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CLINICAL TRIALS AND OBSERVATIONS

Asthma is associated with acute chest syndrome and pain in children with sickle
cell anemia
Jessica H. Boyd, Eric A. Macklin, Robert C. Strunk, and Michael R. DeBaun

Pain and acute chest syndrome (ACS)
episodes are 2 of the most common
causes of hospitalization in children with
sickle cell anemia (SCA). However, very
few potentially modifiable risk factors for
either condition have been identified. In
this prospective infant cohort study, we
tested the hypothesis that asthma is asso-
ciated with an increased incidence rate of
pain and ACS episodes. An infant cohort
was composed of 291 African American

children with hemoglobin SS enrolled in
the Cooperative Study for Sickle Cell Dis-
ease before age 6 months and followed
beyond age 5 years. Asthma was defined
by a physician diagnosis, an acute asthma
event, or use of prescription asthma medi-
cations. The incidence rates of ACS and
painful episodes were compared for chil-
dren with and without asthma. A clinical
diagnosis of asthma was made in 17% of
the cohort. Asthma was associated with

more frequent ACS episodes (0.39 vs 0.20
events per patient year, P < .001) and
painful episodes (1.39 vs 0.47 events per
patient year, P < .001). In conclusion, in
children with SCA, asthma is associated
with an increased incidence of sickle cell
disease–related morbidity, including ACS
and painful episodes. (Blood. 2006;108:
2923-2927)

© 2006 by The American Society of Hematology

Introduction

Painful episodes and acute chest syndrome (ACS) are common
complications of sickle cell anemia (SCA) and are the 2 leading
causes of hospitalization among people with SCA.1,2 ACS affects
up to 50% of individuals with SCA and is the leading cause of
premature death.2-4 The pathogenesis of ACS is multifactorial and
remains unclear. In a large prospective study, several etiologies
were identified, but in approximately 50% of episodes, no cause
was determined.5 Known risk factors for the development of ACS
include younger age, degree of anemia (higher steady-state hemo-
globin level), lower hemoglobin F, and higher steady-state white
blood cell count.2,6

Asthma is a common chronic disease affecting approxi-
mately 15% to 20% of African American children.7-10 Previous
retrospective studies suggest a relationship between ACS and
asthma among children with SCA. We previously reported a
4-fold higher risk of ACS among children with SCA and a prior
doctor diagnosis of asthma within a cohort of children with SCA
hospitalized for pain.11 Knight-Madden et al12 reported a 6-fold
higher risk of recurrent ACS among children with SCA and a
parental report of doctor-diagnosed asthma. Airway obstruction
and airway lability have been previously described in patients
with SCA, suggesting that asthma may contribute to the
pulmonary complications of the disease.13-16 These data suggest
that in children with SCA, a diagnosis of asthma may be a risk
factor for ACS. This study also seeks to determine whether
asthma is also associated with painful episodes, a common

complication in SCA that often precedes or occurs concurrently
with ACS episodes.

In a cohort of infants established and followed for 20 years by
the Cooperative Study of Sickle Cell Disease (CSSCD), we tested
the hypothesis that a concurrent diagnosis of asthma in patients
with SCA is associated with increased frequency of ACS and
painful episodes.

Patients and methods

Patient population

The CSSCD study design has been reported previously.17 Subjects with
sickle cell disease were enrolled in this natural history study from 1978
through 1988; follow-up ended in 1998. Subjects were followed prospec-
tively with annual follow-up including a history and physical exam,
monitoring of clinical events and, among a subset of subjects, performance
of pulmonary function testing. Consent and assent were obtained in
accordance with the requirements and guidelines of the human subjects
committees at participating clinical centers, including Washington Univer-
sity School of Medicine. Additional approval was obtained from Washing-
ton University School of Medicine’s Institutional Review Board for
analysis of the de-identified CSSCD data held by the National Heart, Lung,
and Blood Institute.

The study cohort was composed of an infant cohort of participants
enrolled in the CSSCD. Members of the infant cohort with hemoglobin SS
who were self-designated as African American, enrolled in the study before
age 6 months, and followed beyond 5 years of age were included in this
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An analysis of a prospective cohort of individuals with sickle cell anemia (SCA),
enrolled from birth through adulthood, was conducted to determine if asthma is a risk
factor for death in SCA.  All-cause mortality was determined for participants after
adjusting for known risk factors for death in SCA. The study included 1,963 individu-
als who were followed for 18,495 patient-years. After controlling for established risk
factors, individuals with SCA and asthma had a more than two-fold higher risk of mor-
tality (hazard ratio 2.36, 95% CI 1.21 to 4.62, p=0.01). To summarize, asthma is a
risk factor for death in SCA.
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ABSTRACT

BRIEF REPORTS

The Co-operative Study for Sickle Cell
Disease (CSSCD), a large, multi-center
natural history study of sickle cell dis-

ease, determined the life expectancy for indi-
viduals with sickle cell anemia (SCA) to be in
the fifth decade of life after adjustment for
previously identified risk factors including
white blood cell count (WBC), fetal hemoglo-
bin level (HbF), presence of renal failure,
seizures, and acute chest syndrome (ACS.1

Asthma is a common chronic illness that
affects approximately 9% of African-
American adults2 and 15% of African-
American children.3-6 It is associated with an
increased incidence of ACS and painful
episodes among children with SCA(7).  The
contribution of asthma to premature death
has not been assessed in individuals with
SCA. Given the established association
between asthma and pain and ACS in this
same cohort,7-9 and the recognized risk of
death in patients with even a single episode of
ACS,10 we used data collected prospectively
over the 20-year term of the CSSCD to test
the hypothesis that a concurrent diagnosis of
asthma in patients with SCA is associated
with increased mortality.  

Design and Methods

Study design
The CSSCD study design has been previ-

ously reported.1,11,12 Participants were assessed
at least once for asthma on a supplemental
history form and/or a pulmonary function
intake form.  Original consent and assent
were obtained in accordance with the
requirements of the human subjects commit-
tees at participating clinical centers.
Additional Institutional Review Board
approval was obtained from Washington
University School of Medicine for analysis of
the de-identified data held by the National
Heart, Lung, and Blood Institute. The cohort
for this study included African-American par-
ticipants with hemoglobin SS enrolled in the
CSSCD from birth to 61 years of age.
Participants who died before the age of five
(n=33) or were not followed beyond the age
of five (n=45) were excluded from this study.
This is because a diagnosis of asthma is
unclear in young children, and death from
bacterial infection in children under the age of
5 was frequent in the era of the CSSCD study.
Of the 2,557 individuals enrolled, 76.8%
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Asthma is associated with acute chest syndrome and pain in children with sickle
cell anemia
Jessica H. Boyd, Eric A. Macklin, Robert C. Strunk, and Michael R. DeBaun

Pain and acute chest syndrome (ACS)
episodes are 2 of the most common
causes of hospitalization in children with
sickle cell anemia (SCA). However, very
few potentially modifiable risk factors for
either condition have been identified. In
this prospective infant cohort study, we
tested the hypothesis that asthma is asso-
ciated with an increased incidence rate of
pain and ACS episodes. An infant cohort
was composed of 291 African American

children with hemoglobin SS enrolled in
the Cooperative Study for Sickle Cell Dis-
ease before age 6 months and followed
beyond age 5 years. Asthma was defined
by a physician diagnosis, an acute asthma
event, or use of prescription asthma medi-
cations. The incidence rates of ACS and
painful episodes were compared for chil-
dren with and without asthma. A clinical
diagnosis of asthma was made in 17% of
the cohort. Asthma was associated with

more frequent ACS episodes (0.39 vs 0.20
events per patient year, P < .001) and
painful episodes (1.39 vs 0.47 events per
patient year, P < .001). In conclusion, in
children with SCA, asthma is associated
with an increased incidence of sickle cell
disease–related morbidity, including ACS
and painful episodes. (Blood. 2006;108:
2923-2927)

© 2006 by The American Society of Hematology

Introduction

Painful episodes and acute chest syndrome (ACS) are common
complications of sickle cell anemia (SCA) and are the 2 leading
causes of hospitalization among people with SCA.1,2 ACS affects
up to 50% of individuals with SCA and is the leading cause of
premature death.2-4 The pathogenesis of ACS is multifactorial and
remains unclear. In a large prospective study, several etiologies
were identified, but in approximately 50% of episodes, no cause
was determined.5 Known risk factors for the development of ACS
include younger age, degree of anemia (higher steady-state hemo-
globin level), lower hemoglobin F, and higher steady-state white
blood cell count.2,6

Asthma is a common chronic disease affecting approxi-
mately 15% to 20% of African American children.7-10 Previous
retrospective studies suggest a relationship between ACS and
asthma among children with SCA. We previously reported a
4-fold higher risk of ACS among children with SCA and a prior
doctor diagnosis of asthma within a cohort of children with SCA
hospitalized for pain.11 Knight-Madden et al12 reported a 6-fold
higher risk of recurrent ACS among children with SCA and a
parental report of doctor-diagnosed asthma. Airway obstruction
and airway lability have been previously described in patients
with SCA, suggesting that asthma may contribute to the
pulmonary complications of the disease.13-16 These data suggest
that in children with SCA, a diagnosis of asthma may be a risk
factor for ACS. This study also seeks to determine whether
asthma is also associated with painful episodes, a common

complication in SCA that often precedes or occurs concurrently
with ACS episodes.

In a cohort of infants established and followed for 20 years by
the Cooperative Study of Sickle Cell Disease (CSSCD), we tested
the hypothesis that a concurrent diagnosis of asthma in patients
with SCA is associated with increased frequency of ACS and
painful episodes.

Patients and methods

Patient population

The CSSCD study design has been reported previously.17 Subjects with
sickle cell disease were enrolled in this natural history study from 1978
through 1988; follow-up ended in 1998. Subjects were followed prospec-
tively with annual follow-up including a history and physical exam,
monitoring of clinical events and, among a subset of subjects, performance
of pulmonary function testing. Consent and assent were obtained in
accordance with the requirements and guidelines of the human subjects
committees at participating clinical centers, including Washington Univer-
sity School of Medicine. Additional approval was obtained from Washing-
ton University School of Medicine’s Institutional Review Board for
analysis of the de-identified CSSCD data held by the National Heart, Lung,
and Blood Institute.

The study cohort was composed of an infant cohort of participants
enrolled in the CSSCD. Members of the infant cohort with hemoglobin SS
who were self-designated as African American, enrolled in the study before
age 6 months, and followed beyond 5 years of age were included in this
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ABSTRACT

BRIEF REPORTS

The Co-operative Study for Sickle Cell
Disease (CSSCD), a large, multi-center
natural history study of sickle cell dis-

ease, determined the life expectancy for indi-
viduals with sickle cell anemia (SCA) to be in
the fifth decade of life after adjustment for
previously identified risk factors including
white blood cell count (WBC), fetal hemoglo-
bin level (HbF), presence of renal failure,
seizures, and acute chest syndrome (ACS.1

Asthma is a common chronic illness that
affects approximately 9% of African-
American adults2 and 15% of African-
American children.3-6 It is associated with an
increased incidence of ACS and painful
episodes among children with SCA(7).  The
contribution of asthma to premature death
has not been assessed in individuals with
SCA. Given the established association
between asthma and pain and ACS in this
same cohort,7-9 and the recognized risk of
death in patients with even a single episode of
ACS,10 we used data collected prospectively
over the 20-year term of the CSSCD to test
the hypothesis that a concurrent diagnosis of
asthma in patients with SCA is associated
with increased mortality.  

Design and Methods

Study design
The CSSCD study design has been previ-

ously reported.1,11,12 Participants were assessed
at least once for asthma on a supplemental
history form and/or a pulmonary function
intake form.  Original consent and assent
were obtained in accordance with the
requirements of the human subjects commit-
tees at participating clinical centers.
Additional Institutional Review Board
approval was obtained from Washington
University School of Medicine for analysis of
the de-identified data held by the National
Heart, Lung, and Blood Institute. The cohort
for this study included African-American par-
ticipants with hemoglobin SS enrolled in the
CSSCD from birth to 61 years of age.
Participants who died before the age of five
(n=33) or were not followed beyond the age
of five (n=45) were excluded from this study.
This is because a diagnosis of asthma is
unclear in young children, and death from
bacterial infection in children under the age of
5 was frequent in the era of the CSSCD study.
Of the 2,557 individuals enrolled, 76.8%
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