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Asthma exacerbations are important components of asthma
morbidity. The Inner-City Asthma Consortium was established in
the early 1990s to identify risk factors for and to evaluate treatments
to reduce asthma symptoms and exacerbations. Early studies
identified atopy and inadequate treatment as important drivers of
asthma morbidity. Later studies demonstrated that good adherence
to guidelines-based asthma care could virtually eliminate symptoms
and reduce but not eliminate exacerbations. Looking at
exacerbations by season, risk factors were found to vary across the
different seasons. Of the 7 factors identified, allergic status and
pulmonary functions were found to be important for exacerbations
in all seasons, but allergy had its strongest effect in the fall season.
Therefore, additional therapy directed at reducing the role of allergy
was evaluated and found to significantly reduce exacerbations even
in participants with good symptom control when receiving
guidelines-based therapy. Despite this year around aggressive
therapy, exacerbations remain albeit at a lower level and with less
seasonal variation. Another strategy, the short term use of therapy
aimed at reducing the role of allergy begun before the fall season
and focused on individuals at high risk for exacerbations, was found
to be an effective approach to minimize exacerbations and to limit
the amount of therapy necessary. Published by Elsevier Inc. on
behalf of the American Academy of Allergy, Asthma & Immunology
(J Allergy Clin Immunol Pract 2016;4:22-6)
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Exacerbations are a distinct and, perhaps, the most important
component driving asthma morbidity. This distinction is high-
lighted by The Expert Panel Report 3 (EPR-3): Guidelines for the
Diagnosis and Management of Asthma, which identifies 2 domains
of disease control: impairment, which focuses on symptoms and
functional impairment, and risk, which focuses on risk of asthma
exacerbations, progressive loss of pulmonary function, and side
effects.1 Exacerbations are an important cause of asthma
morbidity and cost. Data from the 2008-2010 Medical Expen-
ditures Panel survey, a nationally representative study of medical
costs in the United States, found that approximately 50% of self-
reported patients with asthma reported having an exacerbation in
the previous year.2 Patients with exacerbations have significantly
higher medical expenses than those without exacerbations.3

Although individuals with severe asthma have higher rates of ex-
acerbations, patients with mild asthma still account for a large
percentage of exacerbations.4 Finally, disparities exist in risks for
exacerbations with the young, minorities, and the poor having
higher rates.5 These disparities have not decreased in recent years.6

INCEPTION OF THE INNER-CITY ASTHMA

CONSORTIUM
Asthma disparities are not a recent phenomenon. In 1987, a

review of asthma morbidity and mortality using data on the US
population found asthma morbidity and mortality increasing
with higher rates in poor and minority populations.7 Other
studies reported that geographic areas with high concentrations
of poor and minority residents also had high levels of asthma
morbidity and mortality.8,9 The Inner-City Asthma Consortium
(ICAC) was established in 1991 to identify the causes of the
disparities in asthma morbidity and to develop strategies to
reduce them. Over the past 24 years, the National Institute of
Allergy and Infectious Diseases has funded 5 iterations of the
ICAC, which have performed a series of epidemiologic studies
and clinical trials that have expanded our understanding of ex-
acerbations.10 This article will review what has been learned from
this effort about asthma exacerbations in inner-city populations.

The original NIAID Inner-City Asthma Program, The Na-
tional Cooperative Inner-City Asthma Study (NCICAS), 1991-
1995, was a 2-phase study. The first phase was an epidemiologic
study of 4- to 9-year-old children with asthma and living in
selected US inner cities. The children were carefully followed
over 12 months to document their asthma symptoms and ex-
acerbations with extensive measurement of the home environ-
ment and psychosocial outcomes. NCICAS Phase 1 documented
a high level of symptoms and exacerbations in this population.11
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Abbreviations used

ACE- A
sthma Control Evaluation

ICAC- I
nner-City Asthma Consortium

ICAS- I
nner-City Asthma Study
ICATA- I
nner-City Anti-IgE Therapy for Asthma

NCICAS- N
ational Cooperative Inner-City Asthma Study

PROSE- P
reventative Omalizumab or Step-up Therapy for Severe

Fall Exacerbations
Not unexpectedly, most of the children had high rates of allergic
sensitization with multiple positive allergen skin test responses.
Unexpectedly, however, house dust mite was not an important
allergen and other allergens such as cockroach12 and mouse13

represented a significant percentage of allergic sensitization and
were present in large quantities in inner-city homes. The com-
bination of exposure and sensitization to cockroach was found to
be a very strong determinate of asthma exacerbations but less
important in the frequency of symptoms.12 Many other factors
were found to be driving asthma morbidity among the NCICAS
children including inadequate treatment, lack of access to
treatment, poor adherence to treatment, childhood behavioral
problems, caretaker mental health problems, and allergic
sensitization.11,12,14,15

The role of environmental allergens and exacerbations
The first phase of the NCICAS suggested that given these

many interrelated medical and psychosocial determinants of
disease, a simple disease education program would be insufficient
to ameliorate the high level of morbidity. Therefore, during
NCICAS Phase 2, an intervention was developed and applied in
a randomized design to 5 to 11 years in an attempt to help the
family deal with the competing issues in their lives so they could
better manage their child’s asthma. Families in the intervention
were assigned an asthma counselor who was a trained social
worker familiar with the social welfare resources available in the
local area and also trained in asthma education. At the beginning
of the study, families were evaluated to determine which risk
factors were relevant to them; the intervention was then tailored
by the asthma counselor to the identified risk factors. In addition
to asthma education, the asthma counselor provided the care-
takers with referrals to appropriate community resources for
education on smoking cessation, as well as on psychological and
social issues. No direct medical care was given to the families, but
the caretaker was trained to discuss their concerns about their
child’s asthma with their primary care provider and to obtain an
asthma action plan. To lower the burden of environmental al-
lergens, the families with children who were skin test positive to
cockroach and were randomized to the intervention were
instructed on environmental cleanup and professional pest con-
trol companies visited the homes twice for cockroach elimina-
tion. The control group received only general asthma education.

The intervention was found effective in lowering the level of
symptoms, but a significant level of symptoms still remained.16

The intervention had a lesser effect on asthma exacerbations.
The use of commercial pest companies and home cleanup efforts
had only a small impact on home cockroach levels and the
decrease in allergen levels only lasted a short time.17

One assumption for the relatively small effect of the interven-
tion was the high level of environmental allergens, which likely
played a significant role in maintaining the high level of disease
activity. It was postulated that this continuing allergen stimulus
reduced the effectiveness of the asthma treatment the children
were receiving. It was also obvious from the results of the limited
NCICAS cockroach intervention that the use of professional pest
companies and minimal cleanup efforts would not be sufficient.

The next effort therefore was to reduce the environmental
burden of allergens with the hope that this would make the
child’s asthma easier to control and reduce the level of medica-
tion needed to achieve that control. As a consequence, the Inner-
City Asthma Study (ICAS), a randomized trial conducted
between 1996 and 2001, enrolled children, aged 5 to 11 years,
with asthma and a sensitization to at least one indoor allergen.
The intervention group received comprehensive home cleanup
that included high efficiency particulate arresting (HEPA) air
filters, mattress and pillow covers, and a HEPA vacuum cleaner,
and the cleanup was supervised by research assistants who visited
the home between 5 and 7 times during the course of the 12-
month intervention. The families of children sensitized to
cockroach also received visits from professional exterminators for
cockroach elimination. The intervention reduced the level of
allergens in the home, and this decrease in allergen levels was
associated with the improvement in asthma symptoms and a
lesser improvement in asthma attacks.18

Treatment interventions to prevent exacerbations
The results of the NCICAS and ICAS interventions demon-

strated that inner-city children with asthma whose family un-
derstands the disease, feels empowered to discuss treatment issues
with the child’s physician, and is given the opportunity to reduce
indoor allergens can have improved symptoms and, to a lesser
degree, reduced asthma exacerbations. However, these efforts are
not sufficient to bring the child’s asthma (measured by either
symptoms or exacerbations) under optimal control.

Because, in general, participants in previous inner-city trials
were not receiving sufficient therapy from their primary care
providers, the Asthma Control Evaluation (ACE) trial was devel-
oped and implemented by the ICAC, between 2002 and 2008.
The ACE trial sought to determine if asthma treatment, based on
EPR-3 guidelines, was sufficient to eliminate exacerbations among
children 12 to 20 years old who had moderate to severe asthma.
The ACE study was also designed to determine whether therapy
guided by a defined algorithm based on symptoms and pulmonary
function would be as effective as a more aggressive approach in
which treatment could be increased over the level selected based
on symptoms and pulmonary functions based on elevations of
exhaled nitric oxide (FeNO). Both the control and FeNO-based
treatment groups received asthma treatment in accordance to
EPR-3 guidelines. A computer algorithm was developed to enable
treating physicians at the 10 research sites to select and change
treatment levels in a standardized fashion.

In both the FeNO-based treatment and the control groups, the
greatest improvement in symptoms occurred during a 3-week
run-in period when the participants were transitioned into
guidelines-based care. During this time, asthma symptoms
decreased by more than 60%. Adherence to medication was high
in both the control and intervention group. Over the course of
the 46-week treatment period, between 71% and 78% of the
participants were judged to be in good control, based on
symptoms and pulmonary function. The FeNO-guided treatment



FIGURE 1. Seasonal variation in exacerbations among children 6 to 20 years of age receiving guidelines-based therapy with or without
omalizumab; Inner-City Anti-IgE Therapy for Asthma (ICATA).20
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resulted in approximately 120 mg higher dose of daily fluticasone
compared with the control group. Despite this increase in
Inhaled Corticosteroids (ICS), the level of symptoms did not
differ between the 2 groups. However, 42% of the participants in
the control group versus 32.1% (P < .01) in the FeNO-guided
treatment group developed asthma exacerbations requiring a
burst of prednisone during the course of the study. The study
concluded that the level of therapy recommended by EPR-3
guidelines resulted in excellent overall asthma control.19

Although the findings indicated that higher doses of ICS result-
ing from the FeNO-guided treatment had the potential to reduce
exacerbations, approximately one-third of the children experienced
an exacerbation during their 48-week study participation.

Based on the NCICAS observation that allergic sensitization is
a driving force for asthma exacerbations in inner-city children
and the ACE observation that, although aggressive ICS therapy
lowers the rate of exacerbations, exacerbations still remained a
frequent event, the Inner-City Anti-IgE Therapy for Asthma
(ICATA) trial was designed. The ICATA trial evaluated whether
suppression of the allergic signal with the use of anti-IgE
(omalizumab) would reduce exacerbations even in the presence
of “optimal,” EPR-3 directed therapy. Inner-city children aged 6
to 20 years with moderate-to-severe asthma, who qualified for
omalizumab based on their total IgE and weight, were ran-
domized to EPR-3 guidelines-based therapy with added omali-
zumab versus placebo for a 1-year treatment period. Therapy was
standardized using a defined algorithm, modified from previous
ICAC studies, with a recent exacerbation history added to
symptoms and pulmonary function as the outcomes determining
the need for stepping therapy up or down during the course of
the intervention. Omalizumab significantly lowered the exacer-
bation rate over that of the placebo arm—an approximate 38%
decrease. This decrease in exacerbations was larger than the
approximately 23% decrease seen in the ACE study in the FeNO

group and was achieved though the dose of inhaled corticosteroid
treatment was decreased during the ICATA study in the
omalizumab-treated participants. The expected fall and the lesser
spring peak in exacerbations were clearly seen in the control
group but were absent in the omalizumab group (Figure 1). The
ICATA study clearly showed that allergy plays an important role
in the seasonal variation in asthma exacerbations, a role that
could not be eliminated by EPR3-based treatment alone. Inter-
estingly, despite the elimination of seasonal peaks, the average
monthly rate of exacerbations continued to be around 5% in the
omalizumab group, which shows that in addition to allergy, some
other factors may determine a portion of asthma exacerbations.20

Exacerbation risk factors
The findings of the ACE and ICATA studies emphasized the

need to identify risk factors associated with asthma exacerbations
among children receiving guidelines-based therapy to develop new
approaches to further reduce the rate of exacerbations. As respi-
ratory viruses, particularly rhinovirus infections, are linked with
exacerbations,21 it would seem logical to direct efforts in this di-
rection. However, a viral infection is not sufficient to cause an
asthma exacerbation. Rhinovirus infections are nearly universal
among children with asthma during the fall and winter seasons,
but in most cases, they do not result in exacerbations.22 Other
factors obviously contribute to the asthma exacerbation process.

In an initial attempt to better understand which nonviral risk
factors were associated with exacerbations versus symptoms, data
from the ACE study were evaluated more extensively. Twelve
variables, which were collected at the ACE baseline visit, were
included in the analyses. Baseline asthma symptoms and previous
exacerbations were the principal determinants of both future
symptoms and exacerbations, but pulmonary function, specifically
bronchial reactivity, was a significant predictor of exacerbations
but not symptoms. Neither set of predictors explained much of the
future variance in symptoms (11.4%) or exacerbations (12.6%).23

Seasonal variations
Descriptive analyses of the temporal variation in exacerbations

and risk factors from various ICAC studies pointed to a different
approach to understanding exacerbations. These analyses showed
that both asthma exacerbations among inner-city children fol-
lowed a similar seasonal pattern of fall peaks and summer lows
seen in children with asthma around the world,24 and many of
the risk factors for exacerbations, such as pulmonary functions,



FIGURE 2. Risk factors for exacerbations by season among children aged 6 to 20 years. Negative associations are indicated by an
asterisk.25
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also have season variation in their levels. A study was undertaken
to incorporate the season variation in risk factors to obtain better
insight into predictors of exacerbations. We evaluated data from
400 participants from the ACE and the ICATA studies who
received standardized, guidelines-based treatment for approxi-
mately 1 year. Exacerbations were stratified by season of occur-
rence (spring, summer, winter, fall). Certain variables, such as skin
test results and IgE, were derived from baseline data, whereas other
predictors (previous exacerbations, ICS treatment requirements,
FEV1/FVC, and FENO) were drawn from measurements taken in
the previous season. For example, FEV1/FVC and FENO measured
during the summer were used to predict fall exacerbations.

A number of informative and novel findings arose from this
analytic approach. First, the factors that predicted exacerbations
varied by the season. Exacerbations in the previous season were
the most important predictor for fall and winter exacerbations,
but were much less important for spring and summer exacer-
bations. Although a higher requirement for ICS was the most
important predictor for spring and summer exacerbations, it was
a minor predictor for fall and winter exacerbations. Pulmonary
function, for example, FEV1/FVC, was an important predictor for
all seasons but was least predictive for fall exacerbations. Finally,
allergic status was a predictor for all seasons but was most strongly
associated with exacerbations in the fall (Figure 2). Using multi-
variate modeling, 30.5% of the variance in fall exacerbations could
be explained by our model; for the other seasons, the amount of
variance explained ranged from 12.5% to 16%.25

Even though a number of the risk factors were measured
before the start of the season, timing of when the risk factors
were measured may still have influenced which risk factors were
selected. For example, a very high FeNO may be predictive of an
exacerbation in the short term (same season exacerbation), but
not an exacerbation in several months.

Given the seasonal nature of exacerbations with the highest
rates in the fall and varying risk factors for each season, the next
intervention strategy evaluated by the ICAC was a seasonal-based
treatment approach to reduce exacerbations. The ICAC in-
vestigators specifically targeted fall exacerbations by beginning
the intervention shortly before the start of school and continuing
it through the fall season. Two approaches were evaluated, the
use of short-term omalizumab based on the results of the ICATA
study or a boost in inhaled ICS above the dose needed to control
symptoms based on the findings from the ACE study. This
study, the Preventative Omalizumab or Step-up Therapy for Severe
Fall Exacerbations, (PROSE) was designed and implemented by the
ICAC between 2009 and 2013. Inner-city children between the
ages of 6 and 17 years were included. The PROSE study reported a
significant decrease in fall exacerbations with preseasonal treatment
with omalizumab. Participants with a recent exacerbation received
the greatest benefit. Little to no reduction in exacerbations was
found in the group receiving the steroid boost. 26
SUMMARY
The findings from the various studies of the ICAC over the

last several decades have given us a greater understanding and
appreciation of the causes and treatment of asthma exacerbations
among poor and minority children living in the inner city. For
example, the risk factors for exacerbations are not the same for
every season; the months following an exacerbation are an
especially vulnerable time for future exacerbations; allergy is a
major driving force for exacerbations and symptoms among this
population; finally, the combination of allergic sensitization and
exposure to certain allergens, such as cockroach, identifies in-
dividuals who are at increased risk for exacerbations.12 We have
also learned that removing allergens from the environment is
efficacious but, unfortunately, not easily accomplished,17,18 and
even if allergen levels are reduced in the home, other locations
such as schools and day care are important sources for continuing
exposure.27, 28 Adherence to medication did not appear to be a
risk factor in the inner-city studies because of the high level of
adherence achieved in these closely followed cohorts. However,
in other situations where adherence is not high, efforts to increase
adherence have proven beneficial. For example, increasing use of
medication in the summer months has been shown to be asso-
ciated with reduced fall exacerbations.29

EPR-3 directed therapy can achieve excellent control of
symptoms and reduce exacerbations in the majority of children
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with asthma in inner-city populations. However, many chal-
lenges, such as access to a level of care needed for treatment,
obtaining the medications, and understanding their use, are
barriers that must be overcome. Despite excellent control of
symptoms, exacerbations still remain a significant problem that
cannot be controlled with guidelines-based conventional treat-
ment (ICS or ICS/long-acting beta agonists (LABA) combina-
tion) in many patients. The use of anti-IgE has reduced
exacerbations by almost 38%, even in the setting of apparent
excellent disease control. Other biologics targeting various
components of Th2 inflammation may have similar results, but
have not been tested in this population. Although current bi-
ologics are too expensive to make this approach cost effective, it
is hoped that future technological developments in the field will
render biologics available at a reduced cost. A seasonal approach
or focused therapy during periods of high risk offers the potential
to limit the cost by further reducing the use of expensive
treatments.

Despite the use of omalizumab, a 5% average monthly rate
of exacerbation remained and was constant, throughout the
year. The factors that drive these remaining exacerbations are
still unknown. Better understanding of these factors will be
necessary to further reduce or eliminate asthma exacerbations in
children.
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