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Abstract

Objective: To improve awareness of the natural age-related
decline in female and male fertility with respect to natural
fertility and assisted reproductive technologies (ART) and
provide recommendations for their management, and to review
investigations in the assessment of ovarian aging.

Options: This guideline reviews options for the assessment of
ovarian reserve and fertility treatments using ART with women of
advanced reproductive age presenting with infertility.

Outcomes: The outcomes measured are the predictive value of
ovarian reserve testing and pregnancy rates with natural and
assisted fertility.

Evidence: Published literature was retrieved through searches
of PubMed or Medline, CINAHL, and The Cochrane Library in
June 2010, using appropriate key words (ovarian aging, ovarian
reserve, advanced maternal age, advanced paternal age, ART).
Results were restricted to systematic reviews, randomized
controlled trials/controlled clinical trials, and observational studies.
There were no date or language restrictions. Searches were
updated on a regular basis and incorporated into the guideline to
December 2010.

Values: The quality of evidence was rated using the criteria described
in the Report of the Canadian Task Force on Preventive Health
Care. Recommendations for practice were ranked according to
the method described in that report (Table).

Benefits, harms, and costs: Primary and specialist health care
providers and women will be better informed about ovarian aging
and the age-related decline in natural fertility and about options for
assisted reproductive technology.

Recommendations

1. Women in their 20s and 30s should be counselled about the age-
related risk of infertility when other reproductive health issues,
such as sexual health or contraception, are addressed as part of
their primary well-woman care. Reproductive-age women should
be aware that natural fertility and assisted reproductive technology
success (except with egg donation) is significantly lower for
women in their late 30s and 40s. (II-2A)

2. Because of the decline in fertility and the increased time to
conception that occurs after the age of 35, women > 35 years
of age should be referred for infertility work-up after 6 months of
trying to conceive. (l1I-B)

This document reflects emerging clinical and scientific advances on the date issued, and is subject to change. The information
should not be construed as dictating an exclusive course of treatment or procedure to be followed. Local institutions can dictate
amendments to these opinions. They should be well documented if modified at the local level. None of these contents may be
reproduced in any form without prior written permission of the SOGC.
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3. Ovarian reserve testing may be considered for women = 35
years of age or for women < 35 years of age with risk factors
for decreased ovarian reserve, such as a single ovary, previous
ovarian surgery, poor response to follicle-stimulating hormone,
previous exposure to chemotherapy or radiation, or unexplained
infertility. (111-B)

4. Ovarian reserve testing prior to assisted reproductive technology
treatment may be used for counselling but has a poor predictive
value for non-pregnancy and should be used to exclude women
from treatment only if levels are significantly abnormal. (11-2A)

5. Pregnancy rates for controlled ovarian hyperstimulation are low for
women > 40 years of age. Women > 40 years should consider IVF
if they do not conceive within 1 to 2 cycles of controlled ovarian
hyperstimulation. (11-2B)

6. The only effective treatment for ovarian aging is oocyte donation.
A woman with decreased ovarian reserve should be offered
oocyte donation as an option, as pregnancy rates associated with
this treatment are significantly higher than those associated with
controlled ovarian hyperstimulation or in vitro fertilization with a
woman’s own eggs. (11-2B)

7. Women should be informed that the risk of spontaneous
pregnancy loss and chromosomal abnormalities increases with
age. Women should be counselled about and offered appropriate
prenatal screening once pregnancy is established. (II-2A)

8. Pre-conception counselling regarding the risks of pregnancy
with advanced maternal age, promotion of optimal health and
weight, and screening for concurrent medical conditions such as
hypertension and diabetes should be considered for women
> age 40. (l1I-B)

9. Advanced paternal age appears to be associated with an
increased risk of spontaneous abortion and increased frequency
of some autosomal dominant conditions, autism spectrum
disorders, and schizophrenia. Men > age 40 and their partners
should be counselled about these potential risks when they are
seeking pregnancy, although the risks remain small. (11-2C)

J Obstet Gynaecol Can 2011;33(11):1165-1175

INTRODUCTION

Social trends in Canada and around the world have led
to women delaying child-bearing into their 30s and, in
some cases, their 40s. The average age of women giving
birth has increased from 27 to 29.3 over the last 20 years.!
In 2000, the fertility rate for women aged 30 to 34 was the
highest of any age group, surpassing that of the previous
highest group, women aged 25 to 29.” The percentage of

ABBREVIATIONS

AFC antral follicle count

AMH antimdllerian hormone

ART assisted reproductive technology
COH controlled ovarian hyperstimulation
FSH follicle-stimulating hormone

Ul intrauterine insemination
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first-time mothers who are > 30 years of age increased
steadily from 11% in 1987 to 26% in 2005." During the
same period, there was a significant rise in first-time
mothers > 35 years of age, from 4% in 1987 to 11% in
2005, and a corresponding decrease in the group who are
< 25 years.! Similar trends have been seen in other parts
of the world.’

Ovarian function declines as women approach their later
reproductive years until menopause, and increasing age is
associated with lowered fecundity and infertility. Women
experience a decline in natural fertility that begins in the
mid-30s, and they will often reach sterility many years
before the complete cessation of menses.* Although ART
may aid some couples who present with fertility issues, it
will not compensate for the decline in natural fertility that
occurs with delayed child-bearing.” ART is also invasive,
expensive, and not covered by most provincial health
plans for this indication. In addition, complications of
pregnancy increase for both the mother and the offspring
with advanced maternal age.®

Women and their health care providers should be aware of
the effects of age on reproductive potential.

OVARIAN AGING

The loss of oocytes from the ovaries is a continual process
that begins in utero. The ovaries in the female fetus contain
6 to 7 million oocytes at approximately 20 weeks’ gestation.
At birth, 1 to 2 million oocytes remain, and only 300 000 to
500 000 are present at the onset of puberty.” This process
continues until menopause, when only a few hundred
oocytes remain.® During the reproductive years, 400 to
500 oocytes will be ovulated; the majority of oocytes are
lost through apoptosis, or programmed cell death. Earlier
research suggested that a more accelerated process of
decline occurs in the last 10 to 15 years before menopause,
beginning around the age of 38 years.” However, more
recent data suggest that oocyte loss occurs at the same
rate through the reproductive lifetime, with the slope of
decline remaining faitly consistent until menopause."’

As the ovarian follicular pool decreases, women will
experience infertility, sterility, cycle shortening, menstrual
irregularity, and finally menopause (Figure 1)." In
Western countries, the mean age of menopause is 51, and
1% will experience premature ovarian failure before age
40."" There appeats to be a fixed interval through these
stages of ovarian function. Women who experience an
earlier menopause will have an eatlier loss of ferdlity'?
therefore, approximately 10% of women will have
decreased ovarian function in their eatly to mid-30s."
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Key to evidence statements and grading of recommendations, using the ranking of the Canadian Task Force on

Preventive Health Care

Quality of evidence assessment*

Classification of recommendationst

I: Evidence obtained from at least one properly randomized
controlled trial

II-1: Evidence from well-designed controlled trials without

randomization

II-2: Evidence from well-designed cohort (prospective or
retrospective) or case—control studies, preferably from
more than one centre or research group

1I-3: Evidence obtained from comparisons between times or

places with or without the intervention. Dramatic results in
uncontrolled experiments (such as the results of treatment with
penicillin in the 1940s) could also be included in this category

lll:  Opinions of respected authorities, based on clinical experience,
descriptive studies, or reports of expert committees

A

E.

L.

There is good evidence to recommend the clinical preventive action

. There is fair evidence to recommend the clinical preventive action

. The existing evidence is conflicting and does not allow to make a

recommendation for or against use of the clinical preventive action;
however, other factors may influence decision-making

. There is fair evidence to recommend against the clinical preventive action

There is good evidence to recommend against the clinical preventive
action

There is insufficient evidence (in quantity or quality) to make
a recommendation; however, other factors may influence
decision-making

*The quality of evidence reported in these guidelines has been adapted from The Evaluation of Evidence criteria described in the Canadian Task Force on

Preventive Health Care.®

tRecommendations included in these guidelines have been adapted from the Classification of Recommendations criteria described in the Canadian Task Force

on Preventive Health Care.*

Child-bearing usually ends 10 years before menopause,
and this time period is consistent regardless of the age
of menopause.'*"> Cycle irregularity will usually occur
6 to 7 years before menopause,'* regardless of the age
of menopause, coinciding with approximately 10 000
follicles remaining.’

As the total number of remaining follicles decreases, there is
a corresponding decrease in the available follicular cohort.
As a consequence of a smaller follicular cohort, there is a
decline in inhibin-B, which is produced by the granulosa
cells in the eartly follicular phase.'® There is an inverse
correlation between FSH and inhibin-B, which is likely due
to a loss in negative feedback; the rise in FSH during the
eatly follicular phase is one of the eatliest signs of ovarian
aging."” This initial stage may not be clinically appatent,
or present only as infertility, because ovarian hormone
production remains constant, and women continue to
ovulate and have regular cycles. The first clinical signs of
ovarian aging may be shortening of menstrual cycles, which
is due to a shorter follicular phase. More rapid follicular
development leads to earlier recruitment of a dominant
follicle.'* As this transition continues, women will notice
that their cycles lengthen and become more irregular as
they enter the menopause transition and ovulation is less
consistent.” Once women start to notice clinical signs of
ovarian aging such as cycle shortening or irregularity, their
fertility may already be greatly diminished. One review
article found that women who were sterile after age 35 had
already demonstrated lower fecundity before the age of

30."> Markers of ovarian reserve may be useful to predict
an earlier menopause or menopause transition for women
who do not yet have clinical signs or symptoms of ovarian
aging but who may already have decreased fertility.

When menopause occurs, there are often a few hundred
follicles remaining, There is still ovarian activity and
estrogen production during the first year after menopause.'
Although the mean age of menopause in Western countries
is 51, there is a significant range, from 40 to 60 years of
age. Sibling and twin studies have shown a significant
genetic component to the age of menopause.” Smoking
has been associated with a decreased follicular pool and
eatlier menopause.'

Oocyte quality also appears to be affected by age. Studies on
IVF oocytes have shown that the rate of oocyte aneuploidy
increases with age.” The rate is low in women < age 35
(10%), but increases to 30% at the age of 40, to 40% at the
age of 43, and to 100% in women > age 45.*" These wete
gonadotropin stimulated oocytes, and therefore may not
reflect the rate of aneuploidy in oocytes from a dominant
follicle recruited during a non-stimulated or natural cycle;
however, this correlates with the increase in chromosomally
abnormal pregnancies and spontaneous abortions with age.
The decline in oocyte quality may be in the formation and
function of the spindles, which appear to be more diffuse.”
This may result in chromosomes being less tightly arranged
and may therefore lead to meiotic errors. Data also suggest
that the selection process may deteriorate with age, allowing
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Figure 1. Schematic representation of the number of primordial follicles
present in the ovaries and the chromosomal quality of oocytes in relation to
female age and corresponding reproductive events.
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Figure 2. Natural fertility by age poorer quality oocytes the opportunity to develop into the
dominant follicle, or to be selected during an IVF cycle.
600 The selection of the available follicular cohort may be less
discriminating, allowing follicles to mature which should
500 - have undergone atresia.”? Other proposed mechanisms
include cumulative damage to the oocyte with age and
§ 400 decreasing quality of granulosa cells.”?
H
S 300[
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g Population studies have consistently noted that the decline
100 in birth rates begins when women reach the age of 35
1 1 1 1 1 (Figure 2).* On average, women will deliver their last child at
020 25 30 35 40 45 50 age 41, with a range of 23 to 51.* Natural population studies
Age of wife may not take into account non-reproductive factors, such as
The ten populations (in descending order at age 20 to 24) are desire to prevent pregnancy, coital frequency, aging partners,
Hutterites, marriages 1921-30 (a); Geneva bourgeoisie, husbands and other medical conditions that may affect live birth rates.
born 160049 (w); Canada, marriages 1700-30 (e); Normandy, In additi dit; h as fibroid d end .
marriages 1760-90 (0); Hutterites, marriages before 1921 (o); 0 addition, con; gons such as r91 § and en ometr1o§1s
Tunis, marriages of Europeans 1840-59 (4); Normandy, marriages are motre frequent in later reproductlve years. These studies
1674-1742 (e); Norway, marriages 1874-76 (o); Iran, village therefore may not offer a full reflection of a woman’s
marriages, 1940-50 (a); Geneva bourgeoisie, husbands born . e . - .
ximu . u /stu
before 1600 (o). maximum fertility potential. Natural fertility studies of
patients who had recently discontinued contraception have

Menken J, Trussell J, Larsen U. Age and infertility. Science 1986; shown that younger women have a hlgher fecundlty rate,
233(4771):1389-1394.4 Reprinted with permission from AAAS. and therefore conceive soonetr than older WOI’nCIl.ZS
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The incidence of infertility and sterility increases as the
age of the female partner increases. Although the true
incidence of sterility is difficult to determine because of
non-reproductive factors such as voluntary childlessness,
population studies can provide some insight. In one study
of 7 populations in which contraception use is rare and in
which there is a low incidence of premarital conceptions,
the percentage of women who remained childless was
higher in those who matried later.* Only 6% of women
who married in their early 20s remained childless, while
64% of women who were not married until their 40s
remained childless. Studies in the Hutterite population
confirm an increase in infertility with age, escalating from
11% after age 34 to 33% by age 40 and to 87% by age 45.%

Although social changes have led to women delaying
their reproduction, concomitant advances in reproductive
sciences have led to increased options for fertility treatment
and ART. Unfortunately, this may give women false optimism
that they can delay pregnancy while pursing their education
and careers with the expectation that ART will help them to
conceive if they have difficulty conceiving later. However,
success rates for ART treatment for women using their own
eggs ate directly linked to the age of the women,” and many
women may not realize that older women are successful
using ART to achieve pregnancy later in life only with donor
eggs. Computer models have demonstrated that the current
ART success rates cannot compensate for the loss in natural
fertility that occurs in a women who has delayed child-
beating from 30 to 35 years of age.

Studies on donor insemination confirm an age-related
decline in pregnancy rates. Most of the earlier donor
insemination studies were performed in couples with severe
male factor infertility. These studies are thought to be a
good reflection of female fertility because non-reproductive
factors such as coital frequency are removed. A negative
effect on pregnancy rates is seen in women > age 30, and
is even more pronounced for women > age 357! One
study of almost 3000 cycles showed cumulative pregnancy
rates of 62% for women < 30 years of age, and 44% for
women aged = 30 years after 12 cycles. Younger women
often conceive quickly, and more cycles of treatment were
often needed for women aged = 35 years.*!

Pregnancy rates collected from ART treatment cycles show
the significant impact of female age on success. The 2007
Canadian live birth rate after IVF was 37.4% for women
< 35 years of age, 26.5% for women aged 35 to 39 years, and
11.4% for women aged = 40 years.”” ART reports from the
United States show similar age-related success rates.” Age is
the most significant prognostic factor for IVF success.

Age-associated infertility appears to be primarily related
to ovarian aging and the diminishing ovarian follicle
count. The uterine endometrium has the capacity to
maintain a pregnancy throughout a woman’s reproductive
years and, with newer technologies such as egg donation,
even beyond the natural reproductive years. Age does
not affect the endometrium’s response to hormonal
stimulation.”® Pregnancy rates from donor egg cycles
also confirm that the age of the recipient does not affect
pregnancy rates.”

Recommendations

1. Women in their 20s and 30s should be counselled
about the age-related risk of infertility when other
reproductive health issues, such as sexual health
or contraception, are addressed as part of their
primary well-woman care. Reproductive-age women
should be aware that natural fertility and assisted
reproductive technology success (except with egg
donation) is significantly lower for women in their
late 30s and 40s. (II-2A)

2. Because of the decline in fertility and the increased
time to conception that occurs after the age of
35, women > 35 years of age should be referred
for infertility work-up after 6 months of trying to
conceive. (I1I-B)

ASSESSMENT OF OVARIAN AGING

Opvarian aging will have begun before women notice any
clinical changes to their menstrual cycles; therefore, they are
often unaware that they may be at greater risk of infertility.
Ovarian reserve testing has been explored as a means to
determine a woman’s fertility potential and provide an
assessment of ovarian aging. Although chronological age
alone serves as a good marker of ovarian reserve, some
women will experience a decline in their natural fertility
sooner than average, while some older women may
maintain above average ovarian function. Identification of
these two groups, in which ovarian reserve is inconsistent
with chronological age, may be useful for counselling and
planning treatment.”

Many tests of ovarian reserve have been tried. However,
testing has mainly been performed on infertile populations,
with little data on the distribution in the normal fertile
population. Ovarian reserve testing cannot be used to
predict infertility or time to infertility; therefore, its
application to the general population as a screening tool
is untested. Most studies have used these tests to try to
predict a woman’s ovarian response and prognosis with
fertility treatment and IVE. Overall, markers of ovarian
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reserve have been shown to correlate with egg quantity and
response to ovatian stimulation, but not with egg quality.

The most commonly used test of ovarian reserve is the
cycle day 3 or basal FSH level. An elevated basal FSH level
(> 14 TU/L) is the first sign of ovarian aging that can be
detected in women, and usually occurs in women aged
35 to 40.° Physiologically, the follicular pool is reduced
to approximately 10% of the levels present at puberty.’
The rise in basal FSH is due to a loss in ovarian feedback
(inhibin-A and B) as the available follicular cohort
diminishes. Basal FSH levels are easy to obtain, and no
special skills are required to perform the test or interpret
the results; therefore, it is easily accessible. However, basal
FSH levels have been shown to be predictive for poor
response to ovarian stimulation and for non-pregnancy
only when the levels are extremely elevated.” Although
a high threshold may improve the usefulness of the test
in predicting a poorer prognosis, only a small number
of women will have abnormal tests at this threshold. In
addition, it has been associated with a false positive rate of
5%.% Elevated basal FSH levels are also less predictive of
pregnancy for women < age 35.7%

An ovarian antral follicle count can be performed eatly
in the menstrual cycle. Antral follicles between 2 mm and
10 mm can be identified by transvaginal ultrasound
performed by an experienced sonographer using a vaginal
transducer with a minimum frequency of 7 MHz.” Antral
follicles are sensitive to FSH and are considered to be
representative of the available follicle pool. The number
of antral follicles seems to correlate with the number
of primordial follicles in the ovary, with a decline in
primordial follicles being reflected in a lower number of
antral follicles.” In later reproductive years, the proportion
of antral follicles to total follicles may increase as the
ovary allows a higher proportion of follicles to be selected.
This may reflect a loosening of the selection process.'
The decline in AFC may not be as steep as the decline
in fertility. Although decline in AFC is correlated with
both the menopause transition and ovatian response to
stimulation, it is not a good predictor of pregnancy.”

Antimillerian hormone is produced by the granulosa cells
of pre-antral and small antral follicles but not dominant
follicles."> AMH levels decrease with decreasing AFC,
which in turn is a marker of the primordial follicle count.
Levels remain consistent throughout the menstrual cycle®
and become undetectable in women after menopause.*!
Although AMH provides moderate value in prediction
of ovarian response in IVE it is a poor predictor of
pregnancy.” Currently, AMH testing is not widely available
across Canada.

1170 ® NOVEMBER JOGC NOVEMBRE 2011

The clomiphene challenge test is performed by
administering 100 mg of clomiphene daily from day 5 to day
9 of the cycle. FSH is measured on day 3 and on day 10. If
an adequate response to clomiphene is generated, the rise
in FSH will be suppressed by the release of estradiol and
inhibin-B by developing follicles. Systematic reviews have
not shown a benefit to the clomiphene challenge test over
basal FSH or AFC.” Inhibin-B and basal estradiol have not
been shown to be more useful predictors of poor response
or pregnancy than basal FSH.* However, basal estradiol
levels are often screened in conjunction with FSH and can
confirm correct timing in the menstrual cycle. An elevated
estradiol level may also falsely suppress FSH levels.

Ovarian reserve tests performed before ART treatment is
begun may be useful for counselling, but they have a poor
predictive power for pregnancy.'”” AFC and AMH have been
shown to be useful for prediction of poor ovarian response
with IVE'™ Although significantly abnormal results are
associated with lower pregnancy rates (< 5%), only about
3% of women will have results in this category.” In general,
ovarian reserve testing is useful for predicting egg quantity
and ovarian response to stimulation but has little value for
the prediction of egg quality. Therefore, although these tests
may be useful for counselling before ART treatment, testing
should not be used to exclude women from ART treatment,
and abnormal tests do not preclude the possibility of
pregnancy. These test results can be used to obtain individual
prognostic information to help to guide the choice of
treatment and best use of resources.

Opvarian reserve testing may be considered in women > age
35 to screen for age-related infertility, although its results
may be useful only for counselling and to aid women in
their decision-making process. Testing in women < 35
years may be considered if they have risk factors for
decreased ovarian reserve, such as a single ovary, previous
ovarian surgery, poor response to FSH, previous exposure
to chemotherapy or radiation, or unexplained infertility.*
Although markers of ovarian reserve are not good
predictors of pregnancy rate with ART for women < 35,
identification of these women may prompt shorter delay
to infertility investigations and treatment.

Recommendations

3. Ovarian reserve testing may be considered for
women 2 35 years of age or for women < 35 years
of age with risk factors for decreased ovatian reserve,
such as a single ovary, previous ovarian surgery,
poor response to follicle-stimulating hormone,
previous exposure to chemotherapy or radiation,
or unexplained infertility. (I11-B)
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4. Ovarian reserve testing prior to assisted
reproductive technology treatment may be used for
counselling but has a poor predictive value for non-
pregnancy and should be used to exclude women
from treatment only if levels are significantly
abnormal. (II-2A)

TREATMENT OF AGE-RELATED INFERTILITY

Fertility treatment for age-related infertility is aimed at
increasing monthly fecundity and decreasing the time to
conception. Women may be offered controlled ovarian
hyperstimulation with clomiphene citrate or gonadotropins,
or IVF to improve their chances of pregnancy and
decrease time to pregnancy. Both treatments are intended
to increase the number of matutre oocytes each month to
balance decreasing oocyte quality, but they do not address
the underlying issue of oocyte quantity or quality. The only
effective treatment for age-related infertility and declining
oocyte quality is oocyte donation.

In reality, pregnancy and live birth rates with COH in
older women are low. In one retrospective review of more
than 4000 treatment cycles using clomiphene citrate and
intrauterine insemination, pregnancy rates were 7% for
women aged 38 to 40, 4% for women 41 to 42, and 1% for
women > 42.% A small study of 130 cycles of COH with
gonadotropins and IUI found a live birth rate of 6% for
women aged 38 to 39, and 2% for women > 40.* All live
births happened within the first or second cycles. Older
women may consider 1 to 2 cycles of COH if they do not
want to try IVE as a first-line treatment, but they should
move on to IVF quickly if they are unsuccessful within the
first couple of cycles.”

Although chance of success diminishes with age, IVF
still offers higher pregnancy and live birth rates than
COH, although significantly lower rates than oocyte
donation. In 2007, live birth rates were 11.4% per cycle
for women aged > 40 in Canada.’® One study of women
aged > 40 undergoing IVF, showed that for women aged
= 42, live birth rates drop to below 5%.% In this study,
no live births were reported in 54 cycles for women
aged = 45. A separate study found a significant drop in
IVF live birth rates in women aged = 43 and over. Live
birth rates were 7.4% for women 40 to 42 years of age,
and only 1.1% for women = 43 years. Miscarriage rates
were 43.1% in the younger age group and 65.2% in the
older age group.”’

Oocyte donation offers women with an intact uterus
the opportunity to carry a pregnancy despite declining
ovarian function or menopause. In Canada, the 2004

Assisted Human Reproduction Act regulates all reproductive
technologies, including the use of donor gametes.
Specifically, the Act prohibits the sale of eggs, sperm,
or surrogacy setrvices.® Compensation to donors for
receiptable expenses such as medications and parking are
allowed,” although the specific regulations are not yet
available. Many countries, including the United States,
rely on paid, often anonymous, egg donors to ensure an
adequate supply to meet the significant demand for this
treatment option. However, as this practice is prohibited
in Canada, Canadian women must rely on altruistic
egg donors, usually family members, close friends, or
colleagues. Unfortunately, many women will not know an
appropriate donor, so egg donation may not be an option
for them. Other women turn to reproductive tourism and
seek treatment in the United States or Europe.

Pregnancy rates with oocyte donation are based on the
age of the donot, not the recipient.”’ Pregnancies and
live births have been reported in women into their 60s*';
however, the use of donor eggs for women after the age of
50 is controversial. There are increased rates of obstetrical
and maternal complications with increasing maternal age,
including maternal death, hypertension, prematurity, fetal
and neonatal death, and operative delivery.”*>* At least one
death immediately after delivery has been reported in a
50-year-old woman who conceived with oocyte donation.™
However, many of these studies show these risks are
already increased in women > age 40, and treatment is
offered to women between the ages of 40 and 50 without
significant debate. Many clinicians feel the natural age of
menopause is an appropriate maximum age for offering
oocyte donation, although others argue this is an arbitrary
cut-off point”” In Canada, there are no regulations that
set an age limit for oocyte donation, although many clinics
have set the age of menopause as the maximum age for
this treatment.

Recommendations

5. Pregnancy rates for controlled ovarian
hyperstimulation are low for women > 40 years
of age. Women > 40 should consider IVF if they
do not conceive within 1 to 2 cycles of controlled
ovarian hyperstimulation. (11-2B)

6. The only effective treatment for ovarian aging
is oocyte donation. A woman with decreased
ovarian reserve should be offered oocyte donation
as an option, as pregnancy rates associated
with this treatment are significantly higher
than those associated with controlled ovarian
hyperstimulation or in vitro fertilization with a
woman’s own eggs. (II-2B)
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EARLY PREGNANCY AND
MATERNAL COMPLICATIONS

Advanced reproductive age is associated with early and later
pregnancy complications in addition to infertility. Age is a
recognized risk factor for spontaneous abortion. Although
the risk of clinical pregnancy loss is low in women < 30
years of age (7% to 15%), it begins to rise for women aged
30 to 34 (8% to 21%) and women aged 35 to 39 (17% to
28%), and it increases dramatically for women aged = 40
(34% to 52%)." Data from the Canadian ART clinics also
show an increase in spontaneous pregnancy loss after ART
treatment. Pregnancy loss rates after clinical intrauterine
pregnancy ranged from 10.4% for women aged < 35 to
16.4% for women aged 35 to 39, and increased to 33% for
women aged = 40.”

An increased risk of chromosomal abnormalities also occurs
with age. Much of the increased risk of early pregnancy
loss may be due to the increased rate of chromosomally
abnormal conceptions. The previously discussed undetlying
mechanisms for ovarian aging and declining egg quality
leading to increased oocyte aneuploidy may lead to an
increased rate of chromosomal abnormalities in resultant
embryos and pregnancies. The age-related risks for Down
syndrome increase from 1 in 1477 for women at age 20 to
1 in 939 at age 30, 1 in 353 at age 35, 1 in 85 at age 40, and
1 in 39 at age 44. The age-related risk for all chromosomal
abnormalities rises from 1 in 526 for women at age 20 to
1 in 384 at age 30, 1 in 204 at age 35, 1 in 65 at age 40, and
1in 2 at age 45.

Pregnancy in women > 40 years of age is also associated
with a higher risk of obstetrical complications, including
operative delivery, gestational diabetes, preeclampsia,
IUGR, and low birth weight.® Pre-conception screening
for significant medical conditions such as hypertension
or diabetes should be considered for women at high risk
before fertility treatment is begun.

Recommendations

7. Women should be informed that the risk of
spontaneous pregnancy loss and chromosomal
abnormalities increases with age. Women should be
counselled about and offered appropriate prenatal
screening once pregnancy is established. (II-2A)

8. Pre-conception counselling regarding the risks of
pregnancy with advanced maternal age, promotion
of optimal health and weight, and screening for
concurrent medical conditions such as hypertension
and diabetes should be considered for women
> age 40. (III-B)
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ADVANCED PATERNAL AGE

Although significant focus has been placed on female
reproductive aging, there is also an age-related decline in
sperm function and male fertility. Although “andropause”
is not a clearly defined event for men as menopause
is for women, there is a decline in testicular function,
which includes declining testosterone levels each year.”
Sperm parameters including semen volume, motility, and
morphology decrease with age, although a decline in sperm
concentration has not been shown.”

Studies trying to delineate the effects of male age on
natural fertility often have not accounted for female age.
One study has suggested that the odds of conception
decrease 3% per year, while other studies have shown that
the effect of male age alone on natural monthly conception
is small."6* Similarly, studies in ART treatment have often
not controlled adequately for maternal age.>** One study
suggested that male age > 35 years may have an effect on
IUI, but most studies suggest that male age does not affect
IVF/ intracytoplasmic sperm injection pregnancy rates
despite lower motility and fertilization rates.”> There
was also no difference seen in egg donation cycles.””* In
couples undergoing ART treatment, it appears that the
effect of paternal age on the number of cleavage-stage
embryos is small.”” However, a significant decrease in the
rate of blastocyst embryo formation on day 5 and in the
number of cryopreservable embryos has been noted.”

Paternal age > 40 years does appear to be associated
with risk of spontaneous abortion, even when maternal
age is controlled for.””” For chromosomal abnormalities,
the effect of maternal age is such a significant factor, the
paternal age effect is small in comparison and is not found
atall in many studies after maternal age is controlled for.”*"’
However, recent studies suggest that, either alone or in
combination with a maternal effect, paternal effect may
increase the tisk of Down syndrome.” Although there has
been conflicting evidence for an association with pre-term
birth and low birth weight, a study conducted in the United
States and a population study undertaken in Alberta did not
find this association after multiple and logistic regression
analysis.”®' Advanced paternal age has been associated with
autosomal dominant disorders such as Alport syndrome,
achondroplasia, and neurofibromatosis.”* The estimated
risk for autosomal dominant disorders in offspring of
fathers = 40 years of age is thought to be < 0.5%.

Autism spectrum disorders and schizophrenia have been
associated with advanced paternal age through larger
cohort and population database studies. A large Danish
prospective study on autism with one million children
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found a relative risk 1.6 for fathers > 40 to 44 years of age,
and an Israeli cohort study found an OR 5.75 for fathers
aged 40 to 49.5% A large US study found an association
between autism and both maternal and paternal age, with
a relative risk of 1.3 for every 10-year increase in paternal
age.” The link between paternal age and schizophrenia was
initially felt to be constitutional: people with this condition
tend to marry and reproduce later in life. A cohort of
almost 90 000 children in Jerusalem was linked to the
Israeli Psychiatric Registry. The relative risk for offspring
with schizophrenia was 2.0 for fathers aged 45 to 49, and
3.0 for fathers >age 50.”" This finding has been seen
across other studies in other ethnic populations, including
populations in Denmark, Sweden, and Japan.”*

The American College of Medical Genetics does not
recommend additional prenatal testing solely on the basis
of advanced paternal age (defined as = 40), although
prenatal counselling about the potential risks of advanced
paternal age should be undertaken.”

Recommendation

9. Advanced paternal age appears to be associated
with an increased risk of spontaneous abortion
and increased frequency of some autosomal
dominant conditions, autism spectrum disorders,
and schizophrenia. Men > age 40 and their partners
should be counselled about these potential risks
when they are seeking pregnancy, although the risks
remain small. (I1I-2C)

CONCLUSIONS

Female reproductive aging is a common cause of infertility
in women in their late 30s and 40s. Health care providers
should counsel women about the realities of the biological
clock and ensure they have realistic expectations about
natural and assisted fertility rates if they choose to delay
child-bearing into their later reproductive years.

REFERENCES

1. Statistics Canada. The Daily. Ottawa: Statistics Canada; 24 Sep 2008.
Available at: http:// www.statcan.gc.ca/daily-quotidien/080924/
dq080924a-eng.htm. Accessed August 31, 2011.

2. Statistics Canada. The Daily. Ottawa: Statistics Canada; 26 Sep 2008.
Available at: http:// www.statcan.gc.ca/daily-quotidien/080926/
dq080926a-eng.htm. Accessed August 31, 2011.

3. Maher J, Macfarlane A. Trends in live births and birthweight by social
class, marital status and mother’s age, 1976-2000. Health Stat Q
2004;(23):34-42.

4. Menken J, Trussell J, Larsen U. Age and infertility. Science
1986;233(4771):1389-94.

1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

5. Leridon H. Can assisted reproduction technology compensate for the
natural decline in fertility with age? A model assessment. Hum Reprod
2004;19:1548-53.

&>

Gilbert WM, Nesbitt TS, Danielsen B. Childbearing beyond age 40:
pregnancy outcome in 24,032 cases. Obstet Gynecol 1999;93(1):9-14.

-

. Baker TG. A quantitative and cytological study of germ cells in human
ovaries. Proc R Soc Lond B Biol Sci 1963;158:417-33.

oo

. Richardson SJ, Senikas V, Nelson JE Follicular depletion during the
menopausal transition: evidence for accelerated loss and ultimate
exhaustion. ] Clin Endocrinol Metab 1987; 65:1231-7.

Faddy MJ, Gosden RG, Gougeon A, Richardson SJ, Nelson JF.
Accelerated disappearance of ovarian follicles in mid-life: implications for
forecasting menopause. Hum Reprod 1992;7:1342-6.

0. Hansen KR, Knowlton NS, Thyer AC, Charleston ]S, Soules MR,
Klein NA. A new model of reproductive aging: the decline in ovatian

o

non-growing follicle number from birth to menopause. Hum Reprod
2008;23:699-708.

—_

. Nikolaou D, Templeton A. Early ovarian ageing: a hypothesis. Detection
and clinical relevance. Hum Reprod 2003;18:1137-9.

2. Broekmans FJ, Soules MR, Fauser BC. Ovarian aging: mechanisms and
clinical consequences. Endocr Rev 2009;30:465-93.

3. Johnson NP, Bagrie EM, Coomarasamy A, Bhattacharya S, Shelling AN,
Jessop S, et al. Ovarian reserve tests for predicting fertility outcomes
for assisted reproductive technology: the International Systematic
Collaboration of Ovarian Reserve Evaluation protocol for a systematic
review of ovarian reserve test accuracy. BJOG 20006;113:1472-80.

4. te Velde ER, Pearson PL. The variability of female reproductive ageing
Hum Reprod Update 2002;8:141-54.

5. Stein ZA. A woman’s age: childbearing and child rearing. Am ] Epidemiol
1985; 121:327-42.

6. Klein NA, Battaglia DE, Miller PB, Branigan EF, Giudice L.C, Soules MR.
Ovarian follicular development and the follicular fluid hormones and
growth factors in normal women of advanced reproductive age. ] Clin
Endocrinol Metab 1996;81:1946-51.

7. Klein NA, Battaglia DE, Fujimoto VY, Davis GS, Bremner WJ,
Soules MR. Reproductive aging: accelerated ovarian follicular
development associated with a monotropic follicle-stimulating hormone
rise in normal older women. ] Clin Endocrinol Metab 1996;81:1038—45.

8. Klein NA, Harper AJ, Houmatd BS, Sluss PM, Soules MR. Is the
short follicular phase in older women secondary to advanced or
accelerated dominant follicle development? | Clin Endoctinol Metab
2002;87:5746-50.

9. de Bruin JP, Bovenhuis H, van Noord PA, Pearson PL, van Arendonk JA,
te Velde ER, et al. The role of genetic factors in age at natural
menopause. Hum Reprod 2001;16:2014-8.

0. Pellestor F, Andreo B, Arnal F, Humeau C, Demaille J. Maternal aging and
chromosomal abnormalities: new data drawn from in vitro unfertilized
human oocytes. Hum Genet 2003; 112:195-203.

. Volarcik K, Sheean L, Goldfarb J, Woods L, bdul-Katim FW, Hunt P.
The meiotic competence of in-vitro matured human oocytes is influenced

—

by donor age: evidence that folliculogenesis is compromised in the

reproductively aged ovary. Hum Reprod 1998;13:154—60.

2. Gougeon A, Chainy GB. Morphometric studies of small follicles in
ovaries of women at different ages. | Reprod Fertil 1987;81:433—42.

3. Warburton D. Biological aging and the etiology of aneuploidy. Cytogenet
Genome Res 2005;111(3—4):266-72.

4. Brockmans FJ, Faddy MJ, Scheffer G, te Velde ER. Antral follicle
counts are related to age at natural fertility loss and age at menopause.
Menopause 2004;11(6 Pt 1):607-14.

NOVEMBER JOGC NOVEMBRE 2011 ® 1173



SOGC CLINICAL PRACTICE GUIDELINE

25.

2

(=}

27.

28.

2

N=l

30.

3

—

32.

33.

34.

35

30.

37.

38.

39.

40.

41.

Tietze C. Fertility after discontinuation of intrauterine and oral
contraception. Int J Fertil 1968;13:385-9.

. Tietze C. Reproductive span and rate of reproduction among Hutterite

women. Fertil Steril 1957;8:89-97.

Gunby J, Bissonnette F, Librach C, Cowan L; IVF Directors Group of
the Canadian Fertility and Andrology Society. Assisted reproductive
technologies (ART) in Canada: 20006 results from the Canadian ART
Register. Fertil Steril 201;93(7):2189-201.

Schwartz D, Mayaux MJ. Female fecundity as a function of age: results
of artificial insemination in 2193 nulliparous women with azoospermic
husbands. Federation CECOS. N Engl ] Med 1982;306:404—6.

. Shenfield F, Doyle P, Valentine A, Steele SJ, Tan SL. Effects of age,

gravidity and male infertility status o n cumulative conception rates
following artificial insemination with cryopreserved donor semen: analysis
of 2998 cycles of treatment in one centre over 10 years. Hum Reprod

1993;8:60—4.

van Noord-Zaadstra BM, Looman CW, Alsbach H, Habbema |D,
te Velde ER, Karbaat ]. Delaying childbearing: effect of age on fecundity
and outcome of pregnancy. BMJ 1991;302(6789):1361-5.

. Virro MR, Shewchuk AB. Pregnancy outcome in 242 conceptions

after artificial insemination with donor sperm and effects of maternal
age on the prognosis for successful pregnancy. Am ] Obstet Gynecol
1984;148:518-24.

Gunby J, Bissonnette F, Librach C, Cowan L; IVF Directors Group of
the Canadian Fertility and Andrology Society. Assisted reproductive
technologies (ART) in Canada: 2007 results from the Canadian ART
Register. Fertil Steril 2011;95(2):542—7.

United States Centers for Disease Control and Prevention. Assisted
Reproductive Technology (ART) Report, National Summary. Available at:
http:// www.apps.nced.cde.gov/art/ Apps/Marquee.aspx.

Accessed May 19, 2010.

Noci I, Borri P, Chieffi O, Scarselli G, Biagiotti R, Moncini D, et al.
1. Aging of the human endometrium: a basic morphological and
immunohistochemical study. Eur ] Obstet Gynecol Reprod Biol
1995;63:181-5.

. Broekmans FJ, Kwee |, Hendriks DJ, Mol BW, Lambalk CB. A systematic

review of tests predicting ovarian reserve and IVF outcome. Hum

Reprod Update 2006;12:685-718.

Sherman BM, West JH, Korenman SG. The menopausal transition:
analysis of LH, FSH, estradiol, and progesterone concentrations
during menstrual cycles of older women. ] Clin Endoctinol Metab
1976;42:629-36.

Sabatini L, Zosmer A, Hennessy EM, Tozer A, Al-Shawaf T. Relevance
of basal serum FSH to IVF outcome varies with patient age. Reprod
Biomed Online 2008;17:10-9.

Lee TH, Liu CH, Huang CC, Hsieh KC, Lin PM, Lee MS. Impact of
female age and male infertility on ovarian reserve markers to predict
outcome of assisted reproduction technology cycles. Reprod Biol
Endocrinol 2009;7:100.

Broekmans FJ, de ZD, Howles CM, Gougeon A, Trew G, Olivennes
F. The antral follicle count: practical recommendations for better

standardization. Fertil Steril 2010;94:1044-51.

Hehenkamp WJ, Looman CW, Themmen AP, de Jong FH,
te Velde ER, Broekmans FJ. Anti-Mullerian hormone levels in the
spontaneous menstrual cycle do not show substantial fluctuation. J Clin

Endocrinol Metab 2006;91:4057—63.

Sowers MR, Eyvazzadeh AD, McConnell D, Yosef M, Jannausch ML,
Zhang D, et al. Anti-mullerian hormone and inhibin B in the definition
of ovarian aging and the menopause transition. ] Clin Endocrinol Metab

2008;93(9):3478-83.

1174 ® NOVEMBER JOGC NOVEMBRE 2011

42.
43.

44.

~
0

46.

47.

4

jos)

5

—

Aging and infertility in women. Fertil Stetil 2006;86(5 Suppl 1):5248-S252.

Dovey S, Sneeringer RM, Penzias AS. Clomiphene citrate and
intrauterine insemination: analysis of more than 4100 cycles. Fertil Steril
2008;90:2281-6.

Harris ID, Missmer SA, Hornstein MD. Poor success of gonadotropin-
induced controlled ovarian hyperstimulation and intrauterine insemination
for older women. Fertil Steril 2010; 94:144-8.

. Tsafrir A, Simon A, Margalioth EJ, Laufer N. What should be the

first-line treatment for unexplained infertility in women over 40 years
of age—ovulation induction and IUI, or IVE? Reprod Biomed Online
2009;19(Suppl 4):4334.

Hourvitz A, Machtinger R, Maman E, Baum M, Dor ], Levron J. Assisted
reproduction in women over 40 years of age: how old is too old? Reprod
Biomed Online 2009;19:599-603.

Serour G, Mansour R, Serour A, Aboulghar M, Amin Y, Kamal O,

et al. Analysis of 2,386 consecutive cycles of in vitro fertilization or
intracytoplasmic sperm injection using autologous oocytes in women
aged 40 years and above. Fertil Steril 2010;94:1707-12.

. Assisted Human Reproduction Act, S.C. 2004, c. 2, s.7.
49.
50.

Assisted Human Reproduction Act, S.C. 2004, c. 2, s.12.

United States Centers for Disease Control and Prevention. 2005 assisted
reproductive technology report. Available at: http://www.cde.gov/ART/
ART2005/section4.htm. Accessed April 23, 2010.

. Paulson RJ, Thornton MH, Francis MM, Salvador HS. Successful

pregnancy in a 63-year-old woman. Fertil Steril 1997;67:949-51.

52. Jacobsson B, Ladfors I, Milsom I. Advanced maternal age and adverse

53.

54.

perinatal outcome. Obstet Gynecol 2004;104:727-33.

Simchen MJ, Yinon Y, Moran O, Schiff E, Sivan E. Pregnancy outcome
after age 50. Obstet Gynecol 2006;108(5):1084-8.

Cleary-Goldman |, Malone FD, Vidaver J, Ball RH, Nyberg DA,
Comstock CH, et al. Impact of maternal age on obstetric outcome.
Obstet Gynecol 2005;105(5 Pt 1):983-90.

55. Joseph KS, Allen AC, Dodds L, Turner LA, Scott H, Liston R.

56.

57.

58.

59.

60.

61.

62.

63.

64.

The perinatal effects of delayed childbeating. Obstet Gynecol
2005;105:1410-8.

Schutte JM, Schuitemaker NW;, Steegers EA, van RJ. Maternal death
after oocyte donation at high maternal age: case report. Reprod Health
2008;5:12.

Smajdor A. The ethics of egg donation in the over fifties. Menopause Int
2008;14:173-7.

Hook EB. Rates of chromosome abnormalities at different maternal ages.
Obstet Gynecol 1981;58:282-5.

McLachlan RI. The endocrine control of spermatogenesis. Baillieres Best
Pract Res Clin Endocrinol Metab 2000;14:345-62.

Kidd SA, Eskenazi B, Wyrobek AJ. Effects of male age on semen quality
and fertility: a review of the literature. Fertil Steril 2001;75:237—48.

Goldman N, Montgomery M. Fecundability and husband’s age. Soc Biol
1989;36(3—4):146-66.

Ford WC, North K, Taylor H, Farrow A, Hull MG, Golding J. Increasing
paternal age is associated with delayed conception in a large population
of fertile couples: evidence for declining fecundity in older men. The
ALSPAC Study Team (Avon Longitudinal Study of Pregnancy and
Childhood). Hum Reprod 2000;15:1703-8.

Klonoff-Cohen HS, Natarajan L. The effect of advancing paternal age on
pregnancy and live birth rates in couples undergoing in vitro fertilization
or gamete intrafallopian transfer. Am ] Obstet Gynecol 2004;191:507-14.

de La RE, de M, Thepot F, Thonneau P. Fathers over 40 and increased
failure to conceive: the lessons of in vitro fertilization in France. Fertil
Steril 2006;85:1420—4.



Advanced Reproductive Age and Fertility

65. Spandorfer SD, Avrech OM, Colombero LT, Palermo GD, Rosenwaks
Z. Effect of parental age on fertilization and pregnancy characteristics
in couples treated by intracytoplasmic sperm injection. Hum Reprod
1998;13:334-8.

66. Aboulghar M, Mansour R, Al-Inany H, Abou-Setta AM, Aboulghar M,
Mourad L, et al. Paternal age and outcome of intracytoplasmic sperm
injection. Reprod Biomed Online 2007;14:588-92.

67. Gallardo E, Simon C, Levy M, Guanes PP, Remohi ], Pellicer A. Effect of
age on sperm fertility potential: oocyte donation as a model. Fertil Steril
1996;66:260—4.

68. Paulson RJ, Milligan RC, Sokol RZ. The lack of influence of age on male
fertility. Am ] Obstet Gynecol 2001;184:818-22.

69. Dain L, Auslander R, Dirnfeld M. The effect of paternal age on assisted
reproduction outcome. Fertil Steril 2011;95:1-8.

70. Luna M, Finkler E, Barritt J, Bar-Chama N, Sandler B, Copperman AB,
et al. Paternal age and assisted reproductive technology outcome in ovum

recipients. Fertil Steril 2009;92:1772-5.

71. Frattarelli JL, Miller KA, Miller BT, Elkind-Hirsch K, Scott RT Jr. Male
age negatively impacts embryo development and reproductive outcome
in donor oocyte assisted reproductive technology cycles. Fertil Steril
2008;90:97-103.

72. Kleinhaus K, Perrin M, Friedlander Y, Paltiel O, Malaspina D, Hatlap S.

Paternal age and spontaneous abortion. Obstet Gynecol 2006;108:369-77.

73. Maconochie N, Doyle P, Prior S, Simmons R. Risk factors for first
trimester miscarriage—results from a UK-population-based case-control

study. BJOG 2007;114:170-86.

74. Erickson JD. Paternal age and Down syndrome. Am | Hum Genet
1979;31:489-97.

75. Erickson JD, Bjerkedal TO. Down syndrome associated with fathet’s age
in Norway. | Med Genet 1981;18:22-8.

76. Hook EB, Cross PK. Paternal age and Down’s syndrome genotypes
diagnosed prenatally: no association in New York state data. Hum Genet
1982;62:167-74.

77. Stene J, Fischer G, Stene E, Mikkelsen M, Petersen E. Paternal age effect
in Down’s syndrome. Ann Hum Genet 1977;40:299-306.

78. Toriello HV, Meck JM. Statement on guidance for genetic counseling in
advanced paternal age. Genet Med 2008;10:457—60.

79. Tough SC, Faber AJ, Svenson LW, Johnston DW. Is paternal age

associated with an increased risk of low birthweight, preterm delivery, and

multiple birth? Can ] Public Health 2003;94:88-92.

80. Basso O, Wilcox AJ. Paternal age and delivery before 32 weeks.
Epidemiology 2006;17:475-8.

81.

82.

83.

84.

Astolfi P, De PA, Zonta LA. Paternal age and preterm birth in Italy, 1990
to 1998. Epidemiology 2006;17:218-21.

Orioli IM, Castilla EE, Scarano G, Mastroiacovo P. Effect of paternal age
in achondroplasia, thanatophoric dysplasia, and osteogenesis impetfecta.
Am J Med Genet 1995;59:209-17.

North K. Neurofibromatosis type 1: review of the first 200 patients in an
Australian clinic. ] Child Neurol 1993;8:395—402.

Bunin GR, Needle M, Riccardi VM. Paternal age and sporadic
neurofibromatosis 1: a case-control study and consideration of the
methodologic issues. Genet Epidemiol 1997;14:507-16.

85. Jadayel D, Fain P, Upadhyaya M, Ponder MA, Huson SM, Carey ],

86.

87.

8

o

89.

90.

9

—_

92.

93.

94.

9

o

et al. Paternal origin of new mutations in von Recklinghausen
neurofibromatosis. Nature 1990;343(6258):558-9.

Riccardi VM, Dobson CE, Chakraborty R, Bontke C. The
pathophysiology of neurofibromatosis: IX. Paternal age as a factor in the
origin of new mutations. Am ] Med Genet 1984;18:169-76.

Carothers AD, McAllion SJ, Paterson CR. Risk of dominant mutation
in older fathers: evidence from osteogenesis imperfecta. ] Med Genet
1986;23:227-30.

. Lauritsen MB, Pedersen CB, Mortensen PB. Effects of familial risk factors

and place of birth on the risk of autism: a nationwide register-based

study. ] Child Psychol Psychiatry 2005;46:963-71.

Reichenberg A, Gross R, Weiser M, Bresnahan M, Silverman J, Harlap
S, et al. Advancing paternal age and autism. Arch Gen Psychiatry
2006;63:1026-32.

Croen LA, Najjar DV, Fireman B, Grether JK. Maternal and paternal
age and risk of autism spectrum disorders. Arch Pediatr Adolesc Med
2007;161:334-40.

. Malaspina D, Harlap S, Fennig S, Heiman D, Nahon D, Feldman D, et

al. Advancing paternal age and the risk of schizophrenia. Arch Gen
Psychiatry 2001;58:361-7.

Byrne M, Agerbo E, Ewald H, Eaton WW, Mortensen PB. Parental age
and risk of schizophrenia: a case-control study. Arch Gen Psychiatry
2003;60:673-8.

Tsuchiya KJ, Takagai S, Kawai M Matsumoto H, Nakamura K, Minabe
Y, et al. Advanced paternal age associated with an elevated risk for
schizophrenia in offspring in a Japanese population. Schizophr Res
2005;76(2-3):337-42.

Zammit S, Allebeck P, Dalman C, Lundberg I, Hemmingson T, Owen
M], et al. Paternal age and risk for schizophrenia. Br ] Psychiatry
2003;183:405-40.

. Woolf SH, Battista RN, Angerson GM, Logan AG, Eel W.

Canadian Task Force on Preventive Health Care. New grades for
recommendations from the Canadian Task Force on Preventive

Health Care. CMA] 2003;169:207-8.

NOVEMBER JOGC NOVEMBRE 2011 ® 1175





