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Gestational hypertension can lead to fetal complications, and, if untreated, high

blood pressure during pregnancy may cause eclampsia and even death in the

mother and fetus. Exercise is a strategy for preventing blood pressure disorders.

There is little knowledge about the physiological impacts of different physical types

of training on blood pressure during pregnancy. For that, this meta-analysis aimed

to compare the effects of different physical exercise modalities (i.e., aerobic

training—AT, strength training—ST, and combined training—AT + ST) on systolic

blood pressure (SBP) and diastolic blood pressure (DBP) of pregnant women. A

search was performed on PUBMED, LILACS, CINAHL, Sport discus, EMBASE,

SCOPUS, and Cochrane Central Register of Controlled Trials to identify

researchers. From 3,450 studies, 20 and 19 were included in the qualitative and

quantitative analyses. AT studies presented amediumeffect size (ES) on SBP [−0.29

(−2.95 to 2.36) p = 0.83], with substantial heterogeneity (I2 = 64%), and had a large

impact on DBP [−1.34 (−2.98 to 0.30) p = 0.11], with moderate heterogeneity (I2 =

30%). ST researchers showed a large ESon SBP [−1.09 (−3.66 to 1.49)p=0.41], with

a reduced heterogeneity (I2 = 0%), and a medium ES on DBP [−0.26 (−2.77 to 2.19)

p=0.83] withmoderate heterogeneity (I2 = 38%). AT + ST studies had a large ES on

SBP [−1.69 (−3.88 to 0.49) p = 0.13] and DBP [−01.29 (−2.26 to 0.31) p = 0.01] with

considerable (I2 = 83%) andmoderate heterogeneity (I2 = 47%), respectively. These

findings are essential for developing new research protocols to avoid gestational

hypertension and preeclampsia. AT + ST had a large impact on the SBP and DBP

reduction; however, there is a need for more similar procedures to reduce

heterogeneity between studies, promoting consensual results.
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1 Introduction

Diastolic blood pressure (DBP) or Systolic Blood pressure

(SBP) disorders are the most common cause of health problems

during pregnancy (Regitz-Zagrosek et al., 2018; Sutton et al.,

2018). Gestational Hypertension, defined as SBP ≥140 mmHg or

DBP ≥90 mmHg (Butalia et al., 2018), is the main cause of

maternal health problems, such as less blood flow to the placenta,

placental abruption, stroke, disseminated intravascular

coagulation, future cardiovascular disease by preeclampsia,

and multiple organ failure (Ciapponi et al., 2017; Firoz et al.,

2014; Liu & Sun, 2019). In addition, SBP and DBP disorders

impact fetus risk (intrauterine growth retardation, intrauterine

death, and premature birth) (Regitz-Zagrosek et al., 2018). Given

the protective effects of regular exercise on the cardiovascular

system, physical exercise is considered a safe and effective non-

pharmacological strategy to manage blood pressure (BP)

disorders in all conditions (American College of Sports

Medicine, 2004) and during pregnancy (Butalia et al., 2018).

There is evidence regarding the impacts of physical exercise on

BP in pregnant women. However, there are only a few systematic

reviews with meta-analyses addressing these effects during

pregnancy (Magro-Malosso et al., 2017; Du et al., 2019;

Syngelaki et al., 2019; Danielli et al., 2022).

Pregnancy involves several cardiovascular adaptations, such

as increased heart rate and cardiac output, associated with

vasodilatation (Abbas et al., 2005). These responses associated

with the secretion of gestational hormones, circulating

prostaglandins, and heat produced by the fetus result in

oscillations in the BP values characterized by hypotension in

the first and second trimesters and a slight increase in the third

(Sanghavi & Rutherford, 2014). Despite these responses, there is

evidence that women with body mass index ≥25 kg/m2 have

demonstrated significantly higher SBP and DBP (Grindheim

et al., 2012), and BP-related disorders are a relevant cause of

death in pregnant women. They, therefore, should be strongly

considered (Say et al., 2014). In this sense, any resource to

prevent such responses has a critical relevance, and one

strategy is exercise training.

A previous meta-analysis of randomized controlled trials

analyzed the effects of aerobic training (AT) during pregnancy

on the risk of gestational hypertensive disorders in

5,075 pregnant women. It showed that exercise reduced the

risk of BP disorders (Magro-Malosso et al., 2017). AT is

prescribed according to the frequency, intensity, time, volume,

and pattern (Liguori & ACSM, 2021). In adults, the AT variables

were previously studied. It was shown that larger SBP and DBP

reductions in hypertensive subjects, shorter exercise program

durations with moderate to high intensity, and programs

designed from 150 to 210 min per week (Cornelissen &

Smart, 2013). Preceding reports showed positive effects of AT

during pregnancy, using chronic protocols of eight to 39 weeks

with different programs and session times (e.g., 15–30 min cycle

ergometer exercises, 60 min walking, 45–60 min swimming or

low impact dance exercises) (Bahadoran et al., 2015; Carpenter

et al., 2015; Daniel et al., 2015; Guelfi et al., 2016).

Although some blood pressure medications are considered

safe during pregnancy, angiotensin-converting enzyme (ACE)

inhibitors, angiotensin II receptor blockers, and renin inhibitors

must be avoided during pregnancy (Thangaratinam et al., 2012;

Vahedian-Azimi et al., 2021; Liabsuetrakul et al., 2022). In many

cases, regular physical activity could positively impact health,

potentially offering similar effects to some drug treatments in

terms of mortality benefits (Kato et al., 2020; Mustata et al.,

2004). AT has been shown to decrease resting plasma

norepinephrine (Duncan et al., 1985; Batacan et al., 2015) as

well as renal sympathetic nerve activity (Grassi et al., 1994) and

muscle sympathetic nerve activity (Liu et al., 2012). AT

physiological effects include a cardiac output increases during

exercise as the heart can pump more blood each beat delivering

more blood if required, the oxygen uptake increases with AT as

the blood becomes more efficient, and there is more hemoglobin

in the blood to extract oxygen from the lungs (Eriksson et al.,

1975; Fernandes et al., 2012; McGee et al., 2018; Lee et al., 2020).

The Hemoglobin levels increase with AT to try and get more

oxygen to the muscles activity (Yuing et al., 2019); AT exercises

strengthen the heart, which increases its stroke volume, which

means at rest, the heart does not need to beat as often

(Hagerman, 1984), AT, therefore, can promote a lower resting

heart rate (Shah et al., 2018). AT could lead to the increased size

of slow twitch fibers and minimal change to the fast twitch fibers

(Steinacker, 1993). This information, combined with

mechanisms responsible for changes in arterial blood pressure

after AT, appears numerous and has not been clearly defined in

pregnancy (Thangaratinam et al., 2012). In addition, the

effectiveness of the AT on the BP values during pregnancy

needs to be clarified.

Strength training (ST) is also part of a well-rounded program

of exercises (American College of Sports Medicine, 2011), and it

is strongly recommended for pregnant women (Mottola et al.,

2018). Although some investigations have reported a reduction of

arterial BP after ST with muscle sympathetic nerve activity

adaptations (Ray & Carrasco, 2000) and the consequent

effects of reducing norepinephrine on vascular smooth muscle

tone (Carter et al., 2003), it is a few studies with pregnant women

(O’Connor et al., 2011).

The manipulation of the ST training variables, such as load

intensity, the number of sets and repetitions, order of exercises,

and rest interval length between sets and exercises, is part of a

design ST periodization (American College of Sports Medicine,

2009). One to three sets from 10 to 15 repetitions, 2 min resting

between sets and exercises, at 70% of one-repetition maximum, is

recommended during pregnancy for different goals, such as

reducing the risk of gestational diabetes, preeclampsia, and

lower back pain (Schoenfeld, 2011). A previous meta-analysis

shows that manipulating the ST variables is associated with
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different long-term BP responses (MacDonald et al., 2016). Past

studies demonstrated isolated ST or combined with AT during

pregnancy, using chronic protocols of 12–39 weeks with a

frequency of three to five times a week, maintaining a 12 to

15 Borg rating of perceived exertion scale (Fernández-Buhigas

et al., 2020; Silva-Jose et al., 2021). However, there is no

consensus about the effects of isolated ST or combined with

AT (AT + ST) on BP response in pregnant women.

After searching the literature, some meta-analyses were

found to assess the risk of developing blood pressure-related

disorders in pregnant women (Magro-Malosso et al., 2017; Du

et al., 2019; Syngelaki et al., 2019; Danielli et al., 2022). However,

none of them analyzed the behavior of systolic or diastolic blood

pressure in its quantitative aspects, considering different types of

physical exercises. Our study aimed to show the effects of

different physical exercise modalities (i.e., aerobic

training—AT; strength training—ST; and combined

training—AT + ST) on the BP of pregnant women. The

hypothesis is that AT + ST is more efficient than AT or ST

on the BP control.

2 Materials and methods

In order to verify the effects of different physical exercise

modalities on the BP of pregnant women, we conducted a

meta-analysis according to the Preferred Reporting Items for

Systematic Reviews and Meta-analyses (PRISMA) criteria

(Page et al., 2021). The following databases were consulted

in May 2021: PUBMED, LILACS, Cumulative Index to

Nursing and Allied Health Literature (CINAHL), Sport

discus via EBSCOhost, EMBASE, SCOPUS, and Cochrane

Central Register of Controlled Trials. The references list

from other relevant reviews and meta-analyses were also

consulted.

2.1 Registration and protocol

This research was registered in the International Prospective

Register of Systematic Reviews—PROSPERO, with the register

number CRD42021256509.

2.2 Literature search and study selection

The search routine was based on respective Medical Subject

Headings (MeSH) descriptors and other keywords related to the

topic. A unique key search was built according to a strategy

divided into three parts:

✓ The keywords were listed according to the population,

intervention, and outcomes.

✓ All keywords were crossed using the Boolean OR.

✓ The keywords from the population, intervention, and

outcomes were crossed between them using the

Boolean AND.

After that, the following filters were activated according to

each database: humans, adults, women, randomized controlled

trials, complete text from scientific journals, and English. The

following specific keywords were adopted: pregnant women,

pregnancy, pregnancies, gestation, pregnants, resistance

training, strength training, strength training program,

resistance training program, exercise, physical activity,

physical exercise, physical exercises, aerobic exercise, aerobic

exercises, exercise training, eclampsia, preeclampsia, blood

pressure disorders, blood pressure, hypertension, and high

blood pressure. There was no restriction to the period of the

search.

2.3 Data extraction

2.3.1 Selection criteria
All the studies identified in the databases were uploaded to

Rayyan Web. Two independent researchers performed

double-blinded studies on identification and data extraction

on the Rayyan web app. A third researcher resolved

discordances if necessary first, duplicates were located and

then removed. After that, titles and abstracts were analyzed.

The information extracted from the studies was according to

the CERT template (Supplementary Table 1) (Slade et al.,

2016). If there was not enough information in these sessions to

apply the eligibility criteria, the papers were read in full

version.

The research papers were considered according to the

following inclusion criteria: 1) studies with pregnant

women 18 years old and over; 2) interventions with

structured (at least one methodological variable controlled)

AT, ST with free weights, machines, elastic bands, or

bodyweight, or AT + ST in any modality; 3) SBP and DBP

measured at the baseline and after intervention during

pregnancy; 4) healthy or any type of chronic disease

pregnant women, since the BP pre- and post-intervention

were available; 5) randomized controlled trials and

longitudinal; 6) original articles published in English. For

this systematic review and meta-analysis, the following

exclusion criteria were adopted: 1) studies with adolescents;

2) interventions of exercises that were not prescribed by a

professional or according to their variables (i.e., volume,

intensity, type, duration, number of sets, number of

repetitions); 3) ST in isokinetic machines; 4) protocol that

involved exercises other than AT or ST, such as isolated pelvic

floor muscles training, yoga, or stretching in the experimental

or control group; 5) studies with animals.
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2.4 Assessment of risk of bias

Two researchers were involved in the risk of bias and the

quality of the study’s analysis. A third researcher resolved

discordances if necessary. It was used the TESTEX tool

(Smart et al., 2015) to evaluate the study quality in five

questions (eligibility criteria, randomization specification,

allocation concealment, group similarity at baseline, and

blinding of assessor for at least one key outcome) with one

point for each question; and the study reporting in other seven

questions (outcome measures assessment, intention-to-treat

analysis, statistical comparisons reporting, point measures and

measures of variability for all reported outcomes, control group

monitoring, relative exercise intensity, and other exercise

parameters), in a total of 10 points. Considering all the scales,

a score of 15 points is possible. The following criteria were used to

verify the risk of bias and quality of the studies: high quality and

low risk of bias (≥10 points), moderate quality and risk of bias

(7–9 points), poor quality and high risk of bias (1–6 points).

2.5 Meta-analysis

Ameta-analysis was performed to assess the mean difference

between experimental and control groups with a 95% Confidence

Interval (CI). A random-effects model was used to consider

differences in the protocols, instruments measuring BP, type

of exercises, and the intent to generalize the results beyond the

included studies. The I2 statistic was verified to assess

heterogeneity across studies. Two studies presented data with

graphics (Baciuk et al., 2008; Melo et al., 2012). The images were

printed and uploaded to Webplotdigitizer software (version 4.4,

Pacifica, California, United States), and the data were extracted

manually. This software was validated previously (Drevon et al.,

2017).

3 Results

3.1 Studies selection

Three thousand four hundred forty-two studies were

identified in the database search. One thousand fifty-three

duplicates were removed, so 2,389 papers were

screened—2,340 after analysis of the title and 19 after reading

the abstract. Then, 30 studies were assessed for eligibility and

read in full. Fifteen papers were excluded for other reasons: no BP

measurements after intervention (n = 4); adolescents included

(n = 1); exercise intervention other than AT or ST (n = 1); BP data

post-intervention after delivery (n = 4); acute intervention (n =

1); stretching exercises program in the control group (n = 1);

exercise program started before the pregnancy (n = 1); no

consistent information about the exercise program (n = 2).

Fifteen papers from databases and five from other sources met

the inclusion criteria. For the qualitative analysis, 20 studies were

included. One did not present the standard deviation, and the

quantitative analysis was impossible. The different phases of this

study are presented in Figure 1.

3.2 Study characteristics and quality

The risk of bias and quality of the studies are in Table 1.

3.2.1 Aerobic training
Eight studies evaluated the SBP and DBP after AT during

pregnancy (Baciuk et al., 2008; Stutzman et al., 2010; Melo et al.,

2012; Bahadoran et al., 2015; Carpenter et al., 2015; Daniel et al.,

2015; Guelfi et al., 2016; Seneviratne et al., 2016). The training

frequency ranged from three (Baciuk et al., 2008; Melo et al.,

2012; Daniel et al., 2015; Guelfi et al., 2016) to five sessions per

week (Stutzman et al., 2010; Bahadoran et al., 2015; Seneviratne

et al., 2016), for less than 20 weeks (Stutzman et al., 2010; Daniel

et al., 2015; Guelfi et al., 2016; Seneviratne et al., 2016), 20 weeks

(Bahadoran et al., 2015), or more than 20 weeks (Baciuk et al.,

2008; Melo et al., 2012; Carpenter et al., 2015), in moderate

(Stutzman et al., 2010; Daniel et al., 2015; Seneviratne et al., 2016)

or intense exercises (Baciuk et al., 2008; Guelfi et al., 2016). The

session’s duration was less than 45 min (Melo et al., 2012;

Bahadoran et al., 2015; Seneviratne et al., 2016), 45–60 min

(Baciuk et al., 2008; Stutzman et al., 2010; Melo et al., 2012;

Daniel et al., 2015; Guelfi et al., 2016), and more than 60 min

(Carpenter et al., 2015). For the SBP, one study presented a

significant increase in the experimental group (EG) (Baciuk et al.,

2008) and another study in the control group (CG) (Daniel et al.,

2015) compared to baseline. Two papers showed significant

reductions in the EG compared to baseline (Daniel et al.,

2015; Guelfi et al., 2016). Four studies did not show

significant differences between groups or compared to baseline

(Melo et al., 2012; Bahadoran et al., 2015; Carpenter et al., 2015;

Seneviratne et al., 2016). For the DBP, most of the studies did not

show significant differences between EG and CG (Baciuk et al.,

2008; Melo et al., 2012; Bahadoran et al., 2015; Carpenter et al.,

2015). Two papers showed significant reductions in EG

compared to baseline (Daniel et al., 2015; Guelfi et al., 2016),

and one study showed a significant increase in the CG compared

to baseline (Daniel et al., 2015).

3.2.2 Strength training
Only two studies evaluated the BP responses after ST

(O’Connor et al., 2011; Barakat et al., 2014a). Each training

program presented the following characteristics: 30 weeks of

training, three sessions per week with 55–60-min of duration,

performing one set of 10–12 repetitions in 11 exercises (Barakat

et al., 2014b); 12 weeks of training, three sessions per week with

45-min of duration, performing two sets of 15 repetitions, with
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1 and 2 min between sets and exercises (O’Connor et al., 2011).

Booth studies did not show significant differences between the

EG and CG or compared to baseline on the SBP and DBP.

3.2.3 Combined training
Most of the studies included (n = 10) evaluated the effects of

the AT + ST on the BP during pregnancy (Barakat et al., 2011;

Ramírez-Vélez et al., 2011; Barakat et al., 2012; Barakat et al.,

2014a; Garnæs et al., 2016; Haakstad et al., 2016; Perales et al.,

2016, 2020; Fernández-Buhigas et al., 2020; Silva-Jose et al.,

2021). The exercise program duration was less than 20 weeks

(Ramírez-Vélez et al., 2011; Barakat et al., 2014b) or over

(Barakat et al., 2011; Barakat et al., 2012; Garnæs et al., 2016;

Perales et al., 2016, 2020; Fernández-Buhigas et al., 2020). The

frequency was five sessions per week in one study (Garnæs et al.,

2016), and three sessions per week in the others (Barakat et al.,

2011; Ramírez-Vélez et al., 2011; Barakat et al., 2012; Barakat

et al., 2014a; Perales et al., 2016; Fernández-Buhigas et al., 2020).

It was not clear the duration and frequency in one study

(Haakstad et al., 2016). The intensity of the AT was moderate

(Barakat et al., 2014b; Haakstad et al., 2016; Perales et al., 2016,

2020; Fernández-Buhigas et al., 2020; Silva-Jose et al., 2021) or

intense (Barakat et al., 2011; Ramírez-Vélez et al., 2011; Barakat

et al., 2012; Garnæs et al., 2016) in sessions with less than 45-min

(Barakat et al., 2011, 2012), or ranged between 45 and 60-min

(Ramírez-Vélez et al., 2011; Barakat et al., 2014a; Garnæs et al.,

2016; Haakstad et al., 2016; Perales et al., 2016, 2020; Fernández-

Buhigas et al., 2020). The ST was performed with one (Barakat

et al., 2011, Barakat et al., 2012; Barakat et al., 2014b) or multiple

sets (Garnæs et al., 2016; Haakstad et al., 2016; Perales et al., 2016;

Silva-Jose et al., 2021) of 10 repetitions (Barakat et al., 2014a;

Garnæs et al., 2016) or more (Barakat et al., 2011; Barakat et al.,

FIGURE 1
Flow diagram for study selection.
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2012; Haakstad et al., 2016; Perales et al., 2016; Silva-Jose et al.,

2021). The number of sets and repetitions was not clear in one

study (Perales et al., 2020). A significant increase on SBP were

observed in the EG in one study (Perales et al., 2016) compared to

baseline. The SBP decreased significantly in the EG compared to

CG at post intervention in three studies (Garnæs et al., 2016;

Haakstad et al., 2016; Perales et al., 2020). Six studies did not

show significant differences between groups or compared to

baseline on SBP (Barakat et al., 2011, 2012; Ramírez-Vélez

et al., 2011; Barakat et al., 2014b; Fernández-Buhigas et al.,

2020; Silva-Jose et al., 2021). For the DBP, most of the studies

did not show significant differences between the groups or

compared to baseline (Barakat et al., 2011; Ramírez-Vélez

et al., 2011; Barakat et al., 2012; Barakat et al., 2014a; Garnæs

et al., 2016; Perales et al., 2016; Fernández-Buhigas et al., 2020;

Perales et al., 2020; Silva-Jose et al., 2021), and one study showed

a significant decrease in EG compared to CG at post intervention

(Haakstad et al., 2016). The studies characteristics are presented

in Table 2.

3.3 Meta-analysis results

3.3.1 Aerobic training
For the AT analyses, Stutzman et al. (2010) presented 2 EG

and 1 CG, and they were analyzed separately. We assessed

223 participants in the EG and 269 in the CG. The pooled

effects of the AT on SBP and DBP are presented in Figures 2, 3,

respectively. For the SBP, the heterogeneity was moderate

(Tau2 = 7.87; Chi2 = 19.68; df = 7; p = 0.006; I2 = 64%) and it

was observed a non-significant mean difference (mean

difference: −0.29; IC: −2.95–2.36; p = 0.83) favoring the EG.

For the DBP, the heterogeneity was also moderate (Tau2 = 1.33;

Chi2 = 8.60; df = 6; p = 0.20; I2 = 30%) and it was observed a non-

significant mean difference (mean difference: −1.34; IC:

−2.98–0.30; p = 0.11) favoring the EG. The effects of the AT

on SBP and DBP in pregnant women and the funnel plot for

detecting bias and systematic heterogeneity are presented in

Figures 2, 3, respectively.

3.3.2 Strength training
Only two studies that assessed the effects of the ST on BP

during pregnancy were included (O’Connor et al., 2011;

Barakat et al., 2014b), totaling 170 in the EG 184 in the

CG. For the SBP, the heterogeneity was low (Tau2 = 0.00;

Chi2 = 0.61; df = 1; p = 0.43; I2 = 0%) and it was demonstrated a

non-significant mean difference (mean difference: −1.09; IC:

−3.66–1.49; p = 0.41) favoring the training group. For the DBP,

the heterogeneity was also low (Tau2 = 1.30; Chi2 = 1.62; df = 1;

p = 0.20; I2 = 38%) and it was also demonstrated a non-

significant mean difference (mean difference: −0.26; IC:

−2.71–2.19; p = 0.83) favoring the training group. The

pooled effects of the ST on SBP and DBP are presented in

Figures 4, 5, respectively.

TABLE 1 Assessment of risk of bias and quality if the studies.

Study 1 2 3 4 5 6 7 8 9 10 11 12 Score

Baciuk et al. (2008) 1 1 1 1 0 1 1 2 1 0 1 1 11

Bahadoran et al. (2015) 1 0 0 1 0 1 1 2 1 0 1 0 8

Barakat et al. (2012) 1 0 0 1 0 3 1 2 1 0 1 1 11

Barakat et al. (2011) 1 0 0 1 0 3 1 2 1 0 1 1 11

Barakat et al. (2014b) 1 0 0 1 0 3 1 2 1 0 1 1 11

Barakat et al. (2014a) 1 0 0 1 0 1 1 2 1 0 1 1 9

Carpenter et al. (2015) 1 0 0 1 0 1 1 2 1 0 1 1 9

Daniel et al. (2015) 1 1 1 1 0 1 1 2 1 0 1 1 11

Fernández-Buhigas et al. (2020) 1 0 0 1 0 2 1 2 1 1 1 0 10

Garnæs et al. (2016) 1 1 1 1 1 2 1 2 1 1 1 1 14

Guelfi et al. (2016) 1 1 1 1 0 3 1 2 1 0 1 1 13

Haakstad et al. (2016) 1 1 1 0 1 3 1 2 1 0 1 1 13

Melo et al. (2012) 1 1 1 1 1 3 1 2 0 0 1 1 13

O’Connor et al. (2011) 1 0 0 0 0 2 1 0 1 0 1 1 7

Perales et al. (2016) 1 1 0 1 1 3 1 2 1 0 1 1 13

Perales et al. (2020) 1 1 0 1 1 3 1 2 1 0 1 0 12

Ramírez-Vélez et al. (2011) 1 1 0 1 1 2 1 2 1 0 1 0 11

Seneviratne et al. (2016) 1 1 1 1 1 2 1 2 1 0 1 1 13

Silva-Jose et al. (2021) 1 1 1 1 1 2 1 2 1 0 1 1 13

Stutzman et al. (2010) 1 0 0 1 0 1 1 2 1 0 1 1 9
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TABLE 2 Description of the studies included in the systematic review.

Study Participants BP measurement Type Duration Protocol SBP DBP

Aerobic training

Baciuk et al. (2008) Less than 20 weeks. of pregnancy, single
fetus, no gestational risks EG: n = 34 (25.8 ±
4.6 y.) CG: n = 37 (24.4 ± 5.8 y.)

Auscultation AT 20 weeks of pregnancy
until to delivery

Water aerobics, duration:50-min,
3 sessions/w., int: 70% HRmax

↑ in EG compared to pre →

Bahadoran et al.
(2015)

First pregnancy, 18 to 22 weeks. of
pregnancy, 19–35 years, BMI <30 kg/m2.
EG: n = 20 (26.1 ± 3.27 y.) CG: n = 59 (27.0 ±
3.57 y.)

Not reported AT 20 weeks Walking 3 to 5 sessions/w.,
duration: 30–45-min

→ →

Carpenter et al. (2015) Healthy women, 18 years or over, no
complications. EG: n = 16 (19–40 + y.) CG:
n = 34 (19–39 y.)

Hemodynamic
monitor

AT (land and
water
exercises)

20 weeks of pregnancy
until to delivery

Land: 18-min of cycling (3-min of
wp, 15-min of continuous cycling
increasing int: every 2-min until
HR target–not published), 10-min
of stretching and toning exercises;
Water: 10-min wp, 30-min light
to moderate int exercises

→ →

Daniel et al. (2015) Multiparous and nulliparous, with
gestational diabetes, normotensive, and
sedentary EG: n = 15 (32 ± 3.42) CG: n = 15
(32.93 ± 4.61)

Not reported AT 8 weeks Freq: 2–3 sessions/w.; duration:
45–60-min; wp: 10-min, aerobic
dance: 35-min; stretching: 10-
min; int: moderate (RPE 12–14)

↓ in EG compared to
baseline. ↑ in CG
compared to baseline

↓ in EG compared to
baseline. ↑ in CG
compared to baseline

Guelfi et al. (2016) Less than 14 weeks. of gestation, >18 y.,
previous pregnancy with gestational diabetes,
BMI between 30 and 35 EG: n = 81 (33.6 ±
4.1) CG: n = 76 (33.8 ± 3.9)

Not reported AT 14 weeks Cycle ergometer; freq: 3 sessions/
w.; session: 5-min of wp (55%–
65% HRmax, RPE 9–11), 5-min
(65%–75% HRmax, RPE 12–13 +
5 min of interval. 2 types of
intervals: one increasing pedaling
rate for 15 s, and the other with an
increase in cycling resistance for
30 s (75%–85% HRmax, RPE
14–16) repeated every 2 min; 5-
min of Cool-down like
wp. Session duration: increased
from 20 to 60-min during the
program

↓ in EG and CG at pos
compared to baseline

↓ in EG and CG at pos
compared to baseline

Melo et al. (2012) Healthy women, sedentary, 13 week. or less
of pregnancy, single fetus

Auscultation AT 13 or 20 weeks of
pregnancy until to
delivery

Freq: 3 sessions/w.; wp, duration:
15-min of walking and increasing
according to the physical capacity,
int: 60%–80% HRmax RPE 12–16

→ →

(Continued on following page)
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TABLE 2 (Continued) Description of the studies included in the systematic review.

Study Participants BP measurement Type Duration Protocol SBP DBP

Seneviratne et al.
(2016)

18 to 40 years, BMI >25, less than 20 weeks.
of pregnancy EG: n = 37 (31.6 ± 4.6 y.) CG:
n = 37 (31.1 ± 5.1 y.)

Oscillometric AT 20–35 weeks of
pregnancy

Exercise on bicycle, int: 40%–59%
VO2 reserve; wp: 5-min, cycle:
15–30-min, cool-down: 5-min,
freq: 3 to 5 sessions/w

→ →

Stutzman et al. (2010) 20 week. of pregnancy, singleton pregnancy,
sedentary, healthy; normal weight (EG1 and
CG1); overweight (EG2 and CG1) EG1: n-5
(28.8 ± 6.9 y.) CG1: n = 5 (25.8 ± 3.0 y.) EG2:
n = 6 (28.8 ± 6.9 y.) CG2: n = 6 (26.2 ± 6.9 y.)

Photoplethysmography AT 16 weeks Walking program; int: low
(HRR <40%, RPE 11–13); freq:
5 sessions/w., distance: 0,6 Km to
3.0 Km; wp: 5–10-min and
cooldown: (5–10-min) +
stretching and range of motion
exercises

↑ in CG2 compared to
baseline

↑ in CG2 compared to
baseline

Strength training

Barakat et al. (2014b) Healthy women with no complications on
pregnancy EG: n = 138 (31.4 ± 3.2 y.) CG: n =
152 (31.7 ± 4.5)

Not reported ST 8–10 weeks until
38–39 weeks of
pregnancy

Duration: 55–60-min, freq:
3 sessions/w., int: 60–75%HRmax
estimated by 220-age; wp: 10-min;
CORE exercises: 35-min (1 set,
10–12 reps, 11 exercises; Cool-
down: 10-min pelvic floor and
relaxation

→ →

O’Connor et al. (2011) Low risk for pregnancy related
complications, 21–25 week of pregnancy,
with back pain or back pain history. EG: n =
32 (29 ± 4 y.)

Auscultation ST 12 weeks Session duration: 45-min. Wp: 5-
min walking; 6 exercises, 2 sets,
15 reps, velocity 2/2 s, 1-min of
interval between sets and 2-min
between exercises, low to
moderate int (RPE 6–20)

→ →

Combined training

Barakat et al. (2011) 23 to 38 year., no complications, healthy EG:
n = 34 (31 ± 3 y.) CG: n = 33 (31 ± 3 y.)

Not reported AT + ST 6–9 weeks of pregnancy
until to delivery

Duration: 35–45-min; freq:
3 sessions/w.; int: 70% HRmax
220-age; 25-min wp (7–8-min of
walking/stretching); CORE:
25 min (1 set, 10–12 reps,
11 exercises); cool-down (7–8-
min of relaxing, pelvic floor
exercises); Dance: 1 session/w

→ →

Barakat et al. (2012) Healthy women, uncomplicated pregnancy,
and singleton pregnancy EG: n = 40 (32 ± 4)
CG: n = 43 (31 ± 3)

Not reported AT + ST 6–9 weeks of pregnancy
until to delivery

Duration: 35–45-min; freq:
3 sessions/w (2 on land/1 in
water); int: 70% HRmax 220-age.
Land: Wp: 7–8-min; CORE: 25-
min, 1 set, 10–12 reps,
11 exercises; Cool-down: 7–8-

→ →

(Continued on following page)
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TABLE 2 (Continued) Description of the studies included in the systematic review.

Study Participants BP measurement Type Duration Protocol SBP DBP

min; dance: 1 session/w.; Water:
swimming and aquatic exercises

Barakat et al. (2014a) Women with no contraindications to
exercise, 6–7 weeks of pregnancy. EG: n =
107 (31.57 ± 3.87 y.) CG: n = 93 (31.51 ±
3.92 y.)

Not reported AT + ST 12 weeks Duration: 55–60-min; freq:
3 session/w., wp: 5-min of walking
and stretching; 30-min of dance
and ST; 20-min to balance and
pelvic floor exercises; light to
moderate exercises (55%–60%
HRmax or RPE (12–13)

→ →

Fernández-Buhigas
et al. (2020)

No complication, <16 weeks of pregnancy,
no exercise for more than 30-min 3 days/w.
EG: n = 41 (33.17 ± 3.19) CG: n = 51
(32.63 ± 4.66)

Oscillometric AT + ST 12–15 weeks of
pregnancy until to
delivery

Duration: 60-min; freq:
3 sessions/w.; wp: 10-min; AT: 25-
min (55%–60% HRmax, Borg
12–14), ST: 10-min; 15-min
coordination exercises, pelvic
floor exercises, and stretching

→ →

Garnaes et al. (2016) BMI ≥28, ≥18 year., one fetus, and healthy
women. EG: n = 38 (31.3 ± 3.8 y.) CG: n = 36
(31.4 ± 4.7 y.)

Oscillometric AT + ST 12–18 weeks of
pregnancy until to
delivery

Session duration: 60-min,
3 sessions/w.; AT: Walking/
jogging (35-min); Int: 80%
maximal capacity (RPE 12–15);
ST: (25-min) for large muscles
and pelvic floor; 3 sets, 10 reps,
1 min. At home: 50-min at least
once a week (35-min AT, 15-min
ST) and daily pelvic floor exercises

↓ in EG compared to CG
at post

→

Haakstad et al. (2016) Nuliparous, healthy pregnancy, no exercise
more than once a week EG: n = 35 (31.5 ±
3.1 y.) CG: n = 26 (29.4 ± 3.8 y.)

Auscultation AT + ST Second trimester
(12–24 weeks) until to
last trimester
(36–38 weeks)

Duration: 60-min; AT: Dance
35–40-min, at least 2 sessions/w.;
Int: RPE 12–14. Advised: 30-min
(walking or bicycle or water
exercises); ST: duration: 15-min;
3 sets, 12–15 reps, 4 exercises;
Cool-down: 5-min

↓ in EG compared to CG
at post

↓ in EG compared to CG
at post

Perales et al. (2016) Healthy, no complications, <16 weeks. of
pregnancy, no exercise more than 30 min
3 sessions/w. before gestation. EG: n = 83
(31 ± 4 y.) CG: n = 59 (31 ± 4 y.)

Not reported AT + ST 9–11 weeks of
pregnancy until to
delivery

Freq: 3 sessions/w.; duration: 55/
60-min; int: 55%–60% HRres;
5–7-min wp; AT: 25/30-min; ST:
~30-min; 1 set, 15 reps (1°

trimester); 2 sets, 15 reps (2°

trimester

↑ in EG and CG
compared to baseline

→

Perales et al. (2020) 8–45 years, free of contraindications,
uncomplicated gestation, EG1: Overall data

Not reported AT + ST 9 weeks until to 38/
39 weeks of pregnancy

Duration: 50–55-min of low-
impact dance and stretching. ST:

↓ in EC2 compared to
EC3 at pos ↓ in

→

(Continued on following page)
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TABLE 2 (Continued) Description of the studies included in the systematic review.

Study Participants BP measurement Type Duration Protocol SBP DBP

n = 688 (32 ± 4 y.) CG1: Overall data n = 660
(31 ± 4 y.) EG2: Previously active n = 117
(32 ± 4 y.) CG2: Previously active n = 562
(31 ± 4 y.) EG3 Previously inactive n = 571
(32 ± 4 y.) CG3: Previously inactive n = 98
(32 ± 5 y.)

4 exercises, light loads; pelvic floor
training; Int: 60% HRmax
determined by 220-age and RPE
10–12

EG3 compared to CG3 at
post

Ramírez-Vélez et al.
(2011)

Nuliparous, 16–20 weeks. of pregnancy,
healthy. EG: n = 24 CG: n = 26 19.5 ±
2.3 years

Auscultation AT + ST 11 weeks AT: 30-min, 3 sessions/w., int:
moderate to vigorous ST: 25-min
Cool-down: 5-min

→ →

Silva-Jose et al. (2021) 18–45 years, no complications, no
contraindications for exercise. EG: n = 31
(32.29 ± 6.36) CG: n = 42 (33.93 ± 4.59)

Not reported AT + ST ~30 weeks Freq: 3 sessions/w.; duration: 55–60-
min, Moderate int (55%–65% HRR,
RPE 12–14); Wp 5–7-min; AT
(8–10 min), ST (10–12-min),
2–3 sets, 10–12 reps; Coordination
and balance exercises (5–8-min);
Pelvic floor exercises (8–10-min);
Cool-down (7–8-min)

→ →

w: weeks; y: years; min: minutes; sec: seconds; EG: exercise group; CG: control group; BMI: bodymass index; AT: aerobic training; ST: strength training; AT + ST: combined training; HR: heart rate; max: maximum; HRR: heart rate reserve; RPE: the rating of

perceived exertion; wp: warm-up; Freq: frequency; Int: intensity; reps: repetitions; ↑: significant increase; ↓: significant decrease; →: no significant statistical difference.
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3.3.3 Combined training
For the AT + ST analyses, Perales et al. (2020) presented

the results separately. Therefore, this was done in the meta-

analysis. One thousand eighty-nine women were allocated

in the EG and 1729 in the CG. For the SBP, the

heterogeneity was high (Tau2 = 10.92; Chi2 = 65.12; df =

11; p < 0.001; I2 = 83%) and it was shown a non-significant

mean difference (mean difference: -1.69; IC: -3.88–0.49; p =

0.13) favoring the training group. For the DBP, the

heterogeneity was moderate (Tau2 = 1.15; Chi2 = 20.66;

df = 11; p = 0.04; I2 = 47%). The mean difference was

significant favoring AT + ST group compared to control

(mean difference: −1.29; IC: −2.26 to −0.31; p = 0.01).

These results are presented in Figures 6, 7.

4 Discussion

This systematic review and meta-analysis focused on

verifying the effects of different modalities of physical

exercises (AT, ST, and AT + ST) on SBP and DBP of

pregnant women. The results partially confirmed the

hypothesis that the AT + ST is more efficient than AT or

ST in the BP control during pregnancy once the effects on

SBP were similar and the DBP reduced significantly only

after an AT + ST program. The significant findings were as

follows:

• The mean difference was significant, with a large effect size

favoring the AT + ST group compared to CG for lowering

the DBP levels.

• The pooled effects of the AT, ST, and AT + ST

demonstrated a non-significant medium/large effect size

in SBP in favor of EG compared to CG. The same was

observed in the AT + ST on SBP.

• The I2 statistic revealed high heterogeneity in the studies

that compared the effects of AT and AT + ST on SBP,

moderate heterogeneity in the studies that compared the

effects of all types of exercises on DBP, and low

heterogeneity in the studies that compared the effects of

the ST on SBP.

This study showed that the mean difference was

significant, favoring the AT + ST group over CG for

lowering the DBP levels (see Figure 7). The differences

between the activities can explain it. AT + ST is

represented by performing AT and ST in a single training

session. This condition implies a greater absolute volume

of training due to the time in which the skeletal muscles

are under tension. For example: among the included

studies that evaluated the effects of AT, two of them

included stretching exercises in their protocols (Carpenter

et al., 2015; Daniel et al., 2015), and one progressed the

duration of the exercises (volume) according to

the progress of the training program (Guelfi et al., 2016),

FIGURE 2
Effects of the AT on SBP in pregnant women and funnel plot for detecting bias and systematic heterogeneity.
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which, in part, compromised the total duration of the aerobic

exercise itself.

According to the literature, training volume is one of the

variables that most influence the BP reduction in normotensive

and hypertensive subjects (American College of Sports Medicine,

2004; MacDonald et al., 2016; MacDonald & Pescatello, 2019).

On the other hand, most of the AT + ST studies showed a session

duration ranging from 45 to 60 min. It represents a more

excellent training volume. In addition, a meta-analysis has

previously demonstrated the maintenance of blood pressure

FIGURE 3
Effects of the AT on DBP in pregnant women and funnel plot for detecting bias and systematic heterogeneity.

FIGURE 4
Effects of the ST on SBP in pregnant women and funnel plot for detecting bias and heterogeneity.
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values in SBP and the reduction in DBP after an AT + ST

program (Cornelissen & Smart, 2013). Considering that the SBP

remained stable and was evidenced in a reduction in DBP, these

findings are under the literature, which reaffirms the role of

physical exercise in reducing the risk of disorders related to blood

pressure in pregnancy (Magro-Malosso et al., 2017; Du et al.,

2019; Syngelaki et al., 2019; Danielli et al., 2022). To the best of

the authors’ knowledge, there are no meta-analyses that

FIGURE 5
Effects of the ST on SBP in pregnant women and funnel plot for detecting bias and heterogeneity.

FIGURE 6
Effects of the AT + ST in pregnant women and funnel plot for detecting bias and heterogeneity.
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synthesize longitudinal studies that evaluated the impacts of

regular physical exercise on BP values during pregnancy.

However, Aune et al. (2014) analyzed the dose-response

relationships between the level of physical activity and

preeclampsia from case-control and cohort studies in

10,317 women. The results showed an inverse association

between high physical activity levels and a lower risk of

preeclampsia. Although this study included all types of

physical activity, the practice of structured AT and ST have

been encouraged (Gregg & Ferguson, 2017; Mottola et al., 2018).

The results obtained in the meta-analysis of the present study

can be explained by the physiological adaptations that occur in

pregnancy and by the physiological adaptations that occur as a

result of physical exercise (May, 2015). Pregnancy increases heart

rate, stroke volume, and cardiac output and reduces systemic

vascular resistance, explained by increases in progesterone, oxide

nitric, relaxin, and prostaglandins that result in relaxation of the

vasculature (May, 2015; Zeng, Liu & Li, 2017). On the other

hand, AT + ST simultaneously results in specific adaptations of

AT and ST. Long-term adaptations related to AT by pregnant

women are described in the literature. Reductions can explain

them in resting heart rate, cardiac output, and greater activation

in parasympathetic modulation assessed through heart rate

variability (May, 2015). However, the effects of ST or AT +

ST on the cardiovascular system of pregnant women need to be

better elucidated. However, it is known that the mechanisms that

regulate the BP drop after an isolated ST session differs between

men and non-pregnant women (Queiroz et al., 2013). While men

have a hypotensive effect mediated by a reduction in cardiac

output (central adjustment), women have a drop in BP

determined by a decrease in systemic vascular resistance (a

peripheral mechanism) (Queiroz et al., 2013). Given that DBP

is closely related to systemic vascular resistance (Li et al., 2014), it

can be speculated that ST in AT + ST sessions plays a crucial role

in decreasing DBP, as the acute adaptations described in the

literature can influence long-term responses. Despite this

evidence, further studies are needed to confirm this narrative.

The present research included protocols ranging from

6 weeks of pregnancy until birth (see table 2), and the pooled

effects of the AT, ST, and AT + ST demonstrated a non-

significant decrease in SBP in favor of EG compared to CG.

The same was observed in the AT + ST on SBP (see Figures 2–6).

On the other hand, the current literature presented data that

provide a significant clinical effect for these results. Loerup et al.

(2019) studied changes in SBP and DBP during pregnancy. The

authors included 39 papers and analyzed 124,349 systolic

measurements from 36,239 women and 124,291 diastolic

measurements from 36,181 women. They demonstrated that

FIGURE 7
Effects of the AT + ST on DBP in pregnant women and funnel plot for detecting bias and heterogeneity.
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the SBP rises approximately 5.6 mmHg between 10 and 40 weeks

of gestation, and the DBP is lowest at 21 weeks, rising by

6.9 mmHg by 40 weeks. Therefore, considering these BP

fluctuations, maintaining the SBP and DBP is positive for

physical exercise. The meta-analysis results confirm these data

by Magro-Malosso et al. (2017), which evaluated the effect of AT

during pregnancy on the risk of gestational hypertensive

disorders in 5,075 women and demonstrated that AT

significantly reduced the risk of hypertensive disorders in

pregnant women.

The I2 statistic revealed high heterogeneity in the studies that

compared the effects of AT and AT + ST on SBP (see Figures 2, 6,

respectively) and moderate heterogeneity in the studies that

compared the effects of all types of exercises on DBP (see

Figures 3, 5, 7), and low heterogeneity in the studies that

compared the effects of the ST on SBP (see Figure 4). The

high heterogeneity observed when SBP was analyzed may be

explained by the differences between protocols, such as training

frequency, intensity, duration, volume, and modality, which

makes the uniformity between protocols complex, mainly the

SBP responses, much more sensitive to acute training changes

(Hellsten & Nyberg, 2016). For the AT + ST training, the

heterogeneity is even more pronounced (see Figure 6). It may

be explained by the differences in the exercise protocols, such as

the AT, and the interaction between the AT and the ST, which

makes the homogeneity even more difficult. The low

heterogeneity observed between the studies that evaluated the

effects of isolated ST on the BP of pregnant women may be

explained by a reduced number of papers included (n = 2)

(Barakat et al., 2014a; O’Connor et al., 2011).

The practice of physical exercise, especially aerobic training,

is recommended for pregnant women (Butalia et al., 2018).

However, some absolute and relative contraindications are

proposed by recent guidelines (Mottola et al., 2018).

Hypertensive disorders include contraindications such as

preeclampsia, uncontrolled hypertension, and gestational

hypertension. Nevertheless, Meah et al. (2020) proposed a

review and reassessment of these contraindications through

evidence demonstrating that exercise practice could be safe,

even under adverse conditions. Although there is no

consensual evidence on how exercise affects BP in pregnant

women with hypertensive disorders, it can be speculated that

they may benefit from post-exercise hypotension (PEH), a drop

in blood pressure a few hours after a single session of AT, ST, or

AT + ST (Carpio-Rivera et al., 2016; Casonatto et al., 2016). PEH

reduces the time of exposure to high BP, in addition to having a

dose-response of the occurrence of PEH and long-term (LIU

et al., 2012) and ambulatory blood pressure control (Saco-Ledo

et al., 2021). All the participants of the papers included in this

study were normotensive. This may explain why the SBP

remained stable in the experimental groups in all types of

exercise, and the DBP did not change significantly after AT

and ST. Individuals classified as pre-hypertensive or hypertensive

tend to experience a more significant drop in BP (Cornelissen &

Smart, 2013; MacDonald et al., 2016). Regardless of the results

obtained, we recommend the practice of AT, ST, and AT + ST

according to the evidence presented here (see table 2).

Nevertheless, some gaps in the literature can still be filled, as

the included studies presented few details about the ST’s AT + ST

protocols. Furthermore, only two studies that evaluated the

effects of the isolated ST on BP during pregnancy were

included. Therefore, we recommend longitudinal studies with

accurate control of training variables, mainly in ST, such as load,

total volume, interval length between sets and exercises, exercise

selection, range of motion, or training methods. All these

variables modify the BP responses (Casonatto et al., 2016;

MacDonald et al., 2016). Furthermore, following Meah,

Davies, and Davenport (2020), we recommend longitudinal

studies aiming to evaluate the effects of different training

variables on the BP of pregnant women with hypertensive

disorders.

Present research presents limitations. Only two reported that

the CG activity was monitored (see table 1, question 10). Studies

in table 1 did not demonstrate the estimate of the level of physical

activity performed in the daily lives of these pregnant women.

Despite a rigorous database search, the data related to ST is

limited. Only two studies that assessed BP responses after ST

were included. In addition, the ST training variables (i.e., load

intensity, number of sets and repetitions, number of exercises,

rest interval length between sets and exercises, and mode) during

AT + ST protocols were poorly described in the studies.

Therefore, it is difficult to interpret the practical applications

for AT + ST prescription during pregnancy.

5 Conclusion

This systematic review and meta-analyses demonstrated

that the structured AT and ST are reliable and safe strategies

for maintaining BP at optimal levels during pregnancy. The

findings on bias recommend that future studies carry out

similar AT, ST, and AT + ST protocols to reduce

heterogeneity, verifying more accurate effects. Additionally,

the mean difference was significant, favoring the AT + ST

group compared to CG for lowering the DBP. These findings

are essential for developing practical applications with AT +

ST exercises to avoid gestational hypertension and

preeclampsia, allowing better guidance in recommendations

for physical exercise in this population.

Data availability statement

The original contributions presented in the study are

included in the article/Supplementary Material, further

inquiries can be directed to the corresponding author.

Frontiers in Physiology frontiersin.org15

Corso et al. 10.3389/fphys.2022.916724

https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2022.916724


Author contributions

Conceptualization, MC and BM; Methodology, MC and BM;

Software, MC and BM; Search strategy, MC, BM; Database

Search and Screening MC, DC, and TF; Data synthesis, MC;

Writing, MC; Writing—review and editing, M.C, B.M, TF, NB,

and ID; Supervision, BM, TF, and ID; Project Administration,

BM and ID. All authors have read and agreed to the published

version of the manuscript.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their

affiliated organizations, or those of the publisher, the

editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made by

its manufacturer, is not guaranteed or endorsed by the

publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fphys.

2022.916724/full#supplementary-material

References

Abbas, A. E., Lester, S. J., and Connolly, H. (2005). Pregnancy and the cardiovascular
system. Int. J. Cardiol. 98 (2), 179–189. doi:10.1016/j.ijcard.2003.10.028

American College of Sports Medicine (2009). American College of Sports Medicine
position stand. Progression models in resistance training for healthy adults. Med. Sci.
Sports Exerc. 41 (3), 687–708. doi:10.1249/MSS.0b013e3181915670

American College of Sports MedicineBlissmer, B., Deschenes, M. R., Franklin, B.
A., Lamonte, M. J., Lee, I. M., et al. (2011). Quantity and quality of exercise for
developing and maintaining cardiorespiratory, musculoskeletal, and neuromotor
fitness in apparently healthy adults: Guidance for prescribing exercise. Med. Sci.
Sports Exerc. 43 (7), 1334–1359. doi:10.1249/mss.0b013e318213fefb

American College of Sports MedicineFranklin, B. A., Fagard, R., Farquhar, W. B.,
Kelley, G. A., and Ray, C. A. (2004). Exercise and hypertension. Med. Sci. Sports
Exerc. 36 (3), 533–553. doi:10.1249/01.mss.0000115224.88514.3a

Aune, D., Saugstad, O. D., Henriksen, T., and Tonstad, S. (2014). Physical activity
and the risk of preeclampsia: A systematic review and meta-analysis. Epidemiology
25 (3), 331–343. doi:10.1097/EDE.0000000000000036

Batacan, R. B. J., Duncan, M. J., Dalbo, V. J., Tucker, P. S., and Fenning, A. S.
(2015). Effects of Light intensity activity on CVD risk Factors: A systematic
review of intervention studies. Biomed. Res. Int. 2015, 596367. doi:10.1155/
2015/596367

Baciuk, E. P., Pereira, R. I., Cecatti, J. G., Braga, A. F., and Cavalcante, S. R. (2008).
Water aerobics in pregnancy: Cardiovascular response, labor and neonatal
outcomes. Reprod. Health 5 (1), 10–12. doi:10.1186/1742-4755-5-10

Bahadoran, P., Pouya, F., Zolaktaf, V., and Taebi, M. (2015). The effect of
stretching exercise and walking on changes of blood pressure in nulliparous women.
Iran. J. Nurs. Midwifery Res. 20 (2), 205–210.

Barakat, R., Cordero, Y., Coteron, J., Luaces, M., and Montejo, R. (2012). Exercise
during pregnancy improves maternal glucose screen at 24-28 weeks: A randomised
controlled trial. Br. J. Sports Med. 46 (9), 656–661. doi:10.1136/bjsports-2011-090009

Barakat, R., Pelaez, M., Montejo, R., Luaces, M., and Zakynthinaki, M. (2011). Exercise
during pregnancy improves maternal health perception: A randomized controlled trial.
Am. J. Obstet. Gynecol. 204 (5), e1–e7. e7. doi:10.1016/j.ajog.2011.01.043

Barakat, R., Pelaez, M., Montejo, R., Refoyo, I., and Coteron, J. (2014a). Exercise
throughout pregnancy does not cause preterm delivery: A randomized, controlled
trial. J. Phys. Act. Health 11 (5), 1012–1017. doi:10.1123/jpah.2012-0344

Barakat, R., Perales, M., Bacchi, M., Coteron, J., and Refoyo, I. (2014b). A
program of exercise throughout pregnancy. Is it safe to mother and newborn?
Am. J. Health Promot. 29 (1), 2–8. doi:10.4278/ajhp.130131-QUAN-56

Butalia, S., Audibert, F., Côté, A. M., Firoz, T., Logan, A. G., Magee, L. A., et al. (2018).
Hypertension Canada’s 2018 guidelines for the management of hypertension in
pregnancy. Can. J. Cardiol. 34 (5), 526–531. doi:10.1016/j.cjca.2018.02.021

Carpenter, R. E., Emery, S. J., Uzun, O., D’Silva, L. A., and Lewis, M. J. (2015).
Influence of antenatal physical exercise on haemodynamics in pregnant women: A
flexible randomisation approach. BMC Pregnancy Childbirth 15 (1), 186–200.
doi:10.1186/s12884-015-0620-2

Carpio-Rivera, E., Moncada-Jiménez, J., Salazar-Rojas, W., and Solera-Herrera,
A. (2016). Acute effects of exercise on blood pressure: Ameta-analytic investigation.
Arq. Bras. Cardiol. 106, 422–433. doi:10.5935/abc.20160064

Carter, J. R., Ray, C. A., Downs, E. M., and Cooke,W. H. (2003). Strength training
reduces arterial blood pressure but not sympathetic neural activity in young
normotensive subjects. J. Appl. Physiol. 94 (6), 2212–2216. doi:10.1152/
japplphysiol.01109.2002

Casonatto, J., Goessler, K. F., Cornelissen, V. A., Cardoso, J. R., and Polito, M. D.
(2016). The blood pressure-lowering effect of a single bout of resistance exercise: A
systematic review andmeta-analysis of randomised controlled trials. Eur. J. Prev. Cardiol.
23 (16), 1700–1714. doi:10.1177/2047487316664147

Ciapponi, A., Lewin, S., Herrera, C. A., Opiyo, N., Pantoja, T., Paulsen, E., et al.
(2017). Delivery arrangements for health systems in low-income countries: An
overview of systematic reviews. Cochrane Database Syst. Rev. 9 (9), CD011083.
doi:10.1002/14651858.CD011083.pub2

Cornelissen, V. A., and Smart, N. A. (2013). Exercise training for blood pressure:
A systematic review and meta-analysis. J. Am. Heart Assoc. 2 (1), e004473–9. doi:10.
1161/JAHA.112.004473

Daniel, J. A., Venkateswarlu, K., and Ezeugwu, C. C. (2015). Effect of aerobic dance
exercise on blood pressure of normotensive pregnant women diagnosed with gestational
diabetes at federal medical centre, Owerri, South East Nigeria. Ind. Jour. Physioth.
Occupat. Ther. - An Inter. Jour. 9 (4), 124–129. doi:10.5958/0973-5674.2015.00158.6

Danielli,M., Gillies, C., Thomas, R. C.,Melford, S. E., Baker, P. N., Yates, T., et al. (2022).
Effects of supervised exercise on the Development of hypertensive disorders of pregnancy:
A systematic review andmeta-analysis. J. Clin.Med. 11 (3), 793. doi:10.3390/jcm11030793

Drevon, D., Fursa, S. R., and Malcolm, A. L. (2017). Intercoder Reliability and
Validity of WebPlotDigitizer in extracting graphed data. Behav. Modif. 41 (2),
323–339. doi:10.1177/0145445516673998

Du, M. C., Ouyang, Y. Q., Nie, X. F., Huang, Y., and Redding, S. R. (2019). Effects of
physical exercise during pregnancy on maternal and infant outcomes in overweight and
obese pregnant women: A meta-analysis. Birth 46 (2), 211–221. doi:10.1111/birt.12396

Duncan, J. J., Farr, J. E., Upton, S. J., Hagan, R. D., Oglesby, M. E., and Blair, S. N.
(1985). The effects of aerobic exercise on plasma catecholamines and blood pressure
in patients with mild essential hypertension. JAMA 254 (18), 2609–2613.

Eriksson, O., Lundin, A., and Saltin, B. (1975). Clinical physiology: Cardiopulmonary
function in FormerGirl Swimmers and the effects of physical training. Scand. J. Clin. Lab.
Invest. 35 (2), 135–145. doi:10.3109/00365517509087217

Fernandes, T., Nakamuta, J. S., Magalhães, F. C., Roque, F. R., Lavini-Ramos, C.,
Schettert, I. T., et al. (2012). Exercise training restores the endothelial progenitor cells
number and function in hypertension: Implications for angiogenesis. J. Hypertens. 30
(11), 2133–2143. doi:10.1097/HJH.0b013e3283588d46

Fernández-Buhigas, I., Brik, M., Martin-Arias, A., Vargas-Terrones, M., Varillas,
D., Barakat, R., et al. (2020). Maternal physiological changes at rest induced by
exercise during pregnancy: A randomized controlled trial. Physiol. Behav. 220,
112863. doi:10.1016/j.physbeh.2020.112863

Frontiers in Physiology frontiersin.org16

Corso et al. 10.3389/fphys.2022.916724

https://www.frontiersin.org/articles/10.3389/fphys.2022.916724/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphys.2022.916724/full#supplementary-material
https://doi.org/10.1016/j.ijcard.2003.10.028
https://doi.org/10.1249/MSS.0b013e3181915670
https://doi.org/10.1249/mss.0b013e318213fefb
https://doi.org/10.1249/01.mss.0000115224.88514.3a
https://doi.org/10.1097/EDE.0000000000000036
https://doi.org/10.1155/2015/596367
https://doi.org/10.1155/2015/596367
https://doi.org/10.1186/1742-4755-5-10
https://doi.org/10.1136/bjsports-2011-090009
https://doi.org/10.1016/j.ajog.2011.01.043
https://doi.org/10.1123/jpah.2012-0344
https://doi.org/10.4278/ajhp.130131-QUAN-56
https://doi.org/10.1016/j.cjca.2018.02.021
https://doi.org/10.1186/s12884-015-0620-2
https://doi.org/10.5935/abc.20160064
https://doi.org/10.1152/japplphysiol.01109.2002
https://doi.org/10.1152/japplphysiol.01109.2002
https://doi.org/10.1177/2047487316664147
https://doi.org/10.1002/14651858.CD011083.pub2
https://doi.org/10.1161/JAHA.112.004473
https://doi.org/10.1161/JAHA.112.004473
https://doi.org/10.5958/0973-5674.2015.00158.6
https://doi.org/10.3390/jcm11030793
https://doi.org/10.1177/0145445516673998
https://doi.org/10.1111/birt.12396
https://doi.org/10.3109/00365517509087217
https://doi.org/10.1097/HJH.0b013e3283588d46
https://doi.org/10.1016/j.physbeh.2020.112863
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2022.916724


Firoz, T., Magee, L. A., MacDonell, K., Payne, B. A., Gordon, R., Vidler, M., et al. (2014).
Oral antihypertensive therapy for severe hypertension in pregnancy and postpartum: A
systematic review. BGOG 121 (10), 1210–1218. doi:10.1111/1471-0528.12737

Garnæs, K. K., Mørkved, S., Salvesen, Ø., and Moholdt, T. (2016). Exercise
training and weight Gain in obese pregnant women: A randomized controlled trial
(ETIP trial). PLoS Med. 13 (7), e1002079–18. doi:10.1371/journal.pmed.1002079

Grassi, G., Seravalle, G., Calhoun, D. A., and Mancia, G. (1994). Physical training
and baroreceptor control of sympathetic nerve activity in humans. Hypertension 23
(3), 294–301. doi:10.1161/01.hyp.23.3.294

Gregg, V. H., and Ferguson, J. E. (2017). Exercise in pregnancy. Clin. Sports Med.
36 (4), 741–752. doi:10.1016/j.csm.2017.05.005

Grindheim, G., Estensen, M. E., Langesaeter, E., Rosseland, L. A., and Toska, K.
(2012). Changes in blood pressure during healthy pregnancy: A longitudinal cohort
study. J. Hypertens. 30 (2), 342–350. doi:10.1097/HJH.0b013e32834f0b1c

Guelfi, K. J., Ong, M. J., Crisp, N. A., Fournier, P. A., Wallman, K. E., Grove, J. R.,
et al. (2016). Regular exercise to prevent the Recurrence of gestational diabetes
Mellitus: A randomized controlled trial. Obstet. Gynecol. 128 (4), 819–827. doi:10.
1097/AOG.0000000000001632

Haakstad, L. A. H., Edvardsen, E., and Bø, K. (2016). Effect of regular exercise on
blood pressure in normotensive pregnant women. A randomized controlled trial.
Hypertens. Pregnancy 35 (2), 170–180. doi:10.3109/10641955.2015.1122036

Hellsten, Y., and Nyberg, M. (2016). Cardiovascular adaptations to exercise
training. Compr. Physiol. 6 (1), 1–32. doi:10.1002/cphy.c140080

Kato, M., Nihei Green, F., Hotta, K., Tsukamoto, T., Kurita, Y., Kubo, A., et al.
(2020). The efficacy of stretching exercises on arterial stiffness in middle-aged and
older adults: A meta-analysis of randomized and non-randomized controlled trials.
Int. J. Environ. Res. Public Health 17 (16), 5643–5657. doi:10.3390/ijerph17165643

Lee, J., Lee, R., and Stone, A. J. (2020). Combined aerobic and resistance training
for peak oxygen uptake, muscle strength, and hypertrophy after coronary artery
disease: A systematic review and meta-analysis. J. Cardiovasc. Transl. Res. 13 (4),
601–611. doi:10.1007/s12265-019-09922-0

Liabsuetrakul, T., Yamamoto, Y., Kongkamol, C., Ota, E., Mori, R., and Noma, H.
(2022). Medications for preventing hypertensive disorders in high-risk pregnant
women: A systematic review and network meta-analysis.. Syst. Rev. 11 (1), 135–151.
doi:10.1186/s13643-022-01978-5

Liguori, G.ACSM (2021). ACSM’s guidelines for exercise testing and prescription.
New York: Lippincot.

Liu, S. A. M., Goodman, J., Nolan, R., Lacombe, S., and Thomas, S. G. (2012). Blood
pressure responses to acute and chronic exercise are related in prehypertension.Med. Sci.
Sports Exerc. 44 (9), 1644–1652. doi:10.1249/MSS.0b013e31825408fb

Loerup, L., Pullon, R. M., Birks, J., Fleming, S., MacKillop, L. H., Gerry, S., et al. (2019).
Trends of blood pressure and heart rate in normal pregnancies: A systematic review and
meta-analysis. BMC Med. 17 (1), 167–178. doi:10.1186/s12916-019-1399-1

MacDonald, H. V., Johnson, B. T., Huedo-Medina, T. B., Livingston, J., Forsyth,
K. C., Kraemer, W. J., et al. (2016). Dynamic resistance training as stand-alone
antihypertensive lifestyle therapy: A meta-analysis. J. Am. Heart Assoc. 5 (10),
e003231–34. doi:10.1161/JAHA.116.003231

MacDonald, H. V., and Pescatello, L. S. (2019). “Exercise and blood pressure
control in hypertension,” in Cardiorespiratory fitness in cardiometabolic diseases.
Editors P. Kokkinos and P. Narayan (Springer Cham), 137–168.

Magro-Malosso, E. R., Saccone, G., Di Tommaso, M., Roman, A., and Berghella,
V. (2017). Exercise during pregnancy and risk of gestational hypertensive disorders:
A systematic review and meta-analysis. Acta Obstetricia Gynecol. Scand. 96 (8),
921–931. doi:10.1111/aogs.13151

McGee, L. D., Cignetti, C. A., Sutton, A., Harper, L., Dubose, C., and Gould, S.
(2018). Exercise during pregnancy: Obstetricians’ beliefs and recommendations
compared to American Congress of Obstetricians and Gynecologists’ 2015
Guidelines. Cureus 10 (8), e3204–e3223. doi:10.7759/cureus.3204

Meah, V. L., Davies, G. A., and Davenport, M. H. (2020). Why can’t I exercise
during pregnancy? Time to revisit medical ‘absolute’and ‘relative’contraindications:
Systematic review of evidence of harm and a call to action. Br. J. Sports Med. 54 (23),
1395–1404. doi:10.1136/bjsports-2020-102042

Melo, A. S. de O., Silva, J. L. P., Tavares, J. S., Barros, V. O., Leite, D. F. B., and
Amorim, M. M. R. (2012). Effect of a physical exercise program during pregnancy
on uteroplacental and fetal blood flow and fetal growth: A randomized controlled
trial. Obstet. Gynecol. 120 (2), 302–310. doi:10.1097/AOG.0b013e31825de592

Mottola,M. F., Davenport,M.H., Ruchat, S.M., Davies, G. A., Poitras, V., Gray, C., et al.
(2018). No. 367-2019 Canadian guideline for physical activity throughout pregnancy.
J. Obstetrics Gynaecol. Can. 40 (11), 1528–1537. doi:10.1016/j.jogc.2018.07.001

Mustata, S., Chan, C., Lai, V., and Miller, J. A. (2004). Impact of an exercise
program on arterial stiffness and insulin resistance in hemodialysis patients. J. Am.
Soc. Nephrol. 15 (10), 2713–2718. doi:10.1097/01.ASN.0000140256.21892.89

O’Connor, P. J., Poudevigne, M. S., Cress, M. E., Motl, R. W., and Clapp, J. F.
(2011). Safety and efficacy of supervised strength training adopted in pregnancy.
J. Phys. Act. Health 8 (3), 309–320. doi:10.1123/jpah.8.3.309

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow,
C. D., et al. (2021). The PRISMA 2020 statement: An updated guideline for
reporting systematic reviews. BMJ, n71. doi:10.1136/bmj.n71

Perales, M., Santos-Lozano, A., Sanchis-Gomar, F., Luaces, M., Pareja-Galeano,
H., Garatachea, N., et al. (2016). Maternal cardiac adaptations to a physical exercise
program during pregnancy. Med. Sci. Sports Exerc. 48 (5), 896–906. doi:10.1249/
MSS.0000000000000837

Perales, M., Valenzuela, P. L., Barakat, R., Cordero, Y., Peláez, M., López, C., et al.
(2020). Gestational exercise and maternal and Child health: Effects until delivery
and at post-Natal Follow-up. J. Clin. Med. 9 (2), 379. doi:10.3390/jcm9020379

Ramírez-Vélez, R., Aguilar de Plata, A. C., Escudero, M. M., Echeverry, I., Ortega,
J. G., Salazar, B., et al. (2011). Influence of regular aerobic exercise on endothelium-
dependent vasodilation and cardiorespiratory fitness in pregnant women. J. Obstet.
Gynaecol. Res. 37 (11), 1601–1608. doi:10.1111/j.1447-0756.2011.01582.x

Regitz-Zagrosek, V., Roos-Hesselink, J. W., Bauersachs, J., Blomström-Lundqvist,
C., Cífková, R., De Bonis, M., et al. (2018). ’Ten Commandments’ of the 2018 ESC
Guidelines for the management of cardiovascular diseases during pregnancy. Eur.
Heart J. 39 (34), 3269. doi:10.1093/eurheartj/ehy478

Saco-Ledo, G., Valenzuela, P. L., Ramírez-Jiménez, M., Morales, J. S., Castillo-
García, A., Blumenthal, J. A., et al. (2021). Acute aerobic exercise induces short-term
reductions in ambulatory blood pressure in patients with hypertension: A
systematic review and meta-analysis. Hypertension 78 (6), 1844–1858. doi:10.
1161/HYPERTENSIONAHA.121.18099

Sanghavi, M., and Rutherford, J. D. (2014). Cardiovascular physiology of pregnancy.
Circulation 130 (12), 1003–1008. doi:10.1161/CIRCULATIONAHA.114.009029

Say, L., Chou, D., Gemmill, A., Tunçalp, Ö., Moller, A. B., Daniels, J., et al. (2014).
Global causes of maternal death: AWHO systematic analysis. Lancet. Glob. Health 2
(6), e323–e333. doi:10.1016/S2214-109X(14)70227-X

Schoenfeld, B. (2011). Resistance training during pregnancy: Safe and effective
program design. Strength Cond. J. 33 (5), 67–75. doi:10.1519/ssc.0b013e31822ec2d8

Seneviratne, S. N., Jiang, Y., Derraik, J. G. B., McCowan, L. M. E., Parry, G.
K., Biggs, J. B., et al. (2016). Effects of antenatal exercise in overweight and
obese pregnant women on maternal and perinatal outcomes: A randomised
controlled trial. An Int. J. Obstetrics Gynaecol. 123 (4), 588–597. doi:10.1111/
1471-0528.13738

Shah, A. B., Zilinski, J., Brown, M. G., Neary, J. H., Weiner, R. B., Hutter, A.
M., et al. (2018). Endurance exercise training attenuates natriuretic peptide
release during maximal effort exercise: Biochemical correlates of the “Athlete’s
Heart”. J. Appl. Physiol. 125 (6), 1702–1709. doi:10.1152/japplphysiol.00293.
2018

Silva-Jose, C., Sánchez-Polán, M., Diaz-Blanco, Á., Coterón, J., Barakat, R., and
Refoyo, I. (2021). Effectiveness of a Virtual exercise program during COVID-19
Confinement on blood pressure control in healthy pregnant women. Front. Physiol.
12, 645136–645139. doi:10.3389/fphys.2021.645136

Slade, S. C., Dionne, C. E., Underwood,M., and Buchbinder, R. (2016). Consensus
on exercise reporting template (CERT): Explanation and elaboration statement. Br.
J. Sports Med. 50 (23), 1428–1437. doi:10.1136/bjsports-2016-096651

Smart, N. A., Waldron, M., Ismail, H., Giallauria, F., Vigorito, C., Cornelissen, V.,
et al. (2015). Validation of a new tool for the assessment of study quality and
reporting in exercise training studies: Testex. Int. J. Evid. Based. Healthc. 13 (1),
9–18. doi:10.1097/XEB.0000000000000020

Steinacker, J. M. (1993). Physiological aspects of training in rowing. Int. J. Sports
Med. 14 (Suppl 1), S3–S10.

Stutzman, S. S., Brown, C. A., Hains, S. M. J., Godwin, M., Smith, G. N., Parlow,
J. L., et al. (2010). The effects of exercise conditioning in normal and overweight
pregnant women on blood pressure and heart rate variability. Biol. Res. Nurs. 12 (2),
137–148. doi:10.1177/1099800410375979

Sutton, A. L. M., Harper, L. M., and Tita, A. T. N. (2018). Hypertensive disorders in
pregnancy.Obstet. Gynecol. Clin. North Am. 45 (2), 333–347. doi:10.1016/j.ogc.2018.01.012

Syngelaki, A., Sequeira Campos, M., Roberge, S., Andrade, W., and Nicolaides, K.
H. (2019). Diet and exercise for preeclampsia prevention in overweight and obese
pregnant women: Systematic review and meta-analysis. J. Matern. Fetal. Neonatal
Med. 32 (20), 3495–3501. doi:10.1080/14767058.2018.1481037

Thangaratinam, S., Rogozińska, E., Jolly, K., Glinkowski, S., Duda, W., Borowiack, E.,
et al. (2012). Interventions to reduce or prevent obesity in pregnant women: A systematic
review. Health Technol. Assess. 16 (31), iii-iv, 1–191. doi:10.3310/hta16310

Vahedian-Azimi, A., Makvandi, S., Banach, M., Reiner, Ž., and Sahebkar, A.
(2021). Fetal toxicity associated with statins: A systematic review and meta-analysis.
Atherosclerosis 327, 59–67. doi:10.1016/j.atherosclerosis.2021.05.006

Frontiers in Physiology frontiersin.org17

Corso et al. 10.3389/fphys.2022.916724

https://doi.org/10.1111/1471-0528.12737
https://doi.org/10.1371/journal.pmed.1002079
https://doi.org/10.1161/01.hyp.23.3.294
https://doi.org/10.1016/j.csm.2017.05.005
https://doi.org/10.1097/HJH.0b013e32834f0b1c
https://doi.org/10.1097/AOG.0000000000001632
https://doi.org/10.1097/AOG.0000000000001632
https://doi.org/10.3109/10641955.2015.1122036
https://doi.org/10.1002/cphy.c140080
https://doi.org/10.3390/ijerph17165643
https://doi.org/10.1007/s12265-019-09922-0
https://doi.org/10.1186/s13643-022-01978-5
https://doi.org/10.1249/MSS.0b013e31825408fb
https://doi.org/10.1186/s12916-019-1399-1
https://doi.org/10.1161/JAHA.116.003231
https://doi.org/10.1111/aogs.13151
https://doi.org/10.7759/cureus.3204
https://doi.org/10.1136/bjsports-2020-102042
https://doi.org/10.1097/AOG.0b013e31825de592
https://doi.org/10.1016/j.jogc.2018.07.001
https://doi.org/10.1097/01.ASN.0000140256.21892.89
https://doi.org/10.1123/jpah.8.3.309
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1249/MSS.0000000000000837
https://doi.org/10.1249/MSS.0000000000000837
https://doi.org/10.3390/jcm9020379
https://doi.org/10.1111/j.1447-0756.2011.01582.x
https://doi.org/10.1093/eurheartj/ehy478
https://doi.org/10.1161/HYPERTENSIONAHA.121.18099
https://doi.org/10.1161/HYPERTENSIONAHA.121.18099
https://doi.org/10.1161/CIRCULATIONAHA.114.009029
https://doi.org/10.1016/S2214-109X(14)70227-X
https://doi.org/10.1519/ssc.0b013e31822ec2d8
https://doi.org/10.1111/1471-0528.13738
https://doi.org/10.1111/1471-0528.13738
https://doi.org/10.1152/japplphysiol.00293.2018
https://doi.org/10.1152/japplphysiol.00293.2018
https://doi.org/10.3389/fphys.2021.645136
https://doi.org/10.1136/bjsports-2016-096651
https://doi.org/10.1097/XEB.0000000000000020
https://doi.org/10.1177/1099800410375979
https://doi.org/10.1016/j.ogc.2018.01.012
https://doi.org/10.1080/14767058.2018.1481037
https://doi.org/10.3310/hta16310
https://doi.org/10.1016/j.atherosclerosis.2021.05.006
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2022.916724

	Effects of aerobic, strength, and combined training during pregnancy in the blood pressure: A systematic review and meta-an ...
	1 Introduction
	2 Materials and methods
	2.1 Registration and protocol
	2.2 Literature search and study selection
	2.3 Data extraction
	2.3.1 Selection criteria

	2.4 Assessment of risk of bias
	2.5 Meta-analysis

	3 Results
	3.1 Studies selection
	3.2 Study characteristics and quality
	3.2.1 Aerobic training
	3.2.2 Strength training
	3.2.3 Combined training

	3.3 Meta-analysis results
	3.3.1 Aerobic training
	3.3.2 Strength training
	3.3.3 Combined training


	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


