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Abstract
BACKGROUND—African Americans have worse asthma outcomes compared to whites.
Adrenoceptor beta 2, surface gene (ADRB2) Gly16Arg genotypes have been associated with β2-
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agonist bronchodilator response, asthma exacerbation rate, response to methacholine, and lung
function decline but not specifically in African Americans.

OBJECTIVE—We sought to compare the provocative concentration of methacholine that causes
a 20% fall in FEV1 (PC20) in African Americans and whites with asthma who were ADRB2
homozygous at codon16 (Arg16Arg or Gly16Gly).

METHODS—African Americans and whites whose parents and grandparents were of the same
race, aged ≥ 10 years, with baseline FEV1 of ≥60% predicted, and no upper or lower respiratory
tract infection within the previous 2 weeks meeting genotype criteria were enrolled. PC20 was
measured after withholding short-acting and long-acting β2-agonists for 8 and 12 hours
respectively, montelukast for 24 hours, ipratropium bromide and inhaled corticosteroids for 12
hours, and antihistamines for 72 hours.

RESULTS—423 participants were screened and 88 had a positive challenge. Participants were
32yrs ± 19yrs (mean ± SD), 70% female, 51% White (vs. African American), 6% Hispanic.
Similar numbers of participants were using inhaled corticosteroids by race and genotype. There
were significant differences in log PC20 between race/genotype groups (p=0.012). African
American Arg16Arg participants had a lower log PC20 than White Gly16Gly (p=0.009) and
African American Gly16Gly (p=0.041) participants. Both race and genotype contributed
significantly to the model (p=0.037 and p=0.014, respectively) but there was no interaction
between race and genotype on log PC20.

CONCLUSIONS AND CLINICAL RELEVANCE—Airway hyperresponsiveness is influenced
by race and the ADRB2 codon 16 polymorphism. African Americans with the Arg16Arg genotype
have increased airway reactivity and may be at risk for worse asthma outcomes. Inclusion of
genetic information as an additional clinical tool may aid in the personalization of asthma
management decisions.

[ClinicalTrials.gov Identifier: NCT00708227].
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1. INTRODUCTION
Asthma affects nearly 25 million persons in the United States (8.2%) and is more prevalent
in African Americans than whites (11.1% v. 7.8%) [1] and even greater racial prevalence
differences exist in children (16% and 8.2%, respectively) [2]. Compared to whites, African
Americans tend to have more severe and frequent exacerbations, more hospitalizations, a
greater risk of death, lower quality of life, more frequent short-acting β2-agonist use, less
inhaled corticosteroid (ICS) use, a poorer response to short-and long-acting inhaled β2-
agonists, and are more likely to be steroid insensitive [1, 3–7]. In addition, African
Americans are more likely than whites to have a greater risk of asthma related life
threatening events or death when using long-acting β2-agonists which may reflect underuse
of inhaled corticosteroids [7]. The reason for worse asthma outcomes in African Americans
is not readily clear but may be related to yet unspecified composites of genetic and
environmental factors.

Airway hyperresponsiveness is present in nearly all persons with active asthma and can be
detected by direct (methacholine, histamine, leukotriene, prostaglandin) or indirect
(exercise, hypertonic saline, adenosine monophosphate, mannitol, eucapnic voluntary
hyperpnea) bronchial challenge [8, 9 ]. Although, sensitivity measured by the challenge may
be affected by procedure methodology; for instance, deep inspiration or choice of agent may
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influence response [10–12]. Few studies have included an analysis of differences in airway
hyperreactivity (assessed by methacholine bronchial challenge) between African Americans
and whites with asthma [13–17]. In several studies, no difference in methacholine sensitivity
was noted between African American and whites [13–15] though in two studies African
Americans had greater sensitivity to methacholine compared to whites [16, 17].

Polymorphisms in the gene encoding the β2-adrenergic receptor (ADRB2) have been
associated with asthma phenotypes [18, 19]. Two nonsynonomous coding polymorphisms
have been comprehensively studied both in vitro and in clinical trials: glycine (Gly) 16 to
arginine (Arg) and glutamine (Gln) 27 to glutamate (Glu) because both result in functional
changes of the receptor protein observed in vitro and both occur at high frequency (>10%) in
patients with asthma including whites and African Americans. Associations between
methacholine sensitivity and the Gly16Arg polymorphism have been mixed in both asthma
and the general population [18, 20–24]. Similarly, associations of the Gly16Arg
polymorphism with other asthma phenotypes such as lung function, asthma control, and
persistence of asthma to adulthood, and nocturnal symptoms have been mixed [18, 19, 22,
23, 25, 26]. However, most studies were conducted in whites or Asians, or surprisingly did
not report race at all. Thus, there are no data specifically examining asthma outcomes by
ADRB2 genotype in a racially homogenous group of whites versus African Americans.

We measured airway hyperresponsiveness by methacholine bronchial challenge in African
Americans and whites who were homozygous at the ADRB2 Gly16Arg codon. We
hypothesized that race and ADRB2 would predict response to the provocative concentration
of methacholine that causes a 20% fall in FEV1 (PC20).

2. MATERIALS AND METHODS
2.1. Participants

Participants were recruited for the main clinical trial, “Pharmacogenetics of β2-Agonists in
Asthma” (ClinicalTrials.gov Identifier: NCT00708227) from Nemours Children’s Clinic,
Jacksonville FL. Male and female participants were eligible if they had physician diagnosed
asthma for at least 3 months; were aged 10 years or older; race was African American or
white with consistent race back to the grandparent generation by participant self-report;
ADRB2 Gly16Arg genotype was Arg16Arg or Gly16Gly; FEV1 was ≥ 60% of predicted
normal values for age, height, and sex; there was no history of life-threatening asthma that
required intubation associated with hypercapnia, respiratory arrest, or hypoxic seizures;
there was no hospitalization for asthma within the previous 3 months; there was no
respiratory tract infection (sinus, middle ear, oropharyngeal, upper or lower respiratory tract
infection ) nor episodic increase in asthma symptoms not completely resolved for at least 2
weeks before the visit; there was no oral corticosteroid use for at least 2 weeks before the
visit; and females were not pregnant or lactating. There was no requirement for previous
asthma therapy including baseline inhaled corticosteroid treatment. All persons with a
smoking history (past or present) could not have physician diagnosed COPD nor a FEV1/
FVC ratio <0.70 if the participant was >40 years old. Participants who were current smokers
under 40 years old were considered “smoking asthmatics” regardless of smoking history.
Institutional review board approval was obtained from Nemours Florida Institutional
Review Board. Prior to the study, a signed and dated written informed consent from adults
aged 18 years and older, and parental permission from a child’s parent or legal guardian, and
assent from children aged 7 to 17 years old, was obtained.

Data were collected on date of asthma onset, current medication use, current symptoms
based upon Asthma Control Questionnaire (ACQ) results [permission granted from
Elizabeth Juniper] [27, 28], clinical history of symptoms to aeroallergens, and smoking
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history. The ACQ is a self-administered instrument that contains 6 questions scored on a 7-
point scale (0, good control to 6, poor control) that asks patients to recall symptoms and
short-acting β2-agonist use during the previous week and has been validated in adults and
children aged 6 years and older [27, 28]. A seventh item in the ACQ is a score based on
pulmonary function results. The overall ACQ score is mean from the 7 items and a score of
0.75 or less indicates well-controlled asthma and a score 1.5 or greater indicates
inadequately controlled asthma [28].

2.2. Study Design and Drug Administration
The data were collected from a single study visit after all inclusion criteria were met.
Women of child bearing potential had a urine pregnancy test performed on the day of the
visit. Methacholine (Provocholine® Methapharm Inc. Brantford, Ontario, Canada) kits from
Methapharm Inc. contained methacholine chloride 100mg powder and diluent [0.9% sodium
chloride injection containing 0.4% phenol (pH 7.0)]. Dilutions were prepared and stored
prior to use according the manufacturer labeling.

Prior to the methacholine challenge, participants had to discontinue short- and long-acting
β2-agonists for 8 and 12 hours, respectively; inhaled corticosteroids for 12 hours;
ipratropium bromide for 12 hours; montelukast for 24 hours; antihistamines for 72 hours;
and caffeine containing products for 8 hours. Long-acting β2-agonists were only held 12-
hours for consistency of washout requirements and study design in the main trial,
“Pharmacogenetics of β2-Agonists in Asthma”. Participants were told not to exercise for 6
hours or to expose themselves to environments known to precipitate asthma symptoms for
48 hours before the challenge. No participant was studied during a season in which they
historically reported sensitivity to prevalent aeroallergens. All challenges were performed by
the principal investigator or two highly trained asthma clinical research nurses.
Bronchoconstriction following the challenge was reversed with nebulized albuterol.

Spirometry was performed according to ATS guidelines [29]. At baseline at least three
acceptable forced vital capacity maneuvers, with the two highest forced expiratory volume
in the 1st second (FEV1 (L)) values within 5% of each other, were obtained and the highest
value for FEV1 was recorded [29]. The participant was seated and wearing a nose clip
during all spirometry efforts. Hankinson (NHANES III) predicted values were used to
determine the percent predicted FEV1 [30]; values for African Americans were adjusted by
12%.

The methacholine challenge was performed according to the ATS protocol using 10
doubling concentrations of methacholine, diluent followed by 0.03, 0.06, 0.125, 0.25, 0.50,
1, 2, 4, 8, 16 mg/ml, delivered by a DeVilbiss 646 characterized nebulizer connected to a
KoKo Dosimeter [31]. Only two DeVilbiss 646 characterized nebulizers were used during
the study and had manufacturer tested outputs of 1.012 mL/min and 1.014mL/min,
respectively, (tested by Ferraris Respiratory, Louisville, KY). The output from the
nebulizers was checked after each 20 uses [31]. The nebulizers were cleaned after each use
in hot soapy water, disinfected with Cidex OPA (Johnson & Johnson, Irvine, CA), and
allowed to air dry according to manufacturer instructions [32]. The air pressure source to the
input valve of the dosimeter was set to 30 psi. The dosimeter was set to deliver each dose of
methacholine with a 0.4 second start delay and 0.6 second dose duration. Five inspiratory
breaths, from functional residual capacity to total lung capacity, of increasing doses of
methacholine were sequentially inhaled. The first inhalation of each incremental dose of
methacholine was begun 5 minutes after the first inhalation of the previous dose. A single
FEV1 of acceptable quality was recorded at 30 seconds and again at 90 seconds after the
fifth inhalation of each dose from the nebulizer. The highest FEV1 after each dose whether
at 30 or 90 seconds was selected for calculation of PC20. Increasing doses of methacholine
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were administered until the highest post-dose FEV1 had decreased by 20% from the highest
post-diluent FEV1 or until the highest dose of methacholine (16 mg/mL) was administered.
The methacholine PC20 was determined by linear interpolation of the highest FEV1 from the
last 2 doses of methacholine plotted against the log-dose of methacholine [33].

2.3. DNA Collection and Genotyping
Genomic DNA was collected via saliva or blood donation. Saliva was collected using the
Oragene•DNA DNA Self-Collection Kit (OG-100 Vial Format) (http://
www.dnagenotek.com). Saliva samples were stored at 15–30 °C until analys is. Saliva
samples were prepared for genotyping according to the manufacturer instructions (http://
www.dnagenotek.com/US/support/protocols.html). The ADRB2 Gly16Arg genotypes were
determined by analyzing the melting curves of fluorescent-labeled oligo probes bound to
PCR-generated targets from individual DNA samples on a LightTyper instrument (Roche
Applied Science, Indianapolis, IN, USA) as previously described [34].

Blood from a small number of participants had been previously genotyped via a Sequenom
matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass array
spectrometer (Sequenom, San Diego, CA), using a semi automated primer design program
(Spectro Designer; Sequenom) [35].

2.4. Statistical Analysis
Participants were assigned to one of four groups based upon race and ADRB2 Gly16Arg
genotype: white Arg16Arg; white Gly16Gly; African American Arg16Arg; African
American Gly16gly. Categorical variables were summarized by frequencies and
percentages, while quantitative variables were summarized using mean and standard
deviation (SD). The distribution of baseline characteristics were compared between groups
by Chi square test for nominal data and one-way analysis of variance (ANOVA) for
continuous data. Model assumptions were checked before the analysis and an appropriate
measure was taken in case of violation. A factorial ANOVA was performed to analyze the
log10 transformed PC20 [36]. Race, genotype, and interaction of race and genotype were
used in the initial model. Later, the model was adjusted for influential covariates such as
age, sex, baseline FEV1 percent predicted, years with asthma, Asthma Control Questionnaire
score [28], clinical history of symptoms to aeroallergens, baseline inhaled corticosteroid
(ICS) use, and history of having ever smoked. Post hoc analysis was performed using Tukey
HSD. All tests were two-tailed at the level of significance of 0.05. Data were analyzed using
statistical software SPSS Version 19.0.0, SPSS Inc., Chicago, IL, USA.

3. RESULTS
3.1. Participant Characteristics

Saliva or blood was analyzed from 423 individuals with asthma to determine ADRB2
Gly16Arg genotype. Genotype results were reviewed from an additional 145 previous study
participants who had signed consent documents allowing for storage and future use of
donated DNA. Inclusion criteria were met by 132 available participants who underwent a
methacholine challenge. Of the 132 participants who met the inclusion criteria, 88 had a
positive methacholine challenge test defined as PC20 <16 mg/mL. Characteristics of the 88
participants who had a positive MCT are presented in Table 1. Age was 14 yrs ± 2 yrs in
those <18 years old (n=30) and 41 yrs ± 17 yrs in those ≥ 18 years old (n=58) (mean ± SD).
There were no significant differences in participants <18 years old and those ≥ 18 years old
for race, genotype at Gly16Arg, ICS use at baseline, or clinical history of symptoms to
aeroallergens. There were similar numbers of males vs. female in those <18 years old but
more female participants in those ≥ 18 years old (p=0.02). Mean ± SD percent predicted
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FEV1 at baseline was higher in those <18 years old vs. ≥ 18 years old (97% ± 15% vs. 82%
± 14%, p<0.0001), respectively. Because the number of whites and African Americans were
similar within genotype groups, the minor allele frequencies were also similar, thus
precluding the risk of confounding by population stratification.

There were no differences in age, sex, ethnicity (Hispanic/not Hispanic), race, ADRB2
Gly16Arg genotype, having ever smoked, any ICS use at the time of the visit, clinical
history of symptoms to aeroallergens, or mean ACQ score between participants who failed
versus those with a positive MCT. Asthma duration was less (13 years vs. 20 years,
p=0.011) and baseline FEV1 percent predicted tended to be higher (93% vs. 87%, p=0.058)
in those who failed MCT compared with those who had a positive MCT, respectively.

There were statistically significant differences in mean log PC20 between race/genotype
groups (p=0.012) (Figure 1). Geometric mean PC20 (mg/mL) values and 95% confidence
intervals for whites with the Arg16Arg and Gly16Gly genotypes were 1.27 (0.64, 2.50) and
1.76 (1.02, 3.054), respectively, and for African Americans, 0.48 (0.26, 0.86) and 1.42 (0.84,
2.40), respectively. Multiple comparison analysis demonstrated significant differences in log
PC20 between African American Arg16Arg vs. both White Gly16Gly (p=0.009) and African
American Gly16Gly (p=0.041). Unadjusted factorial ANOVA of log PC20 by race and
genotype showed significant differences by genotype (p=0.014) and race (p=0.037) but there
was no interaction between race and genotype on log PC20. Inclusion of age, duration of
asthma, and baseline FEV1 % predicted as covariates did not change these findings.
Inclusion of Asthma Control Questionnaire [27] score into the model resulted in race no
longer being significant. Inclusion of clinical history of symptoms to aeroallergens resulted
in neither race nor genotype being significant; however, 88% of participants had a history of
clinical sensitivity to aeroallergens. Inclusion of sex resulted in an interaction between race,
genotype, and sex being significant (p=0.031) (Table 2). Inclusion of having ever smoked
resulted in statistical significance for smoking (p=0.006), interaction between race and
genotype (p=0.038), and interaction between smoking, race, and genotype (p=0.018) (Table
3). An interaction was also present between ICS use and genotype (p=0.034) such that in
participants on ICS, those with the Arg16Arg genotype had a lower log PC20 than those with
the Gly16Gly genotype (Table 4). Within genotype, there were no differences in log PC20
between users and nonusers of ICS. In addition, there was no interaction between ICS use
and race (p=0.30) nor ICS use, race, and genotype combined in the model (p=0.298).

5. DISCUSSION
Compared to whites, African Americans are frequently described as having greater
morbidity and mortality rates as well as a poorer response to asthma medications and quite
concerning, an increased risk of life-threatening outcomes or death when on long-acting β2-
agonists [1, 3–7]. We identified a sub-group of African Americans with the ADRB2
Arg16Arg genotype who has significantly lower methacholine PC20 compared to either
whites or African Americans with the Gly16Gly genotype. To our knowledge, this study is
the first to examine methacholine PC20 as a function of both race and ADRB2 genotype.

The observed differences in the mean log PC20 between race/genotype stratified groups
cannot be explained by population stratification as minor allele frequencies were virtually
the same between whites and African Americans nor by differences in mean group covariate
characteristics. Participants were enrolled in the study only if their asthma was stable,
defined by no asthma exacerbation requiring hospitalization in the past 3 months and no
asthma symptoms resulting from a respiratory tract infection or asthma exacerbation, no
episodic increase in symptoms, nor any oral corticosteroid use within 2 weeks prior to the
visit. Nor were any participants studied in the months they historically reported symptoms to
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aeroallergens. No differences were found in the percent of females, age, asthma duration, %
predicted baseline FEV1, ICS use, history of clinical symptoms to aeroallergen, % who had
never smoked, or asthma severity assessed by ACQ between the race/genotype groups to
explain these findings. While percent predicted FEV1 was higher in those less than 18 years
old, the distribution of patients by < 18 years old or ≥ 18 years old was not different by race
or Gly16Arg genotype.

We chose to use methacholine because it is FDA approved, safety data are available in
children [37], and numerous published studies are available which aided in the assessment
of variability and calculation of sample size estimates during the main trial design. In
addition, bronchial challenge with methacholine is considered a direct test of airway
hyperresponsiveness as its action is specific to the airway smooth muscle receptor compared
with indirect tests using exercise, cold dry air, mannitol, or adenosine that appear to act
through the release of inflammatory mediators within the airway [12].

Inclusion of sex, having ever smoked, and ICS use into our model resulted in several
statistically significant interactions with race or genotype, or both race and genotype.
African Americans with the Arg16Arg genotype who were female or who were smokers had
the lowest log PC20. Previous studies have found that post-pubertal female children with
asthma have greater airway hyperresponsiveness compared to males [38, 39] though no
differences between sexes were found in a recent study in mostly adults [17]. Cigarette
smoke exposure can also increase airway hyperresponsiveness in patients with asthma but
there is large heterogeneity in effect [40, 41]. Thus we may have identified a subgroup of
patients with asthma by race, ADRB2 genotype, sex, and smoking history that are at
increased risk for having airway hyperresponsiveness.

Approximately 50% of participants in each race/genotype group in the present study were
using inhaled corticosteroids (89% as combination of inhaled corticosteroid plus a long-
acting β-2-agonist). We found an interaction between any form of ICS use and genotype but
there was no influence of race. Unlike Rebordosa et al who found that in patients not on
ICS, those with the Arg16Arg genotype had increased airway hyperresponsiveness
compared to Gly16Gly carriers [22], we found no difference between genotypes in patients
not on ICS. However, we did find that in participants on ICS those with the Arg16Arg
genotype had a significantly lower PC20 than those with the Gly16Gly genotype.

Our study has several limitations. The effects observed were based upon ADRB2 genotype
at a single locus. Haplotypes may be more informative in performing association studies
than single nucleotide polymorphisms due to capturing effects of alleles which are in linkage
disequilibrium with other polymorphisms [42, 43]. For our challenge methodology, we
elected to use the ATS dosimeter method with a slow 5-second inhalation to total lung
capacity. Several studies have now confirmed that deep inspiration during methacholine
challenge testing results in a higher PC20 compared with tidal breathing [10, 11]. Having our
participants inhale deeply could help explain the large percent (33%) of individuals who
failed to achieve a PC20 <16mg/mL. The latter may also be explained by the 12-hour
washout for long-acting β2-agonists which may have allowed residual bronchodilation to
blunt or inhibit the response to methacholine. Racial ancestry was determined by self-report
rather than genotyping ancestral markers to determine African American vs. European
Caucasian heritage. However, all participants were recruited from a single center in the
southeastern United States where large populations of African American reside and those of
Hispanic ethnicity comprise less than 4% of the population. In addition, only participants
who could state that parents and grandparents were of the same race as the participant were
enrolled and self-reported race has been shown to distinguish between whites and African
Americans in urban populations [44]. ICS use was by self-report and we did not examine
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prescription fill records to determine if ICS had been used consistently in the months before
the visit. Patient adherence with ICS treatment plans is frequently reported to be poor [45,
46].

6. CONCLUSIONS
We found that African Americans with the ADRB2 Arg16Arg genotype, particularly
females who had ever smoked, have significantly increased airway hyperresponsiveness
(lower PC20) compared to either whites or African Americans with the Gly16Gly genotype.
Our findings are relevant for clinicians who manage asthma in African Americans. Because
increased airway hyperresponsiveness is correlated with asthma severity, this group of
African Americans may require more aggressive treatment regimens and monitoring to
reduce impairment and future risks. Inclusion of genetic information as an additional tool to
personalize asthma treatment choices and management strategies likely will become
increasingly common as the costs for genome sequencing continue to decrease.
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ADRB2 adrenergic, beta-2-, receptor surface gene

Arg arginine

FEV1 volume of air expired in the first second during maximal expiratory effort

Gln glutamine

Glu glutamate

Gly glycine

PC20 provocative concentration of methacholine that causes a 20% fall in FEV1
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Figure 1.
Geometric mean PC20 with 95% confidence interval error bars for the 4 race by genotype
groups.
There were significant differences between the mean log PC20 values of the 4 groups
(p=0.012). African Americans who carried the Arg16Arg genotype had significantly lower
mean log PC20 compared to whites with the Gly16Gly genotype (p=0.009) and African
Americans with the Gly16Gly genotype (p=0.041). There was no significant difference
between whites and African Americans with the Arg16Arg genotype (p=0.1).
Afr Am = African American
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