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ABSTRACT
Background: Mixed findings regarding the association between the presence of
autoantibodies (TPO-abs, TG-abs and APL-abs) and female infertility besides
spontaneous abortion have been reported in most studies in developed countries. To
screen for these autoantibodies still remains divisive. Additionally, very little is known
about their relationship with menstrual abnormalities, body mass index (BMI) and
haematological parameters in infertile women in developing countries.
Aim: The aim of this study was to investigate the relationship between a panel of
autoantibodies (TPO-abs, TG-abs and APL-abs) and infertility, spontaneous abortion,
menstrual abnormalities, body mass index and haematological parameters.
Methods: A case-control study comprising 52 infertile cases and 38 fertile controls in
three major hospitals in the Ashanti region of Ghana was undertaken. A standard
questionnaire was administered, blood pressure (BP) measured and BMI computed from
the weight and height. Blood specimen was collected for haematological (NLR, PLR,
#NEUT and #Lymphocyte) and biochemical analysis (TPO-abs, TG-abs and APL-abs).
TPO-abs (IgG) >100IU/mL and TG-abs (IgG) >100IU/mL were regarded as positives for
the thyroid autoantibodies while APL-abs (IgG/IgM) ≥10U/mL was also regarded as
positive for the antiphospholipid antibodies.
Results: Infertility was found to be significantly associated with the presence of
thyroperoxidase antibody (TPO-abs: χ2 (1) = 7.047, p=0.011) and antiphospholipid
antibody positivity (APL-abs: χ2 (1) = 5.55, p=0.02) but not thyroglobulin antibody
positivity (χ2 (1) = 0.907, p=0.357). Neither of the three autoantibodies (TPO-abs, TG-abs
and APL-abs) was found to be associated with a history of spontaneous abortion (p>0.05).
The odds of APL and both (TPO+TG-abs) positivity were found to be 1.71 and 1.45 times
greater respectively among infertile women with menstrual abnormalities compared to
those without menstrual abnormalities [APL-abs: (OR=1.71, (95% CI): 0.18-15.95; p=0.636)
; TPO + TG-abs: (OR =1.45, (95% CI): 0.27-7.82; p=0.667)], however both associations were
not significant. BMI was comparable between infertile cases and fertile controls and did
not correlate significantly with any of the autoantibodies. Neutrophil-lymphocyte ratio
(NLR), Platelet-lymphocyte ratio (PLR), absolute neutrophils (#NEUT) and absolute
lymphocyte count (#Lymphocyte) were significantly lower in infertile women compared
to fertile controls (p<0.05). These haematological parameters however did not correlate
significantly with any of the autoantibodies in either infertile cases or controls.
Conclusion: Infertility among Ghanaian women is associated with TPO-abs and APL-abs
positivity therefore these antibodies may be screened as part of routine checks for
appropriate intervention. However, these autoantibodies may not be directly associated
with a history of spontaneous abortion. BMI, NLR, PLR, #NEUT, and #Lymphocyte do
not correlate with the presence of autoantibodies in Ghanaian infertile women.
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1.0
1.1.

CHAPTER ONE

INTRODUCTION

Infertility (clinically) is defined as the inability to achieve clinical pregnancy after
twelve months of regular sexual intercourse without contraception (ESHRE Capri
Workshop Group, 2002; ASRM, 2008; Zegers-Hochschild et al., 2009). It has
important implications for couples in the socio-cultural settings of every society
and it is therefore a problem of public health concern globally (Ombelet et al.,
2008; WHO, 2015). However, attention to reproductive health is low in developing
countries (Leke et al., 2004; WHO, 2015).
Globally, about 48.5 million couples suffer from infertility with approximately 10
million of them from developing countries (Boivin et al., 2007; Mascarenhas et al.,
2012b). Couples with infertility go through some degree of stigmatisation that
may result in depression especially among infertile females in most socio-cultural
settings in Sub-Saharan Africa (Ombelet et al., 2008). The prevalence of depression
among infertile females in Ghana, according to a study carried out in Tamale,
stands at 62% (Alhassan et al., 2014). This is further aggravated by the high
financial burden associated with assessing modern techniques of reproductive
care (Bushnik et al., 2012; Cui, 2010). The prevalence of infertility in sub-Saharan
Africa differs from one country to the other because of socio-cultural diversities,
with Ghana recording a female infertility prevalence of about 11.8% (Geelhoed et
al., 2002). The prevalence of immunologically associated female infertility is
unknown but about 10% of the causes of infertility generally have been associated
with it (Beer et al., 1996). The world-wide prevalence of infertility among
nulliparous women of child bearing age in 2010 was 1.9% and 10.5% for women
with one previous birth (Mascarenhas et al., 2012b).
Females have been reported to be more prone to autoimmune diseases compared
to their male counterparts and this has been ascribed to the effects of oestrogens
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on the normal immunity (ESHRE Capri Workshop Group, 2002). Infertility in
females may be divided into primary and secondary. Primary infertility involves
the inability of a woman of reproductive age with no previous birth to conceive,
in spite of regular sexual intercourse without contraception over one year.
Secondary infertility involves the inability of a woman of reproductive age with
previous birth(s) to conceive, though exposed to regular sexual intercourse over
one year without contraception (Mascarenhas et al., 2012b). The duration for
classification as infertility is one year for the clinical definition and two years for
the epidemiological definition (WHO, 2006; Zegers-Hochschild et al., 2009).
Various immunological factors have been associated with both primary and
secondary infertility and notable amongst them are antiphospholipid antibodies
(APL-abs) and the thyroid autoantibodies [thyroglobulin ( TG-abs) and
thyroperoxidase antibodies (TPO-abs)] both of which have been associated with
spontaneous abortion (Li et al., 1998; Balucan et al., 2013). APL-abs have been
reported to be the possible culprit that initiates the inflammatory response
accountable for the eventual foetal loss in recurrent abortion through complement
activation and neutrophil infiltration (Shetty and Ghosh, 2009; Meroni et al., 2010).
They result in the antiphospholipid antibody syndrome which may be
characterized by multiple thrombosis, thrombocytopenia, recurrent foetal loss,
pregnancy

induced

hypertension,

intrauterine

growth

retardation

and

prematurity (Aron et al., 1995; Shetty and Ghosh, 2009).
Thyroid autoantibodies (TPO-abs and TG-abs) have also been reported to be
known culprits whose presence results in adverse effects distressing both mother
and child in pregnancy (Poppe et al., 2008; Gaberšček and Zaletel, 2011). It has
been associated with reproductive failure in females of reproductive age.
Spontaneous abortion has also been reported to be significantly higher in such
women positive for the thyroid autoantibodies as compared to controls (Glinoer
et al., 1991; Zhong et al., 2012). Furthermore, thyroid autoimmune disease such as
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Hashimoto’s thyroiditis, which is as a result of the effect of thyroid autoantibodies
have been identified as a major cause of subclinical or overt hypothyroidism and
it is associated with menstrual abnormalities in females of reproductive age
(Poppe et al., 2008).
Spontaneous abortion or miscarriage is defined as the loss of clinical pregnancy
spontaneously before the 20th week of gestation (Zegers-Hochschild et al., 2009).
The prevalence of spontaneous abortion in Ghana varies from 5% (WHA, 2011) to
about 10% (Oliveras et al., 2008) and is sometimes associated with maternal death
which stands at 350 per 100,000 births currently, aside the psychological trauma
it brings to infertile couples (Rominski and Lori, 2014). Spontaneous abortion as a
result of the effect of the presence of non-organ specific antiphospholipid
autoantibodies as well as organ specific thyroid autoantibodies therefore needs to
be further investigated since most studies have been inconclusive about their
association. (Thangaratinam et al., 2011; Petrikova et al., 2014).
1.2.

PROBLEM STATEMENT

The prevalence of infertility in sub-Saharan Africa ranges between 11-20% (Leke
et al., 2002) however, 5-15% is estimated as the practical range of prevalence in
both developed and developing countries (Boivin et al., 2007). Infertility is a
contributory factor for most marital problems leading to divorce, the effect of
which cannot be overlooked in an African society like Ghana where most couples
(especially the women) go through a high degree of stigmatisation from family
members (Ericksen and Brunette, 1996; Ombelet et al., 2008; Fledderjohann, 2012).
As a result, some couples would seek reproductive health care to understand the
cause of their problem and initiate appropriate intervention. Unfortunately, 1020% of the cause of infertility still remains unknown though most of these have
been associated with some immunological factors (ESHRE Capri Workshop
Group, 2002). Several studies have given mixed reports about the association
between female infertility and the presence of autoantibodies (APL-abs, TG-abs
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and TPO-abs) in the serum (Petrikova et al., 2014; Thangaratinam et al., 2011;
Kutteh et al., 1999a; Geva et al., 1997).
JUSTIFICATION

1.3.

Thyroid autoantibodies (TPO-abs, TG-abs) and antiphospholipid antibodies
(APL-abs) have been reported to have some association with spontaneous
abortion but its association with other aspects of infertility among females remains
unclear (Poppe et al., 2008; Meroni et al., 2010). The evaluation of autoantibody
abnormalities in all cases of reproductive failure remains relevant in most
jurisdictions (Petrikova et al., 2014). Most of the studies carried out on
autoantibodies with respect to reproductive failure were done in Caucasians
while very little is known among African women presenting with infertility. There
is scarcity of information regarding autoantibody associated female infertility in
Ghana. The findings from this study may therefore help clinicians to extend the
screening of infertile women to include these autoantibodies in order to expedite
appropriate treatment. It will also help scientist to know the impact of these
autoantibodies on infertility in the Ghanaian female population.
ALTERNATE HYPOTHESIS

1.4.



Autoantibodies (TPO-abs, TG-abs and APL-abs) are associated with
infertility, haematological parameters and BMI among Ghanaian women.



The presence of autoantibodies (TPO-abs, TG-abs and APL-abs) in infertile
women are associated with a history of spontaneous abortion and
menstrual abnormalities.

1.5.

AIM

The aim of this study is to investigate the relationship between a panel of
autoantibodies (TPO-abs, TG-abs and APL-abs) and infertility, spontaneous
abortion, menstrual abnormalities, haematological parameters and body mass
index among infertile women in Ghana.
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SPECIFIC OBJECTIVES

1.6.



To characterize the relationship between autoantibodies (TPO-abs, TG-abs
and APL-abs) and infertility, body mass index and haematological
parameters in the female study participants.



To describe the association between autoantibody (TPO-abs, TG-abs and
APL-abs) positivity and a history of spontaneous abortion among infertile
women.



To

describe

the

relationship

between

the

presence

of

thyroid

autoantibodies (TPO-abs, TG-abs) and menstrual abnormalities among
infertile women.
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2.0
2.1.

CHAPTER TWO

INFERTILITY (DEFINITIONS)

Infertility is a condition that affects married couples worldwide, the cause of
which has been associated with both male and female factors. It has two main
definitions; namely clinical and epidemiological definition (Mascarenhas et al.,
2012b). However, demographers have modified the epidemiological definition
into a third; the demographic definition (Larsen, 2000).
The clinical definition defines infertility as a disease of the reproductive system
caused by the failure to achieve a clinical pregnancy after one year of sexual
intercourse without contraception according to the World Health Organisation
(Zegers-Hochschild et al., 2009). The American Society for Reproductive Medicine
defines infertility as 12 months or more of trying to achieve a successful pregnancy
with regular sexual intercourse without contraception (ASRM, 2008). The
epidemiological definition defines infertility as the inability of a female of child
bearing age, exposed to continuous risk of pregnancy, to achieve gravidness after
two years of trying (WHO, 2006). The reason for the difference in duration stems
from the fact that whereas it is of uttermost importance for early diagnosis and
initiation of appropriate treatment in clinical practice as per the clinical definition,
the epidemiological definition is tailored to reduce the capturing of false negative
cases as infertility (Larsen, 2005). The demographic definition differs from the two
definitions stated above only in relation to live births instead of clinical pregnancy
and spans a period of one to seven years in contraceptive-naïve couples in most
studies (Gurunath et al., 2011).
The variation in epidemiological and demographic definitions of infertility has
affected the estimation of the prevalence of infertility resulting in a lack of
dependable estimates (Mascarenhas et al., 2012a). It is bequeathed with
differences in mainly outcome of pregnancy, duration of exposure to risk of
pregnancy, type of exposure and age ranges (Gurunath et al., 2011).
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Infertility can be further classified as primary and secondary based on the history
of previous conception or live births (WHO, 1975). The first type of infertility is
described as primary if the female has never conceived. Those with previous
conceptions or live births but with current inability to conceive after 12 months
are considered clinically as having secondary infertility. Therefore, desiring
females with histories of spontaneous abortions or still births with current
inability to conceive are described as having secondary infertility (Rowe et al.,
1993; Mascarenhas et al., 2012a). Other terms associated with infertility which
have often been interchanged and have also affected estimates includes
subfertility and subfecundity. Subfertility refers to any form or grade of
temporary inability of desiring couples to conceive (Gnoth et al., 2005). It is
sometimes interchanged with infertility because current modern assisted
reproductive technology (ARTs) aids most couple to conceive who hitherto would
have been difficult without intervention (Gnoth et al., 2005; Zegers-Hochschild et
al., 2009). Subfecundity refers to the decreased inability to deliver (Karmaus et al.,
1999).
2.2.

PREVALENCE OF INFERTILITY

Healthy couples who are within their active reproductive age have a 20-25%
probability of achieving conception per reproductive cycle with a cumulative
probability of 60% within the first 6 months of continuous coitus and 84% within
the first twelve months (Esteves et al., 2011). Despite these expected outcomes,
some couples are presented with a problem where conception becomes
unattainable despite continuous sexual intercourse over 12 months, hence their
classification as infertile clinically. Demographic and house-hold data form 277
surveys across countries revealed a worldwide prevalence of infertility of 48.5
million in 2010 (Mascarenhas et al., 2012b). Boivin et al. (2007) in estimating the
prevalence of infertility from population surveys pegs infertility at affecting 72.4
million women within the ages of 20 and 44 who have been trying over 12 months
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without contraception to deliver. Out of this number, he estimates that 40.5
million had access to some medical interventions. 5-15% is estimated as practical
range of prevalence in both developed and developing countries (Boivin et al.,
2007).
Very few studies have reported on the prevalence of infertility in developing
countries especially in Africa (Ombelet et al., 2008). As a result, varying figures
are reported from one geographical location to the other with some from
demographic and Health survey data and others from community survey and
house-hold data published over a decade ago. Although the general prevalence in
developing countries is pegged at 6.9% to about 9.3% (Boivin et al., 2007),
individual countries have varying prevalence with some as high as 20%. Nigeria
is reported as having a prevalence of 20-30% (Okonofua, 1996). A recent study by
Sule et al. (2008) places their primary infertility prevalence at 22.5%. Gambia is
reported with a prevalence of 9% (Sundby et al., 1998). According to Geelhoed et
al. (2002) in a community-based survey in a rural district in Ghana, the prevalence
of infertility among women is estimated at 11.8% and 15.8% for men. Aside the
fact that this study was done among rural community dwellers, extrapolation to
urban centres may achieve varying figures because of the differences in the
standards of living, and the availability of accessible fertility treatment centres or
artificial reproductive technology in the urban communities.
The worldwide prevalence of infertility in nulliparous women in 2010 was
estimated to range from 0.6% to 3.4% (primary infertility) while that in
primiparous and multiparous women ranged from 8.7%-32.6% (secondary
infertility) (Mascarenhas et al., 2012a). In Africa primary infertility is estimated to
have declined from 2.7% in 1990 to 1.9% in 2010. The reduction was attributed to
a reported low prevalence among countries in Sub-Saharan Africa, which ranged
between 1.0% to 1.1% (Mascarenhas et al., 2012b). Again, the prevalence of
secondary infertility in sub-Saharan Africa was also reported to have declined
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from 13.5% to 11.6% in 1990 and 2010 respectively, relative to rise in some parts
of northern Africa which reported as high as 18.0% (Mascarenhas et al., 2012b).
The decline in the prevalence of primary infertility and secondary infertility could
be attributed to a reduction in infections including sexually transmitted diseases
over the past 20 years which in earlier studies by the WHO task force in 1987
revealed that 85% of women from Africa had an infertility diagnosis attributable
to infection (WHO, 1987).
2.3.

CAUSES OF INFERTILITY

The aetiology of infertility is multifactorial ranging from male factors to female
factors. These factors may be diseases or defects associated with the reproductive
tract, neuroendocrine system and immune system resulting in reproductive
failure (Haller-Kikkatalo et al., 2011).
It is reported that a viable foetus is achieved in less than half (30%) of all female
conceptions while 50% is lost before the first missed menstrual period.
Approximately 25% of embryos are also reabsorbed within a 7-14 day range after
implantation in the endometrium. Also, 15% of implanted embryos are lost during
maturation before the 20th week of pregnancy (Choudhury and Knapp, 2000).
2.3.1.

Role of immunological factors

Immunological factors have been identified to contribute to infertility, pregnancy
loss, intrauterine foetal demise and pregnancy complications such as pregnancy
induced hypertension in recent years resulting in reproductive failure (Geva et al.,
1997; Gleicher, 2002). Several causes have been reported to be associated with the
development of autoimmune disease including aging, infectious agents, genetic,
endocrine and environmental triggers. In the endocrine system, hormones play
an important role in autoimmune infertility especially in females. Females have
been reported to be more prone to autoimmune conditions compared to males
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because of the increased oestrogen levels in females which is known to influence
the normal immunity (ESHRE Capri Workshop Group, 2002).
The immune system of the human body is designed to distinguish between local
antigens produced by itself (self) and foreign agents (non-self) (Bourke et al.,
2013). This mechanism is present in order to recognise and dismiss invasions by
infections and cancer cells. In an instance where a local agent produced by itself
is recognised as foreign, and the body elicits a strong immune response, an
autoimmune disease is said to have resulted which may lead to an inflammation
(Bourke et al., 2013). The foetus in pregnancy is a foreign body (with male
chromosomal

components)

implanted

in

the

uterus

and

the

body’s

immunological network must adjust to accommodate its invasion of the uterine
lining during implantation by recognising it as ‘self’ in order to prevent
elimination; so the foetus can flourish (Mor et al., 2011). Pregnancy therefore can
be described as a state of immunological tolerance (Weiss et al., 2009). Two types
of immune responses may act individually in response to the presence of a foreign
molecule: Th-1 or Th-2 response. They are mediated by various lymphokines or
cytokines based on the invading agent. While a Th-1 response will involve IL-2,
TNF-β, interferon-γ, a Th-2 response involves IL-4, IL-5, and IL-10. Both responses
are characterized by IL-3, IL-6, IL-1, IL-13, TNF-α, GM-CSF, and encephalin
(Gleicher, 2002). In pregnancy an interplay of both Th-1 and Th-2 occurs. Some
studies have postulated that, the first trimester and third trimester of pregnancy
usually involves a Th-1 response whiles the second trimester involves a Th-2
response (Choudhury and Knapp, 2000). Clinical conditions associated with a Th1 response includes cytotoxic reactions, inflammatory reactions, delayed-type
hypersensitivity and tissue injury. Th-2 reaction primarily involves antibody
production, IgE responses and eosinophil proliferation. Gleicher (2002),
postulates that the presence of which ever autoantibodies, ranging from nonorgan specific antiphospholipid to organ specific thyroid autoantibodies in
reproductive failure may be simply as a result of a Th-1 dominance in pregnancy.
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2.3.2.

Thyroid Autoimmunity

Described as the commonest cause of hypothyroidism and thyroid dysfunction in
general, especially in women of child bearing age, thyroid autoimmunity is
characterized by the presence of thyroid autoantibodies (Vissenberg et al., 2015).
Other causes of thyroid dysfunction may include iodine deficiency, drug induced
and post-partum thyroiditis. It is established that thyroid hormones have an effect
on the normal ovarian function by directly affecting the granulosa cells, luteal cells
and the oocytes (Ajmani et al., 2015). Therefore, thyroid dysfunction is associated
with ovarian dysfunction, menstrual irregularities, subfertility and recurrent
miscarriages (Krassas et al., 2010; Thangaratinam et al., 2011). Three antibodies
have been isolated as culprits in thyroid autoimmunity. These include thyrotropin
(TSH) receptor antibody, thyroperoxidase antibody (formerly called thyroid
microsomal antibody), and thyroglobulin antibody. The effect of the thyrotropin
receptor can either be stimulatory or inhibitory and it’s been associated with
Graves’ disease when it is stimulatory (Kamath et al., 2012; Vissenberg et al., 2015).
2.3.3.

Thyroid Hormone Production and Thyroid Autoantibodies

Thyroid hormone production
Thyroglobulin (TG) was first described to provoke an immune response in 1925
by Hektoen and Schulhof (Hektoen and Schulhof, 1925). Thyroglobulin antibodies
mostly of the IgG class, with very low levels of the IgA class, have also been
associated with both Graves’ and Hashimoto’s diseases. Thyroperoxidase
antibodies (TPO-abs), mostly of the IgG class are produced against the
thyroperoxidase enzyme. The presence of TPO-abs have been commonly
associated with the autoimmune disease Hashimoto thyroiditis, which is often
characterised by subclinical hypothyroidism and first described by Hakaru
Hashimoto (Chan and Boelaert, 2015). Thyroglobulin and thyroperoxidase are
required in the synthesis of thyroid hormones and its secretion. In the synthesis
of thyroid hormones, thyroglobulin homodimers are iodinated to form
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monoiodotyrosine and di-iodotyrosine. This happens after its synthesis and
glycosylation in the rough endoplasmic reticulum and it is exocytosed through
the apical membrane of the thyroid follicular cells (Yen, 2001). Thyroperoxidase
enzyme is responsible for oxidising the iodine into iodide, organifying the iodide
to the tyrosine residue and to thyroglobulin forming mono- and di-iodotyrosine
and finally coupling the formed units into either thyroxine (T4) or triiodothyronine
(T3) (Balucan et al., 2013). The production of T3 and T4 is stimulated by thyroid
stimulating hormone (TSH).

Figure 2.1. Thyroglobulin and thyroperoxidase in thyroid hormone synthesis
(source Balucan et al., 2013)

T3 and T4 are responsible for physiological processes in the human body including
metabolism, temperature, growth and development (Yen, 2001).
The effect of the TPO-abs destroy the thyroperoxidase enzyme affecting oxidation
and organification of iodide and the coupling of the mono-and di-iodothyrosine
units. Thyroglobulin homodimers are also destroyed by the thyroglobulin
antibodies. Therefore in autoimmune thyroiditis, despite the stimulus from
thyroid stimulating hormone (TSH) secreted by the pituitary gland, insufficient
amounts of T3 and T4 are produced leading to subclinical or overt hypothyroidism.
12

In pregnancy, slight changes in the thyroid enzymes affect foetal development
(Chan and Boelaert, 2015). Contrary to the action of TPO-abs and TG-abs, thyroidstimulating immunoglobulin can mimic TSH and cause overproduction of thyroid
hormones resulting in hyperthyroidism which is characterized in pregnancy by
congestive heart failure, pre-eclampsia, miscarriage, pre-term and low weight
births (Gaberšček and Zaletel, 2011).
2.3.4.

Thyroid Hormones in Pregnancy and Reproductive Failure

Pregnancy presents with increased thyroid hormone requirements as a result of
elevated thyroid-binding globulin concentrations induced by oestrogen,
increased volume of distribution of thyroid hormones and increased transport
and degradation of thyroxine by the placenta (Chan and Boelaert, 2015). Placental
levels of human chorionic gonadotrophic hormone (βHCG) rises after fertilisation
and peaks at 10 weeks gestation, then decrease to lower levels (Glinoer, 1997). The
increased in βHCG causes an increase in maternal oestrogen levels which
stimulates the liver to produce thyroxine-binding globulin (TBG). TBG has a high
affinity for thyroid hormones and serves as their transport protein in blood
(Balucan et al., 2013). The thyroid hormones play pivotal role in foetal
development. T3 and T4 levels affect foetal metabolism and the development of

Figure 2.2. Diagram showing the maternal and foetal interaction with the
thyroid hormones. (Source (Chan and Boelaert, 2015)
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the brain and nervous system. The foetus is dependent on maternal thyroid
hormones during the first trimester until its own thyroid gland begins to function
at around 12 weeks (Leung, 2012). Even at this stage excessively varying maternal
levels may still affects the foetal development (Glinoer, 1997).
2.3.5.

Thyroid Autoimmunity as it Relates With Infertility, Menstrual
Abnormalities and Spontaneous Abortion

As already reported, thyroid autoimmune disease, especially as it relates to
hypothyroidism as a result of the presence of TPO-abs and TG-abs, affects gonadal
function in both men and women (Krassas et al., 2010). In women it affects the
granulosa cells, luteal cells and the oocytes leading to menstrual abnormalities
(especially oligomenorrhea, infertility and reproductive failure in general).
Altered levels of thyroid hormones in pregnant women is associated with an
increased risk of obstetric complications such as intrauterine foetal demise,
gestational hypertension placental abruption and poor perinatal outcome.
Autoimmune hypothyroidism early in pregnancy leads to an increased risk of
spontaneous miscarriage and post-partum thyroiditis (Glinoer, 1997). StagnaroGreen et al., 1990 and

Glinoer et al., 1991 were the first to establish a strong

relationship between hypothyroidism due to autoimmune thyroid dysfunction
and spontaneous abortion. Afterwards, there has been several studies that have
given mixed reports about the relationship between the presence of thyroid
autoantibodies and spontaneous abortion especially in recurrent miscarriage
(Kutteh et al., 1999b; Zhong et al., 2012). While some reports have reported a twoto four-fold greater risk of spontaneous miscarriage among women with
autoimmune thyroid disease (Bakimer et al., 1994), others have found no
association (Ashrafi et al., 2007).
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2.3.6.

Antiphospholipid Antibodies Associated Infertility and Spontaneous
Abortion

During copulation, the spermatozoa from the male is injected into the female and
climbs up the uterus to fertilize the ovum that forms the zygote. The implantation
of the fertilized ovum is achieved approximately six days after fertilisation and
the blastocyst become completely covered by maternal epithelium within 9-10
days (Sebire et al., 2002). There are interactions between the maternal decidua and
the trophoblast of the placenta, developed from the outer cells mass of the
blastocyst after differentiation. Early in pregnancy, the inhibition of normal
endovascular trophoblast invasion as a result of interaction of circulating
maternal antibodies from the endothelium in maternal decidua vessels may be
responsible for early pregnancy loss (Sebire et al., 2002).
The antiphospholipid antibodies have been reported to be a very strong risk factor
in spontaneous abortion and present in as high as 40% of women with recurrent
abortion (Shetty and Ghosh, 2009). APL-abs is made of three autoantibodies
namely, anticardiolipin antibodies (aCL-abs), β2glycoprotein-1 (anti-β2GP1)
antibodies and lupus anticoagulant. In antiphospholipid syndrome (APS), antiβ2GP1 antibodies have been considered the main antibodies effecting its clinical
symptoms (Meroni et al., 2010). Antiphospholipid antibodies are acquired
antibodies, IgG, IgM and or IgA that elicit their effect through a thrombotic,
inflammatory and an immune-modulatory mechanism. Despite these elucidated,
the pathological mechanism of APL-abs still remains unclear. APL-abs can act
directly by binding anionic phospholipids or plasma lipids bound to anionic
phospholipids. In the implanted foetal unit, phospholipids are responsible for the
holding of the diving cells of the syncytioblastocyte together. This aids the growth
and nourishment of the foeto-plancental unit through its interaction with the
uterine wall of the mother and helps in waste removal (Evain-Brion et al., 2009).
The mechanism of action of APL-abs have been proposed in some studies to bind
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to monocytes, platelets and endothelial cells which induce a proinflammatory and
a prothrombotic state on the cytotrophoblastic cells (CT) of the placenta
(Giannakopoulos et al., 2007). It is these CT cells that differentiate into the
syncytiotrophoblast, which acts as a barrier of protection between the mother and
the foetus, through a fusion of the villous trophoblast (Evain-Brion et al., 2009).
The extra villous trophoblast also invade and colonises the endometrium of the
mother progressively. The presence of APL-abs is suspected to compromise the
holding ability of the phospholipids and cause infarction through an activation of
the complement cascade. Therefore, they cause a placental thrombosis and invade
trophoblast by binding to the trophoblastic membrane through both a β2 –GP1
dependent and independent APL-abs binding, resulting in the infarction of the
placenta with resultant embryo toxicity (Holers et al., 2002; Simone et al., 2010).
The resultant effect is the antiphospholipid syndrome (APS). Another mechanism
elucidated to play a role in APS is the immunomodulation by toll-like receptors
(TLR) of the innate immune response. TLR-2 and TLR-4 have been reported to
activate monocytes, endothelial cells and platelets in thrombotic APS models
(Giannakopoulos et al., 2007). TLR-4 activates HTR-8 cell line which is an extra
villous trophoblastic cell line in the presence of APL-abs leading to uncontrolled
inflammation and apoptosis (Jovanović et al., 2010).
The APS is characterized by multiple thrombosis, thrombocytopenia, pregnancy
induced hypertension, intrauterine growth retardation, prematurity and
recurrent foetal loss (Levy et al., 2010; Meroni et al., 2010). APS can therefore
simply be described as an autoimmune disorder associated with antibodies that
attack the cell-membrane phospholipids of the dividing special cells of the foetoplacental unit provoking blood clots through complement activation and
eventually leading to infarction of the blood vessels in the placenta (Akhlaghi et
al., 2013). It is diagnosed using clinical history and laboratory measurement of
autoantibodies when one clinical and one laboratory criteria are met. The
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classification is reported to hold between 12 weeks to 5years of diagnosis of APLabs and Clinical symptoms (Miyakis et al., 2006). The criteria is as follows:


When in any tissue or organ, at least one episode of arterial, venous or
small vessel thrombosis clinically diagnosed.



Pregnancy morbidity:
 At least one unexplained demise of clinically confirmed (ultrasound or
direct examination) morphologically normal foetus before the two and
a half months (10th week) in the first trimester or
 At least one preterm delivery of a neonate before the 34th week, who is
morphologically normal, either through eclampsia, preeclampsia or
identifiable features of placental insufficiency or
 At least three consecutive inexplicable spontaneous abortions in the
first trimester before the 10th week of gestation, where maternal and
paternal chromosomal causes are excluded as well as maternal
anatomic or hormonal abnormalities (Marchetti et al., 2013).



Laboratory diagnosis of lupus anticoagulant (LA), IgG and IgM antibodies
of anticardiolipin (aCL) and IgG and IgM of anti-β2 glycoprotein-1 in serum
or plasma on at least two occasions in a minimum of 12weeks apart by
standard methods. aCL must be >40 GPL or MPL, LA must be according to
the guidelines of the international society on thrombosis and haemostasis
(Miyakis et al., 2006).

APL-abs have been reported to be associated with recurrent abortions, foetal
demise, foetal growth retardation and early pre-eclampsia in APL-abs positive
women (McNeil et al., 1991). APL-abs target and bind to beta-2-glycoprotein 1
(β2-GPI) and prothrombin (Giannakopoulos et al., 2007). Prothrombin, also called
factor II, is a proenzyme that is converted to thrombin upon cleavage by
prothrombinase. It plays a role in the clotting cascade (Blank et al., 1991; Ağar et
al., 2010). β2 -GPI, formerly known as Apo lipoprotein H is a 43-kDa
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multifunctional highly glycosylated protein present in the plasma that binds
anionic phospholipid containing moieties and membrane phospholipids. It
consists of a 5 short consensus repeat domains of 326 amino acids. Its effect is seen
in coagulation and apoptosis. It serves as the auto-antigen that binds to APL-abs
in APL-abs positive patients (Ağar et al., 2010). It exists in two conformations; an
activated open conformation and a circular closed plasma conformation. Among
the 5 domains made up of domain I to V, domain V has been reported as the
culprit that binds the anionic phospholipids (Blank et al., 1991) .

Figure 2.3. Diagram showing binding of β2-GPI to antibody and phospholipid antibody.
(Source: Google images at www.google.com)

Figure 2.4. Diagram showing the two conformational structures of β2-GPI. (Source: Ağar
et al., 2010)

The circulation of β2 –GPI in the blood is in the circular conformation and opens
up when activated following its exposure to anionic phospholipids. This open
conformation remains open for a much longer time and is able to form complexes
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with other plasma proteins in the presence of autoantibodies and expresses new
epitopes (De Groot and Urbanus, 2012).
Male Factor in Infertility

2.4.

Male infertility factor has been reported to be accountable for up to 50% of
infertility problems among couples (Jungwirth et al., 2015). The male factor
depends primarily on two things:


The ability to make healthy spermatozoa and



The ability to have and sustain an erection and ejaculate into the female so
spermatozoa can reach the ova alive.

Making abnormal and insufficient sperms is accountable for majority of male
factor problems resulting in infertility. In most cases the spermatozoa may be few
(oligozoospermia) or may not be produced at all (azoospermia) (Esteves et al.,
2011). In other cases, the spermatozoa may be abnormal, ranging from immature
forms, poor motility, and abnormal cephalics, middle piece or tails. The root cause
of these outcomes may range from hormonal problems (neuroendocrine
abnormalities), inflammatory diseases, anatomical defects, genetic defects,
immunological

factors

such

as

producing

anti-sperm

antibodies

and

environmental problems including infection and lifestyle factors such as alcohol
abuse. Inability to ejaculate is mostly due to neurological problems that may
require psychotherapy (Manetti and Honig, 2010; Esteves et al., 2011; Vissenberg
et al., 2015).
2.5.

OBESITY AND INFERTILITY

The prevalence of obesity among women of child bearing age is increasing world
over and comparable between males and females in developing countries, but in
Ghana, where weight gain is seen as a sign of good living, it is 5.5% higher in
females than males (Biritwum et al., 2005). While some studies have related
obesity with lower pregnancy rates in sub-fertile women (Steeg et al., 2008), others
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have associated obesity with only some signs of poor reproductive function like
menstrual abnormalities, greater risk of miscarriage, and complications in
pregnancy (Balen et al., 2007). They therefore describe its association with
reproductive function as complex and difficult to establish a linear relationship
(Jungheim et al., 2012). Recently, measures such as skin fold thickness, waist
circumference, waist-to-hip ratio, bio-impedance and even adiposity have been
reported to be relatively better assessments of obesity compared to BMI, however,
BMI still remains the most widely used and easily accessible measuring tool for
obesity (Balen et al., 2007; Jungheim et al., 2012).
The mechanism by which obesity causes reproductive failure has been linked to
signalling molecules which are produced based on the amount of adipose tissue
mass in the body. These signalling molecules are called adipokines and include
adiponectin, free fatty acids, leptin, tumour necrosis factor alpha (TNF-α) and
interleukin 6 (IL-6) (Gosman et al., 2006). They are reported to have a direct effect
on the hypothalamic pituitary adrenal axis. The adipokines affect normal oocyte
recruitment and ovulation, especially TNF-α and leptins. They act as signalling
molecules, whose signals may affect implantation in pregnant obese women
(Jungheim et al., 2012).
Most of these aforementioned players in obesity have been isolated as culprits in
immune modulation. The adipokines have been reported to play a role in the
pathogenesis of autoimmune diseases that contribute to infertility such as
Hashimoto’s thyroiditis (Biondi, 2010). Leptins affect immune self-tolerance by
controlling the responsiveness and function of Treg cells (Procaccini et al., 2011).
In a study by Marzullo et al. (2010), he found that autoimmune thyroid disease
patients positive for the TPO-abs were mostly severe compared to negative
controls. Other studies have also reported that the relationship between
autoimmune thyroid disease and obesity is not a one way relationship and other
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associations must be investigated (Rotondi et al., 2011). Tamer et al. (2011), found
that the thyroid autoantibodies correlated well with obesity and hyperlipidaemia.
2.6.

HAEMATOLOGICAL PARAMETERS AND INFERTILITY

Platelet-lymphocyte ratio (PLR) and neutrophil-lymphocyte ratio (NLR) have
been reported as non-specific markers of inflammation in the peripheral blood
(Cakmak et al., 2015). Pregnancy, Spontaneous abortion and some aspects of
infertility including menstrual abnormalities such as endometriosis are also
considered as inflammatory processes. Antiphospholipid syndrome (APS) which
is associated with APL positive women is characterized by thrombocytopenia and
recurrent abortion and the culprits for the inflammatory process in women with
APS (Aron et al., 1995; Shetty and Ghosh, 2009; Meroni et al., 2010). Based on these,
we hypothesized that infertility may be associated with changes in peripheral
blood haematological parameters such as NLR, PLR, platelet count, absolute
lymphocyte count and absolute neutrophil count.
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3.0
3.1.

METHODOLOGY

3.1.1.

Study Site

CHAPTER THREE

The study was conducted at the Obstetric and Gynaecological Unit of the Komfo
Anokye Teaching Hospital (KATH), the Maternity unit of the Kumasi South
Hospital and the Fertility Clinic of the Trust Care Specialist Hospital in the
Ashanti region of Ghana. The Ashanti region lies in the middle belt of the country
and has a population of 4,780,280 making up 19.4% of the total national
population according to the 2010 population and housing census. The Kumasi
metropolis, where this study was sited has the largest share of the region’s total
population, making up 42.6% (Ghana Statistical Service, 2013).
The Komfo Anokye Teaching Hospital is a 1200-bed tertiary teaching hospital that
trains medical students in collaboration with the Kwame Nkrumah University of
Science and Technology. The hospitals receive referrals from other hospitals
spanning the whole middle belt of Ghana as well as the northern and upper
regions. This study was cited in the Obstetric and Gynaecological Unit of the
hospital. Majority of the study participants were resident in the Ashanti region.
The Kumasi South Hospital is a primary care facility that serves as the regional
hospital under the strata of the Ghana Health Service in the Ashanti region. As a
result, it serves as the first point of care for most indigenes around the Chirapatre
Agogo area as well as others from the whole Kumasi Metropolis. This current
study was cited at the Maternity unit of the hospital.
The Trust Care Specialist Hospital is a 30-bed private health facility that runs
specialisations in internal medicine, general and paediatrics/child health and
obstetrics/gynaecology. It serves as a preferred centre for both nationals and
internationals who choose to seek healthcare in a private setting within the region.
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This current study was sited at the obstetrics and gynaecology unit (specifically
the fertility clinic) of the hospital.
3.1.2.

Study Design

The study design was a non-randomized case-control study. Infertile women
visiting the Obstetric and Gynaecologist unit of KATH, the Fertility Clinic of the
Trust Care Specialist Hospital and the Maternity Clinic of the Kumasi South
Hospital who fit the inclusion criteria were included in the study as cases. As well,
fertile women visiting those same clinics who fit the inclusion criteria were
included in the study as controls.

Selection of Study Participants
(Purposive Sampling)

Case Control study (objective 1)
Infertile (Cases)

Fertile (Controls)
((Controls)

Case Control Study
(Objective 2 & 3)
History of

No history

Menstrual

No Menstrual

spontaneous

of

abnormalities

abnormalities

Abortion

spontaneous

(Cases)

(Cases)

abortion

(Controls)

(controls)

Figure 3.1 Schematic representation of study design
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3.1.3.

Sample Size

The sample size was calculated from the equation below;
Sample size = Z2 (P) (1-P)
E2
Where:
Z = the number relating to the degree of confidence you wish to have in the result.
The standard score for the confidence interval of 95% is 1.96.
P = a practical estimate of infertility both in developed and developing countries
was estimated as 5-15% (Boivin et al., 2007). We used 6.5% in this study.
E = the proportion of error we are prepared to accept. Using 5% allowable limits.
Therefore:
Sample size = (1.96)2 (0.065) (1-0.065)
(0.05) 2
= 87 ≈ 90
Ratio of controls to cases for the study: 1:1.5
Therefore cases=52, and controls =38

3.1.4.

Sampling Method

A purposive sampling method was used to select the study participants from the
three clinics who met the inclusion and exclusion criteria among a population of
infertile and fertile women visiting the respective Obstetric and Gynaecologist
units. 30 infertile cases and 20 fertile controls from KATH, 15 infertile cases and
10 fertile controls from the Trust Care Specialist Hospital and 7 infertile cases 8
fertile controls from Kumasi south hospital.
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3.1.5.

Study Population

The total study population comprised 90 female participants between the ages of
17years and 36 years. Out of the 90 participants, 52 were infertile women and 38
were fertile women. The Clinical definition of infertility defined as the inability to
achieve clinical pregnancy after 12 months or more of trying with regular sexual
intercourse without contraception from the World Health Organisation was used
to select the cases (Zegers-Hochschild et al., 2009). Fertility was defined as a
woman who had recently given birth (less than 6 months) and had never reported
infertility. Only participants who consented to the study were included and
information received were treated as confidential for the purpose of the study
alone.
ETHICAL CONSIDERATION

3.2.

Ethical clearance was sought and approved by the Committee on Human
Research, Publications and Ethics (CHRPE), Komfo Anokye Teaching Hospital
and School of Medical Sciences, KNUST.
INCLUSION CRITERIA

3.3.



Infertile females aged 17 to 36 years with desire to get pregnant and
exposed to regular sexual intercourse without contraception for more than
one year at the time of the study were included as cases.



Fertile women aged 17 to 36 years with one live birth over the past one year
were included in the study as controls. These had not used contraceptives
for less than one year
EXCLUSION CRITERIA

3.4.



Infertile Females outside the ages of 17 to 36 years were excluded from the
study.



Fertile women outside the ages of 17 to 36 years were excluded from the
study.
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Infertile women who had used contraceptives within the past one year
were excluded from the study.



Fertile women who lost their current baby at birth were excluded from the
study.



Infertile women whose husbands had abnormal semen analysis or whose
semen analysis were unknown were excluded from the study.



Infertile women and fertile women with known syphilis infection were
excluded from the study.

3.5.

STUDY METHODS

3.5.1.

Data Collection

The purpose of the research was explained to the participants to decide
voluntarily to take part in the research. Those who consented were recruited for
the study. Questionnaires were then administered in the form of interviews to
obtain demographic data and other patient history. Participant folders were also
reviewed to confirm the histories obtained from the direct questionnaire
interviews.
3.5.2.

Questionnaires

Questionnaires were completed by the interviewer directly after sourcing the
information from the participants and this included demographics and obstetric
history such as menstrual abnormalities, spontaneous abortions, ectopic
pregnancies, still births, etc.
3.5.3.

Physical Measurements

The physical measurements included weight, height and blood pressure. The
weight and height were determined using a calibrated Camry weight balance
(Zhongshan Camry Electronic co. Ltd, Guangdong, China) and a stadiometer
respectively. All standard operating procedures were adhered strictly such as
removal of shoes and other heavy materials. The participants stood such that the
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Frankfort plane was horizontal (orbitale- tragion horizontal line). Weight was
taken in kilograms (kg) while height was in centimetres (cm), but converted to
metres (m).
Systolic and diastolic blood pressure was determined using a standard mercury
sphygmomanometer and a statoscope by a qualified Nursing officer after patient
had rested for a minimum of 10 minutes. Patient was carefully seated according
to the American heart society recommendation where forearm was supported at
the heart level on a straight and smooth table and slightly flexed (Kirkendall et al.,
1967). Systolic and diastolic arterial blood pressure were recorded in millimetres
of mercury (mmHg). Two duplicates were taken at intervals of five minutes and
the average determined as the blood pressure of the patient.
3.5.4.

Specimen Collection

Venous blood specimen were collected from the median‐cubital vein from all
subjects and controls. A rubber tourniquet was applied for less than one minute
and the site to be punctured disinfected with 70% methylated spirit. 5mls of
Whole blood specimen was then collected from each patient using a 5ml and a 21
gauge syringe and needle respectively by standard method of phlebotomy. 3mls
was transferred into a BD serum separator Gel tube (SST tubes) while the
remaining 2mls was transferred into a Tri-potassium ethylene diamine tetra-acetic
acid (K3EDTA) tube and used to assess the full blood count of the subjects. The
clotted samples in the BD SST gel tubes was centrifuged at 3,000g for 10 minutes.
The serum obtained was divided into three screw-cap polypropylene cryo-tubes
and two transported in cold boxes to be stored immediately at –80°C at the
serology department of KATH. These were used for the measurement of
antiphospholipid, thyroglobulin and thyroperoxidase antibodies. The last tube
was used to screen for Treponema pallidum antibodies using a rapid diagnostic
Syphilis test, which works by immunochromatography, within an hour of
specimen collection.
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3.6.

LABORATORY ANALYSIS

3.6.1.

Full Blood Count

Full blood count was estimated using a Sysmex KX 21N (Germany) automated
haematology analyser within one hour of specimen collection. The parameters
measured and obtained from the analyser included haemoglobin estimation (Hb),
Total leukocyte count (WBC), Platelet count, percentage haematocrit (HCT %),
absolute lymphocyte count and absolute neutrophil count. Neutrophillymphocyte ratio (NLR) and platelet-lymphocyte ratio (PLR) were both computed
as ratios from the neutrophils, platelets and lymphocytes.
Principle of test
The Sysmex KX 21N is an automated multi-parameter blood cell counter (18parameter) that works by a light deflection method. Platelets and WBC’s are
determined by a direct current (DC) detection method while Hb is determined by
a non-cyanide method. HCT% is determined by a cumulative pulse height
detection method. The KX-21 employs three detector blocks and two kinds of
reagents for blood analysis. The WBC count is measured by the WBC detector
block. The RBC count and platelets are taken by the RBC detector block. The Hb
detector block measures the haemoglobin concentration using the non-cyanide
haemoglobin method.
Direct Current (DC) detection method
The DC detection method is able to determine the size of blood cells by assessing
the changes in the direct-current resistance as blood components passes through
the detector chamber after pre-dilution into the required ratio. Concurrently it
detects blood cell interior by changes in the radio-frequency resistance. The
detector chamber has a tint hole with electrodes on both sides that pass the direct
current and radio-frequency current. The changing direct-current resistance and
radio-frequency resistance as the blood cell components pass through the aperture
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is used to tell the size of the blood cell and the blood cell interior (size of the
nucleus) respectively. These are recorded as electrical pulses and based on the size
of the pulses, a two dimensional distribution (scatter graph) of the blood-cell size
and internal density can be drawn. This is used to obtain all the cell information.

Fig. 3.1 diagram showing DC detection method source (Sysmex corporation,
2007)
Test Procedure
A well-mixed whole blood sample in the 2ml K3EDTA tube was placed in the
sample slot section of the KX21N Sysmex haematology analyser until the aspirator
needle touched the bottom of the tube. When the aspirate button is pressed, 50ul
of specimen is drawn into the analyser for analysis. Results are printed out by a
peripheral printer.
3.6.2.

Enzyme linked Immunosorbent Assay (ELISA)

Levels of thyroperoxidase, thyroglobulin and antiphospholipid antibodies in the
Serum of participants were determined by Indirect ELISA using ELISA kits from
Green Stone Swiss Co. Limited and read with a micro well plate reader from Iqaba
Biotec, Japan Corporation.

29

Principle of Test
Thyroperoxidase antibody levels were determined using a human antithyroperoxidase (TPO-Abs) Elisa kit from Green Stone Swiss Co. Limited. This
kit is an in-vitro enzyme-linked immunosorbent assay for the quantitative
measurement of autoantibodies to thyroperoxidase in human serum. Serum was
added to pre-coated micro plate wells containing recombinant thyroperoxidase
(TPO) to bind corresponding antibodies of the specimen by incubation for 30
minutes at 37o Celsius. After washing the wells to remove all unbound sample
material, an enzyme conjugate of horseradish peroxidase (HRP) labelled antihuman IgG antibody (secondary enzyme-labelled antibody) was then added and
re-incubated at 37o Celsius. This conjugate bound to the captured TPO-specific
antibodies. A third washing was done to rid unbound conjugate. The immune
complex formed by the bound conjugate was then visualised by adding
Tetramethylbenzidine substrate which gave a blue reaction product after 10
minutes incubation at 37o Celsius. Sulphuric acid was added to stop the reaction
and this produced a yellow endpoint product. The amount of TPO specific IgG
was proportional to the intensity of the colour change. Absorbance at 450nm was
then read using the ELISA micro well plate reader spectrophotometrically within
15 minutes. The lowest detectable limit of the assay was 5 U/mL.
The thyroglobulin antibody ELISA kit is an in-vitro kit intended for the
quantitative measurement of autoantibodies to thyroglobulin in human serum.
The micro-plate wells had been pre-coated with purified thyroglobulin antigen
which acts as the solid phase from the manufacturer. Serum test sample was
added to the pre-coated wells which was followed by washing to get rid of
unbound antibodies after incubation for 30 minutes at 37o Celsius. An enzyme
conjugate of horseradish peroxidase (HRP) labelled anti-human IgG antibody
(secondary enzyme-labelled antibody) was added and re-incubated at 37o Celsius
for 30minutes. This forms an antigen-antibody-secondary antibody-enzyme
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complex. Another washing is done before adding to rid the unbound conjugate
and visualise the bound by adding the Tetramethylbenzidine substrate which
gave a blue reaction product after 10 minutes incubation at 37o Celsius. Sulphuric
acid was added to stop the reaction and the absorbance read within 15 minutes at
450nm with the plate reader. The lowest detectable limit for the assay was 4 U/mL
TPO-abs/TG-abs >100 U/mL was considered as positive. This concentration is the
most widely used threshold of thyroperoxidase and thyroglobulin antibodies
regarded as positive (Bussen et al., 2000; Thangaratinam et al., 2011).
A combined APL IgG/IgM ELISA kit found to be highly specific compared to
other individual kits for the antiphospholipid antibodies was used for this study
(Suh-Lailam et al., 2012). The antiphospholipid antibody kit is a combined APL
IgG/IgM ELISA kit for the quantitative in-vitro assay for the determination of
antiphospholipid antibody concentrations in human serum. The kit uses a precoated wells coated with purified phospholipid antigens which forms the solid
phase. Serum test sample was added to the wells and incubated at 37o Celsius for
30 minutes. Afterwards, the wells were washed and an enzyme conjugate of
horseradish peroxidase (HRP) labelled anti-human IgG/IgM antibody (secondary
enzyme-labelled antibody) was added and re-incubated at 37o Celsius for 30
minutes to form an antigen-antibody-enzyme-antibody complex. Another
washing is done before adding to rid the unbound conjugate and visualise the
bound by adding the Tetramethylbenzidine substrate which gave a blue reaction
product after 10 minutes incubation at 37o Celsius. Sulphuric acid was added to
stop the reaction and the absorbance read within 15 minutes at 450nm with the
plate reader. The lowest detectable limit for the assay was 0.5 U/mL. APL-abs ≥10
U/mL was considered as positive.
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3.7.

STATISTICAL ANALYSIS

Statistical difference between groups (two) were computed using independent Ttest and Mann-Whitney U test for parametric and non-parametric data
respectively. ANOVA and Kruskal Wallis test were also used to compare more
than three groups and appropriate post –Hoc test and between group
comparisons done, with appropriately adjusted alpha value. Chi-square analysis
was used to compare proportions. Statistical significance was achieved at a pvalue < 0.05.
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4.0

CHAPTER FOUR

4.1.

RESULTS

4.1.1.

Socio-demographic Characteristics of Study Population

Table 4.1 displays the distribution of socio-demographic parameters among
infertile and fertile study participants. The study comprised a total of 52 infertile
women and 38 fertile women age between 17 and 36 years old. In reference to age
distribution, 1.9% of the infertile women and 26.3% of the fertile women were
aged between 17 and 23 years. 71.2% of the infertile women and 44.7% of the fertile
women were aged between 24 and 30 years. 26.9% of the infertile women and
28.9% of the fertile women were aged between 31 and 36 years. There was
significantly association between age and infertility, χ2 (2) = 14.308, p=0.001.
Educational status was defined as the maximum educational level of the
participant at the time of the study. 9.6% of the infertile women and 15.8% of the
fertile women were illiterates with no formal education. 13.5% of the infertile
women and 10.5% of the fertile women had primary education. It was clear that,
majority of the participants had secondary education making up 48.1% of the
infertile women and 50% of the fertile women. 28.8% of the infertile women had
tertiary education while 23.7% of the fertile women had the same. Educational
status was comparable between infertile and fertile study participants, p=0.784.
With respect to occupation, 1.9% of the infertile women were unemployed while
13.2% of the fertile women were unemployed. The remaining employed
participants were classified either as self-employed or publicly employed. Selfemployed participants comprised traders, seamstresses, Hairdressers, caterers,
farmers, fish-mongers, pastors, waste managers, a cosmetologist, cleaner and a
missionary. It was clear that most of the participants were self-employed
comprising 71.2% of the infertile and 71.1% of the fertile women. Police women,
teachers, nurses and accountants were classified as publicly employed and made
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up 26.9% of the infertile women and 15.8% of the fertile women. Occupation was
comparable between infertile and fertile women, p=0.061.
Most of the participants married between the ages of 18 and 25 years making up
59.6% of the infertile women and 68.4% of the fertile women. 3.8% of the infertile
women married before 18 years while 10.5% of the fertile women also married
before 18 years. Few women married after 30 years comprising 11.5% of infertile
women and 2.6% of fertile women. The rest of the women married between 26
and 30 years. These were composed of 25% of the infertile women and 18.4% of
the fertile women. The age at which the infertile women got married was
comparable to that of the fertile women, p=0.193.
Years in marriage was defined as the time from continuous intimate cohabitation
with a man till the time of study. 71.2% of the infertile women had been married
for 1-5years while 57.9% of the fertile women had been married within that same
time spun. 19.2% of infertile women and 36.8% of fertile women had been married
for 6-10years. The remaining 9.6% of infertile women and 5.3% of the fertile
women had been married for more than 10years. Years of marriage was not
significantly associated with infertility, p=0.16.
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Table 4.1. Distribution of Socio-demographic Parameters among Study
Participants
Parameter

Age (Years)
17-23
24-30
31-36
Educational Status
Illiterate
Primary
Secondary
Tertiary
Occupation
Unemployed
Self-Employed
Publicly Employed
Age Got Married
(Years)
<18
18-25
26-30
>30
Years In Marriage
(Years)
*1-5
*6-10
>10

Infertile
Women
N=52

Fertile Women
N=38

Likelihood
Ratio (df)

P-value

14.308(2) 0.001**
1 (1.9%)
37 (71.2%)
14 (26.9%)

10 (26.3%)
17 (44.7%)
11 (28.9%)

5 (9.6%)
7 (13.5%)
25 (48.1%)
15 (28.8%)

6 (15.8%)
4 (10.5%)
19 (50.0%)
9 (23.7%)

1 (1.9%)
37 (71.2%)
14 (26.9%)

5 (13.2%)
27 (71.1%)
6 (15.8%)

1.070(3)

0.784

5.585(2)

0.061

4.726(3)
2 (3.8%)
31 (59.6%)
13 (25.0%)
6 (11.5%)

4 (10.5%)
26 (68.4%)
7 (18.4%)
1 (2.6%)
3.667(2)

37 (71.2%)
10 (19.2%)
5 (9.6%)

22 (57.9%)
14 (36.8%)
2 (5.3%)

Results are expressed as: actual values (percentages)
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0.193

0.16

4.1.2.

Obstetric Characteristics and BMI of Study Population

Table 4.2 displays the distribution of obstetric parameters and BMI categories
among the study participants. 69% of the infertile women were nulliparous and
therefore had primary infertility. The rest were primiparous and multiparous
making up 27% and 4% respectively. 21% of the fertile women were primiparous
and 79% were multiparous. There was a highly significant association between
parity and infertility, χ2 (2) = 61.45, p=0.0001.
A little over half (58%) of the infertile participants had no history of spontaneous
abortion compared to 63% of the fertile women. Spontaneous abortion (SA) was
seen in 32% of the infertile women and 16% of the fertile women. The rest of the
women comprising 10% of the infertile women and 21% of the fertile women had
a history of recurrent abortion (RA). Recurrent abortion was defined as two or
more losses of pregnancy before 20 week gestation. Among the fertile women who
had RA (21%), none had lost more than two pregnancies while all those infertile
women with RA (10%) had lost three or more pregnancies at the time of the study.
It is clear that there was no relationship between a history of spontaneous abortion
(RA or SA) and infertility, p=0.103.
Still Birth was defined as a baby born dead on or after 28 weeks of gestation. 90%
and 95% of the infertile and fertile women had no history of still birth respectively.
The remaining participants had a history of one or more still births. There was no
association between still birth and infertility, p=0.446.
79% of the infertile women reported menstrual abnormalities compared to 37% of
the fertile women with no such history. The abnormalities included 13% with
dysmenorrhea, 21% with amenorrhea, 21% with oligomenorrhea and 8% with
menorrhagia among the infertile women. 11% dysmenorrhea, 0% amenorrhea,
26% oligomenorrhea and 0% menorrhagia was found among fertile women. There
was a highly significant association between type of menstrual abnormality and
infertility, χ2 (5) = 27.17, p=0.0001.
36

25% of the infertile women had a history of hormonal contraceptive use. Out of
this, 21% had used it for 3-5 years before the study and 4% had used it between 12 years. None had used it greater than five years or less than or equal to one year.
The remaining 75% had no history of hormonal contraceptive use. Among the
fertile women, 26% had a history of hormonal contraceptive use with 11%
between 3-5 years and 16% between 1-2 years. There was no significant association
between a history of hormonal contraceptive use and infertility, p=0.081.
BMI (kg/m2) was calculated as weight in kilograms divided by a square of the
height in meters. It was categorized into four groups as follows: underweight
(BMI<18kg/m2), normal weight (BMI= 18-24.9kg/m2), overweight (BMI=2529.9kg/m2) and Obese (BMI>30kg/m2). 3.8% of the infertile women were obese,
28.8% were overweight, 65.4% were normal weight and 1.9% were underweight.
These were comparable to the BMIs of the fertile women in the study comprising
10.5% obese, 21.1% overweight, 65.8% normal weight and 2.6% underweight (χ2
(4) =2.04, p=0.56).
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Table 4.2. Distribution of Obstetric Parameters and BMI categories among
Study Participants.
Infertile
Women

Fertile
Women

Pearson's

Fisher's Exact

N=52

N=38

χ2 (df)

(2 sided)P-Value

61.445(2)

0.0001***

Nulliparous
Primiparous

36 (69%)
14 (27%)

0(0%)
8 (21%)

Multiparous

2 (4%)

30 (79%)
4.552(2)

0.103

30 (58%)
17 (32%)
5 (10%)

24 (63%)
6 (16%)
8 (21%)
0.58(1)

0.446

16.30(1)

0.0001***

27.174(5)

0.0001***

0.20(1)

0.888

5.016(2)

0.081

3.37(4)

0.497

2.04 (4)

0.56

Parity

Abortus
None
SA
RA
Still Birth
None
1 Or More

47 (90%)
5 (10%)

36 (95%)
2 (5%)

Menstrual History
Normal Menses
Abnormal Menses
Menstrual Abnormality Type
None

11 (21%)

24 (63%)

41 (79%)

14 (37%)

11 (21%)

24 (63%)

Dysmenorrhea

7 (13%)

4 (11%)

Amenorrhea

11 (21%)

0 (0%)

Oligomenorrhea

11 (21%)

10 (26%)

Menorrhagia

4 (8%)

0 (0%)

> 1 Abnormality

8 (15%)

0 (0%)

History Of HCU
None
Yes

39 (75%)
13 (25%)

28 (74%)
10 (26%)

Years After HCU
None
1-2years
3-5years
>5years

39 (75%)
2 (4%)
11 (21%)
0 (0%)

28 (74%)
6 (16%)
4 (11%)
0 (0%)

Age At HCU Initiation
None
15-20
21-25
26-30
31-35

39 (75%)
5 (10%)
4 (8%)
4 (8%)
0 (0%)

28 (74%)
1 (3%)
4 (11%)
4 (11%)
1 (3%)

BMI Categories
Underweight
Normal weight
Overweight
Obese

1 (1.9%)
34 (65.4%)
15 (28.8%)
2 (3.8%)

1 (2.6%)
25 (65.8%)
8 (21.1%)
4 (10.5%)

Chi-Square Test: Results are expressed as: actual values (percentages), SA= Spontaneous
abortion, RA= Recurrent abortion, HCU= Hormonal contraceptive use, P-Value= Statistical
significance of infertile women compared to fertile women, *P-Value= Degree of significance.
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4.1.3.

Age, BMI and Diastolic Blood Pressure Distribution of Study
Participants

Table 4.3 shows the distribution of Age, body mass index, diastolic blood
pressures, and haematological parameters of the infertile women compared to the
fertile women. The mean age of the infertile women was 28.73±3.35 years and that
of the fertile women was 28.29±4.06 years. There was no significant difference
between the ages of our participants (p=0.574). Body mass index, haemoglobin
levels, platelet count and percentage haematocrit did not differ significantly
between infertile and fertile women (p=0.851). Diastolic blood pressure however
was slightly but significantly higher in the infertile women (78.44±13.92 mmHg)
compared to the fertile women (72.89±9.84mmHg), p=0.038. The mean plateletlymphocyte ratio (PLR) in the fertile group (133.20 ± 44.85) was moderately but
significantly higher than that of the infertile group (104.23±36.02), p=0.01.
Table 4.3. Age, BMI, DBP, and Haematological Parameters Compared between
Fertile and Infertile Women.
Parameter

Infertile women

Fertile women

P-value

N = 52

N= 38

P<0.05

Age

28.73±3.35

28.29±4.06

0.574

BMI

24.36±3.19

24.50±3.78

0.851

DBP

78.44±13.92

72.89±9.84

0.038*

HB (g/dI)

11.99±1.85

11.84±1.40

0.67

PLT (x10^3/µl)

251±73.22

274±96.91

0.212

104.23±36.02

133.20±44.85

0.01*

35.37±4.77

34.37±4.16

0.306

PLR
HCT (%)

Independent-Samples T test: N=Sample size; Data=Mean±Standard Deviation, BMI= Body
Mass Index, DBP=Diastolic Blood Pressure, HB=Haemoglobin, PLR= platelet lymphocyte ratio,
HCT%= Percentage Haematocrit, P-Value= Statistical significance of infertile women compared
to fertile women, *P-Value= Degree of significance.
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4.1.4.

Distribution of SBP, Autoantibodies and Haematological Parameters of
Study Participants

Table 4.4 shows the distribution of systolic blood pressure, autoantibodies and
haematological parameters among infertile women compared to fertile women.
The Systolic blood pressure of the infertile women (Median=120mmHg) were
significantly higher compared to the fertile women (Median=110mmHg), p=0.012.
The distribution of thyroperoxidase antibodies, thyroglobulin antibodies and
antiphospholipid antibodies levels were comparable between infertile and fertile
women (p>0.05). The distribution of Leukocytes, absolute neutrophil count and
neutrophil-lymphocyte ratio (NLR) were also significantly higher in the fertile
women compared to the infertile women (p=0.017, p=0.0001 and p=0.0001
respectively). Absolute lymphocyte count on the other hand was moderately but
significantly higher in the infertile group compared to the fertile group (P=0.002).
Table 4.4. SBP, Autoantibodies and Haematological Parameters Compared
between Infertile and Fertile Women.
Infertile

Fertile

women

women

N=52

N=38

Median

Median

SBP

120

TPO-abs

Parameter

Percentiles

P-value

Median (25th -75th)

P<0.05

110

118 (107.8-122.8)

0.012*

28.3

34.7

33.3 (6.1-70.0)

0.676

TG-abs

23

66.4

37.1 (2.7-123.2)

0.067

APL-abs

1.9

1.6

1.7 (0.4-4.0)

0.167

WBC (X10^3/µl

5.7

6.7

5.9 (4.9-7.1)

0.017*

#LYMPH (X10^3/µl

2.5

2.1

2.3 (1.9-2.6)

0.002**

# NEUT (x10^3/µl

2.6

3.8

2.9 (2.2-4.0)

0.0001**

NLR

1.1

1.8

1.2 (0.9-1.8)

0.0001***

Mann-Whitney U test: N=Sample size; Data=Median, Median (Interquartile Ranges),
SBP=Systolic Blood, TPO-abs= Thyroperoxidase Antibodies, TG-Abs= Thyroglobulin
Antibodies, APL-Abs= Antiphospholipid Antibodies, WBC= Leukocytes, #LYMPH= Absolute
lymphocyte count, #Neutrophil= Absolute Neutrophil Count, NLR= Neutrophil Lymphocyte
Ratio, P-Value= Statistical significance of infertile women compared to fertile women, *PValue= Degree of significance.

40

4.1.5.

Association between Autoantibodies and Infertility

Table 4.5 shows the association between women positive for the thyroid
autoantibodies, antiphospholipid antibodies and infertility. Infertility was found
to significantly associated with thyroperoxidase antibody positivity (TPO-abs >
100 U/mL) in this study; χ2 (1) = 7.047, p=0.011. Thyroglobulin antibody positivity
(TG-abs >100 U/mL) had no association with infertility and did not differ
significantly between cases and controls; p=0.357. Antiphospholipid antibody
positivity (APL-abs ≥10 U/mL) was also found to be significantly associated with
infertility, χ2 (1) = 5.55, p=0.02.
Table 4.5. Association between Autoantibodies and Infertility

Parameter
TPOabs

Positive
Negative

Infertile

Fertile

Women

Women

Frequency (%)

Frequency (%)

14 (26.9%)
38 (73.1%)
13 (25.0%)
39 (75.0%)

7.047

0.011*

0.907

0.357

5.55

0.02*

13 (28.9%)
25 (71.1%)

APL-abs
Positive
Negative

P-value

2 (5.3%)
36 (94.7%)

TG-abs
Positive
Negative

Pearson
χ2
Value

Fisher's
Exact
(2-sided)

7 (13.5%)
45 (86.5%)

0 (0.0%)
38 (100%)

Chi square test: Data= Observed count (percentages), TPO-abs= Thyroperoxiase antibodies, TGabs= Thyroglobulin Antibodies, APL-abs= Antiphospholipid Antibodies, Degree of freedom=
1, at P<0.05, P-Value= Statistical significance of infertile women compared to fertile women, *PValue= Degree of significance.
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4.1.6.

Distribution of BMI, DBP and Haematological Parameters of Infertile
Women with a History of Spontaneous Abortion

Table 4.6 shows the distribution of body mass index, diastolic blood pressure and
haematological parameters of infertile women with a history of spontaneous
abortion compared to those with no history. Body mass index, diastolic blood
pressure and all haematological parameters (PLT, HB, PLR, HCT %) did not differ
significantly between the infertile women with no history of spontaneous abortion
and those with a history of one or more abortions.
Table 4.6. Distribution of BMI, DBP, and Haematological Parameters of Women
with History of Spontaneous Abortion Compared With Those without Any
History in the Infertile Group
Infertile Women
No abortion

History of one or

History (N=30)

more abortions (N=22)

Parameter

Mean±SD

Mean±SD

P- value

BMI(Kg/m2)

23.92±2.98

24.96±3.43

0.247

DBP

78.03±16.65

79 ±9.33

0.807

PLT (x10^3/µl)

238.33±66.82

270.09±79.02

0.123

12.15±2.07

11.78±1.53

0.479

104.17±35.19

104.31±37.97

0.989

35.83±5.37

34.73±3.84

0.414

HB (g/dl)
PLR
HCT%

Independent-Samples T Test: N=Sample size; Data=Mean±Standard Deviation, BMI= Body
Mass Index, DBP=Diastolic Blood Pressure, HB=Haemoglobin, PLR= platelet lymphocyte ratio,
HCT= Haematocrit.
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4.1.7.

Distribution of SBP, Autoantibodies and Haematological Parameters of
Infertile Women with a History of Spontaneous Abortion

Table 4.7 shows the distribution of systolic blood pressure, autoantibodies and
haematological parameters of infertile women with a history of spontaneous
abortion compared to those with no history. The distribution of the thyroid
autoantibodies (TPO-abs and TG-abs) as well as the haematological parameters
(WBC, #LYMPH, #NEUT, NLR) was comparable between infertile women with
no history of spontaneous abortion and those with a history of one or more
abortions (p>0.05). The antiphospholipid antibody levels however was
significantly higher in the women with no history of abortion (Median=2.99 U/ml)
compared to those with a history (Median=1.14 U/ml); p=0.035.
Table 4.7. SBP, Autoantibodies and Haematological Parameters Compared
between Women with a History of Spontaneous Abortion and Those without
any History in the Infertile Group
Infertile women

history

History of one
or
more abortions

N=30

N=22

Percentiles

Parameter

Median

Median

Median (25th -75th)

Pvalue
P<0.05

SBP
TPO-abs
TG-abs
APL-abs
WBC (X103/µl)
#LYMPH (X103/µl)
# NEUT (x103/µl)
NLR

120.5
39.07
31.02
2.99
5.45
2.4
2.6
1.09

120
23.16
5.05
1.14
5.9
2.55
2.7
1.12

120 (110.0-128.5)
28.3 (4.3-148.7)
23.0 (0.0-109.2)
1.9 (0.6-5.0)
5.7 (4.6-6.6)
2.5 (2.0-3.1)
2.6 (2.0-3.1)
1.1 (0.8-1.3)

0.622
0.167
0.089
0.035*
0.282
0.153
0.604
0.774

No abortion

Mann-Whitney U test: N=Sample size; Data=Medians, Median (Interquartile Ranges),
SBP=Systolic Blood Pressure, TPO-abs= Thyroperoxidase Antibodies, TG-abs= Thyroglobulin
Antibodies, APL-abs= Antiphospholipid Antibodies, WBC= Leukocytes, #LYMPH= Absolute
lymphocyte count, #Neutrophil= Absolute Neutrophil Count, NLR= Neutrophil-Lymphocyte
Ratio, P-Value= Statistical significance of spontaneously aborting women compared with those
without such a history, *P-Value= Degree of Significance.
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4.1.8.

Distribution of BMI, DBP and Haematological Parameters of Infertile
Women with SA, RA and None

Table 4.8 shows the distribution of body mass index, diastolic blood pressure and
haematological parameters (PLT, HB, PLR, HCT %) of infertile women with no
history of spontaneous abortion (None), spontaneous abortion (SA) and recurrent
abortion (RA). Thrombocyte count (PLT) was found to significantly differ
between the groups; F (2, 49) =3.591 p=0.035. A Tukey Post-hoc test revealed that
the platelet count was moderately significantly higher in infertile women with
recurrent abortion (RA) (328.60± 78.93 x103/µl) compared to infertile women with
no history (238.33±66.82x103/µl), p=0.026, eta2=0.128. Body mass index,
haemoglobin level, platelet-lymphocyte ratio and percentage haematocrit were all
comparable between groups (p>0.05).
Table 4.8. Distribution of BMI, DBP, and Haematological Parameters of
Infertile Women with No History of Spontaneous Abortion Compared With
Spontaneous Abortion and Recurrent Abortion
Infertile Women
None

SA

RA

(N=30)

(N=17)

(N=5)

Mean±SD

Mean±SD

Mean±SD

BMI(Kg/m2)

23.92±2.98

24.82±3.90

25.46±0.72

DBP

78.03±16.65

79.88±10.15

76.00±5.48

PLT (x103/µl)

238.33±66.82 252.88±72.4 328.60±78.93

Parameter

HB (g/dl)
PLR
HCT%

12.15±2.07

11.58±1.61

12.46±1.12

104.17±35.19 101.62±40.3 113.44±30.62
35.83±5.37

34.61±4.05

35.37±4.77

Pvalue
F

Significant

P<0.05

Pairs

0.751

0.477

Nil

0.175

0.84

Nil

3.591

0.035*

None vs. RA

0.687

0.508

Nil

0.202

0.818

Nil

0.354

0.704

Nil

value

One-Way ANOVA: N=Sample size; Data=Mean±Standard Deviation, None= No history of
abortion, SA= spontaneous abortion, RA=Recurrent abortion, BMI= Body Mass Index,
DBP=Diastolic Blood Pressure, HB=Haemoglobin, PLR= platelet lymphocyte ratio, HCT=
Haematocrit, degrees of freedom (between, within groups) = (2, 49), Post-Hoc test of Tukey HSD
was significant at p<0.05, Eta2 for PLT=0.128.
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4.1.9.

Distribution of SBP, Autoantibodies and Haematological Parameters of
Infertile Women with No Abortion (None), SA and RA

Table 4.9 shows the distribution of systolic blood pressure, autoantibodies and
haematological indices among infertile women with no history of abortion
(None), spontaneous abortion (SA) and recurrent abortion (RA). Thyroperoxidase
antibodies were comparable between the three groups (p>0.05). Thyroglobulin
antibody levels however were found to be significantly higher among patients
with no history of abortion (Median= 31.02 U/mL) as compared to those with
spontaneous abortion (2.43 U/mL); H (2) =6.922, p=0.031. Also, antiphospholipid
antibodies were found to be significantly higher among infertile women with no
history of spontaneous abortion compared to those with spontaneous abortion; H
(2) =6.912, p=0.032). Systolic blood pressure and the haematological parameters
(WBC, #LYMPH, #NEUT, and NLR) on the other hand, did not differ significantly
between groups.
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Table 4.9. SBP, Autoantibodies and Haematological Parameters Compared Between Women with No History of Spontaneous
Abortion, Spontaneous Abortion and Recurrent Abortion
Infertile women

Parameter

None

SA

RA

N=30

N=17

N=5

Pvalue

Significant

χ2

P<0.05

Pairs

Percentiles

Median Median Median 50th (25th -75th)

SBP

120.5

120

112

120.0 (110.0-128.5)

4.064

0.131

Nil

TPO-abs

39.07

12.47

34.03

28.3 (4.3-148.7)

2.858

0.24

Nil

TG-abs
APL-abs
WBC (x103/µl)
#LYMPH(x103/µl)
# NEUT(x103/µl)
NLR

31.02
2.99
5.45
2.4
2.6
1.09

2.43
0.98
5.9
2.5
2.5
1.07

58.9
7.09
7.8
3.1
3.9
1.26

23.0 (0.0-109.2)
1.9 (0.6-5.0)
5.7 (4.6-6.6)
2.5 (2.0-3.1)
2.6 (2.0-3.1)
1.1 (0.8-1.3)

6.922
6.912
1.825
3.098
1.437
0.274

0.031*
0.032*
0.402
0.212
0.488
0.872

SA vs. None
SA vs. None
Nil
Nil
Nil
Nil

Kruskal-Wallis H test: N=Sample size; Data=Median, Median (Interquartile Ranges), SBP=Systolic Blood Pressure, TPO-abs= Thyroperoxidase Antibodies,
TG-abs= Thyroglobulin Antibodies, APL-abs= Antiphospholipid Antibodies, WBC= Leukocytes, #LYMPH= Absolute lymphocyte count, NLR=
Neutrophil-Lymphocyte Ratio, #Neutrophil= Absolute Neutrophil Count, P-Value= Statistical significance of spontaneously aborting women compared
with those without such a history, degree of freedom (df) =2, Bonferroni correction ( α=0.016).
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4.1.10. Association between Autoantibody Positivity and a History of

Spontaneous Abortion
Table 4.10 shows an association between autoantibody positivity and a history of
spontaneous abortion. Out of the 22 infertile women with a history of spontaneous
abortion, 18.2% were positive for the thyroperoxidase antibody, 18.2% were
positive for thyroglobulin antibody and only 4.5% were positive for
antiphospholipid antibody. There was no significant association between
antibody positivity and spontaneous abortion (p>0.05) among infertile women.
Table 4.10. Association between Autoantibody Positivity and History of
Spontaneous Abortion among Infertile Women
Infertile women

Parameter

No Abortion

Abortion

(N=30)

(N=22)

Pearson

Exact Test

Frequency
(%)

Frequency
(%)

χ2 Value

Sig.(2-sided)

1.481

0.344

0.945

0.518

2.602

0.216

TPO-abs
Positive
Negative

10 (33.3%)
20 (66.7%)

4 (18.2%)
18 (81.8%)

TG-abs
Positive
Negative

9 (30.0%)
21 (70.0%)

4 (18.2%)
18 (81.8%)

APL-abs
Positive
Negative

Fisher's

6 (20.0%)
24 (80.0%)

1 (4.5%)
21 (95.5%)

Chi square Test: Data= Observed count (percentages), TPO-abs=
Thyroperoxiase antibodies, TG-abs= Thyroglobulin Antibodies, APL-abs=
Antiphospholipid Antibodies, degree of freedom= 1, at P<0.05
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4.1.11. Odds Ratio of Autoantibody Positive Women’s Association with

Spontaneous Abortion
Table 4.11 shows the odds of thyroid autoantibodies (TPO-abs, TG-abs) positive
women or antiphospholipid antibody positive women’s likelihood to have a
history of spontaneous abortion. BOTH refers to women positive for the two
specified antibodies at the same time. ALL refers to women positive for all three
antibodies. The thyroid autoantibodies and the antiphospholipid antibodies
positive infertile women were found not to be significantly associated with a
history of spontaneous abortion (p>0.05). Those positive for two or more of the
autoantibodies were also not associated with any significant odds.
Table 4.11. Odds of Autoantibody Positive Women’s association with a
History of Spontaneous Abortion.
Parameter

OR (95% CI)

P-value

TPO-abs

0.44 (0.12-1.67)

0.23

TG-abs

0.52 (0.14-1.97)

0.335

APL-abs

0.19 (0.21-1.71)

0.139

BOTH (TPO+TG)

0.61 (0.16-2.4)

0.475

BOTH (TPO+APL-abs)

0.19 (0.21-1.71)

0.139

ALL (TPO+APL+TG-abs)

0.14 (0.21-1.71)

0.139

BOTH (TG+APL-abs)

0.19 (0.02-1.71)

0.139

Odds Ratio: TPO-abs= Thyroperoxidase antibodies, TG-abs= Thyroglobulin Antibodies, APLabs= Antiphospholipid Antibodies, OR (95%CI) = Odds ratio (95% confidence interval) with
degree of freedom= 1, at P<0.05.
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4.1.12. Distribution of Autoantibody Levels of Infertile Women with

Menstrual Abnormalities
Table 4.12 shows the distribution of thyroperoxidase, thyroglobulin and
antiphospholipid
abnormalities

antibody

compared

levels
with

of

infertile

those

women

without

any

with

menstrual

abnormality.

The

thyroperoxidase antibody, thyroglobulin antibody and antiphospholipid
antibody levels were found to be comparable between women with no menstrual
abnormality and those with one or more menstrual abnormality among infertile
group (p>0.05).
Table 4.12. Autoantibodies Compared Between Infertile Women with One or
More Menstrual Abnormalities and Those without Any Menstrual
Abnormality.
Infertile women
No
Menstrual

Have menstrual

abnormality

abnormality

(N=11)

(N=41)

Percentiles

P-value

Median

Median

Median (25th -75th)

P<0.05

TPO-abs

30.83

28.13

28.3(4.3-148.7)

0.902

TG-abs

45.58

22.9

23.0(0.0-109.2

0.244

APL-abs

2.19

1.87

1.9(0.6-5.0)

0.973

Parameter

Mann-Whitney U test: N=Sample size; Data=Medians, Median (Interquartile Ranges), TPOabs= Thyroperoxidase antibodies, TG-abs= Thyroglobulin Antibodies, APL-abs=
Antiphospholipid Antibodies, P-Value=Statistical significance of women with one or more
menstrual abnormalities compared with those without any abnormality.
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4.1.13. Association between Autoantibodies and Menstrual Abnormalities in

Infertile Women
Table 4.13 shows the association between autoantibodies and menstrual
abnormalities among the infertile women. Out of 41 women who had menstrual
abnormalities, 26.8% were positive for the thyroperoxidase antibody, 24.4% were
positive for the thyroglobulin antibody, 14.6% were positive for antiphospholipid
antibodies

and

24.4%

positive

for

both

thyroid

autoantibodies.

The

thyroperoxidase antibody positives and negatives were comparable between the
two groups; infertile women with menstrual abnormalities and those without any
menstrual abnormalities (χ2 (1) =0.001, p=1). The thyroglobulin antibody positives
and negatives were also comparable between the two groups; infertile women
with menstrual abnormalities versus those without any menstrual abnormalities
(χ2 (1) =0.038, p=1). Both (TPO+TG-abs) positives were comparable between the
two groups (χ2 (1) =0.188, p=1). Antiphospholipid antibody positives and
negatives were also comparable between the two groups (χ2 (1) =0.229, p=1).
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Table 4.13. Association between Autoantibodies and Menstrual Abnormalities
among Infertile Women
Infertile Women

Parameter

No Menstrual
abnormality
Frequency (%)

Menstrual
abnormality
Frequency (%)

TPO-abs
Positive
Negative

3 (27.3%)
8 (72.7%)
3 (27.3%)
8 (72.8%)

BOTH
Positive
(TPO+TG-abs)
Negative

1

0.038

1

0.229

1

0.188

1

10 (24.4%)
31 (75.6%)

APL-abs
Positive
Negative

0.001
11 (26.8%)
30 (73.1%)

TG-abs
Positive
Negative

Pearson's
χ2

Fisher's
Exact Test
(2-sided)

1 (9.1%)
10 (90.9%)

6 (14.6%)
35 (85.4%)

2 (18.2%)
9 (81.8%)

10 (24.4%)
31 (75.6%)

Chi square Test: Data= Observed count (percentages), TPO-abs= Thyroperoxidase antibodies,
TG-abs= Thyroglobulin Antibodies, BOTH (TPO+TG-abs) = women positive for both thyroid
autoantibodies, degree of freedom= 1, at P<0.05.
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4.1.14. Odds Ratio of Menstrual abnormality’s association with Autoantibody

Positivity among Infertile Women.
Table 4.14 shows the odds of an infertile woman with menstrual abnormalities’
likelihood to be autoantibody positive. Menstrual abnormalities among infertile
women were not found to be significantly associated with Thyroperoxidase
positive (OR (95% CI) =0.98, p=0.977) and thyroglobulin positivity (OR (95% CI)
=0.86, p=0.84). The odds of being APL-abs positive was 1.71 times greater among
infertile women with menstrual abnormalities compared to those without
menstrual abnormalities, but the association was not significant (OR (95%CI)
=1.71, p=0.636). Both (TPO + TG-abs) was defined as women positive for both
thyroperoxidase antibody and the thyroglobulin antibody at the same time. The
odds of being both (TPO+TG-abs) positive was also 1.45 times greater in infertile
women with menstrual abnormalities compared to those without menstrual
abnormalities though the difference was not significant (OR (95% CI) =1.45,
p=0.667).
Table 4.14. Odds Ratio of Autoantibody Positive Infertile Women’s association
with Menstrual Abnormality.
Parameter

OR (95% CI)

P-value

TPO-abs

0.98 (0.22-4.36)

0.977

TG-abs

0.86 (0.19-3.88)

0.845

APL-abs

*1.71 (0.18-15.95)

0.636

Both(TPO+TG-abs)

*1.45 (0.27-7.87)

0.667

Odds Ratio: TPO-abs= Thyroperoxidase antibodies, TG-abs= Thyroglobulin Antibodies, APLabs= Antiphospholipid Antibodies, OR (95%CI) = Odds ratio (95% confidence interval) with
degree of freedom= 1, at P<0.05.
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4.1.15. Correlation of Continuous Data Parameters among Infertile Women

Table 4.15 shows a Pearson correlation of age, body mass index, systolic blood
pressure,

diastolic

blood

pressure,

thyroperoxidase,

thyroglobulin

and

antiphospholipid antibody concentration among infertile women. Age inversely
correlated weakly but significantly with thyroperoxidase and thyroglobulin
antibody levels (r= -0.314, and r= -0.275, p<0.05 respectively). Age also weakly but
significantly correlated directly with leukocyte count (r= 0.285, p<0.05) and
absolute neutrophil count (r= 0.313, p<0.05). Body mass index did not correlate
significantly with any of the measured parameters among infertile women.
Systolic blood pressure strongly correlated directly and significantly with
diastolic blood pressure (r= 0.639, p<0.01). Thyroperoxidase antibodies strongly
correlated directly and significantly with thyroglobulin (r= 0.897, p<0.01) and
antiphospholipid antibodies (r=0.676, p<0.01). Thyroglobulin antibodies also
directly correlated strongly and significantly with antiphospholipid antibodies
(r=0.707, p<0.01). Haemoglobin levels strongly correlated directly and
significantly with absolute lymphocyte count (r= 0.359 p<0.01) and the percentage
haematocrit (r= 0.954, p<0.01) but inversely and significantly with the neutrophillymphocyte ratio (r= -0.457, p<0.01). Platelet count correlated directly but weakly
with the total leukocyte count (r=0.339, p<0.05) and absolute neutrophil count
(r=0.333, p<0.05) but strongly with the platelet-lymphocyte ratio (r=0.644, p<0.01).
Total leukocyte count correlated strongly with absolute lymphocyte count
(r=0.778, p<0.01) and absolute neutrophil count (r=0.846, p< 0.01). Absolute
lymphocyte count weakly correlated significantly with absolute neutrophil count
(r=0.348, p<0.05) and percentage haematocrit (r=0.313, p<0.05). Obviously absolute
lymphocyte count also strongly correlated inversely with the neutrophil
lymphocyte ratio (r= -0.478, p<0.01) and the platelet lymphocyte ratio (r= -0.519,
p<0.01). Additionally, the absolute lymphocyte count strongly correlated directly
with the neutrophil-lymphocyte ratio (r=0.592, p<0.01). The neutrophil
lymphocyte ratio strongly correlated directly with the platelet-lymphocyte ratio
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(r=0.492, p<0.01) and inversely with the percentage haematocrit (r= -0.473, p<0.01)
among infertile women.
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Table 4.15. Pearson Correlation among Age, Body Mass Index, Systolic Blood Pressure, Diastolic Blood Pressure, Autoantibodies and
Haematological Parameters of the Infertile Women
AGE
AGE
BMI
SBP
DBP

BMI
0.005

SBP

DBP

TPOabs

TGabs

APLabs

HB

PLT

WBC

#
#
NLR
LYMPH. NEUT.

PLR

HCT%

0.027

0.011

-.314*

-.275*

-0.129

-0.256

0.195

.285*

0.115

.313*

0.211

0.037

-0.242

-0.186

-0.098

0.171

0.138

0.133

0.122

0.251

0.02

0.078

-0.039

-0.079

0.125

0.202

.639**

-0.061

-0.07

-0.011

-0.22

-0.122

0.065

-0.018

0.13

0.178

-0.065

-0.189

-0.089

-0.112

-0.245

-0.13

-0.087

0.108

0.013

0.162

0.162

-0.085

-0.097

.897**

.676**

0.01

-0.024

-0.013

-0.037

-0.013

-0.035

-0.014

0.022

.707**

0.109

-0.054

-0.042

-0.062

-0.023

-0.022

0.003

0.13

0.07

0.122

0.005

-0.057

0.062

0.053

0.119

0.064

0.129

0.163

.359**

-0.038

-.457**

-0.135

.954**

.339*

0.238

.333*

0.088

.644**

0.136

.778**

.846**

0.122

-0.267

0.098

.348*

-.478**

-.519**

.313*

.592**

0.051

-0.099

.492**

-.473**

TPOabs
TG-abs
APLabs
HB
PLT
WBC
#
LYMPH
# NEUT
NLR
PLR

-0.078

HCT%
SBP=Systolic Blood Pressure, TPO-abs= Thyroperoxidase antibodies, TG-abs= Thyroglobulin Antibodies, APL-abs= Antiphospholipid, Antibodies,
WBC=Leukocytes, #LYMPH= count, #Neutrophil= Absolute Neutrophil Count, NLR= Neutrophil-Lymphocyte Ratio, Correlation was level * significant at
the 0.05; ** correlation was significant at the 0.01 level .
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4.1.16. Correlation of Continuous Data Parameters of Fertile Women

Table 4.16 displays the Pearson correlation of age, body mass index, systolic blood
pressure,

diastolic

blood

pressure,

thyroperoxidase,

thyroglobulin

and

antiphospholipid antibody concentration among fertile women.
Age significantly correlated directly but weakly with thyroglobulin antibodies
among the fertile women (r=0.366, p<0.05). Age also inversely correlated weakly
but significantly with total leukocyte count (R= -0.374, P<0.05) and absolute
neutrophil count (r= -0.374, p<0.05). Body mass index did not correlate
significantly with any of the measured parameters among the fertile women.
Systolic blood pressure strongly correlated directly and significantly with
diastolic blood pressure (r= 0.639, p<0.01), thyroglobulin antibodies (r=0.454,
p<0.01) and antiphospholipid antibodies (r=0.489, p<0.01). Diastolic blood
pressure also strongly correlated directly and significantly with thyroglobulin
antibodies (r=0.417, p<0.01) and antiphospholipid antibodies (r=0.547, p<0.01).
Thyroperoxidase antibodies strongly correlated directly and significantly with
thyroglobulin antibodies (r= 0.496, p<0.01) but weakly with antiphospholipid
antibodies (r=0.362, p<0.05). Thyroglobulin antibodies on the other hand did not
correlate significantly with antiphospholipid antibodies among fertile women.
Haemoglobin levels weakly correlated inversely and significantly with absolute
neutrophil count (r= -0.326 p<0.05) and the neutrophil lymphocyte ratio (r= -0.395,
p<0.05) while it strongly correlated directly and significantly with the percentage
haematocrit (r= 0.974, p<0.01). Platelet count correlated directly but weakly with
the absolute lymphocyte count (r=0.368, p<0.05) but strongly with the plateletlymphocyte ratio (r=0.751, p<0.01). Total leukocyte count correlated weakly with
absolute lymphocyte count (r=0.397, p<0.05) but strongly and significantly with
the absolute neutrophil count (r=0.931, p< 0.01) and the neutrophil lymphocyte
ratio (r=0.698, p<0.01). Absolute lymphocyte count weakly correlated inversely
but significantly with the neutrophil lymphocyte ratio (r= -0.326, p<0.05).
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Obviously, the absolute neutrophil count strongly correlated directly with the
neutrophil-lymphocyte ratio (r=0.887, p<0.01) but weakly and inversely with the
percentage haematocrit (r= -0.360, p<0.05). The neutrophil lymphocyte ratio
strongly correlated inversely with the percentage haematocrit (r= -0.469, p<0.01)
among the fertile women.
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Table 4.16. Pearson Correlation among Age, Body Mass Index, Systolic Blood Pressure, Diastolic Blood Pressure, Autoantibodies and
Haematological Parameters of the Fertile Women.
AGE
AGE
BMI
SBP
DBP
TPO-abs
TG-abs

BMI

SBP

DBP

TPO-abs

TGabs

APLabs

HB

PLT

WBC

#
LYMPH

# NEUT

NLR

PLR

HCT%

0.179

0.187

0.269

0.232

.366*

0.237

0.186

-0.209

-.374*

-0.279

-.374*

-0.203

-0.044

0.219

0.049

-0.013

0.192

0.159

-0.065

0.02

0.034

0.157

0.242

0.098

0.028

-0.102

0.036

.785**

0.254

.454**

.489**

0.053

-0.238

0.179

0.011

0.052

0.082

-0.22

0.087

0.248

.417**

.547**

0.102

-0.114

0.202

-0.112

0.153

0.228

-0.005

0.091

.496**

.362*

0.091

0.029

0.101

-0.073

0.111

0.144

0.095

0.063

0.299

0.236

-0.13

0.037

0.065

-0.036

-0.055

-0.16

0.229

0.12

-0.08

0.185

0.001

0.209

0.156

-0.085

0.086

0.091

-0.273

0.172

-.326*

-.395*

-0.037

.974**

0.216

.368*

0.164

0.029

.751**

0.07

.397*

.931**

.698**

-0.045

-0.269

0.122

-.326*

-0.307

0.236

.887**

0.078

-.360*

0.256

-.469**

APL-abs
HB
PLT
WBC
# LYMPH
# NEUT
NLR
PLR

-0.111

HCT%
SBP=Systolic Blood Pressure, TPO-abs= Thyroperoxidase antibodies, TG-abs= Thyroglobulin Antibodies, APL-abs= Antiphospholipid, Antibodies,
WBC=Leukocytes, #LYMPH= count, #Neutrophil= Absolute Neutrophil Count, NLR= Neutrophil- Lymphocyte Ratio, Correlation was level * significant at
the 0.05; ** correlation was significant at the 0.01 level.
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5.0

CHAPTER FIVE

5.1.

DISCUSSION

5.1.1.

Relationship between Thyroid Autoantibodies, Infertility and a History
of Spontaneous abortion.

The association between the presence of thyroid autoantibodies and female
infertility, especially as it relates to spontaneous abortion, have been established
in most studies in recent times (Thangaratinam et al., 2011). Though their presence
have been reported in women of reproductive age to range between 5-20%,
increasing levels are reported in women with miscarriage and infertility ranging
between 14-33% (Poppe et al., 2008). In this current study, Infertile women were
significantly more likely to be TPO-abs positive (TPO-abs >100 U/mL) as
compared to their fertile counterparts and the prevalence of TPO-abs positivity
was 26.9% among infertile women and 18.2% among infertile women with a
history of spontaneous abortion, consistent with Poppe et al. (2008) (Table 4.5 and
Table 4.10 ). Despite this significant association with infertility, women with a
history of spontaneous abortion were not significantly associated with the
presence of TPO-abs (Table 4.7 and Table 4.10), neither was the presence of TPOabs associated with a history of recurrent abortion (RA) (Table 4.9). This outcome
in the present study was also consistent with studies by Ashrafi et al. (2007) who
also found no significant association between the presence of TPO-abs and RA. It
is reported that TPO-abs positive women are unable to mount the required
immune response to sustain the implanted foetus and this may lead to pregnancy
loss (Thangaratinam et al., 2011) however, the pathogenesis of RA is multifactorial
and up to 50% of the aetiology could be attributable to some genetic, uterine and
hormonal factors (Ashrafi et al., 2007).
Thyroglobulin antibody positivity (TG-abs >100U/mL) was not associated with
infertility, nor a history of spontaneous abortion in the present study (Table 4.5
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and Table 4.10). Significantly higher levels of TG-abs were found in infertile
women with no history of spontaneous abortion compared to those with
spontaneous abortion (SA) (Table 4.9). This study confirms previous reports that
the presence of thyroglobulin antibodies may not be associated with recurrent
abortion (Kutteh et al., 1999a). Rushworth et al. (2000) in a study of non-pregnant
women with a history of more than two pregnancy losses reported TG-abs to be
present in only 5% and found no association between spontaneous abortion and
the presence of thyroid autoantibodies. In the present study among infertile
women with a history of spontaneous abortion, TG-abs positives were found in
18.2% of them. The differences in TG-abs prevalence in their study however may
be attributable to the fact that their study population were women with a history
of spontaneous abortion and not necessarily infertile women as well as differences
in sample size. It has been noted that in women with spontaneous abortion, the
presence of thyroid autoantibodies may not necessarily be as a result of thyroid
dysfunction but could be as a result of other abnormal autoimmune activation.
Contrary to the findings of our present study and that of Kutteh et al. (1999a) and
Rushworth et al. (2000), a recent study found that thyroid autoantibody positive
women (TPO-abs and/or TG-abs) had lower rates of fertilization, implantation,
pregnancy and high abortion (Zhong et al., 2012). The difference in the outcome
of their study and this current one may be due to the differences in study design.
Their study involved in-vitro fertilisation and embryo transfer outcome and
conditions that regulate these processes in-utero will certainly vary.
5.1.2.

Relationship between Antiphospholipid Antibodies (APL-Abs),
Infertility and Spontaneous Abortion.

APL-abs have been identified to cause the antiphospholipid syndrome (APS)
which

is characterized by

vascular thrombosis,

pregnancy

morbidity,

thrombocytopenia, recurrent foetal loss, pregnancy induced hypertension,
intrauterine growth retardation and prematurity (Shetty and Ghosh, 2009). In the
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present study we found that infertile women were significantly more likely to be
positive for the APL-abs (APL-abs≥10U/mL) antibodies compared to their fertile
counterparts (Table 4.5). The prevalence of APL-abs positives among infertile
women was 13.5%. APL positivity however was not associated with a history of
spontaneous abortion (Table 4.10). The median concentration of APL-abs however
was much higher among infertile women with no abortion as compared to those
with SA (Table 4.9).
The 13.5% prevalence finding in this study was consistent with the findings of
Birdsall et al. (1996) who reported a prevalence of 15% among infertile women
undergoing IVF. Similarly in that study, APL-abs positives was not significantly
associated with a history of spontaneous abortion. Buckingham and Chamley
(2009) observed that there was no evidence that APL-abs are associated with
implantation failure and hence spontaneous abortion despite their high levels
reported among infertile population as compared to the fertile population.
However recent reviews have elucidated possible mechanisms by which the APLabs affect the foeto-placental unit (Marchetti et al., 2013). Antiphospholipids bind
mainly the 𝛽2GP1 which is a free cationic protein in the plasma to illicit their effect
on the trophoblastic cell surface either by thrombosis, inflammation,
immunomodulation and defective placentation. Other mechanisms on the
endometrial cells have also been elucidated (Marchetti et al., 2013). In the current
study, infertile patients with a history of spontaneous abortion were not classified
as having antiphospholipid syndrome and that could have accounted for the
outcome.
5.1.3.

Relationship between BMI, Infertility and Menstrual Abnormalities

Steeg et al. (2008) related obesity with lower pregnancy rates in sub-fertile women
while Balen et al. (2007) associated obesity with only some signs of poor
reproductive function like menstrual abnormalities and greater risk of
miscarriage. Jungheim et al. (2012) described the association with reproductive
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function as complex and difficult to establish a linear relationship. In the present
study, the prevalence of overweight among infertile women (BMI: 25-29.9 kg/m2)
was 28.8% (Table 4.2). This was consistent with a study conducted by
Shanthakumari et al. (2014), and Zeidan (2015) who found a 26.7% and 24%
prevalence of overweight respectively. The prevalence of obesity in this present
study was 3.8% among infertile women. These differed from 8.3% and 65% found
by Shanthakumari et al. (2014) and Zeidan (2015) respectively. The differences
might be due to genetic or environmental variance between the individual study
populations. While the current study was carried out in Ghana, those of
Shanthakumari et al. (2014) and Zeidan (2015) were undertaken in India and
Bagdad respectively. The mean BMI in the present study was comparable between
fertile (24.50±3.78 kg/m2) and infertile women (24.36±3.19 kg/m2) (Table 4.3). On
the contrary, Wise et al. (2013) found that obesity as measured by BMI was
associated with delayed conception and thus subfertility. The relationship
between obesity and infertility is complex and as such a simple linear relationship
may be difficult to establish (Jungheim et al., 2012).
In the present study BMI was comparable between infertile women with a history
of spontaneous abortion and those without spontaneous abortion (Table 4.6). BMI
also did not differ between infertile women with no abortion, SA and RA (Table
4.5). This finding was not consistent with Bellver et al. (2003) who found that
obesity as measured by BMI increases the risk of miscarriage. The differences in
outcome may be due to differences in study population and genetic or
environmental factors. Bellver’s population involved women recipients of ovum
donation and the outcome of the implanted ovum, which may be affected by
many factors including the quality of the ovum and allograft rejection. Further his
study population was in Spain and such a population differs in genetic and
environmental factors in comparison to the infertile Ghanaian population in the
current study.
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5.1.4.

Relationship between Haematological Parameters, Systolic and
Diastolic Blood Pressure and Infertility

Platelet-lymphocyte ratio (PLR) and neutrophil-lymphocyte ratio (NLR) have
been reported as non-specific markers of inflammation in the peripheral blood
(Cakmak et al., 2015). Infertility due to autoimmune thyroiditis or the
antiphospholipid syndrome has been described as an inflammatory process
(Giannakopoulos and Krilis, 2013; Marchetti et al., 2013; Vissenberg et al., 2015).
We therefore hypothesized that infertility, as a result of these may be associated
with changes in peripheral blood haematological parameters such as NLR, PLR,
platelet count, absolute lymphocyte count and absolute neutrophil count. In the
present study, we observed that the mean PLR and median NLR, total leukocytes
and absolute neutrophil count in the peripheral blood was significantly higher in
fertile women compared to the infertile women (Table 4.3 and Table 4.4).
However, absolute lymphocyte count was significantly higher in infertile women
as compared to the fertile women. Platelet count was comparable between the two
groups. The high difference in NLR, PLR, total leukocytes and absolute
neutrophils in our fertile group may be due the fact that most (92.1%) of our fertile
controls had just freshly delivered (less than 2 weeks). Leucocytosis has been
reported to prevail in the pregnant state primarily due to the physiological stress
during pregnancy and the stress of delivery and it takes approximately four
weeks or greater for this state to be restored (Chandra et al., 2012). Therefore, the
relative differences in these parameters (NLR, PLR, total leukocytes and absolute
neutrophils) between our cases (infertile women) and controls (fertile women)
may not be of clinical relevance. In response to pregnancy, the modulation of the
immune response (change and interchange between TH1 to TH2) to accommodate
the allograft may have accounted for the relatively low absolute lymphocyte count
in our fertile group and normal physiological levels is only restored after
approximately four weeks postpartum ((Mor et al., 2011; Chandra et al., 2012).
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Some studies have reported the prevalence of pulmonary arterial hypertension to
be higher in patients with autoimmune thyroid disease (Chu et al., 2002). In the
present study, Systolic and diastolic blood pressure were significantly higher
among infertile women as compared to the fertile women (Table 4.3 and Table
4.4). This finding was not consistent with Farland et al., 2015 who found that
infertile women were at no greater risk of hypertension compared to controls, but
rather those with tubal disease were at a higher risk. The differences in outcome
of his study compared to the present study might be due to the differences in
sample size and study population. While the controls in the present study were
comprised of mostly fertile women with birth not more than three months, the
controls in his study were females who had never reported infertility. The
outcome in the present study is expected because high blood pressure in
pregnancy is mostly associated with pre-eclampsia and none of the controls had
any history of pre-eclampsia. Their normal blood physiological pressure in
pregnancy remains a few days to a week postpartum. Infertile women may have
some psychological stress that could induce an effect on their systolic and diastolic
blood pressures as a result of societal and family pressure on them to conceive.
Again, the present study however did not find any association between blood
pressure and spontaneous abortion (Table 4.6, Table 4.7, Table 4.8 and Table 4.9).
5.1.5.

Relationship between Autoantibodies and Menstrual Abnormalities

Many women who present with a thyroid dysfunction experience some form of
menstrual abnormalities and thyroid autoimmunity is described as the
commonest cause of hypothyroidism (Hollowell et al., 2002). Ghoraishian et al.
(2006) found that among individuals with high thyroid stimulating hormone
(TSH) levels, 64.45% had significantly high TPO-abs levels (>100U/mL), the
occurrence of which has been correlated to be of prognostic significance in overt
hypothyroidism when TSH is above 2mIU/L (Vanderpump et al., 1995).
Approximately 23% of hypothyroid women present with menstrual abnormalities
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because severe hypothyroidism is associated with ovulatory dysfunction (Poppe
and Glinoer, 2003). In the present study, the prevalence of menstrual abnormality
among infertile women was 79% and significantly higher than that of fertile
women (37%). The odds of being positive for both (TO+TG-abs) was 1.45 times
greater in those infertile women having menstrual abnormalities compared to
those without menstrual abnormalities (Table 4.14). This outcome was similar for
women who tested positive for only APL-abs (OR (95% CI) =1.71, p=0.67). Thyroid
autoantibodies was present in 24% to 27% of infertile women with menstrual
abnormalities (Table 4.13). This finding is similar to that of Ajmani et al. (2015)
who also found that autoimmune thyroid antibodies were present in 30% of
women with menstrual abnormalities. There is no reported established
relationship between antiphospholipid antibodies and menstrual abnormalities.
5.1.6.

Correlation among Autoantibodies and Haematological Parameters

In the present study, we found that age inversely correlated weakly but
significantly with thyroperoxidase and thyroglobulin antibody levels among
infertile women (Table 4.15). On the other hand among fertile women, age
correlation positively with only thyroglobulin antibodies. Antiphospholipid
antibodies did not correlate with age. This was consistent with Ruiz et al. (1996).
Ashrafi et al. (2007) found no correlation between age and thyroid autoantibodies.
Although it is expected that autoimmune antibodies increase with increasing age
because of the association of age with infertility, age alone cannot account for the
levels of autoantibodies among fertile women (Kutteh et al., 1999b).
Systolic and diastolic blood pressures correlated directly and strongly with TGabs and APL-abs among the fertile women (Table 4.16). Antiphospholipid
syndrome which is characterized by the presence of APL-abs presents with
pregnancy induced hypertension (Shetty and Ghosh, 2009) and most of our fertile
participants had freshly delivered (less than two weeks). Chu et al., 2002, reported
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a significant association between thyroid autoimmunity and pulmonary arterial
hypertension.
TPO-abs correlated directly and strongly with both TG-abs and APL-abs among
infertile women (Table 4.15). Again among fertile women, TPO-abs correlated
directly and strongly with TG-abs and moderately with APL-abs. This outcome is
expected because these autoantibodies are all associated with infertility and in
most studies also associated with miscarriage (Thangaratinam et al., 2011; Zhong
et al., 2012). Therefore, they are all associated with the same outcome.
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6.0

CHAPTER SIX

CONCLUSION AND RECOMMENDATIONS
CONCLUSION

6.1.



Among Ghanaians, infertile women are more likely to be TPO-abs positive
and APL-abs positive but these association does not relate directly with a
history of spontaneous abortion.



Although infertile women with menstrual abnormalities have a higher
odds of being positive for both of the thyroid autoantibodies, the
association is not significant.



TG-abs are not directly associated with infertility, neither is it associated
with spontaneous abortion among infertile women.



BMI does not differ between fertile and infertile women. BMI is comparable
among infertile women with no history of spontaneous abortion, SA’s and
RA’s.



NLR, PLR, #NEUT and #Lymph do not correlate with the presence of
autoantibodies (TPO-abs, TG-abs, APL-abs) in infertile women.

RECOMMENDATIONS

6.2.



Autoantibody screening should be carried out as part of a routine check for
all infertile women seeking fertility care for appropriate intervention.



Prospective studies should be carried out to elucidate the effects of the
presence of TPO-abs and APL-abs in infertile women apart from
spontaneous abortion using a larger sample size.
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ETHICAL APPROVAL

78

8.2.

QUESTIONAIRE

PROJECT TOPIC: Immunological factors associated with female infertility in Ghana:
antithyroid and antiphospholipid antibodies.
Any information obtained from you shall be used ONLY for the purpose of this study
and CANNOT BE TRACEABLE TO YOU. You are at liberty to decide not to answer
any question you deem unfit. ((Please answer/thick appropriately).
STUDY ID: …………………………………..
AGE: ….................

DATE: …………………………

EDUCATIONAL LEVEL:
……………………………………………………………………………………………
………………………………………………………………………….
OCCUPATION:
……………………………………………………………………………………………
…………………………………………………..
Clinical/Personal Information
1. How many children do you have? (Parity) ………………………
2. How long have you been married? a.[ ] 1-5years b. [ ] 6-10years

c. [ ]

>10years
3. How old were you when you got married? a.[ ] <18years b. [ ]18-25years c.[
]25-30years d.[ ] >30years
4. When was the last time you gave birth? a. [ ] 1-5yrs b. [ ] >5yrs c. [ ] Never
given birth
5. How long (years) have you desired to get pregnant without contraception?
a. [ ] <1year b. [ ] 1-2years c. [ ] 3- 5years d. [ ] >5years
6. Have you ever lost a pregnancy before? a. [ ] Yes
many times?

b. [ ] No. If yes how

a. [ ] once b. [ ] twice c. [ ] 3-5 times d. [ ] >5times

7. If yes, how long did you carry the pregnancy before losing your last pregnancy?
a. [ ] < 1 month b. [ ] 1-3 months c. [ ] 4-6 months d. [ ] 7-9 months e. [ ]
N/A
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8. If yes did you have any of these adverse effects in that pregnancy? (Please tick)
a. [ ] none b. [ ] gestational diabetes c. [ ] anaemia d. [ ] fainting spells
e. [ ] pre-eclampsia

f. [ ] others (please specify)……………………………

9. Do you know of any female family member who could not deliver after one year
of trying?
a. Yes [ ] b. No [ ]. If yes, did she also lose any pregnancy? ..................... If
yes how many times? a. [ ] once b. [ ] twice c. [ ] 3-5 times d. [ ] >5times
10. Have you ever suffered still birth? a. [ ] Yes

b. [ ] No. If yes how many

times?
a. [ ] once b. [ ] twice c. [ ] thrice d. [ ] >3times
11. Do you know what kind of problem is causing the infertility condition? a. [ ]
Yes

b. [ ] No. If yes what is the name of the problem?

...................................................
12. Which date of the month did you have your last menses? Please state
………..................
13. Do you have irregular menstruation? a. [ ]

Yes b. [ ] No. If yes what type of

disorder is it? a. [ ] oligomenorrhea b. [ ] amenorrhea c. [ ] dysmenorrhea
d. [ ] endometriosis e. [ ] other (please state)…………………………………..
14. Do you have any of the following abnormal symptoms during menstruation?
a. [ ] Severe cramps b. [ ] fatigue c. [ ] fainting spells d.
Others……………………..
15. Are you taking any drug for the abnormal menses? a. [ ] Yes

b. [ ] No

If yes what is the name of the drug, if you know?
.........................................................
16. Are you on any drug for the infertility condition? a. [ ] Yes
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b. [ ] No

If yes, what is the name of the drug? .....................................................................
17. Have you ever been on any family planning contraceptive? a. [ ] Yes

b. [ ]

No If yes what was the name of the contraceptive? ……………………………
18. What type of family planning contraceptive does it belong to? if you know
a. [ ] Never used any contraceptive b. [ ] IUD
[ ] the Pill (combined oral contraceptive)

b. [ ] Implant c. [ ] injectable d.

e. [ ] progestin only Pill f. [ ] patch g.

[ ] hormonal vaginal contraceptive ring h. [ ] emergency contraception i. [ ]
Female/ Male condom
19. How long has it been since you stopped using the family planning contraceptive?
a. [ ] <1year

b. [ ] 1-2years

c. [ ] 3- 5years

d. [ ] >5years e. [ ] N/A

20. How old were you when you first used birth control? …(Age in years)
21. Has your husband ever done a semen analysis test before? a. [ ] Yes

b. [ ]

No. If yes what was the outcome of the test? a. [ ] Normal Semen test b. [ ]
low sperm count

c. [ ] poor sperm motility d. [ ] antisperm antibodies e. [

] I have no idea
22. Have you been diagnosed of any of the following infections in the past one year?
a. [ ] UTI
b. [ ] syphilis c. [ ] candidiasis d. [ ] gonorrhoea f. [ ] none g. [ ] other ………
23. Approximately how many hours do you spend at work? a. [ ] 6-8 hours b. [ ] 912 hours
c. [ ] >12 hours d. [ ] unemployed
24. How many days of the week are you present at work? a.[ ] <5days b. [ ] 5days
c. [ ] 6days d. [ ] 7days e. [ ] unemployed
25. Is your work stressful? a. [ ] Yes b. [ ] No If yes, how will you grade
yourself on a scale of 1-10 with reference to your stress level? (Personal stress
assessment, 0=no stress, 10= extremely stressful) ………………………………
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8.3.

PARTICIPANT INFORMATION LEAFLET AND CONSENT FORM

Title of the Research: Immunological factors associated with female infertility in
Ghana: antithyroid and antiphospholipid antibodies.
Names and Affiliations of Researchers:
This research is being conducted by Mr Isaac Acheampong, Department of
Molecular Medicine, School of Medical Sciences, Kwame Nkrumah University of
Science and Technology, Prof. (Mrs.) Margret T. Frempong, Department of
Molecular Medicine, School of Medical Sciences, Kwame Nkrumah University of
Science, Prof. A. T. Odoi, Department of Obstetrics and Gynaecology, Komfo
Anokye Teaching Hospital and Trust Care Specialist Hospital and Prof. C. A
Turpin, Department of Obstetrics and Gynaecology, Komfo Anokye Teaching
Hospital.
Background:
This research is about autoantibodies in infertility. Infertility is defined as absence
of conception after twelve months of sexual intercourse without contraception.
About 10% of the cause of infertility is unknown; however, most have been
associated with some autoantibodies. Several studies have given mixed reports
about the association between female infertility and the presence of
autoantibodies in the serum. Since Ghana has a high infertility prevalence of
11.8%, the findings from this study may therefore help clinicians to extend the
screening of infertile women to include these immunological culprits in order to
expedite appropriate treatment. It will also help scientist to know the impact of
autoantibodies on infertility in the Ghanaian female population.
Purpose of the Research:
The purpose of this study is to assess the association between a panel of
autoantibodies and infertile women in Ghana.
Procedure of the Research:
To accomplish the purpose of this research, about one and a half teaspoon
(approximately 5mls) of blood will be drawn from your arm using a syringe and
needle for laboratory investigations. You will also be required to fill a
questionnaire for the study. One hundred and sixty (160) participants would be
recruited for this research.
Risk:
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The blood sample taking can be inconvenient to you. You may feel slight pinching
sensation at the point on your arm where the blood will be drawn since a syringe
and needle would be used.
Benefit:
You would get to know if autoantibodies contribute to your infertility problem.
The outcome of this research in Ghana would also help clinicians to extend the
screening of infertile women to include these autoantibodies in order to expedite
appropriate treatment. It will also help scientist to know the impact of
autoantibodies on infertility in the Ghanaian female population.
Confidentiality:
All information which will be collected from you in this research will be given
code numbers. Data collected will not be linked to you in anyway. No name or
identifier will be used in any publication or reports from this research. However,
as part of our responsibility to conduct this research properly, we may allow
officials from the ethics committee to have access to your records.
Voluntariness:
Taking part in this research should be out of your own free will. You are not
under any obligation to take part in this research. This research is entirely
voluntary.
Alternatives to Participation:
If you choose not to participate in this research, your treatment in this hospital
will not be affected in any way.
Withdrawal from the Research:
You may choose to withdraw from the research at anytime without having to
explain yourself to the researchers. You may also choose not to answer any
question you find uncomfortable or private.
Consequence of Withdrawal:
There will be no consequence, loss of benefit or care to you if you choose to
withdraw from this research. Please note however that, some of the information
that may have been obtained from you, before you chose to withdraw, may have
been modified or used in analysis of reports and publications. These cannot be
removed anymore. We do promise to comply with your wishes as much as
practicable.
Contacts:
If you have any question concerning this research, please do not hesitate to contact
Mr. Isaac Acheampong (0248 273 152), Prof. (Mrs.) Margret T. Frempong (0208 186
136), or Prof. A.T Odoi (0208181056).
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Further, if you have any concern about the conduct of this research, your
welfare or your rights as a research participant, you may contact:
The Office of the Chairman
Committee on Human Research and Publication Ethics
Kumasi
Tel: 0322 063 248 or 0205 453 785
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CONSENT FORM
Statement of person obtaining informed consent:
I have fully explained this research to _________________________________ and
have given sufficient information about the research, including that on
procedures, risks and benefits, to enable the prospective participant to make an
informed decision to or not to participate.
DATE: _____________________

NAME: _________________________________

Statement of person giving consent:
I have read the information on this research or have had it translated into a
language I understand. I have also talked it over with the interviewer to my
satisfaction.
I understand that my participation is voluntary (not compulsory).
I know enough about the purpose, methods, risks and benefits of the research to
decide that I want to take part in it.
I understand that I may freely stop being part of this research at any time without
having to explain myself.
I have received a copy of this information leaflet and consent form to keep for
myself.
NAME: ________________________________________________________________
DATE: ___________________ SIGNATURE/THUMB PRINT: _________________
Statement of person witnessing consent (Process for Non-Literate Participants):
I ______________________________________ (Name of Witness) certify that
information given to _______________________________________ (Name of
Participant), in the local language, is a true reflection of what I have read from the
research Participant Information Leaflet, attached.
WITNESS’ SIGNATURE: ____________________________________
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Contacts: Please, if you have any question concerning this study, do not hesitate
to contact the researchers at the Department of Molecular Medicine, KNUST
1. MR ISAAC ACHEAMPONG
2. PROF. (MRS) M.T FREMPONG
If you have any concern regarding this study and would like to contact someone
at the blind side of the researchers, you are encouraged to contact,
The Head of Department
Department of Molecular Medicine
School of Medical Sciences
KNUST
Kumasi.
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