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1. Introduction

A drastic decline in the world total fertility rate (TFR) in the last couple of decades has now
reached alarming proportions making infertility the fifth highest global disability in the young
population by World Health Organization (WHO) and is associated with increased risk of
subsequent chronic health conditions. Infertility is considered as one of the most important
unappreciated health problems, particularly in developing countries including India
(WHO(/Infertility/2016).Worldwide higher prevalence of female factor infertility than that of
male factor is a fallout of rapid economic development, urbanization and westernization as
well as industrialization (Unuane et al., 2011, Sohrabvand et al., 2015; Cyriac et al., 2017;
Elhussain et al., 2019). Amongst the various causes of female infertility, the disorders due to
endocrine dysfunction are the leading cause and of these the most prevalent are thyroid
disturbances. Hypothyroidism is the most common thyroid disorder and this has been shown
to be an important cause of infertility in women of reproductive age (Krassas et al., 2000;
Poppe et al., 2007). Globally, overt/clinical hypothyroidism (OH) has been extensively
studied for its role in causing female infertility, while subclinical hypothyroidism (SCH) as
cause of female infertility is not documented well especially for western Indian population.
Thus, a study finding prevalence and incorporating contributions from the most common
causes such as autoimmune, environmental and genetic factors towards subclinical
hypothyroidism is considered necessary. It would also be worthwhile to look at the resulting
alterations in reproductive hormones, lipid profile as well as oxidative stress levels and
subsequently verify correlation of these factors with female infertility, either independent or
as a cumulative effect. This will contribute to our understanding of the etiology of this multi
factorial disorder, which can further be used for a diagnostic approach in the management

and treatmwent of primary infertility in reproductive age women.

1.1 Female Infertility

On the earth human beings are the least fertile creatures. It is not that easy to become
pregnant even for people who do not have fertility problems and there is only 25% chances of
conception each month since there is a very small window within the menstrual cycle when
conception is possible. It is estimated that 10% of normally fertile couple fail to conceive
within their first year of attempt and 5% after two years (Gnoth et al., 2005). The
reproductive health is described as a state of complete physical, mental and social well-being
and not merely the absence of disease or infirmity, in all matters relating to

the reproductive system (WHO/Reproductive health indicators/2006). Reproduction is a
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fundamental evolutionary process necessary to sustain life and fertility is the key element for
reproduction. “Fertility” is the ability to conceive and produce offspring. On the other hand,
“Infertility” is the inability to reproduce by natural means and it is not the natural state of a
healthy adult. A clinical definition of infertility is “a disease of the reproductive system
defined by the failure to achieve a clinical pregnancy after 12 months or more of regular
unprotected sexual intercourse”. In contrast, demographers define it as the inability of women
in their reproductive age (15-49years) to become pregnant after exposure to regular
unprotected sexual intercourse for five or more years (Zegers et al., 2009; Gurunath et al.,
2011). While the WHO’s epidemiologic definition of infertility is given as “women of
reproductive age at risk of becoming pregnant who report inability to get pregnant after more
than two years” (WHO/Reproductive health indicators/2006). It can also be defined as failure
of couple to conceive after 12 months of regular intercourse without the use of contraception
in women <35 years; and after 6 months of regular intercourse without the use of
contraception in women >35 years (Practice Committee of the American Society for
Reproductive Medicine, 2013).

1.2 Epidemiology/ Prevalence of female infertility

Female infertility is a serious health concern affecting 15% of couples worldwide
(WHO/Infertility/2016; Gurunath et al., 2011; Mascarenhas et al., 2012; Direkvand et al.,
2014)). Fertility is one of the prime determinants of population dynamics and among the key
indices for measuring the development of any nation (Population Reference Bureau-PRB,
2016). The fertility rate of a country is the average number of children that women from that
country will have throughout their reproductive years and thus the total numbers of children
born in the year gives total fertility rate (TFR). World TFR has declined drastically from 4.9
in the year 1950 to 2.6 in 2010 showing almost 50% decrease; figure 1.1A and B (UN World
Population Projects, 2008). And in the year 2020, it was estimated to be near to the
replacement level of fertility which is 2.1(figure 1.2) according to the “Population Reference
Bureau’s 2020 World Population Data Sheet” (Kaneda et al.; 2020). According to the United
Nations World Fertility Prospects there is a drastic and rapid decline in the world TFR during
last 6-7 decades and is expected to further fall below to 2.1 by the year 2050 for many
countries including India, figure 1.3 (United Nations World Fertility prospects, 2008).
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Figurel.1A.World TFR 1950-2010: The world total fertility rate (TFR) has declined from 4.9 to 2.6
during the years 1950-2010. B. TFR for selected countries, 2010: The TFR for selected countries
shows the fertility rates of different countries including India near to the replacement level in the year
2010 (UN World Population Projects,2008).
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Figure 1.2World TFR-2020: The world TFR data in the year 2020 indicates a drastic decrease in
fertility rates of different countries including india which is at the replacement level with the TFR rate
of 2.0-2.2.TFR, Total Fertility Rate (Population Reference Bureau’s 2020 World Population Data
Sheet).
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Trends in Total Fertility Rate by Region, 1950-2050.
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Figure 1.3 Trends in TFR by region, 1950-2050: The world TFR is expected to fall below 2.1,
which is considered as the replacement level of fertility by the year 2050 in most of the countries
worldwide including the developing countries like India. TFR, Total Fertility Rate (United Nations
World Fertility prospects, 2008).

To find out the global burden of disease (GBD) for infertility a recent study by Sun et al.
(2019) was conducted in 195 countries from 1990 to 2017. The study provides
comprehensive estimates of the global, regional, and national burden of infertility concluding
that the global disease burden of female infertility has been increasing throughout the period
from 1990 to 2017 (Sun et al., 2019).The Indian TFR has declined significantly in the second
half of the twentieth century, and the prevalence of primary infertility at national, regional
levels has increased from 1992-93 to 2005-06 with a further remarkable increase in 2015-16.
The decrease in the rate of fertility follows a common correlation between quality of life,
where the fertility rate decreases as the standard of living improves. Post-independence socio-
economic improvements in India led to a decreased fertility rate, which has fallen down
further to 2.2 in 2020s (niti.gov.in Total fertility rate 2000-2016). It is estimated that there are
60-80 million infertile couples worldwide out of which 25— 28% (15-20 million) are in India
alone (WHO/ Reproductive health indicators for global monitoring/2001; Boivin et al., 2007,
Purkayastha et a.., 2021). Figure 1.4A shows the data of TFR in different Indian states in the
year 2012 depicting the Gujarat state fertility rate at 2.2-2.6, which was near to the
replacement level of fertility. As per the data collected by the Sample Registration Survey
(SRS), conducted by the Registrar General of India, the country’s official source of birth and
death data, 2013 the TFR in eight states has fallen below the replacement level of fertility.
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West Bengal at 1.8 has India’s lowest fertility, while Bihar with a TFR of 3.2 is the highest.
Comparative Data on the Indian states for the years 2006-07 and 2015-2017 depicts a drastic
decline in the TFR, with Gujarat state at the fertility rate at 2.2, figure 1.4A and B (SRS,
2013).

A B
= - . States vith atotal fertlty rate higher than the replacement level of 21
otal Fertiliy Rate iy s
¢ M
‘..,... IIIIIII " 315 R
= 28 B o w

e 3435
3.0-3.39
oy 26299

Over Replacement 22252

Under Replacement 1.8-2.19

r 15-1.8

Bhar  Uttr Machye harkhend | Chhetfisgrh | Guarat |
Geopurrents Map Pradesh® Pradesh Rajasthan Agsam Haryana
Data Source:
Includes Uttarakhand Source: censusindiz govin

Figurel4A. In dian TFR: TFR in different Indian states in the year 2012
(http://en.wikipidia.or/wiki/indian_states_ranking_by fertility rate). B. Fertility rates of Indian states:
Comeparative Data on the Indian states for the years 2006-07 and 2015-2017 TFR, Total fertility rate
(SRS, 2013).

According to the data of surveys of the National Family Health Survey (NFHS), NFHS I-IV
women in the reproductive age group, the prevalence of women experiencing primary
infertility has shown a remarkable increase during the most recent decade in India,figure 1.5
(Ganguly et al., 2010).
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Figure 1.5 Prevalence of primary infertility among currently married women in India, NFHS |
—IV. NFHS, National Family Health Survey (Ganguly et al., 2010).
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The NFSH I-1V data shows prevalence of primary infertility in currently married women in
different parts of the India for all four rounds of NFHS, with western region also showing a

high increase in the primary infertility rate in females in recent years.

1.3 Classification of female infertility

Female infertility can be classified into primary and secondary infertility. Primary infertility
refers to the inability to conceive or give birth because of not being able to become pregnant.
A woman who is unable to bear a child is classified as having primary infertility. Secondary
infertility refers to the inability to conceive or give birth when there was a previous
pregnancy or live birth. A woman who has previously conceived and successfully given birth
but is unable to do so subsequently is classified as having secondary infertility
(WHO/Infertility/2016). Globally, most infertile couples suffer from primary infertility
(WHO/Report of the second interagency meeting/2001; Inhorn et al., 2003; Tabong et al.,
2013; Masoumi et al., 2015; Allow et al., 2016; Benksim et al., 2018). In India also, the
overall prevalence of primary infertility is 3.9% to 16.8% (Zagar et al., 1997; Talwar et al.,
1986; Unisa et al., 1999; WHO/ Infecundity, infertility and childlessness in developing
countries/2004; Kumar et al., 2007; Ganguly et al., 2010; Adamson et al., 2011; Patel et al.,
2016; Katole et al., 2019; Purkayasthaa et al., 2021), while Deshpande et al. (2019) reported
the prevalence of primary infertility at 57.5%. The prevalence of primary infertility has
shown a remarkable increase in 2015-16 (niti.gov.in Total fertility rate 2000-2016;
Purkayasthaa et al., 2021). The present study also aims to find out to the prevalence of
primary infertility in female population in the western part of India, specifically Gujarat

region.

1.4 Etiology of female infertility

Historically, the onus of infertility has always been on women (Oluet al., 1999), though both
the partners can contribute to it equally. Etiology of infertility prevalence and patterns of
causes of infertility in different regions are diverse (Macalusoet al., 2010). The majority of
the studies in literature reveals that 30 to 50% of infertility is due to female factors while 20
to 40% are related to male factors, 20 to 40% relate to both male and female factors and up to
20% remained unexplained (Unuane et al., 2011; Chandra et al., 2013; Sohrabvand et al..,
2015; ESHRE, 2016; Chaudhary et al., 2017; Elhussein et al., 2019), while a study reported
by Some et al. in 2017 gives a slightly different statistics by attributing 62.5% of infertility to

unexplained causes (Cyriacet al., 2017). Unexplained infertility is a diagnosis of exclusion
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after evaluation of the male and female factors fail to identify a specific cause for infertility
(Fritz et al., 2011; Gelbaya et al., 2014). Fertility declines with age in both men and women,
but the effects of age are much greater in women. In their 30s, women are about half as fertile
as they are in their early 20s, and women's chance of conception declines significantly after
age of 35 years (Sudha et al., 2013; Practice Committee of the American Society for
Reproductive Medicine, 2015; Datta et al., 2016). Since the fertility potential of the female
partner decreases after 35 years of age, most authorities recommend initiating an infertility
evaluation after 6 months of attempting conception in women 35 to 40 years of age and after
3 months in women over 40 years of age. Causes of infertility are difficult to diagnose and as
cases of female infertility are increasing it is now imperative to look for hither to
undiscovered underlying risk factors that contribute to this problem. The present study is a
step in that direction and focuses on the female infertilityin the back drop of thyroid

dysfunction.

1.5 Risk factors and causes of female infertility

Infertility is a fall out of multiple factors hence proper evaluation of this disorder should
involve a multipronged approach. Many of the risk factors for both male and female
infertility are the same which include age at marriage (Talwar et al., 1997; Mokhtar et al.,
2006; Deshpande et al., 2019), reproductive system damage or abnormalities (Talwar et al.,
1997; Elussein et al., 2008; Farhi et al., 2011), sexually transmitted diseases and hormonal
disorders (Verma et al., 2012), sperm/ egg quality and quantity (Shamila et al., 2011; Kumar
et al., 2015), genetic disorders, as well as congenital defects. Apart from these, conditions
such as diabetes, hypertension, lack of proper nutrition, change in diet, lack of exercise and in
some cases intense exercise, lifestyle diseases such as weight loss/gain (obesity) (Freund et
al., 2003; Hruska et al., 2000), environmental pollution (Dhaibar et al., 2021), immune
response, stress (Soltani et al., 2014), exposure to radiation, increased mobile phone use
(Ashoket al., 2011), sexual violence and anxiety are accepted as influencers of pregnancy
outcomes. Smoking, tobacco and alcohol abuse as well as addictions in the young has also
shown to contribute to the problem of infertility (Barbieri RL, 2001; Deyhoul et al., 2017).
Infertile couples in the developing world have an additional disadvantage of less participation
in societal activities (Shah et al., 2010). A marked trend for delaying the timing of first birth
has been seen in developed as well as developing countries (Mathews et al., 2009; Sharma et
al., 2011).

8|Page




Chapterl. Introduction and Review of Literature

Female fertility can be limitedin a number of ways. WHO task force on Diagnosis and
Treatment of Infertility conducted a study of 8500 infertile couples using a standardized
diagnostic protocol and reported that diseases in the female most often identified were
ovulatory disorders, unexplained infertility, endometriosis, pelvic adhesions, tubal occlusion,
other tubal abnormalities, and hyperprolactinemia (WHO Technical Report Series: Recent
Advances in Medically Assisted Conception, 1992; Unuane et al., 2020). In a review of 21
published reports containing a total of 14,141 infertile couples, Collins et al. reported that the
primary diagnoses in the couples were ovulatory disorders, abnormal semen parameter, tubal
defect, unexplained, endometriosis, and other causes (Collins et al., 2016). In another data
set of 2198 infertile couples, the distribution of primary diagnoses was unexplained,
abnormal semen parameter, tubal disease, ovulatory disorders, endometriosis, and other
(Smith et al., 2003). While, Healy et al. has divided the causes of female infertility into 10
broad categories which are (i) Endocrine disturbances (ii) Anomalies of uterus (iii)
Endometriosis (iv) Ovulatory failure (v) Tubal dmage (vi) Immunologic factor (vii)
Urogenital infection (viii) Acquired factors (ix) Congenital anomalies and (x) Unexplained
infertility as depicted in the figure 1.6 (Healy et al., 1994).

Figure 1.6 Causes of female

Endocrine . o
i infertility (Healy et al., 1994).

The possibility of experiencing infertility is higher among people with poor diet, obesity and
thyroid dysfunction. Role of diet, Body Mass Index (BMI), and thyroid as important factors
influencing infertility has also been addressed extensively (Grodstien et al., 1994; Poppe et
al., 2008; Purkayastha et al., 2021) and they have been shown to have a significant influence
on primary infertility. The incidence of infertility is experienced more in urban, rich and
educated women as compared to that of rural women due to the association of different
environmental and lifestyle causes (Admsonet al., 2011; Ganguly et al., 2010). Among all the
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above risk factors and causes of female infertility the present study mainly focuses on the

endocrine disturbances as a cause of female infertility.

1.6 Female infertility of endocrine origin

Endocrine disturbances are amongst the leading causes of infertility in females. The interplay
between various hormones important for reproduction is the key to successful pregnancy.
Different hypothalamic, pituitary, thyroid, adrenal, and ovarian disorders may affect fertility,
figure 1.7 (Wiess et al., 2014). Thyroid disorders are reported to be as the most prevalent
endocrine disturbances in the reproductive age women with a consequence of infertility

worldwide.
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1.6.1 Thyroid disorders and female infertility

Thyroid is the most important endocrine organ next to pituitary that regulates the growth,
metabolism and all other functions of the body including the reproductive system. At every
stage starting from maturation of ovarian follicle up to implantation of the embryo, a
convenient endocrine environment including normal thyroid hormone levels is of utmost
importance. Fertility maintenance involves a complex interplay between the hypothalamo-
pituitary axis and the thyroid gland (HPT axis), figure 1.8 (Guyton & Hall, 11" Edition,
2006). Thyrotropin releasing hormone (TRH) from the hypothalamus and thyroid-stimulating
hormone (TSH) from the anterior pituitary stimulate synthesis and release of thyroid
hormones. Low blood levels of T3 and T4 or low metabolic rate stimulate the hypothalamus
to secrete TRH. TRH enters the hypophyseal portal veins and flows to the anterior pituitary,
where it stimulates thyrotrophs to secrete TSH. TSH stimulates nearly every activity of

thyroid follicular cell such as iodide trapping, hormone synthesis and secretion and growth of
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the follicular cells. The thyroid follicular cells release T3 and T4 into the blood. An elevated
level of T3 inhibits release of TRH and TSH (negative feedback inhibition), figure 1.9
(Guyton & Hall, 11th Edition, 2006).
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P
%4 ' axis (Guyton & Hall, 11"
e Edition, 2006).

>+ ®

Anterior
pituitary
@l@

_—Thyroid

y

Increases
metabolism

© Low biood leveis of T, Figurel.9Thyroid Hormone
gt s e Actions (Guyton & Hall, 11"

Edition, 2006).

stimulates ]

release of TSH

by thyrotrophs ,/“J .
.

Actions of Thyroid Hormones:

1.6.1.1 Thyroid disorders

In normal thyroid condition which is called euthyroid state, the serum Thyroid Stimulating
Hormone

(TSH) levels as well as the levels of free Triiodothyronine (fT3) and free Thyroxine (fT4) are
within normal reference range. Any alteration in thyroid homeostasis leads to the thyroid

disorders. Thyroid disorders are classically divided into two types which are (i)

11| Page




Chapterl. Introduction and Review of Literature

Hyperthyroidism with low serum TSH and high fT4 levels (ii) Hypothyroidism with high

serum TSH and low fT4 levels in the circulation as shown in figure 1.10 (Ross et al., 2001).
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Figure 1.10 Different thyroid conditions: A. Euthyroid (normal) condition with normal TSH and
fT4levels in the circulation. B. Hyperthyroidism with low TSH and high fT4levels in the circulation.
C. Hypothyroidism with high TSH and low fT4 levels in the circulation.fT,, free Thyroxine; TSH,
Thyroid Stimulating Hormone (Ross et al., 2006).

Hyperthyroidism and hypothyroidism are further classified into (i) Overt/clinical
hypothyroidism and (ii) Subclinical Hypothyroidism. The prevalence of infertility is more
common in hypothyroid females as compared to hyperthyroid subjects. The present study
focuses on the subclinical hypothyroidism as a cause of female infertility. Overt and
subclinical hypothyroidism “Overt Hypothyroidism (OH)- can be defined as an elevated
TSH and a decreased thyroxine level, in the presence of clinical symptoms (TSH
<10uIU/ml)” and “Subclinical Hypothyroidism (SCH)-Is a state in which an asymptomatic
person has normal serum T4 levels but increased concentration of TSH (4.0-10uIU/ml)”. Itis
a state before actual clinical disorder where there are no apparent clinical symptoms, but it
can further progress to a clinical condition. The biochemical markers in hypothyroidism as
discussed by Ross et al. (2006) are listed in table 1.
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Table 1 Biochemical Markers in Hypothyroidism (Ross et al., 2006)

TSH level Free T4 [Free Ts |Likely diagnosis

High Low Low Primary hypothyroidism

High Normal |Normal |Subclinical hypothyroidism with high risk for
(>10 pU per mL future development of overt hypothyroidism

[10 mU per L])

High Normal |Normal |Subclinical hypothyroidism with low risk for future

(6 to 10 pU per mL development of overt hypothyroidism

[6 to 10 mU per

L1)

High High Low Congenital absence of T4-T3converting enzyme;
amiodarone  (Cordarone) effect on T4-T3
conversion

High High High Peripheral thyroid hormone resistance

Low Low Low Pituitary thyroid deficiency or recent withdrawal of

thyroxine after excessive replacement therapy

TSH, Thyroid stimulating hormone; free T, free thyroxine; free Ts, free triiodothyronine.

1.6.1.1.1 Risk factors and causes of thyroid dysfunction

Some of the risk factors for the thyroid dysfunction include history of thyroid
dysfunction/thyroid surgery, family history of thyroid disease, goitre, thyroid auto antibodies,
clinical symptoms/signs of hypothyroidism, diabetes type I, history of miscarriage/preterm
delivery, other autoimmune disorders, history of subfertility, history of therapeutic head or
neck irradiation, age >30 years, previous treatment with amiodarone, previous treatment with
lithium, recent exposure to iodinated radiological contrast agents, genetic factors etc (Ross et
al., 2006).

1.6.1.1.2 Hypothyroidism and female infertility

Thyroid diseases are the most common endocrine disease in females at reproductive age,
while infertility is common in women with thyroid dysfunction. Fertility is maintained by the
balance between the hypothalamic pituitary adreno-genital axis. Clinical and experimental

studies have suggested a close relationship between the Hypothalamic-Pituitary-Thyroid axis
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(HPT) and the Hypothalamic-Pituitary Ovarian axis (HPO). The clinical/ overt
hypothyroidism via feedback loop causes an increase in TRH which stimulates excess
prolactin (PRL) secretion. Increased TSH also causes increased PRL levels and this is due to
increased production of TRH. Increased TRH causes decrease in dopamine due to which PRL
levels increase leading to hyperprolactinaemia. Hypothyroidism followed by
hyperprolactinaemia, may cause ovulatory dysfunction, luteal phase defects, and even
oligomenorrhea and amenorrhea. Such condition can cause infertility. Thyroid disorders are
associated with various problems in the reproductive age group like the delayed onset of
puberty, menstrual abnormality and recurrent miscarriages. The data in the literature studies
report that the most common endocrine disorder causing infertility is hypothyroidism (Poppe
et al., 2007; Jeffery et al., 2015; Habbul et al., 2016; Naz et al., 2020). Thyroid dysfunction
Is associated with a number of hormonal changes important for normal reproduction
and furthermore leads to menstrual disturbances through a number of mechanisms.
Women with thyroid dysfunction often have menstrual irregularities, infertility and increased
morbidity during pregnancy (Krassas et al., 2000; Poppe et al., 2007; Unuane et al., 2011;
Dosiou et al., 2020). The menstrual pattern is influenced by thyroid hormones directly
through impact on the ovaries and indirectly through impact on sex hormone binding globulin
(SHBG), PRL and gonadotrophin releasing hormone (GnRH) secretion and coagulation
factors. The impact of hypothyroidism on the menstrual cycle has been identified since the
1950s and leads to changes in cycle length and blood flow (Goldsmith et al.., 1952). Joshi et
al. (1993) found 68% of menstrual abnormalities in women with hypothyroidism. In the
study by Krassas et al. (1999), the prevalence of menstrual irregularities (mainly
oligomenorrhoea) was 23% with 12% of women having amenorrhoea in the hypothyroid
group. The authors also showed an association between the severity of menstrual
abnormalities and higher serum TSH levels. In women of reproductive age prevalence of
hypothyroidism is 2-3% while hyperthyroidism has 1-2% prevalence rate (Krassas et al.,
2000). The prevalence of overt hypothyroidism in the developed world is 4-5% and that of
subclinical hypothyroidism is 4- 15%. According to Lincoln et al. (1999) the prevalence of
hypothyroidism in the reproductive age group is 2-4% and has been shown to be the cause of
infertility and habitual abortion. According to Wang et al. (1997), studies show that women
with both overt and subclinical hypothyroidism are at risk of increased incidence of
preeclampsia, early and recurrent pregnancy loss, stillbirth, failure of lactation and adverse
neonatal outcomes (Gillette et al., 2004; Surks et al., 2004; Maraka et al., 2016). Women
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presenting with subfertility appear to have raised mean serum TSH levels (Poppe et al., 2002)

and increased rates of subclinical hypothyroidism (Abalovich et al., 2002).

1.6.1.1.3 Subclinical hypothyroidism (SCH) and female infertility

Subclinical hypothyroidism (SCH) as cause of female infertility mostly remains undiagnosed
in females of reproductive age due to its subtle symptoms. SCH has been challenged as data
have indicated that physiological free T4 (fT4) variations are narrower in one individual than
those observed within the reference range of a population. These data might reflect an
abnormally low (fT4) value for patients who present a mildly increased serumTSH
(Abalovich et al., 2002; Andersen et al., 2002; Baloch et al., 2003). Some authors have
proposed restricting the upper normality limit of serum TSH to 2-5 mU/I. Today, however,
there is no agreement among endocrinologists about the most appropriate (physiologically
relevant) upper limit of normality for serum TSH (Brabant et al., 2006). Studies investigating
the association between SCH and infertility are mostly based on the previous upper serum
TSH levels. In the study by Bohnet et al. (1981) SCH was considered as an infertility factor
by itself. Bals-Pratsch et al. (1997) did not observe corpus luteum insufficiency in infertile
women with SCH. Gerhard et al. (1991) reported a positive correlation between basal TSH,
LH and testosterone concentrations in the early follicular phase and women with an elevated
serum TSH had a lower pregnancy rate than those women with a normally stimulated serum
TSH. In the study by Shalev et al. (1994) the prevalence of SCH was reported in infertile
women with ovulatory dysfunction. Grassi et al. (2001) found prevalence of ovulatory
dysfunction and autoimmune thyroid disease in infertile females concluding that mean
duration of infertility was significantly longer in the patients with SCH and autoimmunity.
Arojoki et al. (2000) found SCH prevalence in 4% women presenting with primary infertility.
The prevalence of increased serum TSH was highest in the group with ovulatory dysfunction.
In a case—control study, Poppe et al. (2002) reported a high prevalence of SCH in women
with primary infertile. Considering the largest cohorts published, the prevalence of SCH in
infertile women ranged from 2% to 4% (Poppe et al., 2008) and most cases with SCH were
associated with ovulatory dysfunction. Raber et al. (2003) in his study on 283 infertile
females reported that 34% had SCH, and more frequent abortions were also observed in the

women with SCH.

1.6.1.1.4 Prevalence of SCH with female infertility in India
In India, it has been estimated that about 42 million people suffer from thyroid diseases
(Unnikrishnan et al., 2011; Purkayasthaaet al., 2021). Universal salt iodization program in
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India changed the thyroid status of India. India is in the transition phase from iodine
deficiency to iodine sufficiency, and this is expected to change the thyroid status of the
population (Unnikrishnan et al., 2011). Thyroid disorders were the most common endocrine
abnormalities, seen in 21.6% of the infertile population in a study by Deshpande et al. (2019).
Varma et al. (2012) found the prevalence of hypothyroidism in infertile women to be 23.9%
with 62.7% infertile female suffering from subclinical and 37.3% were with clinical
hypothyroidism. In a study by Abdul et al. (2015) it was found that 62.5% of hypothyroid
infertile women were with subclinical & 37.5% were with clinical hypothyroidism.
Prevalence of subclinical hypothyroidism with 50.5% was more common than overt
hypothyroidism in a studydone by Priya et al. (2015). In the study by Malarasai et al. (2016)
the major thyroid dysfunction was found to be hypothyroidism with 30% in the infertile
women and 6%, out of which 22% of the cases were found to have subclinical
hypothyroidism. Prasad et al. (2019) reported thatin patients with menstrual disorders, 40%
had thyroid dysfunction, with 20% having subclinical hypothyroidism, 14% with overt
hypothyroidism. Anti-TPO antibodies were present in 28% of patients with menstrual
disorders. Sheela et al. (2017) reported subclinical hypothyroidism 10% higher than the
national average in south Indian population. Though data on the prevalence of SCH in
infertile females are scarce, in conclusion studies in different parts of India report overall
high prevalence of SCH in infertile females, but no studies were found to be reported for the
western part particularly for the Gujarat region with data on the prevalence of SCH in
infertile females. The present study mainly aims to study the role of thyroid in female
infertility with the focus on subclinical hypothyroidism leading to female infertility in the

western population of India.

1.7 Autoimmune Thyroid Disease (AITD) and female infertility

Autoimmune thyroid disease (AITD) is one of the most common causes for the thyroid
destruction resulting into overt and subclinical hypothyroidism (Hollwell et al., 2002). The
prevalence of AITD is 5-10 times higher in women than in men and might be explained by
genetic factors, the effects of estrogens and possibly chromosome X abnormalities (Prummel
et al., 2004; Weetman et a.., 2004; Tomer et al., 2014). The prevalence of thyroid
autoimmunity ranges from 5 to 20%, but it may reach up to 25% in infertile women (Poppe et
al., 2003; Artini et al., 2013; Unuane et al., 2013, Carp et al., 2012). Thyroid dysfunction is
more frequent in women who have thyroid autoimmunity (Van den Boogaard et al., 2011).

The importance of AITD is twofold. First, it is the most common autoimmune disorder in
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women, affecting 5-10% in the childbearing period; second, it is the most frequent cause of
thyroid dysfunction. Numerous studies have investigated the prevalence of AITD in women
with infertility concluding significantly increased incidence of AITD in women with
infertility compared fertile subjects. In a case-controlled study by Poppe et al., (2003)
comparing 438 women of infertile couples a risk of AITD with infertility was reported.
Gerhard et al. (1991) showed that 44% of women with AITD had endometriosis, compared
with only 9% in women without AITD. In a study by Janssen et al. (2004) a strong
association was shown between AITD and women with polycystic ovarian syndrome (PCOS)
as the cause of infertility. The prevalence of AITD was 26-9% compared to 8-3% in women
without PCOS (Gerhard et al., 1991; Poppe et al., 2002; Russev et al., 1996; Kutteh et al.,
1999; Kaider et al., 1999; Reimand et al., 2001; Janssen et al., 2004). Although AITD
represents an organ-specific autoimmune disorder, associations between AITD and non-
organ-specific autoimmune disease states have also been described, suggesting a shared
immune-genetic background. The underlying pathogenic mechanisms associating AITD and
infertility remain largely speculative, as neither animal models nor in vitro data on this issue
are available.

The 2017 American Thyroid Association (ATA) pregnancy guidelines, based upon the data
to date and a number of recent studies has confirmed adverse effects of subclinical
hypothyroidism and thyroid peroxidase antibody (TPO-Abs) positivity on obstetrical
outcomes (Vanderpump et al., 1995; Bjoro et al., 2000). Recent studies since the 2017
guidelines have provided important insights into the complex interactions of thyroid diseases
with fertility. Higher TSH and/or anti-TPO antibodies are associated with infertility and
decreased ovarian reserve in women and such women treatment for subclinical
hypothyroidism improves pregnancy outcomes. AITD may be present without the thyroid
disease and it has been found that Anti-TPO abs are associated with increased risk of
miscarriage in euthyroid infertile women. It is well established that a proportion of people
with AITD have normal serum TSH. As increased rates of sub fertility are seen in euthyroid
women with AITD it is the management of this group that has created the greatest debate
among clinicians. (Kaider et al., 1999; Kutteh et al., 1999). There is a strong correlation
between thyroid immunityand infertility and miscarriage. Thyroid vehicle antibodies exert
their impact in a TSH structured but also in a TSH unbiased manner. Hence it is suggested
that autoimmune thyroiditis should be diagnosed and treated in infertile patients.
Autoimmune conditions implicated in sub fertility and reproductive health includes anti

phosphor lipid antibodies, diabetes mellitus and systemic lupus erythematosus (Prummel et
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al., 2005). There has been very old theory over the importance of thyroid auto antibodies in
the sub fertility setting. The prevalence of thyroid autoimmunity has been found to be
consistently increased in the sub fertile population compared with fertile controls. It has been
suggested that thyroid auto antibodies are an early sign of lymphocytic infiltration and
therefore a predictor of thyroid disease (Scofield et al., 2004).

Increased TSH levels due to decreased levels of thyroid hormones or due to thyroid
destruction by any of the etiological factor such as Autoimmune thyroid disease (AITD)
causes hypothyroidism. There are many etiological factors which are known to alter the
thyroid gland metabolism and thus disrupt the thyroid hormones homeostasis and causes
hypothyroidism. AITD is found to be very high in infertile subclinical hypothyroid females
and the study hypothesizes the independent or cumulative involvement AITD (presence of
anti TPO-Antibodies), and thus affecting the thyroid gland homeostasis leading to subclinical
hypothyroidism (SCH), which in turn results into female infertility in subclinical hypothyroid

females.

1.8 SCH and alteration in female reproductive system

The thyroid hormones affect function of almost all the organs in the body. It plays a major
role in the ‘‘milieu interior’” of the body by bringing about changes in other organ systems,
like sympathetic system, reproductive system and endocrine glands. It is well known that in
both sexes thyroid hormones influence sexual development andreproductive function; clinical
and experimental evidences suggest that the hypothalamic-pituitary-thyroid axis and the
hypothalamic-pituitary-ovary axis are physiologically related and act together as unified
system in a number of pathological conditions (Duofas et al., 2000; Afifa et al., 2011).
Ovulation in females is coordinated and regulated by functionally intact hypothalamic-
pituitary-ovarian axis by various hormones including follicle stimulating hormone (FSH),

luteinizing hormone (LH), prolactin (PRL) and thyroid hormones, figure 1.11.
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Figure 1.11
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Reproductive system is a precious boon given to living organisms through which life can
continue. It is the way through which genetic components are preserved and can be inherited
to the offspring. The female reproductive system consists of four main internal organs:
Ovary, Fallopian tube, Uterus and Vagina. The normal reproductive years of the female are
characterized by rhythmic cyclical changes in the rates of secretion of hormones and
corresponding physical changes in the ovaries and other sexual organs. The duration of the
cycle averages 28 days but can vary from 20 to 45 days. Abnormal cycle length is frequently
associated with decreased fertility. Only a single ovum is normally released from the ovaries
each month, so that normally only a single fetus will begin to grow at a time in the uterine
endometrium which is prepared in advance for implantation of the fertilized ovum at the
required time of the month. The ovarian changes that occur during the sexual cycle depend
completely on the gonadotropic hormones FSH and LH, secreted by the anterior pituitary
gland. The hormones of the female reproductive system include (i). Gonadotropin releasing
hormone (GnRH), is a hypothalamic hormone (ii). The anterior pituitary sex hormones,
follicle stimulating hormone (FSH) and luteinizing hormone (LH); both of which are secreted
in response to the release of GnRH from the hypothalamus and (iii). The ovarian hormones
estrogen and progesterone are secreted by the ovaries in response to the two female sex
hormones from the anterior pituitary gland. In the absence of these hormones, the ovaries

remain inactive, which is the case throughout childhood, when almost no pituitary
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gonadotropic hormones are secreted. At age 9 to 12 years, the pituitary begins to secrete
progressively more FSH and LH, which leads to onset of normal monthly sexual cycles
beginning between the ages of 11 and 15 years, called pubertal changes. The regulation of
reproductive hormones is depicted in the figure 1.12. Ovarian and uterine cycles are
controlled by hormones FSH and LH. FSH initiates the follicular growth and secretion of
estrogens by the growing follicles. While LH stimulates the growth and development of the
ovarian follicles and the secretion of estrogens which in turn results in ovulation, formation
of corpus luteum and production of estrogens, progesterone, relaxin and inhibin by corpus-

luteum. Overall, estrogen causes ovulation and progesterone causes implantation.
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Figure 1.12 Regulation of reproductive hormones: The regulation and functions of female
reproductive hormones GnRH; FSH; LH; Estrogen; Progesterone; Relaxin and Inhibin. GnRH,
Gonadotropin Releasing Hormone; FSH, Follicle Stimulating Hormone; LH, Luetinizing Hormone
(Guyton & Hall, 11"Edition, 2006).

The regulation occurs through a negative feedback mechanism. The levels of hormones at
different stages are shown in the figure 1.13. FSH causes maturation of follicles but as the
level of estrogen increases, due to maturation of follicle, LH also increases resulting in
ovulation. Once the ovulation is over the corpus luteum which produces the hormone

progesterone is left behind.
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Figure 1.13 Levels of
reproductive hormones during
the female sexual cycle: FSH
causes maturation of follicles
and as the level of estrogen
increases, due to maturation of
follicle, LH also increases
resulting in ovulation on the 14"
day of the female sexual cycle.
FSH,  Follicle  Stimulating
Hormone; LH, Luetinizing
Hormone (Guyton & Hall, 11
Edition; 2006).
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Prolactin (PRL) also called as Luteotropic hormone is released by anterior pituitary and plays
an important role in fertility and conception. PRL acts by inhibiting FSH and GnRH. High
PRL levels inhibit secretion of FSH causing hypo-estrogenism with ovarian dysfunction,
menstrual abnormalities, suppression of ovulation and infertility. The pituitary gland may
cause excess production of PRL known as hyperprolactinemia, which reduces estrogen
production and may cause infertility. Hyperprolactinemia is the presence of abnormally-high
PRL levels in the blood. PRL is primarily associated with breast development during
pregnancy and induces lactation. However, prolactin also binds to specific receptors in the
gonads, lymphoid cells, and liver. Hyperprolactinaemia may occur primarily as a result of
normal physiological changes during pregnancy, breastfeeding, mental stress,
hypothyroidism, or sleep. Pathologically, it may be due to diseases affecting the
hypothalamus and pituitary gland or secondary to disease of other organs such as the liver,
kidneys, ovaries and thyroid. Women with hyperprolactinemia are hypothyroid and have a
decreased negative feedback on hypothalamo-pituitary-thyroid axis. This results in increased
secretion of TRH which acts on thyrotropes andlactotropes causing a significant rise in the
levels of both TSH and PRL while reducing central FSH, LH levels resulting in decrease in
granulosa cells and estradiol levels resulting in short luteal phase and finally amenorrhea.The
release of PRL is suppressed by dopamine in the brain and any reduction in dopamine will
raise PRL and hinder the secretion and release of FSH and LH which result in menstrual
dysfunction and disrupt ovulation. Hence it is very essential to get all the hormones in
balance to increase the chances of becoming pregnant. Hyperprolactinemia has been
identified as a possible cause of infertility in women. High PRL levels can interfere with

ovulation causing hormone imbalance, irregular menstruation, anovulation which reduces the
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chance of becoming pregnant and cause low progesterone levels also. Hypothyroidism leads
to increase levels of thyroid releasing hormone (TRH), TRH in turn stimulates secretion of
TSH and PRL, and PRL inhibits gonadotrophins which decreases levels of serum FSH and
serum LH.

Numerous studies have shown abnormal PRL, FSH and LH patterns in hypothyroidism.
Thyroid hormones act synergistically with FSH and LH on ovary to secrete and maintain the
normal level of estrogen and progesterone in a menstrual cycle. Anovulatory cycles with
decreased fecundity and consequently infertility have been found to be associated with
thyroid dysfunction (Poppe et al., 2003; Poppe et al., 2007). Similarly, high level of PRL
hormone can inhibit follicular estradiol production and gonadotropin cyclicity leading to
anovulation (Kalsum et al., 2002). It has been seen that estrogen and thyrotropin releasing
hormone (TRH) are positive modulators of PRL leading to its increased secretion and action
whereas dopamine is a negative modulator of PRL secretion (Gurmanpreet et al., 2014;
Saxena et al., 2016). High level of thyroid stimulating hormone, TSH is found to be
associated with increased prolactin secretion that can lead to ovulatory dysfunction (Padubiri
et al., 2015). Thyroid hormones help to maintain the normal serum level of progesterone and
estradiol essential for normal reproductive function. Therefore, isolated thyroid dysfunction
can also cause infertility. Thyroid hormones secreted by thyroid gland as well as prolactin
hormone secreted by anterior pituitary have a major implication on the fertility of a female.
Thyroid hormones along with the FSH and LH have synergistic action at granulosa cell and
thus have a stimulatory effect on its growth as well as on the secretion of steroid hormones
from ovary that are responsible for normal reproductive function (Poppe et al., 2007).
Increased serum PRL level has also been implicated to affect fertility potential by
suppressing hypothalamic-pituitary-gonadal axis and GnRH pulsatility. Hperprolactinemia
interferes with the secretion and action of gonadotropins at growing follicles in the ovary thus
impairing gonadal steroid secretion which further affects positive feedback on gonadotropins
leading to follicular immaturity and consequently infertility with anovulation (Kalsum et al.,
2002). PRL level in serum is regulated by both hypothalamus and pituitary. Dopamine, a
neurotransmitter and progesterone inhibits its secretion and synthesis respectively under
normal physiological condition. In case of hypothyroidism, low serum level of thyroxine (T4)
causes decreased negative feedback on the hypothalamo-pitutary axis leading to increased
TRH secretion which further stimulates thyrotrophs and lactotrophs secretion from the
pituitary, thereby increasing the level of both TSH and PRL(Emokpae et al., 2011).

Increased TRH production in the cases of hypothyroidism promotes hyperprolactinemia
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which in turn affects pulsatile secretion of GnRH. This leads to delay in LH response leading
to abnormal follicular development and anovulation. Hypothyroidism also alters the
peripheral metabolism of estrogen by decreasing sex hormone binding globulin production.
This may be another pathway by which it may have resulted in abnormal feedback at
pituitary level impairing the fertility (Poppe et al., 2007). The data on subclinical
hypothyroidism causing imbalance in the reproductive hormones leading to infertility in
females is inadequate and nil for the western population, the present study thus aims to find
out the alterations in reproductive hormone levels due to SCH on female fertility in Gujarat

population.

1.9 SCH, oxidative stress (OS) and female infertility

Clinical relevance of the association between thyroid and reproductive health is known for
long but its patho-physiological mechanisms are poorly understood. Oxidative stress (OS) is
the most accepted initiator of many diseases including infertility (Halliwell et al., 1994).
Among free radicals the most well studied are reactive oxygen species (ROS) (Kang et al.,
2003). Studies have shown that both hyperthyroidism and hypothyroidism are associated with
enhanced oxidative stress involving enzymatic and non-enzymatic antioxidants (Resch et al.,
2002). Thyroid hormones are among the most important humoral factors involved in setting
the basal metabolic rate. Variations in the levels of thyroid hormones can be one of the main
physiological modulators of in vivo cellular oxidative stress due to their known effects on
mitochondrial respiration. In particular, it has been suggested that the increase in reactive
oxygen species induced by deficiency of thyroid hormones can lead to oxidative stress
condition. Under physiological conditions (Mancini et al., 2012), ROS generation is
controlled by a large number of anti free radical systems which act as protective mechanisms;
such as superoxide dismutase, catalase, glutathione peroxidase, and glutathione reductase as
well as non-enzymatic antioxidants, among which the most important are vitamins C and E,
carotenoids, and glutathione.

Hypothyroidism-associated oxidative stress is the consequence of both increased production
of free radicals and reduced capacity of the anti oxidative defense. Hypothyroidism-induced
dysfunction of the respiratory chain in the mitochondria leads to accelerated production of
free radicals (i.e., super-oxide anion, hydrogen peroxide, and hydroxyl radical as well as lipid
peroxides), which consequently leads to oxidative stress (OS). Metabolic disorder from
autoimmune-based hypothyroidism can also increase oxidative stress (Pasupathi et al., 2008).

There is a growing evidence of possible role of highly reactive products of oxygen, in

23 |Page




Chapterl. Introduction and Review of Literature

infertility. Imbalance between these oxidants and antioxidants is responsible for tissue injury
and affects fertility. OS may induce pregnancy complications; while intake of antioxidant
nutrients (multivitamins) may have a beneficial role in maintaining an intact female fertility
system (Ruder et al., 2009). Thyroid hormones are associated with the oxidative and
antioxidative status of the organism. Data on the effect on oxidative status in response to
hypothyroidism are few (Dumitriu et al., 1988; Konukoglu et al., 2002; Torun et al., 2009).
Thyroid dysfunctions increase LPO reactions and ROS as documented by some studies
(Venditti et al., 2006; Messarah et al., 2007). Lipid peroxidation (LPO) is reported to be high
in hyperlipidaemia, which is very common in hypothyroidism (Nanda et al., 2008;
Konukoglu et al., 2002). Santi et al. (2010) observed an increased activity of CAT in the
SCH group and an association between lipid parameters and CAT or SOD activities. Duarte
et al. (2010) demonstrated that CAT was significantly higher in subjects with
hypercholesterolemia. Santi et al. (2010) showed hypercholesterolemia has a stronger
influence on the development of oxidative stress in overt hypothyroid (OH) patients with
increased levels of thiobarbituric acid reactive substances (TBARS), SOD, CAT and Vitamin
E (Santi et al., 2010). Elevated MDA levels were also shown in subclinical hypothyroidism
(Torun et al., 2009), while Baskol et al. (2007) showed patients with primary hypothyroidism
had elevated malondialdehyde (MDA) levels while superoxide dismutase (SOD) was not
different from controls. Mancini et al. (2010) showed low Total Antioxidant Capacity (TAC)
levels in hypothyroid patients (Mancini et al., 2010a). The data on OS contributing to female
infertility as a consequence of SCH is not documented for western part of India, thus the
present study aims to find out the association of SCH and OS in infertile females of Gujarat

region.

1.10 SCH, alteration in lipid profile and female infertility

A correlation of lipid profile alteration among hypothyroid patients is universally accepted.
Thyroid hormones have significant effect on the synthesis, mobilization and metabolism of
lipids. Hypothyroidism greatly increases the plasma concentrations of cholesterol,
phospholipids, and triglycerides and excessively causes deposition of fat in the liver. Patho-
genetic mechanism of increased low-density lipoprotein (LDL) in hypothyroidism as
proposed by Duntas LH (2005) is depicted in figure 1.14. Hypothyroidism reduces the
expression of LDL mRNA and the number of LDL receptors and the binding of LDL to LDL
receptor, leading to increased half-life of LDL, reduced degradation of LDL in the
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fibroblasts, enhanced residence time in serum, and susceptibility to oxidation. The

relationship between SCH and lipid profile is yet to be clearly understood.
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Increased levels of total cholesterol (TC), lowdensitylipoprotein cholesterol (LDL-C), and
apolipoprotein (apo) B have been reported in the patients with clinical as well as subclinical
hypothyroidism (Wiseman et al., 1993; Maya et al., 2002). Hypercholesterolemia is
commonly associated with hypothyroidism due up regulation of LDL-receptor expression by
thyroid hormones (Huesca-G Cet al., 2002). Studies have reported elevated TC and/or LDL-
C in SCH as compared with controls (Santi et al., 2012; Efstathiadou et al., 2001;
Yildirimkaya et al., 1996; S. Miura et al., 1994). Thyroid hormones may stimulate hydroxyl
methylglutaryl coenzyme A (HMG CoA) and induce an increased synthesis of cholesterol.
The LDL-C receptor gene contains a thyroid hormone responsive element (TRE) that
increases of LDL-C receptor synthesis. Thyroid hormones and their function are low in target
tissue in SCH, which influences lipid profiles by this mechanism (Turhan et al., 2008; Lu et
al., 2011). Adriana et al. reported a positive correlation between TSH and total cholesterol
and LDL fraction as well as thyroid hormones (T3 and FT4) showing correlation with
triglyceride levels (Santi et al., 2012). Some studies have shown that TSH was also
associated with deleterious changes in serum lipids i.e. HDLC, LDL-C, and the ratio of LDL-
C to HDL-C(Taddei et al., 2003; Lee et al., 2004; Igbal et al., 2006). Many evidences suggest
that dyslipidemia is a major determinant in the progression of infertility (Broughton et al.,
2017; Pugh et al., 2017). Hypercholesterolemia has a stronger influence on the development
of oxidative stress in overt hypothyroid (OH) patients whereas patients with SCH had altered
lipid profiles, increased lipid peroxidation, and induction of enzymatic defense. Oxidative
stress biomarkers are seemed to be associated with secondary hypercholesterolemia to
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hypothyroidism, whereas hypothyroidism per se does not cause oxidative stress in SCH
patients. On the other hand, high-plasma lipids can be considered as an oxidation substrate
for the oxidative stress (Santi et al., 2010). Studies also suggest that an increased oxidative
stress in both hypothyroid and SCH states can be explained by both the insufficient increase
in the antioxidant status and the altered lipid metabolism (Torun et al., 2009). During clinical
and SCH the lipid profile alteration is seen but, relationship between SCH and lipid profile is
still controversial. Lipid profile alterations are reported for hypothyroid infertile female
subjects, but adequate data is unavailable for SCH and alterations in the lipid profile
subsequently resulting into the female infertility. Hence the study aims to estimate and
explore the effect of SCH on lipid profile and secondly to find out the correlation of SCH

with alterations in the lipid profile in infertile female population from Gujarat region.

1.11 Polychlorinated Biphenyls (PCBs) as cause of SCH leading to female infertility

The substantial burden of the deposition and accumulation of a large number of industrial
chemicals in the environment during the last few decades have now reached to a considerably
high proportion worldwide. In India too, due rapid urbanization and industrialization there is
upshot of various serious health consequences. The disruption of thyroid homeostasis by
environmental chemicals known as thyroid disruptors (TDs) is one amongst the most
prevailing etiological factors causing thyroid disorders with the data reporting
hypothyroidism meddling female infertility. Poly Chlorinated Biphenyls (PCBs) are well
known example amongst TDs. PCBs are industrial chemicals which interfere with thyroid
homeostasis at multiple levels, figure 1.15 (Boas et al., 2006). PCBs are one of the numerous
“Persistant Organic Pollutants” (POPs), the productions of which were banned in 1970s, but
still these contaminants are characteristically detected in the surrounding environment
(Breivik et al., 2002) as well as in human tissues (Fisher et al., 1999). PCBs are resistant to
molecular degradation and 1.5 metric tons have accumulated on earth’s surface. In the year
2001, more than 100 countries all around the world have signed “The Stockholm
Convention”, a commitment to restrict or discontinue use of POPs and PCBs are one among
the total 12 chemicals in the list of these chemicals (Patrick et al., 2009, Annex et al., 2008
and Kim et al., 2013).
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Figure 1.15 Possible
mechanisms of action of PCBs
on the hypothalamic—
pituitary-thyroid axis:
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Humans get exposed to PCBs through contaminated water, sea foodcaught in contaminated

waters, dairy products, fats & oils, contaminated air around hazardous waste sites at work,
accidental fires or spills, improper disposal, old fluorescent lighting, capacitors, hydraulic
fluid, adhesives, fire retardants, pesticides, inks, carbonless reproducing papers, old electrical
appliances and devices such as TV’s, refrigerators and microwaves, etc to which we come in
contact routinely in our day to day life (Patrick et al., 2009; Diamanti et al., 2009). A number
of studies on human populations have shown PCBs levels in the environment altering thyroid
homeostasis and hypothyroidism with increased TSH levels and presence of PCBs in their
blood and body tissues (Hagmar et al., 2003; Hagmar et al.,2001; Perskyet al., 2001;Hsu et
al., 2005). Chemicals used as pesticides, plasticizers, antimicrobials, and flame retardants
apart from being beneficial, also effect human health by disrupting hormonal balance and
result in developmental and reproductive abnormalities (Casals-casas et al., 2011). Various
studies demonstrated a positive correlation between PCB exposure and TSH and overall
studies pin point towards subtle, but significant, effects of low-dose PCB exposure on human
thyroid function (Persky et al., 2001; Osius et al., 1999; Schell et al., 2004; Tasker et al.,
2005; Bloom et al., 2003; Ribas-Fito et al., 2003). Most epidemiological studies on general
population in deed showed negative associations between PCBs and thyroidhormones like T3
or T4, and positive associations with TSH (Takser et al., 2005; Chevrier et al., 2008; Alvarez
et al., 2009; Kim et al., 2013). Effects of PCB exposure apart from thyroid homeostasis have
also been studied for various reproductive destructions (Reddy et al., 2006; Rier et al., 1996;
Rozati et al., 2009; Gore et al., 2015; Yang et al., 2011; Chavrier et al., 2013; Yao et al.,

2017). However, studies evaluating the correlation of female infertility with PCBs levels are
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very few and inconsistent (Chavrier et al., 2013; Cohn et al., 2011; Han et al., 2016; Buck et
al., 2009).

There is growing evidence of worldwide contamination by PCBs and other similar
environmental chemicals which have banned long back to the same extent as that of the
chemicals which have not been phased out. As PCBs have long biologic half-life and easy
accumulation in the food chain as well as the continuous production of structurally similar
compounds their exposure remains widespread even though PCBs are no longer
manufactured. In midst of paucity on toxicity and exposure data for the number of chemicals
to which people are exposed at national level and specifically for western India, this study is
designed to assess the safe level of exposure to hazardous man-made chemicals that remain
persistent in the body for longer periods and casing infertility via disturbing the endocrine
system. Hence present study aims for a quantitative analysis of PCBs levels in primarily
infertile female population of Gujarat and correlate the etiological effect of PCBs on

subclinical hypothyroidism in consequence female infertility.

1.12 SCH, Single Nucleotide Polymorphisms (SNPs) and female infertility

The sharing of 99.5% genomic sequence level identity of humans implies that the phenotypic
diversity arises on account of the remaining 0.5% difference as well as epigenetic
modifications. Genetic variation occurs within and among populations, leading to
polymorphisms that could be associated with genetic trait or also a phenotype in the presence
of an environmental stimulus (Brookes et al., 1999; Rebbeck et al., 2004; Hirschhorn et al.,
2005). Normal TSH levels in serum are finely regulated in humans. Nevertheless, serum
thyroid parameters show substantial inter-individual variability (Practice Committee of the
American Society for Reproductive Medicine, 2015), in which genetic variations are
provedas the major factors in several populations. It has been shown that altered TSH levels
are related to genetic factors in up to 65% of the cases (Bernadetteet al., 2013; Panikar et al.,
2011; Malinowski et al., 2014). A number of genes have been identified that are associated
with altered thyroid function (Arnaud-Lopezet al., 2008; Panickeret al., 2008; Peeterset al.,
2003), the most studied among them is Phosphodiesterase8B gene (PDE8B) which has been
reported as a modulator of TSH levels. PDE8B encodes a cyclic adenosine mono phosphate
(cAMP) specific phosphodiesterase (PDE) enzyme (Medici et al., 2015). Figure 1.16 depicts
the intracellular signaling pathways following activation of this cyclase. The cCAMP and
cGMP synthesized act as second messengers in the cellular responses. Phosphodiesterases
(PDE) in turn inactivate CAMP and cGMP (Bender et al., 2006).
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It is reported that PDES8B is undetectable in the pituitary (Persani et al., 2001), and thus
Mariotti et al. (2010) proposed that PDE8Binfluences serum TSH levels through its effect on
TSH dependent thyroid hormone synthesis and secretion and it could act primarily in the
thyroid by inactivating CAMP produced after TSH stimulation, figure 1.17. Indeed, of the 5
major isoforms of PDE8B, the major isoform PDE8B1 and minor isoforms PDE8B2 and
PDE8B3 are abundantly expressed in the thyroid. PDE8B could therefore influence serum
TSH levels through its effect on TSH dependent thyroid hormone synthesis and secretion.
Several single nucleotide polymorphisms (SNPs) for PDE8B havebeen demonstrated to be
associated with increased levels of serum TSH. Of these SNPs, rs4704397 showed strongest
association, while rs6885099 polymorphism has also been shown toincrease TSH levels, but
to a lesser extent (Arnaud-Lopez et al., 2008). The relevance of human reproductionto PDE
has been well-documented (Hayashi et al., 2002; Soderling et al., 1998; Gamanuma et al.,
2003, Horvath et al., 2008).

PDE8B rs4704397 polymorphism has been reported for subclinical hypothyroidism in
pregnancy (Shields et al., 2009; Yang et al., 2015) and for recurrent miscarriage (Granfors et
al., 2012). But there is no report on the role of PDE8B polymorphisms in subclinical
hypothyroidism in female infertility. Overt or clinical hypothyroidism is symptomatic and has
an adverse effect on the reproductive health contributing to infertility (Weiss et al., 2014,
Saran et al., 2016). However, subclinical hypothyroidism (SCH) is silent and asymptomatic
hence it is often undiagnosed. SCH occurs due to multiple factors (Biondi et al., 2008).
Among these factors, the present study focuses on the SNPs (genetic factor) as one of the

etiological factors for SCH and subsequently for the infertility (Mansuri et al., 2020).
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Figure 1.17  Hypothetical
mechanisms linking PDES8B to
serum TSH levels (Mariotti et
al., 2010).

We aim to find out the prevalence rate of PDE8B polymorphism and explore association of
PDE8B rs4704397and rs6885099 polymorphisms with subclinical hypothyroidism and
infertility and to correlate the PDE8B polymorphism with the cause of subclinical

hypothyroidism and consequently infertility in primarily infertile females of Gujarat.
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