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Introduction

Abstract

Exercise and physical activity have been studied and suggested as a way to reduce
or minimize the effects of pre-eclampsia. Our aim was to evaluate the association
between exercise and/or physical activity and occurrence of pre-eclampsia. We con-
ducted electronic searches without year of publication and language limitations.
This was a systematic review designed according to PRISMA. Different databases
accessed were as follows: PubMed®; Latin-American and Caribbean Literature in
Health Sciences (LILACS); Scientific Electronic Library On-line (SciELO); Phys-
iotherapy Evidence Database (PEDro); and ISI web of KnowledgeS™. The Med-
ical Subject Headings (MeSH) were as follows: (“exercise” OR “motor activity”
OR “physical activity”) AND (“pre-eclampsia” OR “eclampsia” OR “hypertension,
pregnancy-induced”). Inclusion criteria were studies conducted in adults who were
engaged in some physical activity. The selection and methodological evaluation were
carried out by two independent reviewers. Risk assessment was made by the odds
ratio (OR) and incidence of pre-eclampsia in the population who performed phys-
ical activity/exercise. A total of 231 articles were found, 214 of which were excluded
based on title and full-text, so that 17 remained. Comparison of six case—control
studies showed that physical activity had a protective effect on the development of
pre-eclampsia [OR 0.77, 95% confidence interval (CI) 0.64-0.91, p < 0.01]. The
10 prospective cohort studies showed no significant difference (OR 0.99, 95% CI
0.93-1.05, p = 0.81). The only randomized clinical trial showed a protective effect
on the development of pre-eclampsia in the stretching group (OR 6.34, 95% CI
0.72-55.37, p = 0.09). This systematic review indicates a trend toward a protective
effect of physical activity in the prevention of pre-eclampsia.

Abbreviations: CI, confidence interval; LILACS, Latin American and Caribbean
Literature in Health Sciences; OR, odds ratio; PA, physical activity; PE, pre-
eclampsia; PEDro, Physiotherapy Evidence Database; SciELO, Scientific Electronic
Library On-line.

of pre-eclampsia (PE) associated with the prevention and
reduction in its incidence or recurrence (6-9). Hypertensive

Physical activity (PA) is recommended during pregnancy be-
cause it may be beneficial to maternal health. Furthermore, it
is considered a safe activity for the mother and fetus (1,2). The
American College of Obstetricians and Gynecologists (3) rec-
ommends moderate-intensity physical exercise every day or
atleast three times a week, even in pregnant women who were
previously inactive (4,5). Exercise and PA have been studied
and suggested as a way to reduce or minimize the effects
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disorders are among the leading causes of maternal morbidity
and death, especially in developing countries. However, few
well-characterized methodological studies have been carried
out (10).

Exercise may contribute to a reduction in blood pressure
levels and cardiovascular conditioning in pregnant women
(11). It may protect against pre-eclampsia by reducing the
maternal concentration of oxidative substances (oxidative
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stress); stimulating vascularity and placental growth and pre-
venting endothelial dysfunction (12).

Due to the lack of consistent data on this topic, we pro-
posed a systematic review to focus on the effect of exercise and
PA on the prevention of pre-eclampsia and its complications.
For this we considered exercise as any structured, planned
and repetitive form of physical activity, aimed at improving
health and maintaining one or more components of physical
fitness. Physical activity was defined as any voluntary bod-
ily movement that increased energy expenditure above the
basal level (calories expended in the resting state) such as
leisure-time or recreational activities, occupational activities
or planned physical exercise (sports; 13). The main objective
of this study was to evaluate the association between exercise
and PA and the development of PE. An additional objective
was to recognize the characteristics of activities that could
be considered possibly to prevent PE.

Material and methods

This was a systematic review on the effect of exercise and
physical activity on the prevention of PE. It was registered at
the site PROSPERO (http://www.crd.york.ac.uk/prospero/):
CRD42012001975. Inclusion criteria for the analysis were
studies conducted in adult humans, with no known dis-
ease, who were engaged in some form of PA in order to
evaluate the incidence of PE, without limitation to year of
publication (up to June, 2011) and language. We considered
PA as any voluntary bodily movement that increased en-
ergy expenditure above the basal level, such as leisure-time
or recreational activities, occupational activities and planned
physical exercise (sports; 13). Research was carried out by
a systematic search in the following databases: PubMed®;
Latin-American and Caribbean Literature in Health Sci-
ences (LILACS); Scientific Electronic Library On-line (Sci-
ELO); Physiotherapy Evidence Database (PEDro); and ISI
web of KnowledgeS™. Databases were accessed using the
following Medical Subject Headings (MeSH): (“exercise”
OR “motor activity” OR “physical activity”) AND (“pre-
eclampsia” OR “eclampsia” OR “hypertension, pregnancy-
induced”). PRISMA standards (www.equator-network.org)
were adhered to.

Study selection

The selection and methodological evaluation of the articles
were carried out by two independent reviewers (KTK and
SLN). Initially, the articles were screened by analysing their
titles and/or abstracts. Articles that did not meet the inclusion
criteria were excluded. Then full-text articles that potentially
addressed the topic were accessed. References of the remain-
ing articles were reviewed to identify articles that were not
located due to a limited search strategy. When there was a
lack of consensus between the two reviewers, a third reviewer
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(MLC) was consulted to help overcome disagreement. Data
retrieved from selected studies were adapted for use based on
a World Health Organization form (14). When studies did
not show sufficient data to conduct this review, additional in-
formation was extracted from the authors of primary studies
by electronic contact before study exclusion.

Risk assessment and comparison of clinical outcome was
made by the odds ratio (OR) and incidence of PE in the
population who performed physical activity and/or physical
exercise. For data analysis, the Comprehensive Meta-Analysis
program, version Evaluation (15) was used. The incidence of
PE and lack of PE was extracted from studies of groups en-
gaged in physical activity and those who did not take part in
any activity. When exercise or physical activity was catego-
rized into “yes” or “no,” this value was considered for analy-
sis. When activities were analysed in different categories, the
reference value (none) was considered vs. the sum of PE inci-
dence in the remaining categories. The results of these articles
were grouped according to type of study, comparing OR val-
ues and generating a final odds ratio with a 95% confidence
interval (CI). Then articles reporting occupational activities
and pre-pregnancy activities were analysed separately among
each type of study to observe their effect on the development
of PE.

Starting from a limited search strategy, databases were ac-
cessed following a sequence: first, the PubMed®, then the
LILACS database and the SciELO database, followed by the
PEDro and ISI Web of Knowledge®™ databases. When du-
plicate studies appeared, we considered the first database in
which the study was found. The literature search produced
a total of 231 articles, with 49 in PubMed, seven in LILACS
and 175 in ISI. Of these articles, 178 were excluded based
on title, because they did not fulfill the predefined inclusion
criteria, 20 were excluded for reasons of patent publication,
15 because they were bibliographic reviews and 143 because
of failure to satisfy the topic (Figure 1).

After evaluating the abstracts, we observed that five were
duplicate studies. An article was published twice in different
journals (16,17). Another was published twice by the same
journal, although in different editions (18,19). The abstracts
of two other articles were published in annals of conferences
and later the full-text article was published with complete
data (20-23). One article referred to a letter mentioning the
original article (24,25). Only one of the two duplicate articles
was included.

Twenty-four studies that did not meet the inclusion criteria
were excluded. Five other studies were also excluded because
they reported a physical exertion test for assessment of vari-
ation in blood pressure as a way to predict PE. As a result,
19 full-text articles remained to be analysed. After full-text
analysis, two other studies were excluded for not showing
consistent data for analysis. Electronic contact with the main
authors was attempted with no success (26,27). For final
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Studies identified through
the search strategy (n=231)

Studies excluded by title for not following

the inclusion criteria (n=178)

-20 patents publications
-15 review studies

Potentially relevant
studies (n=53)

-143 different subjects

Studies excluded by abstract for not
followinginclusion criteria (n=34)

-5 duplicate studies
-29 different subjects

Studies eligible for
systematic review

(n=19)

Studies excluded after accsess complete
> papersfor not having sufficient data for
analysis(n=2)

Studies included into
systematic review

Figure 1. Flow chart of study selection process. in=17)

analysis, 17 articles remained. The remaining articles were
classified according to type of study: six were case—control
studies, 10 were prospective cohort studies and one was a
randomized clinical trial. Table 1 summarizes the main char-
acteristics and the results of articles included.

Results

When six articles describing case—control studies were
grouped to compare the participation or lack of participa-
tion in PA, despite diverse types and intensities, it was ob-
served that PA had a protective effect of around 23% on the
development of PE (OR 0.77, 95% CI 0.64-0.91, p < 0.01;
Figure 2; 21, 28-32). However, in this type of study, when
analysed separately there was an increased risk of PE in
women who performed labor activities in both of the studies
reporting occupational activity (OR 1.62, 95% CI 1.09-2.42,
p = 0.01; Figure 3; 29,30).

Analysing the period of exposure to PA in two case—control
studies that evaluated participation in PA in the pre-
pregnancy period, it was demonstrated that exercise per-
formed in the year before pregnancy exerted a protective
effect on the development of PE (OR 0.56, 95% CI 0.41-0.76,
p < 0.01; Figure 4; 21,31).

Of the 10 articles representative of the prospective cohort
studies, two (19,33) failed to show the precise data of women
with PE. As the Comprehensive Meta-Analysis program al-
lows the direct inclusion of the odds ratio values, the study
power was calculated proportionally to other studies and the
results of 10 studies were compared (17,23,34-39). However,
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there was no difference between PA and lack of PA (OR 0.99,
95% CI 0.93-1.05, p = 0.81; Figure 5). Separately, ee analysed
an article reporting that occupational activity posed a risk for
the development of PE (OR 1.28, 95% CI10.92-1.77, p=0.13;
40). Regarding the prospective cohort studies in which expo-
sure to PA occurred before pregnancy, we observed that there
was no difference (OR 0.85, 95% CI 0.67-1.09, p = 0.21;
Figure 6; 23,36,37).

The only randomized clinical trial found in this review
evaluated the repercussions of a moderate-intensity 40 min
walking exercise program, five times per week vs. a low-
intensity 40 min stretching exercise program, five times per
week. The pregnant women began activity at 18 weeks ges-
tation. A comparison between the walking group and the
stretching group showed that the stretching had a protective
effect on the development of PE (OR 6.34, 95% CI 0.72-55.37,
p = 0.09; 40).

The intensity of PA was difficult to evaluate, owing to the
variety of methods used. The included studies quantified and
grouped PA intensity as low, medium and high (29,36,38), by
a scale of perceived exertion (31,34), by the time engaged in
activity (week/month; 17,21,23,28), by the number of times
the activity was practiced per week or month (32,35,37,40),
employed or unemployed status (30,39) or according to the
type of activity performed (19,33).

Discussion

The results indicate that the performance of recreational and
sports PA has a protective effect on the development of PE
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Study name Any type of activity Statistics for each study COuds ratio and 95% I

Odds  Lower Upper
ratioc  limit  limit ZValue pValue

Murcoux, 1989 (28)  LTPAw.none 067 047 087 212 003
Spinillo, 1995 (29)  PA at words. no work 152 088 235 190 005

Somensen, 2002 (21)  PAs. none 066 047 083 233 00 =B
Saftlas, 2004 (30) LTPA s, nane 066 036 120 135 017

Rudra, 2005 (31) eemcise ve. none (before pregnancy) 033 024 064 3T 0.00 -
Haelterman, 2007 (32) vigomous LTPAS. none 146 072 186 084 052

o7 084 0o =292 0.00
0.0 04 1 10 100

Figure 2. Forest plot of the risk of pre-eclampsia for any type of physical activity vs. no physical activity in case—control studies. Abbreviations: Cl,
confidence interval; LTPA, leisure-time physical activity; and PA, physical activity.

Study name Occupational activities Statistics for each study Odds ratio and 95% CI

Odds Lower Upper
ratio limit limit Z-Value p-Value

Spinillo, 1985 (29) PAatwork vs. nowork 152 098 235 19 005
Saftias, 2004 (30)  Work vs. no work 234 08 65 161 010
162 109 242 238 001 3

0.01 0.1 1 10 100

Figure 3. Forest plot of the risk of pre-eclampsia for occupational activities in case—control studies. Abbreviations are as for Figure 1.

Study name Prepregnancy PA Statistics for each study Odds ratio and 95% CI

Odds Lower Upper
ratio limit limit Z-Value p-Value

Ruta 206 (31) Recrestiord PAs. rore 0® 0 084 -3 0w S =
Soersen 008 (21} Recreatiord PAws. none 0 04 1B 17 07
0%5 041 O0m -3 000 L 2
0.01 0.1 1 10 100

Figure 4. Forest plot of the risk of pre-eclampsia for pre-pregnancy physical activity in case-control studies. Abbreviations are as for Figure 1.
when analysing case—control studies, both in exercises per- cise and increase their recreational PA during pregnancy to
formed during pregnancy and in the pre-pregnancy period. improve maternal health, including a possibility to prevent
Concerning cohort studies, although some studies demon- PE.
strated that PA may exert a protective effect against PE, when The studies were of different types, with diverse method-
the results were combined this association was not confirmed. ologies, making data analysis more difficult. These differ-
Clinically, women have to be encouraged to perform exer- ences are determined by different statistical powers, types of

© 2012 The Authors
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Study name Any type of activity Stafistics for each study Ocicis ratio and 95% O
Odds Lower Upper
ratic  limit  limit ZValue pValue
Inwin, 1994 (34) Mediumhigh vs. low physical esertion 082 062 107 -4 015 i
Magrus, 2008 (35) Recreational PA s, none 0 083 100 184 006
Longo-vberza, 2008 (19)  PA s, none 063 042 094 226 002 —
Rudra, 2008 (23) Recreational PA s, none 085 05 131 070 048 -t
Osterdal, 2009 (17) PA s, none 110 11 119 219 002 | |
Hegaard, 2010 (36) LTPA vs. nane (before pregnancy) 094 05 1682 020 083 e
Tyldum, 2010 (37) PA . none (befone pregnancy) 104 075 144 028 077 e
Vollebregt, 2010 (38) LTPA s, none 076 046 124 108 028 —
Chang, 2010 (39) Employed vs. non-employed 1268 082 177 150 013 F—
Fortrer, 2011 (33) PA highs. low 020 002 140 -6 010
088 086 105 023 081
0.01 0.1 1 10 100

Figure 5. Forest plot of the risk of pre-eclampsia for any type of physical activity vs. no physical activity in cohort studies. Abbreviations are as for

Figure 1.

Study name Prepregnancy PA Statistics for each study Odds ratio and 95% CI

Odds Lower Upper

ratio  limit limit Z-Value p-Value
Rucra 2008 (23) Recresioral PAs. none 046 0 O0m -28 Qoo -
Hegaard, 2010 (36)  LTRAWS. rore 04 s 1® 02 083
Tyldum 2010 (37) PAs. nore 104 orm 14 08 Q77

08 067 108 135 o
0.01 0.1 1 10 100

Figure 6. Forest plot of the risk of pre-eclampsia for prepregnacy physical activity in cohort studies. Abbreviations are as for Figure 1.

activity, intensity and periods of exposure to physical activity
or exercise. Furthermore, there are differences in the diag-
nosis of PE; for example, when comparing the Royal Col-
lege of Obstetricians and Gynaecologists (RCOG) and the
Medical Society of Obstetrics Australia and New Zealand
(SOMANZ) with the Society of Obstetricians and Gy-
necologistsof Canada (SOGC) and the American Society
of Hypertension (ASH; 41). However, not all articles in-
cluded information about how the diagnosis of PE had been
made.

The scarcity of randomized clinical trials may preclude
adequate assessment of the effect of an intervention on a
certain outcome. The only clinical trial found and included
in this systematic review did not show significant results.
According to Yeo et al. (40), a limitation of their study was

1154

the sample size analysed, which did not reach a p < 0.05 and
power >0.80.

The lack of clinical trials in this topic led us to review
case—control studies. The design of these studies, however,
has many limitations because they depend on a well-defined
selection of cases and controls. Furthermore, patient selection
may suffer from a variation in the PE incidence in the study
population, making exposure to exercise difficult to assess
(42).

Cobhort studies are considered ideal to investigate the in-
cidence and natural history of a disease, despite difficulty
in controlling for variation in the exposure factor, which
may lead to bias. Measurement units of occupational and
leisure-time PA during pregnancy are difficult to control
(43).

© 2012 The Authors
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Characteristics of physical activities and PE

During the selection process of the articles included in this re-
view, we noticed that there was no standardization regarding
the definition of PA and physical exercise. Constant conflict
has been created because these terms are sometimes used
interchangeably. The analysed studies showed a variety of
PA, such as occupational activities (29,30,32,39) leisure-time
and/or recreational activities (17,21,23,28,30,31,35,36,38),
general physical activities (19,33) and physical exercise as
sports activities (37,40). There was still heterogeneity among
the methods used to assess physical activity. Information was
collected by the use of questionnaires, face-to-face interviews
and database analysis. Results may be compromised by dif-
ferent frequencies, intensities and duration. The actual effect
on the research objective analysed was difficult to evaluate.

Two case—control studies (29,30) assessing occupational
activity and a single cohort article (39) reporting that this
activity was associated with the risk of developing PE cor-
roborated the findings shown in a review by Bonzini et al.
(44). The increase in risk was possibly associated with long
working hours, long periods of standing at work and work
activity involving considerable physical exertion, particularly
at the end of pregnancy. However, the type of occupational
activity and risk intensity could not be assessed because the
evaluation of activities did not use the same standards, which
precluded comparison.

A cohort study by Chang et al. (39) assessed work sched-
ule, hours of work per week, type of occupational activity,
type of industry, corporate work and workplace schedule,
using a population database named the “Taiwan Birth Co-
hort Study.” In contrast, Spinillo et al. (29) formally anal-
ysed the employed or unemployed, type of job, job sector
and occupational activity, body position at work, physical
intensity levels, working hours per week, time since quitting
work and social class of the partner, using a structured ques-
tionnaire in pregnant women with severe PE compared with
normotensive nulliparous women. This methodology differs
from that of Saftlas et al. (30), who evaluated hours of work
spent standing, walking and sitting, comparing sedentary oc-
cupational activities with non-sedentary occupational activ-
ities. Time at work spent sitting was assessed by interview. In
this study, employment status was classified as employed or
unemployed.

Nevertheless, unemployed pregnant women were not nec-
essarily less active than employed pregnant women. Unem-
ployed woman can perform housework that involves greater
physical exertion than a person who spends a large amount
of time sitting during a working day. That is why it is so
difficult to measure the amount of activity at work, during
leisure-time activities or at home doing daily chores.

Considering the diversity of PA in a woman’s life, leisure-
time activities play a fundamental role during pregnancy.

© 2012 The Authors
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These represent changes in physical and mental behavior
introduced during this particular time in a woman’s life,
regardless of the quantity of PA that had been performed
previously (45).

Intensity of PA

The impact of exercise and PA on the cardiovascular system
varies according to the type, duration and level of intensity.
Assessment of PA intensity may be performed by measuring
the variation in heart rate increase with exertion compared
with the heart rate at rest or to maximal heart rate (or peak
rate). However, only Yeo et al. (40) measured the impact
of PA on the cardiovascular system. The risk of developing
PE seems to be reduced with increasing intensity of PA and
energy expenditure (21,23,28). However, in this review the
intensity of PA could not be analysed adequately, because
each study used a different methodology for assessment.

Period of exposure to exercise

Both case—control studies evaluating pre-pregnancy PA
showed a significant protective effect on the development of
PE. Sorensen et al. (21) categorized women into two groups
(inactive and active) according to participation in leisure-
time PA during the year before pregnancy. An interview was
conducted in early pregnancy, which was known to be the
most appropriate procedure. Rudra et al. (31) interviewed
women in the immediate postpartum period about perceived
exertion (Borgscale) in recreational PA performed during the
12 months before pregnancy, categorizing PA in a variety of
ways: none to weak (reference), moderate, strenuous and
very strenuous to maximal (Figure 3). Prospective cohort
studies did not show any difference, highlighting that there
were differences in the activities analysed. Hegaard et al. (36)
assessed the total quantity of PA, including sports, garden-
ing and walking, classified as sedentary, light and moderate
to heavy, and did not find any significant difference due to
the low number of women engaged in moderate-to-heavy
activities. Rudra et al. (23) evaluated participation in recre-
ational activity, classified as none or any activity. Tyldum
et al. (37) investigated the frequency, intensity and duration
of exercise such as walking, swimming or participation in
sports, although he did not specify the pregestational period
evaluated.

However, a reduction in PA is virtually always present dur-
ing pregnancy. In a study by Evenson et al. (46), 13% of
pregnant women in the USA practiced PA before pregnancy,
although PA was discontinued at the beginning of pregnancy.
Likewise, Owe et al. (47) observed that 46.4% women in Nor-
way exercised before pregnancy and this number decreased
to 28% at 17 weeks of gestation. Despite these studies, Even-
son et al. (46) observed that 35% of women exercised before
pregnancy and continued to exercise throughout pregnancy.

Acta Obstetricia et Gynecologica Scandinavica © 2012 Nordic Federation of Societies of Obstetrics and Gynecology 91 (2012) 1147-1157 1155
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When evaluating participation in recreational activities
during the year before and in the first 20 weeks of gesta-
tion, Sorensen et al. (21) observed that categories such as
“before only” and “during only” did not represent protection
against PE, while engaging in PA during both periods showed
a risk reduction of 41%, compared with women who were
sedentary before and during pregnancy (OR 0.59, 95% CI
0.35-0.98). Previously active women should be stimulated to
maintain the level of PA during pregnancy, and women who
were previously sedentary should be encouraged to begin to
perform regular physical exercise, with a gradual increase in
intensity as recommended by American College of Obstetri-
cians and Gynecologists (3).

In conclusion, our study indicates a protective effect of
physical activity on the prevention of PE. It was observed that
leisure-time or recreational physical activity was associated
with a protective effect. Unfortunately, due to heterogene-
ity in study results, the optimal intensity of recreational PA
that ensures a protective effect on the development of PE
could not be assessed. Occupational activity represented a
risk for occurrence of PE and has to be studied and analysed
separately from the other types of PA. However, further stud-
ies with well-defined methodological designs are required to
strengthen the evidence that PA and regular physical exercise
during pregnancy may have a protective effect against PE.
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