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Abstract

Background: Disease activity is a major factor in menstrual disorders in systemic lupus erythematosus (SLE)
patients not receiving alkylating therapy. However, the ovarian reserve of SLE women with normal menstru-
ation is still unclear.
Methods: Twenty-three SLE patients naı̈ve to cytotoxic agents (SLE group) and nineteen SLE patients receiving
current or previous cyclophosphamide (CTX) therapy (without other cytotoxic agents; SLE-CTX group) were
enrolled. Twenty-one age-matched healthy women served as controls. All patients and controls had a regular
menstrual cycle. Basal hormone levels, including follicle-stimulating hormone (FSH), luteinizing hormone (LH),
estradiol (E2), and anti-Müllerian hormone (AMH), and antral follicle count (AFC) were analyzed in the two
study groups and compared with the control group.
Results: No significant differences were found between the SLE, SLE-CTX, and control groups in age, body mass
index (BMI), and basal FSH and LH levels. The E2 (P = 0.023) levels were high and the AMH (P = 0.000) values
and AFC (P = 0.001) were significantly lower in the SLE and SLE-CTX groups compared to control. However,
these values were similar between the SLE and SLE-CTX groups.
Conclusion: SLE patients not receiving alkylating therapy who had normal menstruation and short illness
duration still had an impaired ovarian reserve.

Introduction

Systemic lupus erythematosus (SLE) is a chronic in-
flammatory autoimmune disease that is characterized by

the production of non-organ-specific autoantibodies. It pre-
dominantly affects young adults (median age at diagnosis
< 40 years), and women with SLE have a higher risk of de-
veloping menstrual irregularities compared with a healthy
population.1–3

In patients with irregular cycles, the mean SLE disease ac-
tivity index (SLEDAI) levels and the frequency of patients
with SLEDAI ‡ 8 were found to be significantly higher2 than
in patients with regular cycles, and the disease activity was
shown to be a major factor associated with menstrual cycle
disorders in SLE patients before treatment with alkylating
agents,3 so the high SLEDAI levels were associated with im-
paired ovarian function. There was also a higher risk of pa-
tients having an irregular cycle after cyclophosphamide (CTX)
therapy, as this therapy is known to damage ovarian folli-

cles.3,4 However, it is currently unknown whether SLE wo-
men with or without alkylating therapy who have normal
menstruation would have impaired ovarian reserve com-
pared to healthy women. Therefore, in this study we
assessed ovarian reserve in SLE patients with a normal
menstrual cycle.

Anti-Müllerian hormone (AMH) has been shown to have
great promise as a possible marker of ovarian function. The
hormone is expressed in granulosa cells of growing follicles
and reflects the size of the primordial follicle pool.5 An asso-
ciation between the number of ovarian follicles and AMH
levels has been observed in women,6–8 and therefore it has
been used to predict ovarian responsiveness to controlled
ovarian stimulation during assisted reproduction.9,10 Some
studies have suggested that AMH may be an early indicator of
waning ovarian function in chemotherapy patients, and may
be superior to current markers of ovarian reserve.11 Antral
follicle count (AFC) also has a good correlation with ovarian
response during assisted reproduction.12
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In this study, we examined follicle-stimulating hormone
(FSH), luteinizing hormone (LH), estradiol (E2), AMH, and
AFC in an effort to assess ovarian reserve in SLE patients with
normal menstruation regardless of previous alkylating ther-
apy. The objective of this study was to determine whether
these SLE women have impaired ovarian function compared
to healthy women.

Materials and Methods

Subjects

This study was approved by the Institutional Review Board
of SunYat-sen University, and informed written consent was
obtained from all participants. Between April 2010 and May
2011, 42 SLE female patients were followed at our University
Hospital and were divided into two groups based on their
used of alkylating therapy: SLE patients using CTX (SLE-
CTX) (n = 19), and SLE patients not using CTX (n = 23).
Twenty-one healthy patients were also recruited for the study
with a mean age that matched the experimental groups. All
patients and control group volunteers had a normal men-
strual cycle, which was defined as flow duration of 3–7 days
and cycle duration of 25–35 days. None of the patients were
diagnosed with endometriosis or polycystic ovarian syn-
drome, or had a history of ovarian surgery or oral contra-
ceptives usage within the previous 3 months. Age of onset,
duration of illness, SLEDAI, current medications, body mass
index (BMI), age at menarche, and previous treatment were
recorded for all patients.

Treatment with the following drugs was allowed in pa-
tients of the SLE group: glucocorticosteroids, azathioprine,
hydroxychloroquine, cyclosporin A, methotrexate, myco-
phenolate mofetil, leflunomide, intravenous immunoglobu-
lins, and rituximab. Patients of the SLE-CTX group received
current or previous CTX therapy and/or one of drugs listed
above, but did not receive other cytotoxic agents. Complete
ovarian function was concomitantly assessed by measuring
hormone serum levels during the follicular phase (second to
fifth day) of the menstrual cycle and evaluated AFC (ap-
proximate diameter: 2–9 mm) by vaginal ultrasound.

Hormone assays

FSH, LH, and E2 measurements were obtained using a
microparticle enzyme immunoassay (Abbott ARCHITECT I
System, Abbott Diagnostics). Intra- and inter-assay coeffi-
cients of variation were limited to 3.3% and 6.2%, respectively.
The AMH serum level was measured using a repeated en-
zyme-linked immunosorbent assay (AMH Gen II Elisa Test,
Beckman Coulter, Diagnostic Systems Laboratories; normal
range 1–8 ng/mL). Values < 1 ng/mL were regarded as re-
duced and values < 0.4 were regarded as strongly reduced
ovarian reserve. All serum samples were tested at the same
time to minimize day-to-day assay variation.

Statistical analysis

Statistical analyses were performed using the statistical
package for the social sciences (SPSS) software package (ver.
13.0; SPSS Inc.). Normality was tested using the Kolmogorov-
Smirnov test. Differences in data between groups were de-
termined using one-way analysis of variance. Correlation
between AMH and duration of illness was analyzed using

Pearson’s correlation coefficient. For all analyses, P < 0.05 was
defined as statistically significant.

Results

The mean duration of illness in the SLE group was 3.04
years (range: 0.5–12 years) and 2.27 years (range: 0.5–6 years)
in the SLE-CTX group. The median CTX dosage used was
4.05 g (range: 0.70–20.90 g). The average age [30.00 – 4.37
(range: 20–40) and 28.87 – 5.27 (range: 19–37) vs. 28.95 – 6.03
(range: 23–37) years, respectively; P = 0.747], age at menarche
(P = 0.392), and body mass index (BMI) (P = 0.114) were simi-
lar between the two study groups and the control group. All
patients in the SLE-CTX and SLE groups experienced men-
arche before disease onset, and only one patient in the SLE-
CTX group received CTX at 36 years of age. All other patients
received CTX before the age of 35.

The mean SLEDAI (5.10 – 3.59 vs. 2.09 – 1.81, P = 0.039) and
the dose of prednisone currently used (16.26 – 12.84 vs.
8.70 – 6.94 mg/d, P = 0.020) in the SLE-CTX patients were sig-
nificantly higher than the SLE group, respectively. The basal
average levels of serum FSH (P = 0.207) and LH (P = 0.518) were
comparable between the three groups, but a trend of higher
FSH levels was observed in the SLE-CTX group. Significantly
higher basal estradiol values (53.27 – 30.01 and 44.20 – 14.22 vs.
36.10 – 10.48 pg/mL; P = 0.007), lower AMH levels (1.15 – 1.28
and 1.71 – 1.29 vs. 3.33 – 1.76 ng/mL; P = 0.000) and less AFC
(7.80 – 4.54 and 10.90 – 3.00 vs. 14.61 – 4.93; P = 0.001) were ob-
served in the SLE-CTX and SLE groups compared to the control
group, respectively, but were similar between the SLE-CTX and
SLE groups (Table 1). In addition, we divided the SLE-CTX
patients into two groups based on if they were currently or had
previously received CTX and did not find any significant dif-
ference in AMH levels (1.06 – 1.10 vs. 1.18 – 1.37 ng/mL, re-
spectively; P = 0.619) (Table 2).

A strongly reduced ovarian reserve (AMH level below
0.4 ng/mL) was found in seven patients (33.3%) in the SLE-
CTX group, two subjects (9.1%) in the SLE group, and no
patients in the control group (Fig. 1). In addition, there was no
correlation between the AMH values of the lupus patients and
duration of illness (P = 0.841).

Discussion

This study has demonstrated that SLE patients with normal
menstruation and short illness duration still had impaired
ovarian reserve regardless of CTX therapy (without other
cytotoxic agents). To the best of our knowledge, this is the first
study that has performed a complete hormonal profile con-
comitantly with ovarian ultrasound in SLE patients with
normal menstruation and identified a subclinical impairment
in ovarian reserve.

Here we found similar LH and FSH levels, significantly
higher estradiol values, notably lower AMH levels, and less
AFC in SLE-CTX and SLE groups compared with the healthy
control group. In addition, higher estradiol values, lower
AMH levels and less AFC were demonstrated in the SLE-CTX
group compared to the SLE group, but these differences did
not reach statistical significance. The marked increase in es-
tradiol levels during the early follicular phase demonstrating
the low ovarian reserve is due to luteal out-of-phase events
and appears to be triggered by prolonged high FSH levels
during the follicular phase.13
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The disease activity was a major factor associated with
menstrual cycle disorders in SLE patients before treatment with
alkylating agents. The high SLE disease activity was associated
with impaired ovarian function.3 In our study, all patients had a
regular flow cycle, the SLEDAI was low (2.09 – 1.8, range: 0–6),
and although the mean illness duration was short (mean: 3.04
years; range: 0.5–12 years) in the SLE group, the ovarian reserve
of the patients was still significantly impaired.

It is well-known that CTX is the major cause of early
menopause in SLE patients rather than the disease itself or
glucocorticoid treatment, and therefore our finding that the
SLE-CTX and SLE groups had no significant differences in
ovarian reserve may be due to the use of CTX by patients
before 35 years of age (except one patient) and a low cumu-
lative dose (median CTX dosage: 4.05 g) in the SLE-CTX pa-
tients. A previous study showed that SLE patients have a
higher risk of developing menstrual irregularities when on
CTX therapy, especially for those taking a cumulative dose of
more than 10 g3. For the SLE-CTX patients in our study, only
two patients had a cumulative dose greater than 10 g (17.5 and
20.9 g, respectively). In addition, the results could be due to
the significantly high dose of prednisone administered, as it is
known that glucocorticoids have a suppressive effect on
the hypothalamic-pituitary-ovarian axis, thereby inducing a
reduction in LH and FSH serum levels 14,15. We also did not
find a difference in AMH levels between the patients who
were currently using CTX and those who had used it in the
past. This could be due to the small number of patients in our
study using CTX (n = 5) and therefore will require further
investigation.

In the SLE-CTX group, the mean illness duration was 2.27
years (range: 0.5–6 years), and although these patients had a
low cumulative CTX dosage and regular menstruation, their
ovarian reserve was still lower compared to patients in the
SLE group. In addition, a strongly reduced ovarian reserve
(AMH < 0.4 ng/mL) was found in seven lupus patients
(33.3%) in the SLE-CTX group compared with only two pa-
tients (9.1%) in the SLE group and no patients in the control
group. Taken together, these results demonstrate that CTX
therapy impairs ovarian reserve in the context of SLE, which
has direct impact on ovarian function.

SLE is a chronic autoimmune rheumatic disease charac-
terized by the potential involvement of virtually every organ
and system of the body. Most aspects of the immune response
are altered in SLE patients, and particularly in the increased
production of multiple autoantibodies.16 The prevalence of a

Table 1. Demographic Features, Ovarian Reserve Hormonal Profile,

and Antral Follicle Count in SLE Patients and Controls

SLE-CTX group (n = 19) SLE group (n = 23) Control group (n = 21) P

Mean age (years) 28.87 – 5.27 30.00 – 4.37 28.95 – 6.03 0.747
Mean age at menarche (years) 13.90 – 1.52 13.20 – 1.47 13.46 – 0.83 0.392
Body mass index (kg/m2) 21.60 – 1.20 20.30 – 2.29 20.54 – 1.86 0.114
Mean duration of disease (years) 2.27 – 1.69 (0.5–6) 3.04 – 2.79 (0.5–12) – 0.299
Mean SLEDAI 5.10 – 3.59 (0–15) 2.09 – 1.81 (0–6) – 0.039
Median dosage of CTX (g) 4.05 (0.70–20.90) – – –
Median dosage of prednisone (mg/d) 20 (0–40) 10 (0–20) – –
Mean dosage of prednisone (mg/d) 16.26 – 12.84 8.70 – 6.94 – 0.020
FSH (IU/L) 7.34 – 5.34 5.18 – 1.52 4.85 – 1.00 0.207
LH (IU/L) 3.51 – 1.71 3.79 – 2.08 3.14 – 1.47 0.518

E2 (pg/mL) 53.27 – 30.01a 44.20 – 14.22a 36.10 – 10.48b 0.007
AMH (ng/mL) 1.15 – 1.28a 1.71 – 1.29a 3.33 – 1.76b 0.000
AFC 7.80 – 4.54a 10.90 – 3.00a 14.61 – 4.93b 0.001

Values expressed in mean – SD or median (range). a vs. b, P < 0.05.
AMH, anti-Müllerian hormone; AFC, antral follicle count; CTX cyclophosphamide; E2, estradiol; FSH, follicle stimulating hormone; LH,

luteinizing hormone; SLE, systemic lupus erythematosus; SLEDAI, SLE disease activity index.

Table 2. Anti-Müllerian Hormone Levels

in SLE-CTX Patients Who Were Currently

or Had Previously Taken CTX

Past (n = 14) Current (n = 5) P

Mean age (years) 29.36 – 6.30 27.80 – 5.72 0.868
AMH (ng/mL) 1.18 – 1.37 1.06 – 1.10 0.619

Values expressed in mean – SD.

FIG. 1. Anti-Müllerian hormone (AMH) levels (mean –
standard deviation) in the systemic lupus erythematosus
cyclophosphamide patients who were currently or had pre-
viously taken (SLE-CTX), patients naı̈ve to cytotoxic agents
(SLE), and control groups. The mean AMH level was sig-
nificantly higher in the control group than in the SLE-CTX
and SLE groups.
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variety of autoantibodies, including rheumatoid factor as well
as antibodies to DNA, steroid cells, islet cells, parietal cells,
acetyl-choline receptors, and granulosa cell growth antibodies
have been described in premature ovarian failure (POF) pa-
tients.17 SLE patients also have organ-specific antibodies di-
rected against ovaries,18 which have been shown to be
associated with POF in females with SLE.19 In addition, there
are numerous reports describing the association of premature
menopause ovarian autoantibodies and other organ- and non-
organ-specific autoantibodies.20,21

The presence of antiphospholipid antibodies (aPLs) in SLE
patients were found to be associated with compromised
ovarian reserve and POF.22 Moreover, the presence of aPLs is
correlated with a primary autoimmune process, and therefore
the autoimmune defeat of the ovary could be the primary
cause of decreased ovarian reserve and POF. Cross-reactivity
between aPLs and other proteins and cell components has
been widely documented, which supports the systemic
characteristic of SLE.23–25 Furthermore, the interaction be-
tween aPLs and lipoprotein components is associated with
atherosclerosis in SLE patients.26 Atherosclerosis in the
ovarian artery may cause reduced ovarian volume in SLE
patients, which correlates with decreased ovarian reserve.27

The levels of the soluble form of the Fas apoptosis antigen
(sFas) were significantly higher in SLE patients than in heal-
thy controls, and sFas levels correlated with organ damage,
including ovary damage.28

Regular menstrual periods are an easily ascertainable ex-
ternal parameter of intact ovarian function; however, the
presence of regular bleeding is not synonymous with non-
impaired ovarian reserve. Lawrenz et al.29 found that in
premenopausal SLE patients not receiving alkylating therapy,
the AMH values were significantly lower compared to the
control group. However, the patient population of that study
consisted of those with regular and irregular bleeding. Our
study is the first to show that even with regular menstrual
flow, short illness duration, and no alkylating therapy, SLE
patients still had significantly impaired ovarian reserve.

Although the SLEDAI score in the SLE-CTX group was sig-
nificant higher than in SLE patients, we did not find a significant
difference in ovarian reserve between the two groups. The
could be because the SLEDAI score of all patients was lower
than the threshold that leads to a more significant impairment
in ovarian reserve Thus, prospective studies are warranted to
evaluate ovarian reserve in different phases of the disease.

In conclusion, although our study only assessed 23 patients
not receiving alkylating treatment, it showed that SLE pa-
tients still had significantly lower ovarian reserve despite
normal menstruation and short illness duration. Although
limited data on the influence of medication other than CTX/
other cytotoxic agents, our results suggest that the disease
itself has a negative influence on ovarian reserve. Moreover,
in 19 patients receiving CTX therapy (without other cytotoxic
agents), we illustrated that even with low cumulative CTX
doses and normal menstrual flow cycle, the patients still had
impaired ovarian function based on SLE itself.
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