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Objective To measure the effect of an asthma intervention on the functional status and morbidity of children with

undiagnosed asthma.

Study design Data from a randomized trial were used to compare outcomes at baseline and follow-up for children with

undiagnosed and diagnosed asthma. We studied 510 symptomatic children with diagnosed asthma (diagnosed) and 299

children with symptoms but no diagnosis (undiagnosed). Baseline functioning and morbidity were similar for undiagnosed and

diagnosed patients classified as moderate-severe.

Results There were fewer undiagnosed reported allergies, seasonal symptoms, and other respiratory diagnoses (all

P < 0.01). Among the moderate-severe, functional status, for example, symptom-days (P = .02), symptom-nights (P < .01),

and days of restricted activity (P < .01), was significantly reduced at follow-up for the undiagnosed in the intervention group

but not for undiagnosed control subjects. Findings were similar for children with diagnosed asthma.

Conclusions Children with undiagnosed asthma were generally nonatopic, although some had symptoms at a level

comparable to children with a diagnosis. The intervention successfully improved functional status for children with undiagnosed

asthma as well as for children with diagnosed asthma. These results can be applied to ongoing discussions related to case

detection. (J Pediatr 2005;146:96-104)

Estimates for asthma morbidity and mortality in the United States have been highest in low-income, urban communities.1-4

The unsettling statistics, along with studies showing that asthma can be controlled once appropriately treated, have led
researchers and health care providers to explore screening for this condition, especially in communities considered to be at

high risk.5,6 A wide range of activities have fallen under the heading of screening.5-7 The Centers for Disease Control and
Prevention (CDC) apply this term to the use of spirometry to identify individuals who exhibit signs and symptoms of asthma.7

Case detection is used by CDC to refer to questionnaires that identify people who report asthma symptoms.7

One reason that providers and researchers are interested in screening or case
detection for asthma is to identify those in need of intervention, including people with
symptoms indicative of asthma, but with no formal diagnosis. To accomplish this task,
questionnaires have an advantage over spirometry in that they are less expensive and more
practical for field work; however, there are limitations to their use. For example, the
probability that the children identified do not have asthma (false-positive results) may be
high, and the additional resources needed to clinically confirm questionnaire findings can
be substantial.2-6 Another problem is that questionnaires are often administered at one
point in time with no additional follow-up. Administering questionnaires more frequently
to determine symptom patterns over time can be costly as well as logistically challenging.

Increasing the certainty that resources can be used effectively and efficiently to reduce
morbidity in children with asthma symptoms requires case identification methods to gather
more information on the symptom experience over time, especially for children classified as
having undiagnosed asthma. To date, there are few longitudinal data sets with the ability to
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Figure. Eligibility and exclusion criteria applied to participants used in the analysis: Effect of an asthma intervention on children with
undiagnosed asthma.
explore the persistence of asthma symptoms reported by
children classified as undiagnosed and the impact of an
intervention on their functional status and morbidity.

We used data from a randomized trial to describe and
compare characteristics of children fulfilling study criteria for
undiagnosed asthma with that of children with a physician
diagnosis of asthma.4 These data have been used previously to
describe the feasibility of school-based case detection for
asthma and the issues related to this activity.4 Toward this
goal, the data were used to compare changes in symptoms,
parent management, grades, and school absenteeism for all
children in the intervention group as opposed to the control
group.8 In this study, we present the first attempt to describe
changes in functional status and morbidity for undiagnosed
children exposed to an asthma intervention. In addition to
comparing baseline characteristics for children with un-
diagnosed and diagnosed asthma, the goals of this analysis
were (1) to describe symptom frequency, functional status, and
asthma morbidity for children fulfilling criteria for un-
diagnosed asthma; (2) to examine the functional status and
morbidity reported by the undiagnosed over time; and (3) to
determine whether an intervention would improve functional
Effect Of Asthma Intervention On Children With Undiagnosed Asthma
status and reduce morbidity in children with undiagnosed
asthma. All comparisons were made with children from the
same population who reported a physician diagnosis of
asthma.

METHODS
The data used in this analysis were from a randomized

trial evaluating the effect of a comprehensive school-based
asthma program on the functional status and asthma-related
morbidity of urban elementary schoolchildren.4 The goal of
the intervention was to promote, teach, and support better
self-management of asthma among participating children and
their families. The setting for the trial was a geographically
defined area in the Detroit Public School System. The average
percentage of children <18 years of age meeting federal
guidelines for poverty in the six zip codes comprising this area
was 44.6%, according to the 1990 Census. The primary
outcome variables included improvements in functional status
(eg, symptom-days and days of restricted activity) and
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Table I. Comparison of selected characteristics for participating children by diagnostic status

Undiagnosed (n = 299) Diagnosed (n = 510)

n % n % OR (95% CI) P value

Sex of child Male 141 (47.2) 282 (55.3) 0.7 (0.5–1.0) .03
Female 158 (52.8) 228 (44.7)

Household income .15,000 160 (58.4) 248 (52.1) 1.2 (1.0–1.6) .11
#15,000 114 (41.6) 228 (47.9)

Caregiver high school diploma Yes 254 (87.0) 435 (86.8) 1.0 (0.7–1.6) .93
No 38 (13.0) 66 (13.2)

$1 Smoker in household Yes 162 (54.2) 267 (52.4) 1.1 (0.8–1.4) .38
No 137 (45.8) 243 (47.7)

Used prescribed asthma medication Yes 25 (8.4) 331 (64.9) 0.05 (0.03–0.07) ,.001
No 274 (91.6) 179 (35.1)

Other respiratory diagnoses* Yes 97 (32.4) 340 (66.7) 0.2 (0.2–0.3) ,.001
No 202 (67.6) 170 (33.3)

Allergies Yes 82 (27.4) 227 (44.5) 0.5 (0.4–0.6) ,.001
No 217 (72.6) 283 (55.5)

Seasonal variation in symptoms Yes 144 (57.8) 359 (75.7) 0.4 (0.3–0.5) ,.001
No 129 (47.3) 115 (24.3)

Usual activity level = high Yes 206 (69.1) 331 (64.9) 1.2 (0.9–1.6) .19
No 92 (30.9) 179 (35.1)

Wheeze with exercise Yes 109 (37.6) 371 (74.2) 0.2 (0.2–0.3) ,.001
No 181 (62.4) 129 (25.8)

Cough with exercise Yes 239 (81.3) 391 (78.0) 1.2 (0.9–1.8) .28
No 55 (18.7) 110 (22.0)

*Child has received other respiratory diagnoses, for example, bronchitis, reactive airway disease, viral bronchitis, wheezing or wheezy bronchiolitis, asthmatic
bronchitis.

Table II. Comparison of reported baseline functional status by severity classification for children with diagnosed
and undiagnosed asthma*

Undiagnosed Diagnosed

n Mean (SD) n Mean (SD) P value

Mild-intermittent and
mild-persistent
Symptom-days 237 5.1 (10.5) 367 4.9 (8.7) .79
Symptom-nights 253 1.4 (2.3) 390 1.9 (2.7) .01
Changed caregiver plans 253 0.5 (1.9) 389 1.6 (3.9) ,.01
Restricted activity 254 1.0 (2.4) 385 3.5 (9.5) ,.01
Missed school 255 1.0 (2.4) 391 2.0 (3.3) ,.01

Moderate-persistent and
severe-persistent
Symptom-days 42 25.5 (29.5) 107 24.6 (29.3) .86
Symptom-nights 44 21.0 (28.4) 115 23.7 (29.2) .61
Changed caregiver plans 44 3.9 (6.6) 112 4.6 (10.2) .68
Restricted activity 44 7.8 (16.2) 116 10.9 (21.0) .37
Missed school 44 3.1 (5.6) 116 5.8 (9.5) .08

Functional status = symptom-days, symptom-nights, changed caregiver plans, restricted activity, school days missed.
*Recall period is last 3 months.
reductions in asthma-related morbidity (eg, emergency de-
partment [ED] visits and asthma-related hospitalizations).

The methods for this study are described in a previous
publication.4,8 Briefly, potential participants were identified
98 Joseph et al
through caregiver responses to an eligibility questionnaire sent
to the home. Included were questions on demographics,
child’s height and weight, occurrence and frequency of
respiratory symptoms, prescribed medications currently being
The Journal of Pediatrics � January 2005



Table III. Functional status and morbidity over time for undiagnosed and diagnosed by randomization group:
Mild (n = 483)*

Undiagnosed
control subjects

Undiagnosed
intervention

Diagnosed
control subjects

Diagnosed
Intervention

Variable Baseline
Follow

1
Follow

2 Baseline
Follow

1
Follow

2 Baseline
Follow

1
Follow

2 Baseline
Follow

1
Follow

2

Symptom-days 5.6
(9.8)

7.0
(17.0)

4.5
(15.2)

4.1
(7.0)

3.8
(8.2)

3.5
(11.1)

5.7
(10.2)

5.7
(9.5)

4.1
(9.1)

4.5
(7.4)

6.2
(15.4)

5.2
(13.3)

P = .03y P = .03 P , .01 P = .78

Symptom-nights 1.4
(2.1)

2.0
(5.7)

1.0
(2.9)

1.4
(2.3)

8.5
(24.9)

2.0
(6.6)

1.9
(2.5)

4.0
(12.9)

2.8
(11.1)

1.8
(2.7)

3.0
(11.1)

4.5
(16.4)

P = .06 P = .99 P = .11 P = .76

Changed
plansz

0.5
(1.5)

0.4
(1.0)

0.2
(0.7)

0.5
(1.7)

0.3
(1.1)

0.6
(1.5)

1.4
(2.5)

1.3
(4.4)

0.9
(1.9)

1.9
(5.6)

1.6
(10.0)

0.9
(2.3)

P = .01 P = .52 P = .02 P = .01

Restricted
activity

0.9
(1.5)

2.8
(12.6)

0.7
(1.8)

1.1
(3.0)

2.6
(13.0)

0.8
(1.9)

3.1
(6.2)

3.1
(7.5)

2.1
(7.9)

4.2
(12.0)

5.8
(19.9)

3.7
(12.3)

P = .98 P = .69 P , .01 P = .26

Missed
school days

0.9
(1.7)

1.2
(2.5)

0.9
(2.9)

1.0
(2.7)

0.9
(3.7)

0.9
(2.6)

2.2
(3.5)

1.6
(3.9)

1.5
(2.6)

1.8
(3.4)

0.9
(2.5)

1.3
(2.8)

P = .88 P = .92 P , .01 P = .13

Mean ED
visits

0.1
(0.5)

0.2
(0.5)

0.2
(0.9)

0.8
(1.4)

0.3
(0.7)

0.2
(0.8)

1.0
(1.9)

0.9
(1.7)

0.5
(1.2)

1.1
(3.6)

0.8
(2.2)

0.5
(1.6)

P = .28 P = .92 P , .01 P , .01

$ 1 ED visit,
n (%)

6
(7.2)

7
(8.4)

7
(8.4)

10
(10.9)

9
(9.8)

10
(10.9)

55
(32.9)

32
(19.2)

32
(19.2)

51
(36.2)

19
(13.5)

27
(19.2)

P = .67 P = .42 P = .02 P = .05

Functional status = symptom-days, symptom-nights, changed caregiver plans, restricted activity, school days missed;morbidity = ED visits and hospitalizations.
*Includes persons fulfilling symptom criteria for mild-intermittent and mild-persistent asthma.
yAll P values are the result of generalized estimating equations. Models were adjusted for age, sex, caregiver education, and household income.
zCaregiver changed plans.
taken for respiratory symptoms, the occurrence of respiratory
symptoms or breathing problems with weather and season
changes, exposure to cigarette smoke, and whether or not the
child had a physician diagnosis of asthma.

Children were eligible to enroll if they met study criteria
for currently diagnosed or undiagnosed asthma. Baseline
interviews were conducted with caregivers of all eligible
children. Variables collected at baseline included education of
primary caregiver, household income, and medications being
currently used for asthma symptoms. Variables collected for
measurement of functional status included symptom-days,
symptom-nights, changes in caregiver plans, days of restricted
activity, and school days missed because of asthma symptoms.
The time frame for the functional status variables was the last
3 months. Caregivers were asked about the child’s usual
activity level (high, moderate, low). All caregivers were asked
if the child had ever received the following alternative
diagnoses: bronchitis, reactive airway disease, viral bronchitis,
wheezing or wheezy bronchitis, and asthmatic bronchitis. Also
Effect Of Asthma Intervention On Children With Undiagnosed Asthma
collected was information on asthma morbidity in the last 12
months, for example, symptom exacerbations resulting in ED
visits or hospitalizations.

After the baseline assessment, schools were randomized
to an intervention or control group. Asthma education in the
form of ‘‘open airways’’ was provided to eligible children in the
intervention schools, along with a series of activities for their
caregivers, teachers, building personnel, and classmates.4,8,9

The control group was asked to continue with their usual care
for asthma. Follow-up telephone interviews with the caregivers
of all participating children were scheduled for 12 months and
24 months after intervention. At each follow-up interview,
caregivers were once again asked about a physician diagnosis of
asthma, functional status, and asthma-related morbidity.

Analysis

Current asthma was defined as the report of a physician
diagnosis of asthma with either a report of symptoms in the
99



Table IV. Functional status and morbidity over time for undiagnosed and diagnosed by randomization group:
Moderate-severe (n = 119)*

Undiagnosed
control subjects

Undiagnosed
intervention

Diagnosed
control subjects

Diagnosed
intervention

Variable Baseline
Follow

1
Follow

2 Baseline
Follow

1
Follow

2 Baseline
Follow

1
Follow

2 Baseline
Follow

1
Follow

2

Symptom-
days

22.2
(34.5)

14.0
(25.4)

10.3
(16.3)

19.6
(20.4)

5.2
(5.9)

11.8
(21.3)

19.5
(27.7)

6.9
(10.6)

7.5
(15.2)

27.2
(28.9)

15.9
(29.1)

11.9
(25.6)

P = .35y P = .02 P , .01 P , .01

Symptom-
nights

19.4
(34.4)

0.6
(1.3)

0.5
(1.1)

20.8
(26.7)

1.0
(1.7)

2.1
(3.5)

19.6
(24.6)

3.6
(5.7)

6.4
(14.0)

23.0
(32.0)

9.1
(23.7)

2.5
(5.3)

P = .03 P , .01 P , .01 P , .01

Changed
plansz

1.3
(1.7)

0.2
(0.4)

0.2
(0.6)

4.6
(8.0)

0.5
(0.9)

0.5
(1.0)

3.4
(4.8)

1.9
(3.7)

4.2
(13.7)

5.4
(13.6)

4.3
(17.2)

1.2
(2.5)

P = .05 P = .03 P = .24 P = .01

Restricted
activity

1.5
(2.9)

0.0 0.0 10.3
(14.0)

1.0
(1.6)

1.2
(1.4)

11.4
(21.9)

3.0
(3.3)

5.3
(11.5)

10.1
(20.5)

3.9
(5.9)

5.5
(16.2)

P = .06 P , .01 P = .13 P = .02

Missed
school days

1.8
(4.0)

0.0 0.0 3.3
(5.6)

2.8
(5.8)

1.2
(2.2)

5.0
(6.5)

4.1
(5.6)

5.4
(9.0)

7.1
(12.2)

2.6
(3.6)

2.4
(4.1)

P = .07 P = .02 P = .71 P , .01

Mean ED
visits

0.0 0.0 0.0 0.2
(0.5)

0.3
(0.9)

0.2
(0.6)

1.9
(3.0)

0.9
(1.8)

1.5
(2.8)

2.1
(3.7)

1.3
(2.4)

1.3
(3.4)

Unable to calculate P = .79 P = .02 P = .05

$ 1 ED visit,
n (%)

0.0 0.0 0.0 2
(10.5)

1
(5.3)

2
(10.5)

25
(55.6)

11
(24.4)

15
(33.3)

22
(51.2)

10
(23.3)

15
(34.9)

Unable to calculate P = .23 P = .16 P = .03

Functional status = symptom-days, symptom-nights, changed caregiver plans, restricted activity, and school days missed; morbidity = ED visits and
hospitalizations.
*Includes persons fulfilling symptom criteria for mild-intermittent and mild-persistent asthma.
yAll P values are the result of generalized estimating equations. Models were adjusted for age, sex, caregiver education, and household income.
zCaregiver changed plans.
past 12 months or a report of having used a prescribed asthma
medication in the past 12 months. Undiagnosed asthma was
defined as a caregiver report of at least 3 of the following 5
symptoms in the past 12 months: persistent cough, wheeze
with a cold, wheeze without a cold, wheeze accompanied by
dyspnea, chest tightness or heaviness; or cough/wheeze with
exercise on at least 3 occasions in the last 12 months.

To classify participants by severity, the frequency of
daytime and nighttime symptoms used in the asthma severity
classifications of the National Asthma Education and
Prevention Program Expert Panel II (NAEPP-II) were
applied to caregiver reports.4,8,9 Investigators interpreted and
assigned numeric values when terms such as ‘‘frequent’’ and
‘‘continual’’ were used in the NAEPP-II criteria. When
NAEPP-II criteria used the timeframe of 1 month, in-
vestigators calculated a 90-day (or 3-month) equivalent. This
pattern was also followed for daily and weekly timeframes for
100 Joseph et al
symptom frequencies. The resulting severity classifications
have been used in previous publications.4,8

To compare characteristics, functional status, and
morbidity of the undiagnosed to those of the diagnosed while
adjusting for clustering, appropriate generalized linear mod-
eling procedures were used, including SAS procedures PROC
MIXED for continuous variables and PROC GENMOD for
categoric variables.10 When appropriate, odds ratios and the
corresponding 95% confidence intervals were calculated to
describe the association of interest.

Generalized estimating equation (GEE) models were
used to assess changes in functional status and morbidity over
the study period. This method of analysis was selected to
maximize the sample size for analysis and to account for the
correlation between repeated measurements. A normal
distribution was assumed for continuous data (eg, age) and
a binomial distribution for binary data (eg, proportion making
The Journal of Pediatrics � January 2005



$ 1 ED visit). All continuous data were transformed by the
square root transformation before GEE analysis; however, for
ease of interpretation, means and standard deviations of
untransformed data are provided in tables and results.

RESULTS
The Figure shows the characteristics of the children

whose caregiver participated in the eligibility phase of the
study. Caregivers of 4576 elementary school children
attending 14 urban elementary schools completed an eligibility
form (83% response rate after taking into account 7% average
daily absenteeism for Detroit Public Schools). Approximately
97% of children were black and 47% were male. The
prevalence of physician-diagnosed asthma was 16.9%. The
majority of these children reported symptoms or had taken
prescribed asthma medication within the past 12 months, thus
fulfilling criteria for current asthma (n = 720, or 15.7%). A
total of 533 children (11.7%) reported asthma symptoms but
did not report a physician diagnosis (undiagnosed). We
excluded 26 children whose caregiver reported no physician
diagnosis at eligibility but later reported a diagnosis at
baseline. This left 507 undiagnosed children (11.1%), of
whom 299 had caregivers who completed a baseline interview
and at least 1 follow-up interview. Among the diagnosed, 510
children had caregivers who completed the baseline interview
and at least 1 follow-up interview.

Participants were classified by severity, using the
NAEPP-II classifications as a guide11 (Figure). A smaller
percentage of the diagnosed fell into the mild-intermittent
category than the undiagnosed (47.6% vs 60.5%, respectively;
P < .001). Percentages were similar for mild-persistent (29.4%
diagnosed vs 24.9% undiagnosed; P = .08) but less so for the
moderate-persistent (17.1% vs 11.7%; P = .06). Despite the
almost 2-fold difference in the percentage of undiagnosed
children in the severe-persistent category compared with that
of the diagnosed, this difference did not reach statistical
significance (5.9% diagnosed vs 3.0% undiagnosed, P = .13).

Baseline characteristics of children with undiagnosed
asthma were compared with those of children with an asthma
diagnosis. The mean age of the undiagnosed and diagnosed
groups were similar, 8.1 years (SD = 1.3) and 8.1 years
(SD = 1.2) respectively; P = .45. As shown in Table I, when
compared with the diagnosed, undiagnosed children were
significantly less likely to be male (OR = 0.7 [0.5 to 1.0],
P = .03); to be taking prescribed asthma medications
(OR = 0.05 [0.03 to 0.07], P < .001); and were significantly
less likely to report alternative diagnoses (OR = 0.2 [0.2 to
0.3], P < .001). Undiagnosed children were also significantly
less likely to report allergies (OR = 0.5 [0.4 to 0.6], P < .001)
and a seasonal variation in symptoms (OR = 0.4 [0.3 to 0.5],
P < .001). Significantly fewer undiagnosed children had
wheeze with exercise when compared with the diagnosed
(37.6% vs 74.2%, respectively; P < .01).

Because body mass index (BMI) could influence
symptom reports, we examined this variable by whether or
Effect Of Asthma Intervention On Children With Undiagnosed Asthma
not the child had an asthma diagnosis at baseline (data not
shown). Approximately 49% of participants had information
sufficient for calculating BMI. The mean BMI for the
undiagnosed and diagnosed groups was 20.6 (SD = 6.5) and
21.2 (SD = 6.6), respectively (P = .39).

Table II shows the reported baseline functional status
for children in the mild-intermittent and mild-persistent
categories combined. The mean number of days of impaired
functioning reported for the undiagnosed was significantly
lower than that reported by the diagnosed in the mild
categories (all P values# .03), with the exception of symptom-
days (P = .79). Reports of impaired functioning were similar
for the undiagnosed and diagnosed in the moderate and severe
persistent categories (all P values $ .08).

Using GEE, we tested the differences between un-
diagnosed and diagnosed children with regard to change in
functional status and morbidity over time. Analyses were
stratified by randomization status and by severity, such that
the mild-intermittent and mild-persistent categories were
collapsed to form one category, as were the moderate-
persistent and the severe-persistent. Analyses were adjusted
for age, sex, household income, and caregiver education.

Mild (Mild-Intermittent and Mild-Persistent)

UNDIAGNOSED CONTROL SUBJECTS VERSUS UNDIAGNOSED

INTERVENTION. Among the undiagnosed control subjects in
the mild category, significant reductions were observed only
for symptom-days (P = .03) and caregiver changed plans
(P = .01). Likewise, only symptom-days was significantly
reduced (P = .03) for the undiagnosed intervention in the mild
category (Table II). Asthma morbidity was not significantly
reduced from baseline for either group.

DIAGNOSED CONTROL SUBJECTS VERSUS DIAGNOSED

GINTERVENTION. Symptom-days (P < .01), changed plans
(P = .02), restricted activity (P < .01), and missed school days
(P < .01) were significantly reduced for mild diagnosed control
subjects. Only changed plans (P = .01) was significantly
reduced for the diagnosed intervention group (Table III).
Significant reductions were observed for both the mild
diagnosed control subjects and themild diagnosed intervention
group with regard to asthma morbidity (P < .05 for mean ED
visits for both groups; P = .02 and .05 for diagnosed control
subjects and intervention, respectively, making $ 1 ED visit).

Moderate-Severe (Moderate-Persistent and
Severe-Persistent)

UNDIAGNOSED CONTROL SUBJECTS VERSUS UNDIAGNOSED

INTERVENTION. Among the undiagnosed control subjects in
the moderate-severe group, only symptom-nights was signif-
icantly reduced over time (P = .03). In contrast, for the
undiagnosed intervention group, all reports of impaired
functioning were significantly reduced (all P values # .03)
(Table IV). Results for asthma morbidity were not calculated
because of small cell sizes for the undiagnosed control subjects
and were insignificant for the undiagnosed intervention group.
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DIAGNOSED CONTROL SUBJECTS VERSUS DIAGNOSED

INTERVENTION. For diagnosed control subjects in the
moderate-severe category, symptom-days (P < .01) and
symptom-nights (P < .01) were significantly reduced. By
comparison, all measurements of impaired functioning were
significantly reduced for those in the diagnosed intervention
group. Significant reductions in asthma morbidity were
observed in the diagnosed control subjects for mean ED visits
only (P = .02) and in the diagnosed intervention group for the
number of persons making $ 1 ED visit (P = .03).

Attrition

We examined attrition by random assignment. For the
first follow-up, control subjects were more likely to drop out
of the study when compared with the intervention group
(P = .04), but attrition was similar by second follow-up
(P = .74). If examined by the presence of an asthma diagnosis
at baseline, undiagnosed control subjects were more likely to
drop out than were diagnosed control subjects (P = .02 and .05
for first and second follow-up, respectively), but there were no
differences in attrition observed for the undiagnosed versus the
diagnosed in the intervention groups.

We also compared the characteristics and functional
status of persons completing only a baseline interview (ie, no
information for follow-up) with that of persons completing
a baseline and at least 1 follow-up. The undiagnosed with
no follow-up were slightly younger (0.3 years) than the un-
diagnosed with follow-up (P = .01), but this was the only
difference observed.

DISCUSSION
The rationale behind case detection is that it should

be possible to identify children with undiagnosed disease by
asking about the symptoms we would expect children with
asthma to have. The single most pressing methodologic
concern is the lack of a gold standard for using case detection
to identify children with undiagnosed asthma.12,14 The
process of reaching consensus on a definition should include
the results of intervening on the undiagnosed once they have
been identified using a specific instrument. This issue has also
been discussed in previous publications.2,4,12

Although the definition varies widely, the literature
estimates the prevalence of undiagnosed asthma to be 5.3% to
20% when case detection is used in children less than 18 years.
Similar estimates are reported for studies conducted in US
urban cities and nonwhite communities.2-5,12-18 Estimates up
to 37.5% have been reported for individual symptoms, such as
‘‘wheeze’’ in the absence of an asthma diagnosis.16,19-21 Wide
discrepancies in prevalence also occur when clinical outcomes,
eg, spirometry, are used to identify children with undiagnosed
asthma, as opposed to case detection.2,12,22

Previous studies have suggested that undiagnosed
children cluster at the low end of a severity continuum.2,12

The expenditure of resources on this group has been
challenged because the benefit may be so low as to be
undetectable. Information on the functional status and
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morbidity of the undiagnosed over time as well as at one
given time point may help to estimate the return on such an
investment.

In comparing baseline characteristics, we found that the
undiagnosed children were less likely to report allergies,
a seasonal variation in symptoms, and receipt of other
respiratory diagnoses when compared with the diagnosed.
Together, these findings suggest a nonatopic form of disease
that may have added to the difficulty in obtaining a diagnosis.
In addition to the treatment and management implications
this information presents to health care providers, results
suggest that principles in the asthma management program
were also applicable to children with nonatopic asthma.23,24

The absence of factors related to atopic asthma has been
reported in at least two other studies using a case detection
approach. According to unpublished data from the National
Cooperative Inner City Asthma Study (an earlier study of
asthma in urban children), the undiagnosed were more likely
to have a negative medical history, including the absence of
atopy, as determined by skin prick tests.23 In the Odense
schoolchild study (Denmark), factors related to undiagnosed
asthma included the absence of rhinitis symptoms.15 However,
in a pilot study of elementary school children in Detroit,
children with undiagnosed asthma were less likely to report
allergies and eczema but were more likely to have received
a diagnosis of bronchitis, compared with children with an
asthma diagnosis.2

The undiagnosed also had fewer reports of wheeze with
exercise, but it is unclear if this was due to being less active
or fewer symptoms during activity. Evidence for the latter
scenario may be that caregivers of the undiagnosed reported
fewer days of restricted activity, but reports of the child’s
activity level among the undiagnosed were similar to that of
the diagnosed.

The distribution of severity, as determined by symptom
type and frequency, was skewed toward milder disease for the
undiagnosed. Differences in distribution were generally less
pronounced as severity levels increased. Since use of prescribed
medication to treat symptoms was rare among the undiag-
nosed, wewould expect the distribution of severity to be skewed
even further towardmilder levels if these children were treated.
The reports of symptoms appeared to persist throughout the
study period, although there was less evidence of this among
the undiagnosed control subjects in the moderate-severe
category, probably because of the small sample size.

In terms of functional status, symptoms did not appear
to interfere with functioning among undiagnosed children
categorized as mild-intermittent and mild-persistent. Our
results suggest that the undiagnosed had symptoms of a lesser
intensity but at a frequency similar to the diagnosed, since
reports of symptom-days were similar for the two groups. If
the symptoms were of less intensity, there may have been less
motivation to seek medical attention. In contrast, children
classified as moderate and severe-persistent had a level of
functioning similar to that of the diagnosed in this same
category. Results suggest that this latter group of undiagnosed
may have been more tolerant of symptoms or were hampered
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in terms of health care access, since they had not yet received
a diagnosis of asthma.

The results of our analysis suggest that the intervention
was effective for the more severe groups, with the greatest
benefit to functionality, as opposed to morbidity. These results
must be interpretedwith caution.Wenote that general declines
in reports of impaired functioning over the study period were
observed for almost all diagnostic groups, regardless of random
assignment to the treatment or control group. In addition to an
actual decrease in symptoms, this may be due to some study
artifact that we did not adjust for or may reflect a regression to
the mean.25 It also may be due to a remission of symptoms as
the children grow older.26 For both functional status and
morbidity, the undiagnosed had significantly lower baseline
estimates than the diagnosed for all factors, leaving less
variation for large reductions. In addition, ED visits were rare
among the undiagnosed. Stratifying by severity level may have
lessened the impact of these limitations on our results, but
it also reduced our sample size, as did the need to adjust
for random assignment. Given the above, it is difficult
to determine if the levels of significance for observed reduc-
tions in functional status among the undiagnosed in the
intervention group would not have been paralleled in the
undiagnosed control group, but for a lack of power. Future
longitudinal studies designed to assess health outcomes or
morbidity patterns in children meeting some criteria for
undiagnosed asthma need to be sufficiently large to have
enough subjects for analysis.

Attrition was a limitation in our study, as in similar
asthma studies.27 Control subjects were asked to continue with
their usual care and thus received less impetus to remain in
the program. Attrition could have caused our results to be
underestimates (ie, a group that is predominantly mild at
baseline is now predominately moderate-severe because of
attrition of the former) or overestimates (ie, easier to detect
differences over time in a more severe group). Both conditions
would reduce the generalizability of our findings and may also
have affected our ability to detect statistical differences by
reducing our sample size. Nonetheless, we did not observe
meaningful differences between participants and dropouts at
baseline.

Recall bias is a potential problem for studies relying on
primary data collection such as ours. A 2-week recall period
was used in the National Cooperative Inner City Asthma
Study; however, other studies suggest that in describing the
burden of asthma, using recall periods less than 12 months
may serve to underestimate this burden.28,29 We asked about
symptoms in the last 3 months, and this recall period has been
used previously.30 Twelve-month recall for asthma ED visits
and hospitalizations is often used in asthma surveillance and
research.1,2,27,29,30

In this study, children identified as having undiagnosed
asthma and classified as moderate-severe, based on symptom
reports, showed reductions in days of impaired functional
status after an intervention. This was despite a generally
nonatopic disease presentation. When using case detection to
identify children with undiagnosed asthma, erring toward
Effect Of Asthma Intervention On Children With Undiagnosed Asthma
high specificity may result in a more effective and efficient use
of resources.
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