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MANAGEMENT OF ENDOCRINE DISEASE
Thyroid and female infertility: more 
questions than answers?!
Kris G Poppe

Endocrine Unit, CHU Saint-Pierre, Université Libre de Bruxelles (ULB), Brussels, Belgium

Abstract

Severe thyroid dysfunction may lead to menstrual disorders and infertility via direct and indirect interactions with 
the hypothalamo–pituitary–ovarian axis and the reproductive organs. However, the exact prevalence of infertility in 
women with thyroid disorders remains unknown. Fertility problems may persist even after restoring normal thyroid 
function, and then surgery and/or an assisted reproductive technology (ART) may be necessary to obtain a pregnancy. 
The initial step in an ART treatment is the ovarian stimulation, putting strain on the thyroid gland, potentially leading 
to (permanent) hypothyroidism in women with thyroid autoimmunity (TAI) or when already treated with thyroid 
hormones (LT4). Moreover, women with ovarian and unexplained causes of infertility have a higher prevalence of 
TAI. In women treated with LT4, a serum TSH level <2.5 mIU/L should be targeted before ART. In women with TSH 
levels >4.0 mIU/L, fertilisation rates, embryo quality and live birth rates may be impaired but also improved with LT4 
therapy. In euthyroid women with TAI, LT4 should not be given systematically, but on a case-by-case basis if serum TSH 
is >2.5 mIU/L. For all of the above reasons, women of infertile couples should be screened routinely for the presence 
of thyroid disorders. In this review, we will focus on the gaps in the current knowledge, the remaining questions on the 
associations between thyroid (disorders) and (assisted) reproduction and make proposals for future investigations that 
may lead to a better understanding and contribute to novel treatment options in the long term.

Thyroid disorders and spontaneous  
conception failure

Introduction

The prevalence of thyroid disorders in women aged 
20–45 years in Europe varies between 5 and 7% for 
subclinical hypothyroidism (SCH), 0.2–4.5% for overt 

hypothyroidism (OH), 0.3–1% for hyperthyroidism and 
5–10% for thyroid autoimmunity (TAI) (1, 2, 3). Differences 
between countries can be present according to the iodine 
status, the ethnic backgrounds of the population and the 
cut-offs used to define SCH (4, 5). 
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Several interactions exist between thyroid hormones 
(TH) and the hypothalamic-pituitary-ovarian axis (6). One 
is the synergistic interaction between follicle-stimulating 
hormone (FSH) and T3 to exert direct stimulatory effects on 
granulosa cell functions, LH/hCG receptor formation and 
apoptosis suppression (7). TH may reduce granulosa cell 
aromatase activity, impair pre-antral follicle development, 
and regulate ovarian function, in part via its effects on 
nitric oxide synthase (8). Thyroid receptors (T3-r and TSH-r)  
are present on the developing and mature oocyte and T3, 
T4 and thyroid antibodies are present in the follicular 
fluid (9, 10, 11). 

In addition to the changes occurring directly at 
the ovarian unit, a number of hormonal changes can 
affect the reproductive system indirectly. In the case of 
hypothyroidism, altered metabolic clearance, increased 
peripheral aromatisation and decreased sex hormone-
binding globulin (SHBG) result in decreased total 
testosterone and oestradiol (E2) concentrations whilst 
their unbound fraction increases. Prolactin levels tend 
to increase too, which may impair pulsatile secretion of 
gonadotropin-releasing hormone (GnRH) (6). 

Ovarian senescence is closely associated with the 
depletion of a woman’s follicular pool during her 
reproductive lifespan. The women’s oocyte supply is 
established during foetal development and cannot be 
replenished once her ovarian reserve is compromised 
due to injury or disease (including thyroid disorders) and 
therefore, fertility potential (12).

In the initial stage of pregnancy, implantation 
failure can be present but remain unaware and confused 
with normal menses. Thyroid disorders have also 
been associated with implantation failure, and in later 
pregnancy stages with (recurrent) clinical miscarriage. 
The association between thyroid disorders and (recurrent) 
miscarriage after spontaneous pregnancies has been 
discussed in previous review papers. (13, 14)

Discussion

Infertility in women with 
(subclinical) hypothyroidism

More severe forms of hypothyroidism may lead to ovulatory 
dysfunction and an insufficient corpus luteum development 
with low progesterone production. Indeed, menstrual 
aberrations are reported in 25–60% of the cases compared 
to 10% in euthyroid women. If treated with LT4, hormonal 
changes and the menstrual pattern may normalise and 
therefore, potentially improve fertility too (6). However, 

evidence proving that LT4 can lead to spontaneous 
pregnancy in women with (overt) hypothyroidism is rather 
anecdotic and probably only effective in case of ovarian 
dysfunction and not when male infertility, endometriosis 
or tubal obstruction are the cause of infertility (15). Recent 
guidelines on thyroid and infertility recommend starting 
LT4 treatment promptly in case of overt thyroid dysfunction 
and when TSH values are >4.0 mIU/L/the upper limit of the 
reference range (ULRR) (16). 

Aspects to be investigated more in detail are the role 
of TH in the follicular fluid as well as the function(s) of TH 
– and TSH receptors present on the reproductive organs, 
from the earliest follicle stages over the oocytes and the 
endometrium.

In a study by Weghofer  et al. in women of advanced 
reproductive age and TSH levels >3.0 mIU/L, significantly 
lower anti-Müllerian hormone (AMH) levels were 
measured, compared to women with TSH levels <3.0 
mIU/L (17). A retrospective study in 2568 Chinese 
women initiating ART showed significantly lower AMH 
concentrations, antral follicle counts (AFC) and higher 
FSH levels in women aged ≥35 years with SCH (18). 
Though thyroid disease appears to affect ovarian reserve 
negatively in subsets of women with (unexplained) 
infertility and advanced reproductive age, a Belgian 
study in 4894 young women with and without fertility 
problems could not demonstrate an impact of TAI and 
hypothyroidism on AMH levels (19). 

In one study, increasing AMH levels were shown in 
women with TAI and TSH levels >2.5 mIU/L after LT4 
treatment, suggesting a potential benefit on ovarian 
function; unfortunately, no pregnancy outcome data were 
provided (20). 

Future studies should follow pregnancy rates in 
women with SCH treated with LT4 vs those in women 
followed for the progression of their SCH only. 

The prevalence of infertility in women with 
(subclinical) hypothyroidism has not been investigated in 
longitudinal studies, but only in a few retrospective ones. 
In one study from 1993, the authors stated that primary 
and secondary infertility was present in 6% of women, a 
prevalence compared with that in the general population 
at those days (21). In another study, the prevalence of 
infertility, defined as the absence of pregnancy in sexually 
active women having regular unprotected intercourse for 
an exposure period of at least 12 months, was 47% in 
women with autoimmune hypothyroidism; significantly 
higher compared to the prevalence in the general 
population (ranging from 7.4 to 24.0% in population-
based studies) (22, 23). In the same study, the number of 
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pregnancies was determined in women prior and after the 
diagnosis of hypothyroidism. Following the diagnosis, it 
was 0.67 and prior 1.48 (P = 0.02). Noteworthy is that no 
differences were present between baseline variables and 
hormonal parameters between fertile and infertile women 
with hyper- or hypothyroidism (22). 

Finally, in one study focusing on the presence of PCOS 
as a cause of infertility in obese women with and without 
SCH, its prevalence was similar between both groups (24). 

Infertility in euthyroid women with 
thyroid autoimmunity

A prospective US study in 436 patients reported lower 
AFCs in women with unexplained infertility, diminished 
ovarian reserve and increased thyroid peroxidase 
antibodies (TPOAb) levels (−2.3 follicles, 95% CI: −3.8 to 
−0.5; P = 0.01) (25). 

The presence of TAI can lead to infertility via a 
number of factors direct and/or indirectly related to the 
presence of the antibodies. An indirect mechanism is 
via the higher mean age in women with TAI compared 
to that in women without (26). Age is an independent 
risk factor for a decreased ovarian reserve and in later 
stages for miscarriage too. However, in a recent study by 
Poppe   et  al., infertile women with TAI were not older 
compared with women without TAI, nor was there a 
difference in the use of tobacco (27). 

The presence of TAI is probably also a reflection/
marker of an immune imbalance that might lead to or be 
associated with implantation failure. Infertile women with 
TAI might have a higher prevalence of antiphospholipid 
antibodies (aPL), and the presence of aPL as such has been 
associated with implantation failure (28, 29, 30). However, 
in studies investigating pregnancy outcomes in women 
with TAI in which the presence of aPL was excluded a 
priori, higher miscarriage rates remained present; an 
argument against the impact of aPL (31). 

In other studies, in women with TAI and recurrent 
implantation failure (RIF), abnormal T-lymphocyte 
function and higher numbers of endometrial T-cells 
have been reported, as well as decreased percentages 
of T-cytotoxicity cells (Tc) and an increased Th/Tc ratio 
(P < 0.05). The prevalence of thyroid dysfunction, the 
absolute number and percentage of T-cells, T- helper (Th) 
cells, B-cells and natural killer (NK) cells were not different 
between women with and without TAI (32, 33). Since no 
difference in serum oestradiol or progesterone levels were 
observed between groups, these findings could indicate 
that TAI induces a non-receptive endometrial milieu 

that may underlie the detrimental effects on embryo 
implantation (34). 

However, in most clinical studies similar implantation 
rates were noted between women with – and without TAI, 
although with more first-trimester miscarriages in women 
with TAI (15, 35). Bottom-line, implantation failure 
remains a problem that is difficult to document and is due 
to a number of altered parameters, including male factors 
(36, 37). 

Research should focus on methods to improve the 
diagnosis of implantation (failure). 

Future studies should aim to investigate whether the 
prevalence of infertility in euthyroid women with TAI 
is higher compared with that in age-matched women 
without thyroid disorders. Whether higher levels of 
increased TPOAb or thyroglobulin (TgAb) in euthyroid 
women correlate with ovarian reserve and/or implantation 
and pregnancy rates remain to be investigated too. In 
daily practice, the presence of TAI may remain unaware 
since 5–10% of women will have antibodies with a normal 
function and therefore and will not be screened for it (1).

Thyroid disorders in women with 
established infertility causes and/or 
planning an ART procedure

Introduction

Infertility is defined as the absence of clinical pregnancy 
after at least one year of regular unprotected intercourse 
(38). The increased public awareness of infertility and 
treatment options including ART have led to an increased 
use of ART world-wide, although in 2005, still 70% of ART 
cycles were performed in Europe and North America (39). 
Taken into account that guidelines from endocrine (thyroid) 
societies recommend the systematic screening for thyroid 
disorders in women of infertile couples, the detection rate/
prevalence of infertile women with a concomitant thyroid 
disorder increased over the years (15, 16, 40). 

Female causes of infertility account for 35% with as 
most important ones the polycystic ovarian syndrome 
(PCOS), endometriosis and tubal obstruction; male factors 
for 30% and combined factors for 20%. In 15% of the cases 
the cause remains unknown (idiopathic or unexplained 
infertility) (6, 38). Women in the reproductive age group 
(20–45 years) also have a high prevalence of thyroid 
disorders (2, 6) and therefore, they can occur together 
with infertility. However, and despite that connection, 
establishing causation remains difficult. 
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Once thyroid dysfunction has been treated and 
normalised, but a normal menstruation pattern is not 
followed by pregnancy within at least 6 months of regular 
intercourse, a workup of infertility should be done to 
determine the underlying cause(s), that might be purely 
(fe)male, mixed or remain unexplained. According to 
the diagnosis, surgery might be necessary and resolve 
infertility as in case of endometriosis or tubal obstruction, 
but in most other cases, an ART treatment will be 
necessary to obtain a pregnancy. In some cases of male 
infertility or ovulatory dysfunction, a few attempts of 
intra-uterine insemination might be performed before an 
ART treatment. The ART procedure starts with an ovarian 
stimulation (OS), formerly called controlled OS, with the 
aim to obtain a high ovarian retrieval rate, and avoid an 
hyperstimulation (syndrome), a severe complication of 
OS, that can lead to thyroid dysfunction too (41). 

Discussion

Thyroid disorders in women with established 
causes of infertility

TAI is the most common autoimmune disorder in women 
in the reproductive age range, with an estimated prevalence 
of around 10% (2, 6). TAI is typically characterised by 
increased levels of TPOAb often associated with high(er) 
mean TSH concentrations, and it tends to be more prevalent 
in women confronted with certain causes of infertility, 
such as PCOS and primary ovarian insufficiency (POI). 
In the case of PCOS, the higher prevalence can be due to 
polymorphisms in the PCOS-related gene for fibrillin 3, 
altered TGF-β activity (a regulator of immune tolerance), 
and a higher estrogen-to-progesterone ratio (31, 42). 

POI is defined as loss of ovarian function <40 years 
of age, and affects about 1:10 000 women aged 20 years, 
and up to 1:100 aged 40 years. Causative mechanisms for 
POI include genetic factors (20–25%) and autoimmune 
conditions (4–30%), though the majority remains 
unexplained (43). Increased prevalence of genetic 
alterations and autoimmune disease in women with 
diminished ovarian reserve (DOR) suggest that POI and 
DOR may represent different stages of the same entity (44, 
45). In a prospective study in the US in women with POI, 
TAI was encountered in 37% of POI women with Turner 
Syndrome (45XO) and in 15% of POI patients with 46,XX 
karyotype, a prevalence that significantly exceeded that 
in female in the same area; 5.8% (P < 0.001; RR: 3.0, 95% 
CI: 2.3–3.7) (46). Another large cross-sectional study in 
Chinese infertility patients supports the concept that TAI 

may be related to idiopathic DOR: 1044 women were 
grouped to low, normal and high ovarian reserve categories 
according to age-ladjusted AMH levels. Women with DOR 
demonstrated higher percentages of TAI (23.3%) when 
compared to counterparts with normal (14.6%) and high 
ovarian reserve (10.4%; P = 0.014) (47). 

Endometriosis has also been associated with a higher 
prevalence of increased TPOAb levels in one study (6, 31), 
but that was not the case in another study published a few 
years thereafter (48). Noteworthy is that in the latter study, 
the prevalence of TAI in the control group was very high 
(25%), what might have contributed to the non-significant 
difference with the patients in which it was 20%. Finally, 
a meta-analysis of three case–control studies showed a 
non-significantly increased risk of TAI in women with 
endometriosis, but with a high I² index for heterogeneity 
(OR: 1.36, 95% CI: 0.54–3.45, P = 0.52, I² = 83%) (49).

Finally, in a meta-analysis pooling four studies, TAI 
was more prevalent in euthyroid women with unexplained 
(idiopathic) infertility (OR 1.5, 95% CI: 1.1–2.0) (35).

The prevalence of TAI is based mainly on the presence 
of high TPOAb levels alone. However, the presence of 
increased TgAb levels might be important to investigate, 
as shown in a study in infertile women, in which 5% had 
isolated positive TgAb (compared with 4% with isolated 
TPOAb), with significantly higher serum TSH levels 
compared with women without TAI (50). Data on the 
prevalence of TAI in infertile women based on ultrasound 
criteria are absent in the literature. It is known that the 
earliest stages of TAI can be detected by ultrasound before 
positive thyroid antibodies are present in the serum (51). 

Prospective studies should be performed, taking into 
account all presenting forms of TAI in infertile women and 
in controls, before definitive conclusions can be drawn on 
the (higher) prevalence of TAI in case of infertility. 

In a paper by Poppe  et al., the prevalence of SCH in 
women of infertile couples varied between 1 and 43% 
(31). A number of biases were present such as the different 
definitions of SCH, the fact that some women were treated 
with LT4 and finally, comparison with the prevalence of 
SCH in fertile controls were often lacking. In the study by 
Unuane  et al. in 2012, mean serum TSH levels in infertile 
women were comparable to those in a control group of 
fertile women that was composed of women consulting for 
alternative reasons (egg cell donation, single-parent request, 
etc.) together with male infertility causes (50). More recently, 
in the study by Dhillon   et  al. in women with infertility 
and recurrent miscarriage, the prevalence of SCH was 2.4% 
and that of overt hypothyroidism 0.2% (3). The multiple 
regression analyses showed an increased OR of SCH (TSH 
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>4.50 mIU/L) with high BMI ≥35.0 kg/m2 (aOR: 1.71, 95% 
CI: 1.13–2.57; P = 0.01) and Asian ethnicity (aOR: 1.76, 95% 
CI: 1.31–2.37; P < 0.001), but not with subfertility (3). 

An issue in that study is the heterogeneity of the 
population investigated (infertility and (recurrent) 
miscarriage; both can be due to a variety of causes), and the 
lack of fertile controls. Noteworthy is also that infertility 
was not a risk factor for the presence of increased TPOAb 
levels either (OR: 0.95, 95% CI: 0.83–1.10; P = 0.502). 

However, in a recent meta-analysis by Ding   et  al. 
in infertile women with PCOS, the OR for SCH (serum 
TSH >4.0 mIU/L) was 3.59 (95% CI: 2.2–5.7) (52). 
Furthermore, in case of PCOS, the women’s higher 
prevalence of obesity and insulin resistance might have 
contributed to the higher prevalence of SCH, beyond 
that of TAI (52).

The prevalence of (subclinical) hyperthyroidism in 
infertile women has been investigated in a prospective 
study performed nearly 20 years ago (53). The prevalence of 
a suppressed serum TSH was 2.1% and comparable to that 
in the fertile female control population (3%). Subclinical 
hyperthyroidism was present in 78% of patients with a 
low serum TSH, and 44% had high TPOAb levels (TSH-r 
antibodies were not determined). When TPOAb were 
positive, a suppressed serum TSH was more frequent in all 
infertile women compared with that in women without (7 
vs 1%; P < 0.05). In the study by Dhillon-Smith  et al., there 
was no increased prevalence of overt hyperthyroidism 
either (OR: 0.76, 95% CI: 0.26–2.20); with a prevalence of 
0.3 and 1.3% for subclinical hyperthyroidism (3). 

In the recent ETA guidelines, it is recommended that 
all women seeking medical advice for infertility should be 
screened for TSH and increased TPOAb levels. TgAb can be 
added systematically or when not allowed according to the 
local regulatory authorities in women with TSH levels >2.5 
mIU/L and no increased TPOAb levels. Treatment with LT4 
is suggested in infertile women with TAI and serum TSH 
>2.5 mIU/L on a case-by-case basis and systematically if 
TSH levels are >4.0 mIU/L or the ULRR (16). 

Thyroid disorders in women planning an 
ART procedure

Thyroid disorders and ovarian stimulation

Ovarian stimulation (OS) is the first part of the ART 
procedure. Different schemes exist, but the general 
principle consists of the pituitary downregulation with 
GnRH analogues or antagonists, ovarian stimulation with 
gonadotrophins (Gn) for several days and finally, a single 

injection of human chorionic gonadotrophin (hCG) 
for ovulation induction (54). OS induces a rapid and 
supraphysiologic increase in oestradiol (E2) levels (4000–
6000 ng/L), in spontaneous pregnancies only present 
from the second trimester of pregnancy on. The E2 rise 
results in an excess of thyroxine-binding globulin (TBG) 
production and sialylation by the liver and therefore, to a 
reduced clearance rate of TBG, increasing the total fraction 
of TH and reducing free TH levels (55, 56). Furthermore, 
a direct effect of the high E2 levels on the release of 
thyrotropin-releasing hormone (TRH) has been described 
and both mechanisms might explain an increase in TSH 
levels due to the OS (57).

In approximately one third of euthyroid patients, 
serum TSH levels exceeded 2.5 mIU/L and the elevation 
lasts 1–3 months after OS (55, 57, 58, 59, 60, 61, 62, 63). 
The rate of patients with TSH >2.5 mIU/L as well as the 
magnitude of increase is more pronounced in treated 
hypothyroid patients (62, 63). During OS, women with 
positive TPOAb show increased TSH values (decreased 
FT4 levels) compared with TPOAb negative women 
(55). In euthyroid women without TAI, the net effect of 
OS is negligible (57, 59). Nowadays, a hyperstimulation 
syndrome (HS), characterised by very high E2 levels 
is an exceptional complication of the OS. It can occur 
during the luteal phase or during early pregnancy and 
can be accompanied by severe morbidity and may even 
be fatal. Complications include electrolytic imbalance, 
neurohormonal and haemodynamic changes, pulmonary 
manifestations, liver dysfunction, thromboembolic 
phenomena, neurological manifestations and adnexal 
torsion (64). The impact of HS on thyroid function in 
women without thyroid disorders (no antibodies and not 
on LT4) is associated with a TSH rise comparable with 
that in women without HS, but on the other hand, in 
women with underlying TAI, it can lead to severe overt 
hypothyroidism (41, 65). 

Another effect of OS on thyroid function to be considered 
is the one possibly exerted by hCG administration since 
TSH and hCG, as well as their respective receptors, share 
structural homologies (66). In a Dutch study in more than 
7000 patients from two population-based prospective 
cohorts, the functional response to hCG was different 
between patients with and without increased TPOAb 
levels. Healthy patients show a reduction of TSH values 
and a proportional FT4 increase, whereas the functional 
trend of patients with TAI is impaired (67). Whether these 
data can be extrapolated to lower concentrations of hCG 
as used for the ovulation induction (10 000 IU) remains 
unknown and deserves further investigation. 
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The net result of OS in women with TAI is a decrease 
in FT4 levels and a reactive increase of TSH levels. This 
is particularly evident in patients with TSH levels >2.5 
mIU/L before OS and might be a reason to adapt pre-OS 
dosage of LT4 to prevent hypothyroidism during early 
pregnancy stages (63, 68). Recently, in a Chinese study, 
LT4 treatment before OS/ART did not improve live birth 
rates in euthyroid women with TAI (69). 

Since adverse pregnancy outcomes have been 
associated with inadequately and untreated maternal 
hypothyroidism (6), the serial evaluation of thyroid 
function in women with treated hypothyroidism or 
euthyroid with TAI undergoing OS should be performed, 
starting from the second hCG measurement if the woman 
is pregnant (~6 weeks after the start of OS or 3 weeks after 
the ovulation induction). Thyroid function serial testing 
is not necessary in euthyroid women without TAI, unless 
treated with LT4. LT4 treatment may be considered for TSH 
levels >2.5 mIU/L with TAI and should be started for TSH 
levels >4.0 mIU/L or >ULRR. In the recent ETA guideline 
paper, treatment/follow-up schemes in relation to OS are 
proposed based on serum TSH and the presence of TAI (16). 

Further research is needed with long-term follow-up 
after OS of thyroid function and if it can induce de novo 
TAI. Besides TPOAb, the presence of increased TgAb levels 
and/or ultrasound criteria of TAI should be taken into 
account too. Finally, a remaining question is whether 
pituitary agonists vs antagonists lead to a different impact 
on thyroid function. 

Thyroid disorders and ART (IVF/ICSI) clinical 
outcomes 

The term ‘thyroid autoimmunity’ (TAI) and autoimmune 
thyroiditis (AITD) are used in most papers when at least 
one type of thyroid Ab is present; in majority TPOAb, 
sometimes TgAb or finally, both types. 

For more than a decade, an increased miscarriage rate 
(MR) in euthyroid women with TAI has been reported, 
both in spontaneous and assisted pregnancies (70, 71). 
Three meta-analyses investigated the impact of TAI on 
ART pregnancy outcomes (70, 71, 72). No effect on the 
implantation and clinical pregnancy rates was observed, 
but the first-trimester MR was increased and LBR decreased. 
Of note is that in the meta-analysis published in 2011 (71), 
the OR of miscarriage was 3.15, but in the most recent one 
by Busnelli  et al. in 2016, it was only 1.44 (72). 

The pathophysiological mechanisms underlying 
an increased MR in women with TAI remain a matter 
of debate. A first hypothesis is to consider thyroid 

antibodies as a marker of an immune disorder, thus 
acting independently of a thyroid dysfunction. In a 
study in pregnant women, it was shown that there was 
an abnormal T-helper-1 (Th1)/T-helper-2 (Th2) ratio 
and a shift to a dominant Th1-type response, activating 
T-lymphocytes and potentially leading to implantation 
failure (73). In another similar study, Th1 oriented changes 
of innate immunity in the peripheral blood were present 
too, with elevated Natural Killer cells and enhanced 
natural cytotoxicity (74). Concerning the effects of TAI 
on the endometrium, evidence is scarce. Kilic  et al. found 
no difference in the endometrial volume (as a surrogate 
to assess endometrial receptivity and the implantation 
chance), in women with unexplained infertility with- and 
without TAI (75). The expression of TPO and Tg in the 
endometrium and the harmful role of TPOAb and TgAb 
is still a matter of debate (8, 10). Furthermore, TPOAb 
might be able to recognise other proteins expressed in 
the uterus such as prostaglandin G/H synthase 2, with 
a consequence on implantation (8). Finally, in a model 
of TPO-immunised mice, Lee  et al. show TPOAb on the 
surface of their preimplantation embryos (76). However, 
in most studies on ART pregnancies, similar implantation 
rates are noted between women with- and without TAI 
(72, 77). 

On the other hand, in the study by Cai   et  al., 
implantation failure was associated with lower FT4 levels 
but not with the presence of thyroid antibodies in the 
serum or FF (11), leading the authors to conclude that 
thyroid function might be more important than that of 
TAI. In the study by Zhong  et al. lower implantation rates 
were present in women with TAI (64% vs 74% in women 
without TAI), but the authors did not determine TSH in 
their study, rendering the further interpretation of the 
results difficult (78).

The second hypothesis is an impaired thyroid 
functional reserve, that might lead to an inadequate 
production in TH during the first stages of pregnancy. 
The fact that OS is performed before the embryo transfer 
might aggravate or unravel an underlying subtle thyroid 
problem. One of the underlying mechanisms how TAI 
might impair normal thyroid response to a strain is via an 
impaired thyroidal response to hCG (67, 79). Furthermore, 
to explore the hypothesis of a higher mean serum TSH 
level in women with TAI, Busnelli   et  al. meta-analysed 
the preconceptional serum TSH levels in six studies. 
Serum TSH levels were higher in patients with TAI; mean 
basal TSH was higher by 0.51 mIU/L (95% CI: 0.14–0.88; 
P = 0.007) in women with TAI compared with the TAI 
negative group. However, the meta-regression analysis 
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exploring the possible effect of basal TSH values in the 
estimated association between TAI and miscarriage failed 
to document an interaction (72). Another explanation for 
the latter might have been the fact that in a number of 
studies included in that meta-analysis, serum TSH cut-offs 
of 2.5 and 3.0 mIU/L were used to define SCH, based on 
guidelines from 2012 (72, 77). 

A third hypothesis that might go together with the 
two previous ones is the higher mean age in women 
with TAI compared with that in TAI – women (72, 79). 
Older age is a known risk factor for an increased MR and 
infertility (80). However, in the meta-regression analysis 
by Busnelli   et  al. (72), the increased MR persisted after 
correction for age. 

Treatments to improve LBR should thus be focused on 
the first two pathways. Therefore, a primordial question 
is whether LT4 treatment can increase LBR in euthyroid 
women with TAI and pregnant after ART.

In pregnant women with TAI, it has been shown that 
LT4 treatment was able to counteract the Th1/Th2 ratio 
shift to a Th1-type response, what was not the case in 
women not treated (73). The authors postulate that this 
shift might explain in part the beneficial impact of LT4 
on pregnancy outcomes, but since they did not report 
on pregnancy outcomes, this remains to be proven. 
Furthermore, in the recent TABLET study in euthyroid 
women with TAI and a history of infertility or recurrent 
miscarriage, no impact of LT4 on live births was observed; 
an argument against the immune shift hypothesis induced 
by LT4 (81). More evidence against this hypothesis comes 
from a Cochrane systemic review, including two studies 
and randomising 686 euthyroid women (TSH levels <4.2 
and <4.8 mIU/L, respectively) to treatment with LT4 vs 
placebo/no treatment (69, 82, 83). LT4 treatment had no 
effect on MR, clinical pregnancy or LBR. The reasons for 
the absence of a beneficial impact of LT4 on pregnancy 
outcomes remain speculative, but some hypotheses can 
be generated based on the results of the meta-analyses 
published since 2010. In that published in 2011, the OR 
of miscarriage was 3.15, in that of 2016 it decreased to 
1.44 and no increased risk was present in the latest meta-
analysis in 2018 (71, 72, 77). Reasons for that decrease 
can be the difference in the study design (prospective vs 
retrospective), the inclusion/exclusion criteria (treatment 
with LT4 or corticosteroids), the OS protocol (agonists 
vs antagonists, long vs short), and the diagnosis of TAI 
(defined by the presence of increased TPOAb levels 
only vs both TPO- and TgAb). Furthermore, noteworthy 
mentioning is that in the 2018 meta-analysis, women 
were treated with ICSI only, and that serum TSH levels 

defining SCH decreased to TSH levels >2.5/3.0 mIU/L 
compared with >4.0 mIU/L in the studies included in the 
first meta-analysis (77). 

The pivotal study by Wang   et  al. (a negative study 
on LT4 treatment in euthyroid women with TAI, in an 
ART setting) was the subject of a number of editorials/
comments drawing the attention to subgroups of women 
that still might benefice from LT4 treatment; more in 
particular older women with female causes of infertility 
and high levels of TPOAb (69, 84). 

The precise reasons for the observation that LT4 still 
might be indicated in certain subgroups remain speculative. 
It is known that women aged >30–35 years and/or with 
PCOS/POF as the underlying cause of infertility tend 
to have more TAI/SCH (4, 31, 42). Furthermore, higher 
levels of thyroid antibodies (’higher levels’ as such needs 
to be defined better) could be associated with an impaired 
response to exogenous hCG as in case of the ovulation 
induction at the end of the OS and finally, they may lead to 
SCH during pregnancy (1, 2, 6, 15, 79). In addition, in the 
study by Kim  et al., it was shown that women in the control 
group with a miscarriage had higher TPOAb and/or TgAb 
levels compared to women with ongoing pregnancies (85)

Other issues with the study by Wang  et al. were the low 
MR rate (10%) taken into account for the power calculation 
vs 20–30% in a real-world setting, and finally the exclusion 
of women with increased TgAb levels only (69, 84). 

For the time being, it is suggested that euthyroid 
women with TAI undergoing IVF/ICSI are not being 
treated systematically with LT4 (16). 

Future research should consist of properly designed, 
randomised studies of euthyroid women with TAI (taking 
into account both types of antibodies and ultrasound 
features), treated with LT4 vs placebo. Outcomes should be 
corrected for age, the type of OS, thyroid antibody levels, 
thyroid function, and finally the cause(s) of infertility, 
including a quantification of the sperm quality, and the 
type of ART treatment (ICSI/IVF) (80, 86). 

Moreover, if the absence of an impact of LT4 on 
pregnancy outcomes in euthyroid women with TAI 
would be confirmed, other treatment options could be 
(re)investigated. In an older small and non-randomised 
study by Vaquero   et  al. patients receiving intravenous 
immunoglobulins (IVIG) had some improvement of their 
pregnancy outcomes, although less than those treated 
with LT4 (87). In another study, glucocorticoids initiated 
before the ART procedure, lead to a doubling of the 
LBR (88). It should be noted that only a small number 
of women were included, and long-term follow-up data 
were missing. 
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Another question is whether LT4 treatment improves 
ART outcomes in women with SCH. By definition, SCH is 
the association of a normal free thyroxine level (FT4) and 
an increased serum TSH level above the ULRR. Ideally, 
this upper limit is determined in an assay and population-
specific cohort, and in the scope of (in)fertility in women 
in the age range 20–45 years. Most centres do not have 
these normative data, and therefore, the upper limit of 
normality is most often a synonym for the ULRR of the 
assay used. The most commonly used commercial assays 
in Europe have a ULRR for serum TSH between 3.60 
and 4.31 mIU/L (89). In a recent meta-analysis, altered 
ART outcomes were present from TSH levels >3.5 mIU/L 
on, and based on this and the few interventional trials 
with LT4 that showed an increased LBR when TSH levels 
exceeded 4.0 and 4.5 mIU/L, respectively, guidelines 
propose to initiate treatment with LT4 from a TSH cut-
off >4.0 mIU/L or >ULRR if the latter is >4.0 mIU/L (16, 
90, 91, 92). According to the (strict) Cochrane systemic 
review criteria, only one study could be included, in 
which 64 women were scheduled for IVF/ICSI with TSH 
levels >4.5 mIU/L (>80% of the women had TAI) and 
randomised to LT4 or no treatment. LT4 treatment was 
associated with 27–100% chance of live birth compared 
to 25% in the control group (82, 85). These results are 
in line with most results in spontaneous pregnancies but 
need to be confirmed in more studies comparing LBR 
after ART in women with SCH treated with LT4, with 
corrections for the type of ART (IVF or ICSI), woman’s 
age, cause of infertility, semen parameters, the severity of 
SCH and the levels of TPO- and TgAb (80, 86). Therefore, 
it is noteworthy mentioning that besides the few patients 
with SCH and no TAI in the study by Kim   et  al., the 
evidence on the treatment of infertile women with SCH 
and no TAI is almost absent (85). In addition, in the meta-
analysis by Zhao  et al., it was mentioned that increased 
TPOAb levels could not be eliminated in several of the 
original papers (90). This particular group of women 
might have other reasons for a high serum TSH or 
features of TAI only detectable at ultrasound (4). More 
research is needed in that group of women, and if other 
reasons than TAI are underlying the higher TSH levels, 
another approach might be necessary instead or above 
LT4 treatment. 

Screening/management in daily practice

According to the general principles of screening by 
Wilson and Jungner, a condition must be an important 
health problem, with development from a (recognisable) 

latent to declared disease that is well understood. There 
should be a suitable test or examination, acceptable 
to the population; there should be an agreed policy on 
who to treat as patients with an accepted treatment and 
facilities for diagnosis and treatment. The cost of case 
finding (including diagnosis and treatment) should be 
economically balanced in relation to expenditure on 
medical care as a whole (93). The case of thyroid disorders 
and infertility (ART treatment) fulfils most of these 
prerequisites. Women with PCOS, POI and idiopathic 
infertility have a higher prevalence of TAI and increased 
serum TSH levels compared with fertile women (6, 42). 
Furthermore, the presence of increased TPOAb levels 
may point out women at risk of developing (subclinical) 
hypothyroidism after OS or during gestation and are 
strongly correlated with post-partum thyroiditis (6). 
Serum TSH levels >3.5 mIU/L are associated with impaired 
ART outcomes and LT4 treatment can increase LBR in 
women with TSH levels >4.0 mIU/L (90, 91). In summary, 
testing for serum TSH and antibodies is easy and widely 
available; the prevalence of thyroid disorders is high in 
infertile women and associated with altered pregnancy 
outcomes, that can be treated with a safe treatment (LT4), 
able to improve ART outcomes.

The criteria by Wilson and Jungner might need 
revision, in order not to be applied in a dogmatic way that 
might lead to unjustified rejection of screening (some) 
women (94). In the recent ETA guidelines, screening for 
thyroid dysfunction (TSH) and autoimmunity (TPOAb) 
is suggested in women of infertile couples planning an 
ART treatment. The presence of increased TgAb levels 
can be verified in women with TSH levels >2.5 mIU/L 
and normal TPOAb levels. In men with ejaculation and 
erectile dysfunction and/or altered semen parameters, 
TSH could be measured too (16).

Conclusions

Thyroid dysfunction and autoimmunity are associated 
with a number of aspects of the reproductive process, by 
direct actions on reproductive organs or via an interaction 
with the hypothalamic–pituitary–gonadal axis. Severe 
thyroid dysfunction with or without the presence of TAI 
can lead to infertility and its treatment can normalise the 
menstrual pattern but might not always restore fertility, 
and in that case, an ART treatment can be considered. 
Some causes of infertility (ovarian and idiopathic) are 
associated with a higher prevalence of TAI. Women with 
thyroid dysfunction prior to an ART procedure should 
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always be treated. The ovarian stimulation leads to a strain 
on thyroid function that is more severe if TAI is present. 
Pregnancy outcomes are impaired in women with SCH 
(TSH >4.0 mIU/L and most often concomitant TAI) and 
might be improved with LT4 treatment. Screening for 

thyroid disorders is essential in the work-up of women 
of infertile couples, even if not for every thyroid disorder 
an adequate treatment is available yet, it might point out 
patients with higher pregnancy morbidity and at higher 
risk to develop thyroid dysfunction in the long run.

Table 1 Remaining questions and proposals for future research.

Topic/remaining questions Proposal for research

Infertility in euthyroid women 
with TAI

In women with TAI and no immediate pregnancy wish, a long-term follow-up of ovarian 
reserve parameters (AMH, FSH) should be done, and the prevalence of infertility 
documented compared with that in euthyroid women without TAI. Furthermore, the type 
and evolution of thyroid antibody (TPOAb or TgAb) and TSH levels should be followed too.

The systematic screening for serum TSH performed in women of infertile couples; should be 
completed with that of TAI since 5–10% of euthyroid women, might have positive thyroid 
antibodies.

Higher prevalence of TAI in PCOS, 
DOR, unexplained infertility 
and maybe other causes 
(endometriosis/tubal disorders)

Prospective studies should be performed, taking into account all presenting forms of TAI 
(including systematically TgAb and ultrasound criteria) before definitive conclusions can be 
drawn on the higher prevalence of TAI in case of infertility.

The impact of ovarian 
stimulation/ovulation induction 
on thyroid function and 
autoimmunity

An extended long-term follow-up of thyroid function and autoimmune parameters should be 
performed before definitive conclusions can be made on the importance of the strain of OS 
on thyroid function and if OS can induce TAI as such. Furthermore, should the type of OS 
(pituitary antagonists versus agonists) and both types of thyroid antibodies (including 
ultrasound criteria) be taken into account.

To investigate whether the presence of TAI impairs the impact of the ovulation induction (i.e. 
an hCG injection) 

Oocyte (patho)physiology The role(s) of thyroid antibodies and hormones in the follicular fluid needs to be investigated 
better, including that of TH - and TSH receptors on the oocytes, the endometrium and the 
reproductive organs.

This knowledge is indispensable before investigating whether LT4 or other (immune 
modulatory) treatments could improve ART in vitro outcomes like the oocyte and embryo 
quality, the fertilisation rate, and ultimately (spontaneous) pregnancy rates.

Treatment options for euthyroid 
women (TSH <4.0 mIU/L/ULRR) 
with TAI

A number of studies should be planned to aim to increase the LBR. These could include the 
use of ICSI, LT4, immune modulating medications, or a combination of those.

However, before recommending the systematically application of ICSI in women with TAI, 
head-to-head studies are warranted comparing ART in vitro outcomes in women with TAI 
treated either with IVF or ICSI and with corrections for woman’s age, cause of infertility, 
semen parameters, thyroid function and the types/levels of thyroid antibodies (including 
ultrasound features).

Other studies should focus on subgroups of euthyroid women with TAI, in order to decide 
which women still might benefit from LT4 supplements. Candidates are women with 
ovarian causes of infertility (DOR, POI), an older age (>35 years), a history of recurrent 
miscarriage or high levels of thyroid antibodies. A decision to treat should be investigated in 
relation to an optimal TSH cut-off value for the local population and go beyond fixed TSH 
cut-offs. The better understanding of genetics underlying thyroid function and the 
determination (use) of individual TSH setpoint might shed more light on these aspects in 
the near future. Finally, if these studies would confirm that either in these subgroups, LT4 
would not be effective (as it is the case in the only RCT on this subject), other treatments 
could be investigated (again), such as corticosteroids and immunoglobulins. In the scope of 
a potentially underlying immune problem in TAI, the implantation window needs to be 
understood better, including endometrium investigations (histological or radiological ones).

Outcomes/treatment options in 
women with TSH >4.0 mIU/L/
ULRR without TAI

This group of women is probably small and multicentre-based studies will be necessary to 
reach enough power and randomise women into a group treated with LT4 versus placebo. 
Before concluding that women with a high TSH/SCH have no TAI based on the absence of 
thyroid antibodies, an ultrasound should be performed too. Other causes of high TSH must 
be investigated and eventually taking care of ± LT4 treatment.

Screening criteria Independent from the available number of RCT’s, the criteria by Wilson and Jungner might 
need revision, in order not to be applied in a dogmatic way that might lead to unjustified 
rejection of screening. 

ART, assisted reproductive technology; DOR, diminished ovarian reserve; hCG, human chorionic gonadotrophin; ICSI, intracytoplasmic sperm injection; 
IVF, in vitro fertilization; OS, ovarian stimulation; POI, primary ovarian insufficiency; TgAb, thyroglobulin antibodies; TPOAb, thyroid peroxidase 
antibodies; TSH, thyroid stimulating hormone.
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Many questions remain unanswered in this field and 
are awaiting the results of upcoming studies to improve 
fertility issues associated with or due to thyroid disorders 
(Table 1).
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