
Background: FEV1 is endorsed by the National Asthma Edu-
cation and Prevention Program as a means for grading asthma
severity. However, few data exist on the relationship between
FEV1 and asthma outcomes during long-term follow-up. 
Objective: We explored the relationship between the percent
predicted FEV1 (FEV1%) and subsequent asthma attacks in a
longitudinal study of pediatric lung health. 
Methods: A retrospective cohort of 13,842 children (100,292
observations) seen annually over a 15-year interval was ana-
lyzed for measurement of pulmonary function, and a respira-
tory questionnaire was completed. Up to grade 9, a standard
questionnaire was completed by a parent or guardian; there-
after it was completed by the patient. For each observation,
the report of an attack during the past year was paired with
FEV1 recorded at the field survey 1 year earlier. 
Results: A progressive decrease in the proportion of individu-
als reporting an attack was associated with increasing decile of
FEV1%. Two categorization schemes for FEV1% were exam-
ined: a scheme based on the National Asthma Education and
Prevention Program recommendations (<60%, 60%-80%, and
>80%), and an alternative scheme (<80%, 80%-100%, and
>100%). In multivariate models, FEV1% was an independent
predictor of attacks: among the parental report group, the
odds ratios were 2.1 (95% CI, 1.3-3.4) and 1.4 (95% CI, 1.2-
1.6) for FEV1% < 60% and FEV1% of 60% to 80% compared
with FEV1% > 80%, respectively; and among the self-report
group, odds ratios were 5.3 (95% CI, 2.2-12.9) and 1.4 (95%
CI, 1.2-1.7) for FEV1% < 60% and FEV1% of 60% to 80%
compared with FEV1% > 80%, respectively. With the alterna-
tive classification scheme, the relationship was similar, but the
difference in risk between categories of FEV1% decreased.
Conclusion: The strong association between FEV1% and risk
of asthma attack over the subsequent year supports an empha-
sis on objective measures of lung function in assessment of risk
for adverse asthma outcomes. (J Allergy Clin Immunol
2001;107:61-7.)
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Asthma is a chronic inflammatory disease with clini-
cal manifestations that result from variable airflow
obstruction. Spirometric measures, principally FEV1,
have long been used as markers of the degree of airflow
obstruction. FEV1 is endorsed by the National Asthma
Education and Prevention Program (NAEPP) as an
important means for grading asthma severity.1

The endorsement of FEV1 is based on the observation
that both patients and physicians are imperfect at assessing
the degree of airway obstruction without objective means2-6

and the belief that the severity of disease as assessed by
FEV1 or peak expiratory flow rate (PEFR) predicts impor-
tant disease outcomes, such as exacerbations, disease pro-
gression, and functional impairment or quality of life. 

In the area of asthma outcomes, research has been lim-
ited by the lack of a gold standard that allows for stratifi-
cation for asthma severity. In a disease process as com-
plex as asthma, no single measure can be expected to
completely describe the severity of disease. However,
when the goal is less to describe “what is” and more to
predict “what will be,” the challenge is to define a simple
severity classification scheme that takes current clinical
information, assigns patients to a particular severity
class, and then uses that measure to predict likely down-
stream outcomes, such as the frequency and severity of
future clinical events, resource utilization patterns, and
long-term patient quality of life. 

No consensus exists as to what such a scheme should
measure. The NAEPP has developed a classification
scheme that has been widely disseminated. A central
component of this scheme is the objective measure of
lung function (FEV1 or PEFR). Although PEFR is con-
sidered a useful clinical measure, the variability of PEFR
is twice that of FEV1,7,8 and PEFR may be less reliable
in children with asthma.9,10 Our analysis is focused on
FEV1. No distinction has been made between the classi-
fication schemes proposed for pediatric compared with
adult populations. The use of the same categories for
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FEV1 classification among adults and children is based
on expert opinion because there is little information in
the literature addressing this issue.

This study was motivated by the search for compo-
nents of an asthma classification scheme that could be
used for the purposes of prediction and planning, one that
allows identification of mutually exclusive states. We
sought to explore whether a relationship could be
observed between FEV1 and subsequent asthma attacks
within a pediatric population.

METHODS

Study population

We performed a retrospective cohort analysis of subjects from a
longitudinal study; details of the study design have been pub-
lished.11 In brief, this study enrolled 13,842 subjects (100,292
observations) from schools in 6 US states (Watertown, Mass;
Kingston and Harriman, Tenn; Steubenville and Mingo Junction,
Ohio; a geographically defined section of St Louis, Mo; Portage,
Pardeeville, Rio, and Wyocena, Wis; and Topeka, Kan) between
1974 and 1979. The sample included all first- and second-grade
children in both the public and private schools within each of the
study communities. In addition, new first graders were added to the
sample each year until approximately 1500 to 2000 children were
enrolled in each community. Children were followed up for a max-
imum of 15 years. At the initial and subsequent annual examina-
tions, children were seen in their schools for measurement of
height, weight, and pulmonary function.

To include a large population of potentially asthmatic children,
we defined our analysis population as all children who reported 1 or
more asthma attacks at any time during follow-up. We subsequent-
ly repeated the analysis and restricted the population to children
who reported ever having asthma.

Questionnaire

At each visit, up to grade 9 (approximately age 14 years), each
child took home a standard questionnaire to be completed by a par-
ent or guardian (parental report). Thereafter, in most cases the ques-
tionnaire was completed by the child (self-report). For 377 children
the questionnaire was completed, at least once, by the parent despite
the child’s being aged 15 years or older. 

Previous evaluation of the Six Cities population has documented
differences in the information obtained from parental compared with
self-report.12 In addition, different information regarding potential
confounders (tobacco exposure) was obtained from the 2 respondent

(age) groups: the parental questionnaire ascertained information on
environmental tobacco smoke (ETS), whereas information on per-
sonal tobacco exposure (“In the past year have you smoked 5 or more
tobacco cigarettes?”) was obtained from the self-report questionnaire.
Because of the differences in the type of response and the information
available, all analyses were stratified by respondent identity. 

The questionnaire also requested information about demographic
data, respiratory illness, history of asthma, and respiratory symptoms.
A history of asthma was defined as a positive response to the question
“Does this child have the following: asthma, hay fever?” (among the
parental report group) and a positive response to “Have you ever had
asthma?” (among the self-report group). An asthma attack was
defined as an affirmative response to the question “Have you had an
attack of wheezing and shortness of breath in the past year?”

Pulmonary function

Standard height and weight in stocking feet were measured.
Forced expiratory maneuvers were performed on a recording 8-L
Stead-Wells survey spirometer (Warren E. Collins, Braintree, Mass)
while the subject was sitting with free mobility and without a nose-
clip. Each child performed at least 5 forced expiration maneuvers,
but not more than 8. From the acceptable expirations determined by
the examiner, forced vital capacity and FEV1 were measured. The
mean of the best 3 efforts was calculated after correction for body
temperature and pressure saturated.13

We were interested in lung function as a predictor of subsequent
asthma attack. For each observation, the report of an attack in the
past year was paired with the FEV1 value recorded at the field sur-
vey 1 year earlier. Observations for which the interval between
FEV1 measurement and questionnaire response was greater than 1
year were excluded. FEV1 was analyzed as the percentage of the
FEV1 predicted (FEV1%) for a given height, age, race, and sex,
based on published equations.14 Equations were available for chil-
dren of black and white race only. We initially divided FEV1% into
decile categories. For multivariate models FEV1% was grouped into
3 discrete categories. We evaluated 2 different categorization
schemes. The initial scheme (FEV1 for group 1: 3 categories of
<60%, 60%-80%, and >80%) was based on the NAEPP recommen-
dations. An alternative categorization (FEV1 for group 2: 3 cate-
gories of <80%, 80%-100%, and >100%) was derived to allow a
better distribution of subjects among the 3 categories.

Statistical methods

Multiple logistic regression was used to obtain the adjusted odds
ratio (OR) of asthma attack for the categories of FEV1% evaluated.
Multiple observations of FEV1 and report of asthma attack were
available in subjects. To account for correlation between observa-
tions from the same individual, we used methods developed by
Zeger and Liang15 using generalized estimating equations for the
logistic case to evaluate the relationship between the dependent and
independent variables. All analyses were performed with the statis-
tical software package SAS version 6.12 (SAS Institute, Cary, NC).
Nested models were compared by the contrast option available in
SAS version 7.0.

RESULTS

The original Six Cities cohort contained 13,842 subjects
examined annually during a 15-year interval (100,292
observations). The study population was limited to 3626
black and white children (31,075 observations) who
reported an asthma attack at some time during follow-up.
This analysis was further restricted to 3452 subjects for
whom questionnaire data could be paired with FEV1 val-

TABLE I. Characteristics of analysis population*

Characteristic Observation

Female sex, n (%) 12,076 (49)
White race, n (%) 22,279 (90.4)
FEV1%, n (%)

≤60% 77 (0.3)
>60%-80% 1,350 (5.5)
>80%-100% 12,555 (50.9)
>100% 10,654 (43.3)

Total observations, n (%) 24,636 (3,452)
Mean age,† y 13.0

*Values given are for the total number of observations available for analysis,
not unique individuals.
†Mean of observations analyzed.
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ues 1 year earlier (24,636 observations). The number of
observations per subject ranged from 1 to 12. Most
(60.4%) had between 7 and 11 observations. The sex dis-
tribution for the observations was essentially equal (49%
female); 90.4% were white. The mean age of observations
evaluated was 13.0 years. Overall, an asthma attack was
reported at 6644 (27%) of the observations. The distribu-
tion of FEV1% is shown in Table I. There was no differ-
ence in the distribution of age, sex, or race between the
baseline cohort and the analysis population (data not
shown). The demographics of the population stratified by
respondent group were similar except for a difference in
the mean age of the parental group compared with self-
report group, 11.3 years and 16.5 years, respectively.

FEV1% was significantly associated with risk of an
asthma attack during the year after its measurement. We
observed a progressive decrease in the proportion of indi-
viduals reporting an asthma attack in association with
increasing FEV1%. The proportion of individuals report-
ing an asthma attack was consistently higher in the self-
report (older) group than in the parental report (younger)

group, but the pattern of response was similar (Fig 1). 
The distribution of the population within each of the 2

alternative categorizations based on FEV1% is shown
(Table II). An association between FEV1% category and
asthma attack was shown with either classification scheme
(Fig 2). With the NAEPP scheme, within the parental report
group, 60.4% of observations with FEV1% < 60 reported
an attack compared with only 25.4% of observations with
FEV1% > 80%. A similar pattern was seen among the self-
report group, with 73.9% and 29.4% reporting an attack in
observations with FEV1% < 60% and FEV1% > 80%,
respectively. The alternative classification scheme demon-
strated a similar relationship between FEV1% and attack,
but the magnitude of the difference among categories of
FEV1% was smaller (Table II).

The risk of asthma attack was strongly associated with
report of a previous attack. However, the effect of a pre-
vious attack was more pronounced among the parental
report (younger) than the self-report (older) group, OR
4.3 (CI, 3.9-4.9) and OR 1.55 (CI, 1.39-1.73), respective-
ly. Personal smoking was associated with an increased

FIG 1. Proportion of observations reporting an asthma attack during the subsequent year by FEV1%. FEV1
is classified into deciles of FEV1%. Observations are stratified by the source of questionnaire information:
parental versus self-report. 

TABLE II. Risk of asthma attack over a 1-year period: Comparison of FEV1% classification schemes

Risk of subsequent attack, OR (95% CI)

NAEPP classification Alternative classification

Population >80% 60%-80% <60% >100% 80%-100% <80%

Parental report
Unadjusted — 1.3 (1.1-1.4) 1.9 (1.4-2.6) — 1.1 (1.1-1.2) 1.4 (1.2-1.6)
Adjusted* — 1.4 (1.2-1.6) 2.2 (1.5-3.2) — 1.1 (1.0-1.2) 1.5 (1.3-1.8)

Self report
Unadjusted — 1.3 (1.1-1.6) 4.6 (2.0-10.7) — 1.2 (1.1-1.4) 1.6 (1.3-1.9)
Adjusted† — 1.4 (1.2-1.7) 5.3 (2.2-12.9) — 1.3 (1.1-1.4) 1.7 (1.4-2.1)

*Multivariable analysis, adjusted for previous attack, sex, and age.
†Multivariable analysis, adjusted for previous attack, sex, age, and smoking.
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risk of attack among the self-report group, although ETS
was not associated with an increased risk of attack among
the parental report group, OR 1.38 (CI, 1.25-1.54) and
OR 1.03 (CI, 0.93-1.15), respectively. Increasing age and
male gender were associated with a decreased risk of
attack among both reporting groups, OR 0.63 (CI, 0.57-
0.72) and OR 0.87 (CI, 0.83-0.90), respectively. Black
race was not associated with an increased risk of attack in
either reporting group, OR 1.10 (CI, 0.90-1.35). 

Multivariable models examined the association of
FEV1% and subsequent asthma attack, controlling for
these potential confounding variables. As was true in the
unadjusted analyses, the risk of asthma attack increased
as FEV1% category decreased (Table II). The magnitude
of the association between FEV1% and risk of asthma
attack was modified by respondent (age) category. In the
multivariable models, among observations with a
FEV1% < 60%, the OR for the self-report (older) group
was more than twice that for the parental report
(younger) group within the same category of FEV1%. 

When categorized as recommended in the NAEPP

guidelines, FEV1% remained a significant predictor of
subsequent asthma attack among both respondent (age)
groups (Table II). For the alternative classification
scheme, FEV1% < 80% was still significantly associated
with an increased risk of attack compared with the refer-
ence category (FEV1% > 100%). However, for the inter-
mediate category (FEV1% 80%-100%) compared with
the reference category (FEV1% > 100%), the lower con-
fidence bound equaled 1, OR 1.09 (CI, 1.0-1.19). When
nested models were examined to identify the most parsi-
monious model, the removal of FEV1% was associated
with a significant loss of information regarding the risk
of attack (P = 0.003). 

Finally, we restricted our analysis to individuals who
reported a history of asthma at any time during follow-
up. For the NAEPP classification, FEV1% continued to
be strongly associated with the risk of attack (Table III).
For the alternative classification, the pattern of the asso-
ciation was similar to that in the less restricted popula-
tion. Compared with observations with an FEV1% >
100%, observations with FEV1% < 80% had an

FIG 2. Proportion of observations reporting an asthma attack during the subsequent year by FEV1%.
FEV1 classified with 2 schemes on the basis of FEV1%: the NAEPP scheme (<60%, 60%-80%, and >80%)
and an alternative scheme (<80%, 80%-100%, and >100%).

TABLE III. Association of FEV1% and asthma attack: Comparison of subjects identified by history of asthma versus subjects identified by
asthma attack history

Risk of subsequent attack, OR (95% CI)

NAEPP classification Alternative classification

Population > 80% 60%-80% < 60% > 100% 80%-100% < 80%

Parental report*
History of attack — 1.4 (1.2-1.6) 2.2 (1.5-3.2) — 1.1 (1.0-1.2) 1.5 (1.3-1.8)
History of asthma — 1.5 (1.2-1.9) 3.4 (2.0-5.8) — 1.0 (0.9-1.2) 1.6 (1.2-2.0)

Self report†

History of attack — 1.4 (1.2-1.7) 5.3 (2.2-12.9) — 1.3 (1.1-1.4) 1.7 (1.4-2.1)
History of asthma — 1.5 (1.1-2.0) 4.0 (1.2-13.6) — 1.2 (1.0-1.4) 1.7 (1.3-2.3)

*Multivariable analysis, adjusted for previous attack, sex, and age.
†Multivariable analysis, adjusted for previous attack, sex, age, and smoking.
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increased risk of attack. However, for observations with
FEV1% between 80% and 100%, the lower bound of the
CI crossed 1 for both reporting groups (Table III). 

DISCUSSION

We have shown that a single measure of FEV1% can
predict the risk of an asthma attack during the subsequent
year of follow-up. The NAEPP has endorsed the use of
objective measures of lung function in classifying asthma
severity.1 A fundamental goal of a severity classification is
to create categories that capture differences in risk that can
be used to guide asthma therapy. Our study provides impor-
tant data on the long-term relationship between FEV1%
and risk of asthma outcomes within a pediatric population.

We examined the FEV1% cutoffs disseminated by the
NAEPP (<60%, 60%-80%, and >80%) and an alternative
scheme (<80%, 80%-100%, >100%). We thought it impor-
tant to examine the differing classification schemes for 2
reasons. First, to our knowledge no previous analysis had
evaluated the specific cutoffs presented within the NAEPP
guidelines in a pediatric population. Second, in our general
population sample, a small proportion of the pediatric pop-
ulation had an FEV1% < 60%.

In our population both of the 3-category schemes cap-
tured variation in risk and were informative in predicting
risk of attack. The NAEPP categorization exhibited
greater differences between the levels of FEV1% and
maintained a stronger association with risk of attack
within all the subgroups evaluated. This classification
scheme is widely used clinically. 

For the purposes of prediction and planning, it is use-
ful to find a simple objective measure of severity, such as
underlying lung dysfunction, to predict subsequent out-
comes such as asthma symptoms or morbidity. We do not
propose that asthma severity can be fully described by
measurement of FEV1%. Most definitions for asthma
severity, including the NAEPP definition, include infor-
mation about asthma symptoms, morbidity, and medica-
tion use in addition to measures of lung function. How-
ever, the disadvantage of such definitions is that they do
not allow identification of mutually exclusive groups.

An advantage of FEV1% as a marker of asthma sever-
ity is its objectivity and reproducibility.16,17 It is fre-
quently acquired in clinical trials, and the efficacy of new
therapies is often expressed in terms of impact on FEV1.
In addition, review of the clinical trials literature exam-
ining asthma therapies suggests that improvements in
FEV1 parallel improvements in other asthma outcomes
such as exacerbations,18-20 health care utilization,21,22

symptoms,19,23-25 health-related quality of life,20,26 and
rescue medication use.25 Because many downstream
consequences of asthma are the direct result of airway
obstruction, it makes sense to use a test that measures
baseline obstruction level.

We observed a difference in the magnitude of the asso-
ciation between FEV1% and risk of asthma attack between
the two reporting groups. The relative risk among the self-
report (older) group with a FEV1% < 60% was approxi-

mately twice that of parental report (younger) group with-
in the same category of FEV1%. The differences in our
analysis were of magnitude and direction similar to those
documented by Demokosh et al12 in this population. They
observed a difference in the report of wheeze depending
on the identity of the respondent. Self-reported wheeze
rates were 2.4 times higher (95% CI, 1.2-4.8) than parent-
reported wheeze rates. Braun-Fahrlander et al26 noted sim-
ilar results, with adolescents reporting higher rates of cur-
rent symptoms and of ever asthma than their parents
(relative risk of wheeze, 1.6). Parents may be less aware of
occasional symptomatic episodes and report only more
serious events. Children may also interpret the questions
differently than adults.27 Whether the differences between
the respondent (age) groups are the result of reporting bias
is difficult to discern from the current analysis. Parental
report was primarily used among younger children, where-
as self-report was used among the older children; true bio-
logic differences are possible between young children (age
6-13 years) and adolescents (age > 14 years). 

Personal smoking was a significant predictor of asthma
attacks among the self-report (older) group, whereas ETS
was not associated with attacks among the parental report
(younger) group. Personal smoking is associated with
asthma morbidity,28-30 consistent with our findings. An
association between ETS and lower respiratory tract infec-
tions in young children has been reported.31 However, this
was seen in children younger than 2 years; among children
aged 3 to 6 years, the association was no longer signifi-
cant, OR 1.25 (95% CI, 0.99-1.78). The minimum age of
children in our analysis was 5.7 years. In addition, a rela-
tionship between ETS and symptoms among patients with
asthma has not been consistently demonstrated.29,32,33 Our
definition of ETS included low-level exposure and may
have contributed to the lack of an association.

Several limitations of this study should be discussed. We
examined self-reported asthma attacks. Other outcomes,
such as quality of life, need for rescue medication use, and
hospitalizations for asthma, are obviously of interest,
although they are likely to be correlated with occurrence of
asthma attacks. A number of factors other than FEV1 have
been postulated to influence risk of hospitalization, such as
allergen exposure, race or ethnicity, socioeconomic status,
area of residence, and access to care.34-37 None of these
variables was examined in our analysis. In addition, we did
not control for asthma medication use within this analysis.
Recall bias also must be considered. We observed that 25%
of observations with FEV1% < 60% were not associated
with a report of an attack. Recall of events over a 1-year
period and differences in interpretation among subjects as
to what constitutes an attack may be responsible for this
result. Not all questionnaire responses (4.7%) could be
paired with appropriate FEV1 values. A common cause for
missing FEV1 data was inability to perform acceptable
spirometry. Although unacceptable spirometry is associat-
ed with age (younger children have more difficulty per-
forming the maneuver), no association with any of the
reported respiratory symptoms was observed within the Six
Cities cohort.38
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Finally, our analysis included individuals who reported
a history of asthma attack but did not report a history of
asthma. Asthma is frequently underdiagnosed, especially
in children.39 In addition, several studies have supported
the use of asthma symptoms to identify subjects with
asthma.40-43 In the Tasmanian Long Term Health Survey,
investigators evaluated the association between self-
report of asthma attacks or wheezy breathing during the
past 12 months and a diagnosis of asthma by a respirato-
ry physician. They found a sensitivity of 0.8 (0.58-0.93),
specificity 0.97 (0.90-0.99), positive predictive value 0.89
(0.68-0.98), and negative predictive value 0.94 (0.86-
0.98). In a pediatric cohort (the International Study of
Asthma and Allergy in Childhood), investigators reported
similar results. Panhuysen et al44 reported that the pres-
ence of 1 symptom group in subjects younger than 16
years or 2 in subjects older than 16 years is compatible
with asthma and that a clear history of recurrent asthma
attacks is considered strong evidence of asthma. This lit-
erature supports inclusion of subjects with a surrogate
diagnosis of asthma (a history of an attack) in our analy-
sis population. When we restricted our current analysis to
children with a history of asthma, the results were similar.

CONCLUSIONS

A strong association exists between FEV1% and risk
of asthma attacks during the subsequent year. Further
research is needed to explore the predictive accuracy of
FEV1 over various time horizons and over a broad range
of outcomes, such as resource utilization, quality of life,
and symptoms. Nonetheless, these data support an
emphasis on objective measures of lung function in
assessment of risk for adverse asthma outcomes.

We thank Martha Fay for her assistance in interpretation of the
original coding for the data. We also thank Noriko Kuriyama for her
programming help.

REFERENCES

1. National Asthma Education and Prevention Program Expert Panel. Clin-
ical practice guidelines. Expert Panel Report 2: Guidelines for the diag-
nosis and management of asthma. Bethesda (MD): National Institutes of
Health/National Heart, Lung, and Blood Institute; 1997. No. 97-4051.

2. Ormerod L, Stableforth DE. Asthma mortality in Birmingham 1975-7: 53
deaths. BMJ 1980;280:687-90.

3. Johnson AJ, Nunn AJ, Somner AR, Stableforth DE, Stewart CJ. Circum-
stances of death from asthma. BMJ Clin Res Ed 1984;288:1870-2.

4. Sears LP, Rea HH. Asthma mortality comparison between New Zealand
and England. BMJ 1986;293:1342-5.

5. Kendrick AH, Higgs CM, Whitfield MJ, Laszlo G. Accuracy of perception of
severity of asthma: patients treated in general practice. BMJ 1993;307:422-4.

6. McFadden ER Jr, Kiser R, DeGroot WJ. Acute bronchial asthma. Rela-
tions between clinical and physiologic manifestations. N Engl J Med
1973;288:221-5.

7. Vaughan TR, Weber RW, Tipton WR, Nelson HS. Comparison of PEFR
and FEV1 in patients with varying degrees of airway obstruction. Chest
1989;95:558-62.

8. Cross D, Nelson HS. The role of the peak flow meter in the diagnosis and
management of asthma. J Allergy Clin Immunol 1991;87:120-8.

9. Meltzer AA, Smolensky MH, D’Alonzo Ge, Harrist RB, Scott PH. An
assessment of peak expiratory flow as a surrogate measurement of FEV1
in stable asthmatic children. Chest 1989;96:329-33.

10. Sly PD, Cahill P, Willet K, Burton P. Accuracy of mini peak flow meters
in indicating changes in lung function in children with asthma. BMJ
1994;308:572-4.

11. Ferris BG, Speizer FE, Spengler JD, Dockery DW, Bishop YMM, Wolf-
son M, et al. Effects of sulfur oxides and respirable particles on human
health: methodology and demography of population in study. Am Rev
Respir Dis 1979;120:767-79.

12. Demokosh AI, Gold DR, Dockery DW, Speizer EF. Mode of reporting on
standardized questionnaires and prevalence of wheeze: reporting bias or
biology [abstract]? Am J Respir Crit Care Med 1994;149:A917.

13. Ferris BG, Speizer FE, Bishop YMM, Prang G, Weener J. Spirometry for
an epidemiologic study: deriving optimum summary statistics for each
subjects. Bull Eur Physiopathol Respir 1978;14:145-66.

14. Wang X, Dockery D, Wypij D, Fay M, Ferris B. Pulmonary function
between 6 and 18 years of age. Pediatr Pulmonol 1993;15:75-88.

15. Zeger SL, Liang KY. Longitudinal data analysis for discrete and contin-
uous outcomes. Biometrics 1986;42:121-30.

16. Enright PL, Lebowitz MD, Cockroft DW. Physiologic measures: pul-
monary function tests. Asthma outcomes. Am J Respir Crit Care Med
1994;149:S9-20.

17. Enright PL, Johnson LR, Connett JE, Voelker H, Buist AS. Spirometry in
the Lung Health Study. 1. Methods and quality control. Am Rev Respir
Dis 1991;143:1215-21.

18. Noonan M, Chervinsky P, Busse W, Weisberg S, Pinnas J, de Boisblanc
B, et al. Fluticasone propionate reduces oral prednisone use while it
improves asthma control and quality of life. Am J Respir Crit Care Med
1995;152:1467-73.

19. Okamoto LJ, Noonan M, DeBoisblanc BP, Kellerman DJ. Fluticasone
propionate improves quality of life in patients with asthma requiring oral
corticosteroids. Ann Allergy Asthma Immunol 1996;76:455-61.

20. Dzyngel B, Kesten S, Chapman KR. Assessment of an ambulatory care
asthma program. J Asthma 1994;31:291-300.

21. Agertoft L, Pedersen S. Effects of long term treatment with an inhaled
corticosteroid on growth and pulmonary function in asthmatic children.
Respir Med 1994;88:373-81.

22. Otulana BA, Varma N, Bullock A, Higenbottam T. High dose nebulized
steroid in the treatment of chronic steroid-dependent asthma. Respir Med
1992;86:105-8.

23. Ogirala RG, Sturm TM, Aldrich TK, Meller FF, Pacia EB, Keane AM, et
al. Single, high-dose intramuscular triamcinolone acetonide versus week-
ly oral methotrexate in life-threatening asthma: a double-blind study. Am
J Respir Crit Care Med 1995;152:1461-6.

24. Tamaoki J, Kondo M, Sakai N, Nakata J, Takemura H, Nagai A, et al.
Leukotriene antagonist prevents exacerbation of asthma during reduction
of high-dose inhaled corticosteroid. The Tokyo Joshi-Idai Asthma
Research Group. Am J Respir Crit Care Med 1997;155:1235-40.

25. Corren J, Hams AG, Aaronson D, Beaucher W, Berkowitz R, Bronsky E,
et al. Efficacy and safety of loratadine plus pseudoephedrine in patients
with seasonal allergic rhinitis and mild asthma. J Allergy Clin Immunol
1997;100:781-8.

26. Braun-Fahrlander C, Gassner M, Grize L, Minder CE, Varonier HS,
Vuille JC, et al. Comparison of responses to an asthma symptom ques-
tionnaire (ISAAC) completed by adolescents and their parents. Pediatr
Pulmonol 1998;25:159-66.

27. Riedler K, Reade T, Dalton M, Hoist DI, Robertson C. Hypertonic saline
challenge in an epidemiologic survey of asthma in children. Am J Respir
Crit Care Med 1994;150:1632-9.

28. Ulrik C, 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.

29. Prescott E, Lange P, Vestbo J. Effect of gender on hospital admissions for
asthma and prevalence of self-reported asthma: a prospective study based
on a sample of the general population. Copenhagen City Heart Study
Group. Thorax 1997;52:287-9.

30. Sippel JM, Pedula KL, Vollmer WM, Buist AS, Osborne ML. Associa-
tions of smoking with hospital-based care and quality of life in patients
with obstructive airway disease. Chest 1999;115:691-6.

31. Li JS, Peat JK, Xuan W, Berry G. Meta-analysis of the association
between environmental tobacco smoke (ETS) exposure and the preva-
lence of lower respiratory tract infections in early childhood. Pediatr Pul-
monol 1999;27:5-13.

32. Lange P, Parner J, Vestbo J, Schnohr P, Jensen G. A 15-year follow-up



J ALLERGY CLIN IMMUNOL

VOLUME 107, NUMBER 1

Fuhlbrigge et al 67

study of ventilatory function in adults with asthma. N Engl J Med
1998;339:1194-200.

33. Cook DG, Strachan DP. Health effects of passive smoking. 3. Parental
smoking and prevalence of respiratory symptoms and asthma in school
age children. Thorax 1997;52:1081-94.

34. Gottlieb DJ, Beiser AS, O’Connor GT. Poverty, race, and medication use
are correlates of asthma hospitalization rates. Chest 1995;108:28-35.

35. Rosenstreich DL, Eggleston P, Kattan M, Baker D, Slavin RG, Gergen P,
et al. The role of cockroach allergy and exposure to cockroach allergen in
causing morbidity among inner-city children with asthma. N Engl J Med
1997;336:1356-63.

36. Marder D, Targonski P, Orris P, Persky V, Addington W. Effect of racial
and socioeconomic factors on asthma mortality in Chicago. Chest
1992;101:426S-9S.

37. Turner MO, Noertjojo K, Vedal S, Bai T, Crump S, Fitzgerald JM. Risk
factors for near-fatal asthma. A case-control study in hospitalized patients
with asthma. Am J Respir Crit Care Med 1998;157:1804-9.

38. Ware JH, Dockery DW, Spiro A, Speizer FE, Ferris BG. Passive smok-
ing, gas cooking, and respiratory health of children living in six cities.
Am Rev Respir Dis 1984;129:366-74.

39. Wolf RL, Berry CA, O’Connor T, Coover L. Validation of the Brief Pedi-
atric Asthma Screen. Chest 1999;116:224S-8S.

40. Luyt DK, Burton P, Brooke AM, Simpson H. Wheeze in preschool chil-
dren and its relation with doctor diagnosed asthma. Arch Dis Child
1994;71:24-30.

41. Jenkins MA, Clarke JR, Carline JB, Robertson CF, Hopper JL, Dalton
MF, et al. Validation of questionnaire and bronchial hyperresponsiveness
against respiratory physician assessment in the diagnosis of asthma. Int J
Epidemiol 1996;25:609-16.

42. Jones KP. Cough, wheeze and asthma diagnosis in children. Clin Exp Aller-
gy 1993;23:627-8. Related editorial: Clin Exp Allergy 1993;23:696-701.

43. Pattemore PK, Asher MI, Harrison AC, Mitchell EA, Rea HH, Stewart
AW. The interrelationship among bronchial hyperresponsiveness, the
diagnosis of asthma, and asthma symptoms. Am Rev Respir Dis
1990;142:549-54.

44. Panhuysen CI, Bleecker ER, Koeter GH, Meyers DA, Postma DS. Char-
acterization of obstructive airway disease in family members of probands
with asthma. Am J Respir Crit Care Med 1998;157:1734-42.


