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Anti-Mdillerian hormone; Background and aim: Crohn’s disease (CD) decreases fertility both directly, by inducing inflam-
Ovarian reserve mation in the fallopian tubes and ovaries, and indirectly, through the surgical interventions and

tubal adhesions associated with disease treatment. Anti-millerian hormone (AMH) is a reliable
indicator of ovarian reserve in women. We aimed to compare serum AMH levels between repro-
ductive-age women with CD and healthy controls.

Methods: Serum AMH levels were measured by ELISA in 35 women with CD and 35 age-matched
healthy women controls.

Results: CD patients and controls were similar in terms of age, height, weight and BMI. Mean CD
duration was 60 months. CRP, ESR and leukocyte counts were significantly higher in CD patients
compared to the controls (p<0.001, p=0.004 and p=0.04, respectively). AMH levels in CD pa-
tients (1.02+0.72) were significantly lower compared to the controls (1.89+1.80) (p=0.009).
Serum AMH levels in CD patients with active disease (0.33 +0.25) were significantly lower com-
pared to CD patients who were in remission (1.53+0.49) (p=0.001). Serum AMH levels were sim-
ilar in CD patients with a disease duration of less than 5 years (17 patients) and CD patients with
a disease duration of greater than 5 years (18 patients) (p=0.8). In CD patients, a negative
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correlation between CDAIl and serum AMH levels was found (r=-0.718, p<0.001). Serum AMH
levels were similar in CD patients who had (6 patients) and had not undergone (29 patients) sur-

gical treatment (p=0.2).

Conclusion: Serum AMH levels of reproductive-age women with CD were significantly lower
compared to the controls. CDAI and AMH are inversely correlated.
© 2012 European Crohn's and Colitis Organisation. Published by Elsevier B.V. All rights reserved.

1. Introduction

Crohn's disease (CD) is a recurrent, chronic inflammatory
disease of idiopathic origin that is characterized by periods
of remission and flare-ups.

CD is associated with various extraintestinal pathologies
in addition to numerous intestinal pathologies. These extra-
intestinal symptoms often affect the eyes, skin, musculo-
skeletal, renal, hepatobiliary and hematologic systems.

Women with CD have fewer children compared to healthy
women. ' The underlying reason for this difference is hypoth-
esized to be related to a decreased desire to have children
by women with CD rather than being caused by the disease
itself.? However, the most recent consensus report, pub-
lished by the European Crohn's and Colitis Organisation
(ECCO), documents decreased fertility in women with CD,
especially in patients with active disease.? CD is a chronic
inflammatory disease that decreases fertility both directly,
through the induction of inflammation in the fallopian
tubes and ovaries, and indirectly, through the surgical inter-
ventions and tubal adhesions that are associated with dis-
ease treatment.3 1>

Objective indicators that reflect ovarian reserve, an indi-
cator of fertility in reproductive-age women, include estradi-
ol, follicle-stimulating hormone (FSH) and anti-Millerian
hormone (AMH); additionally, the clomiphene citrate chal-
lenge test (CCCT), the exogenous FSH ovarian reserve test
(EFORT) or an ultrasound assessment of the antral follicle
count or ovarian volume can be performed to assess fertility. '
Tests involving estradiol and FSH require sample collection on
a particular day of the menstrual cycle (day 3), and the collec-
tion of more than one sample is often needed.'® The CCCT,
EFORT and ultrasound assessment of antral follicle count or
ovarian volume have limitations in their methodologies and
value for predicting fertility. However, because AMH levels
vary only slightly during the menstrual cycle, an analysis can
be conducted on a single sample collected at any point during
the patient's menstrual cycle. Therefore, AMH testing has
replaced these other fertility tests over time, especially in
the context of in vitro fertilization (IVF) studies.'”~°

In recent studies, '®29-22 AMH levels have been reported
to be a good indicator of ovarian reserve in women. AMH is
a member of the transforming growth factor-g (TGF-) family
and is secreted by small (<8 mm) preantral and early antral
follicles. '® AMH levels reflect the size of the primordial follicle
pool. In mature women, AMH levels decrease over time due to
the reduction in the primordial follicle pool that occurs with
advancing age.?® Consistent with this phenomenon, AMH
levels decrease during menopause and eventually become
undetectable.?* AMH levels appear to be an early, reliable,
direct indicator of reduced ovarian function. Serum AMH
levels exceeding 0.5 ng/mL are indicative of a good ovarian

reserve, whereas serum levels below 0.5 ng/mL are indicative
of a reduced ovarian pool. Serum AMH levels below 0.15 ng/mL
indicate that the patient will respond poorly to IVF.?%2¢ Thus,
AMH measurements can play an important role in the diagnosis
of patients with low ovarian reserve.?’

The aim of this study was to compare serum AMH levels
between female reproductive-age patients with CD and
healthy, age-matched women.

2. Materials and methods

In total, 35 reproductive-age female patients who had a
definitive clinical CD diagnosis that was confirmed through
endoscopic, radiologic and histopathologic findings were
included in the study. The women were treated and subse-
quently followed at the Haydarpasa Numune Education and
Research Hospital between 2004 and 2010. Additionally, 35
healthy, age-matched women were included in the study as
controls.

Exclusion criteria for CD patients were as follows: age
greater than 40 years, having a previous ovarian resection,
renal failure (serum creatinine levels >1.2 mg/dL), a diagno-
sis or suspicion of malignancy, the presence of hereditary or
acquired hematologic disease, pregnancy, current lactation,
the presence of a serious comorbid chronic illness, chronic
liver disease-induced cirrhosis, abnormal thyroid function
tests, the presence of a known serious psychological prob-
lem, alcoholism and male gender. The control group was
selected from women with no known diseases and who had
never received any drug or transfusion treatment. In addi-
tion, women must have had no inflammatory bowel disease
diagnoses in any of their first-degree relatives, no surgical
history and not be taking any current medications.

At the beginning of the study, demographic data such as
age, height, weight and body mass index (BMI) were recorded
for all study participants. Additionally, serum levels of acute
phase reactants (CRP, ESR, platelet count and albumin) were
determined, and complete blood work analyses were per-
formed for all subjects. For CD patients, the CD activity
index (CDAI), sites of intestinal disease involvement and any
medications used were recorded. CD patients with a CDAI
below 150 were considered to be in remission, whereas CD pa-
tients with a CDAI over 150 were considered to have active CD.

Patients and healthy controls were compared in terms of
demographics, serum biochemical parameters and serum
AMH levels. Next, CD patients were divided into patients
with active disease and patients in remission, and the groups
were compared in terms of their serum AMH levels. In CD
patients, the existence of a correlation between CDAI and
serum AMH levels was investigated using a Pearson correlation
analysis. Finally, serum AMH levels in CD patients who had
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Table 1  Clinical and demographic data of the CD patients
and controls.
Characteristic CD (n=35) Control p
(n=35)
Age (year) 34+5 33+5 0.3
Gender (F) 35 35 1
Oral contraceptive drug 6 10 0.3
use (yes)

Patients with children (n) 23 28 0.2
Patients with miscarriage (n) 5 3 0.7
Clinical disease

Active (CDAI >150) 15 (43%) NA

Remission (CDAI <150) 20 (57%)
Height (cm) 161+6 160+5 0.6
Weight (kg) 63+12 68+13 0.2
BMI (kg/m?) 26.6+5.3 24.5:4.2 0.1
Disease duration (months) 60 (min, 9; NA

max, 163)
CDAI 134 (min, 44; NA
max, 492)
Surgery (yes) 6/35 NA
Site of involvement NA
(for CD)

Ileal 12 (34%)

Ileocolonic 13 (37%)

Colonic 10 (29%)

NA: Not applicable.

undergone surgery due to CD complications were compared to
CD patients who had not undergone surgery.

2.1. Serum collection and analysis

All blood samples were collected from the antecubital fossa
vein between 8:00 and 9:00 in the morning after a 12-hour
fast. Venous blood samples were deposited into polypropylene
tubes containing sodium EDTA. The serum samples were then
immediately centrifuged for 15 min at 4 °C at 3000 g, trans-
ferred to Eppendorf tubes and stored at —80 °C for further
analysis.

Serum AMH levels were measured using a commercially
available ACTIVE MIS/AMH Enzyme-Linked Immunosorbent
Assay (ELISA) Kit (Diagnostic Systems Laboratories, Inc.,
Webster, TX, USA). The limit of detection for this kit is
0.006 ng/mL for 90% accuracy.

2.2. Statistical evaluation

SPSS v. 15.0 software (Statistical Package for Social Sciences,
SPSS Inc., Chicago, IL, USA) was used for all statistical analy-
ses. A sample size of 35 patients per group was determined
to be sufficient to detect, with 80% power, a 25% difference
between patients and controls. For the comparison of categor-
ical variables, Pearson's chi-square test was used. For the com-
parison of numerical variables with a normal distribution, a
Student’s t test was used. For the comparison of numerical var-
iables without a normal distribution, a Mann—Whitney U-test
was used. To compare more than 2 numerical variables
between groups, a Kruskal-Wallis test was used. To assess
the relationship between 2 variables, a Pearson correlation
analysis was performed. A two tailed p-value <0.05 was con-
sidered to be significant.

3. Results

A total of 70 women, 35 with CD and 35 healthy controls with
equivalent demographic characteristics in terms of age, gen-
der, height, weight and BMI, were included in the study. The
clinical and demographic data of the CD patients and healthy
controls are shown in Table 1.

There were no significant differences between the CD
patients and healthy controls in terms of age, height, weight
or BMI (Table 1). The median follow-up period of the CD
patients was 60 months (min, 9; max, 163). For the CD pa-
tients, the median CDAI was 134 (min, 44; max, 492). Of the
CD patients, 15 (43%) were considered to have active disease,
while 20 (57%) were considered to be in remission. Only 6
(17.1%) CD patients had a history of surgical treatment.

The results for the serum biochemical parameters
assessed in the two groups are shown in Table 2. While levels
of the acute phase reactants ESR and CRP and leukocyte

Table 2 Serum biochemical parameters of the CD patients and controls included in the study.

Parameter CD (n=35) Control (n=35) p

ESR 34+24 17+10 <0.001
CRP 1.91+3.02 0.38+0.28 0.004
White blood cells 7354 +2569 6277 + 1424 0.04
Hemoglobin 11.8+1.4 12+1.1 0.5
Platelet count 304,314+123,146 271,142+72,939 0.2
Albumin 4.06+0.45 4.35+0.30 0.002
Thyroid-stimulating hormone 1.3410+0.59842 1.7734+1.10190 0.06
Ferritin 11 (min, 3; max, 384) 32 (min, 3; max, 95) 0.9
FBG 89+12 85+10 0.1
Creatinine 0.68+0.12 0.75+0.14 0.3
ALT 20+7 178 0.2
AST 179 20+9 0.3

Abbreviations: ESR; erythrocyte sedimentation rate, CRP; C reactive protein, FGB; Fasting Blood Glucose, ALT; alanine aminotransferase,

and AST; aspartate aminotransferase.
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numbers were significantly higher in CD patients compared
to healthy controls (p<0.001, p=0.004 and p=0.04, respec-
tively), the level of the negative acute phase reactant
albumin was significantly lower in CD patients than in healthy
controls (p=0.002). No significant differences were detected
between the two groups in terms of their serum levels of
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), fasting blood sugar (FBS) and thyroid-stimulating hor-
mone (TSH) (Table 2).

A comparison of serum AMH levels in CD patients and
healthy controls is shown in Table 3. Serum AMH levels
were significantly lower in CD patients than in healthy con-
trols (Table 3).

After the CD patients were divided into groups according
to their CDAI results, we compared CD patients with active
disease to CD patients who were in remission in terms of
their serum AMH levels (Table 3). Serum AMH levels were
significantly lower in patients with active CD than in CD pa-
tients who were in remission (p<0.001) (Table 3). To analyze
the relationship between serum AMH levels and disease
duration, CD patients were divided into two groups based
on whether they had been diagnosed with CD for less than
5 years or greater than 5 years; a comparison of AMH levels
between these groups is shown in Table 3.

Serum AMH levels in patients who had a disease duration
of more than 5 years were lower compared to patients who
had a disease duration of less than 5 years; however, this dif-
ference was not statistically significant (p=0.8).

Fertility is known to be decreased in patients with active
CD. Therefore, we investigated whether a correlation exists
between CDAI scores and serum AMH levels. To test this pos-
sibility, we performed correlation analysis between serum
AMH levels and CDAI scores (Table 4).

In CD patients, a negative correlation between CDAI and
serum AMH levels was observed (r=—0.718, p<0.001). A dia-
gram of the correlation between CDAIl and serum AMH levels
in CD patients is shown in Fig. 1. In total, 6 CD patients (17%)
had undergone surgical treatment. When we compared the
serum AMH levels of these patients to those of CD patients
with no history of resection, no significant differences
were detected (p=0.2) (Table 3).

Table 3 Comparison of serum AMH levels between CD
patients and controls and various subgroups of CD patients.

Feature Serum AMH p
levels (ng/mL)

Al participants CD patients 1.02+0.72 0.009
(n=35)
Controls (n=35) 1.89+1.80

Disease activity Active CD 0.33+0.25 <0.001
(n=15)
In-remission 1.53+0.49
(n=20)

Disease duration Less than 1.07£0.79 0.8
5years (n=17)
More than
5years (n=18)

History of CD- Yes (n=6) 1.33+0.49 0.2

related surgery No (n=29) 0.95+0.75

Table 4 Correlation analysis of CDAI and serum AMH
levels.

Pearson correlation test AMH CDAI
Serum AMH (ng/mL) Correlation  1.000 -0.718™
coefficient
Significance - <0.001
(2-tailed)
N 35 35

** Significant at p<0.01.

4. Discussion

In this observational, cross-sectional case—control study, we
investigated whether CD, a chronic, systemic inflammatory
disease, affects serum AMH levels in female patients,
which are an early, reliable, direct indicator of ovarian
reserve.

CD decreases fertility, especially during active disease
episodes, by inducing inflammation in the fallopian tubes
and ovaries, causing dyspareunia in the presence of perianal
disease and through indirect mechanisms, such as the surgi-
cal resections that are often required for treatment.3'>
Serum AMH levels in female CD patients were significantly
lower compared to healthy controls (1.02+0.72 ng/mL vs.
1.89+1.80 ng/mL, p=0.009) (Table 3). In women who are
diagnosed with CD, markedly lower serum AMH levels indi-
cate that fertility is decreased as a result of direct defects
in ovarian function.

When we divided female CD patients into 2 groups based
on their disease status and compared these groups in terms
of their serum AMH levels, we found that serum AMH levels
were significantly lower in CD patients who had active dis-
ease (15/35 patients) than in CD patients who were in remis-
sion (p<0.001). This finding is consistent with the findings of
previous studies. Serum AMH levels in CD patients who had
active disease were 0.33+0.25 ng/mL, which is below the
level of 0.5ng/mL that is accepted as an indicator of a
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Figure 1  Correlation graph between CDAIl and serum AMH
levels in CD patients.CD: Crohn's disease, CDAI: Crohn's disease
activity index, and AMH: anti-Mullerian hormone.
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good ovarian reserve. This result supports other studies that
found that, even in the absence of any structural pathology
in the genital system, fertility is very low in female CD
patients, especially during periods of active disease.

In CD, intestinal and extraintestinal complications tend to
increase as the duration of the disease increases.?® There-
fore, we evaluated serum AMH levels in women with CD in
our study in terms of disease duration. When the CD patients
were divided into groups based on their disease duration and
AMH levels were compared, we detected no significant dif-
ference in serum AMH levels between patients who had a dis-
ease duration of less than 5years and those who had a
disease duration of greater than 5 years (1.07+0.79 ng/mL
vs. 0.97+0.67 ng/mL, p=0.8).

In accordance with the literature cited above, we found
that serum AMH levels were decreased in female CD pa-
tients, especially during periods of active disease. In addi-
tion, we found a significant negative correlation between
serum AMH levels and CDAI in female CD patients (r=—0.718,
p<0.001) (Table 4, Fig. 1). As shown in Fig. 1, as CDAI in-
crease, serum AMH levels decrease.

In CD patients who were treated with surgical resection,
fertility decreases due to inflammation in the fallopian
tubes following resection and adhesions that occur due to
surgery. In our patients, we detected no significant differ-
ence in terms of serum AMH levels between patients who
were treated with resection (6 patients, 17.1%) and patients
who were not (29 patients, 82.9%) (1.33+0.49 ng/mL vs.
0.95+0.75 ng/mL, p=0.2). Although this result appears to
be in contrast to findings from other studies, genital tract
examinations for signs of infertility after resection were
not performed in these patients. We compared serum AMH
levels, which are an early, reliable, direct indicator of ovar-
ian reserve. Importantly, serum AMH levels represent an
ovarian reserve indicator that is not affected by surgery.

We believe that the results obtained from this study will
be helpful in clinical practice, especially in the treatment
of recently diagnosed female CD patients who are of repro-
ductive age and want to or plan to have children.

Most of the studies assessing the role of serum AMH levels
regarding the ovarian reserve are reported in the patients
with malignancy which treated with chemotherapeutics.
Recently there are two recent studies assessing the role of
serum AMH levels in, systemic lupus erythematosus (SLE),
another chronic systemic inflammatory disease.3>3¢ In the
retrospective study of Brown et al.>> they measured plasma
AMH levels in six females with SLE undergoing chemotherapy
and hematopoietic stem cell transplantation. They found
that serum AMH levels facilitated earlier identification of im-
paired ovarian reserve compared with FSH and the resumption
of menses. In another study reported by Lawrenz et al.3¢
serum AMH levels of 33 premenopausal SLE patients without
previous cyclophosphamide treatment and 33 age-adjusted
healthy females were compared. They also reported the num-
ber of children and miscarriages. They found that, the AMH
values in the SLE group were significantly lower than in the
healthy control group. However there were no significant dif-
ferences between the groups regarding number of children
and miscarriages were noted and no correlation between the
AMH value and the duration of illness or the SLE disease activ-
ity index. They also found that despite mild disease activity,
SLE patients had a significantly lower ovarian reserve than

age-matched healthy women. These findings are similar to
our findings.

Azathioprine and 5-ASA compounds have no effect on fer-
tility in women. By contrast, sulfasalazine causes a revers-
ible reduction in sperm motility and sperm count in men
but this effect is dose-dependent and is not responsive to
folic acid treatment.?°34 Although the direct effects of
infliximab (IFX) on female fertility are not known, no con-
genital malformations have been reported in women who
were impregnated by men being treated with infliximab
(IFX). However, miscarriage was reported in 1 out of every
10 women.? For this reason, an evaluation of medications
used for CD was not made in this study.

Several study limitations must be addressed. First, this
is an observational, cross-sectional case study; to better
define the relationship between AMH and actual fertility in
CD patients, long-term prospective studies are needed. Sec-
ond, although our study has the power to evaluate the differ-
ences in serum AMH levels between patients and controls, the
relatively small sample size might limit the generalization of
our results. Third, because this study was conducted with indi-
viduals of Turkish origin, it cannot be applied to individuals
with different ethnic backgrounds.

In conclusion, CD causes a significant decrease in the
serum AMH levels of women of reproductive age compared
to healthy women with similar age and demographic proper-
ties; this effect is most pronounced during periods of active
disease. Moreover, a significant negative correlation be-
tween CDAI and serum AMH levels was observed in female
CD patients. We believe that these data will be helpful for
the treatment of recently diagnosed female CD patients
who want to or plan to have children.
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