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Abstract
Purpose Primary ovarian insufficiency (POI) represents ovarian dysfunction related to very early aging of the ovaries. While the
cause of POI in a majority of clinical cases remains undefined, autoimmunity is responsible for approximately 4–30% of POI
cases. In the present paper, we aim to provide a critical appraisal and update review on the role of autoimmunity in POI patients.
Methods A literature reviewwas conducted for all relevant articles reporting on POI and autoimmunity. PubMed/MEDLINE and
the Cochrane library were searched for the best available evidence on this topic.
Results Patients with POI and coexisting autoimmunity are indistinguishable from those with negative autoimmune screen with
regard to age of onset, prevalence of primary amenorrhea, or their endocrine profiles. A specific noninvasive reliable diagnostic
test for the diagnosis of an autoimmune etiology is lacking; therefore, patients should be screened for the most common
autoantibodies, i.e., steroid cell antibodies, anti-ovarian antibodies, and anti-thyroid antibodies. Moreover, treatment strategies
to POI infertility are lacking and controversial.
Conclusions Nowadays, guidelines for the treatment of autoimmune POI are not available. Moreover, since diagnostic and
treatment strategies to POI infertility are still lacking and controversial, further large clinical studies are needed to investigate
the true impact of autoimmunity on POI and to identify the selected groups of patients who are most likely to benefit from
immunossuprresive treatment.
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Introduction

The number of oocytes in the human ovaries is determined
during fetal life and progressively decreases throughout the
female reproductive life span. The maximum number of oo-
cytes is 6 to 7 million at approximately 20 weeks gestational
age, decreases to approximately 1 to 2 million at birth and to
300,000–500,000 at puberty. From puberty to the age of
51 years—coinciding with the average menopausal age
[1–3]—there is a progressive age-related decline in both egg

quality and number, which is responsible to decrease fecundi-
ty. While the reductions in oocyte quantity and quality with
advanced age (typically in the mid-40s) are a normal physio-
logic occurrence termed diminished ovarian reserve (DOR)
[4], some women experience DOR much earlier and become
prematurely infertile. Of notice, the majority of follicles are
lost to atresia during thematuration process [5, 6].Within each
woman, there are large variations in the number of oocytes
and the rate of ovarian oocytes pool depletion [7], with limited
knowledge of what controls this number.

Premature ovarian failure (POF) is defined by the presence
of postmenopausal levels of FSH (> 40 IU/L) in woman under
40 years of age, with four or more months of secondary amen-
orrhea [8–11]. POF affects ~ 1% of women before the age of
40 and 0.1% before the age of 30 [12, 13], and is characterized
by infrequent or absent periods, infertility, menopausal symp-
toms, and long-term adverse effects of estrogen deprivation.
Treatment should be therefore primarily directed at symptom
resolution, including a psychosocial support for women facing
this devastating diagnosis. Of notice, POF represents the most
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extreme cases of a much larger group of 10% women with so-
called premature ovarian aging (POA) [14].

Histological examination of ovaries from POF patients
shows either a complete loss of ovarian follicles or the persis-
tence of more or less abundant follicles. The latter represents
~ 40% of POF patients [15] and is in agreement with ultra-
sound studies that have demonstrated residual follicular struc-
tures in 41–60% of patients with POF [16, 17]. Of notice,
while follicular depletion might be the consequence of non-
autoimmune causes, it may also be the final stage of an auto-
immune disease, where inflammation has ceased following
the elimination of all autoantigens.

A decade ago, the term primary ovarian insufficiency (POI)
was introduced to represent ovarian dysfunction related to
very early aging of the ovaries. The terminology of POI is
considered to better represent this POA condition [18], be-
cause there is intermittent and unpredictable ovarian function
and spontaneous ovulations in 50% and 20%, respectively and
about 5–10% of these women conceive after the diagnosis is
made [11, 19].

In recent years, the known aetiologies of POI have expand-
ed, although the cause of POI in a majority of clinical cases
remains undefined. POI can be iatrogenic (as a consequence
of ovarian surgery, chemo-radiotherapy, etc.), caused by
genetic/chromosomal aberrations, infections, environmental
factors, metabolic (diabetes type 1, galactosemia, etc.), and
endometriosis or it can be associated with autoimmune disor-
ders [19, 20].

According to the ESHRE Guideline Group on POI [21],
patients with POI should undergo a thorough investigation,
which includes:

& Chromosomal analysis
& Autosomal genetic testing only in cases suggestive of a

specific mutation (e.g., blepharophimosis–ptosis–
epicanthus inversus syndrome)

& Fragile-X premutation testing
& Screening for 21OH-Ab (or alternatively adrenocortical

antibodies (ACA)
& Screening for thyroid antibodies
& Routine screening POI women for diabetes or infection is

not recommended

Autoimmune causes of POI should be suspected in the
presence of anti-ovarian antibodies (AOAs), the histological
evidences of lymphocytic oophoritis, or any associated auto-
immune disorder [15, 22]. While the coexistence of autoim-
mune disorders is common in POI patients, histological signs
of oophoritis were detected only in those with circulating ad-
renal or AOAs [23, 24].

Autoimmunity is responsible for approximately 4–30% of
POI cases [25, 26]. Patients with POI and coexisting autoim-
munity are indistinguishable from those with negative

autoimmune screen with regard to age of onset, prevalence of
primary amenorrhea, or their endocrine profiles, with 30% of
those experiencing a return of menstruation had a positive an-
tibody screen. Yet, according to the aforementioned ESHRE
Guideline Group, the diagnostic autoimmune workup for POI
should be restricted only to the measurements of antibodies to
ACA/21OH and thyroid antibodies and TPO-Ab [21].

Prompted by the aforementioned information, in the pres-
ent review, we aim to provide a critical appraisal and update
review on the role of autoimmunity in POI infertile patients.

The immune system and ovarian physiology

The immune system plays a crucial role in ovarian physiology
[27]. Depletion of macrophages/dendritic cells in CD11c-
diptheria toxin receptor transgenic mice resulted in loss of
ovarian vascular integrity, reduction in mature follicles, and
impaired ovulation [28–30]. Moreover, systemic pro-
inflammatory conditions were shown to alter ovarian homeo-
stasis and detrimentally affect follicular dynamics [31]. The
human ovary is a common target to autoimmune attack, with
the consequent occurrence of ovarian dysfunction manifested
by POI, polycystic ovary syndrome, unexplained infertility, or
endometriosis [32]. In POI patients, evidences for autoim-
mune cause relate on the presence of either lymphocytic
oophoritis, association with other autoimmune disorders, or
the presence of AOAs [10, 14].

Cellular immunity

Abnormalities of the cellular immunity play an important role
in pathogenesis of autoimmune POI [33–35]. The absolute
count and percentage of peripheral blood T-lymphocytes, espe-
cially CD4+ Tcells, were found to be increased in patients with
POI [33], while the number and activity of natural killer (NK)
cells seemed to be reduced [36, 37]. POI patients were shown
to have low levels of CD8+/CD57+ T cells (cytotoxic T lym-
phocytes) and an overall increase of the CD4+/CD8+ ratio [38,
39], which could be the result of chronic hypoestrogenism [40].
Moreover, blood monocytes of POI patients demonstrated an
abnormal response to chemotactic agents in vitro [36, 40],
whereas dendritic cells from the same patients presented a re-
duced capacity to aggregate with T-lymphocytes.

Kobayashi have recently examined the relationship be-
tween peripheral blood regulatory T (Treg) cells and autoan-
tibodies in POI. They observed decreased numbers of effector
Treg cells and increased CD4+ CD69+ activated T cells in
peripheral blood in POI, supporting the aforementioned ob-
servations suggesting that POI is an autoimmune disease [41].

The role of cytokines has also been described in causing
follicular atresia in POF [42, 43]. This coexistence of an im-
paired cellular immune response with autoimmune ovarian
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inflammation may further illustrate the complex defects of
immune regulation in autoimmune ovarian disease.

Humoral immunity

The detection of autoantibodies directed against various ovar-
ian targets was first reported mainly in patients with POI and
an associated adrenal autoimmune disease [44–46]. The anti-
bodies, polyclonal immunoglobulins of the IgG class, were
directed against various types of steroid-producing cells, such
as adrenal cortex, ovarian theca interna and corpus luteum,
testicular Leydig cells, and placental trophoblasts [44,
47–49], and were therefore called steroid cell antibodies
(SCA). Moreover, the observed IgG1-dominated SCA might
suggest a predominant Th1 response [50].

The highest prevalence (87–100%) of SCAwas noticed in
patients with both Addison’s disease and POI [22, 45, 46, 48,
51]. In a long-term study, it was demonstrated that approxi-
mately one- third of normally cycling women with
polyendocrinopathy and SCA will develop ovarian failure
[46, 52]. On the other hand, the prevalence of SCA is < 10%
in patients with isolated POI and those with autoimmune pa-
thologies other than Addison’s disease [46, 51, 53, 54].
Moreover, while testing idiopathic POI patients’ sera for var-
ious organ-specific and non-organ-specific antibodies, the
percentage of patients with at least one autoantibody ranged
between 34 and 92% [17, 38, 55–57]. The molecular nature of
SCA in idiopathic POF patients is still unclear.

Anti-oocyte antibodies were identified in 1966, and this
was also one of the first descriptions of anti- ovarian autoim-
munity [58]. Anti-ovarian antibodies have several recognized
targets—the ooplasm, the zona pellucida, the granulosa cells,
the 3beta-OH hydroxysteroid dehydrogenase (3b-HSD), and
the gonadotrophin receptors [15, 46, 57, 59–64]. Corpus
luteum antibodies, for example, are present in 22% of patients
with SLE, correlating with elevated serum FSH in young pa-
tients < 40 years of age. Their detection might therefore rep-
resent the first stage of impaired ovarian function in SLE pa-
tients [22]. Another example is the detection of anti-ovarian
autoantibodies directed against the β-subunit of follicle-
stimulating hormone (anti-FSH) in association with POI.
These autoantibodies might influence ovarian function by
modulating the recognition and binding of FSH to its receptor
[65, 66].

While 40% of patients presenting with occult ovarian fail-
ure had antiovarian antibodies, there is poor correlation be-
tween AOA levels and severity of disease, and no correlation
was observed between these antibodies and serum FSH or
inhibin B levels [67]. Moreover, AOAs may appear months
or years before the onset of clinical symptoms [68–70]; thus,
AOAs could be considered as independent markers of auto-
immune ovarian disease and could predict future POI in wom-
en with unexplained infertility.

The most commonly used methods to detect AOAs are
immunoprecipitation of radiolabelled human ovarian protein
[71], enzyme-linked immunosorbent assay (ELISA), and in-
direct immunofluorescence. Another limitation in assessing
the role of AOAs is the high rate of false positive results
[72]. Of notice, the detection of these AOAs is not still vali-
date, and in the hitherto published data, neither the specificity
nor the diagnostic significance of these antibodies has been
universally established.

Autoimmune Oophoritis

As part of the diagnosis of autoimmune POI, detecting auto-
immune ovarian destruction by ovarian biopsy should have
been the gold standard. However, since biopsy per se detri-
mentally affect ovarian reserve, together with the observation
that there is no proven safe and effective treatment to restore
fertility in these patients, ovarian biopsy cannot be recom-
mended in the routine clinical workup [73].

Autoimmune oophoritis was first described in patient with
Addison’s disease and adrenal immunity [15] Much more fre-
quently, ovaries are also being subject to autoimmune attack
associated with thyroid autoimmunity, or other, often non-or-
gan-specific, autoimmune responses [15]. Of notice, histolog-
ical evidence of oophoritis is rare in POI patients with
nonadrenal autoimmunity [15].

Histological examination of the ovaries of POI patients
with associate adrenal autoimmunity usually reveals the per-
sistence of ovarian follicles with autoimmune oophoritis, as
reflected by follicles surrounded by mononuclear inflamma-
tory cell (plasma B and T cells), in particular, around steroid-
producing cells of the pre-ovulatory follicles and corpora lutea
while sparing the primordial and primary follicles [74–82]. Of
notice, immunohistochemical staining demonstrates the pres-
ence of T-lymphocytes (CD4+ CD8+), which is in agreement
with the suggested role of T lymphocytes in ovarian autoim-
munity [77].Moreover, perivascular and perineural inflamma-
tory infiltrates were also reported [77, 82]. This unique path-
ophysiologic process led to the possibility of developing im-
munosuppressive treatments, aiming to restore fertility in
these patients [24].

POI and autoimmune disorders

It has long been recognized that POI could be associated with
various organ-specific autoimmune diseases, such as adrenal
autoimmunity, first described by Duff and Bernstein in 1933
[83]. The prevalence of associated clinical autoimmune dis-
ease in POI patients varies between 10 and 55% [17, 46, 53,
84, 85], with thyroid disorders representing the most common
and can be detected in 12–40% of the patients [46, 53, 86–91].
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While screening patients presenting with idiopathic POI for
the presence of autoimmune disorders, Ayesha et al. found
thyroid autoimmunity to be the most common autoimmune
disease associated with POI [92]. Moreover, low DHEAS
was observed in 65% of patients, suggesting the possibility
of adrenal dysfunction. Adrenal autoimmunity is the second
most common autoimmune disease associated with POI [67,
93], while diabetes mellitus is seen in 2.5% of the cases [67].

The association between POI and clinical autoimmune dis-
ease has been further described alone; with other endocrine
disorders, such as hypothyroidism, Hashimoto thyroiditis,
Graves’ disease, and diabetes mellitus [94–96], with several
organ-specific autoimmune diseases, such as Hashimoto thy-
roiditis, Graves’ disease, rheumatoid arthritis, Crohn’s dis-
ease, Coeliac disease, myasthenia, pernicious anemia, vitiligo,
and multiple sclerosis; as well as with non-organ-specific dis-
orders, such as idiopathic thrombocytopenia and systemic lu-
pus erythematosus [46, 53, 54, 84, 87, 97].

POI associated with adrenal autoimmunity

While approximately 10–20% of Addison patients have POI,
2.5–20% of women with POI demonstrate some evidences of
adrenal autoimmunity [93, 98]. This association might be a
consequence of cross-reacting autoantibodies that react
against common antigens on steroid-producing cells in differ-
ent systems [54, 93]. No difference in the age at onset of POI
was observed in patients with or without Addison’s disease
[54]. Moreover, autoimmune POI may occur before or closely
after the onset of adrenal involvement [22, 93].

Since untreated Addison disease could be associated with
serious fetal and maternal complications [99], the identifica-
tion of POI patients with associated adrenal autoimmunity and
subclinical adrenal insufficiency is mandatory before
embarking on infertility treatment. Measurements of adrenal
cortex autoantibodies by indirect immunofluorescence tech-
nique or antibodies against 21-OH by immunoprecipitation
assay, rather than morning serum cortisol, are the preferred
screening tests to detect asymptomatic adrenal insufficiency
in these patients [98]. Final diagnosis should be made by the
standard ACTH stimulation test [98].

Because of the particular association with Addison’s
disease, three different conditions have been described:
POI associated with adrenal autoimmunity, POI associat-
ed with nonadrenal autoimmunity, and isolated, idiopath-
ic POI. POI may be detected either before, after, or si-
multaneously with the onset of the other autoimmune
disorders. Moreover, concerning Addison’s disease, POI
usually precedes the adrenal disease [96, 100], emphasiz-
ing the need for adrenal function testing, attempting to
early detection of this potentially life-threatening
condition.

POI and autoimmune polyglandular syndrome (APS)

POI may also be associated with more than one autoimmune
disease in the same patient, known as APS [100]. APS are
disorders characterized by autoimmunity against two or more
endocrine organs with clinical diversity. POI may precede the
clinical manifestation of APS and be an alarming sign of mul-
tiple endocrine and immunologic dysfunction [101]. Three
different types of APS have been described: (i) APS-I, also
called APECED (autoimmune polyendocrinopathy- candidia-
sis-ectodermal dystrophy), and includes adrenal and parathy-
roid autoimmunity. The prevalence of POI in APS-I is 39–
72% at the age of 15–40 years, respectively [102]. (ii) APS-
II, also called Schmidt Carpenter syndrome, includes adrenal
and thyroid autoimmune disease autoimmunity as well as type
I diabetes. The prevalence of POI in APS-II is ~ 10% at the
age of 40 years [89]. (iii) APS-III includes autoimmune dis-
eases, such as pernicious anemia or vitiligo, without Addison
disease [89]. The prevalence of APS-III in patients with POI is
33.7% [103].

Autoimmune oophoritis associated with APS type 1 or 2 is
responsible for 2–10% of POI cases [104] and is associated
with the presence of SCA directed against various steroido-
genic enzymes involved in steroidogenesis pathways, e.g., 21-
hydroxylase, 17-hydroxylase, and cytochrome P450 side-
chain cleavage, or adrenal enzymes [104]. Nevertheless, in
approximately 10% of these patients, neither P450scc nor
17α-OH antibodies were detected in their sere [51]). Falroni
et al. have also found that patients with POI associated to
Addison disease are often (> 91%) positive for one of the
following ASC [17α-OH antibodies, P450scc antibodies,
and 3β–hydroxysteroid dehydrogenase (3β-HSD) antibod-
ies], while only 3% of the patients with isolated POI are pos-
itive for these SCA [51].

POI in these patients is a consequence of ovarian degener-
ation, following the destruction of the growing theca cells,
with the subsequent decrease in estradiol production and the
compensatory rise in circulating gonadotropins. Unlike idio-
pathic POI, these patients present with high inhibin B levels,
which reflect the presence of functional intact granulosa cells
within the quiescent follicles [105].

POI associated with nonadrenal autoimmunity

Various other autoimmune disorders have been associated
with POI. Both endocrine (thyroid, hypoparathyroid, diabetes
mellitus, hypophysitis) and non-endocrine disorders (chronic
candidiasis, idiophatic thrombocytopaenic purpura, vitiligo,
alopecia, autoimmune hemolytic anemia, pernicious anemia,
systemic lupus erythematosus (SLE), rheumatoid arthritis,
Crohn’s disease, Sjögren’s syndrome, primary biliary cirrho-
sis, and chronic active hepatitis) have been observed in asso-
ciation with autoimmune POI [106, 107]. As previously
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mentioned, thyroid disorders representing the most common
associated non-adrenal autoimmune disorders, with the
coexisting high titers of serum anti-thyroid peroxidase and
antithyroglobulin antibodies, which may lead to clinical or
subclinical hypothyroidism. Osuka et al. [108] have recently
evaluated the serum levels of anti-Müllerian hormone (AMH)
and thyroid autoantibodies in 153 euthyroid infertile women
with normal menstrual cycles. No significant differences were
found in serum AMH levels between the antithyroperoxidase
or antithyroglobulin antibodies positive women and the
antibody-double negative women. On the other hand, serum
AMH levels negatively correlated with TSH levels in patients
who were either positive for antithyroperoxidase or
antithyroglobulin antibodies. They therefore concluded that
thyroid autoantibodies are not likely to influence ovarian re-
serve in euthyroid women whose TSH levels fall within the
normal range although elevated TSH levels may be involved
in the decline of serum AMH levels [108].

Of notice, that while the prevalence of nonadrenal autoim-
mune diseases is higher among women with POI than in the
general population, there is no direct or compelling evidence
to indicate a cause and effect relationship.

Treatment of autoimmune POI

Women with POI should be tested for anti-adrenal antibodies
(most easily demonstrated against the 21-hydroxylase en-
zyme, CYP21) and for anti-thyroid antibodies (anti-thyroid
peroxidase and anti-thyroglobulain antibodies). The presence
of the aforementioned antibodies might suggest an autoim-
mune cause of POI. In addition to further evaluation and treat-
ment of adrenal and thyroid abnormalities, in cases where
needed, attempt should be made to improve patients’ fertility.
This is specifically true in those with high inhibin B levels,
which reflect the presence of functional intact granulosa cells
within the quiescent follicles [105].

Autoimmune oophoritis with sparing of primary and pri-
mordial follicles might suggest immunosuppressive therapy
as a possible treatment for restoring ovarian function.
Indeed. immunomodulation therapy has been reported to nor-
malize ovarian function in POI patients, specifically the use of
high-dose corticosteroid and intravenous immunoglobulin
treatment [57, 109, 110]. Corenblum et al. have demonstrated
normalization of ovarian function with the consequent con-
ception, in 2 out of 11 patients treated with high-dose gluco-
corticoids (prednisone 25 mg four times per day) for 2 weeks.
Moreover, they noticed that the results were best with women
with concomitant autoimmune thyroid disease and POI of <
2 years’ duration [110]. In addition, Blumenfeld et al. have
demonstrated the presence of autoreactivity of at least one
class of the tested antibodies in 31 of their 40 POI patients
(77%). In 15 patients with autoimmune activity who have

undergone fertility treatment, 12 pregnancies were achieved
following induction of ovulation by gonadotropin and
fluocortolone [57].

Of notice, none of the hitherto published studies are ran-
domized controlled trials, with the majority being case series
studies. Moreover, serious complications following high-dose
glucocorticosteroids administration should not be ignored.

Gleicher et al. have recently argued that an autoimmune
attack on the zona reticularis of the adrenal glands could affect
ovarian function by shutting down adrenal androgen produc-
tion and, thereby causing hypo-androgenism, which now has
been well established to adversely affect ovarian performance
[111]. So affected women, especially with adrenal and thyroid
autoimmunity and the combination of low testosterone and
low-DHEAS (which is almost exclusively an adrenal prod-
uct), may benefit from the DHEA supplementation [112].

Furthermore, normalization of ovarian function has also
been observed in patients treated for Myasthenia gravis using
thymectomy [113, 114]. Other possible, not commonly used,
experimental treatments might be the use monoclonal antibod-
ies (e.g., TNF-α inhibitors) when treating POF caused by
autoimmune ovarian damage, aiming to restore the immune
response with T helper-2 preponderance [115, 116], or offer-
ing ovarian tissue cryopreservation using vitrification follow-
ed by in vitro activation of the dormant/suppressed follicles
[117].

Conclusion

Diagnosis of autoimmune etiology for POI remains difficult
and relies on several clinical, immunological, and histological
features that should be investigated in these patients. The in-
volvement of autoimmunity has been most extensively stud-
ied in POI; however, the benefit of performing a wider endo-
crine function setting and autoantibody screening in the ab-
sence of clinical symptoms, still remains questionable, except
for adrenal and thyroid diseases, due to the very low frequency
of the other autoimmune associations [118].

POI patients should undergo a comprehensive evaluation
including a search for autoimmunity. While a specific nonin-
vasive reliable diagnostic test for the diagnosis of an autoim-
mune etiology is lacking, nowadays, patients should be
screened for the most common autoantibodies, i.e., steroid cell
antibodies, anti-ovarian antibodies, and anti-thyroid antibod-
ies (anti-thyroid peroxidase and anti-thyroglobulain
antibodies).

Those with positive autoantibodies may be also screened
for serum inhibin B levels, which might be suggestive for the
presence of functional intact quiescent follicles. In addition to
further evaluation and treatment of concomitant abnormalities
(adrenal and thyroid), immune-modulating therapy may be
offerred to those wishing to restore ovarian function.
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Of notice, nowadays, guidelines for the treatment of auto-
immune POI are not available. Moreover, while strategies to
POI infertility therapy using corticosteroid to restore ovarian
function has been suggested, the use of this immunosuppres-
sive is still controversial [119–121], and further prospective,
randomized, controlled studies are needed. Emotional support
is also important for these patients to help them to deal with
conceive difficulties.
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