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Various hormones have been studied as regards prediction of pregnancy outcome after infertility
treatment, but no ideal candidate has been found. Folate and genetic variations in folate
metabolism have also been associated with infertility, but it remains unclear how these factors
affect IVF pregnancy outcome. It is known that infertility is associated with active folic acid
supplement use, but the effect of socioeconomic and lifestyle factors on folic acid supplement
use in infertile women has not been well investigated. The overall aim of this work was to
obtain information on the prediction of live birth, and to study factors affecting the role of
folate and folic acid intake in relation to IVF pregnancy outcome. Infertile women with various
infertility diagnoses were studied. Healthy, fertile non-pregnant women were used as controls in
three of the studies. Blood samples were taken for assay of eight different hormones, folate and
homocysteine, and for genomic DNA extraction. A questionnaire was used to assess background
data and use of folic acid supplements. Twenty-four-hour recall interviews were performed for
validation of the questionnaire. The studied hormones were not good predictors of live birth.
The best predictor was age of the women, together with ovulatory menstrual cycles, and thyroid-
stimulating hormone and anti-Miillerian hormone (AMH) status. Well-educated women, high-
status employed women, and married and infertile women used the most folic acid supplements.
Infertile women had better folate status than fertile women. However, pregnancy outcome after
infertility treatment was not dependent on folic acid intake, folate status, genetic variation of
5,10-methylenetetrahydrofolate reductase or socioeconomic status. In conclusion, AMH levels
vary less than those of other hormones during the menstrual cycle, and AMH could be used as
a predictive marker of live birth together with age and ovulation. Folate might play a minor role
in IVF pregnancy outcome, but the importance of folate as regards other health perspectives
should not be forgotten.
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Introduction

The menstrual cycle

The menstrual cycle is necessary for human reproduction. It prepares a
woman’s body for pregnancy through a number of synchronized events,
regulated by combinational effects of hormones 2. A normal cycle is be-
tween 24 and 35 days with an average of 28 days °. There are three different
phases of the menstrual cycle: follicular phase (menstruation and prolifera-
tive phase), ovulation and luteal (or secretory) phase * (Figure 1).

During the follicular phase the right amount of follicles will get ready for
ovulation as a result of consequential actions of hormones. In the human
ovary, this process results in one mature follicle, called the dominant follicle.
At mid-cycle estradiol levels rise significantly due to growth of the follicles.
This leads to positive feedback and induction of the luteinizing hormone
(LH) surge, followed by ovulation of the dominant follicle. Increasing levels
of estradiol also affect the endometrium, leading to cell division and growth
of the endometrium. After ovulation, the ruptured follicle transforms into a
corpus luteum, which continues to differentiate and it produces high amounts
of hormones, especially progesterone. In the absence of a pregnancy, one
week after ovulation hormone production in the corpus luteum decreases and
the corpus luteum itself degenerates a few days later. This leads to degenera-
tion of the endometrium, menstruation and the beginning of a new cycle *
(Figure 1).
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Figure 1. The menstrual cycle. Cycle days, basal body temperature, hormone levels,
ovarian cycle and uterine cycle are indicated.
(http://en.wikipedia.org/wiki/Menstrual _cycle)

Regulation of the menstrual cycle

FSH and LH

Follicle-stimulating hormone (FSH) and LH are involved in the regulation of
ovarian function during the menstrual cycle. FSH stimulates the growth and
recruitment of immature follicles in the ovary. Receptors for LH and FSH
are present in the ovary and they regulate its function by supporting the pro-
duction of sex steroid hormones, oestrogens and progestins, as well as follic-
ulogenesis *.

Oestrogen

Oestrogen is important for oocyte maturation, embryo development, fertili-
zation and the formation of female secondary sex characteristics . The
action of oestrogen is mediated through binding and activation of oestrogen
receptors, ERo and ERB ®. The most important form of oestrogen found in
body is estradiol *.

Progesterone

The main roles of progesterone are differentiation of the endometrium, as-
sisting implantation and maintenance of pregnancy '. Progesterone exerts its
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primary action through binding to intracellular progesterone receptors, PR-A
and PR-B °.

Prolactin

Elevated levels of serum prolactin (PRL) have been associated with various
menstrual disorders as a result of the restraining effect on pulsatile gonado-
trophin-releasing hormone (GnRH) secretion as well as the inhibition of LH
and FSH release °.

Anti-Miillerian hormone

Anti-Miillerian hormone (AMH) is a dimeric glycoprotein which is produced
by the granulosa cells of pre-antral and antral follicles *'°. The main role of
AMH is to inhibit follicular development from primordial to primary follicu-
lar stages ',

Inhibin B

Inhibin B, produced by granulosa cells in antral follicles, is an important
marker of follicular growth through regulation of FSH *'*. Low serum in-
hibin B levels have been related to elevated levels of FSH, which has been
shown to have an association with decreased oocyte quality and fertility *.

Thyroid hormones

Thyroid hormones influence the menstrual cycle directly by impact on the
ovaries and indirectly through elevated levels of PRL and altered GnRH
secretion . Thyroid dysfunction (hypothyroidism and hyperthyroidism)
often results in menstrual disturbances **'°.

Fertility

Fertility is the natural capacity to give life. Building a family has a strong
social impact in all cultures worldwide, and fertility is of great importance
for both women and men.

Female fertility peaks at the age of 22 years and subsequently decreases
until around the age of 38, whereafter it falls more rapidly until menopause,
when it ceases '®. In Sweden the mean age of women giving birth for the first
time has increased from 24 years (1973) to more than 28 years (2011). In
recent years, an increasing number of women at the age of 35 or later give
birth for the first time . Fertility is determined as total fertility rate, defined
as the mean number of children born per couple, person or population. In
European countries, the fertility rate has continuously decreased since the
1960s. However, in recent years signs of an increasing fertility rate have
been noticed '*.
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Lifestyle factors and nutritional status have been shown to be related to
normal reproductive function **°, and, in particular, dietary deficiencies *'
have been associated with reproductive problems and infertility.

Infertility

Infertility is defined as failure to conceive after at least one year of unpro-
tected intercourse, and/or inability to bring a pregnancy to term. The preva-
lence of infertility is high, affecting approximately one in ten couples
worldwide **. In 2007 it was estimated that more than 72 million women of
reproductive age worldwide were infertile >,

IVF

The most effective treatment of infertility is in vitro fertilization (IVF),
which is one of several forms of treatment included in the common term
“assisted reproductive technology” (ART). The first child conceived through
IVF was born in 1978 in the UK *. Five years later the first child resulting
from IVF treatment was born in Sweden '". IVF has so far been the most
frequent but also the most costly treatment of infertility ', and it is demand-
ing both mentally and physically for the affected couples **. According to the
National Board of Health and Welfare (Socialstyrelsen) the number of IVF
treatments increased from about 3000 to over 13 000 per year from 1991 to
2008 in Sweden. Approximately 25% of these more than 13 000 treatments
resulted in live birth '7.

The principle of IVF consists of hormonal ovarian stimulation, collection
of mature oocytes and fertilization with sperm, incubation of the embryos in
the laboratory and embryo transfer into the uterus. During controlled ovarian
hyperstimulation (COH) multiple follicles are stimulated to grow and mature
by using synthetic FSH, resulting in the possibility to select a high quality
embryo(s) for transfer. Ovum pick-up (OPU) is carried out by vaginal ultra-
sound-guided needle punctures. In conventional IVF, the oocyte is fertilized
with motile spermatozoa 4-6 hours after OPU. In intracytoplasmic sperm
injection (ICSI), a punctured oocyte is cleaned and a single sperm is injected
into it. After fertilization, the embryo is cultivated in an incubator for two, or
three, (cleavage stage) to five days (blastocyst stage), and the best quality
embryo(s) is selected and transferred into the uterus.

Causes of infertility

The cause of infertility can be a result of female, male, a combination of
male and female infertility, or it can remain unexplained **. The most com-
mon causes of female infertility are ovulation disorders (e.g. oligomenor-
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rhoea, amenorrhoea), tubal disorder and endometriosis *°. Causes of male
infertility are in general associated with abnormal results in semen analysis
(e.g. oligo- or azoospermia) *’.

A couple is diagnosed as having unexplained infertility after the results of
standard infertility tests have been shown to be normal both in the woman
and the man, and no reason for infertility has been found **. In some cases,
women are misdiagnosed as having unexplained infertility although their age
indicates a negative impact on ovarian reserve *°. It has also been suggested
that there might be misdiagnoses in some clinics as a result of absence of
evaluation of pelvic pathologies using laparoscopy *°, or the fact that women
with unexplained infertility might have a subtle form of ovulatory dysfunc-
tion which is not diagnosed by way of standard investigations *'.

In many cases infertility has complex aetiologies. It has been suggested that
besides clinical diagnosis, lifestyle factors ****, some specific genotypes ** or
micronutrient deficiencies >> may have an association with infertility. Folate
is one of the important micronutrients that has been suggested to have an
association with infertility *°.

Folate

Folate, water-soluble vitamin B, is necessary for energy production and
healthy cell division, and it is also important for the formation of the red
blood cells *'. It is considered to be important for oocyte quality and matura-
tion as well as for implantation and normal continuation of pregnancy .

Folate sources

Folates in foods are polyglutamates *, which can be found especially in

green, leafy vegetables, fruit juices, pulses, beans, whole grains, milk and
liver *°. Naturally occurring folates are chemically unstable, as they lose
their activity during cooking, processing and storage of food ***'. Folic acid
(pteroylmonoglutamic acid, PGA) is the synthetic form of folate used in
supplements. It is not found naturally in foods. This form has a more stable
chemical structure than the natural (dietary) forms, which makes it resistant
to heat and light *'. It also appears to have better bioavailability than natural-
ly occurring folates ****. However, existing data on the bioavailability of
food folate is still limited and varies a lot between different studies **.
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Folate metabolism

Folate metabolism consists of two cycles, DNA biosynthesis and methyla-
tion. In the gut lumen, natural folates are hydrolysed to the monoglutamate
form. During passage through the intestine, folate and folic acid are metabo-
lised to S-methylenetetrahydrofolate (5-methyl-THF), the most prevalent
form of folate in the circulatory system. The methyl group is catalysed by
the key enzyme of folate metabolism, 5,10 -methylenetetrahydrofolate re-
ductase (MTHFR), which also links the DNA biosynthesis cycle with the
methylation cycle. 5-methyl-THF is an inactive form, which is remethylated
to the biologically active form of folate, tetrahydrofolate (THF), by using the
vitamin Bj,-dependent enzyme methionine synthase. THF is a coenzyme,
which has its primary roles in metabolic transfer (DNA biosynthesis cycle)
and donation of carbon-1-units (methylation cycle).

The methylation cycle has two roles. It guarantees that the cell always
has an adequate supply of S-adenosyl methionine (SAM), which is an acti-
vated form of the essential amino acid methionine. SAM acts as a methyl
donor to a many methyltransferases, the enzymes which methylate a wide
range of products (e.g. lipids, hormones, proteins, DNA). Another role of the
methylation cycle is to provide the function of degrading methionine in the
liver. Methionine is degraded to homocysteine (Hcy), which can leave the
system with the help of the Bg-dependent enzyme cystathionine synthase and
be catabolised to sulphate and further to pyruvate. Homocysteine can also be
remethylated to methionine with the help of the enzyme methionine synthase
#3434 The most important folate cofactors in the methylation and DNA cy-
cles are shown in Figure 2.
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Figure 2. The methylation and DNA cycles, with folate cofactors.

Genetics of folate metabolism

Several variations have been identified in genes involved in folate absorption
and metabolism. These polymorphisms may affect the beneficial effect of
folates and other B vitamins that a play role in metabolism. The MTHFR
gene has three commonly known polymorphisms, 677C>T, 1298A>C and
1793G>A that are involved in folate metabolism *’. The MTHFR 677C>T
polymorphism seems to be the most influential genetic variation affecting
folate metabolism. The homozygous TT genotype of the 677C>T polymor-
phism is associated with higher plasma homocysteine and lower serum folate
levels than the heterozygous (CT) and wild-type (CC) genotypes ***. In
contrast, the gene variation 1298 A>C has not been shown to alter homocys-
teine or folate levels in the blood **°' and the MTHFR polymorphism
1793G>A has been shown to have a decreasing effect on plasma homocyste-

ine >,

Recommendations, intake and the effect on reproduction

The modern lifestyle, with increased consumption of fast and easily availa-
ble food with low micronutrient contents, has led to suboptimal nutritional
status in many industrialized countries, and in particular a low intake of folic
acid has been noticed ***. This has also been shown in Sweden, where
women of fertile age do not get adequate levels of folate through diet. Ac-
cording to a recent Swedish dietary survey, women aged 18—44 years had the
lowest mean intake of folate, 223-247 pg/day, compared with other age
groups . Therefore, there is a government policy to recommend folic acid
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supplementation of 400 pg/day for women of reproductive age *°. Even so, a
recent Swedish study revealed that only 20% of women planning pregnancy
take folic acid supplements prior to conceiving >’. Also, international studies
have shown that fewer than 50% of such women use preconceptional folic
acid supplementation >

Awareness and use of folic acid supplements has been shown to be poorer
in younger women and in women of lower socio-economic and educational
status compared with older women of higher socio-economic and education-
al status ®". In contrast, infertility treatment has been associated with more
active folic acid intake °, but in one study, even though over 80% of infertile
women were aware of the benefits of taking folic acid, only half of them
were actually taking it *’. Such studies have highlighted the important role of
health professionals as regards recommendations and information. However,
in many cases the information has been shown to be poor despite the many
promotional campaigns around the world concerning the importance of folic
acid %% Folic acid supplementation is commonly recommended at most
of the infertility clinics in Sweden, but the policies regarding the given in-
formation differ greatly between clinics.

Folate deficiency

Folate deficiency is usually caused by insufficient nutrition or malabsorp-
tion, but also smoking, high alcohol consumption, some pharmaceutical
compounds and diseases influence folate absorption *’. Folate levels in blood
decrease with inadequate folate intake, and signs of deficiency can easily be
identified in a blood sample. As a result of the closely linked metabolisms of
folate and the amino acid homocysteine, folate deficiency is also one of the
major causes of elevated plasma homocysteine concentrations *°. Other rea-
sons influencing increasing plasma homocysteine levels are genetic variation
(MTHFR 677TT-homozygosity), physiological factors (e.g. age) and various
diseases (e.g. renal failure, and B, and B deficiency) *"'.

Folate deficiency has been linked to several forms of birth defect, in par-
ticular neural tube defects (NTDs) ">, Low circulating folate concentrations
during pregnancy have also been associated with increased risks of sponta-
neous abortion "°, preterm delivery, low birth weight and foetal growth re-
tardation . Elevated maternal plasma homocysteine levels have been asso-
ciated with elevated risks of miscarriage, placental abruption and other preg-
nancy complications (e.g. pre-eclampsia) *""7%.

Folate and infertility

Studies of infertile women have revealed that preconceptional folic acid
supplementation increases folate levels and decreases homocysteine levels in
follicular fluid 7, and is related to better embryo quality and chance of preg-
nancy8(7)7. A reduced risk of ovulatory infertility has also been shown in one
study *.
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Polymorphisms in folate-metabolising genes might also be associated
with pregnancy outcome after infertility treatment *. The MTHFR 677TT
genotype has been shown to be a risk factor as regards spontaneous abortion,
preeclampsia and placental abruption ®'. Conversely, heterozygosity in
MTHFR 677C>T seem to favour high-quality embryos * and an increased
chance of pregnancy after fertility treatment ****. However, women with the
MTHFR 1298CC genotype are less likely than ones with the AA genotype to
have a live birth after IVF ®. A recent study has shown that MTHFR
1793G>A heterozygosity is associated with reduced failure after fertility
treatment **. However, a previous study has also shown no associations be-
tween polymorphisms in the MTHFR gene and IVF outcome *.

Problem statement

Today there is no good model to predict pregnancy outcome after infertility
treatment. Various hormones and other factors have been studied, with dif-
ferent results, but no ideal model has been found. Folate and several genetic
variations in folate metabolism have also been associated with infertility.
The studies have shown that infertile women use more folic acid supple-
ments than fertile women, and folic acid supplement use is related to various
socioeconomic and lifestyle factors. However, it remains unclear how folic
acid intake and the different genetic variations affect pregnancy outcome
after infertility treatment. In particular, women with a diagnosis of unex-
plained infertility are vulnerable in this respect, since there is no clear reason
for their infertility and a uniform definition of this diagnosis is lacking. Ad-
ditionally, studies on women with diagnoses of unexplained infertility are
few. The effects of socioeconomic and lifestyle factors on folic acid supple-
ment use in infertile women have also not been well investigated.
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A1ims

The overall aim of this work was to obtain information on the prediction of
live birth, and to study factors affecting the role of folate and folic acid in-
take in relation to IVF pregnancy outcome.

The specific aims of the following papers were:

L To study serum hormone levels in relation to the pre-
diction of live birth.
1L To study folic acid supplement use and folate status

in relation to IVF pregnancy outcome. Additionally,
to determine differences in folic acid supplement use
and folate status between women with unexplained
infertility and fertile women.

I11. To study MTHFR 677C>T, 1298A>C and 1793G>A
gene variations in infertile women in relation to folic
acid intake, folate status and IVF pregnancy outcome.
Also, to compare the frequency of gene variations, fo-
lic acid intake and folate status in infertile versus fer-
tile women.

IVv. To study socioeconomic, lifestyle and dietary factors
in relation to folic acid supplement use and folate sta-
tus in infertile and fertile women. A further aim was
to validate the used questionnaire.
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Material and Methods

Study subjects and design, Study I

This prospective cross-sectional study concerned 71 women with diagnoses
of unexplained infertility and male-factor infertility. The women were oth-
erwise healthy and did not use any hormonal medication. They were recruit-
ed at their first visit to the Fertility Unit, Karolinska University Hospital
Huddinge between 1999 and 2008.

Study subjects and design, Studies I1-IV

Infertile women were recruited at the Fertility Unit, Karolinska University
Hospital between 2005 and 2007 and at the Centre for Reproduction, Uppsa-
la University Hospital between 2008 and 2010. The women were recruited at
their first visit. Healthy, proven fertile, non-pregnant and non-lactating
women were randomly collected from the same geographic area as the infer-
tile women.

Study II involved 180 women with unexplained infertility and 188 fertile
women. A longitudinal cohort study was performed for investigation of the
relationship between folic acid supplement use, folate status and pregnancy
outcome in women with unexplained infertility. Additionally, a prospective
case-control study was used to compare the use of folic acid supplements
and folate status between infertile and fertile women.

In studies III and IV prospective observational investigations were per-
formed. In total, 528 women were included, i.e. 340 women with various
infertility diagnoses and 188 fertile women.

Infertility diagnosis, ovulation and pregnancy outcome
measures

In all studies, laboratory assessments of normal ovulation and the luteal
phase were conducted as well as evaluation of tubal patency and semen
analysis. Tubal passage was demonstrated by Hysterosalpingo Contrast So-
nography (HyCoSy) or if needed laparoscopy was performed to investigate
factors such as endometriosis. Semen analyses were based on the criteria of
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normality: sperm volume > 2.0 mL, concentration > 20 million/mL, total
number of sperm > 40 million/ejaculate, motility and vitality > 50%. The
final diagnoses were established after these examinations. A diagnosis of
unexplained infertility was chosen when no explanation for infertility was
found, the women had normal ovarian function and normal tubal passage
and their partners had normal semen samples.

In study I ovulation was established by using serum progesterone values
of > 32 nmol/L (anovulation < 32 nmol/L) *. Live birth was defined as de-
livery of at least one healthy child, regardless of whether it was spontaneous-
ly conceived or conceived after infertility treatment.

In studies II-1V live birth was defined as delivery of a child after one in-
fertility treatment cycle. The pregnancy outcome measures are further de-
scribed in the respective papers. For assessment of pregnancy outcome in
relation to folate status, a plasma folate value of 22.5 nmol/L * was chosen
in connection with folic acid supplement use. Infertile women were divided
into two groups according to plasma folate concentration: > 22.5 nmol/L
defined folic acid users and < 22.5 nmol/L defined non-users (studies Il and

1.

Assessments

Blood samples

In study I hormone profiles for FSH, LH, estradiol, progesterone, PRL,
AMH, inhibin B and TSH during one natural menstrual cycle were deter-
mined. In studies II-1V blood samples were obtained at ovum pick up to
determine plasma folate and homocysteine levels, and for genomic DNA
extraction (study III). Blood samples from the fertile women were collected
by a nurse at the research laboratory. The blood samples were centrifuged
when collected and stored at — 20 °C to -70 °C until analysis.

All blood samples were analysed using routine methods at the central
clinical laboratory at Karolinska University Hospital Huddinge or at Uppsala
University Hospital (FSH, LH, estradiol, progesterone, TSH, PRL, p-folate,
p-Hcy), or at the research laboratory, Department of Obstetrics and Gynae-
cology, Uppsala University Hospital (AMH, inhibin B, genotyping).

Genotyping

Blood DNA was extracted from EDTA blood, using a QlAamp DNA Blood
Maxi Kit. Genotyping of the MTHFR polymorphisms was performed using
PCR-based genotyping assays, as described in detail in study II1.
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Questionnaire

In studies Il and III a questionnaire was used to gather general background
data and data on use of dietary supplements. Additionally, in study IV infor-
mation on dietary habits was also assessed. For assessment of general back-
ground data, the questionnaire included questions on age, birthplace, marital
status, education, employment status as well as physical activity level and
perceived subjective health. Self-reported height and weight were also rec-
orded, transformed to BMI (kg/m?) and categorized as underweight (< 18.5),
normal weight (18.5-24.9), overweight (25.0-29.9) and obese (> 30) *. In
addition, smoking habits and alcohol use were recorded. Dietary habits were
assessed on the basis of questions regarding breakfast habits, and fruit and
vegetable consumption. Beverage intake (including alcoholic drinks) was
enquired about in connection with breakfast, lunch, dinner and periods be-
tween meals. The intake of dietary folate was estimated from the information
on dietary habits and fruit and vegetables ingestion.

A list of supplements, containing 22 dietary preparations widely used in
Sweden was included. An open-ended question was also included if the used
supplement(s) was not on the list. If taking a folic acid supplement, the par-
ticipant could self-report the amount (pg) of folic acid they used. In multi-
vitamin supplements the content of folic acid was approximated from the
product information.

Three-hundred and forty of 360 (94.4%) infertile women and 188 of 199
(94.5%) fertile women, who agreed to participate in the study, completed the
questionnaire.

24-hour recall

In study IV a 24-hour recall method was used among 103 women to assess
dietary folate intake, and for validation of the questionnaire. This method
involve a structured interview of what a person has consumed during the
previous 24 hours *®. Two similarly performed 24-hour recall interviews for
each of the participants were carried out, and only data from women partici-
pating in both 24- hour recall interviews were included in the analyses (n =
91).

To support estimation of portion sizes and amount of food, the Swedish
Food Administrations’ portion size model “Matmallen” was used. All infor-
mation that could possibly facilitate registration of the data was collected,
and supplement intake was also reported. When brands were indicated, the
producers’ internet sites for product information served to help obtain infor-
mation. The data was entered using StorMATs406 software and the National
food database version 02 1 for calculation of nutrient content.
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To assess possible under- and over-reporting in the 24-hour recall inter-
views, the Goldberg cut-off equation * was used. Only normal-reported
interviews (n = 75) were included in the study to avoiding the possible biases
of under- and over-reported results.

Statistical analysis

For statistical analyses SPSS (Statistical Package for the Social Sciences)
software was used (IBM® SPSS® Statistics 20.0, IBM Corporation, NY,
USA).

The variables are reported as medians and ranges or means = SD. The y>
test or Fisher’s Exact Test (for less than five items) were applied for compar-
isons including categorial variables. The Mann Whitney U-test was used for
comparisons between two groups. Spearman’s and Pearson’s correlation
analyses were used for correlation. Odd ratios (ORs) and 95% confidence
intervals (Cls) were calculated by logistic regression analysis.

The predictive value of ovulation and hormonal analysis was determined
by identifying the proportion of women with at least one live birth 5 years or
more after inclusion in the study. Calculation of predictive value was per-
formed as previously described *. Inhibin B and PRL were excluded from
the prediction calculations as a result of the considerable variations in serum
concentrations (study I). Sample size calculations were carried out by using
power calculation (study II). Allele frequencies were calculated to investi-
gate deviation from Hardy—Weinberg equilibrium, and Haploview * was
used for determination of haplotypes from the genotype data. A meta-
analysis of four different studies ****, where one of them was study III, was
performed to assess IVF pregnancy outcome in relation to MTHFR 677 TT
versus CC and 1298 CC versus AA polymorphisms (study III). The paired ¢-
test and Cohen’s kappa coefficient were used for comparisons of data from
questionnaires and 24-hour recall interviews. Principal component analysis
(PCA) was performed for analyses of socioeconomic and lifestyle factors
(SIMCA software, Umetrics, Umed, Sweden) (study IV).

Statistical significance was defined as p < 0.05 in all studies.

Ethical considerations

The studies were approved by the regional Ethics Committees in Stockholm
and Uppsala, Sweden. Written and oral informed consent was obtained from
all participants.

Participation in the studies was voluntary and the women could leave when-
ever they wanted and without giving a reason. Participating or not participat-
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ing, or leaving the study did not affect IVF treatment in infertile women. To
ensure the participants’ anonymity, names and social security numbers were
coded to specific ID numbers, which were applied in the used data files.
Blood samples from the infertile women were usually collected at the same
time as other blood samples were taken or when a venous catheter was put in
place, when no additional needle-stick was needed. In one study the infertile
women needed to come to the clinic several times for taking the blood sam-
ples, which may have been challenging and stressful for women undergoing
IVF treatment. The fertile women voluntarily made an appointment for
blood sample collection and these samples were taken by a trained nurse.
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Results

Study I

No significant differences in hormone values and live birth rates between
women with unexplained infertility and women with male-factor infertility
were found in this study. The occurrence of ovulation did not affect any of
the hormones. A majority of the women in both groups ovulated during the
studied cycle.

None of the studied hormones proved to be a good predictor of live birth
in the long term in women with unexplained infertility and women with
male-factor infertility. The age of the women was seen to have the best pre-
dictive value (77%) for future live birth (Table 1). However, when assessing
the combination of the three best predictors, i.e. age, ovulation (defined as
progesterone > 32 nmol/L) and TSH < 2.5 mIU/L, the predictive value in-
creased to nearly 90% (Table 1). Assay of AMH has increased in popularity
in infertility evaluation, and AMH levels are more stable during the men-
strual cycle compared with other hormones. Therefore, another combination
of three factors, AMH, age and ovulation, was also analysed, which resulted
in the second best predictive value of over 80% (Table 1).

Table 1. The best predictors of live birth in women with unexplained infertility and
male-factor infertility.

Ovulation. Ovulation,
Ovulation ¥ TSHY Age > AMH " and
TSH and age

age

Sensitivity % 78.4 94.4 54.1 100.0 83.3
Specificity % 30.3 15.2 81.8 333 25.0
Predictive 55.8 54.8 76.9 88.2 83.3

value %
a) Ovulation was determined by using the serum progesterone concentration as an indicator, > 32 nmol/L being considered to

represent ovulation (Normal).
b) Cut-off values (Normal) were taken to be TSH < 2.5 mIU/L, AMH > 10 pmol/L and age < 32 years.
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Study 11

The present results indicated that the use of folic acid supplementation was
significantly greater among the women with unexplained infertility than
among the fertile women. This was seen as regards both multivitamins, and
folic acid supplements only. High folic acid intake was also reflected as sig-
nificantly better folate status in infertile women (Figure 3). However, use of
a plasma folate level of > 22.5 nmol/L * as a biomarker of folic acid sup-
plement use showed that compliance as regards folic acid intake was re-
markably lower than reported in the questionnaires in both groups (infertile:
67.8% vs. 43.3%, fertile: 38.8% vs. 15.4%). Folic acid supplementation or
good folate status were not found to have a positive effect on IVF pregnancy
outcome in women with unexplained infertility.
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Figure 3. Median plasma folate and homocysteine values in women with unex-
plained infertility and fertile control women, shown as box plots.

27



Study III

Genotype frequencies of polymorphisms MTHFR 677C>T, 1298 A>C and
1793G>A did not differ between infertile and fertile women. As seen in
study II, the infertile women used significantly more folic acid supplements
than fertile women, which was also seen as better folate status in infertile
women. However, no association between the studied genotypes and folate
status was found.

Neither did the results indicate an association between the studied
MTHFR polymorphisms and pregnancy outcome in infertile women. A me-
ta-analysis of pregnancy outcome in relation to MTHFR 677TT versus CC
and 1298CC versus AA polymorphisms was carried out using data from four
different studies ****°, one of them being the present study. The results
showed that polymorphism 1298 was related to IVF pregnancy outcome, but
polymorphism 677 was not (Table 2). In particular, MTHFR 1298 AA wild-
type was seen to be favourable as regards successful IVF pregnancy out-
come.

Table 2. Meta-analysis of pregnancy outcome in relation to MTHFR 677TT vs. CC
and 1298CC vs. AA polymorphisms. Data is shown as OR (95% CI).

MTHFR 677 MTHFR 1298
TT vs. CC CCvs. AA
Haggarty et al. 0.98 0.24
(0.47-2.09) (0.08-0.71)
Dobson et al. 1.84 0.52
(-0.54-1.75) (-1.60-0.28)
Laanpere et al. 0.79 1.41
(0.37-1.71) (0.61-3.25)
Murto et.al 0.88 0.65
(-1.16-0.91) (-1.37-0.51)
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Study TV

Folic acid supplement use was seen to be related to marital status, education-
al level and employment status. However, principal component analysis did
not show any association between folic acid supplement use and socioeco-
nomic or lifestyle factors. Infertile women had significantly higher mean
folic acid daily intake, which was reflected as better folate status. Folic acid
supplement use was also related to a greater dietary folate intake in infertile
women, but not in fertile women. Socioeconomic and lifestyle factors were
not correlated with folate status.

The infertile women were physically more active, smoked less and had
better employment status than fertile women. Surprisingly though, they were
also more obese (BMI > 30 kg/m?) than the fertile women. However, break-
fast habits, used as a lifestyle model, did not differ considerably between
infertile and fertile women. The only significant difference was that coffee
and tea consumption was lower in infertile women. Socioeconomic and life-
style factors were not found to be related to IVF outcome.

The validity of the used questionnaire seemed to be good. Only three of
eight parameters differed between the questionnaire and the 24-hour recall
interview data. However, as regards folic acid supplement use, the results
showed only fair agreement.
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Discussion

The main finding in the study was that the age of the women was the best
predictor of live birth after infertility treatment. High-level folic acid intake,
good folate status, and genetic and socioeconomic factors did not show asso-
ciations with IVF pregnancy outcome.

There are many variables that have been used to predict live birth success
and failure after in vitro fertilization, although no good single variable has
been found. The age of the woman has been shown to be an important pre-
dictor '""'"* | which was also shown in this study. In the present study wom-
en at the age of 32 or less had the highest chance of a future live birth, while
in previous studies the cut-off point for age has been a few years higher *'**.

The studied hormones did not prove to be good predictors of birth after
infertility treatment in long term. Previously it has been suggested that
FSH:LH ratio *°, estradiol levels together with age and levels of FSH **, as
well as luteal phase estradiol and progesterone levels * could be possible
predictors of pregnancy outcome . In addition, increased cycle day three
FSH levels together with age have been shown to be associated with a de-
creased probability of IVF pregnancy *>’. In a recent study it was found that
mean menstrual cycle length was strongly related to live birth rate in assisted
reproduction %, which is in contrast to the present results, where menstrual
cycle length was not related to live birth after IVF.

Recently, AMH has become a popular marker in the field of assisted re-
production *. It has been suggested that AMH is a better predictor of live
birth after infertility treatment than other previously used markers '°°'%.
However, this was not seen in the present study, where AMH had the lowest
single predictive value as regards future live birth. This is similar to results
reported by Penarrubia et al '*, who did not find AMH useful in the predic-
tion of IVF pregnancies. On the other hand, the combined predictive value of
AMH with age and an ovulatory menstrual cycle (defined as serum proges-
terone > 32 nmol/L) was found to be predictive as regards live birth. Another
recent study also revealed an association between AMH plus age in connec-
tion with IVF pregnancy outcome .

Unexpectedly, the TSH level was found to be one of the three best predic-
tors in the present study. In addition, the combination of age, an ovulatory
cycle and a low TSH level turned out to have the best predictive value of live
birth in the long term. To our knowledge, TSH has not previously been stud-
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ied as a predictive marker of pregnancy outcome in assisted reproduction,
which is most probably a result of its controversial role in infertility treat-
ments '°*' and the significant differences in TSH levels between the dif-
ferent diagnoses ''™'"". This also makes the usefulness of TSH assay some-
what uncertain from a clinical point of view. Consequently, comparing TSH
or progesterone levels with those of AMH, it can be seen that the advantage
of AMH is that its serum levels remain relatively stable during the menstrual
cycle *''. This could make AMH more useful in infertility treatments than
other hormones. However, to define the clinical applicability of AMH as a
marker of live birth after IVF, further investigations are required.

Folate status or folic acid intake have not been used as predictors of IVF
pregnancy outcome, although infertility treatment is one factor associated
with high folic acid supplement intake °, which was also shown in the pre-
sent study. Therefore, a plasma folate cut-off value of 22.5 nmol/L was se-
lected in connection with IVF pregnancy outcome in women with unex-
plained infertility and male-factor infertility, to see hypothetically what the
predictive value would be. The results showed that plasma folate was a bet-
ter predictor of pregnancy outcome following infertility treatment (predictive
value of 73%) than the previously presented hormones. This raises the ques-
tion of whether or not folate could be used as a predictor of IVF pregnancy
outcome rather than the commonly used hormones. However, it must be
remembered that serum folate levels are easily influenced by dietary and/or
supplement intake. In fact, folic acid supplement use increases serum folate
levels more than do dietary folates >, owing to the fact that folic acid has a
more stable chemical structure and better bioavailability than naturally oc-
curring folates ''>. Additionally, the different folate measurement methods,
which are further discussed later in this section, make the definition of a
precise cut-off value challenging.

The infertile women used significantly more folic acid supplements and had
higher dietary folate intake than fertile women, which was seen as better
folate status in infertile women. It has also been shown previously that infer-
tile women use higher amounts of folic acid supplements ""*2, and that sup-
plement use is closely related to a higher intake of dietary vitamins and min-
erals °°. Conversely, it has been shown that women who already have chil-
dren tend not to use folic acid supplements *”**. The reason for this might be
that these women are not pregnant/planning a future pregnancy, and incen-
tives for the use of folic acid supplementation are lacking. However, an es-
timated half of all pregnancies are unplanned '"*'"*, and therefore the im-
portance of folic acid supplementation should be considered by all women of
fertile age. As has been highlighted in many previous studies’®*°', health
professionals have an important role as regards recommendations and infor-
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mation on folic acid supplement use both in infertile and fertile women, and
this fact should not undervalued.

There are also many socioeconomic and lifestyle factors that have been
shown to influence the use of folic acid supplements 6164 In particular, in-
creasing age has been associated with an increased folic acid supplement use
63.64.6668.113.116 “However, this was not confirmed in the present study, where
the fertile women were somewhat older than the infertile women, suggesting
that folic acid supplement use was related to infertility rather than age. Other
socioeconomic and lifestyle factors that have often been related to folic acid
supplement use are high educational level, better employment status and
western origin “"°>%®. The results of this study agreed relatively well with
those of previous studies, indicating that folic acid supplement users were
more often married and had a higher educational level and better employ-
ment status than the non-users. In addition, socioeconomic factors have been
shown to be associated with folate status ®, although this was not confirmed
in this study.

The validity of reported nutrient intake is often crucial and the method of
data collection is of importance when investigating dietary supplement in-
take. This was also shown in this study, where a plasma folate level of >
22.5 nmol/L was used as an indicator of folic acid supplement use. The re-
sults indicated lower folic acid supplement use, both in infertile and fertile
women, compared with the results from the questionnaire, suggesting that
folic acid intake was most likely not on a daily basis in all women who stat-
ed this in the questionnaire. A recent Dutch study '’ revealed similar results,
although the difference in that study was smaller compared with the results
in the present study. Differences between diverse methods were also con-
firmed when questionnaire data was compared with the data from the 24-
hour recall interviews. Calculation of Cohen’s kappa coefficient indicated
only fair agreement as regards folic acid supplement use.

For infertility treatment as well as public health purposes, it is also important
to understand the genetic and nutritional background factors affecting infer-
tility treatment outcome in cases of different infertility diagnoses. However,
this has not been well investigated, although genetic variations have been
studied in relation to different hormonal parameters during infertility treat-
ment '"’. In addition, genetic variations in the MTHFR gene have been
shown to be associated with folate status **°**. In particular, the MTHFR
677TT polymorphism is the most common gene variation that has been re-
lated to folate status, with decreased serum folate and increased plasma Hcy
levels **"'"® The current results did not reveal any correlation between the
MTHFR gene variations versus folate status. However, good folate status in
infertile women might have masked the adverse effects of MTHFR gene
polymorphisms.
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The heterozygote CT genotype of MTHFR 677 has been suggested to in-
crease the chance of pregnancy after infertility treatment, although folic acid
supplementation among women with different MTHFR genotypes has not
been shown to increase the success of IVF pregnancy outcome ***°. The
results of the present study did not indicate that high-level folic acid intake,
good folate status or gene variation could assist infertile women in achieving
successful pregnancy after infertility treatment. However, the results of a
meta-analysis of four studies on pregnancy outcome in relation to the most
commonly studied gene variations, MTHFR 677TT versus CC and 1298CC
versus AA polymorphisms, showed that the MTHFR 1298AA gene variation
was an advantage as regards IVF pregnancy outcome (Table 2). Therefore,
the results suggest that folate might have an inconsequential role in the con-
text of pregnancy outcome, and that other variables in folate metabolism,
especially a specific gene variation, could have a more central role.

The results did not indicate any association between socioeconomic or life-
style factors and IVF outcome, although the infertile women were seen to
have a healthier lifestyle and a higher socioeconomic status, which have
been shown to have a positive effect on fertility *°. Unexpected was the fact
that the infertile women were more obese than the fertile women, although
obesity is known to be negatively associated with fertility *°. Among these
women obesity might be a cause of infertility that could possibly be treated
by means of weight loss. This could be especially important for women with
a diagnosis of unexplained infertility, who very often have major psycholog-
ical symptoms as a result of this condition '"*. However, there were no sig-
nificant differences between different infertility diagnoses as regards preg-
nancy outcome and the other studied aspects, and therefore no possible en-
lightenments concerning the diagnosis of unexplained infertility. Obesity
also negatively influences folate absorption '*, which should be borne in
mind when recommending supplements. The results raise consideration of
the need for improved policy concerning lifestyle factors affecting treatment
at infertility clinics. Clearly, more active provision of information is needed,
as well as more enquiry about lifestyle habits.

Methodological considerations

In the present study IVF outcome was measured as live births, which is an
advantage, since very often the outcome is measured only as pregnancy rate.
However, successful outcome of infertility treatment is not reached before a
live birth '°.

For the long-term prediction of live birth, eight hormones were measured
at various times during the menstrual cycle. The blood samples were taken at
different times of day, although all samples were taken during the daytime
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because of the opening hours of the clinic. The different time points were not
taken into account in the analyses, which may be considered as a drawback.
However, the studied hormones are not sensitive to external factors, e.g.
stress, and the possible effect of taking samples at different time points was
also seen to be very small. Convenience for the women was prioritised be-
fore these possible aspects.

The study design in study I is cross-sectional, which made it easier and
faster to perform than longitudinal studies, which would have required a
considerably larger sample size. Therefore, a cross-sectional design was
chosen for study I. However, a cross-sectional design has some limitations as
well. The design only allows for comparisons between individuals. It has
also been shown to be a less reliable study design compared with longitudi-
nal studies.

The data on height and weight were based on self-reported data from the
questionnaire. Self-reported data on height and weight have been shown to
have low validity, as a result of underestimation of weight and sometimes
overestimation of height '*'. The data analyses were not adjusted according
to BMI, which could have led to some bias due to under- or overweight con-
ditions. However, the results when limited to women with normal BMI did
not differ from results without this limitation. Additionally, the data on BMI
did not influence the validity of the main results, since it was not related to
the main research questions.

In this study folate levels were measured in plasma. However, folate is
not stable in serum and plasma, and serum/plasma folate levels may be in-
fluenced by recent dietary intake '**. Therefore, plasma Hcy was also meas-
ured to ensure as good reliability as possible in the blood samples. Plasma
Hcy has been shown to be more stable than plasma folate and its levels are
also inversely related to plasma folate concentrations **'**. A better option
would have been to measure folate in red blood cells, which gives infor-
mation on long-term folate status, but this method is more expensive and
complicated than serum/plasma folate measurement methods '*2. Therefore,
this method of measurement was not used. Additionally, in this study the
blood cells were also needed for genetic analyses. Another aspect is that
fasting plasma folate concentrations have shown increased reliability '** and
the possible effect of dietary/supplement intake could have been minimised.
Unfortunately, this was not possible in the present study, which can be seen
as a limitation, but the women’s comfort was prioritised before all other
factors. If taking fasting samples, the women would have had to come for
blood sampling in the mornings. This would have meant an additional visit
for the most of the infertile women, and the flexibility to decide the most
appropriate time for the fertile women would not have been there, which
could have led to reduced participation in the study.

The questionnaire was used to assess general background, information on
dietary habits and use of dietary supplements, especially folic acid. This
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method was chosen since it gives relatively widespread information and it is
easy to perform. Using a questionnaire has also been shown to be reliable in
most cases '’ which was also shown in the present study. However, as
regards folic acid supplement intake, use of questionnaire data has revealed a
risk of overestimated reporting '**. This was also seen in the present study
when comparing the data from the questionnaires with the 24-hour recall
interview data or with plasma biomarker data.

In the present study there was 24-hour recall data only from a minority of
the study population. The 24-hour recall interviews are extremely time-
consuming, which was the reason that the questionnaire and the blood sam-
ples were used as the main sources of data in this study. The existing 24-
hour recall interview data was used to validate the questionnaire. Only data
from two completed 24-hour recall interviews per subject were used, which
can be seen to be positive as regards the validity of the study.

Twenty-four-hour recall interviews allow a more specific description of
foods and supplement use in the short-term, while questionnaires provide
more general long-term information *. Therefore, 24-hour recall interview
data can be seen as being more reliable than questionnaire data '**. However,
some limitations regarding 24-hour recall interviews have also been per-
ceived. In 24-hour recall interviews people tend to underestimate their daily
intake by about 10%, and people who eat less have a tendency to overesti-
mate their intake *. In this study both could have happened, since some of
the infertile women stated in the interviews and in the questionnaire that they
had changed to healthier dietary habits during the time they were trying to
become pregnant. However, this possible bias was taken into account in the
analyses, where only the normal-reported interviews (as assessed by using
the Goldberg cut-off equation *’) were included. It is preferable that one of
the 24-hour recall interviews be performed during the weekend, since it is
well known that people most often have different dietary habits during the
weekends compared with the weekdays. In this study this was not carried
out, which provided us with insufficient data, especially as regards alcohol
use. In the questionnaires the women stated that they used approximately
three times more alcohol compared with the data from the interviews.

In addition to the above, poor knowledge of the bioavailability of folic ac-
id in supplements and of naturally occurring (dietary) folates ****, makes the
data regarding folate intake challenging. When evaluating levels of dietary
folate, losses of folate by oxidation and during heat treatment ***' have to be
taken into account. This could not be achieved by way of the methods used
in this study. Furthermore, dietary folate intake was estimated from ques-
tionnaire data concerning dietary habits and fruit and vegetable ingestion
with the help of the national food database. Information on dietary habits, as
well as on food folate content in the national food database and information
concerning folic acid content in dietary supplements can be questioned as
regards validity. The main problem in studies regarding dietary and supple-
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ment intake is that well-functioning methods are lacking and further investi-
gations are warranted, especially in the field of micronutrients.
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Conclusions

There was no perfect hormonal marker for the prediction of live birth on a
long-term basis in infertile women; the best predictor was the age of the
woman. In particular, age together with an ovulatory menstrual cycle and the
level of AMH could be used as predictors of live birth after infertility treat-
ment.

Infertile women used significantly more folic acid supplements than fertile
women, reflected in better folate status in infertile women. Only a few soci-
oeconomic and lifestyle factors were related to folic acid supplement use.
Differences in socioeconomic and lifestyle factors were small in comparison
of infertile and fertile women.

High-level folic acid intake, good folate status as well as socioeconomic and
lifestyle factors in women with different infertility diagnoses were not seen
to have a positive effect on IVF pregnancy outcome. The overall signifi-
cance of MTHFR gene variations as regards a positive [VF pregnancy out-
come remains unclear as well, but MTHFR 1298 AA gene variation could be
of importance in the context of successful pregnancy outcome.

The questionnaire showed a good validity as regards data on dietary factors.
However, using a questionnaire as a data-collecting method as regards folic
acid supplement use showed only fair validity and complementary methods,
such as 24-hour recall interviews, are recommended.

The importance of folate in health perspectives other than achieving success-
ful pregnancy outcome after infertility treatment should not be forgotten, and
therefore healthcare professionals should actively promote the use of folic
acid supplements in all women of reproductive age.
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Clinical implications

The results of this work indicated that the women at age of 32 or less with
ovulatory menstrual cycles and low serum levels of TSH had the highest
chance of live birth after infertility treatment. However, the usefulness of
TSH in clinical practice is somewhat uncertain as regards its unstable serum
levels during the menstrual cycle. Therefore, AMH, which has shown to be
more stable during the menstrual cycle, would be more beneficial together
with age and ovulatory menstrual cycle in prediction of live birth after IVF.
In clinical practice, the age of 32 or less would be challenging age limit,
since a majority of women attending infertility treatment are older than 32
years. The women older than 32 years should be treated but also be informed
carefully about the fact of the age as regards the chance of pregnancy. It
would also be advantageous to measure the serum AMH levels in these
women.

Most of the infertile women used folic acid supplements 400-500 pg/day,
and they had good folate status as a result of that. However, this did not posi-
tively affect the IVF pregnancy outcome. It would not be helpful to recom-
mend these women to use higher amounts of folic acid, but the nurses and
doctors should continue the recommendation since folic acid has other im-
portant health promoting aspects. Also the supplement use could be followed
up during the treatment as regards to improve the compliance of the folic
acid supplement use. One of the genetic variations of MTHFR gene was
shown to be associated with positive IVF pregnancy outcome. Therefore, the
genotyping would be valuable to perform in some women when no pregnan-
cy has occurred after several attempts and no reason for the infertility has
been found.
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Future research

More studies with larger samples are needed to investigate the different fac-
tors affecting IVF pregnancy outcome, especially in women with diagnoses
of unexplained infertility. Folate in a broader perspective, including other B
vitamins and several genetic variations should be included. In addition, stud-
ies including also other vitamins and more widely investigated dietary fac-
tors would be high of value and interest for future research. Methods of data
collection as regards folic acid supplement intake and dietary intake should
be considered carefully. It would be beneficial to use both a questionnaire
and 24-hour recall interviews in all studied women. Furthermore, socioeco-
nomic and lifestyle factors in relation to dietary supplement use, especially
folic acid supplement use, will need additional study in connection with in-
fertile women. Studies on women with diagnoses of unexplained infertility
and lifestyle factors, especially BMI, are needed to obtain the better diagnos-
tic for these women.
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Summary in Swedish — Sammanfattning pa
svenska

Ofrivillig barnldshet ar ett vanligt problem som drabbar ungefdr vart tionde
par i fertil alder. Det &r ungefér lika vanligt att infertiliteten beror p4 mannen
som pé kvinnan. Hos ungefir 20 % av alla barnldsa par hittar man ingen
forklaring till barnlésheten, och de far diagnosen “oforklarad barnloshet”.
Oftrklarad barnloshet har ansett som en av de stdrsta stressfaktorer man kan
drabbas av under livet, oavsett vilken kultur man lever i.

Antalet oftrivilligt barnldsa par 6kar, vilket beror pé att kvinnor foder sitt
forsta barn allt senare, andelen kvinnor som féder sitt forsta barn vid 35 ars
alder eller senare har okat kraftigt under de senare aren. Kvinnor dr som
mest fertila vid 22 ars dlder, och direfter sjunker fertiliteten beroende pa
sjunkande dggstocksfunktion. Nar detta intrdffar och hur snabbt detta gér &r
individuellt.

In vitro fertilisering (IVF) dr den bésta behandlingsmetoden vid oftrivillig
barnloshet, men det genomsnittliga graviditetsutfallet efter behandlingen &r
fortfarande runt 30%. Behandlingen péverkar parets livskvalitet p4 ménga
sétt. For en stor andel dr det krdvande bade psykiskt och fysiskt och dven de
ekonomiska konsekvenserna dr stora, badde for de drabbade paren och for
samhillet.

Infertila kvinnor kan bli gravida en tid efter fertilitetsbehandling, men idag
finns det ingen fungerande metod for att kunna prediktera graviditetsutfallet.
Syftet med den forsta studien var att studera hormonvirden i serum i en
slumpmaéssigt vald naturlig menstruationscykel hos kvinnor med diagnos
oforklarad infertilitet och manlig infertilitet i forhallande till att langsiktigt
kunna prediktera levande fodda barn. I denna studie med 71 kvinnor med
diagnos oforklarad infertilitet och manlig infertilitet, togs blodprover under
en slumpmaéssig vald, naturlig menstruation cykel. Serumkoncentrationer av
FSH, LH, AMH, inhibin B, 6stradiol, progesteron, prolaktin och TSH analy-
serades. Mojligheten att 1&ngsiktigt kunna prediktera levande fodda barn hos
de studerade kvinnorna analyserades genom att anvénda foljande variabler:
ovulation definierad som progesteron > 32 nmol/L, FSH, FSH:LH kvot,
AMH, TSH och alder. Resultaten visade inga skillnader i hormonvirden
eller i antal fodda barn mellan kvinnor med diagnos oftrklarad infertilitet
och manlig infertilitet, och att medianvirdena av hormonnivéerna var inom
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referensvérden. Inget av de studerade hormonerna var ldmpligt {for att lang-
siktigt kunna prediktera levande fodda barn. Det bista prediktiva virdet hade
aldern pa kvinnan, foljt av ovulation och TSH. Det gjordes en kombinerad
berdkning av de tre bdsta prediktiva vdrdena och da okade det prediktiva
vérdet till nistan 90%. Métning av AMH har 6kat i popularitet i samband
med att prediktera graviditetsutfall efter fertilitetsbehandling, och darfor
gjordes dven i denna studie en kombinerad berdkning av alder, ovulation och
AMH. Den visade att det prediktiva vérdet for framtida levande fodda barn
okade till 6ver 80%. Utifran dessa resultat kan vi konkludera att det inte
finns ndgra enskilda bra hormonella markorer for att langsiktigt kunna pre-
diktera levande fodda barn hos kvinnor med diagnos oférklarad infertilitet
och manlig infertilitet, och att den bésta enskilda prediktorn &r kvinnans
alder. I synnerhet alder i kombination med ovulatorisk menstruationscykel
och TSH eller AMH ir prediktiva for levande fodda barn. Férdelen med
AMH jamfort med TSH é&r att serum vérdena varierar vildigt lite under men-
struationscykeln, vilket gor det till ett anvéndbart verktyg i fertilitetsbehand-
lingar.

Folsyratillskott anvinds ofta av infertila kvinnor, vilket har visat sig ha en
positiv inverkan pa folatstatus, men effekten av folsyratillskott pd gravidi-
tetsutfall hos kvinnor med diagnos oftrklarad infertilitet dr inte vl under-
sOkt. Syftet med delstudie tva var att studera anvédndning av folsyratillskott
och folatstatus hos oftrklarat infertila kvinnor i forhallande till graviditetsut-
fall efter IVF, och att studera om det finns skillnader i anvindning av folsy-
ratillskott och folatstatus mellan oftrklarat infertila och fertila kvinnor. I
denna studie ingick 188 infertila kvinnor med diagnos oforklarad infertilitet
och 180 friska, fertila, icke-gravida kvinnor. Metoderna som anvindes var
blodprover, plasma folat och plasma homocystein, och en enkit, som anvin-
des for data for bakgrund och anvidndning av kosttillskott. Resultaten visade
att oforklarat infertila kvinnor anvinde signifikant mera folasyratillskott &n
vad fertila kvinnor gjorde, samt att de hade betydligt béttre folatstatus jam-
fort med fertila kvinnor. Daremot visade det sig att compliance for folsyra-
tillskottanvdndning var lag i bada grupperna nir ett plasma folat cutoff-virde
anvéndes som markdr for tillskottanvéndning. Anvéndning av folsyratillskott
och folatstatus visade ingen positiv effekt pa graviditetsutfall efter infertili-
tetsbehandling. Sammanfattningsvis tyder studien att anvdndningen av folsy-
ratillskott inte var lika hog hos alla kvinnor som de har angett i enkéter, och
att relativt hog intag av folsyra och bra folatstatus inte &r relaterade till IVF-
graviditetsutfall hos kvinnor med diagnos oforklarad infertilitet.

I den tredje studien studerades folsyraintag, folatstatus och graviditetsutfall
efter infertilitetsbehandling i forhéllande till metylentetrahydrofolatreduktas
(MTHFR) 677C>T, 1298A>C och 1793G>A genvariationer hos kvinnor
med olika infertilitet diagnoser. Dessutom jimfordes anviandningen av folsy-
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ratillskott, folatstatus och frekvensen av de olika genvariationerna mellan
kvinnor med olika infertilitet diagnoser och friska, fertila kvinnor. Totalt 528
kvinnor studerades, varav 340 kvinnor med olika infertilitet diagnoser och
188 friska, fertila, icke-gravida kvinnor. Samma metoder anviandes hér som i
delstudie tvd men dven genvariationerna analyserades av blodproverna i
denna studie. En metaanalys av fyra studier, varav denna studie var en, ut-
fordes for att utvirdera IVF-graviditetsutfall i forhallande till MTHFR
677TT vs CC och 1298CC vs AA polymorfismer. Resultaten visade att
kvinnor i infertilitetsgruppen anvénde betydligt mera folsyratillskott och
hade battre folatstatus &n fertila kvinnorna, men graviditetsutfall efter fertili-
tetsbehandling var inte beroende av folsyraintag, folatstatus eller MTHFR
genvariationer. Resultaten fran metaanalysen visade dock att MTHFR
1298AA polymorfism var relaterad till graviditetsutfall. Darfor konkluderas
att anvindning av folsyratillskott verkar spela mindre roll i samband med
IVF-graviditetsutfall, och att andra variabler i folatmetabolismen har storre
betydelse i detta sammanhang. I synnerhet verkar MTHFR 1298AA genvari-
ationen att ha ett positivt samband med framgéngen for fertilitetsbehandling.

Socioekonomiska och livsstilsfaktorer har visat sig vara relaterade med
folsyraintag, men de flesta har studerat gravida kvinnor och studier om infer-
tila kvinnor saknas. Vid studier géllande intag av kosttillskott spelar den
anvianda metoden en viktig roll, eftersom validiteten av det rapporterade
intaget kan vara opélitlig vid val av fel metod. Syftet med delstudie fyra var
att underska socioekonomiska, livsstils- och kostfaktorer i relation till an-
viandning av folsyratillskott och folatstatus hos infertila och fertila svenska
kvinnor. Dessutom utfordes en sub-analys av 75 kvinnor for att validera den
anvinda enkéten. I denna observationsstudie studerades 340 infertila kvinnor
och 188 fertila kvinnor. En enkét anvindes for att undersoka livsstils- och
kostvanor och anvindning av kosttillskott. 24-timmars kostintervjuer utfor-
des med 75 kvinnor som validering av den anvénda enkéten. Blodprover
togs for analys av plasma folat och homocystein. Resultaten visade att an-
viandning av folsyratillskott var relaterad till civilstind, utbildningsniva och
sysselséttningsstatus. Infertila kvinnor hade signifikant hogre folsyraintag
frén tillskott vilket ocksa aterspeglades som en béttre folatstatus hos dessa
kvinnor. Folsyratillskottanvéndning var ocksé relaterad till hogre folatintag
fran kosten hos infertila kvinnor men inte hos fertila kvinnor. Infertila kvin-
nor var fysiskt mer aktiva, rokte mindre och hade béttre sysselsédttningssta-
tus, men samtidigt var de ocks& mer obesa én fertila kvinnor. Socioekono-
miska och livsstilsfaktorer visade sig inte vara relaterade till folatstatus eller
graviditetsutfall efter [VF-behandling. Validiteten av den anvénda enkéten
visade sig vara relativt bra gillande olika kostfaktorer, men i forhallande till
anvindning av folsyratillskott visade enkitsvaren endast en svag dverens-
kommelse med 24-timmars kostintervjusvaren. Sammanfattningsvis kan man
sdga att gifta kvinnor med hogre utbildning och béttre sysselsittningsstatus
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anvander mest folsyratillskott. Endast enstaka socioekonomiska och livsstils-
faktorer skiljer sig mellan infertila och fertila kvinnor, och dessa faktorer
paverkar inte graviditetsutfallet efter infertilitetsbehandling. Andra datain-
samlingsmetoder en enkdt rekommenderas for studier géllande folsyratill-
skottanvéndning.
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