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Abstract

Crohn’s disease (CD) and ulcerative colitis (UC), collectively known as inflammatory bowel
diseases, are archetypical inflammatory disorders of the gastrointestinal tract with rising incidence
worldwide. Although the role of genetic factors in disease development has been highlighted by
genome wide association studies, environmental risk factors likely play a pivotal role in
development of CD and UC. Prior observational studies have suggested a link between exogenous
hormone use and risk of CD and UC. Specifically, studies have shown an association between oral
contraceptive use and risk of CD and menopausal hormone therapy and risk of UC. Although the
exact mechanism of these associations is largely unknown, a number of hypotheses have been
proposed. First, oral estrogen has been shown to modify intestinal permeability, a critical step in
the pathophysiology of inflammatory bowel disease. Second, exogenous hormone use through its
effect on endogenous levels of hormones may enhance the development of Th1- and Th2-
mediated inflammatory diseases. Lastly, recent data have linked modification in the gut
microbiome to endogenous levels of androgens, which are also known to be altered with
exogenous hormone use and influence the development of autoimmune diseases. This supports the
intriguing hypothesis that the gut microbiome lies at the crossroads of pathways linking exogenous
hormone use with innate and adaptive immunity. Future studies should therefore focus on bridging
these epidemiologic findings to disease pathogenesis through comprehensive understanding of the
complex interaction between exogenous hormone use, sex steroid biomarkers, genetic risk loci,
and alterations in the intestinal microbial environment in the etiology of CD and UC.
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1. Introduction

Crohn’s disease (CD) and ulcerative colitis (UC), collectively known as inflammatory bowel
diseases (IBD), are chronic inflammatory disorders of the gastrointestinal tract in which a
barrier normally maintained by adaptive and innate immunity is disrupted. Despite the
success of genome wide association (GWA) studies in identifying more than 100 risk loci
associated with UC and CD (1, 2), the pathogenesis of the two diseases remains largely
unknown. It is estimated the risk contribution from these genetic predispositions is less than
25% (3), highlighting the importance of environment in the development of incident IBD.
This is further illustrated by rapid rise in CD and UC incidence in the U.S. and developing
countries that have witnessed a dramatic ‘westernization’ of lifestyle. More notably, studies
have identified an incidence of disease in immigrants to developed countries that exceeds
that of their country of origin (4). Recently a number of prospective studies have suggested
an association between exogenous hormone use in the form of oral contraceptive and
menopausal hormone therapy and risk of CD and UC(5, 6). In this paper, | will review the
current data on the association between exogenous hormone use and risk of IBD and discuss
how this information may impact clinical practice.

2. Epidemiologic Evidence

2a. Oral Contraceptives and Risk of CD and UC

The association between oral contraceptive use and intestinal inflammation including CD
and UC were first reported in the form of case reports starting in late in 1960s (7-9). In
1984, Rhodes and colleagues showed that the prevalence of oral contraceptive use was
higher among patients with colonic CD compared to age-matched women with small
intestinal CD or UC (10). Interestingly, some of the early case series demonstrated
resolution of CD upon discontinuation of oral contraceptive use (11). Since then, a number
of studies have evaluated the association between oral contraceptive use and risk of CD and
UC (12). A meta-analysis of nearly 14 studies published by Cornish and colleagues in 2008
showed that current use of oral contraceptives is associated with a nearly 50% increase in
risk of CD (RR=1.46, 95% CI 1.26-1.70) (12). The risk appeared to increase with longer
duration of use and diminished following discontinuation. In contrast, although there also
appeared to be an increase risk of UC with current use of oral contraceptives (RR=1.53,
95% CI 1.21-1.94), the risk significantly attenuated and was not longer statistically
significant after adjusting for smoking (RR=1.28, 95% CI 1.06-1.54). More recently, these
data have been replicated in two large prospective cohorts of US women, the Nurses’ Health
Study (NHS) and NHSII (6). Specifically, in a pooled analysis of NHS and NHSII, current
use of oral contraceptives was associated with an increased risk of CD (HR = 2.82, 95% ClI
1.65 to 4.82) but not UC (HR = 1.22, 95% CI 0.74-2.07). Because of the relatively large
size (> 200,000 women), its prospective design, and detailed data on exogenous hormone
use, which are some of the primary exposures of these cohorts, this study provided further
convincing data linking oral contraceptives to CD. In addition, this study did not find an
association between other reproductive factors including parity, age at menarche, and age at
first child birth, which may also be closely linked to use of oral contraceptive use, and risk
of CD.
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2b. Menopausal Hormone Therapy and Risk of CD and UC

Data specifically relating the use of menopausal hormone therapy in postmenopausal women
to risk of CD and UC are sparse. A case-control study (13) using the United Kingdom
General Practice Research Database assessed the relationship between a number of risk
factors, including hormone use and incidence of IBD and found a positive statistically
significant association with CD but not UC. However, the study was limited by a small
number of cases (7 for UC and 12 for CD) among hormone users and short follow up (mean
2.2 years). In contrast, in a large prospective cohort of US women enrolled in NHS, current
use of menopausal hormone therapy was associated with increased risk of UC (HR = 1.71,
95% CI 1.07-2.74) but not CD (HR = 1.19, 95% CI 0.78-1.82) (5). The risk appeared to
increase with longer duration of use and diminished following discontinuation of use.

3. Plausible Biologic Mechanisms

Although these findings are compelling, the precise mechanism by which oral
contraceptives mediates risk of CD is unknown. Experimental data suggest that estrogen
may modulate the mucosal immune system and maintain intestinal barrier function (14, 15).
Similarly, many of the CD genes identified through GWA studies including IRGM1,
ATG16L1, NOD2, PTPN2, and PRDM1 appear to have functional consequences that are
relevant to regulation of the innate immune system and maintenance of intestinal barrier
function. As such, the effects of oral contraceptives may be plausibly influenced by a host
genetic background, which may impact the gut microbiota, host immune systems, and
intestinal barrier function.

The association between oral contraceptives and CD may also be mediated through
modulation of endogenous sex steroid hormones. Oral contraceptives, irrespective of the
specific formulation, are associated with a 60% increase in endogenous estrogen and a 2-3
fold increase in sex-hormone binding globulin (SHBG) (16, 17). In contrast, oral
contraceptives are associated with a 50% decrease in testosterone and
dehydroepiandrosterone sulfate (DHEAS), a metabolic intermediate in androgen
biosynthesis. Testosterone has been shown to modulate immune function, including
cytokine production. In animal models, endogenous levels of testosterone are linked to
reduction in expression of Toll-like receptor 4 (TLR4) on macrophages, which play a
fundamental role in pathogen recognition and innate immunity (18). In support of this
hypothesis, a recent nested case-control study from the NHS and NHSII cohorts,
demonstrated an inverse association between endogenous circulating levels of testosterone
and risk of CD (19). Interestingly, this study showed that exogenous hormone use appear to
modify the effect of testosterone on risk of CD suggesting that the effect of hormone use on
risk of CD may be mediated by changes in endogenous levels of testosterone.

Finally, there is also data linking endogenous and exogenous sex hormone to human
microbiota. Available data suggest that exogenous estrogen is associated with changes in the
vaginal flora, characterized by an increase in lactobacilli species with a concomitant
decrease in vaginal infections (20-22). Oral contraceptives are also associated with an
increase in certain Candida and Prevotella species in oral flora with a resultant increase in
risk of periodontitis (23). In addition, recent animal data suggest that gut commensal
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microbes may modulate levels of endogenous testosterone, leading to development of
autoimmune diseases.(24) Thus, the observed association between exogenous hormone use
and endogenous testosterone and development of CD may be biologically mediated by a
complex interaction between endogenous hormones, the gut microbiome, and immune
function. Of note, there is also data suggesting a possible role for microvascular ischemia in
etiology of CD(25, 26), which may in turn suggest that oral contraceptives through their
effect in inducing microvascular ischemia increase the risk of CD.

Although compared to oral contraceptives, the association between menopausal hormone
therapy and risk of CD and UC appears paradoxical, a number of significant difference are
worth noting. First, there are significant differences in the dosage and formulation of
hormones in oral contraceptives as compared with menopausal hormone therapy. Second,
the effect of exogenous hormones may differ according to a woman’s age or endogenous
hormonal milieu (e.g. the high estrogen environment of premenopause or estrogen-depleted
state of postmenopause). Finally, although our understanding of the pathogenesis of UC and
CD remains incomplete, the discovery of distinct genetic susceptibility loci for both diseases
points to potential diverging biological pathways that may be differentially influenced by
exogenous hormones (3, 27). For example, studies have demonstrated that UC and CD have
immunologically distinct gastrointestinal mucosal cytokine profiles, with mucosal
inflammation in CD primarily mediated by Th1-related cytokines and UC mediated by Th2-
related cytokines. (28-31) Estrogen has been implicated in the etiology and progression of
other Th2-mediated diseases such as rheumatoid arthritis and systemic lupus erythematous,
(32, 33) through enhancing cell proliferation and the humoral immune system.

4. Future Directions and Clinical Recommendations

Beyond smoking, perhaps the most consistent environmental risk factor for CD is the use of
oral contraceptives. However, as CD is a relatively rare complex disorder, the population-
level impact of findings from prior epidemiologic studies is relatively low, making it
difficult to provide rationale for clinical recommendations about oral contraceptive use even
among women at high-risk (e.g. family history of CD). Similarly, because of the relatively
small contribution of menopausal hormone therapy to risk of UC as well as many cogent
reasons for women to minimize their use of postmenopausal hormones given their potential
for adverse effects (34), results from prior studies have more mechanistic implications.

In the absence of clear biologic rationale, previous epidemiological findings are sometimes
dismissed as “mere associations”, therefore future studies should focus on bridging
epidemiologic correlations to disease causation through comprehensive understanding of the
complex interaction between oral contraceptives, sex steroid biomarkers, genetic risk loci,
and alterations in the intestinal microbial environment in the etiology of CD and UC.
Finally, a specific role of oral contraceptives on progression, rather than the etiology of CD
and UC is unclear. The few prior studies that have investigated the link between oral
contraceptive use and CD and UC progression have had significant limitations including
retrospective design (35), small sample size (35, 36), and limited ascertainment of oral
contraceptive exposure (35-37). In addition, because of a secular trend in the type and dose
of oral contraceptive use (38), more recent studies to evaluate the effect of newer
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nerations oral contraceptives on CD and UC progression are needed. Such studies will
Ip inform clinical recommendations about use of oral contraceptives or menopausal

hormone therapy in patients with established disease.

Acknowledgments

Gr

ant Support: Dr. Khalili is supported by a career development award from the American Gastroenterological

Association (AGA) and by National Institute of Diabetes and Digestive and Kidney Diseases (K23 DK099681).

References
1.

10

11.

12.

13.

Anderson CA, Boucher G, Lees CW, Franke A, D’Amato M, Taylor KD, et al. Meta-analysis
identifies 29 additional ulcerative colitis risk loci, increasing the number of confirmed associations
to 47. Nat Genet. 2011; 43(3):246-52. [PubMed: 21297633]

. Franke A, McGovern DP, Barrett JC, Wang K, Radford-Smith GL, Ahmad T, et al. Genome-wide

meta-analysis increases to 71 the number of confirmed Crohn’s disease susceptibility loci. Nat
Genet. 2010; 42(12):1118-25. [PubMed: 21102463]

. Abraham C, Cho JH. Inflammatory bowel disease. N Engl J Med. 2009; 361(21):2066—78.

[PubMed: 19923578]

. Williams CN. Does the incidence of IBD increase when persons move from a low- to a high-risk

area? Inflamm Bowel Dis. 2008; 14(Suppl 2):S41-2. [PubMed: 18816730]

. Khalili H, Higuchi LM, Ananthakrishnan AN, Manson JE, Feskanich D, Richter JM, et al. Hormone

therapy increases risk of ulcerative colitis but not Crohn’s disease. Gastroenterology. 2012; 143(5):
1199-206. [PubMed: 22841783]

. Khalili H, Higuchi LM, Ananthakrishnan AN, Richter JM, Feskanich D, Fuchs CS, et al. Oral

contraceptives, reproductive factors and risk of inflammatory bowel disease. Gut. 2013; 62(8):
1153-9. [PubMed: 22619368]

. Berjian RA. Regional enteritis, superior mesenteric vein thrombosis, common iliac

thromboembolism: possible association with oral contraceptives. J Am Osteopath Assoc. 1969;
69(1):84-6. [PubMed: 5195806]

. Delavierre P, Bourdais JP, Hureau J, Vayre P. Intestinal complications during the use of oral

contraceptives. Sem Hop Paris. 1976; 52(20):1225-8.

. Johnson GK, Geenen JE, Hensley GT, Soergel KH. Small intestinal disease, folate deficiency

anemia, and oral contraceptive agents. Am J Dig Dis. 1973; 18(3):185-90. [PubMed: 4688570]

. Rhodes JM, Cockel R, Allan RN, Hawker PC, Dawson J, Elias E. Colonic Crohn’s disease and use
of oral contraception. Br Med J (Clin Res Ed). 1984; 288(6417):595-6.

Bonfils S, Hervoir P, Girodet J, Le Quintrec Y, Bader JP, Gastard J. Acute spontaneously
recovering ulcerating colitis (ARUC). Report of 6 cases. Am J Dig Dis. 1977; 22(5):429-36.
[PubMed: 855855]

Cornish JA, Tan E, Simillis C, Clark SK, Teare J, Tekkis PP. The risk of oral contraceptives in the
etiology of inflammatory bowel disease: a meta-analysis. Am J Gastroenterol. 2008; 103(9):2394—
400. [PubMed: 18684177]

Garcia Rodriguez LA, Gonzalez-Perez A, Johansson S, Wallander MA. Risk factors for
inflammatory bowel disease in the general population. Aliment Pharmacol Ther. 2005; 22(4):309-
15. [PubMed: 16097997]

14. Braniste V, Jouault A, Gaultier E, Polizzi A, Buisson-Brenac C, Leveque M, et al. Impact of oral

15.

bisphenol A at reference doses on intestinal barrier function and sex differences after perinatal
exposure in rats. Proc Natl Acad Sci U S A. 2010; 107(1):448-53. [PubMed: 20018722]

Looijer-van Langen M, Hotte N, Dieleman LA, Albert E, Mulder C, Madsen KL. Estrogen
receptor-beta signaling modulates epithelial barrier function. Am J Physiol Gastrointest Liver
Physiol. 2011; 300(4):G621-6. [PubMed: 21252046]

Drug Saf. Author manuscript; available in PMC 2017 March 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Khalili

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Page 6

Coenen CM, Thomas CM, Borm GF, Hollanders JM, Rolland R. Changes in androgens during
treatment with four low-dose contraceptives. Contraception. 1996; 53(3):171-6. [PubMed:
8689882]

Wilke TJ, Utley DJ. Total testosterone, free-androgen index, calculated free testosterone, and free
testosterone by analog RIA compared in hirsute women and in otherwise-normal women with
altered binding of sex-hormone-binding globulin. Clin Chem. 1987; 33(8):1372-5. [PubMed:
3608155]

Rettew JA, Huet-Hudson YM, Marriott I. Testosterone reduces macrophage expression in the
mouse of toll-like receptor 4, a trigger for inflammation and innate immunity. Biol Reprod. 2008;
78(3):432-7. [PubMed: 18003947]

Khalili H, Ananthakrishnan AN, Konijeti GG, Higuchi LM, Fuchs CS, Richter JM, et al.
Endogenous levels of circulating androgens and risk of Crohn’s disease and ulcerative colitis
among women: a nested case-control study from the nurses’ health study cohorts. Inflamm Bowel
Dis. 2015; 21(6):1378-85. [PubMed: 25844961]

Devillard E, Burton JP, Hammond JA, Lam D, Reid G. Novel insight into the vaginal microflora in
postmenopausal women under hormone replacement therapy as analyzed by PCR-denaturing
gradient gel electrophoresis. Eur J Obstet Gynecol Reprod Biol. 2004; 117(1):76-81. [PubMed:
15474249]

Galhardo CL, Soares JM Jr, Simoes RS, Haidar MA, Rodrigues de Lima G, Baracat EC. Estrogen
effects on the vaginal pH, flora and cytology in late postmenopause after a long period without
hormone therapy. Clin Exp Obstet Gynecol. 2006; 33(2):85-9. [PubMed: 16903243]

Heinemann C, Reid G. Vaginal microbial diversity among postmenopausal women with and
without hormone replacement therapy. Can J Microbiol. 2005; 51(9):777-81. [PubMed:
16391657]

Brusca MI, Rosa A, Albaina O, Moragues MD, Verdugo F, Ponton J. The impact of oral
contraceptives on women’s periodontal health and the subgingival occurrence of aggressive
periodontopathogens and Candida species. J Periodontol. 2010; 81(7):1010-8. [PubMed:
20370418]

Markle JG, Frank DN, Mortin-Toth S, Robertson CE, Feazel LM, Rolle-Kampczyk U, et al. Sex
differences in the gut microbiome drive hormone-dependent regulation of autoimmunity. Science.
2013; 339(6123):1084-8. [PubMed: 23328391]

Hatoum OA, Binion DG, Otterson MF, Gutterman DD. Acquired microvascular dysfunction in
inflammatory bowel disease: Loss of nitric oxide-mediated vasodilation. Gastroenterology. 2003;
125(1):58-69. [PubMed: 12851871]

Ibrahim CB, Aroniadis OC, Brandt LJ. On the role of ischemia in the pathogenesis of IBD: a
review. Inflamm Bowel Dis. 2010; 16(4):696—702. [PubMed: 19685450]

Lees CW, Barrett JC, Parkes M, Satsangi J. New IBD genetics: common pathways with other
diseases. Gut. 2011; 60(12):1739-53. [PubMed: 21300624]

Fuss 1J, Heller F, Boirivant M, Leon F, Yoshida M, Fichtner-Feigl S, et al. Nonclassical CD1d-
restricted NK T cells that produce 1L-13 characterize an atypical Th2 response in ulcerative colitis.
J Clin Invest. 2004; 113(10):1490—7. [PubMed: 15146247]

Fuss 1J, Neurath M, Boirivant M, Klein JS, de la Motte C, Strong SA, et al. Disparate CD4+
lamina propria (LP) lymphokine secretion profiles in inflammatory bowel disease. Crohn’s disease
LP cells manifest increased secretion of IFN-gamma, whereas ulcerative colitis LP cells manifest
increased secretion of 1L-5. J Immunol. 1996; 157(3):1261-70. [PubMed: 8757634]

Heller F, Florian P, Bojarski C, Richter J, Christ M, Hillenbrand B, et al. Interleukin-13 is the key
effector Th2 cytokine in ulcerative colitis that affects epithelial tight junctions, apoptosis, and cell
restitution. Gastroenterology. 2005; 129(2):550-64. [PubMed: 16083712]

Monteleone G, Biancone L, Marasco R, Morrone G, Marasco O, Luzza F, et al. Interleukin 12 is
expressed and actively released by Crohn’s disease intestinal lamina propria mononuclear cells.
Gastroenterology. 1997; 112(4):1169-78. [PubMed: 9098000]

Cutolo M, Capellino S, Straub RH. Oestrogens in rheumatic diseases: friend or foe? Rheumatology
(Oxford). 2008; 47(Suppl 3):iii2-5. [PubMed: 18504280]

Drug Saf. Author manuscript; available in PMC 2017 March 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Khalili

33.

34.

35.

36.

37.

38.

Page 7

Gonzalez DA, Diaz BB, del Rodriguez Perez MC, Hernandez AG, Chico BN, de Leon AC. Sex
hormones and autoimmunity. Immunol Lett. 2010; 133(1):6-13. [PubMed: 20637236]

Manson JE, Hsia J, Johnson KC, Rossouw JE, Assaf AR, Lasser NL, et al. Estrogen plus progestin
and the risk of coronary heart disease. The New England journal of medicine. 2003; 349(6):523—
34. [PubMed: 12904517]

Sutherland LR, Ramcharan S, Bryant H, Fick G. Effect of oral contraceptive use on reoperation
following surgery for Crohn’s disease. Dig Dis Sci. 1992; 37(9):1377-82. [PubMed: 1505289]
Timmer A, Sutherland LR, Martin F. Oral contraceptive use and smoking are risk factors for
relapse in Crohn’s disease. The Canadian Mesalamine for Remission of Crohn’s Disease Study
Group. Gastroenterology. 1998; 114(6):1143-50. [PubMed: 9618650]

Cosnes J, Carbonnel F, Carrat F, Beaugerie L, Gendre JP. Oral contraceptive use and the clinical
course of Crohn’s disease: a prospective cohort study. Gut. 1999; 45(2):218-22. [PubMed:
10403733]

Evans G, Sutton EL. Oral contraception. Med Clin North Am. 2015; 99(3):479-503. [PubMed:
25841596]

Drug Saf. Author manuscript; available in PMC 2017 March 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Khalili

Page 8

Key Points

Prior studies have shown a consistent association between oral contraceptive use and
risk of CD.

Menopausal hormone therapy may be associated with increased risk of UC.

The effect of oral contraceptive and menopausal hormone therapy on CD and UC
progression is unclear.
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