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Misdiagnosis of Asthma in Schoolchildren

C.L. Yang,"? E. Simons,>* R.G. Foty,® P. Subbarao,%* T. To,>% and S.D. Dell':%34*

Summary. Background: A correct diagnosis of asthma is the cornerstone of asthma
management. Few pediatric studies have examined the accuracy of physician-diagnosed
asthma. Objectives: We determined the accuracy of parent reported physician-diagnosed asthma
in children sampled from a community cohort. Methods: Nested case-control study that recruited
203 children, aged 9-12, from a community-based sample. Three groups were recruited: asthma
cases had a parental report of physician-diagnosed asthma, symptomatic controls had respiratory
symptoms without a diagnosis of asthma, and asymptomatic controls had no respiratory
symptoms. All participants were assessed and assigned a clinical diagnosis by one of three study
physicians, and then completed spirometry, methacholine challenge, and allergy skin testing. The
reference standard of asthma required a study physician’s clinical diagnosis of asthma and either
reversible bronchoconstriction or a positive methacholine challenge. Diagnostic accuracy,
sensitivity and specificity were calculated for parent-reported asthma diagnosis compared to
the reference standard. Results: One hundred two asthma cases, 52 controls with respiratory
symptoms but no asthma diagnosis, and 49 asymptomatic controls were assessed. Physician
agreement for the diagnosis of asthma was moderate (kappa 0.46—0.81). Compared to the
reference standard, 45% of asthma cases were overdiagnosed and 10% of symptomatic controls
were underdiagnosed. Parental report of physician-diagnosed asthma had 75% sensitivity and
92% specificity for correctly identifying asthma. Conclusions: There is significant misclassification
of childhood asthma when the diagnosis relies solely on a clinical history. This study highlights the
importance of objective testing to confirm the diagnosis of asthma. Pediatr Pulmonol. 2016;
9999:XX—XX.  © 2016 Wiley Periodicals, Inc.
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INTRODUCTION
. . 'Division of Respiratory Medicine, The Hospital for Sick Children, Toronto,
Asthma is one of the most common chronic Ontario, Canada.
conditions of childhood and affects 10-15% of
children. 1,2 Guidelines state that establishin g a Department of Pediatrics, University of Toronto, Toronto, Ontario, Canada.

diagnosis of asthma in adults and children over the
age of 5 years requires evidence of reversible airway
obstruction or bronchial hyperreactivity in addition
to compatible clinical symptomatology.3’4 A recent
study highlighted the importance of obtaining objective
measures to diagnose asthma, revealing that 30% of
adults in a community-based sample did not have
asthma when assessed with pulmonary function testing.5

Previous studies in children have found that asthma
was underdiagnosed and subsequently undertreated.®
This led to an increased awareness of asthma and
some speculate that the pendulum has swung the
other way such that asthma is now overdiagnosed in
children.” Our objective was to determine the accuracy
of parental reported physician-diagnosed asthma in a
community-based sample of children compared to a
guideline based reference diagnosis (the current gold
standard).
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MATERIALS AND METHODS

This was a prospective nested case-control study. Study
visits and testing were completed at The Hospital for Sick
Children, which is a tertiary care hospital in Toronto,
Canada.

Subjects

Subjects were recruited randomly between Decem-
ber 2008 and October 2010, from a community-based
sample of 5,619 grades 1 and 2 children from 231 public
schools who had originally participated in the Toronto
Child Health Evaluation Questionnaire (T-CHEQ) study
in 2006. The T-CHEQ participants had characteristics
(income adequacy, education, household size, asthma,
and smoking rates) similar to the Toronto area childhood
population when compared to national census and health
survey data.® A letter describing the study was sent to
parents of potential subjects who had agreed to future
research (95% of the original TCHEQ sample). Research
staff then contacted the parents via telephone. Eligible
children (9-12 years of age, able to perform study
investigations, free of upper respiratory tract infections
in the 3 weeks prior to participation, term birth, absence
of chronic disease other than asthma) who agreed to
participate were booked for a study visit.

Asthma Diagnosis

Parent Reported Asthma Diagnosis (Parent-Reported
Diagnosis)

Subjects were identified as asthma cases if, on the
T-CHEQ questionnaire, the parent responded yes to their
child having physician-diagnosed asthma. Subjects
without reported asthma were divided into two groups:
(i) symptomatic controls (parents reported their child had
respiratory symptoms: wheeze or nocturnal cough not
associated with a cold, and/or use of asthma medication)
and (ii) asymptomatic controls (parents reported no
symptoms or asthma medication use).

Study Physician Clinical Diagnosis (Clinical Diagnosis)

All subjects were assessed by an asthma expert
physician (pediatric respirologist (CY, SD) or pediatric
allergist (ES)) who was blind to the parent-reported
diagnosis and assessed the subjects prior to any objective
testing. The subjects were given a clinical diagnosis of
asthma or not asthma based on a standardized history and
physical exam. A history consistent with asthma required
recurrent episodes of wheezing or increased work of
breathing that responded to standard asthma manage-
ment. To assess inter-rater agreement between physicians,
the physician’s data collection form from 56 randomly
selected subjects was independently re-assessed by a
second physician.

Pediatric Pulmonology

Reference Standard Diagnosis (Reference Diagnosis)

After being assessed by the study physician, all
subjects performed the following tests, administered
by experienced pulmonary function technologists:
spirometry, methacholine challenge test and allergy
skin prick testing. Those with parent-reported asthma
diagnosis also completed the Children’s Asthma Control
Test, with a score less than 19 indicating poor asthma
control.” A reference standard diagnosis of asthma
(reference diagnosis) was given if the subject had both
an affirmative clinical diagnosis and objective evidence
of reversible airway obstruction (either a positive
methacholine challenge or a significant bronchodilator
response as described below).

Spirometry was done according to ATS criteria'® using a
mass flow sensor (VMAXTM, Carefusion, United States).
The forced expiratory volume in 1 sec (FEV 1), forced vital
capacity (FVC), and the forced expiratory flow between
25% and 75% of the FVC (FEF25-75) were recorded for
tests that were acceptable and reproducible. The data was
interpreted using reference values from Stanojevic et al.'!

The methacholine challenge was done using the 2 min
tidal breathing technique'> with an English Wright
nebulizer. The first inhalation was done with normal
saline and the concentrations then doubled incrementally
from 0.03 to 16 mg/ml. A “shortened protocol” 1213 was
used for subjects that met all of the following criteria: (i)
no previous history of asthma symptoms, (ii) FEV1/FVC
over 80% predicted, (iii) FEV1 over 70% predicted and
over 2L, (iv) less than 10% fall in FEV1 after saline
inhalation, and (v) on no medication or only on occasional
bronchodilators (Supplementary Methods). For subjects
with an FEV1 less than 65% of predicted, the methacho-
line challenge was not performed and 400ug of
salbutamol (via meter-dose inhaler and holding chamber)
was given to assess for reversibility of airways obstruc-
tion. A 12% increase in FEV1 from baseline was
considered a significant bronchodilator response.

Allergy skin testing was performed using a multi-test
device placed on the volar surface of the forearms (Multi-
Test ® 11, Lincoln Diagnostics Inc, Illinois) (Supplemen-
tary Methods). A test was considered positive if the
resulting wheal was >3 mm larger than the saline control.
Subjects were defined as atopic if they had >1 positive skin
test. The skin tests of subjects with negative histamine
controls were categorized as missing atopic status.

Subjects were asked to hold all asthma medication
for 48hr and all antihistamines for 5 days prior to
participation in the study.

Outcomes

The primary outcome was the accuracy of parent-
reported asthma compared to the reference diagnosis of
asthma.



Statistical Analysis

The sample size was calculated using assumptions of
the binomial proportion distribution'* and an estimated
parent-reported diagnostic sensitivity of 0.85 and speci-
ficity of 0.81 as described in previous literature.'” Using a
sample size of 200, we estimated a precision of 4.9% for
sensitivity and 5.5% for specificity.

Data was analyzed using SAS version 9.3. A chi-square
test with Yates correction was used to compare differ-
ences in baseline proportions between groups and a
Student’s z-test was used to compare differences in means.
For comparison of multiple proportions, if the overall
chi-square test was significant a multiple comparisons test
for proportions was conducted to determine which pairs
were significantly different.'® Sensitivity, specificity
and predictive values of the parent-reported diagnosis
compared to the reference diagnosis were calculated.'’
Sensitivity and specificity were adjusted for the sampling
scheme (subjects with parent-reported diagnosis and
symptomatic controls were more likely to be sampled) in
order to correct for potential verification bias according to
the method described by Begg et al.'® and assuming an
asthma prevalence of 15.5% from the original T-CHEQ
sample.® This prevalence was also used to calculate
positive and negative predictive values. Kappa values
were calculated to measure inter-rater physician agree-
ment of clinical diagnosis.'® Ninety-five percent confi-
dence intervals were calculated for all proportions using
Gaussian approximation.

Sensitivity analyses were conducted to test the
robustness of our findings. These included: excluding
subjects that did not report asthma symptoms or
medication use in the previous year (potential of
outgrown asthma); excluding subjects taking inhaled
corticosteroids at the time of study (potential false
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negative methacholine challenges due to drug effects);
changing the cut-off value for a positive methacholine
challenge from <16 to <8 mg/ml.

This study was approved by the Research Ethics Board
of the Hospital for Sick Children. Written informed
parental consent and child assent was obtained for each
participant.

RESULTS

Study disposition is illustrated in Figure 1. Four
hundred thirty-four subjects were contacted: 34 were
ineligible, 75 consented but recruitment was completed
prior to their study visit, 114 did not consent and eight did
not arrive for their study visit. A total of 203 subjects
consented and participated in the study. Six subjects were
excluded from the final analysis: four were unable to do
the methacholine challenge and two took long-acting beta
agonists on the day of testing. Compared to the original
T-CHEQ sample, participants were more likely to be male
(58% vs. 49%), be in the highest income bracket (64% vs.
40%), and less likely to be exposed to tobacco smoke
(3% vs. 12%) (Table S1).

Of the 203 participants, 102 had a parent-reported
diagnosis of asthma, 52 were symptomatic controls, and
49 were asymptomatic controls. Of the 102 children with
parent-reported asthma, 72% had wheezing or used
medication in the last year. In the past year, rates of
respiratory related hospital admission were 0%, emer-
gency room Visits were 5% and systemic steroid use was
4% (Table 1). Eight percent of those with parent-reported
asthma had poor asthma control as assessed by the
Childhood-Asthma Control Test. Only 18% had previous
pulmonary function testing although 52% had previous
chest x-rays and 56% had previous skin testing for
aeroallergens (Table 1). The subjects with parent-reported

| 203 subjects completed questionnaire I

101 controls

|

| 102 parent- reported MD-diagnosed asthma

| 49 asymptomatic controls I

I 52 symptomatic controls * I 102 asthma cases

Parent-reported
diagnosis

49 no asthma

‘ 22 asthma

30 no asthma

Clinical

88 asthma
diagnosis®

14 no asthma

6 excluded:
4 unable to do study procedures,
2 took LABA in last 24hr

49 no asthma

5 asthma
47 no asthma

Reference

53 asthma
diagnosis®

43 no asthma

Fig. 1. Flowchart of diagnostic accuracy of parent-reported asthma diagnosis’.
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TABLE 1— Characteristics of Study Subjects According to Parent-Reported Asthma Diagnosis’

Parent-reported asthma

Symptomatic controls

Asymptomatic controls

n (n=102) (n=52) (n=49)
Median Age yrs (range) 203 10 (9-12) 10 (9-12) 10 (9-12)
Male Sex 203 66 (65%) 27 (52%) 25 (51%)
Race® 194
White 76 (79%) 43 (88%) 43 (88%)
Asian 13 (14%) 2 (4%) 3 (6%)
Black 4 (4%) 1 2%) 1 2%)
Arab 1 (1%) 1 (2%) 0
Mixed 2 (2%) 2 (4%) 2 (4%)
Weight® 203
Under weight or 70 (69%) 38 (73%) 35 (71%)
normal weight
Over weight or 32 31%) 14 (27%) 14(29%)
obese
Income adequacy® 196
Lowest 4 (4%) 2 (4%) 0
Lower middle 13 (13%) 7 (14%) 6 (13%)
Upper middle 22 (22%) 7 (14%) 6 (13%)
Highest 60 (61%) 33 (67%) 36 (75%)
Exposure to environmental tobacco 203 2 (2%) 2 (4%) 2 (4%)
smoke (%)
Atopy® 198 72 (73%) 36 (69%) 20 (42%)
Parental history of asthma 203 46 (45%) 15 (29%) 13 27%)
Previous investigations 203
Pulmonary function test 18 (18%) 2 (4%) 1 2%)
Methacholine challenge 1 (1%) 0 0
Chest x-ray 53 (52%) 18 (35%) 12 (25%)
Skin testing 57 (56%) 10 (19%) 5 (10%)
Self reported symptoms
Wheeze
Lifetime® 202 95 (94%) 43 (83%) 0
In last 12 months’ 202 58 (57%) 10 (19%) 0
Chronic cough8 203 41 (42%) 18 (35%) 0
Physician obtained history
Wheeze 202
Lifetime 91 (90%) 32 (62%) 2 (4%)
In last 12 months 56 (55%) 6 (12%) 0
Chronic cough 86 (85%) 26 (50%) 1 (2%)
Difficulty breathing 74 (73%) 16 (31%) 2 (4%)
Asthma medication in last 12 months 202
Inhaled corticosteroid (ICS) 47 (46%) 5 (10%) 0
1CS rﬁgular9 9 (9%) 1 2%) 0
ICS + Long acting beta agonist 9 (9%) 0 0
Leukotriene receptor antagonist 5 (5%) 0 0
Short acting beta agonist 57 (57%) 4 (8%) 0
Systemic steroids in lifetime 203
0 58 (57%) 45 (87%) 48 (98%)
1-4 27 (26%) 7 (13%) 1 2%)
5-10 4 (4%) 0 0
>10 4 (4%) 0 0
Systemic steroids in last 12 months
0 98 (96%) 52 (100%) 49 (100%)
1-2 3 (3%) 0 0
3 1 (1%) 0 0
Hospitalizations for respiratory
reasons
Lifetime 200
0 76 (76%) 45 (88%) 2 (4%)
1-5 24 (24%) 6 (12%) 0
Last 12 months 0 0 0
ER visits for respiratory reasons
Lifetime 200
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TABLE 1— (Continued)
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Parent-reported asthma

Symptomatic controls Asymptomatic controls

n (n=102) (n=52) (n=49)

39 (39%) 37 (73%) 44 (90%)

1-5 50 (50%) 14 (27%) 5 (10%)
>5 11 (11%) 0 (0%) 0
Last 12 months 6 (5%) 1 2%) 0
Childhood asthma control test <19'° 89 8 (8%) 0 0

Percents are column percents.

"Parents responded yes to questions “Has your child ever had asthma?” and “Was this diagnosed by a physician?”

2Self identified race.

3According to BMI percentiles:>95%ile obese, 85-95%ile overweight, 5-85%ile healthy, <5%ile underweight.

“Derived variable defined by Statistics Canada as total household income adjusted for the number of persons in the household. Lowest income:
<$15,000, 1-2 or <$20,000, 3—4 or <$30,000 > 5; Lower middle income: $15,000-29,999, 1-2 or $20,000-39,999, 3—4 or $30,000-59,999 > 5,
Upper middle income: $30,000-59,999, 1-2 or $40,000-79,999, 3—4; Highest income: >$60,000, 1 or 2, > $80,000 > 3.

>Atopy defined as >1 positive skin test (>3 mm above saline control).

SPositive answer to “Has your child ever had wheezing or whistling in the chest at any time in the past?”
"Positive answer to “Has your child had wheezing or whistling in the chest in the past 12 months?”
8positive answer to ”In the past 12 months, has your child had a dry cough at night, apart from a cough associated with a cold or chest infection?”

“Regular use defined as 3 or more consecutive months of use.

19Children’s asthma control test score: scores less than 19 indicate poor control, data only available for those that self-reported asthma on the

questionnaire.

asthma were more likely to be atopic and to report
respiratory symptoms, and medication use compared to
asymptomatic controls (Table 1).

Accuracy of Clinical and Parent-Reported Asthma
Diagnosis

Eighty-six percent (88 of 102) of subjects with parent-
reported asthma had a clinical diagnosis of asthma
assigned by the study physician; however, only 60% (53
of 88) of those had objective evidence of reversible airway
obstruction and therefore had a reference diagnosis of
asthma (Fig. 1). Of the 52 symptomatic controls, 42%
(22) had a clinical diagnosis of asthma but only 23% (5 of
22) had a reference diagnosis of asthma. Overall 47% (52
of 110) of those with a clinical diagnosis of asthma were
overdiagnosed compared to the reference diagnosis. The
agreement between the three study physicians was
73-91% for the clinical diagnosis of asthma (kappa
0.46-0.81).

Of the 197 subjects with complete data, there was a
45% (95% C1 35-55%) rate of overdiagnosis in those with
parent-reported asthma and a 10% (95% CI 2—-18%) rate
of underdiagnosis in the symptomatic control group. All
subjects in the asymptomatic control group were correctly
classified (Fig. 1). Almost all children with a reference
diagnosis of asthma had past wheeze (98%) and they had
lower pulmonary function compared to children with no
asthma (Table 2).

The parental report of physician-diagnosed asthma had a
sensitivity of 75% (95% CI 64-86%), a specificity of 92%
(95% CI 88-97%) when corrected for verification bias, and
a positive and negative predictive value of 55% (95% CI 45—
65%), and 96% (95% CI 93—-100%), respectively (Table 3).

Sensitivity Analyses

Using a cutoff of 8 mg/ml to define methacholine
challenge test positivity increased the overdiagnosis rate
to 53% (95% CI 45-65%) and decreased the underdiag-
nosis rate to 8% (95% CI 0.4-15%). Excluding subjects
who did not report asthma symptoms or medication use in
the last year (n=28) did not affect the rate of over or
underdiagnosis (40% and 8%, respectively) or sensitivity
and specificity (Table 3). Of the eight subjects taking
inhaled corticosteroids at the time of study, seven had
objective evidence of asthma therefore excluding these
subjects did not affect results.

DISCUSSION

We found a high rate of diagnostic misclassification for
asthma: 45% of children with parent-reported asthma
were overdiagnosed and 10% of children with respiratory
symptoms but no asthma diagnosis were underdiagnosed.
A previous study of adults with asthma showed a similar
overdiagnosis rate of 30% but was unable to calculate an
underdiagnosis rate due to the case-only design.” Other
pediatric studies have reported asthma overdiagnosis in
subjects presenting with exercise induced symptomszo
and chronic cough”'; however, these studies are subject to
referral bias given that subjects were sampled from
tertiary care respiratory clinics. This is the first study in a
community-based sample of children to demand a
guideline-based reference standard for the diagnosis of
asthma that includes objective measures of reversible
airway obstruction.

Establishing an accurate diagnosis of asthma is
important for patients to guide therapy and to ensure

Pediatric Pulmonology
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TABLE 2— Characteristics of Subjects According to Reference Diagnosis of Asthma'

n

Asthma (n=58)

No asthma (n=139)

Median age yrs (range)
Male sex
Self-identified race”
White
Asian
Black
Arab
Mixed
Weight®
Underweight or normal weight
Overweight or Obese
Income adequacy”
Lowest
Lower middle
Upper middle
Highest

Exposure to environmental tobacco smoke

Atopy5
Parental history of asthma
Physician obtained history
Wheeze
Lifetime
In last 12 months
Chronic cough
Lifetime
Last 12 months
Difficulty breathing
Lifetime
Asthma medication in last 12 months
Inhaled corticosteroid (ICS)
ICS + long acting beta agonist
Leukotriene receptor antagonist
Short acting beta agonist
Systemic steroids in lifetime
0
14
5-10
>10
Systemic steroids in last 12 months
0
12
3
Childhood asthma control test §196
Hospitalizations for respiratory reasons
Lifetime
0
1-5
Last 12 months

ER visits for respiratory reasons
Lifetime
0
1-5
>5
Last 12 months
Positive bronchodilator response (>12%)
Methacholine PC20’
>16 mg/ml
8-<16 mg/ml
4-<8 mg/ml
<4 mg/ml
Mean FEV1/FVC %pred (SD)

Pediatric Pulmonology

197
197
188

197

190

197

192

197

197

197

197

197

197

90

197

196

195

197

11 (9-12)
35 (60%)

37 (69%)
9 (17%)
3 (6%)

1 2%)
4 (1%)

44 (76%)
14 (24%)

2 (4%)
5 (9%)

12 (21%)
38 (67%)
1 2%)

47 (84%)
21 (36%)

57 (98%)
42 (72%)

51 (88%)
42 (72%)

48 (83%)

35 (60%)
2 (1%)
2 (3%)
35 (66%)

35 (60%)
18 (31%)
2 (3%)
3 (5%)

55 (95%)
2 (3%)

1 %)

8 (15%)

44 (76%)
14 (24%)
0

25 (43%)
29 (50%)
4 (1%)

3 (5%)

2

0 (0%)
9 (16%)

12 21%)
35 (63%)
90 (10.4)

10 (9-12)
79 (57%)

119 (89%)
9 (7%)
3 (2%)
1 (1%)
2 (1%)

96 (69%)
43 31%)

3 2%)
20 (15%)
21 (16%)
89 (67%)
5 (4%)

77 (57%)
49 (35%)

63 (45%)
18 (13%)

58 (42%)
37 (27%)

40 (29%)

21 (15%)
5 (9%)
2 (1%)
23 (17%)

119 (86%)
17 (12%)
2 (1%)
1 (1%)

138 (99%)
1 (1%)

0

1 (0.8%)

120 (87%)
18 (13%)
0

95 (69%)
37 (27%)
6 (4%)

4 (3%)

0

110 (79%)
10 (7%)

6 (4%)

13 (9%)
95 (5.2)
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TABLE 2— (Continued)

n Asthma (n=58) No asthma (n=139)
Mean FEV1 %pred (SD) 91 (12.7) 100 (10.5)
Mean FVC %pred (SD) 100 (13.1) 103 (10.7)
Mean FEF25-75 %pred (SD) 71 (22.5) 92 (18.0)

Percents are column percents.

'Study physician clinical diagnosis of asthma and positive methacholine challenge or positive bronchodilator response.

2Self identified race.

3According to BMI percentiles: >95%ile obese, 85-95%ile overweight, 5-85%ile healthy, <5%ile underweight.

“Derived variable defined by Statistics Canada as total household income adjusted for the number of persons in the household. Lowest
income: <$15,000, 1-2 persons per household or <$20,000, 3-4, or <$30,000 > 5; Lower middle income: $15,000-29,999, 1-2 or $20,000—
39,999, 3-4 or $30,000-59,999 > 5, Upper middle income: $30,000-59,999, 1-2 or $40,000-79,999, 3—4; Highest income: > $60,000, 1 or 2,
> $80,000 > 3.

3Atopy defined as >1 positive skin test (>3 mm above saline control).

SChildren’s asthma control test score: scores less than 19 indicate poor control, data only available for those that self-reported asthma on the
questionnaire.

"Results of methacholine challenge expressed as the concentration of methacholine that caused a 20% decrease in the FEV1 from baseline.

that another diagnosis is not missed. Our study sample
identified mainly children with mild asthma and low rates
of exacerbation, as would be expected with a community
based sample. Although we did not find that chronic
inhaled corticosteroid use was a problem in children
misdiagnosed with asthma, a large proportion reported
using asthma medications in the past 12 months (Table 2).
Hence other potential harms of asthma misdiagnosis
include the expense of purchasing ineffective medica-
tions, families restricting activity in children to limit
respiratory symptoms, and overuse of medications such
as oseltamavir for influenza because of a perceived
increased risk.

One factor that contributes to the misdiagnosis of
asthma in children is that objective testing is not often
pursued, which is evident in that only 18% of children
with reported asthma in our study had previous pulmo-
nary function testing. This is congruent with existing
studies that report underutilization of spirometry in
asthma management,”” particularly in children.*>**
This issue may be more significant in the pediatric age

group because children present with symptoms and are
diagnosed with asthma before they are able to do
pulmonary function testing. Once the clinical diagnosis
has been made it may seem unnecessary to perform
objective testing when the children are older. The
diagnosis of asthma is therefore often made on the basis
of response of symptoms to asthma medication such as
bronchodilators and inhaled corticosteroids. However, a
recent study highlights the danger of this approach as
subjects reported the same improvement in asthma
symptoms whether they received a bronchodilator, a
placebo inhaler, or sham acupuncture.”> Most interna-
tional guidelines require that objective measures of
reversible obstruction be present in order to diagnose
asthma>*2%27; however, other guidelines28 advocate that
objective testing is only required if there is uncertainty
after a history and physical exam. Our study utilized
study physicians that were experienced in diagnosing
asthma and found that 47% of those that were given a
clinical diagnosis of asthma by the study physician
had no evidence of airway obstruction by spirometry or

TABLE 3— Diagnostic Properties of Parent-Reported Diagnosis of Asthma on Questionnaire

Gold standard n Sensitivity Specificity ~PPV? NpPV?

Parent-reported diagnosis1 Reference diagnosis2 witha 197 75% 92% 55% 96%
PC20 < 16 mg/ml 53-89 90-94 45-65  93-100

Sensitivity analysis

Parent-reported diagnosis' Reference diagnosis® with a 197 76% 90% 46% 97
PC20 < 8 mg/ml 51-91 88-92 37-57  74-100

Parent-reported diagnosis' excluding subjects with no Reference diagnosis® 163 81% 92% 58% 97%
symptoms in last 12 months 56-93 90-94 47-69  94-100

1Parent—reported diagnosis: Parent answered yes to the following questions “Has your child ever had asthma?” and “Was this diagnosed by a

physician?”

“Reference standard diagnosis: Study physician clinical diagnosis of asthma and evidence of either bronchial hyperreactivity or reversible

bronchoconstriction.

3Predicted values calculated based on prevalence rate of 15.5% from the original T-CHEQ study.

Pediatric Pulmonology
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methacholine challenge testing. Similarly, a community
based study from the UK found that only 50% of
children with a diagnosis of asthma in an electronic
patient record had evidence of bronchial hyperreactiv-
ity.?* Some authors have suggested that measures of
bronchial hyperreactivity are insensitive for the clinical
diagnosis of asthma, and this highlights one of the
fierce debates in the asthma literature: should a clinical
diagnosis of asthma be considered the gold standard or
should there also be a requirement for objective tests
confirming bronchial hyperreactivity or airway obstruc-
tion? A pitfall with the clinical diagnosis of asthma is
that symptoms are non-specific, particularly in children
who frequently have recurrent respiratory symptoms due
to viral illnesses. Although a clinical diagnosis may be
more accurate in a primary-care setting where patients
acutely present with symptoms, a community based
study found that clinical symptoms did not accurately
predict which patients had abnormal pulmonary function
tests with 53% of patients having an FEV1 less than 80%
in the absence of wheezing.30 A previous study found
that one barrier to spirometry is that primary care
physicians do not believe that this test is necessary for
the accurate diagnosis of asthma.?? Spirometry is normal
in 40-90% of children with stable asthma depending on
which parameter is assessed.”'™® When children are
acutely symptomatic, it is likely more sensitive® with
one study finding up to 67% with abnormal spirometry in
patients presenting with symptoms. Exhaled nitric oxide
(FeNO) testing is a marker of airway inflammation and
has been studied as a diagnostic test for asthma®;
however, concerns that it only captures eosinophilic
inflammation and falsely identifies non-asthmatic atopic
patients has led to the recommendation that it be used to
assess steroid responsiveness, and not used to confirm a
diagnosis of asthma.™

This study also has implications for epidemiologic
asthma research which measures asthma prevalence and
risk factors for the development, and maintenance of the
disease. For example, the National Longitudinal Survey
of Children and Youth (NLSCY) in Canada and the
National Health Interview Survey (NHIS) in the United
States use a question regarding physician-diagnosed
asthma to estimate asthma prevalence in Canada
and the United States, respectively.l’2 Our results suggest
that this method of diagnostic ascertainment has a
sensitivity of 75% and a specificity of 92% for correctly
classifying asthma diagnosis. Previous international
studies have shown similar estimates (sensitivity of
82-85% and specificity of 81-99%) for the questionnaire
diagnosis of asthma.'’”° Assuming that our data is
generalizable across the Canadian population, the asthma
prevalence of 16.7% reported by the NLSCY yields a
corrected prevalence rate of 12.5% once the effects of
diagnostic misclassification are accounted for.

Pediatric Pulmonology

Limitations

This study has several limitations which may affect its
generalizability to rates of asthma misdiagnosis in all
children. Several limitations would be expected to
improve diagnostic accuracy in our participants compared
to the general population: we included children between
the ages of 9 and 12 and children under the age of 5" and
adolescents®®* have been shown to be at increased risk
for underdiagnosis of asthma; our study was conducted in
an urban setting where there is increased access to
physicians and diagnostic testing facilities; the partic-
ipants of this study were from a higher socioeconomic
strata compared to non-participants and previous studies
from the United States have shown that children from
lower socioeconomic classes are more likely to be
underdiagnosed with asthma.*® Conversely, one of the
reasons that our study may show a high diagnostic
misclassification rate is that our community based
sampling strategy identified predominantly children
with mild asthma and results should not be generalized
to the moderate to severe asthma population.

Another limitation is that our study is cross-sectional.
Previous longitudinal follow-up of subjects with a
clinical diagnosis of asthma but a negative methacholine
challenge show that up to 30% of these subjects may later
develop reversible bronchoconstriction®® or use asthma
medication.” Conversely, up to 50% of asymptomatic
subjects with positive methacholine challenges would be
expected to develop asthma symptoms in the future.*!
Finally, parent-reported asthma diagnosis is susceptible to
recall bias; however, a previous study in this population
showed that parent-reported asthma is highly specific
(95.9%) for physician coded asthma in administrative
billing records.**

In summary, this study shows that there is significant
misclassification of physician-diagnosed asthma in
children. National asthma guidelines stress the need for
objective testing to confirm a diagnosis of asthma in
children who are able to perform pulmonary function
testing; however, this is only occurring in a minority of
children given a diagnosis of asthma. Further studies are
needed to determine the barriers for pulmonary function
testing in the community and to find better diagnostic tests
for asthma in children.
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