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IMPORTANCE While surgeons often delay pregnancy and childbearing because of training and Supplemental content
establishing early careers, little is known about risks of infertility and pregnancy
complications among female surgeons.

OBJECTIVE To describe the incidence of infertility and pregnancy complications among female
surgeons in the US and to identify workplace factors associated with increased risk compared
with a sociodemographically similar nonsurgeon population.

DESIGN, SETTING, AND PARTICIPANTS This self-administered survey questionnaire was
electronically distributed and collected from November 2020 to January 2021 through
multiple surgical societies in the US and social media among male and female attending and
resident surgeons with children. Nonchildbearing surgeons were asked to answer questions
regarding the pregnancies of their nonsurgeon partners as applicable.

EXPOSURES Surgical profession; work, operative, and overnight call schedules.

MAIN OUTCOMES AND MEASURES Descriptive data on pregnancy loss were collected for
female surgeons. Use of assisted reproductive technology was compared between male and
female surgeons. Pregnancy and neonatal complications were compared between female
surgeons and female nonsurgeon partners of surgeons.

RESULTS A total of 850 surgeons (692 women and 158 men) were included in this survey
study. Female surgeons with female partners were excluded because of lack of clarity about
who carried the pregnancy. Because the included nonchildbearing population was therefore
made up of male individuals with female partners, this group is referred to throughout the
study as male surgeons. The median (IQR) age was 40 (36-45) years. Of 692 female surgeons
surveyed, 290 (42.0%) had a pregnancy loss, more than twice the rate of the general
population. Compared with male surgeons, female surgeons had fewer children (mean [SD],
1.8 [0.8] vs 2.3 [11]; P < .001), were more likely to delay having children because of surgical
training (450 of 692 [65.0%] vs 69 of 158 [43.7%]; P < .001), and were more likely to use
assisted reproductive technology (172 of 692 [24.9%)] vs 27 of 158 [17.1%]; P = .04).
Compared with female nonsurgeon partners, female surgeons were more likely to have major
pregnancy complications (311 of 692 [48.3%)] vs 43 of 158 [27.2%]; P < .001), which was
significant after controlling for age, work hours, in vitro fertilization use, and multiple
gestation (odds ratio [OR], 1.72; 95% Cl, 1.11-2.66). Female surgeons operating 12 or more
hours per week during the last trimester of pregnancy were at higher risk of major pregnancy
complications compared with those operating less than 12 hours per week (OR, 1.57; 95% Cl,
1.08-2.26). Compared with female nonsurgeon partners, female surgeons were more likely to
have musculoskeletal disorders (255 of 692 [36.9%] vs 29 of 158 [18.4%]; P < .001),
nonelective cesarean delivery (170 of 692 [25.5%] vs 24 of 158 [15.3%); P = .01), and
postpartum depression (77 of 692 [11.1%] vs 9 of 158 [5.7%]; P = .04).

CONCLUSIONS AND RELEVANCE This national survey study highlighted increased medical risks
of infertility and pregnancy complications among female surgeons. With an increasing
percentage of women representing the surgical workforce, changing surgical culture to Author Affiliations: Author _
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women are entering the surgical profession in greater

numbers, making up 38% of residents? and 21% of prac-
ticing surgeons in the US.? Despite increasing numbers, fe-
male surgeons continue to face challenges in reconciling work
and family demands, particularly early in their careers. Among
US surgical residents, national surveys describe pregnancy-
related stigma, unmodified work schedules during preg-
nancy, inconsistent and brief maternity leave options of usu-
ally 6 weeks or shorter, and little support for childcare and
lactation needs after delivery.®-* As a result, most female sur-
geons postpone starting a family until after training.*” This
timeline coincides with acquiring the diagnosis of advanced
maternal age at age 35 years, when the risks of infertility and
adverse pregnancy outcomes rise sharply.® Compared with
their male counterparts, female surgeons are more likely to be
childless® but little is known about the risks of infertility and
pregnancy complications for female surgeons.

Although prior studies report increased risk of infertility
and adverse pregnancy outcomes for physicians, the results
are difficult to extrapolate to surgeons, as they do not ac-
count for the duration, intensity, and physical nature of sur-
gical training and practice.'®" The goal of this study is to as-
sess the risk of infertility and pregnancy complications in US
female surgeons compared with sociodemographically simi-
lar female nonsurgeons, to identify workplace factors that may
contribute to increased risk of complications, and to identify
areas with the greatest potential for improvement.

ﬂ s medical school graduate rates approach sex parity,’

Methods

Survey Development

An electronic survey was developed using a cognitive testing
approach. Focus groups of male and female faculty and resi-
dent surgeons were held at 2 academic teaching hospitals using
open-ended scripted questions to solicit views on infertility,
barriers to early childbearing, and pregnancy complications.
Additional topics were identified through MEDLINE searches
combining the keywords pregnancy, childbearing, infertility,
assisted reproduction, obstetric outcomes, and pregnancy com-
plications in any specialty. Questions were developed with con-
tent expertise from a maternal-fetal medicine specialist (S.R.E.)
and validated by collaborators with expertise in qualitative and
survey research (E.L.R., M.C-A., Y-Y.H.). The survey instru-
ment was tested with male and female surgeons from mul-
tiple institutions and iteratively revised. Participation was vol-
untary and uncompensated, and completion of the survey was
considered implied consent. The survey was approved by the
Massachusetts General Brigham institutional review board.
All data were deidentified.

Survey Content

The survey (eMethods in the Supplement) collected demo-
graphic characteristics, practice information, and work hours.
To better understand the impact of race and ethnicity on fer-
tility and pregnancy and neonatal outcomes, participants were
asked to report their race and ethnicity using categories
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Key Points !
Question Are female surgeons at increased risk of infertility and
pregnancy complications?

Findings In this national survey study of 850 US surgeons, female
surgeons were more likely to delay pregnancy because of training,
use assisted reproductive technology. and experience pregnancy
complications compared with the female partners of their
nonchildbearing colleagues. Surgeons operating more than 12
hours perweek during pregnancy also had increased risk of
pregnancy complications.

Meaning Female surgeons may be at increased risk of infertility
and pregnancy complications; changing surgical culture and
enacting policies that support pregnancy may reduce risk of
adverse obstetric outcomes.

defined by the US Office of Civil Rights,'? with options to se-
lect multiple categories or to self-report. Personal family goals
were assessed by asking participants how many children they
had, whether they delayed having children because of train-
ing, and if they had the number of children they wanted. Evalu-
ation for and use of assisted reproductive technology (ART),
including intrauterine insemination, in vitro fertilization (IVF),
and embryo freezing, were assessed.

Factors associated with adverse pregnancy outcomes, in-
cluding maternal age, work hours, use of IVF, and multiple ges-
tation, were assessed. IVF was selected over other forms of ART
because of its association with pregnancy complications re-
lated to placental dysfunction.’® Childbearing surgeons an-
swered additional questions regarding call schedules and time
spent in the operating room during pregnancy.

The survey explored a range of antepartum, intrapartum,
and postpartum complications with associated neonatal out-
comes. Complications were grouped into 4 categories based
on biologic plausibility and potential impact on the patient and
health care system. Major pregnancy complications were de-
fined as those with a need for increased surveillance, with a
known association with preterm birth, and for which placen-
tal dysfunction is an underlying etiology. Minor pregnancy
complications, including musculoskeletal disorders, were de-
fined as non-life-threatening conditions that may have been
affected by the physical demands of a surgeon’s work and may
have a lasting impact on future health and professional lon-
gevity, Intrapartum and postpartum complications were
grouped together, given events of labor and delivery may be
associated with postpartum complications, including mood
disorders.'*'® Neonatal complications captured the most se-
rious complications of preterm delivery and unanticipated
complications that may occur at term.

Survey Distribution

Survey links were distributed via 7479 emails and approxi-
mately 72 000 newsletters from surgical societies between No-
vember 2020 and February 2021 to members of the Associa-
tion of Women Surgeons, Association for Academic Surgery,
Society of Asian Academic Surgeons, Society of Black
Academic Surgeons, Women in Thoracic Surgery, American
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College of Surgeons, American College of Surgeons Young
Fellows Association, and through targeted social media plat-
forms (a Facebook group of 2700 surgeon mothers and Twit-
ter). The survey was available online for 12 weeks.

Study Participants

Male and female surgeons and surgical trainees in the US were
invited to participate. Nonchildbearing surgeons were asked
to answer questions regarding their partners’ pregnancies (re-
ferred to as female nonsurgeon partners in this study). These
women served as a sociodemographically similar control group
for pregnancy outcomes because couples with at least 1 sur-
geon partner share similarities beyond socioeconomic status
that carry implications for the timing of childbearing, family
planning decisions, and access to ART. Despite a strong medi-
cal knowledge base and easy access to health care, surgeons
often postpone starting a family and take little time off for child-
bearing. Long, irregular work hours, prolonged training with
little financial compensation during residency, and a profes-
sional identity that traditionally minimizes personal life
responsibilities'” may contribute to differences in family plan-
ning compared with other educated groups.®'®'° Surgeons who
had never attempted pregnancy, male surgeons with female
surgeon partners, and female surgeons in same-sex relation-
ships in which the gestational carrier could not be ascer-
tained were excluded.

Statistical Analysis

Hypertensive disorders of pregnancy are a considerable con-
tributor to morbidity and cost, and are associated with many
complications explored in this survey.2° To calculate sample
size, the risk of hypertensive disorders of pregnancy in fe-
male nonsurgeon partners was estimated to be 7.2% based on
the risk in the general population in the US Centers for
Disease Control and Prevention natality files.?! To detect a dif-
ference of 8% among primiparous female surgeons, a sample
size of 794 respondents was required to achieve 80% power.
A 2-sided z test with pooled variance was used as the test
statistic.

To account for differences in factors associated with ad-
verse pregnancy outcomes among nulliparous vs multipa-
rous wormen, pregnancies resulting in a first live birth were used
for comparison between groups. A x*analysis was used for cat-
egorical variables and t test for continuous variables. Univari-
ate and multivariate logistic regression were used to deter-
mine factors associated with having a major pregnancy
complication. Variables with a P value less than orequalto .20
were included in multivariate models, and multicollinearity
was evaluated using the variance inflation factor. Signifi-
cance was set at P < .05. Data were analyzed using Stata ver-
sion 14.0 (StataCorp).

R I TRl
Results

Atotal of 1175 surveys were completed, and 850 respondents
were included in the final analysis (Figure). The median (IQR)
age was 40 (36-45) years, and 692 respondents (81.4%) were

jamasurgery.com

Original Investigation Research

Figure. Survey Participants and Exclusion Criteria

| 326 Excluded !
{ 289 Never had children or
pregnancies
11 No biologic children
26 Male surgeon partnered
with a female surgeon

856 Participants

5 Female surgeons with female
partners; gestational carrier.
could not be determined

¥

851 Participants

o[ 1Didnotidentifysex

R LA Comparison
158 Female nonsurgeon e SO

692 Female surgeons

Numbers do not add up due to the intersection of some of the exclusion criteria.

female. After exclusions, the control group only included child-
bearing partners of male surgeons. Therefore nonchildbear-
ing surgeons are referred to as male surgeons throughout the
study. Of the 692 female surgeons included, 1266 live-birth
pregnancies were reported, and 158 male surgeons reported
366 live-birth pregnancies in their female nonsurgeon part-
ners.

Survey response rate could not be calculated, as 61.2% of
respondents accessed the survey through social media or per-
sonal communication. Additionally, the number of society-
distributed links considerably overestimates the number of po-
tential respondents, as many surgeons are members of multiple
societies. Among societies with metrics for email click rates,
there were 250 respondents and 533 clicks (46.9%). Com-
pared with male surgeons, female surgeons had fewer bio-
logic children (mean [SD], 1.8 [0.8] vs 2.3 [1.1]; P < .001), were
more likely to delay having children because of surgical train-
ing (450 of 692 [65.0%] vs 69 0f 158 [43.7%]; P < .001), and were
more likely to use ART (172 of 692 [24.9%] vs 27 of 158 [17.1%];
P = .04) (Table 1). Compared with female nonsurgeon part-
ners, female surgeons were older at first birth (median [IQR]
age, 33[31-36] years vs 31[29-34] years; P < .001) and were more
likely to work more than 60 hours a week during pregnancy
(14 of 158 [56.6%] vs 380 of 692 [10.0%]; P < .001). Among
women who reported pregnancy complications, surgeons were
less likely to take time off for bed rest (115 of 692 [22.1%)] vs 30
0f158 [36.1%]; P = .005). Only 111 female surgeons (16.5%) re-
duced their work schedules during pregnancy ata mean (SD)
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Table 1. Characteristics of Female Surgeons vs Male Surgeons and

Obstetric Factors Among Female Nonsurgeons vs Female Surgeons

No. (%)
Male Female
surgeans surgeons P
Characteristic (n=158) (n=692) value
Sociodemographic characteristics of female surgeons
and male surgeons {n = 850)
Relationship status
Single, never married ' 0 4'(0.5')
Married or domestic pa:trsershtp' 153 (96.8) 661 (95.5) 59
Significant other 0 6(0.9)
Widowed, divorced, or éepar_at'ed 5(3.2) 21(3.0)
and single
Partner pccupation
Physician 51(33.3) 88(13.2)
Surgeon NA® 118(17.2) <.001
Other 63 (41.2) 389(58.3)
Unemployed 39(25.5) 71(10.6)
Race or ethnicity® .
White 117 (74.1) 540 (78.0) .28
African American/Black 5(3.2) 38(5.5) 23
Asian 25(15.8) 109 (15.8) .98
Native Hawaiian/Pacific Islander 1 (0.6) 1(0.1) .25
Native American 2(1.3) 0 003
Hispanic/Latinx 8(5.1) 24(3.5) .34
Other® 4(2.5) 9(1.3) .26
Age, median (IQR), y 45(38-52) 39 (36-44) <.001
Time since residency, 13(5-18) 7(4-12) <.001
median (IOR), y
Delayed having children 69 (43.7) 450 (65.0) <.001
because of surgical training
No. of biologic children
1 37(234) 247 (35.7)
2 61(386) 33000
23 60(38.0) 106 (15.3)
Used ART® 27(17.1) 172 (24.9) .04
Title
Instructor 4(2.5) 19(2.8)
Assistant professor 42 (26.6) 224 (32.4)
Associate professor 31(19.6) 85(12.3)
Full professor 36(228)  30(4.3) F00)
Practicing surgeon in 19{12.0) 209 (30.2)
nonacademic setting
Fellow 9(5.7) 46 (6.7)
Resident 17 (10.8) 79 (11.4)
(continued)

of 28.6 (9.3) weeks’ gestation (Table 1). Moreover, 380 of 692
(56.6%) worked more than 60 hours per week and 248 of 671
(37.0%) took more than 6 overnight calls per month during
pregnancy. Among female surgeons, 90 (42.0%) experienced
apregnancy loss; among these, 244 (84.4%) had a loss at less
than 10 weeks’ gestation, 92 (31.8%) had a loss between 10 and
20 weeks’ gestation, and 11 (3.8%) had a stillbirth (loss at 20
weeks or later). Following a miscarriage, 225 of 336 women
(75%) took no time off work, and after a stillbirth, 5 of 11 (45%)
took off 1 week or less (Table 2).
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Table 1. Characteristics of Female Surgeons vs Male Surgeons and
Obstetric Factors Among Female Nonsurgeons vs Female Surgeons

(continued)
No. (%)
Male Female
surgeons surgeons P
Characteristic {n = 158) (n=692) - value
Method of survey access
Assoclation of 15(9.5) 98 (14.2)
Women Surgeons
Association of . 52(32.9) 70(10.1)
Academic Surgery
Society of Asian 7 (4.4) 8(1.2)
Academic Surgeons
Society of Black 1(0.6) 6(0.9)
Academic Surgeons
Women in Thoracic Surgery 1(0.6) 13(1.9) <.001
American College of Surgeons 4 (2"5) 14 (2.0)
Young Fellows Association
American College of Surgeons 8(5.1) 33(4.8)
bulletin
Facebook surgeon 1] 334 (48.27)
moms' group
Twitter 11{7.0} 37{5.4)
Personal communication/ 59(37.3) 79(11.4)
notification
Specialty
Breast ] 65(9.4)
Cardiothoracic 7{4.4) 32 (4.6)
Colorectal 15 (9.5) 42 (6.1)
Otolaryngology 1] 20(2.9)
Endocrine 3(1.9) 15(2.2)
General 15{9.5) 90 (13.0)
Hepatobiliary 3(1.9) 5(0.7)
Minimally invasive/bariatric 9(5.7) 50(7.2)
Neurosurgery ] 5(0.7) <.001
Orthopedic 4(2.5) 18(2.6)
Pediatric 30 (19.0) 46 (6.7)
Plastic 7(4.4) 46 (6.7)
Oncology 15(9.5) 39(5.6)
Transplant 3(1.9) 10(1.5)
Trauma/critical care 19 (12.0) 87(12.6)
Urology 10(6.3) 34(4.9)
Vascular 6(3.8) 34 (4.9)
Resident (not in subspecialty 12 (7.6) 54 (7.8)
track)
Practice setting
Academic 123(77.9) 392 (56.7)
Community/private practice 13(8.2) 196 (28.3)
Affiliated with 9(5.7) 72(10.4) <.001
academic hospital
Military 5(3.2) 12(1.7)
Other 8(5.1) 20(2.9)
Region where child(ren)
was/were conceived
Northeast 67 (42.9) 191(27.8)
Midwest 30(19.1)  149(217) 003
South 39(24.8) 208(30.3)
West 21(13.4) 139(20.2)
(continued)
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Table 1. Characteristics of Female Surgeons vs Male Surgeons and
Obstetric Factors Among Female Nonsurgeons vs Female Surgeons
(continued)

No. (%)

Male Female

surgeons surgeons P
Characteristic {n = 158) (n = 692) value

Obstetric factors during pregnancy among female nonsurgeons
and female surgeons (n = 850)

Maternal age at first live birth, 31(29-34) 33(31-36) <.001
median (IQR), y* :
Multiple gestation® 4(25) 30(4.3) 30
Maternal work hours =60 h/wk 14 (10.0) 380 (56.6) <.001
during first pregnancy®
Mother took time off for bed rest 30 (36.1) 115(22.1) 005
during first pregnancy®!
Questions for female surgeons only
Reduced work hours NA 111 (16.5)
for obstetric indication
No. of overnight calls/mo NA
during pregnancy NA
0 NA 66 (9.8)
2-4 NA 156(23.3)
4-6 NA 201 (30.0)
=6 NA 248(37.0)
Time in operating room/wk NA
during last trimester, h
0-<8 NA 155 (23.1)
8-<12 NA 113(16.8)  NA
12-<16 NA 138 (20.6)
216 NA 265 (39.5)

Abbreviations: ART, assisted reproductive technology; IQR, interguartile range;

NA, not applicable.

* Male surgeons with female surgeon partners were excluded.

o better understand the impact of race and ethnicity on fertility and
pregnancy and neonatal outcomes, participants were asked to report their
race and ethnicity using categories defined by the US Office of Civil Rights,"?
with options to select multiple categories or to self-report.

“ This category allowed participants to write their own responses. For male
surgeons, this category included Iranian American, Middle Eastern, and South
Asian. For female surgeons, this category included Arabic, South Asian,
Iranian/Pakistani, and Middle Eastern.

9 ART included intrauterine insemination, in vitro fertilization, and embryo
freezing.

®Male surgeons reporting on behalf of their female nonsurgeon partners.

 Among 83 nonsurgeons and 520 surgeon respondents who reported
pregnancy complications.

Compared with female nonsurgeon partners, female sur-
geons were more likely to have major pregnancy complica-
tions (311 of 692 [48.3%] vs 43 0f 158 [27.2%]; P < .001), and this
remained significant after controlling for age, hours worked per
week, race and ethnicity, IVF usage, and multiple gestation (odds
ratio [OR], 1.72; 95% CI, 1.11-2.66; P = .02). Among female sur-
geons, operating 12 or more hours per week during the last tri-
mester (OR, 1.57; 95% CI, 1.08-2.26; P = .02), maternal age of 35
yearsorolder (OR, 1.66; 95% CI, 1.18-2.32; P = .03), multiple ges-
tation (OR, 3.86; 95% CI, 1.59-9.34; P = .003), and requiring bed
rest (OR, 2.33; 95% CI, 1.48-3.67; P < .001) were associated with
major pregnancy complications (Table 3).

Compared with female nonsurgeon partners, female sur-
geons were more likely to have musculoskeletal disorders (255
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of 692 [36.9%] vs 29 of 158 [18.4%]; P < .001), nonelective cesar-
ean delivery (170 of 692 [25.5%] vs 24 of 158 [15.3%]; P = .01), and
postpartum depression (77 of 692 [11.1%] vs 9 0f 158 [5.7%]; P =

.04) (Table 2). Among female surgeons, postpartum depression
was independently associated with having a major pregnancy
complication (OR, 2.23; 95% CI, 1.35-3.69) after controlling for
age, race and ethnicity, practice setting, and weekly worlchours.
Neonatal outcomes were similar between groups, with 69 of 692
(15.29) having a preterm birth at less than 37 weeks’ gestation
and 108 of 692 (15.6%) having an infant requiring neonatal in-
tensive care unit admission for a complication.

ST TR
Discussion

In this survey study, female surgeons reported high rates of
miscarriage, following which few took time off from work. This
study revealed a higher use of ART and greater number of preg-
nancy complications among female surgeons compared with
sociodemographically similar female nonsurgeons. Al-
though long operative hours were found to be independently
associated with pregnancy complications, few female sur-
geons reduced their work schedules. Challenges associated
with childbearing may negatively impact the workforce, with
surgeons who perceive a conflict between work life and
home life having lower career satisfaction and professional
longevity.?? To our knowledge, this is the first study of infer-
tility and pregnancy complications in surgeons that controls
for the sociodemographic characteristics of a surgeon house-
hold by comparing outcomes of female surgeons with those
of nonsurgeon partners of surgeons.

Despite recognized infertility and obstetric risks after age
35 years,® female physicians have historically delayed preg-
nancy until completion of training.”*? In this study, women
were more likely than their male colleagues to postpone hav-
ing children until after surgical training, well past the na-
tional median age at first birth (30 years) among mothers with
advanced degrees.?* Given the length of surgical training, older
maternal age likely contributes to the disproportionate num-
ber of female surgeons using ART. In previous generations,
male surgeons more commonly had stay-at-home spouses who
provided childcare, perhaps explaining historic differences in
childbearing patterns between male surgeons and female
surgeons.” With dual-career couples now representing most
of the professional sector,?® the disparity in age at first preg-
nancy between female surgeons and nonsurgeon partners of
male surgeons can no longer be explained solely by differ-
ences in access to childcare and professional goals. The US and
Papua New Guinea are the only 2 countries without federally
mandated paid parental leave.?® Most US female surgeons rely
on their employer for this benefit, but only half of top-ranked
medical schools offer paid leave?” and 33% to 65% of US sur-
gical training programs lack clear maternity leave policies.*>
The absence of compensated leave may discourage young fe-
male surgeons from having children until later in their career
when they can shoulder the monetary burden. Cultural
barriers against childbearing compound these constraints
and are also observed in countries with statutory paid leave,
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Table 2. Pregnancy Losses, Pregnancy Complications, and Neonatal Complications

Among Female Nonsurgeons and Female Surgeons

No. (%)
Female nonsurgeons Female surgeons
Variable (n=158) {n=692) Pvalue
Miscarriages
Pregnancy loss at <10 wk, mean (SD) NA 1.65(1.37)
No. NA 244
Amount of time off work following loss at <10 wk NA
0d _ _ NA ~ 196(80.3) i
1-7d NA 42(17.2)
1-2 wk NA 3(1.2)
3-4wk ' NA 30
sawk ' - NA 0
Pregnancy loss at 10-20 wk, mean (50) NA 1.10(0.43)
No. . NA Rl
Amount of time off work following loss at 10-20 wk ~ NA
od NA 56(60.9)
174 ' NA 33(35.9) W
1-2 wk NA 0
3-4 wk NA 2(2.2)
=4 wk NA 1(1.1)
Pregnancy loss at >20 wk (stillbirth or neonatal demise), NA 1.09 (0.30)
mean (50}
No. NA 11
Amount of time off work following loss at >20 wk NA
od NA 2(18.2) NA
1-7d NA 3(27.3)
1-2 wk NA 1(9.1)
3-4 wk NA 3(27.3)
>4 wk NA 2(18.2)
Pregnancy complications
Major complications
Preeclampsia : 10(6.3) 115 (16.6) 001
Placental abruption 9(5.7) 30(4.3) .46
Placenta previa or accreta 3(1.9) 12(1.7) .89
Intrauterine growith restriction - 7(4.4) 57(8.2) 10
Preterm lzbor/PPROM 13(8.2) 82(11.9) 19
Placental insufficiency/oligohydramnios 3(1.9) 25(3.6) .28
Intrapartum and postpartum complications ' '
Cesarean delivery® ' 24(15.3) 170 (25.5) 007
Postpartum hemorrhage 3(1.9) 30(4.3) 15
Postpartum depression 9(5.7) 77(11.1) .04
Minor complications
Hyperemesis 12(7.6) 53:(7.7) .98
Musculoskeletal complaints 29(18.4) 255 (36.9) <001
Low back pain 18(11.4) 184 (26.6) <.001
Carpal tunnel syndrome 6(3.8) 85(12.3) .002
Other musculoskeletal pain 14 (8.9) 117 (16.9) .01
Other complication 15(9.5) 90(13.0) 23
Neonatal complications
Preterm delivery <37 wk, No./total No. (%) 13/71(18.3) 69/541 (15.2) .51
Gestational age at preterm delivery, mean (5D), y 34.30(2.65) 34.35(2.33) 95
NICU stay with complication 25(15.8) 108 (15.6) 95
(continued)
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Table 2. Pregnancy Losses, Pregnancy Complications, and Neonatal Complications

Among Female Nonsurgeons and Female Surgeons (continued)

No. (%)
Female nonsurgeons Female surgeons
Variable (n=158) (n=692) Pvalue
Blood transfusion 3(1.9) 7(1.0) 35
Congenital anomalies 3(1.9) 14 (2.0) o Fes
Hypoxia requiring supplemental oxygen 8(5.1) 51(7.4). 35
Intraventricular hemorrhage 0 2(0.3) 50
Intubation 6(3.8) 17 (2:5) 135
Meconium aspiration 2(1.3) 4 {0,6). 35
Necrotizing enterocolitis 0 (i} . NA
Neonatal sepsis 1 (0.6) ] 04
Nerve palsy 1(0.6) 2(03) 51
Pneumothorax 1] 5(0.7) .28
Seizlres s 100 i Abbreviations: NA, not applicable;
Skeletal fracture 0 D= NA NICU, neonatal intensive care unit;
Therapeutic hypothermia 1(0.6) 2(0.3) 51 PPROM, preterm premature rupture
NICU stay with no complications 5(3.2) 29(4.2) 55 of membranes.
Other 7(4.4) 32 (4.6) a2 *Elective cesarean sections were

excluded.

suggesting that pregnant residents may be concerned about
damage to their professional reputation,***® negative percep-
tions of childbearing trainees by surgical program directors,”
inadequate lactation support,*2%3° loss of referral patterns for
practicing surgeons,®” and perceived loss of career opportu-
nities after parental leave.303!

In this study, 42% of female surgeons reported at least 1
pregnancy loss, more than double the rate reported in the gen-
eral population of women aged 30 to 40 years.? This higher
incidence cannot likely be explained by increased ART use, as
ARTis not clearly associated with early pregnancy loss.* Stud-
ies suggest consistent night shift work and working more
than 40 hours a week are associated with higher risks of
miscarriage.>*** Although work schedules prior to miscar-
riage were not specifically evaluated, it is likely that many fe-
male surgeons exceeded these parameters, given the substan-
tial duty hours and call obligations that were reported during
first pregnancies. Limiting overnight shifts and work hours for
pregnant surgeons may mitigate pregnancy losses. More-
over, perinatal loss is associated with considerable psycho-
logicimpact, similar to complicated grief experienced after the
loss of a first-degree relative.*®° However, 75% of female sur-
geons in this study took no time off work after miscarriages
and nearly halftook off'1 week or less after a stillbirth. Women
physicians may be reticent to request time off to cope with
pregnancy losses because of concern for loss of reputation or
burdening their colleagues.*® Surgical practices and training
programs should support bereavement after pregnancy loss by
assuring an empathic environment and appropriate time off
work to process grief and seek support.

Women working in physically demanding environments
are known to have higher rates of pregnancy complications.
Large multicenter studies and meta-analyses suggest
adverse pregnancy outcomes are associated with working more
than 40 hours a week, prolonged standing, high fatigue scores,
and shift and night work.***? Similar findings were identified

jamasurgery.com

among surgical subspecialists. Orthopedic surgeons working
more than 60 hours a week were shown to have a greater risk
of preterm delivery compared with age-matched population
controls.* Female urologists have been shown to have a higher
prevalence of pregnancy complications compared with women
in the lowest income bracket in the US.?* These findings are
notable given that higher education levels and socioeco-
nomic status are typically associated with decreased preg-
nancy complications.“® Despite using a narrower definition of
major pregnancy complications (ie, excluding obstetric com-
plications like postpartum hemorrhage, non-life-threatening
conditions like hyperemesis, and conditions unlikely to be re-
lated to work environment like gestational diabetes), the cur-
rent study demonstrates a higher major pregnancy complica-
tion rate (48.3%) than that observed in both subspecialty
studies (31% in orthopedic surgeons and 25% in urologists).**4°
This may be explained by an a priori approach limiting analy-
sis to nulliparous women who inherently carry higher risk of
complications and are physiologically different from multipa-
rous women.*”** Compared with female nonsurgeon part-
ners, female surgeons had 1.7 higher odds of pregnancy com-
plications, with the greatest risk observed in women operating
12 or more hours per week. With US surgeons averaging 16 op-
erative hours weekly,*° the physical working conditions of the
profession likely have a substantial impact on pregnancy out-
comes. This study demonstrates that female surgeons may be
at higher risk of postpartum depression after major preg-
nancy complications, a condition that carries long-term ef-
fects for child development and maternal mental health.*® It
is essential for institutions to have heightened awareness for
surgeons at risk and be prepared to offer time away from train-
ing and practice as well as support through timely referrals to
mental health resource.

Although few data have been published on musculoskel-
etal pain in pregnant surgeons,** this study demonstrates
that more than one-third of gravid surgeons experience
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Table 3. Factors Associated With Major Pregnancy Complications
Among Female Nonsurgeons and Female Surgeons

and Among Female Surgeons Only®
Variable : ‘Odds ratio (95% CI)  Pvalue

Factors associated with major pregnancy complications
among female nonsurgeons and female surgeons (n = 850)

Female nonsurgaons 1 [Reference] NA
Female surgeons 1.72(1.11-2.66) .02

<35 : G - 1 [Reference] NA
235 . 1.54(1.12-2.12)  .007
ST i S
€ 1 [Reference] NA
>0 . 129(094-177) 11
Race or ethnicity®
White 1 [Reference] NA
Asian/Pacific Islander 1.05(0.71-156) .44
Underrepresented groups® 1.09(0.64-1.84) .74
Having used IVF 1.45(0.97-2.16) .06

Having multiple gestation 3.56(1.55-8.19)  .003

Subgroup analysis of female surgeons: factors associated with
major pregnancy complications (n = 692)"

Age, y
<35 1 [Reference] NA
235 1.66(1.18-2.32)  .003
Hours of work/wk
<60 1 [Reference] NA
»60 1.25{0.87-1.79) .23

Frequency of overnight call during
pregnancy/mo, No.

<4 1 [Reference] NA

24 0.96(0.67-1.38) .85
Hours/wk operating during last trimester

<12 1 [Reference] NA

212 1.57(1.08-2.26) .02
Practice setting

1 [Reference] NA
0.87(062-122) .43

Community/private practice/military/other
Academic/affiliated with academic center
Race or ethnicity®
White
Asian/Pacific Islander
Underrepresented groups®
Required bed rest during pregnancy
Multiple gestation

1 [Reference] NA
0.92(0.54-1.43) .72
0.80(0.43-1.46) .47
2.33(1.48-3.67) <.001
3.86(1.59-9.34) 003

/i

Abbreviation: IVF, in vitro fertilization; NA, not applicable.

* Major pregnancy complications included preeclampsia, placental abruption,
placenta previa or accreta, intrauterine growth restriction, placental
insufficiency or oligohydramnios, spontaneous preterm labor, or preterm
premature rupture of membranes.

®To better understand the impact of race and ethnicity on fertility and
pregnancy and neonatal outcomes, participants were asked to report their
race and ethnicity using categories defined by the US Office of Civil Rights,'?
with options to select multiple categories or to self-report.

“ For the adjusted analysis, race and ethnicity groups were consolidated to
evaluate whether being part of an underrepresented racial or ethnic group had
an affect on outcormes. This itemn includes individuals who identified as Black,
Hispanic or Latinx, Native American, Iranian American, Middle Eastern, South
Asian, Arabic, Iranian/Pakistani, and Middle Eastern. These groups have been
identified by the Association of American Medical Colleges as
underrepresented in medicine.
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musculoskeletal disorders. This finding is expected given
that the frequency of low back and pelvic pain in the general
obstetric population® is superimposed on a high background
prevalence of musculoskeletal injuries among nonpregnant
surgeons.* An evidence-based applied ergonomic program is
critical to optimize modifiable factors in the operating
room.** Surgeons who do not have sustained benefit from
ergonomic intervention may need to reduce or cease operat-
ing time during pregnancy to ensure musculoskeletal injuries
do not result in long-term disability.*?

Preterm birth was higher in both groups compared with the
rate of 9.3% in the general population of similar maternal age.™
This may be explained in part by greater use of ART services
among surgeon couples, with rates 30% to 90% higher than the
national mean of 13%.5% ART, particularly IVF, is known to con-
tribute to worse neonatal outcomes, including infants with very
low birthweight and infants who are small for gestational age, pre-
term deliveries, and need for neonatal intensive care unit
admissions.> This underscores the considerable morbidity as-
sociated with delayed childbearing, which may carry long-term
implications for the health of the child.

Limitations

This study had limitations. An a priori decision was made to
use a multimodal approach to reach as many surgeons as pos-
sible, focusing on groups and societies with ethnic and racial
diversity and younger membership to broadly canvass sur-
geons likely to be in their childbearing years. This distribu-
tion method precludes calculation of a response rate and may
be subject to sampling bias. However, the balanced geo-
graphic distribution, practice settings, and subspecialty types
of the respondent cohort suggest it is a contemporary cross-
section of the US surgeon community. Recall bias, specifi-
cally regarding details of the pregnancy experience, may have
resulted in reporting inaccuracies, particularly for nonchild-
bearing surgeons reporting on behalf of their partners. Mus-
culoskeletal disorders may have been underreported for fe-
male nonsurgeons, who may have been less likely to have these
complications impact their work performance compared with
female surgeons. This was mitigated by limiting questions
asked of nonsurgeon participants to significant clinical out-
comes, such as infertility treatments, pregnancy complica-
tions, and neonatal complications. Details regarding reduc-
tion in work schedules and miscarriages were limited to
childbearing participants. Maternal recall of obstetric compli-
cations is typically excellent with high correlation with medi-
cal records (r, 0.89-0.95).%5°7 Additionally, obstetric care has
advanced over time, and it is possible that treatment has
changed for recent pregnancies compared with earlier ones.
However, the difference between respondents’ median cur-
rentageand age at first birth is small enough that major changes
in care that impact outcome are unlikely.

il it e
Conclusions

This study highlights the increased risks of infertility and ma-
jor pregnancy complications among childbearing surgeons.

Jamasurgery.com
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Box. Recommendations for Residency Programs and Surgical E:Iepartmmts and Practices to Address the Needs of Early- CareerSwgeon

Mothers and Mitigate Pregnancy-Associated Health Risks

Recommendations and Practices
1. Training programs should include policies to support pregnant
and expecting trainees and should be clearly written and openly
discussed to avoid misunderstandings from other members of
the surgical team. Provision of such support during residency
demonstrates a commitment from the department to support
parenthood during training, enforces that time for parental bond-
ing is an expectation, and encourages trainees that are ready to
start families that they do not need to wait until the end of a 5- to

7-y residency to have children, as younger maternal age may re-

duce use of assisted reproductive technology and lower future

complication rates. These policies should include:

A. Schedule flexibility for pregnant trainees, including less de-
manding rotations scheduled close to term and on initial re-
turn after childbirth. This may mitigate potential risks to ma-
ternal and fetal health for pregnant residents and help
returning trainees adjust to balancing new family and work
priorities.

B. Atleast & wk of paid parental leave exclusive of vacation time
and consistent with new recommendations from the Ameri-
can Board of Medical Specialties and the Accreditation Council
for Graduate Medical Education®® without need to extend
training should be provided. To allow healthy time for mater-
nal care and parental bonding, residents should be encour-
aged to take the full 12 wk of leave recommended by the
American Academy of Pediatrics.” To avoid compromising
education requirements and meet American Board of Surgery
eligibility,*® extension of training may be necessary and
should be facilitated.

€. Nonchildbearing residents should be encouraged to take full
parental leave. All parents should have time off to bond with a
new infant, including those who have children by adoption or
surrogacy. Normalization of parental leave for both male resi-
dents and female residents helps override the narrative that
parenting is an issue exclusive to women and changes surgical
culture to accept time away for family needs.

D. Fellowship programs should be prepared to delay the start of
training for trainees who need to extend training after mater-
nity leave. For a 12-wk maternity leave, such a delay would be
unlikely to exceed several weeks, given most fellowships start
August 1 of each year.

E. Service coverage during leave should be provided by moon-
lighting physicians or advance practice clinicians while resi- .
dents are on leave to avoid resentment from colleagues asked

to take over additional work and to facilitate culture change to /

reduce stigma associated with childbearing.

Pregnant residents should not be asked to make up call shifts

missed during maternity leave, as increased work hours or over-

night shifts may heighten risk of pregnancy complications.

G. Nursing residents should be supported after delivery with
written policies that permit cross-coverage during long cases
and education for faculty regarding the duration and fre-
quency new mothers require to pump milk.

H. The American Board of Surgery requires residents to complete
training by August 31 to take the qualifying examination,
which is currently only offered once a year.* Offering the ex-
amination more than once a year would reduce delays in
board certification because of childbearing and parental leave.

I. Many academic research programs require researchiin the
middle of clinical training. Aithough many program directors and
trainees consider this an ideal time to start a family,® pregnan-
cies cannot be precisaly scheduled, and this timeline may not

o

jamasurgery.com

align with residents’ personal circumstances. For female train-

1

ees who choose to have children after residency, research pro-
longs training and may increase risk of infertility. Research dur-
ing residency should be optional and timing should be flexible.
Mentors of the same sex, ideally another surgeon mother, can
offer experience-based advice in balancing professional and
personal commitments, help set realistic expectations, and
provide a safe setting to discuss challenges.

. Institutions and practices should foster a supportive work envi-

ronment through coverage plans for pregnancy and leave for
practicing physicians. These policies should be clearly outlined in
asurgeons’ contracts and should include the following:

A,

D.

E.

Pregnant surgeons may reduce their operative commitments -
in their third trimester without financial penalty. Multiple-ges-
tation pregnancies may require reduction in operative sched-
ules earlier in the pregnancy.

A minimum of 12 wk of paid parental leave should be offered,
exclusive of vacation time. This should be a separate allocation
than the disability that may be required during pregnancy.
Surgeons should not be required to make up missed calls or
sustain revenue losses that result from leave. Productivity
bonuses, which may constitute a considerable portion of take-
home wages, should reflect prepregnancy performance.
Additional clinical duties taken by colleagues should be com-
pensated to avoid resentment.

Surgeons returning to clinical practice after maternity leave
should have a defined plan to restore clinical work after leave.

. Both trainees and practicing physicians should be provided with

the following:

A

u

=

m

A substantial proportion of surgeons require ART, which in-
volves considerable expense and frequent imaging, proce-
dures, and laboratory work. Surgeons should be encouraged
to take appropriate time off from clinical duties during such
treatment. Institutions in states without mandatary compre-
hensive ART insurance coverage should offer financial aid or
additional insurance coverage for ART.

Mothers who choose to breastfeed should be supported with
dedicated private lactation space with proximity to the oper-
ating room and clinical spaces. These facilities should include a
high-speed pump, sink, microwave, and a refrigerator for stor-
ing milk. Operative and clinic schedules should be adjusted to
accommodate time for postpartum surgeons to pump and
store milk.

. Teaching hospitals and larger institutions should provide on-

site childcare with priority for trainees who have the longest
workhours and the least scheduling flexibility. The fee sched-
ule should be prorated to better accommodate trainees’ sala-
ries.

Formal ergonemic consultation should be obtained for preg-
nant surgeons to avoid musculoskeletal injury in the operating
room.

. Fetal dosimeters should be provided and checked monthly to

demonstrate adherence to established limits of less than 5
millisieverts for the gestation. Pregnant surgeons should not
participate in hyperthermic intraperitoneal chemotherapy
operating rooms and should use 3 layers of gloves when han-
dling chemotherapeutics. Surgeons using methyl methacry-
late should be provided surgical hooded helmets in operating
rooms with laminar airflow for proper ventilation.*?

. Timely referral to mental health resources for postpartum de-

pression, with appropriate time away from practice or training
for treatment, should be provided.
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With a lack of clear standardized guidelines or federally man-
dated paid maternity leave, we propose recommendations for
US residency programs and surgical departments to facilitate
pregnancy earlier in a surgeon’s career to reduce pregnancy-
related health risks (Box).>***%-¢! The monetary costs associ-
ated with these proposed solutions must be weighed against
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