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Abstract

Background Maternal weight gain during pregnancy is one of the most important outcomes that healthcare
professionals have, as excessive weight gain is associated with maternal, foetal, and newborn complications. However,
the prevalence of excessive weight gain continues to increase worldwide. The benefits that physical activity could
have during pregnancy have been demonstrated in several areas, including adequate control of weight gain,
therefore, the objective of this meta-analysis was to examine the impact of physical activity during pregnancy on
gestational weight gain.

Methods Systematic review and meta-analysis (Registration No.. CRD42022374014). Articles written in English and
Spanish published between January 2010 and May 2024 were searched. This study exclusively included randomised
controlled trials involving pregnant women and interventions consisting of physical activity during pregnancy. The
primary outcome was gestational weight gain, and other outcomes were excessive weight gain and gestational
weight gain depending on body mass index during pregnancy.

Results Fifty-four studies were included in this review. The intervention groups were compared with the control
groups. Pregnant women in intervention groups experienced a significant reduction in gestational weight gain
compared to control group (z=4.73, p <0.001), with greater effects in terms of mean differences to gain less
gestational weight gain in supervised physical activity interventions and comprising various types of physical activity
in the intervention programme, despite the absence of significant differences in the test for subgroup differences
(p>0.05). Furthermore, the appearance of excessive gestational weight gain resulted in a large reduction in
intervention group (z=6.09, p <0.001). Analyses based on body mass index before pregnancy revealed that women
with normal weight in intervention group experienced lower gestational weight gain (z=3.58, p<0.01).
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Conclusions Physical activity during pregnancy can help better control an adequate gestational weight gain, in
women of normal weight, reduce the risk of excessive weight gain, and with a trend to better manage the weight
gain after a supervised intervention or involving more than one type of physical activity.

Keywords Pregnancy, Physical activity, Exercise, Cardiovascular, Body composition, Women

Background

Adequate gestational weight gain (GWG) during preg-
nancy is a determining factor for the present and future
health of mother and child; therefore, it is considered a
basic and essential result to generate a healthy pregnancy,
delivery, and postpartum process [1]. In this complex sit-
uation, the control of this parameter during pregnancy is
critical, but also the Body Mass Index (BMI) at the begin-
ning of pregnancy, because it will determine the limits to
gaining weight during gestation. In this vein, the Institute
of Medicine (IoM) in 2009, developed ranges of optimal
weight gain during pregnancy guidelines, depending on
pregestational BMI [2]. Overtaking these ranges during
pregnancy will cause excessive GWG.

In this sense, the world population is currently in a
‘global pandemic’ that increases every year and affects
the pregnant population [3]. Due to several factors, such
as low levels of physical activity (PA) reported worldwide,
poor nutrition habits, and other cultural and environ-
mental factors, the percentage of overweight or obese
people is frighteningly increasing. In 2016, World Health
Organisation (WHO) estimates put overweight at 39%
and obesity at 13% of the adult population [4]. The 2022
data for the European region are even more worrying,
almost 60% of adults and approximately 30% of the child
population were overweight or obese [5]. The strong
association between high BMI in early pregnancy and
excessive GWG has been scientifically demonstrated [2],
as well as the increasing prevalence of pregnant women
with excessive GWG pregnancy, recent evidence sug-
gested that two of each five pregnant women gain more
weight than recommended [6].

The consequences of this excessive gain during preg-
nancy pose significant risks to the general health and
well-being of both mother and child, not only physiologi-
cal factors, but could also be a determinant of increas-
ing the risk of mental disorders such as prenatal major
depression [7]. Among the most common complications
are gestational diabetes mellitus (GDM), an increased
risk of preterm delivery, a higher probability of caesar-
ean delivery, or even affecting the newborn by increas-
ing the risk of having a higher birth weight than usual for
the number of weeks of gestation [8—10]. As mentioned
above, overweight or obese pregnancies are also associ-
ated with psychological and emotional complications [2,
7].

The finding of preventive actions that aim to con-
trol weight gain during pregnancy by avoiding excess

is extremely necessary. As stated by American College
of Obstetricians & Gynaecologists (ACOG), “Exercise,
defined as physical activity consisting of planned, struc-
tured, and repetitive bodily movements done to improve
one or more components of physical fitness, is an essen-
tial element of a healthy lifestyle (...)” [11]. Moderate
intensity PA generates significant improvements in preg-
nancy outcomes without causing risks to maternal, foe-
tal, and newborn well-being, implying benefits such as
improved systolic blood pressure, lower instrumental
and caesarean delivery rates, prevention of gestational
diabetes mellitus (GDM), improvements in resting hear-
ing rate, and foetal heart rate as demonstrated in several
recent studies [12—-15].

In the context of controlling GWG during pregnancy
through PA, the scientific literature suggests positive
effects [16, 17], while PA may be powerful in reducing
excessive cases of GWG [13] and weight gain [18] during
pregnancy. However, new scientific evidence is needed,
and in this sense, it is highly recommended to rely on
large-scale and high-quality studies, such as systematic
review and meta-analysis (SR + MA) as the best value
option within the body of scientific literature. Regard-
ing weight gain during pregnancy, it is relevant to anal-
yse continuous variables such as gestational weight gain
throughout pregnancy (in kilogrammes) or classified
according to BMI prior to pregnancy, as well as categori-
cal aspects of great importance such as the percentage of
pregnant women who exceed their limit of weight gain, in
order to obtain robust conclusions.

The purpose of this systematic review was to examine
the effect of PA interventions during pregnancy on GWG
and the appearance of excessive weight gain.

Methods

A systematic review with five meta-analyses was carried
out following the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) 2020 [19]
guidelines and the study was registered in the Interna-
tional Prospective Register of Systematic Reviews (PROS-
PERO). Registration number: CRD42022374014 [20].

Eligibility criteria and data items

Population

Pregnant women over 18 years of age, without obstetric
contraindications that could imply a risk of exercising
during pregnancy (supported by the last clinical guide-
lines for physical activity during pregnancy) [21, 22],
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carrying a physical activity intervention programme dur-
ing their pregnancies, were evaluated for eligibility.

Intervention

Physical activity interventions were searched, exclud-
ing those interventions based only on advising or not
performing quantifiable physical activity, necessarily
including at least two comparable study groups (normally
intervention and control groups, the first group perform-
ing the intervention and the other group not performing
it). The intervention programmes were descriptively ana-
lysed in Table 1, including intensity, duration, developed
exercises, and weekly frequency of sessions, but also
supervision and participation in the full intervention.

Maternal characteristics (includ-
ing GWG), and childbirth data

tational age at delivery, Apgar
score, birthweight

Secondary variables

GWG, depression, birth out-
comes, withdrawal symptoms
and urges to smoke

GWG, mode of delivery, ges-

Comparison

Study-randomised participants whose result is a control
group (CG), not developing the intervention programme,
but also not involving other types of physical activity dur-
ing pregnancy, generally receiving the usual obstetric fol-
low-up or counselling, were compared to the participants
in the Intervention Group (IG).

Diagnosis of gestational

diabetes mellitus
Continuous smoking

abstinence
Gestational diabetes

Main variables
mellitus

Adh
50-60 NR
20 min NR
60 min  75%

Dur
min

Outcomes

GWG during pregnancy and weight gain were searched
based on pregestational BMI measured at the end of ges-
tation. Participants in the underweight index were not
independently analysed in a specific meta-analysis due to
the lack of published articles.

Super
up

Su

Su

Information sources, search strategy, and selection process
Academic Search Premier, Education Resources Infor-
mation Center, MEDLINE, SPORTDiscus, OpenDisser-
tations (all included in EBSCO), Clinicaltrials.gov, Web
of Science, Scopus, Cochrane Database of Systematic
Reviews and Physiotherapy Evidence Database (PEDro)
were used to search articles published between January
2010 and May 2024 and written in English and Spanish,
retrieving articles from October 2022 to May 2024 The
search terms were:

pelvic floor, and relaxation

coordination and balance,
exercises

Intervention
Exercise ona treadmill

Time Type
30w Aerobic, strengthening,

18w  Cycling programme

4w

Inten
Mod
Low
Low
- Mod

Freq
-4

130 3

133 3

— English: [Gestational weight gain OR maternal
weight gain OR weight gain OR weight retention]
AND [pregnancy OR pregnant OR prenatal OR
antenatal OR perinatal OR maternal] AND [exercise
OR physical activity OR fitness OR sport aerobic
training OR strength training OR cardiovascular
training] AND [randomized controlled trials OR
RCT OR randomised control trials or randomized
AND intervention.

— Spanish: Ganancia de peso gestacional o ganancia
de peso materno o ganancia de peso o retencién
de peso Y embarazo o embarazada o prenatal
o antenatal o perinatal o materno Y ejercicio o

N IG CG
260 130
140 74 66
265 132

Country
Spain

UK
China

Ussher et al.,

Uria-Mingui-
to etal, 2022
2015 [78]

[3]

IG (Intervention Group), CG (Control Group), Freq (Weekly frequency of sessions), Inten (Intensity), Time (Duration of the intervention programme), Super (Supervision of sessions by a qualified exercise professional), Dur

(Session duration), Adh (Adherence to the programme), Mod (Moderate), Vig (Vigorous), Sup (Supervised), Unsup (Unsupervised), NR Not reported

Table 1 (continued)

Authors,
Wang et al,
2017 [79]

year
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actividad fisica o fitness o deporte o entrenamiento
aerdbico o entrenamiento de fuerza o entrenamiento
cardiovascular Y ensayo clinico aleatorizado o eca

o ensayo controlado aleatorizado o aleatorizado Y
intervencidn.

Data collection process

Randomised controlled trials (RCT) with the result of the
GWG measure were searched (excluding articles without
this measure despite having a weight mean at the end of
pregnancy). Weight gain was evaluated (as possible) as a
continuous variable, but also if it was reported as a cat-
egorical variable (presence of excessive gestational weight
gain, generally following international guidelines on ges-
tational weight gain with respect to pregestational BMI)
[2]. Systematic reviews were also searched to compare
the results of these articles with ours.

Data were extracted directly by writing the search
results of retrieved abstracts in a Word file, and after
the screening, publications were filtered to discard those
articles that did not meet our inclusion criteria, first
performed by one researcher, then extracted and super-
vised by two more researchers (discrepancies between
researchers, when exist, were handled by having con-
sensus between two researchers). The characteristics are
reported in Table 1, including the author(s), year of pub-
lication, country, sample sizes of the study group, charac-
teristics of the intervention and variables.

characteristics (previously described), main and sec-
ondary outcomes analysed in the retrieved studies, and, if
included, cointervention. Duplicated articles were auto-
matically removed after adding the references to a spe-
cific folder in the Mendeley reference manager software.
To assess multiple reports from the same study (if there
are), we decided to extract data from each report sepa-
rately and then combine all the information.

After screening (performed by two independent
researchers), data from the results sections (measured as
the number of events or the mean and standard deviation
of the selected outcomes), generally reported in the text
or in the tables displayed in each article, were searched
and extracted to perform the subsequent analyses. Char-
acteristics on intervention, study groups, study design,
and results of the articles to be systematically sum-
marised were commonly selected in the Methods section.

Certainty assessment

As previously described and to provide high quality to the
search of articles, we only chose randomised controlled
trials published with selected outcomes and interven-
tions. To assess the certainty of evidence and the impor-
tance of the results, the Grading of Recommendations
Assessment, Development and Evaluation (GRADE)
guidelines was used in its version of the online guideline
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development tool version available on the GRADEpro
website [23, 24]. This assessment provides certainty of
evidence based on the inconsistencies of the articles ana-
lysed for each outcome and allows researchers to give
three scales of importance (i.e., ‘not important; ‘impor-
tant, and ‘critical’) to the selected variables. This evalu-
ation was performed independently by two researchers.

Study risk of bias and reporting bias assessments

To evaluate the risk of bias (RoB), the RoB version 2
through 5.4. version of RevMan (Review Manager) soft-
ware, and based on the Cochrane Handbook [25] was
used to determine potential sources of bias in the stud-
ies that were finally included in the study, involving selec-
tion (evaluating both random sequence generation and
allocation concealment), performance (blinding of par-
ticipants), attrition (incomplete outcome data), detection
(blinding of outcome assessment) and reporting (selec-
tive reporting, evaluating discrepancies between the out-
comes reported in protocol registration and described
in the article) sources of bias, with low, high or unclear
risk of bias determined in each source and article. Three
different members of the team were involved in both
assessments to reach a consensus on the statements. To
quantify the potential publication bias in the analyses
performed, the Egger regression test was used, as this
measure could detect publication bias under conditions
of low or moderate heterogeneity, which is commonly
significant when test results are p < 0.1 [26].

Effect measurements and synthesis methods

In this systematic review, five meta-analyses were per-
formed with the aim of synthesising existing evidence on
the effect of physical activity on gestational weight gain
according to BMI prior to pregnancy. First, a meta-anal-
ysis was performed that considered all women who par-
ticipated in the RCTs included in the review, regardless of
their pre-pregnancy BMI. The second meta-analysis also
considered general gestational weight gain during preg-
nancy, dividing the articles into subgroups depending on
the supervision or its absence, of PA programme during
pregnancy, with the same evaluation as the first analysis
performed. In the third, the articles were divided into
two subgroups according to the number of PA performed
during the intervention (one or more than one). For both
meta-analyses to compare subgroup differences, the Chi-
square (y°) test (2) was used. The confidence interval (CI)
and mean differences (MD) were calculated for these
analyses, assessing the effects sizes through the inverse
variance (IV) analysis.

For the fourth meta-analysis, excessive gestational
weight gain was searched as a dichotomous categorical
result (yes/no) created following international guidelines
to determine excessive weight gain. In this analysis, all
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women who made up the sample of included studies were
also included. In this case, the number of present events
and the odds ratio (OR) of each study group were evalu-
ated, with a Mantel-Haenszel (M-H) analysis to know the
effect sizes. Subsequently, three independent meta-analy-
ses were performed to assess the effect of physical activ-
ity on gestational weight gain in women of normal weight,
overweight, and obese women (measures taken before
pregnancy). The analysis approach used in these three
meta-analyses was the same as in the first, second, and
third meta-analyses. The effects sizes were calculated con-
sidering the following ranges: < 0.4 indicates a small effect;
0.4—0.7 indicates a medium effect; > 0.75 indicates a large
effect [27]. For all meta-analyses, the random effects
model was selected due to the large differences observed
between sample sizes (generally and per study groups)
and characteristics observed in the analysed articles.

In all meta-analyses, a relative weight was assigned
according to the sample size of the study groups per arti-
cle, taking into account all articles and weights per analy-
sis. The I statistic was used to measure the presence of
heterogeneity in each analysis, also providing a percent-
age of it, and managing the next levels of heterogeneity
as: low<25% moderate = 50%; high >75%. Analyses were
performed using Review Manager.

Results

Study selection

In this review, 1356 articles were first identified through
six different databases, excluding 438 articles before
screening. During the selection process, 804 articles were
excluded because they did not meet the inclusion crite-
ria or were nonrandomised controlled trials. 114 articles
were evaluated in the full text search process, finally 54
[13, 18, 28-79] articles with 9,427 women involved in
their interventions (Fig. 1).

Study characteristics

Throughout the intervention articles retrieved, the weeks
ranged from four to thirty, also from low (or light) to
moderate intensity (only with two articles archiving high
intensity) [49, 71], performing weekly sessions in a range
that varied between one and seven days per week. Most
of the sessions were supervised (11 articles with unsu-
pervised sessions or containing both types in their pro-
gramme approach), with a duration between 15 and 65
min per session (Table 1).

Results of individual studies and syntheses

Effects of physical activity on gestational weight gain
Regarding the measurement of general gestational weight
gain, 52 articles [13, 18, 28-44, 46-66, 68—79] were
included in this meta-analysis that found significant

Page 9 of 18

{ Identification of studies via databases and registers

—
Records identified: (n= 1356)
=
S
‘5 * E‘BVS‘CO (f‘ 386) _ Records removed before
= & Clinicaltrials.gov (n=57) »| screening for duplication reasons
= . Web of Science (n = 349) (n=438)
% . Scopus (n =418)
. PEDro (n = 146)
-
— v
Records screened (n =918) | — | Records excluded (n=91)
v
@ Retrieved reports (n = 827) »| Not revised records (n = 713)
=
=
<
: !
<
@
Reports assessed for eligibility
»| Reports excluded (n = 50):
m=114) -~
. Not appropriate GWG
measures (n = 24)
. No PA intervention (n =
21)
v . Article not valid/available
(n=15)
Included studies in the review

(n=54)

[ meludea |

Fig. 1 Flow diagram of the searches performed

differences with large effects sizes (z = 4.73, p < 0.001;
MD = -1.20, 95% CI = -1.70, -0.70; I* = 90%, Pyeterogencity <
0.001) between intervention and control groups, showing
lower gestational weight gain in physically active preg-
nant women, as described in Fig. 2. In general, women
who exercised during pregnancy reported a weight gain
of 1.20 kg on average than women assigned to control
groups. The analysis of potential publication bias did
not result in a significant bias (p = 0.790) in the articles
analysed.

Effects of supervised and unsupervised physical activity on
gestational weight gain

52 articles [13, 18, 28—44, 46—66, 68—79] were selected
(showing previously the general result in Fig. 2, and the
result of the general bias of the publication) to evaluate
the effects of physical activity by qualified exercise pro-
fessionals on general gestational weight gain. This analy-
sis showed a significant decrease in women who carried
out a supervised physical activity programme [13, 18,
28-39, 41-50, 56-60, 62-71, 73, 75, 76, 78, 79] with large
effects sizes (z = 4.39, p < 0.001; MD = -1.30, 95% CI =
-1.88, -0.72; I = 92%, Pyeterogencity < 0-001). However, sig-
nificant differences were observed in unsupervised [40,
51-55, 58, 61, 72, 74, 77] physical activity programmes,
also reporting moderate effect sizes (z = 2.47, p = 0.01;
MD = -0.77, 95% CI = -1.38, -0.16; I* = 25%, Pheterogeneity =
0.20). Both results are represented in Fig. 3.
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Intervention Control Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean [Kg] SD [Kg] Total Mean[Kg] SD[Kg] Total Weight IV, Random, 95% CI IV, Random, 95% CI ABCDEF
Aktan etal 2021 1263 486 21 1657 655 22 13% -394[7.05,-0.83) [T IT]
Atkinson et al 2022 11.02 34 68 1143 367 61 22% -0.41[-168,086] - L1 1]
Babbar et al 2016 1492 644 23 1388 712 23 1.0%  1.04[-2.88,4.96 s (11
Bacchi et al 2018 127 26 49 139 43 62 22%  -1.20(-2.49,009 = [ 3 J
Barakat etal 2011 1189 315 3¢ 13903 2113 33 22% -2.01}329,-0.73 —_— L1
Barakat et al 2012a 125 32 40 138 31 43 21%  -1.30[-2.66,0.06) ==
Barakat et al 2012b 118 37 138 13.7 41 152 23%  -1.80[2.70,-0.90] -~ [ 1]
Barakat etal 2013 116 37 210 133 41 218 24%  -1.70[-2.44,-0.96] = e
Barakat etal 2014 1172 406 107 1366 962 93 1.7% -1.94[-4.04,0.16] —
Barakat et al 2016 121 37 382 129 45 383 25% -0.80(1.38,-022) £
Barakat et al 2018a 12.26 36 227 13.27 41 202 24%  -1.01[1.74,-028) =
Barakat et al 2018b 108 27 33 1.8 48 32 19% -0.90[2.80,1.00) —
Barakat etal 2019 1219 37 234 1333 408 222 24% -1.14[1.86,-0.42] =
Bhartia et al 2013 1034 273 38 984 199 40 23%  0.50-0.56,1.56] G L L @00
Bojanic et al 2022 1165 135 35 1994 337 35 22% -829(-9.49,-7.09) —— ®0
Brik etal 2019 14 42 42 1.2 64 43 16%  020[210,250] — ® 9000
Clark etal 2019 1347 458 14 1529 1012 22 07% -1.82[-6.68,3.04] — (11
Cordero etal 2012 128 36 25 149 33 30 19% -210[-3.94,-0.26] — ® @0
Daly etal 2017 (OB) 6.2 6 34 79 48 42 16% -1.70[4.18,0.78) —
Da Silva etal 2017 124 57 205 129 65 407 23%  -0.50[1.50,050] =T
Fernéndez-Buhigas et al 2020 1015 539 41 1143 443 51 18% -1.34[-339,0.71] — o®
Garnzes et al 2016 (OB) 105 458 36 92 696 36 14%  130(1.42,402 - ®
Garnzes et al 2018 (OW/OB) 105 46 36 97 69 34 14%  080[1.96,356 -1 ®
Ghodsi & Asltoghiri 2014 94 207 40 1067 343 40 22% -1.27}251,-0.03 el @
Haakstad etal 2011 13 4 52 138 4 53 20% -0.80[233,073 — LIT1 1]
Haakstad et al 2016 128 48 35 145 39 26 1.7% -1.60[3.79,059) — (L1711
Hopkins etal 2011 83 27 47 89 33 37 22% -060[1.91,0.71] —t L1 1]
Kong et al 2014 (0B) 1207 901 9 1248 851 10 03% -0.41[831,7.49) e #0600
Kong et al 2014 (OW) 1053 537 9 994 614 9 07% 05914.74,592 _— ®® eoe0
McDonald et al 2021 1315 343 42 1134 343 32 20%  1.81[0.23,339) — (11}
McDonald et al 2022 1474 535 131 1361 567 61  20%  1.13[0.56,282) T= ®
Menek & Kaya 2024 2125 148 15 2114 102 15  23%  0.11[}080,1.02) -+ (I I1]
Nagpal et al 2020 7.7 22 23 98 28 20 21% -210[362,-0.58) = ®
Nascimento etal 2011 (0B) 10.4 56 30 109 76 3 12% -0.50(-3.69,269) — ®
Nascimento et al 2011 (OW) 10 17 9 16.4 39 5 11% -6.40[-9.99,-281] — @®
Nobles etal 2018 129 83 118 138 9 123 1.7% -0.90(-3.08,1.28) _ ®® 000
Oostdam et al 2012 (OW) 6.2 5 43 56 35 41 19%  060[1.24,2.44) — ®0 &0
Pelaez etal 2019 15 35 100 13.72 41 201 23% -222}3.11,-1.33) = ®
Perales et al 2015a 11.85 419 90 1389 1023 77  16% -2.04[-4.48,040] —T @ eee
Perales etal 2015b 1136 356 38 1536 439 25 1.8% -4.00[-6.06,-1.94] — ®
Perales etal 2016a 116 36 83 128 44 83 22% -1.20[242,002 = ®® @000
Ramirez-Vélez et al 2011 14 86 25 126 53 26 1.0% 1.40[254,534) —_— ®® 900
Raper et al 2021 1388 567 68 1411 594 67 18% -0.23[-2.27,181) —
Rodriguez-Blangue et al 2020 8.28 283 65 1117 347 64 23% -2.89([-3.98,-1.80] _
Roland etal 2023 157 041 87 149 057 45 25%  0.80[0.61,0.99]
Ruchat et al 2012 (NW) 149 38 26 183 53 45 1.7% -340[5.53,-1.27) — [ 1]
Ruiz etal 2013 118 38 481 132 43 481 25% -1.30[1.81,-0.79) - ®
Seneviratne et al 2015 (OW/OB) 12 53 37 132 58 37 15% -1.20[3.73,1.33 —_—t (I I1]
Silva-Jose etal 2022a 992 393 69 1151 496 70 21% -1.59-3.08,-0.10] @
Silva-Jose etal 2022b 996 327 68 1248 487 72 21% -252[-3.89,-1.15) — ®
Taniguchi et al 2016 10.1 37 54 104 26 53 22% -0.30[151,091) —I ]
Uria-Minguito et al 2022 76 1365 102 8 1299 101 11% -0.40[4.07,3.27] —_— . (11
Ussher etal 2015 124 61 74 1.2 7 86 1.7%  1.20[0.99,339) — o0 000
Wang et al 2017 (OW/OB) 838 365 132 1047 333 133 24% -209(-2.93,-1.25) el e
Total (95% CI) 4254 4440 100.0% -1.20[-1.70,-0.70] ¢
Heterogeneity: Tau®= 2.54; Chi*= §12.25, df= 53 (P < 0.00001); = 80% o t 5

Testfor overall effect Z= 4.73 (P < 0.00001)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

() Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

Favours [Intervention] Favours [Control]

Fig. 2 Effects of physical activity on gestational weight gain [13, 18, 28-44, 46-66, 68-79]. OB, Obese; OW, Overweight

The test for subgroup differences did not reveal sig-
nificant differences between subgroups (x* (1)=1.51;
p=0.22). Potential publication bias was not observed in
the overall analysis (p=0.675) or in the first (p=0.356)
and second subgroups (p=0.599).

Effects of physical activity on the number of physical
activities developed through the intervention

In this analysis (Fig. 4), 52 articles [13, 18, 28—44, 46-66,
68-79] were included (overall result in Fig. 2) that evalu-
ated the effects of the number of physical activities per-
formed during the intervention (one or more than one
type, ie., multicomponent exercise), showing a signifi-
cant reduction in gestational weight gain in women who
performed only one type of physical activity during preg-
nancy [28-30, 40, 43, 51, 54, 55, 60, 68, 69, 72, 74, 77, 78]
with large effect sizes (z = 2.25, p = 0.02; MD = -0.85, 95%
CI = -1.59, -0.11; I* = 65%, Ppeterogeneity < 0-001). How-
ever, a significant (and higher) reduction in weight gain
during pregnancy in women who performed more than

one type of physical activity (multicomponent) during
pregnancy [13, 18, 31-39, 41, 42, 44, 46-50, 52, 53, 57,
58, 61-66, 70-73, 75-77], with also large effect sizes (z
=421, p < 0.001; MD = -1.35, 95% CI = -1.98, -0.72; I> =
93%, Pheterogencity < 0-001) was observed.

Analysis of subgroup differences did not find significant
differences (x2 (1) =1.03; p=0.31). After the Egger regres-
sion test, no significant publication bias was observed
in the overall results (p=0.694), in the first subgroup
(p=0.971), and in the second subgroup (p =0.718).

Effects of physical activity on excessive weight gain

Twenty-three articles [13, 18, 29, 31, 35-39, 45, 47, 49, 52,
59, 61, 63—67, 73, 76, 78] evaluated excessive gestational
weight gain (Yes/No), showing significantly more cases
of excessive gestational weight gain in the control group
(z = 6.09, p < 0.001; OR = 0.59, 95% CI = 0.49, 0.70; I* =
46%, Pheterogencity = 0-009) than in the intervention group
at the end of pregnancy, as shown in Fig. 4. According to
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Intervention Control Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI ABCDEF
1.2.1 Supervised PA
Aktan et al 2021 1263 486 21 1657 555 22 13% -3.94[-7.05-083
Atkinson et al 2022 11.02 34 58 1143 367 61 22%  -0.41[1.68,086] N
Babbar etal 2016 1492 644 23 1388 712 23 1.0% 1.04[-2.88, 4.96] S = —
Bacchietal 2018 127 26 43 139 43 62 22% -1.20[-2.49,0.09] =
Barakat etal 2011 1189 315 34 13903 2113 33 22% -2.01[3.29,-0.73] =
Barakat et al 2012a 125 32 40 138 31 43 21%  -1.30[-2.66, 0.06] T
Barakat et al 2012b 1189 37 138 137 41 152 23% -1.80[-2.70,-0.90] ==
Barakat etal 2013 1186 37 210 133 41 218 24% -1.70[-2.44,-0.96] =
Barakatetal 2014 1172 406 107 1366 962 93 18% -1.94[-4.04,0.16] =
Barakat etal 2016 121 37 382 129 45 383 25% -080[1.38,-0.22] >
Barakat et al 2018a 12.26 36 227 1327 41 202 24% -1.01[1.74,-028] =)
Barakat et al 2018b 109 27 33 18 48 32 19% -0.90[-2.80,1.00] —=]
Barakat etal 2019 1219 37 234 1333 408 222 24% -1.14[1.86,-042] e
Bojanit et al 2022 1165 135 35 1994 337 35 22% -8.29[-9.49,-7.09 ==
Briketal 2019 114 42 42 1.2 6.4 43 1.7% 0.20[-2.10, 2.50] 1
Clarketal 2019 1347 458 14 1529 1012 22 07% -1.82[-6.68,3.04] —
Cordero etal 2012 128 36 25 149 33 30 19% -210[-3.94,-0.26) —
Dalyetal 2017 (OB) 6.2 6 34 79 48 42 16% -1.70[-4.18,079] —=
Da Silva etal 2017 124 57 205 129 65 407 23% -0.50[1.50,0.50] =0
Femandez-Buhigas etal 2020 1015 539 41 1149 443 51 18%  -1.34[3.39,071] ="
Gamaes etal 2016 (0B) 105 458 36 92 696 36 1.5% 1.30[-1.42,4.02] R [
Garnzes et al 2018 (OW/OB) 105 46 36 97 69 34 1.4% 0.80 [-1.96, 3.56] b
McDonald et al 2021 1315 343 42 1134 343 32 20% 1.81[0.23,3.39] [
McDonald et al 2022 1474 535 131 1361 567 61 20% 1.13[-0.56,2.82] N
Menek & Kaya 2024 2013 216 15 2114 1.02 15 22% -1.01[222,0.20 =5
Nagpal et al 2020 7.7 22 23 98 28 20 21% -210[-3.62,-0.58] =
Nascimento etal 2011 (OB) 104 56 30 108 76 36 13% -050[369 269 e
Nascimento et al 2011 (OW) 10 17 9 164 39 5 11% -6.40[-9.99,-281)]
Oostdam et al 2012 (OW) 6.2 5 43 56 35 41 1.9% 0.60[-1.24,2.44] ==
Pelaezetal 2019 115 35 100 1372 41 201 23% -222[3.11,-1.33] =
Perales etal 2015a 1185 419 90 1389 1023 77 16% -2.04[-4.48,040] =
Perales etal 2015h 1136 356 38 1536 4.39 25 18% -4.00[-6.06,-1.94] —
Perales etal 2016a 116 36 83 128 44 83  22% -1.20[-2.42,002] 721
Ramirez-Vélez etal 2011 14 86 25 126 53 26 1.0% 1.40[-2.54,5.34] =
Raper etal 2021 1388 567 58 1411 594 67 18% -0.23[227,181] s
Rodriguez-Blanque et al 2020 828 283 65 1117 347 64 23% -289[-3.98,-1.80] -
Roland etal 2023 157 041 87 149 057 45 25% 0.80[0.61,0.99]
Ruizetal 2013 119 38 481 132 43 431 25% -1.30[1.81,-0.79] -
Silva-Jose etal 2022a 992 393 69 1151 496 70 21% -1.59[-3.08,-0.10 =1
Silva-Jose etal 2022b 996 327 68 1248 487 72 21% -252[-3.89,-1.15] a
Uria-Minguito et al 2022 76 1365 102 8 1299 101 11% -0.40[-4.07,327) —
Ussher etal 2015 124 61 74 11.2 7 66 17% 1.20[-0.99, 3.39] B B
Wang et al 2017 (OW/OB) 838 365 132 1047 333 133 24% -2.09[-293,-1.25 =
Subtotal (95% CI) 3789 967 81.4% -1.30[-1.88,-0.72] 3
Heterogeneity: Tau®= 2.87, Chi*= 497.37, df= 42 (P < 0.00001); F= 92%
Test for overall effect: Z= 4.39 (P < 0.0001)
1.2.2 Unsupervised PA
Bhartia etal 2019 1034 273 38 984 199 40 23% 0.50 [-0.56, 1.56] ™
Ghodsi & Asltoghiri 2014 94 207 40 1067 343 40 22% -1.27[251,-0.03] ==
Haakstad etal 2011 13 4 52 138 4 53 21% -080[233,073] —:
Haakstad etal 2016 129 48 35 145 39 26 1.7% -1.60[3.79,0.59 i
Hopkins etal 2011 83 27 47 89 33 37 22% -0.60[1.91,071] i i
Kong etal 2014 (OB) 1207 9.01 9 1248 851 10 03% -0.41[831,7.49
Kong et al 2014 (OW) 1053 537 9 994 614 9 07% 059-4.74,5.92) ——
Nobles etal 2018 129 83 118 138 9 123 17% -090[-3.08,1.29) —
Ruchat et al 2012 (NW) 149 38 26 183 53 45 17% -340[553,-1.27) m—
Seneviratne et al 2015 (OW/OB) 12 53 37 132 5.8 37 15% -1.20[3.73,1.33] —
Taniguchi et al 2016 101 37 54 104 26 53  22% -0.30[1.51,091)] =
Subtotal (95% CI) 465 473 18.6% -0.77[-1.38,-0.16] *
Heterogeneity: Tau*= 0.25; Chi*=13.38, df= 10 (P = 0.20); F= 25%
Test for overall effect Z= 2.47 (P = 0.01)
Total (95% CI) 4254 4440 100.0% -1.23[-1.73,-0.73] *

Heterogeneity: Tau*= 2.58; Chi*= 512.54, df= 53 (P < 0.00001); F= 80%

Test for overall effect: Z= 4.81 (P < 0.00001

)

Test for subgroup differences: Chi*=1.51, df=1 (P = 0.22), F= 33.6%

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
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Fig. 3 Effects of supervised and unsupervised physical activity on gestational weight gain [13, 18, 28-44, 46-66, 68-79]. OB, Obese; OW, Overweight

the results, women in the CG showed 1.69 times higher
odds of experiencing excessive gestational weight gain
compared to women in the IG (Fig. 5). After the Egger
regression test, no significant publication bias (p = 0.818)
was observed in the selected articles.

Effects of physical activity on gestational weight gain in
women of normal weight, overweight, and obese women

In Fig. 6, three meta-analyses were included. The first
included six articles [29, 57, 72, 73, 75, 76] that showed
significant differences and large effects sizes (z = 3.58,
p < 0.01; MD = -1.36, 95% CI = -2.10, -0.62; I*> = 37%,

Ppeterogeneity = 0-16) in gestational weight gain between

intervention and control groups (Fig. 6). In general,
women who participated in IG reported an average
weight gain of 1.36 kg less than women in CG. Quanti-
fication of publication bias did not reveal potential bias
(p = 0.287). Regarding the second analysis, six articles
[29, 55, 60, 62, 75, 76] were recovered without signifi-
cant differences (z = 1.94, p = 0.05; MD = -1.93, 95%
CI = -3.87, 0.02; I? = 68%, Pheterogeneity = 0-008) between
participants in the control and intervention group, with
significant publication bias (p = 0.097) reported. Finally,
in the third meta-analysis, seven articles [29, 46, 49, 55,
60, 75, 76] were evaluated and did not show statistical
differences with medium effect sizes (z = 0.68, p = 0.50;
MD = -0.56, 95% CI = -2.18, 1.06; I* = 56%, Pheterogeneity =
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Intervention Control Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI ABCD F
1.3.1 One type PA
Aktan et al 2021 1263 486 21 1657 555 22 13% -3.94[-7.05,-0.83]
Atkinson et al 2022 11.02 34 58 1143 367 3] 22%  -0.41[-1.68,0.86] =
Babbar etal 2016 1492 6.44 23 1388 712 23 1.0% 1.04 [-2.88, 4.96] !
Bhartia et al 2019 1034 273 38 984 189 40 23% 0.50 [-0.56, 1.56] T
Clarketal 2019 1347 458 14 1529 1012 22 07% -1.82[-6.68,3.04] =
Ghodsi & Asltoghiri 2014 94 207 40 1067 343 40 22% -1.27[251,-0.03] ==
Hopkins et al 2011 83 27 47 89 33 37 22% -060[1.91,071)] ==
Kong etal 2014 (OB) 1207 901 9 1248 851 10 03% -0.41[8.31,7.49) —
Kong et al 2014 (OW) 1053 537 9 994 6.14 9 07% 0.59[-4.74,5.92] — 1 -
McDonald et al 2021 1315 343 42 1134 343 32 20% 1.81[0.23,3.39) =
Nagpal et al 2020 77 22 23 98 28 20 21% -210[-362,-0.58) ——
Nascimento et al 2011 (OB) 104 5.6 30 109 76 36 12% -0.50[-3.69, 269 —
Nascimento et al 2011 (OW) 10 17 g 164 39 5 11% -6.40[9.99,-2.81] ==
Ramirez-Vélez etal 2011 14 8.6 25 126 53 26 1.0% 1.40[-2.54,5.34] e
Raper etal 2021 1388 567 58 1411 584 67 18% -0.23[2.27,181] ===
Ruchat et al 2012 (NW) 149 38 26 183 53 45 1.7% -340[553,-1.27) -
Seneviratne et al 2015 (OW/OB) 12 53 37 132 58 37 15% -1.20[-3.73,1.33 —T
Taniguchi et al 2016 101 37 54 104 26 53 22% -0.30[1.51,091] =t
Ussheretal 2015 124 6.1 74 1.2 7 66 1.7% 1.20[-0.99, 3.39] i T
Wang etal 2017 (OW/OB) 838 365 132 1047 333 133 24% -209[2.93-1.25 =
Subtotal (95% CI) 769 784 31.5% -0.85[-1.59,-0.11] *
Heterogeneity: Tau®=1.48; Chi*= 54.76, df= 19 (P < 0.0001), F= 65%
Test for overall effect Z= 2.25 (P = 0.02)
1.3.2 Various types of PA
Bacchietal 2018 127 26 49 139 43 62 22% -1.20[-2.49,0.09 =]
Barakat etal 2011 1189 315 34 13903 2113 33 22% -2.01[3.29,-0.73 =
Barakat etal 2012a 125 32 40 138 31 43 21%  -1.30[-2.66,0.06) =
Barakat etal 2012b 1.9 3.7 138 137 41 152 23% -1.80[2.70,-0.90] X
Barakat etal 2013 186 37 210 133 41 218 24% -1.70[-2.44,-0.96) =
Barakatetal 2014 1172 406 107 1366 962 93 1.7% -1.94[-4.04,0.18) ==
Barakat etal 2016 121 37 382 129 45 383 25% -0.80[1.38,-0.22 -
Barakatetal 2018a 12.26 36 227 1327 41 202 24% -1.01[1.74,-0.28] i
Barakat et al 2018b 109 27 33 118 48 32 19% -0.90[-2.80,1.00 e i
Barakatetal 2019 1219 3.7 234 1333 408 222 24% -1.14[-1.86,-042) 53
Bojani¢ etal 2022 1165 135 35 1994 337 35 22% -8.29[-9.49,-7.09] -
Briketal 2019 1.4 42 42 1.2 6.4 43 16% 0.20 [-2.10, 2.50] W o
Cordero etal 2012 128 36 25 149 33 30 19% -210[3.94,-0.26] S
Daly etal 2017 (OB) 6.2 6 34 79 48 42 16% -1.70(4.18,078 o
DaSilva etal 2017 124 57 205 129 65 407 23% -0.50[-1.50,050] =1
Fernéndez-Buhigas et al 2020 1015 539 41 1149 443 51  18% -1.34[3.39,071] ==
Gamees etal 2016 (0OB) 105 458 36 92 696 3/ 1.4% 1.30[-1.42,4.02] =
Gamaes et al 2018 (OW/OB) 105 46 36 97 6.9 34 1.4% 0.80 [-1.96, 3.56] =
Haakstad etal 2011 13 4 52 138 4 53 20% -0.80[-233,073) ==
Haakstad etal 2016 129 48 35 145 39 26 1.7% -1.60[-3.79,0.59) =T
McDonald et al 2022 1474 535 131 1361 567 61 20% 1.13[-0.56,2.82] o
Menek & Kaya 2024 2125 148 15 2114 102 15 23% 0.11[-0.80,1.02] T
Nobles etal 2018 129 83 118 138 9 123 17% -090[-3.08,1.28) s
Oostdam et al 2012 (OW) 6.2 5 43 56 35 41 1.9% 0.60[-1.24,2.44) o
Pelaezetal 2019 115 35 100 1372 41 201 23% -2.22[3.11,-1.33] =
Perales etal 2015a 1185 419 90 1389 1023 77 16% -2.04[-4.48040] I
Perales et al 2015b 1136 356 38 1536 439 25 18% -400[-6.06,-1.94] "
Perales etal 2016a 16 36 83 128 44 83 22% -1.20[-242,002 -
Rodriguez-Blanque et al 2020 828 283 65 1117 347 64 23% -289[-3.98,-1.80] =
Roland et al 2023 157 041 87 149 057 45 25% 0.80[0.61,0.99] i
Ruizetal 2013 1.9 38 431 132 43 481 25% -1.30[1.81,-0.79] o
Silva-Jose etal 2022a 992 393 69 1151 496 70 21% -1.59[-3.08,-0.10] -
Silva-Jose et al 2022b 996 327 68 1248 487 72 21% -252[3.89,-1.15 T
Uria-Minguito et al 2022 76 1365 102 8 1299 101 11%  -0.40[-4.07,3.27] . —
Subtotal (95% CI) 3485 3656 68.5% -1.35[-1.98,-0.72] *
Heterogeneity: Tau®= 2.83; Chi*= 449.27, df= 33 (P < 0.00001); F=93%
Test for overall effect Z= 4.21 (P < 0.0001)
Total (95% CI) 4254 4440 100.0% -1.20[-1.70,-0.70] ¢+
Heterogeneity: Tau*= 2.54; Chi*= §12.25, df= 53 (P < 0.00001); F= 90% o £ 3 10

Test for overall effect Z= 4.73 (P < 0.00001)

Testfor subgroup differences: Chi*=1.03, df=1 (P = 0.31), F= 2.5%

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

Favours [Intervention] Favours [Control]

Fig. 4 Effects of physical activity on the number of physical activities developed through the intervention [13, 18, 28-44, 46-66, 68-79]. OB, Obese; OW,

Overweight

0.03) between study groups, also did not report statisti-
cally significant publication bias in selected articles (p =
0.227).

Risk of bias in studies, reporting biases, and certainty of
evidence

In the present study, only randomised controlled tri-
als were included, resulting in high certainty (since the
articles did not show an overall high risk of bias, incon-
sistencies, indirectness, or imprecisions in their results)
and high to critical importance of the analysed results
(depending on the effect size evaluated by the GRADEpro

tool for each outcome, we decided to downgrade or not
the importance).

No serious risk of bias was identified among the recov-
ered articles. The most common risk of bias observed
was related to performance or sources of attrition, where
some articles had an unclear risk of bias due to not
reporting the inclusion of participants after randomisa-
tion or the inability to blind the participants. Further-
more, certain articles showed a high risk of sources of
bias in terms of attrition due to a significant dropout rate
between study groups and also unclear selection bias due
to the randomisation sequence or allocation procedure,
as depicted in Figs. 2, 3, 4, 5 and 6.
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Intervention Control Odds Ratio Odds Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI ABCDEF
Atkinson et al 2022 72 105 87 112 46% 0.63[0.34,1.15) T
Bacchietal 2018 12 49 28 64  31% 0.42[0.18,0.94]
Barakat et al 2012h 31 138 53 152 55% 0.54 [0.32,0.91] —
Barakatetal 2014 22 104 31 87  43% 0.48[0.25,0.92) =
Barakatetal 2016 101 382 131 383 B8.1% 0.69 [0.51,0.94] -
Barakat et al 2018a 47 227 61 202 6.4% 0.60[0.39, 0.94] =
Barakat et al 2018h 4 33 8 32 1.5% 0.41[0.11,1.54] —
Barakatetal 2019 48 234 67 222 6.5% 0.60[0.39,0.92) —
Cordero etal 2015 23 1M 54 155 5.0% 0.55[0.31, 0.98] =
Da Silva etal 2017 67 176 136 351 7.2% 0.97 [0.67,1.41] -1
Garnees et al 2016 (OB) 21 38 16 36 27% 1.54 [0.62, 3.86) L
Haakstad et al 2011 17 52 20 53 3.2% 0.80[0.36,1.79) T
Nagpal et al 2020 4 23 6 20 1.3% 0.49[0.12,2.08] =
Nobles etal 2018 76 120 85 123 53% 0.77[0.45,1.32] —_—
Pelaezetal 2019 22 100 69 201 5.1% 0.54 [0.31, 0.94] ——
Perales etal 2015a 12 89 20 75 3.3% 0.43[0.19,0.95] —
Perales etal 2015h 7 37 11 23 1.8% 0.25[0.08, 0.81]
Perales etal 2016a 14 83 25 83 36% 0.47[0.22,0.99] _—
Perales et al 2016h 15 82 23 58 3.4% 0.34[0.16,0.73] E—
Ruizetal 2013 115 451 154 481 8.4% 0.73[0.55,0.97) =
Silva-Jose etal 2022h 4 68 31 72 20% 0.08 [0.03, 0.25)
Uria-Minguito et al 2022 12 102 31 101 3.6% 0.30[0.14, 0.63] =
Ussheretal 2015 30 74 24 66 4.0% 1.19 [0.60, 2.36] T
Total (95% Cl) 2868 3152 100.0% 0.59 [0.49, 0.70] ¢
Total events 776 171
Heterogeneity: Tau®= 0.07; Chi*= 40.51, df= 22 (P = 0.009); F= 46% 0 [5]5 052 é 2=EI

Test for averall effect: Z= 6.09 (P < 0.00001) Favours [Intervention] Favours [Control]
Risk of hias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection hias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection hias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting hias)

Fig. 5 Effects of physical activity on excessive weight gain [13, 18, 29, 31, 35-39, 45, 47,49, 52, 59, 61, 63-67, 73, 76, 78]. OB, Obese

Intervention Control Mean Difference Mean Difference
Study or Subgroup Mean [Kg] SD [Kg] Total Mean[Kg] SD[Kg] Total Weight IV, Random, 95% CI IV, Random, 95% CI
Atkinson et al 2022 (NW) 11.02 34 58 11.43 367 61 200% -0.41[1.68,0.86) =
McDonald et al 2022 (NW) 1447 39 72 14.42 499 26 98% 0.05(-2.07,217) —
Ruchat et al 2012 (NW) 149 38 26 183 53 45 97% -3401553,-1.27 ——
Ruiz et al 2013 (NW) 123 36 335 138 41 352 373% -1.50(-2.08,-092) -
Silva-Jose et al 2022a (NW) 1027 329 49 1214 475 40 133% -1.87[361,-013) ——
Silva-Jose et al 2022b (NW) 10.25 364 46 17 515 31 100% -1.45[-355, 0.695] —
Total (95% CI) 586 555 100.0% -1.36[-2.10,-0.62]
Heterogeneity: Tau*= 0.30;, Chi*=7.92, df= 5 (P= 0.16), F= 37%

-4 -2 2 4
Testfor overall effect Z= 3.58 (P = 0.0003) Favours [Intervention] Favours [control]

Intervention Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Atkinson et al 2022 (OW) 113 311 30 1222 369 32 221% -0.92[-2.62,078) —T
Kong et al 2014 (OW) 1053 537 9 994 614 9 89% 059[4.74,592) —
Nascimento et al 2011 (OW) 10 17 9 164 39 5 139% -6.40[9.99,-281] s S
Oostdam et al 2012 (OW) 62 5 43 56 35 41 215%  0.60[1.24,2.44) -+
Silva-Jose etal 2022a (OW) 959 292 12 1191 523 19 168% -232[519,055) —e
Silva-Jose et al 2022b (OW) 92 311 11 129 504 20 168% -370[657,-0.83) —
Total (95% C1) 114 126 100.0% -1.93[-3.87,0.02] -
Heterogeneity: Tau= 3.69; Chi*=15.67, df= 5 (P = 0.008); F = 68% 5 —%
Testfor overall effect Z=1.94 (P = 0.05) Favours [Intervention] Favours [Control]

Intervention Control Mean Difference Mean Difference Risk of Bias
Study or Subgro Mean _SD Total Mean _SD Total 1V, Random, 95% C1 1V, Random, 95% CI ABCDEF
Atkinson et al 2022 (OB) 1002 367 17 892 534 19 149% 1.101.87,407) —t— [IIII1IT1]
Daly et al 2017 (OB) 62 6 34 79 48 42 176% -1.70(4.18,0.78) — ®ee -
Gamnazes et al 2016 (0B) 105 176 38 92 219 36 274% 1.30[0.39, 2.21) - [ ] -
Kong et al 2014 (OB) 1207 9.01 9 1248 851 10 37%  -0.41[8.31,7.49) —_— ®® o0
Nascimentoetal 2011(0B) 104 56 30 109 76 36 139% -0.50F3.69, 269 s ® L 4
Silva-Jose et al 2022a (OB) 7.4 255 4 996 314 9 137% -2.56[-5.79,0.67) — ® ®
Silva-Jose et al 2022b (0B) 85 333 4 1241 487 9  89% -3.91[8.47, 065 e ®90®
Total (95% CI) 136 161 100.0%  -0.56 [-2.18, 1.06] <

5

Heterogeneity: Tau®= 2.28; Chi*= 13.61, df=6 (P = 0.03), = 56% 10 - 3 10
TR el g feck Z e .00 F m 050} Favours [Intervention] Favours [Control]
Risk of bias legend

(A) Random sequence generation (selection bias)

) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

Fig. 6 Effects of physical activity on gestational weight gain in women of normal weight [29, 57, 72, 73, 75, 76], overweight [29, 55, 60, 62, 75, 76], and
obese [29, 46,49, 55, 60, 75, 76]. NW, Normal weight; OW, Overweight; OB, Obese
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Discussion

This systematic review evaluated the effects of physi-
cal activity during pregnancy on total gestational weight
gain, excessive gains, and weight gain depending on
BMI before pregnancy, obtaining 54 RCTs and five dif-
ferent meta-analyses. From a scientific perspective,
this approach has allowed comparison of data from IG
(includes regular obstetric care and physical activity)
with CG (involves only regular obstetric care) in all meta-
analyses. This has been essential in assessing the true
impact of physical activity during pregnancy with a high
level of reliability.

In a general analysis, the results provided by the differ-
ent meta-analyses show a positive association of physi-
cal activity during pregnancy with improved control of
maternal weight gain. From a health point of view, these
findings confirm the recommendations of international
organisations on a minimum burden of 150 min per week
of moderate physical activity throughout pregnancy as
a promoter of favourable maternal, foetal, and neonatal
outcomes [11, 21, 80, 81], with 37 of the included articles
achieving this recommendation in their interventions [13,
29-31, 34-40, 42-47, 49, 50, 54-57, 61, 63—67, 69-76,
79]. Specifically, supervised physical activity interventions
were found to potentially increase the effect of physical
activity performance by allowing pregnant women to gain
less weight than unsupervised interventions, despite the
absence of significant differences between subgroups (p >
0.05). This result supports the ACOG guideline on physi-
cal activity during pregnancy [11].

Furthermore, it is crucial to have involved a multi-
disciplinary team in which obstetrician, gynaecologists
and other obstetric care providers encourage pregnant
women to continue or begin exercise as an important
component of optimal health [11], and physical activ-
ity and exercise professionals supervise and guide cus-
tomised exercise sessions, as this supervision could also
increase participant adherence to the programme [82].

On a specific examination of each meta-analysis, quan-
titative data demonstrate a lower mean maternal weight
gain in pregnant women who participate in active preg-
nancy groups (IG) compared to those who do not (CG).
The same trend is observed when analysing the normal
weight subgroup classified by BMI at the beginning of
pregnancy.

Furthermore, in terms of cases of excessive weight gain
during pregnancy, the data reveal a lower percentage of
IG compared to CG, and pregnant women in IG have a
41% lower probability of developing excessive weight gain
during pregnancy.

This study may have important clinical implications.
GWG is one of the main concerns that healthcare profes-
sionals must manage during pregnancy, because it could
have adverse consequences, such as postpartum weight
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retention or increased caesarean rates, combined with
the risks of childhood overweight or obesity [1], but even
for pregnant women who perceived this result as critical,
avoidable, and commonly related to environmental fac-
tors [83]. By assuming that low to moderate PA following
recommendations is safe and effective in reducing GWG,
it may seem a powerful tool to promote PA in obstetric
consultations, but also considering as essential the role
of physical activity and sports science professionals who
supervise the PA programme.

Other review studies have explored this scientific topic,
indicating that physical activity can serve as an effective
tool to reduce gestational weight gain [84—87]. Further-
more, physical activity has been suggested to help pre-
vent excessive weight gain during pregnancy [86, 88].
These findings demonstrate a significant alignment with
the results of the present study.

The review by Ruchat et al. [88] revealed that prenatal
exercise has the potential to reduce the odds of exces-
sive GWG and postpartum weight retention. However,
it also indicated an increased risk of inadequate gesta-
tional weight gain. It is important to note that the authors
themselves acknowledged that this finding should be
interpreted with caution due to its reliance on a limited
number of studies (five RCT) and may be the combina-
tion of an imbalance of several factors, such as caloric
intake, energy expenditure, or medical reasons.

The study by Bennett et al. [89] aimed to assess the
overall impact of interventions that aim to prevent exces-
sive GWG on the incidence of gestational diabetes melli-
tus (GDM). Furthermore, the authors examined whether
these effects varied according to maternal BMI or eth-
nicity. The results indicated that diet, PA, and lifestyle
interventions (diet + PA) that focus on mitigating exces-
sive GWG@G by targeting individual behaviours effectively
reduced the incidence of GDM in women with varying
levels of BMI better than standard care. However, the
effectiveness of these interventions was relatively lower
in women with a high pre-pregnancy BMI. These find-
ings align closely with the results obtained in the present
study.

Based on the findings of the meta-analyses conducted,
it becomes evident that physical activity should be con-
sidered a mandatory and essential requirement for preg-
nant women who want to achieve adequate weight gain
during gestation. However, more research is needed to
identify more effective interventions for pregnant women
with a high BMI at the beginning of pregnancy.

Evidence collected from articles and interventions sug-
gests that a physical activity programme that includes
multiple types of exercise [13, 18, 31-39, 41, 42, 44,
46-50, 52, 53, 57, 58, 61-66, 70-73, 75, 76] could pro-
duce better results compared to a programme with only
one type, with a predominant focus on aerobic exercises
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[28-30, 40, 43, 51, 54, 55, 60, 68, 69, 72, 74, 77, 78]. How-
ever, this should be taken with caution due to the absence
of significant differences between both subgroups,
hypothesising that by increasing the number of articles
reporting this variable, the differences could be effec-
tive. Such multicomponent programmes appear to better
meet the physiological demands of the maternal organ-
ism during pregnancy.

Furthermore, additional randomised controlled trials
are warranted to confirm which types of physical activity
interventions are more effective in reducing or prevent-
ing excessive gestational weight gain. This would further
strengthen the evidence supporting the role of physical
activity in promoting healthier pregnancy outcomes.

Strengths and limitations

Despite the large number of articles that were searched
and included in this systematic review, it was possible
to assume that due to the scarcity of published articles
that specified weight gain depending on pregestational
weight gain, underweight women were not included in
this analysis. Additionally, a specific analysis of exces-
sive GWG was not included depending on each preges-
tational BMI category, which is the biggest limitation of
this study. Another limitation was that it was not possible
to analyse subgroups of studies on the characteristics of
diet or nutrition pattern during pregnancy due to the
lack of articles that included or reported this assessment.
Therefore, nutrition was not included in the analyses, as
an outcome variable, because it was not possible to have
enough articles having co-interventions based on nutri-
tion. Furthermore, a significantly high publication risk
of bias was observed in analyses related to overweight
maternal weight gain. Although publication bias could
be influenced by random effects analysis [90], we opted
to include these articles with random effects analysis due
to the large differences observed in study group sizes, so
this analysis could effectively account for variabilities and
differences between groups better than a fixed model.
Another limitation was that we did not use a citation
tracking assessment to ensure that all available references
in the literature were selected.

The main strength of this systematic review lies in its
exclusive inclusion of high-quality randomised controlled
trials. This article provides evidence that physical activity
is an effective strategy to reduce weight gain during preg-
nancy and may help prevent excessive GWG.

Furthermore, another strength is the number of studies
analysed with five meta-analyses conducted. Using meta-
analysis, a statistical method that combines the results
of several trials to generate an average result, adds value
because it produced a more precise estimate of the effect
of an intervention than considering each study individu-
ally. Our meta-analyses suggest that supervised physical
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activity interventions, an important role for qualified
exercise professionals, are more effective in control-
ling weight gain during pregnancy than unsupervised
programmes.

According to de Castro et al. [91], physical activity and
exercise interventions lack standardised methodolo-
gies in the development, delivery and evaluation of such
programmes due to their complexity, with respect to the
different interacting components, interprofessional and
intervention contexts. Moreover, the non-compliance
with the Consensus on Exercise Reporting Template
(CERT) [92] in all identified RCTs is a limitation to the
replication and precision of the exercise programmes.
However, using part of this template in Table 1 was useful
in describing the characteristics of exercise programmes
and detecting some gaps in interventions. Furthermore,
this template also allowed comparisons between super-
vised and unsupervised interventions, in line with ACOG
recommendations [11].

Conclusions

PA interventions based on prenatal exercise programmes,
comprising a wide range of activities (multicomponent,
mainly aerobic and strength exercises), showed prom-
ising potential to regulate total gestational weight gain
within normal values and effectively manage weight gain,
reducing the likelihood of developing excessive weight
gain. Supervised physical activity interventions by quali-
fied exercise professionals could suppose a more effective
trend in gaining less weight during pregnancy than unsu-
pervised PA. Sustained physical activity during preg-
nancy has been shown to be particularly beneficial for
expectant mothers with a pre-pregnancy BMI that falls
within the normal weight range, as it helps prevent exces-
sive weight gain during pregnancy.
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