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Abstract

Background/Aim. Pregnancy is a state where different
morphological and physiological changes occur in a preg-
nant woman's body. There ate many factors that have an
effect on maintaining a healthy pregnancy. Physical activity
is one of the possible factors that can have an impact on
the quality of life during pregnancy. Healthy pregnant
women, without medical or obstetric complications, are
advised to exercise in a moderate and proper manner. The
aim of this meta-analysis was to evaluate the impact of
continuous aerobic exercise on the frequency of vaginal
birth in healthy pregnant women with normal body mass
index (BMI) values. Methods. This meta-analysis was
based on a systematic review and selection of randomized
clinical trials. The affect of physical exercise was assessed
using the "RS#udio" programming language and environ-
ment. Heterogeneity of studies was assessed by Q statis-
tics. Possible publication bias of studies was identified.
The primary outcome analysis was related to the frequency
of vaginal birth, while the secondary outcome analysis was
related to BMI in the first measurement and total weight

Apstrakt

Uvod/Cilj. Trudnoéa je stanje kada dolazi do razli¢itih
morfoloskih i fizioloskih promena u organizmu trudnice.
Mnogi su faktori koji imaju uticaja, na odrzavanje zdrave
trudnoce. Fizicka aktivnost je jedan od moguéih faktora
koji moze imati uticaja na kvalitet Zivota tokom trudnoce.
Zdravim trudnicama, bez medicinskih ili akuserskih kom-
plikacija, preporucuje se umereno 1 pravilno fizicko
vezbanje. Cilj ove meta-analize je bio da proceni uticaj
kontinuiranog aerobnog fizickog vezbanja na ucestalost
vaginalnog porodaja kod zdravih trudnica sa normalnim
vrednostima indeks telesne mase (ITM). Metode. Ova
meta-analiza je bila zasnovana na sistematskom pregledu i

gain after the second measurement. The suitability of 10
individual studies is shown by graphical and statistical
analysis of the extracted data. Results. Physically active
pregnant women who exercised with light to moderate in-
tensity 3 times a week (35—-60 minutes), had a more fre-
quent vaginal birth than sedentary pregnant women
(67.4% vs. 60.5; relative risk (RR) 1.11, 95% confidence
interval (CI), 1.04-1.18). RR was statistically significantly
different from unit (p = 0.002). All pregnant women had
optimal BMI values in the first measurement before inter-
vention. Also, all pregnant women gained the recom-
mended number of kilograms during pregnancy. Conclu-
sion. Analysis of selected individual studies showed that
continuous aerobic physical exercise during the second
and third trimesters does not have a negative effect on
measured outcome of pregnancy. Physically active preg-
nant women were more likely to give birth vaginally than
sedentary pregnant women.

Key words:
delivery, obstetric; exercise; meta-analysis; pregnancy;
pregnancy outcome.

selekciji randomizovanih klinickih studija. Uticaj fizickog
vezbanja je procenjen pomocu "RStudio" programskog
jezika i okruzenja. Heterogenost studija je procenjena Q
statistikom. Utvrdena je moguda publikaciona pristrasnost
studija. Analiza primarnih ishoda odnosila se na ucestalost
vaginalnog porodaja, dok se analiza sekundarnih ishoda
odnosila na ITM u prvom merenju i ukupnom dobitku
telesne mase nakon drugog merenja. Podobnost 10 indi-
vidualnih studija prikazana je grafickom i statistckom ana-
lizom ekstrahovanih podataka. Rezultati. Fizicki aktivne
trudnice, koje su vezbale lakim do umerenim intenzitetom
3 puta nedeljno (35-60 minuta), imale su cesée vaginalni
porodaj u odnosu na sedentarne trudnice [67,4% prema
60.5%, relativni rizik (RR) 1.11, 95% indeks poverenja:
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1.04-1.18]. RR je bio statisticki znacajno razli¢it od
jedinice (p = 0,002). Sve trudnice su imale optimalne
vrednosti I'TM u prvom merenju pre intervencije.
Takode, sve trudnice su dobile preporucen broj kilo-
grama tokom trudnoée. ZakljuCak. Analiza odabranih
individualnih studija pokazala je da kontinuirano aerobno
fizicko vezbanje, tokom drugog i treceg trimestra, nema

negativan uticaj na mereni ishod trudnoce. Fizicki ak-
tivne trudnice su se ¢e$ce imale vaginalni porodaj u od-
nosu na sedentarne trudnice.

Kljucne reci:
porodaj; veZbanje; meta-analiza; trudnoca; trudnoca,
ishod.

Introduction

Pregnancy is a period of life when a woman's body
undergoes various morphological and physiological changes.
There are various factors that can affect the course and
outcome of the pregnancy. It is believed that weight gain can
have both positive and negative impact . Maintaining
optimal weight, in addition to affecting the prevention of
pregnancy problems and the most common diseases, also
affects the sense of self-esteem and, consequently, a better
quality of life during pregnancy 2. Also, weight gain can
have an impact on method of giving birth. Studies show that
more obese women are more likely to give birth by caesarean
section > One way to reduce obesity and maintain optimal
body weight is through regular physical activity, both before
and during pregnancy. Controlled aerobic physical exercise
is recommended for healthy pregnant women, while
increased physical activity is not recommended for pregnant
women who have any medical complications .

A positive pregnancy outcome comes down to having a
healthy newborn. Childbirth can be carried out in many ways
and it may depend on the health of the pregnant woman, the
growth and development of the fetus. It is expected that
every pregnant woman will expect "natural™ and as painless
childbirth as possible, so fear of potential delivery by
caesarean section may occur. In this meta-analysis, an
estimate of the incidence of childbirth occuring exclusively
vaginally was performed. It is believed that certain factors,
such as daily physical activity, can have an impact on the
outcome of pregnancy itself as it relates to the way of
delivery.

Many healthy pregnant women do not meet the
recommended minimum for physical exercise (at least 3
times a week for at least 20-30 minutes a day) * Due to
different research results, it remains unclear how continuous
aerobic exercise can have an impact on childbirth. This meta-
analysis investigated the impact of identical exercise way on
the frequency of vaginal birth in healthy and pre-sedentary
pregnant women with normal body weight.

Methods

Search method

Searching the literature and selecting the right
references was implemented in accordance with the
Preferred Reporting Items for Systematic reviews and meta-
Analyses (PRISMA) rules and recommendations 5 The
research protocol included a systematic review of the
scientific literature, selection of individual studies according

to set criteria, as well as extraction and analysis of primary
and secondary outcomes. Selection of scientific studies was
performed using two bibliographic databases ("PubMed" and
"Scopus"). The search was enabled with the help of selected
keywords: "Aerobic exercise"”, "Pregnancy"”, defined type of
publication ("Randomized control or Clinical trial™), without
time limit and with concluding research period until the end

of 2018.

Literature selection

A detailed selection of scientific studies is presented in
the “Flow diagram” (Figure 1). Duplicate studies, studies
with inappropriate design, exercise and measured outcomes
were excluded from the study, as well as studies indicating
that pregnant women had a risky or a complicated
pregnancy. For further research, high quality published
scientific studies that meet the set criteria were singled out.
Only randomized clinical studies (RCTs) were selected for
this meta-analysis.

Participants

The criterion for the selection of participants included
exclusively healthy pregnant women with a single fetus
pregnancy (27.6-33.8 years of age). Pregnant women were
randomized into two research groups. The experimental
group consisted of physically active pregnant women
(PAPW) who exercised during the second and third
trimesters (at the earliest from the 12th and at the latest until
the 39th gestational week), while the control group consisted
of sedentary pregnant women (SPW) who did not exercise
during pregnancy. All pregnant women received regular
prenatal care. Pregnant women were previously physically
inactive or sedentary and had normal body mass index (BMI)
values (18.5-24.9 kg/m?).

Intervention

Meta-analysis included RCTs that in detail described
the phases of physical exercise (introductory part — warm-up,
main part — development of endurance and strength, final
part — relaxation and stretching) and exercise load
(frequency, volume, intensity, manner and type of physical
exercise). The intensity of the aerobic exercise method was
controlled by a pulsometer or a Borg scale for self-
assessment. All studies provide recommendations and
guidelines for proper exercise during pregnancy * & 7 The
studies described aerobic exercises (types of aerobics, water
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Fig. 1 — Flow diagram of studies selection.

aerobics, dancing, swimming, brisk walking and riding a
stationary bike).

Outcome measurement

Primary (vaginal birth) and secondary (BMI and total
body weight gain) measurements of pregnancy outcomes were
measured. Secondary outcomes were measured before (about
the 12th gestational week) and after the intervention (around
the 37th gestational week), that is, continuous aerobic physical
exercise. BMI was calculated using the following formula
(kg/m?), while the total body weight gained during pregnancy
was calculated as the difference in kilograms between prenatal
(first) and last measurement. A second weight measurement
was usually done at the end of the third trimester. Workout
sessions were regularly recorded in the diary.

Data extraction and risk of bias

Assessing the risk of bias in selected individual studies
is essential to assessing the reliability of the meta-analysis
itself 8. The assessment of data quality (data inclusion, risk of
bias, data extraction, and final analysis) was performed by
two independent authors (AB and AJ). If there was
disagreement when analyzing the extracted data, the final
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decision was resolved by discussion between the reviewer
and the third author (KB). Table 1 shows the extracted data
included into the analysis.

Data analysis

The meta-analysis unit was an individual scientific
study. The unification of the results that determine the
frequency of the primary outcome was done by determining
the Relative risk (RR), while determining the secondary
outcomes was done by determining the standardized
differences in the means of numeric outcomes. The
heterogeneity of the studies was determined graphically
using the "Forest” and "L’Abbels" plots, and heterogeneity
analysis was performed by calculating Q statistics. A fixed-
effect model or a random-effect model was applied
depending on the homogeneity of the studies, while
adjustments of methods were made according to the
DerSimonian and Laird ° method. Publication bias was
evaluated based on the funnel diagram, while testing was
performed using the Egger test 1% The obtained results of the
analysis were tested at statistical significance level (alpha
level) of 0.05. Data analysis was performed in R
programming language and environment using “metafor”
and “meta” 2 packages for R.
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Table 1
Outline of extracted data from individual studies for meta-analysis
Started analvsis Age BMI — Baseline MWG
Individual y (years) (kg/m?) (kg)
studies PAPW SPW PAPW SPW PAPW SPW PAPW SPW
(n) (n) (mean+SD) (mean+SD) (mean+SD) (mean+SD) (mean+SD) (mean+ SD)
Barakat et al. ° 138 152 314+32 31.7+45 240+43 23.6+4.0 11.9+3.7 13.7#4.1
Barakat et al. 1 40 43 32.0+4.0 31.0+£3.0 12.5+3.2 13.8+3.1
Barakat et al. 1 382 383 316+4.2 31.8+45 23.6+3.8 234+4.2 12.1+3.7 12.9+4.5
Barakat et al. 12 227 202 31.8+4.6 31.3+34 234 +3.7 23.7+3.8 12.3+3.6 13.3#4.1
Barakat et al. 13 33 32 33.1+3.0 33.8+£20 241+39 244 +6.0 10.9+2.7 11.8+4.8
Perales et al. ¥4 90 77 311+34 31.7+£39 235+35 243+4.4 11.9+4.2 13.9+10.2
Perales et al. % 52 54 31.0+3.7 33.4+4.0 279+3.1 280+2.6
Perales et al. 1 38 25 32.0+35 31.8+238 234+4.2 231+3.1 11.4+3.6 15.4+4.4
Perales et al. ¥’ 120 121 31.0+4.0 31.0+4.0
Price et al. 18 31 31 30.5+5.0 276+7.3 26.6 +3.1 27.8+54 12.4+3.9 10.5+4.9

BMI - body mass index; PAPW — physically active pregnant women; SPW — sedentary pregnant women; MWG — maternal

weight gain; SD — standard deviation.
Results

Out of total number of female participants from
selected individual studies (n = 3,747), 69% of pregnant
women were randomized, of whom 88% (n =2,271) began
the analysis and 80% (n = 2,067) had completed the analysis.
A total of 92% of physically active and 90% of sedentary
pregnant women completed the analysis. Weighted values
indicated the similar age of all pregnant women who started
the analysis (PAPW 31.6 + 4.0 years; SPW: 316 + 4.2
years).

Analysis of the extracted data describing the manner of
exercise in individual studies highlighted the following
common values. PAPW exercised about 3 times a week for
35-60 minutes. The training phases were described in eight
studies: the introductory phase or warm-up lasted 5-12
minutes, the main part of the workout or the development
phase of endurance and strength lasted 20-30 minutes, while
the last phase of exercise or relaxation lasted 5-12 minutes.
The main part of the workout included aerobic exercise in
the form of various types of aerobics (dance or step).
Exercise intensity was monitored by heart rate control with

Table 2

the help of pulsometer (55-60 beats per minute) and a Borg
scale for self-assessment (10-14 or "medium difficult").
Table 2 shows the data from individual studies describing
characteristics of exercise *-%2,

Out of total of 10 studies, the obtained weighted values
showed that all pregnant women had optimal BMI values in
the first measurement (PAPW: 23.9 + 3.8 kg/m?; SPW: 24.0
+ 4.1 kg/m?), with no statistically significant difference
between PAPW and SPW (p = 0.650). However, there was a
statistically significant difference between the groups (p <
0.001) after the second measurement. Out of total of 10
studies, the weighted values of the extracted data indicated
that physically active pregnant women gained slightly less
weight during pregnancy (PAPW: 12 + 3.7 kg/m? SPW:
13.2 + 5.1 kg/m?).

Selected individual studies did not have a high risk of
bias (Figure 2), so they were not excluded from further
analysis. Accordingly, a total of 10 individual studies were
included in the meta-analysis.

Standardized mean of the incidence of vaginal birth was
calculated from 10 individual studies, accounting for 3.3% of
the total number of scientific studies reviewed (n = 306). The

Description of continuous aerobic physical exercise in individual studies
by frequency, duration, intensity of exercise and workout stages

Duration of Intensity . - A .
. - : . Duration of training phases in minutes (min-max)
aerobic exercise of aerobic exercise
Individual studies number training heart Borg )
of training - aerobic .
. time rate scale warm up power relaxation
sessions (minutes) %) (9-20) endurance
(weekly)
Barakat et al. 13 3 40-45 <70 7-8 25 7-8
Barakat et al. 14 3 35-45 <70 7 25 7-8
Barakat et al. 1° 3 50-55 <70 12-14 10-12 25-30 10-12
Barakat et al. 16 3 55-60 <70 12-14
Barakat et al. ¥ 3 55-60 55-60 10-12 10-12 20-25 10-12
Perales et al. 18 3 55-60 55-60 5-8 25 20 5-8
Perales et al. 1 3 55-60 55-60 10-12 5 20 10 5-10
Perales et al. 2 3 55-60 55-60 7-8 25-30 10 7-8
Perales et al. 3 55-60 55-60 5-7 25-30 5-10
Price et al. 22 4 45-60 12-14 5-10
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Fig. 2 — Assessment of risk of bias: A) Summary of risk of bias for each trial;
B) Risk of bias graph about each risk of bias item presented as percentages across all included studies.

results of the meta-analysis showed that the incidence of
vaginal birth was higher in pregnant women who were
physically active during the second and third trimesters
(PAPW: 67.4%; SPW: 60.5%) (Figure 3).

The combined RR value from the fixed effects model
was 1.11 [95% confidence interval (CI) 1.04; 1.18]. Relative
risk was statistically significantly different from unit

(p =0.002). The combined value of the results of individual
studies showed that physically active pregnant women had a
higher incidence of vaginal birth than sedentary pregnant
women. The data were not statistically significantly
heterogeneous (p = 0.243; 1>=22%; 2= 0.003), as can be seen
in the L'Abbe plot. No publication bias was detected, as can be
seen on the funnel graph that is symmetrical (0.69) (Figure 4).

Exercise Control Weight Weight
Study Events Total Events Total Risk ratio RR 95%-Cl (fixed) (random)
Barakat et al. ° 100 138 88 152 J:rH 1.25 [1.06;1.48] 134% 14.9%
Barakat et al. 1° 23 40 26 43 —i 0.95 [0.66:1.36] 4.0% 4.3%
Barakat et al. 1 260 382 236 383 2 110 [099,1.23] 37.7% 26.5%
Barakat et al. 12 139 176 115 149 = 102 [091;115 199% 24.0%
Barakat et al. 13 18 33 19 32 092 [060;,140] 31% 3.2%
Perales et al. 4 64 90 45 77 e 122 [097;153] 7.8% 9.4%
Perales et al. 1° 4 52 10 54 042 [014;1.24] 16% 0.5%
Perales et al. 16 25 38 15 25 110 [0.74;163] 29% 3.7%
Perales et al. 17 56 82 35 59 T 115 [0.89,149] 65% 7.8%
Price et al. 18 27 3 19 31 — 142 [104,194] 30%  56%
Fixed effect model 1062 1005 ¢ 1.11 [1.04; 1.18] 100.0% -
Random effects model & 1.11 [1.03; 1.21] 100.0%
Heterogeneity: 12 = 22%, % = 0.003, p = 0.243 f ! : .
Test for overall effect (fixed effect): z = 3.15 (p = 0.002) 02 05 1 2 5

Fig. 3 — Outline of individual results and combined value of relative risk (RR) of vaginal birth
efficiency. Data are presented as number in the experimental group (physically active pregnant
women) vs. number in the control group (sedentary pregnant women).
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Fig. 4 — Demonstration of heterogeneity (left) and publication bias (right)
of relative risk efficiency of vaginal delivery.
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Discussion

The positive effects of daily physical activity during
pregnancy are being mentioned more often nowadays.
Continuous aerobic physical exercise is recommended if the
pregnant woman is healthy 2> 24, whereas increased physical
activity is not recommended if there is a medical or obstetric
problem * 8, Although more and more authors are addressing
this problem today, the impact of different exercise
intensities remains to be fully investigated 2 It also raises the
question of whether sufficient information is provided to
pregnant women about the possible negative and positive
effects of proper exercise during pregnancy 262, Physically
active pregnant women have been shown to have a better
quality of life 2 less likely to suffer from common pregnancy
problems 2°, and less likely to suffer from certain pregnancy
diseases °.

Obesity is thought to be increasing among pregnant
women. Being overweight has an effect on metabolism, and
therefore can have an effect on pregnancy outcome . Obese
pregnant women are more likely to suffer from gestational
diabetes mellitus. Also, obese pregnant women are more
likely to give birth prematurely or by cesarean section 3.
Starting BMI values dictate how many kilograms a pregnant
woman needs to gain in order to maintain a healthy
pregnancy 3. Therefore, it is assumed that the total body
weight a pregnant woman should gain (10-12 kg) largely
depends on the initial morphological values. In this meta-
analysis, pregnant women who started the analysis had
similar BMI values in the first measurement before
intervention (PAPW: 23.9 + 3.8 kg/m? SPW: 24.0 + 4.1
kg/m?). It is expected that physically active pregnant women
will ingest more nutrients since increased physical activity
and pregnancy development lead to increased caloric
consumption in the body. The data were statistically
significant (p < 0.001) even though physically active
pregnant women gained about 1 kg less than sedentary
pregnant women during pregnancy.

It is believed that age can also have an impact on the
positive pregnancy outcome in addition to body weight *2. In

this study, all pregnant women were of similar age (PAPW:
31.6 + 4.0 years; SPW: 31.6 + 4.2 years). The homogeneity
of the study groups was observed, which had a positive
effect on the reached conclusions regarding the described
continuous aerobic physical exercise during the second and
third trimesters of pregnancy.

In meta-analysis where pregnant women underwent a
change in diet and increased physical activity, the results of
the study showed a positive effect of the intervention on
weight regulation, as well as a decrease in the incidence of
birth by cesarean section 8, Some studies have come up with
reports that physically active pregnant women had an easier
birth than sedentary ones, and that the most common birth
was "natural" or vaginal ® . Water is thought to have a
beneficial effect, so swimming and exercising in water can
have a positive effect during childbirth 3 It is often stated
that pregnant women who exercised during pregnancy had a
more frequent vaginal delivery (PAPW: 73.6%; SPW:
67.5%; RR = 1.09, 95% CI = 1.04-1.15), as well as less
frequent cesarean delivery 2. In this meta-analytic study, the
result confirmed the positive impact of daily exercise, that is,
stated that physically active pregnant women had a more
frequent vaginal delivery than sedentary pregnant women
(67.4% vs. 60.5%; RR = 1.11, 95% CI = 1.04-1.18).

Full term birth, especially “natural” or vaginal, can
certainly be considered a positive pregnancy outcome.
Therefore, it is necessary to continue to monitor and
investigate the various possible factors that could affect
mother’s health and the birth of a healthy newborn.

Conclusion

The result of this meta-analysis, showed that physically
active pregnant women had a higher frequency of vaginal
birth than sedentary ones. On the other words, in previously
physically inactive or sedentary pregnant women who were
physically active during the second and third trimesters
(different types of aerobics, 3 times a week for 35-60
minutes), no negative impact of continuous aerobic physical
exercise was observed.
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