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AbSTrAcT

Endocrine disorders play a major role in approximately 8% to 12% of recurrent pregnancy loss 
(rPL). Indeed, the local hormonal milieu is crucial in both embryo attachment and early preg-
nancy. Endocrine abnormalities, including thyroid disorders, luteal phase defects, polycystic 
ovary syndrome, hyperprolactinaemia and diabetes have to be evaluated in any case of rPL. 
Moreover, elevated androgen levels and some endocrinological aspects of endometriosis are 
also factors contributing to rPL. In the present article, we review the significance of endocrine 
disease on rPL. 
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1. IntroductIon

The development and the maintenance of pregnan-
cy are dependent on numerous endocrinological events 
that lead to the successful growth and development 
of the foetus. Although the vast majority of pregnant 
women have no pre-existing endocrine abnormalities, 
a small percentage of women may develop endocrine 
alterations that could potentially lead to sporadic or 
recurrent miscarriage. It is estimated that approxi-
mately 8% to 12% of all cases of recurrent pregnancy 
loss (RPL) are caused by endocrine diseases.1 Dis-
orders related to inadequate progesterone secretion 
by the corpus luteum, hyperprolactinaemia, diabetes 

mellitus and polycystic ovarian syndrome are some 
examples of endocrine disorders affecting pregnancy. 
Meanwhile, hyperinsulinaemia and elevated androgen 
levels have recently been added to the endocrinologi-
cal abnormalities associated with RPLs.

There are two types of miscarriages: sporadic and 
recurrent. Approximately 30% to 50% of all concep-
tions and 15% of clinically recognized pregnancies 
(≥6 weeks of gestation) fail to result in a live birth, 
this due to random foetal chromosomal abnormality 
in 50%-60% of cases.2 RPL comes about through a 
number of causes (genetic, anatomical, hormonal, 
infections, etc.) and is defined by two or more clini-
cally failed pregnancies detected via ultrasonography 
or histopathologic examination.3 However, as it lacks 
a consistent definition, some clinicians continue to 
define RPL as consisting of three or more consecu-
tive pregnancy losses. Indeed, requiring three failed 
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pregnancies prior to initiating work-up may offer little 
additional clinical insight compared to testing after the 
second loss. Accurate prevalence is not available, but 
it has been estimated that 2%-5% of women experi-
ence RPL with the majority of these cases occurring 
before 10 weeks of gestation.4 The pathophysiological 
mechanisms of RPL are as yet poorly understood 
and the aetiologies remain unexplained in up to 50% 
of affected couples. This reproductive disorder is 
a challenge to the clinician because genetic, endo-
crinological, anatomic, immunologic, thrombophilic 
and iatrogenic data may be required for a complete 
evaluation. Foetal aneuploidy is the most common 
cause of sporadic miscarriage. However, it should be 
noted that only 4% of couples with RPL have one 
partner carrying a balanced translocation, including 
reciprocal and Robertsonian translocations, resulting 
in unbalanced translocation in the foetus.5

The purpose of this article is to review the patho-
physiology of endocrinological diseases causing RPL. 

2. luteal phase defIcIency 

Progesterone production triggers morphological 
and physiological changes in the endometrium creat-
ing a suitable environment for the embryo during the 
implantation window [5-10 days after the luteinizing 
hormone (LH) surge]. In addition, progesterone 
helps in maintaining early pregnancy. More specifi-
cally, progesterone affects the proliferation and dif-
ferentiation of stromal cells and augments uterine 
receptivity through the modulation of locally acting 
growth factors and regulation of cytokine production 
in the maternal-foetal interface. Indeed, human and 
animal studies suggest that progesterone maintains 
pregnancy by down-regulation of Th1 cytokines and 
stimulation of Th2 cytokines.6 There is evidence that 
Th2 cytokines favour normal pregnancy, while an 
excess of Th1 cytokines leads to pregnancy termina-
tion.7 In particular, in the presence of progesterone, 
the lymphocytes of pregnant women release a 35 
kD protein named the progesterone-induced block-
ing factor (PIBF), which in turn alters the profile of 
cytokine secretion of activated lymphocytes shifting 
the balance towards Th2 dominance.

All these changes fail to ensue if progesterone 
production is lower than the normal minimum. In early 

pregnancy, the corpus luteum continues to produce 
progesterone until the luteal placental shift. Luteal 
phase deficiency (LPD) was originally thought to 
derive from inadequate production of progesterone 
by the corpus luteum and subsequent inadequate 
endometrial maturation to allow proper placenta-
tion. Those supporting the presence of LPD have 
theorized that LPD occurs because of poor follicular 
development, decreased progesterone production by 
the corpus luteum and a dysfunctional endometrial 
response to normal progesterone levels.8 However, 
other hypothesized causes of LPD include stress, exer-
cise, weight loss, hyperprolactinaemia and menstrual 
cycles at the onset of puberty or perimenopause.9 
Abnormalities of the luteal phase have been histori-
cally reported to occur in up to 35% of women with 
RPL.1 However, actual presence of such a defect and 
its relation to miscarriage is a controversial issue and 
there is no consensus on the best method of diagnosis 
(such as serum progesterone, endometrial biopsy). 
Serum progesterone levels greater than 10 ng/mL in 
the mid-luteal phase are rarely associated with an ab-
normal luteal phase.11,12 Although serum progesterone 
levels below <12 ng/ml have been associated with an 
increased risk of miscarriage,13 its levels can fluctuate 
during measurements since its secretion is pulsatile 
and therefore the interpretation of progesterone levels 
may be difficult. Consistently low progesterone levels 
may indicate insufficient progesterone to maintain 
pregnancy; alternatively, it may be the result of the 
failing pregnancy which produces low hCG leading 
to low progesterone levels. In the latter case, low 
progesterone levels seem to be the mechanism lead-
ing to expulsion of the conceptus rather than the 
cause of abortion. Historically, endometrial biopsy, 
with evaluation of the morphological changes, was 
considered superior to serum progesterone. However, 
histological analysis is no longer the gold standard 
for assessment of endometrial maturation. More 
recently, immunohistochemical molecular markers 
(including cytokines and adhesion molecules) have 
been used for cell biological assessment of endome-
trial receptivity, while a less traumatic method has 
been also proposed.14,15 

Progesterone supplementation after ovulation 
with or without the use of ovulation-induction agents 
can also be applied 2 to 3 days after the basal body 
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temperature increases (or after a positive urinary 
LH test) and continued for up to 7 to 11 weeks of 
gestation.16 Progesterone supplementation can be 
administered by intravaginal suppositories, intramus-
cular injection of progesterone in oil, as oral micro-
nized progesterone, or as oral dydrogesterone. The 
subject of progesterone administration continues to 
be controversial. Daya’s meta-analysis demonstrated 
that hormone treatment to enhance progesterone 
production or supplementation is associated with 
an increased chance of a term pregnancy in women 
with RPL.17 However, the more recent Cochrane 
database systematic review by Oates-Whitehead,18 
which analyzed the same three papers used in Daya’s 
meta-analysis ten years earlier, found no association 
with improved pregnancy outcome. Currently, a two-
centre trial (PROMISE) is taking place, the results 
of which are eagerly awaited.

2.1. Luteal phase defect: lesson learnt from IVF

Stimulated IVF cycles are associated with a defec-
tive luteal phase in almost all patients and proges-
terone supplementation appears to be mandatory 
to improve pregnancy rate.19 The aetiology of luteal 
phase defect IVF has been debated for more than 
two decades and different mechanisms have been 
proposed. Recently, it has been postulated that one 
of the main causes of the luteal phase defect in stimu-
lated IVF cycles is related to the supraphysiological 
levels of steroids secreted by a high number of corpora 
lutea during the early luteal phase, which directly 
inhibit LH release via negative feedback actions at 
the hypothalamic-pituitary axis level.16

Studies in humans have demonstrated that the 
corpus luteum requires a consistent LH stimulus in 
order to perform its physiological function. LH sup-
port during the luteal phase is entirely responsible 
for the maintenance and the normal steroidogenic 
activity of the corpus luteum. As a result, withdrawal 
of LH unnecessarily causes premature luteolysis.20

In addition, supraphysiological concentrations of 
progesterone in stimulated cycles also cause an ac-
celerated transformation to secretory endometrium 
at the time of embryo transfer, which has been shown 
to be detrimental to implantation rates. Immunohis-
tochemical studies and microarray technology have 
indicated an effect of ovarian stimulation on molecular 

processes involved in implantation that are differen-
tially expressed in stimulated compared to natural 
cycles.21 Understanding and ameliorating the impact 
of hormones on the natural cycle and during ovarian 
stimulation on the intrauterine environment may 
result in improved implantation rates in the future.

2.2. Hyperprolactinaemia

Prolactin (PRL) is mainly synthesized and secreted 
by the lactotroph cells of the pituitary, but also by 
other sites, such as the mammary gland, placenta, 
uterus and T lymphocytes. Evidence shows that PRL 
is essential to female reproduction. PRL is commonly 
measured in women with RPL, as elevated PRL levels 
are associated with ovulatory dysfunction. Past in vitro 
studies have shown that PRL plays a critical role in 
corpus luteum maintenance and progesterone pro-
duction in rodents, but not in humans.22 Moreover, 
progesterone secretion by cultured granulosa cells 
obtained from human ovarian follicles is almost 
completely inhibited by high PRL concentrations 
(100 ng/mL), but not by lower concentrations (10 
to 20 ng/mL).23 These observations suggest the pos-
sibility that high PRL concentrations in the early 
phase of follicular growth may inhibit progester-
one secretion, resulting in luteal-phase defects. By 
contrast, more recent researches on rodents have 
revealed that PRL receptors are involved not only 
in generating but also in maintaining pregnancy. 
However, the precise cellular mechanism of PRL 
action in the human ovary remains to be clarified. A 
randomized control trial of 64 hyperprolactinaemic 
women with RPL treated with bromocriptine was 
associated with a higher rate of successful pregnancy, 
and PRL levels were significantly higher in women 
that miscarried.24 Treatment resulted in an 85.7% 
live birth rate, whereas the untreated cohort had a 
52.4% live birth outcome. Bromocriptine was given 
before conception and continued until the end of 
the 9th week of gestation in the group of patients in 
whom the serum PRL levels were normalized. On the 
other hand, in a more recent study of 122 subjects 
with RPL, only three of them had marginally elevated 
PRL levels and one a significantly high level (>100 
ng/ml).25 In conclusion, normal PRL levels may play 
an important role in the growth and maintenance of 
early pregnancy, but further studies are required to 
clarify the role of PRL in the pathogenesis of recur-
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rent miscarriages and to establish whether, in cases of 
hyperprolactaemia, continuation of treatment during 
pregnancy may be useful. 

3. thyroId abnorMalItIes

3.1 Hyperthyroidism

Hyperthyroidism occurs in approximately 0.1%-
0.4% of pregnancies.26 It seems that excess production 
of thyroid hormone is usually not correlated with 
infertility or RPL. Pregnant women with untreated 
excess hyperthyroidism are at increased risk for 
spontaneous miscarriage, congestive heart failure, 
thyroid storm, preterm delivery, pre-eclampsia, foetal 
growth restriction and increased perinatal morbidity 
and mortality.27 Treatment of overt Graves’ hyperthy-
roidism in pregnancy to achieve adequate metabolic 
control has been associated with improved pregnancy 
outcomes. However, hyperthyroidism has not com-
monly been reported as an independent cause of 
RPL. Only one retrospective study has suggested that 
excess exogenous thyroid hormone is associated with 
an elevated rate of foetal loss.28

3.2 Hypothyroidism 

The most prevalent cause of hypothyroidism in 
pregnant women, affecting approximately 0.5% of 
patients, is chronic autoimmune thyroiditis (Hashi-
moto’s thyroiditis).29 Other causes of hypothyroidism 
include endemic iodine deficiency, prior radioactive 
iodine therapy and thyroidectomy. Untreated hypo-
thyroidism in pregnancy has consistently been shown 
to be associated with an increased risk for adverse 
pregnancy complications as well as detrimental ef-
fects on foetal neurocognitive development. Specific 
adverse outcomes associated with maternal overt 
hypothyroidism include increased risks for premature 
birth, low birth weight and miscarriage.30 Current 
evidence suggests that treated thyroid dysfunction 
is not associated with RPL. For this reason, patients 
should be euthyroid before attempting pregnancy and 
it is necessary to regularly control the levels of TSH 
during pregnancy. Thyroid hormones have an impact 
on oocytes at the level of the granulosa and luteal cells 
that interfere with normal ovulation.31 Low thyroxine 
levels exert a positive feedback effect on thyroid-
releasing hormone (TRH). High concentrations in 

TRH have been associated with high PRL levels. It 
is believed that high PRL levels alter the pulsatility 
of gonadotropin-releasing hormone (GnRH) and 
interfere with normal ovulation. Therefore, severe 
forms of hypothyroidism rarely complicate pregnancy 
since they are more closely associated with anovulation 
and infertility. Even if an association exists between 
low thyroid function and pregnancy loss, there is 
no direct evidence for a causal role.32 We believe it 
prudent to screen for thyroid disease by measuring 
TSH levels and normalizing thyroid function prior to 
conception when the function is found to be abnor-
mal. There is disagreement as to the suitable upper 
limit of normal serum thyroid-stimulating hormone 
(TSH) in order to make the diagnosis of subclinical 
hypothyroidism. The trend regarding the new TSH 
assays is to decrease the upper limit of normal TSH 
(range, 4.5 to 5 mU/L) to 2.5 mU/L. This upper limit 
is recommended by the National Academy of Clini-
cal Biochemistry guidelines and is based on the fact 
that 2.5 mU/L represents more than two standard 
deviations above meticulously screened euthyroid 
volunteers.33 

3.3 Thyroid Autoimmunity 

Autoimmune thyroid disease is the most com-
mon endocrine disorder in women of reproductive 
age, with an overall prevalence in women of 10% to 
15%.34 The role of thyroid autoantibodies is debatable 
with regard to whether there is a causal relationship 
with RPL. In recent years, studies have found an as-
sociation between thyroid autoimmunity (TA) and 
recurrent abortions; moreover, it has been suggested 
that thyroid autoantibodies may be employed as a 
marker for at-risk pregnancies.35 These studies have 
linked TA with recurrent miscarriages, although the 
mechanism involved is not completely understood. 
Two mechanisms have been postulated to explain 
the possible association between TA and early preg-
nancy loss. 1) The presence of TA, which reflects a 
generalized activation of the immune system and a 
generally heightened autoimmune reactivity against 
the foeto-placental unit.36 This notion is supported by 
the observation that women with recurrent abortions 
have an increased number of CD5/20-positive B cells 
as compared with women with a normal pregnancy or 
with only one abortion.37 In addition, women with RPL 
present a significant increase in the endometrial Th1 
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cell population that is associated with hypersecretion 
of INFg and reduced secretion of IL-4 and IL-10.38 
Dominant pro-inflammatory Th1 immune responses 
are related to recurrent spontaneous abortions. Previ-
ous observations suggest that there are activated T 
cells in the uteri of women with anti-thyroid antibodies 
which may secrete cytokines that hamper successful 
pregnancy. These adverse effects can be mediated 
directly through T cells or indirectly through other 
cells, such as natural killer cells.39 2) The presence 
of TA, which may act as an infertility factor and may 
delay conception increasing the rate of aging related 
miscarriage.40 There are no clear recommendations 
as to whether euthyroid women should be tested for 
TA, but it seems that there is no benefit in treating 
these women with thyroid replacement therapy.41 Se-
lenium is a trace element which is essential in thyroid 
hormone synthesis. Selenium substitution decreased 
TPO antibody levels in euthyroid subjects and women 
with recurrent pregnancy loss had lower selenium 
levels in their hair than controls.42 However, there is 
no RCT regarding the role of selenium substitution 
in women with RPL.

Further studies are required to determine whether 
all women with positive thyroidautoantibodies should 
not be started on thyroxin therapy during their preg-
nancies to decrease the miscarriage rate.

4. dIabetes MellItus

Pregestational diabetes, including type 1 and type 
2 diabetes as well as other rare types of diabetes, com-
plicates from 0.5% to 1% of all pregnancies.43 Studies 
show that patients suffering from this clinical condi-
tion run a significantly increased risk of spontaneous 
abortion, preterm labour, hypertensive disorders and 
operative deliveries.44,45 The main underlying cause 
is lethal embryonic malformations, the prevalence of 
which is increased in the case of poorly controlled 
diabetes during the periconceptional period.46,47,48 
Glucose is teratogenic at high levels, and rates of 
congenital foetal anomalies are directly related to 
glycaemic control in the first trimester. Current evi-
dence shows that well-controlled diabetes is not a risk 
factor for RPL and attention should first be given to 
optimal metabolic control of diabetic women during 
the preconceptional period.49,50

5. polycystIc ovary syndroMe

It has been estimated that 40% of pregnancies in 
women with PCOS will result in spontaneous loss.51 
However, diagnostic criteria for this heterogeneous 
disorder have not been uniform, resulting in a wide 
range of reported prevalence of both miscarriage and 
RPL in PCOS patients.52 The majority of these stud-
ies have used polycystic ovary morphology alone to 
define PCOS and the results are extremely variable 
due to a variety of diagnostic and selection criteria 
employed. Polycistic ovarian morphology (PCO) per 
se is not a predictive of pregnancy loss in women 
with PRL.53 However, patients with PCOS may have 
several underlying contributing and interrelated 
factors, which have been reported in women with 
RPL, regardless of whether they have PCOS. These 
include obesity, hyperinsulinaemia, insulin resistance, 
hyperhomocysteinaemia, high levels of plasminogen 
activator inhibitor-1 factor, hyperandrogenaemia 
and poor endometrial receptivity.54,55 It is thought 
that obesity acts on female reproductive function 
through hyperinsulinaemia and, consequently, through 
its effect on androgen production. Some authors 
have argued that insulin resistance is a key factor in 
explaining the association between obesity, PCOS 
and recurrent miscarriages.56 Moreover, evidence 
has shown a possible association between insulin 
resistance, hyperhomocysteinaemia and the risk of 
PCOS.57 Recent studies have highlighted the pres-
ence of hypofibronolysis associated with high levels 
of PAI-1 as being a potential cause of RPL in women 
with PCOS.58 The effects of elevated PAI-1 may also 
be increased by elevated homocysteine, eventually 
leading to thrombosis. Moreover, plasma PAI-1 levels 
are associated with dyslipidaemia, hyperinsulinaemia 
and hypertension, three factors that contribute to the 
establishment of hyperhomocysteinaemia.59 Hence, 
PCOS involves several confounding factors that 
may contribute, individually or in a combination, to 
thrombosis and, eventually, may lead to RPL. 

Metformin treatment of PCOS patients decreases 
insulin resistance, thus improving ovulation cycles 
and, therefore, conception rates in infertile women.60 
Metformin has shown benefit in reducing the risk 
of miscarriage in women with a history of RPL and 
an abnormal glucose tolerance test result,61 but it is 
uncertain whether it decreases the rate of miscar-
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riage in PCOS patients as no proper RCT has been 
conducted.

6. hyperandrogenIsM

Hyperinsulinaemia and hyperandrogenaemia 
are closely associated. Elevated androgens have 
detrimental effects on endometrial development and 
decrease oocyte and embryo viability, or they may have 
an indirect effect via the insulin pathways, perhaps 
via the insulin-like growth factor.62 The presence of 
an independent link between hyperandrogenaemia 
and RPL remains contentious. Several studies have 
investigated the androgen levels of women with RPL 
with conflicting results as to whether or not an associa-
tion exists. In the past, two studies have shown that 
androgen levels in the follicular phase are higher in 
women dealing with RPL than in normal fertile con-
trols.63 The apparent controversy is mainly attributed 
to the considerable variation in the specific androgens 
measured and to the phase of the menstrual cycle in 
which the measure was applied. The free testosterone 
and free androgen index (FAI) are considered to 
be the most sensitive methods and the assessment 
should be applied in the early follicular phase.64 The 
most recent large-scale study with measurement of 
the FAI in the early follicular phase demonstrated 
a significantly increased risk of miscarriage with 
increasing FAI (FAI >5).65 The prevalence of an 
elevated FAI was found to be 11% in the group of 
patients with RPL. Thus, hyperandrogenaemia seems 
to contribute to the pathology of RPL, but further 
studies should be conducted in order to determine 
whether therapeutic intervention to reduce the FAI 
improves the outcome in this group of women. 

7. reduced ovarIan reserve 

Women with altered ovarian reserve markers, such 
as low AMH levels and a lower number of antral fol-
licles (AFC) counted by transvaginal utrasonography 
(TVUS), usually experience a poor response to ovar-
ian stimulation for assisted reproductive technology 
(ART). Whether the reduction in the primordial 
follicular pool is associated with an alteration in oo-
cyte quality is a debated matter. Diminished ovarian 
reserve (DOR), defined as altered ovarian reserve 
markers with regular menstrual cycles, can be seen in 

the general population of young women conceiving 
naturally and is not necessarily considered a pathologi-
cal entity.66 Diminished ovarian reserve can also result 
from a partial destruction of the primordial follicular 
pool due to surgical interventions on the ovaries 
(oophorectomy, cystectomy), to chemotherapies, 
medical conditions such as autoimmune oophoritis or 
to genetic factors such as permutations in the FMR1 
gene. Moreover, ovarian aging leads to a decrease 
in the ovarian reserve associated with an increase in 
foetal aneuploidy and pregnancy losses, which renders 
the study of a direct relationship between DOR and 
pregnancy loss difficult. Several publications however 
report an increased first trimester miscarriage rate in 
women with DOR.67-69 The evidence from the current 
medical literature is questionable for several reasons: 
1) most studies are carried out in an infertile popula-
tion, 2) the study sizes are small, 3) none of studies 
differentiates between DOR of different origins. 
Further studies in a non-infertile population with 
a characterization of the aetiology of DOR should 
be conducted before concluding on the association 
between DOR and pregnancy loss.

9. conclusIons

The definition, diagnosis and treatment of patients 
with a history of RPL remains difficult. The majority 
of sporadic losses before the 10th week of gestation 
result from random numeric chromosome errors. 
However, endocrine disorders play an important role 
in RPL, especially in the early stages of gestation. 
Large, well-defined clinical trials focused on appro-
priate testing and treatment of endocrine disorders 
in RPL are essential to provide additional data on 
this challenging clinical condition. 
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