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Background: While overt thyroid disease is a well known risk factor for infertility, the potential consequences
of mild thyroid dysfunction or thyroid autoimmunity remain unknown. Experimental studies suggest a con-
siderable role for thyroid hormone in the physiological mechanisms of ovarian reserve, but translation of such
findings to human studies remains rare. A potential role for thyroid function in female reproduction could be
especially relevant when the cause of infertility remains unknown, such as in women with diminished ovarian
reserve (DOR) or unexplained infertility. The aims of this study were to investigate the association of thyroid
function and autoimmunity with markers of ovarian reserve day 3 follicle-stimulating hormone (FSH) con-
centrations and antral follicle count (AFC), and to investigate whether thyroid function or autoimmunity may
have different effects in women with DOR or unexplained infertility.
Methods: Thyrotropin, free thyroxine, thyroxine, free triiodothyronine (fT3), triiodothyronine, thyroid perox-
idase antibodies (TPOAbs), and thyroglobulin antibodies (TgAbs), as well as AFC and the day 3 FSH con-
centration, were measured among women seeking fertility treatment at the Massachusetts General Hospital
Fertility Center. Multiple linear or mixed regression models were used to study the association of thyroid
function or autoimmunity with AFC or day 3 FSH.
Results: In the total study population (436 women, 530 AFC measurements), there was no association of thyroid
function or TPOAb positivity with AFC. However, TgAb positivity was associated with a higher AFC (mean
difference = 3.4 [95% confidence interval (CI) 1.8–5.1], p < 0.001). In women with DOR or unexplained infertility,
lower fT3 and TPOAb positivity were associated with a lower AFC (fT3: continuous nonlinear association,
p = 0.009; TPOAb positivity: -2.3 follicles [confidence interval -3.8 to -0.5], p = 0.01), while TgAb positivity was
not associated with AFC. Neither thyroid function nor thyroid antibody positivity was associated with the day 3
FSH concentration.
Conclusions: This study found that lower fT3 and TPOAb positivity are associated with a lower AFC in women
with DOR or unexplained infertility. Future studies are required to replicate these findings and further elucidate
the role of TgAbs and underlying mechanisms through which thyroid function and autoimmunity is associated
with ovarian reserve.
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Introduction

Thyroid hormone regulates metabolism in practically
all tissues in the human body. Adequate thyroid hormone

availability is important for normal female reproduction. This
is reflected by the consequences of overt hypothyroidism,
which can present with a blunting of luteinizing hormone
(LH) pulsatility, hyperprolactinemia, menstrual and ovula-

tion disturbances, and reduced overall fertility that can be
reversed by re-establishing a euthyroid state (1). In contrast to
overt thyroid disease, mild forms of thyroid dysfunction and/
or thyroid autoimmunity often remain clinically unidentified
because patients do not present with typical hypothyroidism
symptoms. However, some studies indicate that even mild
forms of thyroid dysfunction or thyroid autoimmunity may
adversely affect female reproduction (1–3).
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The effects of mild thyroid dysfunction or thyroid autoim-
munity on female fertility have been studied predominantly in
infertile women, including those who undergo assisted repro-
ductive technology (ART). Various studies show that the
prevalence of mild hypothyroidism or thyroid autoimmunity is
higher in infertile women (1–3). Clinical studies investigating
the effects of thyroid function or autoimmunity in an ART
setting have focused on assessing outcomes such as the es-
tradiol trigger peak, oocyte retrieval, maturation or fertiliza-
tion, embryo implantation, clinical pregnancy, and/or live birth
(1,4–7). While the results of these studies differ considerably
and remain inconclusive, experimental studies suggest that
thyroid hormone has effects on ovarian reserve, an important
determinant of downstream ART outcomes (8).

Thyroid hormone receptors are abundantly present through-
out the human female reproductive tract, including in granu-
losa cells and oocytes (9–13). Preclinical studies suggest that
thyroid hormone variation already within the normal range
regulates the stimulatory effects of follicle-stimulating hor-
mone (FSH) on follicular growth and apoptosis suppression
(14,15). On the other hand, high thyroid hormone concentra-
tions may reduce granulosa cell aromatase activity and impair
pre-antral follicle development (12,16). Animal studies show
that thyroid hormone regulates ovarian function, potentially
in part via its effects on nitric oxide synthase, and that low
thyroid hormone availability leads to a decreased number of
antral follicles (1,17–19). Furthermore, both hypothyroid and
hyperthyroid immature mice have a reduced number of pri-
mordial, growing, and antral follicles (17,18). However, ef-
forts to translate these findings to human studies, for example
by investigating potential dose-dependent effects of thyrotro-
pin (TSH), free thyroxine (fT4), free triiodothyronine (fT3), or
thyroid autoimmunity on outcomes reflective of ovarian re-
serve, remain sparse (20–23).

The current study therefore aimed to investigate the asso-
ciation of the full spectrum of clinical thyroid function mea-
surements with measures of ovarian reserve such as day 3 FSH
concentration and antral follicle count (AFC). It was hypoth-
esized that thyroid hormone concentrations would have a
positive, dose-dependent effect on AFC and a negative, dose-
dependent effect on day 3 FSH concentrations. Furthermore, it
was hypothesized that the effects of thyroid function or auto-
immunity would be more prominent in women with an infer-
tility diagnosis of diminished ovarian reserve (DOR) or
unexplained infertility, given that no underlying pathophysi-
ological mechanisms can be defined for these diagnoses.

Methods

Design and population

This study was embedded within the Environment and
Reproductive Health (EARTH) Study, an ongoing prospective
cohort established in 2004 to evaluate environmental and di-
etary determinants of fertility (24). Eligible women were those
who attended the Massachusetts General Hospital (MGH)
Fertility Center and were between 18 and 45 years old. Of the
732 women included in the EARTH study by November 8,
2016, 691 (94.4%) had a stored serum sample collected at
their entry visit. After exclusion of women who were using
thyroid-interfering medication at entry (n = 133; predomi-
nantly levothyroxine, methimazole, propylthiouracil, amio-
darone, antipsychotics, anticonvulsants, or high-dose steroids),

thyroid function and antibodies were measured in the re-
maining 558 women. All women with data on day 3 FSH
(n = 435) and/or AFC (n = 378) were included in the current
study (Fig. 1). The study was approved by the Human Studies
Institutional Review Boards of both the MGH and Harvard
T.H. Chan School of Public Health. Participants signed an
informed consent prior to study entry and after the study
procedures were explained by trained research study staff.

Serum measurements

Serum measurements were performed in stored serum
samples obtained at the entry visit of the study. This sample
does not necessarily reflect the start of the clinical fertility
trajectory for all women, since eligible women were recruited
from the MGH during any stage of their clinical infertility
trajectory. Serum TSH, fT4, T4, fT3, T3, and thyroid peroxi-
dase antibodies (TPOAbs) were measured with commercial
kits on a Modular Analytics E170, and serum thyroglobulin
antibodies (TgAbs) were measured using the Cobas e601 an-
alyzer (both Roche Diagnostics, Mannheim, Germany) at the
Department of Clinical Chemistry, Máxima Medical Center
(Veldhoven, The Netherlands). Inter- and intra-assay coeffi-
cients of variation were 2.1%, 3.5%, 3.8%, 3.8%, and 7.7% for
TSH, fT4, T4, fT3, and T3, respectively. TPOAb and TgAb
concentrations were considered positive if >35 IU/mL or
>115 IU/L (manufacturer cutoffs), respectively, and the
coefficients of variation were 12.4% and 7.1% for TPOAbs
at 33 or 100 IU/L, respectively, and 10.9% and 8.6% for
TgAbs at 76 and 218 IU/L, respectively. Serum concentra-
tions of menstrual cycle day 3 FSH were measured using an
automated electrochemiluminescence immunoassay at the
MGH Core Laboratory, as previously described (25).

FIG. 1. Flow chart for final study population selection.
*Excluded due to multicystic ovaries, difficult to visualize,
or absent ovary.
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Clinical outcomes

Ovarian AFC and measurement of FSH concentrations in
serum were assessed on day 3 of an unstimulated menstrual
cycle. AFC was defined as the sum of antral follicles in both
ovaries as measured by transvaginal ultrasound in the early
follicular phase by a trained MGH reproductive endocrinolo-
gist. Women with multicystic ovaries, with an AFC >20 for
the left or right side separately, or with ovaries difficult to
visualize were excluded from analyses (n = 46; Fig. 1). AFC
and FSH measurements were prospectively collected, and
additional measurements that preceded study inclusion were
obtained from electronical medical records when available
(days between serum collection and AFC examination: median
-5 [95% range -328 to 669]; or day 3 FSH measurement:
median -42 [95% range: -280 to 68]). An infertility diagnosis
was assigned by the treating physician according to the defi-
nition of the Society for Assisted Reproductive Technology.

Covariates

Demographic and clinical information at study entry, such
as age at enrollment and race, were obtained from a baseline
questionnaire, and parity was abstracted from the electronic
medical records by trained study staff. Height and weight
were measured at enrollment by the study nurse, and body
mass index (BMI) was calculated as weight (in kilograms)
divided by height (in meters) squared (kg/m2).

Statistical analyses

The association of thyroid function measurements or thyroid
antibody positivity with AFC was studied using two different
approaches: (i) by analyzing all available AFC measurements,
including multiple measurements for some women (full anal-
ysis) using generalized linear mixed effects regression models
with a Poisson distribution, a log link function, and a random
intercept for each individual; and (ii) by analyzing the mea-
surement of AFC that was obtained in the closest proximity to
the entry visit using generalized linear regression models with a
Poisson distribution and a log link function. The association of
thyroid function measurements or thyroid antibody positivity
with day 3 FSH was studied using linear regression models.
Nonlinearity was assessed using restricted cubic splines with
three or four knots. The study investigated if the associations of
thyroid function measurements or thyroid antibody positivity
with AFC or day 3 FSH was influenced by the time between
outcome assessment and the entry visit by additionally ad-
justing for, and testing for effect modification by, the number of
days between both time points. Covariates and potential con-
founders were added to the model based on biological plausi-
bility, a 10% change of the effect estimates, and residual
variability of the model. All models were adjusted for age,
BMI, smoking, ethnicity, and infertility diagnosis. A pre-
analytical power calculation was not considered, and multiple
comparisons were not adjusted for, given the exploratory nature
of this study, the low number of tested hypotheses, and the
context of previous literature. All analyses were performed
using R v3.3.2 (packages rms, lme4, and sjPlot).

Results

The final study population comprised 436 women, of
whom 378 and 435 had data on AFC and/or day 3 FSH,
respectively (Fig. 1). Descriptive characteristics of the study

population are shown in Table 1. There was no difference in
mean age, mean BMI, or infertility diagnosis between women
with or without data on thyroid function ( p = 0.41, p = 0.79,
and p = 0.19, respectively; data not shown). The study pop-
ulation had a median age of 35 years (95% range 27–42
years), and mainly consisted of Caucasian (83%) women who
did not smoke (73%). Women with DOR had a higher median
day 3 FSH (11.2 vs. 6.1–6.9) and a lower median AFC (8 vs.
13–22) than women with other infertility diagnosis (data not
shown). Of all women in the study population, 5.6% had a
TSH above the reference range (TSH >4.0 mIU/L; 21/378),
while TPOAb positivity and TgAb positivity were detected in
10.6% and 9.2%, respectively (overlap n = 20; 4.6%).

There was no association of TSH, fT4, T4, fT3, or T3 with
AFC as analyzed across all available measurements (full
analysis; p ‡ 0.29 for all analyses; Fig. 2) or when analyzed as
the closest AFC measurement ( p ‡ 0.12 for all analyses;
Supplementary Fig. S1; Supplementary Data are available
online at www.liebertpub.com/thy). Similarly, there was no
association of TSH, fT4, T4, fT3, or T3 with day 3 FSH
( p ‡ 0.11 for all analyses; Fig. 3).

Table 1. Baseline Characteristics of 436 Women

in the EARTH Study

Characteristic

TSH (mU/l) 1.90 (0.68–4.70)a

fT4 (pmol/l) 15.2 (11.5–19.6)a

T4 (nmol/l) 95.8 (66.0–141.3)a

fT3 (pmol/l) 4.7 (3.7–6.1)a

T3 (nmol/l) 1.78 (1.27–2.819)a

TPOAb positive 46 (10.6)b

TgAb positive 40 (9.2)b

Antral follicle count 12 (4–29)a

Day 3 FSH concentration 6.7 (3.5–14.8)a

Age 35 (27–42)a

BMI 23.4 (18.6–36.4)a

Ethnicities
Caucasian 361 (82.8)b

Black 17 (3.9)b

Asian 40 (9.2)b

Other 18 (4.1)b

Ever smoker 118 (27.1)b

Baseline reproductive characteristics
Previous IUI 155 (35.6)b

Previous IVF 72 (16.5)b

Initial infertility diagnosis
Diminished ovarian reserve 39 (8.9)b

Ovulation disorders 49 (11.2)b

Endometriosis/tubal/uterine 56 (12.8)b

Male factor 119 (27.3)b

Unexplained 173 (39.7)b

Initial treatment protocol
Antagonist 26 (6)b

Flare* 25 (5.7)b

Luteal phase agonist** 385 (88.3)b

aData shown are median (95% range).
bData shown are n (%).
*Follicular-phase GnRH-agonist/flare protocol.
**Luteal-phase GnRH-agonist protocol.
EARTH, Environment and Reproductive Health; TSH, thyrotropin;

fT4, free thyroxine; fT3, free triiodothyronine; TPOAb, thyroid
peroxidase antibodies; TgAb, thyroglobulin antibodies; BMI, body
mass index; IUI, intrauterine insemination; IVF, in vitro fertilization.
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In the total study population, there was no association of
TPOAb positivity with either AFC or day 3 FSH (Table 2).
TgAb positivity was associated with a higher mean AFC in
both the full analysis and the closest measurement analy-
sis (mean difference = 2.9 [95% confidence interval (CI)
0.8–5.2], p = 0.006; and mean difference = 3.4 [CI 1.8–5.1],
p < 0.001, respectively; Table 2).

Thyroid function and TPOAb positivity in women
with either DOR or unexplained infertility

Since thyroid dysfunction or thyroid autoimmunity could
contribute to unexplained infertility (1), a sensitivity analysis
was performed in those women diagnosed with either DOR or
unexplained infertility. In this subset, lower fT3 was associated

with a lower AFC (Fig. 4 and Supplementary Fig. S2). There
was no association of TSH, fT4, T4, or T3 with AFC in women
with DOR or unexplained infertility (Fig. 4 and Supplementary
Fig. S2). Furthermore, in women with either DOR or unex-
plained infertility, TPOAb positivity was associated with lower
mean AFC in both the full analysis and the closest mea-
surement analysis (mean difference = -2.3 [CI -3.8 to -0.5],
p = 0.04; and mean difference = -2.3 [CI -3.8 to -0.3],
p = 0.04, respectively; Table 2).

TgAb positivity in women with either DOR
or unexplained infertility

In contrast, among women with either DOR or unex-
plained infertility, TgAb positivity was not associated with

FIG. 2. Plots show the
association of thyrotropin
(TSH), free thyroxine (fT4),
or free triiodothyronine (fT3)
with the antral follicle counts
as the predicted mean count
(black lines) with confidence
interval (gray area). All ana-
lyses were adjusted for age,
body mass index (BMI),
smoking, ethnicity, and in-
fertility cause.
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AFC (Table 2). This result is opposite to results from analyses
performed in the whole population (Table 2), suggesting that
the association of TgAb positivity with AFC differs between
women depending on infertility diagnoses. Therefore, a post
hoc sensitivity analysis was performed, stratifying TPOAb
and TgAb positivity analyses for each infertility diagnosis
subgroup for future references (Supplementary Table S1).
Although statistical power was lacking, subgroup analyses
indicated that predominantly for male factor infertility,
TPOAb positivity and TgAb positivity were associated with a
higher AFC (Supplementary Table S1). Furthermore, for
infertility based on ovulation disorders, the results suggested

that TPOAb positivity was associated with a lower AFC,
while TgAb positivity was associated with a higher AFC, but
these results did not reach statistical significance (Supple-
mentary Table S1).

Thyroid function and autoimmunity modifies
the association of FSH with AFC

Next, we investigated whether thyroid function or anti-
bodies affect the relationship between FSH and AFC. As
shown in Figure 5, the association of day 3 FSH with AFC
attenuated considerably with lower fT3 concentrations

FIG. 3. Plots show the as-
sociation of TSH, fT4, or fT3
with the follicle-stimulating
hormone (FSH) concentra-
tion measured at the third
day of the menstrual cycle as
the predicted mean count
(black lines) with confidence
interval (gray area). All ana-
lyses were adjusted for age,
BMI, smoking, ethnicity, and
infertility cause.
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Table 2. Association of Thyroid Antibodies with AFC and Day 3 FSH Concentration

AFC AFC

Overall DOR or unexplained only

Mean difference [95% CI] p Mean difference [95% CI] p

TPOAb positivity
Full trajectory 0.1 [-1.6 to 2.1] 0.93 -2.4 [-4.2 to -0.3] 0.04
Closest measurement 0.9 [-0.5 to 2.4] 0.24 -2.3 [-3.8 to -0.5] 0.01
TgAb positivity
Full trajectory 2.9 [0.8–5.2] 0.006 -0.8 [-3.2 to 2.2] 0.55
Closest measurement 3.4 [1.8–5.1] <0.001 0.2 [-1.8 to 2.6] 0.83

FSH concentration FSH concentration
TPOAb positivity 0.47 [-0.55 to 1.49] 0.37 -0.52 [-1.60 to 0.56] 0.35
TgAb positivity -0.08 [-1.26 to 1.10] 0.90 -0.19 [-1.35 to 1.03] 0.76

AFC, antral follicle count; DOR, diminished ovarian reserve; CI, confidence interval; FSH, follicle-stimulating hormone.

FIG. 4. Plots show the as-
sociation of TSH, FT4, or fT3
with the antral follicle count
as the predicted mean count
(black lines) with confidence
interval (gray area). All ana-
lyses were adjusted for age,
BMI, smoking, ethnicity, and
infertility cause.
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( p = 0.002), TPOAb positivity ( p = 0.008), and TgAb posi-
tivity ( p = 0.0007). The association of day 3 FSH with AFC
did not differ according to TSH (in thyroid antibody negative
women), fT4, total T4, or total T3 ( p = 0.21, 0.60, 0.33, and
0.80, respectively).

All analyses on TPOAbs or TgAbs remained similar after
additional adjustment for thyroid function measurements or
when analyzed continuously (data not shown). The time be-
tween AFC or day 3 FSH assessment and thyroid function
measurement did not influence the results.

Discussion

Thyroid hormone plays a role in ovarian function, and both
mild thyroid dysfunction and thyroid autoimmunity have been

associated with female infertility and suboptimal ART out-
comes (1,4–7). The current study found that thyroid function
or TPOAb positivity was not associated with AFC, while
TgAb positivity was associated with a higher AFC, when in-
fertility diagnosis was not taken into consideration. However,
when analyses were stratified by infertility diagnosis, an as-
sociation of lower fT3 and TPOAb positivity with lower AFC
wes identified among women with either DOR or unexplained
infertility. While there was no association of either thyroid
function and/or autoimmunity with day 3 FSH, a lower fT3 as
well as TPOAb and TgAb positivity were associated with an
attenuation of the association between day 3 FSH and AFC.
This indicates that in women with low fT3 or thyroid auto-
immunity, even more so than in a general population, day 3
FSH is a less reliable marker for ovarian reserve.

FIG. 5. Plots show the association of day 3 FSH with the antral follicle count as the predicted mean count (black lines)
with confidence interval (gray area), as modeled using the whole data set for women within the lowest 10% of fT3, TgAb-
positive or TPOAb-positive women (all shown by continuous lines), or the highest 10% of fT3, TgAb-negative, or TPOAb-
positive women (dotted lines). All analyses were adjusted for age, BMI, smoking, ethnicity, and infertility cause.
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These results may suggest a possible role for either thyroid
dysfunction, low T3 availability, or autoimmunity in the
pathophysiology of DOR and unexplained infertility. To the
best of the authors’ knowledge, this study is the first to
demonstrate that low fT3 is associated with a lower AFC in
women with DOR or unexplained infertility. T3 is the bio-
active form of thyroid hormone, and roughly 80% of serum
T3 is produced intracellularly via deiodination of T4 by
deiodinase type I and II in peripheral tissues. Given that
>99.5% of serum T3 is bound to hormone-binding proteins
and thus is not biologically available, the consideration that
T3 but not fT3 is affected by changes in binding proteins
could explain the discrepant results. Alternatively, differ-
ences in the assay sensitivity between T3 and fT3 could have
affected the results. The association of low fT3 with lower
AFC and lack of association for TSH or fT4 may suggest that
the ovary is particularly dependent on T3. This is in line with
studies showing that both monocarboxylate transporter 8, a
T3 and T4 transporter, and deiodinase type II are expressed in
the human ovary (26,27). Furthermore, animal studies show
that the ovary can concentrate iodine and produce local T3
through outer ring deiodination (28) and that local T3 has a
time- and dose-dependent effect on local estrogen availabil-
ity (12). Non-thyroidal illness syndrome, which in its mildest
form is characterized by an isolated decrease in serum T3
levels, could confound the association of fT3 with AFC.
Alternatively, other factors could contribute to selectively
lower T3 concentrations such as fasting, stress, and depres-
sion. Future studies are necessary to replicate these results
and further elucidate the role of serum (f)T3 availability for
ovarian reserve.

Although the association of thyroid autoimmunity with
ART, ovulation induction, or intrauterine insemination out-
comes has been widely examined (4,5), studies that assess
ovarian reserve are sparse. The present results showing that
TPOAb positivity was not associated with AFC or day 3 FSH
in the total population of women undergoing ART are in line
with other studies that investigated this or a similar association
(20–23,29). In line with a recent study (29), the current strat-
ified analyses showed that TPOAb positivity was associated
with a lower AFC in women with DOR or unexplained in-
fertility. A lower AFC in women with TPOAb positivity could
be explained by various underlying mechanisms. First, TPOAb
positivity could be associated with differences in AFC via a
decrease in thyroid function, which could for example result in
changes in early follicular recruitment. However, this potential
effect pathway seems unlikely based on the fact that the as-
sociation of TPOAb positivity with AFC remained unchanged
after additional correction for thyroid function (including fT3).
Second, TPOAb positivity could reflect a higher general sus-
ceptibility to autoimmunity. As such, co-occurrence of thyroid
autoimmunity with other autoimmune processes that could
influence ovarian reserve such as, for example, anti-ovarian
antibodies or in the setting of early-phase autoimmune poly-
glandular syndrome I and II could cause a spurious association
between thyroid autoimmunity and AFC (30–33). Third, se-
rum concentrations of both TPOAbs and TgAbs are positively
correlated with the respective concentrations in follicular fluid,
and antigen cross-reactivity has been described between zone
pellucida antibodies and thyroid antibodies (34,35). This could
suggest that thyroid antibodies can have a direct impact on
ovarian tissue.

Unexpectedly, the current study found that among women
with an infertility diagnosis other than DOR or unexplained
infertility, TgAb positivity was associated with a higher AFC,
but there was no association of TgAb positivity with AFC in
the prespecified sensitivity analysis in women with DOR or
unexplained infertility. Further exploratory stratified analy-
ses indicated that the association of TPOAb or TgAb posi-
tivity with AFC differs considerably based on the infertility
diagnoses. This warrants further adequately powered studies
with detailed phenotyping of underlying infertility causes, for
example also focusing on iatrogenic or genetic causes of low
ovarian reserve (23). It is speculated that a possible under-
lying cause for a higher AFC in women with any form of
thyroid autoimmunity could be the co-occurrence of isolated
features and/or a subclinical form of polycystic ovary syn-
drome (PCOS). Various studies suggest a role for autoim-
munity in the pathogenesis of PCOS, and women with PCOS
have an up to a fivefold higher risk of chronic lymphocytic
thyroiditis (36–38). Moreover, one study showed that already
in young girls, thyroid autoimmunity was associated with
considerable differences in various clinical and biochemical
characteristics fitting with a PCOS phenotype (39).

In an effort to identify an underlying reason for the dis-
crepancy in the present results showing association of thy-
roid function and autoimmunity with AFC but not with FSH,
it was found that low fT3 as well as thyroid antibody posi-
tivity was associated with an abnormal ratio of FSH to AFC.
In women with a low FSH concentration, those with low
fT3 or thyroid antibody positivity had a considerably lower
AFC (estimated 15–20 follicles fewer). From a biological
point of view, this discrepancy may indicate that low fT3 and
thyroid antibodies interfere with processes that regulate folli-
cle growth and development through intracellular pathways
that do not affect the hypothalamic–pituitary–gonadal axis,
specifically serum concentrations of estrogen or inhibin.
These results are in line with experimental studies that show
that thyroid hormone enhances the stimulatory effects of
FSH on follicular growth and apoptosis suppression, po-
tentially via regulating nitric oxide synthase (1,14,15,17–19.
Interestingly, the analyses on fT3 also indicate that for
higher FSH concentrations, women with low fT3 have a
higher AFC than women with a high fT3. This could suggest
that the effects of fT3 on follicle growth and development
have a U-shaped curve, depending on the concentration on
FSH. This concept fits with the described effects of T3 on
granulosa cell aromatase activity and pre-antral follicle
development (12,16). Future studies focusing on follicular
fluid and the downstream effects of thyroid hormone on
follicle growth and development are required to elucidate
these mechanisms further.

It was possible to do a prospective study on the association
of thyroid function and autoimmunity with ovarian reserve
using a broad panel of thyroid function tests and detailed data
on the characteristics and clinical workup of the study par-
ticipants. Although the statistical power of the current study
allowed for the detection of clinically meaningful effect es-
timates and an adequate subgroup analysis in the 47% of
women with DOR or unexplained infertility, a potential
limitation of this study is that statistical power did not allow
for further meaningful subgroup analyses. It was identified
that the association of thyroid function or autoimmunity with
AFC was considerably modified by the underlying infertility

1356 KOREVAAR ET AL.



diagnosis, but some subgroups were too small to quantify
differences in effect estimates adequately.

Another potential limitation is the fact that TSH screening
is routinely performed during the infertility workup in wo-
men who were eligible to participate in this study. Although
the results of this study are therefore only generalizable to
women who were not considered eligible for thyroid treat-
ment on the basis of an initial TSH screening, this could
indicate that already mild alterations in thyroid function and/
or milder forms of thyroid autoimmunity can affect ovarian
reserve. In addition, this study included predominantly white
women, which may hamper the generalizability of these re-
sults to other races/ethnicities.

Finally, another potential limitation is that the serum
sampling was not performed at the same time as the AFC or
FSH measurements for all study participants. However, the
results did not systematically differ between the trajectory
and closest measurement analysis, and confounding or effect
modification was not identified according to the time differ-
ence between the measurements. Nonetheless, the absence of
differences according to the time between measurements
could suggest that the results are more likely to reflect a long-
term effect of thyroid hormone or thyroid autoimmunity. As
such, different results could be identified in future studies
investigating more rapid changes in thyroid function or early-
onset thyroid autoimmunity.

In conclusion, this study demonstrates that a lower fT3 and
TPOAb positivity are associated with a lower AFC in women
with DOR or unexplained infertility. It also shows that TgAb
positivity is associated with a higher AFC in a population of
infertile women when infertility diagnosis is not taken into
consideration. Considerable differences were identified in the
effects of thyroid hormone or thyroid autoimmunity on AFC
according to the infertility diagnosis. This indicates that the
different underlying pathophysiological mechanisms in-
volved can modify the role of thyroid hormone or thyroid
autoimmunity. Future studies are required to replicate the
results of this exploratory study and to investigate further the
role of the underlying infertility diagnosis in the association
of thyroid hormone or thyroid autoimmunity with female
reproduction outcomes.
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