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Abstract

Background - Childhood asthma and
wheeze only in the presence of respiratory
infection (wheezy bronchitis) appear to
have different prognoses and may differ in
their aetiology and heritability. In par-
ticular, slight reductions in lung function
may be associated with episodes of wheez-
ing associated with intercurrent viral in-
fection.

Methods — Outcomes for wheezing symp-
toms and lung function were studied in 133
offspring of three distinct groups of 69
middle aged probands with childhood his-
tories of (1) atopic asthma (n=18), (2)
wheeze associated with upper respiratory
tract infection (wheezy bronchitis, n=24),
and (3) no symptoms (n=27). Probands
were selected from a previously studied
cohort in which outcomes of wheezy bron-
chitis and asthma had been shown to differ.
Results - Children of probands with
wheezy bronchitis had a lower prevalence
of current wheezing symptoms. Forced ex-
piratory volume in one second (FEV,) and
forced vital capacity (FVC) in boys of prob-
ands with a history of wheezy bronchitis
were significantly reduced compared with
either of the other two groups (p<0.0001).
In a multivariate analysis, grouping based
on parent proband had a significant effect
on lung function, independent of factors
such as symptoms, atopy or smoking his-
tory.

Conclusions — The different symptomatic
and lung function outcome in children of
probands with wheezy bronchitis and
asthma provides further evidence that
wheezy bronchitis and asthma differ in
their natural history and heritability, and
suggests that there may be familial factors
specific to each wheezing syndrome.
(Thorax 1997;52:953-957)
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The definition of asthma, particularly in chil-
dren, remains controversial." The significance
of early childhood wheezing illness associated
only with clinical evidence of upper respiratory
tract infection, previously described as “wheezy
bronchitis”, and its relationship to atopic
asthma is unclear,” although there is increasing
support for the view that childhood wheezing
illness is a heterogeneous group of syndromes.>

Wheezing in infancy and early childhood ap-
pears to be associated with impaired airway
function rather than atopy,*’ in contrast to later
childhood where atopy is a major determinant
of wheezing illness.¢’

Although previous twin and family studies
have provided convincing evidence of familial
aggregation in asthma,®**? few previous studies
have investigated the familial associations of
different wheezing syndromes in childhood.
Sibbald" suggested that the families of wheezy
bronchitic children did not differ significantly
from those of asthmatic children, implying a
common underlying genetic defect. In contrast,
Konig and Godfrey showed higher levels of
skin test positivity and exercise-induced airway
lability, but no increase in prevalence of atopic
disease amongst first degree relatives of chil-
dren with wheezy bronchitis compared with
controls.' A large case-control study showed
no difference in prevalence of bronchial hyper-
reactivity in parents of non-atopic children with
recurrent wheezing associated with upper res-
piratory tract infection and adult controls
matched for age, sex, atopy, and smoking sta-
tus.” In a community study parental history of
asthma or bronchiolitis, particularly before the
age of three, was associated with wheezing
illness in their children aged under one year,
further supporting the possibility that there may
be a familial component to early childhood
respiratory illness separate from atopy and
asthma.'®

We have previously shown that children diag-
nosed as having wheezy bronchitis rather than
asthma have a significantly better outcome in
early middle age, independent of the effects
of atopy,'”'® which suggests that asthma and
wheezy bronchitis are different syndromes. We
therefore examined families of three distinct
groups of well characterised adult probands
with (1) childhood onset atopic asthma, (2)
transient childhood wheezy bronchitis with no
symptoms in adulthood, and (3) non-atopic
subjects with no symptoms in either childhood
or adulthood.!” We tested the hypothesis that
different patterns of symptomatology and lung
function occur in the offspring of probands
with these apparently different syndromes.

Methods
SUBJECTS
Probands were selected from individuals ori-
ginally studied as children in the 1960s." At
that time 121 individuals with a clinical dia-
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gnosis of asthma (defined as “recurrent dys-
pnoea of an obstructive type without other
demonstrable cause”) and 167 individuals with
a clinical diagnosis of wheezy bronchitis (de-
fined as “wheeze occurring only in the presence
of infection”) were identified in a larger random
community sample of 2511 schoolchildren
aged 10-14 years. Twenty five years later all
accessible individuals within these groups to-
gether with a comparison group of 167 in-
dividuals selected from the non-wheezing
group within the original study population were
restudied."”

Probands were selected on the basis of both
their original classification and outcome 25
years later in order to identify those in whom
natural histories were clearly different. Three
groups were identified: 20 individuals with
childhood onset asthma, continuing symptoms
in early middle age and atopy (group 1); 30
with childhood wheezy bronchitis and no symp-
toms in early middle age (group 2); and 29 non-
atopic probands without symptoms in either
childhood or adulthood (group 3). This ap-
proach was adopted in order to study families
based on probands who were divided into dis-
crete groups based on natural history. Although
restricting the numbers available for study, this
approach concentrates on outcomes in the
families of the “core phenotype” in a situation
where classification is difficult and often am-
biguous.

Sixty nine probands and their families (18
group 1, 24 group 2, and 27 group 3) agreed
to participate (87.3%). Of the remaining 10
probands seven refused to participate, one had
died, and two had moved outwith the study
area. One proband had divorced and remarried,
and both his current and previous spouse and
children of both marriages were seen. One
spouse had died (of a non-respiratory cause),
one spouse refused to participate, and six
spouses could not be contacted following di-
vorce or separation. Of the 143 children from
these families, 133 (93%) agreed to participate.

STUDY DESIGN

After initial contact individuals were seen at
home by a research nurse and a semi-structured
questionnaire based on the ATS DLD78A
questionnaire?®® was administered. Subjects
were thereafter invited to attend for skin prick
testing for common aeroallergens and spiro-
metric tests. Children were interviewed to-

Table 1 Characteristics of children grouped by parent proband

Symprom Group 1 Group 2 Group 3
(n=35) (n=48) (n=50)
Mean (SD) age 12.7 (4.9) 14.1 (4.6) 14.7 (4.3)
Age under 15 years 20 26 28
Sex (M/F) 20/15 23/25 29/21
Current wheezing (within the last 12 months) 13 (36%) 7 (14%)** 13 (26%)
Ever wheeze 17 (49%) 13 (27%) 18 (36%)
Maternal smoking in pregnancy 9 (26%) 10 (21%) 15 (30%)
Parental smoking 21 10 15

(mean pack years smoked by both parents)

Positive skin prick test (n=117)
PD,,FEV, <16 umol methacholine (n=115)

16/30 (53%)
13/29 (45%)

19/42 (45%)
14/42 (33%)

28/45 (62%)
18/44 (41%)

PD,,FEV, =dose of methacholine required to provoke a fall of 20% or more in forced expiratory

volume in one second.
#% p<0.02, 1> =8.74, 2 df.
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gether with their parents to obtain information
about events in infancy and early childhood.
Spirometric tests were carried out using a
wedge spirometer (Vitalograph, Buckingham,
UK) with the subject standing. Nose clips were
not used. In those individuals who declined to
attend a Compact portable spirometer (Vitalo-
graph, Buckingham, UK) was used to record
spirometric data at home. Children’s lung func-
tion was expressed as % predicted adjusted for
height using the values of Rosenthal ez al.*!
These data were not normally distributed and
were log transformed to normalise the dis-
tribution.

Skin prick testing was carried out by the
method of Hendrick ez al** using house dust
mite (D preronyssimus), cat and mixed grasses
(Dome Hollister Steir, Spokane, Washington,
USA). Skin prick tests were regarded as positive
if the maximum weal diameter was at least
2 mm greater than the negative control for any
of the allergens tested. Methacholine bronchial
hyperreactivity was measured using the method
of Yan et al.?

STATISTICAL ANALYSIS
Data were analysed on a personal computer
using the package STATA (Stata Corporation,
Texas, USA). Chi squared tests were used to
study associations between categorical vari-
ables as appropriate. Multivariate regression
analysis was used to investigate effects on lung
function. In this analysis allowance was made
for the correlation structure of the data within
families using Huber corrections for clustered
sampling within families.* Separate models
were developed for both FEV, and FVC in
boys and girls.

Results

Questionnaire data were available on all 133
children in the nuclear families studied. Com-
plete data including bronchial challenge test-
ing, atopic status, and lung function were
available for 114 children (85%). Sixteen chil-
dren declined skin prick testing while spiro-
metric tests were not performed on four
children aged under five years and were refused
by 10 further children. Bronchial challenge
testing was not performed on children under
five years and was refused by 14 further chil-
dren. There were no significant differences in
age or sex ratio between the groups studied.
The prevalence of current and ever wheezing
symptoms in all 133 children is shown in table
1. Significantly fewer children of wheezy bron-
chitic probands (group 2) than of asthmatic
probands had wheezed in the last 12 months.
Parental smoking, as assessed by total pack
years smoked by both parents, was lowest in
group 2 but did not differ significantly between
the groups.

Parents were also asked about recall of their
own wheezing symptoms. The accuracy of the
proband’s recall of their own childhood symp-
toms was tested using the questionnaire as a
guide to the accuracy of recall of childhood
symptoms in middle age in their spouses who
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Table 2 Geometric mean (95% CI) percentage predicted lung function in children

Wheezy bronchitic
(group 2)

Control
(group 3)

Parent proband Atopic asthmatic
(group) (group 1)
Boys
FEV, (%) 121 (111 to 132)
FVC (%) 114 (105 to 124)
Girls
FEV, (%) 109 (100 to 115)
FVC (%) 112 (105 to 119)

98 (94 to 102)*
94 (90 to 98)*

105 (98 to 112)
102 (95 to 109)

109 (103 to 115)
105 (100 to 110)

105 (100 to 110)
108 (102 to 114)

FEV, =forced expiratory volume in one second; FVC =forced vital capacity.
*p<0.0001 (one way ANOVA, df=54).

did not take part in the 1964 study. The overall
accuracy of recall was found to be 69%. How-
ever, it was striking that, although probands
in groups 1 (childhood onset asthma) and 3
(asymptomatic) correctly recalled their child-
hood symptoms in over 90% of cases, the
accuracy of recall in group 2 (transient wheezy
bronchitis) was less than 50%. Recall of wheez-
ing symptoms at any time by parent probands
was 91% for group 1, 23% for group 2, and
16% for group 3. Recall of wheeze ever for
spouses was 23%, 27% and 22%, respectively.

Skin prick test results were available for 117
children. The prevalence of at least one positive
skin prick test did not differ between the three
groups. There was no difference between the
groups in the prevalence of a dose of <16 pumol
methacholine required to provoke a fall in FEV,
of 20% (PD,,FEV,) amongst the 115 children
who were tested (table 1).

The geometric mean values for FEV, and
FVC % predicted together with 95% con-
fidence intervals for boys and girls are shown
in table 2. Values for FEV, and FVC were
significantly lower for boys in group 2 than in
either of the other two groups (FEV,: one way
analysis of variance, p<0.0001, df=59; FVC:
one way analysis of variance, p<0.0001, df=
59). These differences were due largely to
poorer lung function amongst children aged 14
or less in group 2. There were no significant
differences in FEV, or FVC between the groups
studied amongst the girls or when all data
from all children were combined. The intraclass
correlation coefficient for boys calculated using
analysis of variance® was 0.683 for FEV, and
0.591 for FVC, suggesting significant familial
aggregation of lung function in boys. In girls the
corresponding intraclass correlation coefficient
for FEV, was 0.097 and for FVC was 0.036.

Mutivariate regression analysis was used to
investigate potential predictors of lung function
including correction for intrafamily cor-
relations. Separate models were developed for
both FEV, and FVC in boys and girls. The
initial model in both sexes included age, height,
current wheezing, atopic status, parental smok-
ing, and parental lung function expressed as %
predicted. In girls only age and height were
significant predictors of FEV, and FVC
whereas in boys all of the variables in the
initial model apart from parental smoking had
significant effects. Interaction terms were in-
cluded for current wheezing and atopy (not
significant), atopy and family type (significant
only for boys in group 2), and age under 15
and family type (significant only for boys in
group 2). After inclusion of these interaction
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Table 3  Predictors of forced expiratory volume in one
second (FEV) in boys

Variable Coefficient 95% CI p value
Age (per year) 0.101 0.028 to 0.173 0.007
Height (cm) 0.042 0.030 to 0.053 <0.001
Group 1 0.400 0.126 to 0.675 0.005
Group 2 —1.029 —0.665 to —1.393 <0.001
Current wheeze —0.485 —0.255 to —0.715 <0.001
Positive atopy —0.564 —0.377 to —0.752 <0.001
Atopic (group 2) 0.803 0.447 to 1.159 <0.001

Age <15 (group 2) —0.459 —0.109 to —0.808 0.011

terms parental lung function was no longer
significant in boys and was excluded from the
final model. The final models for FEV; and
FVC in boys were similar. The resulting model
for FEV, in boys fitted the data satisfactorily
(*=0.89, residual standard deviation 0.34)
and is shown in table 3. As expected, age
and height were highly significant predictors of
FEV, while atopy and current wheezing had
significant negative effects. Effects due to family
grouping were significant, group 1 having a
favourable effect on FEV, in boys whilst group
2 had a significant negative effect. No sig-
nificant effect of parental smoking history, in-
cluding maternal smoking in pregnancy, was
observed. There were significant interactions
between grouping, age, and atopy in group 2
only. Atopic children in group 2 fared sig-
nificantly better than the remainder of the
group, suggesting that the negative effect on
lung function in this group was not due to
atopy. Similarly, there was a significant negative
effect of age under 15 in group 2, confirming
the impression that the negative effect on lung
function in boys in this group was principally
prepubertal. A similar pattern was observed for
FVC in boys while in girls only age and height
were significant predictors of FEV, and FVC.

Discussion

Although asthma is widely recognised to have
a significant hereditary component,'® few family
studies have accounted for the heterogeneity
of childhood wheezing illness. Previous studies
have relied on the clinical description of affec-
ted children ascertained through community
surveys or hospital attendance and have
suggested strong similarities between relatives
of children with wheezy bronchitis and
asthma."”'* More recent studies have not dem-
onstrated familial aggregation of bronchial
hyperreactivity in families of children with re-
current wheezing illness associated with in-
fection' and have suggested that there may be
familial aggregation of early childhood wheez-
ing illness.'® A larger study in older children
has also shown that parental histories of either
“asthma” or “bronchitis” have significant in-
dependent effects on symptomatic outcome
and FEF,; ;s in children independent of the
effects of smoking.?® These studies suggest that
there may be significant differences in the her-
itability of asthma and recurrent wheeze only
in the presence of infection. The present study
uses well characterised middle aged probands
in whom childhood diagnostic labels of
“asthma” or recurrent wheeze only in the pres-
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ence of infection (“wheezy bronchitis”) have
been shown to have prognostic significance to
early middle age independent of the effects of
atopy and smoking.'” '8 Although there are large
and important intermediate groups with wheez-
ing illness outwith the classification used in
the present study, the three well characterised
groups examined allowed us to compare and
contrast outcomes of their children across the
spectrum of childhood wheezing illnesses.

The significantly lower prevalence of current
wheeze in the offspring of wheezy bronchitic
probands compared with atopic asthmatic
probands is striking as is the relatively high
prevalence of current wheezing symptoms
among the children of the non-atopic asympto-
matic probands. These differences were not
associated with the prevalence of atopy or
bronchial hyperreactivity nor with significant
differences in exposure to parental smoking.
Grouping based on parent proband appeared
to have significant effects on the symptomatic
outcome of offspring. The lack of apparent
influence of the spouse may be explained by
the similarity in spouse phenotype across the
groups, and the highly selected nature of the
probands studied who represent discrete and
clearly defined groups along the clinical spec-
trum of wheezing illness. The high prevalence
of wheezing in the children of non-atopic
asymptomatic probands may reflect the well
documented increase in asthma prevalence in
this population over the last 30 years.?”

The other notable finding in this study is the
apparent difference in lung function in boys
between groups. Boys in group 2 had poorer
lung function than expected while those of
atopic asthmatic probands (group 1) had better
than expected lung function, effects which ap-
peared to be due principally to grouping rather
than potential confounding factors such as
atopy, wheezing, or parental smoking. It ap-
pears unlikely that either respiratory illness or
smoking was responsible for the observed
differences in lung function between the groups
studied. Atopy in particular did not account
for the poorer lung function within group 2 as,
although there was a significant interaction with
atopy in this group, atopic individuals fared
better than the remainder of the group. The
finding of increased forced expired lung vol-
umes in boys of asthmatic probands contrasts
with the effects in children of wheezy bronchitic
probands, again implying heterogeneity be-
tween asthma and wheezy bronchitis. While
the effect of parental history of atopic asthma
on lung function was most marked in those
children without a history of wheeze, the reason
for this finding is unclear. Although increased
FVC and total lung capacity (TLC) have been
reported in childhood asthma, these effects
have been ascribed to changes in lung growth
and development secondary to the disease®
rather than to familial effects and would not
explain the effects seen in asymptomatic chil-
dren in the present study. The overall values,
expressed as % predicted, were higher than
expected. This was also seen when the parents
were originally studied,'” ' suggesting that the
children were drawn from a population in
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which lung function values were consistently
higher than predicted.

The effects on lung function observed in
group 2 were significant in boys under the age
of 15. Although data on age at puberty in these
children were not available, this does suggest
that the effects on lung function associated with
a parental history of wheezy bronchitis are
mainly prepubertal. In boys peak height ve-
locity is achieved at approximately age 14 and
none of the children studied had illnesses likely
to cause significant pubertal delay. Transient
early wheezing illnesses in the preschool years
are more common in boys®® and are associated
with continuing impairment of lung function
in later childhood.** Our finding of poorer lung
function in boys whose parents had a history
of childhood wheezy bronchitis would be con-
sistent with increased susceptibility to early
childhood wheezing illness associated with her-
itable effects on lung function.

Although the numbers studied were small,
the present study provides further evidence
that asthma and wheezy bronchitis differ sig-
nificantly in their heritability and that gender
specific effects are prominent in childhood.

The authors would like to thank the research nurses Mrs Helen
Fox, Mrs Kairen Griffiths and Ms Julie McLean for their
cheerful and efficient assistance. GC was an Aberdeen Royal
Hospitals NHS Trust ACTR Research Fellow. The support of
the Chest, Heart and Stroke Association (Scotland), Aberdeen
Royal Hospitals NHS Trust and Grampian Healthcare NHS
Trust is gratefully acknowledged.

1 Warner JO, Gotz M, Landau LI, Levison H, Milner AD,
Pedersen S, et al. Management of asthma: a consensus
statement. Arch Dis Child 1989;64:1065-79.

Wilson NM. Wheezy bronchitis revisited. Arch Dis Child
1989;64:1194-9.

Silverman M. Out of the mouths of babes and sucklings:
lessons from early childhood asthma. Thorax 1993;48:
1200-4.

Halonen M, Stern D, Taussig LM, Wright A, Ray CG,
Martinez FD. The predictive relationship between serum
IgE levels at birth and subsequent incidences of lower
respiratory illnesses and eczema in infants. Am Rev Respir
Dis 1992;146:866—70.

Martinez FD, Wright AL, Taussig LM, Holberg CJ, Halonen
C]J, Morgan WJ. Asthma and wheezing in the first six
years of life. N Engl ¥ Med 1995;332:133-8.

Clifford RD, Howell JB, Radford M, Holgate ST. As-
sociations between respiratory symptoms, bronchial re-
sponse to methacholine, and atopy in two age groups of
schoolchildren. Arch Dis Child 1989;64:1133-9.

Sears MR, Burrows B, Flannery EM, Herbison GP, Hol-
daway MD. Atopy in childhood. I. Gender and allergen
related risks for development of hay fever and asthma.
Clin Exp Allergy 1993;23:941-8.

Edfors-Lubs ML. Allergy in 7000 twin pairs. Acra Allergol
1971;26:249-85.

Duffy DL, Martin NG, Battistutta D, Hopper JL, Mathews
JD. Genetics of asthma and hay fever in Australian twins.
Am Rev Respir Dis 1990;142:1351-8.

10 Hanson B, McGue M, Roitman-Johnson B, Segal NL,
Bouchard TJ, Jr., Blumenthal MN. Atopic disease and
immunoglobulin E in twins reared apart and together. Am
F Hum Gener 1991;48:873-9.

11 Dold S, Wjst M, von Mutius E, Reitmeir P, Stiepel E.
Genetic risk for asthma, allergic rhinits, and atopic der-
matitis. Arch Dis Child 1992;67:1018-22.

12 Hopp RJ, Bewtra AK, Watt GD, Nair NM, Townley RG.
Genetic analysis of allergic disease in twins. ¥ Allergy Clin
Immunol 1984;73:265-70.

13 Sibbald B, Horn ME, Gregg I. A family study of the genetic
basis of asthma and wheezy bronchitis. Arch Dis Child
1980;55:354-7.

14 Konig P, Godfrey S. Exercise-induced bronchial lability and
atopic status of families of infants with wheezy bronchitis.
Arch Dis Child 1973;48:942-6.

15 Rusconi F, Nizardo F, Cerveri I, Castagneto M, Fanfalla F,
Gagliardi L, et al. Airway reactivity in parents of infants
and young children with recurrent wheeze: a case-control
study. Arch Dis Child 1995;73:423-6.

16 Camilli AE, Holberg CJ, Wright AL, Taussig LM. Parental
childhood respiratory illness and respiratory illness in
their infants. Group Health Medical Associates. Pediarr
Pulmonol 1993;16:275-80.

17 Godden DJ, Ross S, Abdalla M, McMurray D, Douglas
A, Oldman D, et al. Outcome of wheeze in childhood.

(S o

S

wu

(=2}

N}

O 00


http://thorax.bmj.com

Qutcome for children of parents with atopic asthma and wheezy bronchitis

18

2

(=]

21

2

S}

23
2

=

25

Symptoms and pulmonary function 25 years later. Am ¥
Respir Crit Care Med 1994;149:106—12.

Ross S, Godden DJ, Abdalla M, McMurray D, Douglas A,
Oldman L, er al. Outcome of wheeze in childhood: the
influence of atopy. Eur Respir ¥ 1995;8:2081-7.

Dawson B, Illsley R, Horobin G, Mitchell R. A survey of
childhood asthma in Aberdeen. Lancer 1969;i:827-30.
Ferris BG. Epidemiology Standardization Project (American
Thoracic Society). Am Rev Respir Dis 1978;118:1-120.
Rosenthal M, Bain SH, Cramer D, Helms P, Dewison D,
Bush A, er al. Lung function in white children aged 4 to

19 years: I — Spirometry. Thorax 1993;48:794-802.

Hendrick D], Davies R], D‘Souza MF, Pepys J. An analysis
of skin prick test reactions in 656 asthmatic patients.
Thorax 1975;30:2-8.

Yan K, Salome C, Woolcock AJ. Rapid method for measure-
ment of bronchial responsiveness. Thorax 1983;38:760-5.

StataCorp. Stata Statistical Software: Release 4.0. College
Station, TX: Stata Corporation, 1995: 456-65

Donner A, Koval JJ. The estimation of intraclass correlation
in the analysis of family data. Biomerrics 1980;36:19-25.

957

26 Duffy DL, Mitchell CA. Lower respiratory tract symptoms
in Queensland school-children: risk factors for wheeze,
cough and diminished ventilatory function. Thorax 1993;
48:1021-4.

27 Ninan TK, Russell G. Respiratory symptoms and atopy in
Aberdeen schoolchildren: evidence from two surveys 25
years apart. BM¥ 1992;304:873-5.

28 Omran M, Russell G. Continuing increase in respiratory
symptoms and atopy in Aberdeen schoolchildren. BM¥
1996;312:34.

29 Merkus PJ, van Essen-Zandvliet EE, Kouwenberg JM,
Duiverman EJ, Van Houwelingen HC, Kenebijn KF, ez
al. Large lungs after childhood asthma. A case-control
study. Am Rev Respir Dis 1993;148:1484-9.

30 Luyt DK, Burton PR, Simpson H. Epidemiological study of
wheeze, doctor diagnosed asthma, and cough in preschool
children in Leicestershire. BM¥ 1993;306:1386—90.

31 Voter KZ, Henry MM, Stewart PW, Henderson FW. Lower
respiratory illness in early childhood and lung function
and bronchial reactivity in adolescent males. Am Rev
Respir Dis 1988;137:302-7.


http://thorax.bmj.com

