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Baseline clinical measurements in childhood asthma at age 8 years can predict
remission of disease by early adulthood (age 18-23 years):
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ABSTRACT

BACKGROUND: Few data exist on the predictors of asthma reamdsy early adulthood in
North America.

OBJECTIVE: The predictors of adult asthma remission wererd@ned in a multiethnic
population of mild-to-moderate persistent childhesthmatics.

METHODS: Asthma remission in early adulthood was measus#ag two definitions, a

clinical and a strict definition. Both included namal lung function and the absence of symptoms,
exacerbations, and medication use. The strict diefinalso included normal airways
responsiveness. Predictors were identified frorb&3eline measures using multivariate logistic
regression. The probability of remission was modleiging decision tree analysis.

RESULTS: In 879 subjects, mean baseline age was 8.8 {8Brs 2.1), 59.4% were males, and
68.7% were Caucasian. By adulthood, 229 (26.098)6fparticipants were in clinical remission
and 111 (15.0%) of 741 participants were in steahission. The degree of forced expiratory
volume in one second to forced vital capacity (FEVC) impairment was the largest predictor
of asthma remission. Over half of boys and twodhiof girls with baseline FEYFVC > 90%
were in remission at adulthood. Decreased airwagggansiveness was also a predictor for both
remission definitions (clinical remission OR 1.835% CI 1.09-1.39; strict remission OR 1.52,
95% CI 1.26-1.84). The combination of normal RERY/C, airways responsiveness, and serum
eosinophil count at baseline yielded > 80% prolitgtnf remission by adulthood.
CONCLUSION: A considerable minority of persistent childhoathenatics will develop
disease remission by adulthood. Clinical prognasticcators of asthma remission, including

baseline lung function, can be seen from an eggy a
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CLINICAL IMPLICATIONS

Lung function measurements and serum eosinophiitaaiotained in early childhood predict
asthma remission in early adulthood. Spirometryughbe obtained in all childhood asthmatics
for clinical prognostication.

CAPSULE SUMMARY

Adult asthma remission can be predicted using beselinical measurements obtained in early
childhood. Persistent childhood asthmatics withhmadrbaseline measurements of airway
obstruction, airways responsiveness, and serumaasi count have greater than 80%
probability of remission.

KEY WORDS
Pediatric asthma, asthma remission, prognostication

ABBREVIATIONS

CAMP: Childhood Asthma Management Program

FEV1/FVC: forced expiratory volume in one second taéaf vital capacity
PGy provocative concentration causing a 20% fall BV

BHR: bronchial hyperresponsiveness

AUC: area under the curve

SD: standard deviation

OR: odds ratio

Cl: confidence interval

IQR: interquartile range
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INTRODUCTION

Predicting the clinical trajectory of childhood lasta has important prognostic implications for
patients, parents, clinicians, and researchersr Pmgitudinal studies have estimated between
15% to 64% of childhood asthmatics go into asthemaission by early adulthodd. In those
studies, asthma remission rates have been notedyavidely by population, and remission has
been associated with less allergic sensitizatidljeminitial asthma severity, and male $éx
Asthma remission occurs most commonly betweengles &4 to 21 yearsStudies
characterizing asthma remission to date have enggtbspidemiologic associations, rather than
clinical translation and prognostication. Furthereydimited data exist on asthma remission in
multiethnic cohorts representative of the North Aicen population and in cohorts with mild-to-
moderate persistent asthma, whose remission ratelsl\we expected to differ from those with
either intermittent or severe disease. In thisystug determined which baseline characteristics
in early childhood can predict asthma remissiomdhyithood in a multiethnic cohort of mild-to-
moderate persistent asthmatics. Cross-sectionalibasharacteristics representative of a
snapshot obtained at a physician’s visit were eraththat can be used for individualized

prognostication.

The Childhood Asthma Management Program (CAMP) avemir-year randomized, placebo-
controlled trial of inhaled anti-inflammatory treants for mild-to-moderate persistent asthma in
children followed by an additional 13 years of dethlongitudinal follow-up. As such, this

cohort is well suited to evaluate the natural mstdf childhood asthma. After the first eight
years of CAMP, 6% of patients developed clinicaham remission in adolesceficé/e now

study asthma remission at the onset of adultho®@NIP using definitions for asthma
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remission that include both clinical and pulmonfanyction measurements. Asthma remission
was measured at the first CAMP continuation studit following the age of 18 years with an
average follow-up of 12 years. In addition to deti@ing the prevalence of asthma remission in
early adulthood, we specifically investigated eattyldhood factors to prognosticate future

asthma outcomes.

METHODS

A longitudinal study was performed with 879 papamts from CAMP who had asthma
remission outcomes available at their first follaw-visit on or after age 18 years (range 18 to 23
years). The details of CAMP have been describesivleré ’. Briefly, 1041 children with mild-
to-moderate persistent asthma and significant gswasponsiveness to methacholine between
the ages 5 to 12 years were enrolled from Deced®@3 to September 1995. Participants were
randomized to receive inhaled budesonide, nedotronplacebo for a mean 4.3 years, and
observational follow-up continued for an additiofh8lyears. Parental informed consent with
subject assent was obtained, and the study wasaapby each CAMP study center

institutional review board. More than 80% of indivals participated through the entire duration

of observational follow-up

Asthma remission at early adulthood was definemvimways, a clinical primary definition and a
strict secondary definition. Clinical asthma renuaswvas defined as: 1) no evidence of airflow
obstruction with a ratio of forced expiratory volanm one second to forced vital capacity
(FEV1/FVC) > 80%, 2) no asthma exacerbations in the prior y&amp use of asthma

medications in the prior year, and 4) no reportgtima symptoms in the prior year. Strict



127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

asthma remission was defined as the above fo@rierih addition to having negative
bronchoprovocation testing by methacholine chalbewgh a provocative concentration (;8)C
greater than or equal to 25 mg/mL. The absenceasidhial hyperresponsiveness (BHR) in
CAMP was defined as a R& 25 mg/mL, and thus, this cutoff was used for tietsasthma
remission definition. FEVFVC was included in the remission definitionsrolude both
objective and subjective criteria from the impainhand risk domains of National Asthma
Education and Prevention Program guidelines, aadigle of the absolute ratio was chosen
according to American Thoracic Society guidelfh&sThe clinical remission definition was
considered the primary definition as B not typically measured longitudinally in thenitial

setting.

Potential baseline predictors of asthma remissierewselected based on previously published
associations with asthma susceptibility and/or ssiorl®. Twenty-three baseline measures
collected at the time of enrollment into CAMP weedected: age at asthma diagnosis, sex,
ethnicity, household income, parental educatiostolny of parental asthma, body mass index,
history of wheezing (with and without colds), asthaxacerbations after exercise, physician
diagnosed atopic dermatitis or allergies, aeragdlierskin test positivity (as an indicator of
allergic sensitization with or without symptomsjpesure to home tobacco smoke, history of
maternal smoking during pregnancy, use of woodestamy pet ownership, asthma severity
classified by a physician, B§ FEV; percentage predicted, FE¥VC, serum IgE level, and

serum eosinophil count.

Statistical analyses
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The characteristics of the 162 subjects missingtheary remission outcome were compared to
the 879 subjects who had the outcome. T-tests wagé to compare continuous parametric
variables, Wilcoxon rank-sum tests for continuoas-parametric variables, ajd and Fisher’s
exact tests for categorical variables. Most vaaath the loss to follow-up analysis were not
statistically significant® > 0.05), and significant variables were adjustedridhe multivariate

models Gupplemental Tablel). R version 3.3.2 was used.

Cross-validated stepwise logistic regression wafopaed to determine predictors for each
asthma remission outcome. Variables that weresstatily significant on univariate analyses
were placed into a 5-fold cross-validated stepwigestic regression model with 100 cross-
validation repeats using the caret packageross-validation was used to reduce overfitting a
improve precision and accuracy. In addition todtaistically significant variables from the loss
to follow-up analysis, age, sex, CAMP treatmenugrcand clinic site were controlled for in all
models. Prior to model building, continuous varesithat had a non-linear relationship with the
log odds of remission were log transformed. BFEEVC and PG, were modeled as continuous
variables in the main clinical and strict asthmaission models. Model selection was
determined by Akaike information criterion, and \W#ésts were used to evaluate individual
variables. Analyses were restricted to completesabhe models were then stratified by sex,
and the statistically significant variables thdfeted across sexes were tested as interaction

terms.

Sex stratified analyses for the primary clinicahasa remission definition were plannagriori

because asthma persistence has been shown toywseyx ' * 2 Sex stratified models were
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built using cross-validated stepwise logistic regren. To increase clinical interpretability in the
sex stratified models, baseline FFERVC was divided into 4 categories to reflect spisdric
categorizations used in the Global Initiative fatiAma Report (i.e., < 70%, 70-80%, 80-90%, >
90%), and baseline B@was divided into 3 categories (i.e., moderatestcese BHR: < 1

mg/mL, mild BHR: 1-4 mg/mL, borderline BHR: > 4 mgl.) per American Thoracic Society
guideline$® ** Receiver operating characteristic curves anditbe under the curve (AUC)
were obtained using the pROC, plotROC, and ggmatkageS™’. The probability of asthma
remission was modeled using conditional infereneest with case weights from the party

packagé®.

A sensitivity analysis of the primary clinical asth remission definition was performed to
examine the effect of the FENVC criterion. FE{/FVC was removed from the definition, and
a cross-validated stepwise logistic regression iin@es built as specified abovBupplemental
Tablell). Since airflow obstruction is one of the hallmnad¢ asthma, FEVMFVC was retained

in the primary clinical asthma remission definition

RESULTS

Of the 879 participants, 229 (26.0%) individualgeviem asthma remission and 650 (73.9%)
individuals were not, using the primary clinicafidagion (Tablel). The mean baseline age at
study entry was 8.8 years (standard deviatiornt3I1), 59.4% were males, and 68.7% were
Caucasian. Within the 879 participants, 741 (84.8Bfdividuals had Pg measurements,

permitting analysis of the secondary strict astihemaission definition. Of these, 111 (15.0%)
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individuals were in strict asthma remission and @#80%) individuals were noS(pplemental

Tablelll).

Clinical Asthma Remission Predictors

For the entire cohort, sex, baseline history of edireg with and without colds, exacerbations
after exercise, aeroallergen sensitization, phgsiciassified asthma severity, BGEV;,
percentage predicted, FE¥VC, serum IgE level, and serum eosinophil couatersignificant
predictors of asthma remission on univariate amglyBablel). In the multivariate model, only
FEV1/FVC and PG, remained significant. Each 10% increase in basdtia\Wi/FVC was
associated with a 4.62 times odds of asthma reom¢85% CI 3.35-6.5@ < 0.001), and each
two-fold increase in Pgwas associated with 23% increase in the odds birestemission (OR
1.23, 95% CIl 1.09-1.3% = 0.001) Tablell). The AUC of the cross-validated model was 0.81

(95% CI 0.77-0.84)Supplemental Figure 1a).

Predictors of Clinical Asthma Remission by Sex

1241 he severity of airflow obstruction was the strostgeredictor of clinical asthma
remission in both males and femalEgy(r e 1a). Within the subset of individuals with mild
baseline airway obstruction, females were mordylit@develop asthma remission than males
(Figure 1b). Females had 8.03 times odds (95% CI 4.60-14£330.001) whereas males had
3.88 times odds (95% CI 2.62-5.92< 0.001) of asthma remission with each 10% in@éas
FEV./FVC (interactionP = 0.04). A FEM{/FVC less than 70% was strongly indicative of asthm

persistence, particularly in males where only 1ef%ubjects developed remissidfidure 1a).

10



218 In addition, in the sex specific models of cliniegthma remission, males without peripheral
219  eosinophilia had 1.79 times odds (95% CI 1.02-322,0.045) of asthma remission compared
220 to males with peripheral eosinophiligblel11a). Treatment during the first four years of

221  CAMP with inhaled budesonide was also associatéd wgher odds of remission in males. In
222 females, Hispanic race and airway hyperresponssgewere additional predictors of asthma
223 remission Tablelllb and Supplemental Figure 2). The odds of asthma remission decreased
224  63% (OR 0.37, 95% CI 0.15-0.89,= 0.03) in females with moderate airway

225 hyperresponsiveness and 76% (OR 0.24, 95% CI Q@8® = 0.005) in females with severe
226 airway hyperresponsiveness. The AUC of the crofidated models were 0.79 (95% CI 0.75-
227  0.84) for males and 0.85 (95% CI 0.80-0.89) fordéa Supplemental Figures 1b and 1c).

228

229  Strict Asthma Remission Predictors

230  Similar to the primary remission analysis, histofywheezing with and without colds,

231  exacerbations after exercise, aeroallergen sessitiy, physician classified asthma severity,
232 PGy, FEV; percentage predicted, FE%VC, serum IgE level, and serum eosinophil couerten
233 significant predictors of strict asthma remissitatiss on univariate analyses, along with baseline
234  age at study entry and physician diagnosed allei§igoplemental Tablelll). In the

235  multivariate model, each 10% increase in basellb¥;FFVC was associated with 5.71 times
236  0dds (95% CI 3.58-9.4%, < 0.001) of strict asthma remission, and eachfbidincrease in

237  baseline Pg was associated with a 1.52 times odds (95% CF1.26,P < 0.001) of strict

238  asthma remissiorS(pplemental TablelV). Furthermore, each two-fold increase in serum IgE
239 level was associated with a 12% decrease in the ofistrict remission (OR 0.88, 95% CI 0.78-

240 1.00,P =0.047), and aeroallergen sensitization was &ssacwith a 52% decrease in the odds

11
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of strict remission (OR 0.48, 95% CI 0.24-0.975 0.04). The AUC of the cross-validated
model was 0.86 (95% CI 0.83-0.9@upplemental Figure 1d). Predictors of strict asthma

remission did not differ between sexes.

Asthma Remission Decision Tree

A decision tree classifying the predicted prob#&pibif clinical asthma remission was constructed
(Figure 2). The probability of asthma remission was low8s5%o) in individuals with baseline
FEV1/FVC less than 75%. Conversely, individuals wite tombination of baseline FENVC
greater than or equal to 85%, BOf at least 1 mg/mL, and absence of peripherahephilia

had 82.6% probability of asthma remission.

DISCUSSION

Prognostication of asthma remission at adulthoodbeaperformed from an early age in
childhood. We followed 879 children with mild-to-uherate persistent asthma for an average of
12 years until early adulthood and found 26% haldnaa remission focusing on clinical
parameters and 15% had asthma remission usingtadstfinition that additionally included
normal bronchoprovocation testing. Thus, a sizepldeortion of childhood asthmatics develop
complete remission with no residual evidence ofoomg disease. Decreased airway obstruction
and lower airways responsiveness in childhood w&ongly associated with both definitions of
asthma remission. While research in other populatiave demonstrated associations between
higher childhood lung function, less severe airn@bgtruction, and absence of airway
hyperresponsiveness with improved asthma prognmsis, studies have not yielded prognostic

strata related to these meastires® ?° The single greatest predictor of asthma remissias the

12



264  severity of airflow obstruction. Fewer than 10%cbfldren with a baseline FEXFVC less than
265  80% “outgrew” their asthma, whereas each 10% is&ré@abaseline FEYFVC was associated
266  with a 4.62 times higher odds of asthma remissiablieI1).

267

268  For asthmatics with well-preserved lung functiomaseline (FEVFVC > 90%), over 54% of
269  boys and 70% of girls were in remission by earlyldebod Figure 1a). Baseline FEVFVC is
270  an excellent predictor of future asthma remissioth lang function, which is consistent with
271  research showing the tracking of lung function gfoaver timé' %, Gains in baseline

272 FEV4/FVC beyond the threshold of 80% used in curreidelines continued to increase the
273  probability of asthma remission, indicating thagher cut-offs within “normal” FEYFVC

274  values continue to stratify pediatric asthmatkigigre 1b)%. In the United States general

275  population, the reference FEN?VC for healthy pre-adolescent children approadtsg’?.

276  Therefore, the cut-off for normal FENFVC in children regardless of asthma status islyik
277  higher than indicated in current guidelines anddisect implications on future health status.
278  Our findings further emphasize the importance aéwling baseline spirometry in pediatric
279 asthmatics, which is recommended in current guigslibut not routinely obtained in all

280 pediatric practicés™

281

282  From a clinical perspective, the probability offest remission can be estimated based on
283  baseline FEVFVC, PGy, and serum eosinophil courtigure 2). Specifically, our decision tree
284  analysis indicated that in children with mild-to-devate persistent asthma, the predicted
285  probability of adult clinical remission exceeds 80f#ten FEM/FVC is normal, Pgp is higher

286  (lower airways responsiveness), and peripherahepsilia is absent at baseline. The asthma

13
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remission decision tree can be used as a clirocalfor physicians to prognosticate childhood
asthmatics. Each of the three prognostic componenéadily available to most pediatric care

providers, and several asthma guidelines recomnmsasuring these componéht§ 2

In addition to these overall findings, sex-spedfgsociations with clinical asthma remission
were detected. Although sex by itself was not dased with asthma remission in our main
multivariable model, we noted differences relatedéx in the association of FE¥#VC with
clinical remission. For each 10% increase in FEVC, females were more likely to develop
clinical asthma remission compared to makggyre 1b). This contrasts with previous studies
that have found either no association between sdxaathma remission or an association
between female sex and asthma persistéhte?’ 242 Females with less severe early onset
asthma are more likely to develop remission thalespavhich suggests that early increases in
FEV1/FVC in females that run counter to the decremerpected from dysynapsis in lung
growth may disproportionately affect lung preseiort. Within females, Hispanics were more
likely to develop asthma remission compared torathees, which may reflect ethnic subgroup
specific risks within and between ratesn males, the absence of peripheral eosinopéith
use of inhaled corticosteroid treatment in earlydtiood (i.e., during the clinical trial phase of
CAMP) were associated with increased odds of astieméssion (ablellla). Inhaled
corticosteroid use does not alter the developmieasthma in at risk pre-school children, and
CAMP treatment group assignment has not been shmafiect lung growtf? 3. At this
juncture, it is not clear if early inhaled cortite®ids have the potential for a previously
undescribed latent effect, and further researcieésled to definitively determine the long-term

effects of early ICS use.
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The remission of childhood asthma by adulthoodriadeen widely studied, and the
determination of asthma remission during adolessemay not capture all events. Even fewer
studies have defined asthma remission using botital and pulmonary function
measurements ?* %° In the Netherlands, 22% of 119 asthmatic childo#lowed to ages 32 to
42 years were in complete remission, as defineldaving no wheeze or asthma attacks in the
previous three years, no use of inhaled corticogtey normal lung function (FEV> 90%
predicted), and no airway hyperresponsiveliesis a separate cohort from the Netherlands,
Panhuysen et al. reported 11% of 181 childhoodastilos to be in asthma remission at
adulthood as defined by normal lung function (RE\R0% predicted), absence of airway
hyperresponsiveness (R& 16 mg/mL), and absence of respiratory symptdn@ur study had
a larger, multiethnic population and included miveguent follow-up and comprehensive

detailing of baseline characteristics compareditr gtudies.

The strict remission criteria included normal aiywaesponsiveness and was additionally
associated with decreases in baseline serum Igit den the absence of aeroallergen
sensitization. These results suggest that atoffammation may modulate airway smooth
muscle physiology, resulting in persistent asthmhairways hyperresponsiven&s# limited
number of studies have examined atopic factorsedigtors of asthma remission. One study
demonstrated an inverse association with allegnsisization to animals, and a second study did
not find an association between atopy and remidsibiConversely, asthma persistence has

been associated with aeroallergen sensitizatiorhitory of atopy % * 2° The predictors of

15
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strict asthma remission did not differ by sex, sgog that the baseline predictors of airways

hyperresponsiveness are not sex-specific.

A higher proportion of individuals went into asthmegmission by early adulthood in our study
compared to a prior study of asthma outcomes desdence in this populatidrPreviously,
Covar et al. found only 6% of individuals had dtiali remission of asthma at adolescence based
on symptoms, health care utilization, and medicatise after the first four years of
observational follow-up The difference in asthma remission rates betvileeiwo studies is
likely due to a combination of different asthma resion definitions and the continued
development of asthma remission in subjects foltbivem late adolescence to early adulthood
across the entire 13-year observational follow@qvar et al. included the absence of local
medical provider contact and school absenteeisotiveir asthma remission definition, whereas
we did not include these criteria because theiseaare not specific to asthma. Our definitions
used criteria specific for asthma remission and,tmay have captured subjects who were

previously labeled as persistent asthmatics by Cetval.

Currently, there is no consensus on the definibibbasthma remission. Pulmonary function
measurements are used to diagnose asthma andtaireediuring follow-up for clinical

monitoring per guidelines; hence, pulmonary funttieeasurements should bear some relevance
in determining remissién'* When FEV/FVC was removed from the clinical asthma remission
definition on sensitivity analysis, sex, baselisthana severity, and serum IgE level became
additional predictors of remissioBupplemental Tablell). These additional predictors are

likely a proxy for future lung function, since sahsease severity, and allergic sensitization are

16
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associated with changes in FERVC*. Spirometry measurements were included in oumassth
remission definitions to ensure the accurate diaaion between persistent and remitted
asthma. The primary clinical remission definiti@flects current clinical guidelines and
practices where serial methacholine challenge &stsot routinely performed. However,
methacholine challenge is the definitive test fovay hyperresponsiveness and was therefore

included in the strict definition.

This study had several unique strengths. The CAbujation was ethnically diverse, and over
84% of the 1041 subjects had longitudinal follow-tTihe detailed long-term follow-up from the
CAMP study minimized information bias, and variabéssociated with loss to follow-up were
controlled for to reduce selection bias. Severemaatin childhood is uncommon. This study
included only mild-to-moderate persistent childh@asthmatics, so our results may not be
generalizable to mild intermittent or severe childt asthmatics. The cut-off for normal airways
responsiveness was 25 mg/mL in CAMP, and moreqpaatits would have met strict remission
criteria had a less conservative cutoff been uskw. study examined asthma remission at early
adulthood. CAMP subjects were followed until a mage of 26 years, and the conclusion of

CAMP precluded follow-up of asthma outcomes latdife.

In summary, in a multiethnic clinical trial poputat from North America, a considerable
minority (15-26%) of children with mild-to-moderagpersistent asthma outgrew their disease by
early adulthood. Our asthma remission definitiotiiizad clinical measurements readily
available in most patients and can be appliedttoréustudies and clinical settings. The clinical

trajectory of childhood asthmatics can be predict®dg baseline FEVMFVC, PGy, and serum
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eosinophil measurements. Moderate to severe dentsnmeFEV/FVC during early childhood
asthma, whether due to increased disease seveatynormal lung development, imply lifelong
persistence of disease. In contrast, the majofithibddhood asthmatics with well-preserved lung
function will develop remission by adulthood. Oasults also suggest that the increases in
FEV1/FVC above the current normal threshold of 80%imfi@mative in childhood asthmatics,
and further characterization of FE¥VC above this threshold is meaningful for clinica
prognostication. Together these findings stronglyp®rt the use of baseline spirometry in

childhood asthma as an easily measurable and iamggrtognostic component.
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Tablel. Basdline characteristicsfor all participantsin the study stratified by clinical asthma remission

status (n = 879)

No asthma remission Asthma remission P-value
(n = 650) (n =229)
Baseline age (meanSD) 8.8¢2.1) 8.6£1.9) 0.07
Age at asthma diagnosis (mea$D) 3.8£2.5) 4.1 £2.5) 0.07
Sex 0.001
Males 407 (62.6%) 115 (50.2%)
Females 243 (37.4%) 114 (49.8%)
Ethnicity 0.90
Caucasian 450 (69.2%) 154 (67.2%)
Black 89 (13.7%) 35 (15.3%)
Hispanic 57 (8.8%) 22 (9.6%)
Other 54 (8.3%) 18 (7.9%)
Baseline household income (USD) 0.95
< 29,999 140 (22.3%) 48 (22.3%)
30,000-49,999 215 (34.2%) 71 (33.0%)
50,000 or more 274 (43.6%) 96 (44.7%)
Parental highest education 0.38
High school or less 116 (17.8%) 35 (15.3%)
Some college or higher 534 (82.2%) 194 (84.7%)
CAMP treatment group 0.15
Budesonide 178 (27.4%) 78 (34.1%)
Nedocromil 204 (31.4%) 63 (27.5%)
Placebo 268 (41.2%) 88 (38.4%)
Parental history of asthma 270 (44.3%) 94 (45.2%) .820
Body mass index (meanSD) 18.2 £ 3.6) 17.9£3.1) 0.33
Wheezes with colds 601 (92.6%) 199 (86.9%) 0.009
Wheezes apart from colds 524 (80.7%) 168 (73.4%) 02 0.
Exacerbations after exercise 527 (81.1%) 164 (71.9% 0.004
Aeroallergen sensitization on skin testing 584 §869). 190 (83.0%) 0.006
History of physician diagnosed allergies 445 (68.5% 152 (66.4%) 0.56
Exposure to home tobacco smoke 256 (39.6%) 97Y4R.7 0.45
Baseline asthma severity 0.01
Mild 296 (45.5%) 117 (55.5%)
Moderate 354 (54.5%) 102 (44.5%)
Baseline Pg (mg/mL) (mediant IQR) 0.9 ¢£1.6) 1.7 £ 3.6) <0.001
Baseline FEY % predicted (meat SD) 92.2£14.1) 99.0£12.7) <0.001
Baseline FEV/FVC % (meant SD) 77.9£7.9) 85.6 £ 6.3) <0.001
Baseline serum IgE level (ng/mL) (medianQR) 516.0 £ 1166.0) 343.04924.5) <0.001
Baseline eosinophil count (celld/) (mediant IQR) 422.0 £ 493.5) 320.5% 327.3) <0.001
Atopic dermatitis 145 (76.7%) 44 (74.6%) 0.74
Mother smoked while pregnant 90 (13.9%) 31 (13.5%) 0.88
Used wood stove for heating or cooking 67 (10.3%) 6 (7.0%) 0.14
Pet ownership 51 (7.8%) 12 (5.2%) 0.19
Clinic site 0.06
Albuquerque 77 (11.8%) 23 (10.0%)
Baltimore 75 (11.5%) 33 (14.4%)
Boston 73 (11.2%) 39 (17.0%)
Denver 90 (13.8%) 19 (8.3%)
San Diego 70 (10.8%) 27 (11.8%)
Seattle 91 (14.0%) 32 (14.0%)
St. Louis 101 (15.5%) 25 (10.9%)
Toronto 73 (11.2%) 31 (13.5%)
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Tablell. Basdline predictors of clinical asthma remission®”

Variable OR OR 95% CI P-value
10% increase in FEYFVC 4.62 3.35, 6.50 <0.001
Two-fold increase in P& 1.23 1.09, 1.39 0.001

%Covariates included in the cross-validated modg, aex, race, CAMP treatment group, clinic sitejdehold income level, history
of wheezing with colds, history of exacerbationgéxercise, history of exposure to home tobaouoke
PQuantitative variables were modeled continuously
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Tablellla. Basdline predictors of clinical asthma remission in males*”

Clinical phenotype OR OR 95% ClI P-value
Serum eosinophil count < 500 cells/mcl 1.79 1.a213. 0.045
Inhaled budesonide treatmént 2.05 1.11-3.83 0.02
Inhaled nedocromil treatmént 1.30 0.70-2.42 0.41
FEV,/FVC = 90%' 73.81 13.07-1404.13 < 0.001
FEV,/FVC 80-89%8 25.10 5.16-453.35 0.002
FEV,/FVC 70-79% 6.59 1.28-120.93 0.07

¥Covariates included in the cross-validated modgd, aace, CAMP treatment group, clinic site, hootdincome level, history of
wheezing with colds, history of exacerbations aftezrcise, history of exposure to home tobacco smiokseline asthma severity,

serum IgE level

PQuantitative variables were modeled categorically
‘Reference group is placebo treatment

YReference level is FENFVC < 70%

Tablell1b. Baseline predictors of clinical asthma remission in females®”

Clinical phenotype OR OR 95% ClI P-value
Hispanic race 9.84 2.60-39.39 <0.001
Moderate airway hyperresponsiveness P4 mg/mL§ 0.37 0.15-0.89 0.03
Severe airway hyperresponsiveness,(RCL mg/mL§ 0.24 0.09-0.64 0.005
FEV,/FVC > 90% 54.76 7.56-1166.80 <0.001
FEV./FVC 80-89% 12.13 2.00-239.14 0.02
FEVY/FVC 70-79% 1.44 0.20-29.90 0.75

%Covariates included in the cross-validated modg, £AMP treatment group, clinic site, householmbime level, history of

wheezing with colds, history of exacerbations aftegrcise, history of exposure to home tobacco smnsdrum IgE level
PQuantitative variables were modeled categorically

‘Reference level is Rg> 4 mg/mL

YReference level is FEYFVC < 70%
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Figure 1.

a) The proportion of childhood asthmatics who hsttima remission in early adulthood increased aslipasFEM/FVC increased. b)
Females with higher baseline FEMVC were more likely to have remission than time#le counterparts. For each 10% increase in
FEV./FVC, females had 8.03 times odds (95% CI 4.60-3y0® asthma remission, whereas males had 3.8&tadds (95% Cl 2.62-
5.92) of asthma remission (interactiBr= 0.04).
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Figure 2.

The probability of asthma remission by adulthoartéases as baseline FERVC increases. When baseline REWC was at least
85%, the probability of asthma remission is depahdébaseline P& and serum eosinophil count. In this subgroup ptiedability
of asthma remission was 58.3% when baseling R@s less than 1 mg/mL. When baselingR@s greater than or equal to 1
mg/mL, the probability of asthma remission was &bid those with peripheral eosinophilia and 82.80thiose without peripheral
eosinophilia.
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Figure 1. Differential effect of baseline FEV1/FV C on adult clinical asthmaremission status in girls compared
to boys
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Figure 2. Decision tree classifying the probability of adult clinical asthma remission using baseline childhood

predictors
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Supplemental Figure 1.

a) ROC curvefor clinical asthma remission with an areaunder the curve (AUC) of 0.81 (95% CI 0.77-0.84), b)
ROC curvefor clinical asthmaremissionin maleswith an AUC of 0.79 (95% CI 0.75-0.84), ¢) ROC curve for
clinical asthmaremission in femaleswith an AUC of 0.85 (95% CI 0.80-0.89), d) ROC curve for strict asthma
remission with an AUC of 0.86 (95% CI 0.83-0.90)

Supplemental Figure 2.

Among females, the predicted probability of asthma remission was higher in Hispanics compared to Caucasians (OR
5.67, 95% Cl 1.57-21.28, P = 0.009), Blacks (OR 8.45, 95% Cl 1.99-38.93, P = 0.005), and other ethnicities (OR
13.89, 95% Cl 2.83-76.24, P = 0.003). Race was hot associated with asthmaremission statusin males.



ACCEPTED MANUSCRIPT

Supplemental Figure 1. Receiver operating characteristic (ROC) curvesfor the cross-validated models
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Supplemental Figure 2. Differential effect of race on clinical asthma remission statusin girls compared to
boys
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Supplemental Tablel. Basdine characteristics of participantsin the Childhood Asthma M anagement Program stratified by
adult clinical asthma remission follow-up status

Participants with adult Participantslost to adult P-value
asthma remission follow-up asthma remission follow-up
(n=879) (n=162)
Baseline age (mean + SD) 8.8 (x2.1) 9.7 (x22) <0.001
Age at asthma diagnosis (mean + SD) 3.8(x25) 42(x£29) 0.12
Sex 0.68
Males 522 (59.4%) 99 (61.1%)
Females 357 (40.6%) 63 (38.9%)
Ethnicity <0.001
Caucasian 604 (68.7%) 0 (0.0%)
Black 124 (14.1%) 107 (76.4%)
Hispanic 79 (9.0%) 14 (10.0%)
Other 72 (8.2%) 19 (13.6%)
Baseline household income 0.004
< 29,999 188 (22.3%) 54 (34.6%)
30,000-49,999 286 (33.9%) 48 (30.8%)
50,000 or more 370 (43.8%) 54 (34.6%)
Parental highest education 0.23
High school or less 151 (17.2%) 34 (21.1%)
Some college or higher 728 (82.8%) 127 (78.9%)
CAMP treatment group 0.46
Budesonide 256 (29.1%) 55 (34.0%)
Nedocromil 267 (30.4%) 45 (27.8%)
Placebo 356 (40.5%) 62 (38.3%)
Parental history of asthma 364 (44.5%) 63 (40.9%) 041
Body mass index (mean + SD) 18.1 (x 3.4) 18.6 (= 3.9) 0.07
Wheezes with colds 800 (91.1%) 149 (92.0%) 0.72
Wheezes apart from colds 692 (78.8%) 136 (84.0%) 0.14
Exacerbations after exercise 691 (78.7%) 140 (87.0%) 0.02
Aeroallergen sensitization on skin testing 774 (88.1%) 140 (86.4%) 0.56
History of physician diagnosed allergies 597 (67.9%) 121 (75.2%) 0.07
7 353 (40.4%) 86 (53.1%) 0.003
Baseline asthma severity 0.67
Mild 423 (48.1%) 75 (46.3%)
Moderate 456 (51.9%) 87 (53.7%)
Baseline PC» (mg/mL) (median + IQR) 11(x21) 11(x3.0 0.36
Baseline FEV; % predicted (mean + SD) 93.9 (+ 14.1) 92.9 (+15.3) 0.32
Baseline FEV1/FVC % (mean + SD) 79.9(x8.3) 786 (£ 8.9 0.09
Baseline serum IgE level (ng/mL) (median + IQR) 460.0 (+ 1094.8) 393.0 (+ 874.0) 0.32
Baseline eosinophil count (cells/uL) (median + IQR) 400.0 (+ 440.0) 388.5 (+ 429.5) 0.74
Atopic dermatitis 145 (76.7%) 44 (74.6%) 0.15
Mother smoked while pregnant 90 (13.9%) 31 (13.5%) 0.17
Used wood stove for heating or cooking 67 (10.3%) 16 (7.0%) 0.94
Pet ownership 51 (7.8%) 12 (5.2%) 0.14
Clinic site <0.001
Albuquerque 100 (11.4%) 12 (13.0%)
Baltimore 108 (12.3%) 20 (12.3%)
Boston 112 (12.7%) 12 (7.4%)
Denver 109 (12.4%) 35 (21.6%)
San Diego 97 (11.0%) 25 (15.4%)
Seattle 123 (14.0%) 21 (13.0%)
St Louis 126 (14.3%) 7 (4.3%)

Toronto 104 (11.8%) 21 (13.0%)




Supplemental Table 1. Baseline predictors of clinical asthma remission with FEV,/FVC excluded from the definition®®

Variable OR OR 95% CI P-value
Female sex 0.62 0.45, 0.86 0.004
Moderate baseline asthma severity® 0.71 0.51,0.99 0.04
10% increasein FEV/FVC 1.39 112,1.72 0.003
Two-fold increase in baseline PCy 122 1.10,1.37 <0.001
Two-fold increase in serum IgE level 0.82 0.75, 0.89 < 0.001

%Covariatesincluded in the cross-validated model: age, race, CAM P treatment group, clinic site, household income level, history of exacerbations after exercise, history
of exposure to home tobacco smoke, serum eosinophil count

PQuantitative variables were modeled continuously

‘Reference level: Mild baseline physician classified asthma severity



Supplemental Tablelll. Baseline characteristicsfor the participantsincluded in the secondary strict asthma remission
outcome analysis stratified by asthma remission status (n = 741)

No asthma Strict asthma remission P-value
remission (n=111)
(n=630)

Baseline age (mean + SD) 8.7(x2.1) 8.2 (+1.8) 0.01
Age at asthma diagnosis (mean + SD) 3.8(x25) 4.1(x25) 0.16
Sex 0.09

Males 388 (61.6%) 59 (53.2%)

Females 242 (38.4%) 52 (46.8%)
Ethnicity 0.83

Caucasian 430 (68.3%) 79 (71.2%)

Black 92 (14.6%) 15 (13.5%)

Hispanic 53 (8.4%) 10 (9.0%)

Other 55 (8.7%) 7 (6.3%)
Baseline household income (USD) 0.61

< 29,999 134 (22.1%) 26 (24.5%)

30,000-49,999 212 (35.0%) 32 (30.2%)

50,000 or more 259 (42.8%) 48 (45.3%)
Parental highest education 0.82

High school or less 102 (16.2%) 17 (15.3%)

Some college or higher 528 (83.8%) 94 (84.7%)
CAMP treatment group 0.29

Budesonide 169 (26.8%) 36 (32.4%)

Nedocromil 201 (31.9%) 28 (25.2%)

Placebo 260 (41.3%) 47 (42.3%)
Parental history of asthma 259 (43.9%) 39 (40.2%) 0.50
Body mass index (mean + SD) 18.1 (+ 3.4) 18.0 (x 3.1) 0.85
Wheezes with colds 579 (92.1%) 93 (83.8%) 0.005
Wheezes apart from colds 505 (80.3%) 69 (62.2%0) <0.001
Exacerbations after exercise 503 (79.8%) 76 (69.1%) 0.01
Aeroallergen sensitization on skin testing 571 (90.6%) 82 (73.9%) <0.001
History of physician diagnosed allergies 439 (69.7%) 62 (55.9%) 0.004
Exposure to home tobacco smoke 252 (40.3%) 47 (42.3%) 0.68
Baseline asthma severity 0.003

Mild 290 (46.0%) 68 (61.3%)

Moderate 340 (54.0%) 43 (38.7%)
Baseline PCy (mg/mL) (median + IQR) 1.0(x1.6) 2.8(x45) <0.001
Baseline FEV; % predicted (mean + SD) 93.1(+ 13.9) 102.7 (+ 11.3) <0.001
Baseline FEV1/FVC % (mean + SD) 78.8 (+8.1) 87.2(+4.9) <0.001
Baseline serum IgE level (ng/mL) (median + IQR) 527.5 (+ 1207.0) 191.5 (+ 629.5) <0.001
Baseline eosinophil count (cells/ul) (median = IQR) 440.0 (+ 471.0) 240.0 (+ 310.0) <0.001
Atopic dermatitis 146 (76.8%) 20 (76.9%) 0.99
Mother smoked while pregnant 82 (13.1%) 12 (10.8%) 0.51
Used wood stove for heating or cooking 58 (9.2%) 7 (6.3%) 0.32
Pet ownership 48 (7.6%) 4 (3.6%) 0.13
Clinic site 0.09

Albuquerque 77 (12.2%) 13 (11.7%)

Baltimore 68 (10.8%) 14 (12.6%)

Boston 76 (12.1%) 16 (14.4%)

Denver 90 (14.3%) 8 (7.2%)

San Diego 70 (11.1%) 6 (5.4%)

Seattle 90 (14.3%) 18 (16.2%)

St. Louis 90 (14.3%) 15 (13.5%)

Toronto 69 (11.0%) 21 (18.9%)




Supplemental Table V. Baseline predictors of strict asthma remission®

Variable OR OR 95% ClI P-value
10% increasein FEV/FVC 5.71 3.58,9.45 <0.001
Two-fold increase in PCx 1.52 1.26,1.84 <0.001
Two-fold increase in serum IgE level 0.88 0.78, 1.00 0.047
Aeroallergen sensitization on skin testing 0.48 0.24,0.97 0.04

*Covariatesincluded in the cross-validated model: age, sex, race, CAMP treatment group, clinic site, household income level, history of exacerbations after exercise,
history of exposure to home tobacco smoke
PQuantitative variables were modeled continuously



