Hum. Reprod. Advance Access published May 6, 2015
Human Reproduction, Vol.0, No.0 pp. 1 -7, 2015
doi:10.1093/humrep/dev089

human ORIGINAL ARTICLE Reproductive endocrinology

reproduction

Thyroid autoimmunity, hypothyroidism
and ovarian reserve: a cross-sectional
study of 5000 women based

on age-specific AMH values

Nikolaos P. Polyzos'-2*, Evangelos Sakkas', Alberto Vaiarelli',
Kris Poppe3, Michel Camus', and Herman Tournaye'

'Center for Reproductive Medicine, Universitair Ziekenhuis Brussel, Vrije Universiteit Brussel, Laarbeeklaan 101, 1090 Brussels, Belgium
Department of Clinical Medicine, Faculty of Health, University of Aarhus, Incuba/Skejby, bld. 2, Palle Juul-Jensens Boulevard 82, 8200 Aarhus N,
Aarhus, Denmark *Endocrine Unit, University Hospital St-Pierre, Blvd. de Waterloo 129, 1000 Brussels, Belgium

*Correspondence address. Center for Reproductive Medicine, Universitair Ziekenhuis, Brussel, Vrije Universiteit Brussel Laarbeeklaan 101,
1090, Brussels, Belgium. Tel: +322-477-66-60; Fax: +322-477-66-49; E-mail: n.polyzos@gmail.com, nikolaos.polyzos@uzbrussel.be

Submitted on August |2, 2014; resubmitted on February 7, 2015; accepted on March 19, 2015

STUDY QUESTION: [s there any association between thyroid autoimmunity (TAl) and diminished ovarian reserve (DOR)?
SUMMARY ANSWER: TAI and hypothyroidism are not associated with low ovarian reserve.

WHAT IS KNOWN ALREADY: TAl is acommon co-existent endocrinopathy in women with primary ovarian insufficiency. Several studies
support a potential link between TAl and the reduction in ovarian reserve. However, robust evidence regarding its prevalence in women with
DOR is lacking.

STUDY DESIGN, SIZE, DURATION: This study is a large cross-sectional analysis of retrospective data from the Centre for Reproductive
Medicine/University Hospital of Brussels. Serum measurements were taken for anti-Mullerian hormone (AMH), free thyroxine (FT4), thyroid-
stimulating hormone (TSH) and anti-thyroperoxidase (anti-TPO).

PARTICIPANTS/MATERIALS, SETTING, METHODS: Among 5076 consecutive women, 4894 women had their AMH, FT4, TSH and
anti-TPO levels measured on the same day. AMH levels were plotted in relation to age for the whole patients’ cohort and age-specific AMH values
(peryear) were considered in order to categorize women according to the AMH levels of ovarian reserve. There were 3929 women who demon-
strated normal reserve, 487 women who had low ovarian reserve and 478 women who demonstrated high ovarian reserve.

MAIN RESULTS AND THE ROLE OF CHANCE: Serum FT4 and TSH levels were comparable between different ovarian reserve categor-
ies(P=10.611and0.81 |, respectively). No significant differences were observed in the prevalence of positive anti-TPO antibodies among women
with low (12.19%), normal (10.3%) and high (9.8%) ovarian reserve (P = 0.423). Finally, the prevalence of overt or subclinical hypothyroidism was
comparable between the groups (4.1% in low, 4.6% in normal and 3.8% in high ovarian reserve women, P = 0.645).

Analysis according to the exact cause of low ovarian reserve demonstrated that women with a genetic cause of low ovarian reserve had a sig-
nificantly higher prevalence of overt hypothyroidism and subclinical hypothyroidism compared with women with unexplained low ovarian reserve
for theirage (25 versus 3.2%, P = 0.002 and 8.8 versus |.6%, P = 0.004, respectively). On the contrary, no significant differences were observed
in the prevalence of hypothyroidism between genetic causes and iatrogenic causes (P = 0.3 | 6) and between iatrogenic and unexplained causes
(P=0.219) of low ovarian reserve.

LIMITATIONS, REASONS FOR CAUTION: This is a cross-sectional analysis based on retrospective data collection. Due to the retro-
spective design of this study, the presence of biases related to such a study design cannot be excluded. Furthermore, this study assessed only
the association of TAl, and not autoimmunity in general, with ovarian reserve.

WIDER IMPLICATIONS OF THE FINDINGS: TAI and hypothyroidism are not associated with low ovarian reserve. Future research
should focus on examining underlying mechanisms, other than TAI, which may have an effect on ovarian reserve.

STUDY FUNDING/COMPETING INTERESTS: No external funding was used for this study. No conflicts of interest are declared.
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Introduction

Diminished ovarian reserve (DOR) describes women of reproductive
age having regular menses but whose response to ovarian stimulation
is reduced compared with women of comparable age (Practice Commit-
tee of the American Society for Reproductive Medicine, 2012). Women
with DOR represent ~24% (Ubaldi et al., 2005) of the infertile popula-
tion and their treatment remains a challenge for clinicians. Although
several factors have been identified as causes of DOR and primary
ovarian insufficiency (POI), e.g. previous chemotherapy, pelvic irradi-
ation, previous ovarian surgery, smoking and genetic causes such as
FMRI premutation and 45X aneuploidy (De Vos et al., 2010), for 90%
of the cases, no specific cause has yet been identified (Nelson, 2009).

Several reports have supported a potential link between thyroid auto-
immunity (TAI) and POI (Novosad et al., 2003; Goswami et al., 2006;
Gleicheretal.,2009). However, there is a lack of strong evidence regard-
ing its prevalence in women with DOR. Recently, a retrospective cohort
study provided preliminary evidence that thyroid disorders may be sig-
nificantly increased in women with low ovarian reserve compared with
patients with other causes of infertility (Michalakis et al., 201 I'). Although
this study included a significant number of women, DOR was defined by
the presence of high basal FSH (14 Ul/I), low antral follicle count (AFC <
5) and a previous poor ovarian response to stimulation. Despite that all
the above-mentioned variables can successfully identify women with
DOR, recent research has demonstrated that AMH is by far the most
reliable marker for assessment of ovarian reserve (Nardo et al., 2009;
La Marca et al., 2010; Dewailly et al., 2014), as it can successfully
predict the level of ovarian response in ovarian stimulation cycles
(Polyzos et al., 2012, 2013a,b). In this regard, age-specific AMH levels
may be a more accurate biomarker for categorizing women in different
ovarian reserve categories (Kelsey et al., 201 I; Nelson et al., 2014).

Taking into account the above-mentioned evidence, a large cross-
sectional analysis was performed in order to evaluate the association
between TAl and hypothyroidism (subclinical or overt) with low ovarian
reserve, as expressed by low age-specific AMH values.

Materials and Methods

A cross-sectional analysis of all consecutive women attending the Centre for
Reproductive Medicine of the University Hospital of Brussels, Belgium
(CRG), was conducted. The study was approved by the institutional
review board of our hospital (registration number 143201319347).

Patients’ eligibility criteria
Eligible women were those who: (i) had their AMH values measured in the
central laboratory of UZ Brussel with the same AMH assay (Immunotech
Beckman Coulter AMH ELISA kit) and (i) had their AMH, FT4, TSH and
anti-TPO levels tested on the same day at the central laboratory of UZ Brussel.
Eligible were all women who attended the CRG, either due to infertility in
order to undergo fertility treatment or women who attended the unit for
otherreasons, e.g. oocyte donors, lesbian couples seeking fertility treatment,
medical or social oocyte freezing, single women using donor sperm or
women undergoing preimplantation genetic diagnosis for the prevention of
hereditary diseases.

Measurement of anti-Mullerian hormone

Serum anti-Mullerian hormone (AMH) levels were assessed by the use of the
Immunotech (IOT) Beckmann Coulter assay.

Blood was drawn into plain serum tubes, centrifugation was performed
within | h and the serum was separated and immediately stored at —80°C
until analysis. The AMH assay demonstrated stable intra- and inter-assay
coefficients of variation <9.5% and a functional sensitivity of 0.35 ng/ml.

Measurement of thyroid hormones, TSH
and anti-TPO antibodies

Blood samples taken on the day of AMH measurement were also used for the
measurement of TSH, anti-TPO antibodies and free thyroxine (FT4).

Thyroid hormone values were analyzed by the RIA laboratory of the Uni-
versity Hospital of Brussels. Serum TSHand FT4 levels were measured usinga
third-generation electrochemiluminescence immunoassay (Roche Diagnos-
tics). The reference values for TSH were 0.27—-4.2 mlU/|, and the reference
values for FT4 were 9.3—17.0 ng/I (12—23.3 pmol/I). The coefficients of
variation of TSH were 8.7% at 0.072 mlU/I, 2.6% at 2.5 mlU/I, 2.8% at
59 mlU/I and 2.8% at 17.4 mlU/I and for FT4, these were 3.4% at
I'1.8 pmol/I, 3.8% at 26.4 pmol/l and 4.4 at 41.2 pmol/I.

Finally, the quantity of thyroid peroxidase antibodies was determined with
an RIA kit (BRAHMS diagnostics), with a reference range of 0—34 klU/I.

Patients were classified as hypothyroid based on their serum TSH and FT4
levels. Subclinical hypothyroidism was defined by having an abnormal TSH
(>4.2 plU/ml) and normal FT4, whereas overt hypothyroidism was defined
as an abnormal TSH (>4.2 plU/ml) and abnormal FT4 (<9.3 ng/I). Patients
who were under supplementation with L-thyroxine prior to their serum level
testing owing to overt hypothyroidism in the past were classified as hypothyroid
irrespective of their serum TSH and FT4 values. For these patients, serum hor-
monal values were not considered in the calculation of median TSH and mean
FT4 levels in different ovarian reserve categories.

Definition of ovarian reserve categories

In order to provide a reliable definition for low ovarian reserve, we utilized
age-specific AMH levels for the whole population included in the study.

For this reason, we created graphs in which AMH levels were plotted in
relation to age for the whole cohort of patients and age-specific AMH
values (per year) were considered in order to categorize women according
to the level of ovarian reserve.

Thus, women were categorized in three distinct categories: (i) low ovarian
reserve (women with age-specific AMH below the 10th percentile of the
values), (i) normal ovarian reserve (women with age-specific AMH between
the 10th and 90th percentile of the values) and (iii) high ovarian reserve
(women with age-specific AMH above the 90th percentile of the values).

Among women who demonstrated low ovarian reserve, we manually
scrutinized patients’ files in order to identify risk factors that could potentially
compromise their ovarian reserve. In this regard, we identified women who
have had an iatrogenic cause of low ovarian reserve (ovarian surgery for
endometriosis or removal of other benign lesions, ovariectomy or gonado-
toxic treatment, i.e. chemo- or radiotherapy) and women with a known
genetic cause of low ovarian reserve (Turner syndrome, FMR| premutations,
abnormal karyotype or any unbalanced translocation).

Main outcome measures

The primary outcome was to evaluate the prevalence of hypothyroidism
(overt and subclinical) and the prevalence of positive anti-TPO antibodies
between women with low, normal and high age-specific ovarian reserve.
The secondary outcome was to assess whether, among women with low
ovarian reserve, the prevalence of hypothyroidism and thyroid autoimmunity
was significantly higher in women without a known risk factor for low ovarian
reserve, compared with women in whom any risk factor could potentially
compromise their ovarian reserve, e.g. genetic causes (Turner syndrome,
FMRI premutations, abnormal karyotype or any unbalanced translocation)
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or iatrogenic causes (ovariectomy, ovarian surgery or gonadotoxic chemo-
therapy).

The overall analysis included the whole study population and the subgroup
analysis included only infertile patients.

Statistical analysis
Continuous variables were compared by using the Kruskal—Wallis test, while
the Mann—Whitney U-test with the Bonferroni correction was used for
pairwise comparisons. Categorical variables were compared with the use
of the x test or Fisher’s exact test.

All analyses were performed in SPSS 22 statistical software. Results were
considered significant when P < 0.05.

Results

Overall, 5076 consecutive women, attending the CRG between 2009 and
2011, were scrutinized for eligibility (Fig. 1). Among them, 4894 were
considered eligible. After categorization in relation to ovarian reserve
category, 3929 patients demonstrated normal reserve, 487 were
women with low ovarian reserve and 478 demonstrated high reserve.

Patients’ demographics

Patients’ demographic characteristics are describedin Table I. As shown,
age and BMI did not significantly differ between the ovarian reserve
groups. Among patients seeking treatment due to infertility, there was
a significant difference in the indication of infertility between low,
normal and high ovarian reserve, with the former being more frequent
amongst women with idiopathic infertility and the latter being more
frequent amongst women with anovulatory infertility.

Thyroid function in relation to ovarian reserve

Thyroid function in relation to the level of ovarian reserve is provided in
Table Il. The mean (SD) serum FT4 levels were comparable between
groups: low ovarian reserve, 12.0 ng/I (1.8), normal reserve 12.0 ng/I
(1.9) and high reserve, 12 ng/I (1.6), P=0.611. Similarly, TSH levels
did not demonstrate any difference in women with low [median (IQR),

[.6 mlU/I (1.1=2.2)], normal [I.5 mIU/I (I.1-2.2)] and high ovarian
reserve [1.5mIU/I (1.1-2.2)], P=0.811.

There were 508 women (10.4%) who had positive anti-TPO. The
percentage of patients with positive anti-TPO did not significantly
differ between women with low (12.1%), normal (10.3%) or high
(9.8%) ovarian reserve, P = 0.423. Finally, no differences were observed
between groups in the prevalence of overt or subclinical hypothyroidism
as defined by serum FT4 and TSH levels (4.1% in low, 4.6% in normal and
3.8% in high ovarian reserve women, P = 0.645).

Thyroid function according to the cause
of low ovarian reserve

Among 487 women with low age-specific ovarian reserve, 48 (9.9%) had
a known cause for low ovarian reserve identified during their fertility
work-up (ovarian surgery, gonadotoxic therapy or a genetic cause),
whereas for 90. 1% of the women, no specific cause has been identified.

Analysis according to the exact cause of low ovarian reserve demon-
strated that women with genetic causes had a significant higher preva-
lence of hypothyroidism and subclinical hypothyroidism compared
with patients with unexplained low ovarian reserve for their age [25
versus 3.2%, P = 0.002 and 18.8 versus 1.6%, P = 0.004, respectively].
On the contrary, no significant differences were observed between
genetic and iatrogenic causes or between iatrogenic and unknown
causes of low ovarian reserve (Table IIl).

Overall, | 6 patients were found to have a genetic cause for low ovarian
reserve (7 Turner syndrome, 5 FMR| premutation and 4 with transloca-
tions or abnormal karyotypes). Three out of seven women with Turner
syndrome had abnormal thyroid tests, whereas no patient with FMR|
premutation demonstrated any thyroid abnormality.

Subgroup analysis including only infertile
patients
Thyroid function and ovarian reserve

Subgroup analysis was performed in orderto evaluate thyroid function and
ovarian reserve only among infertile patients. In this regard, after excluding

5076 potentially eligible
women

—b[ 182 with missing data J

k.

4894 women included in the
analysis

A AJ

487 women

478 women

Low ovarian reserve Normal ovarian reserve High ovarian reserve
3929 women

v
latrogenic J [Genet‘iccause

Unknown cause
cause 16
32

Figure | Flowchart of the study.
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Table I Patients’ baseline characteristics according to the level of ovarian reserve.

Low ovarian reserve

Normal ovarian reserve

High ovarian reserve

P-value

Women (n)

Age (years)

BMI

Indication for treatment
Infertile women

Other reasons®

32.1 (5.5)
24.7 (4.8)

390 (80.1)
97 (19.9)

Reason of infertility (only infertile women included)

Male factor
Idiopathic infertility
Endometriosis
Anovulatory

Tubal factor
Other

105 (26.9)
215 (55.1)
21 (5.4)
16 (4.1)
28(7.2)
5(1.3)

32(5.3)
24.5 (5.0)

2928 (74.5)
1001 (25.5)

1092 (37.3)
1158 (39.5)
151 (5.2)
282 (9.6)
227 (7.8)
18 (0.6)

32.1 (5.4)
24.7 (5.3)

402 (84.1)
76 (15.9)

101 (25.1)
92 (22.9)
8(2)
187 (46.5)
12 3)
2(0.5)

0.819
0.442

<0.0001

<0.0001

?Oocyte donors, lesbian couples seeking fertility treatment, medical or social oocyte freezing, single women using donor sperm or women undergoing preimplantation genetic diagnosis for

prevention of hereditary diseases.

Table Il Thyroid function according to the level of ovarian reserve.

Low ovarian reserve

Normal ovarian reserve

High ovarian reserve

P-values

Patients, n
Hormonal values®
TSH mlU/I, median (IQR)
FT4 ng/l, mean (SD)
Hypothyroidismb, n (%)

Subclinical hypothyroidism, n (%)

Positive anti-TPOS, n (%)

1.6(1.1-22)
12 (1.8)
20 (4.1)
12 (2.5)
59/486 (12.1)

1.5(1.1-22)
12 (1.9)
181 (4.6)
121 3.1)
403/3910 (10.3)

1.5(1.1-22)
12 (1.6)
18 (3.8)
10 (2.1)
46/468 (9.8)

0.811
0.611
0.645
0.394
0.423

?Mean and medial hormonal were calculated by excluding the hormonal levels of 54 patients in total who were under L-thyroxine supplementation at the time of the serum sampling.

®Women with overt and subclinical hypothyroidism and also patients with hypothyroidism under treatment with levothyroxine.

“Thirty women with missing values.

Table Il Thyroid function in women with a low ovarian reserve according to the underlying cause.

Cause of low ovarian reserve

P-values

Patients, n
Hormonal values®

TSH mlU/I, median (IQR)

FT4 ng/l, mean (SD)
Hypothyroidism®®, n (%)
Subclinical hypothyroidism®, n (%)
Positive anti-TPO"8, n (%)

439
16 (1.1-2.1)
12.0 (1.8)
14(3.2)
7(1.6)
51/439 (11.6)

1.6 (1.0-2.4)
12.1(2.0)
2(6.3)
2(6.3)
5/32(15.6)

2.0 (1.4-3.5)
11.4(1.6)

4 (25)
3(18.8)
3/16(18.8)

0.107
0.620
<0.001
<0.001
0.567

?latrogenic cause refers to either ovarian surgery or gonadotoxic treatment (chemotherapy or radiotherapy).
®Mean and medial hormonal were calculated by excluding the hormonal levels of 54 patients in total who were under L-thyroxine supplementation at the time of the serum sampling.

“‘Women with overt and subclinical hypothyroidism and also patients with hypothyroidism under treatment with levothyroxine.

9IPairwise comparisons: A versus B, P = 0.2979; A versus C, P = 0.002; B versus. C, P = 0.09.
Pairwise comparisons: Aversus B, P = 0.119; A versus C, P = 0.004; B versus C, P = 0.316.
8Pairwise comparisons: A versus B, P = 0.568; A versus C, P = 0.421; B versus C, P = 1.000.
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[ 174 women who attended the CRG UZ Brussel with an indication for
treatment other than infertility, 3720 infertile women were included.
Among them, 2928 patients demonstrated normal reserve, 390 were
women with low ovarian reserve and 402 demonstrated high reserve.

The mean (SD) serum FT4 levels were comparable between groups:
low ovarian reserve, | 1.9 ng/I (1.8), normal reserve 12.0 ng/1 (1.8) and
high reserve, 12.0 ng/1(1.6), P = 0.490. Similarly, TSH levels did not dem-
onstrate any difference in women with low [median (IQR), .6 mIU/I
(1.2-2.2)], normal [1.6 mlU/I (1.1-2.2)] and high ovarian reserve
[1.5mlU/I (1.1-2.4)], P= 0.642. TAI, assessed by positive anti-TPOs,
was present in 405 women (1 [9%). Although the percentage of patients
with positive anti-TPO was higher (13.9%) in women with low ovarian
reserve compared with 10.8% in normal and 8.9% in high ovarian
reserve patients, the results did not differ significantly among the three
groups, P =0.08.

Finally, no differences were observed between groups in the preva-
lence of overt or subclinical hypothyroidism as defined by serum FT4
and TSH levels (4.4% in low, 4.8% in normal and 4.5% in high ovarian
reserve P = 0.894).

Thyroid function and infertility cause

Thyroid function did not significantly differ between women with differ-
ent infertility indications. The prevalence of hypothyroidism (overt or
subclinical) was relatively low; 4.3% in women who planned treatment
due to (their partner’s) male factor infertility, 4% in unexplained infertil-
ity, 3.3% in women with endometriosis, 3.5% in women with anovulatory
infertility, 1.9% in women with tubal factor and 4% when other causes
were identified. Similarly, no significant differences were observed with
regard to positive anti-TPO antibodies.

Discussion

To our knowledge, this is the largest study to examine the association
between low ovarian reserve and TAI, including cumulatively ~5000
women. In addition, it is the first study to examine the relationship
between thyroid disorders and low ovarian reserve expressed by low
age-specific AMH values and not based on other variables (such as
FSH levels alone, AFC or response to previous treatment) using specific
thresholds which may indeed vary between different age groups.
According to our results, this cross-sectional analysis failed to demon-
strate an association between TAl and ovarian reserve. TSH, FT4 and
anti-TPO levels were comparable in all groups, and when the propor-
tions of women with subclinical and overt hypothyroidism were exam-
ined, no difference was found between the different AMH groups.
When analyzing only the results obtained from women with low
ovarian reserve, a significantly higher prevalence of hypothyroidism in
women with a genetic cause for low ovarian reserve was observed.
This finding appears to be related to the high prevalence of hypothyroid-
ism in women with Turner syndrome, given that three out of seven
women with Turner syndrome (43%) were found to have a subclinical
hypothyroidism, with two of them had positive anti-TPO antibodies.
On the contrary, none of the patients with either FMR| premutations
or other chromosomal abnormalities demonstrated impaired thyroid
function. Although this prevalence among Turner syndrome women
appears high, it is consistent with the available literature, with previous
studies reporting a prevalence of 4.3—-40% of hypothyroidism and
3.9-87.5% of TAl among individuals with Turner syndrome (Grossi

etal., 2013; Gawlik and Malecka-Tendera, 2014). Similarly, in a Japanese
study including patients with Turner syndrome, the prevalence of hypo-
thyroidism reached 3 1%, with about one-third being considered to have
Hashimoto’s thyroiditis and 70% of them receiving L-thyroxine (Fukuda
etal., 2009).

In addition, our study identified a higher, but non-significant, preva-
lence of hypothyroidism in women with iatrogenic causes of low
ovarian reserve (e.g. ovarian surgery or gonadotoxic therapy) when
compared with women in whom no specific cause of low ovarian
reserve was identified. Although previous reports from smaller cohort
studies have demonstrated that endometriosis might be linked to TAI
(Gerhardetal., 1991; Poppe etal., 2002; Abalovich et al., 2007), our ana-
lysis according to the infertility cause failed to demonstrate any significant
differences. In this regard, we believe that the higher prevalence of hypo-
thyroidism between women with low ovarian reserve who underwent
ovarian surgery or chemotherapy compared with patients in whom no
specific cause was identified should be mainly attributed to the small
number women (only 32) in this group, and does not reflect a higher
prevalence of thyroid disorders in women with endometriosis.

Our results are in contrast with a previous study showing that women
with DOR had higher TSH levels (>4 mIU/ml) compared with women
with normal ovarian reserve (Michalakis et al., 201 |) and suggesting that
thyroid disorders may be related to ovarian reserve. This study along
with another, which confirmed the presence of anti-thyroid antibodies
in ovarian follicular fluid from women with TAl and demonstrated a
very strong positive correlation between serum levels and follicular
fluid autoantibodies levels (Monteleone et al., 201 1), led several investi-
gators to postulate that thyroid disorders may indeed affect ovarian
reserve. A proposed mechanism behind such an association could be
related to the fact that anti-thyroperoxidase and anti-thyroglobulin anti-
bodies are likely to pass through the blood—follicle barrier during the
maturation period and lead to a cytotoxic environment that damages
the maturing oocyte (Monteleone et al., 201 1).

However, despite the above-mentioned reports and the plausible sci-
entific rationale behind such a hypothesis, our study failed to confirm
these findings. A potential explanation for this discrepancy could be
the number of women included. Overall, almost 5000 women were
included in our study, a sample size which is actually three times the
sample included in the study by Michalakis et al. (201 1), claiming a signifi-
cant association between hypothyroidism and low ovarian reserve. In
addition, we included a very large group of women in whom serum
AMH, FT4, TSH and anti-TPOs were measured on the same day for
the whole patients’ cohort. In this regard, our sample size and study
design appear to be more robust compared with previous reports.

A major advantage of the current study is that we clearly defined
ovarian reserve based on age-specific AMH values from the same
cohort of women in order to remove the subjectivity of ‘response to
stimulation’ and replace it with a relative stable and objective ovarian
reserve parameter (AMH). This is in contrast with previous reports
which defined low ovarian reserve based on other variables (such as
FSH levels alone, AFC or response to previous treatment) by using spe-
cific thresholds. This may actually explain the difference observed in our
study, since even though basal FSH, AFC or response to previous treat-
ment may define women with low ovarian reserve, specific threshold
values may indeed vary between different age groups and therefore
one might miscategorize women with normal reserve as women with
low ovarian reserve and vice versa.
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Finally, in our study, we not only examined TSH levels in order to
evaluate the relationship between low reserve and hypothyroidism
(overt or subclinical), but we also evaluated the presence of anti-TPO
antibodies in order to investigate any relationship between DOR and
TAI. Thus, by failing to identify any relationship between low reserve
and either hypothyroidism or thyroid autoimmunity, our results are
robust enough to support the lack of any correlation between low
ovarian reserve and thyroid disorders.

Although our study has several strengths, the presence of a significant
limitation needs to be underlined. This is a cross-sectional analysis based
on retrospective data collection. Due to the retrospective design, the
presence of biases related to retrospective data collection cannot be
excluded. Thus, the results should be interpreted with caution. None-
theless, a cross-sectional analysis is considered by most as the optimal
study design to assess the prevalence of conditions (such as hypothyroid-
ism) and therefore the level of evidence provided can be considered of
adequate quality.

In addition, although we defined thyroid dysfunction based on TSH
and thyroid peroxidase autoantibodies (anti-TPOs), we did not evaluate
thyroglobulin autoantibodies (anti-Tgs), which are also a marker of
thyroid autoimmunity. This was due to the Belgian reimbursement
policy which reimburses assessment of only one of the two thyroid auto-
antibodies. However, we must acknowledge that despite the fact that
both markers are indicative of TAI, increased levels of anti-TPOs have
been defined as the most sensitive marker of TAI, and high levels have
been associated with thyroid dysfunction, which is not the case for
anti-Tg. In this regard, given that according to the NHANES Il study
(1988—1994) performed in more than 13000 individuals, anti-Tgs
alone in the absence of anti-TPOs were not significantly associated
with thyroid disease (Hollowell et al., 2002), we believe that the omission
of anti-Tg testing does not significantly bias our results.

Finally, we need to highlight the fact that our study assessed only thyroid
function and TAI, and not broadly autoimmunity, in relation to age-specific
ovarian reserve. Although we failed to find an association between thyroid
autoimmunity and ovarian reserve, this does not mean that low ovarian
reserve may not be associated with autoimmunity in general (of which
TAl'is just a very small spectrum). It is highly likely that there is indeed a
link between autoimmunity and low ovarian reserve, given that a previous
retrospective study, which defined autoimmunity broadly, including
anti-phospholipid, anti-ovarian and anti-thyroid antibodies, demonstrated
that women with auto-immune abnormalities demonstrate relative milder
ovarian senescence (based on FSH levels) than infertile women without
autoimmunity (Gleicher et al., 2009). This may suggest that there is not
one autoantibody, but the cumulative effect of an activated immune
system, which causes inflammation and tissue destruction in different
body parts, depending on the disease, or simply that there are common
antigens between different organs which can be targets of autoantibodies.
Forexamplein2—10% of the POl cases, antibodies can be directed against
the steroidogenic cells in the adrenals and the ovaries as part of both the
polygladular auto-immune failure type | and type Il (PGAI and PGAII)
(Persani et al., 2009). In such cases, the incidence of POl may reach up
to 60% of patients with PGA (Persani et al., 2009).

In conclusion, allowing for the limitations described above, our study
indicates that thyroid disorders and TAl are highly unlikely to be asso-
ciated with low ovarian reserve. Future research should focus on exam-
ining underlying mechanisms, other than thyroid function, which may
have an effect on ovarian reserve.
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