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Objective: To evaluate the outcome of a secondary in-
tervention conducted with infants at risk for asthma.

Design: Families of wheezing infants were randomized
to a 1-year intervention or control group; outcome evalu-
ation occurred from April 1, 2000, through September
30, 2003, when children reached 4 years of age.

Setting: Home intervention and clinic evaluation.

Participants: A total of 149 children from low-income
urban families with multiple wheezing episodes before
the age of 2 years.

Intervention: Nurse home visitors provided a multifac-
eted intervention (environmental allergen and tobacco
smoke reduction as well as illness management) that lasted
12 months, with the goal of decreasing asthma onset and/or
severity when children reached 4 years of age.

Main Outcome Measures: Asthma status (parent-
reported symptoms, impulse oscillometry, and docu-
mented asthma diagnosis), caregiver quality of life, medi-
cation use, and emergency department visits.

Results: A total of 46.0% of children from the interven-
tion group and 54.9% from the control group met crite-
ria for asthma at the age of 4 years (P=.33). Caregiver
quality of life was better for the intervention group
(P=.01). Children in the intervention group were less
likely to have reactive airways (prebronchodilator-
postbronchodilator decrease in impulse oscillometry re-
sistance at 10 Hz of =15%; P=.07). Outcome was modi-
fied by baseline illness severity; among children with low
severity, odds of developing asthma by the age of 4 years
were 3 times lower for intervention children than con-
trols (P=.04), and symptom severity was lower for in-
tervention children (P=.03).

Conclusions: Multifaceted intervention did not
decrease asthma among children with early wheezing
illness as a whole, but only for children with low ill-
ness severity in infancy. Despite having an impact on
only less severely ill children, results demonstrate the
possibility of ameliorating illness burden for some
inner-city families with children at high risk for poor
asthma outcomes.
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STHMA PREVALENCE AND
morbidity are dispropor-
tionately high among eco-
nomically disadvantaged
children from urban com-
munities in the United States.' Asthma re-
sults from gene-environment interactions,
and increased prevalence levels among the
impoverished are believed to be related to
exposure to environmental factors, includ-
ing aspects of the psychosocial environ-
ment.®’ Increased asthma severity and mor-
bidity among poor children have also been
attributed to environmental exposures, in-
adequate medical care, and poor psycho-
social functioning and illness manage-
ment among caregivers.®®
Most childhood asthma onset, mani-
fested as wheezing illness, occurs during
the first 2 or 3 years of life.'®!! In an un-
selected cohort, persistent childhood
asthma developed in approximately a third

of children with early wheezing,'* sug-
gesting that children with early wheezing
may be at high risk for persistent asthma.
This risk group contrasts with offspring
of parents with allergy wheeze typically tar-
geted in primary prevention studies," !’
who constitute only a small proportion of
those who develop asthma.'®! Interven-
tion studies are needed that cover abroader
spectrum of the population of children at
risk.?® Secondary prevention efforts are
required to determine whether asthma
prevalence, severity, or morbidity can be
decreased among young children with
symptoms that may develop into asthma.
With this group it is reasonable to insti-
tute interventions aimed at a broad range
of factors, such as exposure to environ-
mental allergens and tobacco smoke and
also the psychosocial and medical as-
pects of caregiving that may influence the
course of early asthma.
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We report on the Childhood Asthma Prevention Study
(CAPS), which targeted low-income families of chil-
dren with wheezing early in life and provided a multi-
faceted intervention that included psychosocial and en-
vironmental factors. Our primary objective was to evaluate
the impact of the early intervention that occurred for the
year after study enrollment at the age of 9 to 24 months
on the children’s asthma status at the age of 4 years. We
previously reported modest impact on the targeted en-
vironmental variables, with some reduction of indoor al-
lergen levels and environmental tobacco smoke expo-
sure and increases in caregiver asthma knowledge and
collaboration with health care professionals but no im-
pact on illness severity or morbidity at the end of the in-
tervention.”! However, the primary outcome evaluation
was planned to occur with children at the age of 4 years,
with assessments of asthma status, asthma symptom se-
verity, and morbidity due to asthma. Although the rate
of morbidity attributable to wheezing illness at study en-
try was high on average in this sample, considerable vari-
ability was seen in the severity of the children’s symp-
toms,*? and we planned to take into account baseline
illness severity in assessing study outcome. We also ex-
pected that caregiver psychological resources would
modify the impact of the intervention such that care-
givers with lower psychological resources, and their chil-
dren, would show greater response to the intervention.

B METHODS B

PARTICIPANTS

Eligible infant participants were 9 to 24 months old, had medi-
cal record documentation of 3 or more wheezing episodes, and
were from low-income (Medicaid-eligible) families. Infants were
excluded if they were born at less than 34 weeks’ gestation, had
a postnatal oxygen requirement of more than 48 hours, or had
complicating medical conditions. Families were recruited from
pediatric departments of local hospitals and clinics from Janu-
ary 1, 1998, through March 31, 2000 (Figure 1).

During enrollment in families’ homes, caregivers signed con-
sent forms approved by the institutional review boards of par-
ticipating institutions. Following baseline evaluations, fami-
lies were randomly assigned to the intervention or control group.
Randomization was based on a computer-generated random di-
chotomous table, stratified by race and language status and ac-
cessed by the project coordinator, who assigned families to in-
tervention vs control groups.

BASELINE EVALUATION

Interviews were conducted with the infants’ primary caregivers
in their homes to obtain baseline medical, environmental, and
psychosocial information. Also obtained were infant urine speci-
mens for analysis of cotinine and household dust samples for de-
termination of allergen content (cockroaches, dust mites, cat dan-
der, and dog dander). Interview-embedded questions queried
medications prescribed for infants, classified as daily (broncho-
dilators or controllers) vs as needed, and caregiver behavior for
ratings of illness management practices.” Infants’ wheezing ill-
ness severity was assessed with a checklist that was originally
validated for school-age children** and modified for infants with
wheezing illness.?**> Consistent with the symptom report di-
mension of the National Heart, Lung, and Blood Institute asthma

388 Were assessed for eligibility

147 Were excluded for not
meeting inclusion criteria

241 Agreed to baseline screening

2 Were ineligible
6 Moved out of state
52 Had active and passive
refusal

181 Were randomized

90 Were allocated to 91 Were allocated to
intervention group control group

7 Were lost to follow-up 5 Were lost to follow-up
9 Withdrew before follow-up 7 Withdrew before follow-up

2 Were excluded from 2 Were excluded from
analysis owing to analysis owing to
protocol errors protocol errors

72 Were included 77 Were included

in follow-up in follow-up
65 Had clinic 7 Had symptom 72 Had clinic 5 Had symptom
data report only data report only
available available

Figure 1. Study participant flowchart.

severity classification,” symptom frequency was assessed for day-
time and nighttime and after physical activity; an additional item
queried the occurrence of severe breathing difficulty. Care-
givers rated frequency of their children’s respiratory symptoms
for the past 6 months for 4 symptom domains: (1) wheezing,
coughing, or tightness in the chest, (2) nights awakened by breath-
ing problems, (3) slowed or stopped play due to breathing prob-
lems, and (4) breathing problems on awakening, using a 5-point
scale: daily (4 points), weekly (3 points), monthly (2 points),
less than monthly (1 point), or never (0 points). A fifth ques-
tion asked, “Has your child had breathing problems so severe
he/she couldn’t talk /vocalize?” Yes (4 points) /No (0 points). Total
scores ranged from 0 to 20; mean scores (range, 0-4) were cal-
culated and are reported. Caregiver psychosocial measures as-
sessed mental health,” cognitive functioning,*®* and sense of
mastery,” combined to indicate caregivers’ psychological re-
sources.” During a clinic visit after enrollment, infants under-
went venipuncture for determination of total serum IgE levels
and skin prick testing for common indoor inhalant allergens and
food allergens.

INTERVENTION

After the baseline assessment and randomization, the nurse home
visitor intervention occurred throughout 12 months. Interven-
tion goals included decreasing allergens and environmental to-
bacco smoke (ETS) exposure and improving quality of mater-
nal caregiving and illness management. Details of the intervention
have been previously described.?' Briefly, nurses used baseline
exposure levels and psychosocial information to guide individu-
alized plans for behavior change. For infants with elevated co-
tinine levels, ETS reduction and smoking cessation techniques
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were used, whereas for families with elevated home allergen lev-
els, reduction techniques specific to the allergen were used.”! Care-
givers were helped to assess and manage infant wheezing ill-
ness in collaboration with their medical professional and to address
life stresses, family difficulties, and mental health problems.

EVALUATION AND OUTCOME
AT THE AGE OF 4 YEARS

Evaluations of children at the age of 4 years took place from
April 1, 2000, through September 30, 2003. Caregivers were
contacted before the children’s fourth birthday and scheduled
for a clinic visit that included a physical examination, veni-
puncture, pulmonary function testing, skin prick testing, and
a caregiver interview (n=137) with health care professionals,
technicians, and interviewers who were unaware of treatment
group status. Caregivers who declined full participation were
administered consent forms and brief asthma symptom ques-
tionnaires by telephone (n=12).

Classification of asthma at the age of 4 years used caregiver
report of symptoms together with objective evidence derived
from impulse oscillometry (IOS) and medical records. Care-
giver reports of asthma symptoms were assessed for the past
12 months using the modified ATS-B (American Thoracic So-
ciety-B) 5-symptom list®* and the symptom severity scale de-
scribed herein.** Figure 2 shows the 2-step algorithm used
for asthma classification.

Impulse oscillometry was measured using a Jaeger Master-
Screen Impulse Oscillometry system (Jaeger Co, Wurzburg, Ger-
many). Procedural details and reproducibility data have been re-
ported for this sample.” After a baseline assessment, albuterol
(2.5 mg) was administered, and lung function measurements were
repeated 15 minutes later. We previously reported prebroncho-
dilator to postbronchodilator changes in resistance at 10 Hz as
an index of bronchial reactivity.” Spirometry was measured af-
ter 10S, before and after bronchodilator administration (Jaeger
MasterScreen Spirometry system). Given developmental limita-
tions of spirometry measurements, modified criteria were ap-
plied** and forced expiratory volume was evaluated at 0.5 sec-
ond,” resulting in forced expiratory volume at 0.5 second and
forced vital capacity data for 113 children.

Caregivers responded to the Pediatric Asthma Caregiver’s
Quality of Life scale.*® The children’s medical records for the pe-
riod from the age of 3 to 4 years were obtained and coded for
asthma diagnoses, medication prescribed, and health care con-
tact type.*’

STATISTICAL ANALYSES

Unadjusted comparisons of outcome variables between control
and intervention groups were based on 2-sample ¢ tests or
2-sample proportion tests. Adjusted estimates for intervention
effects were determined by fitting regression models. Multiple
logistic regression was used for binary outcome variables, and
multiple linear regression was used for continuous outcomes.
Covariates in the regression models included sex, foreign-born
caregiver status, caregiver psychological resources, baseline ill-
ness severity (continuous), baseline medication level, and moth-
er’s educational level. Baseline illness severity and caregiver psy-
chological resources were tested as intervention effect modifiers
based on a priori hypotheses; associated interaction terms were
included in models when P<<.10. For descriptive (unadjusted)
results, high- and low-severity groups were formed by cutting
baseline symptom severity scores at the mean. For model-based
(adjusted) results, estimates for high- and low-severity groups
were determined by evaluating the continuous baseline severity
variable at the 75th and 25th percentiles, respectively. The in-

137 Had caregiver symptom report
and objective data available

‘ 52 Had asthma ‘ ‘ 37 Had mixed evidence ‘ ‘ 48 Had no asthma ‘

16 Had prebronchodilator-
postbronchodilator
10S <15%

18 Had prebronchodilator-
postbronchodilator
10S >15%

+] +|

3 Were not

ifiable

5]

Had asthma 18 Had no asthmﬂ

= =]

68 Had asthma 66 Had no asthma

Figure 2. Algorithm for classifying children as having asthma vs no asthma
at the age of 4 years. “Asthma” indicates a positive caregiver report (=3
ATS-B [American Thoracic Society—B] symptoms or total symptom severity
score of =6) and positive objective data (medical record documentation of
current asthma diagnosis or current asthma medications prescribed). “Mixed
evidence” indicates a positive caregiver report but negative medical record
data (n=17) or a negative caregiver report but a positive medical record
report (n=17). “Not classifiable” indicates good-quality impulse oscillometry
(10S) data unavailable for use in asthma classification.

clusion of the intervention group X baseline severity interac-
tion term in models for certain outcomes allowed for separate
estimates for the high- and low-severity groups. The symptom
severity outcome variable was analyzed on the natural log scale
(y'=In[y + 1]), because the original scores were right skewed.
Estimates and associated confidence intervals were then de-
rived on the original scale using asymptotic methods.*®

Intention-to-treat analyses were performed in all cases. A
2-sided P<<.05 was considered statistically significant. SAS sta-
tistical software (version 9.1; SAS Institute Inc, Cary, North Caro-
lina) was used for all statistical analysis.

B xesuits [

STUDY PARTICIPANTS

Outcome data reported by caregivers were available for 149
children (84.2% of those randomized); for 137 children
(77.4% of those randomized) this included a clinic evalu-
ation with lung function measures (Figure 1). Families lost
to follow-up and dropouts were not significantly differ-
ent from those followed up on any baseline measure (P>.10
forall). Table 1 gives the baseline characteristics of care-
givers and children who participated in the follow-up at
the age of 4 years. Caregivers were primarily of minority
background and were highly impoverished. Infants’ mean
scores for wheezing illness severity fell in the less-than-
monthly range (0-1.0) for 53 children (35.6%), monthly
for 56 (37.6%), weekly for 29 (19.5%), and daily for 11
(7.4%). Rates of maternal asthma, child atopy, and base-
line illness severity were similar across the intervention
and control groups.
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Table 1. Baseline Caregiver and Child Characteristics for
Families Followed Up When Children Were 4 Years of Age
Intervention Control P
Characteristic (n=72)2 (n=77)2 Value
Ethnic group® 34
European American 15 (20.8) 16 (20.8)
African American 16 (22.2) 19 (24.7)
US-born Hispanic 25 (34.7) 22 (28.6)
Foreign-born Hispanic 16 (22.2) 17 (22.1)
Other (Native American 0 3(3.9)
or Asian)
Income = $12 000/y 38 (52.8) 38 (49.4) .60
Maternal educational level 41 (56.9) 31 (40.3) .04¢
< high school
Marital status, single 38 (52.8) 37 (48.1) .56
Maternal age < 20y 17 (23.6) 19 (24.7) .88
Maternal asthma 199 (26.8) 234 (31.1) 87
Male 44 (61.1) 60 (77.9) 038
Child age at study 16.8 (4.7) 17.0 (4.8) .76
enrollment, mean (SD),
mo
Prenatal smoke exposure 20 (27.8) 254 (32.9) .50
Infant eczema 25 (34.7) 24 (31.2) .64
= 1 Positive baseline skin 12 (17.4) 13f (17.6) 98
test result
Total serum IgE, geometric  36.9 (29.1-50.3) 36.3 (26.4-49.9) .73
mean (95% Cl), pg/L
Symptom severity, mean ~ 1.50 (0.88) 1.60 (0.90) 52
(SD)
Daily medications 32 (44.4) 37 (48.1) .66
Caregiver psychological 99.3 (9.9) 99.5(10.4) .90
resources, mean (SD)

Abbreviation: Cl, confidence interval.

Sl conversion factor: To convert IgE to milligrams per liter, multiply by 0.001.

2Data are given as number (percentage) of study participants unless
otherwise indicated.

b Caregiver self-reported race, ethnic group, primary language, and country of
origin; foreign-born Hispanic caregivers were born in Mexico.

CMaternal educational level was not different for the intervention and control
groups at baseline; there was differential loss at follow-up at the age of 4 years,
leaving fewer women with a high school education in the intervention group.

dDenominator for maternal asthma: intervention: n = 71; control: n = 74; for
prenatal smoke exposure: control: n = 76; missing data due to primary
caregiver/respondent not being the biological mother.

€Child sex distribution was unequal after randomization and was included as
a covariate in all statistical analyses.

fDenominator for baseline skin test: intervention: n=69; control: n=74;
missing data owing to skin testing not completed at study entry.

ASTHMA AND ATOPY AT THE AGE OF 4 YEARS

Among 134 children with complete data from clinical evalu-
ations, 68 (50.7%) had asthma at the age of 4 years
(Figure 2). For 15 children with partial data, 8 (53.3%)
had probable asthma based on caregiver report of 3 or
more ATS-B symptoms. Boys and girls were equally likely
to have asthma (48.0% of boys and 58.3% of girls; P=.39).
Fewer children of foreign-born Hispanic mothers had
asthma at the age of 4 years (30.3%) compared with Eu-
ropean American (70.4%), African American (48.4%), or
US-born Hispanic mothers (60.0%) (P=.003). No signifi-
cant difference was found in asthma rates for children
whose mothers had asthma (P=.26), and no significant
differences were found in asthma rates for children with
1 or more positive skin test results at baseline (asthma,
16.4%; no asthma, 15.6%; P=.90) or at the age of 4 years

(asthma, 33.8%; no asthma, 29.0%; P=.56). Children pre-
scribed daily medication before study entry had higher rates
of asthma at the age of 4 years (64.5%) compared with those
taking medication as needed (38.9%) (P=.003). At the age
of 4 years, mean scores for wheezing illness symptom se-
verity for the past 12 months fell in the never range (0)
for 28 children (20.0%), less-than-monthly range (0.2-
1.0) for 64 (45.7%), monthly for 31 (22.1%), weekly for
14 (10.0%), and daily for 3 (2.1%). Higher symptom se-
verity scores at baseline were related to higher symptom
severity scores at the age of 4 years (r=0.30; P<<.001), and
they were strongly related to the probability of having
asthma at the age of 4 years (P<<.002); the modifying effect
of this continuous variable was evaluated for interven-
tion outcomes. Caregivers’ psychological resources were
unrelated to active asthma at the age of 4 years.

INTERVENTION OUTCOME
AT THE AGE OF 4 YEARS

The percentage of children with asthma at the age of 4
years was not significantly different by intervention group
(Table 2). No significant differences were found be-
tween groups for specific ATS-B symptoms or for symp-
tom severity for the past year.

More caregivers from the intervention group reported
better quality of life in relation to their children’s asthma
at the age of 4 years (P=.01). Of the children, 18.6% from
the intervention group and 24.3% from the control group
had had a course of oral corticosteroids during the previ-
ous year (adjusted P=.44). No significant difference was
seen between groups for emergency department visits be-
tween the ages of 3 and 4 years. Hospitalizations for asthma
were rare, so they were not analyzed statistically.

A greater proportion of children from the control group
had a prebronchodilator-to-postbronchodilator decrease of
15% in IOS pulmonary resistance at 10 Hz, indicating more
bronchial reactivity in the control group at a marginally sig-
nificant level (P=.07). No significant differences were seen
between groups for the spirometry measures.

MODIFIED EFFECTS

Intervention effects were modified by symptom severity at
study entry, indicated by significant interactions between
group and baseline illness severity (Table 2, far right col-
umn) for several outcome variables: number of children
with asthma at the age of 4 years (P=.05), wheezing with
colds during the past year (P=.02), symptom severity at
the age of 4 years (P=.07), and oral corticosteroid use
(P=.05). Table 3 gives the unadjusted percentages and
means stratified for high and low baseline severity. Table 3
also gives the model-based adjusted estimates, indicating
that the probability of developing asthma at the age of 4
years was significantly different for the intervention and
control groups at the 25th percentile for baseline severity
(P=.04; Figure 3) but not at the 75th percentile (P=.68).
Among children with lower baseline severity, those in the
intervention group were less likely to have had wheezing
with colds (P=.01) and mean symptom severity scores were
significantly lower (P=.03), whereas for children with high
baseline severity, no significant difference was found be-
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Table 2. Comparisons of Outcomes Between Groups: Unadjusted Percentages or Means and Adjusted Estimates
Based on Multiple Regression
Unadjusted % or Mean (SD) Adjusted Estimates?
Intervention/ IImervenlion Control I Group X BaselineI
Response Variable Control Group Group Group Effect? P Value  Severity PValue
Asthma® 63/71 46.0 54.9 0.67 (0.30 to 1.49) §e8 .05
ATS-B symptoms
Wheezing with colds /17 66.2 77.9 0.63 (0.27 to 1.48) .29 .02
Wheezing without colds Yavies 39.4 37.7 1.12 (0.55 10 2.29) .76
Shortness of breath with wheezing /7 42.3 481 0.79 (0.39 to 1.60) .51
Wheezing with exercise AV 52 64.9 0.75 (0.36 to 1.58) 45
Persistent cough /7 29.6 40.3 0.60 (0.29 to 1.22) .16
Symptom severity, mean 67/73 0.86 (0.85) 1.04 (0.89)  -0.15 (-0.38 to 0.09)4 .20 .07
Quality of life, high 63/68 54.0 30.9 2.97 (1.37 t0 6.46) .01
Medical utilization, yes/no
Inhaled corticosteroids 67/74 254 23.0 1.55 (0.62 to 3.87) .35
Oral corticosteroids 70/74 18.6 243 0.69 (0.27 to 1.76) A4 .05
Emergency department visits 70/74 18.6 243 0.85 (0.35t0 2.07) 72
10S
Prebronchodilator-postbronchodilator R10 60/65 48.3 60.0 0.49 (0.23 t0 1.07) .07
decrease = 15%
Spirometry
Prebronchodilator FEV,5® 53/60 0.62 (0.14) 0.63 (0.15)  -0.01 (-0.06 to 0.04)4 .59
Prebronchodilator FVC® 53/60 0.74 (0.19) 0.79(0.20)  -0.04 (-0.11 t0 0.02)4 15
Prebronchodilator FEV,s/FVC 53/60 0.85 (0.12) 0.81 (0.15) 0.02 (-0.03 to 0.07)4 .52
Postbronchodilator FEVinf,s/FVC 53/58 0.91 (0.10) 0.88 (0.11) 0.02 (-0.02 t0 0.07)4 .29

Abbreviations: ATS-B, American Thoracic Society—B; FEV, s, forced expiratory volume at 0.5 second; FVC, forced vital capacity; 10S, impulse oscillometry, R10,

resistance at 10 Hz.

2Multiple regression analyses adjusted for sex, caregiver foreign-born status, caregiver psychological resources (continuous), baseline illness severity, baseline
medication, and caregiver’s educational level. The group X baseline severity interaction was added to an outcome model if P < .10, indicated in the far right

column.

bData are given as odds ratios and 95% confidence intervals unless otherwise indicated. The control group is the reference group for all odds ratios.

n = 134; see Figure 2 for algorithm used to classify asthma vs no asthma.

dData are given as mean differences (95% confidence interval); mean differences are intervention minus control group estimates.
€FEV,5 and FVC were measured in liters; analyses included additional covariates of child height and race.

tween groups for wheezing with colds (P=.59) or symp-
tom severity (P=.96). Unadjusted results show that among
children with low baseline severity, 8.3% of children from
the intervention group compared with 23.5% from the con-
trol group had 1 or more courses of oral corticosteroids dur-
ing the follow-up year compared with 29.4% and 25.0%
for the control group; however, these differences were not
statistically significant in model-based analyses (P=.11 and
P=.58, respectively). Level of caregiver psychological re-
sources did not modify effects for any outcome variable.

B COMMENT __ py

We report the outcome of the first secondary interven-
tion study at the age of 4 years among high-risk inner-
city families for whom the goal was to prevent early asthma
and reduce asthma severity and morbidity. The multi-
faceted intervention targeted infants from low-income
families who had 3 or more wheezing episodes docu-
mented by a medical care professional. Caregivers as-
signed to the intervention group reported higher qual-
ity of life in children at the age of 4 years, but no difference
was found between groups for asthma prevalence or se-
verity. However, the children’s baseline illness severity
modified the outcome effects; children with lower ill-
ness severity at study entry were less likely to have asthma
at the age of 4 years.

The primary outcome assessed was persistent asthma
at the age of 4 years. Defining asthma in the preschool pe-
riod is challenging® because of difficulty in obtaining pul-
monary function testing and reliance on caregiver report
for symptoms and history. Furthermore, 4-year-old chil-
dren with asthma symptoms represent several different phe-
notypes, each with a different prognosis.* Since 4-year-
old children with asthma have high morbidity regardless
of phenotype,' we did not make this differentiation in as-
sessing outcome at the age of 4 years; rather, we focused
on caregiver reports of asthma symptoms that were above
a moderately high threshold. We also required objective
corroboration in the form of documented physician diag-
nosis of asthma or laboratory evidence of airway respon-
siveness to bronchodilators. Thus, we are confident that
the children identified had active asthma at the age of 4 years.

Our failure to find a difference between the interven-
tion and control groups for the number of children clas-
sified as having asthma at the age of 4 years indicated that
the intervention did not alter the progression from in-
fant wheezing illness to persistent asthma at the age of 4
years. In contrast, the intervention had a significant posi-
tive effect on caregivers’ asthma-related quality of life com-
pared with the control group. Increases in caregivers’ cop-
ing skills and self-efficacy may have led to better quality
of life regardless of the children’s symptom levels. At the
end of the intervention year, caregivers’ asthma knowl-
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Table 3. Unadjusted Percentages or Means Stratified for Low and High Baseline Severity Levels and Adjusted Estimates
Based on Interaction Term (Group x Continuous Baseline Severity Score) From Multiple Regression Equation?
Unadjusted % or Mean (SD)
T ] Adjusted Estimates
Intervention/ Intervention Control ]
Response Variable Control Group Group Group Effect? P Value
Low baseline severity
Asthma 33/33 27.3 455 0.33 (0.12 to 0.96) .04
ATS-B symptoms
Wheezing with colds 37/34 514 76.5 0.26 (0.10t0 0.72) .01
Wheezing without colds 37/34 24.3 29.4
Shortness of breath with wheezing 37/34 32.4 441
Wheezing with exercise 37/34 45.9 471
Persistent cough 37/34 27.0 441
Symptom severity, mean 36/33 0.57 (0.75) 0.99 (0.93) -0.30 (-0.58 to -0.03)° .03
Medical utilization, yes/no
Inhaled corticosteroids 34/34 14.7 11.8
Oral corticosteroids 36/34 8.3 23.5 0.34 (0.09 to 1.26) 1
Emergency department visits 36/34 11.1 23.5
High baseline severity
Asthma 30/38 66.6 63.2 1.25 (0.44 to 3.59) .68
ATS-B symptoms
Wheezing with colds 34/43 82.4 791 1.39 (0.42 to 4.68) .59
Wheezing without colds 34/43 55.9 44.2
Shortness of breath with wheezing 34/43 52.9 51.1
Wheezing with exercise 34/43 73.5 791
Persistent cough 34/43 324 37.2
Symptom severity, mean 31/40 1.19 (0.84) 1.09 (0.86) 0.01 (-0.32 t0 0.33)¢ .96
Medical utilization, yes/no
Inhaled corticosteroids 33/40 36.4 32.5
Oral corticosteroids 34/40 29.4 25.0 1.32 (0.49 to 3.60) .58
Emergency department visits 34/40 26.5 25.0

Abbreviations: ATS-B, American Thoracic Society—B.

2Multiple regression analyses adjusted for sex, caregiver foreign-born status, caregiver psychological resources (continuous), baseline illness severity
(continuous), baseline medication, and caregiver’s educational level. Estimates for low and high baseline severity were modeled using the 25th and 75th
percentiles, not by stratifying the data (see “Statistical Analyses” subsection of the “Methods” section).

bData are given as odds ratios (95% confidence interval) unless otherwise indicated. The control group is the reference group for all odds ratios.

CData are given as mean differences (95% confidence interval); mean differences are intervention minus control group estimates.
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Figure 3. Relationship between baseline symptom severity and probability of
asthma at the age of 4 years. Probability estimates were derived from the
logistic regression model using asthma as the outcome variable (see the
“Statistical Analyses” subsection and Tables 2 and 3 for model details).

edge and collaboration with their physicians had im-
proved significantly for the intervention compared with
the control group?; these improvements may have in-
fluenced quality of life reported for the child at the age
of 4 years. Furthermore, the home-based intervention pro-
vided by the nurses gave considerable attention to care-
givers’ psychological health and well-being, and care-
giver affective states have been shown to be a primary
determinant of pediatric asthma caregiver quality of life.*!

Despite overall negative effects of the intervention, the
severity of the children’s wheezing illness at baseline had
amodifying role on study outcome. Among children with
lower symptom severity at study entry, significantly fewer
children in the intervention group had active asthma at
the age of 4 years. The same pattern of modified effects
was evident for wheezing with colds, symptom severity
ratings, and oral corticosteroid use. These data suggest
decreased asthma in the intervention group, but only for
children with less serious illness before the age of 2 years.
It is possible that children with lower severity at base-
line were more susceptible to changes in environmental
exposures or illness-related caregiving.

Children with high baseline severity from both the in-
tervention and control groups were far more likely to have
persistent asthma at the age of 4 years, when they also had
equivalently high numbers of ATS-B symptoms reported,
symptom severity ratings, and medical care utilization. No-
tably, already at baseline children with high symptom se-
verity were more likely to be described as having regular
vs episodic wheezing (data not shown) and to be pre-
scribed daily medications. Regardless of asthma diagno-
sis or atopic status, for the children with more severe early
symptoms, the intervention was ineffective in reducing their
chances of having persistent asthma at the age of 4 years.
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Early severe respiratory illness may set children on a course
that cannot be changed.* In a recently reported study,*
2-and 3-year-old children with early wheezing and a posi-
tive asthma predictive index were prescribed inhaled cor-
ticosteroids for 2 years and then followed up for a 1-year
period. Although asthma symptoms were controlled dur-
ing the treatment period, neither symptoms nor lung func-
tions were different from a control group during the third,
treatment-free year, suggesting that for infants with regu-
lar wheezing, even consistent anti-inflammatory treat-
ment may not influence disease progression from wheez-
ing in infancy to persistent asthma.

Specific strategies used in asthma prevention studies
have varied, depending on definition of risk status and tim-
inginrelation to disease development. Several primary pre-
vention studies*** have attempted to impede the devel-
opment of allergy and asthma among children at familial
risk for atopy by reducing exposure to allergens early in
life, with mixed results. Of note, the Canadian primary pre-
vention study,” which addressed both allergen and ETS
exposure in a multifaceted intervention that began pre-
natally, found less asthma within the intervention group
at the evaluation at the age of 7 years. The current sec-
ondary prevention study** was implemented with infants
with early-onset wheezing illness, previously demon-
strated to be associated with multiple factors and of vari-
able severity. The intervention aimed to reduce allergen
and ETS exposure and to improve caregivers’ illness man-
agement, including medication administration. Al-
though there was some reduction in allergens and ETS,*!
our intervention did not directly ensure that children whose
illness severity required inhaled corticosteroids received
the medication and instead relied on physicians to pre-
scribe medication and on caregivers to administer it. The
combination of various etiological factors in the infants’
wheezing and multiple intervention strategies used in this
study may explain improvements for children with only
milder disease and also the lack of effectiveness in reduc-
ing symptoms for children with established asthma.

Several important limitations of this study must be con-
sidered. First, the study may have been inadequately pow-
ered to address our aims. Among the results are several in-
stances of statistical trends, and the direction of the effects
suggests that the intervention may have had significant ef-
fects had either the effect size or the sample size been larger.
Second, generalizability of the study results is limited by
the sample characteristics. Although representative of low-
income families in the Denver area, approximately half of
the families were Hispanic, of Mexican origin. Half of the
Hispanic caregivers were born in Mexico and were mono-
lingual Spanish speaking; we found this subgroup to be dis-
tinctive in terms of risk factors for asthma and utilization
of the health care system.” Generalizability may also be lim-
ited because of Denver’s high altitude and arid climate,
which precludes the pervasive allergenic environment of
dust mites and cockroaches that has been implicated in the
development of asthma in more humid climates.

Intervention effects may have been mitigated by the chal-
lenges associated with low-income, urban minority fami-
lies, such as high stress levels, difficulties in coping, and
mental health problems. The intervention was aimed at
behaviors most proximal to asthma symptoms and exac-

erbations, such as environmental exposures and symp-
tom assessment and management, but necessarily ad-
dressed caregiver psychological and social problems that
impeded the care of their infants. Nevertheless, great vari-
ability was seen in caregivers’ desire and capacity to use
the intervention. Given that the feasibility of changing the
developmental course of asthma is itself in question, in-
terventions to prevent asthma may be better tested on fami-
lies of higher socioeconomic status and education who are
more likely to be adherent to recommendations, such as
those of the Canadian primary prevention study.*® It may
be prudent to attempt to decrease asthma among wheez-
ing infants from families who have the resources and mo-
tivation to assess efficacy and only then adapt the inter-
vention to families with fewer resources.

Finally, evaluating the effectiveness of the interven-
tion based on asthma status at the age of 4 years is in-
herently difficult, because symptoms resolve for some chil-
dren but persist for others. A follow-up at the age of 7
years is under way, when objective lung function mea-
sures will facilitate more accurate assessment of asthma
status. The follow-up at the age of 7 years will also be
informative regarding which of the children’s early wheez-
ing was transient vs persistent and whether the inter-
vention effects on asthma at 4 years of age prove to have
a continued effect at 7 years of age.

This is the first study, to our knowledge, to provide a
nonmedical intervention for infants with early wheezing
illness to determine whether the developmental course of
asthma can be altered. The intervention was multifaceted,
addressing environmental exposures, illness manage-
ment behavior, and social and psychological challenges ex-
perienced by these caregivers. Although the intervention
had minimal benefit overall among these at-risk children,
itis possible that the intervention succeeded for those with
lower baseline severity. However, it is clear that this inter-
vention did not appreciably affect the children who had
more severe early disease. Nevertheless, this study dem-
onstrates the possibility of ameliorating illness burden for
selected inner-city families with children at high risk for
poor asthma outcomes.
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