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Asthma is common, affecting 5% to 10% of adults; asthma is
progressive, leading to irreversible obstruction in 80% of
elderly patients; and asthma is complex, often complicated by
coexisting lung diseases. This loss of lung function results from
4 independent pathologic conditions: (1) airway remodeling,
especially in the small airways, from the lymphocytic-
eosinophilic inflammation that characterizes asthma; (2)
bronchiectasis; (3) postinfectious pulmonary fibrosis; and (4)
emphysema and chronic bronchitis from tobacco smoke. Dete-
rioration in lung function develops faster in nonallergic

patients with intrinsic asthma during the period shortly after
onset of asthma and in older patients. About 4% of patients
die of asthma, and most are elderly. Death most often results
from complications of irreversible obstruction or cardiotoxici-

ty of bronchodilator therapy. More research is needed to
improve therapy for preventing remodeling of small airways,

to confirm the frequency of bronchiectasis and postinfectious
fibrosis and to determine their causes, and to develop diagnos-
tic criteria to identify these complications. Meanwhile, clini-
cians treating adult asthmatic patients need to be aggressive in
preventing the damage from cigarette smoke; in immunizing
for influenza and pneumococcus infection and identifying and
treating respiratory infections, particularly at times of acute
exacerbations; in diagnosing and managing bronchiectasis;
and in objectively confirming the efficacy of asthma therapy to
prevent illness from overtreatment with glucocorticoids and
bronchodilators. (J Allergy Clin Immunol 1999;103:539-47.)
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Abbreviation used
COPD: Chronic obstructive pulmonary disease

Weich and Saméthave recently reviewed asthma
from the epidemiologic perspective. This article will
review the natural history of asthma in adults from the
clinical perspective, paying particular attention to the
problem of development of irreversible airway obstruc-
tion. Epidemiologic study has largely focused on chil-
dren and young adults because recorded diagnoses of
“asthma” are most accurate in this age group. Less infor-
mation has been published about the epidemiology of
asthma in middle-aged and elderly individuals, yet the
experience of physicians whose practice includes older
people is that these patients are often more severely
impaired than younger asthmatic subjéets.

Two main problems that have hampered a more com-
plete understanding of the course of the disease in adults
are (1) the erroneous, but widely accepted, concept that air-
way obstruction can develop in any particular patient from
only a single pathologic process and (2) the difficulties in
identifying asthma for epidemiologic purposes. Barkiae,
his review of the epidemiology and natural history of asth-
ma in the elderly, has called attention to the problems of the
semantics and diagnostic labeling of patients with chronic
airflow obstruction. In reality, many of our adult patients,
particularly older patients, have more than one airway dis-
ease (ie, diseases that are brought about by distinctly sepa-
rate pathways of inflammation). Of course, the concept that
asthma, chronic bronchitis, and emphysema should be con-
sidered as manifestations of one disease entity in which
both endogenous and exogenous factors play a role in
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by Orie and his colleagues Groningen, The Nether-
“Dutch Hypothesis.” If the aim
of the investigation is to compare the frequency of acute
asthma as a specific cause of death at different times and

539



540 Reed J ALLERGY CLIN IMMUNOL
APRIL 1999

places, it is appropriate to limit the study to young patients.and 900 in 100,000 in years 1 to 4. After the age of 20
But if the aim is to understand the course of the diseasyears, the incidence rate remains at about 100 in 100,000
throughout a lifetime, it is essential to consider co-existingthroughout the rest of the life spai# In young children
diseases and other confounding events. The Dutclasthma is more common in boys, but in young adults the
Hypothesis effectively describes the clinical situation of incidence is higher in womeét.15 Late in life it again
older patients with chronic airway obstruction. becomes higher in ménreasons for these differences
Although a recent Expert Panel Refdras summa- between the sexes are unknown. In any event, an asth-
rized a firm international consensus about the definition ofmatic adult may have had the symptoms consistently
asthma, this definition is not as useful for epidemiologic since childhood or have recovered from the disease in
studies as it is for clinical purposes. Most epidemiologic childhood only to relapse or have acquired the disease
studies, both cross-sectional and longitudinal, rely heavilyrecently. Although asthma in children is frequently mild
on physician diagnosis. But unfortunately, physician pat-and often remits, if it is severe, it usually persists or recurs
terns of diagnostic labeling have changed over the yearsin young adulthood®-21Several publications have identi-
following fashions not unlike those that govern the lengthfied the following factors that correlate with persistence
of skirts or the width of neckties. Mostly, these fashions or recurrence of childhood asthma: (1) onset before 3
have been set by the concept of the “cause” of asthma iyears of age; (2) female sex; (3) presence of infantile
vogue at the time—psychogenic in the middle of the cen-eczema or allergic rhinitis; (4) positive skin test respons-
tury, bronchospasm and airway hyperresponsiveness in thes to airborne allergens and IgE level; (5) severity of the
1970s and 1980s, and lymphocytic-eosinophilic airwaydisease and amount of impairment of pulmonary func-
inflammation in the present. Also, a physician’'s decisiontion; and (6) cigarette smoking, both active and passive.
to record a diagnosis of asthma has been influenced by tt  Factors responsible for the de novo development of
efficiency of available treatments and by socioeconomicasthma in adults have not been fully defined. Unlike asth-
concerns. Thus physician-diagnosed or patient-recordeima beginning in childhood, there is no familial correla-
“asthma” is not necessarily consistent between communition. Occupational exposures are important during the
ties or at different times in the same commuhifthe working years. Although the prevalence of occupational
objective physiologic component of the recent Expertasthma in the general community is uncertain and pre-
Panel definition relies on serial spirometry that is often notsumably varies in different localities, it may account for
available to the epidemiologist, especially retrospectively.as many as 5% of cas&s?4 The epidemics of asthma
In research studies the pathologic component of desquefrom soybean dust in Barcelona, Spain, which affected
mation of the epithelium and bronchial infiltration by lym- only adults, illustrate 2 important poirds26 Allergens
phocytes and eosinophils is best identified by biopsy orcan escape from the workplace to affect the nearby com-
bronchoalveolar lavage, but it can be determined in a lesmunity, and allergens encountered for the first time as an
invasive manner by careful analysis of sputum san¥fles. adult can sensitize and cause asthma. Otherwise, the com-
Unfortunately, in the practice setting such sputum analysismon environmental allergens become less important with
is rarely performed, and the diagnostic presence olincreasing age. Apparently those who are capable of
eosinophils in the sputum or circulation is easily sup-becoming sensitized will have done so by the time they
pressed by glucocorticoid treatment. Therefore epidemiol-become adults. Asthma is associated with elevated serum
ogists have found it necessary to rely on physician diagigE levels from childhood into old age, but skin test or
noses supplemented by questionnaires, spirometry, anspecific IgE antibody test responses are often negative in
tests of airway hyperresponsiveness and to define explicitadult-onset asthm®:27-310ften asthma begins with a
ly their criteria for case selectidf.These criteria often respiratory viral infectiod Also, a history of frequent res-
vary with the aim of the study and the information that is piratory infections in childhood or early adult life is asso-
available. Different questionnaires provide different infor- ciated with adult-onset asthrd&The role of air pollution
mation of varying degrees of reliabili}.Unfortunately, in the incidence of adult asthma is controversiat
bronchial hyperresponsiveness to methacholine or hista Smoking increases the incidence of both occupational
mine is neither sufficiently sensitive nor specific to be anand nonoccupational asthr#s23.25.35-39Smoking also
absolute criterion of mild asthma in subjects with normalincreases bronchial responsiveness to methacholine, but
spirometry, and the geometric effect of airway narrowing only in nonallergic subject®.41 The molecular and cel-
causes hyperresponsiveness in all patients with chronilular mechanisms of the effect of cigarette smoking on
airway obstruction of any cauéé2.13These reservations the incidence, severity, and progression of asthma have
about methodology aside, considerable useful informatiornot been fully determined. Some effects seem relevant,
is available about the natural history of asthma in adultsbut their precise function is obscure. Cigarette smokers
even though the numbers derived from epidemiologichave increased serum IgE levels and numbers of

studies can be considered only approximate. eosinophils circulating in the blod8:#2However, smok-
ers do not have increased eosinophils in lung tissue or
INCIDENCE AND PREVALENCE bronchoalveolar lavage fluid; instead, neutrophils and

macrophages predominéfe.
The incidence of asthma is far greatest in young chil- Asthma is common. The prevalence of asthma in the
dren, about 3000 in 100,000 individuals in the first yearadult population varies between communities and with
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race and socioeconomic status. In the United States in tt  Smoking doubles the severity of asthma sympt#ms.
years 1976 to 1980, the Second National Health and NutrHowever, published prospective studies about the effect
tion Examination Survey estimated the prevalence of asttof smoking on the rate of decline of asthma are conflict-
ma in adults at about 7% to 10%. Worldwide, both theing.30571t is clear, unfortunately, that many adults with
incidence and prevalence of asthma have increased duriasthma, particularly young adults, do smék&?.57.63n

the past 20 years, but this increase seems to have affectany case, regardless of the semantic issues about the
children and adolescents more than addlféThe preva- termsasthma asthmatic bronchitischronic bronchitis
lence in adults has remained constant at about 5% tandchronic obstructive pulmonary disea&OPD), it is
10%/7.45-48 Asthma is more prevalent in women, in part obvious that asthmatic patients who smoke will have a
because of their increased longevity and in part because greater rate of decline in lung function. In 1989, O’Con-
diagnostic labeling. Women are more often admitted to thinor et al2 reviewed the role of allergy and nonspecific
hospital49Also, asthma is somewhat more prevalent in thehyperresponsiveness in the pathogenesis of COPD. Ten
elderly than in young adults, presumably because the incyears later, most of the questions that they suggested for

dence rate exceeds the remission4afe. future research remain unanswered. What is the mecha-
nism of the relationship of smoking to IgE, eosinophilia,
COURSE OF THE DISEASE and airway hyperresponsiveness? Is the excessive decline

in pulmonary function associated with eosinophilia with-

Although as many as 20% of older asthmatic subjectout IgE-mediated allergy associated with progressive air-
enter a period of remission at least for a time, the remisway obstruction? To what extent is asthma a risk factor
sion rate is much less than it is for children in the seconfor the development of obstructive lung disease from cig-
decade of life Asthma beginning after the age of 50 arette smoking? Their final comment is still highly perti-
years is more severe and less reversible than asthmanent: “Potential interrelationships between smoking-
children51 Rackemann and EdwarB&who introduced related inflammation, allergic inflammation, airway
the termintrinsic asthmareported that only 20% of his hyperresponsiveness, and proteolytic destruction of lung
nonallergic asthmatic patients enjoyed a remission durtissue should be exploreé@Matsuse et af have shown
ing a 15- to 30-year follow-up period. Samter andthat chronic adenovirus infection of the airways is asso-
Beers3 reported similar outcomes in aspirin-sensitive ciated with the development of COPD. The airway
adults. The Tucson community-based longitudinal studyinflammation of asthma may well have the same effect as
of the course of respiratory diseases over the past 2inflammation from latent adenovirus infection.
years provides uniquely valuable information about the To estimate the magnitude of the problem of irre-
course of asthma. Remission was not observed iversible airway obstruction in elderly asthmatic patients,
patients with long-standing disease or reduced REV | reviewed every fourth record of the more than 1200
ues at the time of diagnogisf a remission does occur, patients 65 years of age or older who were treated for
the probability of a relapse increases with increasincasthma at Mayo Clinic in 1993. After eliminating those
age245.54 who had not had spirometry performed or whose records

Indeed, rather than enjoying a period of remission,did not contain information to substantiate a diagnosis of
adult patients with asthma often have declining pul-asthma, 242 records were available for analysis. The cri-
monary function over the yea#$30.55-59The Tucson teria for the designation of definite asthma were those of
group have reported that FEMeclines rapidly shortly the Rochester community-based study of the epidemiol-
after the diagnosis of asthma in older patients but theogy of asthma in the years 1964 to 1988.is of inter-
remains fairly stabl@27 The rate of decline increases est that 10 years later, in 1993, physician diagnosis of
with increasing age, and a diagnosis of “asthmatic bronasthma had become much less specific. About 5% of
chitis” is associated with faster decline®0The impor-  patients receiving such a diagnosis had dyspnea only on
tance of this diagnostic association will become moreexertion, no eosinophilia, and fixed airway obstruction.
apparent in the section below that discusses the anatorAnother 5% of patients had symptoms limited to daytime
ic basis of the deterioration of lung function. Greatercough, and their spirometry results were normal.
response to bronchodilators is also associated with fastBecause of possible bias introduced by the fact that the
decline in FEV{, perhaps because patients with lowerMayo Clinic is a tertiary care center, the data of local
baseline FEY have greater room for improvement after patients receiving primary care were compared with
use of the bronchodilatéf. The rate of decline is asso- those of referred patients. Referred patients did have
ciated with elevated total serum IgE and with peripheramore severe obstruction than local patients, but the dif-
blood eosinophilia, although the rate of decline is greateference was not great, and the conclusions were similar.
in nonallergic patients with intrinsic asthma than in aller-The majority of these elderly patients with asthma had
gic patients with extrinsic asthri&>7.59.61-63However,  severe, poorly reversible obstruction. Fig 1 displays the
patients who continue to be exposed to allergens tgreatest postbronchodilator FEValues recorded during
which they are sensitized may experience progressivthe year. Despite clear evidence from longitudinal stud-
and poorly reversible disea&This declining outcome ies cited above that the average FEMclines over a
resulting from continued exposure is particularly appar-period of years, the data from these patients shows no
ent in patients with occupational asthfaa! correlation between the FEWalue and the duration of
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FIG 1. These patients are a random selection of a quarter of the total of approximately 1200 patients 65 years
of age and older given a diagnosis of asthma at the Mayo Clinic in Rochester, Minnesota, in 1993. The plot-
ted values are those measured after inhalation of adrenergic bronchodilator. For the patients referred to the
Mayo Clinic from other cities, spirometry was performed at the time of the outpatient visit when the patients
were in their usual state of health, but these values do not necessarily represent the maximal values that
could be obtained with optimum doses of prednisone. However, if spirometry had been recorded on several
visits, the highest value was plotted. In this setting about 20% of the patients had FEV, values of less than
50% of their age-, sex-, and race-adjusted predicted value. The primary care patients lived in the Rochester
area. Many of them had been followed for many years, and the most recent result is shown. The patients
referred from other areas had somewhat more severe asthma than the local patients. Reprinted with permis-
sion from Reed CE. The role of allergy and inflammation. In: Barbee RA, Bloom JW, editors. Asthma in the
elderly. New York: Marcel Dekker, Inc; 1997. p. 33-52.

the disease (Fig 2). Many severely obstructed elderlygrowth factorB and platelet-derived growth factor
asthmatic patients had symptoms for only a few monthsreleased from leukocytes or damaged epithelium are
or years. In contrast, a few patients with a history of asth-involved’®

ma since childhood had normal spirometry results. Oth- The eosinophilic pneumonitis and central saccular
ers have reported similar resudtg? Because it is this  bronchiectasis of allergic bronchopulmonary aspergillo-
subgroup of elderly asthmatic subjects with long-stand-sis are well knows9 Patients with this uncommon gran-
ing disease who more often have positive skin testulomatous complication of asthma typically have pro-
responses and a history of allergic asthma, it is not surgressive irreversible loss of lung function. Untreated, it
prising that Almind et &P reported that asthmatic sub- causes pulmonary fibrosis, particularly of the upper
jects with positive skin test responses retained reversibillobes. Allergic bronchopulmonary aspergillosis can serve

ity; those with negative test responses did not. as an illustration of more common development of
bronchiectasis and fibrosis in adult asthmatic subjects.
ANATOMIC BASIS FOR IRREVERSIBILITY Paganin et 8h82studied 57 subjects with chronic asth-

ma using high-resolution computerized tomography.

At least 4 different abnormalities contribute to irre- They reported varicose bronchiectasis in 4 subjects and
versible impairment of FEVin asthma: (1) airway cylindrical bronchiectasis in 32. Park etakported that
remodeling; (2) bronchiectasis; (3) linear postinfectious high-resolution computerized tomography abnormalities
pulmonary fibrosis; and (4) emphysema and chroniccorrelate with duration and severity of asthma. Sequellar
bronchitis. linear shadows of pulmonary fibrosis are also common in

Airway remodeling consists of deposition of collagen subjects with severe asthma, more so in nonallergic
beneath the epithelial basement membrane, hypertrophcases$2 Bronchiectasis and linear pulmonary fibrosis
of bronchial wall smooth muscle, and hyperplasia of presumably result from the complex inflammation of
mucus glands and goblet cells. Edema, vascular dilatainfections rather than from the direct effect of the lym-
tion, and increased numbers of blood vessels also conphocytic-eosinophilic inflammation of asthma. Pneumo-
tribute to the thickening of the airway wall. These nia is more frequent in asthmatic than normal subfécts.
changes affect the entire airway from mainstem bronchi Centrilobular and paraseptal emphysema has been
to bronchioleg3-76 Whether there is loss of bronchial demonstrated in nonsmoking asthmatic subjects, but not
wall elastic fibers is controversiél:’8 The cellular bio-  unexpectedly, they are considerably more common in
logic mechanisms of these changes have not yet beesmokers, occurring in up to 20%. The frequency increas-
clarified. Presumably growth factors like transforming es with ageé2.85.86
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FIG 2. FEV, as a function of the duration of asthma in the patients 65 years of age and older included in Fig
1. The duration of asthma was dated from the first physician’s diagnosis of asthma or the first symptoms of
wheezing and shortness of breath, whichever came first. Many severely obstructed elderly asthmatic patients
had symptoms for only a few months or years. In contrast, a few patients with a history of asthma since child-
hood had normal spirometry results.

Figure not available

FIG 3. The effect of aerosol beclomethasone dipropionate on the decline in lung function of patients with mod-
erate-to-severe asthma. Twenty-six patients with asthma who had at least an 80 mL/y decline in FEV, and at
least 2 exacerbations a year were followed for 4 years. During the first 2 years, they were treated with bron-
chodilators alone; during the second 2 years aerosol beclomethasone dipropionate, 400 mg twice daily, was
added. During the first 2 years, mean prebronchodilator FEV, declined about 350 mL; the mean postbron-
chodilator FEV; declined about 200 mL. During the first 6 months of glucocorticoid treatment, FEV, improved
as expected, but then the decline resumed. During the last 18 months of observation, the prebronchodilator
FEV, declined 150 mL; the postbronchodilator FEV,; declined 200 mL. Reprinted with permission from Ann
Intern Med 1993;118:770-8.
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FATAL ASTHMA addressed when aerosol delivery systems that provide a
better deposition in small airways become available. No
Most of the epidemiologic studies of death from asth- studies of the effect of oral glucocorticoids on the pro-
ma have concentrated on the 15- to 35-year-old agegression of obstruction have been reported, but systemic
group because the death certificate is more reliable at thidelivery would be expected to be more effective in the
age. However, death from asthma, like death from alllung periphery than aerosol delivery.
causes, increases with age. Most deaths from asthm
occur in the elderly:87-891n the Rochester community-
based study of 2499 patients with asthma followed for 14
years, there were 140 deaths, 4% of which were cause Particularly when it begins later in life, asthma in
by asthm&0 Although the survival of all patients with adults is often a slowly progressive irreversible disease.
asthma was the same as the general population, patienBy age 65 years, the majority of older patients have a
whose disease began after the age of 35 years had a higsubstantial degree of irreversible impairment of lung
er mortality rate. Others have reported that asthma doefunction that results from a combination of pathologic
increase mortality rat&.90.91|n the Rochester commu- changes. These changes include airway remodeling from
nity-based study, a death certificate diagnosis of asthmihe chronic lymphocytic-eosinophilic inflammation,
as the underlying cause of death was found to have a lo\bronchiectasis and patchy fibrosis from repeated infec-
sensitivity (42%) but high specificity (9998%.Other tions, and chronic bronchiolar damage and emphysema
investigators have commented on the poor reliability offrom cigarette smoking. Most deaths from asthma occur
the death certificat®3-97 In Rochester death from acute in the elderly and result from complications of these
asthma was uncommon. More often the death was causechronic irreversible anatomic changes more often than
by complications of irreversible lung disease (frequently from acute attacks. The cardiotoxic effectfefdrener-
a respiratory infection) or by coexisting cardiac diseasegic agonists and theophylline amplified by hypoxemia
often associated with cardiotoxic effects of adrenergiccontribute to death from coronary artery disease.
agonists and theophylline enhanced by hypox&fHa. More data about the course of asthma in adults are
Smoking is an additional risk factor for deééh. needed from long-term prospective studies. The role of
repeated or chronic bronchopulmonary infections by
bacteria or fungi, as well as viruses, has not received suf-
ficient attention. The etiology of intrinsic, nonallergic
asthma is as much a mystery now as it was in 1916. The
Glucocorticoids effectively control the airway cell biology of airway remodeling needs clarification so
inflammation of asthma, and aerosol glucocorticoids that more effective preventive treatment can be devised.
retard the decline in FEM® Therefore the data from More efficient systems for delivering glucocorticoids to
a prospective study by Dompeling e¥&h Nijmegen, the small airways and methods of evaluation of their effi-
The Netherlands, are particularly disquieting. Beclo- cacy in preventing remodeling of peripheral airways are
methasone dipropionate improved FENBuUt did not  needed.
prevent continued decline (Fig 3). Half of these asth- In the meantime several practical points in manage-
matic patients smoked, and the data do not permit disment can be emphasized. Some are obvious. Others will
tinction between the possibilities that the continuedneed validation by long-term prospective studies before

CONCLUSIONS AND RECOMMENDATIONS

EFFECT OF TREATMENT ON COURSE OF
DISEASE

decline was the result of continued exposure to cigarettdinal acceptance. They are as follows:

smoke or that the decline was the result of the failure of
the glucocorticoid delivered by a metered-dose inhaler
to reach the peripheral airways in a dose sufficient to
prevent the continued remodeling of small airways. The
small airways are the site of a major component of
chronic obstructiod?2.76

Aerosol glucocorticoids reduce the amount of subep-
ithelial fibrosis and numbers of goblet cells in the central
airways accessible to endoscopic biopskowever, in
as much as improvement in asthmatic symptoms,
changes in FEY, and biopsy all preferentially reflect
changes in the central airways, the available data sup
porting the efficacy of aerosol glucocorticoids cannot be
extrapolated to the small airways with complete confi-
dence. Aerosols delivered by metered-dose inhalers
deposit most of the intrapulmonary dose in the central
airways100 and therefore it is possible that aerosol glu-
cocorticoids will not prevent the airway remodeling of
peripheral airways. This is a question that can be

» Asthmatic subjects must not smoke.

» Sensitivity to environmental allergens, especially
occupational allergens, should be identified and con-
trolled.

» Except in very mild cases, adults with chronic asth-
ma should receive aerosol glucocorticoid treatment.
Close attention to proper inhalation technique is criti-
cal for success. Outcome should be monitored by
appropriately timed spirometry, paying more attention
to changes in FEE_75as an indicator of small airway
function than is conventional. Peak flow can be “nor-
mal,” even though substantial obstruction persists. If
normal FEV, and substantially improved FE&fsare

not achieved, reversibility with oral glucocorticoids
should be determined. Another reasonable outcome
goal of glucocorticoid therapy as a means of prevent-
ing airway remodeling is to maintain peripheral blood
eosinophils below 100/mn

» Assure immunization against influenza for all adult



J ALLERGY CLIN IMMUNOL
VOLUME 103, NUMBER 4

REFERENCES
1.

10.

11.

12.

13.

14.

15.

asthmatic subjects and pneumococcus for oldeis.
patients.

» A chest radiograph should be obtained at times o
acute exacerbations in older adults because the prob™
bility of pneumonitis is high.

« If there is a substantial degree of irreversibility, the 18.
reason should be determined by high-resolution com
puterized tomography, and management should b4
planned accordingly. If there is bronchiectasis, appro:
priate antimicrobial therapy should be given. Toxicity
from excessive oral glucocorticoids can be avoided if20-
the irreversibility is shown to a pathologic basis that is
not responsive to anti-inflammatory therapy.

» The dose of3-adrenergic agonists should be kept
low in patients at risk of heart disease, especially22.
during acute episodes when hypoxemia is presen
Ipratropium is a suitable bronchodilator for many
patients, but its efficacy needs to be confirmed byy,,
spirometry.

21.

23.

25.
Weich DG, Samet JM. Epidemiology and natural history of asthma. In:
Middleton E Jr, Reed CE, Ellis EF, Adkinson NF Jr, Yunginger JW, Busse
WW, editors. Allergy: principles and practice. 5th ed. St Louis: Mosby, 26.
Inc; 1998. p. 769-82.

. Burrows B, Barbee RA, Cline MG, Knudson RJ, Lebowitz MD. Charac-

teristics of asthma among elderly adults in a sample of the general popt

lation. Chest 1991;100:935-42. 27.

. Bauer BA, Reed CE, Yunginger JW, Wollan PC, Silverstein MD. Inci-

dence and outcomes of asthma in the elderly. A population-based stud

in Rochester, Minnesota. Chest 1997;111:303-10. 28.

. Barbee RA. Epidemiology and natural history. In: Barbee RA, Bloom JW,

editors. Asthma in the elderly. New York: Marcel Dekker; 1997. p. 1-32.

. Sluiter HJ, Koeter GH, de Monchy JG, Postma DS, de Vries K, Orie NG.

The Dutch hypothesis (chronic non-specific lung disease) revisited. Eui29.
Respir J 1991;4:479-89.

. US Department of Health and Human Services, Public Health Service

National Heart Lung and Blood Institute. Expert Panel report II: guide-
lines for the diagnosis and management of asthma; April 1997. NIH Pub-30.
lication No. 97-4051.

. Manfreda J, Becker AB, Wang PZ, Roos LL, Anthonisen NR. Trends in

physician-diagnosed asthma prevalence in Manitoba between 1980 ar31.
1990. Chest 1993;103:151-7.

. Pin |, Freitag AP, O'Byrne PM, Girgis-Gabardo A, Watson RM, Dolovich

J, et al. Changes in the cellular profile of induced sputum after allergen-32.
induced asthmatic responses. Am Rev Respir Dis 1992;145:1265-9.

. Beasley R, Burgess C, Crane J, Pearce N, Roche W. Pathology of asthn

and its clinical implications. J Allergy Clin Immunol 1993;92(Pt 2):148- 33.
54.

Toelle BG, Peat JK, Salome CM, Mellis CM, Woolcock AJ. Toward a
definition of asthma for epidemiology. Am Rev Respir Dis 34.
1992;146:633-7.

Venables KM, Farrer N, Sharp L, Graneek BJ, Newman Taylor AJ. Res-
piratory symptoms questionnaire for asthma epidemiology: validity and35.
reproducibility. Thorax 1993;48:214-9.

Wiggs DR, Bosken C, Pare PD, James A, Hogg JC. A model of airway
narrowing in asthma and in chronic obstructive pulmonary disease. An36.
Rev Respir Dis 1992;145:1251-8.

Matsuse T, Hayashi S, Kuwano K, Keunecke H, Jefferies WA, Hogg JC.
Latent adenoviral infection in the pathogenesis of chronic airways37.
obstruction. Am Rev Respir Dis 1992;146:177-84.

Yunginger JW, Reed CE, O’'Connell EJ, Melton LJ Ill, O'Fallon WM,
Silverstein MD. A community-based study of the epidemiology of asth- 38.
ma. Incidence rates, 1964. Am Rev Respir Dis 1992;146:888-94.

Dodge RR, Burrows B. The prevalence and incidence of asthma and ast
ma-like symptoms in a general population sample. Am Rev Respir Dis

1980;122:567-75. 39.

Reed 545

Dodge R, Cline MG, Lebowitz MD, Burrows B. Findings before the
diagnosis of asthma in young adults. J Allergy Clin Immunol
1994:94:831-5.

7. Lebowitz MD, Bronnimann S, Camilli AE. Asthmatic risk factors and

bronchial reactivity in non-diagnosed asthmatic adults. Eur J Epidemiol
1995;11:541-8.

Sherrill DL, Lebowitz MD, Halonen M, Barbee RA, Burrows B. Longi-
tudinal evaluation of the association between pulmonary function and
total serum IgE. Am J Respir Crit Care Med 1995;152:98-102.

. Peat JK, Toelle BG, Dermand J, van den Berg R, Britton WJ, Woolcock

AJ. Serum IgE levels, atopy, and asthma in young adults: results from a
longitudinal cohort study. Allergy 1996;51:804-10.

Strachan DP, Butland BK, Anderson HR. Incidence and prognosis of
asthma and wheezing illness from early childhood to age 33 in a nation-
al British cohort. BMJ 1996;312:1195-9.

Kaplan BA, Mascie-Taylor CG. Smoking and asthma among 23-year-
olds. J Asthma 1997;34:219-26.

Meredith S. Reported incidence of occupational asthma in the United
Kingdom, 1989-90. J Epidemiol Community Health 1993;47:459-63.
Beckett WS. The epidemiology of occupational asthma. Eur Respir J
1994,7:161-4.

Kogevinas M, Anto JM, Soriano JB, Tobias A, Burney P. The risk of asth-
ma attributable to occupational exposures. A population-based study in
Spain. Spanish Group of the European Asthma Study. Am J Respir Crit
Care Med 1996;154:137-43.

Sunyer J, Anto JM, Sabria J, Rodrigo MJ, Roca J, Morell F, et al. Risk
factors of soybean epidemic asthma. The role of smoking and atopy. Am
Rev Respir Dis 1992;145:1098-102.

Anto JM, Sunyer J, Rodriguez-Roisin R, Suarez-Cervera M, Vazquez L.
Community outbreaks of asthma associated with inhalation of soybean
dust. Toxicoepidemiological Committee. N Engl J Med 1989;320:1097-
102.

Burrows B, Lebowitz MD, Barbee RA, Cline MG. Findings before diag-
noses of asthma among the elderly in a longitudinal study of a general
population sample. J Allergy Clin Immunol 1991;88:870-7.

Sunyer J, Anto JM, Castellsague J, Soriano JB, Roca J. Total serum IgE
is associated with asthma independently of specific IgE levels. The Span-
ish Group of the European Study of Asthma. Eur Respir J 1996;9:1880-
4.

Tollerud DJ, O’Connor GT, Sparrow D, Weiss ST. Asthma, hay fever, and
phlegm production associated with distinct patterns of allergy skin test
reactivity, eosinophilia, and serum IgE levels. The Normative Aging
Study. Am Rev Respir Dis 1991;144:776-81.

Almind M, Viskum K, Evald T, Dirksen A, Kok-Jensen A. A seven-year
follow-up study of 343 adults with bronchial asthma. Dan Med Bull
1992;39:561-5.

Sunyer J, Anto JM, Sabria J, Roca J, Morell F, Rodriguez-Roisin R, et al.
Relationship between serum IgE and airway responsiveness in adults
with asthma. J Allergy Clin Immunol 1995;95:699-706.

Paoletti P, Prediletto R, Carrozzi L, Viegi G, Di Pede F, Carmignani G, et
al. Effects of childhood and adolescence-adulthood respiratory infections
in a general population. Eur Respir J 1989;2:428-36.

Eschenbacher WL, Holian A, Campion RJ. Air toxics and asthma:
impacts and end points. Environ Health Perspect 1995;103(Suppl 6):209-
11.

Castellsague J, Sunyer J, Saez M, Anto JM. Short-term association
between air pollution and emergency room visits for asthma in
Barcelona. Thorax 1995;50:1051-6.

Krzyzanowski M, Lebowitz MD. Changes in chronic respiratory symp-
toms in two populations of adults studied longitudinally over 13 years.
Eur Respir J 1992;5:12-20.

Sparrow D, O'Connor GT, Basner RC, Rosner B, Weiss ST. Predictors of
the new onset of wheezing among middle-aged and older men. The Nor-
mative Aging Study. Am J Respir Dis 1993;147:367-71.

Lebowitz MD, Postma DS, Burrows B. Adverse effects of eosinophilia
and smoking on the natural history of newly diagnosed chronic bronchi-
tis. Chest 1995;108:55-61.

Ronmark E, Lundback B, Jonsson E, Jonsson AC, Lindstrom M, Sand-
strom T. Incidence of asthma in adults—report from the Obstructive
Lung Disease in Northern Sweden Study. Eur J Allergy Clin Immunol
1997;52:1071-8.

Forastiere F, Balmes J, Scarinci M, Tager IB. Occupation, asthma, and



546 Reed

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

chronic respiratory symptoms in a community sample of older women.
Am J Respir Crit Care Med 1998;157:1864-70.

O’Connor GT, Sparrow D, Segal MR, Weiss ST. Smoking, atopy, and
methacholine airway responsiveness among middle-aged and elderly
men. The Normative Aging Study. Am J Respir Dis 1989;140:1520-6.
Sunyer J, Anto JM, Kogevinas M, Soriano JB, Tobias A, Munoz A.
Smoking and bronchial responsiveness in nonatopic and atopic young

adults. Spanish Group of the European Study of Asthma. Thorax 66.

1997;52:235-8.
Sherrill DL, Halonen M, Burrows B. Relationships between total serum

IgE, atopy, and smoking: a twenty-year follow-up analysis. J Allergy Clin 67.

Immunol 1994;94:954-62.

Thompson AB, Daughton D, Robbins RA, Ghafouri MA, Oehlerking M, 68.

Rennard SI. Intraluminal airway inflammation in chronic bronchitis.
Characterization and correlation with clinical parameters. Am J Respir
Dis 1989;140:1527-37.

Rimpela AH, Savonius B, Rimpela MK, Haahtela T. Asthma and allergic 69.

rhinitis among Finnish adolescents in 1977-1991. Scand J Soc Med
1995;23:60-5.

Broder I, Higgins MW, Mathews KP, Keller JB. Epidemiology of asthma 70.

and allergic rhinitis in a total community, Tecumseh, Michigan. IV. Nat-
ural history. J Allergy Clin Immunol 1974;54:100-10.

Dodge RR, Burrows B. The prevalence of asthma and asthma-like symp71.

toms in a general population sample. Am Rev Respir Dis 1980;122:567-
75.

Campbell K, Davis J, Kingston H, Milne GA. An all age group study of 72.

the prevalence of asthma in Golden Bay. N Z Med J 1993;106:282-3.
Ertle AR, London MR. Insights into asthma prevalence in Oregon. J
Asthma 1998;35:281-9.

Prescott E, Lange P, Vestbo J. Effect of gender on hospital admissions fo

asthma and prevalence of self-reported asthma: a prospective study base74.

on a sample of the general population. Copenhagen City Heart Study
Group. Thorax 1997;52:287-9.
Evans R, Mullaly DI, Wilson RW, Gergen DJ, Rosenberg HM, Chevan-

ley IM, et al. National trends in the morbitidy and mortality of asthma in 75.

the United States. Prevalence, hospitalization, and mortality of asthma
over two decades: 1965-1984. Chest 1987;91:65s-74s.

Vergnenégre A, Antonini MT, Bonnaud F, Melloni B, Mignonat G, Bous-
quet J. Comparison between late onset and childhood asthma. Allergo
Immunopathol (Madrid) 1992;20:190-6.

Rackemann FM, Edwards MC. Is intrinsic asthma a reversible disease77.

Allergy 1958;29:528-36.

Samter M, Beers RF. Intolerance to aspirin. Ann Intern Med
1968;68:975-82.

Bronnimann S, Burrows B. A prospective study of the natural history of
asthma. Remission and relapse rates. Chest 1986;90:480-4.

Peat JK, Woolcock AJ, Cullen K. Rate of decline of lung function in sub-
jects with asthma. Eur J Respir Dis 1987;70:171-9.

Annesi |, Oryszczyn MP, Frette C, Neukirch F, Orvoen-Frija E, Kauff-
mann F. Total circulating IgE and FEV1 in adult men. An epidemiologic
longitudinal study. Chest 1992;101:642-8.

Ulrik CS, Backer V, Dirksen A. Mortality and decline in lung function in
213 adults with bronchial asthma: a ten-year follow up. J Asthma
1992;29:29-38.

Dompeling E, van Schayck CP, van Grunsven PM, van Herwaarden CL,
Akkermans R, Molema J, et al. Slowing the deterioration of asthma and

chronic obstructive pulmonary disease observed during bronchodilatorg2.

therapy by adding inhaled corticosteroids. A 4-year prospective study.
Ann Intern Med 1993;118:770-8.

Boulet LP, Jobin C, Milot J, Turcotte H. Five-year changes in airflow 83.

obstruction and airway responsiveness in mild to moderate asthma. Clir
Invest Med 1994;17:432-42.
Postma DS, Lebowitz MD. Persistence and new onset of asthma ant

chronic bronchitis evaluated longitudinally in a community population 84.

sample of adults. Arch Intern Med 1995;155:1393-9.

Gerritsen J, Koéter GH, de Monchy JG, Knol K. Allergy in subjects with
asthma from childhood to adulthood. J Allergy Clin Immunol
1990;85:116-25.

Frette C, Annesi |, Korobaeff M, Neukirch F, Dore MF, Kauffmann F.

Blood eosinophilia and FEV1. Cross-sectional and longitudinal analyses.86.

Am J Respir Dis 1991;143:987-92.
Cline MG, Dodge R, Lebowitz MD, Burrows B. Determinants of percent

64.

65.

73.

76.

78.

79.

81.

85.

J ALLERGY CLIN IMMUNOL
APRIL 1999

predicted FEV1 in current asthmatic subjects. Chest 1994;106:1089-93.
Weiss ST, O’Connor GT, Demolles D, Platts-mills T, Sparrow D. Indoor
allergens and longitudinal FEV1 decline in older adults—the normative
aging study. J Allergy Clin Immunol 1998;101:720-5.

Chan-Yeung M, Lam S, Koener S. Clinical features and natural history of
occupational asthma due to western red cedar (Thuja plicata). Am J Med
1982;72:411-5.

Chan-Yeung M, MacLean L, Pagiaro PL. Follow-up study of 232 patients
with occupational asthma caused by western red cedar (Thuja plicata). J
Allergy Clin Immunol 1987;79:292-6.

Lam S, Chan-Yeung M. Occupational asthma: natural history, evaluation
and management. Occup Med 1987;2:373-81.

Malo JL, Ghezzo H, D’Aquino C, L'Archeveque J, Cartier A, Chan-
Yeung M. Natural history of occupational asthma: relevance of type of
agent and other factors in the rate of development of symptoms in affect-
ed subjects. J Allergy Clin Immunol 1992;90:937-44.

Pisati G, Baruffini A, Zedda S. Toluene diisocyanate induced asthma:
outcome according to persistence or cessation of exposure. Br J Ind Med
1993;50:60-4.

Brugnami G, Marabini A, Siracusa A, Abbritti G. Work-related late asth-
matic response induced by latex allergy. J Allergy Clin Immunol
1995;96:457-64.

Gassert TH, Hu H, Kelsey KT, Christiani DC. Long-term health and
employment outcomes of occupational asthma and their determinants. J
Occup Environ Med 1998;40:481-91.

O’Connor GT, Sparrow D, Weiss ST. The role of allergy and nonspecific
airway hyperresponsiveness in the pathogenesis of chronic obstructive
pulmonary disease. Am J Respir Dis 1989;140:225-52.

Sobonya RE. Quantitative structural alterations in long-standing allergic
asthma. Am J Respir Dis 1984;130:289-92.

Jeffery PK. Pathology of asthma: a comparison with COPD. In: Middle-
ton E Jr, Reed CE, Ellis EF, Adkinson NF Jr, Yunginger JW, Busse WW,
editors. Allergy: principles and practice. 5th ed. St. Louis: Mosby, Inc.;
1998. p. 867-76.

Boulet L, Belanger M, Carrier G. Airway responsiveness and bronchial-
wall thickness in asthma with or without fixed airflow obstruction. Am J
Respir Crit Care Med 1995;152:865-71.

Okazawa M, Muller N, McNamara AE, Child S, Verburgt L, Pare PD.
Human airway narrowing measured using high resolution computed
tomography. Am J Respir Crit Care Med 1996;154:1557-62.

Bousquet J, Lacoste JY, Chanez P, Vic P, Godard P, Michel FB. Bronchial
elastic fibers in normal subjects and asthmatic patients. Am J Respir Crit
Care Med 1996;153:1648-54.

Godfrey RW, Lorimer S, Majumdar S, Adelroth E, Johnston PW, Rogers
AV, et al. Airway and lung elastic fibre is not reduced in asthma nor in
asthmatics following corticosteroid treatment. Eur Respir J 1995;8:922-7.
Vignola AM, Chanez P, Chiappara G, Gagliardo R, Bonsignore G, Bous-
quet J. Growth factors in the remodeling of asthma. Allergy Clin
Immunol Int 1998;10:149-53.

. Patterson R, Greenberger PA, Halwig JM, Liotta JL, Roberts M. Allergic

bronchopulmonary aspergillosis. Natural history and classification of
early disease by serologic and roentgenographic studies. Arch Intern Med
1986;146:916-8.

Paganin F, Trussard V, Seneterre E, Chanez P, Giron J, Godard P, et al.
Chest radiography and high resolution computed tomography of the
lungs in asthma. Am J Respir Dis 1992;146:1084-7.

Paganin F, Seneterre E, Chanez P, Daures JP, Bruel JM, Michel FB, et al.
Computed tomography of the lungs in asthma: influence of disease sever-
ity and etiology. Am J Respir Crit Care Med 1996;153:110-4.

Park JW, Hong YK, Kim CW, Kim DK, Choe KO, Hong CS. High-reso-
lution computed tomography in patients with bronchial asthma: correla-
tion with clinical features, pulmonary functions and bronchial hyperre-
sponsiveness. J Invest Allergol Clin Immunol 1997;7:186-92.

Lange P, Vestbo J, Nyboe J. Risk factors for death and hospitalization
from pneumonia. A prospective study of a general population. Eur Respir
J 1995;8:1694-8.

Kondoh Y, Taniguchi H, Yokoyama S, Taki F, Takagi K, Satake T.
Emphysematous change in chronic asthma in relation to cigarette smok-
ing. Assessment by computed tomography. Chest 1990;97:845-9.
Mochizuki T, Nakajima H, Kokubu F, Kushihashi T, Adachi M. Evalua-
tion of emphysema in patients with reversible airway obstruction using
high-resolution CT. Chest 1997;112:1522-6.



J ALLERGY CLIN IMMUNOL
VOLUME 103, NUMBER 4

87.
88.
89.

90.
91.

92.

93.

Don'’t miss a single issue of the journal! To ensure prompt service when you change your address, please photo

Jenkins MA, Hurley SF, Jolley DJ, Oliver RG, McLean AJ, McNeil JJ. 94.

Trends in Australian mortality of asthma, 1979-1985. Med J Aust
1988;149:620-4.

Schenker MB, Gold EB, Lopez RL, Beaumont JJ. Asthma mortality in 95.

California, 1960-1989. Demographic patterns and occupational associa
tions. Am Rev Respir Dis 1993;147:1454-60.
Silverstein MD, Reed CE, O'Connell EJ, Melton LJ Ill, O’Fallon WM,

Yunginger JW. Long-term survival of a cohort of community residents 97.

with asthma. N Engl J Med 1994;331:1537-41.

Toren K, Lindholm NB. Do patients with severe asthma run an increase(
risk from ischaemic heart disease? Int J Epidemiol 1996;25:617-20.
Lange P, Ulrik CS, Vestbo J. Mortality in adults with self-reported asth-
ma. Copenhagen City Heart Study Group. Lancet 1996;347:1285-9.

Hunt LW Jr, Silverstein MD, Reed CE, O’Connell EJ, O’'Fallon WM, 99.

Yunginger JW. Accuracy of the death certificate in a population-based
study of asthmatic patients. JAMA 1993;269:1947-52.
Jenkins MA, Rubinfeld AR, Robertson CF, Bowes G. Accuracy of asth-
ma death statistics in Australia. Aust J Pub Health 1992;16:427-9.

complete the form below.

Please send your change of address notification at least six weeks before your move to ensure continued servicg.
We regret we cannot quarantee replacement of issues missed due to late notification.

JOURNAL TITLE:

Fill in the title of the journal here

96.

98.

100.

N THE MOVE?

new address at least six weeks ahead

Reed 547

Smyth ET, Wright SC, Evans AE, Sinnamon DG, MacMahon J. Death
from airways obstruction: accuracy of certification in Northern Ireland.
Thorax 1996;51:293-7.

Model D. Preventable factors and death certification in death due to asth-
ma. Respir Med 1995;89:21-5.

Wright SC, Evans AE, Sinnamon DG, MacMahon J. Asthma mortality
and death certification in Northern Ireland. Thorax 1994;49:141-3.
Campbell DA, McLennan G, Coates JR, Frith PA, Gluyas PA, Latimer
KM, et al. Accuracy of asthma statistics from death certificates in South
Australia. Med J Aust 1992;156:860-3.

Bremner P, Burgess CD, Crane J, McHaffie D, Galletly D, Pearce N, et
al. Cardiovascular effects of fenoterol under conditions of hypoxaemia.
Thorax 1992;47:814-7.

Ulrik CS, Frederiksen J. Mortality and markers of risk of asthma death
among 1,075 outpatients with asthma. Chest 1995;108:10-5.

Fleming JS, Halson P, Conway J, Moore E, Nassim MA, Hashish AH, et al.
Three-dimensional description of pulmonary deposition of inhaled aerosol
using data from multimodality imaging. J Nucl Med 1996;37:873-7.

OLD ADDRESS:

Affix the address label from a recent issue of the journal here.

COPY AND MAIL THIS FORM TO:
Periodical Subscription Services
Mosby, Inc.

11830 Westline Industrial Dr.

St.

OR FAX TO:

Louis, MO 63146-3318

314-432-1158

N/ Mosby

NEW ADDRESS:
Clearly print your new address here.

Name

Address

City/State/ZIP

OR PHONE:
1-800-453-4351
Outside the U.S., call
314-453-4351

opy and



