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Abstract
ABSTRACT

Background - Assisted reproduction is expensive, time-consuming and stressful
for patients. The development of sufficient number of follicles during ovarian
stimulation for IVF is a very important step towards a successful outcome. The
accurate determination of ovarian reserve continues to be a challenge for
reproductive physicians. Basal hormonal markers may contribute to the prediction
of ovarian reserve and as a reflection of the number of oocytes retrieved after
ovarian stimulation. Therefore, @ major challenge:tosythe IVF team is to predict
prospective patients who will. be low [responders. and to appropriately counsel
women who are potential candidates for assistedreproduction.

Aims - The aim of this study was to assess basal hormonal markers; LH, FSH and
prolactin and obesity markers; BMI and WHR as predictive markers of ovarian
response in IVF clients. Again it was to determine the effect of some lifestyle and
behavioural patterns like exercise and smoking on measurable outcomes of
ovarian stimulation by subjects who seek assisted conception.

Methods - A total of 104 subjects were recruited at the Lister hospital and fertility
centre in Accra =:Ghana for this study. Anthropometric measurements performed
included body mass index (BMI).and waist to hip ratio (WHR). Other lifestyle
features like exercise and smoking patterns were assessed from responses to a
provided questionnaire. Blood samples were drawn on second day of their
menstrual cycle in the month prior to the IVF procedure and basal LH, FSH and
prolactin assayed. A ratio of FSH/LH was calculated.

Results — Age, basal FSH and FSH/LH ratio of subjects showed a very significant
negative correlation«with- measured outcomes of owvarian stimulation. Poor
responders were significantly older than normal responders (median age; 40 vs. 36,
P =<0.01). Basal FSH was significantly higher in poor responders as against normal
responders (median FSH; 12.7 vs. 9.7, P = <0.05 respectively). In response to
lifestyle, all subjects who engaged in moderate to high forms of exercise recorded a
normal response after the ovarian stimulation protocol. Number of retrieved
oocytes and ovarian capacity were negatively correlated to both obesity indices;
WHR and BML

Conclusion - By way of predicting ovarian response, our study reveals that basal
FSH levels and FSH/LH ratio better predict response of subjects after ovarian
stimulation protocol. Obesity negatively impacts on outcomes of in-vitro

v



Abstract
fertilization process as it has a negative effect on the number of oocytes aspirated.
This could probably be due to the fact that in obese persons higher doses of
ovarian stimulation drugs are needed to generate a sizable pool of follicles for
fertilization.
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Introduction
Chapter 1

INTRODUCTION

1.1 GENERAL INTRODUCTION

The decline in female fecundity with age is caused mainly by decreased oocyte
quality in older women, as indicated by the superior results of oocyte donation
from younger to older women (Cghen, et al., 1999; Eaber ef al., 1997). In women
over 35 years of age, decreased 'oocyte,quality is associated with a prolonged time
to pregnancy and an increased risk of spontaneous abortions. Since the decline in
oocyte quality with age does not occur at the same rate in all women, there is a
demand for clinical tests identifying women with decreased oocyte quality at an
early age, in order to provide diagnostic and prognostic information (van

Montfrans et al., 2004).

Determination of ‘ovarian reserve’ is important before any expensive IVF
treatment is undertaken. Identification of both low and high responders prior to
treatment may decrease cycle cancellation rate and side effects, such as ovarian

hyperstimulation syndrome (OHSS) (Eldar-Geva et al., 2005).

The recruitment of an optimal number of follicles during an IVF treatment is
fundamental to the success of a treatment cycle. A poor ovarian response with a
small number of oocytes collected and even a smaller number of embryos available
for transfer, reduces the success rate (Loumaye et al., 1990; Roest et al., 1996). On
the other hand, an excessive ovarian response to stimulation increases the risk for

ovarian hyperstimulation syndrome (OHSS)(Navot et al., 1992).



Introduction
The availability of a screening test to predict the ovarian response would provide a

valuable means of assisting clinicians in selecting appropriate dose for stimulation,

individually tailored for each patient.

Prediction of ovarian response to stimulation for assisted reproductive techniques
is one of the major challenges awaiting the reproductive endocrinologist. While
age is the only demographic prognosticator of ovarian response, its predictive
value is limited (Check et al,1994; Develioglu et al., 1999; Toner et al., 1991).
Accordingly, a variety of tests, ihcluding dynamic tests such as the clomiphene
citrate challenge test (Develioglu et al., 1999), the gonadotrophin releasing hormone
agonist stimulation test (GAST) (Winslow et al., 1991), the exogenous follicle
stimulating hormone ovarian reserve test (EFORT) (Fanchin et al., 1994), and more
recently measurement of day 3 inhibin concentrations (Seifer et al., 1997) have all

been advocated as means.of prediction of ovarian response.

Measurement of basal serum concentrations of follicle stimulating hormone (FSH),
luteinizing hormone (LH) and oestradiol, however, remains currently the most

commonly employed method (Develioglu et al., 1999).

1.2 MAIN AIM

To use hormonal markers and some lifestyle and behavourial patterns to predict

ovarian response in IVF clients

1.3 OBJECTIVES

1. To assess basal FSH, LH and FSH/LH ratio as predictive markers of ovarian

response in a controlled ovarian stimulation (COS) of an IVF cycle
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2. To determine the relation between antral follicle count and retrieved oocyte

number following stimulation and ovarian hyperstimulation syndrome

(OHSS) in a COS

3. To assess pregnancy possibility above a set upper limit basal FSH level
beyond which subfertile patients are denied self IVF programs for fear of
poor ovarian response

4. To determine the effects’of some lifestyle factors such as smoking, regular

exercise pattens, caffeinte intake, body*Wweight, etc on IVF success

1.4 JUSTIFICATION

Infertility and its associated problems have been with us for a long time and for
our part of the world (Africa), at times, superstitious reasons are assigned to this.
Assisted reproductive techniques are also gradually catching up in Ghana. This
procedure however has its ownattending woes, not mentioning the heavy
financial burden involved. Unsuccessful clients, most of the times go through a lot

of emotional trauma.

The ovarian hyperstimulation syndrome (OHSS) is a dramatic iatrogenic
complication of gonadotrophin treatment, and can sometimes be fatal (Delvigne et

al., 2001).

This study therefore seeks to predict favourably or otherwise the outcome of IVF

treatment by use of basal hormonal markers (basal LH and FSH).
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Chapter 2
LITERATURE REVIEW

2.1 FEMALE REPRODUCTIVE PHYSIOLOGY

When a female child is born, each ovum is surrounded by a single layer of granulosa
cells; the ovum, with this granulosa cell sheath, is called a primordial follicle.
Throughout childhood, the granulosa cells are believed to provide nourishment for the
ovum and to secrete an oocyte maturation-inhibiting factor that keeps the ovum
suspended in its primordial state in the prophase stage of meiotic division. Then,
during and after puberty, when FSH and LH from the anterior pituitary gland begin to
be secreted in significant quantities, the ovaries, together with some of the follicles
within them, begin to grow. The hypothalamus secretes GnRH, which causes the

anterior pituitary gland to secrete LH and FSH (Guyton & Hall, 2006).

The normal reproductive years of the female are characterized by monthly rhythmical
changes in the rates of secretion of the female hormones and corresponding physical
changes in the ovaries and other sexual organs. This rhythmical pattern is called the
female monthly sexual cycle (or, less accurately, the menstrual cycle). The duration of
the cycle averages 28 days. The ovarian changes that occur during the sexual cycle
depend completely on the gonadotropic hormones FSH and LH, secreted by the
anterior pituitary gland. In the absence of these hormones, the ovaries remain inactive,
which is the case throughout childhood, when almost no pituitary gonadotropic
hormones are secreted. At age 9 to 12 years, the pituitary begins to secrete
progressively more FSH and LH, which leads to onset of normal monthly sexual cycles

(Guyton & Hall, 2006).
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During the first few days of each monthly female sexual cycle, the concentrations of

both FSH and LH secreted by the anterior pituitary gland increase slightly to
moderately, with the increase in FSH slightly greater than that of LH and preceding it
by a few days. These hormones, especially FSH, cause accelerated growth of 6 to 12
primary follicles each month. After the early proliferative phase of growth, lasting for
a few days, the mass of granulosa cells secrete a follicular fluid that contains a high
concentration of estrogen, one of the important female sex hormones. The early
growth of the primary follicle up to the antral stage is stimulated mainly by FSH alone.
Then greatly accelerated growth occuts, leadingto still'larger follicles called vesicular
follicles. This accelerated growth is caused by the following:

(1) Estrogen is secreted into the follicle and causes the granulosa cells to form
increasing numbers of FSH receptors; this causes a positive feedback effect, because it

makes the granulosa cells even more sensitive to FSH (Guyton & Hall, 2006)

(2) The pituitary FSH and the estrogens combine to promote LH receptors on the
original granulosa cells, thus allowing LH stimulation to occur in addition to FSH

stimulation and creating an even more rapid increase in follicular secretion (Guyton &

Hall, 2006)

(3) The increasing estrogens from the follicle plus the increasing LH from the anterior
pituitary gland act together to cause proliferation of the follicular thecal cells and
increase their secretion as well. After a week or more of growth — but before ovulation
occurs—one of the follicles begins to outgrow all the others; the remaining 5 to 11
developing follicles involute (a process called atresia), and these follicles are said to
become atretic. (Guyton & Hall, 2006)

Ovulation in a woman who has a normal 28-day female sexual cycle occurs 14 days

after the onset of menstruation. LH is necessary for final follicular growth and

5
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ovulation. About 2 days before ovulation, the rate of secretion of LH by the anterior

pituitary gland increases markedly, rising 6- to 10-fold and peaking about 16 hours
before ovulation. FSH also increases about 2-fold to 3-fold at the same time, and the
FSH and LH act synergistically to cause rapid swelling of the follicle during the last
few days before ovulation. The LH also has a specific effect on the granulosa and theca
cells, converting them mainly to progesterone-secreting cells. Therefore, the rate of
secretion of estrogen begins to fall about 1 day before ovulation, while increasing
amounts of progesterone begin to be secreted. It is'in this environment of (1) rapid
growth of the follicle, (2) diminishing estrogen“secretion after a prolonged phase of
excessive estrogen secretion, and (3) initiation of secretion of progesterone that
ovulation occurs. Without the initial preovulatory surge of LH, ovulation will not take

place. (Guyton & Hall, 2006)
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Estrogen in small amounts has a strong effect to inhibit the production of both LH and

FSH. Also, when progesterone is available, the inhibitory effect of estrogen is
multiplied, even though progesterone by itself has little effect. These feedback effects
seem to operate mainly on the anterior pituitary gland directly, but they also operate
to a lesser extent on the hypothalamus to decrease secretion of GnRH, especially by

altering the frequency of the GnRH pulses. (Guyton & Hall, 2006)

In addition to the feedback effects of estrogen and progesterone, other hormones seem
to be involved, especially inhibin which is secreted along with the steroid sex
hormones by the granulosa cells of the ovarian corpus luteum. This hormone inhibits
the secretion of FSH and, to a lesser extent, LH by the anterior pituitary gland.
Therefore, it is believed that inhibin might be especially important in causing the
decrease in secretion of FSH and LH at the end of the monthly female sexual cycle
(Guyton & Hall, 2006). Inhibins are multifunctional molecules involved in the control
of pituitary FSH secretion. A body of observational and experimental evidence from
several species, including the human, supports the concept that inhibins are gonadal
messengers that exert a physiological negative feedback control on FSH release at the

pituitary gland (Luisi et al., 2005).

The main physiological functions of the Gonadotrophins are well known. FSH
stimulates follicular maturation and granulosa cell oestrogen production in the ovary.
LH stimulates theca cell androgen production in the ovary, providing a substrate for
granulosa cell oestrogen production, triggers ovulation, and maintains the

progesterone production of the corpus luteum (Huhtaniemi, 2000).
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Current research indicates that anti-mullerian hormone (AMH) might play a role in

folliculogenesis. Anti-Mullerian Hormone (AMH) is a glycoprotein hormone that
belongs to the transforming growth factor (3 superfamily and is chiefly expressed in
the fetal testis to drive differentiation of the mammalian reproductive tract. In women,
granulosa cell production of AMH is barely detectable at birth and reaches the highest
values after puberty. During adulthood although AMH continues to be expressed at
basal and similar levels by both the Sertoli and granulosa cells, its biological role is

poorly understood (Fanchin et al., 2003)

Basic research data obtained from the adult ovary indicate that AMH is likely to be
involved in the regulation of follicular steroidogenesis. In addition, growing evidence
indicates that AMH mainly is expressed in pre-antral and early antral follicles and has
either direct or indirect roles in various phases of folliculogenesis, from the primordial
to FSH-sensitive follicular stages, probably via specific AMH type II receptors that are
expressed in granulosa. and theca cells. This suggests that, in contrast to other
hormonal markers of ovarian function, AMH secretion might concurrently reflect the
activity of pre-antral and early antral follicles, which makes it a promising parameter

in the evaluation of ovarian follicular reserve (Fanchin et al., 2003).

Studies investigating age-related changes in the hypothalamic— pituitary—ovarian axis
have consistently demonstrated physiological and endocrine changes associated with
reproductive ageing. One of the earliest signs of reproductive ageing is the FSH rise
observed throughout the menstrual cycle, but most prominently noted in the early
follicular phase of older ovulatory women (Burger et al., 1998; Klein et al., 1996; Lee et
al., 1988; Rannevik et al., 1995). The pituitary gland secretes FSH and luteinizing
hormone (LH) in a pulsatile manner in response to GnRH. While the FSH rise occurs

relatively early in reproductive ageing, a subtle rise in LH is only observed at a later
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stage and to a lesser degree, and LH does not demonstrate a sustained increase until

after the menopause (Kim et al., 1997)

2.2 INFERTILITY

Infertility is defined as the inability to conceive after one year of regular unprotected
intercourse and accounts for one in six couples wishing to start a family (Shah et al.,
2003). One of the most important and_underappreciated reproductive health problems
in developing countries is the high, rate of infertility*and childlessness (Shah et al.,
2003). Infertility can be classified as primary; infertility of nulliparous women and

secondary; infertility of parous women (Larsen, 2000).

2.2.1 Aetiology and consequences of infertility

Infertility can be hormonal, related to age, exercise, obesity or infectious disease; it can
be immunological, psychological, result from surgery or blockage, or be associated
with defined abnormalities in the gametes (e.g. aberrant semen parameters). Perhaps
the most common “cause” of infertility is simply “‘unexplained’ and this accounts for
about 20% of couples (Uehara et al., 2001).

The World Health Organization reported that African couples have a pattern of
infertility different from those in other developing regions or the developed countries.
They are more likely to have secondary infertility for a longer duration, a history of
sexually transmitted diseases or pregnancy complications (Elussein et al., 2008).
Among Tanzanian couples, infertility was primary in 37.1% and secondary in 62.9%
(Larsen et al., 2006). In Nigeria, secondary infertility predominated (78.3%) according
to one report (Olatunji and Sule-Odu., 2003) and primary infertility (65.0%) in another
(Ikechebelu et al., 2003). In a report from Ghana 40% of the couples suffered from

primary and 60% from secondary infertility (Fiander, 1990).
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In most parts of the Africa, superstitious reasons are sometimes assigned to infertility

and most often than not it is the women who are blamed for it all. For some time it has
been clear that male subfertility/infertility may contribute substantially to the overall
incidence of infertility in the general population (Aitken, 1997; Fraser, 1999; Hull et al.,
1985; Jeremias et al., 1996). A study in a sudanese population showed, that, 257 (36.2%)
of infertility cases was due to male factor and 350 (49.3%) to female factors: there was
no identified cause in 92 (13.0%) of the couples (Elussein et al., 2008). In Tanzania,
female-only factor infertility was identified in 65.9%.0f the couples, male-only factor
infertility in 6.8%, male and female factors in 15:2% and unexplained factors in 12.1%
(Larsen et al., 2006). Olatunji and Sule-Odu reported that in Nigeria, the male factor
was the only cause in 26.8%, the female factor in 51.8% and both male and female
factors were contributory in 21.4% (Olatunji and Sule Odu., 2003). Yet, Ikechebelu et
al., (2003) reported a positive male-only factor in 133 (42.4%) and female-only in 81
(25.8%) couples in their report from Southern Nigeria. The male factor constituted 45%
of infertility and tubal damage was responsible for 23% of female factor diagnosis in a
report from Ghana (Fiander, 1990) . In Mongolia 45.8% of couples suffered infertility
due to a female factor and 25.6% due to a male factor, 9.8% of infertility had no
demonstrable cause: 18.8% had an infertility diagnosis in both partners (Bayasgalan et
al., 2004). This goes to show that male factors contribute immensely to infertility no
matter where the study is done; hence the practice where in-laws despise and
sometimes sack women from their marital homes here in Ghana on the grounds of

barreness is not scientifically proven.

Causes of infertility may be grouped as; anovulatory, tubal, uterine or endometriosis,
unexplained and male factors. Previous epidemiological studies have shown that in a
subfertile population, 25-35% couples have male factor infertility, 14-22% have tubal

factor, 10-27% have ovulatory dysfunction, 10-17% have unexplained infertility and
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5-6% have endometriosis (Maheshwari et al., 2008). It has been propounded that a

diagnosis of ovulatory dysfunction was more common in younger age group and
again showed a trend towards an increased prevalence of unexplained infertility in
older women. Diminished ovarian reserve has been suggested as a putative cause of
unexplained infertility. If this is indeed the case, it might be clinically helpful to
distinguish women with true “unexplained infertility’” from those with ovarian
senescence by means of more precise diagnostic tests (Maheshwari et al., 2008). Other
possible causes of unexplained infettility, in older women can be higher body mass
index (BMI) (BMI is known to be increased with"age);“decreased coital frequency and

other lifestyle factors, such as smoking and stress (Homan et al., 2007).

A larger proportion of older women, particularly those presenting with secondary
infertility, have a diagnosis of tubal factor infertility. This could be due to the
increased risk of aequiring pelvic infection with age (Bewley et al., 2005) or the effect of

previous salphingectomy.due to ectopic pregnancy (Maheshwarwet al., 2008).

In a large study performed by the WHO Task Force on the Diagnosis and Treatment of
Infertility, 8504 infertile couples in 33 different countries were examined through a
standard approach in-all participating centres. In Africa, over 85% of women had an
infertility diagnosis attributable..to an infection cempared with 33% of women
worldwide. In another study. from sub- Saharan Africa, a history of sexually
transmitted diseases (STDs) was reported by 46% of participating men. A study of
5800 couples in 33 World Health Organization centres in 25 countries showed that
almost 50% of the African couples and 11-15% of other patients in other parts of the
world had infectious tubal disease (1987; Ombelet et al., 2008)
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The inability to procreate is frequently considered a personal tragedy and a curse for

the couple, impacting on the entire family and even the local community. Negative
psychosocial consequences of childlessness are common. In many cultures,
womanhood is defined through motherhood and infertile women usually carry the
blame for the couple’s inability to conceive. Moreover, in the absence of social security
systems, older people are economically completely dependent on their children.
Childless women are frequently stigmatized, resulting in isolation, neglect, domestic

violence and polygamy (Leke ef al., 1993; Ombelet et al., 2008; Umezulike et al., 2004).

2.2.2 Changing patterns in modern society
While there is no universally accepted definition of advanced reproductive age, 35

years is considered as a watershed in fertility terms. On average, female fertility
declines from the age of 30 years onwards (van Noord-Zaadstra ef al., 1991) or even
earlier. In so-called natural breeding populations when no contraceptive measures are
used, the end of fertility is reached at a median age of 40-41 years. Menstrual cycles,
however, continue to be remarkably regular until a mean age of 45-46 years and it
takes another 5 years before menopause is reached (van Zonneveld et al., 2003), but
importantly, there is wide variation between women in the number and rate of
depletion of follicles (Penarrubia et al., 2005a). The postponement of childbearing,
which is a demographic trend in all Western countries (Maheshwari et al., 2008; van
Zonneveld et al., 2003), is gradually creeping into some developing countries like
Ghana and contributes considerably to the increasing proportion of subfertile couples

(Fiander, 1990).
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Figure 2.2 Quantitative (solid line) and qualitative (dotted line) decline of the
ovarian follicle pool, which is assumed to dictate the onset of the important

reproductive events (Broekmans et al., 2006)

Nowadays most young Ghanaian women are postponing childbearing for the sake of

educational and professional development  till late thirties when fertility and

childbearing gets complicated.-Demographic studies have shown that more women

are delaying childbearing at the present time tham previously. It has been suggested

that older women may be more likely to be diagnosed with unexplained infertility and

that this is due to the negative effect of age on ovarian reserve (Maheshwari et al.,

2008). Ageing in women is associated with depletion of the primordial follicle pool,

disorganization of the oocytes meiotic spindle and a marked decrease in fertility

(Hansen et al., 2005).
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These societal changes in family planning have caused a significant increase in the

incidence of unwanted infertility due to female reproductive ageing (Broekmans et al.,

2006).

2.3 HYPERPROLACTINEMIA AND INFERTILITY

Prolactin is a pituitary-derived hormone that plays a pivotal role in a variety of
reproductive functions. It is an essential factor for normal production of breast milk
following childbirth. Prolactin negatively modulates the secretion of pituitary
hormones responsible for gonadal function, including luteinizing hormone and
follicle-stimulating hormone. Like most anterior pituitary hormones, prolactin
secretion is regulated by hypothalamic hormones delivered through the
hypothalamic—pituitary portal circulation. Under most conditions the predominant
signal is inhibitory, preventing prolactin release, and is mediated by the
neurotransmitter dopamine. The stimulatory signal is mediated by the hypothalamic
hormone thyrotropin-releasing hormone (TRH). The balance between the 2 signals
determines the amount of prolactin released from the anterior pituitary gland.
Furthermore, the amount cleared by the kidneys influences the concentration of

prolactin in the blood (Serri et al., 2003).

It is well recognized that stress and infertility are linked. Serum prolactin, a known
stress marker, is commonly elevated in infertile women. Hyperprolactinaemia affects

gonadotrophin secretion or may directly affect the ovary (Harlow et al., 1996).
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2.4 LIFESTYLE AND INFERTILITY

Lifestyle factors are behaviours and circumstances that are, or were once, modifiable

and can be a contributing factor to subfertility.

2.4.1 Nutrition and diet

For females, reproduction involves much greater energy expenditure than for males,
and as a protective mechanism against undernutrition, the reproductive axis is closely
linked to nutritional status. Consequently, eating disorders leading to loss of weight
are associated with reduced frequency or cessation of-ovulation. Since energy balance
more than absolute weight loss is the key factor, there may be a return of ovulation
after no more than a small percentage change in body weight recovery. The
reproductive system is extremely sensitive to influences from the external
environment. Most animals adjust their pattern of reproduction so that the chances of
their offspring surviving are maximal. A common strategy involves timing of
conception by photoperiod and/or rainfall which usually ensures that birth takes place

in a season when food and climatic conditions are favourable (Homan ef al., 2007).

Eating a healthy diet consisting of appropriate composition and caloric intake is
fundamental to maintaining a state of optimum physical and psychological health. It is
also important in preventing diseases such as obesity, ecatdiovascular disease, diabetes,
osteoporosis and some cancers (Homan et al.,, 2007). Diet mediates body weight and
composition and should be considered fundamental to reproduction. However,
although a link has been demonstrated between maternal nutritional status and
adverse pregnancy outcomes (Keen et al., 2003), the effect of a woman’s nutritional
status prior to pregnancy has rarely been studied (Chapin et al., 2004). Studies directly
relating dietary components to the chance of conceiving are sparse in humans (Homan
et al., 2007). However, there is strong evidence that a well-balanced healthy diet is
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beneficial for general well-being and optimum body functioning (Sanders, 2004) and it

has been suggested that diet before pregnancy may influence fetal well-being (Moore
et al., 2005). Therefore, reproductive performance should be positively influenced by

the consumption of a healthy varied diet.

2.4.2 Weight

Menstrual periods often cease after a 10-15% decrease in normal body weight. In
theory the mechanisms include altered regulation of gonadotropin-releasing hormone
secretion and changes in the dopaminergic and opioid systems (The ECWG, 2006).
However, undernutrition is not a reliable predictor of conception among infertile
women. In 244 cycles of GnRH treatment for oligopamenorrhoea in 48 women,

pregnancy rates were not affected by patients” weight or weight loss (Braat et al., 1991).

The prevalence of overweight defined as BMI 25.0-29.9 and obesity defined as BMI >
30 kg/m? is increasing around the world. WHO considers that obesity is an epidemic,
as more obese people are found in developed and developing countries, among
children as well as adults and elderly and among men and women (The ECWG, 2006).
Stein and Leventhal were the first to recognize the relation between obesity and
reproductive disturbances. They described what nowadays is known as syndrome ‘O’
overnourishment, overproduction of insulin, ovarian confusion and ovulation
disruption. Treatment of anovulatory infertility of overweight women requires
increased concentrations of clomiphene citrate and higher doses of gonadotrophins to
induce an ovulatory follicle. Treatment of overweight women on IVF programs shows
a much lower pregnancy rate (Crosignani et al., 1994; Fedorcsak et al., 2001; Wang et al.,
2000). There is also evidence that in using donor eggs the body mass of the recipient is
more important than the body mass of the donor. This is largely due to the miscarriage

rate which has been shown to increase four-fold in the obese (Bellver ef al., 2003).
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Several studies have shown that there is an increased risk of spontaneous abortion in

obese women, irrespective of the coexistence of polycystic ovarian syndrome (PCOS)

(Hamilton-Fairley et al., 1992; Roth et al., 2003; Wang et al., 2001).

Obesity has been shown to decrease the probability of pregnancy for women
undergoing assisted reproductive technologies (ART). A large Australian study of
3586 women who underwent ART found that pregnancy rates were halved for very

obese women in comparison with women withsa nermal BMIL.(Wang et al., 2000).

The distribution of body fat also impacts on reproductive performance but the
mechanism for this effect is unclear (Norman et al., 2004). A prospective study of 500
apparently normal women undergeing donor insemination found that increasing
waist-hip ratio was negatively associated with the probability of conception (Zaadstra

et al., 1993).

Clinical observations on the effectsof body weight during IVE are more controversial.
Several investigators have shown a decrease in pregnancy and live birth rates in
overweight and obese compared with normal weight women (Fedorcsak et al., 2004;
Ferlitsch et al., 2004; Lintsen et al., 2005; Nicheols et al., 2003; Wang.ef al., 2000), whereas
others have found no.difference (Dokras et al., 2006; Frattarelliet-al., 2004; Lashen et al.,
1999; Spandorter et al., 2004; Wittemer et al., 2000). Possible teasons for the differences
between obese and normal weight-women include: increased gonadotrophin
requirement during ovarian stimulation, fewer retrieved oocytes (Fedorcsak et al.,
2004; Wittemer et al., 2000), decreased serum estradiol concentrations (Dokras et al.,
2006; Lashen et al., 1999), increased cycle cancellations (Dokras et al., 2006; Fedorcsak et
al., 2004; Spandorfer et al., 2004) and lower fertilization rates (van Swieten et al., 2005)

in the obese population.
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In a study by Sneed et al., (2008), they demonstrated that the effect of BMI on IVF
success appeared to be related to age. At younger ages, a higher BMI has a
pronounced negative influence on pregnancy rate, but this effect is attenuated as age
increased. When examined as a main variable alone, BMI did not appear to have a
significant effect on IVF responses or outcomes, but when BMI and age interaction was
analyzed, there was a marked decrease in pregnancy rates with increasing BMI for
younger patients. The BMI and age’interaction was significant for retrieved, mature
and fertilized oocytes, and for implantation, chemical pregnancy, clinical pregnancy
and live birth rates. Thus, the effects of BMI are highly dependent on age. BMI has a
much less profound impact on fertility as patients reach the age of 36 and older. These
findings continue to underscore the importance of the dominating effect of age on IVF

success, particularly above the age of 35.

2.4.3 Smoking

Studies have demonstrated that smoking in women significantly decreases the chance
of conception (Augood et al., 1998; Homan et al., 2007; Hughes et al., 1996; Younglai et
al., 2005b). There is strong evidence of the adversejeffects of smoking on fertility
operating through a range of pathways in both the general and infertile population. In
males, smoking negatively affects sperm production, metility and morphology and is
associated with an increased risk.of DNA damage (Kunzle et al., 2003; Zenzes et al.,
1999). In the female, the constituents of cigarette smoke may affect the follicular
microenvironment and alter hormone levels in the luteal phase. Cotinine and
cadmium have been detected in the follicular fluid of female smokers and whose
partner smokes, thus affecting the developing follicle (Younglai et al., 2005a).
Menopause has been reported to occur 1-4 years earlier for women who smoke

compared to nonsmokers (Baron et al., 1990). A recent study demonstrated an
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increased thickness of the zona pellucida in smokers, which may make it more difficult

for sperm penetration (Shiloh et al., 2004). In one study (Lintsen et al., 2005), women
who smoked had a significantly higher abortion rate than non-smoking women.
Furthermore the effect of smoking was comparable to an increase in female age with

10 years, from age 20 to 30 years.

A study of 159 women undergoing IVF found that smokers did not respond well to
stimulation as non-smokers, fertilization'was lower ‘and none of the regular smokers
became pregnant (Crha et al., 2001). "A" recent study*of 225 women undergoing IVF
found that fertilization rates were similar for smokers, passive smokers and non-
smokers, whereas pregnancy rates were significantly decreased for smokers (19.4%)
and passive smokers (20%), compared with non-smokers (48.3%) (Neal et al., 2005a). A
study of 301 couples undergoing IVF or ICSI found that male smoking significantly
decreased ICSI and I'VE sticeess rates (Zitzmann et.al., 2003). In some studies, maternal
smoking resulted in decreased fertilization rates (Elenbogen et al., 1991; Roseveare et
al., 1992), decreased number of oocytes, decreased pregnancy rates (Elenbogen et al.,
1991; Harrison et al., 1990; Van Voorhis et al;, 1996) and increased miscarriage rates
(Klonoff-Cohen et al., 2001a). In another study, they demonstrate reduced fertility in
female smokers and expands the literature by demonstrating that the reproductive
consequences of sidestream/passive smoking are as great as those seen in mainstream

smokers (Neal et al., 2005b).

In contrast, in other studies there was no effect of smoking on fertilization (Trapp et al.,
1986; Weigert et al., 1999) and pregnancy rates (Hughes et al., 1996; Weigert et al., 1999)
in an IVF population. Again in another study, though they controlled for day 3 FSH,

age, BMI, embryo quality, number of oocytes retrieved, caffeine and alcohol use in
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their large cohort, they still could not demonstrate even a small effect of smoking on

IVF outcome (Wright et al., 2006).

According to (Lintsen et al., 2005) the effect of smoking and overweight was largest
among women with unexplained subfertility. These results suggest that women, and
in particular those with unexplained subfertility, may be able to improve the outcome

of subfertility treatment by quitting smoking and losing weight (Lintsen et al., 2005).

Tobacco smoke contain several "hunhdred” substances including, nicotine, carbon
monoxide and mutagens (eg, radioactive polonine, benzo[a]pyrene, naphthalene and
methylnaphthalene) (Klonoff-Cohen et al., 2001b). In a review on the genetic damaging
effects from smoking and its components on germinal cells, evidence was found that
smoking affected the quantity and quality of oocytes and that it leads to an early age of

menopause (Zenzes, 2000).

2.4.4 Exercise
Regular exercise affects an individual’s general health and wellbeing and provides

some protection from  obesity, cardiovascular disease, hypertension, diabetes,

osteoporosis and psychological stress (Homan et af., 2007).

The evidence for the effects of weight en.reproduction from observational studies has
given rise to a number of significant intervention studies. Lifestyle modification
programmes that include exercise have been shown to assist women to lose weight,
improve their fitness, increase psychological well-being and improve reproductive

functioning (Clark et al., 1995; Clark et al., 1998).
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The results of an Australian study of 87 obese (BMI >30kg/m?) infertile women

attending a weekly programme to promote lifestyle changes demonstrate that a
relatively small amount of weight loss (average of 6.5 kg) was associated with
resumption of ovulation (Clark et al., 1998). The women in this study attended a
weekly programme for 6 months that included an exercise component and education
relating to diet and psychological issues associated with being overweight. Although
the number of women taking part in the study was relatively low, the positive effects
of participating in the programme were outstanding:.\On average, the women lost 10.2
kg/m?in BMI. At the beginning of ‘the study, 80% of the women were anovular and at
the end of 6 months 90% of these women were ovulating spontaneously. Of the 67
women who completed the study, 77.6% became pregnant and 67% achieved a live
birth. The women who did not become pregnant smoked, attended less than two-

thirds of the sessions or had a BMI which remained >40kg/m?.

Rich-Edwards et al., (2002) tound that exercise was assoeciated with a reduction in risk

of ovulatory infertility.

However, there is accumulating evidence that regular strenuous exercise alters
menstrual function. The frequency of amenorrhea or oligomenorrhea among women
participating in a variety of strenuous sports varies from 2.to 51 per cent as opposed to
2 to 5 per cent of other women. In a prospective study of women with previously
normal ovulation and luteal function, 87 per cent experienced abnormalities of these
reproductive functions while engaging in a strenous exercise program (Green et al.,
1986). In their study, there was evidence of an increased risk of infertility in
nulligravid women who reported exercising vigorously 60 minutes or more per day,
however, women who had previously been pregnant were not at increased risk of

infertility at any duration of vigorous exercise (Green et al., 1986).
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2.4.5 Alcohol and Caffeine consumption
Alcohol is a known teratogen (Chaudhuri, 2000; Randall, 1987) and its consumption

has been reported to decrease fertility, although the level of consumption associated
with risk is unclear. Alcohol consumption at the extreme level is known to be
dangerous to the unborn child (Astley et al., 2000; Goransson et al., 2003; Krulewitch,
2005) but the effect at lower levels is less certain. The mechanisms by which alcohol
could impair conception are undleat but may include an alcohol-induced rise in
estrogen, which reduces FSH secretion/suppressing.folliculogenisis and ovulation. It
may also have a direct effect on the maturation of the ovum, ovulation, blastocyst
development and implantation (Eggert et al., 2004; Gill et al., 2000). Moderate levels of
alcohol consumption (seven to eight drinks per week) have been associated with
reduced fertility and an increased risk of spontaneous abortion (Grodstein et al., 1994;
Windham et al., 1992). Levels as low as one drink per week have also been associated

with reduced conception (Hakim et.al., 1998).

A prospective study of 221 couples undergoing IVF or GIFT at six Californian fertility
clinics, demonstrates female alcohol drinking during the year prior to treatment was
associated with a 13% (P - 0.02) decrease in the number of oocytes retrieved for each
additional drink per day (Klonoff-Cohen et al., 2003). In contrast, a study of women
undergoing donor insemination found no-association between alcohol consumption

and female fecundity(Zaadstra et al., 1994).

The stimulant properties of caffeine have led to its widespread use as a beverage
(coffee, tea and soft drinks) and in some foods such as chocolate. Its consumption has
been reported to prolong the time to pregnancy; although the mechanism for this is

unclear, caffeine may affect female reproduction by targeting ovulation and corpus
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luteal function through alterations to hormone levels and has been associated with

higher early follicular Ez levels in females (Lucero et al., 2001).

2.4.6 Environmental pollutants
The potential for environmental and occupational exposures to chemicals and

pollutants to adversely affect fertility is not surprising, as environmental and lifestyle
factors are said to be key factors in human disease (Homan et al., 2007).

Adverse effects of radiation on male and'female reproduction have been demonstrated
in various animal species as well lasthuman beings (Ktimar, 2004). The reproductive
system in males and females are sensitive to radiation causing temporary or
permanent sterility dependent on dose, duration and dose rate (Kumar, 2004; Parker et
al., 1999; Schieve et al., 1997). Exposure to pesticides and solvents have been associated
with sperm threshold values below normal (Kumar, 2004; Oliva et al., 2001). In a study
of 726 couples undergoing IVF in-the Netherlands (Tielemans et al;, 2000), a reduced
implantation rate was found in women whose partners worked in occupations with
high levels of organic solvent exposure. Menexposed to pesticides and welding have

been shown to be at risk for oligozoospermia (Wong et al., 2003).

Endocrine-disrupting chemicals (EDC) are synthetic and naturally occurring chemicals
that cannot be classified by any unique physical or chemical properties but are
characterized by their ability to mimic the effects of endogenous hormones.
Specifically, endocrine disrupters can mimic (Soto et al., 1995) and antagonize the
actions of endogenous hormones (Kelce et al., 1997; Kelce et al., 1995), induce changes
in steroidogenic enzyme expression and/or activity (Chapin et al., 1997; Crellin et al.,
2001), and alter circulating steroid hormone levels (Chapin et al., 1997; Diawara et al.,
1999; Lindenau et al., 1994; You et al., 2001). These characteristics of EDC have led to

concerns that exposure to these compounds may be linked to adverse health effects in
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humans. Endocrine disrupters have deleterious effects in wildlife and fish populations

(Damstra, 2002), though adverse health effects in the human population have not been
clearly demonstrated. To date, epidemiological studies fail to support an association
between exposure to endocrine disrupters and infertility or decreased fecundity
(Foster, 2003). However, quantification of endocrine toxicants in human ovarian
follicular fluid and their association with IVF outcomes (Younglai et al., 2002) together
with observed adverse effects in animals and in vitro studies (Gray et al., 2001),
support concerns that exposure to endocrine toxicants has the potential to adversely

impact human ovarian function(Younglai et al., 2005b):

It has been demonstrated that maternal exposures to toluene, xylene and formalin
(Taskinen et al., 1994), chloroform (Wennborg et al., 2000) and ethylene glycol ethers
can decrease fertility. In contrast, there was no increased risk when males were

exposed to such chemicals (Correa et al., 1996).

2.5 ASSISTED CONCEPTION

In order to understand assisted reproduction and how it can help infertile couples, it is
important to understand how conception takes place naturally. For natural conception
to occur, the male must ejaculate his semen, the fluid containing the sperm, into the
female's vagina around the time of ovulation, when her ovary releases an egg.
Ovulation is a complex event controlled by the pituitary gland, which is located at the
base of the brain. The pituitary gland releases follicle-stimulating hormone (FSH),

which stimulates follicles in one of the ovaries to begin growing (ASRM, 2008).
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The follicle produces the hormone estrogen and contains a maturing egg. When an egg

is mature, the pituitary gland sends a surge of luteinizing hormone (LH) that causes

the follicle to rupture and release (ovulate) a mature egg (ASRM, 2008).

Following ovulation, the egg is picked up by one of the fallopian tubes. Since
fertilization usually takes place inside the fallopian tube, the man's sperm must be
capable of swimming through the vagina and cervical mucus, up the cervical canal
into the uterus, and up into the fallopian tube, where'it must penetrate the egg in order
to fertilize it (ASRM, 2008). The fertilized egg continties traveling to the uterus and
implants in the uterine lining, where it continues to develop. (ASRM, 2008).

Fortunately, assisted reproductive techniques such as In Vitro Fertilization (IVF) can
help. IVF is used in the treatment of wvarious forms of infertility including
endometriosis, ovulatory dysfunction, pelvic adhesions, cervical factor, tubal disease,

luteal defects, immunological causes, male factor, and unexplained infertility (Klonoff-

Cohen, 2005).

2.5.1 Owverview of IVF procedure

IVF is a method of assisted reproduction in which a man's sperm and a woman's eggs
are combined outside of the body in a laboratory dish. One or more fertilized eggs
(embryos) may be transferred to the woman's uterus, where they may implant in the
uterine lining and develop. Excess embryos may be cryopreserved (frozen) for future
use. The basic steps in an IVF treatment cycle are ovarian stimulation, egg retrieval,

fertilization, embryo culture, and embryo transfer (ASRM, 2008).

2.5.1.10varian Stimulation
During ovarian stimulation, also known as ovulation induction, medications or

"fertility drugs," are used to stimulate multiple eggs to grow in the ovaries rather than
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the single egg that normally develops each month. Multiple eggs are stimulated

because some eggs will not fertilize or develop normally after fertilization. Timing is
crucial in an IVF cycle. The ovaries are evaluated during treatment with vaginal
ultrasound examinations to monitor the development of ovarian follicles. Blood
samples may be drawn to measure response to ovarian stimulation medications.
Normally, estrogen levels increase as the follicles develop. Using ultrasound
examinations and blood testing, the physician can determine when the follicles are
ready for egg retrieval. Generally,/eight, to 14 days_is required. When the leading
follicles measures about 14mm, hCG injection is'given: The hCG replaces the woman's
natural LH surge and causes the final stage of egg maturation so the eggs are capable
of being fertilized. The eggs are retrieved before ovulation occurs, usually 34 to 36
hours after the hCG injection is given (ASRM, 2008).

IVF cycles may be cancelled for a variety of reasons, usually due to an inadequate
number of follicles developing. Occasionally, a cycle may be cancelled to reduce the

risk of ovarian hyperstimulation syndrome (OHSS) (ASRM, 2008).

2.5.1.2Egg retrieval

Egg retrieval is usually accomplished by transvaginal ultrasound aspiration; a minor
surgical procedure. Some form of analgesia is generally administered. An ultrasound
probe is inserted into the vagina to identify the follicles, and a needle is guided
through the vagina and into the follicles. The eggs are aspirated from the follicles

through the needle connected to a suction device (ASRM, 2008).

2.5.1.3Fertilization and embryo culture
After the eggs are retrieved, they are examined in the laboratory for maturity and
quality. Mature eggs are placed in an IVF culture medium and transferred to an

incubator to await fertilization by the sperm. Sperm is separated from semen by
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centrifugation with special sperm media. Fertilization may be accomplished by

insemination, where motile sperm are placed together with the oocytes and incubated
overnight or by intracytoplasmic sperm injection (ICSI), where a single sperm is
directly injected into each mature egg. ICSI is usually performed when there is a
likelihood of reduced fertilization, ie., poor semen quality, history of failed

fertilization in a prior IVF cycle (ASRM, 2008).

Visualization of two pronuclei the following day confirms fertilization of the egg. One
of the pronuclei is derived from the egg and the'otherfrom the sperm. Two days after
the egg retrieval, the fertilized egg has divided to become a 2- 4 cell embryo. By the
third day, a normally developing embryo will contain approximately 6 to 10 cells. By
the fifth day, a fluid cavity forms in the embryo, and the placenta and fetal tissues
begin to separate. An embryo at this stage is called a blastocyst. Embryos may be
transferred to the uterus at-any time between one to six-days after the egg retrieval. If
successful development. continues in the uterus, the embryo hatches from the

surrounding zona pellucida and implants into the lining of the uterus approximately

six to 10 days after the egg retrieval (ASRM, 2008).

Assisted hatching (AH) is a micromanipulation procedure in which a hole is made in
the zona pellucida just prior to embryo transfer to facilitate hatching of the embryo.
Although AH has not been demonstrated definitively to improve live birth rates, AH
may be used for older women or couples who have failed prior IVF attempts.
Preimplantation genetic diagnosis (PGD) is performed at some centers to screen for

inherited diseases (ASRM, 2008).
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2.5.1.4Embryo transfer

The next step in the IVF process is the embryo transfer. The physician identifies the
cervix using a vaginal speculum. One or more embryos suspended in a drop of culture
medium are drawn into a transfer catheter, a long, thin sterile tube with a syringe on
one end. The physician gently guides the tip of the transfer catheter through the cervix
and places the fluid containing the embryos into the uterine cavity. The number of

embryos transferred is largely based on the age of the woman (ASRM, 2008).

Extra embryos remaining after the embryo transfer may be cryopreserved (frozen) for

future transfer (ASRM, 2008).

2.5.2 Risks of controlled ovarian stimulation in IVF
Ovarian hyperstimulation syndrome (OHSS) is a potentially life-threatening

complication of pharmacological “ovarian stimulation. Severe forms of OHSS
complicate about 1% of IVF cycles and are characterized by a massive ovarian
enlargement together with a fluid shift into extravascular compartments responsible
for the development of ascites, sometimes pleural and/or pericardial effusion,
hypovolaemia, oliguria, and hydroelectrolytic disorders. In the most marked cases,
thromboembolic phenomena may occur as a result of haemoconcentration and
coagulation disturbances (Hollemaert et al., 1996). It usually involves patients with an
explosive response to the ovarian stimulation and is more frequent in patients
suffering from polycystic ovary syndrome (Navot et al., 1992). The pathophysiology of
the syndrome has not been completely elucidated yet. Exclusively post-ovulatory, the
vascular fluid leakage is thought to result from an increased capillary permeability of
mesothelial surfaces under the action of one or several vasoactive ovarian factor(s)

(Elchalal et al., 1997).
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Human chorionic gonadotrophin (hCG) is thought to play a crucial role in the

development of the syndrome: severe forms are indeed restricted to cycles with
exogenous hCG (to induce ovulation or as luteal phase support) or with endogenous

pregnancy-derived hCG (Delbaere et al., 2004).

In a recent study, they identified a mutation in the FSH receptor gene in a patient
presenting spontaneous OHSS during each of her four pregnancies. The mutation
consisted of a substitution of an adenine for a guanine at the first base of codon 567 in
exon 10 of the follitropin receptor gene, resultingin the'replacement of an aspartic acid
with an asparagine. When tested in vitro, the functional response of the mutant
receptor displayed an enhanced basal activity and an increased sensitivity to hCG
(Smits et al., 2003).

During pregnancy, the expression of FSH receptor decreases drastically in the corpus
luteum, but remains constant in granulosa cells of developing follicles (Simoni et al.,
1997). These receptors. are usually not or only very weakly stimulated during
pregnancy, as pituitary gonadotrophins fall to very low or undetectable levels in
serum. The mutated FSH receptor expressed in the developing follicles may be
hyperstimulated by the pregnancy-derived hCG. Accordingly, the follicles may start
growing, enlarge and finally acquire LH receptors on granulosa cells which may also
be stimulated by hCG, inducing follicular luteinization together with the secretion of
vasoactive molecules responsible for the development of the syndrome (Delbaere et al.,

2004).

Because ARTs are expensive, time-consuming, and stressful for patients, there is a

need for predicting ovarian response.

29



Literature review
2.6 PREDICTORS OF OVARIAN REPONSE

Predictors of ovarian capacity are either static: age (Hughes et al., 1989; Meldrum, 1993;
Navot et al., 1994; Scott et al., 1995), basal FSH (bFSH) (Cahill et al., 1994; Hansen et al.,
1996; Pearlstone et al., 1992; Toner, 1993), basal estradiol (bE2) (Evers et al., 1998), basal
inhibin B (bInhB)(Lahlou et al., 1999); or dynamic: clomiphene citrate challenge test
(CCCT) (Scott et al., 1993), exogenous FSH ovarian reserve test (EFORT) (Fanchin et al.,
1994), GnRH agonist stimulation test (GAST) (Kwee et al., 2003).

All tests predict the response to ovarian hyperstimulation and the prognosis for
pregnancy in IVF treatment. In turn these allow for careful counseling of women with
regard to their chances of a successful outcome (Ranieri et al., 2001). Although women
with a reduced ovarian reserve may have higher chances of achieving a pregnancy in an
oocytes donation programme, a significant proportion will achieve conception with

their own oocytes (Faber et al., 1998; Surrey et al., 1998).

2.6.1 Age

Ageing of the ovary plays the major role in reproductive ageing and is related to the
gradual reduction in the number of primordial follicles. The number of follicles
leaving the pool of the so-called resting follicles to enter the growth phase towards the
antral stages of development decreases with increasing age, leading to a stock at
menopause estimated at between <100 and 1000 primordial follicles in the pool
(Gougeon, 1996; Gougeon et al., 1994). It is generally known that reproductive ageing
is related to both a quantitative and a qualitative reduction of the primordial follicle
pool (Hendriks et al., 2005c). The decline in female fecundity with age is caused mainly
by decreased oocyte quality in older women, illustrated by the superior results of
oocyte donation from younger to older women (Cohen et al., 1999; Faber et al., 1997). In
women over 35 years of age, decreased oocyte quality is associated with a prolonged
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time to pregnancy and with an increased risk of spontaneous abortions (van

Montfrans et al., 2004). The ovarian dynamics from birth to menopause implies a
progressive reduction in oocytes stored, along with a change of sensitivity to

gonadotrophin stimulation (Faddy et al., 1995).

Female age was shown to be superior to basal inhibin B at predicting pregnancy
following IVF and embryo transfer (Creus et al., 2000). The age-related effect on female
fertility has also been shown in numerous teports on the results of IVF treatment in
infertile couples. The probability of live birth obtained through IVF treatment clearly
decreases after the age of 35 and the same has been shown to be true for the
implantation rate per embryo. In fact, female age has consistently been shown to be an

important predictor of success in IVE treatment (Broekmans ef al., 2006).

The association between advanced female age and reproductive senescence is well
established (Oosterhuis. et al., 2002). Nevertheless, in women of the same age,
individual variations exist with regard to their ovarian responses. Chronological
female age is universally seen as indicative of qualitative alterations of the remaining
follicle pool, but cannot serve as the sole marker of ovarian status. Moreso, the decline
in oocyte quality with age does not occur at the same rate in all women (Weghofer et

al., 2005).

The limited predictive value of age alone in estimating fecundity rates and response to
the exogenous ovarian stimulation led to the search for better tests (Hendriks et al.,

2005¢).
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2.6.2 Dynamic tests
The best documented provocative test, Clomiphene Citrate Challenge Test (CCCT) for

assessing ovarian reserve, was first described by (Navot et al., 1987) as a means of
assessing ovarian reserve in women aged 235 years. This test consisted of measuring
serum FSH concentrations on cycle day 3 (basal FSH) and then again on day 10
(stimulated FSH) after the administration of 100 mg of clomiphene citrate (CC) from
day 5 to day 9. An exaggerated FSH response and/or an elevated basal FSH value is
interpreted as a sign of diminished oVarian reserve. The test has been shown to be of
value in unmasking poor responders to controlled.ovarian stimulation (COS) who
would not have been detected by basal FSH screening alone. Moreover, an abnormal
test is associated with a reduced chance of pregnancy (Hendriks et al., 2005a). Several
groups have evaluated the predictive value of the CCCT in IVF patients and stated
that the CC-provoked response of FSH reliably predicts ovarian response and the
probability of pregnancy.in IVF (Csemiczky et al., 2002; Loumaye et al., 1990; Tanbo et
al., 1992; Yanushpolsky et al,, 2003). So far, most studies on the diagnostic and
prognostic significance of the CCCT in IVF have used a selected group of patients,
likely to respond poorly to gonadotrophins and with a reduced prospect for

pregnancy (Hendriks et al., 2005a).

Exogenous FSH ovarian reserve test (EFORT) involves the measurement of basal FSH,
estradiol and estradiol response 24 h- after-a 300 IU FSH injection on day 3. The
addition of the dynamic component to the day 3 FSH concentration might be an
improvement of the predictive value of good response to ovarian stimulation (Fanchin
et al., 1994). EFORT has not been studied for prediction of pregnancy in an IVF

population (Maheshwari et al., 2006).
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GnRH agonist stimulation test (GAST) evaluates the serum estradiol concentration

change from cycle day 2 to day 3 after the administration of a supraphysiological dose
of a GnRH agonist. A prompt estradiol response may be associated with better ovarian
reserve. Earlier ART studies did not show any significant benefit in the prediction of
ovarian response (Padilla et al., 1990; Winslow et al., 1991); however, later studies did
(Hendriks et al., 2005b; Ranieri et al., 1998). Although, when compared with the
predictive accuracy and clinical value of the day 3 AFC and inhibin-B measurement,
GAST did not perform better. In . addition, its predictive ability towards ongoing
pregnancy is poor (Hendriks et al., 2005b).

However, it would be of greater clinical value to be able to predict follicular cohort

size prior to starting GnRH analogue/ FSH treatment

2.6.3 Basal markers
2.6.3.1 Basal FSH

The cycle day 3 FSH level is one of the most commonly used tests for predicting
success in IVF treatment. Some studies have demonstrated that women with an
elevated cycle day 3 FSH had reduced ovarian reserve and several others have shown
that women with an elevated FSH level, independent of age, have a poor response to
ovarian stimulation, leading to a lower pregnancy rate with ART (Abdalla et al., 2004).
Recently, however, (El-Toukhy ef al., 2002) argued that young age does not protect
against the adverse effects of reduced ovarian reserve, suggesting that an elevated day
3 basal FSH level is associated not only with a low response, but also with poor quality
oocytes leading not only to a reduction in pregnancy rate but also to a rise in

miscarriage rates

Day 3 FSH is an indirect measure of the size of the follicle cohort and is regulated by

various factors, including inhibins, activins, estradiol and follistatins (Maheshwari et
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al., 2006). Recent evidence indicates that basal FSH level is the better predictor of egg

production capacity whereas age is the better predictor of egg quality (Toner, 2003;

van Rooijj et al., 2003).

Some controversy has arisen about the clinical utility of basal-FSH measurements
(Jurema et al., 2003; Scott, 2004; Toner, 2004; Wolff et al., 2004). Abdalla et al., (2004)
depicted reduced, yet still clinically sound pregnancy and live birth rates in young
women with elevated basal-FSH levels of up to 20mU/ml. They therefore concluded
that the predictive value of basal-FSH concentrations should be restricted to the
counselling of patients on the probability of achieving pregnancy, but should not be

used to exclude them from fertility treatment.

In a study by Hendriks et al (2005), the FSH level on cycle day 10 in the single CCCT
appeared to be a sensitive test in assessing ovarian reserve (ROCauc 0.79) if the ovarian
response to hyperstimulation is used as outcome. However, the predictive accuracy
was not clearly better than that of basal FSH (ROCauc 0.82), whereas in combined use
the c¢d10 level did not add significant information to basal FSH. From these results it
seems that existing literature on the value of the CCCT in IVF settings cannot be
confirmed. Hence, from a clinical point of view there is little or no advantage in
performing a CCCT (either single or repeated) over the model basal FSH (Hendriks et
al., 2005a).

2.6.3.2 FSH/LH Ratio

Similar to FSH, LH secretion increases with age (Cramer et al., 2002). LH levels, alone,
apparently do not demonstrate predictive value for IVF outcomes (Bjercke et al., 2005).
However, Weghofer et al reported that in women with diminished ovarian reserve
(defined by basal FSH levels of 10.1-15.0 mIU/ml), high-normal LH levels (i.e. a low

FSH/ LH ratio) represented a good prognostic indicator and low-normal LH levels

34



Literature review
(high FSH/LH ratio) represented a comparatively poor indicator of oocyte yield

(Weghofer et al., 2005). Liu and Greenblatt (2008) confirmed this initial report by
demonstrating that a high FSH/LH ratio was significantly associated with poorer IVF
cycle outcomes and increased cancellation rates (Liu and Greenblatt.,, 2008). These
data, like the so-called threshold concept of Palermo and associates, who suggested
that normal FSH levels, in the presence of unusually high LH, lead to lower pregnancy
chances (Palermo, 2007), point towards a rather obvious need for ‘appropriate’
FSH/LH ratios to affect appropriate’steroidogenesis'(Weghofer et al., 2009). Shrim et
al., also, describes the FSH/LH ratio as an integral*marker for the assessment of

ovarian reserve (Shrim et al., 2006).

A recent study in older ovulatory women showed a decreased LH response to GnRH
stimulation compared with younger women (Fujimoto et al., 1996). This finding
suggests that LH synthesis and secretion may be different in older ovulatory women,
despite the fact that.no significant changes in basal serum LH levels were
demonstrated. This being the case, both FSH and LH may contribute information
relevant to ovarian reserve. In support of this concept, it has recently been reported
that day 3 FSH: LH ratio is useful in predicting the outcome of an in-vitro fertilization
(IVF) cycle in women with a normal day 3 FSH (Mukherjee et al., 1996). Another study
has shown a subtle increase in LH with age (Ahmed Ebbiary et al., 1994).

2.6.3.3 Anti-Mullerian Hormone (AMH)

One group (de Vet et al., 2002) demonstrated that serum AMH levels on cycle day 3
decreases progressively along with age and become undetectable after menopause.
This suggests that peripheral AMH levels are a valuable parameter to monitor the
relative follicular exhaustion due to ovarian ageing. Consistently, others (Seifer et al.,

2002) showed that day 3 AMH levels are positively related with the number of
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oocytes retrieved after controlled ovarian hyperstimulation (COH). Taken together,

these results indicate that circulating AMH levels reflect the number of selectable
follicles during the early follicular phase. Indeed, the early antral follicle count has
been shown to reliably predict the fertility potential of women and their
responsiveness to COS. However, the question of whether serum AMH measurements
on cycle day 3 reflect ovarian follicular status better than the usual hormonal

parameters remains unanswered (Fanchin et al., 2003).

2.6.3.4Serum QOestradiol

Elevated basal estradiol may predict the poor response even when basal FSH is normal
(Evers et al., 1998). In regularly menstruating women between the ages of 24 and 50
years, no differences in basal estradiol levels have been demonstrated according to age
(Lee et al., 1988). No relationship has been found between serum estradiol levels and

pregnancy rates (Scott et al., 1989).

It might be anticipated that direct hormonal products of the ovary would be better
markers of ovarian response than indirect markers such as age and FSH. The rise in
estradiol concentrations after ESH (Fanchin ef al., 1994) or GnRH analogue (Winslow et
al., 1991) administration has been shown to be predictive of IVF success, although high
basal estradiol concentrations were associated with-increased TVF cycle cancellation

and lower pregnancy rates (Yong et al., 2003).

2.6.3.5Inhibin-B
Inhibin-B is mainly produced by the granulosa cells in growing follicles and offers a
more immediate assessment of ovarian activity than other serum tests. A fall in day 3

inhibin-B levels may predict poor ovarian reserve before the expected rise in day 3

FSH (Danforth et al., 1998; Fried et al., 2003; Seifer et al., 1999). However, other studies
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do not support its use as a predictive marker in IVF (Creus et al., 2000; Hall et al., 1999).

Inhibin-B levels are influenced by the amount of fat in an individual (Tinkanen et al.,
2001), suggesting that the follicles of obese women do not produce as much inhibin-B

as those of lean women

Most ovarian reserve tests (ORTs) are quite adequate in predicting ovarian response,
but often fail to correctly predict the occurrence of pregnancy, especially if only one
IVF cycle was studied. Because a benchmark for ovarian reserve status in the sense of
quantity and quality is lacking, the occurrence of poor ovarian response to maximal
stimulation and the occurrence of pregnancy in IVF are used as parameters to assess

the accuracy of the test (Broekmans ef al., 2006).

2.6.4 Sonography

Another group of ORTsconsists of.sonographic parameters, such as the antral follicle
count (AFC) and measurement of the ovarian volume. The way an AFC is performed
differs between centers. Most often follicles of 2-5 mm or 2-10 mm are counted
(Haadsma et al., 2007). Recently, AFC, as visualized by transvaginal ultrasound scan,
has attracted considerable interest as a test of ovarian reserve. An age-related decline
in the AFC has been observed (Ng et al., 2003; Ruess ¢t al., 1996). A systematic review
has demonstrated the superiority of AFC over basal ESH in the prediction of poor

ovarian response (Maheshwariet al., 2006)

2.7 OVARIAN RESPONSE AFTER CONTROLLED OVARIAN STIMULATION

Poor ovarian response may be associated with poor pregnancy rates and many of
these cycles are cancelled without proceeding to oocyte retrieval. On the other hand,

exaggerated ovarian response leads to an increased risk of ovarian hyperstimulation
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syndrome (OHSS) and the resulting high serum estradiol (E2) concentrations may

adversely affect the outcomes of the IVF treatment (Ng et al., 2005).

2.7.1 Number of retrieved oocytes

A maximum of four oocytes at oocyte retrieval is considered ‘poor ovarian
response’(Weghofer et al., 2005) or as cancellation due to impaired i.e < 3 follicles or
complete absence of follicular growth in response to ovarian hyperstimulation. This
definition has been adopted because; atla mean fertilization rate of 50-60% in IVF, > 4
oocytes are necessary to obtain 22 ‘embryes, ‘which.is the intended number to be
transferred in most women (Bancsi et al., 2002). The same definition was used in many
other studies (El-Toukhy et al., 2002; Surrey et al., 1998) and seems to be the most
widely used definition of poor response. Moreover, defining poor responders at a
slightly higher or lower threshold, yields comparable proportions of poor responders

and will produce similar-predictive.values (van Rooij et al., 2003).

2.7.2 Ovarian capacity
The development of a sufficient number of follicles during ovarian stimulation for IVF is

a very important step towards a successful outcome (Ranieri ef al., 2001). Ovarian
follicular development is a continuous process throughout the reproductive lifespan. It
is estimated that in a young woman, about 10-20 follicles leave the pool of resting
primordial follicles each day and start to develop as growing follicles. Since only one
follicle is destined to complete maturation and undergo ovulation during each
menstrual cycle, the vast majority of oocytes will become atretic. The number of
growing follicles at any time-point is believed to be related to the total number of
follicles present in the ovary, although the proportion growing increases as the pool of
primordial follicles falls approaching the menopause. The pre-menopausal ovary

therefore always contains cohorts of growing follicles that may potentially be
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stimulated to mature. Treatment with supraphysiological doses of FSH stimulates the

development of many large antral follicles by preventing atresia of those secondary
follicles that would normally not ovulate. The number of follicles developing under
such circumstances reflects the total growing pool and thus the total number of

follicles present in the ovary (Yong et al., 2003).

2.8 PREDICTING OVARIAN REPONSE

Assisted reproduction is expensive, time-consuming and stressful for patients.
Evaluations of IVF/ICSI performance rarely consider cancelled cycles, which usually
result from an inadequate ovarian response to the stimulation treatment. The cycle
cancellations further increase the cost and duration of therapy. Therefore, a major
challenge to the IVF team is to predict prospective patients who will be low
responders and to appropriately counsel women who are potential candidates for
assisted reproduction (Penarrubia et al., 2005b). The accurate determination of ovarian
reserve continues to be a challenge for reproductive physicians. In the context of IVF
treatment, ovarian reserve testing can be predictive of both response to gonadotrophin
stimulation and chances of success with treatment (Pellicer et al., 1987). The various
available measures of ovarian reserve are better at predicting response to

gonadotrophin stimulation than the chance of pregnancy (Creus et al., 2000).

Rather than concentrating on attempting to predict pregnancy, it may be more helpful
to use ovarian reserve testing in the prediction of cycle cancellation and poor response
to stimulation. Avoiding gonadotrophin treatment for women destined not to respond
to stimulation would help to reduce cancellation rates, treatment costs and emotional
stress for the patient. Pretreatment counselling for predicted poor responders may

ameliorate subsequent disappointment and distress (Mcllveen et al., 2007).
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The number of mature follicles and oocytes that can be obtained in response to
maximal stimulation using exogenous Gonadotrophins is an index of total ovarian
follicular capacity and correlates inversely with FSH levels independent of age

(Akande et al., 2002).

In a study by Weghofer et al, (Weghofer et al., 2005) within all age groups, women in
the highest b-FSH quartiles showed' significantly higher b-LH levels than patients in
the lowest b-FSH quartiles. Their study howevet; cleatly demonstrates that in women
aged 25-35 years, b-FSH levels, even within a normal range, matter with regard to
oocyte numbers. Higher age-specific FSH levels lead to fewer eggs.

Wolff et al. recently suggested that patients with elevated basal-FSH levels should not
be excluded from IVF treatment. Instead, these authors presented that b-FSH values,
among other parameters, such as chronological age and follicular phase inhibin B,
should be utilized to establish an age-specific likelihood ratio for ovarian response

(Wolff et al., 2004).

2.8.1 Owvarian capacity, basal FSH and Age correlation
FSH concentrations in the early follicular phase show an inverse relationship to the

size of the follicular eohort. In a study by Yong et al, in 2003 early follicular FSH
concentration was weakly negatively correlated with AEC.

Research in various fertile and IVF-treated populations demonstrates a close relation
of AFC with age (Chang et al., 1998; Muttukrishna et al., 2005; Ruess et al., 1996;
Scheffer et al., 1999).

According to Yong et al, 2003, there was a signifcant relationship between age and

AFC in the luteal and down-regulated phases. In another study, the number of large
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follicles developing after stimulation with rFSH was significantly greater in the

younger controls compared with that of the older group (group effect P< 0.05) (Hansen
et al., 2005). In yet another by Scheffer et al., (2003) both the numbers of antral follicles
and the total follicular volume decrease with increasing age. In same study, the
number of antral follicles correlated much better with the age of the women evaluated,
than other presumed basal markers for reproductive age, including FSH, inhibin B, E-

and ovarian volume.

2.8.2 Number of retrievd oocytes, basal FSH and Age correlation

Weghofer et al., (2005), demonstrated that at young ages, b-FSH, even if within normal
ranges, may contribute to the prediction of ovarian reserve, as a reflection of the
number of oocytes retrieved: Higher age-specific FSH levels led to fewer eggs. Yong et
al., (2003) also showedthat, the concentration of FSH in the early follicular phase
showed a highly significant negative correlation with the number of oocytes
recovered, but there were no significant correlations with the other basal hormones
measured in this phase. Basal FSH emerged as the most significant contributor to the
number of oocytes retrieved. In the same study, there was only a poor relationship

between age and the number of oocytes recovered (r = -0.18, P = 0.22).

Consequently, b-FSH should not serve as a marker to exclude patients from fertility
treatment, but should be interpreted according to patient’s age and not in absolute
terms, even within the generally considered normal range of <10mIU/ml. An age-
specific definition of ovarian reserve will allow physicians to stimulate patients in a

more individualized fashion, which, in turn, will maximize IVF outcomes.
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2.8.3 Age and basal FSH, LH and FSH/LH ratio

Early follicular FSH concentration is widely used in many IVF units to predict the
ovarian response and is a better predictor of ovarian response than the age of women
(Cahill et al., 1994; Sharif et al., 1998).

Ng et al in 2005 demonstrated that AFC by sonography achieved the best predictive
value, followed by basal FSH concentration, body mass index (BMI) and age of women
in a prospective study of 128 infertile patients undergoing their first IVF cycle using a

standard regimen of ovarian stimulation.

Basal FSH concentration was positively correlated with age of women but was
negatively correlated with the number of oocytes (Ng ef al.,, 2005). A metaanalysis
showed that the performance of basal FSH concentration for predicting poor response
was moderate and the performance for predicting no pregnancy was poor (Bancsi et
al., 2003). In a study by-Haadsmaet al., (2007) age is significantly pesitively correlated
with basal FSH (r = 0:201; P <0.01).

The rise in FSH begins more than a decade before the menopause and several years
before any rise in LH (Akande et al., 2002). From that same study, correlation analysis
revealed a reductionin the number of oocytes retrieved with advancing age and rising
FSH. The partial correlation ceefficients changed very little, suggesting that both age

and FSH independently affected the number of eocytes.

In a study by Kim et al., (1997), in the FSH: LH ratio, the only significant main effect
was age, with the ratio being consistently higher in older versus younger women. In
their study, the serum LH level was significantly elevated in the older group on cycle
day 1. It was suggested, that, this finding may be related to the fact that there is an

earlier onset of the inter-cycle FSH rise (Klein et al., 1996) associated with earlier
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dominant follicle development and ovulation in older ovulatory women. While older

ovulatory women have more advanced follicular development on any given follicular
phase cycle day, this finding may be due to either earlier onset or an accelerated rate of

follicle development (Klein et al., 1996).

Examining LH on cycle day 1, in addition to FSH, may improve predictive value even
further, but not when examined as the FSH:LH ratio. Because the LH difference on
cycle day 1 was in the same direction as the age difference in FSH values on day 1, this
age difference was not reflected by the FSH:LH ratio on day 1. This finding contradicts
a recent report in the medical literature that prognosis was generally poor in patients
undergoing IVF cycles if the day 3 FSH:LH ratio was elevated to 3.6, even though the
day 3 FSH value was normal (Mukherjee et al., 1996).

2.9 MARKERS OF PREGNANCY

It is important to remember that there are several factors that contribute to the
occurrence of pregnancy other than ovarian reserve, such as embryo transfer
technique and number of embryos replaced. Even in young women with normal
reserve, the chances of non-pregnancy remains at least at the 50% level. So, a non-
pregnancy state after IVE may even be attributed to unknown, yet non-ovarian reserve

related factors (Broekmans et al., 2006).

Several tools are available to diagnose pregnancy: the level of human chorionic
gonadotropin (hCG) in the serum, the presence of hCG in the urine (through either
highsensitivity or low-sensitivity tests), pelvic ultrasound and a missed menstrual
period. These diagnostic methods may detect pregnancy at different stages of
progression, and not all pregnancies progress to delivery of a baby. Clinical

investigators have options regarding how to best diagnose pregnancy. The choice of
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test might be based on availability or cost (Schreiber et al., 2009). But the impact that

the timing and accuracy of the pregnancy diagnosis may have should also be

considered.

The reality is that the results of many of these positive pregnancy tests do not indicate
the beginning of a true clinical pregnancy but instead are chemical pregnancies
characterized by a transient rise in the pregnancy hormone level only. The term
chemical pregnancy is used to describe a‘transiently ‘positive hCG level not associated
with the development of an embryo or'even a gestational sac (clinical pregnancy). In
the absence of routine use of ultrasound, a chemical pregnancy could be defined by

the peak in hCG (<100 mIU/mL) (Schreiber et al., 2009).
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Chapter 3

MATERIALS AND METHODS

3.1 SUBJECTS

A total of 104 subjects were selected for this study. Subjects’ ages ranged between the
ages of 21 and 50 years. All subjects were seeking assisted conception and reported at
the fertility centre of Lister Hospital in Accra. Recruitment for the study spanned
between February 2010 and March 2011. A criterion of age being from 20 to 50 years and
undergoing self in-vitro fertilization (IVF) was tised."Subjects undergoing donor IVF
programs were excluded. 50 extra subjects with age range 22--43 years who had
delivered spontaneously or naturally within the study period without assisted
conception were recruited as controls. Subjects who were selected for this study, all did
so willingly without coercion. Informed written consent was sought from subjects

before been enrolled.

3.2 SAMPLE COLLECTION

About 3-5mL of blood was drawn from subjects and dispensed into serum separator
tubes. Blood samples were taken on the second day of their menses in the month prior
to the oocyte stimulation regimen. Samples were spun in a centrifuge at 8000rpm for 5
minutes to yield serum. The yielded serum was used to assay for the basal levels of LH,
FSH and prolactin in subjects. All blood samples were drawn and assayed on the same
day it was taken at the laboratory of Lister-hospital and fertility centre, Accra-Ghana.
Assays were performed using the statfax 2200 semi-automated analyzer from

Awareness Technologies.

3.3 ANTHROPOMETRY

Anthropometric measurements included weight, height, waist and hip circumferences.

The weight and height of subjects were measured as part of regular out-patient
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department routines in the hospital. Body weight was measured to the nearest kg using

a bathroom scale and the height was measured with a graduated meter rule. Subjects
stood upright on the scale without shoes as their weights were taken and with their
backs to the graduated meter rule and their heights measured. The Body Mass Index
(BMI) was calculated as weight in Kg divided by height in meters squared (Kg/m?). Four
categories of BMI (<18.5, 18.5 — 24.9, 25-29.9, and >30 kg/m?) were identified. The
categories were selected according to WHO recommendations to define individuals
with a healthy weight (BMI 18.5 -+ 24.9), vverweight (BMI 25-29.9) and obese (BMI=30).
Individuals with a BMI <18.5 kg/m? were classified as underweight (Molarius et al.,

1999).

Their waist and hip circumferences in centimeters (cm) were measured and recorded.
The Waist to Hip ratio (WHR) was then calculated as waist circumference divided by

the hip circumference. Subjects with- WHR of < 0.80, 0.80 — 0.84 and > 0.85 were

classified as normal weight, overweight or obese respectively. (Molazius et al., 1999)

Anthropometric data of pregnant controls were not taken since their pregnant status

will impair their true measurements.

3.4 ESTIMATION OF FERTILITY HORMONES

3.4.1 Enzyme-linked immunosorbent assay sandwich method for
prolactin, luteinizing hormone and follicle stimulating hormone

The NoviWell™ assay kits (HySkill Diagnostics, Bahlingen, Germany) were used in
determining the serum levels of luteinizing hormone (LH), prolactin (PRL) and follicle-
stimulating hormone (FSH) using the sandwich enzyme-linked immunosorbent assay
(ELISA) method. The manufacturer’s instructions for the performance of the assays

were rigorously followed. The principle underlying the assay is the simultaneous
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binding of hormone to two monoclonal antibodies; an immobilized one on a microplate

and the other a soluble one conjugated with horseradish peroxidase (HRP). Briefly, 50 ul
aliquots of standards and samples were dispensed into their respective wells in ready-
to-use microtitre plates pre-coated with the corresponding hormones” anti-hormone IgG
antibodies. After the addition of 100 pl of anti-hormone-HRP conjugate to each well, the
plates were incubated for 60 minutes at room temperature in the dark. The contents of
the wells were then decanted and the wells washed three times with 300 pl of distilled
water.

The enzyme reaction was started "by  the™ addition of 100 ul chromogen
(tetramethylbenzidine/hydrogen peroxide system) or substrate into each well. The
microtitre plates were then incubated for 15 minutes at room temperature. The reaction
was stopped by the addition of 100 ul of 0.15 M Sulphuric acid (H250s). The end-point
colour developed is directly proportional to the quantity of hormone. Absorbances were
measured at 450 nm and the concentrations calculated from a standard curve generated
using standards of known concentrations in a Stat Fax 2200 Plus Microplate Reader
(Awareness Technology Incorporated, Palm City, Florida, USA). Within-assays
coefficient of variations were 6.1% for FSH and PRL and 5.4% for LH, The analytic
sensitivities of the assays were 1.0 mIU/ml for FSH, LH and 1.0 ng/ml for PRL as

indicated by the manufacturer.

Cut-off values for b-FSH and LH levels, measured on cycle days 2 or 3, immediately
before the commencement of oral contraception, were considered as follows; basal

FSH <10 mU/ml and basal LH <12 mU/ml.
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3.5 LIFESTYLE PATTERN

A mixed questionnaire of mostly closed end type questions and some few open end
questions were administerd to find smoking habits and exercise patterns, alcohol and

caffeine intake, exposure to chemicals like pesticides and welding materials etc

3.6 OVARIAN STIMULATION

In this study, one of two different oocyte stimulation protocols were followed
depending on the age and basal FSH levéls of the subjects measured on day 2 of menses.
Subjects with high basal FSH levels follow the first protocol (long protocol) which is as
follows;

On the 24 or 34 day of menses, they were started on a 0.5mL of Burserelin injection for
about 2-3 weeks and trans-vaginal scans done in between. The scans were done to
ensure that the endometrium was thin enough and that there were no cysts formed. If
there were cysts formations, the protocol was discontinued or the cyst drained, protocol
discontinued and regular menses allowed to flow. However, if there are no cysts, 450IU
of Gonal F was given in addition to the burselin injection for 10 days. Trans-vaginal scans
were done on the 8" and 11% day. On the 11* day, burselin and or Gonal F were not
given, but rather 10,000 IU of hCG injection was given to mature the developing oocytes
before they were collected. Egg collection was done some 36 hours after the hCG

injection.

The second protocol (short protocol) was performed on subjects with normal basal FSH
levels or below the age of 35 years. In this protocol, decapeptyl pessaries were
administered on the 21t day of previous menstrual cycle. Normal menses is allowed to
flow. On day 2 of the following menses, 175 — 300 IU of FSH or Gonal F injection was

administered for 10 days. Trans-vaginal scans were performed on the 8" and 11* day.
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10,000 IU of hCG injection was given on the 11* day and egg collection done 36 hours

after the hCG injection.

All follicles 2-10mm in size were considered antral follicles, counted and labeled as the
ovarian capacity (antral follicle count-AFC)

In both protocols, cyclogest pessaries were administered after egg collection and
continued till up to about 3 months if pregnancy develops or discontinued when there is
no pregnancy. This was done to prepare and maintain the endometrium ready for

implantation of the embryo.

02:10-2011
og43:21
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Figure 3.1 Ultrasound scan of developing follicles
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3.7 OOCYTE RETRIEVAL, FERTILIZATION AND EMBRYO TRANSFER

Oocytes were collected some 36 hours after the hCG injection was administered. The
ultrasound directed follicle aspiration (UDFA) technique was used with a 7.5 MHz
transducer vaginal probe. The retrieved oocytes were analysed for quality and quantity
and placed in the incubator at 37°C. Throughout the collection and analysis stages, a

constant temperature of 37°C was maintained.

Semen from the right corresponding pattner was collectedrinto a sterile container by
masturbation. Collected semen was processed by gradient centrifugation. 1 mL of 80%
semen preparation medium is poured into a conical tube. ImL of 40% semen
preparation medium was layered onto it carefully to prevent mixing. 1-2mL of the
semen was also layerd onto it carefully to prevent mixing. The tube was centrifuged at
5000 rpm for 20 minutes. The supernatant was aspirated off leaving the buttom 0.5mL
which is a concentrate of sperm. cells. The 0.5mL deposit is pipetted into 3 mL of
universal IVF medium and spun at 5000rpm for 5 minutes. The supernatant was
aspirated leaving the buttom 0.5mL, a pure concentrate of sperm cells. The pure

concentrate of sperm cells was used to fertilize the retrieved oocytes.

Those indicated for the conventional IVF procedure had their oocytes incubated
together with a pipetted amount of the sperm cells in a petri dish at 37°C overnight.
Intracytoplasmic sperm cell injection was performed for those with low sperm count
using the Nikon inverted microscope and incubated at 37°C overnight. The oocytes were
checked for fertilization the following morning which was indicated by the presence of
two pro-nuclei; one from the oocyte and the other from the sperm cell. Fertilized oocytes

were grouped together and incubated again at 37°C till the third day after egg collection.

About three very well dividing oocytes were transferred (except in cases where fewer

eggs were fertilized) into the uterus with a transfer catheter using an abdominal scan as
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a guide. Subjects were allowed about an hour of bed-rest after the transfer and

subsequently detained in the hospital for about 2-3 days for constant monitoring before
they are discharged to go home. Success or otherwise of the procedure was established

by measuring the rising levels of 3-hCG, 14 days after embryo transfer.

3.8 ESTABLISHING PREGNANCY

Enzyme-linked immunosorbent assay sandwich method for f-hCG
The same NoviWell™ assay kits (HySkill Diagnostics, Bahlingen, Germany) were used

in determining the serum (3-hCG levels 14, days after the embryo transfer. The test is
based on the simultaneous binding of human -hCG to two monoclonal antibodies, one
immobilized on microwell plates and the other conjugates with horseradish peroxidase
(HPR). The kit comes with a concentrated conjugate that needs to be diluted. 10ul of the

concentrated conjugate is added to 100ul of the incubation buffer.

The quantity of diluted conjugate was proportional to the number of tests done at any
point in time. 25ul aliquots of standards and samples were pipetted into pre-coated
microtitre wells. 100l of the diluted conjugate was added and incubated in the dark for
60 minutes. The contents of the wells were then decanted and the wells washed three
times each with 300 pl of distilled water. The enzyme reaction was started by the
addition of 100 pl of substrate (chromogen) into each well. The microtitre plates were
then incubated for 15 minutes at room temperature. The reaction was stopped by the

addition of 100 pl of 0.15 M Sulphuric acid (H2SOs4).

The end-point colour developed is directly proportional to the quantity of hormone.
Absorbances were measured at 450 nm and the concentrations calculated from a
standard curve generated using standards of known concentrations in a Stat Fax 2200
Plus Microplate Reader (Awareness Technology Incorporated, Palm City, Florida, USA).

The kit has a lowest detectable concentration of 3-hCG that can be distinguishable from
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the zero standard of 0.5mIU/mL at the 95% confidence limit as stated by the

manufacturer.

3.9 QUESTIONNAIRE ADMINISTRATION

A simple questionnaire finding the exercise patterns, alcohol and caffeine intake,
exposure to chemicals etc of subjects was administered. Some subjects were interviewed
whiles they were monitored in the wards.after their embryo transfer and others were

interviewed on telephone and answers obtained.

By exercise we mean going for walks, jogging, swimming, or working out.
Occupational activity where subjects walk as part of their work or any activity in

relation to occupation was not recognized by our classification of physical activity.

Responses were taken on the frequency, duration and intensity of the exercise subjects
were engaged in at least 3 months prior to the procedure month. However more
emphasis was placed on the frequency of exercise. Exercise patterns were classified into
three groups in a similar fashion as that documented by Augestad ef al., (2004). From
answers provided in the questionnaire, subjects who did <1 day per week exercise for <
10 minutes were classified as LOW exercisers. Those who exercised for 20 — 60 minutes
every 2 — 3 days in a week were put together as MODERATE exercisers and those who
engaged in > 60 minutes for nearly every day were classified as HIGH. However, those
who did > 60minutes for 1 day in a week were also classified as LOW and those who did

about 20 — 60 minutes nearly every day for the week were classified as HIGH.

The number of times subjects took in any alcoholic beverage or smoked cigarette in the

month prior to and in the very month of the procedure was also documented.
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Chapter 4

RESULTS

4.1 GENERAL CHARACTERISTICS

The total of 104 subjects studied was of a mean age of 36.25 years and age ranged from
23 — 48 years. A mean age of 34 years was recorded for.50 controls and age ranged from
22 — 43 years. Age of subjects and controls'were statistically different with a p value of
0.0048 (Figure 4.1). Subjects within the age range of 31 — 40 were the mode with a total of
73. Subjects within the age bracket of 41 — 50 recorded the highest mean figures of 0.82
and 28.0 kg/m? when WHR and BMI were used as obesity indices respectively indicative
of overweight. When considered as a whole, a mean FSH of 12.48 IU/L was recorded,
with subjects within the age range of 31 — 40 recording the highest mean FSH of 13.41
IU/L whilst those in the age range 21 — 30 recorded the least mean FSH of 7.64 IU/L.
Subjects within the age range of 21 — 30 yielded the highest number of follicles and
consequentially the most retrieved oocytes compared to their older counterparts within
the age range of 41 — 50 yielding the least follicles and retrieved oocytes (Mean values;

20.92 and 20.31 vs. 8.44 and 7.28 respectively), (Table 4.1).

There were no embryo transfers in 5 cases. Three (3) of them had no oocytes, one had 1
oocyte and the other 3 oocytes but could not be fertilized. There were six (6) cases of
OHSS. In all six cases, ovarian capacity was > 30 follicles and oocytes were > 32. Four (4)

out of those six got pregnant after treatment of OHSS followed by embryo transfer.

Comparing basal hormonal markers of controls against study subjects; only basal FSH

showed a significant difference between the means of these groups (9.5 vs 13.4
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respectively, = 0.002). Basal LH and prolactin showed no significant difference
p y, P p gn

between controls and study subjects (Figure 4.2)

Table 4.1 Characteristics of whole study population

Age stratification

21-30 31-40 41 - 50 ALL
Number (n) 13 73 18 104
Age (yrs) 28.08+0.06 36.18+0.35 42.44+047** 36.25+0.47
Duration of infertility (mths) 5223+11.37 ~7459+1.71 117.3+1322» 79.19+4.61
WC (inches) 32.0 £ 1.0 35.0+043  34.0+0.83" 34.0+0.36
HC (inches) 41.0+1.2 440+044  41.0+0.84* 43.0+0.39
WHR 0.79+£0.01 0.79+ 0.0 0.82 +0.01% 0.79+0.0
Weight (Kg) 09.0+1.6 710+098  73.0+1.7m 71.0+0.78
Height (m) 1.6 +£0.02 1.6 +0.01 1.6 £0.01 1.6 +£0.01
BMI (Kg/m?) 25.0+0.76 27.0+040 .28.0+0.70" 27.0+0.33
LH (IU/L) 6.76 +0.87 742 +£0.43 " 6:99 +0.93 7.26 +0.36
FSH (IU/L) 7.64+1.21 13.41£091 1221 +1.24* 12.48 £ 0.71
Prolactin (ng/mL) 13.97 £ 1.48 13.55+0.81 13.98 +1.96" 13.68 + 0.68
FSH/LH 1.23 +0.16 2.23+0.20° 2.74 +0.64" 219+0.18
Ovarian capacity/ follicle count  20.92+2.63  13.62+096 844+1.16"*  13.63+0.83
Retrieved oocytes 20.31+330 1199+ 1.04 728+2.03**  12.21+0.96

Data are presented as mean + SEM or number (n) by count, BMI= body mass index, WHR= waist-to-hip

ration, LH=leutinizing hormone, FSH = follicle stimulating hormone. *<P<0.05, **=P<0.001, ***<P<0.0001.

One way ANOVA was performed.
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Figure 4.1 Age comparison of controls and subjects

4.2 HORMONAL COMPARISON OF CONTROLS AND TEST SUBJECTS

Blood hormonal levels of women who have conceived naturally were retrieved from the
database of the study site. When hormonal levels of infertile subjects were compared to
these controls, there was no significant difference in means of LH and prolactin. Means
of FSH was however statistically significant with a p-value of 0.002 between controls
and subjects. Study subjects were not compared to pregnant controls on basis of
anthropometry because controls were already pregnant and this will alter their weight

and other anthropometric measurements (Figure 4.2)
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Figure 4.2 Comparison of basal hormonal markers between controls and study
subjects (ecluding male factor only causes)
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4.3 CORRELATION BETWEEN AGE AND OUTCOMES OF OVARIAN

STIMULATION

For both measured outcomes of ovarian stimulation; ovarian capacity and number of

retrieved oocytes, age showed a significant negative correlation with correlation

coefficients r = -0.48 and -0.38 respectively (Figure 4.3).
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4.4 ASSOCIATION BETWEEN OBESITY INDICES AND MEASURED OUTCOMES
OF STIMULATION

When any of the two obesity indices (body mass index; BMI or waist-to-hip ratio; WHR)
was used, measured outcomes after ovarian stimulation followed a similar pattern.
When BMI was used, mean number of ovarian capacity and retrieved oocytes dropped
consistently with increasing BMI. Using BMI, subjects ranked normal recorded a mean
ovarian capacity and retrieved oocytes of 20.0 and 16.0respectively, those ranked
overweight recorded a mean ovarian capacity and retrieved oocytes of 13.0 and 12.0
respectively, whereas thos ranked obese'recorded.5.8-and 5.1 respectively. When WHR
was used, mean retrieved oocytes was 15.0 in normal weight subjects, 10.0 in

overweight subjects whereas the obese subjects had 7.0 mean oocytes (Table 4.2).

A one way ANOVA of obesity classifications in relation to measured outcomes of
stimulation shows statistical difference between means of normal, overwight and obese
groupings. Using BMI against ovarian capacity and retrieved oocytes showed a p value
< 0.0001 and 0.0058 respectively across the three classifications of normal, overweight
and obese subjects (Figure 4.4).

When BMI was used as the obesity index, majority of subjects 61.5% were overweight
whereas when WHR was used, a little over half of subjects 51.9% had normal weight.

(Table 4.2)
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Table 4.2 Effects of obesity'on measured outcomes of ovarian stimulation

Results

BMI WHR
Ovarian Retrieved Ovarian Retrieved
Weight Grade % (n) capacity oocytes Grade % (n) capacity oocytes
Normal 185-249 26.0 (27) 20.0+19 16.0+£2.0 <0.80 51.9 (54) 170+12 150+14
Overweight 25.0-29.9 61.5 (64) 13.0£0:9. 12.0+1.2 0.80 -.0.85 40.4 (42) 11.0+11 100+14
Obese >30 12.5 (13) 5.8 + 7 38T >(.85 7.7 (8) 95+1.8 70+1.6

Data are presented as percentages (number by count) or mean # SEM
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4.5 LIFESTYLE OF SUBJECTS IN ASSOCIATION WITH OUTCOMES OF OVARIAN
STIMULATION

Majority of subjects attended with primary infertility; 80.7% vs. 19.3% attending with
secondary infertility. (Table 4.3)

Female only factors accounted for 33.7% of infertility causes. 15.4% were of unexplained
causes and 11.5% were of both male and female factors. Of the female factors

anovulation was the predominant cause.

Subjects with positive 3-hCG had significantly-higher mean ovarian capacity and
retrieved oocytes than their counterparts with negative 3-hCG (Ovarian capacity; 16.58
vs. 12.27, retrieved oocytes; 16.12 vs. 10.39) (Table 4.3). However, mean retrieved oocytes
of subjects with negative 3-hCG were adequate for embryo transfer.

A one-way ANOVA analysis was performed to assess the influence of some lifestyle
factors on measured outcomes of ovarian response. On exercise, subjects were classified
into three groups (low, moderate and high) according to their exercise patterns. There
was no significant difference in ovarian capacity or retrieved oocytes across all three
exercise classifications (P = 0.2417 and 0.1148 respectively). However moderate to high
exercise showed a progressive increase in mean follicular count/ovarian capacity from
low to moderate to high; 13.07 to 16.55 to 18.25 respectively. Subjects who engaged in
regular moderate exercises had the highest mean retrieved oocytes of 17.82 (Table 4.3)
There was a significant difference between their WHR; an obesity index across the three
exercise patterns (P = <0.05). Subjects who engaged in a higher grade of exercises had the

lowest WHR of 0.74 (Table 4.3)

No one in the study population had ever smoked but one had a partner who smoked.
All subjects were found to be low on alcohol intake and no one took any alcoholic drink

in the month prior to the procedure and within the month of the IVF procedure.
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4.6 COMPARING OUTCOMES OF SUBJECTS WITH NORMAL AND HIGH FSH
LEVELS

Mean age of subjects with higher than normal FSH levels (37.23years) was significantly
higher than their counterparts with normal FSH levels (35.10 years) with a p-value <0.05.
Measured outcomes of both classifications of subjects followed the same pattern as
subjects with normal FSH had a better and favorable response than their counterparts
with high FSH. Mean ovarian capacity of normal FSH was 16.71 as against 11.0 follicles
by those with high FSH levels with.a p-value.<0.001. Mean retrieved oocytes was
significantly different between subjects with a normal FSH and those with high FSH
with a p- value <0.0001 (16.17 vs. 8.82 oocytes). More cases of pregnancy were recorded

amongst subjects with normal FSH levels (Table 4.4).
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Table 4.3 Effects of obesity on measured outcomes of ovarian stimulation

PARAMETER % (n)

Primary infertility 80.7 (84)

Secondary infertility 19.3 (20)

Cause of infertility

Male 39.4 (41)

Anovulatory 14.4 (15)

Tubal 7.7 (8)

Uterine 11.5 (12)

Unexplained 15.4 (16)

mixed/combined 11.5(12)

Pregnancy Positive Negative

% (n) 34.4(33) 65.6 (63)

AFC 16.58 +1.48 1227 +0.97*

no of oocytes 16712 SEE5-*1. 30mgl .05"*

Smoking (self); Currently Before Never pe
% (n) - - 100 (104)

Smoking (partner);

% (n) - 0:96 (1) 99.04 (103)

Alcohol intake; Low Moderate High

% (n) 100 (104) - -

Exercise; Low Moderate High

% (n) 85.6 (89) 10.6 (11) 3.8 (4)

AFC 13.07+0.93 16.55+1.45 1825+4.38 0.2417
no of oocytes 1143+1.02 17.82+3.34 14.25+3.01 0.1148
BMI 2692+030 2747+1.80 25.33+1.99 0.5492
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WHR 0.79+0.01 0.79+0.02 0.74 +0.02 0.023*

Data are presented as mean + SEM. *=P<0.05, **=P<0.001, a = one way ANOVA analysis performe

Table 4.4 Outcomes of subjects with high and normal FSH levels

Normal FSH_  High FSH p
Number (n) 48 56
Age (yrs) 35.10£0.79 37.23 £ 0.52 <0.05
AFC 16.71 +1.34 11.00 £ 0.91 <0.001
Retrieved oocytes 16.17 +1.60 8.82+0.95 <0.0001

Positive BHCGn (%) 17 (38.6%) 16 (30.8%)

Data are presented as mean + SEM or n(%)
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Table 4.5 Basal gonadotrophins,and other parameters in predicting ovarian

response
Normal

Variables Total responders Poor responders P

Number 104 81 23

Age 37(23.00 - 48.00) 36 (23.00- 48.00) 40 (28.00-43.00) <0.01

Dur. of infertility (mths) 72(7.000=240.0) 72 (7.000 - 180.0)  84(12.00-240.0)  0.0761

Primary infertility %(n) 84 76.2 (64) 23.8 (20)

Secondary infertility %(n) 20 85.0(17) 15.0 (3)

Anthropometry

BMI 26.5 (20.1 - 44.4) 26.5 (20.1 - 44.4) 26.9 (23.5-36.1) 0.754

WHR 0.79(0.69 - 0.93) 0.80 (0.69 - 0.93) 0.79 (0.70-0.87)  0.3829

Basal markers

LH (IU/L) O\ 152 7.3(1.2-16.3) 7.0(1.2-14.9) 0.9469

FSH (IU/L) 10.6 (2.0 - 34.4) 9.7 (2:0- 344) 12.9 (6.4 - 33.9) <0.05

Prolactin 13.5 (0.9 -38.4) 1376.(0.9 - 30.7) 13.4 (2.7 - 38.4) 0.5835

FSH/LH 1.62 (0.35 - 11.36)~1.5(0.35 - 11.36) 2.39(0.75-7.83)  <0.01

Exercise pattern [%o(n)]

Low 89 74.2 (66) 25.8 (23)
Moderate 11 100 (11) -
High 4 100 (4) -
Pregnancy [%(n)] 31.7 (33) 35.8 (29) 17.4 (4)
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Data are presented as median (range) or percentage (number by count). Mann-Whitney test was
performed

4.7 PREDICTING RESPONSE

Subjects were classified into poor responders and normal responders according to the
quantity of their retrieved oocytes. Subjects with 4 or less oocytes were classified as poor
responders whereas those with retrieved oocytes more than 4 were said to be normal
responders. A Mann-Whitney test waspperformed teo~assess the association between
response status as classified by number ‘of tetrieved oocytes and basal hormonal
markers (Table 4.5).

Majority of subjects (81) had a normal response i.e. > 4 retrieved oocytes as against 23
with poor response (<4 oocytes). Poor responders were significantly older than normal
responders (median age; 36 vs. 40, P =<0.01). There was no significant difference in both
obesity indices when subjects were classified into normal and poor responders (Table
4.5).

Basal FSH was significantly higher in poor responders as against normal responders
(median FSH; 9.7 vs. 12.7, P = <0.05 respectively). When basal LH and prolactin were
compared independently, there was no significant difference in medians between
normal and poor responders. However, when FSH and LH were used together in a ratio
as FSH/LH, poor responders had a higher ratio compared to normal responders (median

FSH/LH; 2.39 vs. 1.5, P = <0.01 respectively) (Table 4.5).

All subjects who engaged in moderate to high forms of exercise recorded a normal
response after the ovarian stimulation protocol. 25.8% of subjects who engaged in no or
low exercise regimens recorded a poor response. 17.4% of poor responders recorded a
positive 3-HCG contrasting twice as much pregnancy rate (35.8%) in normal responders

(Table 4.5).
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4.8 CORRELATION BETWEEN BASAL HORMONE MARKERS AND CHEMICAL
PREGNANCY

Pregnancy was established by a positive 3-HCG. There was no significant correlation
between any of the basal hormonal markers; LH, FSH and prolactin and the presence of
pregnancy. FSH/LH ratio also showed no significant correlation to pregnancy, though it
yielded a negative correlation coefficient of r = -0.15. Again, although there was no
significant correlation when basal FSH was compared.to the incidence of pregnancy; it

showed a negative correlation coefficient (r) of -0.10 (Figure 4.4).
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Figure 4.5 Correlation between basal hormonal markers and chemical pregnancy

4.9 CORRELATION BETWEEN MEASURED OUTCOMES OF OVARIAN
STIMULATION AND PREGNANCY

Both measured outcomes of ovarian stimulation; ovarian capacity/antral follicle count

and number of retrieved oocytes showed significant correlation (P = <0.05) with a
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positive correlation coefficient (r) of 0.23 and 0.25 respectively when compared with the

presence or otherwise of pregnancy (Figure 4.6).
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Figure 4.6 Correlation between measured outcomes of ovarian stimulation and
pregnancy

410 LINEAR CORRELATION BETWEEN BASAL MARKERS AND MEASURED
OUTCOMES OF OVARIAN STIMULATION

Basal FSH showed statistical significance when compared to both number of retrieved
oocytes and ovarian capacity with P < 0.001 (Figure 4.6). Basal FSH showed negative
correlation coefficients; r = -0.37 and -0.41 when compared with number of retrieved
oocytes and ovarian capacity respectively (Graph C & G). FSH/LH ratio also showed

significance (P < 0.01) when compared with both measured outcomes; number of
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retrieved oocytes and ovarian capacity. FSH/LH ration however showed a negative
correlation to number of oocytes and ovarian capacity with correlation coefficients r = -

0.23 and -0.27 respectively (Graph A & E) (Figure 4.7).

On the other hand, basal LH and prolactin showed no significance when compared with
both measured outcomes of ovarian stimulation; number of retrieved oocytes and

ovarian capacity (Graphs B, D, G and H) (Figure 4.7).

411 REGRESSIONAL ANALYSIS BETWEEN OBESITY INDICES AND
MEASURED OUTCOMES OF OVARIAN STIMULATION

There was significant correlation between obesity indices and antral follicle
count/ovarian capacity and number of retrieved oocytes. Measured outcomes of ovarian
stimulation; number of retrieved oocytes and ovarian capacity were negatively
correlated to both obesity indices; waist-to-hip ratio (WHR) and body mass index (BMI).
AFC compared to WHR and BMI gives a correlation coefficient of r = -0.37 and -0.50
respectively. Number of oocytes when compared to WHR and BMI gives correlation

coefficient of r =-0.28 and -0.34 respectively (Figure 4.8).
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Discussion
Chapter 5

DISCUSSION

A mean age of 36.25 years in our study population is in line with other studies like one
by van Noord-Zaadstra et al. (1991) which set 35 years as a watershed in fertility terms
and that on average, female fertility declines from the age of 30 years onwards. In the
recent past, most Ghanaian women gave birth at younger ages but currently more and
more women are postponing child bearing to pursue education and other economic
feats until later years when fecundity*becomes poor due to a decrease in quantity and
quality of eggs. Similar geographic trends were found by Maheshwari et al., (2008) and
van Zonneveld ef al., (2003).

This study found that, the older one gets, the fewer the number of retrieved oocytes and
the higher the basal FSH levels, i.e. ovarian capacity or antral follicle count decreased
with increasing age in'an IVFE cycle. Subjects within the age range of 21 — 30 yielded the
most follicles and consequentially the most retrieved oocytes with their older
counterparts within the age range of 41 - 50 yielding the least of both outcomes (Mean
values; 20.92 and 20.31 vs. 8.44 and 7.28). Similar results were found by Hansen et al.,
(2005) where the number of large follicles developing after stimulation with
recombinant FSH was significantly greater in the younger subjects compared to that of
the older group.

When basal hormonal markers of study subjects were compared with that of control
subjects, only basal FSH showed statistical difference. However, mean basal FSH of
control subjects which was 9.5 IU/L is very close to the set upper reference limit of 10
IU/L used by the study site. This gives concern for a bigger study to assess normal
ranges of basal hormonal markers in Africa and most specifically the Ghanaian

population.
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Similar to a study done in Nigeria by Ikechebelu et al. in 2003, primary infertility was the
most prevalent (80.7%) over 19.3% with secondary infertility. However, our finding was
in contrast to some other studies done in Tanzania by Larsen et al., (2006), Olatunji et al.,
(2003) in Nigeria and by Fiander, (1990) in Ghana where secondary infertility was the
predominant.We attribute our findings to the fact that IVF procedure is costly and
women who already have children on their own will be quite reluctant to go in for such
services unless under some pressing conditions. It is mostly women who have never
given birth and under the pressures of society that'will gather all their resources to

attempt getting pregnant through in-vitro fertilization procedure.

Male only factor was the main cause of infertility in couples and this is in agreement
with the study by Ikechebelu et al., (2003) in Nigeria. In Tanzania, Larsen et al., (2006)
found contrasting results where only 6.8% of their study populations were attributable
to male only factors. Notwithstanding, male factors count a lot in infertility treatment
and the focus of treatment should always be on the couple and not just the woman. The
exact or varying types of male factors were not in the remit of this study. Unexplained
factors were the most predominant of female factors of infertility in our study
population followed by anovulatory, uterine, mixed/combined and tubal factors in that
order. Predominance of unexplained factors could be attributed again to increasing age
of women and for that matter in.our study population before attempting pregnancy.
Diminished ovarian reserve has been suggested. by Miller et al., (1999) as a putative
cause of unexplained infertility. Other possible causes of unexplained infertility in
older women can be due to decreased coital frequency and other lifestyle factors such

as stress.

Subjects who were negative for the 3-hCG test had fewer retrieved oocytes than their

counterparts with positive 3-hCG test. However, by the protocol of transferring at most
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three (3) embryos after fertilization (Bancsi et al. 2002), there were enough oocytes for
fertilization. We are of the opinion that, some other factors like the procedure of embryo
transfer whether a stylet is used or not, trauma to the endometrium as a result of the
embryo transfer procedure are responsible for achieving pregnancy in the IVF

procedure.

Measured outcomes of ovarian stimulation were all better in subjects with normal basal
FSH than those with higher FSH. Mean ovarian capacity of normal FSH was 16.71 as
against 11.0 follicles by those with high'FSH levelswitha p-value <0.001. Mean retrieved
oocytes was significantly different between subjects with a normal FSH and those with
high FSH with a p- value <0.0001 (16.17 vs. 8.82 oocytes). Our results followed same
pattern as that of Akande et al., (2002). Similar results were found by Weghofer et al. in
2005; higher basal FSH levels lead to fewer eggs. Although subjects with higher basal
FSH levels had fewer retrieved oocytes, we agree with suggestion by Wolff et al., (2004)
that patients with elevated basal FSH levels should not be excluded from IVF treatment.
Although mean number of retrieved oocytes was lower in subjects with high FSH than
their counterparts with normal FSH, the numbers of retrieved oocytes were adequate for
fertilization and subsequent embryo transfer. At a mean fertilization rate of 50-60% in
IVF, > 4 oocytes are necessary to obtain >2 embryos as theorized by Bancsi et al. (2002),
which is the intended number to be transferred in.most women. From the study a
mean number of 4 embryos will be yielded for transfer from mean oocytes of 8 in

subjects with high basal FSH levels.
Again a good number of subjects with high basal FSH recorded a positive pregnancy
test; 30.8% as compared to 38.6% pregnancy rate in subjects with normal basal FSH. We

agree with Wolff et al., ( 2004) and Abdalla et al., (2004) that high basal FSH values
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should only be used as guidelines in counseling patients but should not necessarily be a

strong basis to discourage clients from undergoing a self IVF protocol.

By way of predicting ovarian response, our study reveals that basal FSH levels and
FSH/LH ratio better predict response of subjects after ovarian stimulation protocol.
There was significant difference (P<0.05) in medians between normal and poor
responders for basal FSH levels (Median FSH; 9.7 vs. 12.7 respectively). This results
corroborates the findings by Yong et al. (2003), who asserted that, the concentration of
FSH in the early follicular phase showed a highly significant negative correlation with
the number of oocytes recovered, but there were no significant correlations with the
other basal hormones measured in this phase. The study results were similar to that of
Bjercke et al. (2005) who found that none of the other basal markers; LH and prolactin
showed any significant difference between normal and poor responders. Basal FSH
emerged as the most significant contributor to. the mumber of oocytes retrieved.
However as mentioned earlier, basal FSH should not serve as a marker to exclude
patients from fertility treatment, but should be interpreted according to patient’s age
and not in absolute terms, even within the generally considered normal range of
<10IU/L. The study findings agree with findings of Cahill ef al., (1994) and Sharif et al.,
(1998).

The FSH/LH ratio followed a similar pattern as that of basal FSH. Subjects with poor
response had significantly higher FSH/LH ratios. Similar results were reported by
Weghofer et al. (2005) and Liu et al. (2008). This suggests that in women with diminished
ovarian reserve (defined by basasl FSH levels > 10.0 mIU/ml), high-normal LH levels
(i.e. a low FSH/ LH ratio) represented a good prognostic indicator and low-normal LH

levels (high FSH/LH ratio) represented a comparatively poor indicator of oocyte yield.
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According to our study, none of the basal hormonal markers showed a significant
correlation wit a positive 3-hCG test. This goes to affirm other studies like that of Creus
et al., (2000) which suggests that the various available measures of ovarian reserve are
better at predicting response to gonadotrophin stimulation than the chance of
pregnancy. That notwithstanding, the measured outcomes of ovarian stimulation;
ovarian capacity and number of retrieved oocytes both showed significant correlation to
chemical pregnancy. Basal FSH had impact on measured outcomes of stimulation but
had no direct significant correlation/with pregnancy. Normal FSH level yields enough
retrieved oocytes but it is unable to'predict pregnancy.“This is attributable to the fact that
adequate number of oocytes is not the only requirement for a positive pregnancy test in
IVFE cycles. Other factors like the quality of sperm, number of oocytes that were
successfully fertilized by sperm, the quality of the developing embryo and even the

embryo transfer technique used could affect outcome of the procedure.

Basal FSH and FSH/LH ratio are the two best parameters to predict response of ovarian
stimulation according to our study. They both showed negative correlation to measured
outcomes of stimulation; ovarian capacity and number of retrieved oocytes. The other
basal markers namely LH and prolactin levels had no significant correlation with the
outcome of stimulation. Similarly Cahill et al. (1994), Sharif et al. (1998) and Ng et al.,
(2005) all showed a negative correlation between basal FSH levels and number of

oocytes retrieved.

Both obesity indices; BMI and WHR increased with age and consequently, a consistent
reduction in ovarian capacity/ antral follicle count and number of retrieved oocytes. This
is in line with findings of other studies by Wittemer et al., (2000), Wang et al., (2000) and
Zaadstra et al., (1993). Body mass and or abdominal obesity works in tandem and in the
same direction as age as proposed by Sneed et al., (2008) but when the effect of BMI and
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WHR were independently assessed (Table 4.2), increasing values of BMI and WHR were
associated with decrease in AFC and number of retrieved oocytes. Unlike the Sneed et
al., (2008) assertion that the effect of obesity on outcomes of stimulation was dependent
on age, our study indicates that obesity indices are independent of age. Obesity has
great impact on outcomes of in-vitro fertilization process because it has a heavy effect on
the number of oocytes aspirated. From our study, both obesity indices showed
significant negative correlation with outcomes of stimulation. Our findings were
consistent with that of Fedorcsak et'al. (2001) and Wang et al. (2000) but contrary to
those of Dokras et al. (2006), Frattarelli"et al. (2004) and Spandorfer et al. (2004); who
found virtually no correlation between obesity indices and ovarian response. This could
probably be due to the fact that in obese persons higher doses of ovarian stimulation

drugs are perhaps needed to generate a sizable pool of follicles for fertilization.

The effects of regular exercise.in reducing obesity have been documented by Homan et
al., (2007) and the effect of obesity on reproduction through IVF procedure also
documented by Clark ef al., (1995); Clark et al., (1998). This study is consistent with these
studies since it was found that moderate to high exercise showed a progressive increase
in mean follicular count/ovarian capacity from low to moderate to high; 13.07 to 16.55 to
18.25 respectively. Subjects who engaged in regular moderate exercises had the highest
mean retrieved oocytes 17.82. The effect of regular exercise for a general health and well-
being and for obesity prevention cannot be over-emphasized. From our study, all
subjects who had a poor response to the ovarian stimulation protocol were engaged in
very minimal or no exercise regimen at all. Rich-Edwards et al., (2002) makes the
assertion that exercise is associated with a reduction in risk of ovulatory infertility.
Those who exercised regularly and as a result had a normal response of 5 oocytes or
more after ovarian stimulation consequently had twice as much chemical pregnancy
rate than those who did no or low exercise regimens according to our study.
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Conclusion

Chapter 6
CONCLUSIONS

At a relatively younger age of 36years, fecund-ability begins to decline. Increasing age as
has been demonstrated by this study is a negative prognosticator of outcomes of
controlled ovarian stimulation in IVF cycles and is therefore indicative and stresses the
need for child-bearing by Ghanaian women at ages earlier than 36years.

Primary infertility (80.7%) is predominant over secondary infertility (19.3%) in Ghanaian
IVF seekers. This finding is attributable to the fact that IVF procedure in Ghana is
expensive and women who already have children on their own will be quite reluctant to
go in for such services unless under some pressing conditions. It is mostly women who
have never given birth and under the pressures of society that will gather all their
resources to attempt getting pregnant through in-vitro fertilization procedure. The
predominance of primary infertility might not be the case in the general Ghanaian
population. A bigger study spanning a wider cross-section of the Ghanaian population

is required to ascertain this fact.

In Ghana, women are most often blamed when there are some difficulties with
conception. From this study, male factor (39.4%) is the most predominant of infertility
causes in the Ghanaian IVE centers. Most often than not in the fertility clinic, the women
are the first to report for diagnosis and treatment. From the results of this study, men
should be tested first before the women since semen analysis (male test) is less invasive
than most diagnostic tests for women and also because male factors are the
predominant.

The number of retrieved oocytes impacts positively on the pregnancy outcome in IVF
procedures. From the study, a mean of 14 retrieved oocytes was yielded by those
classified as normal responders to the controlled ovarian stimulation. The more oocytes
there are, the higher the chance of pregnancy. In IVF procedures, the best embryos are

selected for transfer. With a wider sample space of embryos to select from, the
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Conclusions

embryologist stands a good chance to be able to select quality embryos for transfer
whereas if there are only a few, he has no choice than to transfer whatever he has; good

quality or not.

From this study higher than normal basal FSH levels leads to poor outcomes of ovarian
capacity and retrieved oocytes in IVF cycles.The study also established that basal FSH
increases with increasing age and thus a poor prognosticator of ovarian capacity and
retrieved oocytes. However, on the basis of pregnancy, having a normal basal FSH does
not have any significantly different advantage over those with high basal FSH. We
therefore theorize that in the Ghanaian population, higher than normal basal FSH
should not be used to deny patients the chance at self IVF cycles but they should be
advised on the significant impact that high basal FSH has on measured outcomes such
as retrieved oocytes and ovarian capacity.

Among all routine basal blood works, basal FSH and FSH/LH ratio better predicts
outcome of controlled ovarian stimulation in IVE cycles but are unable to predict
pregnancy. It is clear then that other factors such as the quality of sperm, quality of
developing embryos and technique of embryo transfer impacts on whether a pregnancy

results or otherwise in an IVE cycles.

The basal FSH of control fertile women was so close to the upper limit of normal, hence
we propose for a wider study for the establishment of reference ranges of basal

hormonal markers in the Ghanaian women

Regular exercise by women impacts positively on achieving a lean BMI and WHR and
consequently on response to controlled ovarian stimulation in IVF cycles; hence,
overweight and obese women trying to conceive should exercise regularly to reduce

weight and better their chances in an IVF program.
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Conclusions

A wider study is again proposed to score the effect of smoking, caffeine and alcohol use
on IVF cycles since our study has very little data on subjects who engaged in such

activities in the month prior to and in the month of procedure.

RECOMMENDATIONS

1. FSH/LH be used together with basal FSH'levels in assessing and predicting
response.

2. That subjects whose basal FSH levels are higher than the upper limit of 10IU/L
be allowed to try self IVF and not directly prepared into donor IVF cycles since
they have shown some success rate

3. Overweight and obese patients seeking assisted conception should be advised
to keep regular exercise regimens tolose some weight

4. Other markers like serum estadiol be used together with ultrasound scan in
assessing the ovarian pool to find the adequacy of the stimulation protocol. This
can help in reducing the cases of OHSS

5. That further study be done in assessing the predictability of other markers like

AMH and inhibin B in the Ghanaian population
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