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Familial correlations and inter-relationships of four
asthma-associated quantitative phenotypes in 320
French EGEA families ascertained through asthmatic
probands
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Asthma is a complex disease, associated with biological and physiological phenotypes including
immunoglobulin E (IgE) levels, sum of positive skin prick tests to allergens (SPTQ), eosinophil counts (EOS)
and percent predicted forced expiratory volume in 1 s (%FEV1). We investigated the patterns of familial
correlations and the inter-relationships of these four quantitative phenotypes, using the general class D
regressive model, in 320 French EGEA nuclear families ascertained through 204 offspring (set A) and 116
parents (set B). Familial correlations of IgE and SPTQ were consistent with a model including no spouse
correlation and equal parent–offspring and sib–sib correlations (qPO¼ qSS¼0.25 for IgE and 0.15 for
SPTQ), this model being compatible with an additive polygenic model in the whole sample and the two
family subsets A and B. Different patterns of familial correlations of EOS and %FEV1 were observed in these
two sets. In set A, the best fitting model included no spouse correlation and equality of parent–offspring
and sib–sib correlations (qPO¼ qSS¼0.14 for EOS and 0.23 for %FEV1). In set B, EOS had only a significant
qSS of 0.28, while %FEV1 had significant qMO of 0.28 and qSS of 0.16. Analysis of shared familial
determinants between these phenotypes indicated an overlap of at most 30% in qFO for IgE and SPTQ and
in both qFO and qMO for IgE and EOS, while determinants of %FEV1 and atopy-related phenotypes appear
distinct. These results may have implications for further linkage and association studies with genetic
markers.
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Introduction
Asthma is a complex and heterogeneous disorder, which is

associated with biological and physiological phenotypes,

those related to allergy and inflammation (total serum

immunoglobulin E levels (IgE), specific IgE and skin test

reactivity to common aero-allergens and eosinophilia) and

those related to lung function (forced expiratory volume in

1 s (FEV1), forced vital capacity and airway responsiveness).

A close correlation between asthma and the atopic status

(high IgE levels, positive skin test responses to allergens)

has long been established (see Burrows et al1 and PostmaReceived 24 December 2003; revised 15 April 2004; accepted 7 May 2004
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et al2 for a review). However, atopy is not specific to

asthma. High blood eosinophil counts are known to be

related to asthma.3–5 Spirometric measures as FEV1 are

closely but not specifically associated with asthma and

atopy. There have been conflicting reports on the relation-

ship between atopy and lung function.6–9 Inflammation of

the airways in asthma is characterized by an eosinophilic

infiltrate in the bronchial mucosa and FEV1 is inversely

related to eosinophils.10 –13

Genetic factors play a substantial role in the pathogen-

esis of asthma. Considerable efforts are currently being

made in the detection of genetic loci underlying asthma

and asthma-associated phenotypes (see Cookson14 for a

review). A better knowledge of the relationships among

phenotypes associated with a complex disease, such as

asthma, may help in disentangling the underlying me-

chanisms by providing guidance in the choice of biological

systems and candidate genetic determinants to be studied

which may be either common or specific to these

phenotypes. Recent studies have shown that multivariate

analyses of correlated quantitative phenotypes can en-

hance the power of mapping quantitative-trait loci with

pleiotropic effects.15,16 The existence of potential common

genetic and/or environmental factors underlying asthma-

related phenotypes has been scarcely investigated. To our

knowledge, only one study, in Australian families selected

at random from the population, has examined the sharing

of genetic determinants by asthma-associated quantitative

phenotypes using variance component models and segre-

gation analysis.17,18

To provide guidance for further linkage and association

studies with genetic markers and thus facilitate the

identification of asthma-genes, we examined the patterns

of familial correlations and inter-relationships of four

asthma-associated quantitative phenotypes (total serum

IgE level, a quantitative score of skin prick tests, blood

eosinophil counts and FEV1), which have not been yet

considered together, in 320 French nuclear families

ascertained through one asthmatic proband (parent or

offspring) using the regressive models.19 These models,

which describe family patterns of dependence in terms of

correlations without introducing a particular scheme of

causal relationships, have been shown to be more general

than variance component models that specify a causal

structure to account for the observed familial correlations

and thus impose constraints among these correlations.20

Methods
Study population

Subjects were enrolled between 1991 and 1995 in the EGEA

study, a French epidemiological survey on the environ-

mental and genetic factors of asthma, bronchial hyperre-

sponsiveness and atopy (see Kauffman et al21,22 for details).

Written informed consent was obtained from all family

members participating to the study under an Institutional

Review Board-approved protocol. Briefly, a total of 348

nuclear families were recruited through 348 asthmatic

probands, aged 7–65 years, followed in chest clinics of five

French cities. The inclusion criteria for asthma have been

described in details previously.21 After exclusion of 28

families for insufficient family information and/or missing

data for the analyzed phenotypes, the analyzed sample

comprised 320 families (total of 1289 individuals) includ-

ing 204 families ascertained through 204 asthmatic off-

spring (133 pediatric (o16 years of age) and 71 adult cases

(X16 years of age)) with their siblings and parents (set A)

and 116 families ascertained through 116 asthmatic

parents with their spouses and offspring (set B).

Data collected

Subjects answered a detailed questionnaire on upper and

lower airway symptoms, allergic symptoms, medical

history and environmental factors.21 Environmental fac-

tors included mainly active and passive smoking, expo-

sures to indoor and outdoor allergens and occupational

exposures. Biological and physiological tests were per-

formed on each participant.

Four traits were considered by the present study: IgE,

skin tests to allergens, eosinophil counts (EOS) and percent

predicted FEV1 (%FEV1). Total serum IgE levels were

measured by radioimmunoassay (Phadebas PRIST techni-

que; Pharmacia diagnostics, AB, France) in one central

laboratory (Pasteur Institute, Lyon). Skin prick tests were

performed with respect to 11 allergens (including moulds,

indoors and outdoors allergens). A positive response was

defined as a wheal size minus the negative control being

X3mm. A quantitative score (SPTQ) was constructed as

being the number of positive test results. This score was

shown to have valid biometric properties.23 Total eosino-

phil count was performed using standard procedures.

Spirometric measures were carried out for all subjects

above 7 years of age according to the European Respiratory

Health Survey protocol.24 The best of three FEV1 measures

was used to calculate a percentage of predicted FEV1 values

(%FEV1) based on age, height and gender.25,26

Statistical analysis

A log10-transformation was used to render total serum IgE

levels and eosinophil counts distributions approximately

Normal. SPTQ and % predicted FEV1 were analyzed in their

raw form.

Prior to the familial analysis, each phenotype was

adjusted for relevant covariates including age (taken as a

continuous variable), gender and smoking habits (divided

into three classes: current smokers, ex-smokers and never

smokers) using multiple regression. Linear, quadratic and

cubic effects of age as well as interactions between

covariates were considered. As all probands were asth-

matics and asthma is known to be associated with the
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analyzed phenotypes, an indicator variable specifying the

position of individuals in the family (probands, probands’

blood relatives (parents, offspring or sibs) or unrelated

spouses) was included in the regression model. This

strategy was shown to correct adequately for the ascertain-

ment of families through asthmatics in a previous segrega-

tion analysis of IgE levels.27 Moreover, these regression

models were built separately in three groups of family

members (parents, pediatric offspring o16 years of age,

adult offspring X16 years of age), provided the effects of

age and sex on the phenotypes analyzed may vary in adults

and children.28 Each phenotype was adjusted for the

significant position and covariates effects and standardized

within each group of subjects. All computations were done

with the SAS package 8.2.

Analysis of familial correlations of each adjusted pheno-

type was performed using the Class D regressive model,19

which allows to construct various patterns of familial

correlations of any origin (genetic and/or environmental).

Briefly, the vector of observed quantitative phenotypes for

a family is assumed to follow a multivariate normal

distribution with an overall mean (assumed equal for all

family members, the phenotypes being adjusted prior to

analysis) and covariance matrix expressed in terms of the

phenotypic variance (assumed equal for all family mem-

bers, the phenotypes being standardized prior to analysis)

and four phenotypic correlations: rFM (between spouse),

rFO (between father and offspring), rMO (between mother

and offspring) and rSS (between siblings). This class D

regressive model that describes family patterns of depen-

dence in terms of correlations without introducing a

particular scheme of causal relationships is more general

than variance component models that specify a causal

structure to account for the observed familial correlations

and thus impose constraints among these correlations

according to the assumed underlying model.20 Moreover,

the class D model permits to distinguish between father–

offspring and mother–offspring correlations, while these

correlations are generally assumed to be equal under

variance component models.

Parameter estimations and tests of models were carried

out using maximum likelihood methods, as implemented

in the REGRESS program.29,30 Presence of familial aggrega-

tion was first assessed by comparing a model with no

familial correlation to a model where all four correlations

were estimated. Evidence for each familial correlation was

tested by comparing a model including all correlations

except for the one tested being set to zero to a general

model including all of them. Specific patterns of correla-

tions were then tested including a model specifying equal

father–offspring and mother–offspring correlations

(rFO¼ rMO¼ rPO) and a model specifying equal parent–

offspring (rPO) and sib–sib correlations (rPO¼ rSS) against a
model where these parameters were freely estimated. A

regressive model, which constraints rPO and rSS to be

equal, is equivalent to a pure polygenic model due to

additive genetic effects with heritability H¼2rPO¼2rSS.
20

An excess of rSS with respect to rPO can be interpreted in

terms of dominance effects and/or sibling common

environment. Homogeneity of the familial correlation

estimates between the two family sets A and B was also

tested.31

In order to investigate whether familial determinants are

shared between phenotypes, each phenotype of interest

(eg, total IgE) was adjusted alternatively for each of the

three other phenotypes by adding this phenotype (eg,

SPTQ, EOS or %FEV1) in the multiple regression model

prior to familial analysis. Estimates of familial correlations

of a phenotype adjusted for covariates and another

phenotype were compared to those of this same phenotype

only adjusted for covariates (baseline phenotype). A

reduction in the magnitude of these familial correlations

suggests sharing of familial determinants (genetic and/or

environmental). To assess the magnitude of any change in

the estimates of familial correlations, we used an approach

based upon profile likelihoods.17,32 For example, if a

reduction in a given familial correlation was observed,

the maximum likelihood of the unconstrained model with

all parameters estimated was compared to the maximum

likelihood of the constrained model by fixing that correla-

tion to the value previously obtained with the baseline

phenotype (only adjusted for covariates) and estimating all

other parameters. The ratio of these maximum likelihoods

measures the plausibility of the hypothesis that the true

value of the correlation was unchanged by adjusting the

phenotype of interest for another one. In standard like-

lihood ratio tests of nested models, a likelihood ratio of 6.8

corresponds to a significance P-value of 0.05. This strategy

was chosen to make comparisons with a similar analysis of

asthma quantitative phenotypes in Australian families.17

Results
Characteristics of families

The main characteristics of families sets A and B are shown

in Table 1. Among the first-degree relatives of the

probands, the proportions of asthmatics among the

probands’ parents from set A (19.7%) and the probands’

offspring from set B (18.7%) were similar and both lower

than this proportion among probands’ siblings from set A

(29.0%) (Po0.001). Only 2.8% of probands’ spouses were

asthmatics.

Effects of family position, age, gender and smoking
habits

The family position variable was found to be highly

associated with IgE, EOS, SPTQ and %FEV1 (Po0.0001 for

each trait in each group of subjects, except that P¼0.05 for

%FEV1 in offspring o16 years), reflecting the strong

association of each phenotype with asthma. When includ-
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ing this position variable in the regression model, the joint

age, gender, age*gender and smoking effect on IgE levels

was significant in parents and offspring X16 years of age

(Po0.001), while no significant age and gender effect was

found in offspring o16 years. Eosinophil counts were

significantly associated with age and gender in offspring

o16 years (Pp0.02). SPTQ was not associated with age, sex

or smoking in either group. Smoking had a significant

effect on %FEV1 in parents (P¼0.006).

Patterns of familial correlations for each phenotype

Estimates of familial correlations for IgE, SPTQ, EOS and

%FEV1, adjusted for family position and significant

covariates, are shown in Table 2 for the whole sample

and each family set. There was globally strong evidence for

familial correlations for each phenotype (Po0.0001) in the

whole sample and each family set. For IgE levels, the

spouse correlation did not differ significantly from zero

(P¼0.60) and each of the three other correlations was

highly significant (Po0.001). Tests of equality of these

correlations indicated a good fit of a model with equal

parent–offspring and sib–sib correlations being estimated

at 0.25. Similar patterns of correlations were obtained in

sets A and B with similar parameter estimates. Similar

conclusions were obtained for SPTQ in the whole sample

with the best fitting model including no spouse correlation

and equal parent–offspring and sib–sib correlations with a

point estimate of 0.15. The same model was also fitting in

sets A and B. Test of homogeneity of parameter estimates

between these two sets was not significant, but the

correlations were lower in set A (rPO¼ rSS¼0.1270.03)

than in set B (rPO¼ rSS¼0.2070.04). For EOS, the best

fitting model in the whole sample included a significant

spouse correlation estimated at 0.13 (P¼0.04) and parent–

offspring and sib–sib correlations both equal to 0.15.

Although the test of homogeneity of familial correlations

between sets A and B was not significant, the best fitting

models in each set differed: in set A, this model included

no spouse correlation and parent–offspring and sib–sib

correlations equal to 0.14, while in set B, the sib–sib

correlation alone was significant (rSS¼0.2870.10,

Po0.01). For %FEV1, the best fitting model in the whole

sample included no spouse correlation with all other

correlations being equal to 0.22. Again, although the test

of homogeneity between the two subsets was not signifi-

cant, each set led to different conclusions: in set A, the best

fitting model was similar to the one found in the whole

sample (rFM¼0, rPO¼ rSS¼0.2370.03), while in set B, the

best fitting model included significant mother-offspring

and sib–sib correlations (rMO¼0.2870.07, Po0.001 and

rSS¼0.1670.09, P¼0.04).

Interrelationships between phenotypes

Associations between phenotypes were first assessed in

each of the three groups of family members (parents,

offspring X16 years, offspring o16 years) by regressing

each phenotype on each other alternatively while includ-

ing the family position and significant covariates in the

model. IgE and SPTQ were significantly and similarly

associated in each group: the proportion of variance of IgE

levels accounted for by SPTQ was close to 11% (Po0.0001),

while that of SPTQ explained by IgE was 12% (Po0.0001).

Total IgE and EOS were highly associated with each other

in offspring o16 years (23% of variance of either IgE or

EOS explained by the other, Po0.0001). This association

was lower in parents (5% of variance, Po0.0001) and in

Table 1 Characteristics of family members in each of the two sets of families: set A ascertained through asthmatic offspring
and set B ascertained through asthmatic parents

Set B (836 subjects) Set B (415 subjects)

Parents Offspring Parents Offspring

(n¼380) Probands Sibs Probands Spouses (n¼193)

(n¼204) (n¼252) (n¼116) (n¼106)

Sex, male (%) 189 (49.7) 123 (60.3) 125 (49.6) 62 (53.4) 50 (47.2) 95 (49.2)
Agea (years) 44.9 (7.5) 15.6 (7.2) 16.5 (7.3) 47.5 (9.3) 48.0 (8.5) 20.1 (8.1)
Asthma, n (%) 75 (19.7) 204 (100.0) 73 (29.0) 116 (100.0) 3 (2.8) 36 (18.7)
Age at onseta 16.7 (14.6) 6.9 (6.2) 6.1 (5.4) 27.8 (15.8) 33.7 (11.7) 9.1 (7.0)
Smoking habitsb, n (%)

Never smokers 162 (42.6) 43 (21.1) 72 (28.6) 47 (40.5) 53 (50.0) 64 (33.2)
Current smokers 98 (25.8) 17 (8.3) 32 (12.7) 17 (14.7) 27 (25.5) 45 (23.3)
Ex-smokers 120 (31.6) 11 (5.4) 7 (2.8) 51 (44.0) 26 (24.5) 16 (8.3)

Atopy, n (%)c 163 (42.9) 181 (88.7) 153 (60.7) 67 (57.8) 18 (17.0) 85 (44.0)
Log IgEa 1.72 (0.72) 2.56 (0.53) 2.02 (0.71) 2.16 (0.63) 1.52 (0.70) 1.88 (0.70)
SPTQa 0.9 (1.4) 2.3 (1.5) 1.3 (1.6) 1.4 (1.7) 0.3 (0.9) 1.1 (1.7)
Log EOSa 2.16 (0.30) 2.57 (0.32) 2.34 (0.37) 2.34 (0.39) 2.11 (0.33) 2.24 (0.37)
%FEV1

a 105.6 (16.0) 93.0 (14.0) 98.4 (12.1) 81.6 (21.6) 105.4 (14.3) 99.1 (12.2)

aThe values shown are means with standard deviation (SD) in parenthesis.
bThe smoking variable was not recorded for subjects younger than 16 years of age.
cAtopy was defined as a positive skin prick test to at least one of 11 allergens tested.
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offspring X16 years (3% of variance, Po0.01). The

association between SPTQ and EOS and reciprocally was

only significant in parents (Po0.01) and offspring X16

years (Po0.05), the proportion of variance of either SPTQ

accounted for by EOS and conversely being, respectively, 7

and 4% in each group. The %FEV1 phenotype was

associated with EOS and reciprocally in parents (P¼0.02)

and in offspring X16 years (P¼0.04), the proportion of

variance of either phenotype explained by the other being

1% in each group. No significant association was detected

between %FEV1 and IgE or SPTQ.
Table 3 presents the estimates of familial correlations of

each phenotype adjusted for each of the other significantly

associated phenotypes as well as the percent reduction of

these correlations with respect to the estimates obtained

from the corresponding baseline phenotype (results are

only shown if a percent reduction of at least 10% in any

previously significant correlation was observed). Adjusting

total IgE levels for SPTQ resulted in 18.2% reduction in the

father–offspring correlation (rFO) in the whole sample.

This was associated with a profile likelihood ratio (PLR) of

1.4, consistent with little change in rFO. Similar results

were obtained in the two subsets, the percent reduction in

rFO being greater in set B (25%) than in set A (9.5%). A

similar fall in rFO was observed when adjusting total IgE for

EOS: 18.2% in the whole sample (PLR¼1.5) and 28.6% in

set A (PLR¼1.7), the reduction in rMO being at most 10%.

Adjusting SPTQ for total IgE led to a fall in rFO in the whole

sample (20% fall, PLR¼1.3) and in set A (16.7% fall,

PLR¼1.1), while in set B, there was a reduction in both rFO
(15.8% fall, PLR¼1.1) and rMO (18.2% fall, PLR¼ 1.1). The

results for eosinophils are shown separately in sets A and B,

since different patterns of correlations were observed in

each set. Adjusting eosinophil counts for total IgE levels led

to a 30.8% fall in rFO (PLR¼1.5) and 26.7% fall in rMO

(PLR¼1.3) in set A. All other analyses led to reduction in

familial correlations that were less than 10%.

Discussion
Our study was designed to include nuclear families

ascertained through asthmatic probands aged 7–65 years

in order to identify the genetic and environmental

determinants of asthma and to characterize possible

etiologic heterogeneity. The four asthma-related pheno-

types investigated in the present study (IgE, SPTQ, EOS,

%FEV1) displayed strong familial correlations with hetero-

geneity of the patterns of correlations according to the

mode of ascertainment of the families (through asthmatic

offspring or through asthmatic parents) for two pheno-

types (SPTQ and %FEV1).

The strong association of IgE, SPTQ, EOS and %FEV1 with

the family position variable was in agreement with the

well-known association of these phenotypes with asth-

ma.1,4,13,33 The relationships of these phenotypes with age,

gender and smoking habits agreed well with those found in

other studies (see Baldacci et al28 for a review).

The importance of familial determinants underlying the

variation of total serum IgE levels is well established. The

best fitting pattern of familial correlations for IgE in this

EGEA sample could be accounted for by an additive

Table 2 Maximum likelihood estimates of familial correlations for total IgE levels, sum of positive skin prick tests to allergens
(SPTQ), eosinophil counts (EOS) and %FEV1

a using the class D regressive model

rFM (SD)b rFO (SD)b rMO (SD)b rSS (SD)
b �2 ln Lc

Total IgE
Total sample 0.03 (0.06) 0.22 (0.05) 0.29 (0.04) 0.29 (0.05) 1112.5
Family set A 0.04 (0.07) 0.21 (0.05) 0.30 (0.05) 0.29 (0.06) 747.5
Family set B 0.02 (0.10) 0.24 (0.08) 0.26 (0.08) 0.31 (0.09) 364.7

SPTQ
Total sample 0.08 (0.06) 0.15 (0.04) 0.15 (0.04) 0.20 (0.05) 1171.1
Family set A 0.08 (0.07) 0.12 (0.05) 0.11 (0.05) 0.15 (0.06) 795.8
Family set B 0.09 (0.11) 0.19 (0.07) 0.22 (0.08) 0.36 (0.09) 370.8

EOS
Total sample 0.12 (0.06) 0.13 (0.04) 0.14 (0.04) 0.21 (0.05) 1160.8
Family set A 0.09 (0.07) 0.13 (0.05) 0.15 (0.05) 0.20 (0.06) 785.2
Family set B 0.19 (0.10) 0.12 (0.08) 0.11 (0.08) 0.28 (0.11) 374.0

%FEV1
Total sample 0.02 (0.06) 0.19 (0.04) 0.27 (0.04) 0.23 (0.05) 1128.3
Family set A 0.05 (0.07) 0.21 (0.05) 0.26 (0.05) 0.26 (0.06) 754.2
Families set B �0.06 (0.10) 0.15 (0.08) 0.28 (0.07) 0.16 (0.09) 372.1

aEach phenotype was adjusted for the family position of family members with respect to the asthmatic probands and for relevant covariates (age, sex,
and/or smoking habits). A logarithmic transformation was taken for IgE and eosinophils.
brFM: spouse correlation, rFO: father–offspring correlation, rMO: mother–offspring correlation, rSS: sib– sib correlation with standard deviation (SD) in
parenthesis. The two other parameters of the models, overall mean and variance, were always close to zero and one (not shown), provided the
phenotypes were standardized prior the analysis.
cln L: natural logarithm of the maximum likelihood.
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polygenic model with heritability estimate of 50% in the

total sample and each family set, in agreement with

published estimates of heritability ranging from 36 to

61% (see Los et al34 for a review,35).

Few studies have estimated the familial correlations of

the specific response to allergens. One North-American

twin study reported an heritability estimate of 72%

for skin test reactivity,36 while, in Australian families

from the population, the proportions of variance of a

RAST index (measuring specific IgE response) due to

additive genetic effects and common sibling environment

were 34 and 15%.35 These latter estimates were in

agreement with our estimates of familial correlations of

SPTQ which might be accounted for by additive genetic

effects representing 24 and 39% of total variance in

sets A and B, respectively. The excess of rSS with

respect to the rPO observed in set B, although not

significant, could be explained by a common sibling

environment representing 17% of total variance. Since

the distribution of the SPTQ quantitative score departed

from normality assumptions, analyses were repeated

using different transformations of this score that

reduced skewness and kurtosis. Similar parameter estimates

using the transformed and untransformed SPTQ were

obtained.

Two family studies from the general population in

Tucson, Arizona37 and Busselton, Australia35 found sub-

stantial familial correlations for eosinophils. The herit-

ability estimate of 30% in the Australian sample was

consistent with the pattern of correlations observed in set

A that could be accounted for by a polygenic model with

heritability of 28%. In set B, the only significant rSS
estimate of 0.28 was close to that obtained in non-Hispanic

white families from Tucson (rSS¼0.31), although the

latter sample included also significant mother–offspring

correlation.

Table 3 Maximum likelihood estimates of familial correlations for total IgE levels, sum of positive skin prick tests to allergens
(SPTQ) and eosinophil counts (EOS) when adjusting each of these phenotypes for each of the two other ones (first line) and
percent reduction in correlations with respect to the estimates obtained from the analysis of the baseline phenotypes (second
line)a

Phenotype rFM (SD)b rFO (SD)b rMO (SD)b rSS (SD)
b �2 ln Lc

Total IgE
Adjusted for SPTQ

Total sample 0.02 (0.06) 0.18 (0.04) 0.29 (0.04) 0.28 (0.05) 1117.1
F 18.2% F 3.4%

Family set A 0.04 (0.07) 0.19 (0.05) 0.30 (0.05) 0.27 (0.06) 750.1
F 9.5% F 6.9%

Family set B 0.002 (0.10) 0.18 (0.08) 0.26 (0.08) 0.33 (0.09) 366.1
F 25.0% F F

Adjusted for EOS
Total sample 0.03 (0.06) 0.18 (0.04) 0.27 (0.04) 0.31 (0.05) 1122.0
F 18.2% 6.9% F

Family set A 0.02 (0.07) 0.15 (0.05) 0.27 (0.05) 0.31 (0.06) 757.1
F 28.6% 10.0% F

Family set B 0.05 (0.10) 0.24 (0.08) 0.26 (0.08) 0.31 (0.09) 364.0
F F F F

SPTQ
Adjusted for IgE

Total sample 0.07 (0.06) 0.12 (0.04) 0.15 (0.04) 0.21 (0.05) 1173.0
F 20.0% F F

Family set A 0.08 (0.07) 0.10 (0.05) 0.13 (0.05) 0.15 (0.06) 796.1
F 16.7% F F

Family set B 0.04 (0.10) 0.16 (0.08) 0.18 (0.09) 0.40 (0.09) 371.6
F 15.8% 18.2% F

EOS
Adjusted for IgE

Family set A 0.05 (0.07) 0.09 (0.053) 0.11 (0.05) 0.22 (0.06) 790.4
F 30.8% 26.7% F

Family set B 0.20 (0.10) 0.11 (0.082) 0.11 (0.08) 0.30 (0.10) 372.9
F 8.3% F F

aPercent reduction of a given correlation with respect to the estimate obtained from the familial analysis of the baseline phenotypes (Table 2) is:
((rbaseline phenotype�radjusted phenotype )/rbaseline phenotype)�100. Results are only shown if a percent reduction in any previously significant familial
correlation of at least 10% was observed. The baseline phenotype is the phenotype adjusted for the relevant variables and the adjusted phenotype is
the phenotype adjusted for covariates and one of the others phenotypes.
brFM: spouse correlation, rFO: father–offspring correlation, rMO: mother–offspring correlation, rSS: sib– sib correlation with standard deviation (SD) in
parenthesis; the mean and variance of the phenotypes are not shown (being always close to zero and one).
cln L: natural logarithm of the maximum likelihood.
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The present study showed strong evidence for familial

correlations of %FEV1, as found by most studies.38–41 In set

A, the pattern of familial correlations was compatible with

a polygenic model with heritability of 46% close to the

39% estimate in Australian families.41 In set B, the

significant mother–offspring and sib–sib correlations were

in agreement with the patterns of correlations found in

American families from the general population or includ-

ing asthmatics.38,39

Although tests of homogeneity of the estimates of

familial correlations between set A and set B were never

significant, different patterns of correlations were observed

in each set for EOS and %FEV1, confirming the lack of

power of these homogeneity tests. Alternatively, the

different outcomes of the tests for presence of a given

correlation in these two sets should be interpreted in terms

of their different sample sizes.

There was strong evidence for individual associations

between IgE and SPTQ, IgE and EOS and, in a lesser extent,

between EOS and either SPTQ or %FEV1, in agreement with

previous studies in asthmatics and nonasthmatics subjects

(see Baldacci et al28 for a review,42). No association was

observed between %FEV1 and either IgE or SPTQ. Associa-

tions between these latter phenotypes have been contro-

versial and appeared to differ according to age, sex, type of

allergen considered and smoking status.7,8,43,44

Analyses of shared familial determinants among these

phenotypes indicated a small overlap of mainly rFO
between IgE and SPTQ in the two family sets and of both

rFO and rMO between IgE and EOS in family set A, the

extent of this overlap being at most 30%. Multivariate

linkage and association analyses of these phenotypes with

genetic markers will permit to characterize further these

common determinants. A similar analysis in randomly

selected Australian families showed significant evidence for

70% overlap of genetic additive variants between IgE and

RAST index,17 while a segregation analysis of IgE and EOS,

in the same sample, indicated the presence of two different

major genes underlying these phenotypes.18 The higher

degree of sharing of familial determinants between total

IgE and RAST index in the Australian sample than between

IgE and SPTQ in the EGEA sample can be first explained by

a difference in the phenotypes studied. The RAST index

measuring the specific IgE response may be more closely

related to total IgE levels than SPTQ, which measures the

skin test reactivity to a battery of allergens. Part of the

divergence in the results might also be due to the different

mode of selection of the two samples, at random for the

Australian families and through asthmatics probands in

the French sample. Although different analytical methods

were used, variance component models in the Australian

study and regressive models in the present study, an

equivalence between these models has been established

when imposing constraints on the more general regressive

models,20 which can distinguish between father–offspring

and mother–offspring correlations. Moreover, because of

the complex effects of covariates and associations between

phenotypes differing among family members in the

present sample, adjustment of each phenotype was carried

out prior to familial analysis while the covariate effects

were estimated simultaneously with the other parameters

of the variance component model in the Australian study.

The decrease in the estimate of rFO when IgE was

adjusted for SPTQ and conversely may suggest a parent-

of-origin effect for this potential common determinant.

Indeed, parent-of-origin effects have been reported by

previous family studies and linkage analyses of atopy-

associated phenotypes (see for example, Moffat and

Cookson, Strauch et al and Demenais et al45–47). However,

the difference in estimates of father–offspring and

mother–offspring correlations of IgE adjusted for SPTQ

did not reach significance. Further analyses incorporating

genetic markers and considering separately paternal and

maternal meioses may permit to confirm the present

finding.

The independence between the familial determinants of

%FEV1 and those of IgE, SPTQ or EOS suggests the

existence of different pathways for atopy-related pheno-

types and phenotypes related to ventilatory function.

These results are in agreement with the independence of

genetic components of variance between airway respon-

siveness and either IgE levels or RAST index and the

absence of common major genes underlying airway

responsiveness and either IgE or EOS, as found in two

samples of Australian families.17,18

In conclusion, the present study confirms the presence

of multiple determinants of four important asthma-

associated phenotypes and shows that these determinants

are largely unshared by these phenotypes. However, a few

of these determinants with modest effects may be common

to atopy-related phenotypes. This study has also revealed

potential heterogeneity of the mechanisms underlying

eosinophils and %FEV1, according to the mode of ascer-

tainment of the families. All these results have implications

for further linkage and association analyses with genetic

markers. Considering altogether IgE, SPTQ and EOS in

multivariate analyses may lead to identify genes with

pleiotropic effects and stratifying the total EGEA sample

according to the mode of ascertainment of the families

may increase the power to detect the genetic determinants

of EOS and FEV1.
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