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Thyroid disorders and polycystic ovary syndrome:

An emerging relationship
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As the prevalence of these endocrine dysfunctions increases, the association of polycystic ovary syndrome (PCOS) and autoimmune
thyroid disease is increasingly being recognised. While the causality of this association is still uncertain, the two conditions share a
bidirectional relationship. The exact nature of this link has not been elucidated yet. Both syndromes share certain common characteristics,
risk factors, and pathophysiological abnormalities. Simultaneously, certain etiopathogenetic factors that operate to create these
dysfunctions are dissimilar. Polycystic appearing ovaries are a clinical feature of hypothyroidism, though hypothyroidism should be
excluded before diagnosing PCOS. Adiposity, increased insulin resistance, high leptin, evidence of deranged autoimmunity, all of
which are present in both disease states, seem to play a complex role in connecting these two disorders. This brief communication
explores the nature of the relationship between PCOS and hypothyroidism. It reviews current data and analyses them to present a
unified pathophysiological basis, incorporating these complex relationships, for the same.
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INTRODUCTION

Thyroid disorders and polycystic ovary syndrome (PCOS) are
two of the most common endoctrine disorders in the general
population. Although the etiopathogenesis of hypothyroidism
and PCOS is completely different, these two entities have
many features in common. An increase in ovarian volume
and cystic changes in ovaries have been reported in primary
hypothyroidism. In the other direction, it is increasingly
realized that thyroid disorders are more common in women
with PCOS as compated to the normal population.!" Whether
this is due to some common factors predisposing an individual
to both disorders, or due to a pathophysiological connection
between the two disorders has not been established until
now. The purpose of descriptive and exploratory review is
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to explore the relationship between these two disorders. To
generate a hypothesis linking these disorders, terms “PCOS;”
“autoimmunity,” “subclinical hypothyroidism,” “thyroid
autoimmunity,” “thyroid autoantibodies,” “leptin,” obesity”
and “thyroiditis” were searched in various combination in
PubMed, Google scholar and Embase. Relevant articles from
this search as well as from cross references were retrieved and
included. Elucidation of this relationship between thyroid
disorders and PCOS requires answers to two questions: (1)
What happens to ovaries in thyroid disorders? (2) What
happens to thyroid in PCOS?

2 <«

WHAT HAPPENS TO OVARIES IN THYROID
Di1SORDERS ?

This question is relatively easier to answer, and pathways
leading to change in ovarian morphology in hypothyroidism
are well-known. In the presence of hypothyroidism, ovarian
morphology becomes poly-cystic. Hence, thyroid disorders
are one of the exclusion criteria before making a diagnosis
of PCOS in any women. The underlying pathophysiology
has been outlined in Figure 1. Rise in thyrotropin-releasing
hormone (TRH) in primary hypothyroidism leads to
increased prolactin and thyroid stimulating hormone (TSH).
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Primary Hypothyroidism

Increases TRH
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Figure 1: Pathophysiology of polycystic ovaries in patients with primary hypothyroidism

Prolactin contributes toward polycystic ovarian morphology
by inhibiting ovulation as a result of the change in the ratio of
follicle stimulating hormone (FSH) and luteinizing hormone
and increased dehydroepiandrosterone from the adrenal
gland. Increased TSH also contributes due to its spill-over
effect on FSH receptors. Increased collagen deposition in
ovaties as a result of hypothyroidism has also been suggested.

The severity of ovarian morphology also depends on duration
and severity of underlying primary hypothyroidism. In most
severe cases like long standing untreated cases of congenital
hypothyroidism ovarian morphology can be very striking
and can even be mistaken for ovarian malignancies. These
cases have been given an eponym Van Wyk and Grumbach
syndrome, after the scientist who first described the case.P

In a study, on somewhat less severe primary hypothyroidism,
by Mudertis et al, 26 treatment naive females with primary
hypothyroidism, with mean TSH 57.1 mcg/dl, underwent
evaluation of ovatian volume before and after replacement
with thyroxine.) Twenty-six healthy normal controls were
also recruited. Ten of 26 hypothyroid females had polycystic
appearing ovaties on ultrasound sonography test at baseline. All
women with primary hypothyroidism had significantly higher
ovarian volumes than controls. Even the subgroup without
polycystic appearing ovaries had significantly higher ovarian
volumes. However, there was no correlation of TSH levels with
cyst formation. The most remarkable finding of this study was
normalization of ovatian volume in all patients, with or without
polycystic appearing ovaries, after replacement of thyroxine.

Recently, in a study by Ganie et al., 175 gitls with euthyroid
chronic lymphocytic thyroiditis (CLT) and 46 age-matched
non-CLT gitls underwent evaluation for diagnosis of PCOS.
These girls were all 13-18 years old (mean age 14.7 years). In
gitls with euthyroid CLT prevalence of PCOS was significantly
higher when compared to their control counterparts (46.8 vs.
4.3%, P < 0.001). The CLT girls had higher body mass

index (BMI), waist circumference, and systolic blood
pressure (P < 0.001). These gitls also had higher hirsutism
score, the lower number of annual menstrual cycles as well as
higher insulin resistance score. However, two factors need to
be considered before drawing any conclusion from this study.
First, there seem to be a co-segregation of PCOS and CLT
cases, leading to the classic “Which comes first, the chicken
or the eggr” dilemma: Whether autoimmune thyroiditis
predisposes subjects to develop characteristics suggestive
of PCOS or whether PCOS is a forerunner of autoimmune
thyroiditis, remains speculation. Second, this study recruited
adolescents with a mean age of 14.7 years. In this age group,
the diagnosis of PCOS is not always tenacious, as normal
girls of this age may have polycystic appearing ovaries, acne,
and menstrual abnormalities.

In summary, therefore, hypothyroidism can lead to polycystic
morphology of the ovaries. While this morphology can
vary with severity and duration of hypothyroidism, there
is no evidence to suggest that primary hypothyroidism can
lead to PCOS.

WHAT HAPPENS TO THYROID IN PoLYCYSTIC
OvARY SYNDROME?

The prevalence of subclinical thyroid dysfunction in the
general population has been estimated around 10%, but
in reproductive years this prevalence is considerably low
at 4-6%.% In recent years, a number of publications have
reported increased incidence of thyroid disorders in females
with PCOS. Sinha et al. compared 80 PCOS females with
80 controls and found significant higher prevalence of
goiter (27.5% vs. 7.5%) and subclinical hypothyroidism (22.5%
vs. 8.75%) in PCOS patients as compated to controls."! An
another study conducted in young women with PCOS
found prevalence of subclinical hypothyroidism (defined
as TSH > 4.5 pIU/ml) to be 11.3% (mean TSH level
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of 6.1 £ 1.2 mIU/L). There was no difference in two
groups (with or without subclinical hypothyroidism) with
respect to BMI, waist circumference or Ferriman—Gallwey
score. Low-density lipoprotein cholesterol (LDIL-C) was
found to be significantly higher in the cohort with subclinical
hypothyroidism.”

The pathophysiological pathway connecting these two
disorders has not been clearly delineated as of now. The
most obvious connection, perhaps, is the increased BMI
and insulin resistance common to both conditions. Increase
in BMI is an integral part of PCOS and is seen in a large
majority (54-68%0) of these cases.!"” The link between thyroid
functions and obesity is again an interesting one, with unclear
pathophysiological mechanisms; there is, however, enough
evidence to say that TSH is higher in people with high BML!-"?
The proposed link is depicted in Figure 2. Obesity is associated
with an altered milieu with increase in pro-inflammatory
markers and increase in insulin resistance. This, through
undefined mechanisms, leads to decreased deiodinase-2
activity at pituitary level resulting in relative T3 deficiency and
increase in TSH levels."” Another pathway, based upon leptin,
has been hypothesized to explain this observation. Increased
leptin in obesity has been proposed to act directly on the
hypothalamus resulting in increased TRH secretion.!"” Raised
TSH levels, with any of these two pathways, act on adipocytes
to increase their proliferation. In culture studies, TSH has

been shown to increase proliferation of adipocytes as well
as increase in production of pro-inflammatory markers from
adipocytes, acting on TSH receptors present on adipocytes.
Muscogiuti et al. recently studied 60 euthyroid subjects to find
a correlation of TSH (with in normal range) to either adipose
tissue or insulin resistance. On univariate analysis, both
adiposity and insulin resistance were significantly associated
with raised TSH, but after multivariate regression, visceral
adipose tissue volume was found to be the only predictor
of TSH (P = 0.01)."¥ The another interesting observation
about TSH lowering effect of metformin has been reported
in both PCOS and non-PCOS population."*" Metformin
has been shown to lower TSH in persons with clinical and
subclinical hypothyroidism, but not in euthyroid people."!
However, there is not enough evidence to suggest that this
TSH lowering effect of metformin is mediated by lowering
insulin resistance. A change in the affinity or in the number
of TSH receptors; an increase in the central dopaminergic
tone and direct effect of metformin on TSH regulation has
been proposed as potential explanations.!””

The pitfall of this pathway is that it fails to explain
increased incidence of thyroid autoimmunity in patients
with PCOS. Thyroid autoimmunity is increased in patients
of PCOS. Females with PCOS have higher thyroid
antibody levels, larger thyroid volumes and their thyroids
are more hypoechogenic (compatible with thyroiditis)

Increased Insulin
resistance

Increased Pro-
inflammatory
Markers

Decreased D2
activity in Pituitary

Increased TSH

Increased Adipose
tissue

Figure 2: Hypothesis linking adiposity and raised thyroid stimulating hormone!™®
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when compared to controls.! Thyroid peroxidase (TPO)
antibodies have been shown to be present in 27% of the
patients when compared to 8% in controls."!

Are we right in saying, therefore that women with PCOS
are more predisposed to autoimmune diseases? There seem
to be some theoretical basis for this statement. PCOS is
known to be a hyperestrogenic state. Hyperestrogenism has
been proposed as one explanation for the occurrence of
increased autoimmune diseases in females when compared
to males."”! Estrogen receptors have a proliferative action
on B-lymphocytes and estrogen receptors are also present
on T-cell as well as macrophages.I"”

In fact, there are some reports of increased autoimmunity
in PCOS patients towards organs other than thyroid
as well. Positive anti-ovarian antibodies for at least one
isotype (IgG - 27%, IgA - 3%, IgM - 27%) were present in
15 (44%) of 34 of the PCOS women."! In another study
comparing 109 women with PCOS to 109 age-matched
healthy controls, women with PCOS had significantly
elevated serum levels of antihistone and anti-double-stranded
deoxyribonucleic acid antibodies whereas serum levels
of antinuclear antibodies (ANAs) and antinucleo some
antibodies were similar.™ A more recent study has reported
ANA positivity in 8.6% of PCOS patients, while none in
the control group was positive.”!! Raised levels of smooth
muscle antibody have also been reported.? Keeping this
data in mind and also numerous reports of increased thyroid
autoimmunity, increased incidence of thyroid autoimmunity

cannot be ignored and refuted anymore. As of now, the
pathophysiological explanation of this phenomenon is
unclear. There seem to be a complex interplay of PCOS,
adiposity, thyroid dysfunction and autoimmunity, working
to produce varying clinical pictures, all belongs to different
parts of a wide spectrum. The relative contribution of each
aspect, to the propagation of other factors, as well as the
direction of causality, is far from certain. A multi-directional
link seems to be the best explanation as of now.

This relationship has been further complicated by report of
linkage between autoimmunity and adiposity. In UK Medical
Research Council 1946 British Birth Cohort study, positive
anti-TPO antibodies among women at age 60-64 years were
positively associated with childhood body weight, childhood
overweight, adult BMI as well as childhood weight gain between
0and 14 years.” An interesting explanation has been proposed
via leptin pathway but needs further elucidation [Figure 3].*Y
Increased leptin, as a result of increased adiposity, increases
TRH secretion from the hypothalamus via Janus activating
kinase-2/signal transducer and activator of transcription
3 factor. Increased TSH again induces proliferation of
adipocytes via TSH receptors on adipocytes. Leptin also
mediates autoimmunity by preferentially inducing effector
T-cells and down-regulating regulator T-cells.™

Implications of subclinical hypothyroidism or thyroid
autoimmunity in patients with PCOS are still a work in
progress. Studies have reported deranged lipid parameters
like rise in LDL and triglycerides in PCOS patients with
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Figure 3: Complex pathway linking adiposity with raised thyroid stimulating hormone as well autoimmunity, via leptin('82%
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subclinical hypothyroidism, but long term follow-up is

22 There are contradictory reports on worsening

[19,27]

lacking,
of insulin resistance in these patients.

CONCLUSION

There is enough literature support to argue that prevalence
of subclinical hypothyroidism/thyroid autoimmunity
is increased in women with PCOS patients. The
pathophysiological pathway and contributing factors
behind this association are yet to be elucidated. Long-term
studies are required to assess the significance of thyroid
dysfunction in patients with PCOS, especially on fertility.
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