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ABSTRACT

Public opinion on engaging in vigorous activity during pregnancy remains divided. While numerous examples exist of preg-
nant women competing at high levels in sports, concerns persist regarding potential adverse effects on maternal and foetal
health. CrossFit, known for fostering community and social connection, often remains a continued practice for female
athletes during pregnancy, despite its association with high-intensity exercise, Olympic weightlifting, and dynamic movements.
This article aims to synthesise current evidence-based information on CrossFit training during pregnancy, objectively outline
potential risks, and provide practical recommendations. A narrative review was conducted, sourcing data from PubMed,
Scopus, and Semantic Scholar. Articles were categorised into relevant sections: exercise during pregnancy, high-intensity
exercise, resistance training, injuries in CrossFit, and practical applications. In the absence of studies directly assessing
CrossFit’s impact on pregnant women, available sources allow us to endorse this form of exercise as safe and beneficial for
both maternal and foetal health. Certain exercises, such as jumping and burpees, should be adapted to the specific trimester,
while others might be best avoided (such as box jumps and bar muscle-ups). Nonetheless, adherence to professional guidance
and medical directives is crucial. The recommendations herein are intended for healthy, physically active pregnant women.
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Introduction

The public’s acceptance of vigorous activity during
pregnancy remains cautious, despite the American
College of Obstetricians and Gynecologists (ACOG)
identifying numerous benefits in its 2020 report [1].
Women face various barriers to exercising during preg-
nancy, including concerns for foetal health, which con-
tribute to societal pressures, and may lead to concerns
about exercise [2, 3]. Historical perspectives, predomi-
nantly in the 19" and 20™ centuries, have character-
ised pregnancy as a condition susceptible to harm from
exertion or exercise [4]. Such views have the potential
to induce kinesiophobia, adversely impacting gender
equality, and may lead to unnecessary stigmatisation
and sexism, including the sexual objectification of
pregnant athletes [5, 6].

A parallel challenge is the dissemination of infor-
mation through social media and the Internet, which
often does not align with official health guidelines [7].

Pregnant women who engage in and share their exer-
cise routines on social networks frequently encounter
public criticism, commonly centred around the health
of the foetus. Activities such as intensive exercise or
strength training with a barbell are often subject to
scrutiny [8]. This scrutiny is rooted in a longstanding
belief that strenuous activities during pregnancy might
jeopardise foetal health, thus placing expectant moth-
ers in the position of dealing with ambivalent societal
reactions.

Determining appropriate exercise intensity limits
during pregnancy is beneficial. In the realm of sports,
there have been instances of pregnant women perform-
ing at high intensities or in ways significantly divergent
from traditional recommendations [5]. An extreme case
cited by Davenport et al. [9] involves a woman in her
third trimester ascending to Mount Everest’s base
camp (approximately 11,500 ft.) without experiencing
adverse effects. According to ACOG guidelines [1],
physically active women should engage in moderate-
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intensity activities, defined as somewhat challenging
and comprising 60-80% of the maximum heart rate,
with a preference for safe exercises such as walking,
aerobic exercises, light resistance training, and stretch-
ing. Activities of higher intensity are considered suit-
able for elite athletes, accustomed to training an aver-
age of five times a week for two hours [1, 10].

CrossFit® transcends a mere training methodology,
embedding itself into the lifestyle of its practitioners
through a pronounced community ethos [11]. The gen-
der dynamic within CrossFit® is notably inclusive, with
men and women participating in identical workouts,
fostering mutual challenges and support. This environ-
ment supports exercise for all individuals, provided
their health status permits such engagement. It has
been reported to empower women, helping them to dis-
mantle stereotypes and instil a sense of pride and re-
silience — encapsulated in the sentiment expressed by
female CrossFit® athletes that ‘Quitting is not an op-
tion’ [12].

The core tenets of CrossFit® encompass constant
variation, functional movements, and high intensity.
The regimen’s hallmark, the workout of the day (WOD),
typically comprises a sequence of compound move-
ments executed with maximal effort within a 5 to
20-minute timeframe [13]. Participants often experience
substantial physiological exertion, evidenced by heart
rates surging to approximately 184 beats per minute
and blood lactate levels ascending to 17.8 mmol/L
[14]. The regimen incorporates a diverse array of exer-
cises, ranging from gymnastics (including pull-ups and
squats) to metabolic conditioning (such as running
and rowing) and weightlifting and throwing (using
barbells, dumbbells, medicine balls) [15].

CrossFit® is classified by some authors as high-im-
pact exercise [16-18] due to its inclusion of movements
such as running, box jumps, jump rope, landing from
the bar/rings, and the bar’s impact during Olympic
weightlifting. These activities may present heightened
risks that could be particularly significant for pregnant
women. Concerns vary widely among different exercise
modalities: on one end are weight exercises incorpo-
rating dynamic movements similar to those found in
Olympic weightlifting, and on the other, there are body-
weight resistance exercises that involve compound,
high-difficulty movements [19]. Additionally, high-in-
tensity exercises that induce elevated heart rates, in-
creased rating of perceived exertion (RPE), and higher
lactate levels may also heighten the risk of musculo-
skeletal injuries, particularly to the spine and hip joints
[20, 21]. Moreover, engaging in high-impact activities
during pregnancy may be associated with an increased
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risk of spontaneous abortion, underscoring the need
for careful consideration and potentially modified ex-
ercise regimens for expectant mothers [22].

Despite CrossFit’s global proliferation, with approxi-
mately 12,500 affiliated gyms [23], and its popularity
among women aged 20-40 - a demographic frequently
encompassing expectant mothers - there is a dearth
of research regarding pregnant women’s participation
in CrossFit®. Evidence suggests that physically active
pregnant women can go beyond the established conven-
tional official health guidelines and societal norms
[24-28]. Consequently, healthcare professionals, in-
cluding physicians, physiotherapists, and fitness coach-
es, are increasingly called upon to provide informed
guidance to pregnant women engaging in CrossFit®.
This article aims to synthesise current evidence-based
information on CrossFit® training during pregnancy,
objectively outline potential risks, and provide practi-
cal recommendations.

Material and methods

This article presents a narrative review of the litera-
ture sourced from the PubMed, Semantic Scholar, and
Scopus databases. For the inclusion of ‘grey literature’,
Google Scholar was utilised. Additionally, a backward
search was conducted, entailing the assessment of ref-
erences from the identified studies. The author reviewed
studies written in English from peer-reviewed jour-
nals, published up until 1 May 2023. Keywords were
searched both in isolation and in conjunction (using
‘AND’ or ‘OR’): ‘pregnancy’, ‘CrossFit’, ‘training’, ‘ex-
ercise’, ‘high-intensity’, ‘vigorous’, ‘functional’, ‘resist-
ance’, ‘injury’, ‘abortion’. In the selection of studies for
this review, those with divergent research focuses, not
specifically addressing healthy pregnant women, or
not written in English, were excluded to maintain a clear
and consistent scope. A total of 1458 sources were
identified, and from these, 67 were included in the
review.

The procedure for creating the review was accord-
ing to SANRA - a scale for the quality assessment of
narrative review articles [29]. The quality of this nar-
rative review was rated at 10 (SANRA scale 0-12).

Each study’s design and the level of evidence were
carefully considered, with a preference for high-quality
evidence from randomised controlled trials, system-
atic reviews, and meta-analyses. Observational studies,
cohort studies, case-control studies, and cross-sectional
studies were also reviewed for their contributory evi-
dence, although these are recognised as lower levels
of evidence.
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The structure of this article into distinct sections —
exercise during pregnancy, high-intensity exercise, re-
sistance training, injuries in CrossFit®, and practical
applications - is intentional, allowing for a focused
examination of each area’s unique implications and
research findings. This organisation also facilitates
a targeted discussion that accommodates the complex-
ity of each subject while providing a holistic under-
standing of the interplay between these elements in the
context of pregnant women engaging in CrossFit®. The
results and discussion sections have been combined to
streamline the presentation and to reflect the intercon-
nected nature of the evidence and its interpretation.
The final section, practical outcomes, is designed to
distil the most pertinent information and recommen-
dations from the preceding sections, offering action-
able insights that bridge the gap between theoretical
research and practical application.

Results
Exercising during pregnancy

Pregnancy represents a distinct life stage accom-
panied by extensive somatic transformations [30]. From
the onset of the first trimester, hormonal alterations
influence physiological processes. Key physiological
adjustments encompass the cardiovascular, metabolic,
respiratory, musculoskeletal, endocrine, and emotional
domains [31]. Cardiovascular adaptations include a 30-
50% rise in cardiac output, a 10-30 bpm increase in
resting heart rate, and a 40-45% augmentation in blood
volume [32, 33]. The endocrine system undergoes sig-
nificant hormonal shifts, with testosterone levels in-
creasing by up to 30%, and oestrogen, progesterone,
and estradiol elevating up to eightfold. Growth hor-
mone levels also rise [34]. The respiratory system expe-
riences a decline in diaphragm function and a 30-50%
reduction in minute ventilation. Musculoskeletal
changes include weight gain (typically 8-15 kg), a shift
in the centre of mass, and increased joint laxity [30].

General recommendations from various organisa-
tions (ACOG, American college of Sport Medicine, Royal
College of Obstetricians and Gynaecologist, etc.) can
be summarised as follows [35]. Exercise should be
performed for at least 30 minutes per day at moderate
intensity. Light-intensity resistance training, including
pelvic muscle exercises, is advised 2-3 times a week,
complemented by static or dynamic stretching. Mind-
body practices such as yoga or Tai Chi are also benefi-
cial. Safe and advantageous exercises such as walk-
ing, stationary cycling, dancing, and aerobic activities

are recommended [1]. Special populations, such as
pregnant women with obesity, should engage in lower-
intensity activities of shorter duration. Occupational
lifting should also be optimised to less than 1000 kg
total per day and burdens over 20 kg not lifted more
than 10 times per day [1].

The consensus across guidelines posits that exer-
cise should be an integral component of expectant
mothers’ routines [35]. However, most women do not
meet the recommended 150 minutes of moderate-in-
tensity exercise weekly during pregnancy [36]. Ade-
quate activity levels are crucial for enhancing or main-
taining physical fitness and overall health, aiding in
optimal weight management, and acting as a preven-
tive and therapeutic measure against gestational dia-
betes, which affects up to 13.7% of pregnant women
[37]. It likely reduces caesarean section risks and en-
hances maternal well-being [38]. Furthermore, exer-
cise is both a preventive and therapeutic modality for
low-back and pelvic pain [39].

Maternal exercise impacts the foetus as well [40].
Prenatal exercise does not adversely affect the placen-
tal or foetal weight, nor does it influence the placental-
to-birth weight ratio. Morphological changes in placen-
tal tissue (parenchymal tissue volume) have also been
observed [10]. Exercise frequency of > 6 times per week
is associated with lower birth weight but lacks clinical
significance. When exercise intensity is maintained at
moderate levels (up to 70% HR) with minimised high-
impact activities, there is no increased risk of miscar-
riage or foetal distress [38]. Overall, maternal physical
activity contributes to foetal well-being in terms of in-
trauterine nutrition and oxygen supply, and the func-
tioning of the autonomic nervous system [40].

High-intensity exercise

High-intensity exercise constitutes a fundamental
element of CrossFit® and significantly elevates physio-
logical parameters such as heart rate, cardiac output,
blood lactate, respiratory exchange ratio, and minute
ventilation [13, 14]. It is also correlated with a high
RPE. RPE is a psychophysiological scale, typically
ranging from 1 to 10 or 6 to 20, used to quantify an
individual’s subjective assessment of physical activity
intensity [14]. This self-reported metric allows indi-
viduals to gauge their effort level and exertion during
exercise, correlating with physiological markers, such
as heart rate and lactate concentration. Participants
reach this state through traditional endurance activi-
ties, bodyweight exercises, or resistance training [41].
CrossFit® does not strictly define ‘high-intensity’ [42],
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but it is understood that practitioners are not required
to attain extreme physiological values (e.g., above 90%
Heart rate maximum-HRmax) [43]. High-intensity
CrossFit® activities require considerable effort, which
may be characterised by an RPE of 6-7 or higher on
a 10-point scale, heart rates at 70% of HRmax or above,
and quick transitions between movements [43, 44].

The conventional approach during pregnancy is to
prescribe moderate-intensity activities, established as
safe and beneficial for both mother and foetus [45, 46].
However, many elite athletes maintain high-intensity
and high-volume training during pregnancy. Clapp
et al. [26] found that pregnant women in their study
reduced their activity volume but still averaged 4.8
hours per week or ran 29 km per week, with heart rates
ranging from 110 to 187 bpm. In the study by Kardel
[27], it was observed that pregnant athletes who were
competing engaged in an average of 8.4 hours of high-
intensity exercise weekly, while those in a medium-in-
tensity group exercised for an average of 6 hours. This
routine included interval training twice a week during
which their heart rate reached between 170 and 180
beats per minute. The study notes that these exercise
routines were managed by the women themselves and
neither adversely affected the growth of the foetus nor
resulted in any complications during pregnancy or
childbirth.

In a retrospective case-control study using self-
administered questionnaires, the potential increased
risks associated with high-impact and high-intensity
activities during pregnancy were examined. Despite
concerns, the comparative analysis between women
engaging in high-impact and those in low-impact ac-
tivities showed no significant differences in the rates
of caesarean sections or the incidence of perineal tears
[19]. It is important to note that the study also involved
elite athletes who, on average, trained for 8.5 hours per
week throughout their pregnancy. In a large study (IV =
39,187) of first-time mothers, a lower incidence of cae-
sarean sections was observed in the high-impact activity
group compared to non-exercisers and regular exer-
cisers [22].

Insights into high-intensity exercise during preg-
nancy emerge from studies involving stress (ramp)
tests, often consisting of treadmill walking with in-
creasing incline and speed. Mottola et al. [47] tested
156 pregnant women, with the ‘fit’ group (VO,peak >
27.2 mL/kg) reaching an average HRmax of 176.3 +
2.1 bpm. Based on these outcomes, exercising below
80% of aerobic capacity (160 bpm) is recommended.
Szymanski and Satin [28] conducted similar tests on
active and inactive pregnant women, with participants
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reaching an HRmax of 172.4 = 11.7 bpm, while foetal
heart rates were 147.9 = 16.2 bpm. Foetal well-being
was not compromised as biophysical profiles and heart
tracings returned to baseline post-test.

An investigation of six Olympic-level athletes (INV = 6)
revealed that exercise up to 90% HRmax is safe, as
foetal heart rates did not exceed 160 bpm [48]. Higher
heart rates were associated with foetal bradycardia,
increased umbilical artery pulsatility index, and re-
duced uterine artery blood flow, but these parameters
normalised post-exercise.

Beetham et al. [43] reviewed randomised control tri-
als and cohort studies applying vigorous activity (at
least 70% HRmax) during the third trimester, finding
no significant differences in gestational age or low birth
weight risks. Vigorous/high-intensity exercise (up to
90% HRmax) is deemed a safe practice, not increasing
health risks for the mother or delivery, or foetal well-
being.

In a case study documented by Schlegel [49], the
focus was on a pregnant woman participating in high-
intensity functional training (HIFT) over a span of 38
weeks. Throughout this period, detailed monitoring of
heart activity and various physical activity parameters
was conducted. The regimen comprised 3-4 weekly
training sessions during which the subject consistently
achieved high heart rate (HR) values, surpassing 80%
of her absolute maximum HR. Notably, this high level
of physical exertion did not adversely influence her
fatigue levels, which were assessed using heart rate
variability (HRV) SDNN indices. Further, no adverse
effect on pregnancy or foetal health was found.

Despite evidence suggesting the safety of high-in-
tensity exercise during pregnancy, research has yet to
establish precise safety thresholds. Perkins and De-
walt [15] propose an RPE of 13-15 of 20 for CrossFit”
athletes during pregnancy, though this recommen-
dation is not research-based. RPE may be more suit-
able as it reflects the immediate effort sense, which
can fluctuate.

Resistance training

Exercise programs for pregnant women typically
incorporate a mix of resistance training and aerobic
exercises, spread throughout various days. Studies have
indicated that such blended regimens do not adversely
affect the health of the mother or the foetus [10]. Such
programs typically incorporate strength exercises uti-
lising light weights, resistance machines, resistance
band, or body weight, with prescribed sets (1-3) and
repetitions (8-15), often favouring isolated exercises
[39, 50].
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In recent research by Prevett et al. [51], the health
outcomes of 679 individuals who engaged in heavy
resistance training during pregnancy were assessed.
These participants, primarily recreational athletes, con-
tinued practices such as Olympic weightlifting and
lifting in a supine position, as well as performing the
Valsalva manoeuvre - a breathing technique where one
exhales forcefully with a closed glottis, often used to
stabilise the core during heavy lifting, but advised
against during pregnancy due to potential impacts on
blood flow. The study reported that maintaining train-
ing levels was associated with fewer reproductive com-
plications, and most athletes returned to their pre-preg-
nancy exercise regimen shortly after childbirth without
adverse perinatal outcomes.

A study by O’Connor et al. [50] had pregnant par-
ticipants engage in a 12-week strength program, per-
forming five exercises (2 sets of 15 reps) including leg
press and lat pulldown, with intensity regulated by an
RPE of up to 14 out of 20. Post-program assessments
indicated strength increases of 36-56%, with no adverse
blood pressure changes or other negative outcomes
observed.

Barakat et al. [52] implemented a thrice-weekly
program combining resistance and toning exercises,
utilising up to 3 kg dumbbells and a resistance band,
with 10-12 reps per exercise, aimed at medium inten-
sity. Participants completed the regimen without issues,
and no significant differences in gestational age or Ap-
gar scores were noted compared to a control group.
Similarly, Garshasbi and Faghih Zadeh [53] found that
resistance training thrice weekly effectively and safely
mitigated low back pain. Schoenfeld [54] further sup-
ports isolated resistance training (1-3 sets, 10-15 reps)
as beneficial for maternal health and well-being.

CrossFit’s unique approach merges strength and
conditioning within a single session. Garnees et al. [55]
administered a composite of medium-intensity aerobic
exercise (35 minutes) and resistance training (25 min-
utes), showing no negative impact on birth weight or
neonatal and maternal delivery outcomes. Hall and
Kaufmann [56] reported that resistance exercises fol-
lowed by stationary cycling yielded positive perceptions
from pregnant women, with significant improvements
in delivery outcomes. Ramirez-Vélez et al. [57] observed
increased nitric oxide production and enhanced pla-
cental oxygen metabolism following supervised aerobic
and resistance exercise sessions (with resistance bands,
3 kg dumbbells, and compound movements).

In CrossFit® sessions, the WOD typically comprises
weight or bodyweight exercises that significantly chal-
lenge and enhance endurance. Petrov Fieril et al. [58]

reported no adverse effects on delivery, pain, or blood
pressure following a 60-minute strength (weights up to
9 kg) and conditioning workout. Anderson et al. [24]
described a CrossFit-like program where pregnant wom-
en performed high-intensity interval training (using
kettlebell swing, goblet squat, palloff press, chest press,
and reverse lunge) with a target RPE of 15-17 and heart
rates below 90% HRmax (153-170 bpm), with no de-
tected risks to foetal well-being.

Emerging evidence suggests that seasoned athletes
may safely engage in higher-load training during preg-
nancy, potentially up to 90% of their current maximum
capacity, and can participate in Olympic weightlifting
throughout the gestation period [49]. Similarly, the in-
corporation of other dynamic movements, such as hand-
stand push-ups and kipping pull-ups, in conjunction
with high-intensity efforts measured by the RPE, ap-
pears to be feasible.

Studies incorporating moderate and high-intensity
workouts, such as resistance exercises at 60-90% of
10 repetition maximum (RM), did not significantly
impact foetal heart rate or maternal blood pressure
[25, 59, 60]. Gould et al. [61] monitored intra-abdomi-
nal pressure during maximal lifts with a Valsalva ma-
noeuvre, noting a transient increase in vascular flow
index without risk.

The examination of intra-abdominal pressure in
non-pregnant women during CrossFit® exercises pro-
vides significant insights, demonstrating slightly higher
values for exercises involving external weights (such
as back squats, deadlifts, and wall balls) compared to
bodyweight exercises (like push-ups, lunges, and sit-
ups) [62]. These results were on par with those recorded
during running (up to 100 cm H,O). Notably, the high-
est values, approximately three times greater, were
observed during jump rope activities. This observation
is corroborated by Dietze-Hermosa et al. [63], who noted
lower intra-abdominal pressure when lifting 18.2 kg
from the ground compared to during jump rope exer-
cises (120 vs 153.8 cm H,0).

It is also essential to acknowledge that women rou-
tinely handle objects in their daily lives. For instance,
in early postpartum women, intra-abdominal pressure
was measured while lifting a 12.5 kg child seat from
a car, taking an average of 26.5 seconds. The recorded
values were 53.62 + 10.31 cm H,O, with no notable
differences in lifting techniques observed. Coleman et
al. [64] analysed intra-abdominal pressure during the
carrying of a 13.6 kg object in various positions, find-
ing values ranging between 55.5 and 77.3 cm H,0,
which are comparable to those seen during a brisk walk
or a sit-to-stand transition.
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The increase in intra-abdominal pressure is a natu-
ral occurrence during everyday activities [64]. Conven-
tional, non-dynamic exercises of moderate intensity
lead to pressure values akin to those experienced while
lifting or carrying everyday objects (such as a backpack
or bag), fast walking, or coughing. Such increases are
not pathological and do not typically present a height-
ened risk [65].

It is important to note that as of this writing, no
study has specifically investigated the effects of a Cross-
Fit® program, Olympic weightlifting, or typical CrossFit®
resistance training on pregnant women. Although ex-
isting evidence points to the safety of CrossFit®, more
rigorous randomised controlled or longitudinal stud-
ies are necessary to substantiate these findings.

Injuries in CrossFit’

Expectant mothers are encouraged to adhere to
a consistent exercise routine, though it should be noted
that certain forms of exercise may present an elevated
risk of injury [1]. Activities are categorised based on
potential risk into low-impact and high-impact exer-
cises - the latter including activities such as ball sports,
horseback riding, tennis, weightlifting, and CrossFit®
[19, 22]. The primary concerns involve falls or impacts
to the abdomen or torso. It is worth noting that sports-
related injuries among pregnant women are relatively
infrequent (4.1 per 1,000 hours), predominantly result-
ing in minor injuries such as bruises or scrapes [66].

Valuable insights have emerged from long-term hos-
pital records attributing injuries to CrossFit®, with the
most commonly affected areas being the knee (27-34%),
spine (29%), and shoulder (28.7%), although these
data vary by source [21, 67-69]. The records’ limita-
tions include a lack of detailed information, such as
sports or injury history and training specifics. More-
over, the data were derived from men and non-preg-
nant women, complicating direct risk assessments for
pregnant women.

Data from retrospective cohort studies indicate that
within CrossFit®, injury rates range between 0.27 and
3.5 per 1,000 hours of training, which is comparable to
the rates found in other activities such as traditional
strength training, running, or non-contact sports [70,
71]. A large cross-sectional study indicates that injury
risks in CrossFit® increase during the initial year of
training, with less than three weekly sessions, and com-
petition participation [20, 72]. Training in a licensed
gym or under a coach’s supervision appears to mitigate
these risks [73]. The findings suggest that injuries in
CrossFit® result not from the sport’s inherent charac-
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teristics (such as weightlifting or high intensity) but
rather from inadequate training plans that fail to ad-
dress the individual needs and appropriate difficulty
levels. Therefore, CrossFit® can be considered compa-
rably safe compared to fitness centre activities.

Results from a cross-sectional observational study
show that stress urinary incontinence, while not clas-
sified as an injury, is more prevalent among women
who participate in CrossFit®. The incidence rates for
this condition range from 47.6% to 52.7%, and it is com-
monly attributed to the high-impact exercises involved
in the program [17, 18, 74, 75]. Such incontinence is
often associated with exercises that significantly in-
crease intra-abdominal pressure, such as rope skip-
ping, box jumps, and running. Weakness in pelvic floor
muscles or an imbalance in strength and function be-
tween the diaphragm and pelvic muscles may contrib-
ute to this condition. Functional tests and electromyo-
graphic studies indicate that women who engage in
CrossFit® have comparable or superior pelvic muscle
control to non-practitioners [16, 74]. However, impacts
and strenuous effort may compromise pelvic muscle
control in some women, which can be mitigated through
well-structured training programs.

Urinary stress incontinence during pregnancy,
which can affect up to 75% of women and tends to in-
crease with advancing gestational age, is also exacer-
bated by additional risk factors, such as obesity, smok-
ing, and constipation [76]. While the relationship is not
fully elucidated, a higher risk of incontinence may be
associated with vaginal delivery [75]. Based on these
findings, it can be expected that pregnant CrossFit®
athletes may have an elevated risk of stress urinary
incontinence, which can be considered a health limi-
tation that should be taken into account.

Practical applications

The recommendations herein are derived from a com-
prehensive synthesis of findings from broader exercise
research as well as specific studies pertaining to Cross-
Fit®. CrossFit® is accessible to all, offering scalable modi-
fications to meet individual needs. This scaling encom-
passes adjusting the exercise difficulty, volume, and
selection, ensuring the suitability of each workout [15].
For pregnant women, scaling should be adapted for
each trimester, and it may be prudent to minimise or
eliminate exercises such as jump rope, box jumps, rope
climbs, snatches, cleans (due to bar contact), bar muscle-
ups, running, and sit-ups. However, running is a natu-
ral activity that can be well tolerated in many cases [26].
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Previous studies have employed light weights
(3-6 kg) for participants who were healthy but not at
an elite or professional athletic level and not possess-
ing extensive strength training experience [52, 77].
For someone who does not exercise regularly, lifting
5 to 10 kilograms could be quite challenging, where-
as a trained athlete can handle significantly higher
weights. Resistance training can be effectively per-
formed at up to 70% of an individual’s current one-
repetition maximum. During the WOD, it is recom-
mended to maintain RPE at or below 7 on a 10-point
scale, or 15-17 on a 20-point scale, while keeping heart
rates below 170 beats per minute for workouts that
typically last between 5 to 20 minutes. Ideally, these
exercises should be performed under supervision. In
the absence of conclusive evidence, exercises such as
Olympic weightlifting and dynamic movements should
be undertaken with caution or appropriately modified
to ensure safety and correct technique. Additionally,
it is advisable to avoid the Valsalva manoeuvre, a dia-
phragmatic breathing technique commonly used in
strength-based sports, during pregnancy.

A significant factor is the individual’s pre-pregnan-
cy training program, which informs the body’s physi-
cal and mental adaptation to exercise. Women accus-
tomed to high-intensity workouts may continue to
manage and even benefit from such routines, albeit with
monitored intensity (using heart rate, % 1 RM) to cor-
relate subjective exertion with objective measures [19,
27]. Beginners should approach CrossFit® with caution,
starting at low intensity and incrementally increas-
ing both volume and intensity.

Adherence to general contraindications for exer-
cise — such as vaginal bleeding, dizziness, chest pain, or
decreased foetal movement - is imperative, regard-
less of the activity type [45]. Before initiating an exer-
cise program, women should undergo a basic health
check, a physical fitness assessment, and an evalua-
tion of work and leisure activities [35]. The program
should be designed by a qualified professional who
can also educate the expectant mother on the benefits
and potential risks of exercise [78]. The overarching
goal for the mother-to-be is to maintain or establish
a regular exercise regimen, experience positive feelings
post-exercise, and overcome any fear of movement or
misconceptions about training [79].

Conclusions

An optimal training program during pregnancy is
crucial for maternal health and proper foetal growth.
CrossFit®, widely popular among women of reproduc-
tive age, necessitates an evaluation of its benefits and

risks to ascertain its suitability during pregnancy. While
no studies have specifically assessed the effects of
CrossFit® on pregnant women, the current literature
suggests that when supervised by professionals, the
activity is safe and effective for both maternal and
foetal health. Despite CrossFit’s high-impact nature,
the likelihood of injury is minimal when training is
supervised or professionally prescribed. High-inten-
sity exercises within a WOD, with an RPE up to 7 on
a 10-point scale, are generally safe if perceived posi-
tively by the participant. Free weight strength training,
up to 70% of the current 1 RM, is also considered low-
risk, although certain movements should be approached
with caution. For beginners, it is advisable to start with
low intensity and gradually increase difficulty. It is
essential to prioritise the mother’s comfort with each
movement and intensity level, and to adhere to medical
guidelines. These recommendations pertain to healthy
women not categorised as high-risk pregnancies.

Ethical approval
The conducted research is not related to either hu-
man or animal use.

Disclosure statement
No author has any financial interest or received any
financial benefit from this research.

Conflict of interest
The authors state no conflict of interest.

Funding
This research received no external funding.

References

[1] Physical activity and exercise during pregnancy
and the postpartum period: ACOG Committee
Opinion, Number 804. Obstet Gynecol. 2020;
135(4):178-88; doi: 10.1097/A0G.0000000000
003772.

[2] Evenson KR, Moos M-K, Carrier K, Siega-Riz AM.
Perceived barriers to physical activity among pre-
gnantwomen. Matern Child Health J. 2009;13(3):
364-75; doi: 10.1007/s10995-008-0359-8.

[3] McKeough R, Blanchard C, Piccinini-Vallis H.
Pregnant and postpartum women’s perceptions
of barriers to and enablers of physical activity du-
ring pregnancy: a qualitative systematic review.
JMidwifery Womens Health. 2022;67(4):448-
62; doi: 10.1111/jmwh.13375.

[4] Dowling C. The Frailty Myth: Women Appro-
aching Physical Equality. 1*" ed. New York: Ran-
dom House; 2000.

Human Movement, Vol. 25, No 2, 2024



HUMAN MOVEMENT

P. Schlegel, From caution to guidance: a narrative review of CrossFit during pregnancy

[5] Weaving C. Prenatal paranoia: an analysis of the

[7]

8]

9]

[10]

(11]

[12]

(13]

[14]

[15]

bumpy landscape for the pregnant athlete. Sport
Ethics Philos. 2020;14(2):176-91; doi: 10.1080/175
11321.2019.1593233.

Shum KW, Ang MQ, Shorey S. Perceptions of
physical activity during pregnancy among women:
a descriptive qualitative study. Midwifery. 2022;
107:103264; doi: 10.1016/j.midw.2022.103264.
Nagpal TS, Everest C, Goudreau AD, Manicks M,
Adamo KB. To HIIT or not to HII'T? The question
pregnant women may be searching for online:
a descriptive observational study. Perspect Public
Health. 2021;141(2):81-8; doi: 10.1177/175791
3920985898.

Tiidenberg K, Baym NK. Learn it, buy it, work it:
intensive pregnancy on Instagram. Soc Media
Soc.2017;3(1);doi: 10.1177/2056305116685108.
Davenport MH, Steinback CD, Borle KJ, Maten-
chuk BA, Vanden Berg ER, de Freitas EM, Lina-
res AM, O’Halloran KD, Sherpa MT, Day TA.
Extreme pregnancy: maternal physical activity at
Everest Base Camp. J Appl Physiol (1985). 2018;
125(2):580-85; doi: 10.1152/japplphysiol.00146.
2018.

Kubler JM, Clifton VL, Moholdt T, Beetham KS.
The effects of exercise during pregnancy on pla-
cental composition: a systematic review and meta-
analysis. Placenta. 2022;117:39-46; doi: 10.1016/
j-placenta.2021.10.008.

Dominski FH, Serafim TT, Siqueira TC, Andra-
de A. Psychological variables of CrossFit partici-
pants: a systematic review. Sport Sci Health. 2021;
17(1):21-41; doi: 10.1007/s11332-020-00685-9.
Prewitt-White T, Connolly CP, Feito Y, Bladek A,
Forsythe S, Hamel L, McChesney M. Breaking
barriers: women’s experiences of crossfit train-
ing during pregnancy. WSPAJ. 2018;26(1):33-42;
doi: 10.1123/wspaj.2017-0024.
Fernandez-Fernandez J, Sabido-Solana R, Moya
D, Sarabia Marin JM, Moya M. Acute physiologi-
cal responses during Crossfit® workouts. Eur J
Hum Mov. 2015;35:114-24.

Tibana RA, de Sousa NMF, Cunha GV, Prestes J,
Fett C, Gabbett TJ, Voltarelli FA. Validity of ses-
sion rating perceived exertion method for quan-
tifying internal training load during high-inten-
sity functional training. Sports. 2018;6(3):68; doi:
10.3390/sports6030068.

Perkins C, Dewalt H. CrossFit training during
pregnancy and motherhood: a new scientific fron-
tier. CrossFit J. 2011;1:1-9.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

23]

[24]

[25]

Machado L. da S, Marques Cerentini T, Lagana AS,
Viana da Rosa P, Fichera M, Telles da Rosa LH.
Pelvic floor evaluation in CrossFit® athletes and
urinary incontinence: a cross-sectional observa-
tional study. Women Health. 2021;61(5):490-9;
doi: 10.1080/03630242.2021.1927288.
Khowailed A, Pinjuv-Turney J, Lu C, Lee H. Stress
incontinence during different high-impact exer-
cises in women: a pilot survey. Int J Environ Res
Public Health. 2020;17(22):8372; doi: 10.3390/
ijerph17228372.

Pisani GK, de Oliveira Sato T, Carvalho C. Pel-
vic floor dysfunctions and associated factors in
female CrossFit practitioners: a cross-sectional
study. Int Urogynecol J. 2021;32(11):2975-84;
doi: 10.1007/s00192-020-04581-1.
Sigurdardottir T, Steingrimsdottir T, Geirsson
RT, Halldorsson TI, Aspelund T, Bg K. Do female
elite athletes experience more complicated child-
birth than non-athletes? A case—control study. Br
J Sports Med. 2019;53(6):354-8; doi: 10.1136/
bjsports-2018-099447.

Feito Y, Burrows EK, Tabb LP. A 4-Year analysis
of the incidence of injuries among crossfit-trained
participants. Orthop J Sports Med. 2018;6(10):
2325967118803100; doi: 10.1177/2325967118
803100.

Everhart JS, Poland S, Vajapey SP, Kirven JC,
France TJ, Vasileff WK. CrossFit-related hip and
groin injuries: a case series. J Hip Preserv Surg.
2020;7(1):109-15; doi: 10.1093/jhps/hnz072.
Owe KM, Nystad W, Stigum H, Vangen S, Bg K.
Exercise during pregnancy and risk of cesarean
delivery in nulliparous women: a large population-
based cohort study. Am J Obstet Gynecol. 2016;
215(6):791.e1-791.e13; doi: 10.1016/j.ajog.2016.
08.014.

CrossFit, LLC. About Affiliation 2022. Available
23.11.2022 from: https://www.crossfit.com/affili-
ate (accessed November 23, 2022).

Anderson J, Pudwell J, McAuslan C, Barr L, Ke-
hoe J, Davies GA. Acute fetal response to high-
intensity interval training in the second and third
trimesters of pregnancy. Appl Physiol Nutr Metab.
2021;46(12):1552-8; doi: 10.1139/apnm-2020-
1086.

Avery ND, Stocking KD, Tranmer JE, Davies GA,
Wolfe LA. Fetal responses to maternal strength
conditioning exercises in late gestation. Can J
Appl Physiol. 1999;24(4):362-76; doi: 10.1139/
h99-028.

Human Movement, Vol. 25, No 2, 2024



HUMAN MOVEMENT

P. Schlegel, From caution to guidance: a narrative review of CrossFit during pregnancy

[26]

27]

(28]

[29]

[30]

[31]

(32]

[33]

[34]

[35]

[36]

[37]

Clapp JF. The course of labor after endurance ex-
ercise during pregnancy. Am J Obstet Gynecol.
1990;163(6 Pt 1):1799-1805; doi: 10.1016/0002-
9378(90)90753-t.

Kardel KR. Effects of intense training during and
after pregnancy in top-level athletes. Scand J Med
SciSports.2005;15(2):79-86;doi: 10.1111/j.1600-
0838.2004.00426.x.

Szymanski LM, Satin AJ. Strenuous exercise
during pregnancy: is there a limit?. Am J Obstet
Gynecol. 2012;207(3):179.e1-6; doi: 10.1016/j.
ajog.2012.07.021.

Baethge C, Goldbeck-Wood S, Mertens S. SANRA
— a scale for the quality assessment of narrative
review articles. Res Integr Peer Rev. 2019;4:5; doi:
10.1186/s41073-019-0064-8.

Costantine MM. Physiologic and pharmacokinetic
changes in pregnancy. Front Pharmacol. 2014;5:
65; doi: 10.3389/fphar.2014.00065.

Barakat R, Perales M, Garatachea N, Ruiz JR,
Lucia A. Exercise during pregnancy. A narrative
review asking: what do we know?. Br J Sports
Med. 2015;49(21):1377-81; doi: 10.1136/bjsports-
2015-094756.

Gregg VH, Ferguson JE. Exercise in pregnancy.
Clin Sports Med. 2017;36(4):741-52; doi: 10.1016/
j.csm.2017.05.005.

Melzer K, Schutz Y, Boulvain M, Kayser B. Physi-
cal activity and pregnancy: cardiovascular adap-
tations, recommendations and pregnancy out-
comes. Sports Med. 2010;40(6):493-507; doi:
10.2165/11532290-000000000-00000.
Grattan DR, Ladyman SR. Neurophysiological
and cognitive changes in pregnancy. Handb Clin
Neurol. 2020;171:25-55; doi: 10.1016/B978-0-
444-64239-4.00002-3.

Santos-Rocha R, Gutiérrez IC, Szumilewicz A,
Pajaujiene S. Exercise Testing and Prescription for
Pregnant Women. In: Santos-Rocha R (ed.) Exer-
cise and Sporting Activity During Pregnancy.
Springer; 2019, pp. 183-231.

Tinloy J, Chuang CH, Zhu J, Pauli J, Kraschnew-
ski JL, Kjerulff KH. Exercise during pregnancy
and risk of late preterm birth, cesarean delivery,
and hospitalizations. Womens Health Issues. 2014;
24(1):99-104; doi: 10.1016/j.whi.2013.11.003.
Di Biase N, Balducci S, Lencioni C, Bertolotto A,
Tumminia A, Dodesini AR, Pintaudi B, Mar-
cone T, Vitacolonna E, Napoli A. Review of general
suggestions on physical activity to prevent and
treat gestational and pre-existing diabetes during
pregnancy and in postpartum. Nutr Metab Car-

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

diovasc Dis. 2019;29(2):115-26; doi: 10.1016/j.
numecd.2018.10.013.

Bo K, Artal R, Barakat R, Brown W, Dooley M,
Evenson KR, Haakstad LAH, Larsen K, Kayser B,
Kinnunen TI, Mottola MF, Nygaard I, van Pop-
pel M, Stuge B, Davies GAL; IOC Medical Com-
mission. Exercise and pregnancy in recreational
and elite athletes: 2016 evidence summary from
the IOC expert group meeting, Lausanne. Part 2
— the effect of exercise on the fetus, labour and
birth. Br J Sports Med. 2016;50(21):1297-1305;
doi: 10.1136/bjsports-2016-096810.

Liddle SD, Pennick V. Interventions for prevent-
ing and treating low-back and pelvic pain during
pregnancy. Cochrane Database Syst Rev. 2015;
2015(9):CD001139; doi: 10.1002/14651858.CD
001139.pub4.

Bauer I, Hartkopf J, Kullmann S, Schleger F,
Hallschmid M, Pauluschke-Frohlich J, Fritsche A,
Preissl H. Spotlight on the fetus: how physical
activity during pregnancy influences fetal health:
a narrative review. BMJ Open Sport Exerc Med.
2020;6(1):e000658; doi: 10.1136/bmjsem-2019-
000658.

Schlegel P, Hiblbauer J, Agricola A. Near infrared
spectroscopy and spiroergometry testing in Cross-
Fit. Studia Sportiva. 2020;14(1):6-14; doi: 10.5817/
StS2020-1-1.

Glassman G. What is CrossFit? CrossFit J. 2004;
19:1-7.

Beetham KS, Giles C, Noetel M, Clifton V, Jones
JC, Naughton G. The effects of vigorous intensity
exercise in the third trimester of pregnancy: a sys-
tematic review and meta-analysis. BMC Preg-
nancy Childbirth. 2019;19(1):281; doi: 10.1186/
s12884-019-2441-1.

Feito Y, Heinrich KM, Butcher SJ, Poston WSC.
High-Intensity Functional Training (HIFT): Defi-
nition and research implications for improved fit-
ness. Sports. 2018;6(3):76; doi: 10.3390/sports
6030076.

Asplund CA, Bright JM. Pregnancy and the en-
durance athlete. In: Miller TL (ed.) Endurance
Sports Medicine. Springer; 2016, pp. 43-54.

Di Mascio D, Magro-Malosso ER, Saccone G,
Marhefka GD, Berghella V. Exercise during preg-
nancy in normal-weight women and risk of pre-
term birth: a systematic review and meta-analy-
sis of randomized controlled trials. Am J Obstet
Gynecol. 2016;215(5):561-71; doi: 10.1016/j.ajog.
2016.06.014.

Human Movement, Vol. 25, No 2, 2024


https://pubmed.ncbi.nlm.nih.gov/?term=Pintaudi+B&cauthor_id=30642790
https://pubmed.ncbi.nlm.nih.gov/?term=Napoli+A&cauthor_id=30642790

HUMAN MOVEMENT

P. Schlegel, From caution to guidance: a narrative review of CrossFit during pregnancy

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

10

Mottola MF, Davenport MH, Brun CR, Inglis SD,
Charlesworth S, Sopper MM. VO2peak predic-
tion and exercise prescription for pregnant wom-
en. Med Sci Sports Exerc. 2006;38(8):1389-95;
doi: 10.1249/01.mss.0000228940.09411.9c¢.
Salvesen KA, Hem E, Sundgot-Borgen J. Fetal
wellbeing may be compromised during strenuous
exercise among pregnant elite athletes. Br J Sports
Med. 2012;46(4):279-83; doi: 10.1136/bjsm.2010.
080259.

Schlegel P. High-intensity functional training in
pregnancy: a case study. Studia Sportiva. 2022;
16(2):64-72; doi: 10.5817/StS2022-2-8.
O’Connor PJ, Poudevigne MS, Cress ME, Motl RW,
Clapp JF. Safety and efficacy of supervised strength
training adopted in pregnancy. J Phys Act Health.
2011;8(3):309-20; doi: 10.1123/jpah.8.3.309.
Prevett C, Kimber ML, Forner L, de Vivo M, Da-
venport MH. Impact of heavy resistance training
on pregnancy and postpartum health outcomes.
Int Urogynecol J. 2023;34(2):405-11; doi: 10.1007/
s00192-022-05393-1.

Barakat R, Stirling JR, Lucia A. Does exercise
training during pregnancy affect gestational age?
A randomised controlled trial. Br J Sports Med.
2008;42(8):674-78; doi: 10.1136/bjsm.2008.04
7837.

Garshasbi A, Faghih Zadeh S. The effect of exer-
cise on the intensity of low back pain in pregnant
women. IntJ Gynaecol Obstet. 2005;88(3):271-
75; doi: 10.1016/j.ijgo.2004.12.001.

Schoenfeld B. Resistance training during preg-
nancy: safe and effective program design. Strength
Cond J. 2011;33:67-75; doi: 10.1519/SSC.0b01
3e31822ec2d8.

Garnaes KK, Nyrnes SA, Salvesen KA, Salvesen @,
Markved S, Moholdt T. Effect of supervised exer-
cise training during pregnancy on neonatal and
maternal outcomes among overweight and obese
women. Secondary analyses of the ETIP trial:
a randomised controlled trial. PLOS ONE. 2017;
12(3):e0173937; doi: 10.1371/journal.pone.0173
937.

Hall DC, Kaufmann DA. Effects of aerobic and
strength conditioning on pregnancy outcomes.
Am J Obstet Gynecol. 1987;157(5):1199-203; doi:
10.1016/s0002-9378(87)80294-6.
Ramirez-Vélez R, Tordecilla-Sanders A, Correa-
Bautista JE, Peterson MD, Garcia-Hermoso A.
Handgrip strength and ideal cardiovascular health
among colombian children and adolescents. J

Pediatr. 2016;179:82-89.e1; doi: 10.1016/].jpeds.
2016.08.099.

[58] Petrov Fieril K, Glantz A, Fagevik Olsen M. The

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

efficacy of moderate-to-vigorous resistance exer-
cise during pregnancy: a randomized controlled
trial. Acta Obstet Gynecol Scand. 2015;94(1):35-
42; doi: 10.1111/a0gs.12525.

Bgeginski R, Almada BP, Kruel LFM. Fetal heart
rate responses during maternal resistance exer-
cise: a pilot study. Rev Bras Ginecol Obstet. 2015;
37(3):133-9; doi: 10.1590/SO100-72032015000
5132.

Meah VL, Strynadka MC, Steinback CD, Daven-
port MH. Cardiac responses to prenatal resistance
exercise with and without the Valsalva maneuver.
Med Sci Sports Exerc. 2021;53(6):1260-9; doi:
10.1249/MSS.0000000000002577.

Gould S, Cawyer C, Dell’Italia L, Harper L,
McGwin G, Bamman M. Resistance Training does
not decrease placental blood flow during Valsalva
maneuver: a novel use of 3d Doppler power flow
ultrasonography. Sports Health. 2021;13(5):476-
81; doi: 10.1177/19417381211000717.

Gephart LF, Doersch KM, Reyes M, Kuehl TJ,
Danford JM. Intraabdominal pressure in women
during CrossFit exercises and the effect of age and
parity. Proc (Bayl Univ Med Cent). 2018;31(3):
289-93; doi: 10.1080/08998280.2018.1446888.
Dietze-Hermosa M, Hitchcock R, Nygaard IE,
Shaw JM. Intra-abdominal pressure and pelvic
floor health: should we be thinking about this
relationship differently?. Female Pelvic Med Re-
constr Surg. 2020;26(7):409-14; doi: 10.1097/
SPV.0000000000000799.

Coleman TJ, Hamad NM, Shaw JM, Egger MJ,
Hsu Y, Hitchcock R, Huifeng J, Choi CK, Nygaard
[E. Effects of walking speeds and carrying tech-
niques on intra-abdominal pressure in women.
Int Urogynecol J. 2015;26(7):967-74; doi: 10.1007/
s00192-014-2593-5.

Hsu Y, Hitchcock R, Niederauer S, Nygaard IE,
Shaw JM, Sheng X. Variables affecting intra-ab-
dominal pressure during lifting in the early post-
partum period. Female Pelvic Med Reconstr Surg.
2018;24(4):287-91; doi: 10.1097/SPV.0000000
000000462.

Vladutiu CJ, Evenson KR, Marshall SW. Physical
activity and injuries during pregnancy. J Phys
Act Health. 2010;7(6):761-69; doi: 10.1123/jpah.
7.6.761.

Stracciolini A, Quinn B, Zwicker RL, Howell DR,
Sugimoto D. Part I: crossfit-related injury char-

Human Movement, Vol. 25, No 2, 2024



HUMAN MOVEMENT

P. Schlegel, From caution to guidance: a narrative review of CrossFit during pregnancy

[68]

[69]

[70]

[71]

[72]

[73]

[74]

acteristics presenting to sports medicine clinic.
Clin J Sport Med. 2020;30(2):102-7; doi: 10.1097/
JSM.0000000000000805.

Hopkins BS, Cloney MB, Kesavabhotla K, Yama-
guchi J, Smith ZA, Koski TR, Hsu WK, Dahda-
leh NS. Impact of crossfit-related spinal injuries.
Clin J Sport Med. 2019;29(6):482-5; doi: 10.1097/
JSM.0000000000000553.

Mehrab M, de Vos R-J, Kraan GA, Mathijssen NMC.
Injury incidence and patterns among dutch Cross-
Fit athletes. Orthop J Sports Med. 2017;5(12):
2325967117745263; doi: 10.1177/23259671177
45263.

Aasa U, Svartholm I, Andersson F, Berglund L.
Injuries among weightlifters and powerlifters:
a systematic review. BrJ Sports Med. 2017;51(4):
211-9; doi: 10.1136/bjsports-2016-096037.
Klimek C, Ashbeck C, Brook AJ, Durall C. Are
Injuries more common with CrossFit training than
other forms of exercise?. J Sport Rehabil. 2018;
27(3):295-9; doi: 10.1123/jsr.2016-0040.
Angel Rodriguez M, Garcia-Calleja P, Terrados N,
Crespo I, Del Valle M, Olmedillas H. Injury in
CrossFit®: a systematic review of epidemiology
and risk factors. Phys Sportsmed. 2022;50(1):3-
10; doi: 10.1080/00913847.2020.1864675.
Feito Y, Burrows E, Tabb L, Ciesielka K-A. Break-
ing the myths of competition: a cross-sectional
analysis of injuries among CrossFit trained partici-
pants. BMJ Open Sport Exerc Med. 2020;6(1):
€000750; doi: 10.1136/bmjsem-2020-000750.
Ludviksdottir I, Hardardottir H, Sigurdardottir T,
Ulfarsson GF. Comparison of pelvic floor muscle

[75]

[76]

[77]

[78]

[79]

strength in competition-level athletes and un-
trained women. Laeknabladid. 2018;104(3):133-8;
doi: 10.17992/1b1.2018.03.177.

Yang J, Cheng JW, Wagner H, Lohman E, Yang SH,
Krishingner GA, Trofimova A, Alsyouf M, Sta-
ack A. The effect of high impact crossfit exercises
on stress urinary incontinence in physically active
women. Neurourol Urodyn. 2019;38(2):749-56;
doi: 10.1002/nau.23912.

Sangsawang B. Risk factors for the development
of stress urinary incontinence during pregnancy
in primigravidae: a review of the literature. Eur
J Obstet Gynecol Reprod Biol. 2014;178:27-34;
doi: 10.1016/j.ejogrb.2014.04.010.
Ramirez-Vélez R, Bustamante J, Czerniczyniec A,
Aguilar de Plata AC, Lores-Arnaiz S. Effect of
exercise training on eNOS expression, NO produc-
tion and oxygen metabolism in human placenta.
PLOS ONE. 2013;8(11):e80225; doi: 10.1371/
journal.pone.0080225.

Szumilewicz A. Who and how should prescribe
and conduct exercise programs for pregnant wom-
en? Recommendation based on the European ed-
ucational standards for pregnancy and postnatal
exercise specialists. DevPeriod Med. 2018;22(2):
107-12; doi: 10.34763/devperiodmed.20182202.
107112.

Rudin LR, Dunn L, Lyons K, Livingston J, War-
ing ME, Pescatello LS. Professional exercise rec-
ommendations for healthy women who are preg-
nant: a systematic review. Womens Health Rep.
2021;2(1):400-12; doi: 10.1089/whr.2021.0077.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-
NoDerivs (CC BY-NC-ND).

11

Human Movement, Vol. 25, No 2, 2024



