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Suitability of Forced Expiratory Volume
in 1 Second/Forced Vital Capacity vs Percentage
of Predicted Forced Expiratory Volume
in 1 Second for the Classification
of Asthma Severity in Adolescents
Christine van Dalen, PhD; Elizabeth Harding, RN; Jill Parkin, RN;
Soo Cheng, BSc(Hons); Neil Pearce, PhD; Jeroen Douwes, PhD

Objective: To determine whether lung function alters
asthma severity based on symptom history in asthmatic
adolescents.

Design: Data on asthma symptoms and lung function
were collected from adolescents randomly selected from
the general population.

Setting: Five schools from the central Wellington, New
Zealand, area during 2003 to 2005.

Participants: Two hundred twenty-four secondary
school students aged 13 to 17 years (asthmatic, 118; non-
asthmatic, 106).

Main Exposures: Asthma questionnaire and lung func-
tion testing.

Main Outcome Measures: Distribution of asthmatic
adolescents in each severity class based on symptoms,
lung function, or a combination of both.

Results: Median values for all spirometric parameters for
asthmatic adolescents, apart from forced expiratory vol-

ume in the first second of expiration (FEV1)/forced vital
capacity (FVC), were in the normal range. Distribution of
severity (based on symptoms and �2-agonist use with
adjustment for regular inhaled corticosteroid use) was
48.3%, mild; 28.8%, moderate; and 22.9%, severe asthma.
For severity based on percentages of predicted FEV1 and
predicted forced expiratory flow, midexpiratory phase
(FEF25%-75%) and FEV1/FVC, the percentages were 89.8%,
86.4%, and 63.5%, mild; 9.3%, 10.2%, and 18.6%, mod-
erate; and 0.9%, 3.4%, and 17.8%, severe asthma, respec-
tively. When percentages of predicted FEV1 or predicted
FEF25%-75% or FEV1/FVC were added to symptom severity,
6.8%, 5.1%, and 16.9% of asthmatic adolescents were re-
classified into another severity group, respectively.

Conclusions: The majority of asthmatic adolescents have
normal lung function despite experiencing significant
asthma symptoms. Adding FEV1/FVC to symptom his-
tory changes the distribution of severity; however, both
percentages of predicted FEV1 and FEF25%-75% have little
added effect in assessing asthma severity in adolescents.
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A STHMA GUIDELINES HAVE

been developed to aid in the
evaluation of asthma sever-
ity and control and assist in
determining optimum

treatment regimens. Invariably these guide-
lines include a measure of lung function,
commonly forced expiratory volume in the
first second of expiration (FEV1) or peak
expiratory flow rate (PEF),1,2 in addition to
asthma symptoms. Because patient symp-
tom recall is generally considered unreli-
able, with approximately 25% of patients
either underestimating or overestimating
the severity of their symptoms,3 an objec-
tive measure of lung function is thought to
strengthen the subjective assessment of
asthma severity provided by the clinical his-

tory. Several studies of asthma severity in
children have shown that lung function, and
in particular FEV1, is in the normal range
in the majority of children, including in
children with severe asthma.4-6 In addi-
tion, asthma symptom frequency corre-
lates poorly with FEV1 and PEF. It has been
suggested that it may be more appropriate
to use FEV1/forced vital capacity (FVC) or
forced expiratory flow, midexpiratory phase
(FEF25%-75%), which measures airflow in the
smaller airways, for objective assessment of
asthma severity in children and adoles-
cents.4,6 The National Asthma Education
and Prevention Program Expert Panel Re-
port 3 (NAEPP EPR-3)7 has responded to
these findings and no longer recommends
PEF in the assessment of asthma severity.
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FEV1/FVC has been included together with percentage of
predicted FEV1. It remains unclear as to whether an as-
sessment of lung function aids in determining asthma se-
verity, particularly in the child and adolescent age groups.
Including spirometry adds significant extra work for the
already busy practitioner, and indeed, it has been shown
that PEF is more commonly used by general practition-
ers rather than spirometry to assess asthma severity.8 We
have conducted a study investigating asthma disease se-
verity in a random general population sample of asth-
matic adolescents to determine whether adding spiromet-
ric parameters (percentage of predicted FEV1, FEV1/
FVC, and percentage of predicted FEF25%-75%) to a disease
severity classification system based solely on symptom fre-
quency and �2-agonist use alters the assessment of dis-
ease severity sufficiently to justify its use.

METHODS

SUBJECT RECRUITMENT

Subjects were recruited from 5 schools that had participated in
the Wellington International Study of Asthma and Allergies in
Childhood (ISAAC) Phase III survey of asthma symptom preva-
lence.9 These schools were chosen because of their proximity to
the study center. Potential asthmatic adolescents (n=224) and
nonasthmatic adolescents (n=595) were identified from the ISAAC
Phase III study from their response to the question “Have you
had wheezing or whistling in the chest in the past 12 months?”
From this group, 136 asthmatic adolescents and 134 nonasth-
matic adolescents consented to participate in a further study. At
the study visit, a further questionnaire based on the ISAAC Phase
III questionnaire and including additional questions on medica-
tion use for the 12-month and 2-week period prior to the clinic
visit was completed. Final assignment to asthmatic or nonasth-
matic status was determined from this questionnaire. Asthmatic
adolescents had a history of wheezing or whistling in the chest
in the last 12 months and/or any asthma medication use in the
last 12 months. Nonasthmatic adolescents had no current wheeze,
no history of asthma, no nocturnal cough in the last 12 months
apart from that associated with a cold or chest infection, and no
asthma medication use in the past 12 months. Sixteen subjects
were excluded because they did not meet the definitions for asthma
or nonasthma either because of a history of asthma but no cur-
rent symptoms or an ambiguous response to the relevant ques-
tions. A further 8 subjects were excluded because they were un-
able to be contacted after indicating a willingness to participate
in the study, 11 were unable to perform adequate spirometry, and

11 were excluded because of medication use, such as �2-agonist,
within 6 hours prior to spirometry.

The study visit was deferred if subjects had had an acute
exacerbation of asthma or respiratory tract infection in the pre-
vious 4 weeks. Subjects with chronic illnesses other than asthma
were ineligible. School decile rating was used as a proxy for so-
cioeconomic status, ranging from 1-10, with a rating of 10 equat-
ing to the highest socioeconomic group.

Ethical approval for the study was obtained from the Well-
ington Ethics Committee (00/03/010). Written consent was ob-
tained from school principals and from each child in the study
and their parents.

SPIROMETRY

Lung function was measured as the best of 3 reproducible forced
expiratory maneuvers (EasyOne Spirometer; ndd Medizintech-
nik AG, Zurich, Switzerland). The spirometer was calibrated
daily with a 3-L calibration syringe (Hans Rudolph, Inc, Kan-
sas City, Missouri). Predicted values for lung function para-
meters were determined using the National Health and Nutri-
tion Examination Survey III prediction equations.10

SYMPTOM AND LUNG FUNCTION
CLASSIFICATION OF SEVERITY

Asthma symptoms were classified as mild, moderate, or se-
vere based on the NAEPP EPR-3 guidelines.7 This included fre-
quency of wheezing attacks, nocturnal symptoms, and fre-
quency of �2-agonist use and daily symptoms in the 2 weeks
preceding the study visit (unadjusted symptom severity)
(Table 1). Adjustment was made for regular inhaled cortico-
steroid (ICS) use by moving the severity level up one step
(ie, mild to moderate and moderate to severe [ICS-adjusted
symptom severity]). For asthma severity using percentage of
predicted FEV1, FVC, and PEF, mild asthma was defined as 80%
or more; moderate asthma, as 60% or more and less than 80%;
and severe asthma, less than 60%; for percentage of predicted
FEF25%-75%, mild, moderate, or severe asthma was defined as 65%
or more, 50% or more and less than 65%, and less than 50%,
respectively6,10; and for FEV1/FVC, mild, moderate, or severe
asthma was defined as 80% or more, 75% or more and less than
80%, and less than 75%, respectively, using the NAEPP ERP-3
guidelines cutoff points.7

DATA ANALYSIS

All analyses were carried out using SAS (SAS Institute Inc, Cary,
North Carolina). Lung function was expressed as median val-
ues and interquartile range. Comparisons between groups were
made using the �2 test and Fisher exact test.11 The Wilcoxon
rank sum test was used to determine significant differences be-
tween nonparametric data. A � value was calculated to assess
the agreement between tests. A P value of �.05 was consid-
ered significant.

RESULTS

SUBJECT DEMOGRAPHICS

There was no significant difference in the distributions
of the asthmatic adolescents and nonasthmatic adoles-
cents by age (mean, 14.9 and 15.1 years, respectively),
sex (26% and 32%, female, respectively), or ethnicity (81%
and 83%, European, respectively). This study included

Table 1. Classification of Asthma Severity Symptom
and �2-Agonist Use

Symptom/Medication Use
Severity

Class
Frequency,

No. (%)

No. of wheezing attacks in the last 12 mo
0-3 Mild 84 (71.2)
4-12 Moderate 23 (19.5)
�12 Severe 11 (9.3)

Sleep disturbance due to wheeze
in the last 12 mo, nights/wk

�1 Mild 112 (94.9)
�1 Moderate 6 (5.1)

Daily symptoms in the last 2 wk Moderate 13 (11.0)
Daily �2-agonist use in the last 2 wk Moderate 32 (27.1)
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subjects attending schools with decile ratings ranging from
5 to 10 (ie, lower socioeconomic groups [school decile
1-4] were not included). There was no difference in the
distribution of asthmatic adolescents and nonasthmatic
adolescents in school decile rating. Five percent of asth-
matic adolescents were smokers compared with 1% of
nonasthmatic adolescents. Just more than half (52.5%)
of asthmatic adolescents reported ICS use at some time;
however, only 24% reported regular ICS use. Of the 118
asthmatic adolescents included in the study, 89% re-
sponded positively to the question “Have you ever had
asthma?”

BASELINE SPIROMETRY

For the nonasthmatic adolescents, the percentages of pre-
dicted FEV1 and FVC values were all very close to 100%
(Table 2), suggesting that the reference values from the
National Health and Nutrition Examination Survey were
appropriate for use in New Zealand adolescents.10 Asth-
matic adolescents had significantly lower percentages of
predicted values for FEV1 and FEF25%-75% and lower val-
ues for FEV1/FVC than nonasthmatic adolescents but not
for percentages of predicted FVC and PEF (Table 2). The
median values for asthmatic adolescents for all spiro-
metric parameters, apart from FEV1/FVC, were in the nor-
mal range (ie, for percentages of predicted FEV1, FVC,
and PEF, �80%; for percentage of predicted FEF25%-75%,
�65%) (Table 2). For the complete asthmatic group and
all levels of asthma severity, FEV1/FVC was less than 85%,
the value given as normal for FEV1/FVC in the NAEPP
EPR-3 guidelines for this age group.

SEVERITY AND LUNG FUNCTION

The median values for FEV1/FVC and for percentage of
predicted FEF25%-75% were significantly lower in the se-
vere asthmatic adolescents compared with the mild asth-
matic adolescents (Table 2). There were no significant
differences among the 3 symptom severity groups for per-
centage of predicted FEV1, percentage of predicted FVC,
and percentage of predicted PEF and no significant dif-
ferences between moderate and severe asthmatic adoles-
cents for all spirometric parameters.

ASTHMA SEVERITY DISTRIBUTION

Using the adjusted symptom severity definition, 48.3%
of asthmatic adolescents had mild, 28.8% had moder-
ate, and 22.9% had severe symptoms (Table 3). With-
out adjustment for regular ICS use, the distribution was
54.2%, mild, 36.4%, moderate, and 9.3%, severe. The dis-
tribution of severity based on percentage of predicted FEV1

alone was mild, 89.8%; moderate, 9.3%; and severe, 0.9%;
on FEV1/FVC was mild, 63.5%; moderate, 18.6%; and se-
vere, 17.8%; and on percentage of predicted FEF25%-75%

was mild, 86.4%; moderate, 10.2%; and severe, 3.4%
(Table 3). When lung function was added to the ad-
justed symptom severity distribution, percentage of pre-
dicted FEV1 or FEF25%-75% caused little change in distri-
bution, with only 6.8% and 5.1% of asthmatic adolescents
changing severity, respectively. Adding percentage of pre-
dicted FEV1 or FEF25%-75% to the unadjusted symptom se-
verity caused a change in severity for 7.6% and 4.1% of
asthmatic adolescents, respectively. The change in dis-
tribution was much greater for FEV1/FVC, with 16.9%
of subjects changing severity for the adjusted symptom
severity and 22.9%, for the unadjusted symptom sever-
ity. Combining both percentage of predicted FEV1 and
FEV1/FVC caused a change in severity for 20.3% of asth-
matic adolescents for the adjusted symptom severity and
26.3% for the unadjusted severity. � Values were calcu-
lated to assess the agreement between the severity clas-
sifications. There was no agreement with symptom se-
verity and severity based on percentage of predicted FEV1

(�=−0.04 for adjusted ICS severity and −0.08 for unad-
justed severity) or on percentage of predicted FEF25%-75%

(�=0.02 for adjusted ICS severity and 0.09 for unad-
justed severity) and minimal agreement with FEV1/FVC
(�=0.18 for adjusted ICS severity and 0.14 for unad-
justed severity).

The disparities between the classification of asthma
severity based on symptoms and that based on percent-
age of predicted FEV1 and percentage of predicted FEF25%-

75% lie mainly in subjects with moderate and severe symp-
tom classification having an FEV1 of 80% or more
predicted or FEF25%-75% of 65% or more predicted. Spe-
cifically, 91.2% (31 of 34) of subjects with moderate symp-
tom severity (adjusted for ICS use) had mild asthma ac-

Table 2. Spirometry Results for Asthma Symptom Severity Groups, Asthmatic and Nonasthmatic

Median (Interquartile Range)

Mild
(n = 57)

Moderate
(n = 34)

Severe
(n = 27)

Asthma
(n = 118)

Nonasthma
(n = 106)

FEV1, % predicted 96.9 (18.8) 97.8 (14.5) 95.8 (18.3) 96.9a (17.1) 101.2 (15.1)
FVC, % predicted 98.7 (18.8) 100.2 (18.7) 101.6 (13.0) 99.3 (16.5) 100.4 (17.9)
FEV1/FVC, % 84.3b (9.3) 83.1 (8.7) 78.5 (10.5) 83.2c (10.5) 86.0 (9.1)
FEF25%-75%, % predicted 90.4b (26.8) 87.5 (32.2) 75.8 (41.3) 86.5c (32.0) 100.9 (26.8)
PEF, % predicted 100.6 (19.1) 106.1 (23.3) 96.0 (19.9) 100.6 (22.4) 101.1 (20.0)

Abbreviations: FEF25%-75%, forced expiratory flow, midexpiratory phase; FEV1, forced expiratory volume in the first second of expiration; FVC, forced vital
capacity; PEF, peak expiratory flow rate.

aP � .01 asthma vs nonasthma.
bP � .05 mild asthma vs severe asthma.
cP � .001 asthma vs nonasthma.
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cording to the percentage of predicted FEV1 and
percentage of predicted FEF25%-75%, and 100% (27 of 27)
and 96.3% (26 of 27) of subjects with severe symptom
severity had mild asthma according to the percentage of
predicted FEV1 and percentage of predicted FEF25%-75%,
respectively. Of asthmatic adolescents with moderate
symptom severity (adjusted for ICS use), 61.8% had mild
asthma according to FEV1/FVC and 63% with severe
symptom severity had either mild or moderate asthma
according to FEV1/FVC.

COMMENT

In this study, we found that in the large majority of asth-
matic adolescents in this group recruited from the gen-
eral population lung function was within the normal
range, apart from FEV1/FVC, where median values for
all levels of asthma severity were less than 85%. In de-
termining disease severity, a single assessment of per-
centage of predicted FEV1 or percentage of predicted
FEF25%-75% added little further information to the sever-
ity classification obtained using symptom questionnaire
responses. In contrast, adding FEV1/FVC to asthma symp-
toms altered the distribution of severity for 17% of sub-
jects. For severity distribution based on all these 3 lung
function parameters, there was minimal agreement with
that based on asthma symptoms and �2-agonist use with
and without adjustment for ICS use.

This study recruited a random sample of asthmatic ado-
lescents and nonasthmatic adolescents from the general
population rather than from subspecialty clinics. The find-
ings of this study are therefore directly relevant to the
general population and in particular to the use of spi-
rometry in assessment and management of asthma in ado-

lescents in general practice. The findings may not be ap-
plicable to a population of asthmatic adolescents attending
specialty clinics, where asthma symptoms and lung func-
tion are likely to be more severe than in this population.
However, lung function has also been found to be nor-
mal in the majority of students recruited from tertiary
care asthma clinics,4,6 suggesting that lung function is nor-
mal in the young asthmatic population throughout all
levels of asthma severity. Similarly, a mismatch be-
tween asthma symptoms and lung function in adoles-
cents with more severe asthma has been found, suggest-
ing this finding is also true in general for young people
with asthma.

In a cross-sectional population where a proportion of
subjects are using medication to control their symp-
toms, classification of asthma severity should also in-
clude intensity of treatment, particularly ICS use. Regu-
lar ICS use is likely to reduce asthma symptom frequency
and categorize an individual with milder asthma than
when not using medication. We have adjusted for regu-
lar ICS use in this group of asthmatic adolescents by in-
creasing the level of severity one step in those subjects
taking their ICS regularly. We have based this adjust-
ment on the findings of Bacharier et al4 (ie, that the de-
termination of asthma severity in young people with
asthma worsens when medication use is included with
symptom frequency in severity assessment) and the rec-
ommendations in the 2005 Global Initiative for Asthma
(GINA) guidelines.12 It is possible that the adjustment
we have made has defined more subjects with severe
asthma than is actually the case. However, we also con-
ducted our analyses without making an adjustment for
regular ICS use (ie, using symptom frequency and
�2-agonist use only in the definition of asthma symp-

Table 3. Effect of Adding Individual Variables on the Distribution of Asthma Symptom Severitya

No. (%)

Mild Moderate Severe �

Wheezing attacks in the last 12 mo 84 (71.2) 23 (19.5) 11 (9.3)
�Sleep disturbance due to wheeze in the last 12 mo 81 (68.6) 26 (22.0) 11 (9.3)
�Daily �2-agonist use in the last 2 wk 66 (55.9) 41 (34.8) 11 (9.3)
�Daily symptoms in the last 2 wk 64 (54.2) 43 (36.4) 11 (9.3)

Regular ICS use 7 (10.9) 16 (37.2) 5 (45.5)
Symptom severity adjusted for regular ICS use 57 (48.3) 34 (28.8) 27 (22.9)
FEV1, % predicted 106 (89.8) 11 (9.3) 1 (0.9) −0.04
FEV1/FVC 75 (63.5) 22 (18.6) 21 (17.8) 0.18
FEF25%-75%, % predicted 102 (86.4) 12 (10.2) 4 (3.4) 0.02
Combined symptoms/�2-agonist use/ICS use�

FEV1, % predicted 50 (42.4) 40 (33.9) 28 (23.7)
FEV1/FVC 42 (35.6) 38 (32.2) 38 (32.2)
FEF25%-75%, % predicted 52 (44.1) 36 (30.5) 30 (25.4)
FEV1 and FEV1/FVC, % predicted 38 (32.2) 42 (35.5) 38 (32.2)

Abbreviations: FEF25%-75%, forced expiratory flow, midexpiratory phase; FEV1, forced expiratory volume in the first second of expiration; FVC, forced vital
capacity; ICS, inhaled corticosteroid.

aValues are expressed as percentage of total number of asthmatic adolescents (n = 118) and total number of adolescents. Symptoms were added in a stepwise
fashion in order of increasing severity (as listed) to the frequency of baseline wheezing attacks in the last 12 months. Regular ICS use was adjusted for by moving
severity up 1 step (ie, mild to moderate and moderate to severe). Each lung function parameter was added to the final combined symptoms/�2-agonist use/regular
ICS use severity distribution. For FEV1, % predicted, mild, moderate, and severe asthma were defined as 80% or more, 60% or more and less than 80%, and less
than 60%, respectively; for FEF25%-75%, % predicted, as 65% or more, 50% or more and less than 65%, and less than 50%, respectively; and for FEV1/FVC, as 80%
or more, 75% or more and less than 80%, and less than 75%, respectively. Agreement between severity distribution was based on final combined
symptoms/�2-agonist use/regular ICS use and each lung function parameter was assessed using � values.
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tom severity). Naturally, fewer subjects were classified
as having severe asthma with this classification (mild, 54%;
moderate, 36%; and severe, 9%). The effect of adding the
lung function parameters to symptom severity was greater
for FEV1/FVC, with 22.9% of asthmatic adolescents re-
classified as having more severe asthma, minimal change
for percentage of predicted FEV1, and less for percent-
age of predicted FEF25%-75%. Combining percentage of pre-
dicted FEV1 with FEV1/FVC resulted in a 26.3% change
in severity as compared with a 20.3% change using the
symptom severity adjusted for regular ICS use. The over-
all conclusion, therefore, that adding either percentage
of predicted FEV1 or percentage of predicted FEF25%-75%

to symptom severity causes minimal change in severity
classification, is not altered by adjusting for regular ICS
use in this study.

It may be argued that some of our subjects did not have
asthma because we did not use a physician diagnosis of
asthma to determine asthmatic status. Rather, we de-
fined subjects as having current asthma based on a self-
report of wheeze in the preceding 12 months. Using only
a physician diagnosis of asthma excludes a significant pro-
portion of the population with wheezing symptoms. This
was shown in a large study of children aged 12 to 14 years,
where 17% of children with current asthmalike symp-
toms did not have a diagnosis of asthma.12 The ISAAC
questionnaire, on which the questionnaire used in this
study was based, has been shown to have both a high sen-
sitivity and specificity for physician-diagnosed asthma.13

Another study of asthma diagnosis in New Zealand has
shown a similarly high sensitivity and specificity of wheez-
ing in the last 12 months for a diagnosis of asthma.14 Al-
though it is possible that we have included some sub-
jects without asthma as asthmatic adolescents, the survey
instrument we used to identify those with asthma has been
shown to have sufficiently high sensitivity and specific-
ity to be used with confidence for this purpose.

It is possible that asthma severity has been misclassi-
fied because of inaccurate recall of symptoms by our sub-
jects. We based our severity classification on both short-
term recall (symptoms and �2-agonist use in the preceding
2 weeks), as is recommended in the NAEPP EPR-3 guide-
lines, and long-term recall (symptoms in the preceding
12 months). Long-term recall is likely to be inaccurate,
particularly for recall of symptom frequency. However,
using only 2 weeks’ recall would not take into account
the inherent variability of asthma symptoms that results
in individuals with asthma having changes in severity over
time. In an analysis of five 12-week asthma trials in pe-
diatric subjects, it was found that subjects frequently
moved between severity groups.15 We therefore elected
to combine both short- and long-term recall of symp-
toms to determine symptom severity.

In a large study of 2 cohorts of children aged be-
tween 8 and 11 years, Stout et al16 found that approxi-
mately one-third of children were reclassified with higher
asthma severity when FEV1 was added to symptom fre-
quency to assess asthma severity. This contrasts with our
finding that using percentage of predicted FEV1 does little
to change severity classification as determined by symp-
toms. In the Stout et al study, asthma was defined as a
physician diagnosis of asthma and either a history of

asthma symptoms or at least 1 hospitalization or at least
2 urgent care visits in the previous 6 months. We used a
definition of asthma based on a self-reported history of
current wheeze, and although the majority of subjects
in our study appeared to have a previous asthma diag-
nosis, it is likely that our subjects had milder asthma than
those in the Stout et al study. However, the unadjusted
symptom severity distribution in our study was similar
to that in the more severe cohort in the Stout et al study,
where 57.4% of subjects had mild intermittent or per-
sistent asthma and 42.6% of subjects had moderate or
severe asthma. There was a difference between the 2 stud-
ies in the numbers of subjects demonstrating abnormal
lung function (ie, a predicted FEV1�80%), with 10.2%
of subjects in our study and 16.7% and 28.2% in cohort
1 and cohort 2 of the Stout et al study, respectively. This
suggests that overall lung function was better in our sub-
jects and this likely accounts for the different effect of
adding percentage of predicted FEV1 to symptom sever-
ity in both studies.

Of the lung function parameters, only FEV1/FVC
and percentage of predicted FEF25%-75% showed any sig-
nificant difference in asthma groups based on symptom
severity (Table 2). Similar results have been found in
other studies of lung function in children.4,6 The au-
thors of one of these studies have suggested that these
parameters have greater sensitivity in measuring airflow
obstruction and should be assessed when spirometry is
performed.6 FEF25%-75% measures the average flow rate
over the middle 50% of the FVC and is said to be more
sensitive than FEV1 in detecting small-airway obstruc-
tion. However, we found that adding percentage of pre-
dicted FEF25%-75% to asthma symptoms resulted in little
change in severity classification and that there was also
no agreement between asthma symptom severity and
percentage of predicted FEF25%-75%. In addition to this,
percentage of predicted FEF25%-75% demonstrates high
variability, making its use for monitoring asthma pro-
gression difficult. These results suggest that percentage
of predicted FEF25%-75% is not a useful tool for assessing
asthma severity in this age group.

The median value for FEV1/FVC was less than 85%,
the value defined as the cutoff for normality in the NAEPP
EPR-3 guidelines for this age group, for the asthmatic
population, and also for each symptom severity group.
For the nonasthmatic group, the median value was 86%.
These results suggest that a level of 85% for FEV1/FVC
may be overestimating the number of young people with
asthma with airflow obstruction. The value of 85% is taken
from the National Health and Nutrition Examination Sur-
vey control data for this age group.10 Because the per-
centage of predicted FEV1 and FVC values for nonasth-
matic adolescents in this study were all very close to 100%,
suggesting that the reference values from the National
Health and Nutrition Examination Survey were appro-
priate for use in New Zealand adolescents, it also sug-
gests that a ratio of 85% for FEV1/FVC is appropriate for
use in this study. In the large National Jewish Medical
and Research Center study of lung function in children,
the average value for the FEV1/FVC ratio was approxi-
mately 77% for males and 83% for females.6 This group
of children was recruited from a tertiary specialist cen-
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ter and therefore is likely to have had more severe asthma
than the group in our study. The American Thoracic So-
ciety/European Respiratory Society task force has rec-
ommended using the fifth percentile of predicted values
rather than set cutoff values for the FEV1/FVC ratio to
define obstructive lung disease.17 This is particularly im-
portant for younger and older adults, because the set cut-
off ratio of 70% has been found to misclassify a signifi-
cant number of subjects in these age groups.18,19 It may
also be appropriate to apply this criterion to defining air-
way obstruction in adolescents rather than using the set
cutoff ratio of 85%.

In conclusion, in the vast majority of asthmatic ado-
lescents, a single measure of percentage of predicted FEV1

or percentage of predicted FEF25%-75% adds little extra in-
formation to that obtained from a symptom history in
assessing asthma severity. FEV1/FVC, however, does ap-
pear to add value to this assessment, suggesting that this
parameter should be used in determining asthma sever-
ity in adolescents.

Accepted for Publication: May 6, 2008.
Correspondence: Christine van Dalen, PhD, Centre for
Public Health Research, Massey University, Wellington
Campus, Private Bag 756, Wellington 6021, New Zea-
land (c.j.vandalen@massey.ac.nz).
Author Contributions: Dr van Dalen had full access to
all the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analy-
sis. Study concept and design: van Dalen, Pearce, and
Douwes. Acquisition of data: van Dalen, Harding, Par-
kin, Cheng, and Douwes. Analysis and interpretation of
data: van Dalen, Cheng, Pearce, and Douwes. Drafting
of the manuscript: van Dalen, Pearce, and Douwes. Criti-
cal revision of the manuscript for important intellectual
content: van Dalen, Harding, Parkin, Cheng, Pearce, and
Douwes. Statistical analysis: van Dalen, Cheng, Pearce,
and Douwes. Obtained funding: Pearce and Douwes. Ad-
ministrative, technical, and material support: Harding and
Parkin. Study supervision: van Dalen, Pearce, and Douwes.
Financial Disclosure: None reported.
Funding/Support: This project was supported by
project grants from the Health Research Council of
New Zealand and Lotteries Health Research. Dr van
Dalen is supported by a postdoctoral fellowship from
Massey University. Dr Douwes is supported by a Sir
Charles Hercus Fellowship from the Health Research
Council of New Zealand.
Additional Contributions: We wish to thank Ian St George,
MD, FRACP, FRNZCGP, and Wallace Farquhar, MBChB,
for their facilitation and support of this project. We are par-

ticularly grateful to all the students who participated so will-
ingly in this study and to their parents who encouraged their
participation.

REFERENCES

1. The diagnosis and treatment of adult asthma. Wellington: New Zealand Guide-
lines Group; 2002. http://www.nzgg.org.nz/guidelines/0003/Summary.pdf. Ac-
cessed July 2, 2008.

2. GINA report, global strategy for asthma management and prevention [published
2007]. Global Initiative for Asthma Web site. http://www.ginasthma.org. Ac-
cessed July 2, 2008.

3. Nguyen BP, Wilson SR, German DF. Patients’ perceptions compared with ob-
jective ratings of asthma severity. Ann Allergy Asthma Immunol. 1996;77(3):
209-215.

4. Bacharier LB, Strunk RC, Mauger D, White D, Lemanske RF Jr, Sorkness CA.
Classifying asthma severity in children: mismatch between symptoms, medica-
tion use, and lung function. Am J Respir Crit Care Med. 2004;170(4):426-432.

5. Fuhlbrigge AL, Kitch BT, Paltiel AD, et al. FEV(1) is associated with risk of asthma
attacks in a pediatric population. J Allergy Clin Immunol. 2001;107(1):61-67.

6. Paull K, Covar R, Jain N, Gelfand EW, Spahn JD. Do NHLBI lung function criteria
apply to children? A cross-sectional evaluation of childhood asthma at National
Jewish Medical and Research Center, 1999-2002. Pediatr Pulmonol. 2005;
39(4):311-317.

7. Expert Panel Report 3 (EPR-3): guidelines for the diagnosis and management of
asthma—summary report 2007. J Allergy Clin Immunol. 2007;120(5)(suppl)
:S94-S138.

8. Finkelstein JA, Lozano P, Shulruff R, et al. Self-reported physician practices for
children with asthma: are national guidelines followed? Pediatrics. 2000;106
(4)(suppl):886-896.

9. Ellwood P, Asher MI, Beasley R, Clayton TO, Stewart AW; ISAAC Steering Com-
mittee. International Study of Asthma and Allergies in Childhood (ISAAC II): phase
III rationale and methods. Int J Tuberc Lung Dis. 2005;9(1):10-16.

10. Hankinson JL, Odencrantz JR, Fedan KB. Spirometric reference values from a
sample of the general US population. Am J Respir Crit Care Med. 1999;159
(1):179-187.

11. Armitage P, Berry G, Matthews JNS. Statistical Methods in Medical Research.
4th ed. Oxford, England: Blackwell Science; 2002.

12. 2005 update: workshop report, global strategy for asthma management and
prevention. Global Initiative for Asthma Web site. http://www.ginasthma.org. Pub-
lished 2005. Accessed July 2, 2008.

13. Yeatts K, Davis KJ, Sotir M, Herget C, Shy C. Who gets diagnosed with asthma?
Frequent wheeze among adolescents with and without a diagnosis of asthma.
Pediatrics. 2003;111(5, pt 1):1046-1054.

14. Jenkins MA, Clarke JR, Carlin JB, et al. Validation of questionnaire and bron-
chial hyperresponsiveness against respiratory physician assessment in the di-
agnosis of asthma. Int J Epidemiol. 1996;25(3):609-616.

15. Sistek D, Wickens K, Amstrong R, D’Souza W, Town I, Crane J. Predictive value
of respiratory symptoms and bronchial hyperresponsiveness to diagnose asthma
in New Zealand. Respir Med. 2006;100(12):2107-2111.

16. Stout JW, Visness CM, Enright P, et al. Classification of asthma severity in chil-
dren: the contribution of pulmonary function testing. Arch Pediatr Adolesc Med.
2006;160(8):844-850.

17. Pellegrino R, Viegi G, Brusasco V, et al. ATS/ERS task force: standardization of
lung function testing. Interpretative strategies for lung function tests. Eur Respir
J. 2005;26(5):948-968.

18. Hansen JE, Sun XG, Wasserman K. Spirometric criteria for airway obstruction:
use percentage of FEV1/FVC ratio below the fifth percentile, not � 70%. Chest.
2007;131(2):349-355.

19. Roberts SD, Farber MO, Knox KS, et al. FEV1/FVC ratio of 70% misclassifies pa-
tients with obstruction at the extremes of age. Chest. 2006;130(1):200-206.

(REPRINTED) ARCH PEDIATR ADOLESC MED/ VOL 162 (NO. 12), DEC 2008 WWW.ARCHPEDIATRICS.COM
1174

©2008 American Medical Association. All rights reserved.
 on February 16, 2010 www.archpediatrics.comDownloaded from 

http://www.archpediatrics.com

