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Ovarian Aging and Fertility
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Women in their late 30s to early 40s who have difficulty conceiv-
ing are often unaware that success rates of fertility treatment de-
cline with age, most commonly due to declining ovarian function.
Counseling about the high prevalence of infertility and miscarriage
may be met with surprise and sadness. Reports of children born to

high-profile women older than
) 50 years may contribute to mis-
CME at jamacmelookup.com conceptions, but these births
highlighted in the media were likely achieved with donor oocytes
from a younger woman or with oocytes or embryos that were pre-
viously cryopreserved. Consistent with declining fertility rates
worldwide, the fertility rate in the US has declined from 70.9 births
per 1000 women in 1990 to 56.1 per 1000 in 2022.2 Simultane-
ously, the 2019 US Census reported that age at first birth had risen
from 27 years in 1990 to 30 years in 2019 as more women post-
poned first birth.

Reasons for these trends may include lack of a partner, eco-
nomic insecurity, career aspirations, and long work hours. Con-
cerns about childbearing discrimination, including lack of preg-
nancy and postpartum support, and childcare challenges also likely
influence decisions to delay pregnancy. Results of a questionnaire
completed by 5692 US general surgery residents reported that more
femnale than male residents delayed pregnancy because of training
(46.8% vs 32.7%:; P < .00T) and experienced pregnancy/parenthood-
based mistreatment (58.1% vs 30.5%; P < .001).2

Declining Oocyte Quantity

Human females have a fixed number of nongrowing follicles in the
ovary, with up to 7 million at 20 weeks in utero, up to 2 million at
birth, and several hundred thousand at menarche. On histology, the
"bipotential gonads” start to develop into ovaries (or testicles) at 10
weeks of gestation and primordial follicles can be first visualized in
the human embryo at about 16 weeks' gestation. This fixed oocyte
pool is depleted through apoptosis and follicular atresia. Only 12%
of prebirth ovarian nongrowing follicles remain by age 30 years and
oocyte depletion accelerates in the late 20s and 30s, with a mean
of 65 000 oocytes at 25 years, 16 000 by 35 years, and approxi-
mately 1000 by menopause (mean [SD] age, 49.6 [10] years).* Age-
related decline in ovarian nongrowing folliclesis irreversible and cor-
relates with the natural decrease in female fertility with increasing
age (Figure, A).# Currently, there is no effective method to grow new
ovarianfollicles, and few women older than 45 years achieve live birth
with their own oocytes, despite optimal diet, exercise, or in vitro fer-
tilization (IVF). Women who are unaware of the biology of ovarian
aging may decide to postpone pregnancy, resulting in the unantici-
pated consequences of infertility and childlessness.

Advancing Age and Fertility, Live Births, and Miscarriages

According to the World Health Organization (WHO), the incidence
of infertility in reproductive-aged couples is 1in 6. Although there
are many causes of infertility, including ovulatory disorders, male fac-
tors, and obstructed fallopian tubes, ovarian aging is an important
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and irreversible factor. In addition to lower fecundity, as women age,
oocytes develop defects in mitochondrial structure and function and
have meiotic spindle dysregulation that increase rates of aneu-
ploidy and miscarriage. Rates of miscarriage are approximately 12%
inwomen aged 20 to 29 years, 25% by 40 years, 40% by 43 years,
and 65% in females 45 years and older.®

IVF for Infertility

IVF is an effective treatment for infertility; however, according to
2021IVF data from the Society for Assisted Reproductive Technology,
live birth rates peak at 40% per embryo transfer for women
younger than 35 years and decrease to less than 5% by 43 years of
age. The reduced success of IVF in older women is related to de-
creased levels of antimullerian hormone (AMH), which correlates
with declining ovarian nongrowing follicles,® resulting in lower
numbers of retrieved oocytes during fertility treatment” and re-
duced cumulative live birth rates.2 Cumulativelive birth rates ranged
from 28.1% in women with AMH levels from 0.91ng/mL toless than
1ng/mL to 10.9% in women with AMH less than 0.10 ng/mL.% When
considering both age and AMH, cumulative live birth rates ranged
from 22% to 41% for women younger than 35 years to 1% to 4% for
women older than 42 years.® Even among female physicians, the de-
creased success rates associated with IVF in older individuals are not
widely appreciated. In a questionnaire study of 1056 female physi-
cians published in 2023, 38.6% overestimated the likelihood of IVF
success among women older than 43 years.®

Strategies to Address infertility Due to Ovarian Aging
Education and Societal Support

All primary care clinicians should ask about interest in parenthood
and, if appropriate, educate patients about ovarian aging and the re-
duced likelihood of pregnancy with advancing age. Onabroader so-
cietallevel, itisimportant to reduce the multifaceted barriers to fam-
ily building in the US, including lack of universal health coverage,
gender disparities in parenting and household responsibilities, in-
sufficient maternity and family leave policies, limited availability of
childcare options, and reported lack of occupational flexibility to ac-
commodate pregnancy and parenthood.

Oocyte and Embryo Cryopreservation

Oocyte cryopreservation is an effective option that allows women to
achieve pregnancy at older ages. The ovaries must first be stimu-
lated for 8 to 14 days with injectable gonadotropins to recruit mul-
tiple mature follicles. Oocytes are then surgically retrieved by trans-
vaginal needle-guided aspiration and rapidly cryopreserved. At a
future date, the oocytes can be thawed and fertilized using IVF; the
resulting embryos can either be transferred to the uterus or cryopre-
served for future use. There is no known upper limit for the length of
time that oocytes or embryos can remain cryopreserved. Oocyte cryo-
preservation is more successful at achieving pregnancy and more
cost-effective for delayed childbearing compared with pursuing IVF
at advanced reproductive ages without cocyte cryopreservation.'®
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Figure. Ovarian NGF Population and Rates of Aneuploidy, Miscarriage, and Live Births

| A percentage of ovarian nongrowing follicle (NGF) population remaining by age [B] Aneuploidy, miscarriage, and live birth rates after IVF by age
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Data used were from studies by (A) Wallace and Kelsey® and (B) Franasiak et al and the Society for Assisted Reproductive Technology. IVF indicates in vitro

fertilization.

Specifically, for those desiring 1 child, planned cocyte cryopreserva-
tion at 33 years of age (with oocyte thawing at 43 years) decreased
the mean total cost per patient from $62 308 to $30333 and
increased the likelihood of live birth from 50% to 73% compared
with no oocyte cryopreservation with up to 3 cycles of IVF (with
preimplantation genetic testing for aneuploidy) at 43 years of
age.'° OQut-of-pocket costs for oocyte cryopreservation range from
$8000 to $12 000 per cycle, with annual storage fees of $300 to
$1000. More US employers are offering limited benefits for oocyte
cryopreservation with either a maximum dollar amount or covered
number of cycles. Women who cryopreserve oocytes or embryos

do require IVF to achieve pregnancy; rates of pregnancy and live
birth rates with cryopreserved oocytes or embryos decline with
older patient age (Figure, B).

Conclusions

Ovarian agingis animportant cause of infertility in women older than
35 years. Primary care clinicians (including obstetricians and gyne-
cologists) should inform patients interested in pregnancy about the
biology of ovarian aging so they can make informed choices about
balancing family, education, and worl to help reduce the incidence
of unintended childlessness.
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