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Part 1: antenatal

PREGNANCY IN THE FEMALE ATHLETE

“regnancy in the female athlete

By Guy Pitchers?, Kirsty Elliott-Sale?, Marlize DeVivo’,
Thomas Donelon’, Hayley Mills’, Emma Brockwell® and Grainne Donnelly?,
!Canterbury Christ Church University, ?Nottingham Trent University, 3Absolute Physio and “Physiomum

OVERVIEW

As female participation in sport and exercise continues to increase,
there is a strong likelihood that a strength and conditioning (S&C] coach
will work with a pregnant athlete. High profile athletes such as Serena
Williams and Dame Jessica Ennis-Hill have shown recently that it is not
uncommon for female athletes to become mothers during their careers,
rather than after they have retired. However, historically pregnancy was
perceived as time spent away from sport and being active was wrongly
associated with a high, unreasonable risk to the unborn foetus. The
challenge for the S&C coach working with pregnant athletes is navigating
the wide range of global recommendations that are often aimed at
active or inactive individuals, but not at elite athletes. It is fundamental
that any coach working with pregnant athletes is knowledgeable about
the physiological and anatomical changes that occur throughout the
trimesters, the nutritional demands of pregnancy, and its effect on weight
management in order to appropriately facilitate athlete and foetal health
during the antenatal period. Therefore, the aim of this initial review is
to summarise current literature and provide key insights that promote
best practice for practitioners working with pregnant athletes. The use
of ‘women’ throughout this paper will refer to the general population and
‘sportswomen’ to the athletic population. ‘Antenatal’ refers to a pregnant
woman before childbirth and the term ‘postnatal’ means after childbirth,
something which will be covered in part 2 of this review series.

Anatomical and physiological
changes throughout pregnancy

The average pregnancy lasts 38
weeks after ovulation. The gestation
period (carrying of embryo/foetus) is
subdivided into three relatively equal
trimesters.  Throughout  gestation,
many changes occur within the body
to maintain the biological homeostasis.
Changes within the cardiovascular
system are gradual: resting cardiac
output can increase by 50%, resting heart
rate by 15-20 bpm, stroke volume by 10%
and blood volume by 45-50%.2232548495056
As such, increases in heart rate, stroke

volume and cardiac output should not
be used as markers of training.“’ Blood
plasma volume can increase by 10%
as early as the seventh week;* these
increases in blood plasma volume are
required because of vascular dilations
and to ensure that blood pressure does
not decrease too much.#

Furthermore, changes in blood volume
allow an increased supply of nutrients
to, and remove waste products from, the
uterus and placenta.®® Rapid growth of
the foetus in the third trimester poses
the greatest risk of anaemia; however,
practitioners should be mindful not to

incorrectly diagnose anaemia due to
changes to blood volume.#

Specific hormones mediate essential
anatomical and physiological functions
for the foetus and mother. The corpus
luteum (mass of cells on the ovary) is
the main source of pregnancy-specific
hormones during the first six to eight
weeks of gestation before the placenta
takes over the role’® Oestrogen
stimulates breast growth and growth
of the ducts within the breasts; it also
increases prostaglandin and oxytocin
production, which assist during
labour.5 Cortisol and thyroid hormones
also increase to meet metabolic
demands during pregnancy.?®s® Relaxin
and progesterone have key roles in
preparing the mother for giving birth
and increasing the mobility of joints.
As the foetus and mother grow in size
and mass, likely postural changes
include: increased lordosis, anterior tilt
in the pelvis, flexion in cervical spine,
and abduction and depression of the
shoulder girdle.s

The respiratory system also adapts to
ensure oxygen supply to the placenta.
Lowering maternal partial pressure of
carbon dioxide is required to facilitate
the exchange of carbon dioxide (CO,)
from the foetus?®® Progesterone
mediates these changes as it decreases
CO, threshold and increases minute
volume.?*2° Vital capacity is unaltered,
but decreases are observed in
lung capacity, residual volume and
VO,max>"¥ The increasing size of
the uterus will displace the diaphragm
upwards and increased relaxin and
progesterone in the second and third
trimester will increase the muscular
demand to compress the ribs during
breathing.#
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‘Micronutrient deficiencies are common during pregnancy’

Nutrition and weight management

Contrary to the popular idiom ‘eating
for two’, the nutritional requirements of
pregnancy are not overly different from
the non-pregnant state. The Institute
of Medicine® prescribes energy intake
based on each trimester, with no
additional calories needed in the first
trimester and an additional 340 kecal-d™
and 452 kcal-d* needed for the second
and third trimesters. Butte et al” further
refined these recommendations on
the basis of pre-pregnancy BMI; they
suggested that underweight women
should increase their daily energy
intake (DEI) by 150, 200 and 300 kcal-d*
during the first, second and third
trimesters, normal weight women
should increase their DEI by o, 350
and 500 kcal-d? and obese women
should increase their DEI by o,
450 and 350 kcal-d™ Therefore, to
avoid excessive gestational weight
gain, pregnant women should limit
themselves to within these ranges.
Nutritional modulation has been shown
to be an effective strategy for weight
management during pregnancy (for
a review on this topic, see Elliott-Sale
et al*). Sportswomen who continue to
exercise during pregnancy will need
to further adjust their dietary intakes
based on the type, intensity, frequency,
and duration of the exercise performed.
As such, Silva et al* recommend that, to
maintain adequate energy availability
during pregnancy, eating before (3-4
hours), during, and after physical
activity is necessary.

Training times may need to be flexible,
should sportswomen be experiencing
morning sickness or hyperemesis
gravidarum (extreme morning
sickness), which typically occurs in
the first trimester. Consumption of
energy drinks is not recommended
because of the high caffeine content.®
In a team sport setting where it may
be not possible to change the times of
‘squad’ or ‘pitch-based’ sessions, then
having simple carbohydrates available
and moving additional sessions (ie,
gym) till later in the day or to another
day are simple strategies that can be
implemented to aid sportswomen.
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In terms of dietary composition
during pregnancy, 175 g-d* (usually
130 g-d?) of carbohydrate and 71 g-d*
(usually 46 g-d?) of protein is typically
recommended, while no change to the
daily recommended intake of fat is
required.®® Micronutrient deficiencies
are common during pregnancy,
especially folate, iron and fibre intakes;”
therefore, eating fruit and vegetables
should be  encouraged during
pregnancy and may also help avoid
excessive gestational weight gain.*

Preconception

Concerns, questions, and doubts are
to be expected when a sportswoman
is planning to become pregnant or
becomes pregnant. Specific worries
might include: (i) practical concerns
such as availability of childcare and loss
of income; (ii) sporting concerns such as
adverse effects on performance; and (iii)
medical concerns such as harm to foetal
development. It has recently been noted
that some sportswomen experienced a
reduction or removal of funding or loss
of sponsorship during pregnancys
Prior to pregnancy, discussions and
education may be required around
hormonal contraceptive use, such as the
implant, intrauterine devices and oral
contraceptives.

Miscarriages sadly occur for a
range of reasons, with chromosomal
abnormalities being the most common
cause. Should women or sportswomen
be planning to conceive, Bz et al®
could find only low to moderate
evidence that strenuous exercise
seven days post-ovulation can increase
risk of miscarriage. Hjollund et al?®
researched the risk of physical strain
in Danish women: participants were
required to complete a questionnaire,
which covered a range of health factors
and included physical strain, average
workday, standing and lifting loads. The
women were instructed to stop their
diary recordings once a pregnancy was
diagnosed. The results showed that an
adjusted risk ratio (RR) for miscarriage
was higher in women who reported
higher than average physical strain

on days 6-9 after the estimated date
of ovulation (RR 2.5, 95% CI 1.3 to 4.6).
More evidence is required to ascertain if
strenuous exercise in sportswomen has
a miscarriage risk during implantation.

Exercising in the first trimester

Nausea, vomiting and retching often
occur during the first trimester,®
which is when sportswomen may
experience a sudden drop in
performance. It is important to reassure
sportswomen that this is to be expected,
and until these symptoms subside
training volume and intensity should be
revised. Despite research being limited,
a coach should always put the health of
sportswomen and foetus at the forefront
and should any heavy lifting and high
intensity exercise be warranted, they
should seek guidance from a medical
professional. Madsen et al®*® researched
the exercise habits of 2,551 women who
experienced a miscarriage (<22 weeks
gestation); they found that when a
woman exercised for more than seven
hours a week there was an increased risk
of miscarriage (hazard ratio - 3.7 (95% Cl
2.9-4.7)), particularly with high impact
exercise (hazard ratio - 4.7 (95% Cl 3.3-
5.3)). No association was seen between
exercise and risk of miscarriage after 18
weeks of gestation. The results should,
however, be interpreted with caution
owing to potential bias arising from
retrospective data collection.

Further advice for women and
sportswomen during the antenatal
period includes: avoiding hyperthermia,
training at intensities >90% of their
VO,max and high altitude for low land
individuals.®® Exercises and activities
to avoid throughout gestation include
skydiving, scuba diving, contact sports
and sports that involve an increased
risk of falling such as ice skating?®
Should a sportswoman and practitioner
wish to continue with a sport that is
not recommended, then clearance from
a medical professional needs to be
provided and reviewed regularly.

The current consensus is that the
foetus’ and mother’s well-being during



light and moderate exercise is not
compromised and it is recommended
that women complete 150 minutes of
moderate activity a week throughout
pregnancy.®® When a coach is assessing
the intensity of a session with a woman
or sportswoman, it would be best
practice to use both a heart rate monitor
and the talk test. When using the talk
test, they should be able to maintain
a conversation and the practitioner
should reduce the intensity if this is not
possible.# Regarding heart rate values,
moderate intensity is considered 40-
59% of heart rate reserve (HRR) and
vigorous intensity 60-80% of HRR
(see Table 1).*% Caution is required,
however, when using a heart rate
monitor, due to changes in resting rates:
more research into vigorous intensity
heart rate ranges is required.«+

Limited research exists on weight
training during pregnancy. The
Valsalva manoeuvre (trapping air in the
lungs to create increased pressure) is
often used in normal strength training;
however, due to rapid changes in blood
pressure and reduction in placental
blood flow, this is contraindicated.#
Excessive strain (particularly in
isometrics and eccentric exercises)
should be avoided or modified to avoid
the Valsalva manoeuvre. Schoenfeldss
recommends the following advice for
resistance training during pregnancy:
three non-consecutive sessions a week
that are total body, mostly single joint
exercises; two minutes rest between
sets; two-three sets per exercise, <70%
1RM and not to the point of failure.

Exercising during second and third
trimester

Sportswomen can continue to train into
their second and third trimester. It is
recommended to gradually decrease
both exercise time and intensity as
pregnancy develops:? this should be an
individualised and not a generalised
approach. As the hormone relaxin
increases and balance decreases®s
during pregnancy, it is fundamental to
assess the risk of exercises. Movements
such as change of direction or exercises
that require high stabilisation and/or
impact (ie, plyometrics and ballistic
exercises) may have an increased risk
due to changes in joint mobility, mass,
and change in centre of mass. Within
the second and third trimester, any

PREGNANCY IN THE FEMALE ATHLETE

Table 1: Heart rate ranges for low-risk pregnant women*

<29 years Light 102-124
Moderate 125-146
Vigorous 147-169
> 30 years Light 101-120
Moderate 121-141
Vigorous 142-162

sport, activity or environment that has
the potential for contact should be
avoided.®

Lower back pain and pelvic girdle pain
are often symptoms reported in women
during pregnancy.® Bg and Backe-
Hansen’ researched the prevalence
of pelvic girdle pain and back pain
in pregnant sportswomen and in an
aged-matched pregnant woman. No
significant differences were shown
for pelvic girdle pain (33.3 vs 30.4%,
p = 0.76) and lower back pain (18.5 vs
32.6%, p = 0.20). This suggests that all
women might benefit from some form
of exercise modification (ie, single arm
row instead of bent over row) to ease
or not aggravate symptoms during
training.

Salvesen et al®® stated that when
sportswomen (23-29 weeks gestation)
reach >90% maximal maternal heart
rate, this could compromise foetal
well-being. Although exercise changes
uteroplacental blood flow, moderate
intensity activity does not pose a
health risk despite approximately 25%
reduction in blood flow, as the blood
supply in the placenta is maintained,
but the uterine wall will see a decline in
blood flow.2 Bg et al® highlight the lack
of research regarding above-moderate
intensity training and suggest that
particular attention should be given to
monitoring foetal development in the
second and third trimester. If you are
unable to monitor foetal development,
this type of activity is not advised
regardless of the pre-gravid fitness of
the mother.

Exercising in the supine position is
associated with areduced cardiac output
and orthostatic hypotension. After
the first trimester, symptoms such as
light-headedness and nausea are most
likely to occur after 28 weeks gestation
as the uterus enlarges.® Exercises can

be modified by putting sportswomen
into a sitting/standing position or an
incline to reduce the compression from
the uterus. However, the research3+
has shown conflicting results on this
and only very low quality evidence
supports this concept. Table 2 provides
a summary of sports, exercises, training
methods and athlete considerations
during the preconception and antenatal
period. Although Table 2 includes a
large body of research, 89182838 434447535557
research specifically for antenatal
sportswomen and practitioners is still
emerging.

Pelvic floor

The pelvic floor muscles (PFM),
along with ligament and fascia,
offer structural support to the pelvic
organs and continence mechanism.
When they work optimally, they
prevent pelvic organ prolapse (POP),
urinary incontinence (UI) and/or
anal incontinence (AI). Effective
functionality of this support system is
required to counteract the increases in
intra-abdominal pressure and ground
reaction forces that occur during
physical activity. Women who exercise
have stronger PFM, " but in other studies
high impact sport has been shown to
weaken the PFM compared to non-
exercisers, due to the role the PFM have
in counteracting impact and abdominal
pressure.’®* Continent women who
exercise the PFM during pregnancy are
62% less likely to experience Ul in late
pregnancy and 29% have a lower risk of
UI 3-6 months postnatally.*

Pregnancy can weaken, lengthen, and
overload the pelvic floor. Practitioners
should not assume the sportswomen
they work with are more capable
in performing PFM contractions.®
Ensuring it is the PFM which are
contracted and not other muscle groups
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Table 2: Summary of sport, exercise, training methods, modifications and monitoring during the antenatal period for low risk sportswomen

Preconception

None

None

Increases in training
load and intensity

None

Continue with
current monitoring
of load and intensity

First trimester | - Extreme sports: Scuba - High force and high velocity - Increases in training load and intensity Flexible approach to - HR
diving, skydiving etc plyometric exercises: Drop - Altitude training >1,500m in non- training time/duration/ - Talk test
. jumps, bounding etc acclimatised individuals intensity if morning
- Contact sports: Boxing, - Saunas sickness occurs
rugby, ice hockey etc - Valsalva manoeuvre
- Strength training >70% 1RM
- Activities that result in HR values over
169 (<29 y/o) or 162 (>30 y/o)
- Exercises that encourage isometric and/
or eccentric actions: Wall sit, tempo
training etc
Second - Extreme sports - Plyometric and ballistic - Increases in training load and intensity - Additional back support - HR
trimester - Contact sports exercises - Altitude training >1,500m in non- - Incline or standing - Talk test
- Invasion sports: Football, - Overhead pressing acclimatised individuals positions over supine - Monthly foetal assessment
basketball, hockey etc - Weightlifting and derivatives: - Saunas - Minimise floor to standing from doctor should the
- Sports with a risk of power cleans, clean pulls, hang | - Valsalva manoeuvre transitions practitioner and athlete
falling: Equestrian, ice snatch etc - Strength training >70% 1RM - Wider base of support in decide to participate in
skating, hurdles etc - Laying prone or resistance - Activities that result in HR values over 169 free weight exercises vigorous activities
machines where padding (<29 y/o) or 162 (>30 y/o) - Supportive bra use and - Monthly use of readiness to
is in contact with stomach: - Exercises that encourage isometric and/or encourage bra fit check exercise questionnaire
Prone row, seated row, back eccentric actions - Maternity bump support/
extensions etc - Unstable surface training or training on an belt during walking and
- Trunk exercises that include a uneven surface running
large ROM and load through the | - Strenuous stretching (ballistic, PNF) and
abdomen: Sit-ups, landmine alterations to certain poses/stretches in
rotations, russian twists yoga and Pilates
- Agility/change of direction
exercises
Third - Extreme sports - Plyometric and ballistic - Increases in training load and intensity - Additional back support - HR
trimester - Contact sports exercises - Altitude training >1,500m in non- - Incline or standing - Talk test
- Invasion sports - Overhead pressing acclimatised individuals positions over supine - Monthly foetal

- Sports with a risk of falling

- Competitive sports where
exertions may reach
vigorous levels

- Weightlifting and derivatives

- Laying prone or resistance
machines where padding is in
contact with stomach

- Trunk exercises that include
a large ROM and load through
the abdomen

- Agility/change of direction
exercises

- Hip dominant exercises: RDL,
hip thrust, deadlift etc

- Saunas

- Valsalva manoeuvre

- Strength training >70% 1RM

- Activities that result in HR values over
169 (<29 y/o) or 162 (>30 y/o)

- Exercises that encourage isometric and/
or eccentric actions

- Unstable surface training or training on
an uneven surface

- Strenuous stretching (ballistic, PNF) and
alterations to certain poses/stretches in
yoga and Pilates

- Minimise floor to
standing transitions

- Wider base of support in
free weight exercises

- Supportive bra use and
encourage bra fit check

- Maternity bump support/
belt during walking and
running

assessment from
doctor should the
practitioner and
athlete decide to
participate in vigorous
activities

- Monthly use of
readiness to exercise
questionnaire
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may require assessment from the
medical department. Sportswomen may
wish to self-test by placing one hand
on the perineum and when contracting
feel it lifting away from the hand by
‘squeezing and lifting’ as opposed to
‘squeezing and pushing’. Exercises
focused on the PFM should be included
in the antenatal programme. Bg et al*
recommend 6-8 seconds of maximal
pelvic floor contractions, repeated 8-12
times, three times a day, which can be
progressed by increasing the duration.
Practitioners need to be mindful
that this does not coincide with an
increase in intra-abdominal pressure
(ie, holding breath and co-contractions
of other musculature). If UI and/or Al
incontinence, urinary and/or faecal
urgency, heaviness/dragging in the
pelvic area or pain with intercourse is
reported, high impact exercises need
to be suspended until symptoms are
addressed. Overall, PFM training has
no reported adverse effects and should
be a primary prevention method for Ul,
POP, and Al, especially in high impact
sports. Should an intervention be
unsuccessful, referral to a specialist is
essential, given the impact UI, POP and
Al can have on health and well-being.

Diastasis recti

The linea alba is a meshwork of collagen
fibres that maintain the abdominal
muscles and have a normal width
of up to 15mm-22mm in nulliparous
women (women who have never given
birth)> ‘Diastasis recti’ is the term
for the thinning and widening of the
linea alba® and its associated laxity
of the anterior abdominal wall# It is
commonly diagnosed by inter-recti
distance via finger-width palpation,®
although no standardised diagnostic
criteria currently exists. In the absence
of definitive diagnostic criteria, the true
prevalence of diastasis recti remains
unknown. Some degree of separation
towards the end of pregnancy is
considered a normal adaptation for the
abdominal wall to accommodate the
growing uterus,® with the inter-recti
distance considered normal up to 21-
28mm in primiparous women (women
on their first pregnancy).

Recommendations  for

managing
diastasis recti in pregnancy
include  encouraging tension-free
diaphragmatic  breathing patterns

PREGNANCY IN THE FEMALE ATHLETE

Table 3: Relative and absolute contraindications®

Severe respiratory diseases (eg,
chronic obstructive pulmonary disease,

restrictive lung disease and cystic fibrosis)

Mild respiratory disorders

Severe acquired or congenital heart
disease with exercise intolerance

Mild congenital or acquired heart
disease

Uncontrolled or severe arrhythmia

Well-controlled type 1 diabetes

Placental abruption

Mild pre-eclampsia

Vasa previa

Preterm premature rupture of
membranes

Uncontrolled type 1 diabetes

Placenta previa after 28 weeks

Intrauterine growth restriction

Untreated thyroid disease

Active preterm labour

Symptomatic, severe eating disorder

Severe pre-eclampsia

Multiple nutrient deficiencies and/
or chronic undernutrition

Cervical insufficiency

Moderate-heavy smoking
(>20 cigarettes per day) in
the presence of co-morbidities

(ie, belly breathing and/or thoracic
expansion breathing exercises),
as well as reducing activities that cause
unnecessary and repeated increases
in intra-abdominal pressure, such as
sit-ups and straining on the toilet.?
An individualised approach to exercise
prescription should be employed.?
Signs include visible doming or
invagination at the midline®® and/
or compensatory strategies such as
excessive lumbar lordosis or gripping
the outer abdominal muscles®
Exercise prescription should focus
on achieving load transfer across
the abdominal wall and progress to
functional rehabilitation.??22¢ Pilates
exercises that focus on targeting the
pelvic floor and transverse abdominis,
and which enable appropriate tension
and load transfer across the abdominal
wall should be used.® Once achieved,
progression to exercises engaging the
outer abdominal wall muscles, such as
head-lifts, may be employed.?

Contraindications during pregnancy

Sociocultural  advice has  often
superseded research, and so it is
important that sportswomen and all
coaches are aware of contraindications:
see Table 3 for absolute and relative

contraindications. Expert opinions
and limited empirical evidence
had previously determined most
contraindications, but recent
guidelines now remove barriers to
physical activity during pregnancy
for women with certain medical
conditions.®® Sportswomen  with
absolute contraindications should be
encouraged to continue daily living
activities, whereas sportswomen with
a relative contraindication should
have a discussion with a health care
professional and, where necessary,
modifications can be made to
their exercise programme rather
than  completely  stopping  it.=®
It is important to understand that
sportswomen are unlikely to display
any contraindications at the start
of pregnancy, but this may change
throughout the term. Sportswomen,
coaches, and medical personnel should
regularly consult with each other and
have coherent procedures to deal with
any contraindication.

There is currently no common practice
within the UK for assessing readiness
for exercise during the antenatal
period. The Physical Activity Readiness
Medical Examination for Pregnancy
(PARmed-X)19 provides a simple
guideline to evaluate the risk of exercise,

19
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requiring the individual to answer
questions on general health status,
Regular painful status of current pregnancy, activity
R Tt i habits during the past month, and
physical activity intensions. But it is
important to note that the PARmed-X

e does not use the most current absolute
Amniotic fluid

Headache 1 1 1 1 1
Celev)s and relative contraindications. It is

recommended that practitioners use
this questionnaire or develop their
own as standard practice, but this
should also be in conjunction with
Vaginal Dyspnoea prior appointments and care provided from
bleeding Warning signs to exertion their doctor. The final consideration
to stop for the practitioner is when to stop
exerclsing exercise: Figure 1 provides warning

signs for when to stop exercising.

Calf pain or Dizziness/ .
swelling syncope Conclusion

It canbe challenging for sportswomen
and practitioners to successfully
manage exercise during the antenatal
Muscle period. This paper highlights that
weakness physical activity can be safely
undertaken, providing that health,
not performance, are at the forefront

of any sports-based decision.

Figure 1. Warning signs to stop exercising®
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UNIVERSITY & TRAINING PROVIDER PARTNERSHIP UPDATE

Over the last year, the UKSCA has begun to take on a wider and need. This latest shoot, at the end of November, has

role of supporting and positively influencing strength and generated an additional 250 videos for the vault.

conditioning education in the UK, outside of that which we

deliver and offer directly to the membership. We have been CAREERS EVENT:

working closely with a small number of institutions to pilot In mid-December, we were pleased to be invited to support

partnership opportunities and are now planning to roll these the University of Gloucestershire’s ‘Your Future Plan’ event,

out in order to partner with more universities and training held for students from their BSc (Hons) and MSc programmes

providers in the UK. Please contact janet@uksca.org.uk for in Strength and Conditioning. Run over MS Teams and

more details. supported by the academic staff from the university, their
programme included an update on the UKSCA’s latest

In addition to the discounted student membership package, developments, a roundtable interview with S&C Coaches from

institution subscription and access to our vault of exercise the Scottish Rugby Union, workshop tasks to help students

videos to support teaching (see back cover for details), we develop their ‘sales’ skills as well as an informative session

have also been working on the following: on the social media landscape in strength and conditioning.
This day gave the students an opportunity to consider in

FILMING DAY: more detail their career options, talk directly to and learn from

We have committed to running six film shoot days a year to employers, and help them to start to form a realistic picture of

generate more video content for our university and training their future career options in strength and conditioning.

provider partners to use in their teaching. The exercises

and scenarios produced have been driven by our partners - This is a concept we will be expanding on in the future to give

keeping the vault well-stocked with the materials they want more support to S&C students at the very start of their careers.
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