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Abstract

Unexplained infertility in females may be a devastating event for the reproductive-aged female. However, infertility may be due to ovarian failure associated with celiac disease, an immune-mediated disorder that may have few or no symptoms and can be successfully treated. In some prospective serologically-based studies, over 4% of infertile females may prove to have celiac disease. Serological screening for celiac disease is relatively inexpensive and involves testing for antibodies to tissue transglutaminase. If positive, a small intestinal biopsy should be done to confirm the diagnosis. The initial treatment for this disorder is a gluten-free diet. To date, a number of reports have indicated that this treatment for celiac disease may result in successful pregnancy, in spite of prolonged periods of infertility. Celiac disease, when untreated, may also lead to several adverse events following pregnancy including increased risk of recurrent abortions, low birthweight and impaired fetal growth. Recent molecular and pathological studies from different laboratories suggest that altered placental function may be due to binding to cells in the trophoblast by tissue transglutaminase antibodies impairing embryo implantation and leading to failure of early pregnancy or retarded intrauterine growth. 
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Core tip: Females with unexplained infertility should be screened for celiac disease. This involves use of a simple and inexpensive serological quantitative method for detection of tissue transglutaminase antibodies, a marker for celiac disease. If positive, biopsy evaluation should be done to determine if pathological features of untreated celiac disease are present in the small intestinal mucosa. A gluten-free diet may lead to effec​tive management of celiac disease and may promote a favorable pregnancy outcome. 

INTRODUCTION

Infertility is a significant, even devastating clinical issue for some reproductive-aged women. Although infertility may result from a number of factors, premature ovarian failure may be responsible. Ovarian failure normally occurs with the process of aging, premature failure of ovarian function may be defined as the failure of estrogen production by the human ovaries, usually before the age of 35 to 40 years. There may also be other significant long-term health consequences associated with premature ovarian failure including osteoporosis, heart disease, autoimmune disorders and increased risk of mortality[1]. There are many causes of premature ovarian failure in adults that need to be considered, including celiac disease.

FACTORS ASSOCIATED WITH FEMALE INFERTILITY

A number of different factors may lead to investigation of altered female fertility and, traditionally, these may be considered anatomically to include local factors in the cervix (e.g., altered cervical mucus) and uterus (e.g., congenital uterine abnormalities), fallopian tubes (e.g., adhesions) as well as ovarian failure. Ovarian failure per se may have several causes, including polycystic ovary syndrome, hyperprolactinemia or hypothalamic amenorrhea, often associated with pituitary disorders, including tumors, or some medications. Ovulatory dysfunction may also occur in association with endocrine disorders, particularly those associa​ted with an altered autoimmune process, including hypothyroidism or adrenal insufficiency (if together, Schmidt’s syndrome, and when coupled with diabetes, Carpenter’s syndrome). Either of these, but particularly autoimmune thyroiditis, may be frequently observed with celiac disease. Alternatively, an autoimmune poly​glandular syndrome affecting several endocrine tissues can lead to ovarian failure. Polyendocrinopathy-candiasis-ectodermal dystrophy syndrome (APECED) is considered a rare autosomal recessive disease caused by mutations in the autoimmune regulator (AIRE) gene. Typical clinical findings include candidiasis, Addi​sion’s disease, hypoparathyroidism, diabetes, alopecia, vitiligo, ectodermal dystrophy, autoimmune thyroiditis, pernicious anemia, chronic active hepatitis, celiac disease and premature ovarian failure[2]. 

CELIAC DISEASE
Celiac disease is an immunologically-mediated gluten-sensitive small intestinal mucosal disorder primarily detected in genetically-susceptible persons[3,4]. Gluten peptides found in grains appear to be a triggering environmental factor following dietary exposure. Mechanisms involved in the pathogenesis of celiac disease are beyond the scope of this article, but have been recently detailed[4]. Chronic diarrhea, malabsorption of major and minor nutrients, and weight loss may occur. Development of serum antibodies to tissue transglutaminase also occurs in celiac disease and quantitation of these antibodies is a useful method for serological screening of populations or case finding in clinical practice. Endoscopic biopsies of the proximal small intestinal mucosa in untreated celiac disease show typical inflammatory changes along with moderate to severe alterations in mucosal architecture. Usually, these clinical, serological and pathological changes in untreated celiac disease respond to a gluten-free diet. Recognition of celiac disease is important because of the potential for later development of other co-morbidities, including osteoporosis and malignancy. Extra-intes​tinal or autoimmune processes may also occur, includ​ing dermatological changes, such as dermatitis herpetiformis, and endocrine disorders, including hypothyroidism associated with autoimmune thyroiditis. Often, these extra-intestinal features may be the presenting symptoms to an underlying small intestinal mucosal disorder that may be clinically silent. 

CLINICALLY SILENT CELIAC DISEASE

Celiac disease has now become more often appreciated to have few or limited intestinal symptoms. Minimal diarrhea without weight loss may be evident. Often, females with celiac disease and reproductive disorders have no overt symptoms, or perhaps, only decreased energy with iron deficiency or, if more significant, iron deficiency-associated anemia[5]. As a result, impaired female fertility or changes that include delayed onset of menses, amenorrhea and early menopause may conceivably be the initial clinical presentation that eventually leads to recognition of underlying celiac disease. Owing to the increased ability to serologically screen for celiac disease, up to 1% to 2% of individuals in the general population in some countries have been detected with this disorder, especially in women of child-bearing age[4]. Screening biopsies may also be done and these studies have demonstrated that young adult females, in particular, are the most common adult age group first diagnosed with celiac disease[6]. Conceivably, premature ovarian failure leading to infertility could be reflect underlying immune-mediated mechanisms occurring in celiac disease, or alternatively, negative nutritional consequences of impaired absorption in celiac disease per se.   

CELIAC DISEASE AND POLYCYSTIC OVARY SYNDROME

An important consideration in the broad differential diagnosis of premature ovarian failure is the polycystic ovary syndrome, initially described by Stein and Leventhal in 1935. Since then, this syndrome has been extensively investigated, and appears to be very heterogeneous with clinical features that include menstrual changes, chronic anovulation and excessive androgen levels, often with hirsutism. Anatomically, large cystic ovaries are often detected, but in up to a third of women with the same clinical features, the ovaries appear to be normal. Gonadotropin secretion appears to be abnormal with elevated levels of luteinizing hormone, or LH, combined with normal or low levels of follicle stimulating hormone, or FSH. In some, a mild elevation of serum testosterone is evident. The cause of the polycystic ovary syndrome still requires clarification. An earlier study suggested that the polycystic ovary syndrome may also occur in celiac disease[7]. Unfortunately, the data needed to fully examine this relationship (even with development of easy-to-perform serological screening measures) are currently not available. Some patients labeled with the polycystic ovary syndrome, especially with normal-appearing ovaries, could also conceivably have occult celiac disease, potentially amenable to a gluten-free diet.

ALTERED FEMALE FERTILITY IN CELIAC DISEASE

First cases noted a possible relationship between celiac disease and female infertility[8,9]. In one, subsequent treatment with a gluten-free diet resulted in pregnancy, confirming observations in 2 other reports[10,11]. Later, more extensive population-based studies were done to explore this potential relationship (Table 1). A detailed serological evaluation of 150 women with infertility due to all causes from Tampere, Finland demonstrated an apparent overall rate of celiac disease (i.e., 2.7%)[12], (although subsequent serological screening studies from Finland in otherwise healthy subjects have revealed a relatively high rate of celiac disease in Finland compared to other countries[13]). For women with unexplained fertility, however, this study also reported rates of detection of celiac disease of over 4%[14]. Similar results were later reported in 99 couples from Northern Sardinia[15], estimated to be a rate of approximately 3%. Using more modern serological assays, a study from Israel employed assays for both tissue transglutaminase and endomysial antibodies in 192 Arab females with unexplained infertility. Among these, positive serological tests were noted in 2.65%[15]. In all, small intestinal biopsies were positive for changes of celiac disease, if serological studies were positive. Like most serological screening studies of populations, however, biopsies in serologically negative patients were not defined. Other studies have provided different results. Interestingly, a different center in Finland[16] could not confirm earlier study results from the same country[12]. A Czech investigation reported increased serum antibody positivity for celiac disease in women with infertility, but biopsies were not reported[17]. In a study from Italy that evaluated a group of infertile women specifically referred for assisted reproduction, a significant association with serology could not be defined[18] while a Swedish population-based cohort study of biopsy-defined celiac disease suggested that fertility was not decreased until the final 2 years preceding diagnosis[19]. Data from the United States demonstrated a prevalence of celiac disease in 5.9% of patients with unexplained infertility[20], while a Brazilian study evaluated 170 infertile women screened for tissue transglutaminase antibodies followed by small bowel biopsies in serologically-positive patients[21]. In this aforementioned Brazilian study, the prevalence of celiac disease was 10.3% in women with unexplained fertility. This contrasted with a prospective primary care study of over 2 million women from the United Kingdom where no overall impairment in fertility was recorded in celiac disease compared to non-celiac disease women[22]. However, in the same study[22], infertility rates were over 40% higher in celiac disease patients between ages 25 to 29 years compared to a similar age-matched population without celiac disease. Finally, a recent report[23] describing a meta-analysis in 105 relevant studies reported that “all-cause” infertility was 3.5 times higher in women with celiac disease compared to controls while “unexplained infertility” in women with celiac disease was 6 times higher than controls. Thus, recent population-based studies of women with unexplained infertility suggest a significant occurrence of occult celiac disease. Moreover, some of these celiac patients were reported to have a successful pregnancy following treatment with a gluten-free diet.

OTHER FERTILITY-RELATED CHANGES IN CELIAC DISEASE

Delayed onset of menses, amenorrhea, early meno​pause, repeated abortions and diminished pregnancy rates in celiac disease could indicate a possible impairment in fertility. In 74 patients from the United Kingdom[10], the reproductive period appeared to be more prolonged for celiacs on a gluten-free diet compared to celiacs not on a gluten-free diet. Otherwise, maternal health did not appear to be signifi​cantly altered. Nonetheless, a lower incidence of spontaneous abortions was noted in celiacs treated with a gluten-free diet. These findings were supported by a subsequent study from Italy[24]. A delay in the onset of menarche (13.5 years vs 12.1 years) was also noted compared to age- and “sexual behavior-matched” controls. Amenorrhea and repeated abortions were more fre​quent in the celiac group, but menopause onset was not affected. A Polish study[25] suggested that the age of menarche in celiacs could be regulated by a gluten-free diet, while an Italian study[26] suggested that menarche was mainly impacted by the female’s maternal history of menses onset. A United Kingdom study showed that celiacs may have limited fertility with a higher incidence of stillbirths and perinatal death[27]. However, the rate of miscarriage appeared to be improved after diagnosis of celiac disease and treatment with a gluten-free diet[27]. Finally, in a report from Brazil[28], gluten-free diet therapy appeared to be instrumental in promoting a positive nutritional state, relevant to reproductive health in patients with celiac disease.

Some earlier studies have evaluated pregnancy outcomes in celiac disease[29,30]. If untreated, celiac disease is associated with an increased risk of recurrent miscarriage and premature deliveries, along with reduced fetal growth and term birthweight[29]. In an Italian study[30] of 94 untreated and 31 treated celiac patients, relative risks of either abortion or delivery of a low birthweight infant were increased while breast feeding duration was reduced. The investigators noted improvement with a gluten-free diet. Similar observations have been recorded by others[31]. Lower birthweight and retarded intrauterine growth have been recorded from European centers[32-35]. For example, in a further Italian study[33], celiac disease was more common than most diseases normally screened for during pregnancy in their health care facility. In another European evaluation[34], undiagnosed maternal celiac disease appeared to be a far greater risk factor than diagnosed celiac disease. However, a later report was not able to confirm an unfavorable pregnancy result[36]. Later studies also suggested that celiac disease in the father was not a risk factor for an adverse outcome of the pregnancy[37,38].

PLACENTAL STUDIES

The precise mechanism for adverse pregnancy outcomes are not clear but have been evaluated to a limited extent. Placentas of some mothers affected with celiac disease, in particular, may be abnormal. Using immunohistochemical methods and in situ hybridi​zation, tissue transglutaminase expression and apoptosis were increased in trophoblast cells[39]. This suggested a possible injury mechanism in both fetal and placental portions of the placenta[39]. Maternal celiac disease autoantibodies may bind directly to the syncytiotrophoblast and inhibit placental tissue trans​glutaminase activity leading to an impaired placenta[40]. Other studies in female celiacs have raised the issue of early pregnancy loss due to altered coagulation affecting placental or fetal microvascular function[41]. Finally, binding of antibodies to tissue trans​glutaminase by the trophoblast might represent a crucial mechanism causing impaired embryo implan​tation and pregnancy outcome in pregnant celiacs[42]. Additional studies are needed to explore these intriguing early findings in celiac disease.

CONCLUSION

A preponderance of evidence from multiple studies indicates that infertility or ovarian failure in females may be increased in immune-mediated disorders, including celiac disease. In celiac disease, an immune-mediated small intestinal mucosal disorder is triggered by gluten-containing peptides found in food grains. The primary treatment of celiac disease involves administration of a strict gluten-free diet. In females with untreated celiac disease and infertility, successful pregnancy may occur solely after treatment of the celiac disease with a gluten-free diet. Widespread use of serological screening in different populations suggests that celiac disease may occur in 4% to 10% of females with unexplained infertility. Serological screening using tissue transglutaminase antibodies represents a very inexpensive method for evaluation, and if positive, should be followed by small intestinal biopsies to define the presence of celiac disease and lead to treatment. 
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Table 1  Celiac screening studies in females with infertility


  Number1


�
Country


�
Celiac disease2


�
Ref.


�
�
  150 (98)


�
Finland


�
2.7% (4.1%)


�
[12]


�
�
  99


�
Italy


�
 3.03%


�
[14]


�
�
  192


�
Israel


�
2.65%


�
[15]


�
�
  47


�
Finland


�
   2.1%


�
[16]


�
�
  2003


�
Italy


�
   2.5%


�
[18]


�
�
  51


�
United States 


�
   5.9%


�
[20]


�
�
  29


�
Brazil 


�
    10%


�
[21]


�
�
1Number with infertility (number in parentheses, unexplained infertility subgroup); 2Celiac disease suspected with serological screening, usually with tissue transglutaminase or endomysial antibodies, and confirmation with small intestinal biopsy; 3Infertility group for assisted reproduction technology.
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