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Abstract

Background—National Asthma Education and Prevention Program (NAEPP) guidelines
recommend that periodic spirometry be performed in youth with asthma. NAEPP uses different
spirometry criteria to define uncontrolled asthma for children (6-11 years) and adolescents (12+
years).

Objective—To describe differences in spirometry between US children and adolescents with
current asthma.

Methods—We examined cross-sectional spirometry data from 453 US youth with current asthma
age 6-19 years from the 2007-2010 National Health and Nutrition Examination Surveys. The
main outcomes were percentage predicted forced expiratory volume at 1 sec (FEV1%) <80 and the
ratio of FEV1 to forced vital capacity (FEV1/FVC) <0.80. We also examined the prevalence of
youth with spirometry values consistent with uncontrolled asthma, using NAEPP age-specific
criteria, defined for children aged 6-11 years as FEV1% <80 or FEVV1/FVC <0.80, and for
adolescents aged 12-19 years as FEV1% <80.

Results—Children 6-11 years and adolescents 12-19 years did not differ in prevalence of
FEV1% <80 (10.1% vs. 9.0%) or FEV1/FVC <0.80 (30.6% vs. 29.8%). However, based on the
NAEPP age-specific criteria, 33.0% of children 6-11 years and 9.0% of adolescents 12-19 years
had spirometry values consistent with uncontrolled asthma (£<0.001).
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Conclusion—Children 6-11 years and adolescents 12—19 years with current asthma did not
differ in the percentage with FEV1% <80 or FEV1/FVC <0.80. However, the percent of children
and adolescents with spirometry values consistent with uncontrolled asthma did differ. The
difference appears to stem mainly from the different spirometry criteria for the two age groups.

asthma; spirometry; child; adolescent; NHANES

INTRODUCTION

The National Asthma Education and Prevention Program’s (NAEPP) evidence-based asthma
guidelines recommend, in addition to symptom assessment, that spirometry be periodically
performed in youth with asthma.l Spirometry detects uncontrolled asthma that may not
otherwise be detected based on an assessment of only symptoms.2—6 Youth with
uncontrolled asthma benefit from clinical interventions including optimizing asthma
medication regimens.! Despite recommendations to include spirometry during asthma
clinical visits, spirometry is often times not performed.’-2

The National Health and Nutrition Examination Survey (NHANES) included spirometry in
2007-2010. An analysis of these data provides an opportunity to assess population based, as
opposed to clinic based, spirometry data for US children and adolescents with current
asthma, which to our knowledge, has not been previously examined. The NAEPP definition
of uncontrolled asthma differs by age group. For children 6-11 years, both percentage
predicted forced expiratory volume at 1 sec (FEV1%) and the ratio of FEV1 to forced vital
capacity (FEV1/FVC) are used whereas in adolescents (12+ years), FEV1% is the only
parameter used to assess control. Further, how spirometry-based estimates of uncontrolled
asthma may be influenced by definitional differences has not been previously described. The
objective of this study is to describe differences in spirometry between US children (age 6-
11 years) and adolescents (age 12—19 years) with current asthma. We also examined the
prevalence of youth with spirometry values consistent with uncontrolled asthma, using
NAEPP age-specific criteria.

MATERIALS AND METHODS

The National Center for Health Statistics conducts NHANES, a series of nationally
representative cross-sectional surveys of the US civilian, non-institutionalized population.
10.11 Each data collection uses a complex, stratified, and multistage probability cluster
sampling design. Informed consent for survey participation is obtained for persons =18
years. For those <18 years, written parental consent is obtained, and child assent is obtained
for those aged 7-17 years. The NCHS Research Ethics Review Board approved the survey.
We used data from NHANES 2007-2008 and 2009-2010. This analysis was restricted to
youth aged 6-19 years with current asthma, defined as an affirmative response to both: “Has
a doctor or health professional ever told you that you have asthma?” and “Do you still have
asthma?” Younger children were excluded because spirometry was assessed only for age 6—
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79 years. Examination response rates for youth 6-19 years was 82% and 85% in 2007-2008
and 2009-2010.12

Asthma Control

Uncontrolled asthma is defined in the NAEPP guidelines by several criteria. In addition to
spirometry, other criteria include additional measures of impairment (symptoms, nighttime
awakenings, rescue medication use, and interference with normal activity) and risk
(exacerbation requiring oral corticosteroids). Uncontrolled asthma is classified as the most
severe of any of these criteria. Therefore, asthma control determined only by spirometry may
underestimate the prevalence of uncontrolled asthma. However, because NHANES does not
have data for the other criteria for similar recall periods specified by the NAEPP criteria, this
study focuses on only spirometry.

Spirometry protocol

In NHANES 2007-2010,13.14 youth were excluded from spirometry for current painful ear
infection; eye, chest, or abdominal surgery in the last 3 months; current chest pain taking a
deep breath, physical problem with forceful expiration, daytime use of supplemental oxygen,
congenital heart disease, tuberculosis exposure, or coughing up blood. However, persons
with other medical conditions, including recent upper respiratory infections, were not
excluded.

NHANES used the Ohio 822/827 dry-rolling seal volume spirometers and the procedures
met American Thoracic Society (ATS) recommendations.1® Spirometry was performed in
the standing position unless the participant was physically limited. Participants were asked
to maximally exhale, after a deep inspiration, for 3 (6-10 years) or 6 sec (=11 years). The
goal was to achieve three acceptable exhalation maneuvers, with a maximal number of eight
attempts. Acceptability criteria included a visible plateau in the volume-time spirogram and
meeting goals for time spent in exhalation. After three acceptable maneuvers, the two
highest values for FVC and FEV1 were assessed for reproducibility, i.e., the two highest
FVC and FEV1 should agree within 150 ml of each other. The highest values of FEV1 and
FVC were used for this analysis.1® Therefore, FEV1 and FEV1/FVC could be reported from
any of the individual acceptable curves that the participant performed. The quality of FEV1
and FVVC were graded. For this analysis, we used spirometry values for persons with
complete exams with ATS Grade A, B, or C for FVC and FEV1.

Prediction Equations

Prediction equations were used to obtain FEV1% predicted values based on race/ethnicity,
age, sex, and height. Based on the ATS/European Respiratory Society recommendation for
persons in the US7 and an expert group,18 prediction equations described by Hankinson1®
are used for non-Hispanic White (NHW), non-Hispanic Black (NHB), and Mexican
American (MA) youth ages 8-19 years. Hankinson’s equations do not include Asians,
younger children, and Hispanics. For participants of “other” race/Hispanic origin, most
commonly Asians, the NHW prediction equations are used with a correction factor of 0.88
as employed by Hankinson2? and others.?! Prediction equations for NHW and NHB children
age 6-7 years are based on Wang,22 also based on the ATS/European Respiratory Society
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recommendation for persons in the US,17 and an adjustment of 0.88 was applied to the
NHW prediction equations for all other race/Hispanic origins. Hankinson MA prediction
equations were used for all Hispanics.

Selection and Categorization of Spirometry Measures

The analysis focused on FEV1 and FEV1/FVC because these are the guideline-
recommended measures to assess asthma control and are also recommended as core
outcomes for asthma research.18 We examined FEV1% <80 and FEV1/FVC <0.80. We
further examined mutually exclusive categories: FEV1% <80 only; FEV1/FVC <0.80 only;
and both FEV1% <80 and FEV1/FVC <0.80 to capture all lung function patterns which are
consistent with uncontrolled asthma. We also assessed the percent of participants with
spirometry consistent with the NAEPP age-specific criteria for uncontrolled asthma, defined
as: FEV1% <80% or FEV1/FVC <0.80 for age 6-11 years and FEV1% <80 for age 12-19
years. For children 6-11 years, in whom two different spirometry criteria are used to assess
asthma control, categorization is based on the most severe level of impairment.!

Statistical Methods

Statistical analyses were performed using SAS software, version 9.3 (SAS Institute, Inc.,
Cary, NC), and SUDAAN software, version 11.0 (RTI, Research Triangle Park, NC).
Sample weights, which account for differential probabilities of selection, nonresponse, and
differences between the final sample and the total population, were used to obtain estimates
representative of the civilian, non-institutionalized US population.19 Standard errors were
calculated using Taylor Series Linearization, a method used to account for the complex
survey design.19 Statistical significance was determined at a A-value of <0.05 using a two-
sided £test.

Missing Data

Of the 566 eligible children age 6—19 years with current asthma, six were excluded because
of missing height and 107 were excluded for incomplete spirometry (Fig. 1). Of the 107, 46
did not perform spirometry due to safety concerns, the most common reasons were: reported
difficulty in taking a deep breath (n =24), painful ear infection (n =7), and exposure to
tuberculosis (n =5) (data not shown).

Missingness was related to age, with a higher amount of missing spirometry data among 6
and 7 years olds. To evaluate the impact of missing spirometry data, alternative estimates of
FEV1% <80 and FEV1/FVC <0.8 were obtained using direct adjustment for the age groups,
sex, and race/Hispanic origin via proc wtadjust in SUDAAN (RT1)23 which reweights the
data to achieve correct population totals based on the non-missing data. Estimates with or
without adjustment were similar (i.e., differed by <1% and SE differing by <0.5) and the
study conclusions were unchanged. Therefore, estimates without adjustments are presented
to enhance reproducibility. However, non-response could be related to characteristics other
than sex, age, and race/Hispanic origin, which, if present, would not be adjusted for in our
analyses and the possibility of bias due to non-response may still exist.
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Sensitivity Analyses

We undertook two sensitivity analyses. The first was to evaluate the impact of altering
prediction equations for children 6-7 years and for race/ethnic groups categorized as
“other.” The second sensitivity analysis evaluated the role of preventive asthma medications
(PAM) in classification of spirometry values. PAM use could identify a group of children
with more severe asthma or at risk of uncontrolled asthma. Therefore, we classified
individuals reporting PAM, as described elsewhere,30 to assess if prevalence of abnormal
spirometry differed by PAM use.

RESULTS

The sample size was 453 after excluding 113 individuals with missing data, of which 207
participants were aged 6-11 years and 246 aged 12-19 years (Table 1). Overall, the mean
FEV1% was 99.1 (SE: 0.6) and mean FEV1/FVC was 83.0% (SE: 0.5).

Overall, 9.4% (SE: 1.1) of youth had FEVV1% <80 and 30.1% (SE: 3.7) had FEV1/FVC
<0.80 (Table 2). The prevalence of FEV1% <80 did not differ between 6-11 and 12-19 year
olds overall (£=0.695) or within sex (boys, £=0.512; girls, £=0.681) and race/Hispanic
origin subgroups (non-Hispanic Black, £=0.837; Hispanic, £=0.685). The prevalence of
FEV1/FVC <0.80 also did not differ between 6-11 and 12-19 year olds overall (P=0.854)
or within sex (boys, £=0.721; girls, £=0.368) and race/Hispanic origin subgroups (non-
Hispanic White, £=0.399; non-Hispanic Black, £=0.450; Hispanic, £=0.410).

Only 2.4% (SE: 0.9) of children 6-11 years and 3.0% (SE: 1.2) of adolescents 12-19 years
had FEV1% <80, but not FEV1/FVC <0.80 (Fig. 2). The prevalence of having FEV1/FVC
<0.80 but not FEV1% <80 was 23.0% (SE:4.1) for children 6-11 years and 23.8% (SE: 4.2)
for adolescents 12—19 years. Also, 7.6% (SE: 2.0) of children 6-11 years and 6.0% (SE: 1.5)
of adolescents 12-19 years had both FEV1% <80 and FEV1/FVC <0.80. Among children 6—
11 years and adolescents 12-19 years, 33.0% (SE: 4.0) and 32.8% (SE: 4.3) had either
FEV1% <80 or FEV1/FVC <0.80. There was no statistical difference between the
percentage of children 6-11 years and percentage of adolescents 12-19 years in any of the
categories: both FEV1% <80 and FEV1/FVC <0.80 (£=0.568), FEV1/FVC <0.80 only (P
=0.859), and FEV1% <80 only (£=0.709).

Almost one in five (17.8% (SE: 2.1)) youth age 6-19 years with current asthma had
spirometry values consistent with uncontrolled asthma (Fig. 3), but in contrast to the
similarity of results for abnormal FEV1% and FEV1/FVC, there were differences between
age groups for prevalence of spirometry values consistent with uncontrolled asthma.
Prevalence of spirometry values consistent with uncontrolled asthma was threefold higher (P
<0.001) in children age 6-11 years than adolescents age 12-19 years (33.0% (SE: 4.0) and
9.0% (SE: 1.6)). Similarly, for boys (£ <0.001), non-Hispanic Whites (£ <0.001), non-
Hispanic Blacks (£=0.010), and Hispanics (£ =0.004) the prevalence of spirometry values
consistent with uncontrolled asthma between 6-11 and 12-19 year old were statistically
different but it was not for girls (P=0.054). The non-significant finding in girls may be
attributed to lower power resulting from smaller sample sizes.
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In a sensitivity analysis examining the impact of using the Hankinson’s prediction equations
for 6 and 7 year olds rather than Wang, 7.7% (SE:1.7) of the 6-11 year old, rather than our
reported 10.1% (SE: 2.0), would have been classified as having a FEV1% <80. In an
analysis without applying the 0.88 correction factor, 10.4% (SE: 1.4), 12.4% (SE: 2.5), and
9.3% (SE: 1.5) of youth 6-19, 6-11, and 12-19 years had a FEV1% <80 as opposed to the
9.4% (SE: 1.1), 10.1% (SE: 2.0), and 9.0% (SE: 1.6) obtained using the correction factor.

In a sensitivity analysis examining differences by use of PAM (29.9% (SE: 3.1) reported use
of PAM), there were no significant difference in FEV1% <80 (PAM users: 8.2% (SE: 2.8),
PAM non-users: 9.9% (SE: 1.6)) or FEV1/FVC <0.80 (PAM users: 31.0% (SE: 6.9), PAM
non-users: 29.6% (SE: 3.7)). Moreover, among those who reported PAM use, 18.3% (SE:
3.6) overall, 26.4% (SE: 6.1) age 6-11 years, and 8.7% (SE: 4.9) age 12-19 years had
spirometry values consistent with uncontrolled asthma (P =0.032 for 6-11 vs. 12-19 years)
whereas the comparable estimates for those who did not report use of PAM was 17.7% (SE:
2.7), 38.2% (SE: 5.6), and 9.1% (SE: 1.9), respectively (£<0.001 for 6-11 vs. 12-19 years).
The sample sizes for sensitivity analyses among PAM users are relatively small (n =127
overall, n =79 age 6-11 years, and n =48 age 12-19 years) and the relative standard error, a
measure of statistical reliability, is high for adolescents 12—19 years, therefore, caution
should be used in interpretation of these estimates.

DISCUSSION

Children 6-11 years and adolescents 12—-19 years with current asthma did not differ in the
percentage with FEV1% <80 or FEV1/FVC <0.80. However, the percent of children 6-11
years and adolescents 12—19 years with spirometry values consistent with uncontrolled
asthma, based on the age-specific NAEPP criteria, did differ. The difference between age
groups, however, appears to stem mainly from the different age-specific spirometry criteria.
The younger age group can meet spirometry criteria for uncontrolled asthma using either of
two criteria whereas the older age group has one criterion.

The mean FEV1% and FEV1/FVC % (99.1 and 83.0) among children with current asthma in
our study are consistent with those based on NHANES |11 data from 1988-199424 and
others.25.26 The similarities across study settings may reflect others’ observations that “many
school-age children with asthma demonstrate normal or even ‘supernormal’ spirometry
readings outside of exacerbations.2”” Due to differences in study populations; criteria for
enrollment, including age ranges; and prediction equations used, there are limitations in
comparing studies but generally our results for a nationally representative population are
similar to previous studies.

Spirometry is an objective measure to assess asthma control, however, an assessment of
asthma symptoms in addition to spirometry is an integral component of identifying
uncontrolled asthma. At the same time, without spirometry, uncontrolled asthma may be
underestimated.28.2% In one study of outpatient pulmonology visits, Nair et al. wrote
spirometry “results were just as likely to be abnormal in patients with normal history and
exam as in patients with abnormal history and/or exam.2” Uncontrolled asthma prevalence
measured using both symptoms and spirometry would likely be higher than our estimates.
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Poor agreement between FEV1% and FEV1/FVC to assess asthma control was previously
reported based on a sample of 4-11 year old in South Africa.® In our sample, although
approximately 7% of children and adolescents had both FEVV1% <80 and FEV1/FVC <0.80,
most children categorized as having abnormal spirometry had a low value for one of the
measure but not the other. For example, about 2% of children 6-11 years had FEV1% <80
but FEV1/FVC >0.80. Conversely, just over 20% of children 6-11 years had an FEV1/FVC
<0.8 but FEV1% >80. Thus, conclusions related to asthma control may be sensitive to the
criteria used.

One of the outcomes we examined was spirometry values consistent with uncontrolled
asthma, based on the NAEPP guidelines. However, these same guidelines also provide
spirometry classifications for asthma severity. We analyzed the data based on asthma
control, rather than severity, because approximately one-third of youth with current asthma
report using preventative asthma medications.39 As noted by the NAEPP, “severity is most
easily and directly measured in a patient who is not receiving long-term control therapy”
whereas after treatment is started “the emphasis is on assessing asthma control.” In our
sensitivity analysis, estimates of FEV1% <80 and FEV1/FVC <0.80 were similar between
participants with and without reported use of preventative asthma medications.

This study is the first nationally representative study to quantify the extent of abnormal
spirometry among US children with asthma. Our study is population based, rather than clinic
based, which may allow us to capture a wider range of asthma control and provides a unique
opportunity to assess spirometry values in a nationally representative sample. Limitations
include the cross-sectional analysis and single spirometry measure. For any individual, a
variety of factors, including season, may impact their spirometry results. However, in the
clinical setting, as noted by other authors, “initial therapeutic decisions must be based on
such limited information.28” Approximately 18% of children were missing spirometry
exams, with a higher amount of missing data in younger children. Analyses with adjusted
sample weights suggested minimal bias as a result of the missing data. We used different
sets of prediction equations for children 67 years old than for youth 8-19 years. Previous
research has suggested that conclusions related to airway obstruction using the Wang and
Hankinson prediction equations are similar in the age ranges that overlap (8-18 years),3!
moreover, in our sensitivity analysis using the Hankinson equations for 6-7 year old, we
demonstrated the magnitude of the difference in prevalence estimates may be small.

CONCLUSION

In conclusion, FEV1% and FEV1/FVC were similar between children 6-11 years and
adolescents 12-19 years with asthma in the US. Although children 6-11 years and
adolescents 12-19 years had a different prevalence of spirometry values consistent with
uncontrolled asthma, the age-specific NAEPP spirometry criteria used to define uncontrolled
asthma contributed to the observed differences.
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Children and
adolescents 6-
19 years with
asthma
examined
n=566

Missing height
n=6

Eligible for this

analysis
n=560
Incomplete spirometry (n=107)
Partial spirometry (n=34)
Not done (n=27)
Safety exclusion (n=46)
Completed
spirometry
exam
n=453

Not American Thoracic Society
(ATS) Category A,B, or C (n=0)

Completed with:
ATS A (n=429)
ATS B (n=5)

ATS C (n=19)

Fig. 1.

Fi?1al sample of children and adolescents age 6-19 years with current asthmal, NHANES
2007-2010. Abbreviations: ATS, American Thoracic Society; NHANES, National Health
and Nutrition Examination Survey. 1Current asthma defined as an affirmative response to
both of the following questions: “Has a doctor or health professional ever told you that you
have asthma?” and “Do you still have asthma?”Notes: ATS Criteria for effort attribute; A—
All 6 quality attributes acceptable; B—Large time to, or non-repeatable, peak flow; C—
Either <6 sec of exhalation or no plateau.
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33.0% 32.8%

Fev1/FVC <0.80 only
® FEV1% <80 only

23 238 m FEV1/FVC<0.80 AND FEV1%<80

| .

6-11 years 12-19 years

Mutually exclusive categories of FEV1% <80 and FEV1/FVC <0.80, by age, among
children and adolescents age 6-19 years with current asthmal, US, NHANES 2007-2010.
Abbreviations: FEV1, forced expiratory volume at 1 sec; FEV1%, % predicted FEV1; FVC,
forced vital capacity; NHANES, National Health and Nutrition Examination Survey.
1Current asthma defined as an affirmative response to both of the following questions: “Has
a doctor or health professional ever told you that you have asthma?” and “Do you still have
asthma?” Notes: Difference between children 6-11 years and adolescents 12—19 years in
FEV1% <80 and FEV1/FVC <0.80 (~=0.568), FEV1/FVC <0.80 only (P=0.859), and
FEV1% <80 only (P=0.709) were not statistically different. Prevalence estimates are

weighted.
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Fig. 3.
Prevalence of spirometry values consistent with uncontrolled asthmal, by age, among

children and adolescents age 6-19 years with current asthma?, US, NHANES 2007—2010.
Abbreviations: FEV1, forced expiratory volume at 1 sec; FEV1%, % predicted FEV1; FVC,
forced vital capacity; NH, Non-Hispanic; NHANES, National Health and Nutrition
Examination Survey. 1Uncontrolled asthma defined by spirometry based on the NAEPP age-
specific criteria for uncontrolled asthma: FEV1% <80 or FEV1/FVC <0.80 for children aged
6-11 years and FEV1% <80 for adolescents aged 12—19 years. 2Current asthma defined as
an affirmative response to both of the following questions: “Has a doctor or health
professional ever told you that you have asthma?” and “Do you still have asthma?” Notes:
For all (P<0.001), bays (#£<0.001), non-Hispanic Whites (£ <0.001), non-Hispanic Blacks
(P=0.010), and Hispanics (P=0.004) the prevalence of spirometry values consistent with
uncontrolled asthma between 6-11 and 12-19 year old were statistically different but it was
not for girls (P=0.057). Participants with race/ Hispanic origin designated as “other” are
included in totals and sex-specific analyses but not separately reported. Prevalence estimates
are weighted.
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