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Most guidelines recommend regular physical exercise to all pregnant women. However, because of the
anatomical and physiological changes which occur during pregnancy, high-intensity exercise and forms of
extreme sports can place the pregnant woman and her fetus at risk of harm.

Introduction

The World Health Organization recommends that all healthy preg-
nant and puerperal women should undertake regular physical activity of
at least 150 min of moderate-to-intense aerobic activity throughout the
week, including a variety of aerobic and muscle-strengthening exercises.
Women who habitually engage in high-intensity exercise can continue
during pregnancy and the puerperium [1]. The WHO recommendations
are reflected in a number of country-specific guidelines related to
physical activity during pregnancy [2]. Exercise activities which have
been extensively studied and shown to be safe and beneficial include
walking, stationary cycling, aerobic exercises, dancing, resistance and
stretching exercises, and water sports that do not involve diving [3].
With the increasing participation of women in competitive high in-
tensity sports, the issue of the potential effects of such activity during
pregnancy has gained increasing relevance.

Because of the physiological and anatomical changes associated with
pregnancy, caution must be advocated in particular circumstances and
in relation to certain forms of high-intensity exercises such as:

e sport activities that place individuals at risk of direct abdominal
trauma or sustaining a significant fall.
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e sport activities with risks of indirect trauma, such as those due to
sudden accelerations and decelerations.

e sport activities where oxygen supply may be impaired. This criterion
is particularly applicable to individuals with cyanotic respiratory or
cardiovascular disorders.

High impact intensive exercise compounded by the physiological
changes that occur during pregnancy may potentially have an impact on
early fetal development during the first trimester mediated through al-
terations in thermoregulation and hypoxia, whereas exercise-
potentiated hypoxia could result in fetal hypoxia during the second
and third trimesters.

Physiological changes during pregnancy

Pregnant women undergo a series of physiological changes involving
glucometabolic, thermoregulatory and cardiorespiratory alterations
that are generally aimed to provide a favourable environment to the
developing fetus, to help promote its growth and continued wellbeing.
These changes, including the relaxation of connective tissue and smooth
muscle, are driven by progressively increasing levels of placental hor-
mones, reaching a plateau in the third trimester. Some of these changes
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have no direct bearing on the exercise tolerance capabilities of the
mother, but others may significantly affect them, especially in the third
trimester [4].

Risk of thermoregulation (or hyperthermia)

Intense exercise results in physiological responses that carry poten-
tial risks of adverse effects on the developing fetus. Sustained exercise,
as in distance running, generates an increase in core body temperature.
In the first trimester of pregnancy, this is theoretically considered a
physical teratogen. However, retrospective questionnaire data has sug-
gested that healthy women accustomed to jogging before pregnancy can
continue to do so without harm to the infant [5]. Animal studies have
shown a relationship between elevations in core body temperature and
the development of birth defects. Chronic exposure during late gestation
has also been linked to fetal growth restriction [6,7]. Retrospective
studies of human subjects also suggest an increased risk of fetal abnor-
malities with core body temperatures above 38.9 °C during the first
trimester. However, studies evaluating the effects of various combina-
tions of climate and intense physical exercise, have shown no increase in
the incidence of fetal abnormalities. It is important to note that exercise-
induced core body temperature increases in these studies were 1.1 °C
lower than any of those causing increased teratogenic risk in animal
studies [6,8].

The thermogenic effects on pregnancy may be heightened by an
accompanying dehydration generated during exercise [9]. Pregnant
women should be advised to ensure that their exercise regimen does not
include a high-intensity period of more than 15 min, alternating with
cool-down periods of lower intensity. They should wear light open
weave clothing and ensure adequate hydration before, during and after
exercise [10,11].

Risk of trauma

The pregnant uterus grows significantly with advancing gestation. It
is palpable above the pubic symphysis around the end of the first
trimester and reaches the level of the umbilicus at about 20 weeks.
Direct trauma delivered to the abdomen after the first trimester of
pregnancy can result in the force being transmitted to the placenta and
fetus.

Blunt trauma

The leading cause of blunt abdominal trauma in pregnant women is
motor vehicle accidents, accounting for about 207 cases per 100,000
births, in high-income countries. Other causes of blunt abdominal injury
include falls and physical assaults. In a series of 381 cases of abdominal
trauma presenting to a level 1 trauma centre, 74.2 % of cases followed
motor vehicle accidents, 15.8 % followed falls, and 6.3 % followed as-
saults [12]. Blunt abdominal trauma has been shown to contribute to
serious obstetric emergencies such as spontaneous miscarriage,
placental abruption, preterm labour and delivery, and uterine rupture,
all of which are associated with significant mortality and morbidity to
both mother and child. Less dramatic complications of partial placental
abruption are placental insufficiency and intrauterine growth retarda-
tion [13].

Sports injuries

Blunt abdominal trauma may also be caused by sports where par-
ticipants run the risk of contact with a projectile, e.g., tennis, squash,
netball, football, etc. Such sports should be avoided at the competitive
level during the second and third trimesters of pregnancy. Sports
involving unlimited contact and risk of direct collision on the abdomen,
such as kickboxing, judo, rugby, etc, should be completely avoided in
the latter two trimesters. Sport activities that place the individual at
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increased risk of falling and sustaining a blunt abdominal trauma, such
as gymnastics, water-skiing, snow-skiing, snowboarding, ice skating,
horseback riding, and competitive cycling, should be similarly avoided.
The risk of falling is compounded by the fact that pregnancy is associ-
ated with greater joint laxity and increased body weight, which can
result in an altered sense of balance and gait changes [14].

Risk of indirect trauma

Indirect trauma can be caused by activities involving rapid acceler-
ation and deceleration, and prolonged multi-gravitational (g) force, such
as experienced in rollercoaster rides, etc. These have been associated
with obstetric complications such as premature rupture of membranes,
placental abruption, and fetal-maternal haemorrhage [15,16]. Studies in
baboons have demonstrated that rapid deceleration distorts the size and
shape of the uterus because of abdominal organ compression [17].
Disruption of myocardial cellular integrity was also noted in pregnant
rats exposed to 2G accelerative and decelerative forces [18].

Reduced oxygen availability

It is generally recommended that after the mid-second trimester of
pregnancy women should not undertake activities that require them to
lie supine on their back for a significant period of time. The increasing
size and weight of the uterus at this stage may be sufficient to compress
the inferior vena cava in the supine position. This may result in reduced
venous return to the heart, decreased cardiac output, orthostatic hypo-
tension, decreased blood flow in the abdominal aorta, decreased
placental blood flow, and temporary fetal hypoxemia.

High altitude activities

Travelling to high altitude locations can also reduce the oxygen
supply to the fetus. The relative hypoxia of the mother brought on by
intensive exercise at high altitudes, compounded by the physiological
changes which occur during pregnancy, may potentially contribute to-
wards fetal hypoxia. Such situations are particularly important in
women with previous respiratory or cardiac conditions that make them
susceptible to cyanosis. Country-specific guidelines recommend that
exercise needs to be avoided at altitudes greater than 1800 m, at least
until the body physiologically fully adjusts to the altitude.

Scuba diving

Pregnant women should refrain from scuba diving because of the
risks of decompression sickness in the fetus. The fetus is poorly protected
from developing decompression sickness, because the fetal pulmonary
circulation cannot filter bubble formation to the maternal bloodstream.
Fetuses of pregnant sheep and goats subjected to air compression
equivalent to 49 msw [metre sea water] pressures for 5-15 min were
shown to develop decompression gas bubbles even when the mother did
not display signs of decompression sickness [19]. Animal studies stim-
ulating decompression sickness in early pregnancy suggest that it may
have significant deleterious effects on fetal development [20]. However,
anatomical differences in placental circulation between animals and
humans may limit the generalisability of these observations to humans
[21]. Human studies are naturally observational in nature, and they do
not confirm the risks suggested by animal studies. A two-phase retro-
spective and prospective study, evaluating 157 pregnancies and 1,465
dives showed no adverse fetal effects. However, the vast majority of
women ceased diving in the first trimester and therefore the potential
adverse effects of diving at a later stage of pregnancy could not be
determined. However, it suggests that diving in the first trimester of
pregnancy may be relatively safe [22,23].
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Recommendations

e Pregnant women should continue to undertake regular moderate

physical activity avoiding over-exertion during pregnancy. Safe ex-
amples of this include brisk walking, swimming, cycling, mild aer-
obics, yoga, Pilates, and more depending upon their tolerance levels
during pregnancy.

Pregnant women should avoid intense physical activity during high
ambient temperatures and ensure a good hydration during exercise.
Pregnant women should avoid exercise that involves a high-risk of
direct abdominal trauma or sustaining a significant fall. Pregnant
women should avoid sport activities with risks of indirect trauma,
such as those due to sudden accelerations and decelerations.
Pregnant women should avoid physical activities associated with
reduced oxygenation. This is particularly significant for individuals
who have cyanotic respiratory or cardiovascular disease.

Pregnant women should avoid assuming the supine position for a
prolonged period of time after the mid-second trimester.

This paper had been peer reviewed by Professor Juriy Wladimiroff,

Cambridge, Professor Mark Formosa, Malta, Professor Diogo Ayres-de-
Campos, Lisbon, Professor Sophie Alexander, Brussels, and Professor
Petr Velebil, Prague.

This paper was approved at the meeting of the executive board of

EBCOG on 25th March 2023.

Declaration of Competing Interest

The authors declare that they have no known competing financial

interests or personal relationships that could have appeared to influence
the work reported in this paper.

References

[1

[2

[3

[4

[5

]
]

= =

—

WHO guidelines on physical activity and sedentary behaviour: at a glance. Geneva:
World Health Organization; 2020. Licence: CC BY-NC-SA 3.0 1GO.].

Evenson KR, Barakat R, Brown WJ, Dargent-Molina P, Haruna M, Mikkelsen EM,
et al. Guidelines for physical activity during pregnancy: comparisons from around
the world. Am J Lifestyle Med 2014 Mar;8(2):102-21. https://doi.org/10.1177/
1559827613498204. PMID: 25346651.

Berghella V, Saccone G. Exercise in pregnancy! Am J Obstet Gynecol 2017 Apr;216
(4):335-7. https://doi.org/10.1016/j.aj0g.2017.01.023. PMID: 28236414.
Newton ER, May L. Adaptation of Maternal-Fetal Physiology to Exercise in
Pregnancy: The Basis of Guidelines for Physical Activity in Pregnancy. Clin Med
Insights Womens Health. 2017 Feb 23;10:1179562X17693224. doi: 10.1177/
1179562X17693224. PMID: 28579865.

Jarrett 2nd JC, Spellacy WN. Jogging during pregnancy: an improved outcome?
Obstet Gynecol 1983 Jun;61(6):705-9. PMID: 6843928.

58

European Journal of Obstetrics & Gynecology and Reproductive Biology 285 (2023) 56-58

[6]

71

[8]

[9

—

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Gericke GS, Hofmeyr GJ, Laburn H, Isaacs H. Does heat damage fetuses? Med
Hypotheses 1989 Aug;29(4):275-8. https://doi.org/10.1016/0306-9877(89)
90111-4. PMID: 2586353.

Ravanelli N, Casasola W, English T, Edwards KM, Jay O. Heat stress and fetal risk.
Environmental limits for exercise and passive heat stress during pregnancy: a
systematic review with best evidence synthesis. Br J Sports Med 2019 Jul;53(13):
799-805. https://doi.org/10.1136/bjsports-2017-097914. PMID: 29496695.
Soultanakis-Aligianni HN. Thermoregulation during exercise in pregnancy. Clin
Obstet Gynecol 2003 Jun;46(2):442-55. https://doi.org/10.1097/00003081-
200306000-00023. PMID: 12808394.

Kerksick CM, Wilborn CD, Roberts MD, Smith-Ryan A, Kleiner SM, Jager R, et al.
ISSN exercise & sports nutrition review update: research & recommendations. J Int
Soc Sports Nutr 2018 Aug 1;15(1):38. https://doi.org/10.1186/512970-018-0242-
y. PMID: 30068354.

Vladutiu CJ, Evenson KR, Marshall SW. Physical activity and injuries during
pregnancy. J Phys Act Health 2010 Nov;7(6):761-9. https://doi.org/10.1123/
jpah.7.6.761. PMID: 21088307.

Physical Activity and Exercise During Pregnancy and the Postpartum Period: ACOG
Committee Opinion Summary, Number 804. Obstet Gynecol. 2020 Apr;135(4):
991-993. doi: 10.1097/A0G.0000000000003773. PMID: 32217974.

Al-Thani H, El-Menyar A, Sathian B, Mekkodathil A, Thomas S, Mollazehi M, et al.
Blunt traumatic injury during pregnancy: a descriptive analysis from a level 1
trauma center. Eur J Trauma Emerg Surg 2019 Jun;45(3):393-401. https://doi.
org/10.1007/s00068-018-0948-1. PMID: 29589039.

Greco PS, Day LJ, Pearlman MD. Guidance for evaluation and management of blunt
abdominal trauma in pregnancy. Obstet Gynecol 2019 Dec;134(6):1343-57.
https://doi.org/10.1097/A0G.0000000000003585. PMID: 31764749.

McCrory JL, Chambers AJ, Daftary A, Redfern MS. Dynamic postural stability
during advancing pregnancy. J Biomech 2010 Aug 26;43(12):2434-9. https://doi.
org/10.1016/j.jbiomech.2009.09.058. PMID: 20537334.

Kuper D. Pregnancy and amusement park rides. Int J Childbirth Educ 1992;7(4):
12-4. https://ejournals.um.edu.mt/login?url=https://www.proquest.com/schol
arly-journals/pregnancy-amusement-park-rides/docview/212874022/se-2.
Matthews G. Hammersley BA case of maternal pelvic trauma following a road
traffic accident, associated with fetal intracranial haemorrhage. Emergency Med J
1997;14:115-7. https://doi.org/10.1136/emj.14.2.115.

Crosby WM, Snyder RG, Snow CC, Hanson PG. Impact injuries in pregnancy. I.
Experimental studies. Am J Obstet Gynecol 1968 May 1;101(1):100-10. https://
doi.org/10.1016/0002-9378(68)90492-4. PMID: 4967090.

Ranga V, Laky D, Budai M, Cadariu S. Experimental study on the effects of +Gz.
Acceleration under gestational conditions. I. Ultrastructural myocardial lesions.
Morphol Embryol (Bucur) 1982;28(1):303-6. PMID: 6218400.

Powell MR, Smith MT. Fetal and maternal bubbles detected noninvasively in sheep
and goats following hyperbaric decompression. Undersea Biomed Res 1985 Mar;12
(1):59-67. PMID: 38985009.

Gilman SC, Greene KM, Bradley ME, Biersner RJ. Fetal development: effects of
stimulated diving and hyperbaric oxygen treatment. Undersea Biomed Res 1982
Dec;9(4):297-304. PMID: 7168094.

Barry JS, Anthony RV. The pregnant sheep as a model for human pregnancy.
Theriogenology 2008;69(1):55-67. https://doi.org/10.1016/j.
theriogenology.2007.09.021. Epub 2007 Nov 5. PMID: 17976713; PMCID:
PMC2262949.

St Leger Dowse M, Gunby A, Moncad R, Fife C, Bryson P. Scuba diving and
pregnancy: can we determine safe limits? J Obstet Gynaecol 2006 Aug;26(6):
509-13. https://doi.org/10.1080/01443610600797368. PMID: 17000494.
Camporesi EM. Diving and pregnancy. Semin Perinatol 1996 Aug;20(4):292-302.
https://doi.org/10.1016/50146-0005(96)80022-x. PMID: 8888455.


https://doi.org/10.1177/1559827613498204
https://doi.org/10.1177/1559827613498204
https://doi.org/10.1016/j.ajog.2017.01.023
http://refhub.elsevier.com/S0301-2115(23)00128-8/h0025
http://refhub.elsevier.com/S0301-2115(23)00128-8/h0025
https://doi.org/10.1016/0306-9877(89)90111-4
https://doi.org/10.1016/0306-9877(89)90111-4
https://doi.org/10.1136/bjsports-2017-097914
https://doi.org/10.1097/00003081-200306000-00023
https://doi.org/10.1097/00003081-200306000-00023
https://doi.org/10.1186/s12970-018-0242-y
https://doi.org/10.1186/s12970-018-0242-y
https://doi.org/10.1123/jpah.7.6.761
https://doi.org/10.1123/jpah.7.6.761
https://doi.org/10.1007/s00068-018-0948-1
https://doi.org/10.1007/s00068-018-0948-1
https://doi.org/10.1097/AOG.0000000000003585
https://doi.org/10.1016/j.jbiomech.2009.09.058
https://doi.org/10.1016/j.jbiomech.2009.09.058
https://ejournals.um.edu.mt/login?url=https://www.proquest.com/scholarly-journals/pregnancy-amusement-park-rides/docview/212874022/se-2
https://ejournals.um.edu.mt/login?url=https://www.proquest.com/scholarly-journals/pregnancy-amusement-park-rides/docview/212874022/se-2
https://doi.org/10.1136/emj.14.2.115
https://doi.org/10.1016/0002-9378(68)90492-4
https://doi.org/10.1016/0002-9378(68)90492-4
http://refhub.elsevier.com/S0301-2115(23)00128-8/h0090
http://refhub.elsevier.com/S0301-2115(23)00128-8/h0090
http://refhub.elsevier.com/S0301-2115(23)00128-8/h0090
http://refhub.elsevier.com/S0301-2115(23)00128-8/h0095
http://refhub.elsevier.com/S0301-2115(23)00128-8/h0095
http://refhub.elsevier.com/S0301-2115(23)00128-8/h0095
http://refhub.elsevier.com/S0301-2115(23)00128-8/h0100
http://refhub.elsevier.com/S0301-2115(23)00128-8/h0100
http://refhub.elsevier.com/S0301-2115(23)00128-8/h0100
https://doi.org/10.1016/j.theriogenology.2007.09.021
https://doi.org/10.1016/j.theriogenology.2007.09.021
https://doi.org/10.1080/01443610600797368
https://doi.org/10.1016/s0146-0005(96)80022-x

	High-intensity exercise during pregnancy – A position paper by the European Board and College of Obstetrics and Gynaecology ...
	Introduction
	Physiological changes during pregnancy
	Risk of thermoregulation (or hyperthermia)
	Risk of trauma
	Blunt trauma
	Sports injuries
	Risk of indirect trauma

	Reduced oxygen availability
	High altitude activities
	Scuba diving

	Recommendations
	Declaration of Competing Interest
	References


