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ABSTRACT

This Ph.D. dissertation presents results that shed light into the fundamental
question of whether there is an epidemiological association between asthma and the
subsequent development of chronic obstructive pulmonary disease (COPD). This
question is investigated in the context of a longitudinal study that establishes asthma as a
predictor for the future development of characteristics consistent with COPD. Asthmatic
subjects without chronic bronchitis or emphysema diagnoses were identified at the initial
survey and followed longitudinally to assess the development of COPD. Longstanding
asthma has been proposed as a possible contributing factor to the risk of developing
COPD. To evaluate this hypothesis, a question concerning the association between
asthma duration and asthma persistence with lower lung function and odds of cough and
sputum in the elderly is also investigated. This second question is addressed by means of
comparative analyses of immunologic and pulmonary characteristics of elderly versus
younger non-smoking asthmatics. In addition, this work investigates the role of genetic
factors that may predispose to the development of COPD, in particular, the association
between ai-antitrypsin deficiency (PiMZ and PiMS) and rapid decline in pulmonary
function. This work utilizes data derived from the Tucson Epidemiologic Study of
Airways Obstructive Diseases (TESAOD), initiated in 1971.
Results show a significant association between an active asthma diagnosis at
initial survey and subsequent development of signs and symptoms consistent with COPD.
Results show as well, that longstanding asthma is associated with lower pulmonary
function, and that this association is stronger for older persistent asthmatics compared to
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younger asthmatics. In addition, subjects with shorter asthma duration have higher risk
for cough and sputum than non-asthmatics or those with longer asthma duration.
Furthermore, no association between rapid decline in pulmonary function and the PiMZ
or PiMS phenotypes is seen. These results support the implied relationship of asthma
with COPD proposed in the Dutch hypothesis, where despite the known differences
between asthma and COPD at initial diagnosis, over time the two diseases develop signs
and symptoms that overlap. However, the proposed involvement in this association of
heterozygous forms of ai-antitrypsin by other studies was not supported in the present
research.
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INTRODUCTION

Explanation of the Problem and Its Context

Asthma is a chronic disease occurring in both children and adults. It is defined as
an inflammatory disorder of the airways in which many cells; in particular, mast cells,
eosinophils, T lympocytes, neutrophils, epithelial cells, and cellular elements play a role.
This inflammation causes episodes of wheezing, breathlessness, and is usually associated
with airflow obstruction that is often reversible either spontaneously or with medication'.
Several environmental factors have been associated with exacerbation of asthma
symptoms and with triggers of asthma. These factors include domestic dust mites,
pollens, mold, pets, airborne irritants, and viral respiratory infections
COPD on the other hand, is defined as a group of diseases, most commonly
chronic bronchitis and emphysema, characterized by airflow limitation that is not fully
reversible and usually progressive . Clinically, chronic bronchitis is defined as the
presence of chronic productive cough for 3 months in each of 2 successive years,
provided that other causes of cough have been ruled out''. Emphysema is defined in
anatomic terms as the destruction of alveolar walls and permanent enlargement of the
airspaces distal to the terminal bronchioles''. Occurring most often in older people,
COPD symptoms include cough, sputum production, exertional dyspnea, and the
presence of low spirometric values. However, symptoms are often unrecognized,
especially in the early phases of the disease. Risk factors of COPD include infections,
occupational and environmental exposures, most commonly smoking, and a genetic
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predisposition. A severe deficiency of ai-antitrypsin has been identified as an important
genetic risk factor for COPD^ causing premature development of panlobular emphysema
especially in those who smoke.
However, despite distinctive clinical physiologic features at the time of initial
diagnosis, epidemiologic studies of asthma and COPD have shown that the two diseases
over time may develop physiologic features that are quite similar. The rapid rate of
decline in pulmonary function with age, characteristic of subjects with COPD, may be
seen in asthmatic subjects as well®"^. Airway hyperresponsiveness (AHR), either to
methacholine or histamine, a supportive measure of asthma diagnosis, has been
documented in subjects with COPD"^ '®. Likewise, reversibility of pulmonary obstruction
in response to treatment, a hallmark of asthma, may decrease over time in some patients
with moderate or severe asthma, to the point of irreversible or only partially reversible
airway obstruction'^"^'*. The overlap in many of these signs and symptoms often makes
the distinction between the two diseases obscure, making it difficult to label these
subjects, especially in the elderly population'^''^. In the elderly, asthma can present either
as a de novo occurrence or as a continuation of asthma that began in the early years. Loss
of reversibility and lung function are often common in elderly asthmatic patients, while
other elderly patients with chronic bronchitis may show some degree of reversibility,
again, making distinction between asthma and COPD difficult, more so in current and exsmokers17'18.
In addition, several studies have evaluated the importance of genetic markers as
risk factors for the development of COPD, in particular the deficiency of a i-antitrypsin.
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The main function of ai-antitrypsin is to inhibit the activity of elastase generated by
neutrophils in the lung. A deficiency of ai-antitrypsin results in accelerated elastin
degradation, leading to a loss of ventilatory fiinction and the subsequent development of
emphysema'^. The association of ai-antitrypsin deficiency and COPD has been studied
for several decades. While there is no doubt that homozygosity of ai-antitrypsin
deficiency (PiZZ) is associated with increased risk of developing COPD^, controversy
continues about whether heterozygosity (PiMZ and PiMS) is also a COPD risk factor.
The progression in severity of asthma symptoms, and the overlap of symptoms
seen in patients with asthma and COPD led, in the present Ph.D. dissertation, to the
hypothesis that asthma may be a risk factor for the subsequent development of COPD. It
also led to the hypothesis that longstanding asthma is associated with lower lung function
in elderly non-smoking asthmatics. The third developed hypothesis was that there is no
association between a-1 antitrypsin phenotypes PiMZ and PiMS and increase in FEVi
slope.
Increasing scientific and clinical observations support the indication that asthma
and COPD may share a common origin. This pattern was recognized in the 1960s
90
through the theory known as the Dutch hypothesis . We based our hypotheses on this
original theory. The fact that patterns of COPD overlap with those of asthma suggests
that COPD and asthma are not distinct entities in selected individuals, but that similar
pathogenic mechanisms may be involved in these subjects. The Dutch hypothesis
proposes that asthma and COPD have overlapping clinical features, like allergy and
AHR, and that asthma may evolve into COPD. At the same time, the development of

asthma is based on allergy status and AHR, determined by the host's genetic make up,
but modulated by environmental factors like exposure to allergens, infections, smoking,
91
and the subject's age. In a study by Postma and Lebowitz the association between
asthma and chronic bronchitis to bronchodilator response, IgE levels, and eosinphil count
was evaluated. The association between bronchial responsiveness and allergy and
decline in lung function was also evaluated. To address these associations a total of
2,169 adult subjects were evaluated from the TESAOD population. Results from this
study showed that eosinophil percentages were higher in subjects with persistent asthma
as were higher IgE levels. Eosinophilia was also significantly higher in subjects with
new asthma diagnoses and in those with chronic bronchitis. Furthermore, subjects with
chronic bronchitis, whether or not combined with asthma, had greater decline in lung
function than those with asthma diagnosis alone. A high bronchodilator response was
associated with a steeper decline in FEVi in those subjects with persistent asthma and
persistent chronic bronchitis. The findings of Postma and Lebowitz seem to indicate that
atopy is one of the major risk factors for the development of various forms of obstructive
airway diseases, consistent with the Dutch hypothesis. In an additional study by
Lebowitz et al.22 on this same population, subjects with newly diagnosed chronic
bronchitis were evaluated for eosinophilia and decline in lung function. The authors
found that eosinophilia was significantly higher in subjects with new chronic bronchitis
(20%) compared to those without chronic bronchitis (8.7%) and to the total population
without asthma or emphysema (9%). In addition, subjects with new chronic bronchitis
diagnosis and eosinophilia had significantly larger declines in lung fiinction than those
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with new chronic bronchitis diagnosis but without eosinophilia (-24.4 and -16.6
milliliters per year respectively). The authors conclude that, eosinophilia may be
associated with the onset of chronic bronchitis, again being consistent with the Dutch
hypothesis. In a recent review article by Postma and Boezen^^ the association between
allergy and AHR as genetic factors and their interaction with the environment (in
particular smoking) and the development of asthma or COPD is explored. The authors
conclude that the review of several studies on atopy and AHR is in support of the Dutch
hypothesis. AHR present in childhood has been found to be associated with lower lung
function in later years^"^. Furthermore, AHR has been found to be a risk factor for the
development of asthma in other studies25'26. Abnormal lung growth and reduction in
97

airway diameter was associated with persistent AHR in yet another study. In adults,
AHR has been associated with presence, or subsequent development, of respiratory
symptoms such as wheezing and nocturnal dyspnea . The fact that therapy with inhaled
90

corticosteroids can improve lung function and AHR suggests that AHR is associated
with an underlying inflammatory process, which may affect the decline in lung function.
In a study by Xu et al.^°, subjects with AHR presented with higher odds for development
of symptoms consistent with COPD such as chronic cough and phlegm, and dyspnea,
compared to those without AHR. These associations were independent of smoking and
were less likely to remit in subjects with AHR. Smoking, and environmental tobacco
smoke (ETS) exposure have been associated with asthma and COPD. Parental smoking,
the primary source of ETS exposure for children, has been associated with a variety of
harmful effects that include increased occurrence of respiratory illness , impaired
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pulmonary function^and increased mortality^^. In a meta-analysis^'^ reviewing 38
studies addressing ETS and childhood wheezing, maternal smoking was found to be
associated with an increased incidence of wheezing. Data from the National Health
Interview Survey (NHIS) and the 1981 Child Health Supplement showed that among
4,331 children aged birth to 17 years, those whose mothers smoked one half-pack of
cigarettes or more had twice the risk of having asthma than those whose mothers did not
smoke. Studies in adult populations have shown that asthmatics who smoke have a
greater decline in lung function than asthmatics who are non-smokers
FEVi declines normally in nonsmokers by about 25 to 30 milliliters per year
beginning at age 35 years. Smokers have a greater rate of decline in FEVi than
nonsmokers, and pack-years of smoking are correlated with the decline in FEVi.
However, smoking cessation will improve prognosis. Smoking has been associated as
the primary risk factor for the development, prevalence, and mortality of COPD;
however, less than 20 percent of smokers develop COPD, suggesting a genetic
disposition to develop COPD. Furthermore, epidemiologic studies have shown that an
interaction exists between smoking and AHR, which contributes to a rapid decline in lung
function^^. Results from these studies indicate that subjects with AHR are at an increased
risk for development of airway obstruction and that this association is higher for subjects
with AHR who smoke, supporting the Dutch hypothesis.
The present Ph.D. dissertation is aimed at contributing to the state of knowledge
on three fundamental questions of epidemiological and clinical concern. They are:
1) Is asthma a risk factor for the future development of COPD?
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2) What are the characteristics of asthmatic symptoms in elderly versus younger
non-smoking asthmatics? Do asthma symptoms change with age among non
smoking asthmatics? Is there an association between asthma persistence and
asthma duration and lung function in such elderly non-smoking asthmatics?
3) Is there an association between ai-antitrypsin phenotypes PiMZ and PiMS
and decline with age in forced expiratory volume in one second (FEVi) in
adult subjects?
In particular, the specific aims of the present study are:

Specific Aim 1: To evaluate the association between physician-diagnosed asthma and the
subsequent development of COPD in a cohort of adult subjects.

Specific Aim 2; To describe asthma features in the elderly, and to evaluate the effect of
asthma duration and asthma persistence on lung function and risk for cough and sputum
in elderly compared to younger non-smoking asthmatics from a community-based
sample.

Specific Aim 3: To assess the relationship between known genetic phenotypes and
decline in FEVi with age in adult subjects.
Therefore in order to address the relationship between a i-antitrypsin, in
particular, the PiMZ and PiMS phenotypes, and FEV i slope a longitudinal evaluation of
•70 TQ

this association was done. Based on previous published results from studies ' that
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utilized the Tucson Epidemiological Study of Airway Obstructive Diseases population
and which showed no associations among the ai-antitrypsin phenotypes and respiratory
symptoms, and results from other similar studies"^*^"^^, we anticipated a null association.
The differential diagnosis between asthma and COPD is important because
asthma has a better prognosis with treatment^In the same manner, the establishment, or
not, of PiMZ or PiMS as risk factors for COPD has clinical and therapeutic implications.
The main contributions of this dissertation can be summarized as follows. It is
shown that asthma is a risk factor for further development of COPD, and that asthma
duration and asthma persistence are associated with lower lung function in elderly non
smoking subjects. Additionally, the risk factors for COPD are further elucidated by the
findings that the heterozygous forms of ai-antitrypsin are not associated with the
development of this disease.
A more detailed explanation of the problem and the relevant scientific
background corresponding to each specific aim is provided in the next section.

Background and Literature Review

The prevalence of asthma in the United States has increased over the past 20
years'^^. Data from an adult survey estimated that in 2001, 14.6 million adults had
asthma, nearly 7.2% of the U.S. population'*'^. The number of persons dying from asthma
has also increased, especially among adults over 65 years of age"^^. Similarly, COPD is
considered a major cause of disease morbidity and mortality in the United States. It is the
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fourth leading cause of morbidity and mortality in the United States"^^ and it is projected
to rarJf 5"^ among the world's leading cause of disease burden in 2020 . An estimated
10 million U.S. adults reported physician-diagnosed COPD during the year 2000;
however, it has been estimated that approximately 24 million U.S. adults have evidence
of impaired lung function, indicating an underdiagnosis of COPD"^^. The physiological
and clinical silent nature of COPD during the early stages of disease development has
been implicated as contributing to the current misclassification and misdiagnosis of
COPD. Dyspnea on exertion and cough and sputum are the most common signs and
symptoms of COPD. However, these are often attributed to the patient's own ageing,
obesity, or smoking habits. Patients consequently allow for a growing disability,
changing their life-styles to accommodate their disease, frequently presenting to the
health-care provider for initial diagnosis of COPD with an FEVi that is less than 50%
predicted.
The direct and indirect medical cost for COPD in 1998 was estimated at $13
billion U.S. dollars"^^. Despite a higher prevalence of COPD in men than women, the
death rate from 1995 to 1998 attributed to COPD remained stable among men (53.1
deaths/100,000 population) but increased for women (from 29.3 to 32.1 deaths/100,000
population)^^. This increase in mortality rates among females likely reflects the increased
incidence in smoking by women in the earlier decades.
These figures have put COPD on the target list for national health improvement.
Two objectives related to COPD are included in Healthy People 2010, a nationwide
health promotion and disease prevention agenda sponsored by the U.S. Department of

Health and Human Services^'. These are: 1) To reduce the proportion of adults whose
activity is limited due to chronic breathing problems from 2.2% to 1.5%; and 2) to reduce
the number of deaths from COPD among adults from 120.9 to 18 deaths/100,000 persons
age 45 years or older. Most of the efforts to achieve these goals are geared at promoting
smoking prevention and smoking cessation.
COPD is characterized by a progressive airflow obstruction that is strongly
associated with the intensity and duration of smoking^^. Although pulmonary function
declines normally with age, the decline among smokers (34 to 79 mL per year) is far
greater than that for non-smokers (19 to 30 mL per year)53'55 . Smoking cessation studies
have shown that susceptible smokers who stop smoking do not regain lost lung function,
CO

but the rate of loss will return to what is normal for a nonsmoker " . These studies
highlight the advocacy for the importance of smoking cessation in subjects with COPD.
Pulmonary function tests are used to determine abnormalities in the function of
the respiratory system. The most common spirometry tests are described next.
The forced expiratory vital capacity (FVC) is the maneuver in which the air is
exhaled forcefully and completely from the lungs. Most commonly assessed through the
use of a spirometer, this maneuver can subsequently be plotted in what is known as the
flow-volume curve where airflow is plotted against lung volume. From the FVC curve,
the two most important measurements are the forced expiratory volume in 1 second
(FEVi) and the average forced expiratory flow rate over the middle 50% of the FVC
(FEF50). These measurements are useful in characterizing different patterns of airway

obstruction. The approximate normal FVC value for a male subject 20 to 30 years of age
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is 4,800 milliliters and for a female of the same age is 3,200 milliliters^^. The FEV i
measurement was used in the three studies presented in this dissertation. The FEV i
decreases normally with age and at an increased rate in subjects with obstructive
pulmonary disease. The normal values depend on the subject's size, age, sex, and race.
Tables and equations have been adapted to predict the normal values. In 1976, Knudson
et al. analyzed a group of 746 asymptomatic nonsmoking subjects from the TESAOD
population to determine normal prediction equations for spirometric parameters and
maximal expiratory flows^". Results from their analyses yielded a prediction equation in
the form of y = C + [age(years) x age coefficient] + [standing height (centimeters) x
height coefficient] where C is the constant in the regression equation. However, because
other investigators adapted these equations and new developments were reported, these
equations were later reevaluated in 1983^\ It was also noted that Knudson's predicted
values for some measurements were greater than those observed by other investigators,
therefore these values were corrected. The FEVi/FVC ratio is usually used to help
determine pulmonary obstruction, and is generally expressed as a percentage. For normal
adults the FEVi/FVC ratio is about 75 to 85%; however, this value decreases with age.
The FEVi/FVC ratios are higher for children. Low FEVi/FVC ratios as well as low
FEVi values are seen in obstructive pulmonary diseases. However, in cases where FEVi
and FVC values are decreased proportionally the FEVi/FVC ratio will be found in the
normal range. For the purpose of analyses in this dissertation, the FEV i and FEV i
percent predicted values were used.
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The diffusing capacity of the lung test is used to estimate the amount of oxygen
transferred across the alveolar-capillary membrane into the red cells. Measuring the
diffusing capacity of carbon monoxide (DLco) is easier than measuring the diffusing
capacity of oxygen (DL02) because carbon monoxide has an affinity for hemoglobin that
is about 210 times greater than that of oxygen. The amount of gas transfer is dependent
on the area of the alveolar-capillary membrane, the thickness of the membrane and the
driving pressure. This suggests that in individuals with normal hemoglobin levels and
normal ventilatory function, the alveolar-capillary membrane will determine the diffusion
of carbon monoxide. On average, the normal values are approximately 20 to 30
milliliters of carbon monoxide that are transferred per minute per cubic millimeter of
hemoglobin^^. Measurements of DLco are affected by many factors; these include the
subject's hemoglobin concentration, height, and age. Therefore, corrections should be
made to DLco values. The prediction equations of Crapo and Morris

were used in this

dissertation research. DLco values are normalized to standard hemoglobin concentrations
of 14.6 grams/100 milliliters for males and 12.8 grams/100 milliliters for females. The
prediction equations that were used are the following: DLco = 0.410 H - 0.210 A - 26.31
for males, and DLco = 0.267 H - 0.148 A - 10.34 for females, where H is the height in
centimeters and A is age in years.
Average peak expiratory flow rates (PEFR), the maximum flow rate that can be
generated during a forced expiratory maneuver, also known as peak flow rates, have been
published for children and adults. The average PEFR in children increases exponentially.
For example, for a child who is 43 inches tall in height the average PEFR is 147
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Liters/minute, whereas for a child who is 67 inches tall the average PEFR is 467
Liters/minute 61'63. The average PEFR for a normal healthy male age 20 to 30 years is
approximately 10 Liters per second, and for a female of the same age is about 7.5 Liters
per second. Similar to the FEVi, the PEFR decreases with age and is decreased in
obstructive lung disease. PEFRs are easily performed using a hand held peak-flow meter,
which allows for repeat of tests. Thus, PEFR can be monitored several times a day to
establish a 24-hour pattern. A PEFR variability of 20% or more after the inhalation of a
P-adrenergic agonist is usually considered diagnostic for asthma.
Lung function varies primarily with age, sex, and size. In addition, certain races
like the African American and Asian, require race-specific values

However, in the

early years, the dominant factor predicting ventilatory function is height rather than age,
the taller the subject, the larger the lung and its airways. The relationship of lung
ftinction and height from childhood to adulthood is exponential. During the growing
phase, girls seem to have larger expiratory flows than boys^"^. After the phase of
maturation a plateau phase has been described with little or no growth in pulmonary
function^^. After this phase, during the adult years, lung function declines at an
accelerated rate with increasing age. Prediction equations obtained from asymptomatic
nonsmoking subjects are used to predict normal values for pulmonary measurements^'.
In the present dissertation, only data from adult subjects (subjects older than 20 years for
Specific Aim 1 and Specific Aim 2, and older than 18 years old for Specific Aim 3) are
included.

Asthma and COPD both, share the feature of airflow Umitation. Therefore,
diagnosis of these diseases reUes on the measure of expiratory flows, in particular FEV i
and FEVi/FVC ratio. In addition, airflow limitation in asthma is by definition reversible
either spontaneously or with treatment; as for COPD, the airflow limitation is not
reversible, or partially reversible. Pulmonary reversibility, establishing a history of risk
factors, and response to therapy are important in the differential diagnosis of these two
diseases. Chronic cough and sputum production may precede the development of airflow
limitation in subjects with COPD. Although the American Thoracic Society (ATS)
definition of 1995 does not list a specific level for the FEVi/FVC ratio for airflow
limitation"^ a previous report suggests that an FEVi/FVC less than the fifth percentile
should be considered as evidence of airflow obstruction^'^. The European Respiratory
Society (ERS) Task Force definition for airflow limitation is that of an FEVi/slow vital
capacity (SVC) ratio of less than 88% of the predicted value for males and of less than
89% of the predicted value for females^^. Similarly the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) definition for airflow limitation is an FEVi/FVC ratio
less than 70% of the predicted value . In asthma and COPD, a reduced FEV1 and/or a
reduced FEVI/FVC ratio indicate airflow obstruction. An FEVi <80% of the predicted
value plus an FEVi/FVC ratio of <70% predicted after treatment implies presence of
airflow limitation that is not fully reversible^^. Reversibility of airflow limitation after
administration of bronchodilator therapy supports the diagnosis of asthma. An
improvement in FEVi of 12 to 15 % or more of the predicted value is considered to be a
positive test. In addition, a positive test of airway hyperresponsiveness to methacoline or
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histamine supports the diagnosis of asthma'. However, the differential diagnosis between
asthma and COPD becomes more difficult in the elderly subjects with overlapping
asthma and COPD characteristics.

28
Specific Aims 1:

Asthma and COPD have been regarded as distinct conditions with different
clinical courses, the former remittent and reversible, the latter, largely irreversible.
However, epidemiologic studies have shown that the two diseases over time may develop
physiologic features that are quite similar, especially in the older population. In 1959,
recommendations were made at the Ciba Guest Symposium^^ favoring the adoption of
differential classifications of these diseases. Despite this, in 1961, during the first
Bronchitis Symposium held in Groningen, the Netherlands, Orie and colleagues
postulated that asthma, chronic bronchitis, and emphysema should not be considered as
separate diseases, but rather as expressions of one disease entity. They postulated that the
differentiation into one disease or the other is modulated by both, endogenous (host)
factors, such as AHR, atopy, and genetic predisposition, and exogenous (environmental)
factors, like respiratory infections, smoking, and exposure to allergens. This theory was
termed the "Dutch hypothesis" by Fletcher et al.^"^ in 1976, to contrast it with the "British
hypothesis" which focused on chronic mucus hypersecretion as a marker of recurrent
airway infections causing airflow limitation. In particular, the Dutch hypothesis
postulates that asthma and COPD are different points within a range of obstructive
diseases which share common risk factors, mainly allergy and AHR. AHR is the
excessive bronchial narrowing resulting from an exaggerated bronchoconstrictive
response of the airways to various inhaled stimuli. Although not present in all

29
asthmatics, AHR has long been recognized as a hallmark of chronic asthma. Atopy and
AHR are also present in patients with COPD.
The underlying hypothesis is that the accelerated decline in FEV i seen over time
in COPD, and which occurs also in an important subset of asthmatic patients, is the direct
result of an increasing severity in inflammation and consequent airway wall remodeling.
Airway remodeling includes a group of structural alterations manifested in airway wall
thickening, subepithelial fibrosis, and vascular remodeling leading to the observed
•
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irreversible or partially reversible airway obstruction . Importantly, whether or not the
airway remodeling processes seen in asthma are similar to those seen in COPD is not
known.
For some time it was debated whether AHR precedes or is a result of airway
obstruction; however, several studies have now confirmed the former. The Lung Health
Study^^ showed that AHR was directly associated with the degree of loss in pulmonary
fimction. In this 5-years follow-up study, methacholine reactivity was the most important
single predictor of decline in FEVi. O'Connor et al.^' evaluated the association between
AHR and the rate of decline in FEVi in a cohort of 912 randomly selected middle-aged
men. They found that after 3 years of follow-up, AHR was a significant predictor of the
79

rate of decline in FEVi. In a 4-year prospective study of 324 elderly subjects, allergy
(defined by positive skin test and elevated immunoglobulin E [IgE]), and AHR were
independently associated with an accelerated decline in FEVi, particularly in former and
n-y

current smokers. Similarly, Rijcken et al.

evaluated the association between AHR and

decline in FEVi in a random population of 1,619 subjects who were 25 years of age or
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older. They found that after 25 years of follow-up, subjects with increased AHR had a
greater mean yearly decline in FEV i compared to normal-responders. Results from these
studies seem to indicate that AHR, which is a strong asthma related phenotype, may be a
contributing risk factor for COPD, although it should be acknowledged that the nature of
these associations remains unknown.
Other longitudinal studies of pulmonary function in asthmatic and healthy
subjects indicate as well that asthma may be associated with an accelerated decline in
lung function

Peat et al.^ found that after 18 years of follow-up, physician-

diagnosed asthmatics had a greater rate of decline in FEVi and a lower baseline lung
function than did non-asthmatic subjects. In another study, Urlik et al.^ in their 5-year
longitudinal study of 10,952 subjects found that those with new asthma diagnosis had
lower initial values of lung function and an increased rate of decline in FEV i compared to
non-asthmatic subjects. Subsequent analyses from the same study showed that after 15
years of follow-up, subjects with self-reported asthma still had a greater decline in FEVi
over time than those who did not^. These studies seem to indicate that asthma may be
associated with a lower baseline FEV i and with an increased rate of decline in pulmonary
function, supporting the hypothesis that asthma may be a risk factor for development of
COPD.

31
Specific Aim 2:

Asthma is a common disease in the elderly, with some studies reporting
prevalence in the general population of 6 to 7%'^. However, asthma diagnosis in the
elderly is difficult and often overlooked. The reason is that asthma characteristics in the
elderly, especially in those who smoke, may be similar to those found in other diseases,
mainly chronic bronchitis and emphysema. This makes it difficult for clinicians to
determine whether they are faced with COPD or with a persistent form of asthma, or
both.
Lower spirometric values in elderly asthmatics than in the general population
have been reported in several studies^^"^^. Some of these studies report a negative
correlation between asthma duration and FEVi. Quadrelli et al.^^ report that a group of
50 elderly subjects with early-onset asthma had lower FEVi than 99 subjects with late77

onset asthma. Braman et al. compared 13 elderly subjects with longstanding asthma
with 12 subjects with late onset asthma. The authors found that those with early-onset
asthma had significantly greater degree of airflow obstruction in pre and postbronchodilator pulmonary function testing. However, despite evidence from these
studies, the association between asthma duration and airway obstruction is not clear.
I '7

•

Reed reports no correlation between FEV i values and the duration of asthma among
242 elderly asthmatic subjects. In a study by Burrows et al. a group of 40 elderly
subjects with newly diagnosed asthma demonstrated much greater rates of decline in
FEVi than non-asthmatic subjects or subjects with longstanding asthma.
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In addition, asthma symptoms like atopy, eosinophilia, and high IgE levels
typically found in younger asthmatics may not be present in the older asthmatics. A
natural progressive decline with age in these factors has been described in both
asthmatics and the general population.

Specific Aim 3:

The Dutch hypothesis suggests that endogenous host factors (genetic) contribute
to the genesis of AHR and atopy. These genetic factors are then modulated by
environmental factors (smoking, exposure to allergens, and infections) to predispose a
person to the development of COPD. The current knowledge of asthma pathogenesis
includes a chronic inflammation disorder. Involved in this disorder is a deregulated T
helper cell type 2 (Th2) inflammatory response, which causes AHR characterized by
j

O1

elevated CD4 (T helper) lymphocytes, mast cells and eosinophilic cell infiltration . In
contrast, the chronic inflammation seen in patients with COPD is predominantly of tissue
I

CDS (T suppressor/cytotoxic) lymphocytes, macrophages, and neutrophils . Asthma is
thought to be predominately a disease of the bronchial tree and not to be present in the
alveoli, whereas in COPD the damage is found predominantly in the bronchioles and
alveoli. However, several studies^^'^"^ have shown that alveolar inflammation as well as
neutrophilia can be seen in severe asthmatic patients, and that eosinophilia is common in
patients with COPD, blurring the clarity of these distinctions. Furthermore, increased
elastin degradation and abnormal lung elastic recoil, characteristic of emphysema, may
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also be present in subjects with severe asthma^^. These abnormalities may result in a
decrease in FEVi, changes in FEVi slope, and increase in total lung capacity with air
trapping, similar to symptoms seen in patients with COPD.
Numerous candidate genes have been proposed to influence a person's risk of
COPD, including ABO secretor status, tumor necrosis factor a, ai-antichymotrypsin, and
07

others ' . However, the genetic factor that is best documented as risk factor for the
development of COPD, is a severe hereditary deficiency of a1-antitrypsin.
ai-Antitrypsin is a protease inhibitor whose main fiinction is to inhibit the activity
of elastase generated by neutrophils in the lung. Elastin is the principal component of
elastic fibers in the lung. Breakdown of elastin by elastase results in loss of the lung's
elastic recoil and subsequent emphysema^^. Laurell and Ericksson^^ first described the
association between a1-antitrypsin deficiency and emphysema in 1963. Since then,
considerable progress has been made in understanding the effects of a1-antitrypsin
deficiency. More than 100 different alleles have now been described, but the PiZZ
phenotype originally identified by Laurell and Eriksson accounts for almost 95% of the
illness associated with a1-antitrypsin with a fi-equency of 0.0122% in the U.S. white
population^®. Individuals with PiZZ phenotype have about 15% (30 to 40 mg/dl) of the
normal ai-antitrypsin serum concentration, which is also less effective. Studies indicate
that in affected smokers, disease may start in the mid-forties, develop more rapidly, and
lead to emphysema 10 to 15 years earlier, than in non-affected smokers^'. Affected nonsmokers may remain disease free and have a normal lifespan. Augmentation therapy has

34
been recommended for individuals with established airflow obstruction from severe aiQ9

antitrypsin deficiency .
The most common ai-antitrypsin allele is PiMM occurring in about 80% of the
population. The two PiMM mutant alleles are PiMS and PiMZ occurring in 4 to 8% and
2 to 4% of the population respectively"^®. There has been no risk for emphysema
associated with the PiMM. However, controversy still exists on whether PiMS and PiMZ
are risk factors for emphysema, having ai-antitrypsin serum concentrations of 60% and
50% of normal values, respectively. Some studies^^"^^, mostly cross-sectional on patient
populations and case-control, have produced results that support an increased risk of
lower lung function associated with PiMZ. However, this has not been the case with
community based population studies^^'^^.
Previous analyses of ai-antitrypsin on the TESAOD population have been
•2Q

published by Morse et al. as a cross sectional study . Morse found no association
between the different aj-antitrypsin phenotypes (PiMM, PiMS and PiMZ) and 20
different respiratory symptoms and diagnoses. These included chronic productive cough,
attacks of dyspnea with wheezing, emphysema, chronic bronchitis, and asthma. No
association was found between the different phenotypes on the 2,944 subjects and their
initial FEVi, FVC, FEVi/FVC eind FEF75 values, even after adjusting for age, sex, and
smoking. Data analyzed as the percent of subjects who fell below the 95% of normal
predicted values of spirometric measurement showed no distinction among the different
phenotypes. However, this study included subjects who were younger than 20 years old
and did not controlled for physiological changes in lung development that occur during

growth. Therefore, a further study by McDonagh et al.

07

was performed excluding the

younger population. In this study, subjects under 25 years of age were excluded and 24
subjects with the heterozygous form of ai-antitrypsin (PiMZ) were compared to 38
subjects with the PiMM phenotype. The authors found no difference in lung volumes,
maximum expiratory flows, lung elastic recoil, or lung diffusing capacity between
subjects who were PiMZ or PiMM when analyzed separately by age groups and by
•

smoking status. Further studies by Lebowitz et. al.
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•

showed no association between

single breath nitrogen (SBN2) and the different ai-antitrypsin phenotypes among 819
selected subjects who were 25 to 54 years of age.
In a collaborative study to assess the risk of lung disease by PiMZ phenotype,
Bruce et al. compared subjects with the PiMZ phenotj^e to those with the PiMM
phenotype from 6 different centers in Baltimore, Los Angeles, Oklahoma, St. Luis, San
Francisco, and Tucson^^. A total of 286 subjects were studied from each center, 143 each
of the PiMZ and PiMM phenotypes. Prevalence rates for PiMZ and PiMM were not
significantly different nor were the prevalence rates for reported diagnosed emphysema,
chronic bronchitis, or breathlessness. No differences in lung function were seen between
the PiMZ and PiMM phenotypes for functional residual capacity (FRC), residual volume
(RV), vital capacity (VC), total lung capacity (TLC), and expiratory reserve volume
(ERV), nor for any of the calculated ratios. These results did not change when analyses
were done by groups of specific age categories, smoking, or by sex.
Other longitudinal studies with varying results have followed patients for 3 to 6 years^^'
Considering the low frequency of disease and the need to detect a significant
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difference in pulmonary function, it may be argued that a longer follow-up may be
needed. In the present dissertation, with up to 20 years of follow-up no association was
found. It can be argued that studies that have utilized COPD patient populations have
inadvertently introduced other hereditary risk factors in their studies.
In addition, severe a i-antitrypsin deficiency has been associated with asthma,
AHR and other asthma features^^ '®^"'*^^. A study by Eden et al.^'^^ showed that a high
proportion of subjects with severe ai-antitrypsin deficiency reported having asthma
features like wheezing attacks with shortness of breath, allergy, and a bronchodilator
response. These studies suggest that in asthmatic subjects with ai-antitrypsin deficiency,
the antiprotease and anti-inflammatory effectiveness of ai-antitrypsin present in the
airways may be functionally reduced, resulting in loss of elastic recoil which may
contribute to the progression of asthma towards COPD. However, whether
heterozygosity of ai-antitrypsin phenotypes is associated with an increased risk of
developing asthma is controversial. While some studies'"^''®^ have suggested that
heterozygous ai-antitrj^sin phenotypes contribute to an increased risk of developing
asthma other studies found no risk for asthma development"^®'"^^.
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Explanation of the Dissertation Format

This dissertation is based on three papers, which are included as appendices A, B
and C. This subsection explains the relationship of the appended papers and my original
contribution to the research and production of the papers.

The research presented herein is based on work done from data analyses on
populations derived from the Tucson Epidemiologic Study of Airway Obstructive
Diseases, a large community cohort. The study included subjects selected from a
stratified random sample of white, non-Mexican-American household in Tucson,
Arizona, initiated in 1971 to 1972. The initial participants numbered 3,805 from 1,655
households, with new enrollees added by marriage and births. The total number of
participants at the end of the study was 5,261 with varying follow-up times. There were
12 follow-up surveys obtained approximately 1.5 to 2 years apart for over a period of 20
years, during which standardized questionnaires were administered assessing respiratory
symptoms, disease history, and smoking.
In the last four years I have been working extensively on this cohort by designing
studies, carrying out statistical analyses and meeting regularly with my research advisor
to discuss research progress, new developments and creative ideas, as well as to ensure
that the different project objectives were related and successfully accomplished. The
research associated with the present Ph.D. dissertation has been done under the
supervision of my Ph.D. advisor. Dr. Duane L. Sherrill, who is the second author of all
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the papers presented herein. In certain clinical aspects relevant to the specific aims of
this research I have also received valuable advice by Drs. Robert A. Barbee and Stefano
Guerra who have also collaborated as co-authors on the papers. The papers included in
appendices A and C have already been published. Both of them received favorable
reviews by the referees, and one of them (the one in appendix A) has been the subject of
exciting media releases. The paper in appendix B has recently been submitted to the
Journal of Asthma for publication. I was the first author in each one of these papers.
With input from my advisor, I was the primary designer of these analyses including
generating the relevant hypotheses as well as the statistical tools for subsequent data
analyses. I carried out the literature research along with the statistical analyses, and
wrote and prepared the original as well as final versions of the manuscripts for
publication. All the co-authors read and edited the manuscripts and contributed, through
our regular discussion cycle, toward the successful completion of the associated
investigations. Additionally, it is worth emphasizing that during the course of the Ph.D.
fellowship at the University of Arizona I have had the opportunity to participate with
contributing poster presentations in several American Thoracic Society Meetings, as well
as in many symposia associated with a minority fellowship sponsored by Arizona State
University in Phoenix, Arizona. These disseminations of my Ph.D. research have yielded
a periodic and invigorating exchange of ideas with colleagues in the field, whose positive
reactions and constructive insights have played a valuable role in the final design and
presentation of the research. Finally, this research fulfills commitments with a National
Institutes of Health (NIH) pre-doctoral minority fellowship awarded to me in 2001, for a

period of four years. This has required the regular submission of progress and future
direction reports, all of which have been well received by the NIH reviewers, thereby
ensuring the continuity of my research funding during the course of this work.
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PRESENT STUDY

The methods, results, and conclusions of this study are presented in the papers
appended to this dissertation. The following is a summary of the most important findings
in these papers.

The study populations for the papers presented in appendices A, B, and C are
derived from the Tucson Epidemiologic Study of Airways Obstructive Diseases. The
study included subjects selected from a representative stratified random sample of white,
non-Mexican-American households in Tucson in 1971 to 1972 stratified on the basis of
social status and age of the head of household. There were 12 follow-up surveys
obtained approximately 1.5 to 2 years apart for over a period of 20 years, during which
standardized questionnaires were administered assessing respiratory symptoms, disease
history, and smoking status. There were 3,805 initial participants from 1,655 households,
with new enrollees added by marriage and births. At the end of the study, the total
number of participants was 5,261 with varying follow-up times. Spirometric and flowvolume data were obtained during each survey, with the exception of survey 4.
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Specific Aim 1
Asthma as a Risk Factor for COPD in a Longitudinal Study
Methods
Analyses for this study include 3,099 subjects who were 20 years old or older at
the initial survey. Asthma status, age, smoking, IgE levels, and skin test reactivity were
assessed at the initial survey. Single-breath diffusing capacity of the lung for carbon
monoxide (DLco) measurements were obtained during surveys 7 and 12

1AO

. Smoking

was defined as current, ex-smoker, and non-smoker. Asthma status was defined
according to the subject's answers to the question: Have you ever had asthma? Those
who answered "Yes, and I still have it" were considered active asthmatics, those who
answered, "Yes, but I no longer have it", were considered inactive asthmatics, and those
who answered "No" were considered non-asthmatics. Active asthmatics were included in
the analyses only if a physician had confirmed their asthma. Chronic bronchitis was
defined as the presence of cough and phlegm for most days for as much as 3 months in a
year in at least 2 consecutive years, plus having an FEVi value of < 80% predicted.
Emphysema was defined as having an emphysema diagnosis confirmed by a physician in
addition to having FEVi or DLco < 80% predicted. COPD was defined as having either
chronic bronchitis or emphysema, as well as having either FEV i or DLco < 80%
predicted. Subjects included in these analyses had to have no chronic bronchitis,
emphysema, or COPD at the initial survey. Subjects were then assessed for development
of these diseases over the next 11 surveys.
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The

test was used to evaluate the differences in proportions between the

asthma categories and the descriptive and events variables, and the Student t-test and
analyses of variance were used to compare differences in mean values. Cox proportional
hazards models were fitted to determine the risk for subsequent development of chronic
bronchitis, emphysema, or COPD associated with each asthma category. Models were
adjusted for age, sex, smoking status, IgE, and allergy skin test reactivity using time to
first event of chronic bronchitis, emphysema or COPD as independent primary outcomes.

Results
Specific Aim 1 was to evaluate the association between physician-diagnosed
asthma and the subsequent development of chronic bronchitis, emphysema or COPD in a
cohort 3,099 subjects who were 20 years or older at the initial survey. There were 192
subjects with active asthma, 156 with inactive asthma, and 2,751 with no asthma. Active
and inactive asthmatics had a higher percentage of positive skin test reactivity, and higher
IgE levels than non-asthmatics (Tables 1 and 2 of Appendix A3). On average, male
subjects died at a younger age (mean age = 75.9 years) than females (mean age = 77.9
years) (p < 0.05) and had shorter follow-up time than females (10.3 and 11.6 years,
respectively, p < 0.01). Active asthmatics died at a younger age than inactive or nonasthmatics (mean age = 73.5, 74.3, and 77.4 years, respectively, p <0.05). Separate Cox
proportional hazard models were used to assess the association between active and
inactive asthma categories and development of subsequent chronic bronchitis,
emphysema or COPD. When compared to subjects with no asthma, active asthmatics
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were more likely to develop chronic bronchitis (hazard ratio = 10; 95% CI = 4.9 - 20.3),
emphysema (hazard ratio = 17; 95% CI = 8.3 - 34.8), and COPD (hazard ratio = 12.5;
95% CI 6.8 - 22.8) (Table 4 of Appendix A). No association was found between inactive
asthma and any of the events. Age and current smoking were also significantly
associated with an increased risk of developing chronic bronchitis, emphysema, and
COPD. Males were more likely to develop emphysema, but not chronic bronchitis or
COPD, than females.

Specific Aim 2
Asthmatic Characteristics and Association Between Longstanding Asthma and Low
Pulmonary Function in Elderly Non-Smoking Asthmatics
fi-om a Community Population
Methods
The number of participants in this study include 1,109 non-smoking subjects who
were 40 years or older at the last survey. Subjects were then divided into two groups; a
younger age group, ages 40 to 60 years old, and an older group, age 60 years old and
older. Subject's asthma status was based on responses to questionnaires over the length
of the study. These questions usually took the form of "Have you ever had asthma?" or,
"During the past year, have you seen a doctor for asthma?" Three answers were possible
for the former question: "No", "Yes but I no longer have it (considered inactive
asthmatics), and "Yes, and I still have it" (considered active asthmatics). Subjects were
classified into asthma categories according to their responses: persistent asthmatics (those

subjects who consistently reported active asthma throughout the study), non-persistent
asthmatics (those who were inconsistent about their reporting of asthma during some
surveys), and non-asthmatics (those who never reported asthma). For non-persistent
asthmatics, the survey at which they last reported having active asthma was considered as
the subject's last survey and information up to this survey was used in the analyses. To
evaluate the association of asthma duration with decrease in FEVi and risk for cough and
sputum, asthma duration was computed for asthmatics included in both age groups by
subtracting the subject's reported age of first asthma attack from the age at the last survey
with asthma. This variable was then dichotomized at the 50^*^ percentile into short (< 29
years, mean = 12.3 years ± 9.53, n = 80) and long (> 29 years, mean = 43.2 ± 10.9, n =
76) asthma duration. Allergy skin test reactions and serum IgE levels were determined
during surveys 1, 6, and 11; the values closest to the last survey were used, for those
subjects missing values at their last survey. Smoking status was based on subject's
responses during the 12 surveys and classified as current (ever smoked at least one
cigarette per day), ex-smokers, triers (smoked, but did not meet the current smoker
criterion), and non-smokers. Only non-smokers and triers were included in this study.
The

test was used to compare differences in proportions, and the Student's t-

test and analyses of variance (ANOVA) were used to compare differences in mean
values. Multifactorial linear and logistic regressions were respectively fitted to evaluate
the association between asthma categories and change in FEV i percent predicted and risk
of cough and sputum. Asthma duration was fitted in separate linear and logistic models
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to predict FEV i percent predicted and risk of cough and sputum respectively. All
statistical tests were performed using a significance level of 0.05.

Results
Specific Aim 2 was to describe asthma features, and to evaluate the effect of
asthma persistence and asthma duration on lung function and risk for cough and sputum
in elderly compared to younger non-smoking asthmatics from a community-based
sample. There were 368 subjects in the younger group and 741 in the older age group.
Persistent asthma (Table 1 of Appendix Bl) was reported by 10.3% of subjects in the
younger group and by 7.7% in the older group. Non-persistent asthma was reported by
7.9% in the younger age group and by 6.5% in older age group. In multiple linear
regression analyses (Table 2 of Appendix Bl), persistent asthmatics had significantly
lower FEV 1 percent predicted at their last survey than non-asthmatics after adjusting for
sex and age group. A significant interaction was seen between persistent asthma and age,
but not between non-persistent asthma and age group, suggesting that the effect is greater
for the older persistent asthmatics (-24.4%, p<0.001 for combination of coefficients
between persistent asthma and persistent asthma by age group). In separate linear model
analyses (Table 3 of Appendix Bl), subjects with longer asthma duration had lower FEVi
percent predicted (-19.9%, p < 0.001) than non-asthmatics when adjusting for sex and
age. In a logistic regression model (Table 3 of Appendix Bl), the odds for developing
cough and sputum for subjects with shorter asthma duration were 12.1 (p < 0.001)
compared to non-asthmatics, while the odds for cough and sputum for subjects with
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longer asthma duration were 5.17 (p < 0.001). The tests for linear contrast of coefficients
between short and long asthma duration were significant for both models, the one
predicting FEVi percent and the one predicting cough and sputum (p = 0.01 and p = 0.04,
respectively). This suggests that longer asthma duration is associated with lower FEVi
percent predicted and decreased risk for cough and sputum, as compared with shorter
asthma duration.
Figure 1 of appendix B1 shows the FEVi percent predicted and percent of subjects
with cough and sputum by age group and asthma duration. Older subjects with long
asthma duration had significantly lower mean FEVi percent-predicted values (74.5%)
than older subjects with shorter asthma duration (82.5%) or younger subjects with either
short (99.1%) or long (91.2%) asthma duration (p < 0.001). Elderly asthmatics had
higher percent of cough and sputum than younger asthmatics. However, a significantly
higher percent of cough and sputum was seen among elderly subjects with short asthma
duration (34%) compared to older subjects with long asthma duration (20.5%) and to
younger asthmatics (p = 0.028).
It should be noted that the continuous variable denoting asthma duration was
dichotomized and analyzed for its association with FEVi percent predicted and odds for
cough and sputum. There are two main approaches for analyzing asthma duration: as a
continuous variable, since this is how this variable was computed, and as a dichotomized
variable. The advantages and disadvantages of dichotomizing this variable are discussed
next.

Although there are many naturally dichotomized variables, for example, male and
female, dead or alive, and although there are many advantages to using continuous
variables in analyses, a common approach by some researchers is to dichotomize
continuous variables at meaningful or predetermined cut-off points. For example, the
scale may be split at the mean, or one standard deviation above or below the mean. In a
normally distributed variable, dichotomization at the mean or the median will produce the
same result. The result of such dichotomization is that extreme observations are grouped
together with observations that are near the median, augmenting the difference between
observations that were originally close together, while at the same time pulling in
observations that were at the extremes. This dichotomization results in loss of
information about individual differences found in the original distribution, and of
possible linear associations.
When a variable is dichotomized, the results of analyses are affected. One such
measure is the correlation between the dichotomized variable and another variable
(dichotomous or continuous). The correlation between two continuous variables is
usually analyzed by the Pearson's correlation coefficient. The correlation between a
continuous variable and a dichotomous variable is done using a point-biserial
correlation'®^. The effect of dichotomization may as well have the potential to introduce
a lack of comparability of measures and results with other studies. This effect would be
due because the dichotomization score may vary considerably from one study to another
due to differences in study populations. There appears to be weaknesses in data analyses
incurred by dichotomization; however, some advantages for dichotomizing data have

been proposed. Extreme skeweness, heteroscedasticity, or non-linearity, which are not
corrected by mathematical transformation of the variable, is an example where
dichotomization has been utilized. Furthermore, dichotomization may be useful in some
situations where interactions are being investigated, and more simplified results wish to
be presented. It may also be indicated where researchers believe that true differences
exist in distinct groups of subjects regarding the measurement in question, and therefore
analyses should reflect group differences rather than individual differences. In the case
of dichotomization though, the assumption would be that two different groups exist. The
argument would be that the group difference is more reliable than the individual
difference. Additionally, the use of dichotomization has been applied in order to correct
for possible unreliable measurement of the variable in question, and which would provide
less than ideal individual differences. In this case, whether the subject falls in a high or
low category is deemed more reliable than the actual measurement. Since, it was difficult
to obtain with certainty the exact time of asthma onset in the present dissertation
analyses, due to recall bias, it is thought that imprecise information may have been
attained and thus grouping subjects into short or long asthma duration would increase
reliability.
The continuous asthma duration variable used in Specific Aim 3 of this
dissertation presents some skeweness (Figure 1), where normality was not achieved by
transformation (Figure 2).
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Figure 1. Distribution of the continuous variable for asthma duration.
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Figure 2. Different histograms showing possible transformations in order to normalize
the continuous variable for asthma duration.
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Therefore, asthma duration was dichotomized by splitting the scale at the median
and by designating individuals above the median (those with asthma for more than 29
years) as having a score of one and those below the median (those having asthma for 29
years or less) as having a score of zero. Figure 3 shows a scatter plot of raw data of the
bivariate association between asthma duration as a continuous variable and FEV i percent
predicted. Figure 4 shows the same association after dichotomization of asthma duration.

Figure 3. Scatter plot of asthma duration as a continuous variable and FEVi percent
predicted.
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Figure 4. Scatter plot of asthma duration as a dichotomized variable and FEVi percent
predicted.
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size is due to the dichotomization. This loss in statistical significance has been attributed
to loss of statistical power by some investigators^'".
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Specific Aim 3
A Longitudinal Study of ai-antitrypsin phenotypes and Decline in FEVi
in a Community Population
Methods
Analyses for specific aim 3 included 2,016 subjects who were 20 years old or
older at their initial survey and who had at least 5 years of follow-up to ensure sufficient
lung function measurements to allow accurate estimation of FEVi slopes with age. FEVi
slopes were determined for each subject utilizing all their FEVi measurements and by
fitting linear regression lines against age. The FEVi percent predicted decline per year
was also determined for each subject by subtracting the last percent-predicted FEVi
measurement from the first divided by the number of years of follow-up. This variable
was then dichotomized into rapid decliners (those subjects with a decrease of > 3%
predicted FEVi per year) and nondecliners (those subjects with an increase of > 0.4%
predicted FEVi per year). The diagnosis of chronic bronchits, emphysema, or asthma
was defined as having ever received a diagnosis of such disease by a physician, ar
Antitrypsin phenotype was determined for each subject by discontinuous acid starch-gel
electrophoresis ^ ^ ^.
The difference in frequency distribution for the a i-antitrypsin phenotypes, PiMM,
PiMS, and PiMZ was analyzed by the

test, and analyses of variance was used to

compare differences in mean values. Multifactorial linear regressions were fitted to
evaluate changes in FEVi slope against ai-antitrypsin phenotypes, and logistic
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regressions were used to evaluate odds for decliner status in relation to ai-antitrypsin
phenotypes.

Results
Specific Aim 3 was to determine whether heterozygous forms of a i-antitrypsin,
PiMS and PiMZ, were associated with increased decline in FEVi. There were 2,016
subjects who had values for ai-antitrypsin phenotype; of these 89.3% had the PiMM
phenotype, 7.7% had the PiMS, and 3.0% had the PiMZ phenotype. The frequency
distribution for the PiMM, PiMS and PiMZ phenotypes was similar to frequencies
reported by other authors'^'^'^^'^°^ There was no significant difference in distribution by
sex, smoking status, emphysema, chronic bronchitis, or asthma and the different a i antitrypsin phenotypes (Table 1 of Appendix C3). There was no association between
increase in FEVi slope or between decliner status and ai-antitrypsin phenotypes when we
analyzed them separately for smokers and non-smokers. On multifactorial analyses
(Tables 3 and 4 of Appendix C3), no association was found between increased FEVi
slope or the decliner categories, and the different ai-antitrypsin phenotypes. Only the
initial FEV i measurement and age at initial survey were significantly associated with
FEV1 slope and with being a rapid decliner.
The overall mean age at death was 78 years (min. age = 26, max. age = 104). The
age at death was not associated with either emphysema or asthma diagnoses, but it was
significantly reduced for subjects with chronic bronchitis diagnosis (76.5 years, n=213 vs
78.7 years, n=431 p=0.03). The means for age at death however, did not differ for the

54
different phenotypes. Further analyses were done utilizing survival models to compare
the age of death for the different ai-antitripsin phenotypes. A total of 567 subjects died
during the study from the PiMM phenotype group, 65 from the PiMS, and 13 from the
PiMZ phenotype. Death was used as the event variable. On initial analyses, the LogRank test for equality of survivor functions was not significant (p = 0.77) indicating no
difference in survival between the three phenotypes. The Cox proportional hazards
model, adjusting for sex, smoking status, initial FEVi, and age at initial survey, showed
no significant difference in the age of death between the different phenotypes (Table 1).
The Cox survival curves are shown in Figure 5. The fact that age at death did not differ
significantly by a-i antitrypsin phenotype, suggests that there is no survivor effect.

Table 1. Cox proportional hazards model predicting death by ai-antitripsin phenotypes and
other predictive variables.
Variables
MS phenotype
MZ phenotype
Male sex
Initial FEVi, L
Age at initial survey, yr
Smoker (yes)

HR
1.05
0.89
0.67
0.78
0.79
0.99

p-value
0.7
0.7
0.001
0.001
0.001
0.9

95% CI
0.79- 1.40
0.50- 1.61
0.54-0.83
0.67 - 0.90
0.78-0.81
0.78- 1.25

Note: MM is the reference category for apantitripsin phenotypes, female is the reference
category for sex, and nonsmoker is the reference category for smoker.
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Figure 5. Cox survival curves. No difference in survival is seen between the different
ai-antitripsin phenotypes.

Study Limitations
There are recognized limitations to the studies presented in this dissertation. The
study designs are observational and are subject to limitations of that design. One such
limitation arises from the degree of accuracy with which subjects are classified with
respect to their exposure and/or disease status. In this respect, it is possible that subjects
included in Specific Aim 1 with chronic asthma may have been classified as having
chronic bronchitis. The design of the Tucson Epidemiologic Study of Airway
Obstructive Diseases does not include airway responsiveness or reversibility
measurements and therefore it was not possible to corroborate the asthma or COPD

diagnoses. However, the Hkelihood of this happening is minimal in view of the rather
pure cough and sputum criteria used for a chronic bronchitis diagnosis, without reference
to wheezing or shortness of breath, common in asthma criteria. Furthermore, information
on DLco was available and this objective parameter was included in the working
definition of emphysema and COPD, which yielded very strong associations with active
asthma.
The use of questiormaire-reported diagnoses may be questioned; however, this
method has been previously validated. The British Medical Research Council (BMRC)
committee on chronic bronchitis developed a standardized questionnaire in the 1950s to
aid in the investigations into the epidemiology of chronic bronchitis and chronic airflow
obstructive diseases, which would allow comparisons between different studies. After
119
several revisions, a standardized questionnaire was approved in 1960 . Several
revisions have since been published with translation into several languages for worldwide
use. In the United States the questionnaire was reviewed and published as part of a
statement by the American Thoracic Society (ATS) in 1969^'^, along with detailed
instructions for its use. In 1971, the then National Heart and Lung Institute (NHLI)
produced a new version of the BMRC questionnaire, modified to support the work under
the Specialized Centers of Research (SCOR) grants of the NHLI

Afterwards, a new

ATS-Division of Lung Diseases (DLD)-78 questionnaire was designed by the ATS
committee which would incorporate strengths of the previously designed questiormaires
and which would allow for between-questionnaire comparisons"^. The BMRC
questionnaire's validity was assessed by being able to measure the factors for which it
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was designed, in specific by comparing the questionnaire's results to separate
independent criteria; and its reliability, by measuring the questiormaire's repeatability.
The BMRC questionnaire was primarily designed by Fletcher et al. to evaluate the
association between sputum production and airway obstruction^

Fletcher et al.

evaluated the reliability of the BMRC questiormaire utilizing data from a survey of post
office employees^^^"''^. Questions on cough and phlegm correlated well with measured
sputum volume^

In other studies, questiormaire responses of chronic morning

phlegm and breathlessness where correlated with clinical diagnoses of chronic
bronchitis^^^ Utilizing the TESAOD population, Lebowitz and Burrows evaluated the
comparability of the self-administered NHLI and the BMRC questiormaires to a selfadministered questiormaire designed by the authors, the ARlZ-questionnaire'^^. There
were 1,045 subjects who completed both the ARIZ and the NHLI questionnaires, and
1,200 who answered the ARIZ and the BMRC questionnaires. There were no differences
seen on demographic characteristics between the ARTZ-NHLI respondents compared to
the ARIZ-BMRC respondents. The percentage of agreement between the ARIZ and
NHLI questionnaire, and between the ARIZ and the BMRC questionnaire for questions
that had the same or similar wording such as wheeze, dyspnea, cough and phlegm,
attacks of wheeze with dyspnea, and on exertional dyspnea was approximately 90%
(range, 87.6 to 96.2%). A close agreement was seen in questions about smoking, which
were obtained in a similar fashion by the three questionnaires. However, agreement was
not as high on questions with wording that differed considerably. The authors conclude
that satisfactory data can be obtained with a self-completion form, and that the ARIZ
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questionnaire appeared to be more useful than the BMRC or the NHLI questionnaires in
distinguishing different cough syndromes. In a recent study, Bobadilla et al.
investigated the accuracy of self-reported diagnosis of chronic bronchitis compared to
symptom criteria in the TESAOD population. Subjects with new chronic bronchitis
diagnosis were assessed as to whether the self-reported physician-confirmed diagnosis
met the symptom criteria of cough and sputum production for at least 3 months per year
for at least two consecutive years. A total of 4,034 subject ages 15 years or older were
selected. Of the 481 subjects with new chronic bronchitis, 415 (86.2%) had physician
confirmed diagnosis and only 52 (12.5%) met the symptom criteria for chronic
bronchitis. The percentage of subjects who met symptom criteria was higher for the
older subjects compared to younger, consistent with a study by Burrows and Lebowitz'^"*.
Based on results from these studies the criteria used to define chronic bronchitis in the
present dissertation was of symptom criteria plus airway obstruction. Subjects in
Specific Aim 1 were defined as having chronic bronchitis if they reported having cough
and phlegm for most days for as much as 3 months of the year in at least 2 consecutive
years, and had FEVi values less than 80% of the predicted. Emphysema diagnosis was
considered only if the subjects reported having physician-diagnosed emphysema and had
FEVi or DLco values less than 80% predicted. There were no medical records available
for the participants in the TESAOD study as these were not patients but members of the
community and therefore diagnoses could not be compared. In addition, airway
responsiveness and reversibility measurements were not included in our study and
therefore we could not corroborate the asthma or COPD diagnoses. However, the use of

reported diagnoses has been found acceptable in the American Thoracic Society standard
questionnaire and in others^ \
It should be noted that in Specific Aim 3 the FEV i slope and the AFEV i percent
predicted were computed including data from subjects who were 18 years of age or older,
which may include data during the pulmonary "plateau" phase. However, the precise age
of start of the plateau phase £ind the age of onset of pulmonary decline may be difficult to
19 S

determine. Burrows et al.

on a study of the TESAOD population propose that the

apparent age of onset of decline in FEVj in healthy nonsmokers was close to 35 years for
both, males and females. Furthermore, they state that accounting for the "learning
effect", a systemic improvement in performance with repeated testing, would shift the
apparent start of pulmonary decline to age 25 years for males and age 20 years for
*
•
females. Tageretal. 126 utilized
spliced,
smooth curves for FEVi/height2 to determine

pulmonary growth phases from 979 males and 1,020 females from the East Boston
population study. Peak FEV i levels for asymptomatic, nonsmoking males were achieved
at approximately ages 20 to 23 years, followed by a plateau phase, which spanned to
about age 40 years. For females, the peak FEVi levels were obtained at age 15 years.
However, a plateau or slow growth phase was not found for females. Sherrill et al.
again reviewed the TESAOD population utilizing polynomial smoothing splines to
estimate the evolution of lung function with age. A total of 1,230 males and 1,295
female subjects were studied. In this study, the age of lung growth cessation for
asymptomatic nonsmoking subjects was 23 years for females and 25 for males followed
by a declining phase. However, no plateau phase was discussed. In further analyses.
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Sherrill et al.

198

report a plateau phase that began at 17.4 years of age and ended at 25.9

years in asypmtomatic nonsmoking subjects from the same population. In contrast,
Robbins et al.^^ found significant slopes on a group of 221 male employees less than 33
years of age from a metal processing plant that underwent quarterly spirometry
measurements for up to 10 years. By fitting simple linear regressions to each subject's
FEVi versus age, they found that some subjects had positive slope estimates, while others
had negative slope estimates, which suggested a continuing growth and early decline,
respectively. The authors conclude that they could not assume that lung function
development in young adults is in a steady-plateau state for all subjects, but rather, either
continuing to grow or already in decline for approximately 60% of young adults. In a
recent study, Wang et al.

19Q

utilized regression splines to determine pulmonary function

curves. Pulmonary function tests from a total of 1,818 male and 1,732 female subjects
between the ages of 15 and 35 years were included in the analyses. In this study, females
reached their FEVi plateau by age 15 years, and males by age 20 years. Pulmonary
function decline started at around 25 years of age for both males and females. It could be
argued that bias may have been introduced into analyses of Specific Aim 3 of this
dissertation by including pulmonary function data from subjects ages 18 years or older.
By including data from the plateau phase the FEV i slope would result in a less steeper
decline, which would have biased the results towards the null hypothesis. However,
since determination of the precise age of start and end of the plateau phase is complex,
the exact cut-off age is relative.

In addition, because of the study design, which added participants by marriage
and birth, some bias may have been introduced in the assessment of the ai-antitrypsin
phenotype distribution presented from the evaluation of Specific Aim 3. In these
analyses it was found that the basic a i-antitrypsin phenotype distribution presented in
Table 1 of Appendix C3 was similar to frequencies reported by other authors. However,
because the sample included members from the same family, making their observations
dependent or correlated, the estimated phenotype frequencies may not be representative
of the general population. Phenotypic frequencies are generally based on random
population samples where the likelihood of having members from the same family would
be extremely low.

Conclusions
Several authors have discussed the relevance of the Dutch hypothesis to
epidemiological data thus far available. Sluiter et al.

1

in their review paper conclude

that the Dutch hypothesis has not been refuted; furthermore, that circumstantial evidence
in its favor has accumulated. Kauffmann

1-51

acknowledges the increasing evidence on the

association between childhood atopy and hyperresponsiveness and lower lung function
later in life, favoring the Dutch hypothesis. On a differing view, Vestbo

1 ^9

suggests that

because of the heterogeneity of COPD, several pathways to or causes of COPD should be
considered to explain the pathogenesis of COPD. Hahn^^^, on the other hand, poses the
question of whether asthma and COPD are really separate entities, or different stages in
the natural history of the same disease. He favors the latter and supports his view by
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presenting case reports of patients followed over 17 years where subjects with acute
asthmatic bronchitis progress to chronic asthma and later on to asthma with chronic
airway obstruction. Jindal'^^ proposes that COPD patients who show reversibility of
airway obstruction are in fact asthmatic subjects who developed some degree of fixed
obstruction due to prolonged inhalation insults, mostly by smoking.
The fact that signs and symptoms of COPD overlap with those of asthma has been
recognized in several studies '

"

. In addition, studies have shown that reversibility of

airflow obstruction, and the partial reversibility after short- and long-term bronchodilator
treatment occurs in patients with COPD"^'^^^ ''^'^. Moreover, a fixed or irreversible
component to airway obstruction has been reported in some patients with asthma'"^'"''^^,
which suggests that both, asthma and COPD share clinical features.
The progression in severity of asthma symptoms, and the overlap of symptoms
seen in some patients with asthma and COPD lead, in this dissertation, to the hypothesis
that asthma may be a risk factor for the subsequent development of COPD. Findings
from this 20-year follow-up study showed that after adjusting for age, sex, smoking, IgE,
and skin test reactivity, physician confirmed active asthma was significantly associated
with subsequent development of chronic bronchitis, emphysema, and COPD. Active
asthmatics were 10 times more likely to develop symptoms characteristic of chronic
bronchitis, 17 times more likely to be diagnosed by a physician as having emphysema,
and 12.5 times more likely to fulfill criteria consistent with COPD. It has been suggested
that the airway inflammation and airflow obstruction seen in asthmatics with increased
AHR may lead to a subsequent lung remodeling due to airway wall thickening and

subepithelial fibrosis'"'^. This remodeling could result in irreversible airflow obstruction,
supporting the hypothesis that AHR is a determinant in the development of COPD, as
suggested in the Dutch hypothesis. However, from the present study it is difficult to
determine whether the association seen between active asthmatics and COPD is due to an
increased development in severity of asthma symptoms or whether these subjects
acquired additional co-morbid lung diseases unrelated to their asthma.
Results from comparative analyses between elderly and younger asthmatics
showed that skin test reactivity, percent eosinophils, and IgE levels were higher for
asthmatics than for non-asthmatics in both age groups; however, these values were lower
in the older age group compared to the younger age group. Older persistent asthmatics
had lower FEVi percent predicted than younger persistent asthmatics. Furthermore,
subjects with longer asthma duration had lower FEVi percent-predicted values at the last
survey than those with shorter asthma duration. In addition, the odds for cough and
sputum were higher for subjects with shorter asthma duration (OR = 12.1,p<0.001) than
for subjects with longer asthma duration (OR = 5.1, p <0.001). Results from this study
suggest that two possible groups of asthmatics may be present in this population: one
related to long asthma duration, associated with a low FEVi, and the other related to
shorter asthma duration, associated with higher risk for cough and sputum. Results from
analyses evaluating Specific Aim 1 suggest that asthma may be a risk factor for the
development of COPD. However, whether asthma was a factor contributing to a lower
pulmonary function or in acquiring additional comorbid diseases is not known. Results
from the study to evaluate Specific Aim 2 indicate that asthma duration is associated with
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lower lung function, favoring the remodeling hypothesis, where longstanding asthma in
the elderly may progress to other diseases like chronic bronchitis and emphysema.
The contributing role of genetic risk factors to the development of COPD,
however, was not found in the present study. Several studies^^'^^"^^'*'^'^"''^^ on patients and
community populations have produced conflicting results when comparing the rate of
decline of lung function among subjects with PiMZ and PiMM phenotypes. In the
present study, an association could not be established between a-1 antitrypsin phenotypes
PiMZ or PiMS and increase in FEVj slope. Nor was there a relation seen when the
dichotomized form was used of the FEV i percent predicted into rapid-decliners and nondecliners, as reported. Analyses also showed no association of a-1 antitrypsin
phenotypes with chronic bronchitis, emphysema, or asthma. Whether or not PiMZ is
found to be a risk factor for rapid decline of FEV i or development of COPD may be due
in part to the differences in the types of populations studied. It may be possible that
studies that utilize patient populations or that include family members of PiZZ subjects
may be selecting for additional predisposing genetic factors. A longitudinal study
utilizing a community population such as this one would minimize possible selection bias
and, with a long enough follow up, would compensate for the low frequency of the
disease.
Other possibilities of association between asthma and COPD are linked to genetic
susceptibilities. Family studies have shown evidence for susceptible loci in the same
chromosome region associated with asthma and COPD. Genome-wide screen studies
have found an association between chromosome 2q and COPD, while another study'
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fund that the same region was associated with characteristics of asthma and atopy. In
another study^^', bronchial h5^erresponsiveness was linked to chromosome 5q. In this
study, the logarithm of the odds (LOD) or the odds in favor of linkage, increased from
2.8 to 3.7 in families who were exposed to tobacco smoke, suggesting a geneenvironment interaction, which could lead asthmatics to COPD. Evidence for significant
association between both, asthma and COPD has also been found in a region of
chromosome 5q31-q33, which regulates interleukin (IL)-13 and IL-4, which in turn
regulate class switching of B cells into production of IgE

.

In conclusion, results from the present studies show a significant association
between an active asthma diagnosis at initial survey and subsequent development of signs
and symptoms consistent with COPD. However, the mechanism by which asthma may
have contributed to this development is still unresolved. Results also showed that
longstanding asthma was associated with lower pulmonary function, and that this
association was stronger for older persistent asthmatics compared to younger asthmatics
supporting the hypothesis that asthma may progress to COPD, and thus making asthma a
risk factor for COPD as shown in Specific Aim 1. Lower pulmonary fiinction was seen
among elderly subjects with long asthma duration compared to older subjects with short
asthma duration and to younger asthmatics. In addition, subjects with shorter asthma
duration had higher risk for cough and sputum than non-asthmatics or those with
longstanding asthma. Furthermore, results from this study show no association between
rapid decline in FEV i and the PiMZ or PiMS phenotypes suggesting that these
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phenotypes are not part of the proposed genetic risk factors included in the Dutch
hypothesis.
Asthma and COPD have been considered to be different diseases and to have
differing etiological factors. However, airway hyperresponsiveness in subjects with
COPD has been demonstrated in several studies, as well as the progression of asthma to
chronic airway obstruction, more so in asthmatic subjects who smoke, supporting the
Dutch hypothesis. Additional supporting factors for the Dutch hypothesis are the
findings of atopy, elevated IgE levels, a history of childhood respiratory trouble, and
eosinophilia found in blood, bronchoalveolar lavage, induced sputum and in lung
biopsies in subjects with COPD, characteristics which had long been attributed to
asthmatic patients. Furthermore, it is apparent from several studies that asthma is
associated with a characteristic type of inflammation process that mostly affects the
bronchi, and which in turn is associated with collagen deposition in the airways. The
theoretical progression of this process through many years of exacerbations, with spread
to the bronchioles and smaller airways could explain the development of COPD. Results
from this dissertation have shown an association between asthma diagnosis and
subsequent development of COPD, again, consistent with the Dutch hypothesis. This
association is clear for a subset of active asthmatic subjects. Of the subjects with active
asthma in Specific Aim 1, 22 (21.6%) developed COPD, yet 68 (3.1%) of the subjects
with no asthma also developed COPD. However, other hypotheses or pathways may
contribute to the development of COPD. Studies have suggested that an anatomical
abnormality may also play a role in development of COPD. Martinez et al.

reported
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that poor lung function at birth predicted subsequent wheezing in infancy. Furthermore,
in addition to the remodeling hypothesis and deficiency of ai-antitrypsin, other genetic
predisposing factors have been proposed as possible contributors to the susceptibility to
develop COPD. Low FEVi and FEVi/FVC ratios have been linked to chromosome
and to chromosome 5q31-q33'^''^^''. Increased susceptibility to pulmonary obstruction
1 rr

has also been linked to the cytokines IL-13

and tumor necrosis factor (TNF)-a

07

, to the

•
•
*
ABO secretor status86, and others. However, in
this
dissertation,
an association between

the heterozygous form of ai-antitrypsin and rapid decline in FEVi could not be
established. Therefore, it seems to the author of this dissertation that is less likely that
this pathway would lead asthma into COPD. On the other hand, the fact that an
association was found in Specific Aim 2 of this dissertation between longstanding asthma
in the elderly and lower FEV1 percent predicted at the last survey favors the remodeling
hypothesis.
Although COPD and asthma are easily separated into distinct categories of
disease when presented with extreme anatomic and physiologic characteristics, it is clear,
from epidemiologic studies, that there is a subset of subjects who present with features of
both disorders. It is not clear however, whether these subjects have asthma, which has
progressed to COPD, or whether they are afflicted with two comorbid diseases, i.e.
asthma and COPD. Cigarette smoking is the major environmental factor determining the
prevalence of COPD. However, only a minority of smokers develop COPD, suggesting
that other factors, including genetic factors are associated with the development of this
disease. The studies presented here illustrate the complex relationship between asthma
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and COPD. However, only prospective studies, which have observed subjects over a
lifetime, can provide insight into the gene by envirormient interactions for asthma and
COPD susceptibility.
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Background; For several years, asthma and COPD have been regarded as distinct entities, with
distinct clinical courses. However, despite distinctive physiologic features at the time of diagnosis,
and different risk factors, the two diseases over time may develop features that are quite similar.
Study objective; To evaluate the association between physician-diagnosed asthma and the
subsequent development of COPD in a cohort of 3,099 adult subjects firom Tucson, AZ.
Design and methods; A prospective observational study. Participants completed up to 12 standard
respiratory questionnaires and 11 spirometry lung function measurements over a period of 20
years. Survival curves (with time to development of COPD as the dependent variable) were
compared between subjects with asthma and subjects without asthma at the initial survey.
Results: Subjects with active asthma(n = 192) had significantly higher hazard ratios than inactive
(n = 156) or nonasthmatic subjects (n = 27S1) for acquiring COPD. As compared with nonasthmatics, active asthmatics had a 10-times-higher risk for acquiring symptoms of chronic bronchitis
(95% confidence interval [CI], 4.94 to 20.25), 17-times-higher risk of receiving a diagnosis of
emphysema(95% CI, 8.31 to 34.83), and 12.5-times-higher risk of fulfilling COPD criteria(95%
CI, 6.84 to 22.84), even after adjusting for smoking history and other potential confounders.
Conclusions: Physician-diagnosed asthma is significantly associated with an increased risk for CB,
emphysema, and COPD.
(CHEST 2004; 126:59-65)
Key words:
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AHR = airway
hyperresponsiveness; CB = chronic bronchitis; CI = confidence
DLCO = single-breath diffusing capacity of the lung for carbon monoxide; HR = hazard ratio

Abbreviations:

T

he definition of asthma includes bronchial hyper
responsiveness, airway inflammation, and the
presence of airflow obstruction, which may be re
lieved spontaneously or with medication.' COPD,
however, is defined as a chronic and usually progres
sive disease characterized by airflow limitation that is
not fully reversible.^ Whereas asthma is most fre
quently diagnosed during childhood and is associated
with atopy and eosinophilic inflammation, COPD is
usually diagnosed during the middle or later life and
is associated with neutrophilic inflammation.®
Despite distinctive clinical physiologic features at
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interval;

the time of initial diagnosis, epidemiologic stud
ies'*-" of asthma and COPD have shown that the two
diseases over time may develop physiologic features
that are quite similar. The rapid rate of decline in
pulmonaty fimction, characteristic of subjects with
COPD, may be seen in asthmatic subjects as well.''-"
Airway hyperresponsiveness (AHR), either to methacholine or histamine, a supportive measure of
asthma diagnosis, has been documented in subjects
with COPD.® ® Dkewise, reversibility of pulmonaiy
obstruction in response to treatment, a hallmark of
asthma, may decrease over time in some patients
with moderate or severe asthma, to the point of
irreversible or only partially reversible airway ob
struction.'"-'® The overlap in many of these signs
and symptoms often makes the distinction between
the two diseases obscure, making it difficult to label
these subjects, especially in the elderly popula
tion.
The progression in severity of asthma symptoms,
and the overlap of symptoms seen in some patients
with asthma and COPD have lead us to theorize that
asthma may be a risk factor for the subsequent
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ABSTRACT:
Background: For several years asthma and chronic obstructive pulmonary disease
(COPD) have been regarded as distinct entities, with distinct clinical courses. However,
despite distinctive physiologic features at the time of diagnosis, and different risk factors,
the two diseases over time may develop features that are quite similar.
Study objective: To evaluate the association between physician diagnosed asthma and
subsequent development of COPD in a cohort of 3,099 adult subjects from Tucson,
Arizona.
Design and methods: A prospective observational study. Participants completed up to 12
standard respiratory questionnaires and 11 spirometry lung function measurements over a
period of 20 years. Survival curves (with time to development of COPD as the dependent
variable) were compared between subjects with asthma and subjects without asthma at
initial survey.
Results: Subjects with active asthma (N = 192) had significantly higher hazard ratios
than inactive (N= 156) or non-asthmatic subjects (N = 2,751) for developing COPD. As
compared with non-asthmatics, active asthmatics had 10 times higher risk for developing
symptoms of chronic bronchitis (95% CI = 4.94 - 20.25), 17 times higher risk of being
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diagnosed as having emphysema (95% CI = 8.31 - 34.83), and 12.5 time higher risk of
fulfilling COPD criteria (95% CI = 6.84 - 22.84), even after adjusting for smoking
history and other potential confounders.
Conclusions: Physician diagnosed asthma is significantly associated with an increased
risk for development of CB, emphysema, and COPD.
Key Words: Asthma, chronic bronchitis, pulmonary emphysema, chronic obstructive
pulmonary disease.
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ABBREVIATIONS:
HR = hazard ratio
AHR = airway hyperresponsiveness
COPD = chronic obstructive pulmonary disease
IgE = immunoglobulin E
CB = chronic bronchitis

DLco = single-breath diffusing capacity of the lungs for carbon monoxide
FEVi = forced expiratory volume in one second
SD = standard deviation
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INTRODUCTION:
The definition of asthma includes bronchial hyperresponsiveness, airway
inflammation, and the presence of airflow obstruction, which may be relieved
spontaneously or with medication'. Chronic Obstructive Pulmonary Disease (COPD) on
the other hand, is defined as a chronic and usually progressive disease characterized by
airflow limitation that is not fiilly reversible . Whereas asthma is most frequently
diagnosed during childhood and is associated with atopy and eosinophilic inflammation,
COPD is usually diagnosed during the middle or later life and is associated with
neutrophilic inflammation .
Despite distinctive clinical physiologic features at the time of initial diagnosis,
epidemiologic studies of asthma and COPD have shown that the two diseases over time
may develop physiologic features that are quite similar. The rapid rate of decline in
pulmonary function, characteristic of subjects with COPD, may be seen in asthmatic
subjects as well"^'^. Airway hyperresponsiveness (AHR), either to methacholine or
histamine, a supportive measure of asthma diagnosis, has been documented in subjects
8 0

•

•

•

with COPD ' . Likewise, reversibility of pulmonary obstruction in response to treatment,
a hallmark of asthma, may decrease over time in some patients with moderate or severe
asthma, to the point of irreversible or only partially reversible airway obstruction'®"'^.
The overlap in many of these signs and symptoms often makes the distinction between
the two diseases obscure, making it difficult to label these subjects, especially in the
elderly population'"'''^.
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The progression in severity of asthma symptoms, and the overlap of symptoms
seen in some patients with asthma and COPD, has lead us to theorize that asthma may be
a risk factor for the subsequent development of COPD. The aim of this cohort study is to
assess whether active asthma diagnosis during the initial survey is a predictor for
subsequent development of characteristics that are consistent with COPD.

METHODS:
Data for the present study were collected as part of the Tucson Epidemiological
Study of Airway Obstructive diseases. Subjects were selected from a random, stratified
cluster sample of white, non-Mexican-American households. Details of the study design
have been published previously'^. In brief, the sampling frame consisted of census
blocks stratified on the basis of ethnic group, age of the head of household, and
socioeconomic status based on 1970 census data. Subjects were enrolled between 1972
and 1973. There were 12 periodic follow-up surveys obtained approximately 1.5 to 2
years apart for a total of 20 years. During each survey subjects completed standardized
questionnaires assessing respiratory symptoms, pulmonary diseases, and smoking history,
as well as other diseases. Spirometric and flow-volume data were obtained during each
survey with a pneumotachograph using American Thoracic Society criteria'' with the
exception of survey 4. The initial participants numbered 3,805 from 1,655 households,
with new enrollees added by marriage and births. The total number of participants at the
end of the study was 5,261. In the present study we include 3,099 subjects who fulfill the
selection criteria and who were 20 years of age or older at their initial survey.

Asthma status and potential confounders including age, sex, smoking,
immunoglobulin E (IgE), and skin test reactivity were assessed at the initial survey.
Smoking status was determined from answers to the question: "Have you ever smoked
cigarettes regularly? 1) Yes, and I still smoke {current smoker), 2) Yes, but I no longer
smoke {ex-smoker), or 3) No, I never smoked {never smoker).'"
Total serum IgE concentrations were measured by the paper radioimmunosorbent
(PRIST) (Pharmacia Diagnostics, Piscataway, NJ) method. The reported values represent
the mean of duplicate tests. Blood for serum IgE levels was obtained initially from
1Q

subjects who were at least 6 years of age . In the present analyses we include levels
obtained from 2,302 subjects who were age 20 or older at initial survey. A logarithm
base-10 transformation of IgE values was used in the present analyses to normalize the
distribution. Allergy skin tests were performed using the prick test technique'^. The
skin-test antigens were obtained from Hollister-Stier Laboratories (Spokane, Wash.) and
included house dust (used at a dilution of 1:10), Dematiaceae mold mix (1:100), Bermuda
grass (1:20), tree mix (1:20), and weed mix (1;20). A control solution of 50% glycerine
was also applied. Subjects with one or more reactions of at least 2mm greater than that
produced by the glycerin control were placed in the skin-test-positive group.
Single-breath diffusing capacity of the lungs for carbon monoxide (DLco)
measurements were obtained from 580 subjects during surveys 7 and 12. The DLco
measurement technique has been previously described^'^. The W.E. Collins (Braintree,
MA) DS model automated system was used during both surveys with no changes in the
procedures. The washout volume was 1.0 L, except for participants with a vital capacity
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of less than 2.0 L for whom a washout volume of 500 ml was used. The test gas was
0.3% CO, 10% helium, balance nitrogen. At least two DLco maneuvers were performed.
The mean DLco value from the two that matched within 2 ml/min/mm Hg was reported.
For the purpose of this analyses, DLco measurements were normalized for age, sex, and
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height utilizing the prediction equations of Crapo and Morris in accordance with ATS
recommendations . The percent predicted value of DLco was used in this study.
Asthma status was determined at initial survey from answers to the question: have
you ever had asthma? Subjects who answered "yes, and I still have it" were considered
to have active asthma, subjects who answered "yes, but I no longer have it" were
considered to have inactive asthma, and subjects who answered "no" were considered to
have no asthma. Subjects with active asthma were included in the analyses only if they
had seen a physician about their asthma. There were 220 subjects with active asthma; of
these, 211 had physician-confirmed asthma. Development of chronic bronchitis (CB),
physician-diagnosed emphysema or COPD were determined at each follow-up survey.
Subjects were classified as having CB if they reported having cough and phlegm for most
days for as much as 3 months of the year in at least 2 consecutive years (according to the
Q

American Thoracic Society standards) , and had FEVi values < 80% predicted. Subjects
were classified as having physician-diagnosed emphysema if they ever reported having a
physician-confirmed diagnosis of emphysema. In addition, subjects had to have FEVi or
DLco values < 80% predicted. COPD was defined as having either CB or emphysema or
both, and having either FEVi or DLco values < 80% predicted. All subjects included in
the present study were negative for CB and emphysema at the initial survey.
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Furthermore, subjects who underwent heart or lung surgery before or at any time during
the study were excluded because this may have affected their lung fimction. There were
a total of 185 subjects excluded who had reported heart or lung surgery, including 12
from the inactive asthma and 19 from the active asthma categories. In addition, to avoid
having those subjects with emphysema mask the symptoms of CB, subjects who
concurrently fulfilled the criteria for CB and emphysema at any given follow-up survey
were excluded from the analyses for CB. The Tucson Epidemiologic Study of Airway
Obstructive Diseases was approved by the Institutional Review Board for Human
Studies, and informed written consent was obtained from all subjects at the time of their
enrollment into the study.

STATISTICAL METHODS:
The Chi square test was used to compare differences in proportions between each
of the asthma categories. Student's "t"-test and analyses of variance were used to
compare differences in mean values, and the Score % test for trend of odds was used to
test for linear trend among the asthma categories. Independent multivariate Cox
proportional hazards models were used to determine the adjusted hazard ratios associated
with each asthma category and other potential confounders at initial survey and
subsequent development of CB, emphysema, or COPD. Potential confounders included
age at initial survey, sex, smoking, IgE level, and skin test. Age was centered by
subtracting the mean to each subject's age. Interaction terms between log IgE and skin
test reactivity, and between log IgE and smoking were also evaluated in the model.

Variables with multiple categories (> 2) i.e. asthma and smoking, were entered using
indicator variables. The Wald test was used to test for significant difference in linear
contrast of coefficients between inactive and active asthma categories. Cox regression
survival curves using time to first event of CB, emphysema, or COPD as the primary
outcome and adjusting for potential confounders were compared across the asthma
categories.
Some studies have indicated that subjects with longer duration of asthma
symptoms have an increased rate of decline in lung function"^'^^. Therefore, we evaluated
the effect that longer asthma duration had on development of CB, emphysema or COPD
for subjects in the active asthma group. For this purpose asthma duration was defined as
the number of years with asthma prior to initial survey. This was computed by
subtracting the age at which subjects reported having their first asthma attack from the
subject's age at initial survey. Asthma duration was dichotomized into subjects with less
than or equal the 50"' percentile of the distribution (< 22.08 years) who were considered
to have short asthma duration, and those over the 50^*' percentile (> 22.08 years) who
were considered to have long asthma duration. In addition we evaluated active
asthmatics according to childhood or adulthood asthma onset. Active asthmatics were
categorized on whether their asthma onset was at < 14 years old {childhood asthma onset,
n = 88), or at >14 years old {adulthood asthma onset, n = 123). Statistical tests were
performed using statistical software (Intercooled Stata, version 7.0 for Windows; Stata
Corp). A significance level of 0.05 was used for all statistical tests.
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RESULTS:
Descriptive statistics for the selected subjects stratified by sex and by asthma
status at initial survey are shovra in Tables 1 and 2. A significant difference was seen in
smoking for males and females. A higher percent of current smokers and ex-smokers
were males, and a higher percent of never smokers were females. The overall mean age
at initial survey was 47 years (SD ±19.3). Males had significantly lower mean age than
females (mean age 45 and 48 years respectively, p-value < 0.001). In addition, the mean
log IgE values were also significantly different between males and females, with males
having a higher mean value (1.57 for males vs 1.34 for females, p-value < 0.001). On
average, females died at an older age and had a longer follow-up period than males. No
difference was seen between males and females for skin test reactivity and mean percent
predicted FEVi.
There was no significant difference in proportions between asthma categories by
sex or by smoking status. However, a significant difference was seen for skin test
reactivity. Inactive and active asthmatics had a higher percent of positive skin test than
non-asthmatics. The mean values for age and log IgE were significantly higher for the
active asthma group, and the mean value for FEV i percent predicted was significantly
lower. Active asthmatics died at a younger age and had a significantly lower mean
number of years of follow-up than inactive asthmatics or non-asthmatics. The frequency
distribution for development of CB, emphysema, and COPD, showed that a higher
percent of active asthmatics developed the events than did inactive or non-asthmatics
(Table 3).
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Separate Cox proportional hazard models were used to assess the association
between active and inactive asthma categories Eind development of subsequent CB,
emphysema or COPD. When compared to subjects with no asthma, active asthmatics
were more likely to develop CB (hazard ratio =10; 95% CI = 4.94 - 20.25), emphysema
(hazard ratio = 17; 95% CI = 8.31 - 34.83), and COPD (hazard ratio = 12.5; 95% CI 6.84
- 22.84) (Table 4). No association was found between inactive asthma and any of the
events. Age and current smoking were also significantly associated with an increased
risk of developing CB, emphysema, or COPD. Males were more likely to develop
emphysema, but not CB or COPD. Log IgE and skin test were not significantly
associated with either of the outcome variables, but were kept in the model because of
possible biological associations. None of the interaction terms tested were significant.
Independent tests for linear contrast of coefficients showed significant difference between
the inactive and active asthma categories separately for CB, emphysema, and COPD (pvalue < 0.001). The Cox survival estimates are shown in Figure 1, A-C. This figure
shows that after adjusting for age, sex, smoking, log IgE, and skin test reactivity, the
cumulative survival is much lower for subjects in the active-asthma category compared to
those in the inactive or in the no-asthma category for CB, emphysema, and COPD.
When analyzing the subject's asthma duration, we found that after adjusting for
age, sex, smoking, IgE, and skin test, subjects with longer asthma duration had higher
risk (HR = 22.3) than those with shorter asthma duration (HR = 5.9) for developing
emphysema when compared to non-asthmatics. This association however was not
significant (p-value = 0.09). We saw no association between short or long asthma
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duration and CB or COPD. Similarly, we found no significant associations between
childhood or adulthood asthma onset and risk of developing CB, emphysema, or COPD.

DISCUSSION:
Findings from this 20-year follow-up study showed that after adjusting for age,
sex, smoking, IgE, and skin test reactivity, physician confirmed active asthma was
significantly associated with subsequent development of CB, emphysema, or COPD.
Active asthmatics were 10 times more likely to develop symptoms characteristic of CB,
17 times more likely to be diagnosed by a physician as having emphysema, and 12.5
times more likely to fulfill criteria consistent with COPD. Furthermore, the difference
between active and inactive asthmatic effects was significant, suggesting that the
increased risk is associated with active asthma but not inactive asthma.
Smoking has been described as the main risk factor for development of COPD^"^.
However, less than 20% of cigarette smokers develop COPD, suggesting that other
factors convey significant additional risk. These include a rare deficiency of a-1
• 25
•
•
antitrypsin
and heavy exposure to occupational
and environmental
gases2. Still, it is

likely that additional factors may contribute to the development of COPD. Results from
several studies have suggested that asthma and AHR are important risk factors
contributing to an increased rate of decline in FEV i and thus to the development of
COPD.
In an 8-year follow-up study, Fletcher et al.^^ compared the rates of decline in
FEVi among subjects with physician-diagnosed asthma and subjects without asthma.
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The authors found that the rate of decline in FEVi adjusted for smoking was significantly
higher among the asthmatic subjects compared to the non-asthmatic subjects. In another
study, Peat et al.^ found that after 18 years of follow-up, physician-diagnosed asthmatics
had a greater rate of decline in FEV i and a lower baseline lung function than did nonn

asthmatic subjects. Urlik et al. in their 5-year longitudinal study of 10,952 subjects
found that those with new asthma diagnosis had lower initial values of lung function and
an increased rate of decline in FEVi compared to non-asthmatic subjects. Subsequent
analyses from the same study showed that after 15 years of follow-up, subjects with selfreported asthma still had a greater decline in FEVi over time than those who did not'*.
These studies seem to indicate that asthma may be associated with a lower
baseline FEV i and with an increased rate of decline in pulmonary function, supporting
the hypothesis that asthma may be a risk factor for development of COPD. Consistent, in
a recent study utilizing the same population^, our group reported that, when the presence
of co-morbid COPD was not taken into account, the rate of decline in FEV i seen in
physician-confirmed asthmatics was steeper than that of non-asthmatics. However, we
did not find this association to be present among asthmatics without concomitant COPD,
suggesting that the progression of the disease into a non-reversible lung obstruction was
the major determinant of the increased decline in lung function seen among asthmatics.
Likewise, several cross-sectional studies have reported associations between AHR
•
•
•
to methacholine or histamine and impaired
pulmonary function

27 29

*
" . Although it
has

been debated whether AHR preceded or was a result of airway obstruction, results from
some prospective studies suggest that AHR influences the decline in pulmonary function.
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O'Connor et al. evaluated the association between AHR and the rate of decline in FEVi
in a cohort of 912 randomly selected middle-aged men. They found that after 3 years of
follow-up and after adjusting for potential confounders, AHR was a significant predictor
of the rate of decline m FEVi. In a 4-year prospective study31 of 324 elderly subjects,
allergy (defined by positive skin test and elevated IgE), and AHR were independently
associated with an accelerated decline in FEVi particularly in former and current
smokers. Similarly, Rijcken et al. evaluated the association between AHR and decline
in FEVi in a random population of 1,619 subjects > 25 years of age. They found that
after 25 years of follow-up and after adjusting for possible confounders, subjects with
increased AHR had a greater mean yearly decline in FEVi compared to normalresponders. Results from these studies seem to indicate that AHR, which is a strong
asthma related phenotype, may be a contributing risk factor for COPD, although it should
be acknowledged that the nature of these associations remains unknown.
It has been hypothesized that asthma and COPD share a common background^^;
the differentiation into one disease or the other being modulated by environmental
(exposure to allergens, respiratory infections, and smoking) and host factors (AHR,
atopy, and genetic predisposition). Although this hypothesis is still unresolved, it has
been suggested that the airway inflammation and airflow obstruction seen in asthmatics
with increased AHR may lead to a subsequent lung remodeling due to airway wall
thickening and subepithelial fibrosis^"^. This remodeling could result in irreversible
airflow obstruction, supporting the hypothesis that AHR is a determinant in the
development of COPD. However, from the present study it is difficult to determine
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whether the association seen between active asthmatics and COPD is due to an increased
development in severity of asthma symptoms or whether these subjects acquired
additional co-morbid lung diseases.
We acknowledge that our data do not include airway responsiveness or
reversibility measurements and therefore we could not corroborate the asthma or COPD
diagnoses. Therefore, it is possible that some subjects with chronic asthma may have
been classified as having chronic bronchitis. However, the likelihood of this happening
is minimal in view of the rather pure cough and sputum criteria used for a chronic
bronchitis diagnosis, without reference to wheezing or shortness of breath, common in
asthma criteria. Furthermore, information on DLco was available and this objective
parameter was included in the working definition of emphysema and COPD, which
yielded very strong associations with active asthma.
In conclusion, results from the present study show a significant association
between an active asthma diagnosis at initial survey and subsequent development of signs
and symptoms consistent with COPD. The mechanism by which asthma may have
contributed to this development is still unresolved.
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Table 1. Basic descriptive statistics for sex and asthma at initial survey*.
Sex
Male

Asthma
No asthma

Inactive

Active

88.8 (2751)

5 (156)

6.2 (192)

Male

45.3 (1246)

46.8 (73)

44.8 (86)

Female

54.7(1505)

53.2 (83)

55.2 (106)

45.3 (1405)

Subjects

Female

54.7 (1694)

Sex

Smoking at initial survey
Current smoker

37.3 (524)

29.9 (507)

33.5 (923)

35.9 (56)

27.1 (52)

Ex-smoker

30.5 (428)

17.3 (293)

22.8 (626)

28.2 (44)

26.6 (51)

Never

32.2 (453)

52.8 (894)^

43.7(1202)

35.9 (56)

46.3 (89)

Positive

37.2 (379)

38 (522)

34.6 (736)

68.4 (78)

58.4 (87)

Negative

62.8 (640)

62(850)

65.4(1392)

31.6 (36)

41.6 (62)^

Skin test at initial survey

*Data are presented as % (No),
^p-value for

< 0.001.

Table 2. Basic descriptive statistics*.
Sex
Variables

Male

Asthma
Female

No asthma

Inactive

Active

Age (years)

45.0(19.2)

48.3 (19.3)^

47.1 (19.3)

40.8 (17.7)

48.2 (19.5)^

Logarithm of IgE lU/ml

1.57 (0.74)

I.34 (0.71)^^

I.38 (0.72)

I.85 (0.7)

1.96 (0.75)^

FEVi Percent Predicted

92.9 (22.1)

94.2(18.5)

95.2(19.1)

93.5 (17.0)

73.7 (24.6)^^

Age at death, yr (n = 965)

75.9(12.2)

77.9 (12.3) ^

77.4 (12.2)

74.3 (14.0)

73.5 (12.6) ^

II.0 (6.7)

II.8 (6.7)

10.0 (6.6) ^

Follow-up, yr

10.3 (6.8)

*Data are presented as mean (SD).
^p-value for t-test or analyses of variance < 0.001
^p-value for t-test or analyses of variance < 0.05.

II.6 (6.7)^

Table 3. Frequency distribution for development of CB, emphysema and COPD by asthma
status at initial survey*.
Chronic Bronchitis

Yes

No

Emphysema

COPD

Yes

No

Yes

No

Asthma status
No-asthma
Inactive

2.3 (51)

97.7(2161)

1.8 (41)

98.2(2179)

3.1 (68)

96.9(2142)

2.4(3)

97.6(124)

1.6(2)

98.4(127)

3.2 (4)

96.8 (123)

84.3 (86)^^

13.7(14)

86.3 (SS)'^^

21.6(22)

78.4 (80)^^^

Active 15.7(16)

*Data are presented as % (No). Yes = subjects that developed the event during their participation
in the study; No = subjects who did not developed the event.
^p-value for chi square test <0.001
^p-value for test of trend <0.001.

Table 4. Cox proportional hazards model predicting chronic bronchitis, emphysema, and COPD by
asthma at initial survey and other independent variables*.
Chronic Bronchitis
Variables

Emphysema

COPD

HR

95% CI

HR

95% CI

HR

95% CI

Inactive asthma

1.24

0.37- 4.10

1.17

0.27 -5.02

1.35

0.47- 3.82

Active asthma

10.0^^

4.90- 20.2

17.0^^

8.30 -34.8

12.5^^

6.83- 22.8

Age in years

1.03^

1.02- 1.05

1.05^

1.03 - 1.07

1.04^

1.02- 1.05

Sex (female)

0.65

0.38- 1.11

0.41^

0.23 -0.76

0.62

0.39- 1.01

Current smoker

3.2^

1.70- 5.80

4.1^

2.03 -8.18

2.9^

1.70- 4.94

Ex-smoker

0.85

0.40- 1.85

1.06

0.47 -2.41

0.78

0.40- 1.52

Log IgE

1.46

0.98- 2.18

1.00

0.65 - 1.50

1.35

0.96- 1.91

Positive skin test

1.02

0.55- 1.88

1.29

0.66 -2.50

1.05

0.62- 1.80

(centered)

*Male is the reference category for sex, nonsmoker is the reference category for smoker, and no
asthma is the reference category for asthma status.
^p-value <0.001.
^p-value <0.05.
^Difference for linear contrast of coefficients between inactive and active asthma p-value < 0.001.
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Figure 1. Cox survival estimates for chronic bronchitis (top), emphysema (middle), and
COPD (bottom) by asthma categories at initial survey adjusted for age, sex, smoking, log
IgE, and skin test. The HRs for active asthma compared to no asthma was 10.0 (95% CI
= 4.94 - 20.25) for chronic bronchitis, 17.0 (95% CI = 8.31 - 34.83) for emphysema, and
12.5 (95% CI = 6.84 - 22.84) for COPD.
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Characteristics of Elderly Non-Smoking Asthmatics
from a Community Population

Graciela E. Silva''^, MPH, Duane L. Sherrill, PhD^'^'*, Stefano Guerra, MD, PhD,
MPH''^, and Robert A. Barbee, MD*'^.

ABSTRACT:
Background: Asthma in the elderly is not a rare disease; however, it is not easily
diagnosed and may often be indistinguishable from COPD. In addition, asthma duration
may be associated with severity of symptoms in elderly asthmatics.
Study Objective: To describe asthma features, and to evaluate the effect of asthma
persistence and asthma duration on lung function and risk for cough and sputum in
elderly compared to younger non-smoking asthmatics from a community-based sample.
Design and Methods: Prospective cohort study. Participants completed up to 12 followup surveys obtained approximately 1.5 to 2 years apart over a period of 20 years.
Included are 1,109 non-smoking subjects who were 40 years or older at the last survey.
These subjects were divided into younger (40 - 60 years old, n = 368) and older (> 60
years old, n = 741) age groups. Asthma duration was computed for persistent asthmatics
(those who consistently reported having asthma throughout the study) and non-persistent
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asthmatics (those who were inconsistent about their asthma reporting). Asthma duration
was divided into short (< 29 years, n = 80) and long duration (> 29 years, n = 76). For
non-persistent asthmatics, information up to the last survey with report of continuous
asthma was included in the analyses.
Results: Elderly subjects with persistent asthma had significantly lower FEVi percent
predicted than non-asthmatics (-24.4%, p < 0.001), or younger persistent asthmatics (10.8%, p = 0.017). Subjects with longer asthma duration had significantly lower FEVi
percent predicted (-19.9%, p<0.001) than subjects with no asthma. Those with short
asthma duration also had significantly lower FEVj percent predicted (-11.9%) compared
to those with no asthma (p < 0.001). Subjects with shorter asthma duration had higher
risk for cough and sputum (OR =12.1,P<0.001) compared to subjects with longer
asthma duration (OR = 5.2, p < 0.001) and to non-asthmatic subjects.
Conclusions: Persistent asthma was associated with lower lung function in the elderly
and with higher odds for cough and sputum. Longer asthma duration was associated with
lower FEVi percent predicted. However, subjects with longer asthma duration had lower
odds for cough and sputum than those with shorter asthma duration or non-asthmatics.
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INTRODUCTION:
Asthma in the elderly is not a rare disease, with some studies''^ reporting
prevalence of up to 7%; still it is sometimes difficult to diagnose, and often overlooked.
Smoking and longstanding asthma have been proposed as possible contributors to the
difficulty in diagnosis. Asthma characteristics in the elderly who smoke may be similar
to characteristics found in elderly subjects with other diseases, mainly chronic bronchitis
and emphysema^"^. As a result it may be difficult to differentiate between these diseases,
oftentimes resulting in misdiagnosis and possibly, mistreatment^'^"^.
Some authors suggest that asthma symptoms in the elderly may be more severe in
nature than in younger asthmatics''^, and that elderly subjects with longstanding asthma
may exhibit lower lung function than those with shorter asthma duration''"''". One
proposed mechanism for this phenomenon is that chronic airway inflammation present in
subjects with longstanding asthma may lead to subsequent airway remodeling resulting in
12 13

a decrease in lung function ' . In addition, symptoms of cough and sputum,
characteristic of chronic bronchitis, have been reported in elderly asthmatics
adding to the difficulty for clinicians in determining whether they are faced with chronic
obstructive pulmonary disease (COPD) or with a persistent form of asthma.
To examine the nature of elderly non-smoking asthmatics, subjects from a
longitudinal community study who were > 60 years old at the last survey were compared
with those who were 40 - 60 years old. The effect of having persistent or non-persistent
asthma, and the effect of asthma duration on lung function and odds for cough and
sputum production were also evaluated.
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MATERIALS AND METHODS;
The study population was derived from the Tucson Epidemiological Study of
Airways Obstructive Diseases. Details of the study design have been described
elsewhere^^. Briefly, the study included subjects selected from a stratified random
sample of white, non-Mexican-American households in Tucson, initiated in 1971 to
1972. There were 12 follow-up surveys obtained approximately 1.5 to 2 years apart over
a period of 20 years during which standardized questiormaires were administered
assessing respiratory symptoms, disease history, and smoking. The initial participants
numbered 3,805 from 1,655 households, with new enrollees added by marriage and
births. The total number of participants at the end of the study was 5,261 with varying
follow-up times. In the present study we included 1,109 non-smoking subjects who, at
their last survey, were 40 years of age or older. These subjects were divided into two age
groups; a younger group, ages 40 - 60 years (n = 368, mean age = 47.6 ± 5.8 years), and
an older group, age > 60 years (n = 741, mean age = 77.7 ± 8.7 years). Asthma status at
the last survey was based on responses to questiormaires over the length of the study.
These questions usually took the form of "have you ever had asthma?" or, "during the
past year, have you seen a doctor for asthma?" Three answers were possible for the
former question: "No", "Yes but I no longer have it (considered inactive asthma), and
"Yes, and I still have it" (considered active asthma). Subjects were classified into asthma
categories according to their responses: persistent asthmatics (those subjects who
consistently reported active asthma throughout the study), non-persistent asthmatics
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(those who were inconsistent in their reporting of asthma during some surveys), and nonasthmatics (those who reported no asthma). For non-persistent asthmatics, the survey at
which they last reported having active asthma was considered as the subject's last survey
and information up to this survey was used in the analyses.
Spirometric and flow-volume data were obtained during each survey with a
pneumotachograph using American Thoracic Society criteria^ with the exception of
survey 4. The forced expiratory volume in one second (FEVi) percent predicted were
1
calculated using the prediction equation from Knudson et al. . Presence of cough and
sputum was assessed through questionnaires during each survey and defined as the
subject having had these symptoms on most days for three months of the year for at least
two consecutive years'^. Allergy skin tests and serum immunoglobulin E (IgE) levels
were determined at selected surveys. We use values for these parameters obtained on
surveys 1, 6, and 11. Allergy skin tests were performed using the skin-prick test
90
technique . The skin test antigens were obtained from Hollister-Stier Laboratories
(Spokane, WA), and included house dust (used at a dilution of 1;10), Dematiaceae mold
mix (1:100), Bermuda grass (1:20), tree mix (1:20), and weed mix (1:20). A control
solution of 50% glycerine was also applied. Subjects with one or more reactions of at
least 2 mm greater than that produced by the glycerin control were placed in the skin testpositive group. Total serum IgE concentrations were measured by the paper
radioimmunosorbent method (Pharmacia Diagnostics; Piscataway, NJ) . The reported
values represent the mean value of duplicate tests. Percentages of blood eosinophils were
91
determined from stained slides in surveys 1 and 11 . Logarithm base-10 transformations
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of IgE levels and percent eosinophils were used in the present analyses to normalize the
distributions. Single-breath diffusing capacity of the lung for carbon monoxide (DLCO)
measurements were obtained during surveys 7 and 12. The DLco measurement
technique has been previously described22. The DS model automated system (W.E.
Collins; Braintree, MA) was used during both surveys with no changes in the procedures.
The test gas was 0.3% carbon monoxide, 10% helium, and balance nitrogen. At least two
DLco tests were performed. The mean DLCO value from the two that matched within 2
mL/min/mm Hg was reported. DLCO measurements were normalized for age, sex, and
height utilizing the prediction equation of Crapo and Morris23 in accordance with
American Thoracic Society recommendations^"^ and the percent predicted values of
DLCO were used for this study. Since allergy skin tests, IgE, percent eosinophils, and
DLCO values were determined only in selected surveys, we used the closest value to the
last survey for those subjects missing values for these parameters at the last survey.
Smoking status was based on subjects' responses to smoking questions during the
12 surveys. Subjects were classified based on all available responses throughout the
study as current smokers (smoked at least one cigarette per day), ex-smokers (those who
no longer smoked), triers (smoked but did not meet the current smoker criterion), and
never smokers. For the purpose of this study we selected only those subjects who were
classified as never smokers or triers.
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STATISTICAL METHODS:
The X test was used to compare differences in proportions, and the Student's ttest and analyses of variance (ANOVA) were used to compare differences in mean
values. Multifactorial linear and logistic regressions were respectively fitted to evaluate
changes in FEV i percent predicted and increase in risk of cough and sputum in relation to
the asthma categories. Interactions between the asthma categories and age group were
also tested for significance in the models. Asthma duration was fitted in separate linear
and logistic regression models to evaluate changes in FEV i percent predicted and risk of
cough and sputum. Asthma duration was computed for persistent and non-persistent
asthmatics included in both age groups by subtracting the subject's reported age of first
asthma attack from the age at the last survey with asthma. This variable was then
dichotomized at the 50^'^ percentile into short (< 29 years, mean = 12.3 years ± 9.53, n =
80) and long (> 29 years, mean = 43.2 ± 10.9, n = 76) asthma duration. The Wald test
was used to test for significant difference in linear contrast between the different
coefficients. All statistical tests were performed using a significance level of 0.05.

RESULTS:
Persistent asthma was reported by 10.3% of subjects in the younger age group
(age 40 - 60) and by 7.7% in the older age group (> 60). Non-persistent asthma was
reported by 7.9% and by 6.5% in the younger and older age groups, respectively. The
distribution by sex, allergy skin test, cough and sputum, percent blood eosinophils, serum
IgE levels, spirometric, and DLco values for each age group are presented by asthma
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category in Table 1. Asthmatics had a higher percentage of positive skin test reactivity,
cough and sputum, and higher mean IgE levels than non-asthmatics in both age groups.
The mean percent eosinophil count was higher for asthmatics than non-asthmatics,
although significance was reached only in the older age group. Likewise, significantly
higher percent predicted DLco values were seen for asthmatics in the younger age group,
but not in the older age group. The FEVi percent predicted was significantly lower for
asthmatics compared to non-asthmatics. Overall, spirometric and immunologic values
tended to be lower in the older age group.
Additional analyses comparing persistent asthmatics in the older group to
persistent asthmatics in the younger group showed significant differences for skin test
reactivity, FEVi percent predicted, and DLco, with older subjects having lower values
than the younger subjects. Percent female and percent cough and sputum values were
higher, and eosinophil and IgE values tended to be lower in the older persistent
asthmatics than in the younger persistent asthmatics. However, no significant differences
were seen among these parameters.
In multiple linear regression analyses (Table 2), persistent asthmatics had
significantly lower FEVi percent predicted (-13.6%) than non-asthmatics after adjusting
for sex and age group. There was no significant association seen between non-persistent
asthmatics and FEV i percent predicted. A significant interaction was seen between
persistent asthma and age, but not between non-persistent asthma and age, suggesting that
the effect is greater for the older persistent asthmatics (-24.4%, p<0.001 for combination
of coefficients between persistent asthma [-13.6%] and persistent asthma by age group [-

126
10.8%]). In a multiple logistic regression model (Table 2), persistent asthmatics had
higher odds for cough and sputum (odds ratio [OR] = 10.5, p < 0.001) than nonasthmatics. Similarly, the odds for cough and sputum were 4.9 (p < 0.001) for nonpersistent asthmatics compared to non-asthmatics. However, the test for linear contrast
between the coefficients for persistent and non-persistent asthmatics for the odds of
cough and sputum was not significant, suggesting no difference in risk between these two
groups.
In separate linear model analyses (Table 3), subjects with longer asthma duration
(> 29 years) had lower FEVi percent predicted (-19.9%, p < 0.001) than non-asthmatics
when adjusting for sex and age. Likewise, subjects with shorter asthma duration (< 29
years) had lower FEVi percent predicted (-11.9%, p < 0.001) than non-asthmatics. In a
logistic regression model (Table 3), the odds for cough and sputum for subjects with
shorter asthma duration were 12.1 (p < 0.001) compared to non-asthmatics, while the
odds for cough and sputum for subjects with longer asthma duration were 5.17 (p <
0.001). The tests for linear contrast of coefficients between short and long asthma
duration were significant for both models, the one predicting %FEV i and the one
predicting cough and sputum (p = 0.01 and p = 0.04, respectively). This suggests that
longer asthma duration is associated with lower FEV i percent predicted and decreased
risk for cough and sputum, as compeired with shorter asthma duration.
Figure 1 shows the unadjusted association between FEVi percent predicted and
percent of subjects with cough and sputum by age group and asthma duration. Subjects
in the older age group with long asthma duration had significantly lower mean FEV i
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percent-predicted values (74.5%) than older subjects with shorter asthma duration
(82.5%) or subjects in the younger age group with either short (99.1%) or long (91.2%)
asthma duration (p < 0.001). Figure 1 also shows that asthmatics in the older age group
had higher percent of cough and sputum than those in the younger age group. A
significantly higher percent of cough and sputum was seen among subjects with short
asthma duration in the older age group (34%) compared to older subjects with long
asthma duration (20.5%) and to subjects in the younger age group (18.2% and 6.3% for
short and long asthma duration respectively, p = 0.028). However, no significant
interaction was seen between asthma duration and age group once adjusting for other
factors included in the models.

DISCUSSION:
Results from this study showed that skin test reactivity, percent eosinophils, and
IgE levels were higher for asthmatics than for non-asthmatics; however, these values
were lower in the older age group compared to the younger age group. These results are
comparable with those from other studies'"^'^^ which have shown that the marked atopy
and elevated IgE, that are found in younger asthmatics are usually not present in the
elderly. IgE levels decline normally with age, although mildly elevated levels have been
.
.
.
. .
.
.
reported in smokers2 6. Likewise,
skin
test reactivity
generally declines
with
age,
9S

confounding its association with asthma .
Studies^'^'^^ have reported that smoking among elderly asthmatics is not
uncommon, and that sometimes smoking prevalence in asthmatics may be higher than in
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the general population, contributing significantly to their decline in FEVi^. In this study,
we specifically excluded current and former smokers to minimize obscuring our results
with characteristics found in subjects with COPD. Lower spirometric values in elderly
asthmatics than in the general population have been reported''^ '". However, the
association between asthma duration and airway obstruction is not clear. Braman, et al.'
reported that in a group of 25 nonsmoking pulmonary clinic patients, 13 subjects with
early-onset asthma had significantly lower FEV i percent predicted and lower
FEVi/forced vital capacity ratio compared to12 subjects with late-onset asthma. Peat et
al.

reported that the decrease in lung function in asthmatics was associated with age,

while Reed

reported no correlation between FEV i values and asthma duration among

242 elderly asthmatic subjects. However, some of these studies included subjects who
smoked or had small sample sizes. In the present study, which included a large number
of non-smoking subjects, persistent asthmatics had lower FEVi percent predicted at the
last survey than non-persistent asthmatics. A significant interaction with age indicated
that the effect was stronger for older persistent asthmatics. Furthermore, subjects with
longer asthma duration had lower FEVi percent predicted values at the last survey than
those with shorter asthma duration.
Another interesting finding from this study was the association between asthma
and cough and sputum. Cough and sputum production are not rare among elderly
* 12
asthmatics
' , although cough and sputum symptoms are usually associated with smoking,
chronic bronchitis, and other conditions. Lee and Stretton'" report that cough and
sputum, were important symptoms in 14 out of 15 elderly subjects who reported asthma
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onset after the age of 60 years. Similarly, Burrows et al? report high prevalence (67%)
of cough and sputum in a group of elderly asthmatics at the time of entry into the study.
However, these symptoms had decreased to 33% after a mean follow-up of 7.44 years. In
the present study, we found that the odds for cough and sputum were higher for subjects
with shorter asthma duration (OR = 12.1) than for subjects with longer asthma duration
(OR = 5.1). Our study suggests that two possible groups of asthmatics may be present in
this population: one related to long asthma duration, associated with a low FEVi, and the
other related to shorter asthma duration, associated with higher risk for cough and
sputum.
This study also showed that subjects with longstanding asthma had significantly
lower FEVi percent predicted than subjects with no asthma or subjects with short asthma
duration. It is apparent from several studies that asthma is associated with a
characteristic type of inflammation process that mostly affects the bronchi. It has been
theorized that the repeated inflammation process through many years of exacerbation and
spread to the bronchioles and smaller airways would result in airway alterations
manifested in airway wall thickening and subsequent airway obstruction. This process
known as remodeling has led to the hypothesis that longstanding asthma may lead to
OA

decline in lung function as that seen in patients with COPD. Silva et al. report that
asthma may be a risk factor for development of COPD. Results from this study indicate
that asthma duration is associated with lower lung function, and thus asthma in the
elderly may mimic other diseases like chronic bronchitis and emphysema.
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In conclusion, this study found that persistent asthma was associated with lower
lung function, and that this association was stronger for older subjects with persistent
asthma. This study also found that persistent asthmatics had higher odds for cough and
sputum than non-asthmatics. Furthermore, subjects with longstanding asthma had lower
pulmonary function and lower odds of cough and sputum compared to subjects with short
asthma duration.
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Table 1. Demographic and pulmonary function characteristics at last survey for subjects ages 40 to 60 and older than 60 years, by asthmatic
categories.

No Asthma

No. of Subjects
*Sex
Male
Female
*Skin test
Negative
Positive
*Cough & Sputum
No
Yes

301

Age 40 - 60 years
Persistent
Nonpersistent
Asthma
Asthma
38
29

p-value

No
Asthma
636

Age > 60 years
NonPersistent
persistent
Asthma
Asthma
48
57

p-value

44(131)
56(170)

41(12)
59(17)

37(14)
63 (24)

0.72

26(168)
74 (468)

21 (10)
79 (38)

19(11)
81 (46)

0.371

41(113)
59(162)

0(0)
100 (25)

15(5)
85 (29)

0.001

63 (378)
37(219)

49 (22)
51 (23)

46 (25)
54 (29)

0.011

97 (291)
3(10)

100(29)
0(0)

79 (30)
21(8)

0.001

97 (614)
3 (22)

77 (37)
23 (11)

72 (41)
28(16)

0.001

47.7

47.2

47.0

0.76

77.9

76.6 ± 8

76.2

0.233

^Log Eosinophils

0.35 (106)

0.42(13)

0.51 (17)

0.07

0.30 (263)

0.49(19)

0.48(21)

0.002

^Log IgE

1.35 (260)

2.05 (22)

1.8 (30)

0.001

1.17(562)

1.36(40)

1.67 (54)

0.001

^FEVi

3.43 (286)

3.44 (27)

2.85 (34)

0.007

2.10(602)

1.91 (43)

1.53 (56)

0.001

^FEV1 % predict.

104.6(285)

100.6(27)

91.9(34)

0.001

98.9 (586)

88.1 (43)

74.5 (53)

0.001

104(111)

117(4)

117(18)

0.004

101 (221)

114(7)

99(17)

0.119

'''Age

^DLco% pred.

*Data are presented as % (No.), p-values are for
^Data are presented as Mean (No.), p-values are for ANOVA.
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Table 2. Multifactorial linear and logistic regression models predicting % FEV, and cough and
sputum at the last survey by asthma categories and other independent variables*.

Linear Regression Predicting
FEV 1 % Predicted at the Last
Survey
Coefficient
p-value

Logistic Regression Predicting
Cough and Sputum at Last
Survey
Odds Ratio
p-value

Asthma
Non-persistent
Persistent

-3.94
-13.6

<0.0001

4.9
10.5

<0.001
<0.001

Female Sex

-0.17

0.89

0.63

0.11

>60 years old

-5.6

<0.0001

1.7

0.058

Non-persistent
asthma*age group
Persistent asthma*age
group

-6.8

0.17

NS^

-10.8

0.017

NS"

0.315

Age group

Interaction

Constant
104.7
<0.0001
* No asthma is the reference category for asthma. Male is the reference category for sex. Age
group 40 - 60 years old is the reference category for age group. No asthma*age is the reference
category for the interactions. ^Not significant.
§ p < 0.05, difference for linear contrast of coefficients between non-persistent and persistent
asthma.

Table 3. Multivariate linear and logistic regression models predicting %FEVi and
cough and sputum at the last survey by asthma duration and other independent
variables*.
Linear Regression
Predicting
FEV1 % Predicted at the
Last Survey
Coefficient
p-value

Logistic Regression
Predicting
Cough and Sputum at Last
Survey
OR
p-value

Asthma Duration
Short (< 29 years)
Long (> 29 years)

-11.9
-19.9§

<0.001
<0.001

12.12

<0.001

5.17§

<0.001

Female Sex

-0.014

0.99

0.61

0.094

-7.3

<0.001

1.8

0.056

Age group
>60 years old

Constant
105.7
<0.001
* No asthma is the reference category for asthma duration. Male is the reference
category for sex. Age group 40 - 60 years old is the reference category for age group.
§ p < 0.05, difference for linear contrast of coefficients between short and long asthma
duration.
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Figure 1. FEVi percent predicted and percent with cough and sputum at last survey by
age group and asthma duration. The lines in the middle of each box represent the median
values for the FEVi percent predicted. The boxes extend from the 25th to the 75th
percentiles of the data. The whiskers represent the upper and lower adjacent values.

Age 40 -60 years

F-test p <0.0001

Age > 60 years

140 -

120 -

40 -

20
Short Asthma
Duration

Long Asthma
Duration

Short Asthma
Duration

I

Age 40 - 60 years

Long Asthma
Duration

Age > 60 years

chi2 p = 0.028

35

34%

E 30

N=16

25

20.5%

5 15

S

18.2%

N«6
6.3%
N«2

Short Asthma
Duration
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Duration
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Duration
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A Longitudinal Study of -Antitrypsin
Phenotypes and Decline in FEV^ in a
Community Population*
Graciela E. Silva, MPH; Duane L. Sherrill, PhD; Stefano Guerra, MD, MPH;f
and Robert A. Barbee, MD, FCCP

Background; It is well-known that the homozygous deficiency of a,-antitrypsin, phenotype PiZZ,
is associated with an increased risk of COPD. However, studies evaluating the association
between the heterozygous forms of the ai-antitrypsin phenotype PiMZ and rapid decline in lung
function, both in patient and community populations, have yielded conflicting results.
Study objective; To assess the relationship between otj-antitrypsin phenotypes and decline in
FEV] values of 2,016 adult subjects in a community population in Tucson, AZ.
Design and methods; Prospective cohort study. Standardized questionnaires and lung function
measurements were administered 1.5 to 2 years apart during 12 surveys.
Results; The frequency distribution for PiMM, PiMS, and PiMZ phenotypes did not differ
significantly by physician-confirmed diagnoses of emphysema, chronic bronchitis, or asthma.
There was no statistically significant difference in mean FEVj slope values between PiMM,PiMS,
and PiMZ phenotypes (—22.5, —21, and —7 mL per year, respectively). After controlling for
smoking and other potential confounders, the FEVj slope was associated with an initial FEV^
level and age for the initial questionnaire but not with the different phenotypes.Selecting cutoff
values, we identified rapidly declining and nondeclining subgroups, based on the percent
predicted changes in FEV,. They also were not associated with a,-antitrypsin phenotypes.
Conclusions; We conclude that the data from this longitudinal community study suggest that
having the PiMZ phenotype is not a significant risk factor for an accelerated decline in FEVj.
(CHEST 2003; 123.1435-1440)
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a,-antitiypsin; asthma; chronic bronchitis; protease inhibitors; pulmonary emphysema; trypsin inhibitors
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LHS = Lung Health Study; OR = odds ratio
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ciency and COPD has been studied for several
decades. While there is no doubt that homozygosity
for the a1-antitrypsin deficiency (PiZZ phenotype) is
associated with an increased risk of developing
COPD,^ controversy continues about whether het
erozygosity (PiMZ phenotype) is also a COPD risk
factor. Cross-sectional studies®-'' on patient poptJations and case control studies have produced results
that support an increased risk of lower lung function
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community population studies have shown no such
association.®-'® Similarly, longitudinal studies have
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rate of dechne of lung function among subjects with
PiMZ and PiMM phenotypes.'®-'®
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A Longitudinal Study of a-1 Antitrypsin Phenotypes and Decline in FEVi in a
Community Population

Graciela E. Silva, MPH, Duane L. Sherrill, PhD, Stefano Guerra, MD, MPH, and Robert
A. Barbee, MD.

ABSTRACT:
Background: It is well known that homozygous deficiency of a-1 antitrypsin, PiZZ, is
associated with increased risk of COPD. However, studies evaluating the association
between the heterozygous forms of a-1 antitrypsin phenotype PiMZ, and rapid decline in
lung function both, in patient and community populations, have yielded conflicting
results.
Study Objective: To assess the relationship between a-1 antitrypsin phenotypes and
decline in FEVi in 2016 adult subjects in a community population in Tucson, Arizona.
Design and Methods: Prospective cohort study. Standardized questionnaires and lung
function measurements were administered 1.5 to 2 years apart during 12 surveys.
Results: Frequency distribution for PiMM, PiMS, and PiMZ phenotypes did not differ
significantly by physician confirmed diagnoses of emphysema, chronic bronchitis or
asthma. There was no statistically significant difference in mean FEV i slope values
between PiMM, PiMS, and PiMZ phenotypes (-22.5, -21, and -7 ml/yr respectively).
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After controlling for smoking and other potential confounders, FEV i slope was
associated with initial FEV i level and age at initial questionnaire but not with the
different phenotypes. Selecting cutoff values, we identified rapid declining and nondeclining subgroups, based on percent predicted changes in FEVi. They were also not
associated with a-1 antitrypsin phenotypes.
Conclusions: We conclude that data from this longitudinal community study suggests that
having the PiMZ phenotype is not a significant risk factor for accelerated decline in

FEVi.
Key Words: Chronic bronchitis, pulmonary emphysema, asthma, protease inhibitors,
trypsin inhibitors, alpha-1 antitrypsin.

Abbreviations: ml = milliliter; yr = year
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INTRODUCTION:
The main function of the proteinase inhibitor (Pi), a-1 antitrypsin, is to inhibit the
activity of elastase generated by neutrophils in the lung. Deficiency of a-1 antitrypsin
results in accelerated elastin degradation, leading to a loss of ventilatory function and the
subsequent development of emphysema \ The association of a-1 antitrypsin deficiency
and chronic obstructive pulmonary disease (COPD) has been studied for several decades.
While there is no doubt that homozygosity for the a-1 antitrypsin deficiency (PiZZ) is
associated w^ith increased risk of developing COPD

controversy continues about

whether heterozygosity (PiMZ) is also a COPD risk factor. Cross-sectional studies on
patient populations and case control studies have produced results that support an
increased risk of lower lung function for subjects with the PiMZ phenotype
community population studies have shown no such association

However,

Similarly,

longitudinal studies have produced conflicting results when comparing the rate of decline
of lung function among subjects with PiMZ and PiMM phenotypes
Whether or not PiMZ is found to be a risk factor for rapid decline of FEV i or
development of COPD may be due in part to the differences in the types of populations
studied. Studies that utilize patient populations or that include family members of PiZZ
subjects may be selecting for additional predisposing genetic factors

A longitudinal

study utilizing a community population would minimize possible selection bias and, with
a long enough follow up, would compensate for the low frequency of the disease.
In order to assess the relation between a-1 antitrypsin phenotypes and FEVi
slopes, we analyzed data from a longitudinal community study. To investigate the effect
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that utilizing data from different populations (i.e. community versus patient population)
would have on this relation, these results were then compared to those from the recently
90
published study by Sandford et. al. .

METHODS:
Details of the study design have been published previously "

Briefly the data

are derived from the Tucson Epidemiologic Study of Airways Obstructive Diseases
(TESAOD). The study included subjects who were selected from a random, stratified
cluster sample of white, non-Mexican-American households residing in Tucson, Arizona
in 1972. There were 12 follow-up surveys over a period of 20 to 22 years. Standardized
questiormaires assessing respiratory symptoms and disease history, occupation, smoking
and family health were completed by all subjects during each survey. Spirometric and
flow-volume data were obtained during each survey with a pneumotachograph using
American Thoracic Society criteria, with the exception of survey 4 . Questionnaire data
derived from survey 4 was included in the analyses. This includes smoking and medical
history data. The total population sample consisted of 1655 households containing over
3500 subjects. Alpha-1 antitrypsin phenotypes were determined on 2949 subjects by
discontinuous acid starch-gel electrophoresis followed by crossed Immunoelectrophoresis
in agarose gel (Fagerhol and Laurell method)

9^

»
• •
. Chronic bronchitis, emphysema, and

asthma diagnoses were defined as ever been diagnosed as such by a physician. In the
present analyses we included 2016 subjects who were 18 years of age or older at their
initial survey and who had at least 5 years of follow-up to insure sufficient lung function
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measurements to allow accurate estimation of FEVi slopes. The mean number of years
of follow-up for the population were 14.9 (standard deviation ± 4.4 years), the minimum
were 5 and the maximum were 20 years. Of the 2016 subjects in the study, 811 were
current smokers, 113 were triers, 334 were ex-smokers, and 758 were never smokers.
Subjects were classified as current smokers if they reported smoking at least one cigarette
per day. Triers were subjects that smoked but did not meet this criterion. We
dichotomized these into smokers and non-smokers. Smokers were defined as ever
smokers, this definition included all current, triers, and ex-smokers. The TESAOD was
approved by the institutional review board for human studies and informed written
consent was obtained from all subjects at the time of their enrollment in the study.

DATA ANALYSIS:
The FEVi slope was determined for each subject utilizing all their FEVi
measurements by fitting simple linear regression lines against age. The mean number of
FEVi measurements used to compute the slope were 6.4 (standard deviation ± 3.04), the
minimum were 2 and the maximum were 11. Percent predicted FEV i (PPFEV i) decline
per year was also determined for each subject

This continuous variable was then

dichotomized into rapid decliners (those with PPFEVi < -3% per year), and non-decliners
(those with PPFEVi > 0.4% per year) similar to the groups reported by Sandford et al.
Difference in proportions between each of the three phenotype frequencies were analyzed
by the x test with 2 degrees of freedom. Analyses of variance were used to compare
differences in mean values. Multivariate linear (for continuous FEVi slope variable) and
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logistic regressions (for dichotomous PPFEV i slope variable) were fitted to evaluate
changes in FEV i slope and increase in risk in relation to the a-1 antitrypsin phenotypes.
Potential confounders like age at initial survey, sex, smoking, and initial FEV i
measurement were also assessed in the regression models.
To analyze the potential effect that PiMZ may have on premature death, the age at
death of 645 deaths, which occurred during the study period, is also presented. All
statistical tests were done using Intercooled Stata 7.0 for Windows and a significance
level of 0.05.

RESULTS:
The basic a-1 antitrypsin phenotype distribution was similar to frequencies
reported by other authors

and did not differ significantly by sex, smoking status,

emphysema, chronic bronchitis or asthma diagnoses. The frequency for PiMZ did not
differ significantly between rapid-decliners and nondecliners (Table 1). Means for FEVi
slope, initial FEV i measurements, age at initial survey, and number of years of follow-up
were not significantly different between the different phenotypes (Table 2). The overall
mean age at death was 78 years (min. age = 26, max. age = 104). The age at death was
not associated with either emphysema or asthma diagnoses, but it was significantly
reduced for subjects with chronic bronchitis diagnosis (76.5 years, n=213 vs 78.7 years,
n=431 p=0.03). The means for age at death however, did not differ for the different
phenotypes. Medians and data distributions for FEVi slopes were similar for the
different phenotypes (Figure 1).
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Unadjusted FEVi slope was greater for males than for females (-0.030 vs -0.010
respectively, p < 0.001), although once adjusted for all other factors included in the
models this association was no longer significant. Although emphysema and chronic
bronchitis diagnoses were associated with an increased FEVi slope (p < 0.001 for both)
they were not associated with a-1 antitrypsin phenotypes (data not shown). There was
no association between asthma diagnoses and an increase in FEV i slope or with the
different a-1 antitrypsin phenotypes. None of these associations changed when analyzed
separately for smokers and non-smokers.
We used multivariate analyses to test if differences in mean FEV i slopes between
phenotypes were being confounded. Only initial FEV i measurement and age at initial
survey were statistically associated with increase in FEVi slope after adjusting for sex
and smoking status (Table 3). The different a-1 antitrypsin phenotypes showed no
association with increase in FEVi slope. We found no association between decliner
categories and the different a-1 antitrypsin phenotypes using logistic regression (Table
4). Only, initial FEVi measurement, and age at initial survey were significantly
associated with rapid decliners. There was no confounding seen by any of the variables.
Variables, though not significant, were kept in the models in accordance with previously
published studies. None of these associations changed when we looked at subjects who
smoked only, nor when we looked at those subjects who had 20 pack-years of smoking or
more (considered to be heavy smokers).
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DISCUSSION:
Sandford et. al.

20

analyzed the association between increased risk of rapid decline

in lung function and having the PiMZ phenotype. The odds ratio was 2.8 comparing 283
rapid decliners (AFEVi = -154 ± 3 ml/yr) to 308 nondecliners (AFEVi = +15 ± 2 ml/yr).
This association was stronger when family history of COPD was taken into account (OR
= 9.7). Potential confounders like age, sex and initial level of lung function were
adjusted for in a logistic regression. Study subjects, all of whom were smokers having
spirometric signs of early COPD, were followed for 5 years. The authors concluded that
the PiMZ phenotype was associated with increased rate of decline of lung function, and
that this association was stronger, when in addition, the subjects had a family history of
COPD.
We could not however, establish an association between a-1 antitrypsin
phenotypes PiMZ or PiMS and increase in FEVi slope. Nor did we see any relation
when we utilized the dichotomized form of PPFEV i into rapid decliners and non•
•
decliners,
as reported by Sandford et al. 20. These associations
did not change

significantly when we analyzed the data for those subjects who smoked only, as was done
in the Sandford study, nor when we looked at those subjects who had 20 or more packyears of smoke.
Analyses also showed no association of a-1 antitrypsin phenotypes with chronic
bronchitis, emphysema or asthma. Alpha-1 antitrypsin phenotype frequencies remained
consistent for the general population when analyzed separately by sex and for smoking
status. The frequency distribution though, differed from that reported by Sandford for
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rapid decliners and non-decliners, where PiMZ phenotype for rapid decliner was 6% in
Sandford vs 1.12% in our study. The fact that age at death did not differ significantly by
a-1 antitrypsin phenotype, suggests that there is no survivor effect.
Previous analyses on this study population have been published by Morse et al.''
as a cross sectional study. Morse found no association between the different a-1
antitrj^sin phenotypes (PiM, PiMS and PiMZ) and 20 different respiratory symptoms
and diagnoses. These included chronic productive cough, attacks of dyspnea with
wheezing, emphysema, chronic bronchitis, and asthma. No association was found
between the different phenotypes on the 2,944 subjects and their initial FEVi, FVC,
FEVi/FVC and FEF75, even after adjusting for age, sex, and smoking. Data analyzed as
the percent of subjects who fell below the 95% of normal predicted values of spirometric
measurement, showed no distinction among the different phenotypes. Further studies by
Lebowitz et. al.

showed no association between single breath nitrogen (SBN2) and the

different a-1 antitrypsin phenotypes among 819 selected subjects who were 25 to 54
years of age.
Other longitudinal studies with varying results have followed patients for 3 to 6
•
•
years 16"18. Considering
the low frequency of disease
and the need to detect a significant

difference in pulmonary function, it may be argued that a longer follow-up may be
needed. In the present study, with up to 22 years of follow-up we continue to find no
association. It can be argued as well, that studies that have utilized COPD patient
populations have inadvertently introduced other hereditary risk factors in their studies.
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Sandford et al. reported a higher association when family history of COPD is taken into
account. In our study we did not control for this variable.
One possible explanation for the differences between our findings and those of
Sandford et al. could be related to sampling. In the Lung Health Study (LHS) all
subjects recruited were current smokers aged 35-60 years, who had spirometric signs of
early COPD. In contrast, participants in the Tucson Epidemiological study were selected
as a random stratified sample of households in the Tucson area, with no selection criteria
based on smoking, or levels of pulmonary function. These differences in selection
criteria might suggest that participants in our study would have better lung function and
fewer respiratory conditions then those in the LHS, leading to a possible explanation of
the observed differences in the phenotype fi-equencies. However, using the same cut off
•
values proposed by Sandford et al. 20 (i.e.
decrease in PPFEVi of -3% or more, for rapid

decliners and increase in PPFEVi of 0.4% or more, for non-decliners) our rapid declining
subjects had steeper rates of decline then those in the LHS (-222 ml/yr versus -154 ml/yr,
respectively). In order to determine if extreme values had an effect on these results, we
reevaluated the data. Repeated analyses excluding 23 extreme values (those with values
greater than 3 standard deviations) yielded a slope of-155 ml/yr for rapid decliners, but
did not make appreciable difference in any other result. The use of more conventionally
defined cut-off values, as are the 25"^ and 75*^ quartiles of the PPFEVi, also resulted in no
difference in the phenotypic distribution for rapid decliners and non-decliners.
In addition, because our sample included members from the same family, making
their observations dependent or correlated, our estimated phenotype frequencies may not
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be representative of the general population. Phenotypic frequencies are generally based
on random population samples where the likelihood of having members from the same
family would be extremely low.
In conclusion, results from our study show no association between rapid decline
in FEV1 and the PiMZ phenotype.
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Table 1. Frequency of ai-antitrypsin phenotypes in the study population.
MS %(n)
MM %(n)
MZ
Total N
%(n)
Total population
89.3(1802)
7.7(155)
3.0(59)
2016
Sex
Male
89.32(778)
7.69(67)
2.99(26)
871
89.43(1024)
7.69(88)
2.88(33)
1145
Female
Smoker
88.19(1122)
7.63(96)
3.18(40)
Yes
1258
No
89.71(680)
7.78(59)
2.51(19)
758
Emphysema diagnosis
Yes
89.84(168)
6.95(13)
3.21(6)
187
No
89.31(1613)
7.75(140)
2.93(53)
1806
Chronic Bronchitis
diagnosis
89.84(495)
7.44(41)
2.72(15)
Yes
551
No
89.18(1286)
7.77(112)
3.05(44)
1442
Asthma diagnosis
Yes
90.65(291)
6.85(22)
2.49(8)
321
No
89.11(1490)
7.83(131)
3.05(51)
1672
Decliner
91.01(81)
7.87(7)
1.12(1)
Yes
89
No
88.73(614)
8.38(58)
2.89(20)
692
2
*p-values for x test with 2 degrees of freedom.

P-value*

0.991

0.684

0.910

0.896

0.707

0.611

On

Table 2. Mean distribution by ai-antitrypsin phenotypes for the different covariates*.

MM(n)

MS(n)

MZ (n)

P-value^

Total N

FEVi Slope (ml/yr)

-22.5 (1700)

-21.0(147)

-7 (56)

0.431

1903

Initial FEVi (liters)

2.9 (1528)

2.9(133)

3.2 (53)

0.150

1714

Age at Initial Survey (years)

47.8 (1802)

48.6 (155)

45.0 (59)

0.445

2016

Number of years of follow-up

15.0 (1802)

14.8 (155)

15.1 (59)

0.827

2016

Age at Death (years)

78.1

76.9 (65)

76.3 (13)

0.65

645

*Values in parentheses are No. of patients,
^p-values for ANOVA.

(567)
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Table 3. Multiple linear regression model of predicted change in FEVi
slope by a i-antitrypsin phenotypes and other predictive variables.
Multiple

Standard error

regression

coefficient

95°/^oCI

coefficient
Intercept

0.113*

0.0161

(0.081) -(0.145)

MS

0.004

0.0075

(-0.010) -(0.019)

MZ

0.011

0.0117

(-0.012) -(0.034)

Sex (male)

0.007

0.0054

(-0.002) -(0.018)

Smoker (yes)

-0.004

0.0043

(-0.012) - (0.004)

Initial FEV i (liters)

-0.025*

0.0034

(-0.031) -(-0.018)

Age at initial survey, yr

-0.001*

0.0001

(-0.002) -(-0.001)

Adjusted

0.05

*p<0.001. Note: MM is the reference category for the ai-antitrypsin phenotypes.
Female is the reference category for sex. Non-smoker is the reference category for
smoker.

Table 4. Multiple logistic regression model predicting decliner status by aj-antitrypsin
phenotypes and other independent variables.
Odds Ratio

Standard error

95% CI

coefficient

MS Phenotype

0.88

0.40

0.36-2.1

MZ Phenotype

0.50

0.52

0.06-3.9

Sex (male)

0.97

0.33

0.48- 1.92

Smoker (yes)

1.07

0.28

0.63- 1.81

Initial FEV i (liters)

1.50*

0.33

0.96-2.33

1.03**

0.01

1.01-1.05

Age at Initial Survey
(years)

*p<0.1, **p<0.05. Note: MM is the reference category for the ai-antitrypsin
phenotypes. Female is the reference category for sex. Non-smoker is the reference
category for smoker.
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Figure 1. FEVj slope medians by ai-antitrypsin phenotypes. The line in the middle of
each box represents the median values for the FEVi slopes. The boxes show similar
medians (the median for MM is -19.2, for MS is -16.6, for MZ is -15.5, and for the total
population is -19.0 ml/yr). The boxes extend from the 25'*^ to 75"' percentiles of the data.
Outliers are represented by circles and are shown outside the whisker lines.
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APPENDIX D
Human Subjects Approval Letter

THE UNIVERStTYOF
Human Subjects Committee

ARIZONA.
HEALTH SQENCES CENTER

1622 E. Mabel Street
PO. Box 245137
Tucson, AZ 85724-5137
(520) 626-6721

23 February 2001

Graciela Emilia S. Bogle, M.T., M.P.H.
Advisor: Duane L. Sherrill, Ph.D.
College of Public Health
Respiratory Sciences Center
PO BOX 245030

RE:

SKIN TEST REACTIVITY TO COMMON AEROALLERGENS AS A RISK
FACTOR FOR SMOKING RELATED RESPIRATORY DISEASES (NIH Pre-Doctoral
Fellowship for Minority Students)

Dear Ms. Bogle:
We received documents concerning your above cited project. This project involves a secondary
analysis of data previously collected underthe Tucson Epidemiological Study of Airway Obstructive
Disease (PI: M. Lebowitz, Ph.D.; data provided without subject identifiers). Therefore, regulations
published by the U.S. Department of Health and Human Services [45 CFR Part 46.101(b) (4)]
exempt this type of research from review by our Committee.
Thank you for informing us of your work. If you have any questions concerning the above, please
contact this office.
Sincerely,

David G. Johnsorf, M.D.
Chairman
Human Subjects Committee
DGJ/js
cc: Departmental/College Review Committee

