ 171 ,  172 ]. Other studies have documented increased rates of 
 PTSD and depression   in urban samples [ 146 ]. The perinatal period is a vulnerable 
time to experience more intense psychological symptoms, particularly for low- 
income women. Compared to other forms of stress, trauma is more likely to result 
in  psychological morbidity   [e.g., posttraumatic stress disorder (PTSD)   , depression] 
and persistent psychophysiological changes (HPA axis, sympathetic-adrenal- 
medullary [SAM] system). One study in urban children found a relationship between 
exposure to chronic  str  ess (violence) in early childhood and reduced lung function 
at age 6 years [ 173 ] suggesting these effects persist years after exposure,    particu-
larly when the exposure occurs during a critical developmental window (e.g., when 
stress regulatory systems are developing).  

    Need for a Multilevel Framework 

 The etiology of respiratory health problems is increasingly recognized as a result of 
the complex interplay of infl uences operating at several levels, including the indi-
vidual, the family, and the community (Fig.  8.2 ). Ecological views on health recog-
nize that individual-level health risks and behaviors have multilevel determinants, in 
part infl uenced by the social context within which subjects live [ 174 ]. That is, 
chronic stress experiences are signifi cantly infl uenced by the characteristics of the 
families, homes, and communities in which we live [ 175 ,  176 ]. Both physical and 
social factors can be a source of environmental demands that contribute to stress 
experienced by populations living in a particular area [ 177 ].

   Taking a multilevel approach to examining stress effects on  respiratory disease 
development  , including asthma, may be particularly relevant to the understanding 
of disparities based on race/ethnicity and SES [ 176 ]. This includes an environmen-
tal justice perspective underscoring the role of structural and macrosocial forces that 
shape exposure and vulnerability to diseases may better inform the complex social 
patterning of asthma [ 176 ]. According to this framework, asthma rates are higher 
and the associated morbidity is greater among the poor because they bear a dispro-
portionate burden of exposure to suboptimal, unhealthy environmental conditions. 
Upstream social and economic factors determine differential exposures to relevant 
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asthma pathogens and toxicants [ 16 ]. Also, understanding the upstream factors 
(e.g., social and economic policies) that contribute to the varying social conditions 
for populations and individuals being studied will better inform needed 
interventions. 

     Life Course Perspective   and Intergenerational  Effects   

 Other studies provide evidence supporting the intergenerational transmission of 
psychophysiological vulnerability in traumatized populations. While studies of 
maternal stress and infant outcomes typically examine events occurring during 
pregnancy, we recently considered stress (interpersonal trauma, IPT) across the 
mother’s life course in relation to early immune markers in their children [ 178 ]. The 
life course perspective posits that some stressors may infl uence health through two 
mechanisms, early programming and cumulative pathways, in addition to more 
immediate effects. Early programming may occur if exposures during sensitive 
developmental periods in the mother have lasting psychobiologic sequelae. Exposure 
to IPT in earlier life can generate disrupted physiological stress responses even 
several years following the trauma. Thus, maternal IPT may be linked to infant 
health through more latent effects (i.e., lasting effects from abuse in childhood/

  Fig. 8.2    Characterizing stress across the life course: an ecological approach       
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adolescence), proximate effects (i.e., trauma experienced in or around the preg-
nancy), and cumulative life course effects (i.e., allostatic load of accumulated trau-
mas over the mother’s life). It has been demonstrated that infants born to mothers 
with chronic trauma exposure—that is, both early in life and more proximate to the 
pregnancy—would be at greatest risk of expressing elevated IgE [ 178 ].  

    Constricting Communities 

 Indicators of neighborhood disadvantage, characterized by the presence of a num-
ber of area-level stressors including poverty, unemployment/underemployment, 
percentage of unskilled laborers, limited social capital or social cohesion, substan-
dard housing, and high crime/violence exposure rates, have been investigated in 
relation to urban children’s development [ 176 ]. Such stress is chronic and can affect 
all subjects in a given environment regardless of their individual-level risks. 

 Growing evidence suggests that community violence, a risk factor experienced 
disproportionately by lower SES individuals, may contribute to the burden of 
asthma  in urban populations  . This notion is supported by three longitudinal studies. 
Sternthal et al. [ 179 ] analyzed over 2000 urban children in Chicago between the 
ages of 0 and 9 and reported a signifi cant association between higher community 
violence exposure and increased risk for asthma development in urban children. 
This association was robust after controlling for important individual-level factors 
(race/ethnicity, SES, maternal health behaviors, family violence) and neighborhood- 
level confounders (concentrated disadvantage, social disorder, and collective effi -
cacy). In an  ethnic minority population   made up of mainly low SES participants, 
Chiu and colleagues [ 180 ] observed independent effects of prenatal community 
violence exposure and physical toxins at the neighborhood level (e.g., air pollution) 
on repeated wheeze. Similarly, lifetime community violence exposure among ethni-
cally diverse 6- to 7-year-olds has been linked to poorer lung function (e.g., lower 
FEV 1 ) [ 173 ]. In addition to asthma development and lung function detriments, 
increased exposure is also associated with higher hospitalization rates and emer-
gency department visits [ 181 ].  

     Housing Stressors   

 A number of subjective housing characteristics have been linked to adverse psycho-
logical outcomes. This subjective emotional dimension of housing may infl uence 
asthma outcomes [ 8 ,  182 ] although this is only starting to be empirically explored. 
Specifi cally, housing stress related to lack of utilities, furniture, appliances, and 
relationships with neighbors/landlords has been linked to poor asthma control, 
school absences, unplanned visits to the emergency department, and exercise intol-
erance [ 183 ]. Further, housing disarray, characterized by a dark, cluttered, crowded, 
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or noisy house, has been associated with increased asthma prevalence among chil-
dren [ 184 ]. Studies have shown that improved housing can have a positive impact 
on asthma severity including decreases  in   lost school/work days, disturbed sleep, 
and asthma symptoms [ 185 ]. Improving housing should be a focus for any interven-
tion efforts.  

     Family Factors   

 There have been a number of examples from the asthma epidemiology literature 
showing associations between early caregiver stress and the development of asth-
matic phenotypes in early childhood [ 186 ,  187 ]. Suglia and colleagues [ 188 ] recently 
demonstrated that maternal ability to maintain positive caregiving processes in the 
context of even more extreme stress may buffer the effects on child asthma risk. 
They examined the prospective relationship between maternal intimate partner vio-
lence (IPV) and asthma onset in children in the  Fragile Families and Child Wellbeing 
Study   ( N  = 3117), a birth cohort. Maternal report of IPV was assessed after the 
child’s birth and at 12 and 36 months. Mothers also indicated how many days a week 
they participated in activities with the child and the amount and type of educational/
recreational toys available for the child. Maternal report of physician- diagnosed 
asthma by age 36 months was the outcome. In adjusted analysis, children of mothers 
experiencing IPV chronically (at all time periods), compared to those not exposed, 
had a twofold increased risk of developing asthma. In stratifi ed analysis, children of 
mothers experiencing IPV and low levels of mother–child activities (RR 2.7, 95 % 
CI 1.6, 4.7) had a signifi cant increased risk for asthma. Those exposed to IPV and 
high levels of mother–child activities had a lower risk for asthma (RR 1.6, 95 % CI 
0.9, 3.2). One should also consider the developmental timing of exposures over the 
life course relative to specifi c asthma outcomes whether individual or contextual 
factors are being considered. Factors leading to the onset, remission, or persistence 
of asthma across the life course may be infl uenced by social experiences and physi-
cal exposures beginning in utero, a series of social and biologic experiences initiated 
by early childhood exposure or cumulative exposure to toxic biologic or social fac-
tors over critical periods of development. It is important to consider stress at these 
multiple levels given that they are interrelated throughout the life course. If we can 
understand at what level stress is occurring and perhaps has the greatest impact on 
asthma expression, this may inform the most effective interventions.  

     Stress-Enhancing Effects   on Physical Environmental Exposures 

 Because of the covariance across exposures and evidence that social stress and other 
 environmental toxins   (e.g., pollutants, tobacco smoke) may infl uence common 
physiological pathways (e.g., oxidative stress, pro-infl ammatory immune pathways, 
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autonomic disruption), understanding the potential synergistic effects promises to 
more completely inform children’s asthma risk [ 15 ]. Epidemiological studies have 
demonstrated synergistic effects of stress and air pollution on asthma expression 
among children and adolescents [ 180 ,  189 – 191 ]. We need to better understand how 
the physical and psychological demands of living in a relatively deprived environ-
ment may potentiate an individual’s susceptibility to cumulative exposures across 
these domains.   

    Summary 

 Social toxicity experienced as increased psychological stress is likely a major driver 
of observed disparities in lung growth and development and asthma, as well as a 
range of other respiratory conditions. Most respiratory conditions likely share over-
lapping etiology; therefore, multiple mechanistic pathways with complex interde-
pendencies must be considered when examining the integrative infl uence of stress 
independently as well as the interaction of social and physical environmental toxins 
in explaining the social patterning of respiratory diseases. Because these factors 
tend to cluster in the most socially disadvantaged, this line of research may better 
inform the etiology of growing health disparities increasingly documented for respi-
ratory disorders. Future  epidemiologic studies   which concomitantly consider social 
stress as well as physical environmental toxins will likely more fully explain the 
etiology of respiratory disease disparities as well as inform more effective preven-
tion and intervention strategies that enhance lung growth and reduce respiratory 
disease morbidity.     
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          Key Points 

•     Children, women, racial and ethnic minorities, residents of inner cities, and 
economically disadvantaged populations have a signifi cantly higher burden of 
asthma.  

•   Health disparities in asthma result from a complex interaction of multiple factors 
including: patient-related factors, factors related to the health care system, as 
well as social and environmental factors.  

•    Future research   on asthma health disparities should involve a multidisciplinary 
and simultaneous examination of the complex interactions between the individ-
ual, socioeconomic, cultural, and health system factors involved.     

    Introduction 

 When compared to the general population or other  populations  , children, women, 
racial and  ethnic minorities  , residents of inner cities, and economically disadvan-
taged populations in the United States have a signifi cantly higher burden of asthma 
[ 1 – 4 ]. Children in the United States have twice the self-reported asthma attack prev-
alence rates and two to three times the annual  rate   of emergency department (ED) 
visits for asthma than adults [ 2 ,  4 ]. Among adults, women have twice the annual 
rate of ED visits for asthma when compared to men [ 4 ]. In terms of  disparities   by 
geographic location, several studies from three decades ago in large US cities such 
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as Boston, Chicago, Los Angeles, and New York City, revealed signifi cantly asthma 
morbidity and mortality in inner-city neighborhoods compared to suburban areas 
[ 5 – 8 ]. Residents of inner-city neighborhoods are also more likely to be of low 
 socioeconomic status   (SES) and have poor access to care [ 8 ,  9 ]. Racial and ethnic 
 minority population  s also have a high burden of asthma [ 10 ]. For the purposes of 
this chapter, race will refer to white, Black or African American, Asian, Hawaiian 
or other Pacifi c Islander, and American Indian or Alaska native. Ethnicity will refer 
to Hispanic or Latino and not Hispanic or Latino. In the United States, data shows 
that compared to non-Hispanic whites, racial and ethnic minority populations have 
signifi cantly higher morbidity  and   mortality   from asthma [ 2 ,  4 ].  Economically dis-
advantaged populations  , many of whom are from racial/ethnic minority groups, and 
predominantly reside in inner-city neighborhoods have a signifi cantly higher burden 
of asthma [ 8 ]. According to the  Expert Panel Report 3 (EPR3) guidelines   on asthma 
published by  National Heart, Lung, and Blood Institute (NHLBI) in 2007  , ethnic 
and racial disparities in asthma burden are a persisting problem—with signifi cant 
negative impact on African American and Puerto Rican populations—despite over-
all improvements in mortality from asthma [ 11 ]. 

  Health disparities   in asthma probably result from a complex interaction of mul-
tiple factors including: patient-related factors, factors related to the health care sys-
tem, as well as social and environmental factors [ 12 ,  13 ]. The burden of asthma 
health disparities necessitates an increase in resources directed to studying the 
mechanisms that lead to and sustain asthma health disparities [ 14 ,  15 ]. The  CDC 
 Health Disparities and Inequalities Report—United States ,  2011    includes a detailed 
report of prevailing asthma disparities in the US population [ 2 ,  16 ]. It also offers 
recommendations for addressing health disparities in asthma [ 16 ]. The ultimate 
goal is to develop evidence-based strategies for addressing issues of asthma health 
disparities. 

 In this chapter, we will review the epidemiology of asthma in the USA, with a 
special focus on the burden of asthma among children, women, racial/ ethnic minori-
ties  , and economically disadvantaged populations, who are disproportionately nega-
tively affected. We will then explore the factors associated with asthma health 
disparities in the USA. Next, we will discuss a conceptual model that has been 
proposed to explain the interaction of various factors associated with asthma health 
disparities. Currently proposed strategies for addressing asthma health disparities 
will be then reviewed. Finally, a summary of federal programs directed at address-
ing asthma health disparities will be presented.  

    Asthma  Overview   

 Asthma is a  common chronic infl ammatory disorder   of the airways, characterized 
by episodic and reversible airfl ow obstruction, airway hyperresponsiveness, and 
underlying infl ammation [ 11 ]. These features interact to determine the clinical syn-
drome of asthma which includes one or more of the following clinical manifesta-
tions: recurrent wheezing, coughing—especially at night, shortness of breath, chest 
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tightness, and exercise limitation [ 11 ]. Intermittent episodes of increased asthma 
symptoms—asthma attacks—typically occur after exposure to specifi c asthma trig-
gers such as viral respiratory infections, mold, pollen, dust mites, cockroach aller-
gen, tobacco smoke, outdoor air pollution, strong odors and fumes, exercise and 
physical exertion, cold air, stress, etc. 

 The hallmark of asthma is a variable and reversible airfl ow obstruction—second-
ary to bronchoconstriction [ 11 ]. Reversibility can occur spontaneously or in 
response to treatment with bronchodilators [ 11 ]. A diagnosis of asthma is usually 
suggested by the characteristics and pattern of typical asthma symptoms, especially 
in association with known exposure or sensitization to specifi c asthma triggers. 
Evidence of signifi cant reversibility of airfl ow obstruction with bronchodilators, or 
signifi cant hyperresponsiveness to airway constrictor agents such as methacholine, 
or a positive response to appropriate asthma therapy confi rms the diagnosis of 
asthma [ 11 ]. The  management   of asthma is multifaceted and aims to reduce the risk 
of asthma morbidity, functional impairment related to asthma, and mortality [ 11 ]. 
The main tenets of management include trigger reduction and avoidance, assessing 
level of asthma control, medication therapy, and monitoring level of disease activity 
[ 11 ]. In many asthma patients, current treatment strategies are effective in control-
ling symptoms. Unfortunately, no therapy has been shown to signifi cantly alter the 
natural course of asthma. This is likely due to our limited understanding of the natu-
ral history of asthma. 

 Several studies, including cohort studies in the U.S. have examined the natural 
history of asthma from birth, through adolescence to young adulthood [ 17 ,  18 ]. 
Distinct early childhood wheezing phenotypes as well as risk factors for persistent 
wheezing and subsequent asthma diagnosis have been identifi ed [ 19 ]. The  inherent 
heterogeneity   of the asthma phenotype, variable response to asthma therapy, and the 
different temporal trajectories that asthma patients follow from early childhood 
through adulthood complicate our current understanding of the natural history  of 
  asthma. Few cohorts have studied the natural history of adult asthma [ 20 – 22 ]. A 
variety of studies, using both biased (hypothesis-based) approaches or unbiased 
(statistical-based) approaches have identifi ed distinct phenotypes of asthma  in 
adults   including early onset allergic asthma, late-onset eosinophilic asthma, 
exercise- induced asthma, obesity-related asthma, and neutrophilic asthma [ 23 – 27 ]. 
It should be noted that the number and features of subphenotypes identifi ed in these 
studies are limited by the study population and the choice of variables included in 
the analysis, regardless of the approach used.  

    Asthma Disparities in the United States 

     Disparities   in Asthma  Prevalence   

 Differences exist in  asthma prevalence   by age group, gender, race, SES, and geo-
graphic region in the United States [ 2 ]. According to surveillance data for the period 
2008–2010, the average annual current asthma prevalence was higher in children 
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than adults (9.5 % versus 7.7 %), higher in females than in males (9.2 % versus 7.0 
%), higher in blacks than in whites (11.2 % versus 7.7 %), higher among Hispanics 
with roots in Puerto Rico versus Hispanics with roots in Mexico (16.1 % versus 5.4 
%), higher among persons with family income below 100 % of federal poverty 
threshold versus those with family income at or above the federal poverty threshold 
(11.2 % versus 8.5 %) [ 10 ]. In terms of geographic region, the current  asthma preva-
lence   rate was higher in the Northeast and Midwest than in the South (8.8 % versus 
7.6 %) [ 10 ]. In the West, the reported asthma prevalence rate was 8.0 % [ 10 ]. 
Interestingly, there was no difference between metropolitan and nonmetropolitan 
areas in terms of current asthma prevalence [ 10 ]. Previous reports have reported 
similar racial differences in  asthma prevalence   [ 28 – 30 ]. In a 1987 report of U.S. 
asthma surveillance data for the period from 1965 to 1984, signifi cant differences in 
asthma prevalence rates, emergency department visit rates, and hospitalization rates 
by race/ethnicity were reported [ 30 ]. Other reports from the Centers for Disease 
Control and Prevention (CDC) have generally confi rmed these signifi cant racial and 
ethnic disparities in asthma morbidity  and mortality      [ 2 ,  15 ,  16 ]. In 2011, the CDC 
analyzed data from the National Health Interview Survey ( NHIS  ) for the period 
2006–2008 and reported both lifetime asthma prevalence and current prevalence of 
asthma by various demographic subgroups [ 2 ,  16 ]. According to the 2011 CDC 
Health Disparities and Inequalities Report (CHDIR), the estimated current preva-
lence of asthma of the U.S. population was 7.8 % with signifi cant variation by racial 
or ethnic group. Current asthma prevalence was 15.9 % among Puerto Ricans, 14.4 
% among multiracial/other-race persons, 10.5 % among blacks, 10.8 % among 
American Indians/Alaska Natives, 7.9 % among whites, and 5.4 % among Mexicans 
[ 2 ,  12 ]. In that report, current asthma prevalence also varied by age,  gender, and 
SES  . Current asthma prevalence was higher among children (9.3 %) than among 
adults (7.3 %). It was also higher among females (8.6 %) than among males (6.9 %), 
and among those considered poor (11.2 %) than those considered nonpoor (7 %). 
Among children (0–17 years of age) the racial/ethnic disparities in current asthma 
prevalence were even greater. The current asthma prevalence was 18.4 % among 
Hispanic children with roots in Puerto Rico, 14.6 % among non-Hispanic blacks, 
13.6 % among  multiracial children  , and 8.2 % among non-Hispanic whites [ 2 ,  12 ]. 
Among adults, there was no difference in current asthma prevalence between non- 
Hispanic blacks (7.8 %) and non-Hispanic whites (7.7 %) [ 2 ,  12 ]. However, the 
current asthma prevalence was disproportionately higher among multiracial persons 
(15.1 %) and Hispanics  with   roots in Puerto Rico (12.8 %). An important fi nding is 
that the current asthma prevalence for Hispanics of Puerto Rican ancestry (14.2 %) 
is much higher than Hispanics of  Mexican   ancestry (4.9 %) [ 2 ,  12 ].  

     Disparities   in Asthma  Morbidity   

 The 2013 CHDIR report is based on data from the 2001–2010 NHIS survey and 
provides information about asthma attacks among persons with current asthma [ 4 , 
 12 ,  14 ,  15 ]. The defi nition of asthma attacks was based on an affi rmative response 
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to the following survey question—“During the past 12 months, have you had an 
episode of asthma or an asthma attack?” Some notable differences between the 
periods 2001–2004 and 2006–2010 exist in terms of proportion of reported attacks 
in the past year. In general, the period 2001–2004 had a slightly higher percentage 
of persons with current asthma who reported an asthma attack in the past year com-
pared to the period 2006–2010. Overall, during the period from 2006 to 2010, 
asthma attacks were reported more frequently for females (53.5 %) than for males 
(48.8 %), and more frequently for children (56.1 %) than for adults (49.6 %) [ 4 ,  12 ]. 
In terms of differences by geographic region, even though the current prevalence of 
asthma was higher in the Northeast and Midwest than in the South and West, more 
asthma attacks were reported in the South (53.1 %) and West (54.5 %) compared to 
the Northeast (47.8 %) and the Midwest (49.4 %) [ 4 ,  10 ]. The survey assessed fre-
quency of asthma attacks by level of education and did not fi nd any signifi cant dif-
ferences between those with less than a high school education (51.2 %) and those 
with college or graduate education (52.1 %) [ 4 ,  31 ]. In terms of race or ethnicity, 
asthma attacks were reported more frequently among patients who self-identifi ed as 
American Indian/Alaska Native (61.6 %) than among non-Hispanic whites (51.1 
%), blacks (49.1 %), Hispanics with roots in Mexico (52.6 %), and Hispanics with 
roots in Puerto Rico (55.6 %) [ 4 ,  12 ]. It should be noted that only 92 (0.6 %) of the 
14,230 patients sampled were American Indian/Alaska native [ 4 ,  12 ]. 

 Signifi cant differences in rate of  ED visits   for asthma by age, gender, and race or 
ethnicity were reported from  the U.S. National Hospital Ambulatory Medical Care 
Survey (NHAMCS)   for the period 2005–2007 [ 1 ,  4 ,  12 ]. Overall, children, especially 
those less than 5 years old, are more susceptible to asthma attacks requiring ED visits. 
Among children less than 5 years old, the annual rates of ED visits for asthma were 
higher when compared to children 5–17 years old (133/10,000 versus 73/10,000). 
Among adults, the annual rates of ED visits for asthma were lower than among chil-
dren (47/10,000 versus 133/10,000 and 73/10,000 for children less than 5 years old 
and those 5–17 years old, respectively) [ 4 ]. Gender differences in annual rates of ED 
visits differed by age group [ 4 ]. Among children less than 5 years old, the annual rate 
of ED visits was higher for males than females (170.5/10,000 versus 94.1/10,000). 
Among adults, the annual rate of ED visits was higher for female than males 
(61.5/10,000 versus 32.7/10,000). For those 5–17 years old, there was no difference 
in annual rates of  ED visits   by  gender   (74.5/10,000 and 71.9/10,000 for  males   and 
females, respectively) [ 4 ]. In terms of race and ethnicity, the annual rates of emer-
gency department visits for blacks (167/10,000) were signifi cantly higher compared 
to whites (42.5/10,000) [ 4 ,  12 ]. Among Hispanics, the rates were 64.8/10,000. The 
data on Hispanics does not differentiate between the different subgroups of Hispanics. 

 According to  the 2004 National Hospital Discharge Survey  , the estimated rate 
of hospital discharges with asthma listed as the fi rst diagnosis was signifi cantly 
higher for blacks (33.5/10,000) than for whites (10/10,000) or other races 
(19/10,000) [ 12 ,  32 ]. The U.S. NHAMCS does not include information on metro-
politan versus nonmetropolitan residences or SES. However, previous  studies   in 
the 1990s showed that hospitalization for asthma was more common among 
patients from poor inner- city  neighborhoods   compared to those from more affl uent 
suburban neighborhoods [ 5 – 7 ].  
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     Disparities   in Asthma  Mortality   

 Several studies in the 1980s and 1990s showed in several US metropolitan areas, 
mortality from asthma was signifi cantly higher in inner-city neighborhoods com-
pared to suburban areas [ 5 ,  7 – 9 ,  33 ,  34 ]. Inner-city populations tend to be of low 
SES, be racial or ethnic minorities, have poor access to care, be more exposed to 
environmental pollutants, and live in crowded conditions leading to increased expo-
sure to allergens and infections [ 9 ,  33 ]. This higher mortality is likely due to a 
complex interaction of multiple factors that are characteristic of life in large urban 
poor neighborhoods. In terms of racial or ethnic differences in asthma mortality, 
data from the  National Vital Statistics System (NVSS)   for the period 1990–2007 
showed a signifi cantly higher mortality due to asthma for blacks compared to 
whites, especially among children ages 0–17 years old [ 4 ,  12 ,  35 ]. Among children 
ages 0–17 years old, the annual rate of deaths with asthma as the underlying cause 
of death among blacks was 0.8/100,000 compared to 0.1/100,000 among whites and 
0.2/100,000 among Hispanics. Among adults older than 18 years, there is also a 
signifi cant difference between blacks and other races in terms of the annual rate of 
deaths with asthma as the underlying diagnosis. However, it should be noted that 
there has been a trend toward a decrease in asthma-related mortality among blacks 
from 4.8 deaths per 100,000 in 1999–2001 to 3.4/100,000 in 2005–2007 [ 12 ]. 
Comparatively, among whites older than 18 years old, the annual rate of deaths due 
to asthma was 1.2/100,000 [ 12 ]. 

 In summary, U.S. surveillance data as reported by the CDC reveals signifi cant 
disparities in the prevalence, morbidity, and mortality related to asthma. Children, 
women, economically disadvantaged persons, and certain racial or ethnic groups 
(Africa-Americans, Puerto Ricans, multiracial persons, and American Indian/
Alaska Natives) are disproportionately negatively impacted by asthma in terms of 
prevalence, urgent care and emergency department visits, hospitalizations, and 
fatalities due to asthma when compared to non-Hispanic whites. The prevalence of 
asthma among African Americans is about 40 % higher than in non-Hispanic white 
Americans [ 12 ]. The mortality from asthma among African Americans is twice that 
of non-Hispanic whites [ 12 ]. Puerto Ricans have a higher asthma prevalence and 
mortality than African Americans [ 12 ]. Mexican Americans  have   lower asthma 
prevalence, morbidity, and mortality than non-Hispanic whites, African Americans, 
and Puerto Ricans [ 12 ]. The possible explanations for these racial/ethnic disparities 
in asthma are multifactorial, complex, and poorly understood.    This is an active area 
of research. In the next section, we will explore the associations between putative 
factors and racial/ethnic disparities in asthma.   

     Factors   Associated with Asthma Health Disparities 

 Many factors contribute to the observed health disparities in asthma [ 12 ,  13 ]. The 
relative impact of each factor is diffi cult to quantify. It is more likely that a complex 
interaction of several factors contributes to observed disparities in asthma 
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prevalence, morbidity, and mortality [ 13 ]. Studying the factors associated with 
asthma disparities involves a multidisciplinary approach involving various stake-
holders including: patients or community advocates from racial or ethnic minority 
populations, health providers including asthma specialists, basic and clinical 
researchers, social cognitive researchers, health care administrators, and other gov-
ernment administrators. For ease of discussion, the factors associated with health 
disparities in asthma are classifi ed into the following three categories: patient-
related factors, social/environmental factors, and factors-related to health care pro-
viders or the health care system [ 13 ]. For each of these categories, we discuss 
available evidence of an association with differences in prevalence, severity, and 
mortality of asthma. We also discuss how these factors might interact with each 
other to increase the disparities. 

     Patient-Related Factors   

 There is evidence that genetic factors might play a role in racial/ethnic differences 
in  asthma prevalence and severity  . The best example is seen among Hispanics in the 
United States with a signifi cant difference in prevalence, severity, and mortality 
between Hispanics of Puerto Rican origin and Hispanics of Mexican heritage [ 12 ]. 
This observation is commonly described as the  Hispanic paradox . Burchard et al. 
showed that  bronchodilator responsiveness   was 7.3 % lower in Puerto Ricans com-
pared to Hispanics with roots in Mexican [ 36 ]. A subsequent genetic study showed 
that  bronchodilator responsiveness   was strongly associated with Arg16Gly geno-
types in Puerto Ricans but not in Mexicans [ 37 ]. Racial differences in certain  physi-
ologic variables   between American children of European descent and African 
American children were reported by Joseph et al. [ 38 ]. Compared to a matched 
cohort of American children of European descent, middle-class African American 
children with asthma had decreased  forced vital capacity (FCV)   and forced expira-
tory volume in 1 s (FEV1)    [ 38 ]. They also had increased airway hyperresponsive-
ness and increased total serum immunoglobulins E (IgE) levels [ 38 ]. Compared to 
non-Hispanic whites, Puerto Rican and African American children were noted to be 
signifi cantly more likely to be allergic to several outdoor allergens [ 39 ]. Genome- 
wide association studies (GWASs) have confi rmed the important contribution of 
genetic component to asthma but do not fully explain the observed racial or ethnic 
disparities [ 40 ,  41 ]. Even though racial or ethnic variability in the distribution of 
some genetic  polymorphisms   might determine susceptibility to asthma, this is not 
suffi cient  to   explain observed ethnic differences in asthma observed in the United 
States [ 42 ]. The asthma phenotype is a complex trait that is determined by multiple 
genes contributing small effects, by gene–gene interactions and by the complex 
interactions between the genes and numerous environmental factors [ 42 ,  43 ]. The 
natural history and the pathobiology of asthma are poorly understood. An important 
concept in the pathobiology of asthma is the hygiene hypothesis which posits that a 
reduction in endotoxin exposure or microbial load in early life might alter the bal-
ance of the immune system in favor of the more active T-helper type 2 responses 
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that are involved in asthma and allergy [ 44 ,  45 ]. However, the hygiene hypothesis 
does not explain the high prevalence and morbidity of asthma seen in inner-city 
African Americans. After all, inner-city African American children do not necessar-
ily experience fewer infections than children from other demographic groups in the 
United States. 

 It has been argued that the widening disparities in the prevalence and severity of 
asthma over the past 3 decades are too rapid to be explained by changes in genetic 
factors alone [ 13 ]. Therefore, other modifi able patient-related behavioral factors 
likely contribute to these health care disparities. Some families have misconcep-
tions about the susceptibility to asthma [ 13 ]. Poor adherence to provider- 
recommended asthma therapy is another possible factor contributing to high asthma 
morbidity in minority populations. Common beliefs about the effi cacy and safety of 
medications vary by ethnicity [ 13 ]. Minority populations are generally less trusting 
of standard therapy and  are   more inclined to try other alternative therapies [ 46 ,  47 ]. 
A study of 40 parents of children with asthma revealed numerous concerns and bar-
riers to asthma medication use among African American parents [ 46 ]. The long- 
term complications of daily asthma medications use were the most cited concern 
[ 46 ]. There is also evidence of frequent use of home remedies to manage asthma 
among African Americans and Latinos [ 47 – 50 ]. These attitudes can lead to a delay 
of appropriate therapy and consequently, more severe disease. Asthma care requires 
a very active participation from the patient or parent to monitor for changes in con-
trol and institute timely interventions. A poor understanding of the disease and lack 
of awareness about possible complications can contribute to signifi cant disparities 
in morbidity and mortality of asthma irrespective of prevalence. Racial and ethnic 
 minority   populations have a lower health literacy rate than non-Latino whites and 
might not adequately comply with treatment recommendations of asthma care [ 51 , 
 52 ]. An important risk factor for asthma is obesity [ 53 ]. The prevalence and severity 
of  obesity   among African Americans and Hispanics, especially in poor urban envi-
ronments is much higher than among non-Hispanic whites and might also contrib-
ute to the disparity in asthma burden [ 54 ].  

     Social and Environmental Factors   

 A concern in interpreting racial  and ethnic differences   in asthma prevalence, sever-
ity, and mortality is the possibility of confounding by SES and other environmental 
factors [ 55 ]. In general, persons with low SES in the United States have poorer 
health [ 55 – 57 ]. Racial and ethnic minorities are more likely to have a low 
SES. Compared to non-Hispanic whites, African Americans have higher mortality 
rates for most illnesses including asthma [ 55 ]. They also live in poorer and segre-
gated neighborhoods, mostly in urban areas [ 55 ]. These neighborhoods are charac-
terized by higher levels of environmental pollution and stress due to violence. 
Environmental pollution and stress are well-established risk factors for asthma mor-
bidity and mortality [ 58 ]. Indoor allergens such as the cockroach allergen are asso-
ciated with increased asthma morbidity [ 59 ,  60 ]. Concentrations of the cockroach 
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allergen are higher in urban homes compared to rural homes. High levels of cock-
roach allergens are also associated with low SES and African American race [ 61 ]. 
 The National Cooperative Inner-City Asthma Study (NCICAS)   showed that 85 % 
of homes had detectable cockroach allergen and 37 % of patients had a positive skin 
test to cockroach allergen [ 62 ,  63 ]. A combination of high allergen levels in the 
patient’s bedroom and cockroach sensitivity was associated with increased days 
with wheezing,  increased   emergency department visits, and increased hospitaliza-
tions [ 62 ]. Exposure to diesel particles in urban areas is also associated with 
increased asthma morbidity [ 64 ]. Persons with low SES are more likely to reside 
close to major highways and thus be more exposed to diesel particles [ 65 ,  66 ]. They 
are also more likely to reside in homes with poor ventilations compared to more 
affl uent suburban residents [ 59 ,  67 ]. Other socioeconomic factors characteristic of 
life in poor urban neighborhoods and associated with increased asthma morbidity 
include: poor diet, physical inactivity, obesity, environmental smoke exposure, and 
depression. Among 4-year-old children, low SES was shown to be a risk factor for 
asthma [ 68 ]. Another study showed that independent of ethnicity and family income, 
children in low socioeconomic communities had 70 % greater risk of asthma [ 69 ]. 
Saha et al. showed that in a low SES neighborhood, age, race, gender, and body 
mass index (BMI) were signifi cant predictors of childhood asthma [ 70 ]. 

 Patients with low SES also have poor social and/or family function which might 
impact compliance with treatment recommendations of asthma care. There is an 
increasing body of evidence linking chronic stress in high-risk neighborhoods and 
increased asthma exacerbations [ 58 ,  71 – 73 ]. Chronic stress is associated with 
increased oxidative stress and this can also lead to an increase in incidence of asthma 
[ 71 ,  72 ]. Chen et al. showed that children of low SES overexpressed genes that regu-
lated chemokine activity, stress response, and wound healing [ 74 ]. On the other 
hand, children of higher SES overexpressed genes that maybe be involved in con-
taining damage caused by infl ammation [ 74 ]. It has been suggested that chronic 
stress and threat perception in low SES neighborhoods might lead to a higher pro-
duction of markers of eosinophil production and activation. Respiratory syncytial 
virus (RSV)-induced bronchiolitis in infancy is a risk factor for subsequent develop-
ment of asthma [ 75 – 78 ]. Studies show that American Indian and Alaska Native 
infants are signifi cantly more likely to be  hospitalized   for RSV infections [ 79 ,  80 ]. 
This might explain the signifi cant asthma disparity in these populations. Children 
from low SES in inner cities are also more likely to have recurrent hospitalizations 
for RSV but the current data does not show signifi cant differences between non- 
Latino whites and other racial or ethnic minorities in inner cities [ 33 ].  

    Factors Related to Health Care System and Health Care 
 Providers   

 The management of asthma is multifaceted and includes preventive measures such 
as avoidance and control of relevant triggers, regular use of controller medications, 
and timely referral to asthma specialists [ 11 ]. There is evidence that many health 
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care providers, especially those who treat racial and ethnic minority populations in 
inner cities, do not adhere to well-established asthma management guidelines [ 13 ]. 
In one study, pediatricians in practices with more than 25 % of African American 
children in their practice reported less prescription of daily controller medications 
(35 %) when compared to pediatricians in all practices (51 %) [ 13 ,  81 ]. It is not 
clear if limited access to care contributes to observed asthma disparities. Blixen CE 
et al. showed that African Americans were less likely to have primary care or sub-
specialty visits for asthma but were more likely to have ED visits for asthma [ 82 ]. 
There are also other important racial and ethnic disparities in medication and health-
care usage for asthma [ 3 ]. Analysis of 1485 patients surveyed as part of the National 
Asthma Survey Database showed that African American and Hispanic children 
were less likely to have used inhaled corticosteroids (ICS) than white children. They 
were more likely to receive daily  short-acting bronchodilators (SABAs)   than white 
children. Black children had twice as many ED visits and hospitalizations than 
white children and emergency department visits were positively correlated with 
SABA use and negatively correlated with ICS use when stratifi ed for race and eth-
nicity [ 3 ]. Compared to non-Hispanic whites, racial and ethnic  minority   patients in 
inner cities are more likely to rely on government-sponsored health care plans, such 
as Medicaid. These health care plans are more tightly regulated for cost control and 
might limit access to asthma specialists. Overall, there is some suggestion, based on 
limited available evidence, that minority populations might receive lower quality 
asthma care, thus contributing to the observed disparities in asthma [ 12 ,  13 ]. Asthma 
controller medications are expensive and some states have attempted to reduce cost 
by introducing copayments. Many patients of low SES, especially those of racial 
and ethnic minority populations have  diffi culty   affording these copayments. The 
consequence is an increase in frequency of asthma exacerbations and emergency 
department use for asthma. 

 It has been suggested that ineffective communication between provider and 
asthma patients because of racial or ethnic differences might result in misclassifi ca-
tion of asthma symptom severity [ 13 ]. Such misclassifi cation of asthma severity 
may lead to undertreatment of asthma and ultimately contribute to the observed 
racial or ethnic disparities in asthma care. A study of about 3500 asthma patients (13 
% black) showed that black patients were signifi cantly more likely than white 
patients to have their asthma severity underestimated [ 83 ]. The study also noted that 
among the black patients, underestimation of asthma severity was associated with 
less use of daily ICS, less physician instruction on management of asthma fl are-ups, 
and lower ratings of asthma care and communication [ 83 ]. Another suggestion is 
that unconscious biases against low income and or racial or ethnic  minority   patients 
by the provider that might affect the quality of care provided to the patient [ 13 ]. A 
perception that low income and or racial or ethnic minority patients with asthma are 
noncompliant might affect the quality of care provided. The provider might not take 
the time to adequately explore the reasons for uncontrolled disease, simply attribut-
ing this to noncompliance. 

 In summary, there is clear evidence of signifi cant disparities in asthma preva-
lence, morbidity, and mortality in the United States. Asthma disproportionately 
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negatively affects low-income Americans and especially racial/ethnic minorities 
such as Puerto Ricans and African Americans. These disparities might very well be 
genetically based. However, they are also mitigated by socioeconomic, environmen-
tal, and cultural factors that limit simplistic explanations. Simply highlighting phe-
notypic  racial   differences is a poor surrogate for understanding the interaction 
between biologic, environmental, and cultural factors that lead to and sustain these 
disparities in asthma.   

    Strategies for Addressing Health Disparities in Asthma 

 The  CDC  Health Disparities and Inequalities Report—United States ,  2011    reports 
recommended certain actions to reduce health disparities in general [ 2 ]. These 
include an increase in community awareness of disparities, setting priorities among 
the disparities to be addressed, using evidence-based and proven strategies for elim-
inating health disparities, and a need-based allocation of resources to reduce dis-
parities. Canino et al. have proposed a conceptual model which incorporates a range 
of risk factors at multiple levels as a fi rst step to understanding and ultimately 
addressing asthma disparities in the United States [ 13 ]. Future research on asthma 
health disparities should involve a multidisciplinary and simultaneous examination 
of the complex interactions between individual, socioeconomic, cultural, and health 
system factors involved. More importantly, adequate representation of members of 
high-risk populations and minority investigators should be involved in the research. 
Community-based participatory approaches utilizing community resources should 
be used. Community-based programs are effective in modifying outcomes because 
they emphasize engagement, education, and empowerment of the affected popula-
tions. An increased focus on validating effective models of education and care that 
is driven by community stakeholders is therefore needed. In addition to the com-
munity approaches, focused research to investigate unique markers  that   predict dis-
ease severity and therapeutic response in racial and ethnic minority populations is 
needed.     
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          Key Points 

•     Clinicians are more likely to diagnose women who have COPD as having 
asthma.  

•   Women may be more susceptible to developing COPD.  
•   In the US, more women report diagnosed COPD than do men, but more men 

have spirometric evidence of COPD.  
•   COPD is more likely to develop in poorer populations.  
•   Research funding for COPD is much less than funding for other chronic diseases 

relative to the number of annual deaths.  
•   COPD is perceived differently from other chronic diseases as one where the 

patients “brought this disease on themselves.”     

    Introduction 

 Chronic obstructive pulmonary disease (COPD) is a leading cause of morbidity, 
mortality, and disability worldwide [ 1 ]. COPD is the fourth leading cause of death 
in the world and, as of 2010, the third leading cause of death in the U.S. The leading 
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cause of COPD in the developed world is tobacco smoking, although an increasing 
proportion of COPD is being seen among never smokers [ 2 ]. While  tobacco 
smoking   remains an important risk factor in the developing world, other factors, 
such as exposure to biomass smoke and early life respiratory infections, are also 
important. 

 Disparities are central to understanding the  epidemiology and outcomes   of 
COPD. These run the gamut from disparities in who develops disease to disparities 
in outcomes to disparities in how COPD is perceived and how COPD-related 
research is funded. This review will examine a number of key disparities in COPD, 
along with a vision of how these disparities could be addressed in the future.  

     Disparities in Diagnosis   

 U.S. and international guidelines defi ne COPD as a chronic respiratory condition 
with persistent airfl ow obstruction that is usually progressive and associated with an 
infl ammatory response in the airways and lung parenchyma due to noxious particle 
or gases. Evidence of airfl ow obstruction following use of bronchodilators is 
required to diagnose persistent airfl ow obstruction. How COPD is defi ned and diag-
nosed is a core disparity important to understanding how COPD affects populations. 
There are several different components to disparities in COPD diagnosis: how 
COPD is defi ned in different areas, how COPD is diagnosed in different settings, 
and the likelihood of receiving a COPD diagnosis in different populations. 

 The precise  defi nition   of COPD can vary based on local practices and physician 
preference. In many settings, particularly in primary care, spirometry may not be 
part of the routine diagnostic paradigm for COPD [ 3 ,  4 ]. Even when spirometry is 
done, interpretation may not be uniform. For example, clinicians and pulmonary 
function laboratories can choose from a number of different prediction equations to 
be used to classify patients as normal or abnormal [ 5 ]. These prediction equations 
can be derived locally or from national or international consortia. A potential prob-
lem is that different prediction equations have the potential to classify the same 
patient as abnormal or abnormal, particularly when the degree of impairment is 
mild. Even when using the same prediction equation, a single spirometry can be 
classifi ed differently based on which specifi c defi nition is used. For example, using 
a lower limit of normal approach (postbronchodilator FEV   1  /FVC less than lower 
limit of normal) to classify obstruction will classify fewer older patients as abnor-
mal than the fi xed ratio (e.g., postbronchodilator FEV   1  /FVC <70 %) approach [ 6 ]. 

 Another component of  diagnostic disparities   is how COPD is actually diagnosed. 
In many settings, COPD is being diagnosed based on history and symptoms, in the 
absence of any objective data. A study by Celli et al. [ 7 ] showed that in a population 
of veterans with a COPD diagnosis, only 31 % of patients had evidence of spirom-
etry. This is in contrast to congestive heart failure, where in that same study 78 % of 
patients had an echocardiogram. The converse of this problem is the fi nding in 
multiple studies that among people with spirometric evidence of COPD, only 27 % 
have been given a clinical diagnosis of COPD [ 8 ]. 
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 A fi nal component of diagnostic disparities relates to how clinicians may differ 
in how they diagnose COPD based on other patient factors. A classic example of 
this disparity is a study by Chapman et al. that presented patient histories to clinicians 
and varied the sex of the case presented [ 9 ]. They found that clinicians were more 
likely to diagnose men with COPD and women with asthma. This study was repli-
cated by Miravitlles in Spain and showed that this diagnostic bias persisted but was 
less than what was previously seen [ 10 ].  

    Disparities in  Prevalence   

 The most recent U.S. prevalence rates of COPD are discussed in the CDC’s COPD 
Surveillance-United States, 1999–2011, which presents prevalence data from two 
surveys [ 11 ]. The fi rst is the 2011  Behavioral Risk Factor Surveillance System 
(BRFSS).   This telephone-based survey collected data using patient report of 
physician- diagnosed COPD with the question: “Have you ever been told by a doctor 
or other health professional that you have COPD, emphysema, or bronchitis?” Data 
from 475,616 respondents at least 25 years of age across all U.S. states and the 
District of Columbia were presented. The age-adjusted prevalence of COPD based 
on this measure was 6.5 % or 13,724,000 people [ 11 ]. 

 The second data source for patient-reported physician-diagnosed COPD is the 
 National Health Interview Survey (NHIS)  . The following questions were used: 
“Have you ever been told by a doctor or other health professional that you had 
emphysema?” and “During the past 12 months, have you been told by a doctor or 
other health professional that you had chronic bronchitis?” There were 33,014 
respondents and the total 2011 national age-adjusted prevalence of COPD based on 
this measure was 5.7 % [ 11 ]. Note that the NHIS did not ask specifi cally about 
“COPD,” which may explain the lower estimate (5.7 % vs. 6.5 %). 

 A problem with patient-reported COPD, which typically depends on a health 
care provider diagnosis, is that it is highly variable and may not be reliable [ 12 ]. 
This led to the development of more standardized means of assessing COPD, as 
shown by the  Burden of Lung Disease (BOLD)   study, which used spirometry to 
provide an estimate for the COPD burden in the population [ 13 ]. Estimates of 
prevalence  bas  ed on patient-reported prevalence may differ when compared to 
estimates based on spirometry. For example, the US estimate of obstructive lung 
disease from the National Health and Nutrition Examination Survey (NHANES) 
2007–2010 was 13.5 % for all levels of obstruction and 6.5 % for moderate to 
severe obstruction [ 14 ]. 

 Differences in the prevalence of one or more  risk factors   for COPD in the study 
population also contribute to differences in the observed prevalence of COPD preva-
lence across studies. While cigarette smoking is a key risk factor for COPD [ 15 ], 
genetic, physiological, social, and environmental factors also contribute to COPD. This 
multiple risk factor model may help to explain some of the differences in prevalence 
between men and women, socioeconomic groups, and race/ethnic groups. 
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    Gender Differences 

  Gender differences   in COPD have been the focus of a recent review [ 16 ]. In the 
international BOLD study, COPD prevalence (based on spirometry) was higher in 
men in most countries [ 13 ]. This contrasts with the prevalence of patient-reported 
physician-diagnosed COPD, which in the US has been consistently 20–40 % higher 
among women. The 2011 BRFSS data reported by the CDC [ 11 ] showed a higher 
prevalence rate of COPD in women at 7.3 % compared to men at 5.7 %. There was 
an estimated 2,516,000 more women with COPD than men. Similarly, over the 
period 1999–2011, women consistently reported more physician- diagnosed COPD 
than men (Fig.  10.1 ) [ 11 ]. In contrast to patient-reported physician-diagnosed 
COPD, estimates of COPD using objective spirometric data from the NHANES 
2007–2010 have found a higher prevalence of COPD in men (16.8 % vs. 10.4 % in 
women) [ 14 ]. The reasons for this discrepancy is not clear but could be related to 
gender differences in how men and women access the health care system (and there-
fore have the opportunity to be diagnosed with COPD).

   There may be gender differences in the development of early onset COPD. In the 
COPDGene study, 66 % of subjects with severe early onset COPD were female, 
whereas only 43 % of older subjects with severe COPD were female [ 17 ]. 
Furthermore, females with COPD were 3.1 times more likely than males with 
COPD to have a severe early onset diagnosis.  

  Fig. 10.1    Age-adjusted prevalence (%) of self-reported physician-diagnosed COPD among adults 
≥25 years, by sex and year—United States, National Health Interview Survey, 1999–2011 [ 11 ]       
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    Racial/Ethnic Differences 

 Data from the US have shown dramatic differences in COPD prevalence in different 
racial and ethnic groups, ranging from a low of 2.5 % in Asian/Pacifi c Islanders to 
11.0 % in American Indian/Alaskan Natives [ 11 ] (Fig.  10.2 ). This can be contrasted 
with spirometrically determined COPD from NHANES 2007–2010 data, where 
15.3 % of whites, 10.7 % of blacks, 6.3 % of Mexican-Americans, and 9.7 % of 
people of other races had evidence of COPD [ 14 ].

   Recent data suggests that the  characteristics   of COPD may vary by race. For 
example, an analysis of the COPDGene computed tomography data suggests that 
blacks had less emphysema than whites (13.1 % vs. 16.1 %) [ 18 ]. 

 As noted above, Hispanic ethnicity is protective against the development of 
COPD in most US populations. A study of New Mexico Hispanics that used both 
self-reported and DNA confi rmed ethnicity found a lower risk of COPD (vs. whites: 
OR 0.5) and a lower risk of lung function decline (OR 0.5). 

 Internationally, it was demonstrated by combining both the BOLD [ 13 ] and 
PLATINO [ 19 ] data that countries with the lowest  prevalence   of COPD were 
predominantly Hispanic (Fig.  10.3 ) [ 20 ]. The large differences noted here probably 
refl ect a combination of racial, ethnic, geographic, genetic, and exposure factors.

       Socioeconomic Differences 

 One of the most consistent disparities in estimates of COPD prevalence is that 
related to socioeconomic status ( SES  )   . In a number of different studies based in 
different countries and using different measures of SES, a higher prevalence of 

  Fig. 10.2    Age-adjusted prevalence of self-reported, physician-diagnosed COPD among adults 
aged >25, by race/ethnicity: United States (Behavioral Risk Factor Surveillance Survey):2011 
[ N  = 475,616] data from [ 11 ]       
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COPD is observed in lower SES populations (Table  10.1 ). Although a lower SES is 
typically related to COPD risk factors such as smoking, multivariate regression 
models continue to show an SES gradient. For example, in the Yin study of a 
Chinese population, the low-income group had a signifi cantly higher risk of COPD 
(OR 2.1) relative to the high-income group.

        Geographic Differences   

 As noted above, the BOLD and PLATINO studies demonstrated a great deal of vari-
ability in the prevalence of COPD between different populations in different coun-
tries (Fig.  10.3 ) [ 13 ]. In the BOLD study, COPD among women ranged from 5·1 % 
in Guangzhou, China, to 16·7 % in Cape Town, South Africa, and in men it ranged 
from 8·5 % in Reykjavik, Iceland, to 22·2 % in Cape Town, South Africa. 

 In the United States, the rate of COPD varies from state to state, from a low of 
4.3 % in Utah to a high of 10.6 % in Kentucky [ 11 ]. Smaller area data are not yet 
available for COPD prevalence, although it is highly likely that prevalence rates in 
counties or health districts also show considerable variation. This variation is related 
to a number of factors including the key COPD risk factors like smoking and occu-
pational exposures, in addition to poverty, early life respiratory infections, diet, phy-
sician diagnostic differences, and other factors [ 20 ].   

  Fig. 10.3    Estimated prevalence of GOLD Stage 2 or higher COPD. Data taken from the BOLD 
[ 13 ] and PLATINO [ 19 ] studies. Estimates are for small regions and do not necessarily represent 
national prevalence estimates [ 20 ]       
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    Disparities in  Treatment   

 Access to care and use of effi cacious medications can help avoid harm in patients 
with COPD. Few studies have specifi cally examined differences in access to care or 
use of COPD treatments across patient populations, but the available evidence 
suggests that disparities in treatment exist across different patient groups. 
Tiotropium, introduced in the U.S. in 2004, is a long-acting analog of the inhaled 
anticholinergic medication ipratropium bromide. In placebo-controlled randomized 
clinical trials, tiotropium has been shown to signifi cantly improve health-related 
quality of life (St. George’s Respiratory Questionnaire) and dyspnea (Transitional 
Dyspnoea Index); lung function; and lower the risk of exacerbations, hospitaliza-
tions, and mortality [ 21 – 23 ]. In a study conducted 2 years after the introduction of 
tiotropium in the U.S., investigators observed that a lower SES was strongly associ-
ated with decreased odds of using tiotropium, even after taking into account mea-
sures of disease severity [ 24 ]. Patients with lower levels of education (less than or 
equal to high school) or income (<$20,000) had one-third the odds of using tiotro-
pium compared to their more advantaged counterparts. Results of a more recent 

   Table 10.1     Socioeconomic status   and COPD prevalence from selected studies   

 Author/year  Country  SES indicator  Level 

 COPD 
prevalence 
men or 
overall (%) 

 COPD 
prevalence 
women (%) 

 Chen/2000 [ 40 ]  Canada  Income 
adequacy 

 High  1.6  2.6 
 Middle  2.4  4.6 
 Low  6.6  6.6 

 Ferre/2012 [ 41 ] a   France  Annual 
income 

 High  1.9 
 Middle  3.6 
 Low  3.4 
 Very Low  5.3 

 Kanervisto/
2011 [ 42 ] 

 Finland  Household 
income 

 High  3.1 
 Middle  3.4 
 Low  9.2 

 Yin/2011 [ 43 ]  China  Income  High  2.0 
 Middle  2.4 
 Low  4.2 

 Ford/2013 [ 14 ]  United 
States 

 Education 
(years) 

 >12  12.4 
 12  15.7 
 <12  14.3 

 Danielsson/
2012 [ 44 ] 

 Sweden  Education 
(years) 

 >12  11.4 
 12  12.6 
 <12  28.0 

   a Chronic bronchitis  
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study among patients enrolled in COPDGene (published as an abstract in 2010) also 
suggest that black race is associated with signifi cantly lower use of tiotropium [ 25 ]. 
Differences in access to therapy probably exist for other types of COPD interven-
tions, including medications, noninvasive ventilation, and lung transplantation [ 26 , 
 27 ]. Thus, these fi ndings raise concerns about the potential for differences in the 
quality of care contributing to COPD disparities in outcomes.  

    Disparities in  Outcomes   

 This section will examine differences and disparities in morbidity and mortality 
among patients with COPD. 

     Morbidity   

 Key measures of COPD-related morbidity include exacerbation events and health- 
related quality of life (HRQOL). Exacerbations of COPD are related to a number of 
factors [ 28 ] and commonly result in emergency room visits and hospitalizations. In 
2010 the United States had an estimated 699,000 hospitalizations, or an age-adjusted 
rate of 32.2 per 10,000 U.S. civilians, for patients at least 25 years of age with a fi rst-
listed diagnosis of COPD [ 11 ]. Hospitalization rates were similar between men (31.6 
per 10,000) and women (33.4 per 10,000) but were higher in blacks (39.5 per 10,000) 
compared with whites (29.5 per 10,000). This is in spite of a national trend observed 
with hospitalization rates decreasing for all adults between 1999 and 2010 [ 11 ]. 

 When observing only Medicare enrollees of at least 65 years of age, there were 
312,654 hospital discharge claims, or an age-adjusted rate of 11.18 per 1000 enroll-
ees, with a fi rst-listed diagnosis of COPD in 2010. Hospitalization rates for Medicare 
enrollees were similar for men (11.6 per 1000) and women (10.0 per 1000). With 
respect to race and ethnicity, the hospitalization rates were the highest for Native 
American enrollees (13.2 per 1000), followed by black enrollees (12.4 per 1000), 
white enrollees (11.3 per 1000), Hispanic enrollees (9.7 per 1000), and Asian 
enrollees (4.8 per 1000). From 1999 to 2010, Medicare hospitalizations decreased 
for enrollees overall and for men, but not signifi cantly for women or any specifi c 
race/ethnicity group (Fig.  10.4 ) [ 11 ].

   A COPD-related  hospitalization   increases the risk of subsequent mortality inde-
pendent of the baseline level of lung function [ 29 ]. African Americans hospitalized 
with COPD exacerbations have a higher 30-day readmission rate compared with 
white patients (23.1 % vs. 20.5 %) [ 30 ]. Income is also associated with 30-day read-
mission rates after COPD exacerbations; patients living in areas with a median 
household income in the lowest quartile have a higher readmission rate compared 
with patients living in areas with the highest quartile of income (21.5 % vs. 20.2 %). 
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 Many factors can affect  HRQOL   in COPD patients, including age and sex. Other 
factors that affect HRQOL, such as lung function, smoking history, current smoking 
status, and education, tend to vary by race. However, even after adjusting for these 
and additional confounders, disparities in HRQOL can still be found between 
African Americans and Caucasians. Data from the COPDGene study was used to 
examine differences in HRQOL according to the St. George Respiratory 
Questionnaire (SGRQ) [ 31 ]. For COPD patients with no exacerbations reported in 
the prior year, SGRQ scores were similar for African Americans and Caucasian 
patients. However, African American patients that reported exacerbations in the pre-
vious year averaged 1.89 points higher (i.e., worse HRQOL) on the SGRQ per 
exacerbation than Caucasians. Additionally, more African Americans had at least 
one exacerbation requiring hospitalization (32 %) than Caucasians (16 %). Of those 
patients reporting exacerbations requiring hospitalization, African Americans 
tended to score 4.19 points higher on the SGRQ measure per exacerbation than 
Caucasians. 

 Similarly, outcomes of COPD severity, pulmonary function, physical function 
limitations, and risk of exacerbation have been shown to vary by certain demo-
graphic factors. A cohort of COPD patients from the Function, Living, Outcomes, 
and Work study were analyzed for associations between outcomes and demographic 
factors of race, education, and income after controlling for a multitude of covariates 
[ 32 ]. Both lower education and lower household income were associated with 
higher COPD severity and poorer lung function (FEV1%) when compared to their 
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  Fig. 10.4    Race-specifi c age-adjusted rates (per 1000 Medicare enrollees) of Medicare hospitaliza-
tions for COPD as the fi rst-listed discharge diagnosis among Medicare enrollees aged >65 years, 
by year—United States, Medicare Part A hospital claims, 1999–2010 [ 11 ]       

 

10 Health Disparities in Chronic Obstructive Pulmonary Disease



198

high education and income counterparts. Lower income groups also performed 
poorer in physical function than did the high-income group. The lowest education 
and income groups were found to have more severe airfl ow obstruction (FEV1/
FVC) and a higher risk of exacerbation requiring hospitalization when compared to 
the highest education and income groups. The lowest education group also showed 
poorer physical function relative to the highest education group. With respect to 
race, black subjects had better lung function (FEV1%) but poorer physical function 
when compared to white subjects.  

     Mortality   

 There were 133,575 deaths in the U.S. in 2010 that were attributed to COPD, cor-
responding to an age-adjusted rate of 63.1 per 100,000 people. This death rate 
decreased from 1999 to 2010 for men, but did not change in women or overall. 
Death rates were highest in 2010 among whites (70.2 per 100,000), followed by 
American Indian/Alaska Natives (62.9 per 100,000), blacks (41.8 per 100,000), 
Hispanics (28.5 per 100,000), and Asian/Pacifi c Islanders (19.0 per 100,000) [ 11 ] 
(Fig.  10.5 ). Of note, between 1980 and 2002, death rates for African American 
COPD patients increased at a higher rate than for Caucasian COPD patients [ 33 ].
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        Disparities in  Research Funding   

 Another key disparity in COPD relates to the research funding this disease receives 
relative to the impact of the disease on the US population. When Gillum et al. evalu-
ated this looking at 2006 data, they found that COPD was one of the most underfund 
diseases by the National Institutes of Health relative to the number of disability 
adjusted life years for COPD [ 34 ] (Fig.  10.6 ). Since 2006, COPD federal funding 
has increased dramatically with projects such as COPDGene [ 35 ] and the Long- 
Term Oxygen Treatment Trial (LOTT).

       Disparities in  Patient and Public Perception   of COPD 

 Another key historical disparity is how COPD has been perceived by patients and 
the public. This is, in large part, due to COPD’s association with cigarette smoking 
in most of the developed world [ 36 ]. People tend to “blame” themselves for having 

  Fig. 10.6    NIH Funding in 2006 and US Disease Burden in DALYs in 2004 for 29 Common 
Medical Conditions. The  solid line  represents the results of a traditional multivariable analysis, 
showing the relationship between US disease-specifi c DALYs burden and actual 2006 NIH fund-
ing dollars. The  dashed line  projects NIH funding levels in a similar multivariable model that 
requires that a disease with no burden receives no funding (constrained model). Though the models 
produce similar results, several diseases that would be considered overfunded in one model are 
considered underfunded in the other. For example, cervical cancer appears to be overfunded 
relative to the  dashed line , while it is underfunded relative to the  solid one  [ 34 ]       
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“brought this disease upon themselves” and are embarrassed to even admit that they 
have the disease. Even among patients who have stopped smoking many years 
before there is a tendency for self-blame by saying “I should have stopped smoking 
earlier.” Many of these same features are often associated with the tobacco-related 
disease of lung cancer, where a typical question asked of a newly diagnosed patient 
revolves around their smoking history, again with the presumption that this person 
brought this disease upon himself. 

  Cigarette smoking   is linked to a number of other diseases, including heart dis-
ease, colon cancer, cervical cancer, and diabetes [ 37 ], yet none of these diseases 
suffer from the “shame and blame” attitudes that permeate COPD. 

 Fortunately, these attitudes are changing. In the US over 25 % of adults with 
evidence of COPD have never smoked [ 11 ]. In addition, in recent years patients 
with COPD have become more empowered about their disease management in gen-
eral and their expectations of better therapies and better outcomes compared to what 
was expected 20 years ago. In 2011 the CDC released a task force report to approach 
COPD as a public health problem, going well beyond the “burning cigarette” as the 
only area where interventions could occur [ 38 ].  

     Resources   to Learn More About COPD 

 Prior to the formation of the U.S. COPD Coalition in 2001 and the COPD Foundation 
in 2004, there were no patient advocacy organizations solely dedicated to serving 
the COPD community and as a result, resources for patients were scarce. Today 
there are numerous COPD-related resources available online that provide high- 
quality information for health care providers and patients and their families but 
disparities in the dissemination and use of these materials still exist. Some of these 
are noted below. 

    For Health Care Providers 

     1.    COPD Foundation—  www.copdfoundation.org     1-866-316-(COPD) 2673 
 The COPD Foundation, with guidance from its Medical and Scientifi c 

Advisory Committee produced the Pocket Consultant Guide for the Diagnosis 
and Management of COPD and a corresponding interactive website for health-
care providers to discuss clinical issues in COPD. The COPD  Foundation   also 
publishes a quarterly clinical magazine on lung health, the  Lung Health 
Professional  and produces several live and enduring CME resources throughout 
the year.   

   2.    Global Initiative on Chronic Obstructive Lung Disease (GOLD)—  www.gold-
copd.org     
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 GOLD resources available for download include the Global Strategy for 
Diagnosis, Management, and Prevention of COPD and its corresponding At-A- 
Glance Desk Reference and Pocket Guide.   

   3.    American Lung  Association  —  www.lung.org     
 The ALA has developed the COPD Action Plan document that providers can 

give to patients to help them understand what medication  t  hey are taking, signs 
of exacerbations, and what to do based on certain physical symptoms.   

   4.    American Thoracic  Society  —  www.thoracic.org     
 Standards for the Diagnosis and Management of COPD are available for 

download on the ATS website along with several web-based pages highlighting 
key points for the management of specifi c issues in COPD, monthly clinical case 
web features on multiple lung health issues including COPD and references 
related to coding and billing. ATS publishes the American Journal of Respiratory 
and Clinical Care Medicine and Annals of the ATS, both of which address COPD 
research.   

   5.    European Respiratory  Society  —  www.ersnet.org     
 ERS publishes the European Respiratory Journal and a number of topical 

handbooks and position statements related to COPD, coauthors COPD Guidelines 
with the ATS and puts on a large respiratory congress each year where original 
COPD research is presented.   

   6.    National Heart, Lung and Blood  Institute  —  www.nhlbi.nih.gov     
  NHLBI  , through their COPD:  Learn More Breathe Better  Campaign provides 

COPD essentials fact sheets for providers along with periodic workshops and 
research funding in COPD.      

    For Patients and Their  Families   

     1.    COPD Foundation—  www.copdfoundation.org     1-866-316-(COPD) 2673 
 The COPD Foundation has created an extensive list of resources specifi cally 

for COPD patients and their families. The Information Line is staffed by trained 
patients and caregivers and available toll-free Monday–Friday 9 am–9 pm 
ET. The  COPD Digest  is a free quarterly publication with clinical, lifestyle, and 
policy information related to COPD. Comprehensive educational materials are 
available free for download or can be ordered by patients for free by calling the 
COPD Information Line.   

   2.    Alpha-1 Foundation—  www.alpha-1foundation.org     
 Individuals with Alpha-1 Antitrypsin Defi ciency can access educational 

materials written specifi cally about the genetic condition. The Alpha-1 
Foundation also provides a free confi dential, mail-based, testing program for 
Alpha-1.   

   3.    American Lung Association—  www.lung.org     
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 The ALA supports the Better Breathers Clubs, a network of support groups 
for individuals with all types of lung disease. In addition, the ALA hosts a lung 
helpline and produces written educational materials about COPD.   

   4.    WebMD—  www.webmd.com     
  WebMD hosts      the COPD Help Center, a virtual home for information about 

COPD symptoms, diagnosis, treatment, and more.   
   5.     American Association for Respiratory Care     —  www.yourlunghealth.org     
 The  American Association for Respiratory Care   is a professional association of 

respiratory therapists and other allied health practitioners who assist physicians 
in the treatment and care of patients with lung disorders. Education of patients is 
an important part of their mission. This web site provides useful information on 
a number of respiratory diseases and their treatments.       

    Looking Toward the Future 

 A great deal of progress has been made in reducing COPD-related disparities in the 
past 20 years. Moving away from the sole focus on tobacco smoking has been key. 
This shift is critical, because even if every smoker in the country were to stop smok-
ing today, the morbidity and mortality related to COPD would remain unchanged 
for the next 25–30 years [ 39 ]. Increasing research funding to better understand who 
is at risk and how interventions can be better targeted is also important.  

    Conclusion 

 COPD represents a group of related diseases that have been associated with a num-
ber of disparities over the years. These range from disparities in diagnosis, treat-
ment, and outcomes to disparities in public perception and research funding. In 
recent years, there has been movement toward the elimination of these disparities by 
increasing research funding, developing better therapies, and increasing awareness 
of the risk factors beyond tobacco smoke that lead to COPD. The future for COPD 
looks very different from its past, with movement from nihilism to optimism, and a 
greater global acceptance of the diversity of disease phenotypes, therapies, and 
outcomes.     
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    Chapter 11   
 Health Disparities and Tuberculosis       

       Eyal     Oren     

           E.   Oren ,  Ph.D., M.S.      (*) 
  Department of Epidemiology and Biostatistics ,  Mel and Enid Zuckerman College of Public 
Health, University of Arizona ,   1295 N. Martin Ave ,  Tucson ,  AZ   85724 ,  USA   
 e-mail: eoren@email.arizona.edu  

          Key Points 

•     Poverty and low socioeconomic  status   are associated with differential access to 
health care and service delivery, resulting in differential TB outcomes across 
populations.  

•   Broad social determinants, such as housing conditions, social networks, and 
social support, are strong drivers of TB epidemics.  

•   The disproportionate burden of TB among racial and ethnic groups is largely due 
to differences in living and social conditions.  

•   TB rates vary highly by country and location and cluster in space.  
•   Interventions to address inequities and links between TB and risk factors include 

health sector interventions, intersectoral policies impacting across society, and 
measurement and research.     

    Preface 

   Of all the forms of inequality, injustice in health care is the most shocking and inhumane—
Dr. Martin Luther King, Jr., 1966. 

   Martin Luther King, Jr.’s comment about injustice in health care captures the 
conundrum of health disparities that exist worldwide. Health disparities refer to 
gaps in the quality of health and health care related to gender, race, ethnicity, socio-
economic status (SES), and other sociodemographic characteristics. The term 
disparities describes both differentials in health status, such as disease prevalence, 
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incidence, or mortality, as well as disparities in health care, such as differences in 
the preventive, diagnostic, and treatment services offered to people with similar 
health conditions. Health disparities continue to be a major public health problem 
affecting health systems around the globe, persisting over both time and the life 
course, to the extent that most major health agencies and projects are now address-
ing the issues in their goal statements. For example, Healthy People 2020, the 
10-year national strategic plan for improving the health of all Americans, has com-
mitted to “achieve health equity, eliminate disparities, and improve the health of all 
groups” as one of its four overarching goals [ 1 ]. On a related note, work over the 
last decade, according to Steven Woolf of Virginia Commonwealth University, has 
shown that “achieving equity may do more for health than perfecting the technology 
of care” [ 2 ]. Such health disparities are particularly relevant to tuberculosis (TB). 

 Worldwide, one out of three persons is infected with  Mycobacterium tubercu-
losis , with 1.5 million deaths due to TB [ 3 ]. TB continues to affect many communi-
ties in the United States and elsewhere disproportionately and unequally [ 4 ]. TB is 
a  bacterial disease   spread from person to person through the air. But risk of expo-
sure to TB, the risk for developing TB once infected, as well as treatment access and 
provision are not equal among different population groups. Notable differences in 
TB risk exist across racial and ethnic groups, socioeconomic strata, gender, immi-
gration status, and geographic location. In the U.S., foreign-born persons have case 
rates 11.5 times higher than US-born persons, and among the US born, the largest 
disparities are between blacks and whites; where TB rates in blacks are 5.8 times 
greater than among whites, and distribution is geographically heterogeneous with 
California, Texas, New York, and Florida reporting half of all TB cases in 2012 [ 4 ]. 

 Poor ventilation and overcrowding in homes, workplaces, and communities 
increase the likelihood of uninfected individuals being exposed to TB infection [ 5 , 
 6 ]. Individuals with TB symptoms such as a persistent cough often face signifi cant 
social and economic barriers that delay their contact with health systems in which 
an appropriate diagnosis might be made, including diffi culties in transport to health 
facilities, fear of stigmatization if they seek a TB diagnosis, mistrust of the medical 
community, and lack of social support to seek care when they fall sick [ 7 – 9 ]. A 
conceptual model illustrating one proposed framework linking social and economic 
exposures and TB outcomes is presented in Fig.  11.1 . The model illustrates both the 
pathways through which socioeconomic position can infl uence TB  health outcomes  , 
as well as interventions that can potentially ameliorate low socioeconomic position 
(e.g., cash transfers, microfi nance services).

   This chapter focuses on the evidence of health disparities in tuberculosis, with 
emphasis placed on the intertwined root causes of these disparities, namely, differ-
ences in TB health outcomes by economic and social opportunities and resources. 
The chapter focuses equally on the disparities across three main axes: SES, differ-
ences across populations, and geographic location. While each of these content 
areas has its own large body of supporting literature, they are all clearly linked by 
the overriding “root causes” mentioned earlier. These root causes, as well as current 
thinking regarding how to ameliorate their infl uence in the context of TB, will be 
discussed below.  
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     Socioeconomic Factors   and Tuberculosis Disparities 

 The decline in TB in the United States began before the introduction of the BCG 
vaccine in 1921 and chemotherapy in 1944, so was likely due more to improved 
social conditions and the natural history of the pandemic than medical advances in 
treatment and prevention [ 10 ]. McKeown has noted that the public health effects of 
medical treatment were overemphasized during the early to mid-twentieth century 
[ 11 ]. Research has demonstrated a strong relationship between SES and an increased 
risk of being affected by health disparities [ 12 ]. Strong stepwise gradients are 
observed between increasing social advantage, as measured primarily by income, 
education and occupational grade, and improvements in health [ 13 ,  14 ]. Yet, while 
TB has been recognized as a “social disease” since the nineteenth century, going 
back at least to Engels’ The Condition of the Working Class in England [ 15 ], the 
global TB control paradigm has focused mainly on cutting transmission through 
early case detection and effective treatment, with biomedical interventions at the 
core of the global strategy [ 16 ]. Social factors describe the distribution of TB 

  Fig. 11.1    Conceptual framework for TB Control, with posited interventions targeting socioeco-
nomic position at household level. Reprinted with permission of the International Union Against 
Tuberculosis and Lung Disease. Copyright The Union. Boccia D, Hargreaves J, Lonnroth K, et al. 
Cash transfer and microfi nance interventions for tuberculosis control: review of the impact evi-
dence and policy implications.  The international journal of tuberculosis and lung disease . Jun 
2011;15 Suppl 2:S37-49       
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disease, as well as allow for effective targeted testing and prevention efforts that 
require an understanding of the demographics of targeted populations, which 
include factors such as SES. More importantly, because the inequitable distribution 
of TB throughout the world clusters particularly among the poor and among minori-
ties [ 17 ,  18 ], structural approaches to prevention that emphasize sociocultural, 
political, economic, and environmental factors can potentially greatly mitigate 
some of the inequities in the incidence, mortality, and morbidity of TB between dif-
ferent population groups and countries [ 19 ]. 

 In recent years, there has been growing emphasis, both in the scientifi c litera-
ture and in the policy realm, on the social determinants of tuberculosis disparities. 
Notably, the profi le of this work has been raised through recent initiatives by the 
World Health Organization (WHO) Commission on the Social Determinants of 
Health [ 20 ] and the U.S. Centers for Disease Control (CDC) [ 21 ]. The WHO Stop 
TB Department has recognized the need to broaden the strategy to include more 
preventive efforts, which include social, economic, and environmental interven-
tions [ 22 ]. 

    Tuberculosis  and Poverty   

 Tuberculosis is regarded as a disease of poverty and many aspects of low SES, for 
example, overcrowding and malnutrition, are accepted individual- and household- 
level risk factors for the disease. Inequities can be explained in terms of differences 
in socioeconomic status and other structural factors that infl uence exposure to risk, 
vulnerability, and the ability to recover after becoming ill [ 23 ]. 

 As with many other diseases, the TB burden follows a clear socioeconomic 
gradient, with the poorest at the most elevated risk [ 24 ,  25 ]. This most fundamental 
of socioeconomic measures, poverty, is ineluctably paired with individual or house-
hold income. Yet poverty is multidimensional, including material well-being but 
also absence of infrastructure or a lack of input [ 26 ]. In the TB literature, markers 
of poverty range from individual indicators of household poverty status, to aggre-
gate indices across geographical areas such as neighborhoods, to select populations 
who are considered socially vulnerable. 

 In Vienna in the early 1900s, the wealthiest portion of the city had a death rate 
from tuberculosis of 11 per 10,000 of the population; the income tax payers 
amounted to 25 % of the population, and the illegitimate births 0.8 per 1000, 
whereas in the poorest section of the city, the death rate from tuberculosis was 67 
per 10,000; the income tax payers 9.2 % of the population, and the illegitimate 
births 9.2 per 1000 [ 27 ]. Almost a century later, the incidence of TB in central 
Harlem in 1990 was 32 times that of neighboring and more affl uent sections of 
Manhattan [ 28 ]. In the United States, in both New York City and Seattle, neighbor-
hood poverty has recently been strongly associated with TB incidence [ 29 ,  30 ]. 
Ecologic studies conducted in both the United States and Britain have found crude 
associations between tuberculosis rates across areas and low levels of education, 
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  Fig. 11.2    ( a ) Average annual incidence of TB per 100 000 (based on cases from 1997 to 2001) in 
Fulton County, Georgia, USA, by Zip Code Tabulation Area. ( b ) Percentage of persons below the 
poverty level. Reprinted with permission of the International Union Against Tuberculosis and 
Lung Disease. Copyright The Union. Lopez De Fede A, Stewart JE, Harris MJ, Mayfi eld-Smith 
K. Tuberculosis in socio-economically deprived neighborhoods: missed opportunities for preven-
tion.  The international journal of tuberculosis and lung disease . Dec 2008;12(12):1425-1430         

high levels of poverty, less government social support, social deprivation, and 
income inequality [ 31 – 34 ]. For example, Fig.  11.2a, b  shows both TB incidence 
rates, as well as the percentage of persons below the poverty level per  zip code tabu-
lation area (ZCTA)   for an urban county in Georgia. A strong correlation is observed 
between the poorest  ZCTAs   and the highest TB incidence rates. Evidence from 
ecologic and multilevel studies in Brazil, South Africa, and other countries supports 
the existence of this relationship in middle- and low-income countries [ 35 – 41 ]. 
Finally, individual-level studies of the link between low SES and high risk of 
 tuberculosis have found associations in poorer, high tuberculosis-burden settings 
[ 42 ,  43 ]. Similarly, the magnitude of all TB death rates has been found highest in 
low- household income areas, followed by middle- and high-income areas [ 44 ]. The 
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Fig. 11.2 continued

association between infection and SES is not as clear. Tuberculin skin test positivity 
was least frequent in households with higher educational level, income, skilled 
occupations, and room size [ 45 ,  46 ]. Other studies have found that the risk of tuber-
culin skin test positivity was not associated with socioeconomic indicators [ 47 ,  48 ] 
or that infection as measured through the Quantiferon blood test actually increased 
with SES, possibly because wealthier homes were less well ventilated [ 49 ].

        Crowding   (and Density) 

 One would expect that greater density would allow for higher contact rates with 
an infectious individual, and thus elevated risk of disease transmission [ 50 ]. In 
1996–2000, after adjusting for sociodemographic factors, Wanyeki et al. [ 5 ] used 
residential addresses to geocode active TB cases reported in Montreal. They found 
that dwelling and building features, particularly dwellings in taller and new build-
ings, with lower resale value, and dwellings on blocks with high residential density 
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as well as crowding were associated with TB occurrence. Similarly, in New Zealand, 
TB incidence has shown to be associated with household crowding [ 51 ], and TB 
case rates were signifi cantly higher in the highest crowding quartile of zip codes in 
the US [ 52 ]. Children living in areas of the Bronx in which over 12 % of homes 
were severely overcrowded were over fi vefold more likely to develop active TB 
[ 53 ]. In First Nations communities in Canada, higher TB disease rates were observed 
in communities with more people living in a room (housing density) and an increase 
in risk of >2 TB cases occurring for every 0.1 increase in persons per room was 
observed [ 54 ]. While greater population density might equate with more shared air 
with a TB case, communities with overcrowded housing may also experience a 
higher prevalence of latent TB infection, or risk factors for progression from TB 
infection to disease. However, Myers et al. [ 55 ] found a protective effective for 
crowding (after adjustment for race, ethnicity, immigration, and socioeconomic factors) 
and no effect for population density in pediatric TB cases within California. They 
explained this as partly due to correlation with other variables that better explained 
the variability in tuberculosis cases, such as race/ethnicity, lower median incomes, 
and immigration. As well, to be discussed further below, crowding may be associated 
with a more tightly woven social network that could protect against disease [ 25 ].  

    Other Socioeconomic Factors 

 Unemployment, a factor expressing lower social class, is associated with disparate 
TB rates as well. Among the Inuit, it has been described as one of the major deter-
minants of risk with those on social funds or unemployed over four times more 
likely to have a TB infection than workers or students [ 56 ]. The greatest difference 
in active TB rates in British  Columbia   is that between employed and unemployed 
men [ 57 ]. Retired patients in Brazil were three times more likely to be infected with 
cluster-pattern strains than patients with any other occupation [ 58 ]. Occupations 
that have contact with infected cases (health care workers), those with silica expo-
sure and silicosis (mining and construction), and low SES have higher TB  mortality   
based upon National Center for Health Statistics data [ 59 – 61 ]. US TB case-fatality 
rates among unskilled white laborers were nearly seven times higher than among 
professional persons [ 62 ] and certain professions such as mining production are 
associated with elevated TB incidence rates [ 63 ]. Poor economic conditions such as 
self or even spousal unemployment are associated with greater health risks in gen-
eral, including mortality, especially for those of working age [ 64 ].  

    Homelessness 

 The  homeless   have long been at increased risk of infection and progression to active 
TB due to a combination of poverty, poor nutrition, substance abuse, a lack of afford-
able housing, and increased exposure to public places [ 65 ,  66 ]. TB outbreaks among 
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the homeless are often attributed to lack of health insurance and treatment delay [ 67 , 
 68 ]. As early as the late 1930s, focused X-ray screenings took place in poor popula-
tions, with 47,160 homeless men screened, 2250 (5.3 %) of whom were diagnosed 
with active tuberculosis; additionally 1919 (2.9 %) of 65,459 Harlem relief recipi-
ents were shown with active disease [ 69 ,  70 ]. In 1954, X-rays of almost 2000 men 
who were homeless revealed a detection rate of 4 %, or more than 15 times that of 
the general population [ 71 ]. In landmark studies in San Francisco, nearly tenfold 
higher infection levels were seen among homeless people with the TB case rate 
among African American and other non-white homeless people 3.5 times greater 
than among the general population [ 72 ]. In general, incidence rates among the home-
less have been diffi cult to assess, given the lack of a true homeless census. 

 Based on a thorough homeless count, Feske et al. [ 73 ] have shown that more 
transient housing status is linked to TB incidence that is almost 100 times the US 
population average, with homelessness more closely associated with social determi-
nants of health rather than disease comorbidities in multivariate analyses. Increased 
genotypic clustering, a surrogate for disease transmission, had also been associated 
with transient housing. Additionally, given lack of other transportation options, 
homeless persons with TB were more likely than nonhomeless to report weekly bus 
ridership. Buses and other forms of public transit have been shown to be effective 
means of TB transmission [ 74 – 77 ].  

    Evidence from Across the  Globe   

 There is a strong association between higher TB incidence in countries and lower 
gross domestic product per capital [ 22 ]. National income levels per capita and 
income inequality are also important predictors for TB incidence and prevalence in 
Europe [ 78 ]. 

 Within many countries, the distribution of TB has been shown to be higher 
among the poor than the nonpoor. In the Philippines, for example, the prevalence 
rate of smear-positive TB was found to be 1.6 times higher in urban poor communi-
ties than in nonpoor urban communities [ 79 ]. In China, 78 % of TB patients and 
their families were found to have per capita annual family income lower than the 
average for the locality [ 80 ]. The TB mortality rate in poor rural  China   was found to 
be nearly three times higher than that in more developed urban areas. A study in 
northern Vietnam observed that three times as many TB patients belonged to the 
lowest income quintile compared to those in the general study population [ 81 ]. 

 While not explicitly testing the poverty–TB association, higher rates of TB in 
refugee camps worldwide have also indirectly demonstrated the role of social con-
ditions on likelihood of acquiring disease. For example, in Kenya, the incidence of 
smear-positive TB was four times greater among refugee camp residents than for 
the local population [ 82 ]. 

 Worse outcomes of disease have been noted recently in varying regions of the 
world among the poor. For example, in Ivanovo, Russia, TB case fatality rate (during 
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treatment) was higher among Russian Federation homeless patients than among 
other patients [ 83 ]. In Kenya, primarily female TB patients’ major barrier to com-
plying with treatment protocol was fi nancial hardship [ 84 ]. The burden from losing 
a whole day’s income to visit the clinic for medication resulted in lower compliance 
with the drug regimen.  

    Broader  Social Structures   

 “Environmental” social determinants, such as housing conditions, social networks, 
and social support, are strong drivers of TB epidemics. Molecular tools have helped 
to discover complex social networks through which infection spreads [ 85 – 88 ]. High 
numbers of indoor contacts and intergenerational social mixing in households and 
transport likely contributed to high rates of TB transmission reported in a South 
African community [ 89 ]. Increasing numbers of social contacts occurred through-
out childhood, adolescence, and young adulthood, predominantly in settings such as 
schools and public transport, paralleling the increasing TB infection rates during 
childhood and young adulthood reported in this community [ 90 ]. 

 On the other hand, analyses reveal strong correlations between social capital and 
self-rated health on the aggregate level [ 91 ].  Social support mechanisms   are instru-
mental in infl uencing health-seeking behavior, adherence, and TB patient well- 
being [ 92 ]. Indeed, social capital was strongly correlated with decreased TB case 
rates at the state level in the US [ 25 ]. Social networks can also positively infl uence 
adherence to TB drug therapy [ 93 ]. Similarly, in India, social infrastructure devel-
opment which led to social capital generation was associated with decreasing TB 
incidence rates [ 94 ].  

    Physical Residential Infrastructure 

 Given its airborne transmission route, we would expect TB to predominate in indoor 
environments with less air exchange and poor ventilation. Indeed, in homes with 
poor  natura  l ventilation in rural South Africa, estimated TB transmission risk was 
quite high [ 95 ]. Similarly, the possibility of an association between household ven-
tilation (room volume, air change rates) and TB transmission has been examined in 
other studies [ 96 ,  97 ]. Evidence from healthcare facilities indicates that natural ven-
tilation; that is, use of open doors and windows, greatly reduces the risk of airborne 
transmission [ 98 ]. In general, despite seeing disparities by ventilation, there is cur-
rently lack of suffi cient data on the specifi cation and quantifi cation of minimum 
ventilation requirements in relation to the spread of airborne diseases [ 99 ]. 

 While little work has taken place to examine the salutary effects of different 
housing designs on TB, housing designs intended to lower TB risks are now being 
implemented in the rebuilding of Haiti [ 100 ]. Factors that may inhibit increased 
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ventilation in a house include the outdoor temperature, noise, comfort, energy costs, 
the condition of windows or doors, or cultural and personal habits. A poorly venti-
lated home may suffer from high humidity and condensation, resulting in mold 
growth. Indeed, while not directly linked with TB infection, presence of mold may 
result in increased susceptibility to respiratory infection [ 101 ].  

    Links Between SES and Intermediary  Risk Factors   for TB 

 In addition to upstream determinants such as poverty, there is also increased aware-
ness of the contribution of intermediary risk factors such as HIV, undernutrition, 
smoking, harmful use of alcohol, diabetes, and indoor air pollution to TB [ 102 ]. For 
example, children who had contact with index cases who were smokers showed a 
higher infection rate than those in contact with index cases who were nonsmokers 
[ 103 ]. These factors have all been linked to poverty, with strong associations docu-
mented at the individual level between these risk factors and poverty across 
medium- and low-income WHO-defi ned subregions [ 104 ] as well as in more urban 
areas of the US [ 105 ]. The population attributable fraction for TB in high-burden 
countries (which comprise 80 % of the global TB burden) for each of these risk fac-
tors has been estimated at between 8 and 27 % [ 102 ].  

     Inequities in Service Delivery   

 Poverty and low socioeconomic status are generally associated with worse treat-
ment outcomes for those with TB [ 102 ] and differential access to care and health 
service delivery is specifi cally implicated in generating TB health outcome dispari-
ties, especially for the poorest and most vulnerable people [ 106 ,  107 ]. For exam-
ple, TB patients in Georgia with lower household income were at greater risk of 
poor TB treatment outcomes [ 108 ]. Living in disadvantaged neighborhoods also 
reduces the likelihood of having a usual source of care and of obtaining recom-
mended preventive services [ 109 ]. Limited access to care, in turn, including 
proximity, cost, service acceptability, and presence of public clinics and transpor-
tation, is likely to result in greater disease severity and transmission [ 110 ]. A recent 
systematic review showed that TB patients and households in sub-Saharan Africa 
often incurred costs of more than 10 % of their per capita income when utilizing 
TB treatment and care [ 111 ]. 

 In a prospective cohort, longer patient delays, defi ned as the number of days 
from fi rst TB symptoms to fi rst medical visit specifi cally for those symptoms, were 
associated with nonwhite race and less education [ 112 ]. Longer healthcare delays, 
defi ned as days from fi rst consultation to the initiation of treatment, were associated 
with presentation to a private physician or those receiving a different respiratory 
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illness diagnosis prior to TB diagnosis. Delay in diagnosis as well as total treatment 
delay was associated with greater transmission of infection to contacts among 
US-born participants [ 112 ,  113 ]. Delays due to missed diagnoses among HIV- 
coinfected TB patients have also been documented [ 114 ]. Low educational status, 
living in a more rural area, and limited availability of resources such as personal 
fi nances, health insurance, time, access to qualifi ed health workers, and social sup-
port systems are a source of delay across the globe [ 115 – 117 ]. In the US, the 
proportion of advanced pulmonary TB increased the greatest in the last 15 years 
among whites, the employed, and the U.S. born, implying that low-incidence groups 
traditionally seen as being at low risk for TB disease were in fact receiving delayed 
diagnoses [ 118 ]. Additionally, individuals living in lower SES areas do not neces-
sarily have more severe pulmonary disease at diagnosis [ 119 ].   

    Disparities Across Populations 

     Race and Ethnicity   

 The leading causes of death and disability have a disproportionate impact on African 
Americans, Alaska Natives, American Indians, Asian Americans, Hispanic 
Americans, and Pacifi c Islanders and TB is no exception [ 120 ]. Indeed, dating back 
to the 1930s, extensive study in the United States showed that low SES was an 
important contributor to increased risk of TB disease among blacks in the US [ 121 ]. 
In a survey impressive in its scope undertaken from 1931 to 1934, the authors found 
that the “economically more fortunate” Ballard Normal School African Americans 
had more rooms per home, fewer persons per room, more windows per room, and 
greater home ownership, than the general Macon, Georgia African American popu-
lation. As well, this group had lower prevalence of TB, less history of contact in the 
household, and less positive history of TB in the family [ 121 ]. 

 To this day, in the US, TB is largely a problem among both Hispanic and black 
populations, with rates eight to nine times that of white populations [ 122 ] (Fig. 
 11.3 ). At the zip-code level, Hispanics and African Americans have been shown to 
be exposed to risk factors such as poverty and crowded housing that may facilitate 
TB transmission [ 123 ]. The burden of pediatric TB is largely borne among the 
minority population in many parts of the US—heightened transmission among 
US-born non-Hispanic black adults results in subsequent infection of non-Hispanic 
black children [ 18 ].  Hispanic ethnicity   and black race also independently predict 
clustering in molecular epidemiologic studies in the US [ 72 ,  124 ]. A recent molecu-
lar analysis found that younger age, fewer years of education, use of public trans-
portation, and inner city residence were independently associated with black race 
among TB patients [ 125 ].

   The disproportionate burden of TB among racial and ethnic groups is largely due 
to differences in living and social conditions [ 126 ]. For example, adjusting for six 
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socioeconomic indicators, low SES accounted for approximately half of the increased 
risk for TB among blacks, Hispanics, and Native Americans [ 52 ]. TB risk factors 
such as HIV, substance abuse, and homelessness are not evenly distributed across 
racial groups and contribute to both increased exposure and progression from latent 
infection to active disease [ 125 ]. Racial minorities are also more likely to be unin-
sured, or to have other comorbidities, increasing barriers to health-care access [ 127 ].  

     Indigenous Peoples   

 There is an overall paucity of high-quality data, disaggregated surveillance data that 
would allow for the estimation of TB case rates in different groups. A recent sys-
tematic review found that indigenous peoples in high-, middle-, and low-income 
countries continue to bear a high and disproportionate burden of TB [ 128 ]. Groups 
most burdened by TB are located in small regions of Latin America, India, and 
Africa and in the US; TB case rates for American Indians are more than fi ve times 
greater than for non-Hispanic white people and 13 times as great among Pacifi c 
Islanders [ 129 ]. Based on surveillance data, Native Americans and Alaska Natives 
were also more likely than other racial/ethnic groups to be homeless, excessively 
use alcohol, and come from places with a greater proportion of people living in 
poverty and  without   health insurance, all of which increase risk of TB disease.  

  Fig. 11.3    TB case rates by race/ethnicity, United States, 2003–2012.  Source : CDC. Reported 
Tuberculosis in the United States, 2012. Atlanta, GA: U.S. Department of Health and Human 
Services, CDC, October 2013       
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    Children 

 An estimated 11 % of all TB cases worldwide occur in  children   younger than age 15 
years [ 130 ] with infection and disease acquisition common because of the high 
likelihood that children have frequent and close contact with adults with infectious 
TB. In high incidence communities, increased exposure to adults with pulmonary 
disease occurs to due to sociodemographic factors such as overcrowding. 

 The disproportionate degree to which children have TB often occurs because TB 
goes undetected. In most of the world, sputum microscopy is still the gold standard 
for TB diagnosis, yet young children generally are unable to produce a sputum 
sample, and if they do the sample may not be suffi cient and often contains no detect-
able bacteria [ 131 ]. Providers thus often have to rely on clinical criteria, chest radi-
ography, and skin testing alone [ 132 ]. Additionally, new drug development for 
treatment of children has lagged because of the diffi culty of confi rming active TB, 
concerns about adverse effects, complexities in involving children in drug develop-
ment [ 133 ]. 

 The  WHO  ’s “Towards Zero TB Deaths in Children” is advocating for viewing 
childhood TB in the context of a family illness, providing outreach to children with 
HIV, better integrating TB services with maternal and child health services, and 
actively reaching out and fi nding individuals with active TB [ 134 ]. Additionally, 
there has been a movement to include children in the picture when testing new rapid 
diagnostics and shorter, safer medication regimens that might actively benefi t not 
only adults. Recent studies have shown that raising awareness about the risk of 
childhood TB among health workers and teaching them to use a scoring card for TB 
symptoms increases detection of childhood TB by almost three times [ 135 ]. Not 
only is poverty associated with increased risk of a child being exposed to TB, but it 
also infl uences risk of becoming infected and of then developing disease. Increased 
attention to childhood nutrition and improvement in the socioeconomic and 
 environmental  conditions   of communities is likely to have a signifi cant impact on 
new TB diagnoses and transmission to children [ 136 ].  

     Gender   

 Nearly twice as many men as women have been diagnosed with TB globally [ 137 ]. 
Men have higher mortality from TB, are at greater risk for treatment failure, and 
treatment default [ 138 ,  139 ]. Explanations for these imbalances have varied, with 
one hypothesis positing that gender-specifi c social roles may require men to have 
more social contact, thereby increasing TB exposure [ 140 ] and another differences 
in immunity due to levels of sex hormones that result in greater susceptibility among 
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men [ 141 ]. In most cases, the observed disparities in outcomes are not due to dis-
parities in health care [ 142 ], although undernotifi cation of women due to greater 
diffi culties in gaining access to care may partly explain the disparity [ 143 ].  

    Disparities in Other Settings 

 The inmate population has been reported to have TB rates as much as 100 times 
higher than the civilian population [ 144 ]. One notable reason for the high rates of 
TB in correctional institutions is the greater proportion of persons who are at high 
risk for TB but who cannot access standard public health interventions such as uni-
versal HIV testing [ 145 ]. The fundamental relationship between  SES   and TB risk 
thus holds among vulnerable populations such as inmates [ 146 ]. Transmission risks 
particular to correctional institutions include close living quarters, poor ventilation, 
and overcrowding [ 147 ,  148 ].  Health disparities   in treatment outcomes are particu-
larly prevalent in this population. Inmates are much less likely to complete treat-
ment [ 147 ]. This is a cause for concern both for the health of those individuals who 
did not receive a full course of curative therapy and for the communities in which 
they live. In Arkansas, it was discovered that the majority of persons (83 %) who 
later had TB had not received any TB screening while in jail [ 149 ]. A recent system-
atic review estimated the median estimated fraction of TB in the general population 
attributable to the exposure in prisons for TB as 8.5 % in high- and 6.3 % in middle/
low-income countries [ 150 ].  

    Other High-Risk Populations 

 Patients in behavioral  high-risk groups   are likely to delay seeking timely medical 
care and not adhere to TB treatment, causing a prolonged period of infectivity and 
possible outbreaks [ 151 – 153 ]. Transmission among frequent alcohol or drug users 
may be common because of the inability or reluctance of patients to share informa-
tion and behavioral patterns [ 87 ,  154 ].   

    Disparity by  Place   

 TB rates vary highly by country and location, with the largest number of new TB 
cases occurring in Asia, accounting for 60 % of new cases globally, but highest 
incidence rates reported in sub-Saharan Africa, with over 255 cases per 100,000 
population in 2012 [ 137 ]. In the U.S., great variation is also observed across the 50 
states, from 0.4 cases per 100,000 (West Virginia) to nine cases per 100,000 (Alaska) 
in 2012 [ 155 ]. 
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     Urban and Rural Disparities   

 In large cities, tuberculosis mortality in both sexes has been shown to be three times 
higher in lowest than in the highest socioeconomic group among 35-year-olds and 
under, with a ratio of six to one among men over 35 [ 156 ]. A study in Denmark 
found that TB incidence rates in urban areas were twice as high as were incidence 
rates in rural areas [ 157 ] and TB in major cities has been shown to account for more 
than one-third of all US patients with TB [ 68 ]. Social conditions that affect urban 
areas such as homelessness, HIV, suboptimal access to healthcare, and migratory 
patterns are associated with higher TB incidence [ 158 – 160 ]. 

 On the fl ip side, living in rural areas farther from available healthcare also mat-
ters. Individuals in indigenous First Nations communities who were more isolated 
and further removed from services had higher risks of incident TB [ 54 ]. Residents 
in rural  Chin  a, Vietnam, Kenya, among many other settings, have shown low case- 
fi nding rates and high rates of TB disease and transmission [ 161 – 163 ].  

    The Role of Place:  Spatial Analyses and Disparities   

 A number of studies have shown spatial clustering of TB cases, with signifi cant 
associations of clustering found with social indices as well as unemployment, over-
crowding, and income [ 30 ,  35 ,  36 ]. Similarly, areas that experienced the greatest 
child HIV/TB mortality were those without any health facility [ 164 ]. Uneven spatial 
distribution of cases has been documented in most continents [ 8 ,  165 – 167 ] and 
worldwide [ 168 ]. TB incidence in neighboring townships has even shown to have 
an effect on the TB incidence in a given township [ 169 ]. GIS-based screening based 
on multiple comorbidities, including TB, has been suggested as a tool to effectively 
penetrate populations with high disease burden and poor healthcare access [ 170 ]. 
Modeling studies have shown how high-incidence hotspots play an important role 
in propagating TB epidemics and the community- and city-wide impact in reducing 
the TB transmission rate in these hotspots [ 171 ]. 

 Genotypic clusters of isolates often serve as surrogates for recently transmitted 
TB disease. A number of studies have found that  molecular clusters   occur in geo-
graphically distinct areas of communities and that they account for a high propor-
tion of TB cases [ 172 – 175 ] (Fig.  11.4 ). Disparities in transmission are such that 
certain high transmission neighborhoods have been shown to overlap with areas of 
high incidence, and to include or exclude transmission across various population 
groups [ 172 ]. The combination of molecular and geographic tools has also been 
used to document community transmission of multidrug and extremely drug- 
resistant TB [ 176 ,  177 ].

   In North America, groups at greatest risk for recent transmission appear to be 
men, persons born in the US or Canada, members of a minority race or ethnic group, 
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persons who abuse substances, and the homeless [ 174 ,  178 – 181 ]. Based on these 
fi ndings, authors have advocated for location-based control efforts for the early 
identifi cation of persons with latent TB infection and undiagnosed TB cases [ 173 , 
 182 – 184 ].  

    The Role of  Migration   

 Migrants are disproportionately affected by TB, often due to high TB incidence in 
their original hometown, and the limited access to healthcare and infrastructure both 
on their journey and destination, as well as poverty and social exclusion in their new 
home [ 185 ]. Language barriers and immigration status can be additional barriers to 
ameliorating TB disparities and inequality [ 22 ,  186 ]. Migrants from rural to urban 

  Fig. 11.4    Tuberculosis hot spots and high-incidence areas, Island of Montreal, 1996–2000. 
Reprinted with permission of the International Union Against Tuberculosis and Lung Disease. 
Copyright The Union. Haase I, Olson S, Behr MA, et al. Use of geographic and genotyping tools 
to characterise tuberculosis transmission in Montreal.  The international journal of tuberculosis 
and lung disease . Jun 2007;11(6):632-638       
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areas or across countries have delayed diagnoses that result in low treatment cure 
rates [ 187 – 189 ]. Since persons who were born in countries where TB prevalence is 
high might have acquired TB before immigrating [ 190 ], migrants may develop dis-
ease many years after arrival, mainly as a result of reactivation of latent tuberculosis 
[ 191 ]. Approximately half of new TB cases in the United States occur among 
foreign- born persons and the TB rate in foreign-born persons was approximately 
ten times that of persons born in the United States [ 4 ]. TB rates among foreign-born 
adolescents in the US were nearly 20 times as high as among US born [ 192 ]. An 
increase in the proportion of homeless who are foreign born has also been reported 
in Toronto, Canada [ 193 ]. 

 Interestingly, in several settings in the US and Europe, it has been noted that 
disease from recent transmission of TB rarely exists among individuals born abroad 
but this is not true among the native-born population, where behavioral or social risk 
factors often predominate [ 194 – 196 ]. Additionally, low SES is only weakly associ-
ated with TB among foreign-born persons in the United States [ 197 ]. These fi ndings 
support the hypothesis that TB rates among the foreign-born are more strongly 
infl uenced by experiences in their countries of origin than by their environments in 
their adopted country [ 198 ,  199 ]. Authors have suggested that future studies could 
explore the association of TB rates, SES, and country of birth based on differential 
immigrant settlement patterns [ 197 ]. 

  National guidelines   recommend that identifi cation of local at-risk populations, 
increased knowledge of issues affecting immigrants and foreign-born persons, and 
modifi cation of existing TB programs to meet the needs of these communities will 
help to reduce TB rates among foreign-born communities [ 4 ]. More broadly, the 
World Health Assembly stated that it is necessary “to formulate and implement 
strategies for improving the health of migrants” [ 200 ]. Blumberg has noted that in 
addition to focusing on the health needs of vulnerable migrant populations, the 
broader need is to invest in global tuberculosis control, and in development of better 
tools to enhance tuberculosis control [ 201 ].   

     Intervention  s 

 Rasanathan describes three types of interventions to address inequities and links 
between TB and other factors: health sector interventions, intersectoral policies 
impacting across society, and measurement and research [ 202 ]. In the health sector, 
strategies including health sector integration, health system improvement, and uni-
versal coverage can improve access to TB services, as well as lessen risk factors 
such as smoking and the harmful use of alcohol, which increase TB risk [ 203 ]. 

 The WHO’s Committee on Social Determinants of Health mentions a number of 
policies required across all sectors to reduce health inequities [ 20 ]. Specifi c social 
protection interventions, that provide social assistance and services to those in need, 
have been utilized among TB patients. Results from the Innovative Socioeconomic 
Interventions Against Tuberculosis (ISIAT) project suggest that social support leads 
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to large impacts on a variety of TB program outcomes, but that economic support 
has more limited impact [ 204 ]. In Brazil, the  Bolsa Familia program   providing con-
ditional cash transfers to families has shown higher cure rates and use of DOTS 
among program participants [ 205 ]. However, in South Africa, economic support to 
patients in the form of vouchers did not signifi cantly improve treatment outcomes 
[ 206 ]. Overall, there is a lack of studies on microfi nance and cash transfer interven-
tions that specifi cally address TB, though cash transfer and microfi nance interven-
tions can positively impact TB risk factors [ 207 ]. More recent slum upgrading 
strategies have not been studied with regard to TB outcomes [ 208 ]. Multifaceted 
strategies have been tried to combat the TB disparities seen among particular popu-
lations. In Seattle, a comprehensive 5-part screening approach controlled a large 
single-strain outbreak among the homeless [ 209 ]. New York’s strategies of screen-
ing, increased surveillance, ultraviolet technologies, and nutritional focus have been 
effective in reducing the city’s TB burden [ 210 ]. However, these strategies focus on 
the immediate TB burden and rarely examine the larger social determinants at hand. 

 Broad social interventions such as legislation against overcrowding at residential 
and industrial areas in some parts of Europe were factors which accounted for the 
decline of TB in the twentieth century [ 211 ]. In general, legislation and regulations 
serve toward a broader public health strategy for TB control [ 212 ]. 

 Inequities in the health system are often mirrored in TB service delivery [ 213 ] 
and poor access impedes early and full case detection, and leads to low treatment 
success [ 214 ]. In general, measures to strengthen health systems seem to comple-
ment advances to control disease. For example, broader use of community health 
workers have been used to improve case detection and treatment success in Ethiopia 
[ 215 ] and Pakistan with the  Lady Health Worker Programme   [ 216 ]. In Thailand, 
broader health care access has been extended through the free primary health-care 
service package as part of the plan for universal health coverage, with particular 
targeting of metropolitan areas and highly vulnerable populations, including 
migrants [ 213 ]. Dean has recently mentioned the importance of shifting prevention 
programming to encompass a more diverse portfolio of prevention approaches [ 217 , 
 218 ]. Increased investment in national TB programs has been shown to be 
 signifi cantly associated with a downward trend in the tuberculosis burden in the 22 
 WHO- defi ned-->  high-burden countries [ 219 ]. A recent discussion has begun to 
consider the equity of health system performance throughout the continuum of care 
for TB [ 220 ].  

    Conclusion 

 Evidence of disparities in healthcare is remarkably consistent across a range of ill-
nesses and healthcare services [ 221 ], with the disparities often rooted in the living 
and working conditions in the communities in which people live. Thus, as noted 
recently in various reports, it is the different social and economic living conditions 
that create large and predictable differences in health outcomes among nations and 
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between population groups within nations [ 222 ,  223 ].  Healthy People 2020s   over-
arching framework explicitly states the importance of achieving health equity 
through the use of a systematic approach for addressing social determinants of 
health [ 224 ]. Examining service delivery synergies between existing poverty alle-
viation schemes and TB control efforts are key steps in this direction. Examining 
how to address social and structural barriers to TB disease prevention and control 
will likely hold the key to reducing disparities in TB health outcomes and in the 
eventual elimination of the disease.     
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    Chapter 12   
 Disparities in Lung Cancer Outcomes       

       Ching-Fei     Chang      ,     Gary     S.     Feigenbaum     , and     Michael     K.     Gould    

          Key Points 

•     Although overall lung cancer survival statistics are grim, certain subsets of 
patients appear to fare worse than others.  

•   Explaining this disparity in outcomes is diffi cult given the complicated interplay 
of multiple factors—social, environmental, cultural, and biological—which 
overlap and contribute to the problem.  

•   Barriers to timely and appropriate care—whether it be from socioeconomic rea-
sons or various forms of discrimination—are perhaps the most important driving 
force for the increased mortality rates among these patients.  

•   In addition, given their high rates of smoking, as well as cultural misconceptions 
and mistrust of providers, improving education and communication is also key to 
increasing survival from lung cancer in these specifi c patient populations.     
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    Introduction 

 Lung cancer is the leading cause of cancer-related mortality in the United  States   today, 
killing more men and women each year than breast, prostate, and colorectal cancers 
combined. This high death toll can be partially explained by the typically advanced 
stage of disease at the time of presentation, as well as a lack of effective treatment 
options. Even now, 5-year survival is only 16 % due to these unfortunate factors. 

  Prognosis   remains poor despite numerous advances in the understanding and man-
agement of this disease. Major revisions to the TNM staging system and adenocarci-
noma classifi cation refl ect a better understanding of the natural history of lung cancer 
in its many forms. Screening with low-dose computed tomography (CT) scans in 
high-risk patients can detect lung cancer at its earliest stages and boosts the chances of 
cure. New minimally invasive techniques (such as endobronchial ultrasound, electro-
magnetic navigation, and positron-emission tomography) have supplanted surgery in 
many settings and inspired alternate algorithms for the diagnosis and staging of pul-
monary lesions. For patients with early stage disease, the development of robotic sur-
gery and  stereotactic body radiation therapy (SBRT)   potentially offers more precise 
tumor elimination options with fewer complications, while for patients with advanced 
stage disease, the discovery of targeted molecular therapy for specifi c kinds of genetic 
mutations has revolutionized the therapeutic approach to lung adenocarcinomas (e.g., 
tyrosine kinase inhibitors (TKI) for EGFR and crizotinib for EML-Alk 4). 

 Although these are amazing innovations, they still may not have a signifi cant 
impact on lung cancer death rates if their cost and availability limits access to only a 
very narrow subpopulation of Americans with lung cancer. Despite good intentions 
and the passage of major legislation, signifi cant social, economic, and cultural barriers 
still persist that undermine access to appropriate health care for those at greatest risk 
for lung cancer. Thus, social revolution, rather than technological innovation, may be 
the true answer to improving lung cancer mortality in America on a large scale. 

 But dissecting out the root causes of disparities in lung cancer incidence and 
survival is extremely complicated. As John Muir once said, “When one tugs at a 
single thing in nature, he fi nds it attached to the rest of the world.” Sorting out dis-
crete risk factors is nearly impossible because of how tightly they are intertwined 
and interdependent [ 1 ,  2 ]. This chapter seeks to defi ne and understand how all of 
these variables intersect and impact each other (Figs.   12.1    ), resulting in worse lung 
cancer outcomes for specifi c subsets of the population.

       Disparities Due to  Socioeconomic Barriers   

 Socioeconomic factors such as income and level of education have been shown in 
numerous studies to be independent prognostic factors for undertreatment and poor 
survival in lung cancer [ 3 ,  4 ]. However, some experts believe that the contributions 
may not be equivalent—i.e., although education level may determine the onset of 
illness, income may be a stronger predictor of its outcome [ 5 ].  
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     Income   

 Patients from low-income families are clearly at higher risk for developing and 
dying from lung cancer. Studies have shown that patients from areas with the high-
est poverty levels (>15 %) are more likely to present with larger (>5 cm), poorly 
differentiated tumors with distant metastasis at diagnosis compared to patients from 
more affl uent communities [ 6 ]. This disparity in outcomes can be explained by 
several factors. 

 Due to lack of resources, low-income patients tend to live in impoverished com-
munities where there is a lack of access to: (1) grocery stores with fresh fruits and 
vegetable, (2) parks and other exercise facilities, (3) specialized cancer hospitals 
and physicians, and (4) adequate public transportation which can allow them to seek 
help elsewhere. On the fl ip side, these communities are often rich in primary and 
environmental tobacco exposure, illicit drug use, and crime [ 1 ,  7 – 9 ]. 

 Because of the nature of their jobs, low-income workers tend to be exposed to 
more carcinogens—including second-hand smoke, asbestos, radon, and cooking or 
chemical fumes. They often have little  fl exibility   in their work schedule or are afraid 
to ask for time off for medical appointments, especially when dealing with inherent 

  Fig. 12.1    The Intersectionality Theory: Disparities in lung cancer outcomes result from a com-
plex interplay between genetic and social factors which leads to worse prognosis and reduced 
survival       
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delays at public hospitals. The lack of a car may also discourage compliance with 
serial treatments and follow-up visits. 

 Clearly, low-income patients cannot afford good insurance coverage or out-of- 
pocket costs for cancer treatment, which are among the most expensive medical 
therapies available in the United States today. Thus, even when diagnosed at an 
early stage, these patients may still have poor outcomes if they cannot take action 
immediately. Their differing priorities and competing economic pressures may buf-
fer their sense of denial and lead to further procrastination. 

 With the passage of the  Affordable Care Act in 2012  , this aspect may diminish 
as public health initiatives such as universal insurance coverage improve access to 
care. However, disparities in lung cancer outcomes may still exist if the working and 
living environments and high-risk behaviors of low-income patients do not change 
concurrently.  

    Education 

 No one can deny the fact that income and  education   are directly linked—higher 
education leads to higher paying job opportunities. But the extent of schooling can 
also impact lung cancer outcomes in an additional way as well. 

 Access to care depends on not only ability to pay, but also patient desires and 
motivation to seek the most aggressive and appropriate treatment possible. Studies 
have shown that the best lung cancer outcomes are usually seen at facilities which 
follow NCCN guidelines and evidence-based algorithms, often with the guidance of 
a multidisciplinary lung cancer team of experts. However, this is not universally 
available at all hospitals and most often occurs at an academic center, comprehen-
sive cancer institute, or integrated systems such as Kaiser Permanente or the 
Veterans Health Administration. Ironically, some studies show that private commu-
nity hospitals have the most inconsistent, non-guideline-based care [ 10 ]. 

 The level of education can directly impact which type of hospital the patient 
selects. Poorly educated patients may seek care at public teaching hospitals, where 
resources are often limited and care may be delayed. Patients with higher education 
tend to research their disease state online and seek care at the best hospitals possi-
ble, even if it is quite a distance away. They understand the need to be aggressive 
and are willing (and able) to sacrifi ce time and money to pursue the most effective 
treatment modalities at centers with the most experience. Their education also 
makes them more proactive and knowledgeable about the value of screening and 
early diagnosis. In addition, highly educated patients tend not to smoke, although 
several studies have shown that the effects of childhood smoke exposure do not dis-
sipate and contribute to increased risk for lung cancer later in life. 

 The current push for more widespread public education about the dangers of 
smoking, lung cancer screening, and available treatment options does not address 
the most basic defi cit of all—which is improving access to education in general. If 
an adequate educational foundation can impact lung cancer outcomes, then societal 
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changes through legislation may actually alter the course of this disease more 
quickly and effectively than any major breakthrough in advanced cancer 
technology.  

    Disparities Due to  Race   

 Race is a commonly identifi ed risk factor for poorer outcomes in lung cancer [ 11 ]. 
On the surface, it may imply genetic differences between ethnic groups such as 
African Americans, Asians, and non-Hispanic Caucasians—e.g., African Americans 
appear to be genetically more vulnerable to the damaging effects of cigarette smoke 
[ 12 ] while East Asians often carry targetable EGFR mutations [ 1 ]. Or it may sug-
gest cultural differences in the processing of information, mistrust, or acceptance of 
western treatment methods [ 1 ,  13 – 15 ]. Or it could refer to actual provider discrimi-
nation in the diagnosis and management of lung cancer. But in reality, race also 
implies socioeconomic and educational disparities, which clearly can impact access 
to timely and appropriate care. 

 Despite the election of an African American president and major landmark legis-
lation over the past century to reduce social inequalities, racial discrimination still 
exists in the United States. There is no other way to explain why the poorest zip 
codes in the nation, defi ned by a poverty rate of >20 %, are communities comprised 
predominantly of ethnic minorities, usually black or Hispanic [ 9 ]. For example, 
racial analysis of the 11  Surveillance, Epidemiology, and End Results Program 
(SEER)   areas demonstrated that African Americans, Hispanics/Latinos, and 
American Indians/Alaskan Natives live in the most impoverished areas [ 9 ]. In another 
study, black patients were 26 % more likely than whites to reside in poor communi-
ties, and much like the subgroup of low-income patients, they present with larger 
tumors which are often undifferentiated and have distant metastasis at diagnosis [ 6 ]. 

 Indeed, many experts feel that when socioeconomic variables are adjusted for, no 
differences in lung cancer mortality can be seen as a result of race. In an analysis of 
almost 11,000 SEER Medicare patients, Bach et al. found that the most important 
factor impacting survival among different races was the receipt of surgical resec-
tion; compared to their white cohorts, blacks were 12.7 % ( p  < 0.001) less likely to 
receive this appropriate intervention [ 11 ]. Similarly, in as study of over 900 patients 
at the Reed Army Medical Center, Mulligan et al. found that if universal access to 
appropriate medical care was available, no racial disparities in lung cancer mortality 
could be observed [ 16 ]. Multiple other authors concur with this fi nding of socioeco-
nomic factors driving the differences in racial lung cancer outcomes [ 6 ,  16 – 20 ]. 
Berger et al. embodies this popular opinion by stating that the “link in support of a 
biologic or genetic difference among different racial or ethnic groups to explain the 
disparity in outcomes is still weak” [ 21 ]. 

 There are a few papers which disagree with this consensus. Farjah et al. proposed 
that studies to date on this issue have not measured important differences in FEV1, 
comorbidities, or performance status between races which may also account for 
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discrepancies in outcomes [ 17 ]. Williams et al. feels that, even when patients of 
color have the same education and income level, as well as the same histology and 
stage of lung cancer, the outcomes may still be worse than those for their Caucasian 
counterparts. For example, although they may have equivalent mortality rates at the 
lowest socioeconomic levels, black men are more likely to die from lung cancer 
than white men within the highest educational brackets. Similarly, when their level 
of schooling is low to midlevel, black women have a lesser or equivalent risk of 
death than their white counterparts; however, when they are highly educated, black 
women are more likely to die from lung cancer than white women. Thus, although 
more schooling improves overall outcomes within a racial group, it paradoxically 
unmasks and underscores survival differences between racial groups, despite per-
ceived educational and economic equivalence [ 1 ]. 

 In addition, the damaging effects of  cigarette smoking   seem to be racially and 
genetically based. Evidence suggests that not only are African Americans more 
vulnerable to the toxic effects of tobacco use [ 12 ], but nicotine sensitivity is higher 
and clearance is lower, thus contributing to low sustained quit rates, despite the fact 
that they tend to start smoking later in life and smoke fewer cigarettes overall [ 22 , 
 23 ]. However, subgroup analysis demonstrates that, at every socioeconomic level, 
black women smoke less frequently than white women, perhaps due to a higher 
level of religious involvement. This may also explain the same trend in adolescent 
African Americans [ 24 ,  25 ]. Certain ethnic immigrants are also less likely to smoke 
than their American-born counterparts [ 26 ] and have a correspondingly lower lung 
cancer mortality rate [ 27 ]; unfortunately, both of these rates rise with increased 
length of stay in the United States [ 28 ]. Based on the SEER database, the highest 
prevalence of smoking was found in American Indian/Alaskan Native women 
(38.6 %) and men (27.4 %), and the lowest prevalence in smoking was found in 
Asian and Hispanic/Latino women (7.9 %) [ 9 ]. 

 Of note, while the association between race/ethnicity and worse lung cancer out-
comes has been observed for African Americans, American Indians, Alaskan 
Natives, Hispanic/Latinos, and Pacifi c Islanders, it appears that East Asian minori-
ties may have a better prognosis overall due to a higher prevalence of more treatable, 
non-smoke-related cancers such as adenocarcinomas with EGFR mutations [ 1 ]. 

 Whereas the debate continues in regards to whether racial disparities in lung 
cancer are due to genetic/biologic differences or due to socioeconomic factors, the 
impact of cultural perceptions on the delivery of care is well accepted. Wisnivesky’s 
group published a recent paper which found that almost 33 % of the worse out-
comes among black versus white patients can be explained by their fatalism, mis-
trust of providers of a different racial group, and negative beliefs regarding surgery 
[ 29 ]. Thus, whereas socioeconomic factors may impact the incidence and timing of 
lung cancer diagnosis, cultural attitudes and beliefs play an important role in what 
unfolds afterward [ 14 ,  15 ]. 

 This infl uence of culture on the acceptance of recommended care has been stud-
ied most extensively in African Americans. Despite having early stage resectable 
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lung cancer and adequate pulmonary reserve, statistics show that blacks are signifi -
cantly less likely to receive surgery than whites (64 % vs. 76.7 %), resulting in a 
much lower 5-year survival [ 11 ]. However, the striking discrepancy in operative 
rates is not exclusively due to socioeconomic barriers [ 30 ]. 

 If cost and access to treatment are not issues, then an alternative explanation for 
continued discrepancies in care may be subconscious provider discrimination. 
Clearly, inherent physician biases, whether intentional or not, may lead to miscon-
ceptions regarding the patient’s willingness or likelihood of adherence with treat-
ment and personal preferences [ 9 ]. Providers may frame the information regarding 
diagnosis and management options in such a way that the patient’s decision-making 
is skewed toward a less optimal plan [ 9 ]. 

 However, patients may also negatively affect their own outcomes based on their 
cultural perceptions, regardless of how objective and well meaning the provider is. 
For example, McCann et al. showed 18 % of black patients refuse surgery for lung 
cancer compared to only 5 % of white patients [ 31 ]. Several reasons have been 
hypothesized as to why racial/ethnic minorities may refuse appropriate surgery for 
early stage disease. These include:

    1.    Distrust of the medical system and their provider   
   2.    False beliefs about their diagnosis and prognosis   
   3.    Reliance on faith and prayer to cure them   
   4.    Skepticism about cancer treatment   
   5.    Belief that exposure to air during surgery will spread the cancer (a misguided 

notion that was promoted by the American Medical Association)   
   6.    Belief that acceptance and discussion about their diagnosis will ensure death—

fatalism [ 9 ,  13 ,  14 ,  17 ,  32 ]    

  Depending on their education level and degree of integration into mainstream 
society, racial/ethnic minorities may fi nd it diffi cult to navigate a complex bureau-
cratic medical system or may have inherent distrust of providers who are of a differ-
ent race [ 33 ]. For example, a study showed that more blacks refused appropriate 
surgery when the diagnosis and treatment options were presented to them by a vir-
tual physician of a different race, even if there were no perceivable differences in 
sense of trust, level of engagement, and communication styles [ 34 ]. In addition, 
based on their cultural biases, patients may be afraid of surgery compared to less 
invasive (but inferior) modalities or hesitate to ask for pain medications and hospice 
referrals when appropriate [ 35 ]. 

 Thus, race, culture, genetics, and socioeconomic circumstances all appear to 
infl uence lung cancer outcomes simultaneously [ 2 ,  9 ]. As one of the best examples 
of the intersectionality theory  , these four factors are so tightly intertwined and inter-
dependent that race alone cannot be dissected out as an independent cause of wors-
ened lung cancer survival.  
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    Disparities Due to  Healthcare Access   

 Walter Cronkite once said that “America’s health care system is neither healthy, 
caring, nor a system.” According to the U.S. Census Bureau in 2009, 48.6 million 
people in the United States lacked health insurance [ 36 ]. This translates into approx-
imately 45,000 excess preventable deaths per year, or equivalently, a person dying 
every 12 min [ 37 ]. Yet even when patients are insured, access to medical care does 
not always translate into better outcomes. Depending on type of insurance, hospital 
resources, and whether treatment decisions are guideline driven or seeped in indi-
vidual preferences, the care given may not be high quality or appropriate.  

     Insurance Type   

 Clearly, the absence of health insurance can directly block access to nonemergency 
care. However, even with insurance, disparities in lung cancer outcomes can still 
exist based on the type of coverage. 

 Previously, Slatore et al. published an exhaustive systematic review of available 
literature on the association between type of insurance and survival from lung can-
cer. As expected, they found that patients with no insurance or only Medicaid con-
sistently had worse outcomes than patients with Medicare or private insurance. This 
disparity may be rooted in the fact that indigent and underserved patients are more 
likely to smoke and avoid routine health maintenance, thus presenting to medical 
attention at a very late stage of lung cancer. But this disparity may also result from 
lack of access or undertreatment of these patients due to their insurance status [ 38 ]. 

 Bradley and colleagues published a series of four papers that evaluated the 
impact of having Medicaid on various subpopulations of lung cancer patients. At all 
stages of lung cancer, regardless of age or gender, it appears that all-cause and can-
cer specifi c mortality rates  wer  e much higher in comparison to patients with 
Medicare or private insurance [ 39 – 43 ]. Interestingly, other studies have found that 
patients with combined Medicare/Medicaid did worse compared to patients with 
Medicare alone [ 44 ], and even patients who underwent curative-intent surgical 
resection had a discrepancy in outcomes related to Medicaid status [ 45 ]. 

  Medicaid   is not unique in being associated with poor outcomes. Compared with 
either health maintenance organization (HMO) or  fee for service (FFS)   coverage 
alone, the combination of HMO and FFS has been associated with increased all- 
cause mortality (but not lung cancer-specifi c) for unclear reasons [ 46 ]. This is inter-
esting because patients with the latter combination were more likely to receive 
surgery compared to patients with only FFS plans [ 46 ]. Furthermore, other studies 
showed that private/commercial insurance was associated with higher surgery rates 
compared with non-commercial insurance [ 47 ,  48 ]. 

 Although there is no arguing that uninsured and Medicaid patients have the worst 
outcomes in lung cancer [ 29 ,  38 ], there is confl icting data in regards to which kind 
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of other insurance is superior—Medicare or private/commercial. Based on a study 
by Potosky et al., it appears that private insurance status was associated with lower 
rates of guideline concordant care, and that ironically, patients with public insur-
ance, or a mixture of public and private plans, were more likely to receive stage- 
appropriate care [ 10 ]. In contrast, Harlan and colleagues found that adherence to 
NCCN  guidelines   was highest among those with private insurance and lowest 
among those with non-private insurance, with uninsured patients falling somewhere 
in between [ 49 ]. Groth et al. also found that patients with private insurance were 
more likely to undergo lobectomy for early stage lung cancer than patients with 
Medicare, Medicaid, or no insurance at all [ 50 ]. 

 Finally, even within a single academic medical center, where 29 % of patients 
were covered by an indigent care plan (defi ned as Medicare or a “county” health 
plan), discrepancies in outcomes were found based on insurance type. As Yorio 
et al. discovered, the odds of receiving “standard therapy” were dramatically 
reduced for patients who were covered by an indigent plan compared to private 
insurance. Among these socioeconomically disadvantaged patients with early stage 
 non-small cell lung cancer (NSCLC),   the hazard of death was almost twice as high 
and they were less likely to undergo surgery compared to privately insured patients 
(OR 0.13, 95 % CI 0.04–0.43). At fi rst, the authors considered patient factors as 
an explanation for these fi ndings; their indigent patients tended to be nonwhite 
male smokers and usually presented at a more advanced stage of disease with non-
adenocarcinoma histology. They also often had smoking-related comorbidities 
which affected their surgical candidacy. However, even after controlling for all of 
these variables, socioeconomic status (and resultant insurance type) remained an 
independent risk factor for undertreatment and poor survival. Interestingly, although 
ethnic minority status also had a trend toward treatment disparities, it was not statis-
tically signifi cant [ 51 ].  

     Hospital Type   

 Another factor accounting for disparities in lung cancer outcomes is hospital type. 
Even if patients have insurance and access to care, the characteristics of the treating 
institution can infl uence the likelihood of survival. Since surgery offers the best 
chance at cure for early stage disease, the frequency at which lung resection occurs 
at a particular hospital can help explain discrepancies in mortality rates [ 52 ]. 

 Hospitals that traditionally have lower surgical volumes and no dedicated tho-
racic surgeon tend to offer lung cancer resection less frequently due to their lack of 
experience and expertise [ 52 – 55 ]. Thus, it is no surprise that seeking care at smaller 
hospitals may lead to a poorer prognosis. 

 It is also not surprising that large safety net and public hospitals tend to offer 
surgery less often to lung cancer patients due to a lack of resources and the fact that 
many of their underserved patients present with advanced stage disease [ 39 ,  52 ]. 
These patients are usually indigent or undocumented, and thus have Medicaid or no 
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insurance at all. As a result, their insurance type can drive hospital selection, which 
then, in turn, impacts surgical decision-making, thus leading to further disparities in 
lung cancer outcomes. The exception to the rule, however, is county teaching insti-
tutions, where the chances of getting surgery are much higher [ 52 ]. 

 What is interesting, however, is that the racial composition of the hospital patients 
also plays a role. Lathan et al. compared hospitals with a higher percentage of 
Medicare-insured black patients with those who served primarily white patients; 
they found that if the racial composition was ≥30 % African American, surgery was 
less likely to occur for early stage disease. This was in addition to, rather than 
because of, racial disparities. All patients in those hospitals, regardless of race, 
received less surgery [ 52 ]. 

 Therefore, hospital type is a key determinant of  surv  ival rates for lung cancer. 
The Affordable Care Act, which theoretically will improve access to care by 
 providing universal insurance coverage, may not solve this disparity if the quality of 
care at all hospitals is not standardized. Ideally, hospitals should follow national 
guidelines in lung cancer treatment and refer their patients to the closest major can-
cer center if they are unable to provide guideline-based care because of lack of 
experience or resource limitations.  

     Gender Disparities   in Lung Cancer 

 The popular paradigm put forth in the best-selling book, “Men are From Mars, 
Women are From Venus” may hold true in more than just the psychology of rela-
tionships. From the perspective of lung cancer outcomes, the disparities between 
men and women are so striking that many experts believe they may actually repre-
sent different disease states [ 56 – 58 ] that require alternate approaches to treatment. 
In the era of personalized molecular medicine, where one glove no longer fi ts all, 
this not only translates into the need for individually tailored therapies, but we also 
need to rethink the design and interpretation of clinical trials with such differences 
in mind [ 56 ,  57 ,  59 – 61 ]. 

 In light of this new appreciation of biological differences, it is ironic that the 
epidemic of lung cancer among women may have resulted in part from a desire to 
be more like men. Since the nineteenth century, women have faced inequality in 
several arenas, and in their quest  to   break free from traditional stereotyped roles, 
more and more women adopted what had been a predominantly male habit—smok-
ing. Since the 1940s, tobacco companies aggressively portrayed smoking as a sign 
of independence among women, and after a latency period of several decades, we 
are now seeing the unfortunate consequences in recent years [ 60 ]. Although smok-
ing cessation campaigns have been successful in reducing overall female tobacco 
use since the 1960s [ 57 ,  61 ], the habit continues to increase in prevalence among 
adolescent girls. That this demographic group is at risk should not be surprising 
given the fact that men and women may smoke for different reasons, with the latter 
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more frequently using cigarettes to boost their self-image; thus, teenage girls with 
depression and weight issues are particularly vulnerable [ 57 ,  59 ,  60 ,  62 ,  63 ]. 

 As a result, some experts estimate that the incidence of female lung cancer in the 
U.S. has jumped by 600 % in the past 50 years [ 57 ]. Since 1987, lung cancer has 
exceeded breast cancer as the number one cause of death among women [ 64 ]. 
Annually, 30,000 more women die of lung cancer than breast cancer, and the gap 
continues to widen [ 58 ]. Part of this discrepancy may be due to effective public 
education, vigilant screening, and improved treatments for breast cancer. However, 
a more concerning possibility is the fact that the biology of lung cancer in women is 
different from that in men, and up until now, we have been treating them the same. 

 Multiple studies have shown that female lungs are more vulnerable to the effects 
of carcinogens [ 58 ,  63 – 65 ]. This may be partially attributed to the fact that they 
have reduced pulmonary reserve. Although the lungs appear to develop at a similar 
pace for both genders throughout childhood, at puberty boys have a major growth 
spurt which results in larger airway calibers with less bronchoreactivity [ 58 ]. Given 
the same age and dose of tobacco exposure, women suffer more damage and decline 
in FEV1, with a resultant higher susceptibility to COPD and lung cancer compared 
to men [ 58 ,  62 ]. In fact, females are at a 1.5–2.7-fold increased risk of developing 
lung cancer compared to males [ 65 ,  66 ]. 

 Early  second-hand smoke (SHS)   exposure also seems to plays a role. Compared 
to children raised in a nonsmoking household, those who grew up surrounded by 
SHS have 30 % increased odds of developing lung cancer as an adult if exposed 
during the fi rst 25 years of life, yet their risk of lung cancer is reduced dramatically 
if exposed after the age of 25 years [ 67 ]. Yet upon stratifi cation by gender, there is 
a disparity in this window of vulnerability. Whereas the damaging effects of SHS 
appear to plateau at age 20 for males, this risk threshold extends up to age 25 for 
females [ 58 ,  63 ]. Thus, females are more prone to developing lung cancer than men, 
despite similar or lesser exposures. 

 Despite the surge of  tobacco   use in the past half century, a signifi cant fraction of 
women who develop lung cancer are never smokers [ 57 ,  61 ,  62 ,  64 ]. In the United 
States, approximately 15–20 % of lung cancers occur in nonsmokers, and of these, 
70–80 % are women [ 62 ]. This phenomenon of lung cancer in female nonsmokers 
may be partially explained by unintentional exposure to environmental carcinogens, 
such as indoor fumes from cooking, residential radon, and second-hand tobacco 
exposure, which can increase the risk of lung cancer by 24–30 % [ 56 ,  63 ,  66 ]. 

 Of historical interest, the segregation of women to the home and men to the 
workplace in past decades resulted in distinctly different patterns of exposures 
accounting for lung cancer in nonsmokers. Among nonsmoking men who devel-
oped lung cancer, the chief carcinogens they were exposed to were found in the 
workplace: asbestos, radon, and chemical toxins. The majority of nonsmoking 
women, however, developed lung cancer as a result of second-hand smoke from 
their husbands [ 68 ]. These patterns of predominant carcinogen exposure are chang-
ing as a result of changing roles of men and women in the workplace and home. As 
 smoking cessation efforts   continue and laws are passed banning cigarettes in work 
and public places, the impact of tobacco on the development of lung cancer may 
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diminish, and other exposures and factors (such as genetics) will become more 
important contributors to lung cancer. 

 Despite a higher incidence and greater vulnerability to lung cancer, women have 
one major advantage over men: the type of lung cancers they develop tends to be 
less advanced and more responsive to treatment. Multiple studies have shown that 
regardless of the histology and stage, women appear to have “superior survival” 
statistics compared with men [ 58 ,  59 ,  61 ,  62 ,  64 ,  69 ,  70 ]. 

 Compared with men,  lung cancer in wome  n tends to develop at a younger age, is 
detected at an earlier stage, and is predominantly adenocarcinoma that is frequently 
associated with EGFR mutations [ 56 ,  58 ,  61 ,  62 ,  71 ]. On average, these features 
result in better survival and fewer treatment side effects, if not absolute cure. In the 
presence of EGFR mutations, treatment with TKI have shown a response rate of up 
to 75 % in advanced NSCLC [ 72 ]. Even when their tumors lack actionable muta-
tions, however, women tend to have better responses than men to standard 
 platinum- based chemotherapy regimens [ 60 ]. And if they are fortunate enough to be 
diagnosed with early stage disease, women historically have had lower operative 
mortality rates than their male counterparts [ 57 ,  63 ]. 

 In contrast, lung cancer presents very differently in men. Although  adenocarci-
noma   is still the most prevalent subtype, smoking-related forms such as squamous 
cell and small cell are seen more frequently than in women [ 62 ]. Men with lung 
cancer tend to be diagnosed at a more advanced stage and frequently have tumors 
that lack EGFR mutations and are less responsive to surgery or chemotherapy. Thus, 
while women are at higher risk of lung cancer, they tend to develop forms which are 
milder and easier to treat, with better overall prognosis than men [ 70 ]. 

 These distinctions in lung cancer presentation and outcomes by sex support the 
idea that biological and behavioral differences between men and women may infl u-
ence lung cancer disparities. For example, cervical infection with HPV can lead to 
airway infection by HPV—either due to hematologic dissemination or risky sexual 
practices—which can then result in viral-induced squamous cell airway tumors, 
particularly in Asian women [ 56 ,  64 ,  69 ,  73 ]. Another example is HER2/neu or 
BRCA mutations, which are commonly associated with breast cancer, and are now 
being found in lung cancer tissue as well. Although studies have not shown benefi t 
in giving lung cancer patients trastuzumab (a monoclonal antibody to HER2/neu) in 
addition to standard chemotherapy [ 74 ], this remains a potential target for therapy 
in the future. BRCA1 overexpression appears to increase the sensitivity of tumors to 
taxol therapy and therefore may help tailor treatment [ 64 ]. 

 A high  estrogen milieu   (due to endogenous estrogen production or use of hor-
mone replacement therapy (HRT) after menopause) is also being implicated in the 
pathogenesis of lung cancer and is a potential therapeutic target. No longer consid-
ered just a “sex steroid” involved in breast, ovarian, and endometrial cancers, estro-
gen is now being investigated as a controller molecule for abnormal proliferation in 
the lungs, acting as a direct carcinogen in forming DNA adducts [ 60 ,  62 ]. In vitro 
studies have shown a 17-fold increase in proliferation of lung cancer cell lines when 
incubated with B-estradiol. Early menopause, which ironically increases the risk of 
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cardiovascular disease in women, seems to decrease the risk of lung adenocarci-
noma in women [ 57 ,  69 ]. 

 The role of hormone replacement therapy (HRT) in the pathogenesis of lung can-
cer is controversial. Initially, the Women’s Health Initiative study suggested a higher 
rate of lung cancer in female smokers on HRT. However, a post-hoc analysis found 
that this was only true when patients were supplemented with both estrogen and 
progesterone, not estrogen alone. Paradoxically, other studies have found a protec-
tive effect of HRT against the development of lung cancer in current smokers, so the 
jury is still out in regards to whether estrogen exerts a positive or negative impact on 
lung cancer [ 58 ,  61 ,  69 ,  75 ,  76 ]. 

  Estrogen receptors (ER)   may provide another therapeutic target in the battle 
against lung cancer in women. Alpha and beta ER are normally found in pulmonary 
tissue; the presence of ER-beta, however, has been demonstrated in 45–70 % of 
resected NSCLC tumors in both genders [ 56 ,  62 ,  77 ]. Soy is known to competitively 
bind to ER, and therefore high soy intake may exert a protective effect against lung 
cancer [ 69 ]. Studies have also shown decreased lung cancer mortality (although no 
reduction in incidence) in women who are on tamoxifen for a history of breast can-
cer [ 78 ]. Genetically, ER-beta seems to track with EGFR mutations in many patients 
and may provide another surrogate marker for selection of TKI candidates [ 79 ]. In 
fact, concurrent administration of fulvestrant (ER blocker) with gefi tinib has been 
shown to sensitize the tumor to TKI and thus may synergistically increase response 
rates [ 80 ,  81 ]. 

 A fi nal potential  therapeutic target   may be aromatase. This enzyme catalyzes the 
conversion of androgens into estradiol and is especially important in post-meno-
pausal women. Even when the estrogen milieu is low, lung cancer can produce its 
own local estrogen via high levels of aromatase, and this has been found to be a poor 
prognostic marker [ 60 ,  62 ,  77 ]. Aromatase inhibitors may therefore be useful in 
reducing triggers for proliferation [ 77 ]. 

 In addition to the obvious hormonal differences between men and women, 
women may carry other types of genetic alterations which may explain both their 
increased vulnerability to the development of lung cancer and their superior survival 
compared with men. Because of the presence of polymorphisms in CYP detoxifi ca-
tion enzymes, women tend to express more DNA adducts compared to men, have a 
higher level of CYP1A1 which activates certain carcinogenic polycyclic aromatic 
hydrocarbons (PAH), and have a reduced level of GSTM1 which prevents the clear-
ance of toxic metabolites [ 57 ,  58 ,  60 ,  62 ,  69 ]. This accumulation of reactive inter-
mediates in women may not only increase the risk of lung cancer [ 60 ,  64 ] but may 
also help explain the higher incidence of COPD and FEV1 decline in women with 
minimal tobacco exposure, both of which are also independent risk factors for the 
development of lung cancer [ 58 ]. 

  Female patients   have also been found to have a lower DNA repair capacity 
(DRC), which is necessary for fi xing nucleotide mismatch or mutations [ 57 ,  58 ,  60 , 
 62 ]. This may paradoxically increase the risk of lung cancer and yet simultaneously 
improve the response to platinum-based chemotherapy. Platinum-based agents 
work by forming DNA adducts which halt the cell cycle. An inability to repair these 
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DNA adducts encourages apoptosis within cancerous cells [ 60 ]. Studies have shown 
improved survival in Stage 4 NSCLC when patients who have lower DRC are given 
standard chemotherapy [ 82 ]. 

 Not all genetic defects in women confer an unfavorable outcome, however. 
 EGFR mutations   are the main driving mutations behind 8–10 % of NSCLC, espe-
cially adenocarcinomas, and are typically found in women, nonsmokers, and Asians. 
Three major studies have documented a statistically higher rate of EGFR mutations 
in women compared to men—ranging from 19 to 38 % in females compared to 
9–14 % in males [ 64 ]. This lends women a distinct survival advantage because of 
the exquisite sensitivity of these tumors to TKIs, which have demonstrated superior 
outcomes in clinical trials relative to traditional chemotherapy [ 83 ,  84 ]. In addition, 
EGFR mutations are often found in adenocarcinoma in situ (AIS, formerly known 
as BAC), which due to its indolent growth pattern already has a better prognosis 
than other forms of lung cancer. In addition to their predilection for EGFR  mutations, 
women are also two- to fourfold more likely than men to have AIS [ 56 ,  62 ,  69 ]. 

 Of note, women have also been found to carry  Kras mutations   more frequently 
than men (26.2 % vs. 17.4 %) [ 85 ]. Kras mutations are present in approximately 
10–30 % of adenocarcinomas, tend to be mutually exclusive to EGFR mutations, 
and unfortunately have no specifi c targeted therapy [ 62 ]. Indeed, studies have found 
increased mortality when patients with Kras mutations are given TKIs [ 72 ]. Women 
with  Kras mutations   have a worse prognosis. 

 Finally, the discussion of gender and lung cancer outcomes would not be com-
plete without addressing lung cancer in gay, lesbian, or bisexual patients [ 86 ]. This 
highly marginalized group may be the most neglected of all minorities because most 
surveillance and research databases have no options for alternate sexual prefer-
ences, including the U.S. Census and SEER [ 86 ,  87 ], and therefore, there is less data 
on disparities. As a result, health disparities for this minority group have received 
little attention until recently. 

 Currently, the few epidemiologic studies that exist suggest that up to 6 % of all 
patients seen by physicians in the United States self-identify as members of a sexual 
minority group. However, many physicians are untrained and report feeling uncom-
fortable in addressing special issues related to treating this patient population. 
Studies show that almost 40 % of clinicians are “sometimes or often” uncomfort-
able providing medical care to gay patients, and 67 % of health providers report 
seeing “substandard care” being given to members of sexual minority groups [ 88 ]. 
Indeed, it is estimated that only 3 h and 26 min are devoted to the teaching about 
special health issues related to homosexuality in 4 years of medical school [ 89 ]. But 
compared to the general public, members of this minority group exhibit a much 
higher rate of smoking, alcoholism, and drug use, and thus patients from sexual 
minority groups represent an under-appreciated, under-treated, high-risk demo-
graphic for lung cancer and other diseases [ 86 – 88 ,  90 ,  91 ]. 

 Interestingly, despite an equal understanding of the dangers of smoking and sup-
port of banning smoking in public places [ 87 ], members of sexual minority groups 
smoke heavier and longer than their heterosexual counterparts—approximately 
twice the volume, starting earlier in their youths, and with much lower quit rates 

C.-F Chang et al.



251

[ 86 ,  87 ,  90 ]. Smoking rates among gays, lesbians, and bisexuals ranges from 38– 59 % 
in youths and up to 50 % in adults, compared to an average of 28–35 % and 28 % in 
heterosexual adolescents and adults, respectively [ 90 ]. 

 Given these facts, it should be no surprise that the incidence and mortality of lung 
cancer is much higher among gay men and bisexual patients, with the same pattern 
of racial disparities (blacks with worse outcomes than whites) as that seen in the 
general population [ 86 ]. In contrast, the impact of smoking may be less pronounced 
in lesbian women than their heterosexual counterparts. Despite greater tobacco 
exposure, lesbian women appear to have statistically better lung cancer survival. The 
only explanation proposed for this perceived resilience against the damaging effects 
of tobacco thus far is lagtime bias; some experts feel that lesbian women, as a group, 
only started to smoke heavily recently. Thus, their lung cancer incidence may 
increase over time and actually peak a few decades from now. Based on these fi nd-
ings, it seems the disparities in lung cancer outcomes among sexual minorities may 
be a predominantly sociobehavioral phenomenon related to heavy smoking and lack 
of healthcare maintenance, rather than based on biologic and genetic differences. 

 The most promising solution to reducing lung cancer-related disparities in  sexual 
minorities   may involve improving existing communication and support. Part of the 
reason why sexual minorities are medically underserved is because they tend to 
avoid routine healthcare visits (including preventive services) because of fear of 
“insensitive” providers and perceived poor communication [ 88 ]. In addition, smok-
ing cessation programs need to be geared toward their special needs, as their trig-
gers for smoking relapse are usually different and specifi cally revolve around 
anxiety, depression, and the stress of living in an often homophobic society [ 87 ]. 

 Given the complicated milieu of genetic, hormonal, behavioral, and environmen-
tal factors that may be differentially involved in the development of lung cancer 
among persons of different genders, future treatments must be highly personalized 
with the consideration of gender-specifi c needs to avoid disparities in care. This 
includes not only strategic use of targeted therapies against a variety of hormonal 
receptors and genetic mutations that are distributed differently among men and 
women, but also more preventive education and aggressive smoking cessation cam-
paigns directed specifi cally at adolescent females, gays, lesbians, and bisexuals.  

    Disparities Due to  Age and Comorbidities   

    Age 

 Ralph Emerson once said that “All diseases run into one—old age,” implying that 
age is an umbrella term for the comorbid diseases which naturally accumulate as the 
body grows older. However, the defi nition of what is considered “old” is controver-
sial and subject to interpretation. Historically, 65 years have been used as a thresh-
old, but as projected lifespan steadily increases due to healthier lifestyles, modern 
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medicine, and preventive measures, this demarcation of what is considered “old 
age” becomes dynamic and blurred [ 92 ]. 

 Why does it matter? In regards to therapeutic decision-making, age alone theo-
retically should not matter. As Mark Twain once said, “Age is an issue of mind over 
matter; if you don’t mind, it doesn’t matter.” 

 However, despite this enlightened adage, age has always been used in the past as a 
criterion for exclusion in the fi eld of medicine—not only for determination of surgical 
candidacy, but also for enrollment in clinical trials. Ironically, the elderly have been 
highly underrepresented in studies that were designed to cure or palliate diseases they 
are more prone to develop, especially with regards to lung cancer [ 92 – 102 ]. 

 Unless we change our attitude toward age, this dilemma of inappropriate extrap-
olation of results from younger patients onto older patients will only increase in the 
future [ 93 ,  94 ]. Some experts estimate that, due to lengthening lifespan and reduced 
births, 1:5 people will be over the age of 65 by year 2020, and the number of patients 
>85 years will be quadrupled by year 2030 [ 92 ]. 

 Our thinking about age must shift to prepare us for the increasing number of 
older adults who will be seeking medical care in the near future. Unlike young 
patients who are more homogenously resilient, elderly patients are a mixed lot—
some are quite fi t, while others are quite frail [ 94 ,  103 ]. Physicians need to recognize 
that a patient’s “calendar age” may not match their “biologic age” and make indi-
vidualized treatment decisions based on the latter rather than the former [ 92 ,  103 ]. 

 Keeping this in mind, it should also be appreciated that other than smoking, the 
most important risk factor for developing lung cancer is older age [ 92 ]. In the U.S., 
over two-thirds of all lung cancer patients who die are 65 years or older, with 70 
being the mean age at diagnosis based on SEER data [ 92 ,  93 ]. Unfortunately, older 
age is sometimes used as an excuse not to treat. Even in the absence of comorbidities, 
it is mistakenly presumed that due to reduced renal, hepatic, hematologic, and car-
diopulmonary reserves, elderly patients will not be able to tolerate any of the  demands   
of surgery, chemotherapy, and radiation [ 92 ,  93 ]. As a result, these patients are often 
undertreated [ 92 – 94 ]. Age alone has caused physicians to inadvertently withhold 
guideline appropriate care from almost 50 % of the population in need [ 93 ]. 

 It is true that aging is associated with reductions in drug clearance and bone mar-
row reserves [ 92 ,  93 ], but to what extent these toxicities are tolerable is unclear. 
Because most clinical trials have excluded patients older than 70, the safety and 
effi cacy of standard lung cancer therapy in this special population is relatively 
unknown [ 94 ,  97 – 102 ]. 

 Among those with early stage disease, elderly patients were only a third as likely 
to undergo resection as their younger counterparts, and the likelihood decreased by 
65 % for each decade of life after age 65 [ 104 ]. Bias against surgery in this popula-
tion maybe due to a fi xation on chronological age rather than appropriate evaluation 
of performance status and comorbidities [ 94 ,  105 ,  106 ]. Physicians and family may 
believe that the life expectancy of an octogenarian is already limited and that the 
patient may die of other conditions before they die of their lung cancer. However, 
the U.S. Census reveals that an 80-year-old citizen can expect to live an average of 
7–9 more years, which exceeds the life expectancy of untreated lung cancer [ 104 ]. 
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Because of increasing evidence demonstrating that surgical resection can be safely 
accomplished in the elderly with few comorbidities, the  British Thoracic Society 
Guidelines   state that the decision to withhold radical surgery in cases of early stage 
lung cancer should not be based on age alone [ 107 ]. Indeed, elderly patients have a 
similar disease-specifi c survival and recurrence rate once other causes of death are 
excluded; it is important to differentiate that the higher all-cause mortality rates in 
older adults are due to the presence of comorbid diseases rather than to age itself 
[ 92 ,  108 – 111 ]. Although a pneumonectomy does appear to carry an increased risk 
of death in these older adults [ 94 ,  112 ,  113 ],  lobectomies and sleeve resections   can 
provide similar benefi t with less post-operative morbidity and post-operative 
declines in quality of life [ 92 ,  114 ,  115 ]. With advances in laproscopic and robotic 
 techniques, future studies will likely further confi rm that age itself is not a contrain-
dication to surgical intervention, even in octogenarians [ 94 ,  116 ]. 

 Similarly, the data is sparse regarding the impact of age on  chemotherapy or 
radiation outcome  s [ 93 ,  94 ]. It is possible that the risks may be over-exaggerated 
and that with strategic planning and an acceptance of a slightly increased toxicity 
profi le, elderly patients can also benefi t from aggressive care. Interestingly, in the 
few elderly-specifi c clinical drug trials that exist, there is actually a lower adverse 
event rate compared to age-unspecifi ed trials [ 93 ]. This may be due to more careful 
treatment plan designs which avoid certain age-related vulnerabilities, such as 
bypassing cisplatin in those with reduced bone marrow and renal reserve [ 92 ,  93 ], 
lowering dosages or total number of chemotherapy sessions [ 93 ,  111 ,  117 ], and/or 
providing hematopoietic support as needed [ 93 ]. Although older trials found that 
using single- agent chemotherapy was safer than the standard platinum-taxol dou-
blets, newer studies are now suggesting better survival with the latter option, albeit 
with higher toxicity profi les, especially hematologic complications [ 92 ,  93 ,  95 ,  118 , 
 119 ]. For elderly patients with advanced lung cancer and actionable mutations, tar-
geted molecular therapy holds promise as a safe and effi cacious treatment option 
with a much milder adverse effect profi le [ 120 ,  121 ]. 

 In patients presenting with Stage III and IV disease, advances in radiation ther-
apy like stereotactic body radiation therapy SBRT have made treatment safer and 
more precise [ 122 ], preserving further reductions in cardiopulmonary function by 
avoiding unnecessary bystander damage to surrounding tissues. When combined 
with defi nitive chemotherapy, it appears that serial, rather than concurrent treatment 
in the elderly may be safer without signifi cant loss of effi cacy [ 93 ]. Even in early 
stage disease, SBRT may be useful in frail or older patients—with some studies 
showing equivalent results to surgery, mostly due to the low risk of recurrence in 
their remaining natural life spans.  

    Comorbidities 

 Because age not only increases the risk of lung cancer, but the frequency of comor-
bidities as well, physicians are often afraid to treat lung cancer aggressively  due   to 
the risk of potential iatrogenic complications [ 96 ]. 
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 As a result, 24–70 % of all cancer patients with comorbidities are not treated 
according to guidelines [ 96 ]. Indeed, studies have shown that 68 % of untreated 
patients had “comorbidities” written in their chart as the reason for no intervention 
[ 96 ,  123 ], which, in retrospect, may explain their worse outcome. 

 But how real is this increased risk of treatment-related death and disability 
among patients with comorbid chronic diseases? Since patients with severe comor-
bidities are often underrepresented in most clinical trials [ 96 ], the assumption may 
be largely theoretical. 

 More importantly, when statistics show that cancer patients with comorbidities 
have overall poorer survival, is this because of the underlying conditions, or the 
undertreatment of the cancer? In other words, is this a disparity that is potentially 
modifi able? 

 In lung cancer, the prevalence of serious  comorbidities   is 26–81 %, not only 
because of the advanced age of the population, but because smoking also increases 
the risk of COPD, CAD, hypertension, and stroke [ 96 ,  124 ]. In fact, lung cancer 
patients tend to have COPD and CAD at twice the frequency of the general popula-
tion [ 124 ]. The 5-year mortality for lung cancer patients with comorbidities is 1.1–
1.5 times higher than those without, which may be less dramatic than effects of 
comorbidities observed in breast or colon cancer due to the fact that the baseline 
mortality rate is already high [ 96 ]. 

 Even after adjusting for age, cancer stage, and treatment, evidence still exists for 
worse outcomes among lung cancer patients with comorbidities. Unlike patients 
with breast or colon cancer, this population appears to have an elevated cancer- 
specifi c mortality risk rather than an all-cause mortality risk [ 96 ]. This disparity 
may result in part from the fact that these patients are routinely undertreated—
whether it be from physician reluctance to start, or patient inability to complete 
therapy [ 96 ,  125 ]. 

 For example, many studies have shown that patients with comorbidities are less 
likely to be offered chemotherapy, and if they do receive chemotherapy, they are 
more likely to get a reduced dose or may not complete all of the treatments due to 
side-effects or adherence issues [ 96 ]. However, treatment-related complications 
such as thrombocytopenia, febrile neutropenia, and death from neutropenic infec-
tions are more commonly seen in patients with other underlying diseases, so the 
benefi ts must always be weighed carefully against the risks [ 96 ,  125 ,  126 ]. 

 In addition, it is well-accepted that patients with comorbidities have an increased 
risk of post-operative complications [ 127 ]. However, this fact may not be enough to 
justify the 25–58 % lower odds of receiving appropriate lung cancer surgery [ 96 ]. 
For example, patients with severe COPD may actually have minimal or no loss of 
lung function with upper lobectomies, which may also provide the benefi ts of lung 
volume reduction. Compared with the certainty of death from untreated lung cancer, 
even a four- or fi ve-fold increase over the baseline 2–4 % risk of fatal perioperative 
complications does not seem so excessive as to prohibit a conversation with the 
patient about surgical options. 

 Finally, it is interesting to note that, although signifi cant comorbidities may deter 
aggressive treatment once lung cancer is diagnosed, certain types (such as coronary 
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artery disease, diabetes, or arthritis) may actually improve screening and thereby 
improve outcomes. Studies have shown that if the chronic disease is unstable or 
related to depression, alcoholism, or dementia, it may detract attention away from 
the signs and symptoms of cancer and thus delay diagnosis [ 96 ]. However, other 
well-compensated types may prompt more frequent clinic visits, utilization of 
screening, and detection of early stage disease [ 96 ]. Thus, the presence of comor-
bidities does not automatically result in lower lung cancer survival.  

    HIV 

  Human Immunodefi ciency Virus (HIV)   patients present an interesting subgroup 
with comorbidities. While the widespread use of  highly-active antiretroviral therapy 
(HAART)   has transformed HIV from a terminal diagnosis into a chronic disease 
state [ 128 – 131 ], many practitioners are still under the misimpression that complica-
tions from AIDS will kill a patient before lung cancer does. Even if the infection is 
under excellent control with undetectable viral loads, many oncologists are hesitant 
to administer chemotherapy given the fact that HIV is an exclusion criteria from 
clinical trials, and thus the outcomes and drug interactions in the presence of 
HAART are unknown [ 132 – 134 ]. 

 It is estimated that the risk of developing lung cancer in HIV patients is 2–6 
times higher than the average population [ 131 ]. The incidence of lung cancer in the 
HIV patient is on the rise for several reasons. First, they are more vulnerable to 
developing lung cancer because of their reduced immune surveillance system [ 129 , 
 130 ], pulmonary damage from repeated opportunistic infections, and (often) smok-
ing [ 128 ,  129 ,  132 ]. Additionally, the use of HAART is enabling the HIV population 
to reach an age and/or cumulative exposure to tobacco smoke at which lung cancer 
may arise [ 129 ]. Interestingly, although the predicted risk of lung cancer in HIV was 
highest among intravenous drug users, females, and younger patients, the actual 
incidence of lung cancer was highest in males and the elderly [ 135 ]. 

 Unlike malignant diseases like  Non-Hodgkin’s Lymphoma (NHL)   and Kaposi 
Sarcoma ( KS  ) which improve after immune reconstitution from antiretroviral ther-
apy, multiple studies have shown that lung cancers do not respond to HAART, and 
absolute CD4 count does not correlate with risk or response to treatment [ 129 ,  135 ]. 
For this reason, although NHL and KS previously comprised 95 % of all malignan-
cies found in the HIV population, this trend is expected to shift in the future as 
HAART effectively eliminates such disease states and allows HIV patients to live 
long enough to develop lung cancer [ 129 ]. A recent study by Makinson et al. also 
suggests that HAART may actually interfere with the effi cacy of antineoplastic regi-
mens [ 133 ], although most other studies have not found any evidence of benefi t or 
detriment to concurrent usage beyond higher risk of drug toxicities [ 132 ]. 

 Currently, evidence regarding outcomes of lung cancer in HIV patients suggests 
they are uniformly poor. It is unclear at this point whether their worse survival is due 
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to AIDS-related complications, advanced stage at diagnosis due to a more aggressive 
form of cancer, increased treatment toxicity and/or ineffi cacy, or lack of therapy [ 131 ]. 

 Studies have shown that patients with HIV receive cancer treatment less fre-
quently than patients without HIV and have a correspondingly higher mortality rate 
[ 131 ]. Even after adjustment for multiple covariates, there is a bias toward withhold-
ing care in HIV patients, including potentially curative surgery for early stage dis-
ease. For more advanced stages, there may be an issue of provider reluctance to treat 
patients with chemotherapy who are already on multiple other toxic drugs, given the 
absence of any clinical trial data on safety and effi cacy in HIV patients [ 130 ,  131 ]. 
Misclassifi cation of patients may also contribute to inappropriate treatment. When 
used to assess for extent of tumor burden in HIV patients, PET-CT scans may inad-
vertently and inappropriately upstage the patient if no confi rmatory biopsy is 
obtained. This is because HIV patients often have chronic infl ammation and concur-
rent infections which may also be FDG-avid [ 132 ], thus confusing the issue. 

 In the past, most experts believed that lung cancer mortality was higher for HIV 
patients compared to their non-HIV cohorts. This may be due to the fact that HIV- 
infected patients frequently fall into a demographic that already puts them at higher 
risk of worse outcomes—i.e., they tend to be black and/or gay men with end-stage 
disease at the time of diagnosis of lung cancer—all of which are predictors of lower 
likelihood of treatment [ 131 ]. However, more recent studies in the era of HAART 
now demonstrate no difference in survival between HIV-infected patients and the 
general lung cancer population [ 130 ]. 

 In regards to low-dose  CT screening  , lung cancer is diagnosed in HIV patients at 
a signifi cantly younger median age—50 years compared with the 68 years for SEER 
participants overall [ 132 ]. This observation is important because these younger at- 
risk patients would not currently meet the USPSTF recommendations for indica-
tions for lung cancer screening. Some experts argue that the chances of fi nding 
incidental abnormalities are higher in the HIV population which may prompt unnec-
essary additional workup for lung cancer. However, a recent study by Sigel and 
colleagues showed that HIV patients with a CD4 count greater than 200 do not have 
a signifi cantly higher rate of nonmalignant pulmonary lesions detected on screening 
CT scan compared to non-HIV patients. Therefore, the risk–benefi t ratio may be 
favorable for screening less immunosuppressed HIV patients for lung cancer using 
low-dose CT scans at an earlier age, but further studies are needed to better under-
stand the trade-offs [ 134 ]. 

 For lung cancer disparities based on age and comorbidities (including HIV) to be 
resolved, a major shift in clinicians’ attitudes must occur. They must understand that 
older adults and patients with chronic comorbidities are not necessarily as frail as 
they believe, and new advances in surgery, delivery of radiation, and chemotherapy 
may provide less toxic treatment options in the future. For evidence-based guidelines 
to adequately refl ect these changes, a radical shift in clinical trial design must also 
occur. Enrollment of more patients with advanced age, HIV, and other signifi cant 
comorbidities must be considered to generate study results that are more applicable 
to real-life conditions. Finally, given the mortality benefi t of low-dose CT scans in 
lung cancer detection, the criteria for screening should be expanded to encompass a 
larger expanse of at-risk populations, including HIV and the extremes of age.   
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    Conclusions 

 When discussing disparities in lung cancer, a quote by Arthur Schlesinger sums it 
up best by underscoring the fact that “science and technology [may] revolutionize 
our lives, but memory, tradition, and myth frame our response.” No matter what 
kind of modern miracles medicine may offer, the social paradigms in America will 
ultimately defi ne what kind of impact they achieve in regards to lung cancer 
outcomes. 

 Despite attempts at eliminating inequities based on race, education, or income, 
there remain persistent barriers to the optimal prevention, diagnosis, and treatment 
of lung cancer that are differentially encountered by different populations. The intri-
cate web which interconnects them also captures other overlapping disparities such 
as higher smoking rates, insurance type (or lack of), and quality of hospital care. 

 Although provider discrimination is an easy target to blame as the cause of 
undertreatment in the disenfranchised, patient factors may also play a role. Lack of 
education, understanding, or cultural and communication diffi culties may lead them 
to refuse or be poorly adherent with recommended care, even if it is freely offered. 

 Furthermore, the historical underrepresentation in clinical trials of members of 
minority groups, the elderly, and patients with signifi cant comorbidities (including 
HIV), only compounds these disparities in lung cancer outcomes. Providers may be 
reluctant to prescribe guideline-appropriate treatment due to lack of information 
regarding safety and effi cacy in a particular demographic group. Therefore, the 
elimination of disparities in lung cancer outcomes will require a combination of 
both social change and technological advancement. Potential targets include:

    1.    Tobacco prevention targeted at key risk groups, including adolescent girls as 
well as members of racial, ethnic, and sexual minority groups, to reduce the 
overall incidence of lung cancer.   

   2.    Construction of parks, grocery stores, better public transportation, and primary 
care clinics within poverty-stricken communities to encourage healthier habits 
and routine medical visits.   

   3.    Universal health care coverage, as well as standardization of practices across 
hospitals, to improve access to guideline-appropriate lung cancer care.   

   4.    Physician training in cultural sensitivity to improve communication and patient 
trust and compliance.   

   5.    Increased enrollment of underrepresented populations in clinical trials so that 
providers will no longer view HIV, age, and comorbidities as a reason not to treat.   

   6.    Appreciation of the complexity of lung cancer biology, including gender differ-
ences and genetic mutations, leading to more targeted, effective, and personal-
ized therapy.     

 Only when social, behavioral, cultural, and biological differences are acknowl-
edged, understood, and corrected will lung cancer prognosis and disparities in out-
comes truly improve.     
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    Chapter 13   
 Health Disparities in Critical Illness       

       Daniel     Monroy     Chaves      and     John     Daryl     Thornton     

          Key Points 

•     Health disparities are well described in most facets of critical illness.  
•   Racial and ethnic disparities are the most commonly described disparities in 

critical illness.  
•   However, race  and ethnicity   are often used as substitutes for other factors such as 

geographic location of residence or geographic location for receipt of health care 
that have an equal or greater effect on patient outcomes.  

•   Studies exploring the effects of specifi c health disparities (such as race and eth-
nicity) on outcomes of the critically ill need to account for as many  additional 
factors   as possible that may be involved in order to give a more detailed and 
accurate picture of the true factors affecting patient outcomes.  

•   Novel approaches to the design and evaluation of targeted interventions are 
needed to eliminate health disparities in critical illness.     

        D.  M.   Chaves ,  M.D.    
  Division of Pulmonary, Critical Care, and Sleep Medicine ,  The MetroHealth Campus of Case 
Western Reserve University ,   Cleveland ,  OH ,  USA     

    J.  D.   Thornton ,  M.D., M.P.H.      (*) 
  Division of Pulmonary, Critical Care, and Sleep Medicine and Center for Reducing Health 
Disparities ,  The MetroHealth Campus of Case Western Reserve University , 
  Cleveland ,  OH   44109 ,  USA   
 e-mail: daryl.thornton@case.edu  

mailto:daryl.thornton@case.edu


266

    Background 

 The foundation for our current understanding of the practice of  critical care medi-
cine   and the need for dedicated areas to care for the critically ill can be traced to 
Kommunehospitalet, the municipal hospital of Copenhagen, Denmark in 1953 [ 1 ]. 
The polio epidemic had ravaged the country and hospitals had exceeded their abil-
ity to care for those with respiratory failure [ 2 ]. Dr. Bjorn Ibsen, an anesthesiolo-
gist, not only described successful practices in the care of such patients, but he also 
conceived of a “special department, where they were under constant observation 
by a team, consulting epidemiologist, the ear, nose, and throat surgeon, and the 
anaesthetist, all working with help from an excellent and capable laboratory” [ 3 ]. 
Today, outcomes continue to be most favorable among critically ill patients that are 
cared for in an intensive care unit ( ICU  ) and by a multidisciplinary care team with 
signifi cant experience in dealing with such patients [ 4 – 6 ]. However, such care is 
resource exhaustive and relatively scarce. With an aging American population, the 
need for critical care services over the next few decades will likely dramatically 
increase, while the numbers of trained intensivists and pulmonologists will 
decrease below current levels [ 7 ,  8 ]. Many ICUs are already facing rapid increases 
in occupancy, having recently reached an alarming average occupancy of 68 %, 
leaving little room for the projected increases or for more acute needs in the setting 
of a pandemic [ 9 ,  10 ]. ICUs already buckling under the signifi cant strain from the 
current increased demands for their services may not be able to suffi ciently care for 
additional patients, which may lead to an increase in morbidity and mortality [ 11 , 
 12 ]. Limited availability of critical care services will likely have the greatest 
impact among those who are most vulnerable and may lead to an increase in health 
disparities [ 13 ]. 

  Research   in health disparities related to critical illness has largely refl ected 
health disparities research involving other aspects of medicine [ 14 ,  15 ] with 
early research being mostly descriptive (Table  13.1 ) [ 16 ,  17 ]. These descriptive 
studies established the prevalence of disparities in critical care and identifi ed 
potential benchmarks for improvement. The next phase in health disparities 
 research   involved identifying the underlying mechanisms responsible for the 
described disparities. This has afforded us a deeper understanding of the root 
causes of health disparities, thereby assisting in the development of the third 
phase of research—evaluation of targeted interventions to eliminate health dis-
parities. Unfortunately, this phase of health disparities research has been slow to 
evolve and is clearly where most of the work is needed [ 18 ]. This chapter pro-
vides a broad overview of health disparities in critical care and identifi es mecha-
nisms for the development and testing of novel disparities-related interventions. 
Gaps in our current understanding and areas of future need are emphasized 
(Table  13.2 ).
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        Some Words About Race… 

 Racial disparities are perhaps the most studied aspect of health disparities, and dif-
ferences in outcomes by race are well reported [ 15 ]. Osborn and Feit delineated the 
confusion associated with using race as a variable in research [ 19 ]. The common 
assumption in many studies is that the results refl ect biological or genetic  differ-
ences   attributed to race. However, these studies often fail to account for the indi-
vidual and societal complexities and lack of well-defi ned boundaries between the 
socially defi ned constructs of  race   and ethnicity [ 20 ]. Researchers have used race as 
a substitute for socioeconomic status, culture, and class, as well as genetic and 
ancestry-based biological constructs. With such wide variability in the defi nition, it 
is not surprising that study fi ndings have been so disparate. To confound measures 
further, the assessment of race is also variable, ranging from direct observation to 
surrogate report, or by the optimal (unbiased and most detailed) method, self-report. 
Even well-regarded sources of data including the U.S. Census, state birth and death 

   Table 13.1    State of health disparities research  in critical care     

 Critical care settings 
 Descriptive 
studies 

 Mechanistic 
studies  Interventional studies 

 Emergency Department  *  _  _ 
 Cardiac Critical Care  **  *  _ 
 Medical Critical Care  ***  **  _ 
 Neurologic Critical Care  ***  **  _ 
 Surgical Critical Care  ***  *  _ 

    Table 13.2    Challenges and recommendations to further  exploration   of health disparities in critical 
illness   

 Challenge  Recommendation 

 1. Lack of clear guidelines regarding 
integral components of health disparities 
publications 

 Development of evidence-based guidelines and 
author checklists for health disparities 
publications 

 2. Racial and ethnic categories are static 
and mutually exclusive 

 Allow study participants to self-identify as many 
racial and ethnic categories as desired 

 3. Factors confounding racial, ethnic, age, 
and gender disparities are often missing 

 Aim to address all known factors affecting the 
relationship between disparities and health 
outcomes 

 4. Too few mechanistic and interventional 
studies 

 1. Creation of funding mechanisms devoted to 
exploring novel means to alleviate health 
disparities 
 2. Increase in exposure of young investigators to 
health disparities research 
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certifi cates, and hospital and payer records have  substantial variability   in the collec-
tion and ascertainment of race, despite the presence of federal guidelines [ 21 ]. 
Researchers reporting results of racial disparities are encouraged to be transparent 
and thorough in their assessment of race and include confounding factors that are 
commonly associated with race and adverse outcomes in their studies (see section 
“Factors Confounding Racial, Ethnic, Age, and Gender Disparities” below). In turn, 
readers of health disparities studies are encouraged to interpret the study results in 
the context of the information provided regarding the characterization of race. In 
this chapter, we have provided study results along with linking contextual informa-
tion to promote a clearer understanding of the association between race and adverse 
outcomes among the critically ill.  

    Types of Health Disparities Affecting the Critically Ill 

    Race  and Ethnicity   

 African Americans are more likely to be admitted into the ICU presumably due to a 
higher prevalence of conditions requiring  critical care  , a higher severity of illness, 
and an increased number of comorbid conditions that complicate management [ 22 –
 24 ]. For example, African American men may be at greater risk for the development 
of sepsis from Gram positive bacteria and to have at least one acute organ dysfunc-
tion upon presentation compared to whites [ 25 ]. Using the New Jersey  inpatient 
  database, Dombrovskiy et al. found that African American adults with sepsis were 
younger, had more comorbid conditions, and were more likely to be admitted into 
the ICU compared to whites [ 26 ]. In a cohort study using data from the Acute 
Respiratory Distress Syndrome Network, African American patients with ARDS 
had the greatest severity of critical  ill  ness and were more likely to have complicat-
ing comorbidities such as HIV, end-stage renal disease, or cirrhosis [ 23 ]. After 
adjusting for demographic and clinical factors, African Americans and Hispanics 
with ARDS had a higher mortality rate compared to non-Hispanic whites with 
ARDS. However, after adjusting for severity of illness, African American race was 
no longer associated with mortality while the relationship between Hispanic ethnic-
ity  and mortality   persisted. 

 A similar trend of increased ICU admission is seen in the  pediatric population  . 
However, the reasons for it may not be as clear as in adults. In a study of 4676 pedi-
atric ICU admissions in Shelby County, Tennessee, African American children 
were more likely to be admitted to the pediatric ICU compared to non-Hispanic 
white children of similar severity of critical illness (OR: 2.1, 95 % CI: 1.7–2.7) [ 27 ]. 
Interestingly, full-term African American children had higher risks of admission 
compared to full-term white children (OR: 1.8, 95 % CI: 1.3–2.5) but there was no 
difference in risk for admission between preterm African American and preterm 
white children (OR: 1.4; 95 % CI: 0.9–2.2). In the region where the study was con-
ducted, African Americans have a signifi cantly higher prevalence of preterm births 
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(0.1 compared to 0.06 for non-Hispanic whites). Once admitted into the ICU, there 
was no difference in mortality between full-term African American and white chil-
dren (4 % vs. 6 %,  p  = 0.2) or preterm African American and white children (6.8 % 
vs. 8.9 %,  p  = 0.5). The authors posit that African American children, particularly 
those with special needs, are less likely to receive primary care and therefore are 
more likely to be admitted to the ICU with exacerbations of unmanaged or under-
managed diseases [ 28 – 30 ]. A better understanding of factors affecting ICU admis-
sion and outcomes in the pediatric population is needed. 

 Once admitted into an ICU,  African American patients   receive disparate care 
compared to whites, despite no ultimate difference in mortality. In a study of over 
15,000 patients admitted to one of 42 ICUs in 40 hospitals, Williams et al. found 
that African Americans received less technological monitoring, less laboratory test-
ing, and less life-supporting treatments within the fi rst 24 h following admission 
compared to whites. Adjusted ICU lengths of stay were also shorter [ 31 ]. Rapoport 
et al. found that critically ill African Americans of similar severity of illness to 
whites received fewer pulmonary artery catheters [ 32 ]. 

 There are also ethnic barriers to optimal critical care. Limited English profi -
ciency is a facet of ethnic disparities that has received a considerable amount of 
recent attention due to the alarming frequency of associated adverse outcomes 
including delayed care,  permanent   disability, or even death [ 33 – 36 ]. Some of the 
most infl uential factors associated with these poor outcomes include miscommuni-
cation, lack of cultural understanding, and poor social support. During the  ICU 
  family conference, patients’ surrogates with limited English profi ciency may receive 
less information regarding their loved one’s current illness and proposed treatment 
and less emotional support from caregivers despite the presence of professional 
interpreters [ 37 ,  38 ]. It appears that the presence of interpreters attenuates but does 
not eliminate these adverse outcomes to patients with limited English profi ciency 
[ 39 ,  40 ]. However, some data suggest that outcomes among patients with limited 
English profi ciency may be equal to or better than those of English profi cient 
patients. In a large cohort study of patients admitted to the ICU of two  Boston hos-
pitals   between 1997 and 2007, patients whose primary language was not English 
had 31 % lower odds of 30-day mortality compared to patients whose primary lan-
guage was English [ 41 ].  

    Age 

 Currently, patients older than 65 years of age comprise 56 % of all ICU days and 
patients older than 85 years of age comprise 14 % [ 7 ,  42 ]. With the population con-
tinuing to age, this percentage is expected to increase [ 43 ]. Using prospective data 
from Australian and New Zealand ICUs, Bagshaw et al. predicted that by 2015 the 
rate of patients 80 years of age and older will increase by 72 % to approximately 
1 in 4  ICU admissions   [ 44 ]. 
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 Milbrandt et al. posited that aging “predisposes to critical illness due to lifelong 
accumulation of molecular and cellular damage leading to decreased physiologic 
reserves and leaving the individual less able to respond to stressors” [ 43 ]. Therefore, 
it is not surprising that increasing age is positively associated with increasing mor-
tality. In Bagshaw’s study, patients 80 years of age and older had an adjusted odds 
of ICU and hospital mortality signifi cantly higher than patients between the ages of 
18 and 40 (OR: 2.7, 95 % CI: 2.4–3, and OR: 5.4, 95 % CI: 4.9–5.9, respectively). 
Factors associated with the higher odds of death among patients 80 and older 
included admission from a chronic care facility, nonsurgical admission, need for 
mechanical ventilation, comorbid conditions, a longer ICU stay, and a higher sever-
ity of illness. However, despite the increased odds of mortality compared to younger 
patients, approximately 80 % of patients 80 years of age and older survived to hos-
pital discharge. In a  cohort study   spanning 7 years of ICU patients admitted to a 
single academic center in Massachusetts, patients over the age of 65 represented 
more than 45 % of the total ICU population. Mortality (28-day and 1-year) increased 
with age despite adjustment for gender, comorbidities, severity of critical illness, 
and presence of do not resuscitate orders [ 45 ]. 

 Severe sepsis, a frequent cause of ICU stay and mortality, has enjoyed an 
increased survival rate over the last decade. Some have attributed the increase to a 
change in the age distribution or case fatality rate among those affected. Using a 
cohort of  fee-for-service   Medicare benefi ciaries aged 65 and older, Iwashyna et al. 
found that the number of incident 3-year survivors of severe sepsis rose 119 % 
between 1999 and 2008. They attributed this increase in survivorship to an 
increased rate of organ dysfunction per patient hospitalized with infection rather 
than a change in the age distribution or better survival among patients. In fact, the 
3-year case- fatality rates only decreased from 73 to 71 % over the period of analy-
sis [ 46 ]. 

 With the majority of older individuals surviving a hospitalization for severe sep-
sis, a new problem has emerged—that of chronic disability. Prospective data of 470 
patients with severe sepsis admitted to 24 ICUs in Finland revealed a 2-year mortal-
ity of 45 % and a lower quality of life compared to age- and sex-adjusted reference 
values without sepsis [ 47 ]. The 2-year mortality was 35 % among those patients 
older than 55 years of age compared to younger patients (9.8 %,  p  < 0.001). As age 
increased, quality of life decreased, while the mean estimated cost per quality- 
adjusted life year ( QALY  ) increased ranging from 325€ for those less than 24 years 
of age to 12,452€ for those over 81 years of age. The fi ndings of signifi cantly 
impaired quality of life following hospitalization and increased long-term mortality 
rates were confi rmed in a 2010 systematic review of 30 studies [ 48 ]. The severity 
and duration of impairment was well delineated in another study by Iwashyna et al. 
They prospectively examined participants from the Health and Retirement Study 
whose data were linked with the Medicare database [ 49 ]. The prevalence of moder-
ate to severe cognitive impairment was 11 % greater among the patients who had 
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been hospitalized for severe sepsis compared to those who had been hospitalized for 
other conditions. Impairments in cognitive and physical functioning persisted for at 
least 8 years following hospitalization, suggesting that many patients may be unable 
to ever return to independent functioning. 

 Despite the fact that the majority of critically ill older patients survive hospital-
ization, age-related barriers to ICU admission appear to exist. In a prospective 
cohort study conducted in 15 French hospitals, 2646 patients of age 80 years and 
older were triaged in the emergency room. The authors used standardized admission 
criteria to determine patient eligibility for admission. Of the 1426 patients who met 
defi nite admission criteria, only 31 % were referred for ICU admission, and only 
52 % of those referred were admitted [ 50 ]. Increasing age was an independent factor 
associated with no referral for ICU admission (OR: 1.04, 95 % CI: 1.02–1.07 for 
every 1 year increase). Another study demonstrated that once admitted into the ICU, 
elderly patients are less likely than younger patients to receive intensive treatments 
such as  mechanical ventilation   and renal replacement therapy, perhaps due to the 
subjective perception among healthcare providers of a potential lack of benefi t from 
treatment [ 42 ]. In both of these studies, it is unclear what role patient preferences 
may have played in decisions regarding admission and intensity of care. 

 Patient and provider decisions regarding care of the critically ill older patient 
may be based on incomplete or faulty information. In 1995, there were 215,000 
deaths attributable to severe sepsis representing 9.3 % of all deaths in the United 
States and equivalent to the number of deaths attributed  to   acute myocardial infarc-
tion (AMI). The burden of severe sepsis is signifi cant among the older population. 
The incidence of severe sepsis is 26/1000 among those 85 years and older compared 
to 5/1000 for adults between that ages of 60 and 64. Moreover, mortality from 
severe sepsis is 38 % among those ≥85 years of age and <30 % for those between 
60 and 64. Despite the increased burden, observational studies of severe sepsis and 
clinical trials of sepsis therapies often exclude the elderly due to perceptions of 
increased risk of death or lack of response to treatment. It is important to note that 
the majority of elderly patients admitted to the ICU with severe sepsis are dis-
charged alive. In addition, as pointed out by Angus et al., with the elderly compris-
ing a substantial proportion of the critically ill population, excluding them from 
such studies threatens external validity and prevents a comprehensive  public policy 
approach   from being created [ 43 ,  51 ]. 

 It is also important to consider the effect of multiple demographic factors on 
patient outcomes. For example, age and race may be interacting to uniquely affect 
health outcomes. In a study using data from the National Hospital Discharge Survey, 
Martin et al. found that African American men presented with the highest rates of 
sepsis (331 cases/100,000), the youngest age at onset (47 years), and the highest 
mortality (23 %) [ 52 ]. The reasons were not explored, but the authors presented 
several possible mechanisms including genetic, social, and clinical differences, and 
called for further investigation to be performed.  
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    Gender 

 Although women comprise a larger proportion of the US population, the evidence 
suggests that men have a higher incidence of critical  ill  nesses such as sepsis (mean 
annual relative risk: 1.3, 95 % CI: 1.2–1.3) [ 52 ]. Despite the increased incidence, 
men do not appear to have a higher case-fatality rate compared to women [ 25 ]. In 
surgical ICUs in the US, for example, men were found to have a higher incidence of 
 sepsis   and septic shock compared to women but no difference in hospital  or   postdis-
charge mortality [ 53 ]. Men are also at risk of prolonged ICU stays compared to 
women of a similar severity of illness [ 54 ]. This may represent differences in end-
of- life care, personal preferences regarding care, or other unmeasured factors. 

 In Europe, some data suggest women have a higher severity of illness and receive 
a lower overall intensity of care compared to men, but there are no apparent differ-
ences in mortality by gender. For example, among 25,998 adults admitted to one of 
31 ICUs in Austria, women had higher severity of illness scores (SAPS II 28 vs. 26, 
 p  < 0.001) and in-hospital mortality rates (18 % vs. 17 %,  p  = 0.04) compared to men 
[ 55 ]. However, after adjustment for severity of illness, the mortality rate did not dif-
fer between men and women. Men received more intensive care compared to women 
including mechanical ventilation, vasoactive medication, placement of central 
venous and pulmonary artery catheters, and renal replacement therapy compared to 
women. These results suggest that the SAPS II score did not fully capture patient 
severity of illness or other factors besides severity of illness are associated with 
disparate receipt of intensive therapies between men and women. 

 Gender differences in receipt of therapies are found in other parts of the world as 
well. In the U.S., evidence suggests that critically ill men are more likely to receive 
thrombolytic therapy, emergent surgery, mechanical ventilation, and even coronary 
artery bypass graft surgery more frequently than critically ill women [ 56 ]. Similar 
results were found in Canada [ 57 ]. In a retrospective examination of almost 25,000 
critically ill patients admitted to Ontario hospitals over a 2-year period, women were 
less likely to be admitted into an ICU compared to men (40 % compared to 60 %, 
 p  < 0.001). In fact, older women (≥50 years of age) had 32 % lower odds of being 
admitted compared to older men. Older women were also less likely to receive 
mechanical ventilation and pulmonary artery catheterization, and they had shorter ICU 
stays but longer overall stays in the hospital. Most concerning was the fact that ICU 
 and   in-hospital mortality rates were greater for older women compared to older men. 

 While race, ethnicity, age, and gender all play substantial roles in the develop-
ment of disparate outcomes, other factors linked to these demographic indices may 
be equally if not more important. Studies that have explored the root causes of dis-
parities have often found that much of the effect attributed solely to race, ethnicity, 
gender, or age is signifi cantly attenuated upon consideration of potential confound-
ers. Unfortunately, few studies have incorporated detailed adjustments of these con-
founding factors into their analyses. A deeper understanding of the effects of these 
confounding factors is warranted.   
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    Factors Confounding Racial, Ethnic, Age, and Gender 
Disparities 

    Genetic Predisposition 

 Emerging  evidence   suggests that genetic predisposition may play a role in many 
disorders affecting the critically ill. However, the extent to which genetic predispo-
sition plays a role in the development of health disparities has not been well 
described. Perhaps the best evidence linking genetics and premature mortality 
among the critically ill was from a case–control study of 976 adult Danish nonfa-
milial decedent adoptees and their biological and adoptive parents [ 58 ,  59 ]. 
Sørensen et al. found an increased mortality among the biological parents of dece-
dent children but not among their adoptive parents. The associated causes of death 
included all of the major sources of critical illness: infectious causes (HR: 1.9, 
95 % CI: 1.1–3.5), vascular causes (HR: 2.0, 95 % CI: 1.2–3.1), and even natural 
causes (HR: 1.2, 95 % CI: 1.0–1.4). However, there was no adjustment for demo-
graphic or socioeconomic factors. Other studies have identifi ed only a few herita-
ble mutations predisposing to critical illness that are limited mainly to a handful of 
families. For example, Picard et al. described 3 unrelated children with inherited 
interleukin-1 receptor-associated kinase (IRAK-4) defi ciency rendering them sus-
ceptible to recurrent pyogenic bacterial infections [ 60 ]. Recent genetic epidemio-
logic studies have focused on the more prevalent genetic variations [ 61 ]. Differing 
allelic frequencies have been found by both race and gender in patients with ARDS 
and sepsis. The myosin light chain kinase gene ( MYLK ) encodes a multifunctional 
protein involved in the infl ammatory response [ 62 ]. Different single-nucleotide 
polymorphisms of  MYLK  were found to be associated with sepsis and sepsis-asso-
ciated ARDS among African Americans and whites. The functional  T-46C  poly-
morphism in the Duffy antigen/receptor for chemokines ( DARC ) gene is found 
almost exclusively in persons of African descent and associated with worse clinical 
outcomes among African Americans with ARDS, perhaps due to an increase in 
circulating IL-8 [ 63 ]. 

 Part of the diffi culty in identifying genetic infl uences on health disparities is 
due to the wide variability in genetic variants between people of different ances-
tries.    When diverse populations are studied, the associations with a clinical pheno-
type may be mistaken for being associated with the presence of multiple specifi c 
genetic variants determining a predisposing genotype, rather than with an associa-
tion with prevalence/incidence due to patient ancestry [ 61 ]. This spurious associa-
tion confounding can be overcome by stratifying the case and control groups with 
different fractions of ancestry from each ancestral subpopulation [ 64 ]. 
Unfortunately, this level of detail is often missing from genetic epidemiology stud-
ies in critical illness.  
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    Geographic Residence and Location of Care 

 Vulnerable critically ill patients are at high risk of experiencing poor health out-
comes because of poor access to acute and chronic care, lower socioeconomic sta-
tus, lower levels of education, higher rates of unemployment, and a higher burden 
of  chronic disease   compared to the majority of patients [ 65 ]. The imbalances in the 
geographical distribution of resources, available technological advancements, and 
distribution of wealth have intentional and unintentional repercussions that have left 
increasing numbers of the general population unprotected. In the United States, for 
example, minority populations frequently live clustered together in neighborhoods 
separated from white populations. Due to the need for emergent care, critically ill 
patients are often cared for in hospitals nearest to their homes. As a result, critically 
ill minority patients are more likely to receive care in different hospitals compared 
to critically ill white patients. The resources available to persons living in minority-
predominant neighborhoods are often fewer compared to  majority-predominant 
neighborhoods  . This is true in health care as well. Indeed, a recent analysis of 
Medicare data revealed that only 25 % of hospitals in the United States care for 
almost 90 % of elderly African American patients [ 66 ]. These hospitals tended to be 
larger and more often were teaching hospitals situated in the southern United States. 
They also tended to have worse measures of quality of care including treatment of 
AMI, heart failure, and pneumonia compared to hospitals caring for lower propor-
tions of African American patients. 

 Hospital level factors may infl uence health disparities more than patient-level 
factors. For example, in a study of patients admitted to 28 hospitals for  community- 
acquired pneumonia  , African American patients were less likely to receive timely 
or guideline-adherent antibiotics [ 67 ]. Within each hospital, African American and 
white patients received a similar quality of care. However, among hospitals serving 
a greater proportion of African American patients, African American and white 
patients with community-acquired pneumonia were less likely to receive timely 
antibiotics (OR = 0.8, 95 % CI: 0.8–0.9) and were more likely to receive mechanical 
ventilation (OR = 1.6, 95 % CI: 1.0–2.4). In a retrospective  population-based cohort 
study   including six U.S. states (Florida, Massachusetts, New Jersey, New York, 
Virginia, and Texas), African Americans had the highest age- and sex-standardized 
population-based incidence of severe sepsis and hospital-acquired infections and 
the highest ICU case fatality rates compared to Hispanic and non-Hispanic whites 
[ 22 ]. However, adjustment for clinical characteristics and the treating hospital fully 
explained the higher case fatality rate. 

 It appears that when it comes to health care in general in the US, separate may 
not be equal. For example, risk-adjusted mortality after AMI is higher among 
African American and white patients admitted to hospitals caring for the highest 
proportion of  African American patients   compared to those caring for the lowest 
[ 68 ]. Hospitals with large proportions of African American patients also have worse 
cardiac arrest outcomes compared to hospitals with predominantly white patients 
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[ 69 ,  70 ]. This might explain the disparities in survival following cardiac arrest noted 
between African Americans and whites. Among patients discharged to home fol-
lowing evaluation in emergency rooms in Arizona, Massachusetts, and Utah, 
African American and Asian patients had lengths of stay ranging from 2 to 14 % 
shorter than white patients in teaching hospitals, and 1.6 to 16 % longer than white 
patients in nonteaching hospitals, potentially leading to incomplete clinical evalua-
tions [ 71 ]. Finally, in critical care at the end of life, Barnato et al. found differences 
in ICU use between African Americans, Hispanics, and whites that were attributed 
to admission into different hospitals with varying  ICU utilization patterns   at the end 
of life rather than effects of patient race or ethnicity on ICU use within the hospitals 
[ 72 ]. These studies provide a compelling case to adjust for type and locations of 
hospitals in all studies of health  disparities   affecting the critically ill. 

 The Department of Housing and Urban Development conducted a study that 
provided insight into successful interventions that may overcome the harmful 
effects of poverty  and segregation   on health outcomes [ 73 ]. Between 1994 and 
1998, 4498 women and children living in public housing in high-priority urban 
census tracts were randomized to one of three groups. The fi rst group was assigned 
to receive housing vouchers which could be redeemed only if the participant family 
moved to a census tract where <10 % of the residents were impoverished and if the 
participant received counseling regarding moving. Participants in the second group 
were assigned to receive unrestricted, traditional vouchers with no additional coun-
seling on moving, and participants in the third group served as a control group that 
received neither vouchers nor counseling. Ten to 15 years later, participants were 
contacted to determine their  body mass index   and glycated hemoglobin levels as 
proxies for the development of high-risk morbid conditions. Participants who had 
received the vouchers to move to low poverty census tracts combined with counsel-
ing on moving were less likely to be obese and had lower  glycated hemoglobin 
levels   than participants in the control group. There were no differences in body 
mass index or  glycated hemoglobin   among participants in the unrestricted voucher 
group and participants in the control group. Whether this or similar interventions  
will have an effect on critical illness outcomes remain to be seen.  

    Chronic Illness and Access to Care 

 Comorbid conditions have a signifi cant effect on critical care outcomes [ 74 ], and 
differential prevalence of comorbid conditions as well as differential receipt of 
treatment of such conditions may explain a signifi cant portion of observed racial 
and ethnic differences in critical care outcomes. African Americans are more likely 
to be hospitalized for  ambulatory   care-sensitive conditions—conditions for which 
appropriate ambulatory care could prevent hospitalizations—compared to whites 
[ 75 ,  76 ]. Among patients admitted to ICUs in 35 California hospitals, Erikson et al. 
found no racial or ethnic differences in in-hospital mortality or ICU length of stay 
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after adjusting for severity of illness, socioeconomic status, and insurance status 
[ 77 ]. They did fi nd that African American patients were more likely to be admitted 
with a higher severity of illness and more metabolic derangements suggesting poor 
access to care and poor control of comorbid conditions prior to admission. The lack 
of a difference in mortality when compared to white patients could be due to the fact 
that providing initial care for exacerbations of chronic diseases altered the trajectory 
of the critical illness. For example, African Americans between the ages of 45 and 
64 are 2.5 times more likely to die of heart failure compared to whites of similar age 
[ 78 ]. An African American patient may be admitted to the ICU with an acute exac-
erbation of previously untreated heart failure with reduced ejection fraction due to 
poor access to ambulatory care and consequently an inability to initiate routine fi rst- 
line therapy such as diuretics or ACE inhibitors. With prompt initiation of these 
agents upon ICU admission, his ICU mortality may improve even though his acute 
severity of illness on presentation was high, as these agents have previously been 
demonstrated to be effective in reducing mortality among patients with his degree 
of CHF. A white patient presenting with a similar CHF exacerbation and an equal 
acute severity of illness may have an equal or worse mortality as he may have had 
better access to evidence-based treatments for heart failure while in the ambulatory 
setting and therefore may already be taking several medications that are indicated 
for the treatment of CHF. The current measures of ICU severity of illness such as 
APACHE and SAPS do not account for severity of chronic illness nor do they 
account for degree of optimization of comorbid conditions.  The   African American 
patient may appear sicker according to such severity of illness measures, but require 
less aggressive treatment from the care team and have a lower ICU mortality. 
Another explanation for the lack of mortality difference between African American 
and white patients in this study may be that the participating hospitals were located 
in the west coast, which care for a higher proportion of white patients and may 
therefore deliver superior care compared to hospitals in other regions of the country 
which serve predominantly African American patients.  

    Uninsurance and Under Insurance 

 Almost 100 million people worldwide are forced into poverty each year because of 
catastrophic household medical expenses [ 79 ]. As evident in other areas of health-
care, lack of adequate health insurance adversely affects  critical care   outcomes. For 
example, low-income and uninsured individuals residing in large metropolitan areas 
are much less likely to visit with a physician compared to those with higher income 
or health insurance [ 80 ]. Uninsured patients experiencing new serious or morbid 
symptoms are less likely to receive medical care even though they think  they   need 
it [ 81 ]. In a systematic review of 29 studies examining the association between 
insurance status and critical care delivery and outcomes, uninsured patients were 
less likely to receive critical care services than those who were insured [ 82 ]. 
Following admission, uninsured patients also received fewer procedures compared 
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to insured patients. Most importantly, lack of insurance was associated with an 
increased risk of death. In a more recent study not included in the systematic review, 
Lyon and colleagues performed a retrospective review of patients admitted to 
Pennsylvania hospitals in 2005 and 2006 [ 13 ]. They performed comprehensive 
patient clinical and demographic adjustments while also considering  hospital-level 
effects   and found an increased 30-day mortality among uninsured patients com-
pared to privately insured patients (5.7 % vs. 4.6 %,  p  < 0.001). Uninsured patients 
were also less likely to receive a central venous catheter (7.3 % vs. 9.8 %,  p  < 0.001), 
acute hemodialysis (0.7 % vs. 1.1 %,  p  < 0.001), or tracheostomy (8.6 % vs. 22 %, 
 p  < 0.001). As pointed out by the authors, adjusting for hospital-level effects in the 
analysis allowed comparisons between uninsured and private patients cared for at 
the same hospitals. Therefore, the lower receipt of critical care procedures and 
higher mortality rate seen among the uninsured compared to private patients in this 
study were most likely due to factors occurring within each care setting. 

 With expansion of insured care under the  Affordable Care Act  , one might expect 
greater utilization of critical care services and even a decrease in observed mortality 
among the critically ill. However, in a comprehensive analysis of Massachusetts 
data before and after healthcare reform compared to four states that did not enact 
reform (New York, Washington, Nebraska, and North Carolina), no difference was 
noted in ICU utilization, discharge destination, or hospital mortality [ 83 ]. However, 
   the number of critically ill patients with insurance increased, as was expected. The 
authors cited several hypotheses for their lack of observed mortality difference, 
including the unique patient demographics of Massachusetts where only 9 % of 
patients were uninsured compared to a national average of 17 %. The population of 
Massachusetts also has a higher baseline socioeconomic status and less racial and 
ethnic diversity compared to the rest of the nation. Another possibility is that the 
association between lack of health insurance and mortality observed in prior studies 
may have been due to other unmeasured factors for which lack of insurance served 
as a proxy (i.e., poverty). These  unmeasured factors   may not have changed immedi-
ately following insurance expansion. In a study comparing 5 years before Medicaid 
to have expansion to 5 years after expansion in New York, Maine, and Arizona were 
found to have a relative reduction in all-cause mortality of 6.1 % or 20 deaths per 
100,000 adults compared to neighboring states that did not undergo Medicaid 
expansion [ 84 ]. Mortality reductions were greatest among older adults, nonwhites, 
and residents of poorer counties. 

 In 2008, Oregon used a lottery system to select from those individuals waiting 
for Medicaid expansion. About 2 years after the lottery, 6387 adults who had been 
selected to apply for  Medicaid coverage   were compared with 5842 adults who had 
not been selected [ 85 ]. Medicaid coverage was associated with a decreased likeli-
hood of a positive screen for depression (−9 %, 95 % CI: −17 to −1.6 %,  p  = 0.02), 
increased use of many preventive services, and nearly complete elimination of 
potentially catastrophic out-of- pocket medical expenditures. Among those covered 
by Medicaid, more cases of diabetes were diagnosed (3.8 % increase, 95 % CI: 
1.9–5.7 %) and a higher proportion of patients were using diabetes medications 
(5.4 % increase, 95 % CI: 1.4–9.5 %). There was no difference in the use of medica-
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tions for hypertension or hyperlipidemia, nor was there a difference in average gly-
cated  hemoglobin   levels. While physical health failed to improve in the fi rst 2 years 
following expanded Medicaid coverage, there was greater healthcare utilization and 
reduced fi nancial strain.  

    Work Trajectory and Unemployment 

 Work may offer many people a sense of accomplishment and well-being, but for 
some individuals, work can have deleterious effects on health [ 86 ]. Over the last 
half-century, women have had increased representation in the labor force. Despite 
this increased representation, African American and white women have had signifi -
cantly different work trajectories. Black women are more likely to work in jobs with 
lower earnings, little room for advancement, and high risk of termination [ 87 ]. 
Using data from the National Longitudinal Survey of Mature Women, Shippee et al. 
found  that   Black working women who had felt that their work had progressed in the 
past 10 years had a 24 % lower mortality risk compared to those who felt that their 
work was static or had regressed. This result persisted despite adjusting for personal 
demographics, type of occupation, health characteristics, family life, and personal 
and household wealth. We were unable to fi nd any studies exploring the effects of 
work trajectory on critical care outcomes.  

    Income Inequality 

 Income has a signifi cant effect on health outcomes. Low income is associated with 
low birth weight, poor educational outcomes, unemployment, work disability, lack 
of medical insurance, increased medical expenditures, smoking, and sedentary 
activity [ 88 ]. It should come as no surprise, therefore, that income inequality is also 
associated with differences in all-cause  age-adjusted mortality   [ 89 ]. Across Europe, 
countries with a lower proportion of their population in relative poverty have higher 
average life expectancies [ 90 ]. 

 Bein et al. prospectively administered a questionnaire that assessed patient  socio-
economic status   (level of education, occupation, income, marital, and health insur-
ance status) to the surrogates of 1006 patients in a 24-bed surgical ICU of a tertiary 
hospital in Germany [ 91 ]. They found patients of lower socioeconomic status had a 
higher adjusted odds for  ICU length      of stay and a lower adjusted odds for visits 
from friends and family compared to patients with higher socioeconomic status. 
This result has not been replicated in the United States. In the previously mentioned 
study involving multiple hospitals in California, Erickson et al. found that socioeco-
nomic status (and higher admission severity of illness) attenuated the increased ICU 
length of stay identifi ed in African Americans [ 77 ]. This demonstrates the impor-
tance of including multiple patient level factors in disparities studies. 
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 In spite of the previously mentioned associations between low income and 
increased mortality, a retrospective study of 38,917 patients admitted to either of 
two academic medical centers in Boston between 1997 and 2007 found that the 
percentage of census tract residents below the  federal poverty   line was not associ-
ated with all cause 30-day, 90-day, or 1-year mortality [ 92 ]. It was also found to not 
be associated with 90- and 365-day mortality postcritical care initiation. The study 
did not include severity of illness information based on physiologic parameters but 
did include comorbid conditions. 

 In summary, several factors may confound the relationship between race, ethnic-
ity, age and gender, and health outcomes, including genetic predisposition, geo-
graphic location, chronic illness, access to care, and socioeconomic status. Such 
factors should be adequately addressed in any study of health disparities before 
valid conclusions can be made.   

    Critical Care Settings and Conditions Where Health 
Disparities Have Been Described 

    Emergency Department 

 The  emergency department   remains the primary source of ICU admissions. Despite 
this, there is a paucity of data regarding emergency department care of the critically 
ill [ 93 ]. To our knowledge, there are no national databases tracking critically ill 
patients in the emergency department. This leads to an inability to accurately assess 
the proportion of emergency department patients that are critically ill, the quality of 
the care that is delivered to them, and how our care delivery in this setting has 
changed over time. 

 Even with the lack of national emergency department data on critical illness, 
important work in health disparities has been performed in the emergency depart-
ment. A seminal study in health disparities was conducted in an emergency depart-
ment in Los Angeles in 1993, involving chart review for 139 Hispanic and 
non-Hispanic white adult patients who presented to the emergency department of a 
level I trauma center with isolated long-bone fractures [ 94 ]. Hispanics remained 
more likely than non-Hispanic whites to not receive pain medication for their acute 
fractures after adjustment for several patient and physician characteristics (odds 
ratio: 7.5,  p  < 0.01). A follow-up study in the same setting found that despite 
Hispanics receiving less analgesia they did not differ from non-Hispanic whites in 
their delineation of pain and their physicians rated their pain similar to non- Hispanic 
whites [ 95 ]. This suggests that other factors were responsible for lack of an equita-
ble receipt of analgesia among Hispanic patients. 

 Factors affecting triage of critically ill patients in the emergency department may 
also infl uence disparities, and prehospital therapy may infl uence outcomes in criti-
cal illness by affecting appropriate triage. In one study of patients with sepsis, 
patients that arrived by ambulance had a higher likelihood of receiving immediate 
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care (including a shorter time to fi rst antibiotics and a shorter time to initiation of 
early goal directed therapy) compared to “walk ins” [ 96 ]. For patients who are 
unable to afford the cost of an ambulance and instead present to their local emer-
gency department by their own means, this can signifi cantly affect their survival. 
How this further modifi es existing racial, ethnic, gender, and age-related disparities 
is unclear. 

 Delayed transfer of patients from the ED to the  ICU   also has a signifi cant impact 
in outcomes. A study conducted using the Project IMPACT database demonstrated 
increased ICU and in hospital mortality rates and prolonged hospital lengths of stay 
following ICU discharge for patients with at least a 6 h delay in ICU transfer from 
the ED [ 97 ]. Unfortunately, few patient level demographics were available to look 
for associations with health disparities. However, similar fi ndings were demon-
strated in a Brazilian study [ 98 ]. Such delays are not uncommon and are related to 
availability of critical care beds in the same institution, the need  for   interhospital 
transfer due to need for higher level resources, and physician and nursing staffi ng in 
the emergency department and ICU.  

    Intensive Care Unit 

 The intensive care unit is the setting for the majority of  studies   evaluating health 
disparities among the critically ill. Common conditions encountered in the ICU 
have received signifi cant attention. 

    Acute Respiratory Distress Syndrome 

 In 2012, the defi nition of ARDS was updated. The new Berlin defi nition is less 
ambiguous and has better predictive validity for mortality compared to the previous 
standard, implemented in 1994 by the  American-European Consensus Conference 
(AECC)   [ 99 ]. However, the vast majority of ARDS research in general and ARDS 
health disparities research in particular has relied on the AECC defi nition. At pres-
ent, it is unclear what effect the new defi nition will have on identifying health dis-
parities in ARDS. 

 Epidemiologic data regarding the incidence and outcomes of ARDS has been 
hampered by inconsistent  defi nitions  , diagnostic misclassifi cation, single-center 
studies, and limited durations of observation. One of the few studies to overcome 
these limitations evaluated data from 18 hospitals in King County, Washington as 
well as 3 hospitals in adjacent counties [ 100 ]. The crude incidence of ARDS was 
78.9 per 100,000 person-years, and the age-adjusted incidence was 86.2 per 100,000 
person-years. In hospital mortality was 38.5 %. The incidence of ARDS varied by 
age ranging from 16 cases per 100,000 person-years among those between the ages 
of 15 and 20 years to 306 cases per 100,000 person-years among those between the 
ages of 75 and 85 years.  In-hospital mortality   was also found to vary with age, rang-
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ing from 24 % among those 15–19 years old to 60 % among those 85 years and 
older. However, the residents of King County were more affl uent, younger, and had 
a different racial distribution compared to the United States population, and as a 
result, ARDS incidence and mortality data for minorities and individuals of lower 
socioeconomic status could not be determined in this study. Using data of patients 
who participated in the National Heart, Lung, and Blood Institute multicenter, ran-
domized trials of the ARDS Network, Ely and colleagues found similar disparities 
in mortality among older patients with ARDS. Patients at least 70 years of age had 
longer times on the  mechanical ventilator   (median of 19 vs. 10 days,  p  < 0.001), 
longer ICU stays (21 vs. 16 days,  p  < 0.01), and a higher risk of in-hospital death 
(hazard ratio: 2.5,  p  < 0.001) [ 101 ]. Even after passing spontaneous breathing trials, 
older patients needed an additional day to obtain unassisted breathing compared to 
younger patients ( p  = 0.002), and 3 additional days before leaving the ICU 
( p  = 0.005). However, older patients had fewer preexisting comorbid conditions 
compared to the younger group. 

 A study using the Multiple Cause Mortality Files from 1979 through 1996 for 
records containing ICD-9 codes consistent with ARDS found a higher risk of ARDS 
among women compared to men and African Americans compared to whites [ 102 ]. 
African American men had the highest ARDS-associated mortality compared to 
white men and men of other minority groups (12.8 per 100,000 individuals per year, 
compared to 9.1 and 8.6, respectively). African American women similarly had 
higher ARDS-associated mortality compared to white women and women of other 
minority groups (7.4 per 100,000 individuals per year, compared to 5.4 and 4.7, 
respectively). Of particular interest is the fact that a high proportion of African 
American decedents with ARDS (27 %) were younger than 35 years of age. In con-
trast, the vast majority of white decedents with ARDS (91 %) were older than 75 
years of age. It is unclear whether the higher ARDS-associated mortality rate in 
African Americans is due to a higher incidence of  acute lung injury (ALI)   among 
African Americans or a higher case fatality rate among those with ALI. For exam-
ple, the excess mortality may have been due to a higher prevalence of comorbid 
conditions, and the authors were unable to adjust for such confounders in their anal-
ysis. Recent work from the ARDS Network found higher 60-day mortality rates 
among Hispanics (33 %) and blacks (33 %) compared to whites (29 %) [ 23 ]. 
However, after adjustment for gender, receipt of low-tidal volume ventilation, pres-
ence of comorbid conditions, cause and severity of ARDS, and severity of acute 
illness, the association between black race and mortality was no longer signifi cant, 
but it persisted among Hispanics. The authors found that 30 % of the association 
between  black race and mortality   was accounted for in severity of illness. Hispanic 
ethnicity was not only associated with increased mortality, but also with fewer 
ventilator- free days. The associations between race/ethnicity and mortality and 
race/ethnicity and ventilator-free days were not affected by accounting for patient 
clustering within hospitals. This supports that there were no hospital-specifi c differ-
ences in quality of care as has been suggested in prior studies. An essential consid-
eration that should be made when accounting for ARDS outcomes is that long-term 
survival in ARDS may not be related to the presence of ARDS, but to the age of the 
patient, the risk factor for ARDS development, and comorbidity [ 103 ]. 
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 Given the higher burden of ARDS and severity of illness among minorities and 
older persons, some have questioned whether such patients are adequately repre-
sented in clinical trials. One study compared the rates of enrollment in the ARDS 
Network studies at the  University of California, San Francisco (UCSF)   Moffi tt-
Long University Hospital, which is a large academic medical center, and San 
Francisco General Hospital, which is the regional safety net hospital [ 104 ]. Because 
both hospitals were part of the same study site, similar screening practices were 
utilized. A total of 7434 patients were screened and 902 (12 %) were enrolled. The 
most common reason for not being enrolled was not being medically eligible (45 % 
at Moffi tt- Long compared to 37 % at San Francisco General). Among eligible 
patients, 89 % of patients at Moffi tt-Long were enrolled compared to 29 % as San 
Francisco General ( p  < 0.001). The biggest factor that infl uenced enrollment among 
eligible patients at San Francisco General was the lack of available surrogates (40 % 
of eligible patients compared to only 1 % at Moffi tt-Long,  p  < 0.001). Patient and 
family refusal was also higher at San Francisco General (6 % vs. 1 % at UCSF, 
 p  < 0.02). This was particularly common among minority families. 

 In a larger study that examined enrollment across the ARDS Network studies, 
Cooke et al. found no differences in the likelihood of enrollment across all racial and 
ethnic groups [ 105 ]. Among excluded patients, minority patients were more likely 
to be excluded due to patient inability to consent or lack of a surrogate. African 
American patients were more likely to be excluded compared to white patients as a 
result of patient or family refusal. Patients over 75 years of age were less likely to be 
enrolled than younger patients, but older women were more likely to be enrolled 
than older men.  Medical comorbidity   had the largest effect on enrollment among 
older patients. Enrolled patients had lower PAO 2 /FIO 2  ratios and were more often 
cared for in medical compared to surgical ICUs than nonenrolled patients.  

    Delirium 

 The reported incidence of delirium among critically ill patients ranges 16–89 % 
depending on the criteria used for assessment and the populations studied. An 
important risk factor for the development of delirium in the intensive care unit is 
receipt of mechanical ventilation [ 106 ,  107 ]. Patients who experience  delirium   upon 
admission are more likely to have prolonged hospitalizations. Mortality is higher  
among patients with delirium compared to patients without delirium (34 % vs. 
15 %, HR: 3.2,  p  = 0.008) [ 108 ]. The risk for delirium increases with increasing age 
with a prevalence of 14 % among those over age 85 [ 109 ]. Among older patients, 
dementia is a signifi cant risk factor for the development of delirium [ 110 ]. 
Unfortunately, delirium is often missed by both intensivists and ICU nurses due to 
its overlap with dementia, its fl uctuating nature, and infrequent use of validated 
screening instruments [ 111 ]. Little information is available regarding the effects of 
patient and hospital factors and delirium-related outcomes.  
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    Stroke 

 Most  disparities-related research   in the fi eld of neurocritical care has focused on 
patients with stroke. In 1999, the Centers for Disease Control and Prevention listed 
decline in deaths from coronary heart disease and stroke as one of the ten greatest 
public health achievements in the US [ 112 ]. However, while the mortality from 
stroke continues to decline, the mortality among different subgroups with stroke is 
widening suggesting worsening of health disparities. In 2010, non-Hispanic whites 
between the ages of 45 and 64 years had a mortality rate from stroke of 16.8 per 
100,000 population compared to 18.5 per 100,000 in Hispanics and 46.2 per 100,000 
among African Americans of the same age [ 113 ]. Hispanics may have a higher 
stroke incidence, but they have a similar stroke  mortality   compared to non-Hispanic 
whites. This may be due to the varied effects of stroke among Hispanic subgroups. 
For example, Mexicans may have a lower mortality from stroke compared to Puerto 
Ricans and Cubans [ 114 ]. Researchers suggest that observational studies with overs-
ampling of Hispanic participants are needed to better understand these fi ndings. 

 The mortality rate ratio for stroke has not improved signifi cantly for African 
Americans compared to whites, and African Americans continue to have a 2–3 
times greater prevalence. This widening of the mortality rate is generally attributed 
to whites having more timely access to intensive stroke-related critical care services 
compared to African Americans [ 115 ]. Another reason is the impact of conditions 
conferring an increased risk for stroke such as smoking and elevated blood pressure. 
Using data from the REGARDS study, Howard et al. found that a 10 mmHg increase 
in systolic blood pressure was associated with an 8 % (95%CI: 10–16 %) increase 
in stroke risk in whites, but a 24 % (95 % CI: 14–35 %) increase among African 
Americans [ 116 ]. In a Cox proportional hazard model adjusting for gender and use 
of hypertensive medications, African Americans between the ages of 45 and 64 with 
systolic blood pressures less than 120 mmHg had a similar risk of death compared 
to whites of the same age (HR: 0.9, 95 % CI: 0.5–1.6). However, with systolic blood 
pressure between 140 and 159 mmHg, African Americans had an increased risk of 
death compared with whites (HR: 2.4, 95 % CI: 1.2–4.7). In the Greater Cincinnati/
Northern Kentucky Stroke Study ( GCNKSS     ), African Americans were found to 
have twice as many small-vessel strokes and strokes of undetermined cause com-
pared to whites [ 117 ]. African Americans also had 40 % more large-vessel strokes. 
The unequal distribution of different types of strokes by race suggests additional 
factors may be playing a role that have yet to be identifi ed. 

 Socioeconomic status is also strongly associated with stroke outcomes. In the 
previously mentioned GCNKSS study, 39 % of the excess risk for stroke among 
 African Americans   compared to whites was due to poverty [ 118 ]. In the Netherlands, 
lower education levels were associated with higher disability rates within the 3 
years following a stroke and a greater likelihood of requiring institutionalized care 
[ 119 ]. When education and income were combined into a proxy measure for  socio-
economic status  , low socioeconomic status was associated with increased stroke 
mortality in men ( p  < 0.001) and accounted for 14–46 % of excess stroke risk in 
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African Americans ( p  < 0.05) [ 120 ]. Among women, the same relationship between 
socioeconomic status and mortality was not found. 

 Despite accounting for over 60 % of patients presenting with stroke, women have 
a 30 % lower odds of receiving rt-PA treatment compared to men [ 121 ]. This gender 
disparity exists in spite of ample data demonstrating the cost effectiveness of throm-
bolysis in acute stroke in both men and women [ 122 ,  123 ]. Part of the explanation 
may be gleaned from a study conducted in 12 hospitals in the Netherlands where 
women were more likely to present with stroke at an older age and after the allotted 
4-h time window for administration [ 124 ]. Unfortunately, in the US, the rates of 
 thrombolysis   for acute stroke are extremely low for all patients and have been slow 
to improve (1.4 % in 2001 to 4.5 % in 2009) despite rt-PA being available for use 
since 1996 [ 125 ]. With such abysmal rates of utilization overall, differences by race 
or gender are diffi cult to detect. 

  Regional disparities   have been well defi ned in regards to stroke outcomes. For 
over four decades, we have noted a signifi cant difference in stroke outcomes of 
patients residing in the 11 state region extending from Louisiana to Virginia [ 126 ]. 
In fact, the average mortality is 20–25 % higher in this “Stroke Belt” compared to 
the rest of the nation [ 115 ]. The NIH-sponsored  Reasons for Geographic and Racial 
Differences in Stroke (REGARDS) project   is a population-based longitudinal 
cohort study examining the risk factors for stroke among 30,239 African American 
and white persons over age 45. Participants were recruited from 2003 through 2007 
and followed through 2011. African Americans and inhabitants of the “Stroke Belt” 
were oversampled. A recent fi nding from that study demonstrated that only 20 % of 
African American and white stroke participants were evaluated in a Joint 
Commission-certifi ed primary stroke center. While race and gender were not asso-
ciated with clinical evaluation at a Joint Commission accredited primary stroke cen-
ter, both rural residence (OR: 0.39; 95 % CI: 0.22–0.67) and a history of previous 
stroke (OR: 0.46; 95 % CI: 0.27–0.78) were [ 127 ]. A study by the Neurocritical 
Care Society found the greatest need for  neurocritical care units   was located in the 
South, where access is the poorest [ 128 ]. This region of the US may also have a 
higher incidence of cognitive decline suggesting the risk for additional adverse neu-
rologic events may also be prevalent [ 129 ]. However, preliminary work has not 
demonstrated a relationship between residing in a health professional shortage area 
and use of less cardiovascular disease preventative medications [ 130 ].  

    Trauma 

 Disparities have been documented for critically ill patients following traumatic 
injury. Using the National Trauma Data Bank, which is the largest database of 
trauma inpatients in the United States comprising almost 700 trauma centers and 
hospitals, Haider et al. found that race and insurance status were associated with 
mortality [ 131 ]. African Americans and Hispanics with insurance had higher mor-
tality rates compared to whites with insurance (OR: 1.2, 95 % CI: 1.1–1.2 and OR: 
1.5, 95 % CI: 1.4–1.6). However, uninsured African Americans and Hispanics had 
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even higher rates compared to whites with insurance (OR: 1.8, 95 % CI: 1.6–1.9 and 
OR: 2.3, 95 % CI: 2.1–2.5). In a subsequent reevaluation of the  National Trauma 
Data Bank   including adjustment for centers caring for a high proportion of minority 
patients (≥50 %), Haider et al. found that the association between race and mortal-
ity was signifi cantly attenuated after accounting for the overall high mortality rates 
observed in hospitals carrying for predominantly minority trauma patients [ 132 , 
 133 ]. As stated previously, consideration of factors confounding the relationship 
between race, ethnicity, and adverse outcomes must be included in disparities 
research to derive an accurate understanding of the underlying mechanisms at work. 

 Following trauma-related ICU stays, African American and Hispanic patients 
are less likely to be transferred to a rehabilitation service compared with  non-
Hispanic whites   (OR 0.85; 95 % CI 0.8–0.9,  p  < 0.0001) [ 134 ]. This may be 
explained by lack of health insurance [ 135 ]. 

 In a review of adult trauma patients with a hospital length of stay >72 h in the 
National Trauma Data Bank, women experienced a 21 % lower adjusted odds of 
death compared to men [ 136 ]. Women were also less likely to experience many of 
the complications following trauma that men experienced including  ARDS  , pulmo-
nary embolism, and acute kidney injury. Women did have an increased risk of respi-
ratory tract infections compared to men. 

 Elderly trauma patients have a greater risk of complications and an increased risk 
of death compared to younger trauma patients. The mortality risk for trauma 
increases signifi cantly after age 57 (OR: 5.6,  p  = 0.04) compared to the youngest 
patients [ 137 ]. Given this increased risk, elderly patients derive a signifi cant 
 mortality benefi t from admission to a trauma center (OR: 0.83,  p  = 0.04). In fact, the 
number needed to transfer to prevent one death decreases as the  patient’s age   
increases. Despite this compelling evidence, many elderly patients continue to be 
improperly triaged to less than ideal settings rather than high-level trauma centers.  

    Pulmonary Embolism 

 Pulmonary embolism (PE) represents a signifi cant cause of morbidity and mortality, 
contributing to at least 100,000 deaths in the United States each year. As the most 
common preventable cause of mortality during hospitalization, pulmonary embo-
lism is known to be a risk factor for short- and long-term complications with an 
attributed mortality of 2–6 % in stable patients and up to 30 % in those presenting 
with hemodynamic instability or shock. In a very large sample (1.3 million) of sur-
gical and nonsurgical patients from  the   Nationwide Inpatient Sample, the propor-
tion of white patients diagnosed with pulmonary embolism decreased from 83 % in 
1998 to 76 % in 2004 while the proportion of African American patients diagnosed 
with pulmonary embolism increased from 12 % in 1998 to 16 % in 2004. The over-
all case fatality rate from pulmonary embolism decreased from 12.3 % in 1998 to 
8.2 % in 2005 [ 138 ]. However, the nationwide the case fatality rate stratifi ed by race 
was not reported. Heit et al. found racial differences in presentation and risk factors 
for pulmonary emboli among 2397 patients enrolled from seven centers of the CDC 
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Thrombosis and Hemostasis Centers Research and Prevention Network between 
2003 and 2009 [ 139 ]. African American were less likely to present with deep venous 
thromboses and pulmonary emboli compared to whites (20 % vs. 27 %, p = 0.006). 
African Americans were also less likely to present with isolated deep venous throm-
boses without pulmonary emboli compared to whites (52 % vs. 58 %, p = 0.02). 
However, African Americans were more likely than whites to present with pulmo-
nary emboli without deep venous thromboses (28 % vs. 14 %;  p  < 0.0001). African 
Americans also had a lower prevalence of identifi able risk factors such as family 
history, diagnosed thrombophilia, oral contraceptive use, recent trauma, recent sur-
gery, and infection. However, African Americans were more likely to be obese and 
to have hypertension, diabetes mellitus, HIV, sickle cell anemia, and end-stage renal 
disease.    The authors posit that African Americans may have undiscovered heritable 
factors that may be conferring an increased risk for pulmonary emboli. Among 
patients admitted to Pennsylvania hospitals, African American patients had a higher 
30-day mortality from pulmonary embolism compared to white patients after adjust-
ing for risks for thromboembolic disease, pulmonary embolism prognosis, hospital 
bed size, insurance status, and treatment (OR: 1.3, 95 % CI: 1.1–1.6) [ 140 ]. It is 
unclear if the mortality differences were attributable to differences in treatment, 
pattern of thrombosis, or other unidentifi ed factors.    

    Challenges to Exploring the Topic of Health Disparities 
in Critical Illness 

 Over a decade ago, Judith Kaplan and Trude Bennett challenged us to rethink how 
we use race and ethnicity in biomedical publications [ 20 ]. Yet, many of the concerns 
that they expressed remain unresolved today (Table  13.2 ). Race and ethnicity con-
tinue to be used as fi xed, mutually exclusive categories, ignoring the fact that an 
increasing number of individuals identify with more than one racial/ethnic group 
and that racial and  ethnic self-identifi cation   may change with time. Race and ethnic-
ity also continue to be used as poor substitutes for the true factors that need to be 
identifi ed including income, insurance status, location where healthcare was deliv-
ered, neighborhood of residence, and work trajectory. This not only leads to false 
declarations, but it prevents the fi eld from moving forward as it implies that such 
factors and their associated outcomes are not modifi able. 

 It is time for the fi eld of health disparities in critical illness to quickly leap forward 
from descriptive to  intervention-oriented research  . Moreover, future research needs 
to emphasize the specifi c mechanisms serving as the basis for health disparities 
development by including more detailed analyses incorporating patient, provider, 
and hospital-level factors. Journals can facilitate this change by creating consensus 
guidelines for the publication of health disparities research. A clearer understanding 
of the underlying factors at work may facilitate the design of novel interventions that 
can be rigorously evaluated to determine their effect on reducing health disparities. 
With the rapid changes to critical care looming on the horizon due to a surging 
demand for services, we cannot afford to continue to be spectators in this crisis.     
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          Key Points 

•     The prevalence of snoring and obstructive sleep apnea increases with age.  
•   The upper airway resistance syndrome is more commonly diagnosed in younger, 

thinner women.  
•   Obstructive sleep apnea is strongly associated with male sex, older age, and obesity.  
•    Race/ethnicity   may matter: obstructive sleep apnea is more prevalent in African 

Americans than in whites, and African Americans are younger, heavier, and 
sleepier at diagnosis. However, based on the available literature, the prevalence 
of obstructive sleep apnea is probably not different between Hispanics and 
whites, but the prevalence of snoring is higher among Hispanics as compared to 
non-Hispanic whites.  

•   Gender matters: during evaluation for sleep-disordered breathing, women com-
plain more of insomnia, fatigue, and depression rather than sleepiness.  

•   Men are at a higher risk of stroke at every level of obstructive sleep apnea sever-
ity compared to women.  

•   Weight changes and exercise produce a larger benefi cial effect in the sleep apnea 
of men compared to women.  

•   Obstructive sleep apnea may have greater cognitive impact in  Hispanic children   
than in their white counterparts.  

•   Physicians may be underdiagnosing or slow to make the diagnosis of obstructive 
sleep apnea in women and in lean individuals who present with sleep-related 
complaints.  

•   Lower  CPAP compliance   is seen in patients of lower socioeconomic status, in 
African Americans, and in women.     
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    Introduction: The Signifi cance of Sleep 

 Sleep or a sleep-like state is almost ubiquitous, occurring in animals ranging from 
fruit fl ies to humans [ 1 ,  2 ]. However, the purpose of sleep is still a question that has 
not been fully answered. The need for sleep appears counterintuitive to  natural selec-
tion  ; however, it is obvious that sleep has physical and mental restorative properties 
that are essential for survival and health [ 3 ,  4 ]. Sleep produces a transitory state of 
cardiovascular relaxation that is thought to be important for cardiovascular health [ 5 ,  6 ]. 
Sleep has been associated with the ability to learn and memory consolidation [ 7 ,  8 ], 
and more recently sleep has been associated with the turning on of genes that repair 
neural tissue [ 9 ]. Above all, sleep is the ultimate cure for sleepiness. 

 Most of what is known about the physiology of sleep has been gained in the last 64 
years since the discovery of REM sleep in 1951 [ 10 ]. From ancient times, sleep was 
viewed as a completely passive phenomenon, akin to the brain turning off. In fact, the 
Bible uses sleep as a metaphor for death [ 11 ]. However, far from being an inactive 
time, sleep is a dynamic state, controlled by elaborate and precise sleep stages that 
have physiological signifi cance. Sleep systematically progress from light sleep (N1 
and N2 sleep) to deep sleep (N3) and REM sleep (R).  REM sleep   is also known as 
paradoxical sleep for producing profound somatic atonia while maintaining wake-like 
brain activity. A good night’s sleep is characterized by three major factors: sleep 
schedule, sleep duration, and sleep quality. Disturbance of any of these factors results 
in negative health outcomes including excessive daytime somnolence [ 12 ], fatigue 
and mood disorders [ 13 ,  14 ], cognitive impairment [ 15 ], metabolic disorders [ 16 ], 
cardiovascular disease [ 17 ,  18 ], and increased susceptibility to other disease [ 19 – 21 ]. 

 Since the description of obstructive sleep apnea (OSA) in 1965 [ 22 ], sleep- 
disordered breathing has emerged as the most common sleep disorder evaluated in 
the  sleep laboratory  . And because of its strong association with metabolic disease, 
cardiovascular disease, and mortality [ 23 – 25 ], the public knowledge about OSA has 
increased dramatically since the 1990s. Yet, OSA is still unknown to many, and 
there is growing evidence to suggest signifi cant health disparities with respect to 
OSA diagnosis and management [ 26 ]. This chapter will review the available litera-
ture on disparities in obstructive sleep-disordered breathing in the U.S. and high-
light important gaps in knowledge that may be the focus of future research.  

    Physiological Changes during Sleep That Predispose to Sleep- 
Disordered Breathing 

 Withdrawal of the wakefulness respiratory drive during the transition from wake to 
sleep results in transient instability of respiratory control that predisposes the indi-
vidual to sleep-disordered breathing [ 27 ]. In normal individuals, the transition from 
wake to sleep may result in transient episodes of central sleep apnea and  Cheyne–
Stokes respiration  . In the obese or those who have an anatomically compromised 
upper airway, snoring and/or OSA may be seen during the transition from wake to 
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sleep. The  sleep fragmentation   that results from central or obstructive respiratory 
events at sleep onset may perpetuate the respiratory control instability and predis-
pose the individual to more protracted sleep-disordered breathing during light sleep 
[ 27 – 29 ]. 

 Falling asleep also promotes sleep-disordered breathing by unmasking the ten-
dency of  peripheral chemoreceptors   in some individuals to overreact to a disturbance 
in PCO 2  levels, often described as high loop gain. High loop gain is an engineering 
term that describes the propensity of a feedback system to overreact to a disturbance 
[ 28 ,  30 ]. In situations that result in chronic low PCO 2  levels such as congestive heart 
failure or sleeping at high altitude, falling asleep results in central apnea due to PCO 2  
levels dropping below the apnea threshold. High loop gain will promote overshoot of 
ventilation as the  PCO 2  levels   rise during the apnea. The hyperventilation then drives 
the PCO 2  below the apnea threshold again, resulting in a vicious cycle that promotes 
the recurrence of central apneas (Fig.  14.1 ) [ 31 ]. This is known as periodic breathing. 
Loop gain appears to play an important role in the development of OSA in those 
individuals with a tendency to upper airway collapse [ 32 ].

  Fig. 14.1     Home sleep recording   showing ventilatory response to a disturbance (central apnea) in 
the setting of high loop gain chemoreceptor response. Notice how high loop gain results in over-
reaction to the disturbance and promotion of recurrent central apneas. A low loop gain response 
would result in progressive dampening of the subsequent respiratory event until normal respiration 
is recovered. From  top  to  bottom : SpO 2  (channels 1). Nasal airfl ow (channel 2). Thoracic effort 
(channel 3). Abdominal effort (channel 4)       
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   Arousals from sleep also promote respiratory instability by producing  hyperven-
tilation  , which in turn drives the PCO 2  level below the apnea threshold. In the setting 
of high chemoreceptor sensitivity, this perpetuates respiratory instability and peri-
odic breathing [ 30 ]. 

 Normal sleep produces a relative state of hypoventilation, as noted by a 2–3 % 
reduction in SaO 2  and by a 2–3 mmHg increase in PCO 2  [ 33 ]. This degree of 
hypoventilation has no clinical relevance in normal individuals. However, in per-
sons prone to having low lung volumes due to obesity, respiratory muscle weakness, 
or in those with intrinsic lung disease, this sleep-related hypoventilation may sig-
nifi cantly contribute to central hypopneas and obstructive apneas, especially when 
sleeping in the supine position [ 34 ]. 

 Sleep more than doubles upper airway resistance which can promote sleep- 
disordered breathing. This is the result of dramatic loss of inspiratory  genioglossus 
motor unit   activity at sleep onset resulting in the relaxation of the tongue and pha-
ryngeal dilator muscles, causing a partial collapse of the upper airway [ 35 ]. Upper 
airway resistance is also greatly enhanced by gravity when sleeping in the supine 
position [ 36 ]. This effect can be most marked during the generalized muscle hypo-
tonia of REM sleep. Clinically, it is common for snoring, which is a sign of increased 
upper airway resistance, to be most severe or present only when sleeping in the 
spine position.  

    Importance of Health Disparities in the Practice 
of Respiratory Sleep Medicine 

 The importance of sleep in overall health has only recently been recognized [ 23 – 25 , 
 37 – 39 ]. Sleep-disordered breathing such as snoring and sleep apnea are widespread 
conditions [ 37 ,  40 ,  41 ] and are associated with adverse outcomes such  as   hyperten-
sion, diabetes, obesity, myocardial ischemia, stroke, arrhythmia, renal failure, 
increased healthcare use, and all-cause mortality [ 23 – 25 ]. Most of what is known 
about the epidemiology and pathophysiology of sleep-disordered breathing has 
come from research performed in predominantly male non-Hispanic white popula-
tions, with limited research  in   African Americans [ 37 ,  42 – 44 ]. Therefore, it is dif-
fi cult to generalize the results to other ethnic minorities or to women. Differences in 
sleep architecture, duration, and sleep disorders have been reported between various 
racial groups [ 44 – 48 ]. In a study by Profant et al., African Americans had longer 
total sleep time, longer REM sleep, and lower deep sleep than whites [ 44 ]. In a more 
recent study from the same laboratory, African Americans had more N2 sleep (light 
sleep) and less deep sleep than whites, which was associated with a greater personal 
experience of discrimination as assessed using The Scale of Ethnic Experience [ 46 ]. 
In a review of the literature, children in racial/ethnic and socioeconomic minority 
groups had a higher prevalence and greater risk for sleep-disordered breathing [ 48 ]. 
This suggests signifi cant environmental or cultural effects on sleep quality and 
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sleep disorders that may impact the prevalence of cardiovascular disease and affect 
their evaluation and management [ 47 ,  48 ]. For example, children with health insur-
ance who had OSA were more likely to undergo tonsillectomy to correct the prob-
lem than those without health insurance [ 48 ]. In 2003, the National Institutes of 
Health  National Sleep Disorders Research Plan (NSDRP)   stressed that there were 
major sleep health disparities in racial and ethnic minorities and in the socioeco-
nomically disadvantaged, who are more likely to sleep in crowded, noisy, or other-
wise less than optimal environments [ 49 ]. 

 According to data from the 2010 US Census, minority groups in the US are rap-
idly growing, and by 2043, whites may become the minority. For example, Hispanics 
or Latinos are now the largest US minority group at 16.3 %; by 2050, it is estimated 
that Hispanics will make up 29 % of the US population [ 50 ]. These great shifts in 
demographics further stress the need to better understand health disparities and 
develop policies to help eliminate them.  

    Sleep-Disordered Breathing 

 Sleep-disordered breathing can be divided into obstructive (Fig.  14.2 ), central (Fig. 
 14.3 ), and mixed apneas (Fig.  14.4 ) and hypopneas. Apneas are characterized by 
complete or nearly complete cessation of airfl ow for at least 10 s in the adult and for 
two or more respiratory cycles in the child. Hypopneas are characterized by a 30 % 
to <90 % decrement in airfl ow for at least 10 s associated with  oxyhemoglobin 
desaturation   of ≥4 %. Alternatively, hypopneas can also be defi ned as a reduction in 
airfl ow of ≥50 % associated with an oxygen desaturation of ≥3 % and/or an arousal 
from sleep (Fig.  14.5 ) [ 51 ]. The severity of sleep apnea is characterized using the 
apnea–hypopnea index (AHI), which describes the number of these events per hour 
of sleep.

      Obstructive sleep-disordered breathing is by far the most common of all the three 
forms. Obstructive events are characterized by complete or partial collapse of the 
upper  airway and persistent respiratory efforts   usually in a crescendo pattern termi-
nated by an arousal (Fig.  14.2 ). Snoring is a sign of partial obstruction and occurs 
during hypopneas or after termination of an apnea (Fig.  14.5 ), but it is typically 
absent during an apnea due to complete obstruction of the upper airway. Snoring is 
also a prominent feature of the  upper airway resistance syndrome (UARS).   This is 
a variant of sleep-disordered breathing that has no apneas, hypopneas, or desatura-
tions. The UARS is characterized by episodes of crescendo snoring and increas-
ingly more negative esophageal and pharyngeal pressure due to crescendo respiratory 
effort that terminate in an arousal (Fig.  14.6 ) [ 52 ]. These episodes are also known as 
respiratory effort-related arousals. Clinically, the UARS will present with similar 
symptoms as OSA [ 53 – 55 ].

   Central  apneas and hypopneas   are the consequence of the cessation or partial 
reduction of the central respiratory drive, thereby resulting in the absence or reduc-
tion of respiratory efforts. Typically, snoring is absent, but gasping and some snoring 
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  Fig. 14.2    Polysomnographic example of  obstructive sleep apnea  . These events are characterized 
by complete obstruction of the upper airway resulting in the absence of airfl ow while respiratory 
efforts persist. Gasping for air and snoring is seen when the airway opens during a resulting arousal 
from sleep. Oxygen desaturation can be severe as in this case. From  top  to  bottom : EEG channels 
1–4. EOG channels 5–6. Chin EMG channel 7. Tibialis anterior EMG channel 8. ECG channel 9. 
Snoring microphone channel 10. Thermistor and pressure transducer airfl ow channels 11–12. 
Chest and abdominal respiratory effort channels 13–14. Oxygen saturation channel 15       

  Fig. 14.3    Polysomnographic example of  central sleep apnea  . These events are characterized by 
complete cessation of airfl ow due to lack of respiratory efforts. Waves forms noted in the respira-
tory effort channels are due to sensor detecting heart pulsations. From  top  to  bottom : EEG channels 
1–4. EOG channels 5–6. Chin EMG channel 7. Tibialis anterior EMG channel 8. ECG channel 9. 
Snoring microphone channel 10. Thermistor and pressure transducer airfl ow channels 11–12. 
Chest and abdominal respiratory effort channels 13–14. Oxygen saturation channel 15       
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  Fig. 14.4    Polysomnographic example of  mixed sleep apnea  . These events are characterized by 
complete cessation of airfl ow and respiratory effort in the fi rst half of the event (central compo-
nent). Then respiratory efforts start with persistent lack of airfl ow (obstructive component) in the 
second half of the event. From  top  to  bottom : EEG channels 1–4. EOG channels 5–6. Chin EMG 
channel 7. Tibialis anterior EMG channel 8. ECG channel 9. Snoring microphone channel 10. 
Thermistor and pressure transducer airfl ow channels 11–12. Chest and abdominal respiratory 
effort channels 13–14. Oxygen saturation channel 15       

sounds may be heard when respiratory efforts resume after a central apnea or during 
hyperventilation at the end of a central hypopnea (Fig.  14.3 ). 

 Mixed sleep-disordered breathing events have features of both central and 
obstructive events (Fig.  14.4 ). Clinically, pure mixed  sleep apnea   is rare. Mixed 
apneas and hypopneas generally appear as part of either central or OSA. The type 
of sleep apnea is determined by the predominant type of event in an individual (i.e., 
whether more than 50 % of the events are obstructive or central). During such des-
ignation, mixed apnea or hypopneas are usually counted as obstructive events since 
they will respond to CPAP therapy, unlike central sleep apnea. 

 Except in a few clinical situations, central sleep apnea and Cheyne–Stokes respi-
ration (also known as “periodic breathing” for its waxing and waning airfl ow pattern 
(Fig.  14.7 )) do not generally occur in the absence of other sleep disorders. Both can 
be seen transiently during the transition from wake to sleep and in the setting of 
sleeping at high altitude [ 30 ], but these presentations are rarely considered clinically 
relevant. Central sleep apnea and Cheyne–Stokes respiration disorders can also be 
seen in the setting of congestive heart failure, use of narcotic pain medications, 
obesity hypoventilation syndrome, severe central nervous system disease, and idio-
pathic central sleep apnea [ 30 ].
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   The immediate clinical consequence of central and obstructive sleep-disordered 
breathing is sleep fragmentation that results in excessive daytime somnolence. 
Long-term complications of untreated obstructive sleep-disordered breathing syn-
dromes include hypertension, cardiovascular disease, fatigue, depressive mood dis-
orders, and insomnia [ 24 ,  25 ,  56 ,  57 ]. In addition, the untreated patient with  OSA   
often complains of a number of psychosocial problems including reduced vigilance, 
excessive daytime sleepiness, reduced concentration, and defi cits of memory and 
executive function [ 58 ], which can result in an increased rate of accidents [ 59 ].  

    Disparities in Obstructive Sleep-Related Breathing Disorders 

    Snoring 

 In the 1980s, the self-reported prevalence of snoring was evaluated in a 1222 adult 
Hispanics living in New Mexico. The prevalence of snoring was greater in men 
(27.8 %) than in women (15.3 %) and increased with age and obesity for both 

  Fig. 14.5    Polysomnographic example of  obstructive hypopneas  . These events are characterized 
by partial reduction of airfl ow. Notice the crescendo snoring during the hypopnea with paradoxical 
chest and abdominal respiratory movements consistent with partial upper airway obstruction that 
terminates in an arousal and oxygen desaturation. From  top  to  bottom : EEG channels 1–4. EOG 
channels 5–6. Chin EMG channel 7. Tibialis anterior EMG channel 8. ECG channel 9. Snoring 
microphone channel 10. Thermistor and pressure transducer airfl ow channels 11–12. Chest and 
abdominal respiratory effort channels 13–14. Oxygen saturation channel 15       
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  Fig. 14.6    Example of the upper airway resistance during  home sleep recording  . From  top  to 
 bottom : SpO 2  (channels 1). Heart rate (channel 2). Nasal airfl ow (channel 3). Thoracic effort 
(channel 4). Abdominal effort (channel 5). Snoring microphone (channel 6). Notice the airfl ow 
limitation or fl attening on channel 3 associated with snoring (channel 6) and a minor oxyhemoglo-
bin desaturation of <3 % (channel 1) that resolve after an arousal as measured by a transient rise in 
heart rate (channel 2)       

groups, but the prevalence of snoring leveled off after age 59 for men and women. 
In this study, snoring was associated with  myocardial infarction   (odds ratio 1.8; 95 
% CI 0.9, 3.6) but not with hypertension after controlling for age, gender, obesity, 
and smoking. Snorers were also sleepier than nonsnorers, suggesting that snorers 
may have had a higher prevalence of OSA, which was not directly evaluated in this 
study [ 60 ]. 

 The prevalence of snoring has been evaluated in representative samples from the 
general US population. In the 2005–2006 National Health and Nutrition Examination 
Survey, the prevalence of snoring was high at 48 % among 6139 individuals older 
than 16 years [ 61 ]. Results from the National Sleep Foundation Sleep in America 
2005 poll of 1506 adults (mean age of 49 years, 51.6 % women) showed that the 
prevalence of snoring was 59 % and habitual nightly snoring was 40 %. Habitual 
snoring was more common in men [ 62 ]. In the 2007–2008  National Health and 
Nutrition Examination Survey  , sleep symptoms were evaluated by race/ethnicity 
and socioeconomic position in 4081 non-Hispanic whites, African Americans, 
Mexican Americans, other-Hispanics/Latinos, and Asians. Non-Hispanic whites 
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represented 72.81 % of the sample, followed by African Americans at 10.29 % and 
Mexican Americans at 7.55 %. Snoring was more common among males (odds ratio 
1.93, 95 % CI 1.66–2.24), other-Hispanics/Latinos (odds ratio 1.37, 95 % CI 1.03–
1.83), and those with less than a college education. In this study, African Americans 
reported more nonrestorative sleep (odds ratio 1.59, 95 % CI 1.25, 2.01) [ 63 ]. 

 The  Sleep Heart Health Study   (1995–2006) is the largest prospective cohort 
study to assess  sleep-disordered breathing and OSA   as risk factors for major cardio-
vascular events, including myocardial infarction and stroke [ 64 ]. It evaluated the 
variations in symptoms of sleep-disordered breathing in 13,194 men and women 40 
years of age and older in fi ve major racial/ethnic groups. Snoring was more fre-
quently reported by Hispanic men (odds ratio 2.30, 95 % CI 1.43, 3.69), Hispanic 
women (odds ratio 2.25, 95 % CI 1.48, 3.42), and Black women (odds ratio 1.55, 95 
% CI 1.13, 2.13), compared with the white, American Indian, and Asian Pacifi c 
Islander counterparts after adjusting for age, presence of a bed partner, and body 
mass index [ 65 ]. The overall prevalence of self-reported snoring in whites, 
Hispanics, and African Americans participating in the Sleep Heart Health Study 
was 34 %. However, the prevalence of self-reported snoring was higher in Hispanics 
(41 %) compared to whites (34 %), and African Americans (30 %) ( p  < 0.05) [ 66 ]. 

 The  Northern Manhattan Study   examined a cohort of 1605 older adults (mean 
age 65 ± 8 years) that included predominantly Hispanics (61 %) but also whites 

  Fig. 14.7    Polysomnogram depicting Cheyne–Stokes ventilation. Notice the waxing and waning 
airfl ow pattern (Channels 13–14 from the  top ). Snoring is absent during the hypopnea but can be 
seen during the hyperventilation portion of the event (Channel 10). Cheyne–Stokes can result in 
sleep fragmentation as noted by arousals from sleep (EES channels 1–4) and transient desatura-
tions (Channel 16) that predisposes to periodic breathing through high loop gain physiology       
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(20 %) and African Americans (19 %). The investigators found the overall preva-
lence of self-reported habitual snoring was 29 %, but it was much higher in Hispanics 
(84 %) compared to both African Americans (9 %) and whites (7 %) [ 67 ]. In a 
related study focused on the more elderly participants (mean age 75 ± 9 years, 37 % 
men), Hispanics more frequently reported habitual snoring (odds ratio 2.8, 95 % CI 
1.7–4.5) compared to African Americans and whites. They were also more likely to 
report long sleep (≥9 h, odds ratio 1.8, 95 % CI 1.1–3.1). There were no differences 
in sleep complaints between African Americans and whites [ 68 ]. 

 The  Tucson Children’s Assessment of Sleep Apnea study (TuCASA)   examined 
1494 questionnaires for children 4–11 years old living in Tucson, Arizona. Parents 
of male Hispanic children were more likely to report that their boys snore frequently 
(11.4 % vs. 7.4 %, respectively;  p  < 0.02) and were more likely to report excessive 
daytime sleepiness (9.6 % vs. 5.8 %, respectively;  p  < 0.01) than their white coun-
terparts. There was no difference between Hispanic or white girls with regard to 
snoring or excessive daytime sleepiness [ 69 ]. In children of age 2–6 years attending 
well-child care visits, the overall prevalence of reported snoring was 13.9 % (95 % 
CI 10.2, 17.5). However, snoring was found in 18.7 % (95 % CI 13.2, 25.7) of 
African American children ( n  = 150), 17.5 % (95 % CI 8.6, 32.4) of Hispanic chil-
dren ( n  = 40), and 8.3 % (95 % CI 4.7, 14.4) of white children ( n  = 132) ( p  = 0.031). 
The odds ratio of snoring was 2.5 (95 % CI 1.2, 5.5) for African American children 
and 2.3 (95 % CI 0.8, 6.4) for Hispanic children as compared to their white counter-
parts [ 70 ]. 

 In summary, it appears that the prevalence of habitual snoring in the general 
adult US population is high, ranging from 27 to 48 %, and as high as 84 % in the 
elderly, with the higher estimates coming from studies in more recent years [ 60 – 62 , 
 67 ]. Snoring in general is more prevalent in men than in women and increases with 
age, but its prevalence plateaus after age 59 [ 60 ,  62 ,  63 ]. In all the studies that have 
evaluated snoring and ethnicity, the fi ndings are consistent, showing that habitual 
snoring is more prevalent in Hispanic men and women, in African American women 
[ 63 ,  65 – 68 ], and in  Hispanic male children   [ 69 ] and African American children [ 70 ] 
as compared to their white counterparts. 

 These studies are limited by the self-reported nature of the snoring data, which can 
hide signifi cant biases. These studies also do not explain why men, Hispanics, and 
African Americans snore more frequently than other population groups. Clearly more 
investigation is needed as to the epidemiology of snoring in the US population.  

    Upper Airway Resistance Syndrome 

 The  diagnosis   of the upper airway resistance syndrome (UARS) is diffi cult to make 
using the standard polysomnographic montage, especially when a thermistor is used 
to measure airfl ow. Guilleminault used an esophageal manometer to confi rm the 
increasingly negative intrathoracic pressure resulting in an arousal, and this tech-
nique is currently the gold standard to make the diagnosis of UARS [ 53 ,  54 ]. Others 
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have used a combination of crescendo snoring associated with increased respiratory 
effort in the setting of sleep fragmentation to make the diagnosis of UARS [ 71 ]. 
With the advent of the  nasal cannula pressure   transducers to measure airfl ow, inspi-
ratory airfl ow limitation can be determined and used as a measure of increased 
upper airway resistance to aid in UARS diagnosis [ 72 ,  73 ]. However, noninvasive 
methods for determining UARS are not yet well validated [ 54 ,  74 ]. The lack of 
diagnostic consensus has hampered research of UARS in the general population. 

 In clinical practice, UARS is rarely seen in isolation from OSA [ 75 ]. There are 
very few studies that have addressed the epidemiology of UARS, and all have focused 
on very specifi c populations. Kristo et al. reported on 527 patients who underwent 
evaluation for excessive somnolence in a US military sleep disorders center in 2000 
using  esophageal manometry   during polysomnography. OSA was diagnosed in 72.6 
% of these patients as compared to 8.4 % who were found to have pure UARS [ 76 ]. 
In a population of 41 morbidly obese patients (mean BMI 47 kg/m 2 , 83 % women) 
referred for bariatric surgery, the prevalence of UARS based on polysomnographic 
criteria was 17 % as compared to 71 % who were diagnosed with OSA [ 71 ]. 

 Stoohs et al. performed a retrospective evaluation of the characteristics of 2753 
patients with sleep-disordered breathing seen in two sleep clinics in Germany from 
1996 to 2006. They compared patients with primary snoring ( n  = 157), UARS 
( n  = 424), OSA without sleepiness ( n  = 562), and OSA with sleepiness ( n  = 1610). 
Patients with UARS were signifi cantly younger (45.3 ± 12.3 years) than those with 
primary snoring (48.7 ± 11.8 years), OSA without sleepiness (53.0 ± 12.3 years), 
and OSA with sleepiness ( OSAS  ) (51.5 ± 11.7 years) ( p  < 0.02). Patients with pri-
mary snoring and UARS had a lower body mass index than those with OSA and 
OSAS ( p  < 0.001). Also of note, patients with UARS were more likely to be women 
[ 77 ]. No data currently exist examining racial/ethnic or socioeconomic disparities 
in UARS prevalence. 

 In summary, the prevalence of UARS in the general population is not known. 
The current estimates range from 8.4 to 17 % [ 74 ,  76 ], but these fi gures are based 
on small research populations with widely different demographic characteristics. 
However, those with UARS tend to be younger, less overweight, and more fre-
quently female than patients with OSA [ 71 ,  77 ]. 

 The  UARS literature   is limited by the retrospective nature of the available evi-
dence, the dearth of research in the epidemiology of UARS, the differences in diag-
nostic methodology used in various studies, and the lack of consensus on UARS as 
an independent syndrome. Also, the literature has not adequately addressed risk 
factors related to the prevalence of UARS. Clearly more research is needed to better 
understand UARS with respect to its epidemiology and potential health disparities.  

    Obstructive Sleep Apnea 

 Among all  sleep-related breathing disorders  , OSA has been the most extensively 
studied due to its high prevalence and clinical relevance to cardiovascular disease 
[ 78 ].  Epidemiological studies   and experimental work in animals support the 
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assertion that OSA, if left untreated, results in activation of the sympathetic nervous 
system and eventually systemic hypertension [ 79 – 81 ]. Untreated OSA is also 
strongly associated with other disease states, including coronary artery disease, con-
gestive heart failure and stroke [ 78 ,  82 ], nocturnal arrhythmias [ 83 ], diabetes type 2 
[ 84 ,  85 ], obesity [ 86 ], infl ammation [ 87 ], hypercogulable state [ 88 ], the metabolic 
syndrome [ 89 ], and increased mortality [ 90 ]. Since its initial polysomnographic 
description in 1965 [ 22 ], the prevalence of OSA in the US has been increasing in 
close association with the obesity epidemic [ 86 ,  91 ]. 

 In 1993, Young and colleagues fi rst reported the prevalence of OSA in a random 
sample of 602 men and women recruited from the general working population ages 
30–60 years (Wisconsin Cohort). Based on an AHI ≥ 5/h, the overall prevalence of 
OSA was 21.3 %. The prevalence of OSA was 24 % for men and 9 % for women. 
The  prevalence   of OSA syndrome (OSA plus Epworth Sleepiness Scale score 
[ESS] > 10) was 4 % for men and 2 % for women [ 37 ]. Since then, the prevalence of 
OSA has been consistently reported as 2:1 to 3:1 male predominance in the pre-
menopausal years and a nearly 1:1 ratio after menopause [ 92 – 94 ]. Peppard et al. 
reevaluated the Wisconsin Cohort sample from 1988 to 1994 and 2007 to 2010 and 
adjusted for age, sex, and BMI using sampling weights provided by the respective 
US  National Health and Nutrition Examination Survey (NHANES)   for subjects 
30–70 years old. The sample consisted of 1520 study participants (96 % non- 
Hispanic white) who were assessed for sleep-disordered breathing between 1988 
and 2011. Women made up 45 % of the sample. They estimated an overall preva-
lence of OSA (AHI ≥ 5/h) 20 years later at 26 % (95 % CI 24,28). The overall preva-
lence of OSA syndrome (AHI ≥ 5/h and ESS >10) was not reported. However, the 
prevalence of OSA (Table  14.1 ) and OSA syndrome (Table  14.2 ) was greater for 
men and women in 2007–2010 as compared to 1988–1994 [ 91 ].

    Aging is a major risk factor for the development of OSA and increased preva-
lence of OSA is found in men and women with increasing age. Ancoli-Israel and 
colleagues reported that 62 % of community-dwelling older adults (>65 years of 
age) had signifi cant OSA (AHI ≥ 10/h) based on unattended cardiorespiratory home 
sleep recordings [ 95 ]. The Sleep Heart Health Study also showed the average preva-
lence of OSA (AHI ≥ 15/h) increased stepwise until approximately age 60, after 
which it leveled off at a prevalence of about 20 % in a  community-dwelling popula-

    Table 14.1    Wisconsin Cohort  study     

 Gender 

 1988–1994 data  2007–2013 data 

 %  95 % CI  %  95 % CI 

 Men  26.4  23.9, 28.9  33.9  30.8, 37.0 
 Women  13.2  11.4, 15.3  17.4  15.2, 20.0 

  Prevalence estimates of obstructive sleep apnea (AHI ≥ 5/h) adjusted for age, gender, and BMI 
using weights provided by the NHANES for men and women ages 30–70 years. Reprinted with 
permission from Oxford University Press [ 91 ] 
  AHI  apnea hypopnea index,  NHANES  US National Health and Nutrition Examination Survey,  BMI  
body mass index,  CI  confi dence interval  
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tion   of 5615 men and women ages 40–98 years [ 92 ]. This is very similar to the 
plateau effect after age 59 seen in the prevalence of snoring described by Schmidt- 
Nowara et al. [ 60 ]. 

 Comparison of the prevalence of OSA by race or ethnicity has been directly 
evaluated only in a few studies. In the 1990s, Kripke et al. performed overnight 
oximetry in 190 women and 165 men (age 40–64 years) in southern California, 
where there is a high proportion of Hispanics of Mexican descent. Based on these 
data, the authors estimated that 16.3 % of Hispanics had ≥20 episodes of transient 
 oxyhemoglobin desaturation   (≥4 %) per hour of sleep, akin to having moderate 
OSA, compared to only 4.9 % of non-Hispanic Whites [ 96 ]. The Hispanic 
Community Health Study/Study of Latinos (2008–2013) is a multicenter 
community- based cohort study that evaluated the prevalence of risk factors for sleep 
disorders and as well as for heart, lung, blood, kidney, liver, endocrine, and cogni-
tive disorders [ 97 ]. This study performed unattended home sleep recordings and 
recently reported the prevalence of OSA for 14,400 participants. The age-adjusted 
prevalence of OSA for AHI ≥ 5/h, ≥15/h, and ≥30/h was 25.8 %, 9.8 %, and 3.9 %, 
respectively [ 41 ]. Consistent with prior studies, OSA was associated with male sex, 
obesity, and older age and the prevalence for OSA (AHI ≥ 5/h) was similar to the 
most recent prevalence estimates in whites [ 91 ]. Ancoli-Israel et al. evaluated the 
prevalence of OSA in elderly African Americans ( n  = 54) and whites ( n  = 346) older 
than 65 years of age.  African-Americans   had signifi cantly greater AHI than whites 
(72.1/h vs. 43.3/h;  p  = 0.014), and there were more African Americans (17 %) with 
severe OSA (AHI ≥ 30/h) than whites (8 %) ( p  = 0.034; relative risk = 2.13; 95 % CI 
15–19 %). This association remained signifi cant after controlling for age, gender, 
and body mass index [ 98 ]. Redline et al. evaluated 225 African Americans and 622 
whites using a cardiorespiratory home sleep recordings and reported that African 
Americans ≤25 years old had higher AHI and higher prevalence of increased apneic 
activity (odds ratio 1.88, 95 % CI 1.03–3.52) after adjusting for obesity, sex, pro-
band sampling, and familial clustering. The authors concluded that young African 
Americans may be at increased risk for sleep apnea [ 99 ]. There are no studies 
directly comparing the prevalence of OSA between Asians and whites. However, in 
middle-aged Asian men and women the prevalence of symptomatic OSA diagnosed 
by polysomnography (AHI ≥ 5/h plus ESS >10) has been reported as similar to that 
in whites (4.1–7.5 % for men and 2.1–3.2 % for women) [ 37 ,  100 – 103 ]. 

    Table 14.2     Wisconsin Cohort study     

 Gender 

 1988–1994 data  2007–2013 data 

 %  95 % CI  %  95 % CI 

 Men  10.8  9.0, 12.6  14.3  12.0, 16.4 
 Women  3.8  2.9, 4.9  5.0  3.9, 6.3 

  Comparison of prevalence estimates of obstructive sleep apnea syndrome (AHI ≥ 5/h, ESS 
score > 10) adjusted for age, gender, and BMI using weights provided by  the   NHANES for men 
and women ages 30–70 years. Reprinted with permission from Oxford University Press [ 91 ] 
  AHI  apnea hypopnea index,  NHANES  US National Health and Nutrition Examination Survey,  BMI  
body mass index,  CI  confi dence interval,  ESS  Epworth Sleepiness Scale  
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 In summary, OSA is strongly associated with male gender [ 37 ,  92 – 94 ], obesity 
[ 86 ], and increasing age [ 92 ,  96 ], but there appears to be a plateau effect on preva-
lence after age 60 [ 92 ]. There are very few studies that have directly examined dif-
ferences in the prevalence of OSA by race or ethnicity, and those only compared 
African Americans with whites. However, from the available literature, it appears 
that both younger and older African Americans are more likely to have OSA com-
pared to whites [ 98 ,  99 ]. In  Hispanics  , the prevalence of OSA was estimated to be 
higher than that of whites based on overnight oximetry [ 96 ]. However, based on 
unattended home sleep studies the prevalence of OSA in US Hispanics was similar 
to that of whites [ 41 ]. The prevalence of symptomatic OSA in Asians has been 
reported similar to that of whites [ 37 ,  100 – 103 ]. There is a temporal trend of increas-
ing OSA prevalence over time. The OSA prevalence in the general population that 
was described by Young et al. in 1993 (4 % for men and 2 % for women) is still 
quite commonly cited by sleep researchers and clinicians today [ 37 ]. However, with 
the obesity epidemic [ 86 ,  91 ] and the aging of the population, it is highly likely that 
the prevalence of OSA in the US has increased. Our most recent estimates of OSA 
prevalence come from the mostly white population of the Wisconsin Cohort Study 
in 2013 (Tables  14.1  and  14.2 ) and the direct measurements in the Hispanics 
Community Health Study/Study of Latinos in 2014, showing a defi nite increase in 
the prevalence of OSA over time [ 41 ,  91 ,  98 ]. 

 Methodological differences make it challenging to compare earlier and later 
studies of OSA prevalence because of changes in measurement of hypopneas. 
Earlier sleep recordings utilized primarily the thermistor to evaluated airfl ow [ 37 ], 
which is notable for underestimating hypopneas, while later studies have used pri-
marily the nasal cannula pressure transducer which is a better detector of hypopneas 
and airfl ow limitation [ 104 ,  105 ]. Also, earlier studies used “discernible” reductions 
in fl ow to identify hypopneas [ 37 ], while later studies have used more precise air-
fl ow decrements of 30 and 50 % detected by nasal cannula pressure transducers 
[ 51 ]. Moreover,    earlier studies generally utilized a ≥4 % oxyhemoglobin  desaturation 
to designate hypopneas [ 37 ], while later studies have also used the 2007 American 
Academy of Sleep Medicine alternate defi nitions of hypopneas that included a ≥3 
% desaturation and/or a resultant arousal [ 51 ]. In all, the prevalence of OSA in the 
US population is probably signifi cantly greater now than that reported in 1993 due 
to a true increase in OSA severity caused by the obesity epidemic and the aging of 
the population, as well by more accurate detection of hypopneas due to advances in 
technology. 

    Disparities in the Clinical Presentation of OSA 

 The clinical presentation of OSA differs signifi cantly by sex. In a retrospective 
study, Shepertycky et al. evaluated 130 men and 130 women with OSA who were 
matched for age, BMI, AHI, and the ESS score. Both men and women presented 
similarly with respect to snoring and  excessive   daytime sleepiness. However, 
women were more likely to have a main presenting complaint of insomnia (odds 
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ratio 4.20; 95 % CI 1.54–14.26). Women were also more likely to endorse a history 
of depression (odds ratio 4.60; 95 % CI 1.71–15.49) and hypothyroidism (odds ratio 
5.60; 95 % CI 2.14–18.57). Compared to their male counterparts, women were less 
likely to present with witnessed apnea and consumed less caffeine per day [ 106 ]. 

 In the Sleep Heart Health Study, the severity of sleepiness increased with increas-
ing OSA severity and with increasing frequency of snoring for both men and 
women, regardless of age or BMI [ 107 ,  108 ]. In a study that evaluated complaints 
of insomnia in men and women with OSA, women reported sleep onset insomnia 
more frequently than men (62 % vs. 53 %,  p  = 0.03) as well as psychophysiologic 
insomnia (53 % vs. 45 %,  p  = 0.03) more frequently than men [ 109 ]. 

 In a more recent study of 384 African American and white adults that were 
evaluated with the Berlin Questionnaire [ 110 ], women with OSA reported fatigue 
more frequently than men with OSA (75 % vs. 46 %,  p  < 0.001). In multivariate 
analysis that adjusted for potential confounders, men with OSA were sleepier than 
women, and African American men were signifi cantly sleepier than white men 
(Average ESS 12.8 ± 5.2 for African American men as compared to 10.6 ± 5.3 for 
white men,  p  = 0.05) [ 111 ]. In a retrospective study of 383 women and 661 men 
diagnosed with OSA, women were older and had a greater BMI and waist-to-hip 
ratio than men at the time of diagnosis. OSA severity based on respiratory distur-
bance index (RDI) was higher in men than women (41.2 ± 27.9 vs. 30.0 ± 26.7, 
 p  < 0.001) despite a greater BMI in women [ 112 ]. In a population of 300 OSA 
patients (AHI > 10/h), the same investigative team again noted that women with 
OSA were older, had greater BMI, and had lower AHI at diagnosis compared to men 
[ 109 ]. 

 Simpson et al. evaluated the relevance of fat distribution in men and women with 
OSA by measuring fat with dual-energy X-ray absorptiometry. The proportion of 
obese men and women did not differ (68 %, BMI > 30), and in evaluation of the 
upper airway, there was no difference in  the   proportion with a Mallampati score of 
III or IV by sex. In women, the combination of percentage of fat in the neck region 
and body mass index together explained 33 % of the AHI variance. In men, percent-
age of fat in the abdominal region and neck-to-waist ratio together accounted for 37 
% of the AHI variance [ 113 ]. 

 There are few studies directly evaluating ethnic/racial differences with respect to 
the clinical presentation of OSA. In a study by Scharf et al., African American OSA 
patients were younger at the time of diagnosis (44.9 ± 14.1 vs. 49.2 ± 14.5 years; 
 P  = 0.022) and had greater BMI than whites (39.7 ± 10.7 vs. 33.4 ± 9.2 kg/m 2 ; 
 p  < 0.0001). However, there was no difference in the severity of OSA between 
whites and African Americans after controlling for BMI and median household 
income [ 114 ]. Subramanian et al. evaluated the gender and ethnic differences in the 
prevalence of insomnia in 300 patients with OSA (AHI > 10/h) that included white, 
African American, and Hispanic men and women. White women were more likely 
to complain of sleep maintenance insomnia and Hispanic women were more likely 
to complain of psychophysiologic insomnia [ 109 ]. 

 In summary, there are signifi cant gender and racial/ethnic differences in the clini-
cal presentation of OSA that could have diagnostic and therapeutic implications. 
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Like men, women with OSA present with snoring and excessive daytime somno-
lence [ 106 – 108 ]. However, women tend to be older, have a greater BMI [ 94 ,  109 , 
 112 ], and demonstrate greater importance  of   neck fat in upper airway patency [ 113 ]. 
Women also present more frequently with a chief complaint of insomnia, fatigue, or 
depression, which can lead to a misdiagnosis or delayed diagnosis of OSA [ 109 , 
 111 ]. Less data exist regarding the racial/ethnic differences in the clinical presenta-
tion of OSA. However, African Americans tend to be younger and more overweight 
at the time of diagnosis than whites. There does not appear to be a racial/ethnic dif-
ference in OSA severity at presentation [ 114 ]. More research is needed, especially 
comparing racial/ethnic differences in the clinical presentation of sleep-disordered 
breathing.  

    Disparities in the Clinical Effects of OSA 

 In  epidemiological studies   of the general population, African Americans have con-
sistently higher ESS scores than non-Hispanic whites [ 65 ,  115 ,  116 ]. However, it is 
unclear if OSA has a differential effect based on gender or race/ethnicity. In multi-
variate analyses of subjects at high risk for OSA based on the Berlin Questionnaire, 
men were more sleepy than women, and African American men were signifi cantly 
sleepier than white men ( p  = 0.05) [ 111 ]. In the same study, women at high risk for 
OSA reported fatigue more commonly than their male counterparts [ 111 ]. 

 In the Sleep Heart Health Study, the health-related quality of life of white, 
African American, and Hispanic participants was compared using the Short Form- 
36 (SF-36) physical composite and mental composite scales. There were no ethnic/
racial differences in the mental or physical health-related quality of life of subjects 
with moderate or more severe OSA (AHI > 15/h), suggesting that OSA may not 
have a differential effect on quality of life based on race or ethnicity in adults [ 66 ]. 
However, in the  population-based TuCASA study  , Hispanic children with 
 sleep- disordered breathing experienced more frequent symptoms such as snoring, 
excessive daytime somnolence, witnessed apneas, and learning problems than did 
white children, suggesting a potential differential effect by ethnicity of OSA on 
symptoms among children [ 69 ]. 

 The current literature suggests that changes in weight and exercise differentially 
affect the severity of OSA by sex. In the Sleep Heart Health Study, weight gain and 
weight loss affected the severity of OSA more dramatically in men after controlling 
for age, OSA severity, neck circumference, BMI, ethnicity, and waist-hip ratio 
[ 117 ]. In the same study population, vigorous physical activity of a least 3 h a week 
was protective against OSA primarily in men and in those who were obese as com-
pared to women and subjects who were not obese [ 118 ]. 

 With respect to cardiovascular risk related to OSA, this was also examined in 
the Sleep Heart Health Study, which followed 5422 participants for a median of 
8.7 years. Men with OSA were at a higher risk of an ischemic stroke at all levels 
of OSA severity compared to women with OSA. Men had an estimated increase 
in  stroke risk   of 6 % for each unit increase in AHI, whereas in women, increased 
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risk of stroke was only observed in the setting of moderate to severe OSA 
(AHI > 25/h) [ 119 ]. 

 In summary, there appear to be gender and racial differences in the clinical 
effects of OSA. In the general population, African Americans have consistently 
been shown to be sleepier than whites [ 65 ,  115 ,  116 ]. In the setting of OSA, men are 
signifi cantly sleepier than women, and African American men are more sleepy than 
whites, while women complain of fatigue more often than men [ 111 ]. OSA does not 
appear to affect  health-related quality   of life scores differentially based on race/
ethnicity in adults [ 66 ]. However, Hispanic children with OSA were more likely to 
have learning problems as compared to their white counterparts [ 69 ]. The literature 
also suggests that men with OSA are better protected by weight loss and exercise 
[ 117 ,  118 ], but they are also more affected by weight gain and have a higher risk for 
stroke than women [ 119 ].  

    Disparities in Diagnosis and Treatment of OSA 

 OSA is a common condition [ 37 ,  41 ,  62 ,  91 ]; however, it is suspected to be widely 
underdiagnosed. Moreover, disparities in the recognition and diagnosis of OSA are 
suspected. Young et al. examined the proportion of OSA underdiagnosis in the 
 Wisconsin cohort   ( n  = 4925), which is a population without signifi cant barriers to 
sleep disorders healthcare. They estimated that only 7 % of women and 18 % of men 
with moderate to severe OSA had received a clinical diagnosis. The diagnosed pro-
portion for those with mild OSA was even lower at 2 % for women and 10 % for 
men [ 120 ]. 

 The  Sleep Heart Health Study investigators   evaluated the factors that drive clini-
cal recognition rates and treatment of OSA. Male gender and BMI were the only 
factors that were associated with increased likelihood of physician diagnosis and 
OSA treatment. The investigators concluded that disparities existed in the diagnosis 
and treatment of OSA, especially in women and individuals with lower BMI [ 121 ]. 
The Hispanic Community Health Study/Study of Latinos recently reported that only 
1.3 % of participants ( n  = 14,400) that underwent an unattended home sleep study 
had a prior diagnosis of OSA [ 41 ]. Of note, the prevalence of OSA (AHI ≥ 5/h) in 
this sample population was 25.8 % [ 41 ], suggesting an extremely low level of evalu-
ation and diagnosis for OSA in Hispanics living in the US. The 2010 Sleep in 
America Poll was a national survey of 1007 Americans who identifi ed themselves 
as white, African American, Asian, or Hispanic to compare the sleep health, atti-
tudes, and knowledge about sleep across different racial/ethnic groups [ 39 ]. In this 
study, African-Americans reported a prior diagnosis of OSA (14 %) much more 
often than Hispanics (8 %), whites (6 %), or Asians (4 %) [ 122 ]. 

 With respect to OSA treatment adherence, some studies have identifi ed differ-
ences by gender and socioeconomic status. In a study of 507 patients with OSA (77 
% African Americans), women were 2.49 (95 % CI 1.39–4.46) times more likely to 
be noncompliant with CPAP than men after adjusting for race, marital status, and 
age [ 123 ]. In a population of 266 veterans with OSA, daily CPAP use ≥4 h ranged 
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from 34.1 % (95 % CI, 26.4, 42.7) for subjects from a low socioeconomic neighbor-
hood to 62.3 % (95 % CI 53.8, 70.1) for subjects from a high socioeconomic neigh-
borhood, suggesting that noncompliance with CPAP was related to socioeconomic 
status [ 124 ]. Others have reported that patients with low socioeconomic status are 
less receptive to  CPAP treatment   after a 2-week trial [ 125 ] and less compliant with 
CPAP [ 126 ] than patients with higher socioeconomic status. 

 Race/ethnicity has also been evaluated as a factor in CPAP compliance. Scharf 
and colleagues reported no difference in the acceptance and long-term compliance 
of CPAP therapy between African Americans and whites [ 114 ]. However, Billings 
et al. reported that African Americans and those in lower socioeconomic residential 
areas demonstrated poorer adherence to CPAP as compared to whites and Hispanics 
after 1 and 3 months of follow-up, despite provision of standardized access to care 
and treatment in a clinical trial setting [ 126 ]. The mechanisms of such disparity 
were not evaluated. 

 In summary, it appears that men and obese individuals are more likely to be 
evaluated for OSA compared to women and individuals of lower BMI [ 121 ]. This 
disparity may be explained in part by poor awareness on the part of medical provid-
ers of the gender differences in the clinical presentation of OSA. Hispanics appear 
to have a high prevalence of underdiagnosed OSA, which may be explained by low 
access to medical care [ 41 ].  Women   appear to be less adherent to CPAP than men. 
African Americans and those in lower socioeconomic groups appear to accept 
CPAP less readily and are less compliant with CPAP therapy than other ethnic or 
higher socioeconomic groups [ 123 – 126 ].    

    Mechanisms for Disparities in Sleep-Disordered Breathing 

 Few have attempted to determine the mechanisms for disparities in sleep-disordered 
breathing with respect to gender, age, socioeconomic status, or race/ethnicity. Most 
of the available literature on sleep-disordered disparities is based on retrospective or 
observational studies. Therefore, the available literature does not lend itself to 
mechanistic hypotheses testing. 

 With respect to potential  biological mechanisms  , gender differences in snoring 
and OSA in the premenopausal years have been attributed to the protective effects 
of estrogen [ 93 ,  127 ,  128 ]. Indeed, in animal and in vitro studies, estrogen up- 
regulates genioglossus estrogen receptors and has a protective effect in the fatigabil-
ity of genioglossus tissue exposed to intermittent hypoxia [ 129 ]. Also, women with 
a history of ovarihysterectomy who have OSA demonstrated signifi cant AHI reduc-
tion after just 1 week of combination therapy of medroxyprogesterone acetate and 
conjugated estrogens [ 128 ]. The results have not been as dramatic in other studies, 
which have only shown a slight reduction of  REM-related AHI   with hormonal 
replacement therapy [ 130 ]. However, there is suffi cient evidence to suggest that 
estrogen has a protective effect on sleep-disordered breathing that partially explains 
the lower prevalence of OSA in premenopausal women as compared to men of 
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comparable age and BMI [ 93 ,  127 ]. The sleep-disordered breathing protective effect 
of estrogen is lost during pregnancy, probably due to multiple factors that reduce 
oropharyngeal caliber, such as estrogen-induced upper airway edema, weight gain, 
and reduced lung volume [ 131 ,  132 ]. 

  Testosterone   is thought to play a role in the pathogenesis of OSA in men, and this 
may at least partially contribute to the gender disparity. Exogenous testosterone has 
been shown to mildly increase OSA in obese men with severe OSA [ 133 ]. A poten-
tial mechanism is increased upper airway collapsibility [ 134 ]. However, the evi-
dence connecting testosterone and OSA in men is weak and based primarily on case 
reports [ 135 ]. 

 Less is known about the mechanisms for the sleep-disordered breathing disparity 
observed among racial/ethnic groups. Proposed mechanisms include differences in 
genetics, cultural and environmental factors, patterns of obesity, and cephalometric 
differences. In the US, minority and low-socioeconomic-status groups are dispro-
portionately affected by overweight and obesity at all ages, especially African 
Americans and Mexican Americans, which could predispose them to higher rates of 
sleep-disordered breathing [ 136 ]. However, the relationship of BMI to OSA in 
African Americans is of similar magnitude as that of whites, suggesting that obesity 
patterns alone do not explain the racial/ethnic disparities in OSA [ 99 ]. 

  Craniofacial morphology   has been primarily studied in whites, Chinese, and 
Japanese subjects. Among patients with OSA, craniofacial abnormality fi ndings 
appear to be similar in all racial/ethnic groups, primarily showing low position of 
the hyoid bone [ 137 ], retrognathia [ 138 ], smaller cranial base [ 139 ], and increase in 
the craniocervical extension angle [ 140 ]. A few studies have compared craniofacial 
measurements associated with OSA directly between racial/ethnic groups. Between 
whites and African Americans, Cakirer et al. found that brachycephaly (head shape 
with wider lateral and shorter anterior–posterior dimensions) is associated with an 
increased AHI in whites but not in African-Americans [ 141 ]. Also, in whites both 
skeletal craniofacial restriction and soft tissue enlargement of the tongue and soft 
palate are associated with OSA, while in African Americans only soft tissue enlarge-
ment is a signifi cant factor [ 99 ]. In contrast, Chinese with OSA show greater skel-
etal restriction, including micrognathia and retrognathia, and a shorter and steeper 
anterior cranial base than whites [ 142 ,  143 ]. Also, Chinese subjects have more 
severe OSA at lower BMI as compared to whites, suggesting that skeletal restriction 
factors may be more important for OSA risk in Asians [ 142 – 144 ]. 

 Almost no work has been reported on nonbiological factors for sleep-disordered 
breathing, in spite of the fact that the environment is a strong risk factor for health 
[ 145 ]. Only one study in the literature has evaluated the environment and the risk of 
sleep-disordered breathing. Ansarin et al. analyzed data from the  National Health 
and Nutrition Examination Survey (NHANES) survey   of 5545 individuals 16 years 
of age and older. The sample consisted of 22.5 % Mexican Americans, 44.5 % 
whites, 22.5 % African Americans, and 7.2 % other Hispanics and multiracial par-
ticipants. OSA was assessed by using questions on habitual snoring, witnessed 
apneas, and daytime sleepiness, and study investigators found that never repeating 
a school grade and separated marital status were each associated with less risk of 
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OSA. In contrast, having pets in the home or living in a home with mildew or musty 
smell was associated with a higher risk of OSA. Factors such as the type of home, 
number of persons living in the home, or the presence of pests such as cockroaches 
did not predict OSA [ 146 ]. 

 In summary, in the premenopausal years, the disparity in OSA prevalence 
between men and women may be due to the protective effects of estrogen in women 
and potentially the deleterious effect of testosterone in men [ 93 ,  127 – 130 ,  135 ]. 
Greater rates of obesity are found in Mexican Americans, African Americans, and 
patients from low  socioeconomic groups   as compared to whites [ 136 ]. However, at 
least in the case of African Americans, obesity alone does not explain the higher 
prevalence of OSA as compared to whites [ 94 ]. Although the data are limited, the 
craniofacial differences existing between Asians, African Americans, and whites 
may explain some of the disparities in OSA prevalence and severity [ 137 – 143 ]. 
However, the available literature is not suffi cient to determine the exact contribution 
of these factors to the observed gender and racial/ethnic differences in the preva-
lence and severity of OSA [ 147 ]. Very little information exists on nonbiological 
factors and the risk of OSA [ 145 ]. More research is needed before a fi rm conclusion 
can be made.  

    Conclusion 

 There are signifi cant age, gender, racial/ethnic, and socioeconomic disparities in the 
prevalence, presentation, diagnosis, morbidity, and therapy of sleep-disordered 
breathing that may contribute to disparities in the health of the U.S. population. The 
prevalence of snoring is very common, increases with age, and is higher in Hispanics. 
OSA is strongly associated with being male, increasing age, and obesity, and it is 
more prevalent in African Americans than in whites, Asians, or Hispanics. African 
Americans are also younger, heavier, and more sleepy at diagnosis, which may pre-
dispose them to greater cardiovascular complications. Women complain more of 
insomnia, fatigue, and depression rather than sleepiness at presentation, which may 
lead to misdiagnosis or delay diagnosis of OSA, especially in those with lower BMI. 
The literature supports signifi cant disparities in the morbidity of sleep- disordered 
breathing. Men with OSA are sleepier than women, and men are at a higher risk of 
stroke for every level of OSA severity. Also Hispanic children may be at a higher 
risk of cognitive impairment when they suffer from OSA. There are also disparities 
in the response to therapy for OSA. Weight changes and exercise produce a larger 
benefi cial effect in the AHI of men as compared to women. Also lower CPAP com-
pliance is seen in patients of lower socioeconomic status, African Americans, and 
women. Most of the research in sleep-disordered breathing disparities is observa-
tional and does not lend itself to mechanistic hypothesis testing. However, a protec-
tive effect of estrogen and deleterious effect of testosterone may partially explain 
the higher prevalence of OSA in men as compared to women. The racial/ethnic 
differences in OSA are more diffi cult to explain due to the scarcity of research in 
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this area. Higher BMI in minorities and subjects of lower socioeconomic status has 
been proposed as a contributing factor for OSA, but more research is needed before 
a fi rm conclusion can be reached. Also, craniofacial differences may contribute to 
OSA in Asians as compared to whites. Much more research is needed to fully eluci-
date and understand the observed disparities in the prevalence, presentation, diag-
nosis, morbidity, and therapy of sleep-disordered breathing.     
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    Chapter 15   
 Health Disparities in End-of-Life Care       

       Ann     C.     Long       and     J.     Randall     Curtis    

          Key Points 

•     High-quality end-of-life care should be available to all individuals faced with 
terminal illness.  

•   Differences in end-of-life care that are not driven by informed patient or family 
preferences may represent disparities in healthcare.  

•   Disparities in end-of-life care exist across race/ethnicity, socioeconomic status, 
sexuality, and underlying illness.  

•   Existing racial/ethnic disparities may be addressed by improving cultural com-
petence among healthcare providers and enhancing communication about end-
of- life care for nonwhite patients and their family members.  

•   Access to care is a major barrier to the delivery of quality end-of-life care to 
patients of lower socioeconomic status.  

•   Advance care planning is essential for members of the  LGBT community   and 
efforts to ensure equal rights for LGBT surrogate decision-makers must 
continue.  

•   Individuals with noncancer diagnoses are at risk for suboptimal palliative and 
end-of-life care.  

•   Future research is needed to elucidate mechanisms underlying disparities in end-
of- life care and evaluate interventions targeted at improving both patient and 
family outcomes.     
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    Introduction 

 Achieving excellence in end-of-life care requires a multifaceted approach involving 
high-quality communication, emotional support for patients and family members, 
and adequate control of patient symptoms during the dying process [ 1 ]. 
Accomplishing these goals is often challenging given the complex nature of medi-
cal  decision-making   at the end of life and the multitude of factors related to provid-
ers, patients, and healthcare systems that have the potential to affect delivery of 
care. For patients and family members, diffi cult decisions surrounding death and 
dying are made within a framework that incorporates characteristics unique to each 
individual. When well-informed patients and family members assert preferences 
about end-of-life care, differences are to be expected across a heterogeneous popu-
lation. Thus, the exploration for disparity in end-of-life care often revolves around 
identifying differences that are not the result of an informed patient’s preferences. 
End-of-life care that involves fewer elements of palliative care, more aggressive 
life-sustaining treatments, and limited symptom control may not represent 
preference- driven differences, but may instead represent healthcare disparity. 
Differences in informed preferences for end-of-life care should be respected, but 
differences in end-of-life care that are not driven by informed patient or family 
preferences must be addressed and intervened upon. In the following chapter, we 
examine differences in end-of-life care relative to gender, race/ethnicity, socioeco-
nomic status (SES), sexuality, and underlying illness and consider explanations for 
identifi ed differences.  

    Gender 

 Many of the described gender differences in end-of-life care relate to the intensity 
and aggressiveness of life-sustaining treatments provided prior to  death   and suggest 
that, compared to men, women are less likely to receive aggressive life-sustaining 
treatments at the end of life. This has been demonstrated in elderly patients with 
 poor-prognosis malignancies  , where women were less likely to receive chemother-
apy in the last 14 days of life and had lower rates of in-hospital death [ 2 ]. In addi-
tion, hospice use appears to differ signifi cantly between men and women, with 
timelier enrollment [ 2 ] and higher utilization among women [ 3 – 6 ]. One potential 
explanation for these gender differences relates to observed life expectancies of 
men and women. In general, men live shorter life spans than women [ 7 ]. Advanced 
age is associated with a higher prevalence of both chronic medical conditions and 
functional limitation [ 8 ]. Therefore women, dying at older ages than men, may be 
more likely to experience a progressive decline in health during their last years of 
life. Also, elderly women survive longer than men following the onset of signifi cant 
disability, another factor infl uencing gender differences in the prevalence of chronic 
illness [ 9 ,  10 ]. Additional years spent in the setting of severe disability may 
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infl uence medical  decision-making   for elderly women and their family members, 
potentially prompting a shift away from aggressive life-sustaining treatments at  the 
  end of life. However, many of these observed gender differences in end-of-life care 
remain after adjustment for age, suggesting that differences in life expectancy do 
not completely explain these associations. Other factors are likely to be infl uential 
and thus must be examined when considering the potential for disparity. 

    Gender Differences in  Social Support   at the End of Life 

 Social support for patients and their family members is an important factor infl uenc-
ing quality of care at the end of life, and variation in levels of  social support   among 
men and women offers another potential explanation for observed gender differ-
ences in end-of-life care. Spousal support is a common source of informal caregiv-
ing for terminally ill patients, and marital status has been posited as an important 
mediator of the relationship between gender and many facets of end-of-life care 
[ 11 ]. Men frequently rely on female spouses for care at the end of life [ 12 ]. In con-
trast, elderly women are more likely than men to be widowed and often rely on other 
avenues of support [ 13 ]. Among lung cancer decedents, women were more likely to 
use social supportive services than men in the last year of life, potentially refl ecting 
less robust informal caregiver support [ 14 ]. These differences in support systems 
may infl uence location of death [ 15 ] and this in turn may affect the characteristics 
of care provided to men and women at the end of life. The presence of gender dif-
ferences in social support among elderly adults should prompt healthcare providers 
to ask specifi c questions regarding the availability of both formal and informal care-
givers for patients with chronic illness and limited life expectancy. Furthermore, 
support should not only be assessed for the patient but also for the primary care-
giver. The role of primary caregiver is often assumed by women, and evaluations of 
caregiver experiences suggest that women are more likely to report caregiver strain 
[ 16 ,  17 ]. Understanding the interplay between gender and social support may assist 
in addressing caregiver burden while also ensuring that adequate networks are in 
place to help achieve end-of-life care goals for dying patients and their family 
members.  

    Gender Differences in Preferences for End-of-Life Care 

 It is important to consider the possibility that men and women have differing atti-
tudes about  end-of-life care  . Men report more favorable views of life-sustaining 
 measures   compared to women [ 18 ] and among young adults, men are less likely to 
report a positive opinion about hospice than women [ 19 ]. Whereas women seem 
more likely to have a higher level of trust in the healthcare system, men are more 
likely to express concern about incurring harm within the system [ 20 ], a sentiment 
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that may translate into reluctance to utilize hospice and palliative care services and 
distrust of offers related to limited intervention. In addition to gender differences in 
attitudes and knowledge about end-of-life care, men and women also demonstrate 
different understandings of terminal illness. In a study of patients with advanced 
cancer, when compared with men, women improved the accuracy of their medical 
knowledge with progression of time and were also more likely to report having 
conversations about life expectancy with their oncologists [ 21 ]. Some of these dif-
ferences may relate to variability in the styles of communication and emotional 
support that men and women prefer, but more information is needed to assist in 
development of a clear understanding of the nature of gender differences in values, 
beliefs, and knowledge surrounding end-of-life care.  

    Summary: Gender 

 Gender differences in end-of-life care are infl uenced by a complex interplay of age, 
chronic illness and disability, social support networks, and values and beliefs. It is 
diffi cult to know if any of the aforementioned differences represent disparities, but 
they do represent elements of end-of-life care that may require special attention 
from providers. Women live longer than men and often face signifi cant functional 
limitation at the time of death without the support of a spouse. Women also fre-
quently serve as the  primary caregivers   for their  male spouses   and may have unrec-
ognized caregiver strain. Concerted efforts to evaluate social support networks for 
elderly patients and those with chronic illness should be universal, but may require 
different approaches based upon gender differences. In an ideal setting the achieve-
ment of end-of-life care goals would be directed by informed patient preferences 
and not by life circumstances that affect the  social support   available to dying patients 
and their family members. Finally, additional research is required in order to explain 
observed discrepancies between men and women regarding perceptions of hospice 
and preferences for aggressive  life-sustaining treatments  . A better understanding 
may allow healthcare providers to tailor communication about the nature of pallia-
tive and end-of-life care to meet the differing needs of men and women.   

    Race and Ethnicity 

 There is signifi cant evidence of racial and ethnic differences in end-of-life care, 
including differences in communication practices, advance care planning, and the 
characteristics of care provided prior to death. In addition, attitudes about end-of- 
life care and patient preferences related to receipt of life-sustaining treatments also 
differ signifi cantly across race/ethnicity. In general, individuals of nonwhite race/
ethnicity receive more aggressive life-sustaining treatments at the end of life. 
Among patients age 65 and older, African-Americans, Asians, and Hispanic patients 

A.C. Long and J.R. Curtis



329

are less likely than whites to have do not attempt resuscitation ( DNAR  ) orders in 
place within the fi rst 24 h after hospital admission [ 22 ], and compared to whites, 
African-Americans are more likely to be “full code” at the end of life [ 23 ] and die 
in the setting of full support [ 24 ]. Observed differences in hospice utilization sug-
gest lower use among patients of nonwhite race/ethnicity [ 25 ,  26 ], and African- 
Americans who do enroll in hospice are more likely than whites to revoke hospice 
in pursuit of aggressive care [ 27 ] and less likely to return to hospice after leaving 
[ 28 ]. Much of the excess cost of end-of-life care observed for African-American 
and Hispanic patients has been attributed to  ICU admissions   and receipt of life- 
sustaining interventions at the end of life [ 29 ]. To understand the observed associa-
tions between race/ethnicity and end-of-life care, it is helpful to begin by exploring 
the relationship between race/ethnicity and communication about end-of-life care. 

    Differences in  Communication   about End-of-Life 
Care by Race/Ethnicity 

 A fundamental component of quality end-of-life care includes clear communication 
with patients and their family members about a patient’s medical illness, overall 
prognosis, and goals of care. In order to make an informed decision about treatment 
preferences, patients and their family members must be provided with information 
that facilitates an appreciation of the issues at hand. If this task cannot be accom-
plished for patients with life-limiting illnesses, the likelihood that they will make 
informed decisions is low. Active communication between physicians and patients 
is essential but the quality of this communication may differ by race/ethnicity. In 
general healthcare settings, African-American patients rate their visits with physi-
cians as less participatory [ 30 ], and patients experiencing racially discordant physi-
cian interactions engage less with physicians and receive less information during 
visits [ 31 ]. Similar communication disparities have been identifi ed in end-of-life 
care. Family members of African-American decedents are more likely than those of 
white decedents to express concerns about being informed or cite absent or prob-
lematic communication with physicians [ 32 ], and hospitalized African-American 
patients are less likely than patients of other races to have communication about 
 cardiopulmonary resuscitation (CPR) preferences   [ 33 ]. 

 Racial/ethnic differences in advance care planning may also be related to inade-
quate communication with healthcare providers. Compared to whites, African- 
American and Korean Americans are less likely to have knowledge about advance 
directives, including living wills and the concept of a durable power of attorney 
[ 34 ]. Though sociocultural differences may play a role in shaping the characteristics 
of conversations that patients and their family members have with healthcare pro-
viders, it is diffi cult to imagine that individuals of nonwhite race/ethnicity prefer 
less participatory conversations about end-of-life care or wish to be less informed. 
A lack of information sharing that leaves patients and family members with limited 
knowledge about options for treatment and results in decision-making about end-of- 
life care that is not fully informed would represent disparities in care.  
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    Differences in Preferences for and  Attitudes   about End-of-Life 
Care by Race/Ethnicity 

 Poor quality communication is unlikely to refl ect patient preference, but it could be 
argued that some other observed racial/ethnic differences in end-of-life care do 
refl ect patient choice. Patients of nonwhite race/ethnicity have been consistently 
demonstrated to prefer more aggressive life-sustaining treatments at the end of life 
[ 35 – 37 ], and numerous potential explanations have been provided for this observa-
tion. Spirituality and religion may factor prominently into end-of-life decisions for 
many nonwhite patients and their family members, where the concept of miracles 
and potential intervention from a higher power may promote requests for ongoing 
aggressive measures and where efforts to limit therapies at the end of life may be 
viewed as confl icting with deeply held spiritual beliefs [ 38 – 40 ].    Cultural norms 
regarding the decision-making role of family members may also affect choices 
made about life-sustaining interventions. For example, among Korean-American 
decisions regarding life-sustaining measures might be deferred to family members 
in order to respect the notion of fi lial piety, even if the patient or family member has 
their own personal preferences regarding aggressive care at the end of life [ 39 ]. 
Importantly, patient preferences may also be shaped by mistrust in a healthcare 
system that has participated in mistreatment of individuals of nonwhite race/ethnic-
ity [ 40 ,  41 ]. 

 In addition, negative  attitudes   about advance care planning have been identifi ed 
among African-Americans [ 42 ], and these attitudes may infl uence the likelihood 
that patients complete such planning. Compared to whites, African-American 
patients are less likely to have completed a living will prior to death or to have 
appointed a durable power of attorney for health [ 43 – 45 ], and among nursing home 
residents nonwhite patients are less likely than non-Hispanic whites to have living 
wills, DNAR orders, or surrogate decision-makers [ 46 – 49 ]. However, there is evi-
dence to suggest that limited participation in advance care planning may not simply 
be a refl ection of patient preference. African-American patients who have conversa-
tions about end-of-life care with their physicians are more likely to have DNAR 
orders in place than those who do not [ 50 ]. This would suggest that the failure to 
actively engage nonwhite patients in communication about end-of-life care might 
shape the characteristics of the care they receive.  

    Summary: Race/Ethnicity 

 Race/ethnicity and culture do play a signifi cant role in shaping preferences for end-
of- life care [ 37 ,  51 ], and it is important for  healthcare providers   to understand these 
factors in order to provide the best quality end-of-life care for patients and their 
family members. However, patient preferences alone are unlikely to fully 
account for racial/ethnic differences in end-of-life care. As previously noted, 
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communication about end-of-life care plays a signifi cant role in the  decision- making 
process   for patients and families, and a lack of information affects the ability to 
make informed decisions. Mistrust in the healthcare system, coupled with a poor 
understanding of available palliative care services [ 52 ,  53 ], could potentially be 
addressed by enhanced communication with patients of nonwhite race/ethnicity. 
Indeed, interventions to enhance patient understanding of treatment options may 
attenuate differences in choices about end-of-life care that might otherwise be 
refl exively attributed to patient preferences [ 54 ]. Healthcare providers must make a 
concerted effort to acknowledge the infl uence and importance of culture on end-of- 
life care decision-making, while simultaneously ensuring that the treatment deci-
sions of nonwhite patients and their family members are made in the context of 
appropriate communication. Given a historical background of racial discrimination 
and exploitation within the healthcare system, expressed preferences that might 
result in poor quality of life or limited control of pain and suffering at the end of life 
should be thoroughly scrutinized before being attributed to sociocultural norms.   

    Socioeconomic Status 

 In the study of healthcare outcomes, SES (often measured as income, and/or educa-
tion level) and race/ethnicity are often related, with similar associations seen 
between outcomes of interest and these different predictors. However, confl ation of 
SES and race/ethnicity can diminish the importance of each and hinder efforts to 
improve outcomes for patients and family members. Associations between  race/
ethnicity   and end-of-life care are often found to be independent of SES, and vice 
versa. Though individuals with lower levels of income and education may experi-
ence end-of-life care that shares similarities with the  end-of-life care   described for 
individuals of nonwhite race/ethnicity, healthcare providers should take care not to 
assume that the mechanisms underlying associations between race/ethnicity and 
end-of-life care are identical to those observed for SES. 

    Differences in Delivery End-of-Life Care by Socioeconomic 
Status 

 Poverty has long been associated with poor quality health and worse healthcare 
outcomes, and inadequate education and limited access to care may serve as under-
lying determinants of these outcomes among the poor [ 55 ]. In addition to limited 
access to general healthcare services, evidence suggests that individuals of lower 
SES also face similar barriers to care at the end of life [ 56 ]. Assessments of  sociode-
mographic factors   suggest that those of lower SES [ 26 ] and those with no or limited 
insurance [ 57 ,  58 ] underutilize hospice care at the end of life. Although a lack of 
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fi nancial resources does not preclude enrollment in hospice or utilization of pallia-
tive care services, the poor may face challenges not experienced by those with 
higher SES, including limited access due to  out-of-pocket costs   associated with 
hospice care or absence of the social support necessary for hospice care. Similarly, 
death at home may be diffi cult for those with few  fi nancial resources   or limited sup-
port systems. Patients with higher SES are more likely to die at home [ 59 ], and 
individuals with lower income who do receive home hospice services are more 
likely to transfer to another location prior to death [ 60 ]. Many individuals with ter-
minal illness would prefer to spend their last days of life at home [ 61 ], but this may 
not be possible for those who lack fi nancial and social support.  

     Planning and Preferences   for End-of-Life Care 
by Socioeconomic Status 

 Advance care planning and patient preferences for end-of-life care also differ by 
SES. Those of higher SES are more likely to participate in advance care planning 
than those with lower SES [ 62 ,  63 ], an association that may be explained in part by 
fi nancial planning among individuals with more material assets [ 62 ]. Language 
used in advance care planning documents is another important factor to consider. 
Lower SES has been associated with inadequate health literacy among older adults 
[ 64 ], and poor literacy may be a signifi cant barrier to completion of legal documents 
that are often written above a 12th-grade reading level [ 65 ]. Health literacy has also 
been identifi ed as an independent predictor of patient preferences regarding end-of- 
life care, with individuals of lower health literacy preferring more aggressive life- 
sustaining treatments [ 66 ]. Low health  literacy   may impair a patient’s ability to 
comprehend information about diagnosis and prognosis, and thus lead to uncer-
tainty in decision-making about end-of-life care [ 67 ]. Importantly, efforts to enhance 
patient understanding through nonverbal approaches may attenuate differences in 
end-of-life preferences related to low health literacy [ 66 ,  67 ].  

    Summary: Socioeconomic Status 

 SES has a wide range of infl uences on end-of-life care, and those of lower SES 
represent a vulnerable patient population. The ability to have treatment preferences 
honored and to achieve a satisfactory quality of dying should not be predicated upon 
a patient’s social status, but differences in end-of-life care across levels of income 
and education suggest that this is not the reality for many patients and their family 
members. Improvements in resource allocation will require a broader commitment 
to equitable end-of-life care from  healthcare organizations   and fi nancial stakehold-
ers. From the standpoint of healthcare providers, targeted approaches to addressing 
end-of-life care needs for patients with limited income and education are necessary, 
and further research is needed to better understand the mechanisms underlying the 
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observed socioeconomic disparities in end-of-life care. Currently available infor-
mation regarding the importance of health literacy in the process of informed 
decision- making supports ongoing investigation into methods aimed at improving 
the quality of communication about end-of-life care for individuals at a socioeco-
nomic disadvantage.   

    Lesbian, Gay, Bisexual, and Transgender 

 Many challenges exist for members of the lesbian, gay, bisexual, and transgender 
(LGBT) community at the end of life [ 68 ]. Despite efforts to affect social and politi-
cal change, legal restrictions continue to signifi cantly infl uence end-of-life care for 
members of  the   LGBT community, as do social stigmatization and discrimination. 
For married heterosexual couples, the right of surrogate decision-making may be 
automatically afforded to either member of a partnership if one member becomes 
unable to make medical decisions. However, same-sex marriage is not legal in many 
regions nor are domestic partnerships uniformly recognized, and LGBT individuals 
may not be identifi ed as surrogate decision-makers for a same-sex partner who is 
incapacitated by illness or injury [ 65 ]. In addition to the fear of being marginalized 
during and after the deaths of their partners, LGBT individuals in some regions also 
have to contest with the signifi cant potential for loss of shared fi nancial and prop-
erty interests, interests that would be recognized for married heterosexual couples. 
Thus, advance care planning may be necessary both to maintain decision-making 
authority over the care of a dying loved one and to ensure shared fi nances and prop-
erty are not lost at the time of death [ 69 ]. 

 In recent years, political action by LGBT individuals affected by legal restric-
tions on surrogate decision-making has spurred legislation to extend rights for visi-
tation and end-of-life decisions on behalf of same-sex partners [ 70 ]. However, 
   signifi cant barriers to quality end-of-life care for the LGBT community remain 
[ 71 ]. In addition to ongoing legal battles to ensure equal care for all, a vested inter-
est in research endeavors directed at LGBT issues in end-of-life care is important. 
Literature addressing the palliative and end-of-life care preferences of sexual 
minorities is limited [ 72 ], and a better understanding is necessary to improve out-
comes for this patient population. When communicating with terminally ill patients 
and their loved ones, healthcare providers should make a concerted effort to avoid 
assumptions of heterosexuality in order to support  LGBT patients   and their family 
members as they navigate these disparities in end-of-life care.  

    Underlying Illness 

 Despite differences in underlying illness, patients with limited life expectancy share 
a similar need for high-quality palliative care at the end of life. Although the trajec-
tory of terminal illness varies from patient to patient, in many cases overall 
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prognosis may be similarly poor across a spectrum of disease processes. However, 
quality of end-of-life care may differ signifi cantly by underlying illness [ 73 ]. 
Specialist palliative care is more commonly utilized for patients with cancer, com-
pared to patients with other life-limiting illnesses such as  chronic obstructive pul-
monary disease (COPD),   heart failure, or dementia [ 74 – 77 ]. Prognostic uncertainty 
for noncancer patients, particularly those with COPD or heart failure, may serve as 
a signifi cant barrier to initiation of palliative care [ 78 ] yet the failure to discuss 
treatment preferences may result in more aggressive care at the end of life for 
patients with noncancer diagnoses. Patient communication  needs   and concerns may 
differ according to underlying illness [ 79 ], but provision of palliative care or end-
of-life care consistent with patient preferences shoulder occur regardless of disease 
process. A concerted effort is needed to improve the quality of palliative and end-
of-life care provided to patients with noncancer diagnoses.  

    Conclusion 

 As the population ages and the burden of chronic illness increases, the need for end-
of- life care services is only expected to grow. The failure to address existing dispari-
ties in end-of-life care will allow continued delivery of suboptimal care and result 
in poor quality of dying and death for patients with terminal illness. It is important, 
then, to consider which of the identifi ed differences in end-of-life care across gen-
der, race/ethnicity, SES, sexuality, and underlying illness truly represent disparity 
(Fig.  15.1 ). Many of the differences observed across gender may refl ect variation in 

Variations in care that reflect informed patient
preferences and that cannot be linked to poor
clinical outcomes or cannot be evaluated in
terms of appropriateness of care

Assess social support for terminally ill
patients and their caregivers
Advance cultural competence in palliative
and end-of-life care

Ensure high quality communication about
goals of care and treatment preferences
regardless of race/ethnicity or disease process
Improve access to hospice and palliative care
services for the socioeconomically
disadvantaged
Establish equal rights for same-sex partners of
incapacitated patients

Evaluate mechanisms underlying
differences to ensure variations in care are
simple differences and not disparities

Definitions of differences and disparities adapted from: Rathore SS, Krumholz HM. Differences, disparities, and
biases: clarifying racial variations in health care use. Ann Intern Med. Oct 2004;141(8):635-8.

Gender: use of life-sustaining measures
related to longer life expectancies of women
compared to men

Differences in End-of-Life care

Definitions

Examples

Solutions

Disparities in End-of-Life care

Race/ethnicity, Underlying illness: less
communication about goals of care and treatment
preferences

Socioeconomic status: reduced access to
hospice/palliative care due to insurance status

Sexuality: limits placed on ability to act as
surrogate decision-makers for partners

Race/ethnicity: choices about life-sustaining
interventions related to religion, spirituality, or
cultural perspectives

Differences in care that are not attributable to
informed patient preferences and can be
associated with poorer clinical outcomes

  Fig. 15.1    Differences and disparities in end-of-life care: defi nitions, examples, and potential 
solutions       
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 life expectancy and comorbidity   among women and men, though evidence of gen-
der differences in social support systems and caregiver roles should prompt specifi c 
focus on addressing how these factors infl uence the quality of end-of-life care for 
women and men. Racial and ethnic differences in end-of-life care present a more 
complicated issue, with evidence of poor communication for nonwhite patients and 
family members and end-of-life decisions that may be infl uenced by mistrust in the 
healthcare system. However, there are also important differences in preferences for 
end-of-life care by race/ethnicity and culture that must be honored and supported. 
Cultural competence in end-of-life care must be a priority for healthcare providers 
in order to improve communication for nonwhite patients and their family members 
and ensure respect for informed decisions that refl ect patient and family prefer-
ences. Just as poverty affects many other healthcare outcomes, low SES also infl u-
ences the quality of care that patients receive at the end of life. Underutilization of 
 hospice and palliative care services   by poor individuals and those without adequate 
insurance raises concerns for signifi cant disparity in end-of-life care across levels of 
income. Similarly, limited education and poor health literacy represent barriers to 
receipt of high-quality end-of-life care. Addressing socioeconomic disparities in 
end-of-life care will require commitments from insurance agencies and health sys-
tems to attenuate differences related to fi nancial constraints, and additional efforts 
to tailor communication about end-of-life care to patients with limited education or 
health literacy will be necessary. Disparity in end-of-life care for  sexual minorities   
is prevalent. As efforts continue to secure equal rights for the LGBT community, 
healthcare providers should play an active role in sharing the importance of advance 
care planning for their LGBT patients and providing  communication   that is not 
biased by assumptions of heterosexuality. Finally, evidence of less frequent institu-
tion of palliative care for patients with noncancer diagnoses should promote efforts 
to improve communication and planning for these patients. Future research is 
needed to better understand the mechanisms underlying differences in end-of-life 
care across gender, race/ethnicity, SES, sexuality, and underlying illness, and addi-
tional study is necessary to more clearly defi ne the relationship between these fac-
tors and patient and family outcomes.
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    Chapter 16   
 Where Do We Go from Here? Improving 
Disparities in Respiratory Health       

       Juan     C.     Celedón    ,     Gary     Ewart    , and     Patricia     W.     Finn    

          Key Points 

•     Health disparities adversely affect groups of people who have experienced 
greater obstacles to health based on their racial or ethnic group; religion; socio-
economic status; gender; age; occupation; mental health; cognitive, sensory, or 
physical disability; sexual orientation or gender identity; geographic location; or 
other characteristics historically linked to discrimination or exclusion.  

•    Elimination   of respiratory health disparities would not only alleviate major suf-
fering but may also result in signifi cant cost savings at the community, state, and 
federal levels.  

•   An uneven distribution of key modifi able risk factors for respiratory diseases 
across demographic groups is the main explanation for respiratory health 
disparities.  

•   Unequal access to or uneven quality of healthcare across demographic groups 
can lead to disparities in the burden of disease.  

•   Accomplishing respiratory health equality entails eliminating hazardous  envi-
ronmental and occupational exposures   (achieving “environmental justice”), pro-
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moting a healthy lifestyle; and ensuring high-quality healthcare for all by 
broadening and facilitating access to a well-trained and diverse group of health 
providers. Achieving environmental justice  and true universal high-quality 
healthcare   are ultimately dependent on public policy, advocacy, education, and 
cutting-edge research.  

•   Building on programs created by the  Affordable Care Act   to ensure effective 
access to healthcare, as well as consistent data on minority health in the health 
system, is essential to truly improving healthcare access for minority 
populations.  

•   Universal access to the highest possible healthcare can only be achieved through 
research and innovations in disease prevention and treatment, ensuring a diverse 
and well-trained workforce of healthcare professionals in respiratory medicine, 
developing and updating clinical guidelines for all respiratory diseases (particu-
larly those relevant to health disparities), and advocacy.  

•   Professional organizations must invest in educating and training their members 
to create a “lung corps” of effective advocates of  respiratory health   in general, 
and respiratory health equality in particular.     

    Introduction: A Call to Action 

 In the United States, the economically disadvantaged and members of certain ethnic 
minority groups (African Americans and Hispanics) have a shorter average lifespan 
(by as much as one to two decades [ 1 ]) than affl uent or  non-Hispanic white persons  . 
This fi nding is explained by underlying disparities in health (including respiratory 
health) across these demographic groups. 

 Because the major risk factors for most diseases encountered in the practice of 
pediatric and adult pulmonary, critical care, and sleep medicine vary among demo-
graphic groups, respiratory health disparities are common [ 2 ,  3 ], as discussed in 
detail in earlier chapters of this book. Notable examples of disparities in respiratory 
diseases or related conditions include asthma [ 4 ,  5 ], chronic obstructive  pulmonary 
  disease (COPD) [ 6 ,  7 ], obesity (the strongest risk factor for obstructive sleep apnea) 
[ 8 ], lung cancer [ 9 ,  10 ], infectious and noninfectious pulmonary complications of 
human immunodefi ciency virus (HIV) disease [ 11 ], cystic fi brosis (CF) [ 12 ], and 
sickle cell disease. 

 Current health disparities are not only morally unacceptable but fi nancially 
unsound. From 2003 to 2006, elimination of existing health disparities across racial 
or ethnic groups could have saved over $1.2 trillion dollars in direct  medical 
expenses   and indirect costs related to disease and premature death [ 13 ]. Thus, the 
elimination of a major component of such disparities (those in respiratory health) 
would not only alleviate major suffering but also likely to result in signifi cant cost 
savings at the community, state, and federal levels.  
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    What Is Respiratory Health Equality? 

 The United Nations has recently focused on  noncommunicable diseases (NCD)   as 
signifi cant contributors to the global burden of disease. In particular, respiratory 
NCDs (RNCDs), for example, COPD, asthma, and lung cancer are under scrutiny. 
In addition, professional organizations are striving to identify and develop 
approaches for tackling impediments to respiratory health, including health 
disparities. 

 Notably, the American Thoracic Society ( ATS  ), a professional organization of 
over 15,000 members, recently defi ned respiratory health disparities as: “Signifi cant 
differences in respiratory health that are closely linked to racial ancestry, social, 
economic, and/or environmental differences. Health disparities adversely affect 
groups of people who have experienced greater obstacles to health based on their 
racial or ethnic group; religion; socioeconomic status; gender; age; occupation; 
mental health; cognitive, sensory, or physical disability; sexual orientation or gen-
der identity; geographic location; or other characteristics historically linked to dis-
crimination or exclusion.” 

 This defi nition was approved by the ATS Health Equality subcommittee, which 
also recently defi ned respiratory health equality as: “The attainment of the highest 
level of respiratory health for all people. Achieving health equality requires valuing 
everyone equally, implementing and maintaining focused  societal efforts   to address 
avoidable inequalities and historical and contemporary injustices, and eliminating 
health care disparities.” To achieve this ideal goal, we must identify and eradicate 
the causes of respiratory health disparities.  

    What Are the Causes of Respiratory Health Disparities? 

 Most respiratory diseases are caused by hazardous environmental or lifestyle factors 
(Table  16.1 ). A few respiratory diseases are monogenic and thus exclusively caused 
by genetic variants (e.g., sickle cell disease), but the progression  and   severity of 
these diseases is often infl uenced by the environment. Thus, key modifi able risk 
factors for the vast majority of respiratory diseases include environmental and life-
style risk factors, such as tobacco use, air pollution, and occupation. An uneven 
distribution of these determinants of respiratory health across demographic groups 
is the main explanation for respiratory health disparities.

   A key concept in our understanding of respiratory health disparities is that expo-
sure to environmental determinants of respiratory diseases is determined not only 
by an individual’s choices but by “upstream” factors or “root causes” of both who is 
exposed and levels of exposure. Such root causes include societal and policy deci-
sions, including those affecting regulation of relevant industries such as tobacco 
manufacturers and marketers, air quality, and the work environment. An example of 
an upstream determinant of respiratory health is the tobacco industry. Although 
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smoking can be portrayed as a “lifestyle” individual choice, this is not entirely true. 
The decision to become or remain a smoker is heavily infl uenced by marketing 
activities by the tobacco industry that are aimed to promote new smokers while hav-
ing those who are nicotine-addicted remain active smokers. The industry’s actions 
in marketing to particular demographic groups are well documented, including its 
success in increasing the number of female smokers after World War II, and in pro-
moting menthol cigarettes among African Americans [ 14 ]. 

    Air Pollution 

 While many policy makers often fail to see the connections, the environment is an 
important factor in health disparities. Air pollution, through roadways and industrial 
sources, occupational exposures, water quality, and an environment that does not 
promote exercise or proper nutrition are all key factors in health disparities. In the 
fi ght to improve our nation’s air quality, professional organizations have played lead 
roles in advocating for stricter federal standards on ozone, particulate matter, mer-
cury, and other air pollutants. As the  Environmental Protection Agency (EPA)   and 
state-level government organizations move toward implementing these stricter qual-
ity standards, all Americans, including minorities and low-income individuals, 
should enjoy the respiratory health and other benefi ts associated with clean air. 
While much progress has been made in clean air, individual physicians and profes-
sional organizations should continue to urge for science-based, clear standards to 
protect the public health. 

 Approximately 4 % of U.S. residents in 2010 lived close to (within 150 m) a 
major road and were thus heavily exposed to traffi c-related air pollution [ 3 ], with a 
higher proportion of exposed individuals among non-Hispanic blacks (4.4 %) or 
Hispanics (5 %) than among  non-Hispanic whites   (3.1 %). Exposure to traffi c- 
related air pollution is also correlated with living below the poverty level and being 

    Table 16.1    Major environmental/lifestyle risk factors for respiratory health disparities in the 
United States   

 Risk factor  Impact 

 Tobacco smoke (direct or passive 
exposure) 

 Multiple respiratory illnesses, including asthma, chronic 
obstructive pulmonary disease (COPD), tuberculosis, and 
lung cancer 

 Air pollution  Morbidity and mortality from asthma and COPD 
 Intravenous drug use  Human immunodefi ciency virus infection, pulmonary 

hypertension 
 Obesity  Obstructive sleep apnea, obesity-hypoventilation 

syndrome, asthma morbidity 
 Occupational hazards  Asthma, lung cancer, asbestosis, berylliosis, silicosis 
 Infections (e.g., infl uenza)  Pneumonia, acute respiratory failure, asthma, COPD 

J.C. Celedón et al.



345

foreign born [ 3 ]. Because traffi c-related air pollution is associated with greater 
 morbidity and mortality from asthma or COPD, it is a signifi cant contributor to 
respiratory health disparities. 

 Members of ethnic minority groups and those with a lower educational status are 
more likely to be employed in occupations that expose them to a  hazardous environ-
ment   [ 2 ]. Since such occupations cause or worsen multiple respiratory diseases 
(including but not limited to asthma, silicosis, asbestosis, and berylliosis), occupa-
tion is an important determinant of respiratory health disparities. 

 In many cases, two or more environmental exposures that are more common in 
certain demographic groups interact to cause respiratory diseases and thus contrib-
ute greatly to respiratory health disparities. For example, a  non-Hispanic black man   
without a high school diploma who is or was exposed to asbestos at work may also 
smoke cigarettes, putting himself at risk for COPD while also exponentially increas-
ing his risk of lung cancer. Moreover, this individual may not have adequate access 
to preventive care and thus be at greater risk for communicable respiratory diseases 
such as infl uenza or pneumococcal pneumonia [ 2 ]. 

 In addition to advocacy for  sound public health policy  , development and enhance-
ment of programs aimed at educating the general public, patients suffering from 
respiratory diseases, and policy makers on the importance of eliminating or avoid-
ing environmental hazards and adopting a healthy lifestyle are of utmost impor-
tance. For example,  smoking   is more common in those who do not fi nish high 
school—they may be more likely to be exposed to other risk factors (e.g., air pollu-
tion) but less likely to engage in a healthy lifestyle (e.g., maintaining normal body 
weight through exercise and a healthy diet) [ 15 ]. 

 Given emerging threats to the environment and a healthy lifestyle, etiologic and 
interventional research on issues such as climate change, occupational hazards, 
nicotine delivery devices, and obesity is essential.  

    Tobacco 

 Current cigarette smoking differs across  demographic groups   (defi ned by gender, 
educational and socioeconomic status, sexual orientation, race or ethnicity, and area 
of residence [ 14 ,  16 ]) and causes or worsens multiple respiratory diseases 
(Table  16.1 ). Cigarette smoking is more common among the poor, and thrice as 
likely among adults who did not complete high school (31.5 %) as among those 
with a college degree (10.4 %) [ 14 ]. Over the last 40 years, active and passive expo-
sure to tobacco smoke contributed to ~20.8 million premature deaths in the U.S., 
including ~10.4 million due to cancer and pulmonary diseases such as  COPD   [ 14 ]. 
From 2005 to 2009, current smoking caused 87 % and 61 % of all deaths from lung 
cancer and pulmonary diseases, respectively [ 14 ]. 

 Tobacco use is the single largest preventable cause of death in the U.S. and takes 
a signifi cant toll on minorities. Today, the physician and public health community 
are on the verge of having more effective tools to combat the ills of smoking.  The 
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  Food and Drug Administration (FDA) is proposing to exert regulatory authority 
over all tobacco products. These proposals include prohibition of the sales of 
tobacco products to anyone under the age of 18, including prohibition of vending 
machine sales, and registration of all manufacturers and ingredients. Additional 
proposals include elimination of free sampling of all tobacco products, good manu-
facturing practice requirements, premarket review for any “new” tobacco product or 
any product wishing to make a “modifi ed risk or harm” claim, and user fees for all 
newly deemed products. If fi nalized, the above regulations should help reduce 
tobacco use in the U.S. and help address health disparities related to tobacco use 
among minority populations. 

 While important, what the FDA is proposing falls well short of the need. The 
FDA should take additional steps in addressing tobacco use, including: ban sweet-
ened or candy  fl avored   tobacco products and ban internet sales of tobacco products, 
as well as requiring child proof e-cigarette cartridges. With the notable rise in fl a-
vored cigar use among minorities, a ban on candy fl avored tobacco products would 
reduce tobacco initiation among minority youth and would likely increase cessation 
efforts among current users. 

 Unfortunately, at the present time the FDA seems to be headed in a different direc-
tion. Indeed, the FDA has even proposed to exempt premium cigars from any FDA 
 regulation  . Under one of the options the FDA is considering, premium cigars (defi ned 
as hand-rolled whole leaf cigars costing more than $10) would be exempt from any 
FDA regulation, including warning labels, advertising and marketing restrictions, 
fl avoring bans, misleading health claims, and ingredient disclosure. Healthcare 
workers, public health organizations, and health equality advocates need to seize this 
opportunity to ensure that the FDA fi nalizes a strong rule to protect the public, 
including minority populations, from disease and death caused by tobacco use.  

    Access to Healthcare 

 Once risk factors have led to the onset of a respiratory disease, unequal access to or 
uneven quality of healthcare across  demographic groups   can lead to disparities in 
the burden of such disease. In this context, high-quality healthcare comprises not 
only treatment but also prevention and screening for respiratory diseases. For exam-
ple, preventive services such as vaccination against infl uenza can reduce the risk of 
complications from pulmonary diseases such as asthma or COPD, and detection of 
subclinical disease can strongly promote avoidance of hazardous environmental 
exposures (e.g., smoking in adolescents with alpha-1-antitrypsin defi ciency [ 17 ]) or 
lead to early treatment (e.g., for lung cancer [ 18 ]). 

 It is not possible to ensure universal access to healthcare if barriers other than 
lacking health insurance are not removed, including inadequate health literacy or 
language skills, cultural beliefs, having no transportation to healthcare centers, 
missing clinical guidelines, and lack of cultural competency of healthcare provid-
ers. To complicate matters further, minority physicians, who provide  medical care   
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for a signifi cant proportion of underserved communities, are markedly underrepre-
sented relative to the percentage of minorities in the U.S. population [ 19 ]. 

 Figure  16.1  shows a causal framework for respiratory health disparities. An 
unhealthy environment or lifestyle, acting by itself or interacting with genetic varia-
tion, causes a respiratory disease. Whether that disease progresses or worsens is 
then affected by societal and environmental factors, including having high-quality 
healthcare, determined by root causes such as public policy, insurance, and 
education.

        What Can Be Done to Achieve Respiratory Health Equality? 

 Achieving respiratory health equality can only be accomplished by vigorously 
addressing modifi able causes of health disparities (Fig.  16.1 ). Accomplishing respi-
ratory health equality entails eliminating hazardous  environmental and occupational 
exposures   (achieving “environmental justice”), promoting a healthy lifestyle, and 
ensuring high-quality healthcare for all by broadening and facilitating access to a 
well-trained and diverse group of health providers. Achieving  environment  al justice 
and true universal high-quality healthcare are ultimately dependent on public pol-
icy, advocacy, education, and cutting-edge research (Fig.  16.2 ).

      Accomplishing True Universal Healthcare 

 The Affordable Care Act (ACA) will give access to  health insurance   to millions of 
uninsured individuals, a laudable goal that will help reduce respiratory health dis-
parities in the U.S. [ 20 ,  21 ]. However, a large number of people will remain unin-
sured in spite of the ACA (e.g., migrants without legal residency), and some barriers 
to healthcare access will still be unaddressed. Moreover, there is no cure for most 
respiratory diseases that disproportionately burden certain demographic groups. 

 While  health disparities   persist even when minority groups have health insur-
ance, having health insurance does narrow the health disparities gap. Studies have 
shown that expanding health insurance positively impacts self-reported health sta-
tus, improved fi nancial security, and improves provision of preventative health ser-
vices [ 22 – 24 ]. 

 The ACA, when fully implemented, will have a signifi cant impact on health 
disparities. Minorities are more likely to be uninsured than whites. For adults, 
27 % of people of color are uninsured compared 15 % of whites. Hispanics have 
the highest uninsured rate at 33 % [ 25 ]. Through employer mandates, health insur-
ance exchanges, federal subsidies, and optional Medicaid expansion (all backed by 
an individual mandate), the ACA will signifi cantly expand health insurance cover-
age in the U.S. 
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  Fig. 16.1    Conceptual framework for the causality of respiratory diseases. Group differences at 
any stage in this pathway can lead to respiratory health disparities (adapted with permission of the 
American Thoracic Society. Copyright 2014 American Thoracic Society. Celedón JC et al. 2014. 
Respiratory health equality in the United States. The American thoracic society perspective. Ann 
Am Thorac Soc; 11: 473-9. Offi cial Journal of the American Thoracic Society)       

  Fig. 16.2    Overview of the approach proposed by the American Thoracic Society to achieve respi-
ratory health equality by eliminating existing disparities (adapted with permission of the American 
Thoracic Society. Copyright 2014 American Thoracic Society. Celedón JC et al. 2014. Respiratory 
health equality in the United States. The American thoracic society perspective. Ann Am Thorac 
Soc; 11: 473-9. Offi cial Journal of the American Thoracic Society)       
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 We detail here that the ACA holds promise for expanding health insurance, yet a 
considerable number of challenges are impeding implementation of the ACA. The 
fi rst challenge involves issues around Medicaid expansion. As envisioned by 
Congressional supporters and the White House, the ACA was intended to require 
states to expand Medicaid insurance to adults at or below 138 % of the federal pov-
erty level. However, states resistant to Medicaid expansion challenged what they 
felt was the coercive elements of the ACA Medicaid expansion. After mixed federal 
court rulings, the U.S. Supreme Court ultimately decided that  Medicaid expansion   
was a state option. While this rule understandably was a shock to ACA supporters, 
in the long run, we may see the wisdom of the court’s decision. When fi rst enacted 
in 1965, Medicaid was an optional state/federal program to provide health insurance 
to the low income and disabled. While many states adopted Medicaid early on, it 
was not until 1972 that all states (except Arizona) participated in Medicaid. Arizona 
did not participate until 1982. 

 Medicaid expansion under the ACA will probably take a similar path. Over time, 
the ACA’s generous matching funds for Medicaid expansion (100 % federal pay for 
the fi rst 3 years and 90 %/10 % federal/state split after 3 years) will likely entice 
states to adopt Medicaid expansion. Undoubtedly, there will be states that take lon-
ger to adopt Medicaid expansion than others, due to local and national politics. 
Unfortunately, minorities and low-income individuals will likely pay a steep price 
in health status for states’ delay. It is the role of healthcare workers, professional 
organizations, and advocates to communicate to state and federal policy makers that 
Medicaid expansion will play an essential role in addressing, but not fully resolving, 
health disparities at the local and national levels. 

 The second challenge focuses on specifi cs related to federal subsidies. While 
Medicaid expansion has received the majority of the attention, federal subsidies to 
enable families above the Medicaid threshold to purchase  health insurance   also play 
an essential role in providing health insurance to minority populations. The ACA 
will help this population (sometimes referred to as “near poor”) purchase health 
insurance through state and federal exchanges. While the federal subsidies survived 
initial court challenges seeking to block subsidies for those who purchased insur-
ance through federal exchanges, the provision of the subsidy is being complicated 
by other structural problems of the ACA legislation. Those who qualify for Medicaid 
or would qualify under state expansion, but live in a state that does not expand 
Medicaid, do not receive a federal subsidy to purchase health insurance. 

 The  Kaiser Family Foundation   estimates that 40 % of black uninsured adults 
will fall into this federal subsidy gap compared to 29 % of uninsured whites. Low- 
income adults who fall into this coverage gap are concentrated in states (e.g., Texas, 
Florida, and Georgia) who have chosen not to expand Medicaid. These three states 
alone will account for an estimated 1.2 million black adults and 1.0 million Hispanic 
adults falling into the federal subsidy gap [ 25 ]. The ACA waives the health 
 insurance purchase and federal income tax penalty for low-income Americans. 
Thus, those who do not receive Medicaid expansion or the federal subsidy assis-
tance will not get hit with a tax penalty, but they likely will not be able to afford 
health insurance either. 

16 Where Do We Go from Here? Improving Disparities in Respiratory Health



350

 Further, if an employer offers health insurance, regardless of the affordability of 
the insurance offered, and their employees refuse the  employer-provided health 
insurance  , the employees are not eligible for the federal subsidy. This has led to an 
odd twist. In particular, some labor unions representing low-wage workers are now 
negotiating for employers NOT to offer health insurance because their union mem-
bers would pay less for using a federal subsidy through the insurance exchange than 
they would if they participated in the plan offered by the employer [ 26 ]. 

 Both these ACA drafting errors are fi xable, but require Congress to act in a con-
structive fashion toward the ACA. The current Congress has voted over 50 times to 
repeal or defund ACA. They are in no mood to consider constructive improvements 
to ACA. The health community and other parties interested in addressing health 
disparities will need to be persistent, and patient, in urging Congress to fi x the fed-
eral subsidy glitches. 

 Providing health insurance can reduce health disparities, but even with health 
insurance, health disparities exist. Again, the ACA has expanded programs that can 
address access to care beyond health insurance, including funding for community 
health centers; support for training for minority health professionals; and require-
ments for the collection of race, ethnicity, and language data across federal health 
programs. Building on these programs to ensure effective access to healthcare, as 
well as consistent data on minority health in the health system, is essential to truly 
improving healthcare access for minority populations.  

    Research 

 Universal access to the highest possible healthcare can only be achieved through 
 research   and innovations in disease prevention and treatment, ensuring a diverse and 
well-trained workforce of  healthcare professionals   in respiratory medicine, devel-
oping and updating clinical guidelines for all respiratory diseases (particularly those 
relevant to health disparities), and advocacy. 

 There is a need for a vibrant and dynamic national research agenda to achieve 
respiratory health equality by eliminating current disparities. This includes contin-
ued development and updating of clinical guidelines and workshop consensuses 
(which help identify gaps in knowledge and prioritize areas for investigation on 
health disparities), advocacy for  research   funding on health disparities by federal 
and nonfederal agencies, fostering and supporting community-based participatory 
research (including culturally appropriate interventions), and nurturing the careers 
of investigators focused on respiratory health disparities. 

 Started in 1990 as the Offi ce of Minority Programs, the Institute of Minority 
Health and Health Disparities has grown in scope and funding. The Institute has 
grown from an annual budget of a few million as a center to an Institute with an 
annual budget of $262 million. While the increase in funding for minority health 
and health disparities is encouraging, the real impact of the Institute will be mea-
sured by how it infl uences sister NIH Institutes to include health disparities in their 
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portfolio. While progress on this front has been uneven, there are bright spots in 
respiratory research. Both the National Heart Lung and Blood Institute and National 
Institute of Allergy and Infectious Diseases are investing more funds in health dis-
parities research. Physicians and professional organizations will need to leverage 
the infl uence of the National Institute for Minority Health and Health Disparities to 
ensure health disparities are part of a broader NIH agenda.  

    Ensuring a Diverse Workforce 

 Whereas the proportion of minority faculty in U.S. medical schools increased from 
~7 % in 2000 to 8 % in 2010, the percentage of underrepresented minority individu-
als in the U.S. increased by more than 30 % during the same period [ 27 ]. Given  that 
  minority physicians play a major role in healthcare delivery to minority popula-
tions, fostering and maintaining a diverse workforce cannot be overlooked when 
developing strategies to achieve respiratory health equality. 

 Creation of a diverse workforce should involve a number of professional organi-
zations interested in developing a pipeline of minority healthcare providers and 
researchers at several life stages (high school, college, and medical school), who 
can then be enticed to pursue careers in respiratory health. Young minority research-
ers in respiratory medicine should be given ample opportunities for education and 
training, so that they can competitively pursue the necessary funding to become 
independent investigators. 

 Mid-career and senior minority researchers should be part of decision-making 
bodies for funding by federal and nonfederal agencies.  

    Pursuing Environmental Justice and a Healthy Lifestyle 

 Exposures to certain environmental or lifestyle risk factors impact multiple respira-
tory diseases. Advocacy for policies that aim to reduce or eliminate such exposures 
is critical to reaching the goal of respiratory health equality. 

  Public health policy   to accomplish environmental  justice   includes but is not lim-
ited to equal access to breathing clean air strong and sustained antismoking mea-
sures, and promotion and maintenance of a safe and healthy work environment. 
Because environmental justice would positively impact common nonrespiratory 
diseases (e.g., cancer and heart disease), involvement and advocacy by mem-
bers of the public, patients, and multiple political and nonpolitical organiza-
tions is highly desirable.  For   example, effective communication between respiratory 
 epidemiologists and the EPA is critical to inform EPA policies on air quality stan-
dards. Similarly, pulmonologists and their professional organizations strongly sup-
port regulation of tobacco products by the FDA.  
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    Advocacy 

 Given that healthcare providers know little about advocacy, professional organiza-
tions must invest in educating and training their members to create a “ lung corps  ” 
of effective advocates of respiratory health in general, and respiratory health equal-
ity in particular. P rofessional organizations   and their members must continually 
advocate (at the local, state, and national levels) for increased access of all members 
of society to healthcare by primary care providers and specialists. Description of a 
“lung corps” has recently been provided [ 28 ]. It is essential to commit to  national 
programs   aimed to eliminate health disparities, giving particular emphasis to pro-
tecting the most vulnerable groups, including children (e.g., encouraging Medicaid 
expansion in all states) and migrant workers.   

    Conclusions 

 Environmental determinants of respiratory diseases are unevenly distributed across 
demographic groups, largely explaining major respiratory health disparities in the 
U.S. Achieving respiratory health equality entails elimination of modifi able envi-
ronmental and lifestyle risk factors and universal high-quality healthcare. While 
progress has been made, much remains to be done in these areas. If we are to 
achieve respiratory health equality, all stakeholders must be involved: the public, 
patients affected by respiratory diseases, governmental and nongovernmental 
organizations, and professional organizations. Achieving respiratory health equal-
ity will be diffi cult but by no means impossible. As stated by Martin Luther King, 
Jr., we must act with the “fi erce urgency of now.” The next generation is counting 
on all of us.     
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