
The effect of parental allergy on childhood allergic diseases
depends on the sex of the child

S. Hasan Arshad, DM,a,b Wilfried Karmaus, Dr Med,c Abid Raza, PhD,a Ramesh J. Kurukulaaratchy, DM,a

Sharon M. Matthews, SRN,a John W. Holloway, PhD,b,d Alireza Sadeghnejad, PhD,e Hongmei Zhang, PhD,c

Graham Roberts, DM,a,b and Susan L. Ewart, PhDf Isle of Wight and Southampton, United Kingdom, Columbia, SC, Trenton, NJ,

and East Lansing, Mich
Background: The parent-of-origin effect is important in
understanding the genetic basis of childhood allergic diseases
and improving our ability to identify high-risk children.
Objective: We sought to investigate the parent-of-origin effect in
childhood allergic diseases.
Methods: The Isle of Wight Birth Cohort (n 5 1456) has been
examined at 1, 2, 4, 10, and 18 years of age. Information on the
prevalence of asthma, eczema, rhinitis, and environmental
factors was obtained by using validated questionnaires. Skin
prick tests were carried out at ages 4, 10, and 18 years, and
total IgE measurement was carried out at 10 and 18 years.
Parental history of allergic disease was assessed soon after the
birth of the child, when maternal IgE levels were also
measured. Prevalence ratios (PRs) and their 95% CIs were
estimated, applying log-linear models adjusted for confounding
variables.
Results: When stratified for sex of the child, maternal asthma
was associated with asthma in girls (PR, 1.91; 95% CI,
1.34-2.72; P 5 .0003) but not in boys (PR, 1.29; 95% CI,
0.85-1.96; P 5 .23), whereas paternal asthma was associated
with asthma in boys (PR, 1.99; 95% CI, 1.42-2.79; P < .0001) but
not in girls (PR, 1.03; 95% CI, 0.59-1.80; P 5 .92). Maternal
eczema increased the risk of eczema in girls (PR, 1.92; 95% CI,
1.37-2.68; P 5 .0001) only, whereas paternal eczema did the
same for boys (PR, 2.07; 95% CI, 1.32-3.25; P 5 .002). Similar
trends were observed when the effect of maternal and paternal
allergic disease was assessed for childhood atopy and when
maternal total IgE levels were related to total IgE levels in
children at ages 10 and 18 years.
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Conclusions: The current study indicates a sex-dependent
association of parental allergic conditions with childhood
allergies, with maternal allergy increasing the risk in girls
and paternal allergy increasing the risk in boys. This has
implications for childhood allergy prediction and
prevention. (J Allergy Clin Immunol 2012;130:427-34.)
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The heritability of allergic diseases has been recognized since
the early 20th century. A history of asthma in the immediate
family is one of the major risk factors for childhood asthma,1 and
the same is true for atopic eczema and allergic rhinitis.2 An accu-
rate assessment of the heritable risk is important in providing a
more accurate diagnosis to parents, identifying at-risk children
for preventive measures, and also investigating how environmen-
tal factors might interact with the patient’s genetic predisposition.
An important unresolved issue in this context is the parent-of-
origin effect: the respective contribution of maternal and paternal
allergic disease. A number of studies have investigated this ques-
tion with conflicting results.
A common perception is that maternal asthma confers a greater

risk,3-6 although some studies indicated a stronger paternal effect7

or no difference.8 A stronger maternal effect might be explained
by a stronger maternal parent-of-origin effect,9 the effects of ma-
ternal environmental exposure during pregnancy, or immune in-
teractions between mothers and their offspring in utero.10 For
childhood eczema, several studies reported a greater effect of ma-
ternal than paternal eczema.7,11-15 However, a number of large
studies failed to confirm a greater influence of maternal ec-
zema.2,16-19 For allergic rhinitis, only a few studies have investi-
gated the parent-of-origin effect but found no significant
difference in maternal or paternal rhinitis.2,7

Most studies did not stratify their samples according to the
sex of the child, having made the assumption that maternal and
paternal effects are identical in boys and girls. This also applies
to a recent meta-analysis of the effect of parental history,
which did not take the sex of the offspring into consideration.6

One cross-sectional study of 9- to 11-year-olds found no differ-
ential sex-dependent effect of parental allergic disease.7 Be-
cause allergic diseases tend to relapse and remit throughout
childhood, cross-sectional studies run the risk of misclassifica-
tion because those regarded as not having the disease at the
time of assessment might have had it earlier or might have it
later. Only 1 longitudinal study investigated the effect of paren-
tal atopy (but not asthma) on childhood wheeze (but not ec-
zema or rhinitis) up to age 26 years.20 The association of
parental atopy was dependent on the age and sex of the child
427
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Abbreviations used
PR: P
revalence ratio
SPT: S
kin prick test
but not in one direction. Maternal atopy was a risk factor for
childhood-onset wheeze in subjects of both sexes, whereas
paternal atopy increased the risk in male subjects only. For
adolescent-onset wheeze, maternal history of atopy increased the
risk in girls only. However, when both ages were combined,
paternal history had a stronger risk in girls than boys. This
conflicting outcome might be because ‘‘parental asthma and
rhinitis’’ was combined as ‘‘parental atopy,’’ with childhood
asthma as the outcome of interest. It is well known that the
heritability of childhood allergic conditions is disease specific so
that parental asthma has a greater influence on childhood asthma,
and the same is true for atopic eczema and allergic rhinitis.7 In ad-
dition, early-life risk factors, such as respiratory tract infections,
mode of early feeding, and exposure to environmental tobacco
smoke, might also influence the outcome and thus confound the
results.21 Therefore a comprehensive investigation requires a
birth cohort that is studied with prospective phenotyping, includ-
ing objective tests for atopy throughout childhood with available
information on early-life risk factors.
We addressed the following questions using longitudinal data

collected from the Isle of Wight birth cohort (1) to estimate the
effect of maternal and paternal allergic disease on the offspring’s
risk of respective allergic disease and (2) to determinewhether the
parent-of-origin effect on allergic disease varies with the age and
sex of the child.
METHODS
An unselected whole population birth cohort (n 5 1536) was recruited in

1989 to prospectively study the natural history of asthma and allergic

conditions. After exclusion of adoptions, perinatal deaths, and refusal for

follow-up, 1456 children were enrolled, with follow-up assessments con-

ducted at 1, 2, 4, 10, and 18 years of age. At each stage, validated

questionnaires, including the International Study of Asthma and Allergy in

Childhood,22 were completed on asthma and allergic diseases plus exposure to

relevant environmental factors, such as tobacco smoke and pets. Information

on breast-feeding duration was collected at 1 and 2 years of age. The majority

of participants underwent skin prick tests (SPTs) at 4, 10, and 18 years of age

to 14 common food and aeroallergens (ALK-Abell�o, Hørsholm,

Denmark).23-25

Serum for IgE assessment was collected at parturition from mothers

(n 5 1057 [73%]) of study subjects. Samples for determining IgE levels at

age 10 and 18 years were available for 954 (66%) and 610 (42%) subjects,

respectively. Maternal IgE levels and IgE levels at age 10 and 18 years

were determined with PRIST (Phadia AB, Uppsala, Sweden), which is

designed to measure IgE levels between 2.0 and 1000 kU/L. Detailed

methodology of recruitment and follow-up has been published previ-

ously.23-26 Ethics approval was obtained at each follow-up by local research

ethics committees, and informed consent was obtained from parents, partic-

ipants, or both.
Definitions
Information on parental history of allergic conditions was collected from

mothers soon after birth. Maternal or paternal asthma was defined as those

parents responding ‘‘yes’’ to the following question: ‘‘Have you ever

suffered from asthma?’’ Information on parental reports of eczema and

rhinitis was collected in the same way. If 1 or more of these allergic
conditions were present in parents, they were regarded as having ‘‘a history

of allergy.’’ The definition used for asthma in a cohort child was a history of

physician-diagnosed asthma plus at least 1 episode of wheezing or asthma

treatment in the previous 12 months. Eczema was defined as chronic or

chronically relapsing itchy dermatitis lasting more than 6 weeks with

characteristic morphology and distribution, according to the Hanifin and

Rajka criteria.27 Rhinitis was defined by a positive response to the following

question: ‘‘In the past 12 months have you had a problem with sneezing or a

runny or a blocked nose when you did not have a cold or the flu?’’ Because

asthma and rhinitis cannot be confidently diagnosed in early childhood (1-2

years), to reduce misclassification, we analyzed asthma and rhinitis from 4

years onward. Eczema was considered from 1 to 18 years. Atopy was de-

fined by a positive SPT response (mean wheal diameter >3 mm than that eli-

cited by the negative control) to at least 1 allergen. Maternal and offspring

IgE levels of greater than 200 kU/L at 10 and 18 years of age were consid-

ered increased. A newborn was classified as having ‘‘low birth weight’’ if

birth weight was less than 2.5 kg. Other environmental factors assessed

were maternal smoking during pregnancy (yes vs no), birth order of the

child in the family (first vs second or higher), presence of cat or dog in

the home at birth, and breast-feeding duration. Breast-feeding was analyzed

as breast-fed for at least 3 months versus those in whom breast-feeding

ceased before this age.

Statistical methods
Data were double entered and analyzed with SPSS version 17 software

(SPSS, Inc, Chicago, Ill). The prevalence of asthma, eczema, allergic rhinitis,

and atopy was calculated. Univariate analyses with x2 tests (2-sided) were

used to test for differences in proportions stratified for the sex of the child.

Generalized linear mixed models were applied to examine the interaction

effect of parental history of disease with sex on a multiplicative scale after

adjusting for the covariates as follows:

Conceptual model : LogitðP½Asthma in child�Þ5

Maternal asthma ð0=1Þ1Paternal asthma ð0=1Þ1Sex ðM=FÞ

1 Maternal asthma�Sex 1 Paternal asthma�Sex 1 covariates:

This was followed by stratified analyses on statistically significant

findings. For each childhood allergic manifestation (asthma, eczema,

rhinitis, and atopy), the effect of a parental disease of the same type was

analyzed separately for the mother and the father. By using repeated-

measures analyses, changes were investigated in the prevalence of childhood

asthma related to parental asthma from age 4 to 18 years, stratifying for the

sex of the child. To obtain overall independent effects of the parental history,

we adjusted for early childhood risk factors (in repeated-measures analysis),

including maternal smoking during gestation (yes vs no), low birth weight

(<2.5 kg), exposure to a dog or cat at home, and breast-feeding (>_3 months

vs <3 months).

Because the prevalence of allergic diseases does not present a rare event,

odds ratios are likely to overestimate relative risks.28 To directly estimate

prevalence ratios (PRs), we applied a log-linear model for prevalence. For

each observation period (ages 1, 2, 4, 10, and 18 years), we estimated the as-

sociation with maternal and paternal disease and present PRs and their 95%

CIs. To assess long-term development in individual children, we had to con-

sider that repeated measurements for each child represent correlated observa-

tions. Applying the method of generalized estimating equations29 that takes

the within-child effect into account, we estimated marginal probabilities for

maternal and paternal history of asthma and allergy by using GENMOD in

the SAS system (SAS, Inc, Gary, NC). Details of the statistical methods

are provided in the Methods section in this article’s Online Repository at

www.jacionline.org.
RESULTS
For further information, see the Results section and Tables E1

to E5 in this article’s Online Repository at www.jacionline.org.

http://www.jacionline.org
http://www.jacionline.org


TABLE I. Effect of maternal and paternal asthma on predisposition to childhood asthma

Asthma at:

Maternal asthma Paternal asthma

Yes, % (n/N) No, % (n/N) PR (95% CI); P value Yes, % (n/N) No, % (n/N) PR (95% CI); P value

4 y 25.6 (32/125) 13.7 (148/1082) 1.88 (1.36-2.63); .0005 23.9 (28/117) 14.0 (152/1087) 1.72 (1.21-2.46); .003

10 y 20.4 (29/142) 14.0 (170/1217) 1.46 (1.03-2.09); .04 20.6 (27/131) 14.0 (171/1220) 1.47 (1.02-2.12); .04

18 y 25.7 (35/136) 16.8 (195/1160) 1.53 (1.12-2.09); .008 23.4 (30/128) 17.2 (199/1160) 1.37 (0.97-1.92); .07

4-18 y (repeated measure)* 23.8 (96/403) 14.8 (512/3459) 1.56 (1.18-2.07); .002 22.6 (85/376) 15.0 (521/3467) 1.59 (1.19-2.12); .002

*Statistically controlling for sex, low birth weight, duration of breast-feeding, cat and dog exposure at birth, and maternal smoking during pregnancy.

TABLE II. Effect of maternal and paternal asthma on childhood asthma stratified by the sex of the child

Asthma at:

Maternal asthma

Girls Boys

Yes No PR (95% CI); P value Yes No PR (95% CI); P value

4 y 30.0 (18/60) 12.4 (66/532) 2.42 (1.55-3.78); .0001 21.5 (14/65) 14.8 (81/550) 1.46 (0.88-2.43); .14

10 y 20.9 (14/67) 11.3 (68/600) 1.84 (1.10-3.09); .02 20.0 (15/75) 16.5 (102/617) 1.21 (0.74-1.97); .44

18 y 31.3 (21/67) 18.2 (107/587) 1.71 (1.16-2.55); .007 20.3 (14/69) 15.4 (88/573) 1.42 (0.80-2.19); .28

4-18 y (repeated measure)* 27.3 (53/194) 14.0 (241/1719) 1.91 (1.34-2.72); .0003 20.6 (43/209) 15.6 (271/1740) 1.29 (0.85-1.96); .23

Asthma at:

Paternal asthma

Girls Boys

Yes No PR (95% CI); P value Yes No PR (95% CI); P value

4 y 16.0 (8/50) 14.1 (76/540) 1.14 (0.58-2.21); .71 29.9 (20/67) 13.7 (75/547) 2.18 (1.43-3.32); .0003

10 y 14.3 (8/56) 12.2 (74/606) 1.17 (0.60-2.30); .65 25.3 (19/75) 15.8 (97/614) 1.60 (1.04-2.46); .03

18 y 20.7 (12/58) 19.6 (116/592) 1.06 (0.62-1.79); .84 25.7 (18/70) 14.6 (83/568) 1.76 (1.13-2.75); .01

4-18 y (repeated measure)* 17.1 (28/164) 15.3 (266/1738) 1.03 (0.59-1.80); .92 26.9 (57/212) 14.8 (255/1729) 1.99 (1.42-2.79); <.0001

*Statistically controlling for low birth weight, first-born status, duration of breast-feeding, cat and dog exposure at birth, and maternal smoking during pregnancy.
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Of the 1456 children enrolled in the study, 1374 (94%) were
seen at the age of 1 year, 1231 (85%) at 2 years, 1214 (83%) at 4
years, 1368 (94%) at 10 years, and 1305 (90%) at 18 years. In a
simple cross-tabulation, both maternal and paternal asthma were
closely and consistently associated with childhood asthma (Table
I). This was further confirmed by using repeated-measures analy-
ses, with 1961 observations in boys and 1926 observations in
girls. The interaction of maternal asthma with sex was insignifi-
cant (P 5 .11); however, a significant interaction of paternal
asthma with sex was observed (P 5 .03). Accordingly, the strati-
fied analyses showed that paternal asthma increased the risk of
childhood asthma in boys (Table II; repeated-measures analyses:
PR, 1.99; 95% CI, 1.42-2.79; P < .0001). Although not statisti-
cally significant on a multiplicative interaction scale, maternal
asthma tended to increase the risk of childhood asthma in girls.
A biparental history did not interact with sex and had a greater
effect on the risk and was equally important in boys and girls
(boys: PR, 3.28; 95% CI, 1.80-6.00; girls: PR, 3.19; 95% CI,
1.98-5.12; data not shown).
In simple cross-tabulation, maternal eczema increased the risk

of childhood eczema at most assessments (Table III). In repeated-
measures analysis (3279 observations in boys from age 1-18 years
and 3206 observations in girls), a maternal effect was observed for
the childhood and adolescent period from 1 to 18 years of age,
which was statistically significant on a multiplicative interaction
scale (P5 .01). Paternal eczema significantly increased the risk of
childhood eczema up to age 10 years, and an overall effect was
also shown with repeated-measures analysis (P 5 .02); however,
the interaction of paternal history and male sex of the offspring
was not statistically significant on a multiplicative scale. When
further stratified for child’s sex, we found that maternal eczema
had no statistically significant effect in boys at any age, but in girls
maternal eczema increased the risk of eczema at all ages except
1 year, and a significant overall effect (P 5 .009) was noted
(Table IV). For paternal effects, although the interactions were
statistically insignificant, paternal eczema tended to increase
the risk of childhood eczema up to age 10 years in boys, and
an overall effect was observed in repeated-measures analysis
(P 5 .002).
When analyzing the whole sample, maternal rhinitis was not

associated with childhood rhinitis at any age (Table V). In con-
trast, paternal rhinitis was significantly associated with childhood
rhinitis at all ages (except age 18 years, when it failed to reach
statistical significance [P 5.06]). A significant association was
observed in the repeated-measures analysis adjusted for con-
founders (P <.0001). From age 4 to 18 years, there were 1962 ob-
servations in boys and 1923 observations in girls. No statistically
significant parental rhinitis and sex interaction was detected. This
was further supported by stratification on paternal rhinitis and
offspring sex (Table VI): paternal rhinitis increased the risk of
childhood rhinitis, with no differences between boys and girls
at 10 years and in repeated-measures analyses (boys, P < .001;
girls, P 5 .004). Maternal history of rhinitis had no effect.
We then examined the parent-of-origin effect on atopy (SPT

response positivity) and total IgE levels. Both maternal and
paternal history of allergy increased the risk of childhood atopy
from age 4 to 18 years. The repeated-measures analysis of 1416
observations in boys and 1455 observations in girls corroborated
an overall effect (Table VII). A significant interaction of maternal
history of atopy with sex was identified (P 5 .046), whereas pa-
ternal history did not interact with sex (P5 .88). A stratified anal-
ysis revealed that in boys a maternal history of allergy had no



TABLE III. Effect of maternal and paternal eczema on predisposition to childhood eczema

Eczema at:

Maternal eczema Paternal eczema

Yes, % (n/N) No, % (n/N) PR (95% CI); P value Yes, % (n/N) No, % (n/N) PR (95% CI); P value

1 y 12.0 (20/167) 9.4 (112/1197) 1.32 (0.80-2.20); .27 17.4 (15/86) 9.1 (116/1271) 2.10 (1.17-3.79); .02

2 y 18.0 (27/150) 9.2 (99/1075) 2.16 (1.40-3.45); .002 23.8 (19/80) 9.5 (108/1140) 2.98 (1.71-5.17); <.001

4 y 15.2 (22/145) 11.5 (120/1059) 1.37 (0.84-2.25); .22 24.4 (19/78) 11.2 (124/1124) 2.55 (1.47-4.42); .002

10 y 20.1 (32/160) 12.9 (153/1187) 1.70 (1.12-2.60); .02 20.5 (18/89) 13.0 (163/1252) 1.72 (1.0-2.96); .05

18 y 18.8 (30/160) 11.4 (129/1136) 1.80 (1.16-2.79); .01 16.9 (15/89) 11.8 (141/1199) 1.52 (0.85-2.72); .18

1-18 y (repeated

measure)*

16.8 (131/782) 10.8 (613/5654) 1.48 (1.14-1.93); .004 20.4 (86/422) 10.9 (652/5986) 1.93 (1.38-2.70); .0001

*Statistically controlling for sex of the offspring, low birth weight, first-born status, duration of breast-feeding, cat and dog exposure at birth, and maternal smoking during

pregnancy.

TABLE IV. Effect of maternal and paternal eczema on childhood eczema stratified by the sex of the child

Eczema at:

Maternal eczema

Girls Boys

Yes No PR (95% CI); P value Yes No PR (95% CI); P value

1 y 12.0 (10/83) 8.0 (47/588) 1.58 (0.76-3.26); .21 11.9 (10/84) 10.7 (65/609) 1.13 (0.56-2.30); .71

2 y 22.4 (17/76) 9.2 (49/531) 2.83 (1.53-5.24); .002 13.5 (10/74) 9.2 (50/544) 1.54 (0.75-3.19); .29

4 y 20.0 (15/75) 10.3 (51/516) 2.18 (1.16-4.11); .03 10.0 (7/70) 12.7 (69/543) 0.76 (0.34-1.73); .70

10 y 28.0 (23/82) 12.0 (70/583) 2.86 (1.66-4.92); <.001 11.7 (9/78) 13.7 (83/604) 0.83 (0.40-1.73); .73

18 y 26.8 (22/82) 14.6 (83/569) 2.15 (1.25-3.69); .009 10.3 (8/78) 8.1 (46/567) 1.29 (0.59-2.86); .51

1-18 y (repeated measure)* 21.9 (87/398) 10.8 (300/2787) 1.92 (1.37-2.68); .0001 11.5 (44/384) 10.9 (313/2867) 1.03 (0.67-1.56); .91

Eczema at:

Paternal eczema

Girls Boys

Yes No PR (95% CI); P value Yes No PR (95% CI); P value

1 y 12.2 (5/41) 8.2 (51/625) 1.56 (0.59-4.16); .38 22.2 (10/45) 10.1 (65/646) 2.55 (1.21-5.40); .02

2 y 24.4 (10/41) 10.1 (57/562) 2.86 (1.33-6.13); .02 23.1 (9/39) 8.8 (51/578) 3.10 (1.40-6.89); .009

4 y 22.9 (8/35) 11.0 (59/554) 2.40 (1.04-5.51); .05 25.6 (11/43) 11.4 (65/570) 2.67 (1.28-5.55); .01

10 y 16.7 (7/42) 13.6 (84/619) 1.27 (0.55-2.96); .64 23.9 (11/47) 12.5 (79/633) 2.20 (1.08-4.52); .04

18 y 22.7 (10/44) 15.4 (93/602) 1.61 (0.77-3.37); .20 11.1 (5/45) 8.0 (48/597) 1.43 (0.54-3.79); .4

1-18 y (repeated measure)* 19.7 (40/203) 11.6 (344/2962) 1.66 (1.002-2.75); .049 21.0 (46/219) 10.2 (308/3024) 2.07 (1.32-3.25); .002

*Statistically controlling for low birth weight, first-born status, duration of breast-feeding, cat and dog exposure at birth, and maternal smoking during pregnancy.
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effect on atopy, whereas in girls it significantly increased the risk
at all ages (from 4 to 18 years) (Table VIII).
Regarding IgE levels at 10 years of greater than 200 kU/L in

offspring, we assumed that maternal IgE levels at birth (>200 kU/
L) would predict increased levels in girls but not in boys. In girls
42% of those with increased maternal IgE levels also had
increased IgE levels (26% if not) and in boys 35% with increased
maternal IgE levels also had increased IgE levels at age 10 years
(30% if not). We tested this association by using log-linear
models. The PR of maternal IgE level at birth predicted increased
IgE levels in girls at age 10 years (PR, 1.71; 95% CI, 1.16-2.51)
but not in boys (PR, 1.1; 95% CI, 0.74-1.63; data not shown).
Similar results were seen for IgE levels measured at age 18 years:
41% of the girls with increased maternal IgE levels also had
increased IgE levels (26% if not), whereas in boys 33% with
increased maternal IgE levels also had increased IgE levels at age
10 years (31% if not). The PRs for increased maternal IgE levels
at age 18 years were 1.08 (95% CI, 0.67-1.74) in boys and 1.66
(95% CI, 1.01-2.73) in girls.
DISCUSSION
We have shown that the effect of maternal and paternal history

of allergy varies with the sex of the child, whereas maternal
allergic history increased the risk of asthma and eczema in girls
and paternal history of allergy increases this risk in boys. This
sex-specific effect was consistently present at most or all ages.
When we performed repeated-measures analyses and adjusted
this for various confounders to get an overall independent effect,
we found statistically significant sex-specific effects for both
asthma and eczema. The effect on the opposite sex (maternal to
boys and paternal to girls) was weak and nonsignificant. On a
multiplicative scale of interaction, for asthma, the paternal effect
was stronger in boys, and for eczema, the maternal effect was
statistically stronger in girls. Rhinitis, however, showed a dom-
inant paternal effect for both boys and girls. The sex-specific
effect was further confirmed by extending the observation to
objective tests of atopy (allergic sensitization on skin tests and
total IgE measurements), which had a similar effect. For allergic
sensitization assessing differences on a multiplicative scale of
interaction, the maternal effect was statistically stronger in girls.
The strengths of our study are longitudinal phenotyping from

birth to 18 years of age by using validated tools, objective
assessment for atopy, and availability of information on early-life
environmental factors, which can confound the effect of genetic
factors.21,30 Furthermore, the information on parental history of
allergy was ascertained at birth and therefore avoids the risk of bi-
ased reporting after subsequent development of allergic disease in



TABLE V. Effect of maternal and paternal rhinitis on predisposition to childhood rhinitis

Rhinitis at:

Maternal rhinitis Paternal rhinitis

Yes, % (n/N) No, % (n/N) PR (95% CI); P value Yes, % (n/N) No, % (n/N) PR (95% CI); P value

4 y 5.1 (13/256) 5.5 (51/951) 0.93 (0.50-1.73); .88 9.0 (16/177) 4.8 (49/1026) 1.98 (1.10-3.57); .03

10 y 17.3 (46/266) 14.6 (159/1089) 1.22 (0.85-1.75); .29 25.4 (51/201) 13.4 (153/1146) 2.21 (1.54-3.16); <.001

18 y 38.9 (102/262) 35.3 (366/1038) 1.17 (0.89-1.55); .28 42.3 (80/189) 35.1 (387/1103) 1.36 (0.99-1.86); .06

4-18 y (repeated measure)* 22.6 (164/727) 21.1 (577/2739) 1.07 (0.92-1.26); .36 30.3 (158/522) 19.8 (583/2944) 1.42 (1.21-1.67); <.0001

*Statistically controlling for sex of the offspring, first-born status, low birth weight, duration of breast-feeding, cat and dog exposure at birth, and maternal smoking during

pregnancy.

TABLE VI. Effect of maternal and paternal rhinitis on childhood rhinitis stratified by the child’s sex

Rhinitis at:

Maternal rhinitis

Girls Boys

Yes No PR (95% CI); P value No Yes PR (95% CI); P value

4 y 3.0 (4/133) 5.0 (23/460) 0.59 (0.20-1.73); .48 7.3 (9/123) 5.9 (29/491) 1.26 (0.58-2.73); .53

10 y 18.2 (25/137) 14.0 (74/530) 1.38 (0.84-2.26); .23 16.3 (21/129) 15.2 (85/559) 1.08 (0.64-1.83); .79

18 y 36.8 (50/136) 37.6 (195/518) 0.96 (0.65-1.42); .92 41.3 (52/126) 32.9 (171/520) 1.43 (0.96-2.14); .08

4-18 y (repeated

measure)*

21.3 (81/381) 21.3 (284/1332) 1.01 (0.81-1.26); .91 24.0 (83/346) 20.8 (293/1407) 1.13 (0.92-1.40); .23

Rhinitis at:

Paternal rhinitis

Girls Boys

Yes No PR (95% CI); P value No Yes PR (95% CI); P value

4 y 8.1 (7/86) 4.0 (20/504) 2.14 (0.88-5.24); .09 9.9 (9/91) 5.6 (29/522) 1.87 (0.85-4.09); .15

10 y 24.5 (24/98) 13.1 (74/564) 2.15 (1.28-3.62); .01 26.2 (27/103) 13.6 (79/582) 2.26 (1.37-3.73); .002

18 y 44.4 (40/90) 36.5 (204/559) 1.39 (0.89-2.18); .16 40.4 (40/99) 33.6 (183/544) 1.34 (0.86-2.08); .21

4-18 y (repeated

measure)*

29.8 (72/250) 20.0 (293/1463) 1.41 (1.12-1.78); .004 31.6 (86/272) 19.6 (290/1481) 1.52 (1.23-1.88); .0001

*Statistically controlling for low birth weight, first-born status, duration of breast-feeding, cat and dog exposure at birth, and maternal smoking during pregnancy.
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children. In general, all potential misclassification could be af-
fected by parental history. Hence parents with symptoms recog-
nize and report symptoms in their offspring more often than
those without symptoms (overestimation of heritability). How-
ever, this does not account for the differences seen between ma-
ternal and paternal history of the disease or for the association
of maternal IgE levels with IgE levels in boys and girls at ages
10 and 18 years.
Loss to follow-up in this longitudinal cohort study was

remarkably low, with information obtained from 83% to 94% of
children at various follow-up visits up to age 18 years. However, it
is possible that there was selective loss to follow-up influenced by
parental disease or childhood disease among the 10% to 15% of
children who did not attend. To explore this further, we used
maternal asthma as the index disease but did not find any
statistically significant difference in attrition rates among children
with and without maternal asthma at each follow-up (see Table E4
in this article’s Online Repository at www.jacionline.org). Simi-
larly, we did not find any difference in attrition rates among
children with and without an asthma diagnosis at the previous
follow-up (see Table E5 in this article’s Online Repository at
www.jacionline.org). Thus there was no selective follow-up be-
cause of parental or childhood disease. A limitation of our study
is that parental allergic disease was reported (by the mother)
rather than physician-diagnosed disease, and there is a risk of
overreporting. However, the prevalence in both the mother and fa-
ther was around 10%, which is less than what has been reported
previously in United Kingdom studies.4,17 Further limitations
include unavailability of SPTs for all children at ages 1 and 2
years and paternal total IgE levels at birth.
More studies report a closer association of childhood asthma

with maternal asthma.5,6 There could be several reasons for this.
Inclusion of early childhood wheeze might skew the effect. In our
cohort wheeze at 1 and 2 years was associated only with maternal
asthma (see Table E3 in this article’s Online Repository at www.
jacionline.org), whereas maternal and paternal asthma had similar
influence for childhood asthma (Table I). Our results are consis-
tent with the findings of Litonjua et al,3 who suggested that mater-
nal history of asthma is associated with childhood asthma
(wheeze) at all ages, whereas paternal history assumes signifi-
cance for asthma in later childhood. Because early childhood
wheeze is largely transient and has different causes than child-
hood asthma, we focused on asthma from 4 to 18 years of age.
Similarly, it is not possible to diagnose allergic rhinitis with con-
fidence in early childhood, and therefore we restricted data anal-
ysis to children aged 4 years and greater for rhinitis. Eczema, on
the other hand, is common in early childhood and easy to diag-
nose. Thus eczemawas included in the analysis from 1 to 18 years
of age. Another explanation for a higher effect of maternal asthma
might be a biased parental report of asthma because question-
naires are often completed by mothers, who might not know
whether their partners had childhood asthma.We can be confident
that this was not the case in our study because in the case of a ma-
ternal reporting bias, we would expect a higher prevalence of ma-
ternal than paternal asthma. In our data a lifetime prevalence (a
yes answer to ‘‘Have you ever suffered from asthma?’’) of

http://www.jacionline.org
http://www.jacionline.org
http://www.jacionline.org
http://www.jacionline.org


TABLE VII. Effect of maternal and paternal history of allergic disease on predisposition to childhood atopy

Atopy at:

Maternal history of allergic disease Paternal history of allergic disease

Yes, % (n/N) No, % (n/N) PR (95% CI); P value Yes, % (n/N) No, % (n/N) PR (95% CI); P value

4 y 22.9 (76/341) 18.1 (116/641) 1.23 (0.95-1.59); .11 28.1 (72/256) 16.7 (120/719) 1.69 (1.31-2.17); .0001

10 y 33.2 (119/358) 23.6 (160/678) 1.41 (1.15-1.72); .0008 33.8 (91/269) 24.7 (187/756) 1.37 (1.11-1.68); .003

18 y 47.9 (139/290) 38.0 (214/563) 1.26 (1.07-1.48); .004 48.7 (113/232) 39.2 (239/610) 1.24 (1.05-1.47); .01

4-18 y (repeated measure)* 33.8 (334/989) 26.0 (490/1882) 1.26 (1.09-1.46); .002 36.5 (276/757) 26.2 (546/2085) 1.18 (1.01-1.38); .03

*Statistically controlling for sex of the offspring, low birth weight, first-born status, duration of breast-feeding, cat and dog exposure at birth, and maternal smoking during

pregnancy.

TABLE VIII. Effect of maternal and paternal history of allergic disease on childhood atopy stratified by the sex of the child

Atopy at:

Maternal history of allergic disease

Girls Boys

Yes No PR (95% CI); P value Yes No PR (95% CI); P value

4 y 13.9 (44/317) 22.1 (38/172) 1.59 (1.08-2.37); .02 22.5 (38/169) 22.2 (72/324) 1.01 (0.72-1.43); .95

10 y 18.2 (61/335) 31.4 (58/185) 1.72 (1.26-2.35); .0006 35.3 (61/173) 28.9 (99/244) 1.22 (0.94-1.59); .13

18 y 30.9 (90/291) 44.5 (69/155) 1.44 (1.23-1.84); .004 45.6 (124/272) 51.9 (70/135) 1.14 (0.92-1.40); .22

4-18 y (repeated

measure)*

32.2 (165/512) 20.7 (195/943) 1.52 (1.21-1.93); .0004 35.4 (169/477) 31.4 (295/939) 1.13 (0.94-1.35); .20

Atopy at:

Paternal history of allergic disease

Girls Boys

Yes No PR (95% CI); P value Yes No PR (95% CI); P value

4 y 25.4 (31/122) 14.0 (51/313) 1.81 (1.22-2.70); .003 30.6 (41/134) 19.4 (69/355) 1.57 (1.13-2.19); .007

10 y 28.4 (37/130) 21.3 (82/385) 1.33 (0.96-1.87); .09 38.9 (54/139) 28.3 (105/371) 1.37 (1.05-1.79); .02

18 y 41.4 (46/111) 34.0 (112/329) 1.22 (0.93-1.59); .15 55.4 (67/121) 45.2 (127/281) 1.22 (1.0-1.50); .053

4-18 y (repeated

measure)*

31.4 (114/363) 22.7 (245/1078) 1.18 (0.91-1.53); .22 41.1 (162/394) 29.9 (301/1007) 1.19 (0.99-1.45); .07

*Statistically controlling for low birth weight, first-born status, duration of breast-feeding, cat and dog exposure at birth, and maternal smoking during pregnancy.
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maternal asthma was 10.7% and that of paternal asthma was
9.7%, with information available from 98.8% and 97.9% of par-
ents, respectively.
Further explanation of a greater presumed maternal effect is

that the prenatal and postnatal environment of the child is more
closely associated with mothers than fathers. Thus early-life
environmental effects, such as exposure to cigarette smoke, can
cause asthma symptoms in both the mother and child and could
falsely be regarded as a genetic influence. However, adjustment
for common early-life environmental factors made no significant
difference to the association observed for childhood asthma in our
study, which further supports the validity of the findings (Tables I
to VIII).
Most previous studies investigating parent-of-origin effects

assessed childhood asthma at 1 time point.3,7,8,31 Ignoring the sex
of the offspring, cross-sectional analysis of our data indicates
nearly equal maternal and paternal effects (Table I), which might
conceal the differential effect of parental asthma unless stratified
by the sex of the child. Similarly, for childhood eczema, maternal
and paternal eczema had comparable influence in our study. This
is consistent with previous large studies.16,17 To our surprise,
childhood rhinitis was associated only with paternal rhinitis.
A reporting bias by the mothers would amplify maternal rather
than paternal effects. The effect seems to be consistent throughout
childhood, and we believe that there is a greater paternal rhinitis
influence. Previous cross-sectional studies that have investigated
the parent-of-origin effect in patients with allergic rhinitis did not
find a significant difference.2,7 Given that allergic sensitization
and, to a lesser extent, total IgE levels also show a differential pa-
rental effect based on the child’s sex, our findings are supportive
of an underlying immunemechanism driving the effect on asthma
and eczema. Why rhinitis behaves differently to asthma and ec-
zema is not clear.
There are 3 studies that have investigated the parent-of-origin

effect in asthma with respect to the sex of the child. Melen et al32

found a significant interaction between male sex and parental
asthma, but their cohort was confined to age 1 to 4 years and
thus dominated by early childhood wheezers. Bjerg et al8 per-
formed a sex-stratified analysis in a cross-sectional study of
7- to 8-year-olds but did not find anymajor difference in the effect
of parental asthma. Mandhane et al20 found a significant effect of
maternal atopy (asthma or rhinitis) for childhood wheeze in both
sexes, but the association of paternal atopy was restricted to boys.
They did not analyze the effect of parental asthma alone on child-
hood asthma (which might be more specific); neither did they as-
sess other allergic disease or sensitization. Only 1 study addressed
parent-of-origin effects stratified by the child’s sex for all 3 aller-
gic conditions and did not find any significant difference.7 How-
ever, this was a cross-sectional questionnaire survey with no
longitudinal information and no supporting objective tests of al-
lergic sensitization or IgE levels, and analyses were not adjusted
for confounding variables.
This differential effect of the parent of origin might be due to

genetic differences, intrauterine programming in mothers, or
interaction with environmental factors.9,21 It is plausible that ep-
igenetic factors, such as DNA methylation, which provide
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heritable information beyond the DNA sequence, contribute to
the effect of parental disease status on risk of disease in off-
spring.33,34 Imprinting is an epigenetic modification that is paren-
tal origin specific, leading to preferential expression of a specific
parental allele in somatic cells of the offspring.35 The vital role of
imprinted genes in mammalian prenatal growth and development
is shown most clearly by the abnormal development and early de-
mise of embryos that inherit 2 copies of either a maternal or pa-
ternal genome rather than the usual one of each.36 Furthermore,
sex-specific imprinting effects have previously been observed in
mammals.37 Other possible explanations of parent-of-origin ef-
fects include transgenerational genetic and epigenetic effects.38

Such effects have been postulated to account for the ‘‘missing her-
itabilty’’ observed when considering the proportion of heritability
accounted for by loci identified in genome-wide association stud-
ies of complex disease.39

It is possible that the paternal effect is primarily (epi)genetic,
whereas the maternal effect is also influenced by shared prenatal
and postnatal environment. These environmental effects could
include the effectiveness of the placenta in delivering nutrients to
support fetal growth,40 maternal smoking impeding antenatal
growth,41 or exposure of the developing airways to oxidant stress,
such as acetaminophen.42 These prenatal exposures might dispro-
portionately affect children of asthmatic mothers and might cause
wheeze in early childhood in both boys and girls. This is sup-
ported by our observations in which early childhood wheeze
was associated with maternal, but not paternal, asthma (see
Table E3). In contrast, the effect of paternal asthma on disease sta-
tus, possibly mediated by paternal imprinting, would manifest
later in childhood with development of persistent clinical symp-
toms of asthma in boys, whereas the same is true for girls associ-
ated with maternal asthma.
An accurate assessment of the influence of parental atopy on

various allergic manifestations is critical in facilitating early
diagnosis and accurate prognosis. At present, the child’s sex is not
considered when assessing the influence of parental allergic
disease on the child’s risk of the disease. We have shown that this
is critical because maternal asthma does not increase the risk of
asthma in boys and paternal asthma has no effect on the risk of
asthma in girls. Similar effects are observed for eczema, atopy,
and, to a lesser extent, total IgE levels. This information is also
important to consider when identifying children at high risk for
preventive measures. Lastly, it should help us to understand the
pathogenesis of the different patterns of childhood asthma and
allergies. Although early childhood wheeze (1-2 years) was
associated with maternal asthma, childhood asthma showed the
differential effect. For eczema, atopy, and total IgE level, this
differential effect was observed for all time points that were
analyzed. These allergic diseases are driven by atopic immune
responses and possibly share genetic and epigenetic mechanisms
(atopic diathesis). More studies focusing on transgenerational
epigenetic programming are needed to critically appraise the
differential effect of parental atopy, its origin in (epi)genetics, and
the influence of the maternal environment.
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Clinical implications:We need to consider a child’s sex when as-
sessing the influence of parental atopic history on childhood al-
lergy. This is relevant for clinical assessment, identification of
children for prevention, and understanding the genetic basis
of atopy.
REFERENCES

1. Arshad SH, Kurukulaaratchy RJ, Fenn M, Matthews S. Early life risk factors for

current wheeze, asthma and bronchial hyper-responsiveness at 10-years of age.

Chest 2005;127:502-8.

2. Lee JT, Lam ZC, Lee WT, Kuo LC, Jayant V, Singh G, et al. Familial risk of al-

lergic rhinitis and atopic dermatitis among Chinese families in Singapore. Ann

Acad Med Singapore 2004;33:71-4.

3. Litonjua AA, Carey VJ, Burge HA, Weiss ST, Gold DR. Parental history and the

risk for childhood asthma. Does mother confer more risk than father? Am J Respir

Crit Care Med 1998;158:176-81.

4. Withers NJ, Low L, Holgate ST, Clough JB. The natural history of respiratory

symptoms in a cohort of adolescents. Am J Respir Crit Care Med 1998;158:352-7.

5. Burke W, Fesinmeyer M, Reed K, Hampson L, Carlsten C. Family history as a pre-

dictor of asthma risk. Am J Prev Med 2003;24:160-9.

6. Lim RH, Kobzik L, Dahl M. Risk for asthma in offspring of asthmatic mothers ver-

sus fathers: a meta-analysis. PLoS ONE 2010;5:e10134.

7. Dold S, Wjst M, von Mutius E, Reitmeir P, Stiepel E. Genetic risk for asthma, al-

lergic rhinitis, and atopic dermatitis. Arch Dis Child 1992;67:1018-22.

8. Bjerg A, Hedman L, Perzanowski M, Platts-Mills T. Family history of asthma and

atopy: in-depth analyses of the impact on asthma and wheeze in 7- to 8-year-old

children. Pediatrics 2007;120:741-8.

9. Moffatt MF, Cookson WO. The genetics of asthma: maternal effects in atopic dis-

ease. Clin Exp Allergy 1998;28(suppl 1):56-66.

10. Matson A, Zhu L, Lingenheld E, Schramm C, Clark R, Selander D, et al. Maternal

transmission of resistance to development of allergic airway disease. J Immunol

2007;179:1282-91.

11. Ruiz RG, Kemeny DM, Price JF. Higher risk of infantile atopic dermatitis from

maternal atopy than from paternal atopy. Clin Exp Allergy 1992;22:762-6.

12. Dotterud LK, Kvammen B, Lund E, Falk ES. Prevalence and some clinical aspects of

atopic dermatitis in the community of Sør-Varanger.ActaDermVenereol1995;75:50-3.

13. Diepgen TL, Blettner M. Analysis of familial aggregation of atopic eczema and

other atopic diseases by odds ratio regression models. J Invest Dermatol 1996;

106:977-81.

14. Bradley M, Kockum I, S€oderh€all C, Van Hage-Hamsten M, Luthman H, Nor-

denskj€old M, et al. Characterization by phenotype of families with atopic derma-

titis. Acta Derm Venereol 2000;80:106-10.

15. Bisgaard H, Halkjær LB, Hinge R, Giwercman C, Palmer C, Silveira L, et al. Risk

analysis of early childhood eczema. J Allergy Clin Immunol 2009;123:1355-60.

16. Bohme M, Wickmanwz M, Lennart Nordvallz S, Svartengren M, Wahlgren CF.

Family history and risk of atopic dermatitis in children up to 4 years. Clin Exp Al-

lergy 2003;33:1226-31.

17. Wadonda-Kabondo N, Sterne JAC, Golding J, Kennedy CTC, Archer CB, Dunnill

MGS, et al. Association of parental eczema, hayfever, and asthma with atopic der-

matitis in infancy: birth cohort study. Arch Dis Child 2004;89:917-21.

18. Zutavern A, Hirschw A, Leupoldz W, Weiland S, Keilk U, von Mutius E. Atopic

dermatitis, extrinsic atopic dermatitis and the hygiene hypothesis: results from a

cross-sectional study. Clin Exp Allergy 2005;35:1301-8.

19. Purvis DJ, Thompson JMD, Clark PM, Robinson E, Black PN, Wild CJ, et al. Risk

factors for atopic dermatitis in New Zealand children at 3.5 years of age. Br J Der-

matol 2005;152:742-9.

20. Mandhane PJ, Greene JM, Cowan JO, Taylor DR, Sears MR. Sex differences in

factors associated with childhood- and adolescent-onset wheeze. Am J Respir

Crit Care Med 2005;172:45-54.

21. Kuiper S, Muris JW, Dompeling E, Kester ADM, Wesseling G, Knottnerus JA,

et al. Interactive effect of family history and environmental factors on respira-

tory tract–related morbidity in infancy. J Allergy Clin Immunol 2007;120:

388-95.

22. Asher MI, Keil U, Anderson HR, Beasley R, Crane J, Martinez F, et al. Interna-

tional Study of Asthma and Allergies in Childhood (ISAAC): rationale and

methods. Eur Respir J 1995;8:483-91.

23. Tariq SM, Matthews SM, Hakim EA, Stevens M, Arshad SH, Hide DW. The prev-

alence of and risk factors for atopy in early childhood: a whole population birth

cohort study. J Allergy Clin Immunol 1998;101:587-93.

24. Kurukulaaratchy RJ, Fenn M, Twiselton R, Matthews S, Arshad SH. The preva-

lence of asthma and wheezing illnesses amongst 10-year-old schoolchildren. Re-

spir Med 2002;96:163-9.



J ALLERGY CLIN IMMUNOL

AUGUST 2012

434 ARSHAD ET AL
25. Scott M, Raza A, Karmaus W, Mitchell F, Grundy J, Kurukulaaratchy RJ, et al. The

influence of atopy and asthma on exhaled nitric oxide in an unselected birth cohort

study. Thorax 2010;65:258-6.

26. Arshad SH, Hide DW. Effect of environmental factors on the development of aller-

gic disorders in infancy. J Allergy Clin Immunol 1992;90:235-41.

27. Hanifin JM, Rajka G. Diagnostic features of atopic dermatitis. Acta Derm Venereol

1980;92:44-7.

28. Zhang J, Yu KF. What’s the relative risk? A method of correcting the odds ratio in

cohort studies of common outcomes. JAMA 1998;280:1690-1.

29. Zeger SL, Liang KY. Longitudinal data analysis for discrete and continuous out-

comes. Biometrics 1986;42:121-30.

30. Ly NP, Celedon JC. Family history, environmental exposures in early life, and

childhood asthma. J Allergy Clin Immunol 2007;120:271-2.

31. Ronmark E, Jonsson E, Platts-Mills T, Lundback B. Different pattern of risk factors

for atopic and nonatopic asthma among children- report from the Obstructive Lung

Disease in Northern Sweden Study. Allergy 1999;54:926-35.

32. Melen E, Kere J, Pershagen G, Svartengren M, Wickman M. Influence of male sex

and parental allergic disease on childhood wheezing: role of interactions. Clin Exp

Allergy 2004;34:839-44.

33. RobertsonKD.DNAmethylation andhumandisease.NatRevGenet 2005;6:597-610.
34. Jirtle RL, Skinner MK. Environmental epigenomics and disease susceptibility. Nat

Rev Genet 2007;8:253-62.

35. Li Y, Sasaki H. Genomic imprinting in mammals: its life cycle, molecular mech-

anisms and reprogramming. Cell Res 2011;21:466-73.

36. Surani MA, Barton SC, Norris ML. Development of reconstituted mouse eggs sug-

gests imprinting of the genome during gametogenesis. Nature 1984;308:548-50.

37. Hager R, Cheverud JM, Leamy LJ, Wolf JB. Sex dependent imprinting effects on

complex traits in mice. BMC Evol Biol 2008;8:303.

38. Guilmatre A, Sharp AJ. Parent of origin effects. Clin Genet 2012;81:201-9.

39. Eichler EE, Flint J, Gibson G, Kong A, Leal SM, Moore JH, et al. Missing herita-

bility and strategies for finding the underlying causes of complex disease. Nat Rev

Genet 2010;11:446-50.

40. Pike KC, Crozier SR, Lucas JS, Inskip HM, Robinson S, Roberts G, et al. Patterns

of fetal and infant growth are related to atopy and wheezing disorders at age 3

years. Thorax 2010;65:1099-106.

41. Prabhu N, Smith N, Campbell D, Craig LC, Seaton A, Helms PJ, et al. First trimes-

ter maternal tobacco smoking habits and fetal growth. Thorax 2010;65:235-40.

42. Shaheen SO, Newson RB, Ring SM, Rose-Zerilli MJ, Holloway JW, Henderson

AJ. Prenatal and infant acetaminophen exposure, antioxidant gene polymorphisms

and childhood asthma. J Allergy Clin Immunol 2010;126:1141-8.



J ALLERGY CLIN IMMUNOL

VOLUME 130, NUMBER 2

ARSHAD ET AL 434.e1
METHODS
Data were double entered and analyzed with SPSS version 17 software.

Univariate analyses with x2 tests (2-sided) were used to test for differences in

proportions.We focused on parental history of allergic conditions (asthma, ec-

zema, and rhinitis) as a risk factor for the offspring’s asthma, eczema, and rhi-

nitis, respectively.Within this setting, we explored separately for maternal and

paternal history and then repeated the analysis stratified for the sex of the child.

To obtain independent effects of the parental history, we adjusted for early

childhood risk factors, including maternal smoking during gestation (yes vs

no), low birth weight (<2.5 kg), exposure to a dog or a cat at home, and

breast-feeding (>_3 months vs <3 months).

Regarding parental history of allergic diseases, we also considered an

overall effect of any report of asthma, eczema, or hay fever and named this

‘‘history of atopy.’’ We investigated the effect of parental history of atopy,

separately for the father and the mother, on the development of allergic

sensitization by the child at various ages and then stratified by the sex of the

child. To extend these investigations, we analyzed the effect of maternal total

serum IgE levels on total IgE levels at age 10 years stratified for the sex of the

child. IgE levels were either log-transformed (linear regression) or dichoto-

mized (logistic regression). We adjusted the effect of maternal IgE levels for

pet exposure, smoking, and birth weight. Increased IgE levels were defined as

levels greater than the median.

The study represents a dynamic cohort; some children did not participate in

one assessment but rejoined the next, and hence information gained through

cumulative incidence is limited. Because the prevalence of asthma does not

present a rare event, odds ratios are likely to overestimate relative risks. To

directly estimate PRs, we applied a log-linear model for prevalence. For each

observation period (ages 1, 2, 4, 10, and 18 years), we estimated the

association with maternal and paternal allergic disease and present PRs and

their 95%CIs. To assess long-term development in individual children, we had

to consider that repeated measurements for each child represent correlated

observations. Applying generalized estimating equation analysis that takes the

within-child effect into account, we estimated marginal probabilities for

maternal, paternal, and biparental history of atopy and asthma by using
GENMOD in the SAS system. In addition, we used the age at assessment as a

categorical variable and assessed risks related to early wheeze (ages 1 and 2

years) and childhood asthma (ages 4, 10, and 18 years). Also for this repeated-

measures approach, we estimated PRs and their 95% CIs. To evaluate the

associations between maternal and adolescence IgE levels, we used linear and

logistic regressions. IgE levels were either log-transformed (linear regression)

or dichotomized (logistic regression). We adjusted the effect of maternal IgE

levels for pet exposure, smoking, and birth weight. Increased IgE levels were

defined as levels greater than the median.
RESULTS
Of the 1456 children enrolled in the study, 1374 (94%) were

seen at the age of 1 year, 1231 (85%) at 2 years, 1214 (83%) at 4
years, 1368 (94%) at 10 years, and 1305 (90%) at 18 years (Table
E1). In 10% of the children, the mother reported asthma, in 8.8%
the father had asthma, and in 1% both were affected (Table E2).
Other early childhood risk factors were not statistically differ-
ently distributed among these groups of parental history. Mater-
nal, but not paternal, asthma increase the risk of early
childhood wheeze (Table E3).

Loss to follow-up in this longitudinal cohort study was
remarkably low with information obtained from 83% to 94%
children at various follow-up points up to age 18 years. However,
to check for any selective loss to follow-up because of parental
disease, we used maternal asthma as the index disease and
compared attrition among children with and without maternal
asthma at each follow-up (Table E4). To assess for any selective
loss to follow-up because of childhood disease, we compared at-
trition among children with and without an asthma diagnosis at
the previous follow-up (Table E5). There was no selective
follow-up because of parental or childhood disease.



TABLE E1. Period and cumulative prevalence of asthma stratified by sex and the respective PR

Asthma symptoms Male sex, % (n/N) Female sex, % (n/N) PR (95% CI); P value Total, % (n/N)

1 y 12.5 (87/699) 6.8 (46/675) 1.83 (1.30-2.57); .0005 9.7 (133/1374)

2 y 12.7 (79/622) 8.7 (53/609) 1.46 (1.05-2.03); .02 10.7 (132/1231)

Early childhood (at 1 or 2 y) 18.7 (118/632) 12.9 (79/612) 1.44 (1.11-1.88); .006 15.8 (197/1244)

4 y 15.7 (97/619) 14.1 (84/595) 1.11 (0.85-1.45); .45 14.0 (181/1214)

10 y 17.0 (118/696) 12.4 (83/672) 1.37 (1.06-1.78); .02 14.7 (201/1368)

18 y 15.9 (103/646) 19.4 (128/659) 0.82 (0.65-1.04); .10 17.7 (231/1305)

Later childhood (at 4, 10, or 18 y) 34.7 (200/576) 32.3 (186/576) 1.07 (0.91-1.27); .38 33.5 (386/1152)
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TABLE E2. Population characteristics (n 5 1358 with information at age 1 year)

Parental history of asthma

No

(n 5 1089 [%])

Maternal asthma

(n 5 136 [%])

Paternal asthma

(n 5 120 [%])

Biparental asthma

(n 5 13 [%])

P value

(x2 test)

Maternal smoking during pregnancy 25.0 22.8 20.8 30.8 .68

Low birth weight (<2.5 kg) 5.5 5.2 2.5 7.7 .10

Breast-feeding for <3 mo 61.3 63.2 55.8 46.2 .55

Cat in the home at birth? (2 missing) 34.6 27.2 25.8 30.8 .11

Dog in the home at birth? (2 missing) 30.6 31.6 22.5 38.5 .27

First born (225 missing) 41.4 42.3 40.8 50.0 .96
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TABLE E3. Maternal and paternal asthma predisposing to early childhood wheeze

Wheeze

Maternal asthma Paternal asthma

Yes, % (n/N) No, % (n/N) PR (95% CI); P value Yes, % (n/N) No, % (n/N) PR (95% CI); P value

1 y 17.3 (26/150) 8.7 (106/1217) 1.99 (1.34-2.95); .0006 9.0 (12/134) 9.6 (118/1225) 0.93 (0.53-1.64); .80

2 y 16.4 (21/128) 10.0 (110/1100) 1.64 (1.07-2.52); .02 14.0 (16/114) 10.2 (113/1108) 1.38 (0.85-2.24); .20

Early childhood (at 1 or 2 y) 24.6 (33/134) 14.7 (163/1107) 1.67 (1.29-2.32); .003 18.3 (21/115) 15.4 (172/1120) 1.19 (0.79-1.79); .41
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TABLE E4. Percentage lost to follow-up at each visit among

children with and without a history of asthma in mothers

Asthma in mothers No asthma in mothers P value

At 1 y 7/157 (4.5%) 68/1283 (5.3%) .85

At 2 y 27/155 (17.4%) 183/1283 (14.3%) .28

At 4 y 26/152 (17.1%) 200/1285 (15.6%) .64

At 10 y 10/153 (6.5%) 73/1294 (5.6%) .59

At 18 y 14/151 (9.3%) 129/1295 (10.0%) .89
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TABLE E5. Percentage lost to follow-up at each visit (from 2 years

onward) in children with or without asthma at the previous visit

Asthma at

previous follow-up

No asthma at

previous follow-up P value

At 2 y 10/127 (7.9%) 102/1213 (8.4%) 1.0

At 4 y 10/129 (7.8%) 126/1067 (11.8%) .19

At 10 y 5/182 (2.7%) 42/1025 (4.1%) .53

At 18 y 19/201 (9.5%) 108/1167 (9.3%) .90

J ALLERGY CLIN IMMUNOL

AUGUST 2012

434.e6 ARSHAD ET AL


	The effect of parental allergy on childhood allergic diseases depends on the sex of the child
	Methods
	Definitions
	Statistical methods

	Results
	Discussion
	References
	Methods
	Results


