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ABSTRACT
Purpose: The purpose of this systematic review is to identify the prevalence of infertility among women with post-graduate
education and the factors that contribute to infertility in female physicians including specialty/training, professional
environment on fertility, and utilization of assisted reproductive technologies to conceive in comparison to the general female
population.

Methods: By searching PubMed and EMBASE, we performed an extensive literature search to examine the prevalence of
infertility in women with post-graduate education.

Results: Six papers were eligible for the study. In comparison to the general population, American female physicians are more
likely to delay childbearing and experience more pregnancy complications. On average, female physicians' age at first attempt
of conception was 30.6. It was found that female physicians, in particular surgeons, utilize assisted reproductive techniques
more frequently than the general population. Female physicians also experience professional stressors including increased
workload, shift work, variability in length of maternity leave, and perceived animosity towards pregnancy from other colleagues
which may contribute further to fertility issues and pregnancy complications.

Conclusion: Female physician infertility is multifaceted, with the primary reason for delaying first attempt at conception being
length of training. Stress from increased workloads and demands, shift work affecting hormones, and perceived stigmas of
pregnancy and maternity leave during residency training impact fertility. By creating flexible workplace policies for parental
leave and addressing the biased culture against childbearing in the medical system, we may begin to see a reduction in
guilt/anxiety by female physicians and alleviate the tension among all physician colleagues.
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BACKGROUND that female physicians encounter. The health of physicians
themselves are overlooked because they are experts, themselves,
towards their patients for family planning, conceiving, and
delivering [4].

With the increase of women in post-graduate education, more
women face challenges with family planning and fertility due to the
high demands of extensive schooling and training. Pursuit of
advanced degrees has been linked to unintended childlessness [1]. ~ Corresponding author: Angela Ho, Touro College of Osteopathic
Nearly 85% of female physicians want to start families of their own; Zﬁf)(;l(%lslteu deri\t/[tlgﬁzt(e)g;n’ NY, USA, Tel: 714-504-3496; E-mail
however, many women in post-graduate education delay T
childbearing, which risks their fecundity as fertility declines with ~ Citation: Ho A, Vo J, Goebel K, Chaudhry N, Barton L, et al. (2022)
increasing age [2]. Around the age of 30, the rate of fertiity  criiy i US Female Physicians A Systemate Review. Arch
decreases and higher risk of complications with maternal and fetal et Gynecol Reprod Med, 3(): 152-160.
health during pregnancy arise past the age of 3 5[3]. During the most Copyright: ©2022 Ho A,_ Vq J, Goebel K, Chaudhry N, Bartoq L, et al. This
. : . . .. is an open-access article distributed under the terms of the Creative Commons
prox1mal age perlod for Chﬂdbeanng’ female physmans are usually Attribution License, which permits unrestricted use, distribution, and
in the middle of their medical training. Although attention has been reproduction in any medium, provided the original author and source are
given to the reproductive health of women overall, there has been ~ credited.
minimal attention to address the prevalence of reproductive struggles
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However, the perceived knowledge and experiences that female
physicians have for themselves has not been assessed thoroughly.

Women have become increasingly involved in medicine and consist
of more than half the population in medical school [5]. Female
physicians have experienced a higher rate of infertility compared to
the U.S. average of women in other post-graduate studies. The
infertility rate is more than twice as high as 24.1% compared to
10.9% [6]. Female physicians experience impaired fertility because
of contributing factors such as lack of support from residency
programs and flexible workplace accommodations during pregnancy,
for maternity leave, and for childcare support [7]. There are also
negative attitudes towards women being pregnant during residency
training and stronger stigmas against women in more male
dominated specialties [8].

By delaying pregnancy, female physicians are confronted with the
difficult decisions to consider using assisted reproductive techniques
(ART) such as in vitro fertilization (IVF). Further clarification will
be established by investigating the individual experiences and trends
of women in male dominated, procedural, non-procedural, and
surgical specialties. Our goal is to educate female physicians on the
repercussions of delaying childbearing and to encourage training
programs to provide support for residents and fellows aiming to
conceive, accommodate reasonable maternity leaves and dedicate
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lactational space for pumping. Therefore, we aim to identify,
evaluate, and summarize the findings of studies encompassing the
reproductive challenges that U.S. female physicians are met with to
bring more awareness towards physician infertility.

METHODS

This study was conducted as a systematic review utilizing PubMed
and EMBASE databases. The search terms were: female infertility,
lawyer infertility, physician infertility, higher education infertility,
and post-graduate infertility.

These keywords were used to search for articles published after 2000
whose full-text were available in English.

Seven authors independently screened the titles and abstracts.
Abstracts from selected articles were carefully screened according to
the inclusion criteria listed in Table 1. Articles that contained
information about prevalence of infertility, experienced fertility
complications and reasons for delaying child bearing among women
with post-graduate education was included in the study. The quality
of our systematic review was assessed by the AMSTAR checklist
[9]. In this study, six articles were accepted for further screening and
met all our inclusion criteria. Figure 1 shows article selection
sequence. Article selection and elimination is displayed in Table 1.

Identification of studies via databases and registers
T,
c
)
§ Records identified from PubMed Duplicate records removed
[ & EMBASE: > (n=1384)
T (n=3213)
)
=
—
:
Records screened » Title not met (n = 1775)
(n=1829) Abstract not met (n = 24)
A4
Reports sought for retrieval Reports not retrieved
= (n=30) ' (n=2)
=
8
9 A4
(7]
Reports assessed for eligibility
_ E—
(n=28)
Full-text article excluded:
(n=22)
e
v
Studies included in review
(n=6)

Figure 1. PRISMA flow chart of literature search [10].
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Table 1. Criteria for selection and quality of articles.

Inclusion Criteria

e Study population must be females with post-graduate education including professional degrees (e.g., physicians,
dentists, pharmacists, nurse practitioners, doctorate degrees (Ph.D.) in life sciences).
e Study population participated in post-graduate training for a minimum of 4 years.
e Studies must be conducted in the US.
o  Studies must be published after 2000.
e Study-type included are the following: cross-sectional studies, retrospective, prospective, case-control.
e Studies that specify infertility as “difficulty or concerns with fertility”.

Exclusion Criteria

e Exclude study populations that include Masters degrees, physician assistants, engineers, lawyers, doctorate (Ph.D.) in
humanities, optometry, occupational therapy, physical therapy.
e Exclude non-peer reviewed literature.
e Exclude systematic reviews.
e Exclude opinion articles and editorials.
e Exclude studies that do not specify clinical diagnosis of infertility.

RESULTS

Of'the 3,213 articles identified, 1,384 were removed as duplicates, and
1,829 were screened. Of these, 1,799 were excluded based on title and
abstract review, and 30 were sought for full-text retrieval, with two
reports unable to be acquired. 22 failed to meet inclusion criteria.
Ultimately, 6 articles were selected. All 6 studies are cross-sectional
studies that surveyed US female physicians in various specialties noted
in Table 2.

STUDY AIMS AND DESIGN

All of the studies’ goals were to report problems that female physicians
experienced in regards to fertility trends. They assessed characteristics
that may affect decisions in delaying childbearing. Two of the studies
compared the rate of infertility to the CDC’s National Survey for
Family Growth (NSFG). One study compared proceduralists to non-
proceduralists and another study compared the experiences of
urologists who graduated before 2007 to those who graduated after
2007. Surveys were distributed through email or social media in all of
the studies and included items such as demographics, fertility history,
pregnancy complications, and attitudes towards work.

STUDY OUTCOMES

Infertility Rates, Causes, and Delayed Childbearing in Female
Physicians

From the studies that compared physician infertility to the national
average, Phillips [3] and Parsons [6] female physicians have their first
pregnancies later and experience more complications. Phillips [3]
reported that 32% of 784 female physicians, who attempted to be
pregnant had difficulty with fertility. In contrast, only 10.9 % of the
U.S. population had difficulty with fertility. In the cases of women

who expressed difficulty with fertility, 33% of them had an
unexplainable cause [6]. The remaining causes included anovulation,
advanced maternal age or premature ovarian failure, polycystic
ovarian syndrome (PCOS), endometriosis, recurrent miscarriages,
uterine abnormalities, tubal factor, hyperprolactinemia, ovarian
cancer, male infertility factor, low progesterone, and becoming
pregnant at the time of workup [3]. Similarly, Parsons [6] reported
female emergency physicians aged 35-39 had an impaired fertility rate
of 28.1% compared to the NSFG rate of 15.2%. Additionally,
physicians aged 40-44 also presented with a significant difference in
impaired fertility rate of 33.7% to 16.2%. The average age of first
pregnancy among female physicians is noted in Table 3.

Stentz [4] reported 24.1% of the participants who tried to conceive
were diagnosed with infertility at the average age of 33.7 years.
Unfortunately, 21.7% of those physicians were ultimately unable to
conceive. The causes of diagnosed infertility are similar to causes
presented in Phillips’ study. 29.3% of infertility cases were due to age
or diminished ovarian reserve, 29.3% because of ovulatory dysfunction,
and 17.2% to male factor infertility [4]. Even though these physicians
did start childbearing at a later age, 43.1% expressed that they were
shocked and surprised by their infertility diagnoses [4]. When asked to
reflect on if they would make any changes through this fertility
process, an overwhelming 56.8% stated that they would not do
anything different [4]. However, 28.6% stated that they would have
tried to start conceiving at an earlier age. Similarly, Martin et al.
reported the average age of childbirth was 30.7 years for OBGYNs
[11]. For those who had been diagnosed with infertility, the causes
were similar to those of other studies [11]. 73% of the participants
stated that they intentionally delayed childbearing and 65% stated it
was due to their career [11].
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Table 2. Characteristics of studies reporting infertility among female physicians in the US.

N Average .
Author Publication Stu.dy Respogse Age of Sal.nple Medical Specialty Qua!lty
Year Design Rate % g Size Rating
Physicians
Martin 2019 Crgss— 758 37 204 Obstetrics & 4
[11] sectional Gynecology
Cross- Not Emergency
e (6] 2 sectional reported D 2ol Medicine .
General Surgery,
Gynecology,
Neurosurgery,
Ophthalmology,
Phillips [3] 2014 Cross- Not Not 1,021 Orthopedics, 4
sectional reported reported
Otolaryngology,
Plastic surgery,
Podiatry, and
Urology
Procedural
(including all
surgical
Cross- Not Not specialties,
sonlly 7] 2T sectional reported reported o0k anesthesiologists, 4
gastroenterologists,
and OB/GYNs),
non-procedural
Obstetrics &
Gynecology,
Pediatrics, Family
Medicine,
Cross- .
Stentz [4] 2016 . 54.5 43.1 600 Radiology, 4
sectional .
Anesthesiology,
Emergency
Medicine,
Pathology, Surgery
50.2
(graduated
residency
Cross- before
Scott [8] 2020 . 67 8/2007) 183 Urology 4
sectional
38.3
(graduated
after
8/2007)
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Table 3. Summary of quantitative studies investigating the prevalence of infertility among female physicians in US.

Prevalence of Mean Age of First .
Snthey Infertility (%) Childbirth Primary Results
- The average age of first childbirth
Martin [11] 132 30.7 among OBGYNs was 4 years higher
than the general population
- Female emergency physicians have
higher rates of infertility than the
general population.
LTS (6] 2 INJoi 05 - Infertility is more prevalent in female
physicians with higher clinical
workload and more night shifts.
- Female physicians specializing in
o otolaryngology, general surgery and
AL [ = 2 orthopedics had the highest rates of
infertility.
20.2 (non- 31-35 (non- - Rates of A}tgeutfs(()i 1gsr (:lrgélar between
Scully [7] proceduralists) proceduralists) . .
23.3 (proceduralists) 31-35 (proceduralists) - messimEls e My focety
pregnancy
Stentz [4] 24.1 30.4 - Many fem?rll‘ffeﬂthi’lyist‘yc‘ans e
- Female urologists had their first
childbirth 6 to 7 years later than the
27.6 (women who US mean.
graduated before 2007) - Infertility among female urologists is
Scott [8] 29 (women who NCAGRILE greater than 2 times the general US
graduated after 2007) population.

- Female urologists are more likely to
utilize ART to conceive.

a: Participants who reported use of fertility treatments were assumed to have been diagnosed with infertility

ART Use Among Female Physicians

Types of assisted reproductive technology (ART) used were discussed
in three studies: Phillips [3], Scully [7], and Martin [11], Phillips [3]
reported female surgeons use ART more than the U.S. general
population [3]. Of the 784 women who reported attempting to achieve
pregnancy, 84% underwent formal fertility workup [3]. 32% reported
having difficulty with fertility [3]. Of that 32%, 76% used ART. The
most commonly used types of ART were clomiphene (25%) and [IVF
(21.6%) [3]. Other techniques used included a combination of
intracytoplasmic sperm injection (ICSI) and intrauterine insemination
(TU), injections and ICSI, injections, clomiphene and [UI, donor egg,
donor sperm, or not specified [3]. The study found that overall, 23%
of female surgeons use ART while the national average use is 5.2%
[3]. Individuals using ART reported an increase in the average age of
first pregnancy to 35.4 years [3]. As fertility issues and higher risk of
complications increase with age, the study determined that the rate of
congenital defects in the cohort was higher than, though similar to, the
U.S. average; 4.5% as compared to 3.3% [3]. Although the types of
ART used were not specified in Parsons [6] the trend of higher use of
ART in female emergency physicians compared to the national
average was supported. Female emergency physicians’ usage rate of
ART was 15.4% while the U.S. rate was 12% [6]. Scully et al.
determined there was no significant difference in the rate of ART used

nor the frequency of types of ART used between proceduralists and
non-proceduralists. 20.2% of non-proceduralists and 23.3% of
proceduralists used ART [7]. Both groups used IVF most commonly,
with 39.4% in the non-proceduralist group and 40% in the
proceduralist group reporting use [7]. The use of clomiphene or its
equivalent was 23.4% and 27.6%, respectively. IUI was used by
21.2% and 19.1% of the individuals in each group respectively [7]. Of
the OBGYNs in Martin’s study, 13% reported using at least one
fertility treatment: 9% used clomiphene or other controlled ovarian
stimulation such as letrozole, or injectable gonadotropins. 6% used
UL, 5% used IVF, 2% used oocyte or embryo freezing, 2% used a
donor sperm, and 6% did not specify [11].

Additionally, Martin [11] reported that 68% OBGYNs in Georgia
who have not finished childbearing worried about infertility and 29%
have considered oocyte or embryo cryopreservation. Similarly, Stentz
[4] reported that for the 60% of those who were diagnosed with
infertility, 16.7% of them would have used cryopreservation in their
fertility experience. For those who did not have children, 17.9% of
them reflected that they would have used cryopreservation to extend
fertility [4].

Impact of Specialty and Workplace Conditions on Pregnancy/
Infertility
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Specialty could be considered as a factor in higher rates of impaired
fertility, as 17.1% of participants in Stentz’s study reported that they
would consider going into a different specialty when asked about what
they would change about their pregnancy experience [4]. Scully [7]
determined that proceduralists were more likely than non-
proceduralists to delay pregnancy. There was no significant difference
determined in reported time to conception or pregnancy-related
complications among proceduralists and on-proceduralists [7]. There
was also no difference in the amount of missed work due to pregnancy
complications that did not include matemity leave [7].

Workplace attitudes and accommodations during pregnancy during
residency affect the decision of delaying childbearing and are
contributing factors to these physicians' worries. It was reported in
Martin’s study that only 35% of the participants who delivered during
residency were able to exclusively breastfeed for more than 6 months
[11]. Residents also experienced more postpartum depression than
non-residents, 26% compared to 16%. More residents also had less
than 6 weeks of maternity leave than non-residents, 53% compared to
29% [11]. In Parsons’ study, female emergency physicians also stated
that their career and workload was a large factor in delaying
childbearing. Of these physicians, those who reported impaired
fertility worked on average 9.8 more hours per month and had 4.5
more-night shifts per month than those who did not report impaired
fertility [6]. Scott [8] compared infertility rates between female
urologists who graduated residency before and after 2007, which were
27.6% and 29% respectively. In 23% of all pregnancies at least one
complication was reported [8]. Although 76% of both groups of
female urologists noted that they were holistically satisfied with their
pregnancy experience, it is important to note that the study found that
overall satisfaction with pregnancy experience was not correlated to
average hours worked nor the average number of days per week on
call, nor was it associated with the physician’s stage in training [§].
Only 48% of both groups of urologists were satisfied with maternity
leave duration, which was reported as being less than 7 weeks for 70%
of participants [8]. 71% of female urologists who graduated before
2007 and 68% of those who graduated after expressed that their career
highly affected and took over their personal lives [8].

DISCUSSION

There is an unprecedented level of physician burnout across multiple
medical specialties [ 12]. Given the demands of medical training, many
American female physicians face barriers regarding family planning
and fertility, and 68% have concems about infertility [11].

Infertility and ART use trends among female physicians

All six studies included in this review reported higher incidences of
infertility among American female physicians. Emergency medicine
physicians ages 35-44 had significant increases in impaired fecundity
compared to the NSFG general population [6]. The average age of the
first childbirth among female physicians was higher than that of the
general US population: OBGYNs 4 years later, female surgeons later
in life, and American female physicians 74 years later [3,4,11].
Proceduralists were slightly older at the time of their first pregnancy in
comparison to non-proceduralists [7]. The pattern of female
physicians having children at a later age and having impaired fertility
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persists even in studies that did not compare statistics to the national
average. As the average age of graduation from medical school is 27.5
years and from residency is 31.6 years, it is expected that childbearing
is delayed. The average age for first attempt of conception for these
physicians was 30.6 years [4].

An increase in the use of ART was also found among urologists [13].
Surgeons were found to have fewer children (1.4 vs 2.6 children),
higher incidence of infertility and higher use of ART (17% vs. 5.2%)
when compared to the general US population [3,7]. Possible reasons
for higher use of ART among surgeons are higher socioeconomic
status, contacts with high-risk obstetricians and reproductive
specialists, and better access to hospital treatment in comparison to
other industries [14]. In addition, 34 years was the average age at the
time of oocyte/embryo cryopreservation [11]. Stentz [4] reports 7% of
female physicians wished they used ART. It can be postulated that
female physicians starting families at later ages will lead to more
widespread use of cryopreservation in the future.

Factors that contribute to infertility among female physicians

Career or education was the main reason for delaying childbirth
among female physicians [8]. 73% of OBGYN physicians purposely
delayed pregnancy due to educational, career, or financial reasons
[11]. There are perceived threats to their careers and female resident
physicians were less likely to marry and have children than their male
counterparts [3,15]. Other studies have reported this population
wanting to have children after the age of 30 [16]. Physical and
psychological stress can affect pregnancy rates. Barzilai-Pesach and
colleagues reported those who perceived their job as more demanding
were less likely to conceive [17]. Further, pregnant physicians, mainly
resident physicians, have higher workload and longer work hours,
leading to physical and emotional stressors [3]. One proposed
mechanism of infertility is a stress-exerted effect on the sympathetic
medullary pathway leading to a reduction in conception probability
[18].

One study reported an association between the number of night shifts
and impaired fecundity. Female emergency medicine physicians who
worked 11% more total clinical hours per month and 13% more-night
clinical hours reported more occurrences of infertility. The proposed
causal mechanism is that night shifts affect circadian rhythms which
also alter hormonal concentrations and decrease oocyte maturation [6)].
Further, minimizing variations in shift work may decrease the impact
on female fertility.

Pregnancy complications in female physicians

Pregnancy complications among female physicians is multifactorial.
Intentional delays in pregnancy increase age at time of conception as
well as incidences of miscarriage and other adverse pregnancy
outcomes. Reported pregnancy complications were significantly
higher in proceduralists (82%) with some requiring bed rest
postpartum [7]. 23% of female urologists and 30% of surgeons
reported adverse pregnancy events [8,19]. The demands of residency
training can conflict with the physical and psychological needs of
pregnant women and increase the risk for complications (i.e., stressful
work, excessive standing during the day, physically demanding work
and night shifts [20,21]. Pregnancy complications such as preterm
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labor, gestational hypertension, placental abruption, intrauterine
growth restriction, and preeclampsia were reported among female
physicians, with preterm labor and preeclampsia being more prevalent
in this population than the general US population [22,23]. Advanced
maternal age is likely to contribute to these higher rates of pregnancy
complications among female physicians.

It is possible that resident schedules and program cultures can
contribute to higher depression rates, which has been linked to poor
patient outcomes [24]. Programs can consider improving work
environments that minimize risks to reproductive health.

Infertility education and maternity leave among female resident
physicians

Approximately 5 of OBGYN trainees overestimated the age of
fertility declination, nonfertility specialists are not aware of the rapid
fertility declination, and many residents do not understand the
limitations of ART and overestimate its success [4,25]. It is essential
for women at all stages in their medical training to be aware of the risks
of infertility. Educating female medical trainees about childbearing
challenges and infertility early in their medical career can encourage
more informed family planning.

Additionally, options for matemnity leave vary by residency program
and have changed over time, with some requiring extension of
residency training. New resident mothers were more likely to take less
than 6 weeks maternity leave compared to nonresident mothers [11].
Most female urologists were not satisfied with the duration of their
maternity leave and those who took more than 8 weeks off reported a
more positive experience [§].

Residents may have to pick up additional call shifts, have “make-up
time,” or extend training post maternity leave [25,26]. Because of this,
residents may choose to take shorter leaves to avoid missing cases or
learning opportunities. Longer materity leaves are associated with
decreased infant morbidity, mortality, and overall better maternal
mental health [27]. The implementation of new policies that allow
more schedule flexibility has the potential to allow women to more
effectively heal postpartum and care for their newboms.

Current state of parental leave in residency programs

Stigma surrounding pregnancy and maternity persists in medicine
[28]. Significant concerns about workplace support of pregnancy
during training have been reported among female physicians [4].
Residency programs are restricted in the parental leaves that can be
offered to trainees due to required adherence of board and institutional
policies in place to ensure adequate residency training. In the absence
of policies surrounding leave and coverage, there is a necessity of
relying on partners that can cause additional stress outside of work life.
Itis important that policies are established to promote resident wellness
and support without placing burdens on other colleagues. These
policies could alleviate the guilt pregnant physicians experience for
taking leave to care for their newborns, as well as avoid any discontent
harbored by colleagues who cover their shifts. One possible solution
would be increasing shifts of fellows or mid-level practitioners or
hiring temporary staff. Though conflicts among colleagues in regards
to co-physicians’ pregnancies have improved since initial policies, it is
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important that we continue to provide support in an already
underserved profession with a growing and aging population [29].
Scott and colleagues reported that none of the American Board of
Medical Specialties organizations have a matemity or parenting leave
policy [8]. However, full salary for pregnancy leave was on average
8.6 weeks for faculty members among 12 of the reviewed medical
schools [30]. Many residency programs allow an average of 6 weeks
leave in 1 year for any need [31]. To facilitate maternal and paternal
leaves, another possible solution is alternative training schedules to
address coverage issues.

Potential postponement of menopause

With the depletion of ovarian reserves beginning at 35 years of age,
female physicians may be able to postpone menopause through
ovarian cryopreservation [32-34]. 29% of OBGYNs have considered
cryopreservation, with the average age of the participant at the time
oocyte cryopreservation being 34 years of age [11]. Many female
physicians wished they had used cryopreservation earlier in their
medical training career [4]. Ovarian tissue cryopreservation may be an
option for young female physicians to extend their fertility [34].
However, this solution has an associated high cost of not only the
procedure but also the subsequent monthly cryopreservation storage
costs of the harvested oocytes/embryos. With the growing costs
associated with attending and completing medical school leaving
many U.S. physicians in debt, as well as the minimum-wage pay they
receive during residency, use of cryopreservation may further
exacerbate financial hardships for female physicians. Financial
support for the use of ART, such as cryopreservation, provided by
training programs can be beneficial for female physicians looking to
preserve their fertility as well as to programs who are unable or
unwilling to provide comprehensive maternity leave to their female
residents.

CONCLUSION

It is evident that infertility, use of ART, and pregnancy complications
are more prevalent among American female physicians than the
general population due to multiple factors (i.e., stress, work load,
advanced age). Pregnancy, childbirth, and work-life balance are major
issues among female physicians that require additional and continuous
support from the profession. Creating sustainable and flexible
workplace policies for parental leave, and recognizing the personal
significance and reward of childbearing, within the physician medical
culture can reduce guilt and anxiety experienced by female physicians
and reduce tension among all resident colleagues. These modifications
will promote a healthier, more sustainable, and more productive
medical team.
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