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Abstract

Background and aims—Children living in the inner city are particularly vulnerable to asthma.
While we know much about factors that affect near-term outcomes in inner-city children, there is
little evidence to guide clinicians on what to expect in the coming years, especially in preschool
children. The purpose of our study was to determine which clinical and environmental factors are
predictive of poor long-term asthma control in preschool inner-city children.

Materials and methods—Baseline characteristics determined to be potential predictors of
asthma severity were examined: demographics, asthma symptoms, medication use, healthcare
utilization, early life medical history, family history, allergen exposure and allergic disease, and
pollutant exposure. Bivariate and multivariate analyses were performed using logistic regression to
examine the association of predictors of asthma severity with healthcare utilization at 2 years.

Results—Of the 150 children at baseline, the follow-up rate was 83% at 2 years; therefore, 124
children were included in final analyses. At baseline, the mean age was 4.4 years and participants
were predominantly African-American (90%). Most of the children were atopic and 32.5%
reported using inhaled corticosteroids. Nighttime awakening from asthma and a history of
pneumonia were predictive of future poor control.

Conclusion—Preschool children with nighttime awakening from asthma and a history of
pneumonia may deserve closer monitoring to prevent future asthma morbidity.
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Introduction

Methods

Asthma is one of the most common chronic illnesses of childhood, affecting an estimated 6
million children in the United States alone (1). We know that children living in the inner city
are particularly vulnerable to asthma, including higher asthma prevalence and poor disease
outcomes, with worse disease severity, increased hospitalizations, and increased mortality
(2-6). While we know much about factors that affect near-term outcomes in inner-city
children, there is little evidence to guide clinicians on what to expect in the coming years,
especially in preschool children. Parents of young children with asthma want to know if the
disease will stabilize, improve, or worsen, and healthcare practitioners need to know which
children will require more intensive follow-up and medical services. It would be helpful to
identify clinical factors that could distinguish which children will develop or continue to
have troublesome symptoms, especially as they prepare to enter school.

Cross-sectional studies have shown that certain factors are associated concurrently with
asthma control. For example, a recent study (7) investigated children and adolescents aged
4-17 years and found that uncontrolled asthma was linked to self-reported asthma severity
and to reported history of recent cold, flu or sinus infections, history of exacerbation, and
caregiver unemployment. In another cross-sectional study of children aged 4-18 years, race/
ethnicity, lower lung function, and immunoglobulin E (IgE) sensitization to cockroach were
concurrently linked to asthma control. In one of the few studies looking exclusively at
preschool age children (2-5 years), factors found to precede exacerbations by only 1 day
included nighttime use of a short-acting bronchodilator (8). To date and to our knowledge,
most studies have been cross-sectional or focused on very near-term outcomes; asthma
morbidity predictors have varied from study to study; and none has examined long-term
predictors of asthma severity in a group confined to preschool-aged children in the inner
city.

Pediatricians commonly collect information from parents about the child’s early life history,
current asthma health, medication use, environmental exposures, and family health history.
The predictive value of such information for longer term prognosis has not been sufficiently
studied. The purpose of our study was to determine which, if any, clinical factors are
predictive of poor long-term asthma control.

Study Participants

The study population was composed of children who participated in the observational study:
Baltimore Indoor Environment Study of Asthma in Kids (9-11). At enroliment, participants
were between 2 and 6 years of age and resided in one of nine contiguous zip codes in
Baltimore, MD, USA. The participants were identified from a sample of children with
healthcare encounters within the previous 12 months at Johns Hopkins Community
Physicians or Bayview Pediatrics, the medical centers that provide the majority of care to
children living in these inner-city zip codes. Eligibility criteria for children included: (1)
doctor-diagnosed asthma, (2) symptoms or use of asthma medications within the last 6
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months, and (3) at least one healthcare encounter for asthma within the preceding 12 months
(ICD-9 493.xx). Participants were recruited between September 2001 and December 2003,
and written informed consent was obtained from parents or legal guardians, and the Johns
Hopkins Medical Institutional Review Board approved the study protocol.

Baseline Data Collection

Baseline data were collected using an interviewer-administered survey with closed-ended
questions. Caregivers reported on household demographics, indoor environmental exposures
(including allergens and pollutants), family history (asthma, hay fever, and eczema), the
child’s respiratory symptoms during the previous 2 weeks, and medication use (long-term
controller [LTC] use and rescue medications use within the previous 2 weeks). The use of
the following LTC medications was assessed: inhaled corticosteroids (ICSs), cromolyn and
nedocromil, oral leukotriene modifiers, long-acting beta-agonists, and oral theophylline.

Asthma severity was categorized as intermittent, mild persistent, moderate persistent, and
severe persistent based on reported daytime symptoms, nighttime symptoms, reliever
medication use, and activity limitation over the prior 2 weeks, as recommended by the
National Asthma Education and Prevention Program (NAEPP) guidelines (1).

Allergic sensitization status was assessed by skin prick testing (Multi-Test 11, Lincoln
Diagnostics, Decatur, IL, USA) to 14 common aeroallergens and 2 controls (histamine and
glycerine) (Hollister-Stier Laboratories, Spokane, WA, USA and Greer Laboratories, Lenoir,
NC, USA), as previously described (10,11). A positive skin test was defined as a net wheal
diameter of at least 2 mm, and a child was considered atopic if he/she had at least one
positive skin test in the panel of allergens tested. Subjects also underwent blood draws, with
serum samples analyzed for total IgE (kU/I) by CAP-RAST (Pharmacia Diagnostics,
Uppsala, Sweden).

Environmental assessments included an inspection of the entire dwelling, and dust and air
sampling were conducted in the child’s bedroom. This location was chosen as the indoor
monitoring site as it represents where the child spends a substantial portion of time while
indoors. Household dust samples were collected from the child’s bedroom as previously
described (11) and assayed for the allergens of cat (Fel d 1), dog (Can f 1), and cockroach
(Bla g 1) using standard methods (12-16). The limits of detection of the assay were 50 ng/g
for Fel d 1 and Can f 1, and 1 U/g for Bla g 1.

Air samples were collected following previously described procedures (11,17). Briefly,
integrated air sampling of particulate matter (PM) was performed over 3 days using PM1q
(PM with an aerodynamic size less than 10 um) and PM> 5 (PM with an aerodynamic size
less than 2.5 pm) and 4 1/min MSP™ impactors (St. Paul, MN, USA) loaded with 37 mm
diameter, 2.0 um pore size, PALL Teflo™ polytetrafluoroethylene (PTFE) membrane filters
with polypropylene support rings (Pall Corporation, Ann Arbor, MI, USA). Samples were
collected using battery operated pumps plugged into house electrical service to assure 72 h
of operation. Nitrogen dioxide (NO,) samples were collected for the same period using
passive Ogawa badges (11,18).
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2-Year Follow-Up Data Collection

Participants were contacted after 2 years to complete an interviewer-administered survey
with closed-ended questions. Asthma severity after 2 years of follow-up was the primary
outcome of interest; as with baseline asthma severity, it was determined by parent/guardian
report of the child’s symptoms over the previous 2 weeks. Categories of asthma severity
were dichotomized as intermittent/mild persistent versus moderate/severe persistent. The
secondary outcome of interest was acute healthcare utilization (HCU) at 2 years, defined as
any unscheduled doctor’s visit, emergency department visit, or hospitalization for asthma in
the previous 3 months and reported at the 2-year follow-up; responses were dichotomized as
yes or no.

Statistical Analysis

Results

We used descriptive statistics to characterize the patient sample, with proportions or means
with standard deviations applied where appropriate. Student’s #test and Fisher’s exact test
were also used, where appropriate, to determine differences between subjects lost to follow-
up and those remaining in the study.

Baseline characteristics that were determined to be potential predictors of future asthma
morbidity were identified (Figure 1) and categorized as (1) demographics (age, race, gender,
and caregiver education); (2) asthma symptoms (symptoms of wheeze and cough during the
previous 2 weeks); (3) medication use (ICSs and short-acting beta-agonist); (4) healthcare
utilization (HCU); (5) early-life medical history (birth weight and history of pneumonia,
bronchitis, prematurity [born 3 weeks early], being breast fed, being on a ventilator, and
antibiotic use in first year of life, or previous 12 months); (6) family history (mother and/or
father with a history of atopy, hay fever, or asthma); (7) allergen exposure and allergic
disease (symptoms of rhinitis, symptoms of eczema); (8) exposure and/or sensitization to
common household allergens — mouse, cat, dog, cockroach); and (9) pollutant exposure
(PMyg, PM5 5, NO,, and total cigarettes smoked in the household).

To address covariates with missing data, we used multivariate imputation by chained
equations (19). Bivariate analysis was performed using logistic regression to examine the
association of predictors shown in Figure 1 with asthma severity and healthcare utilization at
2 years. Variables with a p-value <.1 in bivariate analysis were included in the multivariable
models. Results were reported as odds ratios (ORs) with 95% confidence intervals (Cls). All
analyses were performed using StataSE 10.1 (Stata Corporation, College Station, TX, USA),
and a two-tailed p-value < .05 was used to detect statistically significant differences.

Study Population

Of the 150 children at baseline, 124 (83%) returned for the 2-year follow-up visit and were
included in final analyses. The mean age of these 124 children at baseline was 4.4 years
(range 2-6 years); participants were predominantly boys (61%) and African American
(90%). Most of the children were atopic and 32.5% reported using ICSs (Table 1). The use
of other LTC medication use was infrequent: cromolyn and nedocromil (3%), and
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leukotriene modifiers (7%). Nine children reported taking oral corticosteroids during the
past 2 weeks. Median baseline pollutant concentrations were 33.5 mcg/m3 for PM, 5, 47.5
mcg/m3 for PMy, and 24 ppb for NO,.

Characteristics between subjects included in the final analyses and those lost to follow-up
were not significantly different, except male subjects (61 vs. 38%, p =.04) and those with
less educated caregivers were more likely to attend the follow-up visit and therefore be
included in the final analyses. There was no significant difference in the proportion of
children with mild asthma or moderate/severe disease between the two visits. Almost half of
the children were classified as having moderate/severe asthma at both baseline and the 2-
year follow-up (44% and 43%, respectively). Despite minimal change in the proportion of
children with mild or severe disease, 48 children (38.7%) showed a change in their asthma
severity (improvement or worsening) at the follow-up visit. Specifically, 25 (20.2%) children
had improved and 23 (18.5%) children had worsened with regard to disease severity at 2
years (Table 2).

Baseline Predictors of Asthma Severity at 2-Year Follow-Up Visit

In bivariate analyses, children with recent HCU at base- line were three times more likely
(OR = 3.06; 95% CI = 1.43-6.53) to have moderate/severe persistent asthma symptoms at 2-
year follow-up, while children with a reported history of ever having pneumonia were four
times more likely (OR = 4.44; 95% CI = 1.32-14.86) (Table 3). Reported antibiotic use in
the 12 months prior to the baseline visit was borderline statistically associated (p = .052)
with worse asthma severity. Similarly, baseline medication use (both short-acting beta-
agonist and ICS use) and daytime and nighttime symptoms of wheeze predicted increased
asthma severity at the 2-year follow-up. Specifically, ICS use (OR = 2.45; 95% CI = 1.14-
5.31), beta-agonist use (OR = 1.10, 95% CI = 1.02-1.18), wheeze without a cold (OR =
2.52; 95% CI = 1.21-5.26), and nighttime awakening due to wheeze (OR = 3.18; 95% CI =
1.29-7.57) were associated with having moderate/persistent asthma symptoms at follow-up.
Demographic factors, other measured early life exposures, markers of allergy/allergic
disease, family history, and in-home allergen and pollutant exposures including PM and NO,
were not predictive of worse asthma symptoms at 2 years.

In the multivariable models, after adjusting for factors associated with higher asthma
severity in bivariate analyses, a reported history of pneumonia (OR = 4.91; 95% Cl = 1.14-
21.15) and nocturnal wheeze (OR = 2.65; 95% CI = 1.02-6.93) were independently
associated with risk of having moderate/severe persistent asthma symptoms at 2 years.
Medication use and baseline healthcare utilization were no longer significant predictors of
asthma symptoms.

Baseline Predictors of Healthcare Utilization at the 2-Year Follow-Up Visit

Children with acute healthcare visits and children who reported wheeze without a cold at
baseline were almost three times as likely to require healthcare utilization 2 years later.
Similarly, those with markers of allergic disease, including a history of eczema (OR = 2.46;
95% CI = 1.07-5.66), rhinitis symptoms (OR = 3.35; 95% CI = 1.45-7.76), and a family
history of mother with hay fever (OR = 2.91; 95% CI = 1.27-6.69) were more likely to
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report healthcare utilization at 2 years. Baseline demographic factors, history of pneumonia
or bronchitis, and in-home allergen and pollutant exposures were not predictive of HCU at 2
years.
After adjusting for factors associated with healthcare utilization in bivariate analyses, all
tested factors continued to show a trend toward predicting healthcare utilization at 2 years,
though none met statistical significance (Table 4).

Discussion

Although poor, inner-city children suffer disproportionately from asthma morbidity, few
studies have investigated which clinical and environmental factors predict future asthma
morbidity in inner-city preschool children. Several studies have shown that children with
asthma have more lost days from school, activity restriction, and missed sleep which may
lead to worse school performance (20). Furthermore, it has been shown that beginning
school with asthma independently predicts low achievement (21). This has several
implications for children with asthma in the inner city who suffer high levels of asthma
severity and may have poor school performance (20). Thus understanding which preschool
children will have worse asthma morbidity upon entering school age may help target those at
higher risk of worse outcomes. To our knowledge, no study has examined long-term
predictors of asthma severity in a group confined to preschool-aged children in the inner
city. In this study, we determined that certain information readily available to clinicians is a
strong predictor of worse asthma symptoms and healthcare utilization 2 years later in inner-
city preschool children. These clinical factors, namely nighttime awakening from asthma
and a history of pneumonia, were predictive of which children would have more severe
disease 2 years later. Therefore, children with these clinical risk factors may deserve closer
monitoring to prevent future asthma morbidity.

The NAEPP guidelines recommend assessing nocturnal awakening due to asthma symptoms
when assessing a child’s history and selecting an asthma treatment plan (1). Prior studies
have highlighted the importance of nocturnal asthma symptoms by demonstrating that
nocturnal symptoms were associated with children’s decreased school attendance and
performance, and parents’ lower work attendance, independent of daytime symptoms (22).
In our study, children who awakened at night due to asthma symptoms had worse asthma
symptoms 2 years later, independent of baseline daytime symptoms or overall asthma
severity. The finding that the presence of nocturnal symptoms was more predictive of future
disease severity than overall baseline asthma severity supports the theory that the presence of
nocturnal symptoms is an important prognostic indicator. Not only does this symptom
require short-term management changes but it also necessitates more intensive, longer term
follow-up.

A clinician can easily obtain a child’s clinical history during a routine office visit, including
whether he or she has had pneumonia. Our results indicate that, in addition to recent
nocturnal symptoms, children with a previous occurrence of pneumonia had worse asthma
symptoms 2 years after enrollment. Whether having had pneumonia previously predisposes
one to worse asthma symptoms through an altered immune response or structural lung
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changes, or whether those at risk for worse asthma are more likely to develop pneumonia or
a lower respiratory illness remains unclear. However, the importance of early life infection
has been previously implicated as a risk factor for persistent wheeze in children and adults
(23-25). Based on our results, early life pneumonia is an important clinical factor associated
with children developing wheeze, and with the presence of worse symptom severity in those
with already established asthma. The above findings show that nocturnal symptoms and
previous pneumonia are predictive of worse asthma symptoms, regardless of baseline atopic
status and environmental exposures.

Numerous studies have suggested that markers of allergic disease and environmental
exposures are associated with concurrent worse asthma symptoms and may be predictive of
future asthma symptoms in children (26-29). Specifically, the Epidemiology and Natural
History of Asthma: Outcomes and Treatment Regimens (TENOR) study revealed that
patients with three or more allergic triggers were two times more likely to have a future
exacerbation (30,31). The Childhood Asthma Management Program retrospectively
compared children with prior hospitalization with those without prior hospitalization over 12
months and noted that markers of atopy, such as greater number of positive allergy skin
tests, higher serum IgE level, and greater peripheral blood eosinophilia, were strongly
associated with hospitalization in children with mild-to-moderate asthma (32). In our study,
the presence of rhinitis, along with family history of atopic disease, tended to be associated
with worse asthma symptoms at 2 years. Similarly, children with atopy, allergic symptoms
including rhinitis and eczema, and a history of mother with hay fever showed an overall
trend toward increased HCU at 2 years, after adjusting for other factors, including baseline
healthcare utilization. Although allergic markers did not have a statistically significant
association with worse outcomes after adjustment for other factors, the overall trends
support prior longitudinal studies demonstrating that markers of allergic disease tend to be
predictive of future asthma symptoms in children (26—29,33). This information may help
identify children at risk, and therefore studies investigating the effect of early treatment of
allergies on the natural history of allergies and asthma are warranted.

We have previously demonstrated that inner-city children are exposed to high levels of
indoor pollutants and allergens (11,17,34). We have also shown that increasing
concentrations of PM and NO, measured over 72 h at 3-month intervals, as well as exposure
to high levels of mouse allergen in mouse-sensitized individuals, were associated with
increased asthma symptoms at the time of higher pollutant concentrations in the home
(9,11,17,35). Similarly, previous studies have demonstrated allergen exposure such as mouse
and cockroach are independent risk factors for increased asthma morbidity in inner-city
children (36). Gruchalla et al. (37) showed that school age children, aged 5-11 years, in the
inner city with exposure and sensitization to allergens — in particular to cockroaches — had
worse 2-year asthma morbidity in the Inner City Asthma Study. Similarly, Illi et al. showed
that sensitization and exposure to perennial allergens in early life predisposed children to
loss of lung function and asthma at school age (33). The current results, however, show that
baseline pollutant and allergen concentrations were not predictive of future asthma severity
or HCU at 2 years in inner-city preschool children. Pollutant levels measured over a 72-h
period or allergen exposure measured at a single time point may not be an accurate
reflection of chronic exposure over a 2-year period, and measuring exposure concentrations
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repeatedly over longer periods may be warranted to assess long-term risk of exposure.
Furthermore, given our smaller sample size, we were limited in power for subgroup analysis
to investigate whether sensitized individuals exposed to a particular allergen may be more
predisposed to poor future asthma morbidity.

Our comprehensive baseline evaluation, including baseline measures of asthma severity,
medication use, and allergen and pollutant environmental exposures, allowed for a thorough
evaluation of multiple factors which may contribute to disease progression. All of the data
regarding symptoms, medication use, and HCU were collected by caregiver report.
Therefore, reported LTC use may differ from verified use, and medication compliance was
not assessed. In addition, a reported history of pneumonia and early life infections may be
particularly subject to recall bias; however, this recall bias is likely minimized by the young
age of the children at enrollment and the prospective design of the study where parents
reported history of pneumonia at baseline without knowing if their children would continue
to develop significant asthma morbidity at 2 years of follow-up. Objective measures of
airway inflammation (i.e., exhaled nitric oxide) and lung were not available; therefore, we
were unable to assess their importance or additional contribution to predicting future asthma
severity and HCU. In addition, culture data were not available, therefore we were unable to
distinguish whether the association of pneumonia with increased disease severity was due to
a particular organism of infection. Lastly, the demographic homogeneity of our poor, mostly
African-American, inner-city population limits generalizability, but is in fact a strength of
our study, as we are able to identify baseline clinical characteristics that are particularly
relevant in a population at high risk of suffering significant asthma morbidity.

In summary, inner-city preschool children with asthma who report a history of pneumonia
and nighttime symptoms of wheeze have worse asthma symptoms 2 years later. Findings
from this study may help to identify children who will continue to contribute to the high
asthma burden that exists among school-aged minority children with asthma and those
residing in the inner city. These findings suggest that by using information readily available
to them, clinicians may identify preschool age inner-city children who may be at risk for
high asthma morbidity in the future and who may require closer monitoring and asthma
management.
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Baseline asthma characteristics D:mogr aphics
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Asthma control at 2 years

Early childhood illness
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Figure 1. Potential baseline predictors of asthma severity at 2 years
Note: PM5 5, PM with an aerodynamic size less than 2.5 um; PMg, PM with an

aerodynamic size less than 10 pm; NO,, nitrogen dioxide.
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Table 1

Baseline participant characteristics.

n=124

Mean age (range) 4.44 (2-6)
Gender

Percentage of male (%) 61.3
Race (%)

African-American 90.3

Other 9.7
Inhaled corticosteroid (ICS) use 325
Educational attainment of caregiver (%)

8th Grade/some high school 42.7

High school graduate 42.0

Some college or more 15.3
Recent healthcare utilization (HCU)

(previous 3 months) (%)

Urgent doctor visit 17.7

Emergency department visit 25.8

Hospitalization 3.2
Atopic (%) 67.6
Baseline asthma control (%)

Mild intermittent/persistent 55.6

Moderate/severe persistent 44.4
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Table 2

Asthma severity at baseline and 2 years.

2-Year asthma severity

Intermittent/mild persistent  Moderate/severe persistent  Total

Baseline asthma severity

Intermittent/mild persistent 46 23 69
Moderate/severe persistent 25 30 55
Total 71 53 124
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Table 3

Baseline predictors of asthma symptoms at 2-year follow-up.

Page 14

Asthma symptoms (moderate/severe vs. intermittent/  Asthma symptoms (moderate/severe vs. intermittent/

mild symptoms) Unadjusted

mild symptoms) Adjusted®

Baseline severity 1.34(0.99-1.81)
Acute healthcare visit 3.06 (1.43-6.53)
Inhaled corticosteroids 2.45(1.14-5.31)
(ICSs)
Beta-agonist use 1.10 (1.02-1.18)
Wheeze without cold 2.52 (1.21-5.26)
Woken with wheeze 3.18 (1.29-7.57)
Pneumonia 4.44 (1.32-14.86)
Antibiotic use 2.05 (0.99-4.25)
Rhinitis 1.97 (0.96-4.06)
Mother/father hay fever 1.94 (0.92-4.09)

1.09 (0.71~1.66)
1.72 (0.65-4.57)
1.39 (0.52-3.72)

0.99 (0.88-1.10)
1.32 (0.53-3.29)
2.69 (1.00-7.21)
5.39 (1.43-20.28)
1.38 (0.59-3.20)
1.31 (0.54-3.20)
1.37 (0.56-3.35)

Note: Bold values are those statistically significant by P < 0.05.

a. . . . . . . . Lo .
Adjusted for all variables shown in table (these include all variables associated with asthma symptoms in bivariate analyses with p <.1).
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Baseline predictors of healthcare utilization (HCU) at 2-year follow-up.

Table 4

HCU

HCU

unadjusted

adjusted®

Acute healthcare visit
Inhaled corticosteroids (ICSs)
Wheeze without cold

Woken with wheeze

Rhinitis
Mother hay fever
Atopic

Eczema ever

Caregiver education

2.84 (1.25-6.46)
2.19 (0.96-5.00)
2.84 (1.25-6.44)
1.60 (0.68-3.79)
3.35 (1.45-7.76)
2.91 (1.27-6.69)
2.31 (0.88-6.01)
2.46 (1.07-5.66)
1.63 (0.93-2.84)

1.83 (0.70-4.77)
1.46 (0.53-4.06)
1.53 (0.56-4.21)
1.14 (0.43-3.05)
1.64 (0.61-4.44)
2.39 (0.91-6.26)
2.28 (0.77-6.79)
2.22 (0.85-5.83)
1.06 (0.54-2.09)

Note: Bold values are those statistically significant by P < 0.05.

a, . . . . . . . Lo .
Adjusted for all variables shown in table (these include all variables associated with HCU in bivariate analyses with p <.1).
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