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Health Consequences for Children
With Undiagnosed Asthma-like Symptoms

Karin Yeatts, PhD; Carl Shy, MD; Mark Sotir, MPH; Stan Music, MD; Casey Herget, MSW, MPH

Background: A growing body of evidence indicates that
there are a substantial number of children who report
asthma-like symptoms and are not diagnosed with asthma.
However, there is little information on the health con-
sequences of asthma-like symptoms for children with
these symptoms and no asthma diagnosis.

Objective: To assess the prevalence and health conse-
quences (school absences, sleep disturbances, activity limi-
tations, physician visits, emergency department visits, and
hospitalizations) of asthma-like symptoms among chil-
dren with and without physician diagnosis.

Study Design: We surveyed 122829 children aged 12
to 14 years in 499 North Carolina public middle schools.
A standardized questionnaire (International Study of
Asthma and Allergies in Childhood [ISAAC]) contain-
ing video scenes of adolescents experiencing asthma-
like symptoms was adapted to include questions on health
consequences.

Results: Seventeen percent (n=21184) reported cur-
rent asthma-like symptoms with no diagnosis of asthma
(during the last 12 months.) Eleven percent (n=13619)

of the children reported physician-diagnosed asthma with
current asthma-like symptoms. Of the children with
asthma-like symptoms and no diagnosis of asthma, 20%
missed a half day or more of school per month because
of wheeze, 25% had limited activities because of wheeze
once or more per month, and 32% had sleep distur-
bances because of wheeze in the last 4 weeks. Seven per-
cent of children with current asthma-like symptoms but
no diagnosis reported 1 or more emergency department
visits for asthma-like symptoms, and 5% reported wheeze-
related hospitalizations in the last year. Of children with
physician-diagnosed asthma, almost half (47%) re-
ported missing a half day or more of school in the last
month. Thirty percent of physician-diagnosed children
reported 1 or more emergency department visits in the
last year for asthma-like symptoms.

Conclusions: The health consequences of asthma-like
symptoms in children with no diagnosis are substantial;
these children are essentially untreated. Better detection of
this disease group by the medical community has the po-
tential to improve health consequences for these children.
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HE PREVALENCE of asthma

among children has in-

creased in the last 20

years,'? and it is now the

most common chronic

childhood disease in the United States.* Re-

cent evidence, much of it from Europe,

suggests that asthma is underdiagnosed

and undertreated,”! although to what ex-

tent is still debated, as not all asthma-like

symptoms warrant asthma diagnosis. The

magnitude of health consequences of

wheezing symptoms (sleep disturbances,

activity limitations, and missed school

days) in children with no diagnosis of

asthma is generally unknown, and little in-

formation has been reported on health care
use in these symptomatic groups.®’

Researchers developed an interna-

tionally standardized instrument to as-

sess the prevalence of asthma-like symp-
toms (International Study of Asthma and
Allergies in Childhood [ISAAC]). This in-
strument was designed to overcome prob-
lems in the reporting of asthma-like symp-
toms because of variations in diagnostic
criteria, access, and use of health care, as
well as the subject’s lack of symptom rec-
ognition.'? The ISAAC questionnaire is a
validated survey tool that has been shown
to have better sensitivity and specificity
than bronchial hyperresponsiveness in
measuring asthma prevalence among the
population.”!* It is a simple, low-cost,
valid," and efficient way to measure the
prevalence of asthma-like symptoms and
physician-diagnosed asthma.

Given the strengths of the ISAAC
questionnaire in obtaining population-
based estimates of the prevalence of
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asthma-like symptoms and diagnosis, while minimizing
diagnostic bias and failure of subjects to recognize symp-
toms, we adapted the ISAAC methods for this statewide
surveillance of asthma and asthma-like symptoms among
North Carolina children attending public middle schools.'
The state health department recognized the need to sys-
tematically measure the prevalence of asthma statewide
on a school-specific and a county-specific basis and to
establish a baseline from which subsequent assessment
of the effectiveness of planned and locally designed in-
terventions could be conducted.

In this population-based survey, we measured the
prevalence of asthma-like symptoms (wheezing and
cough) among children with and without a physician di-
agnosis of asthma. We compared the functional conse-
quences and health care use of children with current
wheezing symptoms with no physician diagnosis with
those of 2 groups: (1) children with physician-
diagnosed asthma with current asthma-like symptoms and
(2) asymptomatic children who reported never having
any asthma-like symptoms or diagnosis.

— T

The target population was enumerated from 1999-2000 enroll-
ment records kept by the North Carolina Department of Public
Instruction and included 565 public schools with 192248 chil-
dren in the seventh and eighth grades. The University of North
Carolina at Chapel Hill School of Public Health Institutional Re-
view Board reviewed and approved the project. In December 1999,
questionnaires were mailed to the 565 public school principals.
The 30-minute survey was conducted in homerooms, science class,
or physical education class. All questionnaires were adminis-
tered and completed by June 2000. To ensure high-quality data,
questionnaires were checked for missing data and skip patterns.

Schools that participated were compared with those that
did not with respect to demographic data. These data were ob-
tained from the statistical branch of the North Carolina De-
partment of Public Instruction. Demographic data on ethnic-
ity, sex, and free school lunch program enrollment were
compared between the 499 participating schools and the 66 non-
participating schools. There were no significant differences
among the demographic variables of socioeconomic status (en-
rollment in the free or reduced school lunch program), eth-
nicity, or sex for schools that participated and those that did
not (P=.66, P=.61, and P=.58, respectively; x* test).

The final response rate was 67% (128 568/192 248) for sev-
enth- and eighth-grade children (aged 12-14 years) enrolled
in public school in 1999-2000. Response rates by school (499/
565, 88%) and county (99/100, 99%) were substantially higher.
Of the 128568 children who filled out questionnaires, 5739 had
missing data on the video symptom and physician diagnosis
questions and were excluded from the analyses. Analyses were
presented for the remaining 122829 children.

The questionnaire was adapted from the ISAAC sur-
vey.'®!® Written and video symptom questions from the
ISAAC survey were included. The video symptom sequence
consisted of 5 symptom scenes being experienced by an ado-
lescent: (1) wheezing at rest during the day, (2) wheezing af-
ter exercise, (3) waking at night by wheezing, (4) waking at
night by cough, and (5) a severe wheezing attack with inter-
costal retractions. Children were considered as having
asthma-like symptoms if they gave a positive response to any
of scenes 1, 2, 3, or 5.

Questions were added regarding physician diagnosis, func-
tional consequences of wheezing or breathing problems, health

Table 1. Prevalence of Asthma-like Symptoms Among
122 829 Children With and Without a
Physician Diagnosis of Asthma*
No. (%)
Group Symptom of Children
Diagnosed asthmatics ~ Current wheeze 12174 (9.9)
Current cough 1445 (1.2)
No current symptoms 5748 (4.7)
Asthma-like symptoms  Current wheezers 21184 (17.2)
with no diagnosis
Current cough only 9594 (7.8)
No current symptoms 8040 (6.5)
Asymptomatic children  No wheezing symptoms ever 64 644 (52.6)

*Percentages do not sum to 100 because of rounding.

care use, and environmental exposures. Functional conse-
quences included wheezing-related sleep disturbances, activ-
ity limitations, and missed school days. Health care use ques-
tions consisted of wheezing-related physician visits, emergency
department visits, and hospitalizations. To standardize the ad-
ministration of the questionnaire and to aid children with read-
ing difficulties, the entire questionnaire was visually pre-
sented on a video screen and read aloud 1 question at a time,
with skip patterns emphasized. The students were guided by
the videotape through the entire written questionnaire. This
method of administration was found to be feasible for state-
wide surveillance.'®

Functional consequences and health care use variables were
presented for the following groups: (1) children reporting cur-
rent (during the last 12 months) wheezing symptoms (any of
4 ISAAC video wheezing symptoms) and no physician diag-
nosis of asthma (n=21184), (2) children reporting current
wheezing symptoms (any ISAAC video wheezing symptoms)
and physician diagnosis of asthma (n=12174), and (3) asymp-
tomatic children reporting no wheezing or coughing (none of
the ISAAC video symptoms ever) and no physician diagnosis
of asthma (n=64644). No seasonal variations in symptom re-
porting, functional consequences, or health care use were found
in the 2 diseased groups.

Differences in proportions among groups were assessed
using x* statistics with respect to functional consequences, health
care use, and medication use. Categories for each of the out-
come variables of functional consequences, health care use, and
medication use were collapsed to none or any.

— T

The study population (N=122829) was ethnically di-
verse, with 63% white, 26% African American, 2% Na-
tive American, 2% Asian, and 6% of more than 1 race.
Nine percent of the children reported Latino ethnicity.
Thirty-three percent of the children reported being en-
rolled in the free or reduced school lunch program. Forty-
nine percent of the children were classified as living in
rural areas based on county of residence. Fifteen per-
cent of the children reported current smoking (in the last
30 days).

Table 1 illustrates the prevalence of asthma-like
symptoms with and without physician diagnosis among
the 122829 children. More than half (53%) of the chil-
dren reported never having had wheezing, coughing, or
breathing difficulties in their life. The prevalence of ever
physician-diagnosed asthma was 16%, 10% had current
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Table 2. Prevalence of Health Consequences by Disease Group
Undiagnosed Wheezers* Diagnosed Current Asthmatics Asymptomatict
(n = 21184) (n =12174) (n = 64644)
[ [ I 1
Consequence % of Children 95% Cl % of Children 95% ClI % of Children 95% ClI
Any sleep disturbances at night because 31.52 30.89-32.15 49.72 48.83-50.61 2.41 2.29-2.53
of wheezing in last 4 wk
Limited activities because of wheezing =1 times per 24.81 24.23-25.39 51.51 50.62-52.40 1.56 1.46-1.66
month in last 12 mo
=12 School day per month missed because of 20.28 19.74-20.82 46.25 45.36-47.14 2.29 2.17-2.41
wheezing in last 12 mo
=1 Physician visits because of wheezing in last 12 mo 27.59 26.99-28.19 71.12 70.31-71.93 4.48 4.32-4.64
=1 Emergency department visits because of wheezing 6.97 6.63-7.32 30.09 29.27-30.91 0.67 0.61-0.73
in last 12 mo
=1 Hospitalizations because of wheezing in last 12 mo 5.76 5.45-6.07 23.11 22.36-23.86 0.48 0.43-0.53
Used an inhaler =1 times per month in last 12 mo 9.22 8.83-9.61 78.29 77.55-79.03 0.87 0.80-0.94

Abbreviation: Cl, confidence interval.
*Children with current wheezing symptoms and no diagnosis of asthma.
tChildren reporting no asthma-like symptoms or asthma diagnosis ever.

(in the last 12 months) wheezing symptoms, 1% had cur-
rent cough, and 5% had no current symptoms. Combin-
ing diagnosed asthmatics with current symptoms (11%),
diagnosed asthmatics without current symptoms (5%),
and children with undiagnosed current wheezing (17%)
gives a population-based prevalence of 33% for ever hav-
ing asthma or asthma-like symptoms. More than one quar-
ter (28%) of the children reported current asthma-like
symptoms or asthma.

One half of the diagnosed asthmatics with current
wheezing and one third of the children with undiag-
nosed current wheezing reported frequent symptoms, de-
fined as wheezing 1 or more times per month (data not
shown). There were no differences between urban and
rural counties in the prevalence of physician-diagnosed
asthma or wheezing with no diagnosis.

Functional consequences and health care use re-
lated to asthma-like symptoms for the 3 groups of inter-
est are presented in Table 2. All x? statistics calculated
to evaluate differences among groups with respect to func-
tional consequences, health care use, and inhaler use were
statistically significant at P<.001, with the 95% confi-
dence intervals not overlapping for any of the variables
or groups. As expected, diagnosed asthmatics with cur-
rent symptoms experienced a high frequency of func-
tional consequences (47%, 52%, and 49% reporting missed
school days, activity limitations, and sleep distur-
bances, respectively) because of wheezing or problems
in the last year or 4 weeks. However, children with un-
diagnosed wheezing also reported substantial amounts
of missed school days, activity limitations, and sleep dis-
turbances because of wheezing (20%, 25%, and 32%,
respectively).

Table 2 also presents data on the health care use in
children with asthma-like symptoms. Children with cur-
rent wheezing and no asthma diagnosis were essentially
untreated in terms of inhaler use (only 9% reported use
=1 times per month in the last year) but had a consid-
erably higher frequency of clinic (28%) and emergency
department visits (7%) for wheezing or breathing diffi-
culties than children with no symptoms and no diagno-
sis. Although 71% of diagnosed asthmatics reported vis-

iting a physician for wheezing difficulties 1 or more times
in the last year and 78% reported using an inhaler in the
last year, a high percentage (30%) reported visiting the
emergency department 1 or more times in the last year,
and 23% reported 1 or more hospitalizations related to
wheezing or breathing difficulties.

B COMMENT

To our knowledge, this is the first population-based study
of this magnitude that has used an internationally vali-
dated and standardized survey tool to measure the preva-
lence of asthma-like symptoms with and without a phy-
sician diagnosis and the related health consequences.
Although the ISAAC survey has been conducted in 56
countries with 463801 children,!”!® the association of
asthma-like symptoms with health consequences has not
been previously examined.

We observed a high proportion (28%) of children
with current asthma-like symptoms. More than 60%
(21184 divided by [13619+21184]) of these symptom-
atic children had no diagnosis of asthma. The effect of
asthma-like symptoms on the lives of children with no
diagnosis is considerable: 20% missed a half day or more
of school per month because of wheezing, 25% had lim-
ited activities because of wheeze once or more per month,
32% had sleep disturbances because of wheezing in the
last 4 weeks, 7% visited the emergency department for
wheezing, and 5% were hospitalized for wheezing or
breathing difficulties, all of which are considerably in ex-
cess of the experiences reported by asymptomatic or
“healthy” children.

Sleep disturbances because of wheezing are one ex-
ample of the major problems these children face. The long-
term clinical implications include chronic sleep depriva-
tion and the related reduced immune function, increased
susceptibility to respiratory infections, reduced cognitive
function, and decreased learning ability.

Most of the children with asthma-like symptoms and
no diagnosis may have a mild form of the disease, given
the low use of health care in this group. However, the
finding that a considerable proportion of children re-
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ported functional consequences (Table 2) supports in-
cluding these children in the prevalence estimate for asth-
matic disease. Children with a lower frequency of
wheezing may be below the clinical threshold for a firm
diagnosis of asthma, but the health consequences (school
absences, activity limitations, and sleep disturbances as-
sociated with asthma-like symptoms) make this group
similar to the diagnosed asthmatics and distinctly differ-
ent from asymptomatic children. The term asthma uni-
fies what may be a heterogeneous group of disorders or
different disease subtypes that produce similar clinical
features with various levels of severity."?

Our findings that the prevalence of physician-
diagnosed asthma is substantially lower than the preva-
lence of asthma-like symptoms among the community
support results of previous studies.” %% Among chil-
dren with asthma-like symptoms, 13% to 85% have a phy-
sician diagnosis according to various studies,”*%1%2 with
many estimates being approximately 66%. In our study,
using all asthma-like symptoms reported in the last 12
months as the denominator, we estimate 39% of chil-
dren with asthma-like symptoms being diagnosed as asth-
matic, a figure somewhat lower than other estimates. A
more conservative estimate would be to include only chil-
dren with frequent wheezing (=1 times per month) rather
than all children with wheezing in the denominator. With
the more conservative assumption, we estimate that 65%
of children with current asthma-like symptoms are di-
agnosed as asthmatic. In this estimate, the other 35% are
children with asthma-like symptoms but no diagnosis of
asthma.

The wide variations in estimates of asthma preva-
lence around the world are affected by the sampling frame,
temporal and country variation in diagnostic patterns,
health care delivery system, and parental and clinician
recognition of symptoms. Our estimates of wheezing
prevalence based on 122829 children agree well with the
estimates reported in the worldwide ISAAC survey from
other industrialized countries.'”'® Our estimates of wheez-
ing during the day at rest in the last 12 months were 23%
(written questionnaire) and 13% (video questionnaire),
which are similar to the estimates reported in the world-
wide study of 20% to 25% (written) and approximately
13% (video) for the US ISAAC sites.!® Our estimate of
11% of children in the population with physician-
diagnosed current asthma is comparable to but some-
what higher than the most recent Third National Health
and Nutrition Examination Survey estimate of 6.7% with
physician-diagnosed asthma in children aged 2 to 16
years.”! The National Health Interview Survey on Child
Health reports an asthma estimate considerably lower
(4.9%) for children aged 6 to 18 years.*

Functional consequences and health care use among
physician-diagnosed asthmatics have been previously
documented by others.®"*2® Although there are varia-
tions in terms used for health consequences (effect, dis-
ability, or illness activity), they often include school ab-
sences, activity limitations, and sleep disturbances. Many
of the studies are based on National Health Interview Sur-
vey on Child Health data*** and Third National Health
and Nutrition Examination Survey data,”' both of which
use parental reporting of asthma. Other studies include

DN Whar This Suudy Adds B

The health consequences of diagnosed asthma in US chil-
dren have been documented in the literature. However,
little information exists concerning the health conse-
quences of asthma-like symptoms in children with no
diagnosis of asthma. This study provides evidence indi-
cating that the health consequences of asthma-like symp-
toms in children with no diagnosis are substantial. These
children are essentially untreated and require more rec-
ognition from primary care physicians. Better detection
of this disease group by the medical community has the
potential to improve health consequences and reduce
medical care costs. Direct and indirect cost estimates of
the effect of asthma in the United States should include
this group of children.

children enrolled in managed care organizations?’ or
school-based surveys.” Little information exists with re-
gard to the health consequences of wheezing in chil-
dren with no diagnosis of asthma.

A potential limitation of this study is that the data
are self-reported by the adolescents. Clinicians have rig-
orously validated the ISAAC.">*>% Self-reported symp-
toms using the ISAAC questionnaire were found to be
more reliable than bronchial hyperresponsiveness, com-
pared with physician diagnosis of asthma as a gold stan-
dard.’*° The validity of adolescents’ reporting of asthma-
like symptoms in the ISAAC video questionnaire was high,
with a specificity of 0.87 and sensitivity of 0.75, vs a phy-
sician diagnosis of clinically active asthma as a gold stan-
dard.? In a validation study of the ISAAC question-
naire, Renzoni et al?® evaluated the agreement between
parents’ and adolescents’ reporting of physician-
diagnosed asthma. They found that 97.3% of adoles-
cents agreed with their parents that they did not have
asthma. Research has shown that parents underesti-
mate the presence of wheezing in their adolescent chil-
dren and suggests that obtaining direct information from
adolescents may be essential for a correct evaluation of
respiratory symptoms.**! In our study, a small percent-
age of asymptomatic adolescents with no reported wheez-
ing symptoms reported functional consequences (=2%)
and health care use (=4%). The question asked was
phrased as to whether the functional consequences and
health care use were because of “wheezing, dry cough,
or breathing difficulties not due to a cold or chest infec-
tion.” It would have been optimal to validate question-
naire responses with medical records in a subset of stu-
dents; however, the public health budget and
confidentiality limitations precluded such activities.

Strengths of the study include (1) a population-
based sample rather than a clinic-based sample, the lat-
ter of which includes only those children with access to
care or parents who seek care for their children, (2) an
internationally standardized and validated measure-
ment tool, and (3) a large diverse study sample with a
high response rate.

The results of this large, population-based survey
using an internationally standardized measurement tool
indicate that among adolescents there is a high preva-
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lence of asthma-like symptoms with and without physi-
cian diagnosis and that both groups experience substan-
tial functional consequences. However, children with
asthma-like symptoms and no physician diagnosis are es-
sentially untreated.
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