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Abstract
Background: Celiac disease (CD) is one of the most prevalent chronic digestive disorders, often presenting with
intestinal symptoms as well beyond. These symptoms may include reproductive complications. To gain a deeper
understanding of a women’s fertility potential, medical professionals employ sonographic and laboratory techniques
to predict the ovarian reserve. The aim of this study was to explore the ovarian reserve in women affected by CD in
comparison to healthy women in their reproductive years, this study aimed to find the relationship between CD and
ovarian reserve.

Materials and Methods: This case-control study included a total of 27 patients diagnosed with CD, alongside an age-
matched group of 27 women without CD. A comprehensive checklist for demographic information was completed
for each participant. During days 2-4 of the menstrual cycle, blood samples were collected to measure the levels of
follicular stimulating hormones (FSH), luteinizing hormone (LH), thyroid stimulating hormone (TSH), anti-mullerin
hormone (AMH), and prolactin. Simultaneously, pelvic ultrasound was conducted to assess the number of antral fol-
licles count (AFC) and ovarian volume on the same day.

Results: There was no significant difference in age, pregnancy history, spontaneous abortion, stillbirth, premature births,
and low birth weight babies between the case and control groups (P>0.05). However, there were significant variations in
mean weight, body mass index, and menarche age between the two groups (P<0.05). Moreover, the serum levels of FSH
and AFC of the right and left ovaries also showed significant differences between the two groups (P<0.05). However, no
significant difference was observed regarding AMH, LH, TSH, prolactin, and ovarian volumes (P>0.05).

Conclusion: The present study showed that women with CD have significantly higher AFC and serum FSH levels

than healthy women.
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Introduction

Celiac disease (CD) is a widespread autoimmune
condition that affects the body’s system, with a global
prevalence rate of 1%. This disease can be triggered by
the consumption of gluten, in genetically susceptible in-
dividuals (1, 2). The symptoms of CD primarily affect
the intestine, leading to issues as diarrhea, anorexia, ab-
dominal pain, bloating, and vomiting. However, it can
also manifest in other parts of the body (extra-intestinal
sites), causing different symptoms in the skin, neuro-
muscular system, bone, and reproductive systems (3).
Previous studies showed that approximately 60% of in-

dividuals with CD are women. Furthermore, the preva-
lence of CD tends to be higher in women of reproduc-
tive age (4), and the impact of this condition on fertility
and pregnancy has been extensively studied, revealing
significant negative consequences. In pregnant women,
CD can result in complications such as abortion, preterm
labor, intrauterine growth restriction (IUGR), and low
birth weight. Additionally, fertility disorders such as in-
fertility, delayed menarche, amenorrhea, and early onset
of menopause can be attributed to CD (3, 5).

Studies reported a 19.4% rate of menstrual cycle ir-
regularities in women with CD, while this percentage is
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only 2.2% in healthy women (6). Moreover, several stud-
ies have highlighted the high prevalence of undiagnosed
CD among those experiencing infertility. For instance, in
Europe, the prevalence of CD among infertile women has
been estimated between 4 and 8% (7). Additionally, the
reduced fertility window resulting from the late onset of
menstruation and early onset of menopause can help ex-
plain the fertility disorders associated with CD (8).

To assess a woman’s potential for fertility, the concept
of ovarian reserve is utilized, referring to both the qual-
ity and quantity of oocytes present in the ovaries. Several
methods employed to evaluate ovarian reserve, includ-
ing measuring the level of follicle-stimulating hormone
(FSH) on basal or cycle day three, measuring levels of
estradiol hormones, anti-Miillerian hormone (AMH), in-
hibin B, as well as assessing antral follicle count (AFC)
and ovarian volume through transvaginal ultrasound (9).

Given the high prevalence of fertility disorders in wom-
en with CD and the significant emotional and economic
implications, this study aimed to compare the ovarian re-
serves of reproductive-age women with CD to those of
healthy women.

Material and Methods

This prospective case-control study was conducted be-
tween September 2021 and November 2022 at our aca-
demic hospital, Gorgan, Northeast of Iran. The study fo-
cused on women who were of reproductive age and had
CD in the gastroenterology research center at the Sayad
Shirazi Hospital. The control group consisted of eligible
women who were referred to the skin clinic of the same
hospital.

The study involved a total of 27 female patients with
CD and 27 healthy controls who had the potential for re-
production, ranging in age from 18 to 45 years.

Inclusion criteria: To be included in the study, partici-
pants needed to have regular menstrual cycles lasting be-
tween 21 and 35 days, as well as the presence of both
ovaries.

Exclusion criteria: Smoking, premature menopause,
chronic renal disease, chronic hepatic disease, malig-
nancy, history of infertility, any hormone therapy that
could affect ovarian reserve in the last six months, preg-
nancy, history of surgery, and gynecological problems
such as polycystic ovary syndrome were the exclusion
criteria.

The case group included in this study were identified
as having CD through a combination of their medical
history, physical examination, serology, and histologi-
cal analysis of multiple biopsies taken by upper-gastro-
intestinal endoscopy, following the ACG guidelines. The
duodenal biopsies of patients with CD were classified
based on Marsh-Oberhuber (MO) classification system.
The classification consisted of the following categories:
0; Representing normal mucosa, 1; Indicating increased
intra-epithelial lymphocytes along with crypt hypertro-
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phy, 2; Denoting crypt hyperplasia, 3a; Signifying partial
villus atrophy, 3b; Indicating subtotal villus atrophy, and
3c; Representing total villus atrophy (3, 10). And the con-
trol group had been selected among the neighbors of the
case group with no history of gastrointestinal complaints
suspicious to CD, age-matched with the case group.

In this study, written consent was obtained from the par-
ticipants. A checklist was created and completed to gather
demographic information, including age, height, weight,
and pregnancy history information (including gravity,
parity, number of abortions, and number of live births).
Additionally, the duration of the disease was recorded.

Blood samples were taken from both groups on days
2-4 of the patient’s menstrual cycle. These samples were
used to measure the serum levels of FSH, luteinizing hor-
mone (LH), thyroid stimulating hormone (TSH), AMH,
and prolactin using enzyme-linked immunosorbent assay
(ELISA). The AMH kits utilized in this study were Ansh-
lab kits, while the FSH, LH, TSH, and prolactin kits were
Pishgaman Teb kits.

On the same day, a radiologist performed pelvic ul-
trasound to check and record the ovarian volume and
AFC. The ultrasound machine employed in this study
was the Samsung Medison WS80. The radiologist re-
sponsible for conducting the ultrasounds had ten years
of experience. The ovarian volume variable was cal-
culated by the ellipsoid equation (lengthxheightxwid
thx0.526-0.526).

Ethical considerations

This study was carried out with the approval of the Eth-
ics Committee of Golestan University of Medical Scienc-
es (IR.GOUMS.REC.1400.222).

Statistical analysis

The collected data were subjected to analyze using
SPSS version 18 (IBM Corp., Armonk, NY, USA) soft-
ware. The distribution of the variables was initially de-
termined through the Kolmogorov-Smirnov test. Descrip-
tive results had been shown as mean + standard deviation
(SD). In cases where the data exhibited a normal distribu-
tion, an independent t test was utilized. Besides analyzing
the descriptive demographic information, the independent
t test was applied to quantitative data, while Chi-square
test was used for non-quantitative data. Pearson correla-
tion test has been used to analyze the correlations between
variables. P<0.05 was considered as statistically signifi-
cant.

Results

This study included a total of 27 female patients diag-
nosed with CD, who were assigned to the case group.
Additionally, 27 women without CD were selected as the
control group.

The weight of the case group was significantly lower
than the control group (P<0.001), but the body mass index



(BMI) variable was not significantly different between
the two groups (P=0.091). Out of 27 patients in the case
group, 21 had definite Marsh classification, with five pa-
tients classified as Marsh 2 and 16 classified as Marsh
3. Interestingly, the menarche age in the case group was
found to be significantly higher than in the control group
(P<0.001).

There was no statistically significant difference ob-
served between the patient and control groups in terms
of median number of gravidity, parity, abortions, alive
children, stillbirth, preterm labor, or low birth weight. A
comprehensive overview of the main demographic data is
shown in Table 1.

Table 1: Demographic and clinical characteristics in women with celiac dis-
ease and the healthy control group

Variables Case (n=27) Control (n=27) P value
Age (Y) 34.51 £8.62 35.5+6.27 0.152
Weight (kg) 57.70+10.96 65.81+12.19  0.012
BMI (kg/m?) 22.47+3.82 2427 +3.94 0.091
Menarche age (Y) 14.55+1.78 13£1.35 0.0001
Gravity (n) 1.59 £ 1.67 1+1.30 0.152
Parity (n) 1.29+1.23 0.85+1.02 0.152
Live birth (n) 1.07 £1.03 0.81 +1.001 0.356
Stillbirth (n) 0.011+0.32 0.03+£0.19 0.300
Abortion (n) 0.40+0.74 0.18 +£0.48 0.201

Data are presented as mean * standard deviation (SD). t test was used for statistical
analysis. BMI; Body mass index.

In this study, the case and control groups were not sig-
nificantly different in terms of the diagnosed hypothy-
roidism using the chi-square statistical test (P=0.167).
The results presented in Table 2 indicate that there was
no significant difference found between the two groups.

Table 2: Comparing the laboratory results between women with celiac
disease and the healthy control group

Variable Case Control P value
AMH (ng/ml) 5.78+5.6 4.40+4.381 0.333
FSH (Miu/ml) 8.20+5.10 590+ 1.62 0.031
LH (IU/L) 4.54+£1.90 3,99 +1.96 0.304
Prolactin (ng/ml) 23.374+20.02 29.12+20.79  0.304
TSH (mU/L) 220+1.15 2.13+£1.22 0.821

Data are presented as mean * standard deviation (SD). t test was used for statistical
analysis. AMH; Anti-Mullerin hormone, FSH; Follicular stimulating hormones, LH; Lutein-
izing hormone, and TSH; Thyroid stimulating hormone.

Furthermore, as shown in Table 2, the FSH level
among the laboratory variables was found to be sig-
nificantly higher in the case group than in the control
group. However, there were no significant differences
in LH, TSH, AMH, and prolactin levels between the
two groups.

Moreover, Figure 1 shows that there was no significant
difference in the right and left ovarian volume between
the case and control groups (P=0.185).
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Fig.1: Right and left ovarian volume in cases with celiac disease and the
healthy control group. A. Right ovarian volume and B. Left ovarian vol-
ume.

However, the AFC variable showed a significantly low-
er value in both the right and the left ovaries of the case
group compared to the control groups (P=0.249, Fig.2).
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Fig.2: Right and left AFC in cases with celiac disease and the healthy con-
trol group. A. Right AFC and B. Left AFC. AFC; Antral follicles count.
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In this study, the first aim was to investigate the ovarian
reserve in women with CD through measuring FSH, LH,
prolactin, TSH, AMH, ovarian volume, and AFC. Addi-
tionally, the relationship between the duration of CD and
these ovarian reserve factors were explored. However, no
significant statistical correlation was found between the
disease duration and these variables.

Additionally, this study explored the correlation be-
tween age and these variables. As anticipated, a significant
correlation was observed between AMH level (P=0.021),
AFC of the right ovary (P<0.001), and AFC of the left
ovary with age (P<0.001, Table 3). Conversely, there was
no significant correlation between FSH, LH, TSH, or pro-
lactin with age.

Table 3: Correlation analysis of age and reproductive variables in women
with celiac disease and the healthy control group

Variable R P value
AMH (ng/ml) -0.433 0.021
FSH (Miu/ml) 0.192 0.334
LH (IU/L) 0.086 0.672
Prolactin (ng/ml) -0.375 0.051
TSH (mU/L) -0.18 0.365
Right ovarian AFC -0.723 <0.001
Left ovarian AFC -0.725 <0.001

Pearson correlation test was used for statistical analysis. AMH; Anti-Mullerin hormone,
FSH; Follicular stimulating hormones, LH; Luteinizing hormone, TSH; Thyroid stimulat-
ing hormone, and AFC; Antral follicles count.

Discussion

In the present study on women with CD and the healthy
group, results showed that the serum levels of FSH and
AFC of both ovaries were significantly different between
the two groups. However, no significant difference was
observed regarding AMH, LH, TSH, prolactin, and ovar-
ian volumes.

The prevalence of fertility disorders and infertility in
women with CD has been merely examined and debated
over the years. Nonetheless, the cause and mechanism
beyond remain uncertain. Autoimmune pathologies may
significantly contribute to the premature depletion of the
primordial follicle pool, consequently impacting the ovar-
ian reserve of women in theirreproductive years (11).

The purpose of this research was to evaluate the ovar-
ian reserve of women who have CD and compare it to
that of women who are in good health. To achieve this,
we employed two examinations, namely AFC and AMH
serum levels, which are highly reliable in assessingovar-
ian reserve (12). However, a study conducted by Cakmak
et al.’s (3) indicated that there is no significant difference
in the average AFC between the groups with CD and the
control groups.

Furthermore, the research carried out by Comba et al.
(13) failed to identifyany significant difference in the
AFC between right and left ovary in the two groups. Con-
versely, the results attained from the current study indi-
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cate that women with CD exhibit a significantly reduced
mean AFC in both their right and left ovaries when com-
pared to women without any health issues.

In addition, the present study deonestrated that there is
no significant difference in the serum level of AMH be-
tween the case and control groups. This finding aligns with
the study conducted by Comba et al. (13), which similarly
found no significant difference in the serum level of AMH
between the case and control groups. Convrsely, Cakmak
et al. (3) discovered that the serum level of AMH differs
significantly between the case and the control group.

Recent studies have shown that AMH and AFC serve as
the best indicators of ovarian reserve. It has been observed
that the serum level of AMH serum is significantly related
to AFC, and both variables are closely associated with age
and ovarian reserve (14). However, there is usually a dis-
crepancy between serum AMH level and AFC in a clinical
setting. This disparity is believed to arise from the fact
that these two indicators represent different population of
follicles. AFC indicates the number of follicles ranging in
size from 2-9 mm, which are responsive to gonadotropin.
Conversely, AMH is produced by the granulosa cells of
follicles measuring below 4 mm. Previous studies showed
that a below-average AFC level holds greater significance
than a normal AMH level. In other words, even with an
average AMH level, if the AFC level is abnormal, of the
quality of the eggs may decline.

However, there exists a rationale behind the meas-
ureent of AMH as opposed to AFC due to its numerous
advantages. One notable advantage is that AMH is not in-
fluenced by the skill of the operator and displays minimal
fluctuations throughout the menstrual cycle (15, 16).

On the other hand, researches conducted in different
clinical scenarions involving ovarian examination has in-
dicated that transvaginal ultrasound proves superior than
abdominal ultrasound. Nonetheless, in teenagers and sex-
ually inactive women, as well as situations with certain
limitations, abdominal ultrasound emerges an ethically
and practically non-invasive, easily accessible, and well-
received alternative metho (17).

In this study, the serum level of FSH hormone was sig-
nificantly higher in the case group compared to the con-
trol group . Previous research conducted by Cakmak et
al. (3) and Comba et al. (13), concluded that there was no
noticeable difference between the two groups. The level
of FSH serves as an indicator for assessingthe maturation
of follicles within the past two weeks. Changes in the se-
rum level of this hormone occur relatively later in the pro-
cess of reproductive aging, when the ovarian reserve has
reached a critical level, leading to a significant decrease
in the likelihood of pregnancy. When evaluating ovarian
reserve, it is crucial to consider that the average level of
AMH is a more substantial predictor factor compared to
the expected level of FSH (18, 19).

Similar to our study, Comba et al. (13) likewise ob-
served no significant difference in the prolactin level be-



tween the case and control groups. Among individuals
with CD, prolactin level in the serum is associated with
their adherence to a gluten-free diet. Increased damage
to the villi caused by gluten consumption results in higher
prolactin level. However, after two months of gluten-free
diet, prolactin levels return to normal (20). It is worth
noting that even mild to moderate hyperprolactinemia in
young women can lead to infertility (21).

Our study showed that there is no significant difference
in the diagnosed hypothyroidism and the TSH serum level
between the case and control groups . In a previous study,
Baharvand et al showed that patients with CD had a prev-
alence of thyroid disorders that was four times greater
than that of the control group (22). Furthermore, Sun et
al. (23) demonstrated that there is no significant contrast
in the occurrence of hyperthyroidism between healthy in-
dividuals and those with CD. However, they did observe a
higher incidence of hypothyroidism in the healthy group.
It is plausible that the divergence in the outcomes of our
research compared to prior studies can be attributed to
disparities in factors such as sample size, project location,
diagnostic techniques, and methodologies employes.

According to the research findings, individuals with
CD may experience a delay in the onset of menstruation.
This delay can be attributed to various nutritional factors,
including insufficient intake of essential micronutrients
such as iron, vitamin B12, and vitamin D, as well as inad-
equate weight gain (24).

Our study has provided evidence that the menarche age
is notably higher in the case group was compared to the
control group . These findings align with a previous study
conducted by Kotze et al. (25), which also reported a sig-
nificant delay in menarch.

Furthermore, Santonicola et al. (26) conducted a study
that supports our current findings, revealing a signifi-
cantly higher menarche age in the case group compared
to the control group. Therefore, the significant difference
observed in the present study aligns with the aforemen-
tioned research findings.

Present study may shed some lights to pay more atten-
tions to the infertility reasons in women with CD.

This study provided some notable findings about the
fertility disorders in patients with CD that has been mere-
ly studied. But there were some restriction for better in-
terpretations such as limited numbers of patients and poor
cooperation of the healthy women to provid blood sam-
ples and undergo ultrasounds on days coninciding with
their menstural cycle.

It may be suggested to follow patients with CD over
a period of time to better manage the complications like
infertility or other reproductive disorders.

Conclusion

The primary objectives of this study was to assess the
ovarian reserve in women with CD and make a compari-
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son with healthy women. The results showed that women
with CD have a lower number of AFC compared to their
healthy counterpartners. In addition, women with CD ex-
hibited significantly higher levels of FSH compared to the
healthy women. Additionally, the age at which menarche
occurred was found to be higher in the celiac group when
compared to the healthy group. Moreover, the study also
revealed that women in the celiac group had lower weight
and BMI in comparison to women in the healthy group.
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