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Background Rheumatoid arthritis is considered one of the most common chronic inflammatory autoimmune dis-
eases that lead to affection of several joints, as well as extra-articular organ involvement.

Rheumatoid arthritis women tend to menopause somewhat earlier. This was attributed to primary ovarian insuf-
ficiency because of autoimmune disorders. Anti-Mullerian hormone is a marker used for evaluating preantral follicle
reserve. It provides a very sensitive way to reflect the ovarian reserve and has become a crucial factor in determining

The study aimed to show the influence of rheumatoid arthritis and its activity on ovarian reserve assessed using anti-

Results Our cross-sectional study involved 30 rheumatoid arthritis female patients with an age range between 25
and 35 years. The Disease Activity Score (DAS 28-ESR) was used to assess the degree of disease activity. Serum level
of anti-Mullerian hormone was determined using quantitative enzyme-linked immunosorbent assay and the correla-
tion with the disease activity as well as with the medications the patients were receiving was analyzed. A statistically
significant relation was found amid the disease activity and the anti-Mullerian hormone level. Serum levels of anti-
Mullerian hormone were found less in cases with high disease activity than in low to moderate cases. Different medi-

Conclusions Rheumatoid arthritis high disease activity was linked to a diminished level of serum anti-Mullerian

Keywords Serum anti-Mdllerian hormone, Rheumatoid arthritis, Ovarian reserve, DAS 28-ESR

Background

Rheumatoid arthritis (RA) is considered one of the most
common chronic inflammatory autoimmune diseases
that primarily affect several joints, leading to destruc-
tive polyarthritis. However, besides the articular involve-
ment, RA has as well numerous extra-articular systemic
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manifestations. The etiology of RA is not fully known,
however, several factors could play a role as genetic, envi-
ronmental, and hormonal factors [1, 2]. RA affects up to
1% of the global population. Women are three times more
vulnerable to develop RA than men. Moreover, women
exhibit a greater chance of getting RA at a younger age.
RA is a primary inflammatory disease that affects women
in their childbearing period [3].

Extra-articular organ involvement in RA includes skin,
eyes, renal, cardiopulmonary, nervous, and gastrointesti-
nal systems in addition to ovaries [4]. Recent researches
have revealed inexplicable infertility, with an extended
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mean time to conceive, higher predominance of dyso-
vulation, nulliparous women, and diminished ovarian
reserve in women with RA when compared to the gen-
eral population. Almost one-third of RA female patients
who are diagnosed during their early reproductive period
undergo infertility issues [3, 5]. Many factors were sug-
gested for these women’s subfertility such as disease
inflammatory nature, disease duration, severity, and/or
their treatments [5].

A significant reduction of ovarian reserve (OR) was
noted in RA patients which corresponded to earlier
menopause [6]. Studies showed that RA female patients
tend to menopause earlier and that this was attributed
to primary ovarian insufficiency because of autoimmune
disorders [2, 4]. Valdeyron et al. reported a link between
the development of RA and the incidence of early meno-
pause before the age of 45 [5].

The preantral follicle reserve could be estimated by
measuring the Anti-Miillerian hormone (AMH) in wom-
en’s serum. Research indicated that the amounts of this
hormone are correlated with the sum of the evolving fol-
licles in ovaries. Accordingly, serum AMH is looked up
now as the most sensitive marker for OR, thus becoming
a crucial factor in determining it [7].

Levels of AMH change throughout different life phases.
Serum levels were found to be variable with a range of
0.2-11.7 ng/mL related to ovarian responsiveness [6]. At
the average age of 50, a fixed drop to undetectable lev-
els was noticed, consistent with menopause [8, 9]. The
stability of AMH levels throughout the menstrual cycle
provides the feasibility of its measurement at any time
[10]. A threshold of<1 ng/mL was regarded as evidence
of marked diminution in ovarian reserve with affection of
fertility [5].

Significant comorbidities such as polycystic ovarian
syndrome (PCO) and some ovarian malignancies such
as adult granulosa cell tumors could cause increased
AMH [7, 11]. On the other hand, Anti-cancer therapies
like cyclophosphamide, doxorubicin, and cisplatin were
linked to premature ovarian insufficiency and infertility
[12, 13].

Valdeyron et al. showed that inflammation might have
a hazardous effect on the ovarian reserve and that there
might be a link between the chronic inflammatory state
present due to the cytokines and chemokines release and
the decline of ovarian reserve, leading to early meno-
pause [5].

Proinflammatory cytokines especially interleukin
(IL)-6 and tumor necrotic factor alpha (TNF-a) which
are secreted abundantly during the disease process, could
lead to vessel damage, explaining the bond amid the
inflammatory process and the ovarian reserve loss [2].
These patients showed an inverse relationship between

Page 2 of 7

AMH and IL-6 levels. Ovarian ischemic-reperfusion
damage was attributed to the effect of TNF-a. High lev-
els of TNF-« in ovaries lead to excessive leukocytic infil-
tration, injuring the ovarian tissue and causing follicular
atresia and ovarian fibrosis [14, 15].

An animal experimental study showed that IL-1 was
involved in ovarian reserve regulation through increasing
AMH serum levels. Ovarian response to gonadotropins
was noted to rise in IL-1-beta-lacking animals [16]. On
the other hand, levels of IL-10 and vascular endothelial
growth factor were found to stimulate angiogenesis and
corpus luteum formation [17, 18].

Aim of the study

Our work aimed to show the influence of rheumatoid
arthritis and its activity on ovarian reserve assessed using
serum anti-Millerian hormone levels.

Methods

Thirty RA female patients were involved in our cross-sec-
tional study with ages ranging between 25 and 35 years.
They were diagnosed with RA referring to the 2010
American College of Rheumatology/European League
Against Rheumatism (ACR/EULAR) classification cri-
teria for rheumatoid arthritis [19]. Those who had a his-
tory of PCOs, ovarian malignancies or surgeries, primary
amenorrhea, gynecological radiotherapy, chemother-
apy, any other autoimmune diseases, and also pregnant
patients were excluded. This was confirmed through his-
tory and transabdominal pelvic ultrasound.

Subjects were enrolled in the outpatient clinic of the
Rheumatology, Physical Medicine, and Rehabilitation
Department over a period of 7 months. The nature of the
research was explained to all participants. An informed
consent was received from all of them. The faculty ethical
committee approved the study.

All participants underwent full medical history taking
with an emphasis on menstrual history, disease dura-
tion, and medications. A thorough clinical examina-
tion was done on all participants stressing both articular
and extra-articular manifestations of RA. The degree of
disease activity was evaluated according to the Disease
Activity Score (DAS28-ESR). High activity was deter-
mined as>5.1, moderate activity as 3.2-5.1, low activity
as 2.6-3.2, and those with a score of<2.6 were consid-
ered in remission [5].

The laboratory work-up included complete blood count
(CBC), erythrocyte sedimentation rate (ESR), C-reac-
tive protein (CRP), liver and kidney function tests, and
anti-Miillerian hormone serum level using quantitative
enzyme-linked immunosorbent assay (ELISA).

For measuring serum levels of AMH, venous samples
were collected and left for 10-20 min to coagulate at
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room temperature then centrifuged at the speed of 2000—
3000 rpm for 20 min. The serum was then separated and
stored at — 20 °C. The anti-Millerian hormone-ELISA kit
(Sun Red technology company) was used for measuring
serum levels of AMH. The assay range was 0.08—-20 ng/
mL.

Statistical analysis

Statistical analysis of the collected data was done using
the Statistical Package for Social Science (SPSS 20).
Quantitative data were expressed as mean, standard
deviation (+ SD), median, and interquartile range (IQR).
Non-numerical data were stated in the form of frequency
and percentage. Student’s 7-test was used for compari-
sons between means, while the Mann—Whitney U test
was used for non-parametrical tests. The relationship
between two qualitative variables was performed using
the chi-square test. The correlation between two quanti-
tative variables was determined using the Spearman cor-
relation coefficient and method. A p value of<0.05 was
considered statistically significant.

Results

Descriptive data of the 30 recruited rheumatoid arthritis
patients in our study is shown in Table 1. Twenty-three
(76.7%) of our patients had regular cycles. All patients,
except one, were multipara with no history of abortions
or miscarriages. Only one patient was nulliparous.

The clinical findings of the recruited patients are sum-
marized in Table 2. The summary of the medications our
patients were receiving is listed in Table 3.

DAS28-ESR score was used to evaluate the degree of
disease activity, and it ranged from 2.7 to 8.1 with a mean
of 5.67 + SD 1.60. Patients were further classified accord-
ing to DAS degree, for which 18 patients (60.0%) had
severe disease activity, 10 patients (33.3%) had moderate
disease activity and only 2 (6.7%) of the patients showed
mild disease activity. None of our patients was in remis-
sion (Table 4).

Laboratory investigations showed that 19 (63.3%)
of our patients had microcytic hypochromic anemia.
Regarding acute phase reactants, C reactive protein
(CRP) ranged from 0.6 to 48 mg/dL with a median of 5
(2.2-9) and erythrocyte sedimentation rate (ESR) of the

Table 1 Descriptive data of the 30 recruited rheumatoid arthritis

patients

Range Mean+SD
Age (years) 25-35 32.20%293
Duration of illness (years) 1-13 3.5(2.5-6)
Age of menarche (years) 9-15 11.53+1.55
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Table 2 Clinical findings of the 30 recruited rheumatoid
arthritis patients including both articular and extra-articular
manifestations

Range Median (IQR) Frequency (%)
Morning stiffness 20-90 25 (20-30) 100 (n=30)
Tender joints 4-33 16 (8—24) 100 (n=30)
Swollen joints 0-28 4(2-13) 90 (n=27)
Subcutaneous nodule 33(n=1)
Suspected CTS 16.7 (n=5)
Keratoconjunctivitis 26.7 (n=8)
Episcleritis 6.7 (n=2)

CTS carpel tunnel syndrome

first hour ranged from 7 to 98 mm with a median 19.5
(10-41). All patients showed normal renal and liver func-
tion tests.

As an estimate of the ovarian reserve, serum level of
anti-Millerian hormone (AMH) was measured. Our
subjects ranged between 0.75 and 2.9 ng/mL with a
median of 1.6 (0.9-2) ng/mL. Patients were then cat-
egorized according to their AMH level into either AMH
level>1 ng/mL or<1 ng/mL. We found that 8 (26.6%)
patients out of 30 showed an AMH level of>1 ng/mL.
While cases with AMH>1 ng/mL were 22 patients, 10
of them (45.5%) had high disease activity, 10 patients
(45.5%) had moderate disease activity, and only 2 (9.1%)
of them had low disease activity (Table 5 and Fig. 1).
According to the literature, this level represents a con-
sistently low level indicative of decreased ovarian reserve
[5, 20, 21].

The negative correlation between serum AMH level
and the DAS28-ESR score showed a high statistical sig-
nificance (r= —0.845, p=0.000) (Fig. 2). Also, a highly
statistically significant relation was detected among the
activity degrees assessed by DAS28-ESR and the level
of AMH (P value=0.000). Less AMH levels were found
in cases with high disease activity than low to moderate
activity (Fig. 3).

A considerably statistically significant negative cor-
relation was shown between AMH serum levels and age
(r=-0.622, p=0.000). After excluding the age factor,
there was also a significant negative correlation between
serum levels of AMH and duration of illness (r= —0.395,
p=0.031) (Table 6). No significant relation, however, was
found between AMH serum levels and the different med-
ications the patients were receiving.

Discussion

Rheumatoid arthritis (RA) is considered one of the most
common autoimmune inflammatory diseases which is
characterized, besides its destructive nature damaging
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Table 3 Summary of medications among the 30 RA studied patients

Medication Patients No % Range of
duration
(years)

Conventional Synthetic DMARDs 26 86.6%

MTX only 0.75-1 cm/week 4 13.3% 2-5

Leflunomide only 3 10.0% 0.58-3

20 mg/day

MTX 0.75-1 cm/week + leflunomide 20 mg/day 2 6.7% 2

HCQ 400 mg/day only 5 16.7% 0.5-4

MTX 0.5-1 cm/week + HCQ 400 mg/day 5 16.7% 0.25-3

Leflunomide 20 mg/day + HCQ 400 mg/day 2 6.7% 2

MTX 0.5-1 cm/week + leflunomide 20 mg/day + HCQ 400 mg/day 2 6.7% 1

MTX 0.75-1 cm/week + HCQ 400 mg/day + sulfasalazine 500 mg/day 3 10% 0.04-2

Baricitinib 2 mg/day (JAK inhibitor) 2 6.7% 4-6

Biologic enbril 25 mg/week (anti-TNF) 2 6.7% 0.2-1

DMARDS disease-modifying anti-rheumatic drugs, MTX methotrexate, HCQ hydroquinone, JAK inhibitor Janus tyrosine kinase inhibitor, anti-TNF anti-tumor necrosis

factor

Table 4 Disease activity levels of the 30 studied RA patients
based on DAS28-ESR

DAS28-ESR Patient No %

Mild (2.6-3.2) 2 (6.7%)
Moderate (>3.2-5.1) 10 (33.3%)
Severe (>5.1) 18 (60.0%)

DAS Disease Activity Score

Table 5 Anti-Mullerian hormone levels among 30 RA patients

Laboratory

AMH (ng/mL) Range 0.75-2.9
Median(IQR) 16 (0.9-2)

AMH > 1 N=8 26.6%

AMH > 1 N=22 63.4%

AMH anti-Miillerian hormone, ng/mL nanogram per milliliter

several joints, by extra-articular manifestations counting
the ovaries [4]. Numerous recent studies have proposed
a high occurrence of subfertility in RA patients with
diminished ovarian reserve when compared against nor-
mal people. Yet, causes are still indistinct or not settled
yet [5, 22]. In our study, we aimed to show RA influence
and its activity on ovarian reserve. The serum AMH level,
known as the most sensitive indicator of ovarian reserve
[7], was measured in 30 RA premenopausal Egyptian
women.

AMH levels, in our study, were considered lower than
the median range detected in the same age groups in
the study conducted by Elattar et al. who measured

OAMH <1 DOAMH = 1]

100%
100%
80% 1
9 45.59
60% | 45.5% %
40% A
9.1%
20% 0% Y
0% -
Low (2.6-<3.2) | Moderate (3.2-|  High (>5.1)
5.1)

Fig. 1 Bar chart showing the relation between disease activity
degrees based on DAS28 with AMH < 1 or > 1. AMH, anti-Mullerian
hormone

AMH in 841 healthy Egyptian females providing an
age-AMH nomogram and found that the median of
AMH in the age group 25-29 years was 2.8 ng/mL
and 1.88 ng/mL in the age group 30-34 years [23]. In
accord with our study, Valdeyron et al. reported that
the median of AMH level in 102 RA patients at the time
of diagnosis was 1.7 ng/mL [5]. Henes et al. found that
the median AMH value was 1.8 (0.0-4.3) ng/mL [6].
All these studies showed that RA subjects had signifi-
cantly lower AMH when matched against the normal
population within the same age group. Although Brou-
wer et al. in their study showed higher levels of AMH
with a median of 2.5 (1.5-4.6) ng/mL [4], still, however,
45.0% of patients showed levels between the 10th and
50th percentiles and 34.9% were between the 50th and
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Fig. 2 Scatter figure showing the negative significant correlation between DAS28-ESR and AMH serum level
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Fig. 3 Bar chart showing the relation between the degree of activity
of DAS28-ESR with AMH serum level

Table 6 The correlation between AMH and demographic data
of the studied patients

AMH

r P-value
Age (years) -0.622" 0.000
Duration of illness —0.395 0.031

P-value >0.05: non-significant; P-value < 0.05: significant; P-value <0.01: highly
significant

r Spearman correlation coefficient, AMH anti-Mdllerian hormone. *Statistically
significant. **Highly statistically significant

90th percentiles of the healthy controls. Higher ranges,
though, compared to our results might be due to the
fact that younger patients with ages below 20 were
included.

On the contrary, Brouwer et al. found that the median
value of AMH levels was 1.71 (0.81-4.39) ng/mL in
patients while 2.82 (1.64—4.38) ng/mL in the controls.
Nevertheless, after adjusting the age factor, there were no
statistically significant differences between the patients
and controls. This controversy might be a result of the
fact that they studied early RA cases [24]. Lopez-Corbeto
et al. as well studied AMH serum levels in old estab-
lished RA patients, and reported lower ranges of AMH
with a median of 1.27 (0.42-2.24) ng/mL, showing no
significant difference when compared to age-matched
healthy controls. This could be clarified through the
higher range of subjects age counted in in their study
which was extended to 50 years old with a mean age of
37.4+6.23 years in the two groups [25].

Eight (26.6%) of our patients showed AMH levels of
(<1 ng/mL). This comes in accordance with Henes et al.
who showed that 30% of their RA cases had a reduced
AMH level (<1 ng/mL) which is suggestive of a constitu-
ently low level and thus a diminished ovarian reserve [6].
Brouwer et al. also stated in their study that eight out of
their patients (11%) had AMH levels inferior to the tenth
percentile of age-matched controls (<1 ng/mL) [24]. In a
recent study, Brouwer et al. stated that referring to age-
specific percentiles, 50 RA patients had a serum AMH
level beneath the 10th percentile at follow-up, compared
to 20 patients at the first available assessment [2].

The highly statistically significant negative correla-
tion between the DAS28-ESR scores and AMH levels
came in accordance with Valdeyron et al. where they
found that RA patients showed a high DAS28-ESR score
on the first visit with a statistically significant negative
correlation with AMH (r=—0.12; P=0.15). However,
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after receiving treatment and follow-up for 6 months,
a statistically significant improvement of RA activity
(r=—0.28; P=0.003) was achieved combined with a rise
in AMH level (1.70 ng/mL vs. 2.20 ng/mL) for all patients
assessed, whatever medications they received [5].

On the other hand, our results disagreed with Brouwer
et al. whose both studies denied any link between serum
level of AMH and disease activity [4, 2]. However, their
studies were centered on a population with controlled
disease activity and who had been participating in a preg-
nancy project. Recently, Lopez-Corbeto et al. as well did
not find any association between disease activity and
AMH levels (p>0.5) [25]. This disagreement with our
study may be due to the fact that their patients showed
mild disease activity as their mean DAS28-ESR was
2.89+1.54 compared to 5.67 SD + 1.60 in our study.

As regards the relation between AMH classification
whether <1 ng/mL or>1 ng/mL and the degree of activ-
ity assessed by DAS28-ESR, a highly statistically signifi-
cant relation was detected between them (p=0.000). All
8 cases (100.0%) with AMH<1 ng/mL were within the
high DAS28-ESR group. As per our knowledge, no previ-
ous studies considered the relation between AMH <1 ng/
mL or AMH>1 ng/mL with the activity of DAS28-ESR.
However, this result coincides with our hypothesis that
high disease activity has a significant impact on AMH
serum levels. As stated previously, this level was consid-
ered a markedly low level suggestive of decreased ovarian
reserve [5, 20, 21].

The statistically significant negative correlation found
between AMH serum level and age, in our study agreed
with Henes et al. who found a statistically significant
negative correlation between serum AMH and age in RA
patients with a p-value of 0.009 [6]. Brouwer et al. also
reported that patients with RA revealed a significant
reduction in serum AMH levels with advanced age with a
negative statistically significant correlation (p=0.01) [2].
Moreover, Alexander et al. studied the effects of many
rheumatic diseases as RA, juvenile idiopathic arthritis,
and spondyloarthritis on AMH serum levels and found
that a constant drop is noted beginning in the third dec-
ade and progressing till menopause [9]. Accordingly,
Shrikhande et al. reported that combining both factors,
AMH level and age, was a more consistent method to
predict early menopause occurrence than age alone [11].

After excluding the age factor, AMH was found to have
a statistically significant negative correlation with the
duration of illness in our study. Brouwer et al. were in
agreement that they found a faster drop of serum AMH
levels over time in RA patients when compared to con-
trols (p=0.05) [2]. On the contrary, Lopez-Corbeto et al.
denied any significant correlation between AMH serum
levels and RA disease duration [25]. However, their study
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included subjects and controls up to 50 years old, in addi-
tion to the fact that average DAS was much lower than
our study, where strict control might have contributed to
mask the duration effect.

Regarding the influence of different medications on
AMH level, no effects were detected either on patients
receiving only MTX or on those getting MTX in addi-
tion to other treatments. Our study agreed with Brouwer
et al. who held a follow-up study on RA patients receiv-
ing MTX over 6 months and found that AMH levels after
age adjustment did not differ significantly among those
receiving MTX and those who are not (p=0.287) [24]. A
similar result was observed by Eudy et al., Brouwer et al.,
and Lopez-Corbeto et al. [13, 4, 25]. Valdeyron et al.
measured AMH at months 0, 6, 12, 24, and 36 post-diag-
nosis and did not note any considerable variance between
AMH levels at months 12, 24, and 36 compared with
month 0 (P=0.05), whatever the medications received
(MTX or not) [5].

The power of our study lies in the young age group of
the RA patients who were recruited in the study. Extend-
ing our study by measuring other factors linked to ovar-
ian reserve in larger samples could be a beneficial step.
Moreover, evaluating cytokine levels in a trial to bet-
ter understand how inflammatory processes induced by
different cytokines in RA, could disturb the function of
granulosa cells responsible for AMH production, could
be beneficial and interesting.

Study limitations

Our study had some limitations represented by the
small sample size, and the usage of only one parameter
(AMH serum level measurement) for ovarian reserve
assessment.

In conclusion, through this study, we were able to
clarify the influence of disease activity in RA patients
on AMH serum levels which in turn could be linked to
a decrease in ovarian reserve and corresponding early
menopause.
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