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We performed segregation analyses of
asthma and respiratory allergy based on
data from 309 nuclear families comprising
1,053 individuals living in the town of
Humboldt, Saskatchewan, in 1993, using
the REGD program of the S.A.G.E. program
package. For adults, information on asthma
and history of respiratory allergy was pro-
vided by the subjects themselves, and for
children by their parents. When asthma was
considered as the trait in segregation ana-
lysis, models of no major effect, with or
without familial effects, were rejected, but
they were not rejected after adjusting for
history of respiratory allergy. The major
gene hypothesis was not rejected before
adjusting for history of respiratory allergy.
When respiratory allergy was analyzed as
the trait, both major gene and multifactorial
models fitted the data well, regardless of
whether there was adjustment for asthma or
not. Other covariates adjusted for in the
segregation analyses were age, sex, number
of household smokers, current smoking,
number of household members, generation,
and house type. The data suggest that a
major gene related to respiratory allergy
may explain the familial aggregation of
asthma. © 2001 Wiley-Liss, Inc.
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INTRODUCTION

There is abundant evidence indicating that asthma is
both environmental and genetic. It is possible that a
number of genetic mechanisms are involved in the
development of asthma; however, the modes of inheri-
tance are largely unknown [Sandford et al., 1996].
Some segregation analyses have suggested major gene
control of asthma [Lawrence et al.,, 1994; European
Community Respiratory Health Survey Group, 1997],
whereas the major gene effect is less convincing in
other studies [Holberg et al., 1996; Jenkins et al., 1997].

The inflammatory response of airways to aeroaller-
gens is potentially the most important underlying
mechanism for the genetic control of asthma [Sandford
et al., 1996]. There is evidence of major gene effects on
total serum immunoglobulin E (IgE) [Gerrard et al.,
1978; Blumenthal et al., 1981; Marsh et al., 1981;
Martinez et al.,, 1994; Meyers, 1994], which is an
indicator of allergic reaction and an important char-
acteristic of allergy. If allergy-mediating genetic effects
on the development of asthma is a major mechanism for
major gene control of asthma, we would expect the
observed major gene effects on asthma to be explained
by respiratory allergy.

In a previous analysis of 309 nuclear families, Chen
et al. [1998] performed a segregation analysis for
wheeze, an important clinical characteristic of asthma.
Before a history of respiratory allergy was included as a
covariate, the data showed that the transmission
parameters for a major type were not significantly
different from their Mendelian expectations and the
hypothesis of a nontransmitted major factor was
rejected, suggesting that a major gene influences the
expression of wheeze. However, when respiratory
allergy was included as a covariate, the Mendelian
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hypothesis was rejected, suggesting that allergy is
the reason for the major gene control of wheeze. In
this report, we conduct segregation analyses for both
self-reported physician-diagnosed asthma and history
of respiratory allergy. The analyses further support the
“allergic inflammation” theory that genetic predisposi-
tion to allergic reaction causes asthma [Sandford et al.,
1996].

MATERIALS AND METHODS
Study Subjects and Data Collection

We conducted a family study in the town of
Humboldt, Saskatchewan, in 1993, and ascertained
young families through parents who reported having at
least one child between ages 6 and 17 years living in the
town [Chen et al., 1998, 1999b]. Canvassers contacted
all households within the town and left a questionnaire
for all adults aged 18—74 years [Chen et al., 1995]. The
questionnaire was completed in the home by adult
subjects and returned during a prearranged clinic visit.
The questionnaire ascertained whether or not the
respondent was the parent of a child aged 6—17 years
and, if so, requested information on the names and ages
of the children. The children’s portion of the study
was carried out in each of four schools in the town (one
high school and three primary schools) on the basis of
lists of enrolled students aged 6—17 years attending
each school. Subjects less than 18 years of age who were
not attending school were identified by means of a total
town canvass that was conducted for the adult portion
of a cross-sectional study [Chen et al., 1995]. There
were a total of 1,019 eligible children and adolescents
aged 6—17 years, and 892 (87.5%) of them participated
in the cross-sectional study. Of 2,327 potential adult
subjects 18—74 years of age, 1,998 participated, result-
ing in a response rate of 85.9% [Chen et al., 1995].
Almost all town residents (99.6%) were of Caucasian
background.

We excluded step-offspring and adopted offspring,
and identified 214 young families with both parents
who participated in the study, and 95 families in which
only one parent participated. All the data on 1,053
individuals from these 309 families were used in this
analysis.

A self-administered questionnaire for adults covered
information on sociodemographic factors, smoking,
alcohol consumption, exercise, home environment,
history of allergy, and individual and family history of
respiratory symptoms and diseases. A questionnaire for
the adolescents aged 12—17 years consisted of two
parts. The first part of the questionnaire was designed
for completion by the parent(s). In this part, the parents
provided information on the child’s sociodemographic
characteristics, history of allergy, respiratory symp-
toms and diseases, and home environment. The
adolescents completed a second portion of the ques-
tionnaire by themselves at school on lifestyle topics,
including active smoking and drinking habits. For
children 6—11 years of age, their parents completed a
questionnaire that ascertained information concerning
the child’s lifestyle, similar to the adult and adolescent

questionnaires, except that information on active
smoking was not collected.

Physician-diagnosed asthma was defined as a posi-
tive response to the question asking if a doctor had ever
said the subject had asthma. A history of allergy was
ascertained by asking the following question: “Have
you (Has this child) ever had an allergic reaction to
things that: 1. Are eaten or ingested (e.g., food or
medicine)? 2. Are inhaled (e.g., pollen, dust, animal fur,
or smoke)? 3. Come in contact with the skin (e.g.,
detergents, wool, or metal)? 4. Other? Specify: __ .”
Respiratory allergy was defined as an affirmative
response to the second choice.

A current smoker was defined as a person who
reported smoking every day or almost every day cur-
rently and had smoked at least 20 packs during the
lifetime. Household exposure to environmental tobacco
smoke (ETS) was estimated based on the number of
household smokers other than the subject himself/
herself. Type of house was either single-family house or
other.

Statistical Analysis

We performed segregation analyses for asthma and
respiratory allergy separately. In order to determine
which covariates should be included in the segregation
analyses, we conducted logistic regression analyses
ignoring the familial nature of the data with a back-
ward elimination process, using the PROC LOGISTIC
program in the SAS system [SAS, 1996], with either
asthma or respiratory allergy as the dependent vari-
able. The following covariates were considered for
inclusion: sex, age, smoking, number of household
smokers, type of house, number of household members,
and generation (parent or offspring). In addition, all
possible two-way interactions with sex were included,
as were age” and age®. Thus a full model with all these
main effects and interactions was initially fitted, and
the least significant effect was eliminated from the
model. This process was repeated until only covariates
significant at the 0.10 level remained. Those covaria-
tes significant for either asthma or respiratory allergy
as the dependent variable were then included in all
segregation analyses.

Segregation analysis was performed using the REGD
program, which is part of the Statistical Analysis for
Genetic Epidemiology (S.A.G.E.) computer package
[S.A.G.E., 1998]. REGD performs maximum likelihood
segregation analysis of a dichotomous trait using a
modified class A regressive logistic model [Bonney,
1986] that allows for residual sib correlation [Karunar-
atne et al., 1998]. The models allow for up to three types
of individuals (AA, AB, and BB), where type refers to
the presence of two factors (A and/or B) that can be
transmitted from generation to generation. Type is
defined in terms of transmission: two people are of the
same type only if their offspring by a mate of given type
have the same phenotypic distribution. The probability
that factor A is transmitted from parent to offspring is a
transmission probability that depends on the parent’s
type: the probability that a person of a given type



transmits factor A to offspring. The word “type” is used
generally, whatever the mode of transmission, Mende-
lian inheritance being a specific mode of transmission
in which the types are genotypes and the transmission
probabilities for the three genotypes (AA, AB, and BB)
are 1, 0.5, and 0, respectively. Mendelian inheritance, if
it occurs, is assumed to be through a single autosomal
locus with two alleles (A and B), where A is the allele
associated with the disease. If the Hardy-Weinberg
equilibrium is assumed, then the relative frequencies of
the three %enotypes in the population are q2, 2q(1 — q),
and (1 — ¢)” for AA, AB, and BB, respectively, where q is
the frequency of allele A.

The penetrance function for an affected individual is
taken to be exp(B,+ covariates+ familial effects)/
[1+ exp(By + covariates + familial effects)], and for an
unaffected individual 1/[1 + exp(B, -+ covariates + fami-
lial effects)], where B, is the baseline parameter for a
person with (geno)type u. The familial effects include
spouse and parental effects, quantified by regressive
coefficients in order to allow for additional parental
correlation not accounted for by major genotype
[Bonney, 1986]. REGD also allows for the inclusion of
a sib covariate that measures the proportion of
other sibs in a sibship who are affected. Letting r be
the number of affected sibs and s the total number
of sibs in the sibship, the sib covariate is r/(s—1) if
the sib is unaffected, (r — 1) /(s — 1) if the sib is affected,
and 0 if there is only one sib in the sibship. In
other words, the covariate for a particular sib is the
proportion of the other sibs in the sibship who are
affected.

Models corresponding to a no major effect, a domi-
nant mode, and a recessive mode of inheritance were
fitted to the data. More complex models were also tested
by allowing for multifactorial effects of mothers,
fathers, and sibs. When estimating the multifactorial
effects, restrictions were placed on the model such that
the effect of an unaffected parent could not be greater
than 0, and the effect of an affected parent could not be
less than 0. A purely multifactorial model with no major
gene effect, allowing for multifactorial effects of
mothers, fathers, and sibs, was also fitted to the data.
Multifactorial effects were also added to the best-fitting
Mendelian (dominant or recessive) model. The like-
lihoods of two models were tested, one against the
other, when one could be considered as a special case of
the other. Under certain conditions, the difference in
log. likelihoods is asymptotically distributed as a chi-
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square statistic (x4 when the more restricted model
holds, with degrees of freedom (df) equal to the
difference in the number of independent parameters
being estimated between the two models. We use this
distribution as an approximation in the upper tail for
all cases [Atwood et al., 1995], although sometimes the
asymptotic distribution is a mixture of chi-square
distributions [Self and Liang, 1987]. The no major
effect and major gene models (dominant and recessive)
were compared to a general model where the transmis-
sion probabilities are estimated, but with the restric-
tion of homogeneity of the trait distribution across
generations [Demenais and Elston, 1981]. The major
gene model with a multifactorial component was
compared to the model with only a major gene effect
and to the model with only a multifactorial component
(no major gene component).

Several sets of initial estimates were used for each
model fitted in order to find the global maximum,
rather than a local maximum, of the likelihood. The
analyses were done using asthma (or respiratory aller-
gy) as the trait 1) incorporating only covariates other
than respiratory allergy (or asthma), and 2) adding
respiratory allergy (or asthma) as a covariate.

RESULTS

Table I shows the distribution of subjects with
asthma and respiratory allergy by family size and
family member phenotypes. Fifty-six (18.1%) of the 309
nuclear families had one asthmatic case, and 12 (3.9%)
had two or more asthmatic cases. The corresponding
numbers for history of respiratory allergy were 94
(30.4%) and 85 (27.5%), respectively.

There were a total of 1,410 parent-child, sib-sib, and
spouse pairs in this analysis. Table II shows the
distribution of subjects with asthma and a history of
respiratory allergy among these pairs. There were a
total of 18 (1.3%) parent-child and sib-sib pairs where
both had asthma and no spouse pairs where both had
asthma. In 147 (10.4%) of all pairs, both subjects had a
history of respiratory allergy.

In all the segregation analyses, we included the
following covariates: age, age?, sex, number of house-
hold smokers, smoking, number of household members,
generation (parental or offspring), the interaction of the
number of household smokers with sex, and the
interaction of generation with sex. Table III presents
the results of the segregation analysis of asthma

TABLE I. Number (%) of Subjects With Asthma and Respiratory Allergy by Family Size

Number Number of family members with asthma Number of family members with respiratory allergy
Family of
size families 0 1 2 0 1 2 3 4
2 49 42 (85.7) 6 (12.2) 1(2.0) 24 (49.0) 19 (38.8) 6(12.2)
3 134 112 (83.6) 19 (14.2) 3(2.2) 58 (43.3) 36 (26.9) 32(23.9) 8 (6.0)
4 83 64 (77.1) 18 (21.7) 1(1.2) 36 (43.4) 25(30.1) 12 (14.5) 7 (8.4) 3(3.6)
5 38 21(55.3) 12 (31.6) 1(2.6) 4 (10.5) 11 (28.9) 12 (31.6) 9 (23.7) 5(13.2) 1(2.6)
6 4 2 (50.0) 1(25.0) 1(25.0) 1(25.0) 2 (50.0) 1(25.0)
7 1 1 (100.0) 1(100.0)
Total 309 241 (78.0) 56 (18.1) 8 (2.6) 4(1.3) 130 (42.1) 94 (30.4) 60(19.4) 21(6.8) 4(1.3)
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TABLE II. Number (%) of Subjects With Asthma and Respiratory Allergy Among Parent—Child, Sib—Sib and Spouse Pairs*

Number of pair members with respiratory

Number of pair members with asthma allergy
Number of
pairs 0 1 2 0 1 2
Parent—child 901 779 (86.5) 113 (12.5) 9 (1.0) 513 (56.9) 292 (32.4) 96 (10.7)
Sib—sib 295 236 (80.0) 50 (16.9) 9@3.1 170 (57.6) 96 (32.5) 29 (9.8)
Spouse 214 195 (91.1) 19 (8.9) 0 (0) 115 (53.7) 77 (36.0) 22 (10.3)
Total 1410 1210 (85.8) 182 (12.9) 18 (1.3) 798 (56.6) 465 (33.0) 147 (10.4)

*Distinct pairs; each family member may belong to more than one pair.

without adjustment for a history of respiratory allergy.
In the general model, the transmission probabilities
were estimated. Since models were easily overparame-
terized, we made one baseline parameter (Bap) equal to
Baa or PBgg, corresponding to a dominant or recessive
model, respectively. When compared with the general
model, a no major effect model with no familial
components was rejected (y%=13.84, df=4, P<0.01),
as was a dominant model (x%>=6.66, df=2, P < 0.05).
However, a recessive major gene model was not rejected
(x2=0, df=2, P=1.00). The inclusion of multifactorial
familial effects did not significantly improve the
recessive model. A model with no major effect but only
multifactorial familial effects fitted significantly worse
than the recessive model with multifactorial familial
effects.

Table IV shows the results of segregation analysis for
asthma after adjustment for history of respiratory
allergy, as well as the other covariates. The no major
effect without a multifactorial component model fitted
the data, as well as the general model (x?=2.50, df =4,
P>0.05).

Table V shows the results of segregation analysis of
history of respiratory allergy without asthma included
as a covariate. A no major effect model with no
multifactorial component was rejected (x2=32.06,
df=4, P<0.01). Neither the recessive nor the domi-
nant model was rejected, with the dominant model
having a slightly larger log, likelihood. The addition of
a familial multifactorial component did not signifi-
cantly improve the dominant model (x%="7.76, df = 3).
The addition of a major gene component did not

TABLE III. Parameter Estimates (and Standard Errors) From Segregation Analysis of Asthma Without Inclusion of Respiratory

Allergy as a Covariate

Recessive with

Parameter General® NMEP* Dominant® Recessive® multifactorial? Multifactorial®
q 0.23 — 0.03 0.23 (0.02) 0.22 —
Baa 15.10 —4.63 -2.71 15.10 (15.37) 72.83 —4.79
BaB —148.60 — -2.71 —147.82 (107.11) —6.25 —
BeB —148.60 — -5.84 —147.82 (107.11) —6.25 —
Parent unaffected — — — — of of
Parent affected — — — — 0.34 0.99
Sibling — — — — -3.24 0.68
Age 0.54 0.06 0.39 0.54 (0.34) 0.87 0.67
Sex 94.24 0.38 0.67 93.22 (302.59) -0.07 0.39
No. of household 0.85 0.53 0.70 0.85 (0.35) 0.96 0.53
smokers
Smoking 1.33 0.57 0.56 1.33 (0.99) 1.39 0.59
No. of household 1.63 0.51 1.51 1.63 (0.63) 1.67 0.47
members
Generation 139.56 1.04 1.51 138.78 (107.11) —4.46 0.96
No. of household -0.89 —0.86 —1.05 —0.89 (0.62) -0.78 -0.91
smokers x sex
Age? -0.02 —-0.00 -0.00 —0.02 (0.01) —0.04 -0.00
Generation x sex -93.99 -0.11 -0.15 —92.96 (302.59) 08 -0.09
Ln (likelihood) —273.06 —279.98 —276.39 —273.06 —-271.87 -276.12
x2 — 13.84 6.66 0.00 2.38 8.50
Degrees of freedom — 4 2 2 3 2
P value <0.01 <0.05 Nsh NS <0.05

2Estimation of taa, TaB, T With restriction of homogeneity across generations.

"No major effect model.

‘Compared to the general model.
Compared to the recessive model.
°Compared to the recessive with multifactorial model.
fParameter became fixed at or near a bound during estimation.
gParameter fixed at 0, with no change in likelihood, in order to obtain standard deviations.

"Not significant (P> 0.05).
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TABLE IV. Parameter Estimates (and Standard Errors) From Segregation Analysis of Asthma With Inclusion of Respiratory Allergy
as a Covariate

Dominant with

Parameter General® NMEP* Recessive® Dominant® multifactorial® Multifactorial®
q 0.15 — 0.64 0.15 (0.18) 0.51 —
Baa —4.51 —4.99 —4.76 —4.51 (1.93) —5.12 -5.09
BaB —4.51 — -7.39 —4.51 (1.93) -5.12 —
BrB -7.03 — -7.39 —7.03 (0.32) -27.01 —
Parent unaffected — — — — of of
Parent affected — — — — 0.86 0.86
Sibling — — — — -0.03 0.33
Respiratory 3.23 2.77 3.16 3.23 (0.53) 2.92 2.74
allergy
Age —-0.01 -0.02 -0.01 —0.01 (0.08) —0.01 -0.01
Sex 0.14 0.17 0.14 0.14 (0.53) 0.18 0.17
No. of household 0.78 0.62 0.81 0.78 (0.35) 0.75 0.63
smokers
Smoking 0.76 0.66 0.78 0.76 (0.50) 0.70 0.67
No. of household 0.67 0.63 0.66 0.67 (0.33) 0.67 0.61
members
Generation 0.85 0.42 0.78 0.85 (1.16) 0.48 0.34
No. of household -1.15 -0.96 -1.16 —1.15(0.53) -1.13 -0.98
smokers x sex
Age? —0.00 —0.00 —0.00 —0.00 (0.00) —0.00 -0.00
Generation x sex 0.42 0.35 0.43 0.42 (0.65) 0.43 0.38
Ln (likelihood) —220.28 —221.53 —220.46 —220.28 —219.56 —219.65
x2 2.50 0.36 0.00 1.44 0.18
Degree of freedom 4 2 2 3 2
P value NS& NS NS NS NS

Estimation of taa, TaB, T With restriction of homogeneity across generations.

No major effect model.
“Compared to the general model.
4Compared to the dominant model.
°Compared to the dominant with multifactorial model.
fParameter became fixed at or near a bound during estimation.
&Not significant (P> 0.05).

si%‘niﬁcantly improve the purely multifactorial model
(x*=0.00, df = 2). Therefore, in this analysis it was not
possible to determine whether the familial component
was due to a single major gene or to a multifactorial
component.

Segregation analysis of respiratory allergy showed
similar results when asthma was included as a
covariate (Table VI); the no major effect model was
rejected (y?=28.64, df=4, P<0.01). Neither the
recessive nor the dominant model was rejected, with
the dominant model having a value of slightly larger
log, likelihood. The inclusion of familial effects did not
significantly improve the dominant model, nor did the
inclusion of a dominant component significantly im-
prove the multifactorial model.

DISCUSSION

In this segregation analysis of asthma, the major
gene hypothesis was not rejected before adjusting
for history of respiratory allergy, whereas the no major
gene effect models, with or without familial effects,
were rejected. However, the no major gene effect
models were not rejected after adjusting for history of
respiratory allergy. These results were similar to
previous findings of wheeze based on data from the
Humboldt Family Study, where the familial effects
were related to history of respiratory allergy

[Chen et al., 1998]. Although wheeze is an important
clinical phenotype of asthma, these two conditions
are not equivalent, and only some wheezing children
have or develop asthma [Sherman et al., 1990;
Martinez et al., 1995]. Therefore, this analysis provides
more straightforward information on major gene con-
trol of asthma and its relationship to respiratory
allergy.

Initial segregation analyses (data not shown) of the
data showed a very significant departure from homo-
geneity across generations, indicating that none of the
models could adequately explain the data. However,
this discrepancy was completely removed when gen-
eration and the interaction of generation with sex were
included as covariates in the analysis. It can be seen in
Tables V and VI that the interaction of generation with
sex was significant in the analysis of respiratory
allergy. In Tables III and IV, it is seen that the
coefficient of the sib covariate was negative in the
recessive-with-multifactorial model. However, none of
the conclusions changed if this coefficient was con-
strained to be positive. The occurrence of asthma has
been increasing over the last few decades [World
Health Organization, 1995], which can hardly be
explained by genetic factors. The removal of the
heterogeneity when generation and the interaction of
generation with sex were included as covariates
suggests a change in environmental factors (e.g., air
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TABLE V. Parameter Estimates (and Standard Errors) From Segregation Analysis of Respiratory Allergy Without Inclusion of Asthma
as a Covariate

Dominant with

Parameter General® NMEP* Recessive® Dominant® multifactorial? Multifactorial®
q 0.14 — 0.40 0.14 (0.84) of —
Baa -1.55 -2.36 38.46 —1.55(2.05) —0.83 —2.64
Bas —1.55 — -3.40 —1.55(2.05) -0.83 —
BeB —4.68 — -3.40 —4.68(1.97) —2.64 —
Parent unaffected — — — — -0.12 -0.12
Parent affected — — — — 0.66 0.66
Sibling — — — — 1.06 1.06
Age 0.17 0.10 0.15 0.17 (0.07) 0.11 0.11
Sex 0.60 0.41 0.63 0.60 (0.35) 0.41 0.41
No. of household 0.12 0.03 0.17 0.12 (0.28) —0.01 0.06
smokers
Smoking -0.11 —0.05 0.02 —0.11(0.35) -0.52 —0.05
No. of Household -0.19 -0.16 -0.37 —0.19(0.25) —0.19 -0.19
members
Generation 1.46 0.80 0.79 1.46 (0.97) 0.51 0.51
No. of household -0.09 -0.04 -0.10 —0.09(0.37) -0.03 -0.03
smokers X sex
Age? —-0.00 —-0.00 —0.00 —0.00 (0.00) —0.00 —-0.00
Generation of x sex —-1.12 -0.74 —1.52 —1.12(0.48) -0.74 -0.74
Ln (likelihood) —596.85 —612.88 -599.07 —596.85 -592.97 -592.97
x2 32.06 4.44 0.00 7.76 0.00
Degree of freedom 4 2 2 3 2
P value <0.01 NS# NS NS NS

“Estimation of taa, Tap, TBB With restriction of homogeneity across generations.

"No major effect model.

‘Compared to the general model.

4Compared to the dominant model.

°Compared to the dominant with multifactorial model.
‘Parameter became fixed at or near a bound during estimation.
ENot significant (P > 0.05).

pollution) over generations may be responsible for
the increase in asthma occurrence. It is not known if
gene-environmental interaction has an impact on the
development of asthma.

Major gene effects on asthma have been observed in
previous studies. Lawrence et al. [1994] studied 131
families in the United Kingdom and calculated an
asthma score based on questionnaire information and
measurements of bronchial hyperresponsiveness to
histamine inhalation. The study showed a heritability
of 0.28 and suggested evidence of major gene control for
asthma. In a pooled analysis of 13,963 families and
75,392 individuals, the European Community Respira-
tory Health Survey Group [1997] demonstrated a major
gene effect that is responsible for the regulation of
physician-diagnosed asthma. They indicated that the
putative major gene could be a gene also involved in
allergy but did not provide further evidence. Less
strong support for the major gene control of asthma was
provided by two other studies. In a study of 7,394
families (41,506 individuals) in Australia, Jenkins et al.
[1997] found that both a non-Mendelian oligogenic
model and a Mendelian codominant model fitted the
data well and concluded that asthma was not fully
described by a single-gene model. In a segregation
analysis of physician-diagnosed asthma based on the
data from 906 nuclear families, Holberg et al. [1996]
found that a recessive component influenced the
expression of physician-diagnosed asthma, which could
not be accounted for by serum IgE levels. Since the

potential major gene effect on physician-diagnosed
asthma was independent of serum IgE in the Tucson
study, it was suggested that a separate major gene
might be related to the liability of asthma [Rich, 1995].
However, there was lack of convincing evidence of a
major gene effect on physician-diagnosed asthma in
that study, and single two-allele-locus models were
rejected [Holberg et al., 1996].

Our segregation analyses provide evidence that the
putative major gene involved in the pathogenesis of
asthma is related to respiratory allergy. We were not
able to determine whether the familial component for
respiratory allergy was due to a single locus gene or to a
multifactorial component, since both models were not
rejected. However, previous studies have documented
major genetic effects on some phenotypes of allergy, IgE
in particular [Meyers, 1994; Sandford et al., 1996; Los
et al., 1999]. There may be a number of mechanisms
involved in the development of asthma; however, the
allergic inflammation theory that genetic predisposi-
tion to allergic reaction causes asthma [Sandford et al.,
1996] is the most popular. When we adjusted for the
effect of respiratory allergy in this analysis, we
removed the genetic effect that is related to respiratory
allergy. Thus, the results coincide with the allergic
inflammation theory.

The allergic status in this study was based on self-
reporting and was subject to reporting bias. Objective
tests may be helpful, but allergy is also a complex
disorder and lacks highly specific measurements. The
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TABLE VI. Parameter Estimates (and Standard Errors) From Segregation Analysis of Respiratory Allergy With Inclusion of Asthma
as a Covariate

Dominant with

Parameter General® NMEP* Recessive® Dominant® multifactorial? Multifactorial®
q 0.05 — 0.38 0.05 (0.12) 0.01 —
Baa 45.30 -2.30 1.74 23.02 (—0.28) 32.41 -2.63
Bas 45.30 — -3.35 23.02 (—-0.28) 32.41 —
BrB -2.75 — -3.35 —2.75 (1.32) -2.73 —
Parent unaffected — — — — -0.13 -0.23
Parent affected — — — — 0.59 0.61
Sibling — — — — 0.91 1.01
Asthma 3.27 2.79 3.73 3.27 (0.33) 2.92 2.83
Age 0.12 0.10 0.15 0.12 (0.06) 0.12 0.12
Sex 0.36 0.37 0.52 0.36 (0.25) 0.37 0.36
No. of household -0.17 -0.15 -0.33 —0.17 (0.21) -0.15 -0.16
smokers
Smoking -0.15 —0.17 -0.22 —0.15 (0.32) —0.16 -0.16
No. of household -0.34 -0.30 -0.39 —0.34 (0.21) -0.36 -0.32
members
Generation 0.46 0.64 0.52 0.46 (0.76) 0.46 0.54
No. of household 0.34 0.23 0.50 0.33 (0.18) 0.26 0.27
smokers x sex
Agé? —0.00 —0.00 —0.00 —0.00 (0.00) —0.00 —0.00
Generation x sex -1.17 —0.83 -1.50 —1.17 (0.43) -0.91 —0.85
Ln (likelihood) -539.30 —553.62 —541.56 -539.30 -536.03 —536.17
2 28.64 4.52 0.00 6.54 0.28
Degree of freedom 4 2 2 3 2
P value <0.01 Nsf NS NS NS

“Estimation of taa, TaB, g With restriction of homogeneity across generations.

"No major effect model.

°Compared to the general model.

dCompared to the dominant model.

°Compared to the dominant with multifactorial model.
fNot significant (P> 0.05).

expression of allergy is dependent on exposure. IgE
levels may not reflect the history of allergy. Not all
allergic individuals have elevated IgE levels. Total IgE
levels vary in allergic subjects after exposure to re-
levant allergens [Martinez et al., 1994]. These differ-
ences may explain, at least in part, the discrepancy
between our results adjusted for respiratory allergy
and those adjusted for IgE reported by Holberg et al.
[1996].

There are some concerns and limitations for this
study. First, the information on both asthma and
allergy was either self- or parent-reported, which could
be subject to reporting biases. However, the definition
of asthma in this study was similar to the definition
used in the original American Thoracic Society Stan-
dardization Project questionnaire, which has been used
in various epidemiological studies and has been
validated. In addition, there is evidence that various
definitions of asthma have little influence on estimates
of incidence (Larsson, 1995). Even if children of
asthmatics were more likely to be labeled as asthmatic
or parents with asthma were more likely to report their
children being asthmatic to a certain degree, such a
reporting bias would not explain what we have
observed, namely that any major gene effect is more
likely related to respiratory allergy. In addition,
the prevalence of asthma and allergy are comparable
to those from other Canadian studies [Chen et al.,
1999a; Habbick et al., 1999]. Second, self-reported
asthma did not distinguish between extrinsic and in-

trinsic asthma, which may share different mechanisms.
If we could have shown differences in major genetic
effects on extrinsic and intrinsic asthma in relation to
respiratory allergy, the results might be more interest-
ing. Third, the sample size is relatively small, which
limits the ability to test various genetic models.

In conclusion, a major gene that is related to
respiratory allergy may be involved in the pathogenesis
of asthma. The inflammatory response of airways to
aeroallergens is believed to be the most frequent
underlying mechanism of asthma, and our findings
support this theory.
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