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counselling. The cumulative live 
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dition, subfertile women’s risk for 

adverse neonatal outcomes was 

evaluated in spontaneous pregnan-
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ABSTRACT

Involuntary childlessness has been reported to touch one in five couples in Finland. Assisted
reproductive technology (ART) is the most effective means to treat infertility.
The aim of this study was to provide data for patient counselling. The study population consisted of
987 women who were undergoing ART in Kuopio University Hospital 1996–2007. By using women
with tubal factor infertility as controls (n=87 and n=106), cumulative live birth rates after ART were
evaluated among women with endometriosis (n=98) and women with polycystic ovary syndrome
(PCOS) (n=66) who had previously failed to conceive via ovulation induction treatments. In
addition, the risk of adverse neonatal outcomes was investigated in singleton ART pregnancies (n=
255) by comparing them to spontaneous pregnancies in the general population (n=26 870) and to
women who had taken a long time to conceive (>2 years) (n=928). ART pregnancies were divided
into six subgroups according to the etiology of infertility, in order to evaluate whether infertile
women differed from each other in terms of their risk profiles. A questionnaire, including a Life
Satisfaction scale, was sent to all 987 women with a response rate of 54.7%.
Although women with endometriosis had a significantly lower pregnancy rate than women in the
tubal factor group, there was no significant difference between cumulative life birth rate between
the groups. A total of 40% of women with moderate to severe endometriosis (stage III/IV) had a live
birth after 1–4 ART cycles with subsequent frozen embryo transfer, when the corresponding figure
among women with minimal to mild endometriosis (I/II) was 55%, among women with PCOS 49%,
and among women with tubal factor infertility 44%. A total of 52% of women with stage III/IV
endometriosis discontinued ART after 1–3 cycles without success and 33% of women with PCOS
discontinued after 1–2 cycles. ART pregnancies were at an increased risk for preterm birth
compared to the general obstetric population (aOR 2.1; 95% CI 1.4–3.1). Specifically, preterm birth
was more common in women with endometriosis (aOR 3.3; 95% CI 1.5–7.1). Nevertheless, ART
pregnancies displayed comparable risks as spontaneous pregnancies occurring after a long time to
conceive. Successfully treated women had higher life satisfaction than those who failed to conceive
but even this latter group still had higher life satisfaction than the general Finnish population. It
seemed that the recovery of unsuccessful ART occurred 6–9 years after the last unsuccessful ART
and the recovery was faster in unsuccessfully treated women who had a child by some other means.
In conclusion, the etiology, as probably also the high drop out rate, appeared to have some impact
on the ART success rate. The elevated risk of adverse neonatal outcome is related to infertility, not
only  to  ART per se. Moreover, the etiology of infertility seems to have an impact on the elevated
risks. Most childless women will adjust to infertility, usually around 6–9 years since the last
unsuccessful treatment. However, further studies are needed of adjustment of those women who do
not participate in ART and why so many women discontinued ART even after 1–2 ART cycles.

National Library of Medical Classification: WQ 208, WP 570
Medical Subject Headings: Fertilization in Vitro; Infertility, Female; Pregnancy, High-Risk; Personal
Satisfaction; Pregnancy Outcome; Reproductive Techniques, Assisted
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TIIVISTELMÄ

Tahaton lapsettomuus koskettaa joka viidettä suomalaista pariskuntaa. Hedelmöityshoidot, kuten
in vitro fertilisaatio (IVF), intrasytoplasminen mikroinjektio (ICSI) ja pakastealkionsiirto (PAS), ovat
tehokkaita keinoja hoitaa lapsettomuutta.
Tämän työn tarkoituksena oli saada tietoa hedelmöityshoitoon hakeutuville pareille
kumulatiivisista tuloksista, raskauden kulusta ja lapsettomuuteen sopeutumisesta.
Kuopion yliopistollisessa sairaalassa tehtiin 1996–2007 IVF/ICSI/PAS-hoito 987 naiselle, joista
muodostui tutkimuksen aineisto. Selvitimme endometrioosista (n=98) tai polykystisten
munasarjojen oireyhtymästä (PCOS) (n=66) kärsivien naisten kumulatiiviset raskaustulokset
käyttäen kontrolleina munanjohdinvaurioisia naisia (n=87 ja n=106). Vertasimme IVF/ICSI/PAS-
raskauksia (n=255) yleisen väestön raskauksiin (n=26 870) sekä raskauksiin, jotka alkoivat >2
vuoden odotuksen jälkeen (n=928) ilman hoitoa. Kuuden eri hoitoindikaatioryhmän riskit
raskauskomplikaatioihin selvitettiin erikseen. Kaikille 1996–2007 hoitoon osallistuneille naisille
lähetettiin hoidon jälkeen kysymyslomake, joka sisälsi Life Satisfaction-kyselyn. Vastausprosentti
oli 54.7 %.
Huolimatta siitä, että endometrioosipotilaiden raskausprosentti oli selkeästi huonompi kuin
verrokkipotilailla, synnytykseen johtavien raskauksien osuudet eivät juuri eronneet ryhmien välillä.
Kohtalaista tai vaikeaa endometrioosia sairastavista naisista 40 % sai lapsen hoidon avulla 1–4
munasolukeräyksen sekä siihen kuuluvien pakastealkiosiirtojen jälkeen, kun vastaavasti
kirurgisesti lievemmässä endometrioosissa 55 %, PCOS:ssa 49 %, ja munanjohdinvauriossa 44 %
naisista sai lapsen. 52 % vaikeaa endometrioosia sairastavista naisista lopetti hoidot 1–3 hoitosyklin
jälkeen ilman onnistumista, ja vastaavasti 33 % PCOS-naisista lopetti 1–2 hoitokerran jälkeen.
IVF/ICSI/PAS-raskaudet päätyivät selkeästi useammin ennenaikaisesti kuin yleisen väestön
raskaudet (aOR 2.1; 95 % CI 1.4–3.1). Erityisesti tämä oli endometrioosia sairastavien naisten
ongelma (aOR 3.3; 95 % CI 1.5–7.1). Myös raskauksissa, joita odotettiin >2 vuotta, oli
samankaltainen riski kuin hoidoilla alkaneissa raskauksissa. Kyselyn perusteella hoidoissa
epäonnistuneet naiset olivat keskimäärin tyytymättömämpiä elämäänsä kuin onnistuneet naiset.
Kuitenkin myös näillä naisilla tyytyväisyys elämään oli korkeampi kuin suomalaisella väestöllä
keskimäärin. 6–9 vuoden kuluttua viimeisestä hoidosta hoidoissa onnistuneilla ja epäonnistuneilla
oli samanlainen elämäntyytyväisyys. Niillä naisilla, joilla oli lapsi epäonnistuneesta hoidosta
huolimatta, oli hoidoissa onnistuneita naisia vastaava elämäntyytyväisyys jo 3–6 vuoden kuluttua
viimeisestä hoidosta.
Tutkimuksen mukaan lapsettomuuden etiologia, kuten todennäköisesti myös korkea
keskeyttäneiden osuus, vaikuttaa jossain määrin IVF/ICSI/FET-hoidon tuloksiin. Hoidolla
alkaneiden raskauksien lisääntynyt komplikaatioriski ei näytä selittyvän yksinomaan itse hoidolla
vaan myös lapsettomuuden syy nostaa riskiä. Tämän tutkimuksen valossa näyttää siltä, että
lapsettomuuteen sopeutuminen tapahtuu 6–9 vuoden kuluessa viimeisestä hoidosta, ja jo
aikaisemmin, jos naisella oli lapsi jo ennen koeputkihedelmöityshoitoa tai muulla tavoin
tuloksettoman hoidon jälkeen.

Yleinen Suomalainen asiasanasto: hedelmättömyys – sopeutuminen; hedelmöityshoito; keinoalkuiset
lisääntymismenetelmät; koeputkihedelmöitys; raskaus – riskit
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1 Introduction

The means of treating infertility have changed drastically since the pioneering work of
Robert Edwards and Patrick Steptoe, a physiologist and a gynaecologist, who developed a
method for in vitro fertilization (IVF) (Steptoe and Edwards 1978). To date, over 4 million
children have been born through assisted reproductive technology (ART), which includes
in vitro manipulation of human gametes, both eggs and sperm, and embryos to establish a
pregnancy. The most frequent procedures of ART are in vitro fertilization (IVF),
intracytoplasmic sperm injection (ICSI), embryo cryopreservation and oocyte and embryo
donation; in contrast intrauterine insemination (IUI) is not usually considered as ART
(International Committee for Monitoring Assisted Reproductive Technology et al. 2009). In
2010, 32 years after the birth of the first IVF child, Louise Brown, Sir Robert Edwards was
awarded the Nobel prize for Medicine.

ART has advanced enormously during a rather short time period. One generation ago,
ART was utilized to overcome tubal obstructions, but today there is hardly any etiology of
infertility in which this method would not have been tested. The use of donated gametes
has expanded the application of ART. Promising results have been obtained also from the
cryopreservation of ovarian tissue. For example, one reason for using these applications is
fertility preservation before cancer therapy (Rodriguez-Wallberg and Oktay 2012). At
present, ART is being applied not only for a number of medical reasons but also to expand
the reproductive period by freezing oocytes first and then using them at a later age when
woman considers the time is right for child bearing (van Loendersloot et al. 2011). Initially,
ART was subjected to protests, and it is still a matter of public debate, when it is applied to
cross the line of well established indications, for example in ART for women of very
advanced age or the transfer of multiple embryos at the same time.

In addition, concerns have been raised about the health of the newborn. A recent
Swedish comprehensive study has shown that the cancer risk is moderately increased
among children born after ART (Källen et al. 2010a). Pregnancies after ART can be
associated with adverse neonatal outcomes such as an elevated risk of preterm delivery
(Helmerhorst et al. 2004, Pandey et al. 2012, Pinborg et al. 2013). However, at present, it is
thought that the ART procedure itself is not responsible for all increased risks, but the
underlying factors behind the infertility might also be important (Källen et al. 2010b,
Romundstad et al. 2008). In particular, multiple births have been the cause of obstetric
complications (McDonald et al. 2010). Finland has been a pioneer of the elective single
embryo transfer policy (Martikainen et al. 2001). ART outcomes have been comparable with
double embryo transfers but the health of the newborn has been demonstrated to be better
in singleton than in multiple pregnancies. Effective cryopreservation methods are a
prerequisite for elective single embryo transfer.

Involuntary childlessness has a major impact on life. The experience is comparable with
serious illnesses such as cancer (Domar et al. 1993). A child means a continuity of life and
gives hope for the future (Tulppala 2002). Sir Robert Edwards has stated “the most
important thing in life is having a child” (Roberts 2010).

Today, millions of children and their effect on families are a living proof that ART is one
of the most significant medical discoveries. However, ART has also a downside; while ART
brings hope to millions of couples, failure may also delay adjustment to childlessness.
Press coverage of developments in the technology and improvements of ART outcomes
may give partly unrealistic hopes. ART can be viewed as an opportunity, but resources,
such as psychological help, have to be made available also for couples who remain childless
after ART and for those who, for one reason or another, do not want to participate in ART.
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The purpose of this study was to obtain more data for patient counselling. It was decided
to investigate the effect of ART in those indications where the published data were
controversial, i.e. among women with endometriosis (Somigliana et al. 2006) and among
women with Polycystic ovary syndrome (PCOS) diagnosed via Rotterdam criteria, to
whom ART is not the first line infertility therapy (Thessaloniki ESHRE/ASRM-Sponsored
PCOS Consensus Workshop Group 2008). The specific aim was to assess the cumulative
live birth rates with women with tubal factor infertility as a control group. In addition, the
risks of adverse pregnancy and neonatal outcomes among ART pregnancies were evaluated
in women with different infertility etiologies. By comparing ART pregnancies with
spontaneous pregnancies in women who had to wait more than two years before
conceiving, it was hoped to determine whether ART treatment or infertility itself would be
more crucial in contributing to the increased risks of adverse outcomes. There was also a
questionnaire study that assessed the adjustment to infertility after unsuccessful ART and
adjustment to motherhood after successful ART.
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2 Review of the literature

2.1 INFERTILITY

Infertility is regarded as one of life’s major crisis – it has social as well as psychological
impacts on a couple’s life. Couples who are involuntarily childless feel themselves
distressed if a life-long desire to become a parent can not be fulfilled.  The common
definition of infertility is the absence of pregnancy after one year of unprotected and
regular intercourse. A fertility evaluation is recommended after one year of attempts – or
earlier, if any fecundity weakening factors are known to be present, such as advanced age,
anovulation, or endometriosis (Practice Committee of the American Society for
Reproductive Medicine 2004).

2.1.1 Epidemiology
The prevalence of infertility has been estimated to range from 3.5% to 16.7% in developed
countries (Boivin et al. 2007), and in Finland the figure is even higher; 20% of women have
reported to experience difficulties in conceiving (Klemetti et al. 2010). In recent years, the
prevalence of infertility has increased (Boivin et al. 2007), which can be explained by life
style changes and the decision to delay conception (Yoldemir and Oral 2012). Furthermore,
the awareness of means of infertility treatments has expanded, the accessibility to treatment
has improved and the so-called baby-take-home rate has increased (Ferraretti et al. 2012),
which in turn increases the demand of infertility treatments.  In spontaneous cycles, it has
been estimated that 20�30% of women achieve a pregnancy in the first cycle and 85�95% of
women after 13 cycles (Dunson et al. 2004, Gnoth et al. 2003, Joffe 2000). Only 1% of couples
are estimated as being sterile (Dunson et al. 2004) and spontaneous pregnancies are
possible even after a long period of trying. The likelihood of spontaneous pregnancy is
influenced by age, parity, duration of pregnancy attempts and increased body mass index
(Taylor 2003). Figure 1
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Figure 1. Cumulative live birth rate of women who had not conceived during the first year of
attempts. (With permission from Taylor 2003, data from Collins et al. 1995)

2.1.2 Etiology and factors affecting feduncity
Infertility is a sum of several factors. To some extent both women and men can improve
fertility by their own choices, i.e. selecting a good lifestyle and avoiding sexually
transmitted diseases (Anttila 2002, 2008). On the other hand, there are also etiologic factors
that are outside own selections, e.g. genetic disorders, in utero exposure to tobacco,
environmental toxicants and cancer therapy (Kaukoranta and Suikkari 2012).

2.1.2.1 Advanced age
According to the National Institute of Health and Welfare (THL), the proportion of
parturients over 35 years has been on the increase in Finland in the last 20 years and in
2011, it was 18.7% (THL 2012). On one hand, this phenomenon mirrors the delay in
childbearing after the building of career and increased education (Mills et al. 2011) and on
the other hand the instability of partnerships and declining family sizes (ESHRE Capri
Workshop Group 2010). However, the delayed childbearing affects fecundity. Fecundity
falls rapidly after the age of 31 and the probability that a 35 year old woman will give birth
to healthy newborn is half of a woman of age 25 (van Noord-Zaadstra et al. 1991). If one
considers women who start to attempt to conceive at 30 years, three out of four will be
having an ongoing pregnancy during the first year, while in women aged between 30 and
40, less than half have live births during the same time period (Leridon 2004).

The decline in fecundity with age is mainly due to both the number and quality of
oocytes (Balasch and Gratacos 2012). In addition to impaired ovarian factors, the
probability of uterine fibroids increases in conjunction with aging, and this also has an
effect on fertility (Söderström-Anttila et al. 2010).
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Not only a woman’s age but also a man’s advanced age is associated with decreased
fertility, though not as significantly as woman´s. However, the causality of age and fertility
is difficult to confirm; along with increased age an increased risk of vascular diseases,
obesity and an accumulation of toxicants may also have an effect on fertility. Nevertheless,
paternal age over 40 has been showed to prolong time to pregnancy (Sartorius and
Nieschlag 2010).

2.1.2.2 The effect of body mass index (BMI)
WHO describes obesity as one of the most serious public-health threats and it is considered
as the main preventable cause of illness and premature death (Haslam and James 2005).
According to the data of FINRISK study published in 2007, a total of 20.6% of women aged
25�64 y. were obese and the proportions of viscerally obese (waist circumference over 88
cm) women was even higher, 40% (Luoto et al. 2011). Generally, body mass index (BMI) is
categorized into four subgroups: underweight (BMI less than 18.5 kg/m2), normal weight
(BMI 18.5�24.9 kg/m2), overweight (BMI 25�29.9 kg/m2) and obesity (BMI of 30 kg/m2 or
more) (WHO 2000).

Overweight and underweight women are at a risk of decreased fertility. Usually, the
mechanism accounting for subfertility among over- and underweight women is ovulatory
dysfunction (Rich-Edwards et al. 2002), which is described later. The prevalence of
anovulation increases with increasing BMI in overweight women, and with decreasing BMI
in underweight women (Haslam and James 2005). However, the effect of obesity on
fecundity seems to persist even in women with regular cycles (Gesink Law et al. 2007). The
increment of one BMI unit above 29 kg/m2 in obese ovulatory women seems to be
equivalent to a one year increment in a woman’s age on fecundity (van der Steeg et al.
2008).

The link between obesity and subfertility may be due to the level of free estrogen
resulting from increased peripheral conversion of androgens into estrogens in adipose
tissue. Estrogen has an impact on GnRH pulsatily, which in turn interferes with ovarian
function leading to irregular cycles (Haslam and James 2005). In addition to producing
estrogen, adipose tissue increases the level of leptin, a hormone which also has an effect on
GnRH secretion. Furthermore, a decrease in the adiponectin level and the insulin resistance
present in obese women may disturb ovarian function (Gosman et al. 2006, Jungheim et al.
2009, Mitchell et al. 2005). However, during an ovulatory cycle the mechanism could be
reduced fertilization potential or endometrial abnormalities, but data is still defective
(Gesink Law et al. 2007).

The aromatization of steroids to estrogen in adipose tissue disturbs the hypothalamic-
pituitary-gonadal axis also in men which leads to a decrease in testosterone level and an
increase in estradiol level. These negative changes have an impact on spermatogenesis; BMI
categories and abnormal sperm count have been showed to be J-shaped (Sermondade et al.
2012).

Several studies have indicated that weight loss can improve fertility among obese,
anovulatory patients (Crosignani et al. 2003, Tang et al. 2006). In addition to a restricted
caloric diet, a recent study demonstrated that a physical activity of any form could improve
fertility in obese women, while lean women may increase their probability of becoming
pregnant by changing from vigorous activity to more moderate activity (Wise et al. 2012). If
changes in lifestyle do not sufficiently reduce BMI, then bariatric surgery can be performed
in morbidly obese women (BMI > 40 kg/m2) or in women with infertility with BMI > 35
kg/m2 and whose infertility is due to obesity, e.g. PCOS (Tan and Carr 2012). Weight
reduction after bariatric surgery seems to improve fecundity. However, nutrional
deficiencies are possible after the operation, which may have effect on the course of
pregnancy (Tan and Carr 2012).
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2.1.2.3 Smoking
Smoking has been proved to be harmful for fertility in women and men (Augood et al.
1998, Bolumar et al. 1996, Hull 2000). The smokers have been shown to have a 1.6-fold risk
for infertility as compared to non-smokers and the declining of fecundity was correlated
with the number of the cigarettes (Augood et al. 1998, Hull et al. 2000). Further, the impact
of passive smoking was almost as significant as active smoking (Hull et al. 2000).

Smoking diminishes blood circulation to the ovaries which in turn reduces their
functional properties. The acceleration of follicle depletion is seen as an elevated follicle
stimulating hormone (FSH) level. Among active smokers, FSH levels are 66% higher than in
non-smokers, and even in passive smokers they are 34% higher than in women who do not
smoke (Cooper et al. 1995). The cohort of primordial follicles is also affected by smoking, as
evidenced by the decreased anti-Müllerian hormone (AMH) level (Sowers et al. 2010).

Smoking has been shown to be associated with lower sperm quality, to have a negative
effect on integrity of DNA and to have an impact on the risk of mutations among children
of smoking men (Tournaye and Cohlen 2012). The average effect of smoking on reduction
of sperm concentration has been shown to be 22% (Practice Committee of the American
Society for Reproductive Medicine 2012). Influence of man’s smoking on fecundity seems to
be dose dependent; over 15 cigarettes/day affects negatively to pregnancy (Hassan and
Killick 2004). However, data available is not as convincing in men as in women. Smoking
habits may be associated with an increase to an oxidative stress, owing to decreased levels
of antioxidants.

2.1.2.4 Stress
In the literature it has been proposed several decades ago that stress, or specifically the
response to stress, has a negative association with fecundity. An often represented myth in
this connection is that the probability to conceive increases after adoption (Rock et al. 1965).
A more likely is that the pregnancy would have initiated sooner or later, even without
adoption. Seldom the probability to pregnancy equals to zero; a recent study found that
22% of women conceived spontaneously after a successful ART (Lande et al. 2012). This
study may support the association between stress and fecundity, but it is not known
whether a spontaneous pregnancy would also have started without successful ART.

Several mechanisms trying to elucidate the association of stress and fecundity have been
presented. First, a decrease in the frequency of intercourse plays a role (Lynch et al. 2012).
Second, activation of the hypotalamic pituitary adrenal (HPA) axis causes increased cortisol
production in the adrenal cortex, which leads to aberrations in GnRH and LH secretion
which prevent ovulation and have an effect on testosterone level and spermatogenesis
(Ferin 1999, Hall and Burt 2012). Third, stress may affect blood flow through the Fallopian
tubes and thus it can have an influence on the movement of gametes (Schenker et al. 1992).
As stress may delay getting pregnant, it will not lead to complete sterility. Instead, stress
related depression may prevent seeking out infertility evaluation and treatments (Anttila
2012).

Investigators from the UK found that increased level of an enzyme called alpha-amylase,
a biomarker of stress, in follicular phase, was associated with a decreased conception rate
(Louis et al. 2011). However, the same researchers detected no connection between self-
reported stress during the follicular phase and fecundity (Lynch et al. 2012). They assumed
that one explanation could be that women in the study did not report high levels of stress;
actually their stress level was equal with the general population.  Nevertheless, clinicians
from Denmark, who also measured the self-reported stress level, but in the luteal phase,
found a correlation between a high stress level and decreased fecundity in long menstrual
cycles (Hjollund et al. 1999). They speculated that the decreased fecundity may be a
consequence of a disturbance in the normal menstrual cycle. In addition, investigators from
Australia also observed an association between fecundity and lower self-reported stress
level in both mid-follicular and mid-luteal phases of a cycle, but no association with urine
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levels of noradrenaline and cortisol (Sanders and Bruce 1997). Studies concerning stress and
ART outcome are more controversial (Boivin et al. 2011). The discrepancies between studies
may be due to the different ways to measure stress, different endpoints and the small study
samples.

In conclusion, even though there is plenty evidence to support the argument that
increasing levels of stress are associated with reduced fertility, no conclusive evidence has
been published. Nevertheless, it seems to be unquestionable that it is not the stress per se
but rather the abnormal responses that stress evokes that seem to be the contributor behind
decreased fertility. Stress is a part of life and is a factor motivating individuals to cope with
daily activities.

2.1.2.5 Specific underlying factors
Traditionally it has been claimed that for every fourth couple the reason for childlessness is
the female factor, every fourth the male factor, every fourth the reason is in both members
and for the rest the reason remains unexplained. The annual data collected by THL for
indications of ART give directions for the reasons of childlessness but in Finland the exact
epidemiologic data for different diagnoses are still missing. Figure 2 shows the indications
for ART in Finland.

According to the indications for ART, the proportions of infertility etiology have
changed from 1992 to 2004 in Finland; the incidence of tubal factor infertility has decreased
significantly, whereas the incidence of male factor infertility has increased (Terävä et al.
2008). The decrease of tubal infertility may be a consequence of decreased occurrence of
complications caused by Chlamydia trachomatis e.g. pelvic inflammatory disease.
However, the incidence of Chlamydia trachomatis per se has been on the rise (Paavonen
2012). ICSI was started in Finland shortly after the technique was introduced in 1992, and
subsequently the reported incidence of male infertility has increased. Another explanation,
but slight, for the shift in the prevalence is that there have been changes in the defining
criteria over the years; the latest WHO’s semen analysis manual published its fifth edition
in 2010.

Figure 2. Indications for assisted reproductive technology (ART) (oocyte retrievals) in Finland in
2010, according to THL, 2012.

2.1.2.5.1 Ovulatory dysfunction and polycystic ovary syndrome (PCOS)
Ovulatory dysfunction is a very common cause of female infertility. Many diseases, such as
anemia, hypothyroidism and celiac disease, all may disturb ovulatory cycles. According to
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the WHO, ovulatory dysfunction can be categorized into three subgroups. WHO group 1 is
comprised of hypogonadotrophic hypogonadism, where the levels of FSH and LH are too
low to stimulate the follicle and thus they prevent the ovulation. This can be related to
stress, weight loss, exercise and anorexia nervosa (ESHRE Capri Workshop Group 2006).

However, the most common group is normogonadotrophic anovulation (WHO group 2).
Accordingly, the gonadotrophins are within the normal range, but the secretion of LH is
altered and the maturation and rupture of the follicle are impaired (Speroff and Fritz cop.
2005). One significant class of patients in group 2 is those subjects with PCOS, these
accounted for over 90% of all women in WHO 2 group (Broekmans et al. 2006). The criteria
of PCOS have changed in recent years; according to National Institutes of Health (NIH) in
the 1990, both hyperandrogenism and ovarian dysfunction should be present. At the
moment, PCOS is defined according to ”The Rotterdam criteria”; any two of the following
three findings need to be present: irregular menstruation with oligo- or anovulation, clinical
or biochemical hyperandrogenism, and polycystic ovaries (The Rotterdam ESHRE/ASRM-
Sponsored PCOS consensus workshop group 2004). In addition to these features, its clinical
manifestation may include obesity and hyperinsulinaemia. Up to 30–75% of women with
PCOS are obese (Ehrmann 2005), which in turn also reduces fecundity. Moreover, morbidly
obese women (BMI � 40 kg/m2) with PCOS had significantly lower pregnancy rates than
PCOS women whose BMI was less than 40 (Jungheim et al. 2009). A Finnish study on self-
reported oligo-amenorrhea and/or hirsutism has noted that women with PCOS symptoms
suffered more often from infertility than their non-symptomatic counterparts (26 vs. 17%,
respectively), but their lifetime fertility was not impaired (Koivunen et al. 2008).

The pathophysiology of PCOS is based on increased LH secretion, insulin resistance and
the development of compensatory hyperinsulinemia (Franks 1995). Insulin stimulates the
secretion of androgens and inhibits sex-hormone binding globulin (SHBG) production,
resulting in an increase in the level of free androgens. The consequence is ovulatory
dysfunction which in turn has an impact on hypothalamic pituitary dysfunction (Franks
1995).

The third group of WHO classification includes women with amenorrhea and elevated
FSH and LH level, the consequence of ovarian failure (hypergonadotrophic
hypogonadism). The reasons are comprised in the failure of ovarian development,
diminution of the amount of primordial follicles (which is a normal phenomenon within
ovarian aging) and the destruction of ovarian tissue due to iatrogenic causes, e.g. ovarian
surgery or radio-/chemotherapy (ESHRE Capri Workshop Group 2012). If there is a total
absence of oocytes, the only approach to achieve pregnancy is oocyte donation. Indeed, a
Finnish study revealed that 45% of women who conceived with the help of donated oocytes
had as their indication premature ovarian failure (Söderström-Anttila et al. 2010). However,
recovery and a viable pregnancy have been recognized when the number of oocytes is only
decreased instead of there being a total lack of oocytes (Tartagni et al. 2011).

Ovarian reserve (i.e. the number and the quality of oocytes) can be measured by the
antral follicle count (AFC), the levels of FSH or anti-Müllerian hormone (AMH)
(Söderström-Anttila 2010). AMH, produced by the granulosa cells in the pre-antral stage,
have been considered to be a more accurate way to measure the follicle pool in young
women than either an elevated FSH level or decreased AFC (Knauff et al. 2009). AMH
inhibits the development of a primordial follicle into the primary follicle and thus regulates
the primordial follicle pool (Usta and Oral 2012). In addition, it has an inhibitory effect on
the selection of the dominant follicle by inhibiting follicular sensitivity to FSH; (and thus
among anovulatory women with PCOS have the increased level of AMH) (Usta and Oral
2012). Since AMH exhibits stability throughout the cycle and it is not dependent on
operator (in contrast to FSH and AFC), it is useful to predict ovarian reserve. In practice,
AMH levels helps to predict i) ovarian response in ART cycles, ii) ovarian reserve after
surgery, iii) age of menopause, and iv) ovarian reserve after cancer therapy  (Usta and Oral
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2012). However, live births can occur even in cases with undetectable AMH levels (Gleicher
et al. 2010).

2.1.2.5.2 Endometriosis
Endometriosis is a common disease in women of reproductive age, affecting 6–10% of all
women in the general population (Giudice and Kao 2004). It is a chronic condition
associated with pelvic pain, dysmenorrhea and infertility but it can also be asymptomatic
with normal fecundity. The typical findings consist of endometriotic implants, adhesions
and ovarian endometriosis i.e. endometriomas. Many factors have been postulated to cause
infertility in women with endometriosis, including disturbed folliculogenesis, and
abnormal follicular fluid immune function, impaired oocyte maturation and tubal function,
and distorted pelvic anatomy (Härkki et al. 2010).

Laparoscopy is considered as the “gold standard” for the diagnosis of endometriosis,
when there is suspicion of disease due to symptoms and clinical findings. Laparoscopy
makes it possible not only to classify the severity of the disease but also to eradicate any
visualized lesions. However, surgery does not eliminate the chronic inflammation that has
an impact on fertility (Falcone and Lebovic 2011) and therefore laparoscopy is indicated
primarily in symptomatic women (The Practice Committee of the American Society for
Reproductive Medicine 2012). Usually, the classification of the American Society for
Reproductive Medicine has been applied; minimal (stage I), mild (II), moderate (III) and
severe (IV) (ASRM 1996). Nevertheless, the utility of this classification scheme in predicting
spontaneous pregnancy is weak (Vercellini et al. 2006) and for example, the patency of
Fallobian tubes is more essential. Regarding the impact of surgery on conceiving, studies
are controversial owing to different patient population and different procedures. However,
in a skilful unit the probability of a spontaneous pregnancy after surgery has been
evaluated as being 47% (Vercellini et al. 2006). In the case of severe disease e.g. with tubal
obstruction, and particularly in women with co-existing causes of infertility, ART is often
required. Since the resection of endometriomas may diminish the ovarian capacity, in
accordance with the recommendation of ASRM (The Practice Committee of the American
Society for Reproductive Medicine 2012), after a comprehensive consideration the operation
should not be performed, unless the endometrioma is over 4 cm in diameter or the
diagnosis is uncertain. Furthermore, repetition of surgery should be avoided (unless it is in
cases with severe pain) and ART used instead.

2.1.2.5.3 Tubal factor
Tubal factor infertility may be a consequence of several diseases e.g. pelvic inflammatory
disease (most commonly Chlamydia trachomatis), a prior ectopic pregnancy, endometriosis,
salpingitis isthmica nodosa or fibroids (Honore et al. 1999). Up to 24% of women who have
undergone sterilization had been reported to regret it later (Borrego et al. 2008). Tubal
factor infertility accounts for 7–20% of all infertility problems and in developing countries
the figure may be even higher (Maheshwari et al. 2008, THL 2012). The diagnosis is most
commonly made by hysterosalpingography (HSG) or hysterosalpingo- contrast sonography
(HyCoSy), although the gold standard is still laparoscopy (Lim et al. 2011). However, all of
these methods can also produce false positive results. Over half of the women in whom
proximal tubal blockage has been diagnosed, actually have patent tubes with repeated HSG
or on subsequent laparoscopic examination (Practice Committee of the American Society
for Reproductive Medicine 2012). Moreover, 3% of women who had bilateral tubal blockage
diagnosed by laparoscopy were found to conceive spontaneously (Practice Committee of
the American Society for Reproductive Medicine 2012).

When deciding on infertility treatments (ART or tubal surgery)  for women with tubal
factor infertility, many variables need to be taken into consideration, such as the woman's
age, other factors affecting infertility  (e.g. semen parameters), desired number of children,
and the site and extent of the tubal damage (Practice Committee of the American Society for
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Reproductive Medicine 2012).  As the presence of hydrosalpinges may alter negatively the
embryo implantation due to fluid leakage into uterine cavity, it is recommended to perform
either tubal occlusion or salpingectomy prior to ART.  According to a recent Cochrane
review, one additional pregnancy is achieved for every five surgical procedures (Johnson et
al. 2011). A randomized multicenter study from the Nordic countries showed a positive
effect of salpingectomy on even more important outcome i.e. live birth rate (29% in the
salpingectomy group and 16% in the control group without salpingectomy, p < 0.05)
(Strandell et al. 1999). In addition, tubal reanastomosis after sterilization has been reported
to give relatively good pregnancy rates (Moon et al. 2012).

2.1.2.5.4 Male factor
The exact prevalence of male factor infertility in Finland is not known, but it was as an
indication for ART in 26% of couples in 2010 (THL 2012). The most common reason for
male factor infertility is poor quality of sperm. The reason for poor quality are, for example,
testicular dysgenesis syndrome, certain medications, infections, and life style factors, such
as smoking, alcohol, and stress (Gollenberg et al. 2010, Hassan and Killick 2004). According
to  the new WHO 2010 criteria, normospermia is defined as a sperm concentration of 15x106

spermatozoa per ml, total sperm number 39x106 and the movement of the spermatozoa
should be progressive, lower limit being 32% for progressive motility. The latest criteria are
the fifth edition of the manual and the cut-off for normospermia is today lower than it was
in the version of 1999. Indeed, 15% of men who had one or more of their sperm parameters
below the normal references according to the criteria of WHO 1999, were subsequently
defined to have normospermia according to WHO 2010 (Murray et al. 2012). These changes
in the reference values have an impact on referrals and in how investigations should be
performed.  Occasionally abnormal semen analysis reveals severe medical conditions such
as testis cancer. A study from the USA found that 0.3% of infertile men with abnormal
semen analysis were diagnosed with testicular cancer, meaning a 20-fold risk compared to
the general population (Raman et al. 2005).

However, the normal reference ranges do not represent the minimum values which are
needed for a man to be fertile, as there is a considerable overlap in semen parameters in
fertile and infertile men (Guzick et al. 2001). Since the semen parameters vary widely
within the same man over time (Mallidis et al. 1991), a semen analysis should be obtained
at least twice and at least 4 weeks apart.
  The quality of sperm varies even between closely located countries; in study on sperm
quality in men who attended the compensatory medical examination before they were
considered for military service, it was found that median sperm concentration was 54 and
57 x106/ml in the Finnish and Estonian men, respectively but in the Norwegian and Danish
men it was 41x106/ml (Jørgensen et al. 2002). Even though Finnish men have good sperm
quality when compared with other Fennoscandian countries, a few decades ago the sperm
density was nearly doubled in men without any apparent fertility problems (Vierula et al.
1996). A recent study of Finnish sperm quality shows that the descending trend is still
continuing; nearly all of the semen parameters were significantly lower in birth cohort of
1987 than in birth cohort of 1979-1981 (Jørgensen et al. 2011).

In cases of moderate male factor, IUI is a feasible way to treat infertility. The cut-off
value for the number of motile sperm lies between 0.8–5 million according to a meta-
analysis of 16 studies that reported motile sperm count and insemination outcome (van
Weert et al. 2004). Below this threshold, and if other fertility affecting factors exist, it is
recommended to proceed with ART.

2.1.2.5.5 Unexplained infertility
Unexplained infertility is defined as the absence of a particular reason for infertility after
standard investigations, such as checking of ovulation, tubal patency, and normal
endometrial cavity and semen analysis.  As many as 17–30% of couples with infertility are
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defined as having unexplained infertility (Brandes et al. 2011, Ray et al. 2012). The reasons
for the unexplained infertility may be dysfunction in the pituitary-ovarian axis (altered
folliculogenesis, short luteal phase), gamete dysfunction, altered endometrial function
(subacute inflammation, impaired reception of embryo) or immunological factors
(inadequate maternal immunosuppression) (Isaksson and Tiitinen 2004). The specific
etiology will often be evaluated during infertility treatments e.g. a total fertilization failure
cannot be discovered until IVF has been undertaken.

Treatments options for unexplained infertility are expectant management, IUI with or
without ovulation induction and ART. In a large cohort study conducted in the
Netherlands, it was found that 82% of all couples with unexplained infertility (diagnosed
after standard examinations, with an approximately two year duration of infertility)
achieved a successful pregnancy during 2–8 year of follow up with 74% of these
pregnancies being spontaneous, 13% started after IUI and 13% after IVF (Brandes et al.
2011). Thus, among women with a good prognosis (woman between 28–30 years and
infertility duration less than 2–3 years) then expectant management is recommended
(Isaksson and Tiitinen 2004).

2.2 SEEKING OUT INFERTILITY TREATMENTS

According to the Finnish Health 2000 survey, a total of 20% of women of reproductive age
had experienced difficulties in conceiving but only half of them had sought medical help
for infertility (Klemetti et al. 2010). In a postal survey conducted several years earlier, the
incidence of infertility among Finnish women was evaluated to be somewhat lower (Malin
et al. 2001). One woman out of four underwent some form of medical examination less than
one year after having unprotected intercourses; the average delay before medical
assessment was 25 months (Miettinen 2011). Women who had a high socio-economic status
(SES) sought medical examinations earlier than women with lower SES (Miettinen 2011).
This may mirror their easier access to private clinics. Moreover, the FINRISK 2002 revealed
that infertility treatments or medical examinations for infertility were more common among
highly educated women, in high income households and in urban areas (Terävä et al. 2008).

A study from the Netherlands found that almost half of women who had been referred
by their general practitioner to a fertility clinic, did not proceed to any stage of treatment
and two women out of every three discontinued before the actual start of ART (Brandes et
al. 2009). Reasons for not proceeding to ART were varied including financial, psychosocial
and ethical reasons. Detailed information is provided in Table 1.

Table 1. Reasons to refuse assisted reproductive technology

� Fear of failure
� Desire of spontaneous pregnancy
� Negative attitude towards treatment
� Injection-associated anxiety
� Fear of being labeled infertility
� Worries about safety of treatment (OHSS, complications during ovum aspiration, fear of

malformation)
� Financial
� Time-consuming of the treatment
� Lack of family and/or social support
� Risk of multiple births

OHSS= ovarian hyperstimulation syndrome
References: Brandes et al. 2009, Dawson et al. 2005, Domar et al. 2012

The awareness of the availability of treatments has increased.  On one hand this has an
impact on seeking medical help, but on the other hand it adds to anxiety in infertile
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couples, since much distorted or inaccurate information is also available. A total of 25% of
couples rejected ART in general, for a variety of reasons such as emotional distress (17%),
relationship problems (19%), health problems (5%), and financial reasons (1%), as described
in a study from the Netherlands (Brandes et al. 2009).

The impact of high cost of ART is more crucial in cases where less of the cost is covered
by the health insurance or public health. The cost and funding are dependent on the health
care system and legislation of the home country, and thus proportion of the couples using
either the private clinics or public health system varies between countries. For example in
Finland, ART is available through both the public and private sectors. However, there were
long waiting times in the public clinics before the introduction of legislation in 2007. Now
in the public sector, the common upper limit for treatments is 3–4 treatment cycles and ART
is recommended only to couples who have no more than one common child and the
woman is less than 40 years old. The cost of medications is publicly reimbursed i.e. a
patient has to pay up to approximately 700€/year, whereas in the US, the treatments are
mainly available through by private clinics and funded directly by the patients themselves
or through finance companies (Chambers et al. 2009).  In contrast to the US, in Australia
there is no upper limit to the number of treatment cycles funded by the federal government,
unless they are “clinically irrelevant” (Chambers et al. 2009). This is less common in
Europe, in Germany up to four cycles (Dawson et al. 2005), in the Netherlands and in
Sweden up to three cycles are fully reimbursed (Brandes et al. 2009, Olivius et al. 2004).

2.3 ASSISTED REPRODUCTIVE TECHNOLOGY (ART)

ART refers to all treatments that include in vitro handling of human gametes, both eggs
and sperm, and embryos to establish a pregnancy. The most frequent procedures of ART
are IVF, ICSI, embryo cryopreservation and oocyte and embryo donation, in contrast IUI is
not considered as a part of ART (International Committee for Monitoring Assisted
Reproductive Technology et al. 2009).

According to the most recent report of European Society of Human Reproduction and
Embryology (ESHRE), in Europe, 947 ART cycles per million inhabitants were performed
during 2008 (Ferraretti et al. 2012). The number of treatments was 7.9% greater than those
conducted in the previous year.  According to the preliminary data from  2011, in Finland
7.4 cycles per thousand women were started in fertile age (15 to 44 years), which was 25%
more than in 2000 (THL 2012). In proportion to its population, Finland was fourth in
Europe in the number of ART cycles, after Belgium, Denmark and Iceland (Ferraretti et al.
2012). In Finland, in 2010 3.6% of all children were born after ART (THL, 2012). In Figure 3
is shown the annual growth of the number of ART cycles.
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* Data for 2011 is preliminary

Figure 3. In vitro fertilization (IVF), Intracytoplasmic sperm injection (ICSI) and frozen embryo
transfer (FET) treatments in non-donor cycles in 1992–2011 by treatments method (THL 2012,
Statistical Report of Assisted Fertility Treatments 2010–2011).

2.3.1 Controlled ovarian stimulation and oocyte retrieval
The aim of the ovarian stimulation is to produce a suitable number of oocytes (i.e. 5–15
oocytes) simultaneously instead of one oocyte as occurs in the natural cycle. In
conventional long-protocol ovarian stimulation, the pituitary-ovarian axis is suppressed
through the administration of a gonadotropin releasing hormone (GnRH) agonist during
the mid-luteal phase. A GnRH-agonist is administered subcutaneously or by using nasal
spray. The reason for conducting ovarian suppression is to prevent natural ovulation. As a
consequence, low estrogen levels may evoke side-effects similar to menopausal symptoms.
After ovarian suppression, recombinant FSH or human menopausal gonadotropin (HMG)
is used to achieve a controlled ovarian stimulation. The other possibility is to use a short,
i.e. GnRH-antagonist protocol, where FSH-injections are started usually on day 2 or 3 after
the first day of the cycle. GnRH-antagonist is administered daily, most often from day 6
until ovulation.  The response to stimulation is monitored by ultrasound (or by estradiol
levels) and the dose of hormones needs to be tailored individually.  The total dose of
hormones is dependent on the patient’s age, BMI and antral follicle count. Ovulation is
induced by the administration of human chorionic gonadotropin (hCG) or recombinant
hCG.  At a time between 34 to 36 h after hCG-injection, oocyte retrieval is performed by
ultrasound guided aspiration.

2.3.2 Sperm retrieval and fertilization
On the day of oocyte retrieval, semen is prepared for fertilization by removing inactive cells
and seminal fluid. If ejaculation is not possible, or there is no sperm in the ejaculate
(azoospermia), sperm can be obtained surgically. In percutaneous epididymal sperm
aspiration (PESA) sperm is extracted from epididymis and in testicular sperm aspiration
(TESA) from testicle by a fine needle. If these techniques do not provide sufficient amount
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of sperm, a biopsy of testicular tissue can be taken, i.e. testicular sperm extraction (TESE)
(Tournaye and Cohlen 2012).
The retrieved oocytes are inseminated with washed and optimal concentration sperm and
fertilization should occur on the same day (Heijnen et al. 2007, Kastrop et al. 1999).  In ICSI,
an individual sperm is injected directly into an oocyte (Palermo et al. 1992). ICSI must be
used in severe cases of male infertility or in surgically retrieved sperm, or as a precaution, if
the fertilization rate has been low in a previous treatment cycle. If the number of retrieved
oocytes is large (e.g. over ten), it is possible to use ICSI in half of them to enhance the
probabilities of achieving a higher fertilization rate (Kastrop et al. 1999).

2.3.3 Embryo transfer and cryopreservation
Usually, two to three days after fertilization (i.e. in the cleavage stage), the embryo is
transferred to the uterine cavity. The transfer is also possible in the blastocyst phase on day
five (or six). This allows better embryo selection with a higher implantation rate (Karaki et
al. 2002). Even though steroid levels are higher in stimulated cycles than in natural cycles,
stemming from a great number of the corpora lutea, the luteal phase in ART cycles is
deficient. The luteal phase can be supported by several methods; progesterone, hCG or
GnRH-agonist (van der Linden et al. 2011). A recent Cochrane review found that the
support by synthetic progesterone had a higher clinical pregnancy rate than natural
progesterone. Instead the route of administration had no effect on the outcome.  There were
also evidences that GnRH-agonist together with progesterone improved the live birth rate.
In clinical practice, there is a great variation in the supplementation protocol. In Finland,
natural progesterone is the most often used method, mainly administered vaginally.
Progesterone can be started at the day of oocyte retrieval (Thurin et al. 2004), the day before
embryo transfer (generally used at Kuopio University Hospital) or at the day of embryo
transfer and continued until the day of positive pregnancy test or the 8th gestation week
(Vaisbuch et al. 2012). Nevertheless, prolongation of the use has not been proved to be
beneficial (Nyboe Andersen et al. 2002).

The number of embryos transferred is subject to wide variation between European
countries. In Finland and Sweden the single embryo transfer- strategy is favoured, as stated
in the recent report of ESHRE in 2008, whereas in Montenegro, Macedonia, Moldova and
Turkey three embryos have been transferred in over 50% of cases (Ferraretti et al. 2012).
According to three Finnish studies, pregnancy and live birth rates in elective single embryo
transfer policy were comparable with those obtained with the double embryo transfer
policy, whereas the difference in multiple births was considerable (Martikainen et al. 2001,
Veleva et al. 2009, Vilska et al. 1999). A randomized double blinded study from Sweden
showed a comparable live birth rate after the elective single embryo transfer (with a
subsequent frozen-thawed transfer) and double embryo transfer (39% vs. 43%, respectively)
(Thurin et al. 2004). In addition, a recent Finnish study has also shown relatively good live
birth rates after elective single embryo transfer in women aged 40–44 years (Niinimäki et al.
2012).

Prerequisite for the elective single embryo transfer is that the cryopreservation of the rest
of embryos is possible. In addition that the cryopreservation adds the cumulative live birth
rate per one oocyte retrieval, it can also be used to all embryos when the risk of OHSS is to
be reduced. In cryopreservation cellular water is replaced by cryoprotectants and cooled
down to -196 �C, i.e. slow freezing method. The embryos are stored in liquid nitrogen until
needed (Speroff and Fritz cop. 2005).

Frozen-thawed embryos can be transferred to uterine cavity either in a natural cycle or in
a stimulated cycle. Live birth rate in the frozen embryo transfer (FET) treatment is
somewhat worse than in the fresh embryo transfer (Speroff and Fritz cop. 2005). On the
other hand, FET is lighter for the couple since the controlled ovarian hyperstimulation and
oocyte retrieval are bypassed.
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According to recent publications fast freezing, i.e. vitrification, reaches a higher clinical
pregnancy rate than the traditional slow freezing method (Herrero et al. 2011). In
vitrification method, no intracellular ice is formed which may cause cell damage. In
vitrification the embryo solidifies as a glass-like structure.

2.4 TREATMENT OUTCOME AFTER ART

2.4.1 Clinical pregnancy and live birth
Clinical pregnancy is defined as a pregnancy which has been established through a clinical
method i.e. ultrasound. According to the most recent report of ESHRE, the clinical
pregnancy rate in IVF cycles was 32.5% per transfer in 2008, and the delivery rate was
24.3% per transfer (Ferraretti et al. 2012). The corresponding figures for ICSI and FET-
treatments were somewhat lower than achieved in IVF. Of all live births, 20.7% were twin
births and 1.0% were triplets. In Finland, the success rates were slightly poorer in 2010;
pregnancy rate per transfer was 29.6% and live birth rate 22.9% (THL 2012). Despite the
lower live birth rates, twin birth rate (9.5%) and triplet birth rate (0.2%) were significantly
lower in Finland than in the rest of Europe, this being attributable to the single embryo
transfer policy.

Reporting results per cycle has its value among national registries, but during patient
counselling, it is recommended to describe cumulative results.  It has been found that the
first cycle is the most effective, thus per cycle reported results provide over-optimistic
prognosis (Malizia et al. 2009). In addition, this parameter does not take drop-outs into
consideration, in other words the women who discontinue ART treatments before a live
birth or who fail to complete a full treatment protocol (in the Finnish public sector three
cycles with subsequent frozen embryo transfers). As far as it is known, the cumulative
results have been presented only from the latest decade and onwards. Still the results are
mainly reported as pregnancies or live births per cycle. The cumulative results of some
studies published between 2002 and 2011 are provided in Table 2.
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2.4.2 Miscarriage and ectopic pregnancy
Early pregnancy loss is the most common pregnancy complication.  Approximately 12–15%
of all clinically diagnosed pregnancies end spontaneously before 20 weeks and it has been
estimated that over half of the all started pregnancies end in miscarriage (Speroff and Fritz
cop. 2005). Of the ended pregnancies three out of four have chromosomal abnormalities,
mainly either aneuploidy or polyploidy. A risk for chromosomal abnormalities increases
with age. Other causes behind miscarriages may be uterine abnormalities, immunologic
factors, thrombophilias, infections or endocrine factors, such as hypothyroidism, diabetes
or hyperandrogenism (Tulppala et al. 1993). Poor luteal phase as a sign of a weak ovulation
can explain a minority of early miscarriages. In addition, smoking, alcohol, and heavy
coffee consumption may be behind miscarriages (Speroff and Fritz cop. 2005). In Finland,
miscarriage rate in all clinical pregnancies after ART was 19.3% in 2010 (THL 2012).

The incidence of ectopic pregnancy of all pregnancies is 1–2% (Speroff and Fritz cop.
2005). Risk factors for ectopic pregnancy are sexually transmitted diseases, non-hormonal
intrauterine device, tubal surgery, prior ectopic pregnancy, infertility and ART. A
comprehensive study of 94 000 ART pregnancies has detected that 2.2% of them were
ectopic. The same study from the USA found that women with tubal factor infertility have
two-fold higher risk for ectopic pregnancy after ART than women with male factor
infertility, except when tubal ligation has been done (Clayton et al. 2006). The incidence of
heterotopic pregnancies, where both intra- and extrauterine pregnancy exist, was 0.15%. In
Finland, 1.9% of all non-donated ART pregnancies were ectopic.  Ten years earlier the
corresponding figure was 2.3% (THL 2012). This decrease may stem from the decrease in
tubal factor infertility.

2.4.3 The factors affecting ART outcome
According to an ART success predicting model by British researchers, the probability to
achieve at least one live birth decreased with advanced age of the woman, increasing
duration of infertility and the need for more than one ART cycle (Nelson and Lawlor 2011).
Originally, ART was developed to help women to conceive if they were suffering from
tubal factor infertility.  In addition to ICSI, women with male factor infertility have also
gained benefits from ART. Nowadays, the indications for ART are rather various. In
Finland, the statistics of the THL divides the indications for ART only into five groups (see
Fig. 2.), whereas in the USA, there is more extensive data available. Figure 4 shows
percentages of ART in non-donor cycles according to the etiology that resulted live births in
the USA in 2009.
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Figure 4. Percentages of assisted reproductive technology (ART) non-donor cycles that resulted
live birth in the USA in 2009. (With permission of National Center for Chronic Disease
Prevention and Health Promotion, Division of Reproductive Health, 2009)

2.4.3.1 Age
A woman’s age has a crucial role in determining her fertility capacity.  It has been
recognized that women in the age group 35–39 years have a 28% lower pregnancy rate than
women who are less than 30 years, and women who are over 40 years have a 63% lower
capability to conceive after ART (Baker et al. 2010).  This poorer pregnancy rate originates
from poorer ovarian reserve i.e. diminished number of oocytes available and a reduced
implantation rate of embryos (van Rooij et al. 2003). A low antral follicle count and a low
AMH reflect the ovarian reserve. Figure 5 shows the effect of women’s age on the
pregnancy rate after ART.
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Figure 5. The effect of women's age in non-donor and in donor assisted reproductive technology
(ART) cycles. (With permission of Van Voorhis 2006)

2.4.3.2 BMI
Obesity has a deleterious effect on ART.  There are several studies indicating that obesity is
associated with prolonged ovarian stimulation, decreased sensitivity to gonadotrophins,
increased cancellation rates and lower number of retrieved oocytes (Farhi et al. 2010, Luke
et al. 2011, Maheshwari et al. 2009, Pinborg et al. 2011). The findings are parallel with those
of underweight women (Pinborg et al. 2011). The higher requirements of gonadotrophins
may be related to aberrations in levels of estrogen and SHBG and also to the greater
amount of body surface, which leads to different absorption and distribution of the
gonadotrophins and altered peripheral steroid metabolism (Tamer Erel and Senturk 2009).
Moreover, insulin resistance may also have an effect on gonadotrophin resistance (Tamer
Erel and Senturk 2009). However, the route of gonadotrophin administration (i.e.
subcutaneous versus intramuscular) does not have any effect on the pharmacokinetics of
the hormone (Steinkampf et al. 2003). Although obesity impairs follicle development, it
does not appear to have any effect on endometrium receptivity, as has been demonstrated
in a study where recipients of donated oocytes were divided into four groups according to
their BMI levels (Styne-Gross et al. 2005).

A meta-analysis of 22 studies demonstrated a significant risk of miscarriage after ART
among women with BMI � 25 kg/m2 compared to women whose BMI was less than 25
kg/m2 (RR 1.31, 95% CI 1.18–1.45) (Rittenberg et al. 2011).  Not only overweight women, but
also underweight women have an increased risk of suffering miscarriage (Veleva et al.
2008).

In addition, overweight women seem to have a significantly lower live birth rate in BMI
group � 25 kg/m2 versus BMI < 25 kg/m2 according to the pooled data from nine studies (RR
0.84, 95% CI 0.77–0.92) (Rittenberg et al. 2011). The effect of BMI is even more significant
among obese women than in overweight women; the reductions in the live birth rate being
9% in overweight women but 20% in obese women compared with normal weight women
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(Rittenberg et al. 2011). In young women undergoing ART, the effect of an increased BMI is
more prominent on fertility than in women aged 36 or more, in these older women BMI has
only a minimal impact on fertility (Sneed et al. 2008).

The British Fertility Society recommends avoidance of any fertility treatment until a
woman's BMI is < 35 kg/m2 in order to achieve a more favorable outcome in fertility
treatment and a safer course of pregnancy, not to mention the health of the newborn (Balen
et al. 2007). It has been calculated that a weight loss of one BMI unit could improve the
odds of pregnancy by a factor of 1.19 (Ferlitsch et al. 2004). In addition, before any fertility
treatments BMI should be >18 kg/m2 and the woman cannot have an eating disorder.

2.4.3.3 PCOS
According to the consensus statement (Thessaloniki ESHRE/ASRM-Sponsored PCOS
Consensus Workshop Group 2008), ART is not the first line therapy for PCOS-patients. In
obese PCOS patients, the management of fecundity should start with weight loss. It has
been shown that even a 5% weight loss can help to achieve regular menses (Crosignani et
al. 2003). In addition, physical exercise decreases insulin resistance associated with
abdominal obesity.

The second line therapy is ovulation induction, with clomifene citrate (CC)
administration being the first treatment of choice, as stated in the statement of
Thessaloniki's consensus group of ESHRE. The cumulative pregnancy rate among women
with PCOS using CC has been shown to be 49% (Eijkemans et al. 2003). CC has a negative
impact on endometrium, but this can be avoided via the use of an aromatase inhibitor, such
as letrozole. This is a selective aromatase inhibitor, and thus it prevents the conversion of
androgen to estrogen and finally, it increases the secretion of FSH (Legro et al. 2012). The
conception rate with letrozole has been found to be 10–40% among women suffering from
PCOS (Usadi and Legro 2012). In addition, a recent Finnish study has revealed that the use
of metformin (alone or combined with other infertility treatments) in PCOS women with
anovulation has a positive effect on the live birth rate (41.9% vs. 28.8%, p = 0.014) (Morin-
Papunen et al. 2012).

The third-line therapy is gonadotropin administration, achieving a 31–39% cumulative
pregnancy rate in this patient group (Christin-Maitre et al. 2003). The negative side of this
treatment is the relatively high risk of multiple pregnancies (van Santbrink and Fauser
2003).

Finally, among women who fail to conceive after controlled hyperstimulation, ART gives
a good chance of conception. Thus it is an attractive option for women with PCOS:
monofollicular ovulation is not mandatory and multiple pregnancies can be significantly
reduced by favouring single-embryo transfer (Martikainen et al. 2001).

On the other hand, its well documented side effect, ovarian hyperstimulation syndrome
(OHSS), is an especially high risk in PCOS patients. OHSS is an iatrogenic complication of
ovarian hyperstimulation which in the worst case scenario may result in mortality.  Its
clinical features vary from mild abdominal discomfort to a massive ovarian enlargement,
ascites, thromboembolism and electrolyte disturbances (Delvigne and Rozenberg 2003).   If
one includes all ART cycles, then the incidence of OHSS is 1–10% (Brinsden et al. 1995,
MacDougall et al. 1993) whereas among PCOS patients, the risk of all degrees of OHSS,
(mild to severe) has been reported to be as high as 31% (Engmann et al. 2008). According to
another study, the risk of severe OHSS was 15.4% among PCOS patients but only 2.7% in
patients with normal ovaries (Swanton et al. 2010).

The outcome of ART among women with PCOS has been shown to be as good as among
women without PCOS, as revealed in the meta-analysis evaluating nine studies (Heijnen et
al. 2006). The clinical pregnancy rates per started cycle were 37.4% among women with
PCOS and 32.3% in women with other forms of infertility (OR = 1.0, 95% CI 0.8–1.3). The
ongoing pregnancy rate of the first ART cycle was 26.8% among PCOS women and 23.0%
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among tubal factor patients (Nejad et al. 2011). Nevertheless, there are very few studies
detailing the cumulative live birth rates in PCOS patients.

The miscarriage rate in PCOS women has been found to be 40 %, which is significantly
greater than in the general population (Jakubowicz et al. 2002). A recent Finnish study
described a lower rate: a total of 18% of PCOS women suffered a miscarriage (Morin-
Papunen et al. 2012).

At the moment, there are on-going studies examining the effect of metformin on the rates
of miscarriages and OHSS. According to a meta-analysis, it seems that metformin therapy
does not decrease the risk of miscarriage (Palomba et al. 2009), a result in parallel to a recent
Finnish study (Morin-Papunen et al. 2012). However, with respect to OHSS, the advantages
of metformin in ART have been demonstrated in one randomized controlled trial (Palomba
et al. 2011).

2.4.3.4 Endometriosis
A meta-analysis of 22 studies found that women with endometriosis had a lower pregnancy
rate after ART than women with tubal factor infertility (OR 0.56, 95% CI 0.44–0.70).
Moreover, the pregnancy rates in women with severe endometriosis were lower than in
those with mild endometriosis (OR 0.60, 95% CI 0.42–0.87) (Barnhart et al. 2002). These
findings are in contrast to a more recent Norwegian study where all groups (stage I–II,
stage III–IV and tubal factor infertility) had similar ongoing pregnancy rates/cycle, (25.8%,
24.3% and 25.3%, respectively) (Opøien et al. 2012). However, it is noteworthy that
endometriosis was classified as stage I–II, even though endometrioma had been operated
previously unless there was no actual endometriosis just prior to the ART; hence the effect
of severity of endometriosis on ART outcome cannot be ruled out by the results from that
study. The studies concerning operation of endometrioma prior ART are somewhat
conflicting; on one hand surgery may reduce the ovarian reserve and on the other hand the
presence of endometrioma may also be detrimental to the ovary (Garcia-Velasco and
Somigliana 2009). Surgery of endometriomas may diminish the responsiveness to
gonadotrophins, which in turn has a negative impact on the number of retrieved oocytes.
This is also seen in the AMH level (Falcone and Lebovic 2011). However, a meta-analysis
has shown that despite the lower response to ovarian stimulation in operated ovaries, there
was no effect on the pregnancy rate (Demirol et al. 2006). In addition, a French study has
shown that deep infiltrating endometriosis (in addition to age and low AMH level) has a
negative impact on the cumulative pregnancy rate after ART in women with endometrioma
(Ballester et al. 2012).

There are several studies demonstrating that endometriosis has a detrimental effect on
ART outcome. Studies concerning the effect of adenomyosis on fertility, however, are
conflicting; adenomyosis has been associated with a lower implantation rate or a higher
miscarriage rate, but there are also some studies in which adenomyosis had no effect on
ART outcome (Maheshwari et al. 2012a).

2.4.3.5 Tubal factor infertility
A study from the Netherlands reported that the 1-year ongoing pregnancy rate was 41% in
women with tubal factor infertility, whereas the corresponding figure was 45% in all
diagnostic categories (Lintsen et al. 2007). However, the specific etiology of tubal factor
infertility has an impact on the success rate; the presence of hydrosalpinges impairs the
ART outcome whereas in women with tubal ligation due to sterilization, the outcome is
better (Practice Committee of the American Society for Reproductive Medicine 2012). Thus,
the occlusion or removal of hydrosalpinges prior to ART was recommended in a recent
Cochrane review (Johnson et al. 2010). Dutch researchers have obtained promising results
of using Essure prior to ART to prevent fluid leakage from fallopian tubes (Mijatovic et al.
2012).
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2.4.3.6 Male factor infertility
It has been found that the 1-year ongoing pregnancy rate after ART was 45% and 51% in
mild and severe male factor infertility, respectively (Lintsen et al. 2007). The better outcome
in severe male factor may be a consequence of ICSI. Of the 1131 French men who
participated in a telephone interview after seeking help for male factor infertility, a total of
56% had become parents, 36% of these pregnancies being initiated after ART and 29% were
spontaneous pregnancies. The rest of pregnancies started after IUI, by donor sperm or other
type of infertility treatments (Walschaerts et al. 2012).

2.4.3.7 Unexplained infertility
ART is recommended for women with unexplained infertility after attempting less invasive
treatments, such as ovulation induction and insemination. In Finland, most couples
undergo at least three IUIs, most often combined with ovulation induction, before
progressing to ART. Even though women with unexplained infertility enjoy a relatively
good pregnancy rate in ART (40% vs. 33% in tubal factor patients) (Isaksson et al. 2003),
there  have been reports of lower fertilization rates than in other infertility patients, which
may mean that the cause is related to the infertility problem itself (Isaksson and Tiitinen
2004).

2.5 PREGNANCY OUTCOME AFTER SUCCESSFUL ART

2.5.1 The course of pregnancy
It is well documented that pregnancies occurring after ART have an increased risk of
experiencing adverse  outcomes such as preterm birth, small for gestational age (SGA) and
low birth weight (LBW) (Helmerhorst et al. 2004, Jackson et al. 2004). In particular, multiple
births are associated with obstetric complications (McDonald et al. 2010), but even in
singleton ART pregnancies there is an increased risk for adverse outcomes (McDonald et al.
2009). In addition to the neonatal complications, the course of pregnancy is also prone to
difficulties. Subfertile women have been shown to display an increased risk of
preeclampsia, placental abruption and placenta preavia in either spontaneous pregnancies
or in pregnancies after ART (Jaques et al. 2010, Reddy et al. 2007, Romundstad et al. 2006,
Sutcliffe and Ludwig 2007). Furthermore, a prospective multicenter study of 36 000
pregnancies found that pregnancies after ART had a 2.4-fold risk of placental abruption and
a 6.0-fold risk of placenta preavia compared with no-ART pregnancies (Shevell et al. 2005).
In addition to these adverse outcomes, the incidences of gestational diabetes pregnancies
were also increased among ART vs. spontaneous pregnancies (RR 1.7, 95% CI 1.19–2.42)
(Grady et al. 2012).
Table 3 provides the definition of pregnancy outcomes and table 4 shows detailed
information on pregnancy complications.
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Table 3. Definitions of obstetric and neonatal outcomes

Table 4. Definitions and incidence of selected pregnancy complications

PCOS= polycystic ovary syndrome

Outcome Definition

Gestational diabetes (GDM) A glucose intolerance first recognized in pregnancy, i.e. a single
abnormal value in oral glucose tolerance test

Pre-eclampsia Repeated blood pressure measurement exceeding 140/90 mmHg with
proteinuria exceeding 0.5 g/day

Placental abruption The partial or total placenta is detached from decidua prior delivery

Placenta preavia The placenta extends over or lies proximately to the internal os of
cervix.

Preterm birth Delivery before 37 weeks of gestation

Low birth weight (LBW) Birth weight < 2500 g

Small for gestational age
(SGA)

Age- and sex-adjusted birth weight below the 10th percentile
according to the normal tables for our population (Heinonen et al.,
2001)

Neonatal intensive care (NICU) Infants requiring more than 24 h surveillance

Pregnancy
outcome

Incidence Risk factors Main clinical
finding

Main sequale of
the outcome

Referencies

Gestational
diabetes

9.2% Family history,
overweight in
prepregnancy,
PCOS

An abnormal
value in oral
glucose tolerance
test

Fetus macrosomia,
shoulder dystocia,
increased risk for
diabetes and
hypertension

THL 2010,
Reece et al.,
2009

Pre-
eclampsia

3–10% Young and older
nulliparous
women obesity,
twin pregnancy

Elevated blood
pressure,
proteinuria,
headache, upper
abdominal pain

Eclampsia -
maternal mortality,
preterm delivery,
increased risk of
ceasarean delivery

Williams
Obstetrics 23rd

Edition pp
708–742

Placental
abruption

0.7% Previous
abruption,
abdominal
trauma, pre-
eclampsia/eclamp
sia

Vaginal bleeding,
abdominal pain,
uterine
tenderness

Preterm delivery Ananth, 2007

Placenta
praevia

0.3% Advanced age,
multiparity, prior
ceasarean
delivery, smoking

Painless
hemorrhage

Maternal mortality
30/100000,
preterm birth,
increased risk of
fetal death

Williams
Obstetrics 23rd

Edition pp
770–773
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2.5.2 Adverse neonatal outcome
Preterm birth is a major health problem; it is the leading cause of perinatal morbidity and
mortality. It is estimated that 75% of perinatal deaths are due to fetal immaturity at birth
(Demissie et al. 2001). Overall, preterm delivery complicates about 7.5% of pregnancies in
the developed countries (Beck et al. 2010), and neonatal intensive care costs account for a
large proportion of total health expenditure (Rogowski 2003). Despite efforts to decrease
the prevalence of preterm births, their numbers have been rising. In the US, there has been
an increase of more than 20% in their prevalence from 1990 to 2006 (Kiefer and Vintzileos
2008), and currently it is estimated that 14.9 million births per year are preterm (Blencowe
et al. 2012). In Finland, 5% of all births are preterm but in contrast to the worldwide trends,
the rate is going down (Jakobsson et al. 2008).

The weight of SGA infant is below either the 5th or  10th percentiles of the normal sex-
specific weight curve. One of three SGA infants is small because of female sex or low
maternal BMI.  The rest of the SGA infants suffer from growth restriction and they have an
increased risk for perinatal asphyxia, meconium aspiration, or persistent pulmonary
hypertension (Cunningham and Williams cop. 2010). The growth restriction may be
attributable to either genetic or environmental factors such as impaired placental function
in preeclampsia (Ananth et al. 2007). The term “low birth weight (LBW)” does not consider
gestational age, but the majority of LBW infants are due to preterm birth. In Finland, the
incidences of SGA and LBW among normal obstetric population were 4.3% and 10.1%,
respectively (Räisänen et al. 2012).

2.5.3 Risk for adverse neonatal outcome
Singletons born after ART have been reported to have an increased risk of preterm birth,
LBW and SGA when compared to the general population with spontaneous pregnancies
(Pinborg et al. 2013). It is of note that data of the most recent ART-cohort (2002–2006) from
Sweden showed only a minor increment to risk of PTB compared to older cohorts, but the
risk is still significantly higher than in spontaneous pregnancies (Sazonova et al. 2011a). A
comprehensive meta-analysis found no significantly increased risk for perinatal mortality
(Pinborg et al. 2013). Table 5 presents the risks for the adverse outcome of singleton
pregnancies after ART compared with spontaneous pregnancies of the general population.

Also subfertile women (time to pregnancy more than one year) have been shown to have
an increased risk for adverse neonatal outcomes compared to general population with
spontaneous pregnancies (Pinborg et al. 2013). This reflects the assumption that the above
mentioned increased risks of ART-pregnancies are not solely related to ART-treatments.
Table 6 shows the outcome of spontaneous singleton pregnancies of subfertile women (time
to pregnancy over 12 months) in comparison with pregnancies in the normally-fertile
population.

When comparison is carried out between ART-pregnancies and pregnancies of subfertile
women with time to pregnancy over one year, studies are controversial. A study of birth
cohort during 1980–1995 found that the risk for PTB was 1.6-fold in ART-pregnancies (95%
CI 1.3–1.9) and the risk for LBW was 1.7-fold (95% CI 1.4–2.0) (Kapiteijn et al. 2006). Instead,
a more recent report from the Netherlands was not able to show a significant difference
after adjustment for maternal, paternal and pregnancy factors in gestational weight and
gestational age between pregnancies resulting from ART and spontaneous pregnancies
occurring during infertility work-up either waiting for ART or between treatment cycles
(Pelinck et al. 2010). A study from Denmark demonstrated no difference in the risk of SGA
between treated (ART) and non-treated subfertile women (Zhu et al. 2007). The impact of
subfertility on the adverse neonatal outcome can also be investigated by comparing both
spontaneous and ART origin pregnancies of the same mother. A study from Norway found
that adverse outcomes did not differ between a spontaneous pregnancy and a pregnancy
after ART in the same mother; instead the difference was significant compared with the
general population (Romundstad et al. 2008). However, the data of a Danish sibling cohort
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found that ART-pregnancies had higher risks of prematurity and LBW; the risk for
prematurity was 1.3-fold (95% CI 1.1–1.6) and the risk for low birth weight was 1.4-fold
(95% CI 1.1–1.7) in ART pregnancies when they were compared to spontaneous
pregnancies of the same mother and taking into consideration also the order of the siblings
(Henningsen et al. 2011).

Besides the comparisons between pregnancies among subfertile population
(spontaneous or after ART) and the general population, also the effect of various techniques
has to be taken into consideration. Compared IVF with ICSI, perinatal outcomes were
similar in these groups with the exception of a slightly higher incidence of preterm birth in
the IVF group (Ombelet et al. 2005). Furthermore, due to an elective single embryo transfer
policy, the cryopreservation of embryos has attained a remarkable position. Data
concerning the perinatal outcome of pregnancies after FET show that the technique is safe
(Wennerholm et al. 2009). Actually, the risk of preterm birth, LBW, and SGA were even
lower in pregnancies after FET than in pregnancies after fresh embryo transfer (Pelkonen et
al. 2010). Comparing singleton pregnancies after single versus double embryo transfer the
risk of these outcomes was similar (Poikkeus et al. 2007, Pinborg et al. 2013). However, the
single embryo transfer decreases the risk for vanishing twin pregnancy, which has been
found to increase the risk of adverse neonatal outcome (Pinborg et al. 2013).

As stated above, ICSI is one of the choices in male infertility, which has been found to be
secondary to genetic disorders in most cases. Thus, the theoretical risk of malformation is of
concern mainly in a child born after ICSI. Indeed, Australian researchers have found an
increased risk for birth defects in children born via ICSI, compared with the general
population (adjusted OR 1.55, 95% CI 1.24–1.94) in a cohort of 6163 IVF/ICSI pregnancies
from 1986 to 2002 (Davies et al. 2012). Instead, the risk of birth defects in IVF pregnancies
was similar with the general population (adjusted OR 1.06, 95% CI 0.87–1.30). The whole
group of singleton ART pregnancies (fresh or frozen embryo transfer) had a 1.28-fold risk
for birth defects compared with the general population (95% CI 1.16–1.41). The risk was
increased also among spontaneous pregnancies of subfertile women. However, a Swedish
study with a more recent cohort (from 2001 to 2007) and a greater number of ART
pregnancies (15 570 children) found only a minor increment in the risk of birth defects
(adjusted OR 1.15, 95% CI 1.07–1.24) (Källen et al. 2010b). They did not detect any
difference between IVF and ICSI pregnancies (adjusted OR 0.90, 95% CI 0.78–1.04). One of
the differences between these two comprehensive register studies is that the Australian
study included medical termination of pregnancies due to malformation after 20th gestation
week, whereas the Swedish study included only births. Nevertheless, even if the risk for
birth defects was higher in ART pregnancies (as it is also in spontaneous pregnancies in
subfertile women), the likelihood of malformation was still small; 8–9 additional children
with birth defect after ART per 1 000 children.
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2.5.4 Possible explanations for increased risk
Certainly the ovarian stimulation changes endocrinological circumstance in women. The
effect of ovarian stimulation has been tested by a study from the Netherlands, where a
trend towards lower birthweight in singletons conceived by ART was detected compared to
singletons of “modified natural cycle-IVF” (i.e. r-FSH was started after a dominant follicle
was developed) and singletons of spontaneous pregnancies of subfertile women (Pelinck et
al. 2010). The effect of ovarian stimulation on the increased risk is confirmed by studies
showing that the risk of adverse neonatal complication is lower in pregnancies after FET
than after fresh embryo transfer (Wennerholm et al. 2009, Pelkonen et al. 2010). Instead the
effect seems not to be dose-related; a study from Germany found no association between a
dose of gonadotrophins and birthweight of singletons conceived through ART and a study
from Sweden detected no association between the number of retrieved oocytes as a marker
of stimulation and the risk for very preterm birth (<32 weeks) or SGA (Griesinger et al.
2008, Sazonova et al. 2011b).

Culture time and culture media composition may also play a role in the explanation of
the increased risk, but studies are still sparse. Swedish and Australian studies found no
effect of longer culture time, i.e. blastocyst phase transfer, on adverse neonatal outcome
(Sazonova et al. 2011b, Fernando et al. 2012). A study from the Netherlands has found a
significant difference in birthweight and the risk of LBW between two culture media
(Nelissen et al. 2012). The culture media may also have an effect on the epigenetic
regulation of the genome and therefore affects fetal and placental development (Nelissen et
al. 2011).

Furthermore, maternal characteristics such as advanced age or overweight can
contribute to the elevated risk (Doherty et al. 2006, Jacobsson et al. 2004). A total of 15% of
women seeking infertility treatments were over 40 years old (de Mouzon et al. 2010) with
overweight being over-represented among infertility patients (Ramlau-Hansen et al. 2007).
Nevertheless, higher socio-economic status (SES) and lower rate of smoking are protective
factors against obstetric complications (Heffner et al. 1993, Härkönen et al. 2012), both being
features of women conceiving through ART (Cooney et al. 2006).

As a conclusion, the reason for adverse neonatal outcomes associated with ART origin is
not fully known, but can probably be explained partly by patient characteristics and partly
by ART itself. By preferring elective single embryo transfer with the subsequent frozen
embryo transfer, the risk of complications can be reduced. As proposed above, infertility
itself is an essential part of increased risk of obstetric complications. In the next paragraphs
risks for complications among women with different etiologic factors for infertility are
presented.

2.5.5 Special features of infertility etiology
The obstetric and neonatal complications associated with different causes of infertility in
both spontaneous pregnancies and pregnancies after ART are described below.

In a meta-analysis of pregnancy outcome, women with PCOS suffered an increased risk
of developing gestational diabetes, pregnancy-induced hypertension, preeclampsia and
preterm birth, independently of the mode of conception (Boomsma et al. 2006). In detail,
PCOS women with ovulatory dysfunction, rather than ovulatory phenotypes, have been
shown to have a higher risk for experiencing adverse outcomes (Palomba et al. 2010). The
association between PCOS and GDM has been reported in previous Finnish studies. Mikola
et al. (2001) found a near to two-fold risk for GDM compared with healthy controls in a
study where the pregnancies had been most often  achieved after  induction of ovulation
(Mikola et al. 2001), and Anttila et al. observed a higher incidence of polycystic ovaries
among women with GDM (Anttila et al. 1998). The greater risk for GDM is related to
obesity and insulin resistance, factors which are common manifestations in women with
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PCOS (Legro 2007). Indeed, non-obese PCOS women seem to experience no additional risk
for GDM in ART pregnancy (Han et al. 2011).

Some recent studies have claimed that endometriosis does adversely affect pregnancy
outcome both in spontaneous pregnancies and pregnancies after ART. A total of 3.7% of
spontaneously conceived women with endometriosis had been reported to have placenta
preavia, which was significantly more than the incidence in general population (see Table
4) (Vercellini et al. 2012). Furthermore, the incidence was greater in those women with
rectovaginal endometriosis (7.6%). A Swedish study also found an association between
endometriosis and abnormal placentation; these workers did not distinguish between
placental abruption and placenta preavia (Stephansson et al. 2009). The authors speculated
that the abnormal placentation may be a consequence of the different endometrium in
women with endometriosis or, in case of rectovaginal endometriosis; it might be a
consequence of altered myometrium contractility and pelvic adhesions (Stephansson et al.
2009, Vercellini et al. 2012). With respect to preeclampsia, the studies have produced more
controversial results (Brosens et al. 2007, Stephansson et al. 2009). Apart from the impact of
an abnormal endometrium on placenta preavia, it may also have an effect on preterm birth
and SGA. Thus, the altered endometrium may have an effect on both implantation and
placental function (Petraglia et al. 2012). This was demonstrated in a study from Australia,
where women with endometriomas displayed a two-fold risk for preterm birth compared
with the general fertile population and also a two-fold risk for SGA when compared with
ART patients without endometriosis (Fernando et al. 2009). In addition, a Swedish study
also detected the association between endometriosis and preterm birth (Stephansson et al.
2009).

In a comprehensive report of perinatal outcome of live births after ART in the USA, it
was stated that women with tubal factor had a 1.5-fold risk of preterm birth and a 1.9-fold
risk of LBW when compared with the general population (Schieve et al. 2004). Another
study from the USA described similar results; tubal factor infertility reduced the odds for a
good perinatal outcome i.e. births at term and birth weight more than 2500 g. The
probability for a good perinatal outcome was 18% lower in women with tubal factor
infertility than in women without that condition (Joshi et al. 2012). The investigators
concluded that this phenomenon might be a consequence of alterations in the intrauterine
environment. This conclusion is supported by a study where recipients of donor oocytes
were divided into two groups based on the existence of hydrosalpinges. The women with a
hydrosalpinges had significantly lower embryo implantation rate and a significantly higher
miscarriage rate than normal recipients (Cohen et al. 1999).

According to an Australian study, preterm birth and LBW were more common among
couples who had female factor infertility compared to male factor infertility (Wang et al.
2005). The researchers speculated that the same underlying factors behind fetal growth
restriction might also account for the female factor infertility. A comprehensive analyse of
144,018 ART cycles found  that male factor infertility did not seem to be a specific risk factor
for prematurity or LBW (Nelson and Lawlor 2011).

Pandian et al. (2001) observed that women with unexplained infertility suffered more
preeclampsia, placental abruption and preterm births than women in the general obstetric
population. The difference was independent of the use of fertility treatments (Pandian et al.
2001). However, unexplained infertility had no adverse effects on neonatal outcome, as
assessed by low Apgar score, need for admission to neonatal unit or neonatal death.  The
researchers thought that the careful monitoring of women with long unexplained infertility
might have biased the results by increasing the probability of finding some kind of
complication. Finnish researchers found that not only good neonatal outcomes but also the
pregnancy complications were not associated with the ART originating pregnancies in
women with unexplained infertility (Isaksson et al. 2002).
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2.6 DISCONTINUATION AFTER UNSUCCESSFUL ART

Drop-out i.e. discontinuation of treatment before a live birth may be considered as an
adverse outcome of ART (Smeenk et al. 2004). The numbers of women who refuse to
continue treatment after one or two treatment cycles is in the range of 34% –54% (Domar et
al. 2010, Olivius et al. 2004).  One  study from the 20th century claimed that the main reason
for discontinuation was  financial (Goldfarb et al. 1997), whereas studies from the present
century have revealed emotional stress to be the most important reason for declining
further treatments (Cousineau and Domar 2007). In particular, phrases such as emotional
distress (Brandes et al. 2009), psychological burden (Olivius et al. 2004) and psychological
stress (Rajkhowa et al. 2006) have been used to describe the reasons for drop-out.
According to a Swedish study, 15% of patients have named divorce as the main reason for
not proceeding with further treatments (Olivius et al. 2004). However, ART was not the
cause of the strain in the relationship, in fact there is evidence that relationships may
become stronger after ART (Hammarberg et al. 2001, Lee et al. 2009). Apart from the
emotional cost, ART may cause physical symptoms, but these represent a minority of the
discontinuation reasons (Brandes et al. 2009, Hammarberg et al. 2001). One of five women
discontinued due to a poor prognosis (Brandes et al. 2009). A failure to produce an embryo
for transfer increased the risk of discontinuation (Verberg et al. 2008). Nevertheless, it is
noteworthy that one of three women who had stated that the reason for discontinuation
was the supposed poor prognosis had actually a good prognosis (meaning e.g slightly low
semen analyses or uncomplicated PCOS) (Malcolm and Cumming 2004). In addition, one of
five women declined further ART due to the fact that they had a spontaneous pregnancy
(Olivius et al. 2004).

2.7 FERTILITY-SPECIFIC DISTRESS

Only in the last decades have studies appeared describing how women experience
infertility and its treatments. The inability to conceive is viewed as extremely stressful
(Cousineau and Domar 2007) and two out of every three women described it as one of the
worst and most stressful experiences of their life (Sundby et al. 2007). Infertility related
stress consists of five domains: social concern, sexual concern, relationship concern, need
for parenthood and rejection of child-free lifestyle (Newton et al. 1999). The degree of
fertility-specific distress among women who try to conceive is individual and it is affected
by the burden of other worries and the capacity to cope with overall stress.  It starts from
the first doubt of patient’s own ability to be fertile and continues at least until the solution
to infertility has become resolved, either a live birth or adoption, or adjustment to child-free
life. According to a study from four European countries, almost a third of women were
concerned of their possibilities to conceive from the time they started to try to become
pregnant and the peak of concerns occurred after 6–12 months of trying (Domar et al. 2012).
Interestingly, the same study revealed that younger women start to worry earlier than older
women.

However, the magnitude of distress is dependent on the intention to conceive and the
intensity of the desire for motherhood. Indeed, all infertile women are not infertile with
intent. Actually, in a study from the US only 34.5% of infertile women could be described to
fit into the traditional mould of infertile women, in other words primary infertility with
intent to conceive (Greil et al. 2011a). Moreover, 29.6% of women had secondary infertility
with explicitly trying to conceive and the rest of infertile women had no intent to conceive
i.e. “okay either way”. The researchers found that fertility-specific distress was significantly
higher among women with primary infertility with intent than in women with secondary
infertility with intent. Furthermore, both these groups had significantly higher fertility-
specific distress than infertile (either primary or secondary) women without intent to



31

conceive. Interestingly, the researchers detected no differences between the groups in the
level of general distress (Greil et al. 2011a). In a study which compared the prevalence of
general distress between fertile and infertile women, the difference was clear (Fekkes et al.
2003).

In conjunction with fertility-specific and general distress, involuntary childlessness is
associated with a lower overall life satisfaction, (Leiblum et al. 1998, Weaver et al. 1997),
lower self-esteem (Domar et al. 2012) and more depressive symptoms (Kee et al. 2000)
including also suicidal thoughts (Volgsten et al. 2010a). Involuntary childlessness may also
lead to a couple’s isolation and social estrangement;  coping methods an infertile woman
may use include avoiding talking about pregnancies and children or staying away from
friends with children (Schmidt et al. 2005). Further, feelings of isolation are said to persist
for as long as 20 years after infertility treatment, at the time when friends of similar ages
become grandparents (Wirtberg et al. 2007). Although infertile women suffer more often
distress than their fertile counterparts, they have not been diagnosed more often with
psychopathology (Wischmann et al. 2001), and depression levels were no different between
fertile and infertile women (Verhaak et al. 2007a).

Regardless of the origin of the infertility for women or men, there are several studies
reporting that women experience infertility stress more intensely than men (Eugster and
Vingerhoets 1999, Wichman et al. 2011). Furthermore, both men and women have reported
that male factor infertility is more stressful than female factor infertility (Newton et al.
1999). The possible explanation is that a reason for male factor infertility is not as approved
issue to discuss as female factor infertility and thus the social support may be minor. One
may also associate male factor infertility with lower masculinity, but this kind of
stereotypic thinking is debunked by an Australian study on over 100 infertile men (Fisher et
al. 2010).  Although several studies have shown that the desire for parenthood is stronger in
women than in men, an unfilled wish for fatherhood has also a detrimental effect on
wellbeing in life, and a man’s experience for childlessness cannot be underrated (Fisher et
al. 2010). However, if the investigations were renewed after some years, it is possible that
men’s desire for fatherhood would appear stronger than in previous investigations.
Currently it is possible that men are more family-oriented while women are more
concentrating on career development than a decade ago. In addition to the degree
difference between women and men in the effect of infertility, qualitative differences have
also been documented. Men are concerned about loss of control and are worried about their
partner’s management of infertility (Hjelmstedt et al. 1999, Newton et al. 1999).

In addition to psychological well-being, childlessness also affects marital satisfaction.
There are differences between studies examining marital dissatisfaction, Leiblum et al.
(1998) found no effects on marital satisfaction, whereas Sydsjö et al. (2005) detected marital
stability before and after unsuccessful treatments, and Lee et al. (2009) described even
strengthening of the relationship (Lee et al. 2009, Leiblum et al. 1998, Sydsjö et al. 2005).
Divorce rate has been reported to be lower (17%) in infertile couples than in the general
population (about 25–30%) (Wischmann et al. 2012). In addition, it has been noted that
partnership quality is higher in infertile couples than in the reference population (Schanz et
al. 2011). This may reflect that only couples with a strong partnership are ready to seek
infertility evaluation and treatments. According to Tulppala (2012), infertility experienced
by both partners and vulnerable characters brought about by it may bring the couple closer
as infertility is a shared and intimate experience (Tulppala 2012). On the other hand, if there
is a discrepancy between a woman’s and man’s desire to parenthood (e.g. one of them hast
has a child or children from a previous relationship), or if the reason for infertility is purely
either female or male factor, this can cause conflicts in their relationship (Tulppala 2012).
Even as it seems that infertility generally do not affect negatively the relationship, several
males have expressed their concern for this in a Finnish questionnaire study (Miettinen
2011).
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2.7.1 Stress and ART
Fertility treatments are stressful (Cousineau and Domar 2007). As stated above, all couples
suffering from infertility are not able to cope with the stress involved in infertility
treatments such as ART. Indeed, Greil et al. (2011) has proposed that the distress associated
with infertility treatments is higher than the distress of infertility per se (Greil et al. 2011b).
On the other hand, the number of treatments options left may determine the emotional
effects of the treatment. However, even though the stress level is higher in an ART-cycle
than in a normal menstrual cycle without ART, undertaking an ART –cycle can be
considered as a more optimistic approach (Boivin and Takefman 1996). A recent study
detected similar findings; the women who were actually in treatment considered
themselves as being more hopeful and optimistic than the women who had not yet entered
treatment, but also negative emotions such as frustration, impatience and vulnerability
were associated with the treatment procedure (Domar et al. 2012). Additionally, the same
study revealed that the concerns of side effects of treatments and the numbers of injections
required were more insignificant factors in the women who were actually in treatment as
compared to the views of women with infertility but not yet undergoing therapy.

The landmark study of Boivin and Takefman (1995) noted that the distress level slightly
increased at the time of oocyte retrieval and there was even more significant increase
detected just before a pregnancy test (Boivin and Takefman 1995).  The same researchers
reported that many women reduced their numbers of social contacts at the time of ovarian
punction due to physical discomforts such as abdominal pain and breast tenderness (Boivin
and Takefman 1996). Apart from the impact of phase of ART, variations in emotions were
also observed in the women. Benyamini et al. (2005) asked women in infertility treatments
to rate the perceived difficulties with the treatment. The most frequently mentioned
difficulty (the monthly anticipation of treatments results) was cited by only 40% of study
subjects (Benyamini et al. 2005).

Although fears which appeared before treatment, such as fear of the injections, changes
of mood and adhering to precise timetables, declined during the actual procedures,
recurrent disappointments owing to failures in treatment did increase levels of distress.
Slade et al. (1997) followed levels of depressive symptoms among women attending IVF
treatment during three cycles in the week before oocyte retrieval and 4–6 weeks after
embryo transfer, i.e. the results of pregnancy test were known; it was found that the levels
of symptoms of depression increased with an unsuccessful treatment result (Slade et al.
1997). Figure 6 shows the levels of depressive symptoms of women undergoing ART. The
threshold for initiating new treatment increases in conjunction with disappointment;
emotional reasons seem to be the most common cause for discontinuation of ART (Olivius
et al. 2004). In contrast, the negative emotions disappear should there be successful
treatment (Verhaak et al. 2005a).
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Figure 6. Levels of depressive symptoms (BDI) of in vitro fertilization-treatment attending
women during the treatment (With permission of Slade et al. 1997)

2.7.2 Fertility-specific distress and outcome of ART
It could be thought that infertility related stress would be associated with poor ART
outcome. The results concerning the impact of distress on ART outcome, however, are by
no means clear.

 A review from 2005 stated that evidence for a negative effect of stress on ART outcome
was only suggestive and insufficient (Klonoff-Cohen 2005). In addition, after the review
had been published, studies with similar results appeared (Ebbesen et al. 2009, Li et al.
2011). These findings have encouraged clinicians to refine psychological interventions in
order to reduce distress and stress and to increase pregnancy rates. Nevertheless,
interventions such as counselling, cognitive-behavioural therapies, education, mind/body
orientated relaxation, psychodynamic/-analytic and mixed interventions among infertile
patients have had no significant effect on depression, anxiety and mental distress according
to a meta-analysis (Hämmerli et al. 2009). Instead, the interventions seemed to have a
positive effect on pregnancy rates (RR 1.42 ,95% CI 1.02–1.96), although the effect was
significant only in women in the non-ART group (RR 2.73) not in the ART group (RR 1.34),
which may be a consequence of improved sexual activity (Hämmerli et al. 2009). A recent
study claimed that a stress-reduction course and relaxation before and during ART had a
positive influence on the pregnancy rate (Domar et al. 2011). In addition, a preliminary
study of coping strategies (i.e. cognitive or behavioral efforts to manage a stressful event
e.g. infertility) found that adopting a “letting go” attitude to ART could improve pregnancy
rate significantly vs. problem-focused coping (Rapoport-Hubschman et al. 2009).

In contrast to the above studies, a recent meta-analysis found no relationship between
distress and ART outcome (Boivin et al. 2011). This surveyed 14 prospective studies
examining the association between pre-treatment level of distress and depression with the
pregnancy rates after ART (Boivin et al. 2011).  Another meta-analysis published in the
same year found a significant, but small, association between levels of stress and distress
and reduced clinical pregnancy rate after ART (Matthiesen et al. 2011). The association was
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not significant, however, between trait (ingrained in a person's personality) and state (a
transitory state) anxiety about the serum pregnancy test and the researchers viewed the
results as clinically limited. The differences in these studies probably originate from their
heterogeneity. The published studies have differed in terms of study populations’ age,
durations of infertility, previous ART attempts, and the timing of assessment for emotional
distress varied from day 5 to three months before ART (Boivin et al. 2011, Matthiesen et al.
2011). In addition, the fertility outcome varied from the serum pregnancy test to a
successful live birth and the follow-up time from one cycle to 20 months (Boivin et al. 2011,
Matthiesen et al. 2011).

In conclusion, according to the studies mentioned above, emotional distress has either no
or only a limited effect on ART outcome, which is reassuring to women undergoing ART.
Fear of the effect of stress on the ART outcome may increase stress level further and thus
make life during ART as distressing and in turn this could increase the drop-out rate.

2.8 LIFE AFTER ART

2.8.1 The measurement of emotional adjustment
According to one definition, a good psychological adjustment comprised of a positive
affection, coping abilities, life satisfaction and a return to daily activities (Aldridge and
Roesch 2007). Regarding to the adjustment to infertility, this can be understood as accepting
the situation, i.e. the desire to parenthood is no longer the issue, which dominates the daily
life. The maladjustment means, among other things, impairment in general health
wellbeing and lower life satisfaction. Life satisfaction is related to the overall quality of life
and thus a sign of good mental health. Several instruments have been used to investigate
adjustment to infertility, which measure e.g. general health (General Health Questionnaire,
GHQ), anxiety (Spielberger State in Trait Anxiety Inventory, STAI), depression (Beck
Depression Inventory, BDI), and life satisfaction (Satisfaction With Life Scale, SWLS)
(Verhaak et al. 2007b). The advantages of standardized instruments are of known reliability
and validity and they facilitate comparisons with different samples of population. On the
other hand, comprehensively used questionnaires are not specifically designed for
infertility related research, so they probably have a lack of sensitivity to detect essential
shades of infertility related distresses.

In addition to obtain quantitative data of adjustment with questionnaires, the subject can
also be investigated with qualitative data of an in-depth interview. The interview allows a
deeper understanding of answers, but it is a rather time-consuming, costly and it limits the
size of the study sample. It also rises the threshold to participate to a study. Possibly open-
minded patients are overrepresented in this kind of studies. As in questionnaires,
misinterpretation of the answers is possible in interviews.

2.8.2 Emotional adjustment to unsuccessful ART
As would be expected, infertility and failure in ART affect the quality of life, since ART is
often the last opportunity to produce a much wanted child (Chachamovich et al. 2010,
Verhaak et al. 2007a). Anxiety and depression levels are higher after unsuccessful ART,
than after successful treatment (Verhaak et al. 2007b). Although most women undergoing
ART adjust well to the outcome of ART, a minority of women suffer several consequences
of failure. According to a Finnish study, infertile women who had experienced unsuccessful
infertility treatment required more hospitalizations for psychiatric diagnoses than those
infertile women with successful treatment (Yli-Kuha et al. 2010).  In addition, women who
had no prior history of hospitalizations for psychiatric diagnoses but who had a failure to
conceive after fertility evaluation suffered more than a doubled risk of suicide than women
who had given birth to at least one child after fertility evaluation (Kjaer et al. 2011).
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Following the decision to discontinue ART the adjustment to a child-free life begins,
unless other solutions like adoption or fostering a child are not taken into consideration. It
has been stated that the final adjustment starts from shock and denial and proceeds
through grief to acceptance and resolution (Menning 1980). Verhaak et al. (2005) reported
that the adjustment to unsuccessful IVF had still not taken place six months after IVF in
over 20 % of their patients and in a follow-up study, where women with unsuccessful IVF
were examined it was found that three to five years had to elapse before they returned to
their baseline levels (measured before the first IVF treatment) of depression and anxiety
following the initial increase during ART (Verhaak et al. 2005a, Verhaak et al. 2007b).
Instead, unsuccessfully treated men had no change in anxiety or depression levels six
months after ART (Verhaak et al. 2005a). At three years since an unsuccessful IVF, most
patients (both women and men) still had the grief process unresolved (Volgsten et al.
2010a).  In a Swedish study women and men who had had unsuccessful ART 4–5.5 years
earlier and were still childless, scored the need for parenthood lower, avoided families with
children, and suffered more grief related to infertility than those unsuccessfully treated
women and men who lived with children (Johansson et al. 2009). Instead, ten years after
infertility treatments (not specified) quality of life has been reported to be high in both
parental and childless couples, indicating psychological adjustment to infertility and its
treatment (Wischmann et al. 2012). Table 7 shows results of some studies concerning the
effect of time on psychological aspects since the last ART.

However, infertility related stress does not seem to have a significant effect on the
relationship between couples even after failed ART (Sydsjö et al. 2005). Setting new life
goals after unsuccessful ART can help couples to cope and adjust (Verhaak et al. 2007b).
According to a study from Germany, infertile couples have a significantly more positive
attitude to life outside the family than the general population, which may be a sign of
adoption of a functional coping pattern (Wischmann et al. 2001). Furthermore, as a sign of
avoidance coping, 66% of women who had undergone ART 10 years earlier, still had
difficulties to talk about the procedure, especially with in-laws and colleagues (Sundby et
al. 2007). However, the same Norwegian study noted that even if women recalled infertility
as a painful period in their lives; they were able to deal with it and proceed in a positive
and healthy manner (Sundby et al. 2007).
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2.8.3 Emotional adjustment to successful ART
When a woman is pregnant after (several) years since the wish for her own child first
appeared, she is confronted along with her partner with a new situation.  The course of
pregnancy is fraught with the fear of pregnancy complications such as miscarriage. A study
from Australia found that women who conceived via ART experienced more pregnancy
focused anxiety than spontaneously conceiving women (McMahon et al. 2011). These
results are in contrast with a Finnish study where women who conceived with the help of
ART had a similar level of pregnancy related anxiety than their spontaneously conceiving
counterparts; the fear of childbirth did not differ between these groups (Poikkeus et al.
2006). Instead, they had a more intense emotional attachment to the fetus (McMahon et al.
2011). In addition, ART women reported fewer depressive symptoms during pregnancy
and they were more stable in their reactions i.e. anxiety, during the transition to
parenthood than women who conceived spontaneously (Repokari et al. 2005).

With regard to their relationship and parenthood, ART couples were more stable and
satisfied with their relationship during the follow-up until the child was one year old and
they perceived their children as easier to manage than couples who had no difficulties in
conceiving a child (Sydsjö et al. 2002). On the contrary, another Swedish study found that
the marriage satisfaction decreased in both IVF-couples and non-IVF-couples during the
first half- year after delivery and the infertile couples had not overcome the infertility even
though parenthood was achieved (Hjelmsted et al. 2004). In a Finnish prospective study of
over 700 couples who conceived either through ART or spontaneously, ART mothers found
a positive effect of infertility on marriage satisfaction; possibly common struggling and
disappointments strengthened their marriage (Repokari et al. 2007).

On the other hand, ART mothers have been assessed as being more vulnerable with an
increased risk of depression during the antenatal phase (Monti et al. 2009). Nevertheless, at
a time four to five years after ART, women who achieved a child through ART had a
similar level of psychological general well being (PGWB) as women who conceived
spontaneously (Hogström et al. 2012).

To summarize, women who conceive via ART may still doubt their own capability to be
fertile and have a live birth and when they finally become a mother, they may feel
themselves to be compelled to conceal their (real) feelings of vulnerability (Repokari et al.
2005).

2.8.4 Family status after unsuccessful ART
If ART is unsuccessful, this does not necessarely mean that a woman will be childless.
Indeed, 46% of women, who had discontinued ART 8 years earlier without success, had
achieved parenthood (de La Rochebrochard et al. 2009). Furthermore, 23% of women were
still trying to have a child and only 31% had abandoned the attempt. Table 8 presents the
route to parenthood after ART. It is notable that 17% of couples become divorced 8–10
years after ART (de La Rochebrochard et al. 2009, Sundby et al. 2007).

A study from Finland revealed that 45% of women undergoing ART had considered
adoption or fostering a child with adoption being the more favoured option (Miettinen
2011). According to Statistics Finland, there were 465 adoptions totally in Finland in 2011
(Official Statistics of Finland (OSF): Adoptions [e-publication]). This number is 20
adoptions fewer than in 2010 owing to a decrease in the number of domestic adoptions.
However, the process from the beginning to a final adoption may take more than 5 years
and during that time it is not possible to undergo ART or other fertility treatments.
Finally, couples who succeed in adopting a child had a higher level of psychological well-
being than women who succeed in ART or even of women undergoing a spontaneous
pregnancy (Hogström et al. 2012).
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3 Aims of the study

The overall aim of this study was to gather information for counseling purposes be
given to couples attending ART.

The specific aims were

1. to evaluate the success of ART among women with different stages of
endometriosis and among PCOS women after unsuccessful ovulation
induction by analyzing the cumulative live birth rate.

2. to estimate the risk of adverse obstetric and neonatal outcomes in ART
pregnancies as compared with spontaneous pregnancies of subfertile
women with at least two years’ time to conceive and with spontaneous
pregnancies in the general population with normal fertility. In addition,
the effect of infertility’s etiology on the risk of adverse obstetric and
neonatal outcomes was evaluated.

3. to assess life satisfaction differences between women who had a live
birth after ART and those who failed to conceive and how the time since
the last unsuccessful ART associated with the scale of life satisfaction.
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4 Materials and methods

4.1 STUDY POPULATION

The overall study flow is presented in Figure 7.

Figure 7. The overall study flow. The Roman numerals refer to the original publications.

4.1.1 Population and database in Studies I, II, IV and V
The data consisted of 987 consecutive women who underwent either an IVF procedure or
ICSI treatment in Kuopio University Hospital during October 1996 to February 2007.  These
treatments were not performed in women who i) had repeatedly high early cycle FSH
levels (>15–20 IU/l) and/or had no observable follicles in ovaries in ultrasonographic
assessment or no response after ovarial stimulation with high dose of FSH; or (ii) had
seriously deformed uterus; or (iii) were aged > 41 years; or (iv) had a serious infectious
disease such as HIV. ART was available only to couples who had no more than one
common child and who had prerequisite for parenthood. Among women with anovulation
or PCOS, ART was indicated only after unsuccessful ovulation induction treatments with
(clomifene citrate as the first line and FSH administration as the second line). The
maximum number of ART treatments was three to four cycles with subsequent frozen
thawed embryo transfers.

The characteristics of the women undergoing ART (IVF/ICSI/FET) and the details of the
treatments were entered into a database stored in the Fertility Outpatient Department of
Kuopio University Hospital as part of the clinical routine. The database contained
information on the etiology of infertility, semen parameters, details of hormone therapies
(GnRH-antagonist/-agonist, FSH, hCG), number of retrieved oocytes, fertilization rate,
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quality of embryos, number of transferred embryos, and the outcome of the treatment. The
diagnosis and the indications for ART were verified by case histories. Only those women
who had only one known etiologic factor for infertility
(anovulation/PCOS/endometriosis/tubal factor infertility/male factor/unexplained) were
included in studies I-II and IV. The study group in study I was comprised of 98 consecutive
women with endometriosis and in study II of 66 consecutive women with PCOS who had
failed to achieve a live birth following induction of ovulation. The reference groups in both
studies consisted of 87 and 106 consecutive women with tubal factor infertility over the
same time period (from 1996 to 2003 in study I and 1996–2007 in study II). The study group
of study IV was comprised of the first singleton ART pregnancies of women who were
treated in the Kuopio University Hospital during 1996–2007. The reference group consisted
of spontaneous singleton pregnancies of the general population over the same time.
Pregnancies with major birth defects were excluded.

Instead, in study V, all 987 women who underwent ART during 1996 to 2007 in Kuopio
University Hospital were mailed a questionnaire and a total 540 women participated in that
study. Consequently, the response rate was 54.7% after one reminder letter.  Of these
women, 35 had visited private fertility clinics after receiving ART in Kuopio University
Hospital. Their responses were excluded due to the inability to obtain detailed information
about their treatment in the private sector. Accordingly, the final study group (n=505)
consisted of 296 women with successful and 209 women with unsuccessful ART. Table 9
shows the details of the study design.

4.1.2 Population and database in Study III
The data consisted of 1356 singleton births in Kuopio University Hospital between 1989 and
2007. Of all the pregnancies resulting in births, 428 had started after ART (IVF or ICSI) and
928 pregnancies occurred after two years from unprotected intercourse. The data were
gathered from the Birth Register of Kuopio University Hospital, which contains
information from maternity case notes, responses to a 75-item questionnaire and morbidity
during pregnancy, delivery, and puerperium. Women answered the questionnaire
concerning health issues such as own illnesses or of those close relatives, medications and
lifestyles, at 20 weeks of pregnancy. The data were entered into the database as a part of the
clinical work.
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4.2 METHODS

4.2.1 ART protocol
During the study period, the most common protocol (96%) was to use the so-called long
scheme i.e. down regulation was performed with a GnRH-agonist. In the remaining 4% of
treatments, a short protocol was used with a GnRH-antagonist. The protocols of treatments
are presented in the section of the literature review. The total dose of hormones was based
on the characteristics of women (i.e. age, BMI, the experience of previous treatments on the
same woman) and was tailored according to the response.

4.2.2 The postal questionnaire and Life Satisfaction scale
In June 2008, all women who had undergone ART in Kuopio University Hospital from 1996
to 2007 were mailed an invitation letter to take part in a study along with a questionnaire.
In October 2008, a reminder letter was sent to 530 women who had not responded to the
first invitation. The postal questionnaire included questions about education, lifestyles,
experience of ART, psychosocial support, decisions after the last ART and a four-item Life
Satisfaction scale (LS). The Life Satisfaction scale was a shortened version of a questionnaire
designed to assess the quality of life in Nordic countries (Allardt 1973). Knowledge of this
scale has been gathered by applying it to the general and psychiatric population
(Koivumaa-Honkanen et al. 1996, Koivumaa-Honkanen et al. 2001, Koivumaa-Honkanen et
al. 2005)) and it has been shown to have a strong association with the 21-item Beck
Depression Inventory (BDI) (Koivumaa-Honkanen et al. 2004). The scale is composed of
four issues: interest in life, happiness, general ease of living and feeling of loneliness, each
of them being rated with a 5-point Likert scale. Replying “cannot say” or omitting the item
was scored as 3. As a result, the total score can range from 4 to 20. A score in the range 4–6
indicates with life satisfaction, while 12–20 represents different levels of dissatisfaction.
Furthermore, the intermediate score corresponds to one standard deviation from the mean.
The LS-questionnare is presented in Appendix.

4.2.3 Definitions for subject selection and outcomes
Time to conception was assessed on the basis of the number of months that a woman had
tried to become pregnant (i.e. based on her report or calculated from the date when she
stopped using birth control). In study III, the woman was defined as subfertile if she had
been trying for more than two years or she had undergone ART. In this study ART refers to
IVF, ICSI and subsequent FET, whereas the insemination (IUI) or ovulation induction
treatments were not designated as ART.

Endometriosis was diagnosed by laparoscopy or laparotomy and it was scored
according to the revised classification of the American Fertility Society (1997) as minimal to
mild endometriosis (stage I/II) and moderate to severe endometriosis (stage III/IV)(ASRM
1997).

PCOS was diagnosed with “Rotterdam criteria” i.e. a woman had at least two of the
following three criteria: oligo- or anovulation, clinical and/or biochemical evidence of
hyperandrogenism, and polycystic ovaries (The Rotterdam ESHRE/ASRM-Sponsored
PCOS consensus workshop group 2004). Both the classification of endometriosis and the
check that the women actually displayed symptoms of PCOS were performed afterwards
from the case history by P K-P.

Tubal factor infertility was diagnosed by hysterosalpingosonography (HSSG),
hysterosalpingography (HSG), laparoscopy or laparotomy. If there were signs of
hydrosalpinges (i.e. evidence of hydrosalpinges visible in ultrasound or secretion of fluid),
they were removed or occluded when possible. In a few cases, the risks involved in this
kind of procedure were considered as being too high, or the patient was not ready for
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salpingectomy.  The women with endometriosis, PCOS or tubal factor infertility had no
other known reasons for infertility.

Anovulation was defined as an etiologic factor for infertility when the woman had
irregular menstrual cycles or amenorrhoea and had some kind of obvious ovulatory
dysfunction but the diagnostic criteria for PCOS were not fulfilled.

Male factor infertility was diagnosed according to the WHO classification. Unexplained
infertility was defined as infertility lasting at least one year for which no explanatory factor
could be found after standard examinations (tubal patency and  endometrial cavity were
considered as normal in the ultrasound examination as were semen and laboratory
parameters since they revealed no factors which would account for the infertility). ART was
not performed until 6 months follow-up or after three unsuccessful inseminations with or
without ovulation induction.

Serum hCG concentrations were assayed 16 days after embryo transfer. Clinical
pregnancy was confirmed by the presence of a gestational sac in the vaginal
ultrasonography.

OHSS was divided according to its severity: mild to moderate OHSS was characterised
by abdominal discomfort, mild gastrointestinal symptoms and enlarged ovaries (5–12 cm);
severe OHSS included clinical evidence of ascites and it required hospitalisation. The
pregnancy and neonatal outcomes are defined in Table 3 in the section of literature review.

4.2.4 Statistical methods
The Statistical Package for Social Sciences (SPSS for Windows versions 11.0, 14.0, 15.0, 16.0
and 17.0 Chicago, IL, USA) and SAS (Institute Inc., Cary, NC, USA, version 9.1) were used
in the statistical analyses. The statistical significance of continuous variables was analysed
using two-tailed pooled t tests, and Mann-Whitney U-test when appropriate, and displayed
as mean ± standard deviation (SD). Frequencies were compared by the �2-test or by Fisher’s
exact test, as appropriate. A value of p < 0.05 was considered statistically significant.  In
studies III and IV, the outcomes were adjusted for confounding factors, such as age over 35
years, primiparity, marital status, chronic illnesses, and smoking during pregnancy.
Confidence intervals (CIs) were evaluated at 95%. In study II, comparisons of the
cumulative live birth rate between groups were performed with the Kaplan-Meier method.

4.2.5 Ethical considerations
The study was approved by the Ethics Committee of Kuopio University Hospital.
Studies I–IV were register based studies, thus no informed consent of individuals was
needed. In study V, women who responded to the questionnaire returned it with the signed
informed consent. In conjuction with the invitation letter to take part in the study, there
was also an information sheet about opportunities for receiving professional help if
infertility-related problems needed further processing.
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5 Results

5.1 CHARACTERISTICS OF THE SUBJECTS

In studies concerning ART outcomes (I and II), women with PCOS were younger and their
BMI was higher than women with endometriosis or in comparison with the women with
tubal factor infertility. On average, women who conceived through ART were older than
women in the general population (study IV). However, no difference in the mean age was
found between ART women and women with TTP > 2 years (study III). The detailed
information is presented in Table 10.
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5.2 ART OUTCOMES

The number of retrieved oocytes was significantly higher in women with PCOS than in the
reference group, but between women with endometriosis and the reference group there
were no differences. When all treatment cycles were pooled, ICSI was used in 68, 44, 27–37
and 34% of oocytes of the women with endometriosis stage I/II, stage III/IV, two reference
groups of tubal factor patients, and women with PCOS, respectively. ICSI was used in cases
when there were only minimal findings to explain infertility and women had previously
failed to achieve pregnancy with the help of insemination, or just in case in severe
endometriosis, or if the fertilization rate was low in previous IVF-cycles.

The mean number of transferred fresh embryos was 1.7 in the women with
endometriosis and tubal factor infertility, with the corresponding figure being 1.5 in
women with PCOS.  Women with endometriosis had a significantly lower pregnancy rate
than women in the reference group (tubal factor infertility). Nevertheless, when the women
with endometriosis were subdivided into two subgroups according to the severity of the
disease, the women with minimal to mild endometriosis had a comparable pregnancy rate
with women in the reference group. However, if one took the more important endpoint, i.e.
live birth rate, into account, there were no statistically significant differences detected
between the groups. The women with endometriosis, especially those with stage III/IV, had
a significantly lower miscarriage rate than women with tubal factor infertility. To
summarize, 58.1% of all achieved pregnancies proceeded to live birth in the tubal factor
group, while in women with minimal to mild endometriosis a total of 80% of pregnancies
ended in delivery. The corresponding figure in women with moderate to severe
endometriosis was 73.3% and in women with PCOS 68.4%. Table 11 presents detailed
information of the four pooled cycles (oocyte retrieval).



T
ab

le
 1

1
.

O
u
tc

o
m

es
 o

f 
as

si
st

ed
 r

ep
ro

d
u
ct

iv
e 

te
ch

n
o
lo

g
y 

(A
R
T
) 

in
 1

–
4
 p

o
o
le

d
 c

yc
le

s 
(o

o
cy

te
 r

et
ri
ev

al
, 

n
o
t 

in
cl

u
d
in

g
 f

ro
ze

n
 e

m
b
ry

o
 t

ra
n
sf

er
) 

am
o
n
g

w
o
m

en
 w

it
h
 t

u
b
al

 f
ac

to
r 

in
fe

rt
ili

ty
, 

P
C
O

S
 a

n
d
 e

n
d
o
m

et
ri
os

is
, 

(s
tu

d
ie

s 
I 

an
d
 I

I)

PC
O

S
=

 p
o
ly

cy
st

ic
 o

va
ry

 s
yn

d
ro

m
e

*
 P

<
0
.0

5
 i
n
 c

o
m

p
ar

is
o
n
 w

it
h
 t

h
e 

g
ro

u
p
 o

f 
tu

b
al

 f
ac

to
r 

in
fe

rt
ili

ty
. 

T
h
e 

co
m

p
ar

is
o
n
s 

w
er

e 
n
o
t 

p
er

fo
rm

ed
 b

et
w

ee
n
 a

ll 
in

fe
rt

ili
ty

 g
ro

u
p
s 

(w
h
ic

h
 i
n
cl

u
d
es

tu
b
al

 f
ac

to
r 

in
fe

rt
ili

ty
, 

PC
O

S
 a

n
d
 e

n
d
o
m

et
ri
o
si

s)

T
u

b
a
l 
fa

ct
o

r

n
 (

%
)

P
C

O
S

n
 (

%
)

E
n

d
o

m
e
tr

io
si

s
I/

II
n

 (
%

)

E
n

d
o

m
e
tr

io
si

s
II

I/
IV

n
 (

%
)

E
n

d
o

m
e
tr

io
si

s,
a
ll

n
 (

%
)

A
ll

n
 (

%
)

N
o
. 

o
f 

w
o
m

en
1
0
6

6
6

3
1

6
7

9
8

2
7
0

N
o
. 

o
f 

cy
cl

es
2
2
5

1
2
5

5
8

1
5
0

2
0
8

5
5
8

Pr
eg

n
an

cy
/o

o
cy

te
re

tr
ie

va
l

7
4
 (

3
2
.9

)
3
8
 (

3
0
.4

)
2
0
 (

3
4
.5

)
3
0
 (

2
0
.0

)*
5
0
 (

2
4
.0

)*
1
6
2
 (

2
9
.0

)

M
is

ca
rr

ia
g
e/

o
o
cy

te
re

tr
ie

va
l

2
4
 (

1
0
.7

)
1
1
 (

8
.8

)
4
 (

6
.9

)
7
 (

4
.7

)*
1
1
 (

5
.3

)*
4
6
 (

8
.2

)

E
ct

o
p
ic

p
re

g
n
an

cy
/o

o
cy

te
re

tr
ie

va
l

6
 (

2
.7

)
1
 (

0
.8

)
0

1
 (

0
.7

)
1
 (

0
.5

)
8
 (

1
.4

)

Li
ve

 b
ir
th

/o
o
cy

te
re

tr
ie

va
l

4
3
 (

1
9
.1

)
2
6
 (

2
0
.8

)
1
6
 (

2
7
.6

)
2
2
 (

1
4
.7

)
3
8
 (

1
8
.3

)
1
0
7
 (

1
9
.2

)



53

5.2.1 The cumulative live birth rate
The cumulative live birth rate after up to four oocyte retrievals (without subsequent frozen
embryo transfers) was 40.2% in tubal factor women, 51.6% in women with stage I/II
endometriosis, 32.8% in women with stage III/IV endometriosis, and 39.4% in women with
PCOS. When frozen embryo transfers were taken into account, the figures were 44.3%,
54.8%, 40.3%, and 48.8%, respectively. Of all women in studies I and II, 45.6% achieved a
live birth after ART. The cumulative live birth rates were calculated assuming that the
women who discontinued ART before live birth or three oocyte retrievals, had no change
for a live delivery The drop-out rate (discontinuation after 1–3 ART cycles) was 52.2% in
women with stage III/IV endometriosis and 38.7% in women with milder endometriosis. A
total of 33.3% of women with PCOS discontinued the treatment after 1–2 cycles without
success, the corresponding figure being 31.1% in women with tubal factor infertility. Figure
8 shows the cumulative live birth rate after four ART cycles with frozen embryo transfer.

ART = assisted reproductive technology
PCOS = polycystic ovary syndrome

Figure 8. Cumulative live births rates (%) with frozen embryo transfer after four oocyte
retrievals

5.3 ADVERSE PREGNANCY AND NEONATAL OUTCOMES

5.3.1 Adverse pregnancy outcome
In the comparison between ART pregnancies and spontaneous pregnancies in the general
population, women who conceived via ART had a significantly higher risk of suffering of
preeclampsia and placenta preavia.  However, when the comparison was made between
women who had time to pregnancy of more than two years and women who conceived via
ART no increased risks were detected for adverse pregnancy outcomes. Table 12 presents
the detailed information.

Women with PCOS exhibited a trend towards increased risk for GDM, even although the
difference from the general population did not reach statistical significance. Preeclampsia
was more common in the group with tubal factor infertility (OR 3.2, 95% CI 1.12–8.90). The
total numbers of women with placental preavia and abruption placentae were small, but
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among the women with a) endometriosis, b) male factor infertility or c) unexplained
infertility, the incidence was higher than in the general population.
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5.3.2 Adverse neonatal outcome
Figure 9 shows adjusted odds ratios of experiencing an adverse neonatal outcome. It is
noteworthy that when pregnancies originating from ART were compared with women who
had short time to pregnancy (TTP 0–6 months) or the general population, the increased risk
for preterm birth, low birth weight or NICU admission was significantly higher in the ART
pregnancies, whereas when ART pregnancies were compared with pregnancies of long TTP
(> 2 years), there did not seem to be any increased risk.

Adjusted for age, parity, body mass index, smoking, previous fetal deaths and miscarriages,
chronic illness and marital status.

ART = assisted reproductive technology
TTP= time to pregnancy
PCOS = polycystic ovary syndrome
NICU = neonatal intensive care unit

Figure 9. Adjusted odds ratios of adverse neonatal outcomes

5.4 DECISIONS TAKEN AFTER UNSUCCESSFUL ART

Of all women who responded to the questionnaire, 244 (45.2%) had failed to conceive via
ART. Of these women, 47 (19.3%) had conceived spontaneously and 27 (11.1%) of women
were in an adoption process, or had adopted already. Furthermore, 19 (7.8%) women
intended to undertake a new treatment in the future, but 53 (21.7%) women had made no
decision about the continuation of the treatment. A total of 63 (25.8%) women had come to
the final decision to discontinue the treatment. In addition, 35 (14.3%) women had decided
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to continue with ART in the private sector after the failure of ART in Kuopio University
Hospital. These women were not analysed further in this study.

5.5 LIFE SATISFACTION AFTER ART

Women who had successful ART (n = 296) were significantly more satisfied with their lives
(i.e. lower LS score) in 2008 than the women who had had an unsuccessful treatment (n =
209). The difference was even higher when the successful ART group was compared to
women who had no child (n = 131) than to women who had a biological child either before
ART or after ART by some other means (n = 78). Furthermore, depressive symptoms were
also more common in the childless women.

When the time since the last ART was taken into account, the relationship between LS-
score and outcome of ART exhibited greater variation (Figure 10).Women in unsuccessful
ART group with or without a biological child had similar LS scores if the last ART had
occurred less than three years previously. Women who remained childless had a 1.6-fold
higher risk of being not satisfied (LS > 6) than the women who conceived via ART.
However, at a time of 3–6 years since the last treatment, women in unsuccessful ART group
with a child had a comparable score with those in the successful ART group and after 6–9
years all three groups had identical scores.

ART = assisted reproductive technology
LS = Life Satisfaction scale

Figure 10. The effect of time since the last ART on life satisfaction. The score 4–6 indicates
satisfaction, 12–20 dissatisfaction and the intermediate group (LS 7–11) consisted of those
subjects within one standard deviation from the mean.
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6 Discussion

The pathway from infertility to parenthood or adjustment to a child free life takes several
years. Having difficulties to conceive is realised after there are recurrent failed natural
cycles. A study conducted in four European countries noted that women waited on average
twice the recommended time before seeking help from a health-care professional about
their fertility concerns (Domar et al. 2012). Also a study from Norway found that women
experienced an average of two years’ infertility before they sought help in conceiving and
another two years before attending ART (Sundby et al. 2007). Behind of the delay it has
been reported fear of being labelled infertile, wish for a spontaneous pregnancy, fear of the
ART protocol, and fear of failure (Domar et al. 2012). Often couples spend several years
undertaking ART without any guarantee of the desired outcome i.e. a child. ART is
associated with a wide spectrum of feelings; the emotions swing back and forth from
enthusiasm and hopefulness to deep sorrow and desperation. A roller coaster is an apt
metaphor for these feelings.

Not only do couples find the decision to proceed and perform ART as difficult, in some
cases the physician too may find it a difficult decision. In principle, the decision is based on
i) the probability of conceiving spontaneously (or by some other means of other infertility
treatment) and ii) cumulative live birth rate via ART. In subjects with endometriosis, the
actual dilemma is: whether surgery, for example resection of endometriomas should be
conducted prior to ART (Ruiz-Flores and Garcia-Velasco 2012). It is often not clear which of
the two options achieves the better result; i) to perform surgery in women with severe
endometriosis, or ii) to proceed directly to ART? Furthermore, the decision to occlude the
tubes of women with hydrosalpinges is a dilemma since after the procedure ART will be
the only option available to give birth. On the other hand, the procedure may enhance the
outcome of ART. As far as women with PCOS are concerned, they have a relatively good
live birth rate with less demanding infertility treatments, such as ovulation induction
(Eijkemans et al. 2003). Therefore, one must ask the question do these women gain any
benefit from ART?

All in all, the decision to wait or proceed directly to ART is difficult. The more quickly an
individual proceeds to ART increases the probability of conception, but on the other hand,
it may lead to overtreatment. Correspondingly, the waiting too long for a spontaneous
pregnancy will make worse the potential outcome. Finally, and after careful consideration
based on patient information, the couple must make the decision on whether or not to
proceed to ART. In the scales the couple has to balance the prospects of life after ART; with
a child or adjustment to a childfree life.

6.1 THE MAIN FINDINGS

Women with minimal to mild endometriosis and women with PCOS, who previously failed
to conceive via ovulation induction treatment, achieved a relatively good live birth rate
after an average 2.1 cycles (range 1 to 4); every second women left the clinic with a child. In
the women with moderate to severe endometriosis and women with tubal factor infertility,
instead, only two out of five women enjoyed a live birth. It is noteworthy, that every third
women with PCOS discontinued the treatment before live birth or the third ART.
Furthermore, every second women with moderate to severe endometriosis discontinued
ART before the fourth treatment (studies I and II).

However, the problems of women with infertility are not limited only to whether or not
they become pregnant but also to the course of pregnancy and to the neonatal outcome.
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Studies III and IV demonstrated that pregnancies after ART are associated with an
increased risk of preeclampsia and placenta preavia and also to higher incidences of
preterm birth, low birth weight and the need for neonatal intensive care when compared to
pregnancies of general population or pregnancies after a short time to conceive (0–6
months). In the comparison of the neonatal outcome of ART pregnancies with pregnancies
with a long time to conceive (> 2 years) it was found that there were no differences in these
pregnancies.  In addition, the risk of complications varied between the etiologic groups; the
newborn of a woman with anovulation or endometriosis seemed to have an increased risk
for prematurity and a newborn of a woman with male factor infertility had a higher
incidence of requiring neonatal intensive care.

A total of 46% of women in studies I and II (women with endometriosis, PCOS and tubal
factor infertility) had a live birth after up to four ART cycles. Nevertheless, this did not
mean that the rest of women remained childless. The questionnaire study (study V)
revealed that among 244 women who replied to the questionnaire and were unsuccessful in
having a child after ART, 47 (19%) had conceived spontaneously after ART and 31 (13%)
women already had a child before ART.  To summarize, at least 32% of women who failed
to conceive through ART did have a biological child. In addition, 27 (11%) of unsuccessfully
treated women were undertaking an adoption process or had already adopted. A further 19
(8%) had planned to undertake a new ART in the future, and 35 (14%) of women had
undergone a further ART in a private clinic. In other words, the proportion of women who
have acquired a child can be predicted to increase in the future.

Study V confirmed that women who were successfully treated in ART enjoyed higher
life satisfaction than women who failed to conceive through ART. However, at a time 6–9
years after the last ART, both groups, i.e. successfully and unsuccessfully treated women,
had comparable levels of life satisfaction. Moreover, the unsuccessfully treated women who
had a child by some other means had an identical level of life satisfaction as the
successfully treated women 3–6 years after the last ART.

6.2 FINDINGS IN RELATION TO OTHER STUDIES

6.2.1 ART outcome
ART is considered as a primary treatment in women with endometriosis, there was,
however, rather scanty evidence regarding its effectiveness when this study was started.
There was one meta-analysis of 22 studies, where women with endometriosis undergoing
ART had almost one half of the pregnancy rate of women with tubal factor infertility
(Barnhart et al. 2002). The meta-analysis found also that the severity of endometriosis on
the outcome was similar as found here. On the other hand, the meta-analysis did not
examine the live birth rate since the outcome was reported in only a few original articles.
Furthermore, cumulative results were rarely reported, they tended to represent a more
informative and patient-centred approach rather than providing cycle-specific results,
taking also into consideration the drop outs. As a whole, very few studies have depicted
cumulative live birth rate as a main outcome measure.

Our cumulative live birth rate was somewhat better (40.3%–54.8%) than that reported in
an Italian study of primary surgically treated women with endometriosis after up to three
cycles (22%) (Somigliana et al. 2009). Furthermore, 44% of those operated became pregnant
without ART and 51% of those who did not conceive, never underwent ART. However,
these groups of women (undergoing ART or not) are not comparable; the women who
attended ART possibly were suffering from more severe disease and a lower probability to
conceive spontaneously than those who did not proceed to ART. A recent study from
France demonstrated similar 24-month cumulative spontaneous pregnancy rates in women
with radically operated endometriosis (23%) and in women with excision of peritoneal and
ovarion lesions only (25%) (Douay-Hauser et al. 2011). Nevertheless, the complication rate
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was higher in the former group. However, an endometrioma resection prior to ART seems
to affect negatively on the pregnancy rate and a review of this topic found evidence to
avoid surgery prior to ART, and surgery should be performed solely when there are
specific reason or symptoms such as pain or technical problems of oocyte retrieval (Ruiz-
Flores and Garcia-Velasco 2012).

Nevertheless, our live birth rate per oocyte retrieval in women with endometriosis was
18.3% (27.6% in minimal to mild endometriosis and 14.7% in moderate to severe
endometriosis). There is now a substantial amount of new registry data where the ART
outcomes of women with endometriosis do not differ with other indications for ART. For
example in the USA, the corresponding baby take home rate from recent registry data of
Society for Assisted Reproductive Technology (SART) was 39.1% per retrieval, these values
being comparable with other indications for ART in 2010 (33.2%) (SART 2010, e-
publication). The live birth rate varied significantly within age; 45% of women < 35 years
were successfully treated, whereas only 9% of women > 42 years conceived. There are
several possible explanations behind the discrepancy of the present results vs. the register
result of SART. First, the data of study I were gathered from 1996 to 2003. Statistics from the
THL reflects the improvement of live birth rate per oocyte retrieval in IVF during the
period 1995 (15.6%) to 2010 (25.0%) (THL 2012). Second, according to the register of SART,
the mean number of transferred embryos varied between 2.0 to 3.0 in the different age
groups. The mean number of transferred embryos was 1.7 in the present study. Third, in
study I, women with endometriosis had undergone an average of 2.1 ART cycles. Instead,
the SART register does not provide any information about the mean number of the
treatments per women. According to a previous study, the possibility of success decreases
in conjuction with the number of previous unsuccessful ART cycles (Templeton et al. 1996).
This is also seen in the present study; the curve of the cumulative live birth rate (Fig. 8) has
only a gentle rise after the first cycle. Fourth, in the USA, genetic diagnosis prior to
implantation has been performed in some cases (Gleicher et al. 2006). Fifth, the distribution
of the stage of endometriosis was also missing data in the register of SART, as was
information of previous surgical treatments. In the present study one out of every three
women had minimal to mild endometriosis. However, recent published data from Norway
have indicated that the severity of endometriosis had no impact on the success rate in ART
(Opøien et al. 2012). According to the Norwegian  data,  the cumulative live birth rate with
or without frozen-thawed embryos after up to five cycles was 73% in women with minimal
to mild endometriosis (95% CI 58%–75%), 66% in  women tubal factor infertility (95% CI
58%–75%), and 58% in women with moderate to severe endometriosis (95% CI 22%–94%).
In contrast, in women with moderate to severe endometriosis, the ART outcome depended
on whether the women had extensive peritoneal endometriosis only or whether they also
had an endometrioma at the time of ART. The endometrioma group required more FSH
and had a significantly lower live birth rate. One explanation to explain why the
Norwegian researchers found the comparable results between stage I/II and III/IV
endometriosis may be the time when the classification was conjucted; endometriosis had
been classified to the stage I/II at the time of surgery i.e. a long time before ART unless the
recurrence of ovarian endometriosis had not occurred. In other words, the previous ovarian
surgery in women with minimal to mild endometriosis may have impacted detrimentally
on their results.

The pregnancy rate of women with PCOS was similar to that found in our study II and
in a meta-analysis of nine studies (30.4% vs. 37.4%, respectively) (Heijnen et al. 2006). The
similarity of the pregnancy rates in women with PCOS and tubal factor infertility has also
been described in another study (Nejad et al. 2011). There are still few studies evaluating
the outcome of cumulative live birth rates. Generally, PCOS has been associated with a
higher risk of miscarriage in studies from the 1980s and 90s (Balen et al. 1993, Homburg et
al. 1988). However, more recent studies have not confirmed the increased risks (Heijnen et
al. 2006, Koivunen et al. 2008, Nejad et al. 2011). Furthermore, PCOS women in study II had
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somewhat fewer miscarriages than women with tubal factor. Indeed, the miscarriage rate in
the present study (8.9%) was lower than in other studies (15.4–19.3%) (Koivunen et al. 2008,
Nejad et al. 2011). This difference can be explained with the different definition of
pregnancy; here pregnancy was confirmed after a measuring the level of hCG and then by
ultrasound, whereas the study of Koivunen et al. was based on a questionnaire. In addition,
18% of PCOS women in the present study had used metformin before ART. A previous
study demonstrated that PCOS women who had miscarriage had significantly lower
glycodelin and insulin growth factor binding protein 1 (IGFBP-1) levels in the first trimester
than women who had no miscarriages, and the decreased level of these factors may have
had an effect on endometrial environment (Jakubowicz et al. 2004).  It is not only metformin
treatment that may have had a favourable effect on these levels, this drug has also several
other beneficial effects on fecundity, at least in theoretical terms (Palomba et al. 2009).
Nevertheless, in clinical terms, i.e. in terms of the lower miscarriage rates, studies
concerning the use of metformin among PCOS women have provided conflicting results
(Jakubowicz et al. 2002, Palomba et al. 2009, Morin-Papunen et al. 2012).

6.2.2 Outcomes of ART origin or spontaneous pregnancies of subfertile women
The conclusion in study III was in parallel with a Norwegian study of women who had at
least one child conceived via ART and one child spontaneously (Romundstad et al. 2008).
The risk of preterm delivery of subfertile women was independent of the mode of
conception, and thus can be at least partly explained by maternal factors. However, the
data of a Danish sibling cohort is somewhat different i.e. ART per se has some effect on
prematurity and low birth weight; the risk for prematurity was 1.3-fold (95% CI 1.1–1.6)
and the risk for low birth weight was 1.4-fold (95% CI 1.1–1.7) in ART pregnancies when
they were compared to spontaneous pregnancies in the same mother (Henningsen et al.
2011). One difference between these studies is that in the Norwegian study data from both
fresh and frozen embryo transfers were pooled whereas in the Danish study, only fresh
embryo transfers were compared with spontaneous pregnancies; as stated above, frozen
embryo transfer has been  associated with lower risk of prematurity (Maheswari et al. 2012,
Pinborg et al. 2013).

In study IV, our findings that singleton pregnancies achieved through ART had an
increased risk of preterm birth, LBW, and the need for neonatal intensive care are in
agreement with previous studies (Jackson et al. 2004, McDonald et al. 2009). According to a
recent meta-analysis, the elevated risk still existed when the comparison was made between
spontaneous pregnancies and pregnancies after FET, or elective single embryo transfer
(Pandey et al. 2012). Nevertheless, there are two recent meta-analysis which showed
evidence that pregnancies after FET had a lower risk of adverse perinatal outcomes than
pregnancies after fresh embryo transfer (Maheshwari et al. 2012b, Pinborg et al. 2013). The
researchers provided one explanation, i.e. the endometrium may be in a more natural
condition in FET cycles than in fresh cycles soon after ovarian stimulation.

There are few studies where the effects the etiology of the infertility have been examined
on the adverse neonatal outcome (Schieve et al. 2004). In pregnancies conceived via ART,
women with PCOS seem to have an increased risk of having a SGA-child (Han et al. 2011);
this result was in contrast to the present studies. Women with endometriosis (particularly
women with endometrioma) had an increased risk of having a preterm birth (Fernando et
al. 2009), as was also seen in study IV, when women with endometriosis were considered as
a single group without taking the staging into consideration. Instead, women with tubal
factor infertility had relatively good neonatal outcomes in the present study; although there
is a report that they had increased risks of prematurity and LBW (Schieve et al. 2004). As in
study IV, the conclusion of Wang et al. (2005) was that the risk for prematurity and LBW
was lower in individuals with infertility due to male factor than in those with female factor
infertility (Wang et al. 2005). Furthermore, a Finnish study claimed that unexplained
infertility was not associated with adverse neonatal outcome (Isaksson et al. 2002), which
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was a rather similar finding to those in this thesis; here women with unexplained infertility
showed an increased trend towards SGA infants.

6.2.3 Adjustment to the infertility
It is well documented that involuntary childlessness and unsuccessful ART outcome are
associated with lower life satisfaction (Hammarberg et al. 2001, Leiblum et al. 1998, Weaver
et al. 1997) in agreement with the present study. However, also opposite results have been
reported; a study from Germany found that life satisfaction among mothers was lower in
terms of financial issues and partnership aspects than in women who had not had a child
even after five years of attending a fertility assessment (Schanz et al. 2011). Basically, the
observation of German researchers is in parallel with the present study, where life
satisfaction level among unsuccessfully treated women reached the level of successfully
treated women but this did require a long period of time.

Hence the experience of infertility appears to be similar to that encountered with severe
illnesses such as cancer (Domar et al. 1993), it is understandable that the adjustment takes
time. Adjustment in general may consist of making new plans (e.g. proceed to adoption
process but not to undertake a new round of ART in the future), finding good aspects of a
child free life (e.g. a better opportunity to concentrate on a career or time for hobbies) and
primarily, coming to terms with infertility meaning genuine delight when the individual
receives baby news from friends and acceptance of the fact of not being capable of being
able to reproduce. Before adjustment, both a woman and man go through feelings with a
wide range. Even though infertility crisis is an individual experience, there are also
common features in working on such a crisis (Menning 1980).  Most couples assume that
they can have children when they want and the diagnosis of infertility may be a surprise to
the couple who have been used to control their lives. Before the wish for childbearing, they
had mainly focused on protection against unwanted pregnancy. Following surprise comes
denial, which purpose is to let mind and body to adapt to the new situation. It is a
pathological emotion only if it becomes long-term or permanent (Menning 1980).  Also
anger and jealousy belong to the feelings which are dealt by the infertile couple. Anger can
be directed to other pregnant women, to the medical staff, or to more irrational targets like
people who mistreat children.  The next phase is isolation, which may protect patient to face
uncomfortable situations with intrusive questions. On the other hand, isolation also
prevents to gain social support. In a phase of guilty, patients try to construct the cause and
effect relationships; one may feel guilty for a previous pregnancy termination, a sexually
transmitted disease, and the use of contraceptives or delaying of childbearing. Accordingly,
there may be feelings of unworthy. The most essential and the most important phase before
successful resolution, i.e. adjustment, is grief (Menning 1980). Infertility-related grief differs
from other tragic events; a childless couple mourns something that never has been real, a
child that has lived only in their dreams. Often the grief of infertility is faced alone together
with the spouse; there are no family and friends comforting as they are not aware of the
infertility. The grief of infertility is affected by how central the role of parenthood has been,
previous setbacks in life and how these have been handled. When the hope for a child is
abandoned, the couple will lose the experience of parenthood, genetic continuity, and also
the experiences of pregnancy and breast feeding are losses for the woman (Tulppala 2012).
In addition, in the future the possibility for grandchildren is lost. Consequently, as
childlessness is acting through the life, a kind of grief of childlessness remains, although
within years the couple learns to live with the subject and new goals for life are found. A
remarkable feature for the grief of childlessness is that it has not a real starting point,
instead it realizes gradually with repeated disappointments, and often the well-marked end
is also missing (Verhaak et al. 2007a). The couple may prevent themselves to face the
realistic probability to live without children by repeating infertility treatments. As late as
the age of menopause it is possible to get the rest to the alternations of hope and
disappointment. In addition, the adjustment may get delayed when new hopes and new
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disappointments emerge; this may lead to a chronic stress. Remarkably, even though the
adjustment will happen within years, it does not eliminate the fact that the grief of
childlessness will not disappear (Tulppala 2012). It is important to point out to the patient
that all of the emotions mentioned above are part of the recovery and hence needed.

There are few studies examining the effect of time from the last ART on life satisfaction.
In contrast to the present results, Leiblum et al. (1998) found no association between time
since the last treatment (which varied between 2 to 13 years) and life satisfaction (Leiblum
et al. 1998). At three time points, six months, 2–3 years, and 5 years after ART, the women
who failed to conceive through ART had significantly lower life satisfaction or a higher
level of depressive feelings than women who were successfully treated (Hammarberg et al.
2001, Hogström et al. 2012, Verhaak et al. 2005a). However, 10 years later the difference in
life satisfaction had disappeared (Wischmann et al. 2012). Consequently the present
findings, i.e. the adjustment to infertility occurred 6–9 years since the last ART, are in
agreement with previous studies.

Nevertheless, childless women have not been found to be dissatisfied, they just have had
lower life satisfaction than those who become mothers (Leiblum et al. 1998). Moreover, in
the present study, the average level of life satisfaction was higher also among
unsuccessfully treated women than among the general Finnish women population.

6.3 VALIDITY OF THE STUDY

6.3.1 The register based studies (I–IV)
The retrospective register-based approach to the data collection was chosen as it is a rapid
and reliable way to gather comprehensive information about the subjects. The Birth
Register of Kuopio University Hospital contained data of maternal risk factors, obstetric
history and details on the course of pregnancy and delivery. The data were collected on a
real-time basis as a part of clinical work, not only for scientific purposes. The database of
Fertility Outpatient Department of Kuopio University Hospital included information on
infertility and the characteristics of ART. Moreover, the classification of endometriosis was
carried out retrospectively based on case notes by P K-P. Similarly, the diagnosis of women
with PCOS was checked afterwards in accordance with the Rotterdam criteria (The
Rotterdam ESHRE/ASRM-Sponsored PCOS consensus workshop group 2004) in those
women with polycystic ovaries or oligo-or anovulation.

The size of the study population in studies I and II was not large enough to perform an
adjusted regression analysis. However, women in different etiologic groups were no doubt
different and this study represented the real population being treated in the same centre, by
the same treatment protocol and by the same team. In addition, the sample size in studies
III and IV did not allow us to take into consideration the effect of different ART procedures
(IVF, ICSI, FET) on adverse neonatal outcomes. Furthermore, the estimation of the
necessary sample size would have been 1100 ART pregnancies in order to find a statistically
significant association between SGA and ART with a power of 80%.

In order to investigate the incidences of adverse pregnancy and neonatal outcomes in
different subgroups, a tertiary level hospital would be needed due to referrals of the risk
population, such as women with premature contractions. While it is this kind of hospital,
Kuopio University Hospital also serves as a secondary level obstetric hospital for its own
catchment area. Nonetheless, the incidences of some pregnancy outcomes such as placenta
preavia and abruption are very rare and this makes it impossible to examine differences
between the infertility subgroups. This kind of study would have required a nationwide
study protocol. In fact at present, THL is generating data on the indications of ART by
subdividing the indications into five subgroups (tubal factor infertility, other female causes,
male factor infertility, multifactorial and unexplained infertility). By using the data of THL,
the heterogeneity of the group “other female causes” would have remained unexamined;
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study IV revealed that women with anovulation, PCOS and endometriosis displayed
different risk profiles for adverse outcomes.

6.3.2 The questionnaire study (V)
Life satisfaction is one of the main dimensions of mental health and an indicator of
subjective well being (Vaillant 2003). An adjustment to a major setback, e.g. involuntary
childlessness, is a prerequisite for general well being. An adjustment to the infertility can be
measured by several means e.g. standardized questionnaire or study-specific questions
(Hammarberg et al. 2001, Pasch et al. 2012, Wischmann et al. 2012). In order to achieve as
high response rate as possible, we used a short questionnaire of life satisfaction with known
validity. According to the previous studies, it evaluates both positive aspects of mental
health and depressive symptoms (Koivumaa-Honkanen et al. 1996, Koivumaa-Honkanen et
al. 2005). In addition, the Life Satisfaction scale has been shown to have a strong association
with the 21-item Beck Depression Inventory (BDI) (Koivumaa-Honkanen et al. 2004).
Besides of the scale validity, by using the questionnaire enabled us to compare the level of
life satisfaction of women undergoing ART with the general Finnish population.
Advantages of questionnaire studies are easiness, inexpensiveness and they allow a large
study sample. On the other hand, they do not enable the subjects to tell the whole story
with all nuances, as an interview does. The current study was directed to women,
regardless that infertility affects also men and relationships, which is influenced by both
member of a couple. According to several studies, infertility has a greater emotional effect
on women than on men (Hjelmstedt et al. 1999, Leiblum et al. 1998, Newton et al. 1999,
Wichman et al. 2011).  Obviously, if the questionnaire had also been targeted to men, it
would have allowed a deeper assessing of infertility.

The response rate was 54.7%. Typically, the response rate varies between 41–51% in
infertility related surveys (de La Rochebrochard et al. 2009, Wischmann et al. 2012). One
could assume that women who do not respond to a questionnaire might still have the grief
and the adjustment unprocessed. A recent study has noticed that women who had a
stronger desire for a child in an initial study did not respond to the follow-up study 10
years later (Wischmann et al. 2012). The period of infertility is often considered as a bad
memory (Sundby et al. 2007) which may also have an effect on the activity to respond. If
women who have had difficulties to deal with infertility had answered to the questionnaire,
the difference in level of life satisfaction between successfully and unsuccessfully treated
women would have been larger and the time to adjustment would have lasted longer.  On
the other hand, the non-responders might have represented women to whom infertility
issue was not actual anymore. Indeed, the non-responder women were somewhat older
than the women who responded (40.1 vs. 38.8 y, respectively) which may mirror the fact
that the significance of the infertility issue had diluted with advancing age. Taking into
consideration these two supposed groups of the non-responding women which have an
opposite effect on the results, the current results are presumed to be reliable. From another
point of view, the live birth rate was comparable between the non-responders and the
responders. Furthermore, a recall bias was unlikely since the time of the last ART was
received from the database of Fertility outpatient Department and women reported the
current level of life satisfaction. A limitation of the study V was the cross-sectional study
setting. We did not follow the alteration of life satisfaction over time in the same women
through repeated inquiries. However, the problem of using a repeated inquiry protocol
might be a declining response rate and thus a selection bias in the study subjects, whereas
in our study design, the distribution of the responders was equal at the different time
points.
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6.4 CLINICAL SIGNIFICANCE OF THE RESULTS

6.4.1 Counselling
One of this study's aims was to provide material for counselling. In Finland, THL published
nationwide ART outcome and the coverage of the clinics reporting has been 100%, unlike in
some other European countries (Ferraretti et al. 2012). However, at the present THL has
divided the female factors only into two subgroups; tubal factor and other female factors.
Instead, the present study showed ART outcome in women with endometriosis and PCOS
and thus enabled more specific information to couples who are participating to ART.
Patients are often interested how many ART-cycles they have to go through before they
will have a child. Neither the current study nor other studies can give the definite answer.
It has been showed that the probability to live birth decreases with advancing age and with
increasing number of previous cycles (Templeton et al. 1996). Nevertheless, rarely the
probability to success in the next treatment is zero. In the light of the current study it can be
concluded that after three oocyte retrievals the cumulative live birth rate varies between
36%–51%, depending on the etiology of infertility. The next oocyte retrieval increases the
probability only slightly. It is important to present the cumulative live birth rate rather than
the outcomes of one cycle. The cycle-specific approach do not take into consideration the
"drop outs", i.e. these women who discontinued the ART before the live birth or the third
(or the fourth) ART, neither the findings that the probability to success in ART decrease
within the treatments (Templeton et al. 1996).  Besides of the more realistic message, the
cumulative results will benefit also patients. By presenting the cumulative results, instead
of cycle-specific results, it decreases the loaded expectations of one ART cycle and thus
perhaps helps couples to continue (or discontinue) ART after failed cycle. In this study,
every second or third women (depending on the definition of the drop outs, i.e. before the
third or the fourth) discontinued ART before live birth. According to our non-published
data, the main reason for drop out was psychological burden.  With accurate information
on the success rate and psychological impact of the ART may diminish the drop out rate.
Nevertheless, in Kuopio University Hospital all couples have been informed on the
possibility to achieve psychological help during and after ART free of charge.

The duration of infertility before ART was three to four years.  Previously it has been
shown that the probability to conceive decreases with increasing duration of infertility
(Nelson and Lawlor 2011). It is tempting to wonder if the ART outcome would were better
if the women had been treated earlier. At the moment, couples are advised to seek medical
assessment after one year of unsuccessful attempts to conceive. This study do not reveal is
the time limit correct, however, couples could be encourage to proceed ART faster if they
fulfil the inclusion criteria.

6.4.2 The clinical implications of studies I–II
Women with stage III/IV endometriosis had the relative poor cumulative live birth rate.
Thus, these women may benefit of the two embryos transfer instead of the elective single
embryo transfer to compensate the low implantation rate, taking into consideration often
challenging and even painful puncture. Although this policy needs an accurate
consideration, it has been shown previously that singleton pregnancies have the best
prognosis (Joshi et al. 2012). Moreover, in a recent paper has brought out a term “elective
frozen embryo transfer” (Maheshwari and Bhattacharya 2013). In this way a “supra-
physiological” doses of gonadotrophins, which may have effect on early placentation and
embryogenesis, while a survival of the freezing and thawing acts as a filter to transfer only
top quality of embryos (Maheshwari and Bhattacharya 2013). This interesting proposal
needs further studies among other things (time and way to freezing, all or only good
quality embryos) but also it would be interesting to find out whether women with
endometriosis will benefit of the elective frozen embryo transfer. The power of our study
was not sufficient enough to find out whether the frozen-thawed embryo transfer is more
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efficient than fresh embryo transfer among women with endometriosis. Besides of clinical
implications of one embryo transfer in women with stage I/II endometriosis and one to two
embryos transfer in women with stage III/IV endometriosis, our study showed that current
and the most widely used classification of endometriosis is practical, thought a criticism of
its usefulness in infertility has been appeared (Practice Committee of the American Society
for Reproductive Medicine 2006).

In our studies I and II, women with tubal factor infertility served as controls while they
were expected to have good responses to hormonal stimulation and represented as
mechanical reason (i.e. be passed by ART) for infertility as possible. However, they had
more miscarriages or ectopic pregnancies than women with endometriosis or PCOS, even
though in ultrasound visible hydrosalpinges were removed or occluded in most of the
cases. However, women were not often prepared to bilateral removing/occlusion, so often
the less affected tube was left. A recent Cochrane review shows evidences to recommend
the occlusion or removal of hydrosalpinges prior to ART (Johnson et al. 2010). In the
Netherlands, researchers have received promising, preliminary results by using Essure (i.e.
an expanding spring device, which is placed in hysteroscopy in an office setting to induce
proximal tubal occlusion) among women who had laparoscopic contraindicated owing to
extensive pelvic adhesions (Mijatovic et al. 2012). A total of ten out of 19 women who had
had an embryo transfer had a live birth after bilateral tubal occlusion by Essure. However,
even though it seems that bilateral tubal occlusion or removing prior ART improves the
ART outcomes among women with ultrasound visible hydrosalpinges, who have constant
secretion of brown fluid, and who had failed ART despite of a successful fertilization, the
decision to perform such a procedure is difficult. After the occlusion, ART is the only
possibility to achieve a pregnancy, for this reason many women do not accept this
procedure. Nevertheless, the advantage of bilateral tubal occlusion was beyond the scope of
this study. Our study showed that miscarriages were a specific problem of women with
tubal factor infertility rather than women with PCOS. The possible favourable effect of
metformin prior to ART on the miscarriage rate among women with PCOS cannot be
excluded.

Study II strengthens the findings that increased BMI deteriorates ART outcomes
(Jungheim et al. 2009, Moragianni et al. 2012). In our study, one third of the obese (BMI >
30kg/m2) women had a live birth, whereas nearly half of women with BMI < 30kg/m2) left
the clinic with a baby. Thus, weight reduction is recommended to obese women, taking into
consideration also the risk of fetus and mother in pregnancy.

6.4.3 The clinical implication of studies III and IV
ART pregnancies should be managed as risky pregnancies. Furthermore, the increased risk
is not limited to ART, but also to the women with a long time to pregnancy (> 2 years)
should be treated as risky patients. Thus, the mode of conception and waiting time to
pregnancy might be valuable to take into consideration when considering women’s total
risk for adverse pregnancy and neonatal outcome, especially preterm birth and low birth
weight. In addition, women conceiving through ART are a heterogeneous group; their risk
profile for different complication had a wide variation. At present, pregnancies after ART
are managed like other pregnancies, without taking the subfertility or the mode of
conception into account.

6.4.4 The clinical implication of the questionnaire study
Basically, the questionnaire study (V) revealed a positive message; the unsuccessfully
treated women will achieve the same level of life satisfaction than women who became
mother. This observation is important to relay to couples seeking infertility treatments. In
this way ART would not be the final way to achieve a happy life, and one single treatment
would not be loaded with too much expectations. However, it is to be noted that even
though unsuccessfully treated women will reach the same level of life satisfaction within
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years than successfully treated women, the grief of childlessness does not disappear albeit
it may fade and it is possible to learn to live with it.

However, women who failed to conceive via ART had 1.6-fold risk for being dissatisfied
until three years of the last ART has elapsed. Consequently, they have a higher risk of
depression (Koivumaa-Honkanen et al. 2004). Similarly, a higher proportion of depression
is observed also in Finnish and Swedish studies (Volgsten et al. 2010b, Yli-Kuha et al. 2010).
In addition, as high proportion as one out of five involuntary childless women has reported
suicidal thoughts at some point through the period of infertility (Kerr et al. 1999).
Unfortunately, some unsuccessfully treated women also follow these thoughts (Kjaer et al.
2011). The higher risk of depression among women who failed to conceive had to take into
consideration in counseling. In spite of more than half of couples are interested to
counseling, only 20% of patients decide to attend to it (Boivin 1997). The possible
explanations for this discrepancy may be i) the most of couples have obtained enough help
from informal sources of support (i.e. spouse, family, and friends) ii) patients have not
known how to obtain the help from professionals (Boivin et al. 1999). Consequently, the
more intensive counseling should be directed towards the risk population and the contact
should be initiated by a counselor. The question then is how they can be identified. Verhaak
et al. (2005) has found that women who have a pretreatment depression or anxiety,
deficient acceptance of childlessness, and a weak social support should be given more
attention to (Verhaak et al. 2005b). In general, all couples undergoing ART should be given
a possibility to bring out feelings aroused from the treatment such as uncertainty,
excitement and concern (Boivin et al. 2012). It is worrisome, that some women who would
need help of professionals, refuse it because they have fear that diagnosis of mental health
illness may hinder a potential adoption process. Infertility demands a holistic approach; a
physician and other medical staff have to understand the special features of the
management of infertile couples. Besides that infertility affects in individual level of two
participants, it has also impact on partnership and social environment (Tulppala 2012).
Within infertility evaluation and treatments, a couple may get distressing information for
their ability to reproduce. The bad news has to be able to tell in a sensitive and supportive
way. A major goal of the management of infertility is to help the couple to achieve a
resolution to the crisis of childlessness, regardless whether a live birth is achieved or not.

6.5 GENERALISABILITY OF THE RESULTS

6.5.1 ART outcomes
Outcome of ART (studies I and II) are generalized to countries which have the same clinical
practice; a corresponding inclusion and exclusion criteria for ART, a favor of one to two
embryos transfer, and a possibility to perform frozen-thawed embryo transfer.
Furthermore, the generalization is also dependent on the reimbursement practice of the
treatment.

In 2011, 63% of all ART cycles (including donor and non-donor cycles) were performed
in private sector (THL 2012). The characteristics of clientele in private sector may be slightly
different compared to public clinics, and thus it should be careful when generalizing our
results to private clinics. In Finland, the private users alone were older (mean age 34 years)
than public users alone (32 years) or both-sector users (33 years) according to the data from
1996–1998 (Klemetti et al. 2004). Furthermore, the private and both-sector users were more
often women in the highest socioeconomic position (Klemetti et al. 2004). In 2011, the live
birth rate per started ART cycle was somewhat better in public sector than private sector
(20% vs. 22%, respectively) (THL 2012). Besides of the different distribution of age and
socioeconomic status in private sector than in public sector; clientele may be different also
in terms of parity. In public sector, two of the exclusion criteria are that i) couples have at
least two common children and ii) they already have had three to four cycles in public
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sector. The former will increase the chance to conceive and the latter will decrease the
possibilities.

6.5.2 Obstetric and neonatal outcomes
When obstetric and neonatal outcomes are concerned, the results can be generalised solely
to singleton pregnancies, while twin pregnancies are high-risk pregnancies despite of mode
of conception. In order to understand whether the results could be generalised to all
women with a particular etiology of infertility, there should be a larger study size.
According to study IV, it is not possible to find out, for example, whether all women with
endometriosis have an increased risk of preterm birth or whether it is dependent on the
stage of endometriosis.  Furthermore, all women with long time to conceive certainly have
not infertility problems, even thought they might fill the definition of infertility. Without
knowing their intent to conceive, their risks to pregnancy and neonatal complications are
unresolved.

6.5.3 Adjustment to infertility
As Greil et al. (2010) have stated, infertility should be seen as a socially constructed reality
rather than a medical issue with psychological consequences (Greil et al. 2010).
Accordingly, the adjustment to infertility is depending on the world around. In developed
countries where it is acceptable to be voluntarily childless, presumably the adjustment to
infertility is easier than in developing countries where women are childless only if they are
infertile (Greil et al. 2010). For instance in Israel, the concept of voluntary childlessness is
unheard (Greil et al. 2010). In developed countries, the disclosure of being infertile is not
mandatory. In addition, in the societies where there is a high employment rate of women, a
desire of a child can be hidden behind of career making.

In developing countries, instead, involuntarily childless women feel themselves as a
society’s outcast (Cui 2010). In Uganda, for example, women are not accepted by society
unless they are not mothers; “mother or nothing” one may say. Infertile women are
regarded as a family disgrace, while the etiology of infertility would be male factor (Cui
2010). Similarly in Bangladesh, infertility is a woman’s lonely journey to seek help from
healers while a husband’s solution is remarriage (Nahar 2010).

However, the stigmatization of infertility may also occur in more developed countries.
The government can glorify reproduction by deciding e.g. income tax deductions, limiting
access of abortion or contraception (Whiteford and Gonzalez 1995). These circumstances
mentioned above have unquestionably effect on the experience, and thus the acceptance, of
infertility.

Besides of taking into consideration the differences of other societies, our results can be
generalised only to the women who attend ART, not to mention to the women who do not
seek help for infertility.  A part of women who do not seek help have a fear of being
labelled infertile, they still have a desire to conceive spontaneously, and first of all, they had
a fear of failure (Domar et al. 2012). Consequently, only women who are strong enough to
bear the psychological stress of ART will attend that kind of process. One explanation to
delay the start of ART may be that women want to keep “the last option” for the future. In
other words, as long as a woman has an option of ART, she can shift the realisation of
childlessness to the future. In Finland, only half of the infertile women have sought help for
infertility (Klemetti et al. 2010). Nevertheless, this does not mean that the rest of “non-
seeking” infertile women are too weak, probably they just do not have “intent” to conceive
even they fulfil the definition of infertile. Indeed, Greil et al. (2011) found in telephone
interviews of 1027 infertile women (a period of > 12 months with regular intercourse
without contraception) that 43% of women were infertile without intent to conceive i.e.
“okay either way” (Greil et al. 2011a).

To summarise, the result of the questionnaire study can be generalised only to women in
developed countries with similar society and to women who attend ART.
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7 Conclusions

This study provided material not only for patient counselling but also for the success rate of
different infertility etiologies in our own clinic; the severity of endometriosis appeared to
have an effect on ART outcome and women with PCOS gain benefit from ART, even
although they had previously failed to conceive via ovulation induction. Every second of
these women left the clinic with a child. However, the only goal is not a live birth; a more
important aim is to give birth to a healthy newborn. Unfortunately, the difficulties faced by
infertile women are not only limited to conceiving but they also appear during the course of
pregnancy and are present too in the neonatal outcome. Women who conceived through
ART experienced an increased risk of having a preterm birth, a baby with low birth weight
and a higher need for neonatal intensive care. These increased risks can be traced, at least
partially, to maternal factors, i.e. by infertility itself. Nonetheless, women with infertility are
a heterogeneous group. In particular women with endometriosis display an increased risk
of preterm birth and women with male factor infertility have an increased risk that their
baby will require neonatal intensive care. Nevertheless, infertility is not simply a medical
issue; it has a comprehensive impact on life both socially and culturally.  Thus, women who
were successfully treated in ART had a higher life satisfaction than women who failed to
conceive through ART. Fortunately, most women seem to adjust to the reality of infertility.
After 6–9 years had elapsed since the last ART, both groups, i.e. the successfully and
unsuccessfully treated women, shared a comparable level of life satisfaction. The
unsuccessfully treated women who had a biological child by some other means enjoyed an
even faster recovery. Nevertheless, the current study does not assure that the grief of
childlessness will disappear within years, but it seems that it is possible to learn to live
alongside with it.

Overall, the infertility treatment is not ”an assembly-line treatment”. Instead, an
individual treatment plan for the couple must be formed in the first visit and the plan may
be specified along the route. The treatment should be a patient centered, which means e.g.
providing information, patient involvement in decision making, easy contact accessibility,
emotional support and organizing of follow up. After an unsuccessful treatment the
possible explanations for failure have to be processed together with the couple, like also the
success probability in the next treatment. In the light of this data the couple can make the
decision of the continuation of ART. The clinic staff of fertility clinics should recognize their
responsibility also for those couples who fail to conceive via ART.  The discontinuation of
the treatment is a hard decision and psychological support for the couple must be actively
offered by the fertility team. It has to remember that to the holistic approach of infertility
treatment belongs also the help to the couple to accept the infertility in situations where
treatments have been unsuccessful.

Further studies are needed to determine whether a facilitated progression to ART would
enhance the ART outcome. The question is - should women be encouraged to attend ART
earlier or will that lead to overtreatment? Furthermore, how the process of ART could be
made lighter and bearable in order to decrease the drop out rate; does the more accurate
information and psychological help work? Another important question to be investigated is
how do women who have not attended ART adjust to infertility; does this kind of
procedure prolong the process of psychological adjustment or does it make it easier?
Further, studies regarding men’s adjustment to infertility and childlessness are needed.
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LIFE SATISFACTION SCALE

Response scores are presented in parentheses. The item responses “cannot say” were scored as
3. According to the total sum of scores, the subjects were categorized into the satisfied (LS score
4–6), the intermediate group (LS score 7–11) and the dissatisfied (12–20).

Do you feel that your life at present is

1.very interesting (1), fairly interesting (2), fairly boring (4) or very boring (5)?
2.very happy (1), fairly happy (2), fairly unhappy (4) or very unhappy (5)?
3. very easy (1), fairly easy (2), fairly hard (4) or very hard (5)?

Do you feel that at the present moment you are

4.very lonely (5), fairly lonely (4), or not at all lonely (1)?
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The Pathway from Infertility to 
Motherhood through Assisted 
Reproductive Technology (ART)

Involuntary childlessness is a major 

crisis in life. Assisted reproductive 

technology (ART) is the most effec-

tive treatment for infertility. This 

thesis provides material for patient 

counselling. The cumulative live 

birth rate after ART in women with 

endometriosis and polycystic ovary 

syndrome was investigated. In ad-

dition, subfertile women’s risk for 

adverse neonatal outcomes was 

evaluated in spontaneous pregnan-

cies and pregnancies after ART. With 

the help of the Life Satisfaction scale, 

the adjustment to childlessness and 

motherhood was assessed. 




