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Introduction

The prevalence of gluten-related disorders, mainly celiac disease (CD) and non-celiac gluten sensitivity (NCGS), varies between 0.6% and 13% in the general population. There is controversial evidence regarding the association of both CD and NCGS with extra-digestive manifestations, including recurrent reproductive failure (RRF), which may have clinical implications.





Objective

To study the prevalence of HLA susceptibility alleles for CD/NCGS in a cohort of female patients with RRF from a single reference center and to evaluate the effect of a gluten-free diet on reproductive success.





Material and methods

A retrospective study was conducted on 173 patients with RRF, consecutively attended at the Reproductive Immunology Unit of San Carlos University Clinical Hospital in Madrid. We collected and analyzed the clinical, analytical, and immunological profiles of RRF patients who presented HLA alleles associated with CD and NCGS (HLA DQ2.2, DQ2.5, DQ8, and DQ7.5).





Results

We observed a significantly higher prevalence of HLA alleles associated with CD and NCGS in our RRF cohort compared to the prevalence in the general population (69% vs. 35%–40%, p<0.0001). Only 2.3% of patients met the criteria for a CD diagnosis. In our RRF cohort, HLA-genetic susceptibility for CD/NCGS (HLA-risk group) was associated with a significantly higher rate of hypothyroidism compared to patients without these alleles (HLA-negative group) (48.7% vs. 26.92%, p=0.03). Patients with HLA-genetic susceptibility for CD/NCGS and thyroid disease had a significantly higher success rate in the subsequent pregnancy after management (55% vs. 30%, p=0.002). Two factors were found to be significant in this group: a gluten-free diet (p=0.019) and the use of levothyroxine (p=0.042).





Conclusions

In our cohort of RRF patients, we observed a significantly higher prevalence of HLA susceptibility genes for CD/NCGS compared to the general population, also associated with a higher incidence of thyroid alterations. A gluten-free diet and the use of levothyroxine in cases of thyroid pathology had significant beneficial effects on pregnancy outcomes. We suggest that HLA typing for CD/NCGS and a gluten-free diet, in the presence of risk alleles, can improve pregnancy outcomes in RRF patients.





Keywords: recurrent reproductive failure (RRF), non-celiac-gluten-sensitivity (NCGS), gluten, celiac disease (CD), HLA





Introduction

Celiac disease (CD) is an immune-mediated disorder associated with gluten intake, primarily manifesting with digestive symptoms, that affects 0.6% –1% of the general population. Currently, there are several methods for diagnosing and monitoring CD, including duodenal biopsy (histopathology and study of epithelial lymphogram) or peripheral blood tests (anti-transglutaminase antibodies, anti-gliadin antibodies, anti-endomysial antibodies, or HLA class II typing for identifying CD-related genetic susceptibility) (1, 2) However, despite these advancements and the growing knowledge of the disease, CD is still considered underdiagnosed, which may lead to long-term complications (3). Cumulative evidence from the last few decades suggests that the spectrum of CD represents a multisystemic disease, with multiple organs and tissues affected (such as the skin, kidneys, nervous system, or endocrine system) (1).

The cornerstone of treatment to date is to follow a strict gluten-free diet, which usually controls the different symptoms and minimizes the risk of severe complications, such as intestinal lymphoma (1, 2).

More recently, the spectrum of conditions related to CD has expanded to include other pathologies associated with wheat and/or gluten intake, such as gluten allergy and non-celiac gluten sensitivity (NCGS). Gluten allergy is an IgE-mediated type 1 hypersensitivity disease to gluten antigens. It has a well-established pathophysiological basis and specific biomarkers. However, these parameters are not as clearly defined in NCGS (1, 4, 5). NCGS is thus considered an emerging systemic (both intestinal and extraintestinal) disease in the context of wheat intake, affecting patients who do not meet the diagnosis criteria for CD or gluten allergy, often due to the absence of autoantibodies. As with CD, symptoms improve or subside when gluten is removed from the diet (4, 6). The correlation between NCGS and HLA is not well understood, although some studies show a correlation of up to 100% in these patients (4). NCGS prevalence varies between 0.6% and 13% in the general population (5).

There is compelling evidence that CD can cause reproductive alterations in men (7) and especially in women, such as sterility, intrauterine growth restriction, and miscarriages (8–12). However, very few studies have assessed the effects of NCGS and HLA-genetic susceptibility for CD/NCGS on the reproductive health of couples (13).

According to the World Health Organization, infertility and sterility affect millions of people worldwide and have a significant negative impact on both individuals and society (14, 15). There is no precise data on the prevalence of these pathologies, although it is estimated that only 30% of pregnancies reach term (16) and that between 2% and 5% of couples suffer recurrent miscarriages (17). The causes of these fertility problems can be multiple, including autoimmune alterations among others (anatomical, hormonal, infectious, genetic, and nutritional) (16). In approximately 50% of recurrent miscarriage cases, the underlying factor remains unidentified, highlighting the need for continued research into new causes, associations, and potential biomarkers.

In this study, we aimed to determine the prevalence of HLA-genetic susceptibility for CD and NCGS in a real-life cohort of patients with RRF. We also sought to better characterize this subgroup of patients and describe the potential beneficial effects of gluten withdrawal from the diet on reproductive success.





Materials and methods




Study design

This is a retrospective observational study, conducted at the Reproductive Immunology Unit, Clinical Immunology Department of the San Carlos Clinical University Hospital in Madrid. The data of 173 patients who were consecutively studied between February 2018 and April 2022 were analyzed. Recurrent pregnancy loss (RPL) was defined as the loss of two or more pregnancies, including non-visualized pregnancy losses, in accordance with the European Society for Human Reproduction and Embryology (ESHRE) Guidelines. Repeated implantation failure (RIF) was defined as the failure to achieve a clinical pregnancy after more than three high-quality embryo transfers or after the transfer of ≥10 embryos in multiple transfers in women under 40 years old. Fetal death (FD) was defined as a composite outcome that included women with a history of late fetal loss (between 22 weeks and 28 weeks of pregnancy) and stillbirth (after 28 weeks gestational age).

The following data were collected from the clinical histories: age; personal history with special emphasis on the diagnosis of CD; gluten consumption; digestive, neurological, dermatological, gynecological, and endocrinological diseases or symptoms; smoking habit; previous clinical diagnoses; number of miscarriages; number of in vitro fertilization (IVF) cycles; and anatomical/infectious alterations detected by ultrasound or hysteroscopy. Endometriomas and adenomyosis were classified as endometriosis. Endometritis was diagnosed via hysteroscopy, supported by microbiological culture and biopsy confirming the presence of CD138+ cells.

All patients underwent a baseline immunological study as part of the routine clinical workup for RRF, which included the detection of antinuclear antibodies, anti-thyroid antibodies (anti-thyroid peroxidase and anti-thyroglobulin antibodies), IgA anti-transglutaminase, IgG anti-deamidated gliadin and antiphospholipid antibodies (including IgM and IgG anti-cardiolipin and IgM and IgG anti-B2 glycoprotein antibodies), C3 and C4 complement levels, and relative and absolute values of NK cells in peripheral blood. HLA class II typing for identifying CD/NCGS- related genetic alleles (DQ2.2, DQ2.5, DQ8, and DQ7.5) was also performed. Additionally, other factors such as basic coagulation parameters, basal blood glucose and insulin, TSH and free T4 levels, and vitamin levels (B9, B12, and vitamin D) were collected and analyzed.

We analyzed the prevalence of alleles associated with susceptibility to CD/NCGS (HLA DQ2.2, DQ2.5, DQ8, and DQ7.5) and correlated these with analytical parameters and clinical data, such as alterations in the glucose profile, thyroid, presence of endometritis or endometriosis, gastrointestinal or neurological symptoms (specifically chronic migraines), skin alterations, polycystic ovary syndrome, presence of antiphospholipid antibodies, antinuclear antibodies, or expanded cytotoxic NK cells.

Alteration of the glycemic profile was defined as a basal glycemia higher than 100 mg/dL or a Homeostatic Model Assessment (HOMA) higher than 3. The HOMA was calculated using the formula: (glucose × insulin)/405.

Thyroid abnormalities were assessed when TSHs were above 2.5 uIU/ mL or when thyroid-specific autoantibodies were detected. Previous diagnosis of hypothyroidism was also considered (18–20).

Gestational success was defined as the birth of a live newborn at or beyond 37 weeks of pregnancy. The pregnancy success rate was determined in the next 12 months following the evaluation.

The Ethics Committee of our hospital approved the study protocol (FIS PI19/01450), and all subjects provided signed informed consent.





Laboratory tests

Autoimmunity tests were performed as routine samples in the Clinical Immunology laboratory using specific technologies and procedures. For anti-transglutaminase, anti-deamidated gliadin, and anti-peroxidase and anti-thyroglobulin antibodies determination, an ELISA (AESKU.GROUP, Wendelsheim, Germany) technique was used. The detection of antinuclear antibodies was performed by indirect immunofluorescence (AESKU.GROUP, Wendelsheim, Germany). The antiphospholipid antibodies were detected using Luminex technology (Bio- Rad Laboratories, Hercules, CA, USA), the evaluation of the complement system by turbidimetry (The Binding Site Group Ltd., Birmingham, UK), and the determination of NK (CD3−CD16+CD56+) lymphocyte values by flow cytometry (Becton-Dickinson, San Jose, CA, USA). All techniques were performed and validated following the manufacturer’s instructions.

BD MultiTEST™ CD3 fluorescein isothiocyanate (FITC)/CD16+CD56 phycoerythrin (PE)/CD45 peridinin chlorophyll protein (PerCP)/CD19 allophycocyanin (APC) was used to study the NK cells. First, NK cells were gated by singlets and CD45+ and side scatter appropriate for lymphocytes. Then were gated by CD3 − and last for CD16+ and CD56+ and CD19 −. The absolute values of NK cells were calculated through the relative value obtained by flow cytometry and the absolute value of total lymphocytes in the blood count. The cutoff point used to consider pbNK cells expanded was 13%.

In order to extract the DNA from fresh peripheral blood leukocytes, we used MagNA Pure Compact Nucleic Acid Isolation Kit (Roche®, Darmstadt, Germany) following the manufacturer’s procedures. All samples were genotyped for HLA-DRB1, HLA-DQA1, and HLA-DQB1 by polymerase chain reaction–sequence-specific oligonucleotide probe (PCR-SSOP) (Thermo Fisher, Waltham, USA), where PCR products were hybridized onto oligonucleotide probes attached to microspheres and labeled with streptavidin-conjugated phycoerythrin. These beads were analyzed with the Luminex® 100/200 TM System (Luminex Corp., Austin, TX, USA), which is based on flow cytometry and uses the principles of xMAP® Technology, as previously described (21).

The allelic results obtained were analyzed by an immunology specialist. The haplotypes were classified according to the following distribution: DQ2.5, DQA1 0501/0505 DQB1 0201/0202; DQ2.2, DQA 0201 DQB1 0201/0202; DQ8, DQA1 0301/0302 DQB1 0302; and DQ7.5, DQA1 0501/0505 DQB1 0301.





Statistical analysis

Descriptive data are presented as median ± standard deviation (SD). Statistical Product and Service Solutions (SPSS) software version 20 (Chicago, IL, USA) was used for descriptive and statistical data analysis. Comparisons between groups were made using the chi-square test (χ2); median comparison were made using Student “t” test; p ≤ 0.05 was considered statistically significant.






Results




Epidemiological and obstetric features

Of the 173 patients with recurrent reproductive failure analyzed, 112 had recurrent miscarriages (RMs), 51 had recurrent implantation failure (RIF), and five patients were referred preventively due to underlying immune pathology with risk of miscarriages or obstetric complications and five due to a history of previous fetal death. The mean age of the patients was 38.02 years.

Noteworthy, 121 patients out of 173 (69.94%) presented HLA-genetic susceptibility for CD/NCGS (HLA-DQ2.2, DQ2.5, DQ8, and/or DQ7.5), namely, HLA-risk group, while 52 patients (30.06%) did not present any of these alleles, HLA-negative group. No significant differences in age were found between both groups. Within the HLA-risk group, the distribution of the different haplotypes was as follows: DQ2.5 of 17.35%, DQ2.2 of 33.05%, DQ8 of 19.00%, and DQ7.5 of 12.39%. Additionally, 18.18% of the cohort had the presence of two different risk alleles.

In the HLA-risk group, 63.6% presented RM, 31.4% RIF, 2.48% history of FD, and 2.48% were referred due to underlying immune disorders associated with risk of RM. With respect to CD prevalence, 4 out of the 173 (2.3%) patients had been previously diagnosed with CD: three of them presented RM, and one previous FD. No statistical differences in obstetric morbidity were found compared to the HLA-negative group (Table 1).


Table 1 | Epidemiological, clinical data and obstetric features of the HLA-susceptibility group and HLA-negative group patients.



Regarding clinical manifestations, the HLA-risk group presented significantly higher thyroid abnormalities compared to the HLA-negative group (48.76% vs. 26.92%, p=0.0368). However, no statistically significant differences were found between the HLA-risk group and the HLA-negative group for other parameters, such as glucose alterations, endometritis, endometriosis, dysmenorrhea, polycystic ovary syndrome, gastrointestinal symptoms, chronic migraines, presence of antiphospholipid antibodies, antinuclear antibodies, nor expanded percentages of cytotoxic NK lymphocytes (Table 1).

Only two patients were positive for anti-transglutaminase IgA antibodies and one for anti-deamidated gliadin IgG antibodies, all of them in the HLA-risk group.

In the HLA-risk group, successful pregnancy was achieved in 67 patients (55.37%). Two statistically significant differences were observed: first, gluten intake emerged as a key factor, with the success group having a higher percentage of patients on a gluten-free diet (p=0.01). The exclusion of gluten intake in HLA-risk patients was associated with an increased likelihood of gestational success, yielding an odds ratio (OR) of 2.791 (IC, 1.166–6.679; p=0.02). Second, the use for levothyroxine also showed a significant impact. Of the 56 (46.2%) patients with TSH levels above 2.5 who were treated with levothyroxine, 37 achieved a successful pregnancy (p=0.042), as detailed in Supplementary Table S1. However, no statistically significant differences were found in levothyroxine use when comparing the HLA-risk group with the non-HLA risk group (46.2% vs. 36.53%, p=0.17). Of these patients, 38 underwent IVF due to a prior diagnosis of RIF. For IVF patients, a gluten-free diet was recommended at least 1 month before the embryo transfer, whereas, in other cases, the diet was introduced immediately following their evaluation.

Within the HLA-risk group, 33 women withdrew the intake of gluten, of which 24 (72.72%) achieved a successful pregnancy. A total of 88 women did not make any change in their diet, and 43 (48.86%) of them achieved a successful pregnancy (p=0.019) (Table 2).


Table 2 | Gestational success and diet of HLA-risk group.



No statistical differences were observed regarding the use of levothyroxine in the HLA-risk group with gluten-free diet or normal diet (51% vs. 44%, p=0.47).






Discussion

In this real-life retrospective observational study, the first notable finding in our cohort is the high prevalence of HLA susceptibility alleles for CD/NCGS, 69.94%, almost doubling the 35%–40% prevalence reported in our population (22–25). Among patients in the HLA-risk group, a significantly higher incidence of thyroid pathology was observed. Additionally, it is noteworthy that both gluten withdrawal and levothyroxine replacement therapy, when necessary, were associated with a significantly higher rate of pregnancy success compared to patients who did not receive such treatment.

Thyroid disorders have also been described as a risk factor for pregnancy loss, and levothyroxine therapy is the standard treatment in these cases. Indeed, patients who received this drug in the HLA-risk group showed a higher pregnancy success rate. Few previous studies have explored the use of a gluten-free diet to treat patients with Hashimoto’s thyroiditis with good results in hormone levels (26, 27). HLA-DQ2 and HLA-DQ8 present gluten peptides to CD4 + T cells in the intestinal lamina propria, inducing immune activation and TH1 cell differentiation, which, in turn, drives an inflammatory process through the production of the inflammatory cytokines interferon (IFN)-γ and interleukin (IL)-21 (28). As previously mentioned, the line between non-celiac and seronegative gluten sensitivity is difficult to distinguish, especially since the pathophysiology is not yet fully understood. The data, a priori, suggest that the immune response is based more on the innate component, through toll-like receptors (TLR1 and TLR2 ) but presents an adaptive immunity factor through cytokines such as IFN-y and IL-15 (1, 5). It is important to highlight the role of NK cells during implantation of the fetus and placentation, as they play a fundamental part in the uterine tissue remodeling processes (29–31). The immunological alterations described preferentially affect this cell lineage (32–34). Although IL-15 is essential for the development of NK cells, continuous presence can lead to a functional defect in these cells due to exhaustion caused by a metabolic defect (35, 36).

This inflammatory response is not localized as in CD; however, since it is less intense, the effects may not be as visible or detectable. In fact, NCGS has also been associated with systemic autoimmunity symptoms such as psoriasis, thyroid disease, polyarthritis, antiphospholipid syndrome, rheumatoid arthritis, systemic sclerosis, and mixed connective tissue disease. Additionally, there have been cases where these diseases have improved significantly with the removal of gluten from the diet, even though they were refractory to immunosuppressive therapy (37).

There were no statistically significant differences in clinical manifestations between the two groups nor was the HLA-risk group associated with other typical alterations of CD such as endometritis, altered blood glucose, or the presence of ANAs or antiphospholipid antibodies (38–41).

CD and gluten-related conditions are prevalent in our environment and are on the rise due to various factors (1–3). Several studies have expressed concern that it may be an underdiagnosed disease (2, 3) and the importance of increasing awareness of atypical or extraintestinal manifestations, or even silent disease, which may progress to severe complications such as intestinal lymphoma.

Gluten-related disorders in human reproduction are still under investigation. Most studies have been conducted on patients with a clear diagnosis of CD. Among the observed alterations, amenorrhea, early menopause, recurrent miscarriages, lower pregnancy rate, placental dysfunction, low birth weight, intrauterine growth retardation, and increased risk of cesarean section have been reported (8–12).

More studies are necessary to determine the underlying pathophysiological mechanisms, which may be related to dysbiosis, inflammation, or even malabsorption, and the subsequent deficiency in micronutrients or a combination of these factors. Although the exact pathophysiological mechanisms by which these alterations occur are not completely known; in celiac patients, there is an improvement, as with the rest of the symptoms, with the withdrawal of gluten (11).

In recent years, the term polyautoimmunity has gained importance, which is defined as the presence of more than one well-characterized autoimmune disease in the same patient (42). As with other autoimmune diseases, where associations between multiple diseases with overlapping symptoms or laboratory abnormalities are observed, similar phenomena can be observed in celiac disease (1). A higher prevalence of autoimmune thyroid disease or type 1 diabetes mellitus in these patients is well documented and has been attributed to the genetic link between HLA-DQ2 and/or DQ8 and DR3 and DR4 (26). Additionally, the prevalence of autoimmune diseases in first-degree relatives is also increased, such as autoimmune thyroiditis or type 1 diabetes, as previously mentioned but also inflammatory bowel disease, Sjögren’s syndrome, lupus, Addison’s disease, autoimmune hepatitis, rheumatoid arthritis, primary biliary cirrhosis, and psoriasis among others (43).

CD has also been associated with the presence of antinuclear and antiphospholipid antibodies, known immunological factors of RRF (13, 41). This background of autoimmunity and inflammation has been described as an additional risk factor during pregnancy and the pursuit of pregnancy (44).

To date, in addition to classic CD, different forms of the spectrum have been described, such as potential CD (positive autoantibodies without mucosal lesion), silent CD (positive autoantibodies, presence of mucosal lesion but no symptoms), seronegative CD (absence of autoantibodies and mucosal lesion but with symptoms), wheat allergy (IgE-mediated pathology), and NCGS (1–3). However, some authors suggest greater complexity, suggesting that these diseases may represent expressions of a biological continuum (41).

The European guidelines for the study of CD include reproductive disorders as one of the extraintestinal symptoms of the disease. Furthermore, HLA class II typing is recommended when another immunological disease coexists (1). However, the current ESHRE guidelines do not recommend serology screening for this disease unless digestive symptoms are present, and they do not currently include HLA class II typing as part of the evaluation (45). The data obtained suggest that, in patients with suspected immunological alterations, HLA typing can provide clinically relevant information about the underlying cause and guide therapeutic measures, such as a gluten-free diet, the effectiveness of which was demonstrated in this study.





Conclusions

Immunological alterations derived from gluten intake affect a significant percentage of the population with genetic susceptibility. Patients seeking pregnancy, especially those with RRF, are of particular interest. Our study shows a significant association between the presence of class II susceptibility alleles for CD/NCGS and RRF, and hypothyroidism. A gluten-free diet has been shown to be an effective and safe therapeutic alternative for these patients.
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