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A clinician diagnosis of asthma is associated with increased morbidity and mortality in people with sickle cell
disease (SCD). We hypothesized that a screening program would help identify children with asthma needing
referral to pulmonary clinic. We conducted a single-center project to screen patients with SCD for asthma
using a previously validated questionnaire (Breathmobile) and for pulmonary function abnormalities with
portable spirometry. Participants with a positive questionnaire and/or abnormal spirometry were referred to
pediatric pulmonary clinic. We evaluated clinical associations with abnormal spirometry and questionnaire
responses. Of the 157 participants, 58 (37%) had a positive asthma screening questionnaire. Interpretable
spirometry was available for 105 (83% of those eligible) and of these, 35 (34%) had abnormal results. The
asthma questionnaire was 87.5% sensitive [95% confidence interval (CI) 74.8–95.3] and 85.3% specific (95%
CI 77.3–91.4) to detect a clinician diagnosis of asthma. Participants with positive questionnaires were older
(mean age 12.2 vs. 9.9 years, P = 0.012). Spirometry identified 16 additional participants who had normal
asthma questionnaires. Seventy-four participants (47%) were referred to pediatric pulmonary clinic and 25
(34%) of these participants scheduled clinic appointments; however, only 13 (52%) were evaluated in
pulmonary clinic. Clinic-based asthma screening and spirometry frequently identified individuals with
asthma and pulmonary function abnormalities. Only 22% of those referred were eventually seen in pulmonary
clinic. The impact of improved screening and treatment on the pulmonary morbidity in SCD needs to be
defined and is an area for future investigation. In addition, case management or multidisciplinary clinics may
enhance future screening programs.
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Introduction

S ickle cell disease (SCD) is the most common genetic
disorder identified by newborn screening in the United

States, and *2,600 affected infants are born in North
America each year.1 Sickle cell anemia, or hemoglobin SS, is
usually the most severe form and accounts for 55%–65% of
SCD diagnoses.2,3 People with SCD have acute and chronic
complications related to sickled red blood cells that occlude
blood vessels and cause hemolysis, anemia, inflammation,
and end-organ damage. Pulmonary complications occur fre-
quently and include chronic symptoms such as recurrent

wheezing and chest tightness. These are often diagnosed by
clinicians as asthma, sleep-disordered breathing, and ob-
structive and restrictive lung disease.4

A clinician diagnosis of asthma is associated with increased
morbidity and affects *25% (range 20%–48%) of pediatric
patients with SCD, compared with 11% of the general population
of African American youth in the United States.5–12 Asthma-like
features such as wheezing, chest tightness, and cough occur in
many pediatric patients with SCD.13 Airway hyperresponsive-
ness is also significantly more common in youth with SCD
compared with the general population, regardless of asthma di-
agnosis.14–18 The pathophysiology of these asthma-like features
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is not understood, and symptoms commonly attributed to asthma
may overlap with symptoms that are due to underlying SCD;
whether these features are best described as ‘‘asthma’’ is debat-
able.19–21 Regardless, a 2- to 3-fold increased risk of hospitali-
zations for acute chest syndrome and severe pain episodes and
2-fold higher mortality has been described for children with SCD
with asthma, compared with children with SCD who have not
been diagnosed with asthma.6,8

Abnormal pulmonary function also occurs in SCD and is
not necessarily associated with an asthma diagnosis or
symptoms.18,22,23 Lower airway obstruction affects between
13% and 35% of children and adolescents with SCD.24–27

Restrictive lung disease occurs in 9%–27% and becomes
more prevalent with increasing age.24,26–28 Although a ret-
rospective study reported an association between lower air-
way obstruction and more frequent episodes of acute chest
syndrome and acute pain,7 a recent prospective study did not
confirm this association.29 Presently, routine screening with
pulmonary function tests is not recommended in SCD.30

Studies have suggested that children and adolescents
without SCD with asthma who receive asthma care from a
specialist receive higher quality care than those who do not
receive specialty care.31,32 Care provided by a specialist has
3 main benefits: (1) it is more likely to be consistent with
national asthma guidelines, (2) patients are more likely to be
prescribed a preventative medication, and (3) patients are
more likely to have written instructions for handling acute
asthma exacerbations.33 Children and adolescents with SCD
may have greater benefit from subspecialty pulmonary care
as their symptoms may also be due to their underlying SCD
and clinical presentations may be complex. Despite the most
recent NHLBI evidence-based sickle cell guidelines’ rec-
ommendation against routine pulmonary care or screen-
ing,30 some experts have recommended that children with
asthma and SCD be seen twice yearly by an asthma spe-
cialist and have annual pulmonary function testing.5

To improve screening for asthma and increase appro-
priate referrals and visits to pulmonary clinic, we im-
plemented routine screening in our pediatric hematology
clinic and infusion center. We hypothesized that a screening
program with facilitated referral would increase the pro-
portion of patients identified with asthma and/or asthma-like
symptoms and/or abnormal spirometry and evaluated by a
pediatric pulmonologist.

Methods and Materials

Our study was originally reviewed by the Johns Hopkins
IRB and classified as an exempt quality improvement pro-
ject. We later obtained IRB approval to retrospectively re-
view and report our results, including our screening program
results and clinical characteristics.

We screened children and adolescents with SCD between 2
and 21 years old during scheduled appointments. These oc-
curred in the pediatric hematology clinic and the pediatric in-
fusion center at the Johns Hopkins Hospital from October 1,
2012 through June 30, 2013. All participants were screened with
a paper version of the Breathmobile asthma screening ques-
tionnaire.34 Study staff distributed surveys during the clinic visit
and used a predefined written scoring algorithm (sensitivity of
83% and specificity of 85% for a clinical diagnosis of asthma in
children without SCD). The survey had been validated in a
large, inner city, pediatric population of otherwise healthy

youth.34 The Breathmobile questionnaire included 10 questions
and was completed by a parent/guardian or patients >17 years
old. The forms were immediately scored by study staff as either
positive or negative and results communicated to the patient/
family. All participants 5 years and older, who were able to
cooperate, performed prebronchodilator spirometry, using a
portable spirometer (MicroLab by MD Spiro, Lewiston, ME).
Spirometry was performed by a trained research assistant or a
pulmonologist according to American Thoracic Society (ATS)
quality and reproducibility standards.35 Spirometry was re-
ported as percent predicted values according to standardized
reference equations (NHANES III, Wang-Hankinson)36,37 and
interpreted by a pediatric pulmonologist with overreading by a
second pediatric pulmonologist. We defined lower airway ob-
struction as: FEV1 < 80% predicted with FVC ‡80% and FEV1/
FVC <80%, and suggestion of restriction (which can only be
confirmed through other means, such as plethysmography) as:
FEV1 < 80% with FEV1/FVC ‡80%. Spirometry results were
batched for interpretation (approx. monthly) and mailed to pa-
tient’s houses. Copies were given to the hematology provider
who had seen the patient in clinic.

All participants received educational brochures about SCD
and asthma. Those with a positive questionnaire and/or ab-
normal spirometry were referred to the pediatric pulmonary
clinic at Johns Hopkins for further evaluation. Study staff
offered assistance in scheduling a pulmonary appointment to
all those who screened positive. Staff also sent reminder
letters and magnets with the appointment date and pulmonary
clinic phone number to participants who screened positive.

We performed chart review to collect data on: (1) SCD-
modifying treatments (current use of hydroxyurea or chronic
transfusion protocol), (2) type of SCD (from clinic notes
and/or problem list), and (3) clinician diagnosis of asthma
from the electronic medical record. A clinician diagnosis of
asthma was defined as: (1) provider documentation of
asthma or reactive airway disease in the clinic or infusion
center note on the day of screening and (2) home use of at
least 1 asthma medication (ie, inhaled beta adrenergic re-
ceptor agonist, inhaled corticosteroid, leukotriene antago-
nist, or combination inhaled corticosteroid/beta adrenergic
receptor agonist).13 For occasional cases in which clarifi-
cation was needed, preceding clinical notes were also
evaluated (including emergency department and prior clinic
notes). Participants who had clinical documentation of an
asthma diagnosis but no current asthma medications pre-
scribed and vice versa were classified as nonasthmatic.

We used Stata IC/13 (StataCorp, College Station, TX) for
statistical analysis. We created visual displays to explore
data. We evaluated the association between clinical char-
acteristics and a positive asthma questionnaire or a clinician
diagnosis of asthma by the chi-squared statistic and simple
and multiple regression models. We used Student’s t-test
and simple and multiple linear regression models to evaluate
spirometry results among groups. We compared the pro-
portion of patients seen in pulmonary clinic before and after
our screening program by Fisher’s exact test.

Results

Baseline data before intervention

In the year before our screening project, 227 patients ‡2
years of age with SCD were seen in the pediatric hematology
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clinic, but only 4 of these patients (2%) were also seen in
pediatric pulmonary clinic. Spirometry was performed in 4
patients (2%). If we assume a 20% prevalence of asthma in
pediatric patients with SCD, we would expect 45 patients
followed in our SCD center to have asthma.

Participant characteristics

We approached 159 clinic patients, and 157 (98%) agreed
to participate; demographic information is provided in Table 1.
The 157 patients, who participated in screening, represented
73% of 214 eligible patients (ages 2–21) seen during the pe-
riod of the quality improvement intervention. Patients who
were not screened were most often missed because of a high
volume of patients being seen in some clinic sessions. Occa-
sionally patients were not screened due to the patient’s acute
illness (ie, pain or respiratory illness) and inability to cooperate
with spirometry maneuvers. One hundred twelve (71%) of
participants had HbSS or a SCD of similar severity (HbSb0

thalassemia or HbSD). Twenty-seven participants (17%) were
treated with chronic transfusions, and 47 (30%) were pre-
scribed hydroxyurea. Forty-eight (31%) participants had a
clinician diagnosis of asthma.

Asthma screening questionnaires

All 157 participants/caregivers completed the brief asthma
screening questionnaire. Ninety-nine (63%) had a negative
asthma screening questionnaire, and 58 (37%) had positive
results (Table 1). The asthma screening questionnaire was
87.5% sensitive [95% confidence interval (CI) 74.8–95.3] and
85.3% specific (95% CI 77.3–91.4) to detect clinician-
diagnosed asthma using our standardized definition. The
positive predictive value was 72.4% (95% CI 59.1–83.3) and
negative predictive value 93.9% (95% CI 87.3–97.7).

Clinical associations with positive asthma
screening questionnaires

Differences among baseline characteristics of participants
with positive and negative asthma screening questionnaires

are displayed in Table 1. Forty-two (88%) participants with a
clinician diagnosis of asthma had a positive asthma screening
questionnaire, but only 2 participants with a clinician diag-
nosis of asthma had a negative screening questionnaire
(P < 0.0001). In addition, 16 participants screened positive on
the questionnaire, but did not meet the criteria for a clinician
diagnosis of asthma. Participants with a positive asthma
screening questionnaire were generally older than those with
negative results (Table 1).

Sex, type of SCD, lower airway obstruction (FEV1/FVC
ratio <80%), FEV1, and hydroxyurea use were not signifi-
cantly different between participants with positive and
negative asthma screening questionnaires (Table 1). Parti-
cipants receiving chronic transfusions were more likely to
have a positive asthma screening questionnaire [unadjusted
logistic regression model OR 3, (P = 0.01, 95% CI 1.3–7.1);
adjusted model (including type of SCD, age): OR 2.9
(P = 0.018, 95% CI 1.2–7.1)]. Participants receiving chronic
transfusions were also more likely to have a clinician di-
agnosis of asthma [unadjusted model OR 4.5 (P = 0.001,
95% CI 1.9–10.6); adjusted model OR 4.6 (P = 0.001, 95%
CI 1.9–11.5)].

Spirometry results

Participants who were 5 years or older performed spi-
rometry (Fig. 1). Of 105 participants with interpretable
spirometry, 35 (33%) had abnormal results: 16 (15%) had
lower airway obstruction and 19 (17%) had spirometric
evidence suggestive of possible restrictive lung disease. The
relationships among abnormal spirometry, screening ques-
tionnaire results, and asthma diagnosis (using our gold
standard definition) are shown in a Venn diagram (Fig. 2).
There was only fair overlap between abnormal spirometry
and an abnormal screening questionnaire. Of the participants
with interpretable spirometry results, 48 (46%) had a posi-
tive asthma screening questionnaire. Spirometry identified
16 (15%) additional participants with pulmonary function
abnormalities who had a negative screening questionnaire.
Of these 16, 2 had a clinical asthma diagnosis, and the

Table 1. Patient Characteristics by Asthma Screening Questionnaire Results

and Clinician-Diagnosed Asthma

(-) Asthma
screening

questionnaire,
N = 99

(+) Asthma
screening

questionnaire,
N = 58 P

(-)
Asthma

diagnosisa,
N = 109

(+) Asthma
diagnosis,

N = 48 P

Male sex, N (%) 41 (41) 30 (52) 0.21 43 (39) 28 (58) 0.03

Type of SCD
HbSS, N (%) 70 (71) 42 (72) 0.12 75 (70) 37 (77) 0.03
HbSC, N (%) 23 (23) 8 (14) 8 27 (22) 4 (8)
HbSb+thal, N (%) 6 (6) 8 (14) 7 (7) 7 (15)

Age (mean – SD) 9.9 – 5.8 12.2 – 5.3 0.008 10.5 – 6.1 11.4 – 4.7 0.35
Asthma diagnosis, N (%) 6 (6) 42 (72) <0.0001 N/A N/A N/A
Hydroxyurea, N (%) 26 (26) 21 (36) 0.189 29 (27) 18 (38) 0.17
Chronic transfusions, N (%) 11 (11) 16 (28) 0.008 11 (10) 16 (33) <0.0001
Lower airway obstructionb 7 (7) 9 (16) 0.315 10 (9) 6 (13) 0.96
FEV1% predicted (mean – SD) 89.5 – 13.9 87 – 14.3 0.37 88.8 – 12.5 87.7 – 16.3 0.69

aClinician diagnosis of asthma (physician diagnosis + ‡1 asthma medication).
bInterpretable spirometry N = 105.
N/A, not applicable; SCD, sickle cell disease.
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remaining 14 had neither a documented asthma diagnosis nor
a positive screening questionnaire. Nineteen (40%) with
positive asthma screening questionnaires also had abnormal
spirometry results (either lower airway obstruction or the
suggestion of restriction since restrictive ventilatory defects
can only be diagnosed by lung volumes). There was no sig-
nificant difference in mean FEV1 percent predicted between
participants with a negative or positive asthma screening
questionnaire (Table 1).

Referral to and receipt of pediatric pulmonary care

Seventy-four participants (47%) were referred to pulmo-
nary clinic on the basis of a positive asthma screening ques-
tionnaire, abnormal spirometry, or both. Only 25 of the
referred patients (34%) scheduled a pulmonary clinic ap-

pointment, and 13 (52%) of these patients were evaluated in
pulmonary clinic. The other 12 patients with appointments
missed or cancelled their appointments. Through our screen-
ing project, 6.1% of the pediatric population with SCD was
seen in pulmonary clinic. This was a modest, but statistically
significant increase after our screening program, compared
with the proportion (1.8%) before our project (risk difference
4.3% with 2-sided Fisher’s exact test P = 0.02).

Discussion

We found that the previously validated Breathmobile
asthma screening questionnaire was a simple and useful tool
to improve asthma screening in the outpatient setting for
pediatric patients with SCD. It was 88% sensitive and 85%
specific to detect a clinician diagnosis of asthma. This is
similar to its performance in the general pediatric popula-
tion.34 Our results confirm those of a previously published
study of 41 youth with SCD limited to HbSS or HbS-b0-
thalassemia (sensitivity of 77% and specificity 100%) in a
larger and more diverse population of pediatric patients with
SCD.38 Similar to these authors, we found that the ques-
tionnaire was easy to administer and correlated well with a
clinician diagnosis of asthma. The asthma prevalence in our
population of 31% is within the range that has been reported
in SCD (20%–48%).9,39–41

Children and adolescents with SCD are a particularly
vulnerable population and identification of lung disease with
referral to a pulmonologist for evaluation and treatment may
improve clinical outcomes. Our pediatric hematology clinic-
and infusion center-based screening program modestly
increased appropriate pulmonary referrals and visits for
children and adolescents/young adults with SCD and could
be implemented in a variety of practice settings.

Our study is limited by challenges in defining a gold
standard for the diagnosis of asthma in children and ado-
lescents/young adults with SCD and as previously noted, the
concept that asthma may be an imperfect label for the air-
way disease in SCD. Furthermore, 16 participants had a

FIG. 2. Relationships between
asthma diagnosis, screening ques-
tionnaire, and abnormal spirometry
among participants who performed
spirometry. PFT, pulmonary func-
tion test.

FIG. 1. Results of spirometry screening. *124 participants
performed spirometry. Two were missed due to malfunction-
ing spirometry equipment and 19 had uninterpretable spiro-
metry due to poor technique.

ASTHMA SCREENING IN SICKLE CELL DISEASE 235



positive asthma questionnaire despite not meeting our cri-
teria for a clinician diagnosis of asthma. This suggests the
presence of respiratory symptoms typical of asthma, despite
not being labeled as asthma by a physician or treated with
asthma medications. Anyone with a positive questionnaire
would also likely benefit from evaluation, and possibly
treatment, by a pulmonologist. A limitation of our screening
program was reliance on a single cutoff of FEV1/FVC
<80% to define lower airway obstruction. It is preferred to
use FEV1/FVC < lower limit of normal (LLN), which varies
by age, sex, and race in children, to define lower airway
obstruction.36 Because our project was intended to be a
clinical screening program, we relied on a single portable
spirometer that did not provide LLN. A single FEV1/FVC
cutoff could have misclassified abnormal pulmonary func-
tion tests results as normal, and vice versa. If referred par-
ticipants had come to pulmonary clinic, they would have
had more thorough pulmonary function tests to determine
whether they met the criteria for lower airway obstruction.
We recommend utilizing the LLN for screening programs
whenever possible.

Our screening program increased appropriate referrals
and modestly increased visits to pulmonary clinic; however,
only a minority of referred participants attended a pulmo-
nary clinic visit. Further study is needed to determine the
specific barriers to follow-up and the impact of interventions
to increase adherence with clinic visits. Improved case
management may help address some of these barriers. An-
other potential solution is the implementation of a multi-
disciplinary care model that integrates asthma and SCD care
within the same visit.42 This approach has been shown to
improve asthma care and even to correct lower airway ob-
struction in pediatric patients with SCD.43 Other factors that
are associated with increased attendance in pulmonary clinic
for referred patients with SCD are unknown. This is an
important area for further investigation, as there may be
other targets for intervention, particularly in locations where
a multidisciplinary clinic is not feasible.

Spirometry requires additional resources (including trained
and supervised staff, equipment, and disposable mouthpieces)
and patient effort. However, we found that it was simple to
implement in the pediatric hematology and infusion center,
settings where it had not previously been done. Spirometry
identified different children than the questionnaire in many
cases (Fig. 2). This is consistent with other authors’ descrip-
tions of differences between clinical asthma diagnosis, asthma
symptoms, and spirometry in children and adolescents/young
adults with SCD.23,44 Routine screening with spirometry was
not recommended in the most recent NHLBI SCD guidelines,
which postdated our project30 as the clinical benefits of this
screening are unclear. This must be balanced with the obser-
vation that decreased FEV1 is associated with an increased
risk of pulmonary hypertension45 and death45,46 in SCD.
Hydroxyurea treatment has recently been shown to slowly
decline in pulmonary function in SCD.47 Perhaps spirometry
could help identify patients who are experiencing declining
pulmonary function. Because so few of our participants who
were referred to pulmonary clinic kept the appointment, we
are not able to report other results (symptoms, results of more
comprehensive pulmonary function tests, etc.) in participants
with abnormal spirometry alone. The impact of asthma
treatment on morbidity and mortality in SCD is a major pri-
ority area for future research. Future research could also focus

on caregiver and child factors that are associated with im-
proved uptake of referrals to specialty care.

In summary, we describe a hematology clinic-based
screening program in pediatric outpatients with SCD that
identified patients who could benefit from specialty pul-
monary care. We confirm results of a similar study38 and
describe the performance of the Breathmobile questionnaire
in a larger and more heterogeneous population of children
and adolescents with SCD. We found the questionnaire to be
an excellent screening tool that would be easy for others to
implement in various clinical settings. Spirometry identified
additional individuals ages 5 and older who could poten-
tially benefit from pulmonary referral and evaluation who
were not identified by the questionnaire or routine hema-
tologist evaluation. Routine spirometry should be consid-
ered on a site-specific basis according to local resources and
personnel. Other pulmonary conditions that occur in chil-
dren with SCD include obstructive sleep apnea, exercise-
induced dyspnea, and pulmonary hypertension, which would
warrant evaluation by a pediatric pulmonologist; future
screening programs focused on pulmonary complications
should also consider screening for symptoms of sleep-
disordered breathing and exercise intolerance.
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