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Wheezing Symptoms and Parental Asthma Are Associated with a Physician
Diagnosis of Asthma in Children with Sickle Cell Anemia
Robert C. Strunk, MD', Robyn T. Cohen, MD, MPH?, Benjamin P. Cooper, MA®, Mark Rodeghier, PhD*, Fenella J. Kirkham, MD,

John 0. Warner, MD®, Janet Stocks, PhD®, Jane Kirkby, PhD®, Irene Roberts, MD®, Carol L. Rosen, MD’, Daniel I. Craven, MD’,
and Michael R. DeBaun, MD?, on behalf of the Sleep Asthma Cohort Investigative Team*

Objective To identify factors associated with asthma associated with increased sickle cell anemia (SCA).
Study design Children with SCA (N = 187; mean age 9.6 years, 48% male) were classified as having “asthma”
based on parent report of physician diagnosis plus prescription of asthma medication (n = 53) or “no asthma” based
onthe absence of these features (n = 134). Pain and acute chest syndrome (ACS) events were collected prospectively.
Results Multiple variable logistic regression model identified 3 factors associated with asthma: parent with
asthma (P = .006), wheezing causing shortness of breath (P = .001), and wheezing after exercise (P < .001).
When =2 features were present, model sensitivity was 100%. When none of the features were present, model
sensitivity was 0%. When only 1 feature was present, model sensitivity was also 0%, and presence of =2 of positive
allergy skin tests, airway obstruction on spirometry, and bronchodilator responsiveness did not improve clinical
utility. ACS incident rates were significantly higher in individuals with asthma than in those without asthma (incident
rate ratio 2.21, Cl 1.31-3.76), but pain rates were not (incident rate ratio 1.28, Cl 0.78-2.10).

Conclusions For children with SCA, having a parent with asthma and specific wheezing symptoms are the best
featuresto distinguish those with and without parent report of a physician diagnosis of asthma and to identify those
at higher risk for ACS events. The value of treatment for asthma in the prevention of SCA morbidity needs to be
studied. (J Pediatr 20714; 1: - 1).

sthma in a child with sickle cell anemia (SCA) is associated with an increased rate of pain and acute chest syndrome

(ACS)"® and premature death.” Thus, determining the clinical symptoms and historical and laboratory features asso-

ciated with a physician diagnosis of asthma within the context of SCA would be important to identify patients at
increased risk for complications. Reports that have demonstrated the association between a physician diagnosis of asthma
and increased morbidity in children with SCA have not provided details of symptoms or other clinical factors that were asso-
ciated with a physician’s diagnosis of asthma.

Our primary objective was to determine whether clinical and laboratory features could distinguish children with SCA and a
physician diagnosis of asthma from children with SCA without such a diagnosis. We used data from the Sleep and Asthma
Cohort study, a multicenter prospective cohort focused on assessing the long term-complications of asthma and sleep disordered
breathing in children with SCA sponsored by the National Heart, Lung, and Blood Institute (NHLBI). We tested the hypothesis
that among children with SCA, respiratory symptoms, parental history of asthma, evidence of atopy (elevated levels of total
serum IgE and peripheral blood eosinophil counts and positive results of epicutaneous skin tests to aeroallergens), and presence
of bronchodilator responsiveness and/or evidence of airway obstruction would be
associated with a parent report of a physician’s diagnosis of asthma and prescrip- o
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sickle-3°-thalassemia, enrolled from 4 to 18 years of age
(mean 9.6) at 3 clinical centers and followed for
4.61 £ 1.16 years. Children were enrolled without regard to
past morbidity or physician diagnosis of asthma, but those
on long-term transfusion or participating in a clinical trial
evaluating hydroxyurea therapy were not eligible. Institu-
tional approval was obtained from participating sites—Wash-
ington University School of Medicine in St Louis, Missouri;
Case Western Reserve University in Cleveland, Ohio; and
University College London in London, UK (which recruited
from 3 London hospitals)—and from the Coordinating Cen-
ter at Vanderbilt School of Medicine in Nashville, Tennessee.
Informed written parental consent was obtained, and children
were consented or assented on enrollment according to insti-
tutional policies of each institution.

During initial interviews, parents were asked if a physician
had ever diagnosed their child as having asthma, what med-
ications their child was currently receiving (using a list that
included asthma relievers [eg, albuterol] and controllers
[eg, inhaled corticosteroid and leukotriene modifier]) and
to complete the American Thoracic Society/Division of
Lung Diseases questionnaire'’ regardless of asthma status.
Spirometry before and after bronchodilator (4 inhalations
of albuterol, 90 ug/inhalation, via a valved holding chamber),
allergy skin tests using the prick puncture technique with the
multitest (Lincoln Diagnostics, Decatur, Illinois) to 9 aeroal-
lergens (Aspergillus and Alternaria molds, cat, dog, dust mite,
cockroach, and site-specific tree, grass, and weed pollens),
and methacholine challenges were performed as previously
reported.'' "'’ Total serum IgE and a complete blood count
with determination of white blood cell (WBC) count and
percentage of eosinophils were performed using standard
techniques in each clinical center.

Definitions of Vaso-occlusive Pain Episode and
ACS

A vaso-occlusive pain episode was defined as bone pain in
chest, extremities, or other areas (not headaches only)
directly associated with SCA that required hospitalization
for treatment with opioids. ACS was defined as an episode
of acute respiratory distress with at least a new radiodensity
on chest roentgenogram, temperature >38°C, and increased
respiratory effort, with a decrease in oxygen saturation or
increased respiratory rate documented in the medical record.
To ensure a uniform definition of pain and ACS in this multi-
center study, all ACS and vaso-occlusive pain episodes
requiring hospitalization were reviewed by a single investi-
gator at each participating site, with overreading by the prin-
cipal investigator (M.D.). Concerns about the assignment of
the diagnosis raised by the principal investigator were dis-
cussed with the site investigators, and consensus was reached.

Classifications as Asthma and Nonasthma

Two hundred fifty-two subjects were enrolled with a diag-
nosis of SCA, 95% with hemoglobin SS and 5% with sickle-
(°-thalassemia (Figure). Subjects were classified as having
asthma, based on a physician diagnosis of asthma and
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current prescription of an asthma medication, or as no
asthma, based on having neither a physician diagnosis of
asthma nor an asthma medication (Figure).

Participants did not meet our criteria for “asthma” if they
either had a physician diagnosis but no asthma medication
(n = 15) or albuterol prescribed without a physician
diagnosis (n = 10). These participants were not included in
the analysis so as to have the classifications of asthma and
nonasthma discrete for purposes of understanding the
characteristics of asthma among children with SCA.

Of the 227 subjects with an asthma classification, 40 had
missing data on at least 1 of the 8 covariates in the model
(Figure). Rates of missing data for each group ranged from
0.4% for wheeze causing shortness of breath, wheeze
without colds, wheeze with colds, and wheeze after exercise,
to 0.9% for cough without colds and phlegm without
colds, to 3.1% for whether mother has asthma, to 14.5%
for whether either parent has asthma and 15.4% for
whether father has asthma. These 40 subjects were not
included in the initial logistic regressions to maintain a
consistent case basis for the models; a process of data
imputation was not used because there were no other
variables that would reliably predict maternal and paternal
asthma. An analysis of the differences between subjects
with and without missing data showed no large or consistent
differences.

Statistical Analyses

All data from subjects in the asthma and no asthma study
groups were combined and continuous variables were
assessed for normality. Analyses were conducted using Stata
statistical software (StataCorp LP, Version 12, College
Station, Texas) and IBM SPSS Statistics (IBM, Version 20,
Chicago, Illinois). Continuous data that were normally
distributed were analyzed using t-tests, skewed data were
analyzed with the Mann—Whitney—Wilcoxon test, and cate-
gorical data were analyzed using x* tests. Variance is reported
using SDs or IQRs.

A multivariable logistic regression was performed using
characteristics postulated to be relevant to a diagnosis of
asthma that could be readily available to a clinician
conducting an initial interview using the American Thoracic
Society/Division of Lung Diseases questionnaire with a
patient and family: wheeze, cough, and phlegm production
without colds; wheeze after exercise; wheeze causing shortness
of breath; and either mother and father with asthma or either
parent with asthma. Due to collinearity between mother and
father with asthma, each had to be assessed separately.
Because both allergy skin test results and spirometry variables
of bronchodilator response and the ratio of the percentage of
those with an forced expiratory volume in 1 second (FEV,)/
forced vital capacity (FVC) below the lower limit of normal
(LLN) were significantly different between the asthma and
no asthma groups, these variables were used subsequently to
determine if they added any explanatory power to the results
of the logistic regression analyses. Relationships between
asthma diagnosis and prospective rates of pain and ACS
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Figure. Consort diagram of population studies. Hgb S3°, sickle-3°-thalassemia; Hgb SS, hemoglobin SS.

were examined using multivariable negative binomial regres-
sions, controlling for features known to affect pain and ACS
outcomes: sex, WBC count, hemoglobin, and age.1

Of the 187 subjects included in the analysis, 53 (28.3%) were
classified as having asthma and 134 (71.7%) were classified as
“no asthma” (Figure). Sex and age at entry into the study were
not different between those with and those without asthma
(Table I). The proportions having a father with asthma or
either parent with asthma were higher in the asthma group.

Children with asthma had significantly more affirmative
responses to each of the wheezing symptoms associated
with asthma than children without asthma (Table I).
Overall, 88.7% of children with asthma had at least 1 of
these symptoms: wheeze causing shortness of breath,
wheeze apart from colds, wheeze with colds, and wheeze
after exercise. Although those classified as not having
asthma had significantly fewer wheeze symptoms overall,
47.8% had a least 1 wheezing symptom. Thus, in our
cohort, wheezing alone is necessary, but not sufficient, for
making a physician diagnosis of asthma that also required
prescription of an asthma medication.

The number of positive skin tests and percentage of chil-
dren with =2 positive tests were both significantly higher
in the asthma group (Table II); the percentage of children
with a positive reaction to the individual skin tests ranged
from 7.5 (dog) to 34.0 (grass) for asthma and from

1.7 (dog) to 11.3 (grass) for no asthma, with differences
significant for 7 of the 9 allergens (not for dog, P = .055,
and mite, P = .168).

There was no significant difference in baseline values for
FVC, FEV,, and FEV,/FVC between children with and
without asthma, although those with asthma had a greater in-
crease in FEV, after administration of albuterol (bronchodi-
lator response) compared with the children without asthma
(7.7% and 4.5%, respectively) and had a greater percentage
FEV/FVC below the LLN (24.0% and 11.0%, respectively)
(Table II). Methacholine challenge was originally scheduled
for all participants but was stopped prematurely in the
study because a study participant had a severe vaso-
occlusive pain episode that was temporally associated with
this procedure.'* Among the subset of 79 children (55%
with asthma and 37% without) who underwent
methacholine challenge, no significant difference occurred
in the concentration needed to reduce FEV; by 20% from
the baseline (PC,y) according to asthma status (Table II).
Inflammatory markers—WBC count, eosinophil count as
percentage of total WBC count, and total serum IgE—did
not differ between the asthma and no asthma groups
(Table II).

Multiple Variable Analyses of Factors
Distinguishing Children with Asthma and No
Asthma

The multivariable logistic regression was conducted in
2 steps. First, all characteristics in Table I, with the
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Table I. Demographic, parental characteristics, and Table II. Results of allergy skin tests, lung function
responses to ATS/DLD questionnaire for children with tests, and inflammatory markers in children with SCA
SCA without asthma (neither a physician diagnosis of without asthma (either no physician diagnosis of asthma
asthma nor prescribed asthma medication) and with or no prescribed asthma medication) and with asthma
asthma Variables Noasthma  Asthma  Pvalue
. No asthma Asthma P Allergy skin tests
Variables (n=134) (n=53) value No. of positive skin tests 0.0 (1.0) 1.0 (3.0) <.001
Demographics (of 9 tested)”
Sex. % male 455 54.7 259 Percentage with =2 positive 14.8 453 <.001
Age, y, median (SD) 9042 11.0@43 117 skin tests (of the 9 tested)”
Parental history, % with “yes” answer Lung function tests _—
Father with asthma 6.0 20.8 002 Baseline FEV,, % predicted 89.8 (13.6) 85.9 (12.4) 136
Mother with asthma 119 226 065 Baseline FVC, % predicted* 93.8 (14.3) 94.0 (13.9) .764
Either parent has asthma 16.4 39.6 <.001 Baseline FE\*’VWC! % 96.5 (6.3) 94.4(82) 030
Responses to ATS/DLD questionnaire, predicted
% with “yes” answer Percente_lge below LLN for 11.0 24.0 .031
Any wheezing symptom 478 88.7 <.001 _ baseline FEV,FVC
Wheeze causes shortness of breath ~ 12.7 52.8 <.001 Airway lability )
=2 wheezing episodes that caused 7.5 47.2 <.001 Percentage Increase in FEV4 4589 7.7(9.4) 004
shortness of breath afﬁfr albuterol
Wheeze apart from colds 7.5 47.2 <.001 PCao ox 3.1(36.9) 29(36.5) 932
Wheeze with colds 38.8 736 <.001 BDR, =12% 16.1 28.0 079
Wheezing attack after exercise 17.2 67.9 <.001 Inflammatory markers
Cough with colds 75.4 86.8 087 WB(.:, (co_unt/,uL) X ]rO 11.5(3.8) 121 (3.3 .158
Cough apart from colds 29.9 54.7 001 EOSIﬂOphII?, % WBC 3.0 (3.0) 3.0 (3.0) 155
Phlegm with cold usually 53.7 69.8 045 [ 0E, I/mL 43.0(1350) 58.2(1453) 587 |
\ Phlegm apart from cold 97 28.3 001 y BDR, bronchodilator response.

ATS/DLD, American Thoracic Society/Division of Lung Diseases.
Results presented as proportions (median for age).

exception of age, sex, and those associated with a cold, were
used in a model to screen for those with significance of
P < .20. Then, a second model was run with the screened
set of characteristics.

In the first stage, 4 characteristics met the screening
criteria: having a parent with asthma (P = .055), wheeze
without colds (P = .086), wheeze causing shortness of breath
(P = .006), and wheeze after exercise (P < .001). In the
reduced model with only these 4 characteristics, 3 remained
significantly associated with asthma (model x* = 65.1, 3 df,
P < .001): having a parent with asthma (OR 3.41, 95% CI
1.43-8.15, P = .006), wheeze after exercise (OR 7.68, 95%
CI 3.44-17.16, P < .001), and wheeze causing shortness of
breath (OR 4.38, 95% CI 1.89-10.19, P = .001). The model
sensitivities and specificities are shown in Table III.

In terms of model probabilities, when none of the charac-
teristics was present, asthma probability was predicted to be
only 0.07. In contrast, the presence of any 2 characteristics
had a predicted probability of 0.68, and the presence of all
3 characteristics had a predicted probability of 0.90. Howev-
er, predicted probability of asthma with only 1 characteristic
present was 0.29, so no prediction of asthma was made, but
29.6% of these children had an asthma diagnosis.

Given that the model probabilities for the presence of only
1 of 3 predictive characteristics were not useful clinically,
additional logistic regression models were performed to
determine the added value of the presence of =2 positive al-
lergy skin test results in this subset. Addition of the skin test
variable to the model was significant (P < .001), increasing
sensitivity from 0% but only to 18.8%, indicating that in sub-
jects with minimal historical evidence of asthma, the skin test

4

Values are *median (SD) for normally distributed continuous variables and proportions for the
categorical variables or Tmedian (IQR) for skewed continuous variables.

Spirometry results were expressed as percentage of predicted based on recently published all
age/multiethnic reference equations,?® using the fifth percentile as the LLN for the set of equa-
tions derived for black individuals.”®

iThe provocative concentration of methacholine reported is the PCyy. Seventy-nine were
tested: 50 without asthma (37% of the nonasthmatics in the cohort) and 29 with asthma
(55% of the cohort with asthma). The percentage of children with negative challenges (a
PCyo > 12.5 mg/mL) was 30% in the no asthma group and 31% in the asthma group, whereas
severe hyperresponsiveness (PCyo < 2 mg/mL) was observed in 50% of those with no asthma
and 41% of those with asthma.

variable may be only minimally useful as a diagnostic aid. A
=12% increase in FEV in response to bronchodilator'” or an
FEV,/FVC ratio below the LLNs were not significant when
added to the model, with P values of .535 and .492,
respectively.

Relationship between Asthma Diagnosis and SCA
Morbidity

Patients were followed prospectively for 4.61 & 1.16 years, for
a total of 857 patient-years for occurrence of pain and ACS
episodes. A negative binomial regression was used to deter-
mine the effect of asthma diagnosis used in this study on pro-
spective pain and ACS episodes, controlling for age, sex,
hemoglobin, and WBC count (1 case was unavailable for

4 N
Table III. Performance of the model in predicting
asthma
No. of positive No. of Percentage Model Model

factors subjects  with asthma  sensitivity  specificity
0 91 7.7% 0.0% 100.0%
1 54 29.6% 0.0% 100.0%
2 33 63.6% 100.0% 0.0%
3 9 100.0% 100.0% NA
Total 187 28.4% 56.6% 91.0%

\
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this analysis because of missing data on covariates). The
asthma diagnosis was associated statistically with ACS occur-
ring after entry into the study (incident rate ratio [IRR] 2.21,
95% CI 1.31-3.76). No other variable was significant
(P > .05). There was no association between asthma and
pain occurring after entry (IRR 1.28, 95% CI 0.78-2.10).
Both WBC (IRR 1.06, 95% CI 1.01-1.13) and age (IRR
1.09, 95% CI 1.04-1.15) were associated with pain (P < .05).

Given that asthma in SCA is associated with increased
morbidity and mortality, identifying characteristics of chil-
dren who should be considered to receive a diagnosis of
asthma is clinically relevant. The combination of 3 character-
istics identified in this study—a parental history of asthma
and 2 historical wheeze symptoms (wheezing after exercise
and wheezing causing shortness of breath)—distinguished
children with SCA as having asthma from children classified
as having no asthma. Previous descriptions of asthma in chil-
dren with SCA have used parent report of a physician diag-
nosis or chart audit of presence of physician diagnosis.'
However, none of these studies provide historic and labora-
tory features associated with the diagnoses of asthma.

The importance of wheeze symptoms in SCA is similar to
that in the general population, in that almost all children with
asthma had at least 1 wheeze symptom. However, unlike the
general population, children with SCA can have wheeze asso-
ciated with their primary disease, an association reported
during episodes of ACS'® and well recognized in adults.”'”
Based on our results and those of others, we believe that at
least in children with SCA, wheezing is a necessary, but not
sufficient, component to make the diagnosis of asthma.

The relevance of the criteria for asthma presented here is
emphasized by the prediction of future ACS episodes in those
with this diagnosis. This result is consistent with several other
studies that have found an association of asthma diagnosis
with higher rates of ACS."*>%'%*" Criteria from our analysis
can now be applied to facilitate the diagnosis of asthma. In
contrast to other studies,"*’ the diagnosis of asthma in Sleep
and Asthma Cohort patients was not associated with future
pain events. In this study, the cumulated number of
patient-years was 857, whereas in the Boyd et al' and An
et al’’ reports, the patient-years that contributed to the ana-
lyses were approximately 4000 and 3000, respectively.
Possibly, increasing patient-years in follow-up for the study
cohort might have demonstrated an association between
asthma and pain. Based on our results and those of others,
there is clearly a stronger relationship between asthma and
increased ACS incidence rate"*>"'**" than between asthma
and increased pain incidence rate.

The model with 3 characteristics was accurate in predicting
asthma at the extremes (ie, presence of 2 or 3 characteristics
had high sensitivity in predicting asthma), with a high spec-
ificity for no asthma when none were present. The knowledge
of aeroallergen sensitivity, specifically the presence of =2
positive tests, statistically increased the accuracy of detecting
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asthma with only 1 characteristic present, but the sensitivity
was <20%. FEV/FVC ratios indicative of airway obstruction
and increased reactivity to bronchodilator were both signifi-
cantly different between the asthma and no asthma popula-
tions, but did not add to the discriminative capacity when
only 1 of the 3 characteristics was present. In addition, in
contrast to the general population, a methacholine challenge
was not useful in discriminating children with asthma from
those without asthma.

The finding that spirometry could not discriminate be-
tween those who have asthma from those who do not has
important clinical implications, as clinicians without spirom-
etry available can still diagnose a patient with SCA as having
asthma. If asthma is diagnosed in children with SCA, we
recommend following the NHLBI guidelines for the manage-
ment of the asthma that includes regularly scheduled spirom-
etry evaluations. Furthermore, spirometry may still play a
role in identifying airway obstruction”' and restrictive lung
disease,”* both of which are common in children with SCA
and may be important in morbidity outcomes.

Aeroallergen sensitivity by skin testing was statistically
associated with an improved sensitivity to identify asthma.
However, these results may have limited clinical use because
adding skin testing to identify individuals with 1 of 3 charac-
teristics associated with asthma increased the sensitivity only
from 0% to 18%. Knight-Madden et al'’ found that atopic
asthma was more common among children with recurrent
episodes of ACS than among those with only single or no ep-
isodes, suggesting that aeroallergen sensitivity may play a role
in SCA outcomes.

Several limitations exist in the current study. Asthma is a
subjective diagnosis. Based on the challenges with an asthma
diagnosis, particularly in children with SCA, we deliberately
selected the most conservative asthma diagnosis: a physician
diagnosis of asthma coupled with prescription of an asthma
medication. We also elected for the no asthma group to be
those with neither a physician diagnosis of asthma nor a pre-
scription of an asthma medication. The presence of asthma in
those with a physician diagnosis is supported by 83% (44 of
53) having been prescribed either an inhaled corticosteroid
or aleukotriene modifier, as well as a bronchodilator. Parents
of children with a comorbid condition of asthma may under-
report symptoms to their physician because they have
accommodated them, or their sickle cell disease physician
may be unaware of the possibility that asthma might be pre-
sent when wheezing occurs. In both of these situations, chil-
dren with asthma would have been classified as no asthma,
diminishing differences between the 2 groups. Another limi-
tation is the lack of uniform diagnosis of asthma in the 3 clin-
ical sites. However, we did routinely ascertain from parental
reports a physician diagnosis of asthma, and report of symp-
toms was recorded uniformly in all participants regardless of
a parental report of a physician diagnosis of asthma. The lack
of common clinical definition of asthma at the 3 sites would
have only contributed to an increase in the variability in the
asthma diagnosis. Despite this variability, we were able to
demonstrate that a set of wheezing questions plus parental
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asthma results may help clinicians distinguish between those
with and without asthma.

Although this study cannot provide evidence of the value
of asthma treatment, a trial of such treatment could be con-
ducted based on the predicted probabilities obtained in these
analyses. Medication recommended in the NHLBI guidelines
to control and prevent chronic respiratory symptoms in chil-
dren with asthma (bronchodilators and inhaled steroids and/
or leukotriene modifiers) may ameliorate morbidity in chil-
dren with SCA. After initiation of such therapy, a child
should be reevaluated within 1-2 months to determine the
benefit and/or burden of therapy. Systemic corticosteroids,
which are commonly used in the setting of acute asthma,
should probably be used with caution in children with
SCA, because several retrospective studies have demonstrated
an association with adverse consequences for children with
SCA when used in the setting of ACS.”"*

In summary, having a parent with asthma and wheezing
symptoms are the best features to distinguish those with
from those without a parent report of a physician diagnosis
of asthma receiving asthma therapy and to identify those at
higher risk for ACS events. The value of treatment for asthma
in prevention of SCA morbidity needs to be studied. m
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