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Methacholine challenge test: Diagnostic characteristics in
asthmatic patients receiving controller medications

Kaharu Sumino, MD, MPH,? Elizabeth A. Sugar, PhD,? Charles G. Irvin, PhD,® David A. Kaminsky, MD,°
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MPH,? for the American Lung Association Asthma Clinical Research Centers*

Background: The methacholine challenge test (MCT) is
commonly used to assess airway hyperresponsiveness, but the
diagnostic characteristics have not been well studied in
asthmatic patients receiving controller medications after the use
of high-potency inhaled corticosteroids became common.
Objectives: We investigated the ability of the MCT to
differentiate participants with a physician’s diagnosis of asthma
from nonasthmatic participants.

Methods: We conducted a cohort-control study in asthmatic
participants (n = 126) who were receiving regular controller
medications and nonasthmatic control participants (n = 93) to
evaluate the sensitivity and specificity of the MCT.
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Results: The overall sensitivity was 77% and the specificity was
96% with a threshold PC,, (the provocative concentration of
methacholine that results in a 20% drop in FEV,) of 8 mg/mL.
The sensitivity was significantly lower in white than in African
American participants (69% vs 95%, P = .015) and higher in
atopic compared with nonatopic (82% vs 52%, P = .005).
Increasing the PC,, threshold from 8 to 16 mg/mL did not
noticeably improve the performance characteristics of the test.
African American race, presence of atopy, and lower percent
predicted FEV,; were associated with a positive test result.
Conclusions: The utility of the MCT to rule out a diagnosis of
asthma depends on racial and atopic characteristics. Clinicians
should take into account the reduced sensitivity of the MCT in
white and nonatopic asthmatic patients when using this test for
the diagnosis of asthma. (J Allergy Clin Immunol
2012;NEN:ENE-NEN,)
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The methacholine challenge test (MCT) is widely used to
evaluate airway hyperresponsiveness (AHR) in patients with
unexplained dyspnea when the diagnosis of asthma is uncertain.
Asthmatic patients usually demonstrate a large decrease in lung
function to an inhaled concentration of methacholine that causes
little or no change in those without asthma. In clinical studies in
asthmatic patients, PC,q (the provocative concentration of meth-
acholine that results in a 20% drop in FEV) is often used as one of
the inclusion criteria or as an outcome measure.' ™

Previous clinical studies have reported a wide range of values
for the sensitivity of the MCT for detecting asthma.”'* However,
based mainly on selected older clinical trials,>%? this test is often
interpreted by clinicians to have a high sensitivity and negative
predictive value. The American Thoracic Society (ATS) guide-
lines on MCT state that “if the prior probability of asthma is
30-70% and the PC,q is >16 mg/mL, it may be stated with a
high degree of confidence that the patient does not currently
have asthma.”'> Hence a negative MCT result has been generally
interpreted as indicating that it is unlikely that a patient with un-
explained respiratory symptoms has asthma. However, in previ-
ous studies evaluating the ability of the MCT to diagnose
asthma, many patients were not receiving asthma controller
medications.

We have observed that many potential participants evaluated
for American Lung Association—Asthma Clinical Research Cen-
ter clinical trials were disqualified because their PC,, was greater
than 16 mg/mL, despite having a clinical history of physician-
diagnosed asthma and receiving asthma treatment. We
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Abbreviations used

AHR: Airway hyperresponsiveness
ATS: American Thoracic Society
ICS: Inhaled corticosteroid

MCT: Methacholine challenge test

hypothesized that these results might be false-negative MCTs due
to the increase in the use of high-potency inhaled corticosteroids
(ICSs) in the treatment of asthma in recent years, since the
dissemination of the National Asthma Education Prevention
Program guidelines (Expert Panel Report 2)'° because high-
potency ICSs can reduce AHR.'”!® Therefore we investigated
the ability of the MCT to differentiate nonasthmatic participants
from participants with physician-diagnosed asthma receiving
controller treatment.

METHODS
Study design and participant selection

‘We conducted a cross-sectional, cohort-control study of asthmatic patients
and nonasthmatic control participants to measure the sensitivity and specific-
ity of the MCT. The study was conducted at 15 centers in the American Lung
Association—Asthma Clinical Research Centers from December 2008 until
May 2010. Asthmatic and nonasthmatic participants completed prebroncho-
dilator spirometry, MCTs, allergy skin testing, and the Asthma Control
Questionnaire. '’

Inclusion criteria for asthmatic participants were as follows: age 12 to 69
years; physician—diagnosed stable asthma; current treatment for asthma
within the preceding 12 months with regular use of asthma controller
medications (regular use of ICSs, leukotriene receptor modifiers, or both);
no asthma exacerbation during the prior 4 weeks; and prebronchodilator FEV,
of 70% of predicted value or greater. For women of childbearing potential, in-
clusion criteria also included that they were not pregnant and not lactating.
Study staff had no knowledge of the results of any prior MCTs. Exclusion cri-
teria for asthmatic participants were use of only as-needed short-acting bron-
chodilator, chronic oral steroid therapy, and oral corticosteroid use within the
past 4 weeks. Inclusion criteria for healthy control participants were age 12 to
69 years and overall good health. We excluded participants with conditions
that are associated with AHR, which include a history within the previous 5
years of self-reported, physician-diagnosed allergic disease (allergic rhinitis,
hay fever, or atopic dermatitis); asthma, chronic nasal or sinus disease; or other
chronic lung diseases and respiratory tract infections within the past 4 weeks.
Both asthmatic and healthy control participants were excluded if they had
chronic diseases that, in the opinion of the investigator, would prevent partic-
ipation in the trial and if there was a history of cigarette smoking within the
past 5 years or greater than 10 pack years total. Both asthmatic and healthy
control participants were recruited from those who responded to advertise-
ments for a research study in the community at each study site.

The study was approved by the institutional review board at each
participating center, and all participants provided written informed consent.
The protocol was approved by a Data and Safety Monitoring Board appointed
by the American Lung Association. The Data and Safety Monitoring Board
reviewed the results and adverse events throughout the course of the study. The
trial was registered at www.clinicaltrials.gov (NCT00705341).

MCT methods

We used the 5-breath dosimeter method according to the published
guidelines of the ATS'® using a stand-alone dosimeter (Koko dosimeter;
nSpire Health, Longmont, Colo). Briefly, participants inhaled increasing con-
centrations of methacholine by using a nebulizer with an electronically con-
trolled valve that allowed a controlled amount of material to be delivered
during the course of 5 inspiratory capacity breaths from functional residual
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capacity to total lung capacity. This 5-breath procedure was repeated with in-
creasing concentrations of methacholine until the FEV, decreased by at least
20% from the baseline value or until the highest concentration of methacholine
(32 mg/mL) had been delivered and the PC,, was calculated. Provocholine,
which was donated by Methapharm (Brantford, Ontario, Canada) was diluted
to the desired concentration with 0.9% normal saline containing 0.4% phenol
as a preservative. The test sequence included 11 steps: diluent only and
0.03125, 0.0625, 0.125, 0.25, 0.5, 1.0, 2.0, 4.0, 8.0, 16.0, and 32.0 mg/mL.
All medications and foods that might interact with methacholine were held be-
fore the test, including short-acting bronchodilators (6 hours), long-acting
bronchodilators (24 hours), leukotriene modifiers (24 hours), antihistamine
(48 hours), and theophylline (48 hours). Participants were allowed to continue
their ICSs as prescribed.

Quality control measures were implemented centrally by the data-
coordinating center, including calibration of each nebulizer cup to deliver 9
L = 10% per 0.6-second actuation and certification of the technicians who
performed the MCT. Certification required submission and review of 5
acceptable tests.

Statistical analysis

An MCT result was considered positive if the PC,q was less than or equal to
8 mg/mL. A cohort of 140 participants (70 asthmatic patients and 70 nonasth-
matic subjects) was calculated to provide precision, which was defined as the
width of the 95% exact binomial CI, between 0.12 and 0.18 for our estimates
of sensitivity and specificity depending on the observed percentage (0.95-
0.85). Comparisons between cohorts were made by using Kruskal-Wallis tests
for continuous variables and x> or Fisher exact tests for categorical variables.
The sensitivity and specificity of the MCTs were computed with exact bino-
mial 95% Cls, and comparisons between subgroups were made by using the
Fisher exact test. P values (2-sided) of less than .05 were considered statisti-
cally significant.

RESULTS
Characteristics of the study participants

A summary of the clinical characteristics of the study partic-
ipants (126 asthma and 93 healthy control participants) is shown
in Table I. Participants with asthma were slightly older; had
higher body mass index, reported eczema, sinusitis, rhinitis,
food allergy, and gastroesophageal reflux disease more fre-
quently; and had lower lung function and greater allergy skin
test reactivity than nonasthmatic control participants. The major-
ity of asthmatic patients (90%) were receiving an ICS alone or in
combination with a long-acting 3-agonist. Overall, their asthma
was suboptimally controlled with an average Asthma Control
Questionnaire score of 1.1 (<0.76 is defined as well controlledz()).
Twenty-three percent reported receiving a prednisone burst and
29% reported having an urgent care visit for asthma in the preced-
ing 12 months.

Sensitivity and specificity of the MCT

MCTs were completed in 125 asthmatic participants and 92
healthy control participants (1 in each group did not complete the
testing). The overall sensitivity of the MCT for differentiating
asthmatic participants from healthy control participants by using
a PC,o of 8 mg/mL or less to define a positive test result was 77%,
and the specificity was 96% (Table II). The actual number of pos-
itive and negative test results in each group is provided in Table
El in this article’s Online Repository at www.jacionline.org. In-
creasing the threshold for a positive MCT result from 8 to 16
mg/mL did not noticeably improve the characteristics of the test
(Fig 1 and see Fig El in this article’s Online Repository at
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TABLE I. Participants’ characteristics

Healthy control Asthmatic
participants patients P
Characteristics (n = 93) (n = 126) value*
General characteristics
Male sex 37 (40) 42 (33) 401
Race/ethnicity
White 63 (68) 77 (61) .062
African American 14 (15) 34 (27)
Latino/Hispanic 10 (11) 13 (10)
Others 6 (6) 22
Age at enrollment (y), mean 329 + 12.8 383 = 15 .006
Former smoker 3(3) 13 (10) .084
BMI 259 =49 292 = 7.6 .002
Other conditions
Eczema 1(1) 17 (13) .002
Sinusitis 1(1) 23 (18) <.001
Hay fever/rhinitis 7 (8) 78 (62) <.001
GERD 4 (4) 34 (27) <.001
Food allergy 1(1) 24 (19) <.001
Family history of asthma 26 (28) 79 (63) <.001
Atopy
Median no. of positive 0 (0-8) 3.5 (0-14) <.001
allergy skin test
results
>1 Positive allergy 43 (46) 102 (81) <.001
skin test results
Lung function
Percent predicted 95.1 £ 104 88.6 = 11.9 <.001
FEV, (before BD)
Percent predicted 97.1 £ 10.7 96.7 = 11.7 720
FVC (before BD)
Asthma characteristics
Median age of onset (y) NA 11.0 (1-53)
Asthma treatment (%)
ICS/LABA NA 74 (59)
combination
ICS alone NA 39 (31)
No ICS NA 13 (10)
Antileukotriene alone NA 30 (24)
or in combination
Asthma control
Use of daily SABA NA 27 (21)
ACQ NA 1.1 0.7
Urgent care visit (%) NA 36 (29)
in 12 mo
Prednisone burst (%) NA 29 (23)
in 12 mo

Data are presented as numbers (percentages), means = SDs, or medians (ranges).
Race/ethnicity was determined by self-identification to best descriptive category.
ACQ, 7-item Asthma Control Questionnaire; BD, bronchodilator; BMI, body mass
index; FVC, forced vital capacity; GERD, gastroesophageal reflux disease; LABA,
long-acting 3-agonist; NA, not applicable; SABA, short-acting (3-agonist.

*P value compares the phase I healthy control group (n = 93) versus the phase I
asthmatic group (n = 126).

www.jacionline.org). An analysis of the sensitivity and specificity
in a subset of age- and sex-matched subjects (80 participants from
each group) produced similar results (data not shown).

Effect of participants’ characteristics on the MCT
We investigated factors that might have influenced the diag-

nostic characteristics of the MCT (Table II and see Table E2 in

this article’s Online Repository at www.jacionline.org). The
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sensitivity of the MCT in white subjects was less than that in Af-
rican American subjects (P =.015). Sex did not have a significant
effect on sensitivity (P = .267). Participants with atopy, which
was defined as having 1 or more positive skin test results, had sig-
nificantly higher MCT sensitivity compared with those without
atopy (P =.005). The specificity of the MCT was high and similar
among all subgroups. There was no significant difference in base-
line demographics and asthma severity measurements by race
(see Table E3). There was no significant difference in the
percentage of atopic white and African American participants
(P =.624).

Comparison of participants with positive or
negative MCT results

We compared the clinical characteristics of those asthmatic
participants with positive (n = 96) and negative (n = 29) MCT
results (Table III). In addition to African American race and at-
opy, lower percent predicted FEV, was associated with a positive
MCT result (P = .003). Body mass index was similar in both
groups. There were no significant differences in other asthma
characteristics, including asthma control, triggers, diagnosis, or
symptoms, between participants with a positive or negative
MCT result (see Table E4 in this article’s Online Repository at
www.jacionline.org).

DISCUSSION

We have made important observations about the performance
of the MCT in the diagnosis of asthma: (1) 23% of patients with
physician-diagnosed asthma receiving active controller treatment
had a negative test result, and (2) the sensitivity of the test varied
with race and the presence of atopy.

The sensitivity and specificity of the MCT observed in previous
studies have varied depending on the study population
tested.”'%'%"1*2! In studies with large sample sizes, sensitivity
ranged from 51%'? to 100%,° and specificity ranged from
49%'* to 100% (Table IV)*"'*'*'**! However, the current ATS
guidelines suggest that MCTs can be used to clinically exclude
asthma if the PC, is greater than 16 mg/mL in the proper clinical
setting. !> This conclusion was based mainly on studies before ICS
use had become a mainstay treatment for asthma. Hence a nega-
tive MCT result has been generally interpreted in a clinical setting
as indicating that it is unlikely that a patient with unexplained res-
piratory symptoms has asthma. Our study clearly demonstrates
that clinicians should not trust that MCTs can conclusively ex-
clude the presence of asthma. In 125 asthmatic patients receiving
controller treatment and 92 nonasthmatic control subjects in our
study, we observed a sensitivity of 77% and specificity of 96%
with a threshold of 8 mg/mL. Increasing the threshold to 16
mg/mL did not substantially increase the sensitivity.

We also observed that race and the presence of atopy had a
significant effect on sensitivity. The MCT was much less sensitive
in white participants (69%) compared with African American
participants (91%, P = .015). This is the first study of which we
are aware showing a racial difference in MCT diagnostic sensitiv-
ity. Most of the previous studies did not report racial composition,
the effect of race, or both. A study did evaluate the racial differ-
ence in PD, (provocative dose of methacholine causing a 20%
fall in FEV)) in postpartum African American women in compar-
ison with white women and found that African American women
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TABLE Il. Overall sensitivity and specificity of the MCT to detect a physician’s diagnosis of asthma by race, sex, and atopy
No. Sensitivity Specificity PPV NPV

Overall 217* T7% (68% to 84%) 96% (89% to 99%) 96% (90% to 99%) T5% (66% to 83%)
Race

White 139 69% (57% to 79%) 95% (86% to 99%) 95% (85% to 99%) T1% (60% to 81%)

African American 48 91% (76% to 99%) 93% (66% to 100%) 97% (83% to 100%) 81% (54% to 96%)
Sex

Female 138 73% (62% to 83%) 98% (90% to 100%) 98% (91% to 100%) T1% (59% to 81%)

Male 79 83% (68% to 94%) 92% (78% to 99%) 92% (78% to 99%) 83% (67% to 93%)
Atopyt

No 72 52% (30% to 74%) 94% (83% to 99%) 80% (51% to 96%) 81% (68% to 90%)

Yes 145 82% (73% to 90%) 98% (87% to 100%) 99% (93% to 100%) 70% (56% to 82%)

Values are presented as percentages (95% Cls). PC,o of 8 mg/mL or less is defined as a positive test result.

NPV, Negative predictive value; PPV, positive predictive value.

*One participant in the asthmatic group and 1 participant in the nonasthmatic control group did not complete PC,, measurement.
fNo atopy is defined as a negative allergy skin test result, and the presence of atopy is defined as 1 or more positive allergy skin test results.
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FIG 1. Relationship of various PC,, thresholds and sensitivity/specificity of MCTs. Increasing the threshold
for a positive MCT result from 8 to 16 mg/mL did not meaningfully change the sensitivity and specificity of

the test.

had a lower PDy, but the difference was no longer significant af-
ter adjusting for FEV | and IgE.22 In our study all asthma severity
and control measures assessed were similar between African
American and white participants (see Table E3). Thus the racial
differences in methacholine reactivity observed were not based
on asthma severity. Possible explanations for the lower MCT sen-
sitivity in white participants might include disparities in the diag-
nosis of asthma and the threshold for treatment between races,
leading to a higher likelihood of overdiagnosis among white
participants. However, such a disparity was not supported by
our measures of asthma severity, control measures, and treatment
regimens. Second, there might be fundamental differences in the
pathobiology of asthma by race. Further investigation is neces-
sary to answer these questions.

We also found that asthmatic participants without atopy had a
much lower sensitivity (53%) compared with that seen in atopic
participants (83%, P = .005). This result confirms the previous re-
ports of high rates of AHR in patients with atopy.”** A recent study
that investigated the effect of atopy and sex on the performance of
the MCT in 640 children (228 asthmatic patients and 223 healthy
control participants) reported that the sensitivity was much lower
in nonatopic compared with atopic subjects regardless of the PCy
threshold. The sensitivity was lowest in nonatopic boys, and the
authors concluded that the MCT was not helpful in diagnosing
asthma in nonatopic boys.” We did not observe a difference by
sex among adults. The low sensitivity of MCTs in nonatopic par-
ticipants in our study and in others indicates that MCTs should not
be used as a diagnostic tool for asthma in this population.
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TABLE lll. Comparison of the characteristics of asthmatic par-
ticipants with positive and negative MCT results

Positive MCT  Negative MCT P
result (n = 96) result (n = 29) value
Characteristics
Male sex 35 (36) 7 (24) 314
Race/ethnicity
White 53 (55) 24 (83) .056
Black 31 (32) 3 (10)
Others 12 (12) 2(7)
Age at enrollment (y), mean  39.1 = 15.0 353 = 15.1 225
Former smoker 11 (11) 2(7) 72
BMI 292 + 73 29.4 + 8.8 822
Atopy
Median total no. of positive 4 (0-14) 3 (0-14) 113
allergy skin test results
>1 Positive allergy skin test 84 (88) 18 (62) .005
results
Lung function
Percent predicted FEV, 87.1 = 11.9 93.8 = 10.8 .003
Percent predicted FVC 96.4 * 12.2 98.2 = 10.3 486
Peak flow (L/min) 418.6 = 79.7 394.1 £ 98.8 234
Asthma characteristics
Family history of asthma 61 (64) 18 (62) >.999
Median age of onset (y) 11.5 (1-53) 10.0 (1-52) 495
Asthma treatment (%)
ICS/LABA combination 54 (56) 19 (65) 311
ICS alone 33 (34) 6 (21)
No ICS 9 (10) 4 (14)
Antileukotriene alone or in 19 (20) 11 (38) .079
combination
Asthma control
Use of daily SABA 23 (24) 4 (14) 364
Mean ACQ 1.1 = 0.7 1.0 = 0.6 .268
Urgent care visit in 12 mo 29 (30) 7 (24) .69
Prednisone burst in 12 mo 22 (23) 6 (21) 998

PC, of 8 mg/mL or less is defined as a positive test result. One participant in the
asthmatic group and 1 participant in the nonasthmatic control group did not complete
PC,o measurements. Values are presented as numbers (percentages), means * SDs, or
medians (ranges).

ACQ, Asthma Control Questionnaire; BMI, body mass index; FVC, forced vital
capacity; LABA, long-acting (3-agonist; SABA, short-acting (-agonist.

It is possible that the method by which the MCT was performed
might have influenced the results of the MCT sensitivity. Some
previous studies and the ATS guidelines on MCTs have indicated
that the 2 MCT methods, 5-breath dosimeter method and
2-minute tidal breathing method, are equivalent.24’26 However,
Cockcroft and Davis®’ recently reported evidence of a lack of
comparability between the 2 methods. Cockcroft and Davis found
that patients with mild asthma (PC,o >2 mg/mL) were more likely
to have a positive MCT result with the tidal breathing method than
with the 5-breath dosimeter method. They also reported that the
submaximal inhalation dosimeter method, in which deep inhala-
tion is restricted, resulted in a significantly lower PC,, compared
with the standard dosimeter method with deep breathing (4.1 vs
1.8 mg/mL, P <.0001).?® The authors speculated that the inhala-
tion to total lung capacity required for the 5-breath dosimeter
method might provide bronchoprotection, as shown in nonasth-
matic control subjects.29 Accordingly, we cannot extend our re-
sults to other methods of MCT that do not require deep breaths.

The specificity of MCTs observed in our study was high, and
none of the participants’ characteristics had an effect on the
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specificity. This is likely because our study evaluated the ability of
MCTs to differentiate asthmatic participants from nonasthmatic
healthy control participants and did not include participants with
lung diseases that are known to cause false-positive MCT results
(ie, sarcoidosis, chronic obstructive pulmonary disease, bronchi-
ectasis, and smokers). We recruited our control participants from
the general community with the requirement of good health
without a clinical diagnosis of allergies. In comparison with our
asthma participants our healthy control group was slightly
younger, weighed less, and had a higher prevalence of atopy
(46%) than previously reported (approximately 30%).2**! How-
ever, this higher prevalence of atopy in the control group did
not affect the specificity of MCTs when evaluated by atopic status.

We attempted to characterize the participants with negative
MCT results by comparing their demographics and asthma
characteristics with those with positive MCT results. Other than
differences in atopy and race, which were discussed earlier, only
FEV, was significantly different. Patients with lower airway cal-
iber tend to have more AHR,*?*3? but the small difference we ob-
served in baseline FEV is unlikely to completely explain the
large difference in PCy. Several previous studies have indicated
that forced expiratory flow between 25% and 75% of vital capac-
ity might correlate better with PC,y. 334 Unfortunately, expira-
tory flow between 25% and 75% of vital capacity values were
not obtained during our study. Moreover, the difference in PCy
cannot be attributed to a difference in the use of ICSs because sim-
ilar asthma treatment regimen patterns were observed in both
groups. A longitudinal study evaluating MCT performance after
withdrawal of controller medications and testing for AHR by us-
ing alternative methods can provide additional information.

There are several limitations to our study. Our participants had
mostly mild-to-moderate persistent asthma and were receiving
chronic treatment, and therefore our results might not be gener-
alizable to patients with severe asthma or those not taking a
controller medicine. However, the MCT is used most often in
patients with normal lung function whose diagnosis is in question,
and therefore we believe our study results are relevant to the most
common clinical setting.

Second, we defined participants as having asthma if they had a
medical history of physician-diagnosed asthma and were treated
chronically with asthma medications as the gold standard. Thus it
is possible that our study included subjects who might have
received a misdiagnosis or overdiagnosis from their primary
physician, which could have decreased the sensitivity of MCTs.
Luks et al*® evaluated asthma overdiagnosis in a Canadian com-
munity sample with physician-diagnosed asthma and found that
up to 30% were overdiagnosed. Similarly, a study in the Nether-
lands found up to 26% of patients who were given ICSs by pri-
mary care physicians had no proper indication.>® However, we
were not able to clinically distinguish those participants who
had positive or negative MCT results based on respiratory symp-
toms or control measurements (Table III and see Table E4) indi-
cating lack of clinical difference by MCT positivity. Regardless,
the gold standard for defining asthma is controversial, and the se-
lection of participants with asthma for this study is consistent with
most clinical definitions.

In summary, in patients with physician-diagnosed asthma
receiving asthma controller therapy, the overall sensitivity of
the MCT was 77% and the specificity was 96% for the diagnosis
of asthma, and this sensitivity was markedly influenced by race
and atopy. Given the reduced sensitivity of the MCT, clinicians
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Definition of

Author Adults or positive PCo
(reference) Year Study population No. pediatrics Sensitivity  Specificity PPV NPV (mg/mL)
Hopp et al’ 1984 Asthma, healthy control ~ 165 Pediatrics 98% 63% 57% 99% 800 BU*
Cockcroft et al® 1992  College students 500 Adults 100% 93% 34% 100% 8
Nieminen® 1992 Outpatient pulmonary 791  Adults 89% 76% 1% 91% 2600 pg*
clinic referrals
Perpina et al'® 1993  Asthma, rhinitis, chronic 300 Adults 84% 86% No information No information 15
bronchitis, healthy
control
Goldstein et al® 1994  Allergy clinic referrals 198  Adults, pediatrics 61% 100% 100% 74% 8
Goldstein et al’! 2001 Suspected asthmatic 121  Adults, pediatrics 86% 100% 100% 56% 8
patients with normal
lung function in private
clinic
Liem et al’ 2008 Manitoba birth cohort: 640 Pediatrics 66% 64% No information No information 4
asthma, healthy control
Anderson et al'> 2009 Suspected asthmatic 375 Adults, pediatrics 51% 75% 78% 46% 16
patients recruited from
multiple study sites
Sverrild et al'> 2010 Young adults randomly 238 Adults, pediatrics 69% 80% 49% 90% 8 pwmol*
drawn from nationwide (age 15-24 y)
registration in
Denmark
Carlsten et al'* 2011 Birth cohort with high 348 Pediatrics 80% 49% 27% 92% 3

risk for asthma

BU, Breath units; NPV, negative predictive value; PPV, positive predictive value.
*These studies used a provocative dose of methacholine to define a positive test result (PD5).

should not use MCTs as the sole method to exclude the diagnosis
of asthma, especially in white and nonatopic individuals. Fur-
thermore, clinical researchers should be aware of the limitations
of using PC,q as an inclusion criterion or as an outcome measure
for a clinical trial.

Clinical implications: The MCT should be not be used as the

sole method for excluding the diagnosis of asthma, especially
in white and nonatopic subjects.
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APPENDIX E1
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vestigator); H. Currier (principal clinic coordinator)
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Lang (co-principal investigators); M. McRae (principal clinic
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York, NY: J. Reibman (principal investigator); E. DiMango; L.
Rogers (co-principal investigators); K. Carapetyan (principal
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inder (clinic coordinators at Columbia University)

North Shore—Long Island Jewish Health System, New Hyde
Park, NY: R. Cohen (principal investigator); R. Ramdeo (principal
clinic coordinator)

University of Vermont, Burlington, Vt: C. G. Irvin (principal in-
vestigator); A. E. Dixon; D. A. Kaminsky (co-principal investiga-
tors); S. M. Burns (principal clinic coordinator); L. V. Griffes; J.
E. Lippmann (coordinators)

Ohio State University Medical Center—Nationwide Children’s
Hospital, Columbus, Ohio: J. Mastronarde (principal investiga-
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tor); J. Parsons (co-principal investigator); K. McCoy; C. Ben-
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man; C. Levine; D. Nowakowski; N. Prusakowski; S. Roettger;
D. Shade; E. Sugar; C. Wei

Steering Committee: W. Bailey (chair); M. Busk; M. Castro; R.
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FIG E1. Receiver operating curve of sensitivity and specificity of various
PCy thresholds. Increasing the threshold from 8 to 16 mg/mL does not in-
crease the area under the curve.
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TABLE E1. Numbers of participants with positive and negative
MCT results with a PC,q threshold from 1 to 16 mg/mL

PCy <1 mg/mL
Positive
Negative

PCy <2 mg/mL
Positive
Negative

PCyp <4 mg/mL
Positive
Negative

PCyp <8 mg/mL
Positive
Negative

PC,y <16 mg/mL
Positive
Negative

Asthmatic patients
48
77
Sensitivity
38%

Asthmatic patients
62
63
Sensitivity
50%

Asthmatic patients
79
46
Sensitivity
63%

Asthmatic patients
96
29
Sensitivity
77%

Asthmatic patients
100
25
Sensitivity
80%

Healthy control subjects
1
91
Specificity
99%

Healthy control subjects
2
9
Specificity
98%

Healthy control subjects
4
88
Specificity
96%

Healthy control subjects
4
88
Specificity
96%

Healthy control subjects
5
87
Specificity
95%

One participant in the asthmatic group and 1 participant in the nonasthmatic control
group did not complete PC,, measurement.
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TABLE E2. Numbers of participants with positive and negative
MCT results by race, with a positive result defined as PCy less
than 8 mg/mL

White race Asthmatic patients Healthy control subjects
Positive 53 3
Negative 23 59

African American race Asthmatic patients Healthy control subjects
Positive 31 1
Negative 3 13

One participant in the asthmatic group and 1 participant in the nonasthmatic control
group did not complete PC,, measurement.
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TABLE E3. Participant characteristics of asthmatic patients
stratified by race

White race African American P
Characteristics (n=77) race (n = 34) value
Male sex 27 (35) 9 (26) .502
Age at enrollment (y), mean 37.1 = 15.4 40.5 = 145 235
Former smoker 11 (14) 2 (6) 343
BMI 28.6 = 7.7 31.7 = 7.7 .051
Other conditions
Eczema 10 (13) 6 (18) 725
Sinusitis 14 (18) 8 (24) .694
Hay fever/rhinitis 49 (64) 19 (56) 574
GERD 22 (29) 6 (18) 325
Food allergy 17 (22) 6 (18) 782
Family history of asthma 44 (57) 26 (76) .058
Atopy
Median no. of positive 3 (0-14) 5 (0-14) .108
skin test results
>1 Positive skin test 61 (79) 29 (85) .624
results
Lung function
Percent predicted FEV, 889 * 119 90.5 = 12.6 48
(before BD)
Percent predicted FVC 96.8 £ 12.1 98.1 = 114 318
(before BD)
Asthma characteristics
Median age of onset (y) 10 (1-52) 13 (1-53) 467
Asthma treatment
ICS/LABA combination 47 (61) 22 (65) .186
ICS alone 19 (25) 11 (32)
No ICS 11 (14) 103)
Antileukotriene alone 17 (22) 13 (38) 125
or in combination
Asthma control
Use of daily SABA 14 (18) 8 (24) .694
Mean ACQ score 1.0 = 0.6 1.2 £0.8 .49
Urgent care visit (%) 20 (26) 13 (38) 281
in 12 mo
Prednisone burst (%) 15 (19) 11 (32) 218
in 12 mo

Data are presented as numbers (percentages), means *= SDs, or medians (ranges).
Data are shown for white and African American subjects. Other racial/ethnic
categories were excluded.

ACQ, Asthma Control Questionnaire; BD, bronchodilator; BMI, body mass index;
FVC, forced vital capacity; GERD, gastroesophageal reflux disease; LABA, long-
acting (-agonist; NA, not applicable; SABA, short-acting 3-agonist.
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TABLE E4. Comparison of detailed clinical asthma history in
participants with positive and negative MCT results

Positive Negative
MCT results MCT results
Asthmatic patients (n = 83/96 [86%] (n = 25/29 [86%] P
(n = 126) included) included) value
Original dx made by:
Primary care doctor 62 (77) 14 (64) 23
Lung doctor 11 (14) 3 (14)
Allergy doctor 8 (10) 5 (23)
Current f/u
Primary care doctor 50 (60) 11 (50) 45
Lung doctor 15 (18) 7 (32)
Allergy doctor 18 (22) 4 (18)
Symptoms in past 3 mo
Cough
Never 37 (64) 12 (67) 15
1-2 times/wk 20 (34) 4 (22)
Daily 12 2 (11)
Sputum
Never 44 (75) 15 (83) 78
1-2 times/wk 11 (19) 3(17)
Daily 4(7) 0 (0)
Chest tightness
Never 30 (53) 10 (59) 91
1-2 times/wk 23 (40) 6 (35)
Daily 4.(7) 1 (6)
Wheezing
Never 26 (59) 11 (65) >.99
1-2 times/wk 14 (32) 5 (29)
Daily 4 (9) 1(6)
Shortness of breath
Never 23 (49) 9 (56) 78
1-2 times/wk 17 (36) 6 (38)
Daily 7 (15) 1(6)
Nocturnal symptoms
Never 43 (74) 9 (50) 12
1-2 times/wk 11 (19) 7 (39)
Daily 4(7) 2 (11)
Triggers
Respiratory tract 63 (85) 21 (95) 29
infection
Irritants 68 (86) 20 (83) 75
Emotions 30 (38) 7 (32) 57
Drugs 7(11) 0 (0) .19
Food additives 11 (14) 15 28
Weather changes 74 (89) 19 (79) .30
Exercises 60 (74) 16 (70) .67
Cleaning supplies 50 (65) 12 (55) 37
Exposure to animals
Cat 50 (60) 10 (40) .07
Dog 27 (33) 8 (32) .96
Rodent 11 (13) 3(12) >.99
Season
Winter 42 (51) 13 (52) 9
Spring 35 (42) 7 (28) .20
Summer 16 (19) 7 (28) .35
Fall 33 (40) 8 (32) 48
Family history
Father 13 (16) 2 (8) 51
Mother 18 (22) 5 (20) .86
Siblings 28 (34) 7 (28) .59
Children 15 (18) 2 (8) .35
None 34 (41) 12 (48) .53

(Continued)

TABLE E4. (Continued)
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Positive Negative
MCT results MCT results
Asthmatic patients (n = 83/96 [86%] (n = 25/29 [86%] P
(n = 126) included) included) value
Asthma control
Last seen by doctor for
breathing problem
Never 4 (5) 0 46
Within the last year 44 (53) 11 (44)
>ly 35 (42) 14 (56)
Last visit in ED or
urgent care for
breathing problem
Never 23 (28) 12 (48) 11
Within last year 11 (13) 4 (16)
>ly 49 (59) 9 (36)
Last overnight stay in
hospital because of
breathing problem
Never 45 (54) 15 (60) 12
Within last year 1(1) 2 (8)
>ly 37 (45) 8 (32)
Last ICU admission
because of asthma
attack
Never 64 (77) 20 (80) 49
Within last year 1(1) 14)
>ly 18 (22) 4 (16)
Asthma treatment
ICS (noncombination) 26 (31) 6 (24) 48
ICS/LABA 47 (57) 14 (56) .96
combination
Oral steroids in past 11 (13) 4 (16) 75
12 mo
Injectable 2 (4) 0 >.99
corticosteroids
Immunotherapy 4(5) 14 >.99

Additional information on asthma history was obtained from a subset of participants
(positive MCT result, 83/96 [86%]; negative MCT result, 25/29 [86%]). A PC,, of 8
mg/mL or less is defined as a positive test result. One participant in the asthmatic
group and 1 participant in the nonasthmatic control group did not complete PCy

measurement.

dx, Diagnosis; f/u, follow-up; LABA, long-acting B-agonist.
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