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      A sthma is the most common chronic illness in chil-
dren, affecting approximately 8.5% of children in 

the United States.  1   According to the 2007 National 
Asthma Education and Prevention Program (NAEPP) 
guidelines, prevention of asthma morbidity requires 
assessment of asthma severity and control, which 

include two domains: (1) impairment, which includes 
an evaluation of the frequency and intensity of symp-
toms; and (2) risk, which includes an assessment of 
the likelihood of asthma exacerbations.  2   The risk of 
exacerbation is correlated with both health-related 
quality of life as measured by the Asthma Quality of 

  Background:    Asthma therapy is typically prescribed and titrated based on patient or parent self-
report of symptoms. No longitudinal studies have assessed the relationship between symptoms 
and severe asthma exacerbations in children. The goal of our study was (1) to assess the associa-
tion of asthma symptoms with severe asthma exacerbations and (2) to compare predictors of 
persistent asthma symptoms and predictors of severe asthma exacerbations. 
  Methods:    The Childhood Asthma Management Program was a multicenter clinical trial of 
1,041 children randomized to receive budesonide, nedocromil, or placebo (as-needed  b -agonist). 
We conducted a post hoc analysis of diary cards that were completed by subjects on a daily basis 
to categorize subjects as having persistent vs intermittent symptoms. We defi ned a severe asthma 
exacerbation as an episode requiring  �  3 days use of oral corticosteroids, hospitalization, or ED 
visit due to asthma based on self-report at study visits every 4 months. 
  Results:    While accounting for longitudinal measures, having persistent symptoms from asthma 
was signifi cantly associated with having severe asthma exacerbations. Predictors of having persis-
tent symptoms compared with intermittent symptoms included not being treated with inhaled 
corticosteroids, lower FEV 1 /FVC ratio, and a lower natural logarithm of provocative concentra-
tion of methacholine producing a 20% decline in FEV 1  (lnPC 20 ). Predictors of having one or more 
severe asthma exacerbations included younger age, history of hospitalization or ED visit in the 
prior year,  �  3 days use of oral corticosteroids in the prior 3 months, lower FEV 1 /FVC ratio, lower 
lnPC 20 , and higher logarithm to the base 10 eosinophil count; treatment with inhaled corticoster-
oids was predictive of having no severe asthma exacerbations. 
  Conclusions:    Patients with persistent symptoms from asthma were more likely to experience 
severe asthma exacerbations. Nevertheless, demographic and laboratory predictors of having 
persistent symptoms are different from predictors of severe asthma exacerbations. Although 
symptoms and exacerbations are closely related, their predictors are different. The current 
focus of the National Asthma Education and Prevention Program guidelines on the two sepa-
rate domains of asthma control, impairment and risk, are supported by our analysis.
   CHEST 2011; 140(1):100–107  

  Abbreviations:  CAMP  5  Childhood Asthma Management Program; GEE  5  generalized estimating equation; lnPC 20   5  natural 
logarithm of provocative concentration of methacholine producing a 20% decline in FEV 1 ; log 10   5  logarithm to the base 10; 
NAEPP  5  National Asthma Education and Prevention Program; PC 20   5  provocative concentration of methacholine 
producing a 20% decline in FEV 1  
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bations include having severe and persistent airfl ow 
obstruction based on spirometry and any history of 
intubation or admission to the ICU.  15-19   The strongest 
predictor for risk of exacerbations is a history of pre-
vious exacerbation.  8,16   The objectives of this study 
were (1) to assess the association of asthma symptoms 
with severe asthma exacerbations, and (2) to com-
pare predictors of persistent asthma symptoms and 
predictors of severe exacerbations in children with 
asthma. 

 Material and Methods 

 Design 

 We conducted an analysis using data from the Childhood 
Asthma Management Program (CAMP), a multicenter trial of 
1,041 children with mild to moderate persistent asthma between 
the ages of 5 and 12 years who were randomly assigned to receive 
budesonide, nedocromil, or placebo.  20   Details of the CAMP pro-
tocol have been previously published.  20   The institutional review 
board at each of the eight participating institutions approved 
the study, and parents or guardians of the subjects gave informed 
consent.  20   

 Data Collection 

 Parents or subjects recorded information on symptoms on a 
daily basis in diary cards for the 4 years of the study. Subjects 
assigned a code from 0 to 3 for each day, representing an assess-
ment of the severity and frequency of asthma episodes for the day. 
A “0” indicated no asthma episodes during the day; a “1” indicated 
they had one to three intermittent asthma episodes, each last-
ing  �  2 h; a “2” indicated they had four or more intermittent 
asthma episodes or one or more asthma episodes that temporarily 
interfered with activity, play, school, or sleep; and a “3” indicated 
they experienced one or more asthma episodes that lasted  �  2 h 
or resulted in shortened normal activity, seeing a doctor for 
acute care, or going to a hospital for acute care. At each research 
study visit, parents reported whether the subjects had been seen 
in the ED or hospitalized for asthma since the prior visit. Parents 
also reported the number of days since the prior visit that subjects 
had been given oral corticosteroids. 

Life Questionnaire, an asthma-specifi c instrument, 
and with the level of asthma control as measured by 
the Asthma Therapy Assessment Questionnaire.  3-5   
Both of these instruments include asthma symptoms 
in their assessment, suggesting increased symptoms 
are associated with increased risk of exacerbations.  3-5   
Symptoms increase in adults prior to onset of acute 
exacerbations,  5-7   even though symptoms may have 
poor specifi city for predicting severe exacerbations.  7   
Similarly, a 1-year pediatric trial found that symptom 
scores worsened before an exacerbation, but the best 
predictor of an exacerbation is a past history of an 
exacerbation.  8   Nevertheless, the relationship between 
symptoms and severe exacerbations from asthma 
in children is unknown over a longer time period, 
and scarce data are available to support the NAEPP 
guidelines for children. Children who are at risk 
for exacerbations from asthma may not experience 
greater asthma symptoms before the onset of the 
severe exacerbation.  9   

 To our knowledge, no studies have examined both 
the predictors of asthma symptoms and the predic-
tors of severe exacerbations using longitudinal data 
in children. Predictors of asthma symptoms in adults 
include use of oral corticosteroids, comorbid illnesses, 
higher BMI, and low income.  10   Predictors that are 
associated with increased risk of exacerbations in 
adults include being female, nonwhite, poor, a cur-
rent smoker, or having had two or more ED visits or 
hospitalizations for asthma in the past year.  11-14   In 
children, predictors of being at risk for severe exacer-

 THE BOTTOM LINE 
 How does this work advance the fi eld? 
 This study provides support of national asthma guidelines. 
Patients with asthma who have persistent symptoms may be 
at greater risk of experiencing an ED visit or hospitalization 
or requiring at least 3 days’ use of systemic corticosteroids. 
In making clinical decisions for asthma management, assess-
ment of both symptoms and exacerbations is important. 

 What are the clinical implications? 
 Although symptoms and exacerbations are closely related, 
their predictors are different. The goals of asthma therapy 
include reducing impairment by preventing symptoms and 
reducing risk by preventing exacerbations. 
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blocks of persistent symptoms was associated with the number of 
severe exacerbations using a  x  2  test over 4 years. Next, we fi t a 
GEE model with persistent symptoms as the outcome and severe 
exacerbations as the predictor. We fi t a second GEE model with 
severe exacerbations as the outcome and persistent symptoms 
as the predictor. We studied this association in both directions 
because it is unclear which measure should be the outcome. For 
each of these two GEE models, we attempted to adjust for con-
founding by including all of the covariates that are signifi cantly 
correlated ( P   ,  .10) with either outcome in the bivariate analyses. 
In addition, we included whether the subject was treated with 
inhaled corticosteroids (budesonide group) vs not treated with 
inhaled corticosteroids (placebo and nedocromil groups) to account 
for the positive effect of inhaled corticosteroids on exacerbations 
and symptoms. The fi nal multivariate model presented in this 
article retains those covariates with  P   ,  .1. 

 Results 

 Of the 1,041 subjects in the trial, 1,019 met our 
inclusion criteria for having completed daily diary 
cards regularly. As shown in  Table 1  , the subjects in 
the budesonide group were less likely to have persis-
tent symptoms. In the budesonide group, 26% (78) of 
subjects had persistent symptoms compared with 
37% (115) in the nedocromil group and 44% (179) in 
the placebo group ( P   ,  .0001). Forty percent (197) of 
subjects who had a history of previous ED visit or 
hospitalization visit had persistent symptoms, whereas 
33% (175) of subjects who did not have a previous 
history of ED visit or hospitalization had persistent 
symptoms ( P   5  .016). There were no signifi cant dif-
ferences between intermittent and persistent symp-
tom category groups with respect to race/ethnicity, 
gender, parental education, exposure to smoking 
while in utero, or family history of asthma ( Table 1 ). 
Twenty-one percent (66) of subjects in the budes-
onide group experienced one or more severe exacer-
bations compared with 30% (95) in the nedocromil 
group and 37% (154) in the placebo group ( P   ,  .0001). 
Subjects with a previous history of ED visits or hospi-
talizations vs subjects without such history were more 
likely to have one or more severe exacerbations dur-
ing the fi rst year of the study (39% vs 22%,  P   ,  .0001). 
Similarly, subjects with a history of treatment with 
oral corticosteroids for  �  3 days in the 6 months 
prior to randomization were more likely to experi-
ence a severe exacerbation (48% vs 22%,  P   ,  .0001). 
There were no signifi cant differences between sub-
jects who had no severe exacerbations vs subjects 
who experienced one or more severe exacerbations 
during the fi rst year of the study with respect to race/
ethnicity, gender, household education, parental 
education, smoke exposure in utero, or family history 
of asthma. 

 Between subjects who were in the intermittent vs 
persistent symptom categories, there was a signifi cant 
difference in the FEV 1 /FVC ratio, FEV 1  % predicted, 

 Research coordinators obtained spirometry measurements on 
the subjects both before and after a bronchodilator at study visits. 
The subjects’ airway responsiveness to methacholine was measured 
by calculating the provocative concentration of methacho-
line that caused a 20% decrease in the FEV 1  (PC 20 ). Additional 
demographic information was obtained at an initial prerandomiza-
tion study visit. Race/ethnicity, family income, and parental educa-
tion were determined by parental self-report. Height, weight, 
blood samples including measurement of eosinophil and IgE 
counts, and skin-prick testing were obtained at baseline, just prior 
to randomization. 

 Measures 

 Our main outcome measures were experiencing intermittent 
or persistent symptoms from asthma and occurrence of one or 
more severe exacerbations from asthma. Subjects returned the 
diary cards at routine study visits; thus, we developed a symptom 
score for each 4-month period. Subjects who recorded a 1 or more 
for a mean of  �  2 days per week of symptoms during each 4-month 
block were considered to have persistent symptoms for the time 
block. Subjects who had 4 weeks of persistent symptoms within a 
4-month period were considered to have persistent symptoms for 
the 4-month period. Our inclusion criteria for having completed 
diary cards regularly included subjects who recorded their symp-
toms at least 6 out of 7 days per week in 3 out of 4 weeks. We 
limited our study population to those who were followed in the 
study for 4 years and had completed the last visit at 48 months. 

 We defi ned severe exacerbations according to the Offi cial 
American Thoracic Society/European Respiratory Society State-
ment: Asthma Control and Exacerbations.  21   A severe exacerbation 
included an episode that required at least 3 days’ use of systemic 
corticosteroids, an ED visit, or hospitalization  21   and was based on 
a previous study that examined recurrent severe exacerbations.  22   

 Statistical Analyses 

 Analyses were conducted in SAS, version 9.1 (SAS Institute; 
Cary, North Carolina). In order to study the outcome of intermit-
tent vs persistent symptoms, we fi rst conducted bivariate analyses 
to evaluate the association of candidate variables with persistent 
symptoms. The candidate variables included demographic variables, 
pulmonary function tests, and biologic markers in the 4 years of 
the study. In order to determine our potential confounding vari-
ables, we created a symptom category (intermittent vs persistent) 
for each 4-month block. If a subject had a mean of  �  2 days of 
symptoms per week, the subject was categorized as having persis-
tent symptoms for that 4-month block, in order to be consistent 
with national guidelines. Our longitudinal analysis accounted for 
subjects’ symptoms category over all 4 years of the study; thus, 
each subject had a symptom category for each of 12 blocks. We 
started with a comprehensive model including all the covariates 
signifi cantly correlated ( P   ,  .10) with persistent symptoms in the 
bivariate analyses. Generalized estimating equation (GEE) models  23   
were used to study the predictors of persistent symptoms using 
repeated measurements. 

 We studied our second outcome, severe exacerbations, with 
similar methodology. We conducted bivariate analyses to evaluate 
the association of the same candidate variables and severe exacer-
bations. For each of the 12 4-month blocks of the 4 years of the 
trial, subjects were assessed as having severe exacerbations or 
not. Covariates correlated at  P   ,  .10 in bivariate analyses were 
included in the multivariate model. GEE models  23   were used 
to determine the predictors of severe exacerbations with repeated 
measurements. 

 To assess the association of asthma symptoms with severe 
asthma exacerbations, we determined whether the number of 
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ferent between the two groups. Age at randomization, 
FEV 1 /FVC ratio, FEV 1  % predicted, FEV 1 , ln PC 20 , 
log 10  IgE count, BMI  z  score, log 10  eosinophil count, 
and number of positive skin tests at randomization 

natural logarithm of PC 20  (lnPC 20 ), logarithm to 
the base 10 (log 10 ) IgE count, log 10  eosinophil count, 
and number of positive skin tests ( Table 2  ). Age, 
FEV 1 , and BMI  z  score were not signifi cantly dif-

 Table 1— Demographic Factors and Information on Medical History at Baseline Stratifi ed by Symptom Category 
and Number of Severe Exacerbations During the 4 y of the Study  

Demographic or Medical History  

Symptom Category   (No.  5  1,019) Severe Exacerbations (No.  5  1,041)

Intermittent Persistent  P  Value 0  �  1  P  Value

Treatment group  ,  .0001  ,  .0001
 Budesonide 226 (74) 78 (26) 245 (79) 66 (21)
 Nedocromil 193 (63) 115 (37) 217 (70) 95 (30)
 Placebo 228 (56) 179 (44) 264 (63) 154 (37)
Race/ethnicity .46 .53
 White 443 (63) 255 (37) 506 (71) 205 (29)
 Black 94 (68) 44 (32) 93 (67) 45 (33)
 Hispanic 58 (62) 35 (38) 65 (66) 33 (34)
 Other 52 (58) 38 (42) 62 (66) 32 (34)
Gender .63 .90
 Male 389 (64) 218 (36) 434 (70) 187 (30)
 Female 258 (63) 154 (37) 292 (70) 128 (30)
Household income .019 .94
  ,  $30,000 131 (57) 100 (43) 168 (69) 74 (31)
  �  $30,000 488 (65) 260 (35) 528 (70) 230 (30)
Parental education .70 .17
 High school or less 116 (65) 63 (35) 137 (74) 48 (26)
 Some college 531 (63) 308 (37) 589 (69) 266 (31)
Intrauterine smoke exposure .19 .31
 Present 101 (68) 47 (32) 110 (73) 40 (27)
 Absent 542 (63) 324 (37) 613 (69) 273 (31)
Family history of asthma .21 .41
 Present 347 (62) 214(38) 391 (68) 183 (32)
 Absent 286 (66) 149 (34) 313 (71) 131 (30)
History of ED visit or hospitalization 

 in year prior to randomization
.016  ,  .0001

 Present 292 (60) 197 (40) 305 (61) 197 (39)
 Absent 355 (67) 175 (33) 421 (78) 118 (22)
History of oral corticosteroids for  �  3 d 

 in 6 mo prior to randomization
.032  ,  .0001

 Present 184 (59) 130 (41) 166 (52) 154 (48)
 Absent 461 (66) 239 (34) 557 (78) 159 (22)

Data are presented as No. (%) unless indicated otherwise.

 Table 2— Mean Values for Clinical Factors at Randomization, Stratifi ed by Symptom Category and Number of Severe 
Exacerbations in the 4 y of the Study  

Clinical Factor at Randomization, 
mean

Symptom Category (No.  5  1,019) Severe Exacerbations (No.  5  1,038)

Intermittent Persistent
 P  Value (Intermittent 

vs Persistent) 0  �  1
 P  Value 

(0 vs  �  1)

Age, y 8.9 9.0 .26 9.0 8.3  ,  .0001
FEV 1 /FVC ratio, % 80.9 77.6  ,  .0001 79.5 77.8 .01
FEV 1 , % predicted 95.0 91.5 .0001 93.5 90.2 .009
FEV 1 , L 1.66 1.61 .13 1.67 1.47  ,  .0001
lnPC 20 0.31  2 0.28  ,  .0001 0.10  2 0.21 .0007
Log 10  IgE count 2.56 2.76  ,  .0001 2.52 2.67 .0002
BMI  z  score 0.50 0.44 .41 0.46 0.22 .0033
Log 10  eosinophil count     2.46 2.58 .0007 2.43 2.52 .0014
No. positive skin tests 4.91 6.32  ,  .0001 5.82 5.57 .0011

lnPC 20   5  natural logarithm of provocative concentration of methacholine producing a 20% decline in FEV 1 ; log 10   5  logarithm to the base 10; 
PC 20   5  provocative concentration of methacholine producing a 20% decline in FEV 1 .
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count, log 10  eosinophil count, and number of posi-
tive skin tests ( P   ,  .0001). 

 Predictors of Symptoms vs Predictors 
of Exacerbation 

 On multivariate analysis, predictors of having persis-
tent symptoms compared with intermittent symptoms 
included not being treated with inhaled corticoster-
oids, lower FEV 1 /FVC ratio, and a lower lnPC 20 . Pre-
dictors of having one or more severe exacerbations 
included younger age, history of ED visits or hospital-
ization in the prior year, history of  �  3 days of treat-
ment with oral corticosteroids in prior 3 months, 
lower FEV 1 /FVC ratio, lower lnPC 20 , and higher log 10  
eosinophil count; being treated with inhaled corti-
costeroids was predictive of having no exacerba-
tions ( Table 4  ). 

 Discussion 

 Our study suggests that experiencing persistent 
symptoms from asthma is closely associated with hav-
ing severe exacerbations from asthma. The following 
predictors of experiencing persistent symptoms are 
similar to the predictors of experiencing severe exac-
erbations: (1) treatment with inhaled corticosteroids 
is protective against experiencing persistent symp-
toms and severe exacerbations, (2) lower lnPC 20  is 
associated with both persistent symptoms and severe 
exacerbations, and (3) lower FEV 1 /FVC ratio is asso-
ciated with persistent symptoms and severe exacer-
bations. Nevertheless, our study found predictors of 
severe exacerbations that were not also predictors of 
persistent symptoms: younger age, history of ED vis-
its or hospitalizations in prior year, history of  �  3 days 
use of oral corticosteroids in prior 3 months, and log 10  
eosinophil count. Our study results provide support 
for current national guidelines for asthma in recom-
mending the assessment of both symptoms and his-
tory of exacerbations when determining severity and 
control of asthma in children. 

 This study is unique in that we were able to pro-
spectively monitor exacerbations and symptoms along 
with lung function measures and other clinical factors 
at study visits every 4 months. To our knowledge, our 
study is the fi rst to examine predictors of symptoms 
while accounting for repeated measures over a longi-
tudinal timeframe of 4 years in children. 

 Studies in adults suggest that symptoms from 
asthma increase prior to severe exacerbations,  5   and 
we found that persistent symptoms are associated 
with severe exacerbations in children. Our fi nding 
that predictors of persistent symptoms are different 
from predictors of severe exacerbations supports the 

were signifi cantly different between subjects who 
had no severe exacerbations vs at least one severe 
exacerbation. 

 Subjects with more blocks of persistent symp-
toms were more likely to experience one or more 
severe exacerbations during the 4 years of the study 
( P   ,  .0001) ( Table 3  ); out of a maximum of 12 4-month 
blocks during the trial, 14% of subjects with no 
blocks of persistent symptoms had one or more 
severe exacerbations, whereas 59% of subjects with 
12 blocks of persistent symptoms had one or more 
severe exacerbations. 

 While accounting for longitudinal measures, symp-
tom category is associated with severe exacerbations, 
even after adjusting for the following covariates: age, 
treatment with inhaled corticosteroids, family history 
of asthma, previous history of ED visit or hospital-
ization in prior year, previous history of  �  3 days of 
treatment with oral corticosteroids in prior 6 months, 
FEV 1 /FVC ratio, FEV 1  % predicted, lnPC 20 , log 10  
IgE count, BMI  z  score, log 10  eosinophil count, and 
number of positive skin tests ( P   ,  .0001). We also 
studied whether the reverse hypothesis could be true, 
that having one or more severe exacerbations could 
be a predictor of subjects who are more likely to 
have persistent symptoms. We found that this hypoth-
esis was also true, even after adjusting for treatment 
with inhaled corticosteroids, history of ED visits or 
hospitalization in the prior year, history of  �  3 days 
of treatment with oral corticosteroids in prior 3 months, 
FEV 1 /FVC ratio, FEV 1  % predicted, lnPC 20 , log 10  IgE 

 Table 3— Number of 4-mo Periods of Persistent 
Symptoms Stratifi ed by Number of Severe 
Exacerbations During the 4 y of the Study  

No. Blocks 
of Persistent 
Symptoms  a  

No Severe 
Exacerbations, 

No. (%)

 �  1 Severe 
Exacerbations, 

No. (%) Total, No.

0 190 (86) 32 (14) 222
1 139 (81) 33 (19) 172
2 95 (70) 41 (30) 136
3 60 (67) 30 (33) 90
4 41 (59) 28 (41) 69
5 41 (60) 27 (40) 68
6 34 (68) 16 (32) 50
7 22 (50) 22 (50) 44
8 16 (46) 19 (54) 35
9 14 (56) 11 (44) 25
10 13 (41) 19 (59) 32
11 19 (54) 16 (46) 35
12 13 (41) 19 (59) 32
Total 697 (69) 313 (31) 1,010

Subjects were classifi ed as having persistent symptoms for a 4-month 
period if they had a mean of  �  2 days per week of symptoms.
 a  P   ,  .0001. The proportion of subjects having one or more severe 
exacerbations was compared with those with no severe exacerbations 
at each study visit using a  x  2  test.
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with persistent symptoms is not surprising given 
previous fi ndings that increased airway hyperrespon-
siveness as measured by PC 20  is associated with a ret-
rospective report of wheezing and chronic cough.  26,27   
Our fi nding that lnPC 20  is associated with severe exac-
erbations suggests that lnPC 20  could be an important 
marker of risk. Although the 2007 NAEPP recom-
mendations mention airway hyperresponsiveness as a 
potential biomarker for risk, it states that few studies 
have validated the assessment of airway hyperrespon-
siveness by analyzing their relationship to the rate of 
adverse events. We believe that future studies of PC 20  
are important because PC 20  has value in predicting 
persistent symptoms and severe exacerbations, even 
though routine clinical testing is impractical. 

 Other predictors of severe exacerbations were 
younger age, history of ED visits or hospitalizations 
in prior year, history of  �  3 days of treatment with oral 
corticosteroids in prior 3 months, FEV 1 /FVC ratio, 
and log 10  eosinophil count. Younger age was also 
associated with severe exacerbations in the study by 
Covar et al.  8   Previous studies have found that predic-
tors of experiencing severe exacerbations are being 
treated with inhaled corticosteroids,  28   having had 
previous histories of ED visits or hospitalizations,  13,29-31   
or having had treatment in the past with oral corti-
costeroids.  30   The previous fi ndings that treatment 
with inhaled corticosteroids is a predictor of severe 

2007 NAEPP recommendations for assessing risk 
and impairment separately. Although we found that 
persistent symptoms are associated with severe exac-
erbations, 14% of subjects in our study never had 
persistent symptoms during the entire 4 years of 
the trial, yet experienced one or more severe exac-
erbations. One study, reporting similar results, found 
that 55% of patients admitted to the ICU for asthma 
had been classifi ed as having intermittent asthma.  24   
In a second study of children who were believed 
to have adequate symptom control based on paren-
tal report, nearly one-third had two or more ED 
or unscheduled outpatient visits for asthma.  25   This 
fi nding supports the 2007 NAEPP guideline recom-
mendation; “intermittent” asthma is no longer cate-
gorized as “mild intermittent” asthma because even 
patients with intermittent asthma can have severe 
exacerbations. 

 The results of our analysis are different from an 
analysis by Covar et al,  8   who found that the only pre-
dictor of exacerbations is a previous history of exacer-
bations. Reasons for our contrasting fi ndings could 
be that the Covar et al  8   study examined a shorter 
48-week period, compared with our analysis, which 
examines a 4-year time frame. Similar to our study, 
Covar et al  8   found that symptoms increased prior to 
exacerbations but had poor specifi city for predicting 
exacerbations. Our fi nding that lnPC 20  is associated 

 Table 4— Predictors of Persistent Symptoms and of Having One or More Severe Exacerbations From Asthma 
During the 4 y of the Study  

Predictors  b  Estimate CI  P  Value

Predictors of persistent symptoms
  Inhaled corticosteroid group (budesonide)   2 0.32   2 0.55 to  2 0.099  .0045 
 Income  2 0.036  2 0.27 to 0.20 .76
 History of ED visits/hospitalization 0.13  2 0.07 to 0.32 .21
 History of  �  3 d use of oral corticosteroids 0.20  2 0.0033 to 0.39 .054
  FEV 1 /FVC ratio   2 0.029   2 0.044 to  2 0.015   ,  .0001 
 FEV 1 , % predicted 0.0036  2 0.0049 to 0.012 .40
  lnPC 20    2 0.31   2 0.38 to  2 0.24   ,  .0001 
 Log 10  IgE count 0.15  2 0.030 to 0.33 .10
 Log 10  eosinophil count 0.027  2 0.18 to 0.23 .80
 Number of positive skin tests 0.019  2 0.0066 to 0.045 .15
Predictors of severe exacerbations
  Age   2 0.10   2 0.16 to  2 0.052   ,  .0001 
  Inhaled corticosteroid group (budesonide)   2 0.45   2 0.73 to  2 0.17  .0016 
 Family history of asthma 0.18  2 0.034 to 0.40 .10
  History or ED visit/hospitalization  0.73  0.50 to 0.96   ,  .0001 
  History of    �  3   d use of oral corticosteroids  0.40  0.17 to 0.62  .0005 
  FEV 1 /FVC ratio   2 0.023   2 0.040 to  2 0.0061  .0076 
 FEV 1 , % predicted 0.0056  2 0.0049 to 0.016 .29
  lnPC 20    2 0.091   2 0.18 to  2 0.0066  .033 
 Log 10  IgE count 0.083  2 0.11 to 0.27 .39
  Log 10  eosinophil count  0.26  0.019 to 0.50  .034 
 BMI  z  score  2 0.039  2 0.14 to 0.067 .47
 Number of positive skin tests  2 0.019  2 0.046 to 0.0074 .15

Boldface indicates variables that remained signifi cantly associated with the outcome variable on multivariate analysis. N  5  1,019. See Table 2 for 
expansion of abbreviations.
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and exacerbations is necessary in determining the 
level of asthma control and severity. 
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