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Accumulation of atopic disorders within families:
a sibling effect only in the offspring of atopic fathers
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Summary

Background Several studies have reported an association between a child’s risk of atopic
disorders and family size. However, the inverse association might not be the same in
populations with a different genetic disposition for atopic disorders.

Objective This longitudinal study was designed to assess risk factors of atopy.

Methods Lifetime prevalence of asthma, hay fever and eczema of 1440 families including
3165 offspring was ascertained by means of standardized questionnaires.

Results After possible confounders had been controlled for, an inverse association
between atopic disorders and the number of older siblings was found only in the offspring
of atopic fathers (trend for older siblings®=13.38, degrees of freedom [d£]1,

P =0.0002; odds ratio ‘no older sibling:2.87 (95% confidence interval 2.18-3.78); ‘1
older sibling’'=2.11 [1.52-2.92], ‘2 older siblings: 1.29 [0.74-2.23]; ‘3 or more older
siblings’=0.15 [0.02-0.98]). No such relationship was found for children without a history
of paternal atopy (trend for older siblingg®=1.51, d.f=1, P=0.22; odds ratio ‘no older
sibling’=1 [reference]; ‘1 older sibling=0.82 [0.63—1.06]; ‘2 older siblings:0.97
[0.67-1.40]; ‘3 or more older siblings: 0.64 [0.31-1.33]). The trend for older siblings

in the case of paternal atopy was significantly different from the trend for older siblings
without a history of paternal atopy?= 8.68, d.f.= 1, P=0.003). The number of younger
siblings was not related to child’s risk of atopy (trend for younger siblings=0.001,
df.=1,P=0.97).

Conclusions Data from this study suggest a protective effect of sibship size only in
children with a history of paternal atopy and if older siblings are present. The reason for this
combined effect remains unclear. Thus, further investigations are needed to interpret the
biological cause of the so called ‘sibling effect’.
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acquired during infancy and early infections would be
more common in those children with older siblings [2].
There is a growing body of evidence that the number of However, all published data regarding the so called
siblings is a predictor of the child’'s individual risk of sibling effect has been based on the atopic history of one
allergic manifestations, such as asthma [1], hay feverindex child per family. Therefore, it is not known whether
eczema [2] and sensitization [3]. Strachan speculated thdhe inverse association of individual atopy and sibship size
allergic sensitization could be prevented by infectionsis reproducible when complete information of all the off-
spring is taken into account.

Correspondence: Dr J. Mattes, University Children’s Hospital Freiburg, Furth?rmore’ _StraChan empha_S|zed. the |mportar}ce _Of
Mathildenstrasse 1, 79106 Freiburg, Germany. conducting studies on the relationship between sibship
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size and allergic manifestation in families known to be atestimated for the predictors (number of younger siblings and
increased risk, for example due to parental history of atopynumber of older siblings) in a logistic regression model

[4]. No data that elucidates the relationship of geneticusing the generalized estimation equations (GEE) method
susceptibility to the inverse frequency of atopic disorderg5]. This approach was applied as several children of the
with increasing sibship size has been found. same family were included in the analysis and therefore an

Thus, a better epidemiological understanding is needed ifauto-correlated within offspring effect’ had to be taken into
order to interpret the biological cause of the indicator — oraccount. Since all the offspring were analysed, the oldest
surrogate variable — ‘sibship size’. For that reason thischild of the family and a child without siblings was the
study sought to answer two questions: is there an inverseeference for the predictors ‘number of older siblings’. The
association between the prevalence of atopic disease angungest child of the family and a child without siblings was
number of siblings if all children of a family are considered the reference for the predictors ‘number of younger sib-
together?; and does a maternal or paternal history of atopjngs’. Employing logistic regression analysis, odds ratios
influence the strength of the so called sibling effect? and 95% confidence intervals were calculated to estimate
the relative risk of factors. The following potential con-
founders were included in all models: age and gender of the
child, maternal age at birth of child, maternal and paternal
atopy, and educational level of the parents.

After possible confounders had been controlled for, the
The data was collected in a first cross-section of a loncombined effect of the number of (younger/older) siblings
gitudinal study designed to assess risk factors for allergy irand either maternal or paternal atopy was modelled on a
schoolchildren. All parents living in three urban areas inmultiplicative scale with interaction terms that were
south-western Germany (Freiburg, Kehl and Weil) with atintegrated into a logistic regression model. An interaction
least one elementary schoolchild who entered the first gradeetween either maternal or paternal atopy and the number
in fall 1989 (aged 6—9years) were invited to participate.of (younger/older) siblings was tested employing the
Questionnaires were distributed to 2604 families betweewWald x° test, and the interaction terms (maternal atopy/
February and April 1990. The study was approved by thenumber of younger siblings; maternal atopy/number of
ethics committee of the Albert-Ludwigs-University Frei- older siblings; paternal atopy/number of younger siblings;
burg and written consent for the children to participate wapaternal atopy/number of older siblings) were eliminated
obtained. from the model if no combined effect was fourfdl£ 0.1).
Afterwards the confounding variables were eliminated
with the exception of gender, following the backwards
procedure of Greenbewgt al. [6], if no change in the odds
The history of atopic disease of the parents and theiratios of the hypothesis variables occurred 0% in
offspring was derived from the subject’s questionnaire ofchange). Analyses were performed with Statistical
the index child of the family (elementary schoolchild). The Analysis System (SAS Institute Inc, Cary, NC, USA) [7].
history of the index child was ascertained from questions
about asthma (‘Has a doctor ever diagnosed asthma in YOl < Liits
child?’); hay fever (‘Has a doctor ever diagnosed hay fever
in your child?"); and eczema (‘Has your child ever had Of the 2604 families sent a questionnaire 1812 completed
itching skin rashes in the creases of the knees, elbows @nd returned it (participation: 70%). Of those 1812 families
wrists called eczema or atopic dermatitis?’). The history ofwho participated, 372 were excluded from the analysis
mother, father and each sibling was ascertained by askingecause of foreign ethnology in order to rule out genetic
‘Did or does [person] suffer from one of the following heterogeneity or because of missing values for the questions
diseases: asthma; hay fever; eczema or atopic dermatitisf interest. In the remaining 1440 families atopic disorders
none of these diseases?’. Additionally, the birth date of thef the offspring were reported in 20.2% £ 639) of the
siblings was recorded on the questionnaire. ‘Atopic disor-3165 children.
ders’ required a positive answer to at least one of the three An inverse relationship between atopic disease and the
items. number of older but not younger siblings could be observed
in the whole offspring (Table 1).

In a further step of analysis, the combined effect of
parental atopy and number of younger or older siblings
The individual risk of child’s atopic disease (asthma, haywas estimated by adding interaction terms to the model
fever or eczema) for the total number of offspring wasincluding the main effects. No statistical importance could
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4 — shown in Fig. 1. The trend for older siblings in the case of

paternal atopy was significantly different from the trend
® Paternal atopy for older siblings without a history of paternal atopy
O No paternal atopy (x*=8.68, d.f=1, P=0.003). The number of younger
siblings was not related to the child’s risk of atopy (Table
2; trend for younger siblings:x*=0.001, d.f=1,
P=0.97).

Accordingly, if only school children were included in the
analysis (6—18 years of age= 2396), an inverse associa-
tion between the child’s relative risk of atopic disorders and
the number of older siblings was observed only in the case
of a history of paternal atopy (trend for older siblings:
x?>=8.65, d.f=1, P=0.003; x° for the combined effect
of paternal atopy and number of older siblings: 5.13,
d.f.=1,P=0.02). When analysing the data for the outcome
variable ‘hay fever and/or eczema’, the results did not
change substantially (trend for older siblings in the case of
paternal atopyx®=11.2, d.f=1, P=0.0008;x? for the
combined effect: 7.0, d.£ 1, P=0.008).

Odds ratio

Discussion

- The data show that the number of older siblings is inversely
Number of older siblings correlated to the relative risk of atopic disorders (asthma,
Fig. 1. Relative risk (odds ratios and 95% confidence intervals) ofhay fever and eczema) within families, even if the infor-
atopic disorders by number of older siblings after correction formation on the atopic conditions of the total number of
other risk factors in a multivariate logistic regression analysis. Theoffspring of the family is taken into account. In addition
fitted slope of ‘paternal atopy/number of older siblings’ (dashedto previous reports, the data in this study suggest that having
line) is significantly different from the fitted slope ‘no paternal older siblings is negatively associated with the prevalence of
atopy/number of older siblings’ (solid line)x%: 8.68, d.f=1, atopic disease only for children with a history of paternal
P=0.003). atopy. The inverse association of the relative risk of atopy
and number of older siblings is consistent with previous
be shown for a combined effect of maternal atopy and botHindings [2,8,9]. Strachan emphasized the importance of
the number of younger and the number of older siblingshirth order and speculated that infections in infancy could
(maternal atopy/younger siblingsy®=1.79, d.f=3, render the child less susceptible to allergic disease and
P=0.62; maternal atopy/older siblingsx>=0.34, hypothesized that early infections increased with sibship
d.f.=3, P=0.95). Additionally no significant interaction size, particularly in those with older siblings [2]. This
of paternal atopy and the number of younger siblings wasypothesis might be supported lay vitro studies which
found (paternal atopy/younger siblingsxy>=6.19, suggest that infections may stimulate the development of
d.f.=3, P=0.10). In contrast, the combined effect of TH1 lymphocytes and prevent the proliferation of TH2
paternal atopy and the number of older siblings gainedymphocytes [10]. The protective effect of early infections
statistical significance (paternal atopy/older siblings:might be attractive when explaining the importance of birth
x?*=11.3,d.f=3,P=0.01) and was therefore considered order. However, other biological factors should also be
in the final model. Accordingly the child’s relative risk of considered [4]. Since atopic fathers did not have fewer
atopic disorders was inversely associated with the numbeghildren than atopic mothers or non-atopic parents (data
of older siblings only in the case of a paternal history ofnot shown), a genetic link between atopy and fertility is
atopy (Table 2; trend for older siblingsy?=13.38, unlikely to explain the results. In more than 90% of cases
d.f.=1, P=0.0002). No such association occurred inthe questionnaire was answered by the mother. Thus one
the case of no paternal atopy together with the presenceould argue that mothers, if atopic, would overestimate the
of having older siblings (Table 2; trend for older siblings: prevalence of atopic disorders in their offspring, which
x?>=1.51, d.f=1, P=0.22). The relationship between a could result in a diminution of the so called sibling effect
child’s relative risk of atopic disorders and the number ofin the case of maternal atopy. However, this is unlikely
older siblings in the case of paternal or no paternal atopy isince a decrease in the child’s risk of atopy is also present in

© 1998 Blackwell Science LtdZlinical and Experimental Allergy28, 1480—-1486
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the stratum with bilateral (maternal and paternal) parentaFunding
atopy (data not shown).

Since the odds ratio for paternal atopy is slightly higher
than for maternal atopyP(=0.27), the possibility that a
mild history of paternal atopy was under-reported by the
mothers cannot be excluded. Such a mild history of paternal
atopy could be less related to the child’s outcome than 5
severe history. Regarding maternal atopy, the estimatedi Rona RJ, Duran-Tauleria E, Chinn S. Family size, atopic
effect might be ‘diluted’ by reporting of mild cases. How-  disorders in parents, asthma in children, and ethnicity. J
ever, these speculations could not explain why the relative Allergy Clin Immunol 1997; 99:454—-60.
risk of atopic disorders is reduced with the number of older 2 Strachan DP. Hay fever, hygiene, and household size. BMJ
siblings only in the case of paternal atopy. 8’ %/%?lg;l\/?jt?lﬁstg_lslgrtinez FD, Fritzsch C et al. Skin test

In a recent report asthma was suggested to be related t L ’ L y
family size [1], [t))ut others did not Sgugpport these findings reactivity and number of siblings. BMJ 1994; 308:692-5.

. . . o 4 Strachan DP. Allergy and family size: a riddle worth solving.
[8,11]. This could explain the weaker trend with family size ~ ~:, Exp Allergy 1997: 27:235-6.

in the case of maternal atopy. However, the results did notg Liang KY, Zeger SL. Longitudinal data analysis using general-
alter substantially if the data was analysed for the outcome jzed linear models. Biometrika 1986: 73:13—22.

variable ‘hay fever and/or eczema'. Itis more likely that this 6 Greenberg S, Kleinbaum DG. Mathematical modelling strate-
observation can be interpreted as a combined effect of gies for the analysis of epidemiological research. Am Rev
paternal atopy and sibship size on the development of Public Health 1985; 6:223—4.

atopic disease. Thus, paternal atopy could be the suppositiof SAS Institute Inc. SAS/STAT software: Changes and enhance-
for a strong protective factor of the surrogate variable —ment through Release 6.11. Cary, NC, USA, 1996.
‘number of older siblings’, whereas maternal atopy appears® Raesaenen M, Laitinen T, Kaprio J, Koskenvuo M, Laitinen
not to be a permissible factor for the sibling effect. On the ~A- Hay fever, asthma and number of older siblings. Clin Exp

. . G . Allergy 1997; 27:515-8.
b.aSIS. of (.jata. from this Stu.dy t.he pOSSIbIIIty. remains th_at 9 Strachan DP, Harkins LS, Johnston IDA, Anderson HR. Child-
sibship size is also effective in the offspring of atopic

> ; . . hood antecedents of allergic sensitization in young British
mothers and in the offspring of parents without atopic  jqits. J Allergy Clin Immunol 1997; 99:6—12.

history. However, if existent, the magnitude of the s010 Romagnani S. Human TH1 and TH2 subsets: regulation of
called sibling effect appears to be much stronger in children differentiation and role in protecting and immunopathology.
of atopic fathers. A higher effectiveness of maternally Int Arch Allergy Immunol 1992; 98:279-85.

derived factors could hypothetically have caused a diminud1 Strachan DP, Butland BK, Anderson HR. Incidence and prog-
tion of the sibling effect in the case of maternal atopy. This  nosis of asthma and wheezing iliness from early childhood to
is plausible since linkage studies have suggested an imprint- ge 33 in a national British cohort. BMJ 1996; 312:1195-9.
ing of maternal atopy genes [12—14]. Moreover, pre—nataflz .Cook.son WOCM,.Young RP, S.andford AJ et al. Maternal
immunological interactions between mother and child could ~ MNeritance of atopic IgE responsiveness on chromosome 11g.
be relevant [15]. Additionally, in samples of newborns [16— Lancet 1993; 340:381~4, . )

18], maternal but not patemal atopy was highly associateé3 Shirakawa T, Hashimoto T, Furuyama J, Morimoto K. Linkage

; . between severe atopy and chromosome 11g13 in Japanese
with cord blood IgE concentration, a marker suggested to be  fymjjies. Clin Genet 1994: 46:228—32.

associated with the risk of atopic disorders [19,20]. Sincei4 shirakawa T, Li A, Dubowitz M et al. Association between
genetic risk might be more pronounced in the offspring of  atopy and variants of thes subunit of the high affinity
atopic mothers [21-24], it appears plausible that the genetic immunoglobin E receptor. Nat Genet 1994; 7:125-30.

risk is reduced by the so called sibling effect only in the 15 Daniels SE, Bhattacharrya S, James A et al. A genome-wide
offspring of atopic fathers. search for quantitative trait loci underlying asthma. Nature

In conclusion, data from this study indicate a strong  1996; 383:247-50. . . o
inverse association between atopic disease and number & Magnusson CGM. Cord serum IgE in relation to family history
older siblings in the offspring of atopic fathers. This finding iggs‘?‘i;r;dl'itg; of atopic disease in early infancy. Allergy
reinforces the I.mportance O.f blrth. order ar\d suggests tha£7 Johnson CC, Ownby DR, Peterson EL. Parental history of
the so called sibling effect is subject to different parental

. - . . ; ; A atopic disease and concentration of cord blood IgE. Clin Exp
disposition, which might also influence the child's risk of Allery 1996; 26:624-9.

developing atopic disorders. Taking interactions of paternaig Bergmann RL, Schulz J, Gunther S et al. Determinants of cord-
atopy and number of older siblings into account, further  blood IgE concentrations in 6401 German neonates. Allergy
investigations are needed to interpret the biological cause of 1995; 50:65-71.

the surrogate variable ‘number of siblings’. 19 Kjellman N-IM, Corner S. Cord blood IgE determination for
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