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Objective: To study whether diminished ovarian reserve is associated with recurrent miscarriage.
Design: Cross-sectional clinical study.
Setting: Tertiary-care center.
Patient(s): Women with history of recurrent miscarriage (RM; n¼ 71) and sequentially selected age-matched fertile women who were
seeking contraception (control; n ¼ 70).
Intervention(s): None.
Main Outcome Measures(s): Serum levels of FSH, LH, E2, and antim€ullerian hormone (AMH); FSH/LH ratio; ovarian volumes; and
antral follicle count (AFC).
Result(s): The levels of FSH were 8.6� 3.7Q1 U/L in the RM group and 7.1� 3.9 U/L in the control group; this difference was statistically
significant. The levels of AMHwere significantly lower in the RM group than in the control group (2.9� 1.7 ng/mL vs. 3.6� 1.7 ng/mL).
The percentage of women with levels of FSH R11 U/L was significantly higher in the RM group than in the control group (18.3% vs.
4.3%). In the RM group, the percentage of women with levels of AMH %1 ng/mL was significantly higher than in the control group
(19.7% vs. 5.7%).
Conclusion(s): Recurrent miscarriage may be associated with diminished ovarian reserve. Larger prospective randomized controlled
trials are warranted to better determine the predictive potential of ovarian reserve markers in
recurrent miscarriage. (Fertil Steril� 2016;-:-–-.�2016 by American Society for Reproduc-
tive Medicine.)
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R ecurrent miscarriage (RM) is
defined as three or more failed
clinical pregnancies at

<20 weeks of gestation or fetal weight
<500 g. The estimated incidence of RM
is reported as between 1% and 5% of
woman of reproductive age (1). Known
causes of RM include antiphospholipid
antibodies, uterine anomalies, endo-
crine disorders, infectious diseases, im-
mune factors, thrombophilias, and

parental abnormal chromosomes
(2–5). Approximately 50% of cases of
RM do not have a clearly defined
etiology and are classified as
unexplained (6, 7). This high
percentage suggests that current
evaluation methods for women with
RM are insufficient and that different
etiologic factors should be investigated.

Ovarian reserve demonstrates
reproductive potential as the number

and quality of remaining oocytes
(8, 9). Ovarian reserve tests include
measurements of FSH, E2, inhibin B,
and antim€ullerian hormone (AMH)
levels. Sonographic assessment of
antral follicle count (AFC) and ovarian
volume also reflect ovarian reserve
(10). An elevated basal FSH level is
used clinically as a marker for
diminished ovarian reserve (DOR) (11,
12). Basal serum FSH concentrations
increase on day 2, 3, or 4 of the
menstrual cycle with advancing
reproductive age. In this regard,
biologic age is more important than
chronologic age, because there is an
age-independent relationship between
elevated basal FSH level and reduced
oocyte quality/aneuploidy risk (13).
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AMH is a novel marker of ovarian reserve and a good predic-
tor of oocyte quantity. Levels of AMH are stable within and
between menstrual cycles. Decreased AMH levels are associ-
ated with poor ovarian response to stimulation (10).

The association between advanced maternal age and RM
indicates that DOR may have a possible connection with
future pregnancy prognosis. The purpose of the present study
was to investigate whether DOR is associated with RM.

MATERIALS AND METHODS
This study was conducted at the obstetrics and gynecology
department of a tertiary-care center from 2011 to 2015. After
the approval of the local Institutional Review Board (2011/
14A) was obtained, and informed consents of all subjects
were received, the study was performed. RM was defined as
three or more pregnancy losses at <20 weeks of gestation or
fetal weight <500 g. The 71 women with history of RM for
whom routine workup for RM (chromosomal analyses of both
partners; levels of prolactin and TSH; anticardiolipin antibody,
lupus anticoagulant, antinuclear antibody, and coagulation
studies; and pelvic ultrasonography) was negative were as-
signed to the RMgroup. The control group consisted of sequen-
tially selected 70 healthy women with no history of RM who
were seeking contraception in the center's family planningunit.

The exclusion criteria were diagnosis of polycystic
ovarian syndrome or anovulation; the presence of endometri-
osis as indicated by laparoscopic or ultrasonographic evi-
dence; a history of ovarian surgery, tobacco use, systemic
chemotherapy, pelvic irradiation, genetic abnormalities, or
irregular menstrual cycles; a familial history of premature
ovarian failure; the existence of ovarian follicles >10 mm
in diameter during the early follicular phase; and the use of
oral contraceptives or other hormone therapy within the pre-
ceding 3 months.

Venous blood samples were taken from the antecubital
regions of all patients between 8:00 a.m. and 9:00 a.m. during
the early follicular phase (days 2–4) of the menstrual cycle.
Serum samples were stored at �80�C and assayed for FSH,
LH, E2, and AMH. FSH levels were analyzed by means of an
electrochemiluminescence method that involved use of the
Advia Centaur XP Immunoassay System (Siemens Healthcare
Diagnostics). The normal range for this assay is 2.5–10 U/L at
the early follicular phase. The coefficient of variation (CV) is
6%. Serum AMH levels were measured with the use of a hu-
man ELISA kit according to the manufacturer's instructions
(YH Biosearch). The normal range for this assay is 0.05–
1.5 ng/mL. The coefficients of intra- and interassay variations
are <10% and <12%, respectively. In the same morning that
the blood tests were performed, ovarian volume and the total
numbers of antral follicles measuring 2–10 mm in diameter
were evaluated by the same operator, who was blinded to pa-
tient information. A 7.5-MHz transvaginal probe (SonoAce
X8 Ultrasound; Samsung Medison) was used in all examina-
tions. Ovarian volume was calculated by means of the equa-
tion for ellipsoid volume (length � width � thickness �
0.523).

Demographic data (including age, gravidity, parity,
pregnancy loss, and body mass index) and ovarian reserve

parameters (including serum levels of AMH, FSH, LH, and
E2; FSH/LH ratios; right and left ovarian volumes; and AFCs
for both ovaries) were noted for both groups, and the two
groups were compared regarding all of these factors. The cut-
off values of poor ovarian reserve markers were defined as a
serum FSH level R11 U/L, a serum E2 level R 60 nmol/L, an
FSH/LH ratio ofR3, an AMH level of%1 ng/mL, and a total
AFC (TAFC) of %7 (10).

Data were analyzed with the use of IBM's SPSS software
(SPSS version 15.0 forWindows); P< .05was considered to be
statistically significant. Mean, median, SD, lowest and high-
est frequency, and ratio values are used at statistical comple-
mentary of data. Quantitative data were analyzed with the use
of the Student t test and the Mann-Whitney U test. A chi-
square test was used for analyses of qualitative data.

RESULTS
The RM group consisted of 71 women who had had three or
more pregnancy losses and met the eligibility criteria for the
study. The control group consisted of 70 fertile women with
no history of recurrent miscarriage who were seeking
contraception. The descriptive data and variables indicating
ovarian reserve are presented in Table 1. There was no sta-
tistically significant difference between the groups
regarding mean menstrual cycle length or body mass index.
There were statistically significant differences in gravidity,
parity, and pregnancy loss between the RM group and the
control group. Mean age (29.5 � 4.5 y vs. 29.1 � 4.7 y)
and the percentage of women within the ages of
%30 years and >30 years (59.2% vs. 61.4% and 40.8%
vs. 38.6%, respectively) were similar in the RM and control
groups (Table 1).

The levels of FSH were 8.6� 3.7 U/L in the RM group and
7.1 � 3.9 U/L in the control group; this difference was statis-
tically significant (P¼ .049). In the RM group, 13 of the 71
women (18.3%) had levels of FSH R11 U/L, whereas only
three of the 70 women (4.3%) in the control group did
(P¼ .009; Table 1; Fig. 1).

The levels of AMH were 2.9� 1.7 ng/mL in the RM group
and 3.6 � 1.7 ng/mL in the control group (P¼ .007). The per-
centage of women with levels of AMH%1 ng/mL was 19.7%
in the RM group and 5.7% in the control group (P¼ .013;
Table 1; Fig. 1).

The levels of LH, FSH/LH ratios, and E2 were similar be-
tween the two groups. The percentage of women with FSH/
LH R3 and E2 R60 nmol/L did not differ significantly be-
tween the two groups (Table 1).

The RM and control groups were divided into two sub-
groups based on age (%30 y and >30 y). The percentage of
women with levels of FSH R11 U/L did not differ signifi-
cantly between the RM and control groups in both age sub-
groups (Table 2). The percentage of women with levels of
AMH %1 ng/mL was similar in the RM and control groups
in the age%30 years subgroup (P>.05; Table 2). The percent-
age of women with levels of AMH %1 ng/mL was 34.5% in
the RM group and 7.4% in the control group in the age
>30 years subgroup (P¼ .021; Table 2). However, the percent-
ages of women with levels of E2R60 nmol/L and FSH/LHR3
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