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The prevalence of pediatric asthma has increased in many parts of the 
world. This increase started more than 30 years ago and is particularly ob- 
vious in studies which document the onset of asthma in native populations 
when they change to a “Western” lifestyle. Besides a genetic influence, nu- 
merous environmental factors have been described for the development of 
asthma. Genetic factors are unlikely to explain the sharp increase within 
the short time period and also allergen and pollution exposure or any spe- 
cific infection does not actually seem to be the main cause for this phe- 
nomenon. Another factor, however, that fits well into the geographical and 
temporal background of the asthma epidemic is the mother’s oral contra- 
ceptive use. We therefore review the epidemiological association with later 
asthma in the children, give a summary of estrogen effects on immune 
function and develop a preliminary theory how oral contraception could I influence later pregnancy. 
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In many parts of the world, asthma has increased in 
prevalence and become the leading cause of chronic 
childhood disease (1). This increase, which was ap- 
parent already in 1970, has continued until now and 
is particularly obvious in studies which document 
the onset of asthma in native populations when they 
change to a “Western lifestyle” (2). Besides genetic 
influences (3) numerous environmental factors have 
been described for the development of asthma (4, 
5) .  Population genetics, however, cannot explain the 
sharp increase in prevalence during the last three 
decades. So far neither allergen nor pollution expo- 
sure nor any specific infection appear to be the main 
causes for this phenomenon. Taking into account the 
heterogenous syndrome asthma and a more “fuzzy” 
interaction of minor risk factors, it is still likely that 
there are additional, hitherto unidentified risk fac- 
tors (6). 

Early onset allergic asthma, primarily in individu- 
als born after 1960, makes up the largest proportion 
of the prevalence increase in Germany (7) but also 
in other countries (8). Therefore we were primarily 
interested in the prevalence increase in the youngest 
age group of children. Recent research indicates that 
children already at 22 weeks of gestation can mount 
immune responses to various environmental aller- 
gens such as egg or house dust mites (9, 10) which 
implies an antenatal exposure. There is some evi- 
dence that maternal exposure to house dust mite al- 
lergen during pregnancy could result in increased 
neonatal T cell proliferation to house dust mite al- 
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lergen (1 1). Also sensitisation to seasonal allergens 
show a variation in children born over the course of 
a year (12). This view is further supported by the re- 
sults of the f i s t  genome-wide scan for asthma and 
allergy genes where the strong maternal inheritance 
at several loci was interpreted as early immunologi- 
cal interaction of mother and child (13). In addition, 
a recent NHLBI workshop also confirmed the evi- 
dence that maternal asthma and maternal allergic 
rhinitis is more strongly associated with the risk of 
developing sensitisation in children and that this in- 
teraction occurs prenatally (14). It seems therefore 
reasonable to search for risk factors in early preg- 
nancy in individuals born after 1960 that may be 
linked to a later manifestation of asthma. Moving 
the interest of early asthma induction to pregnancy, 
does not provide any obvious clues as there is no 
known risk factor in pregnancy that has been dra- 
matically changed during the last three decades. Al- 
lergen exposure may have increased during this time 
period due to reduced ventilation in so called tight 
houses but there are no historical data for this theo- 
ry. Is there any another factor? 

Contraception methods, in particular hormonal 
methods of oral contraception (OC), have been dra- 
matically changed during the last 30 years. OC con- 
taining a fixed dose of estrogen and progestogen in 
a 21-day regimen were introduced in the United 
States in 1960 and in Germany 1961, and were fol- 
lowed by a rapid dissemination in the early 1960s. 
In the evolution process, the monophasic combina- 
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tion gave way to the sequential pill and the “mini 
pill” of the 1970’s with less than 50 pg oestrogen 
(15). The third generation uses different potent pro- 
gestational agents: norgestrel, norethisterone and 
lynestrenol. Is there any epidemiological evidence 
that there is a link between OC intake and asthma in 
children? 

The public data on world-wide OC use are too 
sparse for a formal meta-analysis. However, from an 
epidemiological view, it is remarkable that OCs 
were introduced around the same time as the preva- 
lence of allergic diseases and asthma were rising 
(1). Fig. 1 shows the percentage of women taking 
OC on the left axis (taken from (17)) and - as annu- 
ally repeated asthma surveys were not available for 
Great Britain - on the right axis the annual hospital 
discharge of children with asthma (16). There are a 
lot of fallacies of this kind of ecological observa- 
tion, however, there are some more arguments sup- 
porting an association: 
- The geographic trend with a higher prevalence 

of asthma in the Western societies compared to 
underdeveloped countries goes in parallel with 
OC use. This holds true for many countries in 
the world while the German East-West differ- 
ence actually cannot be explained with the 
available data (18). 

- There is an unexplained clustering of asthma in 
families by socioeconomic level (19) which 
could be related to OC use. 

- In many cities asthma is more prevalent in cit- 
ies (6) than the surrounding country where OC 
use is probably lower. (personal communication 
Britton, 1997). 

-Children with three or more siblings are less 
frequently affected (20, 21). Together with the 
current infection theory, it is also likely that 
children in large families are less frequently ex- 
posed to any contraceptive method. 

- The probandwise concordance rate even of dizy- 
gotic twins is considerably higher for asthma and 
allergic rhinitis (21, 22) than expected from sib- 
ling data (23). Sharing a common early environ- 
ment could be a reason for this discrepancy. 

The main question, however, is how can the lag 
effect between successful contraception and later 
gestation be explained? To develop any hypothesis 
we will first have to shed some light on the proper- 
ties of estrogen and the early immunological devel- 
opment. Estrogen has by its ring structure several 
similarities to steroids and decreases ACTH. If es- 
trogen hormone levels are disturbed a dramatic re- 
duction in implantation rates occur (24). Following 
implantation the maternal decidua and the fetal ex- 
traembryonic tissues develop the feto-maternal in- 
terface (25). Interestingly, most of the cytokines as- 
sociated with enhanced placental growth and fetal 
survival are members of the Th2 family of cytokines 
(IL-3, IL-4, IL-5, IL-6, IL-10, IL-13, GM-CSF and 
TNFP) while those identified as deleterious (IL-2, 
IFNy, TNFa) belong to the Thl family (26). Many 
of the cytokines, at least GM-CSF, El, IL6, TNFa 
are under control of the increasing amounts of estro- 
gen (27). Even HLA-DR recognition by FCE frag- 
ments is inhibited during pregnancy (28). PHA-in- 
duced lymphoblast transformation and in vitro cyto- 
toxicity of NK cells seem to be decreased in women 
taking OCs (29, 30). Eosinophils are absent from 
the uterus of immature and ovariectomized rats but 
appear in large numbers in response to estrogen ad- 
ministration (31, 32). Although there is no clear 
shift towards any specific T cell development, mul- 
tiple effects on maternal and fetal immune system 
by estrogens have been shown in the past. 

How can any previous OC use on the actual preg- 
nancy be explained? It is interesting to see that the 
first T cells appear in the thymus by 8 weeks and in 
the peripheral blood by 15-16 weeks of gestation 
(33). Therefore the minimum time interval to bridge 
is only 3 to 4 menstrual cycles (Fig. 2). Various 
mechanisms seem possible: 
- Semiacute efSect: The first possible mechanism 

is the selective implantation of embryos either 
by low estrogen levels immediately after OC 
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Fig. 2. Hypothesized timeline of factors influencing asthma and 
allergic diseases. 

discontinuation or high levels by a rebound 
phenomenon. By escaping normal immunologi- 
cal rejection of the semi-allogenic embryo also 
"immuncompromised" embryos can survive. 
Another possibility to bridge a short time lag 
could be the influence on early cell division and 
differentiation of fetal immune cells by clonal 
selection or rearrangement of immune function 
genes. 

- Indirect effect: There could be a longer lasting 
up-or-down regulation of receptors in the en- 
dometrial stroma cell. Estrogens could also in- 
duce an enzyme action in various organs that is 
still active even after OC discontinuation. A 
second indirect effect could be related to the 
fact that estrogens change the bacterial flora of 
the lower genital tract. Ascending infections af- 
fecting the placental parenchyma (villitis) or 
the chorionic membranes (local chorion amni- 
tis) could influence the embryonic development 
by paracrine secretion of interleukins. 

-Chronic eflect: It could be hypothesised that 
ubiquitous environmental substances (DDE, 
PCB, flavonoids, dioxins) with estrogen like ef- 
fects could also be involved (34, 35). However, 
the effective doses seem to be low (34). A sim- 
ilar problem arises also with current OC use 
where the plasma levels vary greatly due to 
large interindividual clearance rates (36). 

Which of these hypothesised mechanisms is most 
convincing, is a matter of opinion. It is concluded, 
however, that there is an effect of OC use on im- 
mune function (37,38) and that a lag period of pre- 
vious estrogen exposure until successful pregnancy 
could be overcome by at least three mechanisms. 

Several additional questions arise. Are OCs really 
involved or is it any other type of contraception? 
Are there other concomitant factors of OC intake? Is 
it an effect of OC discontinuation? Which dose of 
estrogens or which combination of OC should be 
examined? Is the OC use at an early age of the 
mother more critical? Which time period could be 
relevant? Is there a particular withdrawal interval 
before the following pregnancy? 
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From a more clinical viewpoint there are also 
some arguments linking estrogen levels and asthma. 
During childhood more boys than girls are affected 
by asthma (39) while this ratio is reversed at puberty 
where estrogens play a more dominant role in girls. 
With the onset of puberty the frequency of hospital 
admission is higher among females (40). There is 
also a direct effect of estrogens on the airways. High 
levels of estrogen may modify relative levels of 
PGFz and PG& (41). Estrogen and progesteron can 
influence free cortisol levels: Estrogen enhances the 
binding of corticosteroid binding globulin and pro- 
gesteron by competition with cortisol for binding 
sites (42). Estrogen and progesteron also have been 
demonstrated to modify P-adrenergic receptor den- 
sity in the rabbit lung (43). Women with asthma of- 
ten experience subjective worsening of symptoms 
during normal menstrual cycling. About one third of 
asthmatic women reported more symptoms before 
or during menstruation (44-47) while not all studies 
have found such a relationship (48). Interestingly 
symptoms occur not on day 13 (highest estradiol 
concentrations) but on day 26 (lowest estradiol con- 
centrations). During pregnancy asthma symptoms in 
some women improve, however, there is no consist- 
ent relationship (49, 50). A case history showed the 
development of asthma 4 years after taking OC 
which subsided after discontinuation (5 1) while a 
clinical study of seven asthmatic women did not 
find any difference of airway responsiveness during 
a 21 d course of OC (52). Finally, a prospective co- 
hort study examining post-menopausal women 
showed a nearly threefold risk for adult onset asth- 
ma by current hormone replacement therapy (conju- 
gated estrogens with or without progesterone) com- 
pared to premenopausal women (42). Among cur- 
rent users of conjugated estrogens, there was posi- 
tive dose-response curve between daily dose and 
asthma risk. This is also a strong argument that OC 
or environmental estrogen like factors could relate 
to asthma induction. Is asthma an endocrine dis- 
ease? 

Acknowledgements 
We wish to thank J. Saueressig for typing the manuscript, 
J. Terloh, C. Munch and T. Zimmermann for pointing us to 
literature of OC use. 

References 
1. WJST M. Die Hgufigkeit von Asthma bronchiale im Kindes- 

alter im internationalen Vergleich. Allergologie 1996: 19: 
234-43. 

2. PLA~S-MILLS TAE, POLLART SQUILLACE S. Allergen sensi- 
tization and perennial asthma. Int Arch Allergy Immunol 
1997: 113: 83-6. 

3. SANDFORD A, WEIR T, PARE P. The genetics of asthma. Am J 
Respir Crit Care Med 1996: 153: 1749-65. 



Is asthma an endocrine disease? 

4. WOOLCOCK AJ, PEAT JK. Definition, classification, epide- 
miology and risk factors for asthma. In: O’BYRNE P, THOM- 
SON NC, eds. Manual of asthma management. WB Saun- 
ders Company Ltd, 1995, pp. 3-27. 

5. STRACHAN D. Epidemiology. In: SLVERMAN M, ed. Child- 
hood asthma and other wheezing disorders. Chapman & 

6. YEMANEBERHAN H, BEKELE Z, VENN A, LEWIS S, PARRY E, 
BRITTON J. Prevalence of wheeze and asthma and relation 
to atopy in urban and rural Ethiopia. Lancet 1997: 350 85- 
90. 

7. HEINRICH J, NOWAK D, WASSMER G, et al. Age dependent 
differences in the prevalence of allergic rhinitis and atopic 
sensitization between an eastern and a western German 
city. Allergy 1997: in press. 

8. YUNCINGER JW, REED CE, O’CONNELL EJ, MELTON LJ, 
O’FALLON WM, SILVERSTEIN MD. A community-based 
study of the epidemiology of asthma - incidence rates, 
1964-1983. Am Rev Respir Dis 1992: 146: 888-94. 

9. JONES AC, MILES EA, WARNER JO, COLWELL BM, BRYANT 
TN, WARNER JA. Fetal peripheral blood mononuclear cell 
proliferative responses to mitogenic and allergenic stimuli 
during gestation. Pediatr Allergy Immunol 1996: 7: 109- 
16. 

10. WARNER JA, JONES AC, MILES EA, WARNER JO. Prenatal 
sensitization. Pediatr Allergy Immunol 1996 7 (Suppl 9) 

11. WARNER JA, WILKINSON TW, MILES EA, JONES AC, 
WARNER JO. The effect of maternal and infant exposure to 
house dust mite and cat allergens on the development of 
immune response. Allergy Clin Immunol News 1994 2: 6. 

12. WJST M, DOLD S, REITMEIR P, STIEPEL E, VON MUTIUS E. 
Month of birth and allergic diseases at the age of ten. Clin 
Allergy Immunol 1992: 22: 1026-31. 

13. DANIELS SE, BHATTACHARRYA S, JAMES A, et al. A ge- 
nome-wide search for quantitative trait loci underlying 
asthma. Nature 1996: 383: 247-50. 

14. BUSSE WW, BANKS-SCHLEGEL P, LARSEN GL. Effects of 
growth and development on lung function. Models for 
study of childhood asthma. Am J Respir Crit Care Med 
1997: 156: 314-19. 

15. KEEP PA. The birth and development of the pill; a short his- 
tory of oral contraception. Singapore J Obstet Gynaecol 

16. BURR L. Is asthma increasing. J Epidemiol Comm Health 

17. Population Reports 1979 cited in TAUBERT H-D, KUHL H. 
Kontrazeption mit Hormonen.Thieme 1995, p. 17. 

18. ODDENS BJ, VEMER HM, VISSER AP, KETTING E. Contra- 
ception in Germany: a review. Advances in Contraception 

19. MIELCK A, REITMEIR P, WJST M. Severity of childhood 
asthma by socioeconomic status. Int J Epidemiol 1996: 25: 

20. STRACHAN DP. Hay fever, hygiene, and household size. Br 

21. RASANEN M, LAITINEN T, KAPRIO J, KOSKENVUO M, 

Hall, pp. 7-32. 

98-101. 

1984: 15: 1-5. 

1987: 41: 185-9. 

1993: 9: 105-16. 

388-93. 

Med J 1989: 299: 1259-60. 

LAITINEN LA. Clin Exp Allergy 1997: 27: 515-18. 
22. HOPP RJ, BEWTRA AK, WATT GD, N m  NM, TOWNLEY 

RG. Genetic analysis of allergic disease in twins. J Allergy 
Clin Immunoll984: 73: 265-70. 

23. DOLD S, WJST M, VON M m s  E, REITMEIR P, STIEPEL E. 
Genetic risk for asthma, allergic rhinitis and atopic dermati- 
tis. Arch Dis Child 1992: 67: 1018-22. 

24. BEAUMONT HM, SMITH AF, Embryonic mortality during 
the pre- and post-implantation periods of pregnancy in ma- 

ture mice after superevaluation. J Reprod Fertil 1975: 45: 

25. ACINOLFI M. The maternal-fetal interaction: Some contro- 
versies and solutions. Exp Clin Immunogenet 1993: 10: 

26. ROBERTSON SA, SEAMARK RF, GUILBERT LJ, WEGMANN 
TG. The role of cytokines in gestation. Crit Rev Immunol 

27. SAJI F. Late trophoblast immunoregulatory factors in: CHA- 
oUAT G. Immunology of pregnancy. CRC Press 1993: pp. 
12541. 

28. PERSELLIN RH, N O D E S  J. Inhibition of human monocyte 
FC receptor and HLA-DR antigen expression by pregnancy 
alpha-2 glycoprotein. Clin Exp Immunol 1981: 46: 350-4. 

29. BOUSQUET J, FEET D. Evidence of immunosuppressor fac- 
tor in the serum of women taking oral contraceptives. 
Gynecol Obstet Invest 1984: 18: 178-82. 

30. TOMODA Y, FUMA M, MWA T, SAW N, ISHIZUKA N. Cell 
mediated immunity in pregnant women. Gynecol Invest 
1976: 7: 280-92. 

31. ROSS R, KLEBANOFF SJ. The eosinophilic leucocyte: fine 
structure studies of changes in the uterus during the estrous 
cycle. J Exp Med 1996 124: 653. 

32. LEE YH, HOW RS, SHA SJ, lXUSCHER C, SHEEHAN DM, 
LYTTLE CR. Estrogen regulation in the immature rat uterus. 
Epidemiology 1989: 125: 3022. 

DB. Ontogeny of T lymphocyte function in the neonate. 
Am J Reprod Immunoll992: 28: 132-5. 

34. SAFE SH. Environmental and dietary estrogens and human 
health: Is there a problem? Environ Health Perspect 1995: 
103: 246-351. 

35. G u m  MI. Male sexual development in a “sea of oestro- 
gen”. Lancet 1993: 342: 125-6. 

36. DE LIGNIERES B. Hormone replacement therapy: clinical 
benefits and sideeffects. Maturitas 1996: 23 (Supp) S31- 
S36. 

37. PAAVONEN T. Hormonal regulation of immune responses. 
Ann Med 1994: 26: 255-8. 

38. SALEEM MA, IHA P, BUCKSHEE K, FAROOG A. Studies on 
the immunosuppressive role of steroid hormones during 
pregnancy. Immunol Invest 1992: 21: 1-10. 

39. WEISS ST, SPEIZER FE. Epidemiology and natural history. 
In: Wnss EB, STEIN M, eds. Bronchial asthma. Mecha- 
nisms and therapeutics. Little Brown and Company, 1993, 

40. SKOBELOFP EM, SPIVEY WH, ST.CLAIR SS, SCHOFFSTALL 
JM. The influence of age and sex on asthma admission. 
JAMA 1992 268: 3437-40. 

41. SENNA G, MEZZELANI P, ANDIU L. Bronchial asthma in 
women: peculiar aspects. Recent Prog Med 1989: 8 0  366- 
71. 

ROSNER B. Menopause, postmenopausal estrogen prepara- 
tions, the risk of adult onset asthma. Am J Respir Crit Care 
Med 1995: 152: 1183-8. 

43. MOAWAD AH, RIVER LP, -PATRICK SJ. The effect of es- 
trogen and progesterone on j3-adrenergic receptor activity 
in rabbit lung tissue. Am J Obstet Gynecol 1982: 608-13. 

44. CHANDLER MH, SCHULDHEISS S, PHILLIPS BA, MUSE KN. 
Premenstrual asthma: the effect of estrogen on symptoms, 
pulmonary function, beta-2-receptors. Pharmacotherapy 
1997: 17: 224-34. 

45. HANLEY SP. Asthma variation with menstruation. Br J Dis 
Chest 1981: 75: 306. 

46. GIBBS CJ, COUlTS 11, LOCK R, FINNEGAN OC, WHITE RJ. 

437-78. 

103-17. 

1994: 14: 239-92. 

33. WILSON CB, PENIX L, WEAVER WM, MELVIN A, LEWIS 

pp. 15-31, 

42. TROISI RJ, SPEIZER FE, WILLETT WC, TRICHOPOULOS P, 



Wjst & Dold 

Premenstrual exacerbation of asthma. Thorax 1984 39: 
833-6. 

47. ELIASSON 0, SCHERZER HH, DEGRAFF AC. Morbidity in 
asthma in relation to the menstrual cycle. J Allergy Clin 
Immunoll986: 77: 87-94. 

48. PAULI BD, REID RL, MUNT PW, WIGLE RD, FORKERT L. 
Influence of the menstrual cycle on airway function in asth- 
matic and normal subjects. Am Rev Respir Dis 1989: 140: 
358-62. 

49. JUNIPER EF, DANIEL EE, ROBERTS RS, KLINE PA, HAR- 
GREAVE FE, NEWHOUSE MT. Improvement in airway res- 

ponsiveness and asthma severity during pregnancy. Am 
Rev Respir Dis 1989: 140: 9 2 6 3  1. 

50. WEINBERGER ST, WEISS ST, COHEN WR, et al. Pregnancy 
and the lung. Am Rev Respir Dis 1980: 121: 559-81, 

51. HORAN JD, LEDERMAN JJ. Possible asthmogenic effect of 
oral contraceptives. Can Med Assoc 1968: 99: 130-1. 

52. JUNIPER EF, KLINE PA, ROBERTS RS, HARGREAVE FE, 
DANIEL EE. Airway responsiveness to methacholine during 
the natural menstrual cycle and the effect of oral contracep- 
tives. Am Rev Respir Dis 1987: 135: 1039-42. 

204 


