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Abstrak:

Pendahuluan: Aquatic exercise semakin direkomendasikan selama kehamilan karena memiliki
dampak musculoskeletal yang rendah dan berpontensi memberikan manfaat untuk ibu. Namun,
bukti mengenai efek terhadap ibu dan bayi masih bervariasi. Penelitian ini bertujuan untuk
mengevaluasi pengaruh intervensi aquatic exercise pada maternal dan neonatal outcome melalui
tinjauan sistematis dan meta-analisis pada randomized controlled trial. Metode: Pencarian
dilakukan secara sistematis pada database Scopus, PubMed, dan ScienceDirect untuk
mengidentifikasi seluruh studi RCTs yang diterbitkan hingga bulan Januari 2026 dan melibatkan
aquatic exercise selama kehamilan. Hasil termasuk neonatal outcomes (berat lahir dan skor
APGAR pada 1 dan 5 menit) dan maternal outcomes (cara persalinan, durasi persalinan, dan nyeri
persalinan). Model efek acak digunakan, dan heterogenitas dinilai menggunakan statistik 12
Hasil: Sebelas studi RCTs yang melibatkan 2.261 peserta disertakan. Tidak ada perbedaan
signifikan yang diamati pada berat lahir (MD =45,25 g; 95% Cl: -7,00 - 97,50) atau skor APGAR pada
1 dan 5 menit antar kelompok. Demikian pula, tidak ada perbedaan yang signifikan yang
ditemukan dalam metode persalinan pervaginam (RR = 0,99; 95% CI: 0,93-1,05) atau durasi
persalinan (MD = -46,45 menit; 95% Cl: -102,84 hingga 9,94). Namun, aquatic exercise dikaitkan
dengan pengurangan nyeri persalinan yang signifikan (MD = -0,40; 95% Cl: -0,67 hingga -0,13).
Kesimpulan: Prenatal aquatic exercise tidak menunjukkan perbedaan signifikan pada luaran
neonatal dan sebagian besar luaran maternal, namun dikaitkan dengan penurunan nyeri
persalinan dalam derajat kecil. Intervensiini berpotensi menjadi strategi non-farmakologis untuk
meningkatkan kenyamanan ibu selama persalinan.

Kata kunci: Aquatic exercise; kehamilan; maternal outcomes; neonatal outcomes

Abstract:

Introduction: Aquatic exercise is increasingly recommended during pregnancy due to its low
musculoskeletal impact and potential maternal benefits. However, evidence regarding its effects
on maternal and neonatal outcomes remains inconclusive. This study aims to evaluate the
association effect of prenatal aquatic exercise interventions during the perinatal period including
prenatal aquatic exercise, mixed exercise programs, and hydrotherapy during labor on neonatal
and maternal outcomes through a systematic review and meta-analysis specific randomized
controlled trials. Methods: A systematic search of Scopus, PubMed, and ScienceDirect was
conducted to identify all RCTs published until January 2026 and involving aquatic exercise during
pregnancy. Outcomes included neonatal outcomes (birth weight and APGAR scores at 1 and 5
minutes) and maternal outcomes (mode of delivery, labor duration, and labor pain). A random-
effects model was used, and heterogeneity was assessed using the |7 statistic. Results: Eleven
randomized controlled trials involving 2,261 participants were included. No significant
differences were observed in birth weight (MD = 45.25 g; 95% Cl: =7.00 to 97.50) or APGAR scores
at 1 and 5 minutes between groups. Similarly, no significant differences were found in vaginal
delivery rates (RR = 0.99; 95% Cl: 0.93-1.05) or labor duration (MD = —-46.45 minutes; 95% Cl:
-102.84 to 9.94). However, aquatic exercise was associated with a significant reduction in labor
pain (MD = -0.40; 95% Cl: -0.67 to -0.13). Conclusion: Prenatal aquatic exercise shows no
significant differences in neonatal and most maternal outcomes but is associated with a small
reduction in labor pain. It may serve as a non-pharmacological approach to improve maternal
comfort during labor.

Keywords: Aquatic exercise; maternal outcomes; neonatal outcomes; pregnancy
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1. Introduction

Physical activity during pregnancy has been widely recommended as part of antenatal care because of its
benefits in improving maternal health, including weight control, improved cardiovascular fitness, as well as a
reduced risk of complications such gestational diabetes and hypertension (1-3). However, physical limitations
experienced during pregnancy, such as increased body weight and musculoskeletal discomfort, are often obstacles
in the implementation of ground-based exercises. In this context, aquatic exercise emerged as a potential
alternative, as the hydrostatic and buoyancy pressure properties of water can reduce the load on the
musculoskeletal system as well as improve circulation and comfort during physical activity (4,5). In addition, this
exercise can also improve pregnant women’s quality of life physically and mentally, including reducing the risk of
postpartum depression and improving glucose tolerance (6,7). Aquatic exercise is also associated with good fetal
outcomes, such as an increase in the baby's birth length without negative effects on birth weight or APGAR scores
(7).

Although the general benefits of engaging in physical activity while pregnant have been extensively reported,
the information about the particular impacts of aquatic exercise during pregnancy and its effect of maternal and
neonatal outcomes is still inconsistent. Some studies show that aquatic exercise can help control maternal weight
gain and improve physical fitness (5), and potentially increase comfort during childbirth through reduced pain (5,8).
However, its effect on broader clinical outcomes, such as delivery methods, duration of delivery, as well as neonatal
indicators such as birth weight and APGAR scores, still showed varying outcomes between studies (9,10).
Furthermore, concerns related to the safety of physical activity during pregnancy on fetal welfare are still a
consideration in clinical practice, particularly related to potential disruptions to fetal growth and neonatal
adaptation (2,11).

These systematic reviews that comprehensively evaluate the effects of prenatal aquatic exercise on
simultaneous maternal and neonatal outcomes are limited, especially those focusing on labor outcomes and
newborn conditions. Therefore, this study aims to evaluate the effects of aquatic-based interventions during the
perinatal period including prenatal aquatic exercise, mixed exercise programs, and hydrotherapy during labor on
neonatal and maternal outcomes through a systematic review and meta-analysis specific randomized controlled
trials. By integrating the existing evidence, the study is expected to provide a stronger scientific basis regarding the
safety and potential clinical benefits of aquatic exercise during pregnancy.

2. Method
2.1 Study Design

The methodology for conducting this review was developed prior to starting and follows the Preferred Report
Items for Systematic Reviews and Meta Analyses 2020 (PRISMA) guidelines. Additionally, the review protocol was
prospectively registered in PROSPERO (International Prospective Register of Systematic Reviews) under
registration number CRD420261351953.
2.2 Search Strategy and Screening Procedures

A systematic literature search was performed to investigate how aquatic exercise during pregnancy impacts
both maternal and neonatal outcomes. Three databases including PubMed, Scopus, and ScienceDirect were
searched from database inception until January 2026. The search strategy integrated keywords related to
pregnancy, aquatic exercise, and randomized trials. The search string detail for each database is shown in Table 1.
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Table 1. Search String Detail

No. Source

Search String

Time
Frame

1. PubMed

2. Scopus

3. ScienceDirect

("Pregnancy"[Mesh] OR pregnancy(tiab] OR
pregnant[tiab]) AND ("Exercise"[Mesh] OR "Exercise Therapy"[Mesh] OR
"Hydrotherapy"[Mesh] OR  '"aquatic  exercise"[tiab] OR
exercise"[tiab] OR "aquatic physical activity"[tiab] OR "water-based
exercise"[tiab] OR hydrotherapy[tiab]) AND ("Labor, Obstetric"[Mesh] OR
"Delivery, Obstetric"[Mesh] OR "Pregnancy Outcome"[Mesh] OR "Maternal
Health"[Mesh] OR "labor outcome'"[tiab] OR "labour outcome"[tiab] OR
"maternal outcome"[tiab] OR "birth outcome"[tiab])

"water

TITLE-ABS-KEY (pregnan* OR prenatal OR antenatal) AND TITLE-ABS-KEY
(aquatic OR "water-based" OR water OR pool OR hydro) AND TITLE-ABS-KEY
("gestational weight gain" OR "maternal weight gain" OR "birth weight") AND
TITLE-ABS-KEY (random™ OR trial)

("pregnancy" OR "pregnant") AND ("aquatic exercise" OR "water exercise" OR
"aquatic physical activity" OR "water therapy") AND ("labour outcome" OR
"maternal outcome”)

All  time
until
January
2026

All  time
until
January
2026

All  time
until
January

2026

2.3 Eligibility Criteria

Studies were included for inclusion criteria if the following: participants were pregnant women; interventions
in the form of physical exercise in water or aquatic-based physical activity during pregnancy; the research design is
a randomized controlled trial (RCT); and a comparison group is routine antenatal care or non-aquatic physical
exercise. Studies that qualify should present at least one of the following results: infant birth weight, first or fifth
minute APGAR score, duration of labour, labour pain, or vaginal delivery. The included interventions encompassed
a range of aquatic-based approaches, including structured prenatal aquatic exercise programs, mixed land-
aquatic exercise interventions, and hydrotherapy applied during labor. These variations were considered eligible
as they represent different modalities of aquatic-based physical activity across the perinatal period. Studies are
excluded if they are non-randomized studies, review articles, conference abstracts, or do not evaluate aquatic
exercise interventions during pregnancy.
2.4 Selection Process

Three researchers independently conducted a title and abstract screening of all articles found. Articles that
have the potential to meet the criteria are then checked in full-text articles. Differences of opinion between
researchers are clarified through discussion or by involving a fourth researcher.
2.5 Meta-analysis

Review Manager (RevMan) software was used to measure meta-analysis. The mean difference (MD) with 95%
confidence interval was used to analyse continuous outcomes such the APGAR score, birth weight, length of labour,
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and labour discomfort. A risk ratio (RR) with a 95% confidence interval was used to analyse categorical outcomes,
such as vaginal delivery. To account for differences between the investigations, a model with random effects was
used, and |2 statistics were used to assess the results.
2.6 Quality Assessment

Two separate researchers evaluated the quality of the included study technique using the Cochrane
Handbook Risk of Bias 2 (RoB2) for Systematic Review of Intervention. Sequence generation, allocation
concealment, participant blinding, outcome assessment blinding, insufficient outcome data, selective reporting,
and other possible sources of bias are all included in this evaluation tool. Each item's bias risk is divided into three
groups: low, high, and unclear risk.

3. Results

A total of 257 entries were found, comprising 54 from ScienceDirect, 167 from Scopus, and 36 from PubMed.
236 articles were left for title and abstract screening after duplicates were eliminated. 206 entries were eliminated
at this phase, comprising 148 research and 58 review articles that were eliminated due to their title and abstract
relevancy. Two reports were not obtained out of the thirty full-text articles that were searched for. The eligibility of
28 full-text publications was evaluated. In the end, only 11 randomized controlled trials satisfied the eligibility
requirements and were incorporated into the meta-analysis and systematic review (Figure 1).

| Identification of studies via databases and registers |

Records removed before
- Records identified from*: screaning.
2 Scopus (n = 167) Duplicate records removed
E PubMed (n = 36) m=21)
E Science Direct (n = 54) —*
T
= n=257
— Records excluded*
l Article review (n = 58)
By fitle and abstract (n = 143}
Records screened _
(n = 236) n= 206
Reports sought for retrieval Reports not retrieved
= (n=230) n=2}
=
a
2
: '
W
Reports assessed for eligibility Reports excluded:
(n = 28) Wrong population (n = 10)
Wrong intervention (n=2)
Wrong comparison (n = 4)
Wrong study design (n=1)
n=17
= Studies included in the
3 systematic review
= n=11)
(=3
=
Studies included in the meta-

analysis
n=11)

Figure 1. PRISMA flow diagram
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3.1 Description of Included Studies in Review
Table 2. Characteristics of included studies
. . Sample . .
Author, Year Participants Sizz Intervention Comparison Outcomes
Cambaz et al,, Pregnant women Hydrotherapy Routine Lapour time, labgur
at 37-42 weeks of 80 . . pain, and gestation
2025 (12) . during labour hospital care
gestation weeks
Birth weight, APGAR
. Moderate- Usual score, labour time,
Carrascosa et Low-risk pregnant . . . . .
294 intensity aquatic antenatal labour pain, gestation
al., 2021 (13) women . .
aerobic exercise care weeks, and method of
delivery
. . . Birth igh APGAR
Navas et al., Low-risk pregnant Aquatic  aerobic Usual Irth — weight, G.
259 . antenatal score, labour pain,
2021 (14) women exercise .
care gestation weeks
. . . Usual Birth eight, labour
Baciuk et al., Low-risk pregnant Water aerobic N ! welgr )
71 . antenatal time, gestation weeks,
2008 (15) women exercise .
care and method of delivery
Usual Mat [ ight, birth
Barakat et al., Healthy pregnant Land-based or oW aternal weight, bir
461 . . antenatal weight, and gestation
2017 (16) women aquatic exercise
care weeks
. . . Usual Mat [ ight, birth
Bacchi et al, Healthy pregnant Aquatic  exercise sua a.erna Welg "
111 . antenatal weight, APGAR score,
2017 (17) women during pregnancy .
care and gestation weeks
Backhausen et Healthy pregnant water exercise Usual Birth weight, gestation
516 . antenatal weeks, and method of
al., 2017 (10) women twice .
care delivery
Rodriguez- Healthy pregnant SWEP aquatic Usual Birth weight and
Blanque et al, Womer>1/ i 129 exercise pro C:’am antenatal estation Wegks
2019 (18) Prog care &
Rodriguez- . Usual
Blanque et al,, \?vi?::z pregnant 140 i)\:\ﬁzse roaqu;:lc antenatal Labour time
2019 (19) prog care
Rodriguez- . Usual
Health t SWEP t .
Blanque et al,, wi;erzl preghan 129 exercise roaqr:?nlc antenatal Method of delivery
2020 (20) Prog care
. . Usual . .
Cavalcante et Low-risk pregnant Water aerobic Birth weight  and
71 . antenatal ;
al., 2009 (9) women exercise care method of delivery

The eleven included studies involved a total of 2,261 pregnant women, sample sizes ranging 71 - 516
participants (Table 2). Most studies involved healthy or low-risk pregnant women, although one study evaluated
the use of hydrotherapy during childbirth in women with a gestational of 37-42 weeks (12). The interventions used
in most studies were physical exercise programs in the aquatic during pregnancy, including moderate-intensity
aquatic aerobic exercise (13,14,17), aquatic-based aerobics programs (9,15), as well as structured exercise programs
such as SWEP (Study Water Exercise Pregnant) (20). Some studies have also compared aquatic exercise with land-
based exercise or routine antenatal care (10,16).
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The most commonly reported outcomes in the included studies were infant birth weight and gestational age
at delivery, followed by Apgar score, duration of delivery, and labour pain. In addition, several studies have also
evaluated the method of delivery, especially vaginal delivery (9,15,17). Notably, the included studies demonstrated
heterogeneity in the intervention including type and timing. While most studies evaluated structured aquatic
exercise programs during pregnancy, some included mixed exercise interventions (land-based and aquatic), and
one study assessed hydrotherapy applied during labor. This variation reflects differences in both the nature and
timing of exposure, which may contribute to variability in observed outcomes.

3.2 Quality Assessment

The quality of the methods used in the selected studies was assessed with the Cochrane Risk of Bias tool,
which assesses potential bias across several domains including allocation concealment, sequence generation,
blinding, incomplete outcome data, selective reporting, and other sources of bias. This tool is widely recommended
for evaluating randomized controlled trials (RCTs) in systematic reviews because it allows a structured appraisal of
internal validity and methodological transparency. In this review, eleven studies investigating aquatic-based or
aquatic exercise interventions during pregnancy were assessed using this framework (9,10,12-20). Overall, the
quality of methods that used in all of included studies was considered moderate to high, as most domains
demonstrated a predominance of low risk of bias. This finding reflects the fact that the majority of studies employed
randomized designs with clearly defined intervention protocols and comparable baseline characteristics between
groups, which are essential features for ensuring the validity of intervention trials in maternal health research.

Bacchl 2017

Baciuk 2008

Random sequence generation (selection bias) —:I

Allocation concealment (selection bias) _:I

Blinding of participants and personnel (performance bias) _:I
Blinding of outcome assessment (detection bias) _:I
Incomplete outcome data (attrition bias) _:I

Selective reporting (reporting bias) _:I

Other bias [ |

OX ZiX s0% 7ix  1o0W
[ Low risk of blas [ unclear risk of blas [ High risk of blas ‘

Backhausen 2017

Barakat 2017

Cambaz 2025

Carrasgosa 2021

Cavakarte 2009

Navas 2021

Rodriguez-Blanque 2018a

Rodriguez-Blanque 2019b

. . . . . ~ . CO I . Blinding of participants and personnel (performance bias)
DD OB -~ ~® O ® ® @ slindingof outcome assessment (detection bias)
N |~y @@~ @ @®| @ @ | ncomplete outcome data (attrition bias)

N =YD O D D @ @®|~ | @ |selectivereporting (reporting bias)

DO OD =~ D~ @ @ @ @ nocatonconcealment (selection bias)
DD DO DD~ ® @ otherbis

NN~ ® D ® @ ®|®| @ |Rrandom sequence generation (selection bias)

Rexiriguez—Blangue 2020

Figure 2. Risk of bias assessment of the included studies using the Cochrane Risk of Bias-2 (RoB-2) tool.
The summary and graph illustrate the proportion and distribution of low and unclear risk across domains for the eleven randomized
controlled trials included.

The Risk of Bias graph indicates that the domains of random sequence generation and allocation
concealment were predominantly rated as low risk across the included studies, suggesting that most trials applied
adequate randomization procedures to minimize selection bias. For example, studies such as (17), (10), and (14)
explicitly reported the use of computer-generated randomization methods and controlled allocation procedures,
that strengthens the internal validity of their findings. Similarly, the domain of incomplete outcome data showed
largely low risk, reflecting relatively low attrition rates and balanced follow-up between intervention and control
groups (12,13). Nevertheless, some domains demonstrated unclear risk, particularly those related to blinding of
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participants and personnel. This limitation is inherent to exercise-based interventions, where populations are
typically aware of the intervention they receive, making blinding difficult to implement in practice (9,18). Despite
this constraint, most outcomes evaluated in these trials such as birth outcomes, neonatal parameters, and clinical
measurements were obtained from medical records or objective clinical assessments, which reduces the likelihood
that lack of blinding substantially influenced outcome measurement.

The Risk of Bias summary further highlights variations in methodological reporting across individual studies
while still indicating an overall acceptable level of quality. Several studies, including (17), (16), and (14)
demonstrated consistently low risk across most domains, reflecting robust trial design, transparent reporting, and
clear outcome measurement procedures. In contrast, some studies displayed unclear risk in specific domains,
mainly due to insufficient reporting of allocation procedures or blinding strategies rather than clear methodological
(15,19). Earlier trials such as (9,15) were more likely to present incomplete methodological descriptions, which is
common in older clinical trials published before the widespread adoption of CONSORT reporting guidelines. Overall,
no study demonstrated a consistently high risk of bias across domains, suggesting that the body of evidence
included in this review is methodologically reliable, with the main limitations related to reporting transparency and
the practical challenges of implementing blinding in physical activity interventions during pregnancy.
3.3 Meta-Analysis

Birth Weight

Intervention Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bacchietal, 2017 33787 355 49 33857 @12 62 8.0% -19.00 [-200.90,162.90]
Baciuk et al , 2008 32222 5627 34 33127 B561 37 34% -90.50 [374.17,193.17]
Backhausen etal, 2017 3,549 531 258 3540 9831 258 292% 9.00 [82.63,100.63] I
Barakatetal, 2017 3,324 427 101 3277 475 311 256%  47.00 [-51.60,145.60] T
Carrascosa, 2021 3,367 7937 148 3,281 4971 146 114%  B6.00[65.98, 237.99] —
Cavalcante et al,, 2009 32222 5627 34 33127 8561 37 34% -90.50 |374.17,193.17] +
Mavas etal , 2021 3,367 7997 130 3281 4871 129 100% B6.00[76.04, 248.04]
Rodriguez-Blangue etal, 2018a 34771 4145 64 3250 5644 65 81% 218.10(47.40, 388.80] e —
Total (95% Cl) 818 1045 100.0% 45.25[.7.00, 97.50] o

i e 2 7 P-= o
Heterogeneity: Tau®= 246.77, ChP=7.30,df= 7 (P=0.40), = 4% ho oo oo 200

Testfor overall effect Z=1.70 (P = 0.09) Intervention  Control

APGAR Score 1st Minute

Intervention Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Bacchi etal, 2017 88 03 49 88 02 62 784% -010[-0.20,-0.00] ——
Carrascosa, 2021 87 13 148 87 08 146 115% 0.00[-0.26,0.26] S B
Mavas etal, 2021 87 13 130 87 09 129 101% 000[0.27,0.27] R
Total (95% CI) 327 337 100.0% -0.08[-0.16,0.01] -
Heterogeneity: Chi*= 0.87, df= 2 (P = 0.65); F= 0% + t t +
Test for overall effect Z=1.78 (P = 0.08) 08 -D\ﬁirmnmn nﬁm.m 0.5 05
APGAR Score 5th Minute
Intervention Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Bacchietal, 2017 949 03 49 99 0.2 62 623% 000[0.10,0.10]
Carrascosa, 2021 9.8 099 148 98 0.4 146 200% 0.00[0.17,017]
Mavas etal, 2021 98 089 130 98 04 129 176% 000[-0.18,018]
Total (95% Cl) 327 337 100.0% 0.00[-0.08, 0.08] ‘—,—
Heterogeneity: Chi*= 0.00, df= 2 (P = 1.00); F= 0% 4 T ) o 02

Test for overall effect Z= 0.00 (P = 1.00) \niervention Control

Figure 3. Forest plot of neonatal outcomes

Neonatal outcomes included birth weight and APGAR scores at the first and fifth minutes after birth (Figure
3). The pooled analysis demonstrated that neonatal outcomes were generally comparable between women who
participated in prenatal aquatic exercise and those in the control group. For birth weight, six studies contributed to
the meta-analysis, and the pooled estimate showed no meaningful difference between groups (MD = 45.25 g; 95%
Cl: =7.00 to 97.50; p = 0.09), with low heterogeneity observed across studies (1> = 4%).

Similarly, three studies reported APGAR scores at the first minute, and the pooled analysis indicated similar
scores between the intervention and control groups (MD = -0.08; 95% Cl: -0.16 to 0.01; p = 0.08), with no
heterogeneity detected (1> =0%). Three studies also evaluated APGAR scores at the fifth minute, showing consistent
findings across studies, with no meaningful difference between groups (MD = 0.00; 95% Cl: =0.08 to 0.08; p = 1.00; I?
=0%).
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Vaginal Delivery Rates
Intervention Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Baciuk etal, 2008 22 34 20 37T 46% 1.20 [0.81,1.76]
Backhausen etal, 2017 201 258 224 258 535%  0.90[0.83,047) —a—
Carrascosa, 2021 120 138 120 139 2B85% 1.01[0.892,1.10] ——
Cavalcante etal., 2008 21 33 20 37 4.5% 1.18[0.79,1.74]
Rodriguez-Blangue, 2020 43 65 37 64 8.9% 1.28[0.99, 1.65] T
Total (95% Cl) 528 535 100.0%  0.99[0.93, 1.05] e
Total events 412 421
Heterogeneity: Chi*=11.32, df= 4 (P= 0.02); *= 65% U.éS T 1f1 1-2

Testfor overall effect Z=0.36 (P=0.72) Intervention Control

Labor Time
Intervention Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Baciuk etal, 2008 4579 2496 34 4289 2032 37 153% 29.00[-77.42,135.42)
Cambazetal, 2025 1385 594 40 1774 831 40 30.3% -38.90 [70.56,-7.24] —=—
Carrascosa, 2021 571 566 148 623 716 146 327% -5.20[-19.97,9.57] -
Rodriguez-Blanque etal, 2019h  389.3 2161 65 561.3 1999 B5 21.7% -172.00[-24356,-100.44) —=—
Total (95% CI) 287 288 100.0% -46.45[-102.84, 9.94] "
Heterogeneity: Tau®= 2473.34; Chi*= 23.01, df= 3 (P < 0.0001); F=87% T + + t
Testfor overall effect: Z= 1.61 (P=0.11) -200 }?\E}?yemmn UC,-:-ntmﬂ oo 200
Labor Pain
Intervention Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Cambazetal, 2025 815 0.86 40 8.2 1.04 40 416% -0.05[-047 037
Carrascosa, 2021 755 22 148 815 195 146 322% -060[1.08,-0.12] . —
Navas et al,, 2021 61 1.9 130 68 24 129 262% -070[1.23,-017] I E——
Total (95% Cl) 318 315 100.0% -0.40 [-0.67,-0.13] el
Het ity Chi*=4.61,df=2(P=0.10);, F=57% t } T + +
eterogeneity i . { 1, 3 s ) o5 H

Test for overall effect. Z= 2.89 (P =0.004) Intervention  Control

Figure 4. Forest plot of maternal outcomes

Maternal outcomes included mode of delivery, labour duration, and labour pain (Figure 4). Five studies
examined vaginal delivery rates, and the pooled analysis indicated that the likelihood of vaginal delivery was similar
between pregnant women who participated in aquatic exercise and those receiving usual antenatal care (RR = 0.99;
95% Cl: 0.93-1.05; p = 0.72). Moderate heterogeneity was observed among studies (1> = 65%).

Four studies assessed labour duration, and the pooled results suggested that labour duration tended to be
shorter in the aquatic exercise group, although the difference did not reach significance in statistical analysis value
(MD = -46.45 minutes; 95% Cl: -102.84 to 9.94; p = 0.11). Labour pain was evaluated in three studies including 318
participants in the aquatic exercise group and 315 in the control group. The pooled analysis showed that prenatal
aquatic exercise was associated with significantly lower labour pain intensity compared with usual antenatal care
(MD =-0.40; 95% Cl: -0.67 to —0.13; p = 0.004). Moderate heterogeneity was observed across studies (1> = 57%).

4, Discussion

This study found there were two main groups of outcomes analyzed, neonatal outcomes and maternal
outcomes. Overall, the findings of this study show that aquatic exercise during pregnancy is a safe form of physical
activity, as it does not have a negative impact on the baby's condition, while potentially providing benefits to the
mother during the delivery process.

In neonatal outcomes, a combined analysis showed that there was no significant difference in birth weight or
APGAR score at the first and fifth minutes between the control group and intervention group. These findings indicate
that aquatic exercise during pregnancy does not interfere with fetal growth or neonatal adaptation immediately
after birth. These results are consistent with previous studies, in which (17) reported that aquatic exercise can help
control maternal weight without affecting the baby's birth weight, as well as (15) who showed no adverse effects on
neonatal outcomes. In addition, (13) assert that disorders in the fetus are more often caused by other clinical factors
such as respiratory disorders, sepsis, or hypothyroidism, which are not directly related to exercise interventions
during pregnancy.

Previous study are also in line with these findings (9) which showed that aquatic-based physical activity
during pregnancy did not increase the risk of perinatal complications nor significant changes in birth weight. The
consistency of results between studies, demonstrated by relatively low heterogeneity values across multiple
outcomes, reinforces the reliability of these findings. Given that birth weight and APGAR scores are key indicators
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of neonatal health, the lack of differences between groups suggests that participation in aquatic exercise during
pregnancy does not harm the well-being of the newborn. This is also supported by previous meta-analyses (21-23)
reported that aquatic-based interventions during pregnancy and childbirth did not increase the risk of serious
neonatal complications.

Physiologically, these findings can be explained by the ability of moderate-intensity aquatic exercise to
maintain adequate uteroplacental blood flow. Hydrostatic pressure during immersion in aquatic promotes venous
return and stabilizes maternal hemodynamic, so that the supply of oxygen and nutrients to the fetus is maintained
(22,24). This mechanism explains why fetal growth parameters, such as birth weight, remain stable even if the
mother performs regular physical activity during pregnancy.

At maternal outcomes, the analysis showed that prenatal aquatic exercise did not have a significant effect on
the method of delivery, with relatively similar proportions of vaginal delivery between the intervention and control
groups (16). These findings are consistent with previous research (13,20) which shows that the method of delivery
is more influenced by obstetric factors, such as fetal size, maternal pelvic condition, pregnancy complications, and
clinical decisions during childbirth (25,26) compared to exercise interventions during pregnancy.

Nonetheless, the analysis also showed that the duration of labour tended to be shorter in the aquatic exercise
group, although it did not reach statistical significance. This trend is in line with the findings of (19), who propose
that engaging in physical exercise while pregnant may enhance condition of the mother. Aquatic exercise
contributes to increased cardiovascular endurance, muscle strength, and respiratory efficiency, which can
potentially support the labour process (16,20). In addition, the relaxing effects of warm aquatic as well as a decrease
in gravitational load can help reduce muscle tension and stress, thereby supporting the coordination of uterine
contractions (27,28). However, the fairly high heterogeneity indicates variations in measurement methods and
intervention characteristics between studies.

Interestingly, the findings of the meta-analysis showed that thatengaging in aquatic exercise during
pregnancy greatly diminished the level of pain compared to the control group. This finding represents a statistically
significant effect observed in this study. This effect is supported by several studies suggesting that aquatic-based
therapy can improve maternal comfort during childbirth through reduced pressure on the musculoskeletal system
and increased relaxation (29,30). In addition, hydrotherapy is known to stimulate the release of endorphins as the
body's natural analgesic, which contributes to a decrease in pain perception. A study by (12) showed that
hydrotherapy during childbirth can lower pain levels and improve maternal comfort, while (13) report that
participation in aquatic exercise is related to lower use of epidural analgesia.

In addition to the benefits during childbirth, aquatic exercise also provides benefits to the mother's
musculoskeletal condition during pregnancy. Research by (10), (31), and (32) shows that regular physical activity
can improve muscle flexibility, tolerance to pain, as well as relaxation, which plays a role in reducing
musculoskeletal complaints such as low back pain. Similar findings were also reported by (22), (33) and (23)
suggesting that aquatic-based exercise can improve maternal well-being and contribute to better pain
management during labour.

Mechanistically, this effect can be explained through a combination of physiological factors. The floating
ability of aquatic lessens the weight that gravity exerts on joints and muscles, thus allowing physical activity to be
performed with lower mechanical stress (34,35). In addition, hydrostatic pressure improves venous circulation and
return, which supports maternal hemodynamic stability (36,37). This combination of effects not only increases
comfort during pregnancy, but also prepares the mother's body to face the delivery process more optimally.

The absence of statistically significant differences in neonatal outcomes should be interpreted with caution.
While these findings suggest that prenatal aquatic exercise does not adversely affect key neonatal indicators, they
do not necessarily establish safety in a definitive sense. Rather, the results indicate a lack of evidence of harm within
the measured outcomes, which may also reflect insufficient statistical power or variability across studies. It is also
important to distinguish between statistical non-significance and clinical equivalence. The lack of observed
differences may indicate that aquatic exercise does not provide additional benefit over standard care for certain
outcomes, rather than confirming equivalence or superiority.

From a clinical perspective, the findings of this study suggest that prenatal aquatic exercise may be
considered as a supportive, non-pharmacological intervention for improving maternal comfort during labour,
particularly in terms of pain perception. However, given the modest effect size and the lack of significant impact on
delivery mode and labour duration, aquatic exercise should not be expected to alter major obstetric outcomes.
Instead, it may be more appropriately recommended as part of a comprehensive antenatal care program aimed at
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enhancing maternal well-being rather than modifying clinical delivery endpoints. Clinicians should therefore
interpret these findings with an emphasis on patient-centered benefits, particularly for women seeking non-
invasive strategies to manage labour discomfort.

Despite the observed reduction in labour pain, no significant effects were found in other maternal and
neonatal outcomes. The discrepancy between the reduction in labour pain and the absence of significant effects on
other maternal and neonatal outcomes may be explained by differences in the nature and underlying mechanisms
of these outcomes. Labour pain is a subjective and multidimensional experience influenced by psychological,
neuroendocrine, and environmental factors, which may be more responsive to the relaxing and analgesic effects of
aquatic exercise, including reduced gravitational load and increased endorphin release. In contrast, outcomes such
as mode of delivery, labour duration, and neonatal parameters are determined by complex physiological and
obstetric factors, including fetal characteristics, uterine contractility, pelvic anatomy, and clinical decision-making.
These factors are less likely to be substantially modified by exercise interventions alone.

However, several limitations need to be considered when interpreting the results of this study. The number
of studies included in the meta-analysis is relatively limited, and there are variations in intervention protocols
between studies, including differences in the intensity, frequency, and duration of aquatic exercises. These
variations may affect the homogeneity of the results obtained. Also the important limitation of this review is the
heterogeneity of the included interventions. The studies encompassed different types of aquatic-based approaches,
including prenatal aquatic exercise, mixed exercise programs, and hydrotherapy during labor. These interventions
differ not only in their physiological mechanisms but also in their timing (antenatal vs intrapartum), which may
influence maternal and neonatal outcomes differently. Future research should aim to conduct subgroup analyses
based on intervention type, timing (antenatal versus intrapartum), and outcome measurement methods to better
understand the differential effects of specific aquatic-based interventions.

Overall, the findings of this systematic review and meta-analysis indicate that prenatal aquatic exercise
appears not to be associated with adverse neonatal outcomes based on the current evidence and may provide a
modest reduction in labour pain, potentially improving the maternal experience during labour. Nevertheless, these
findings should be interpreted cautiously, as non-significant differences do not establish clinical equivalence or
definitive safety and may be influenced by study heterogeneity and limited statistical power.

5. Conclusion

This systematic review and meta-analysis suggest that prenatal aquatic exercise does apear to be associated
with adverse outcomes during pregnancy, with no adverse effects on key neonatal outcomes, including birth weight
and APGAR scores. Although no significant differences were observed in mode of delivery or labour duration,
prenatal aquatic exercise was associated with a significant reduction in labour pain intensity, representing the
primary clinically meaningful benefit identified in this analysis.

These findings indicate that aquatic exercise may improve the maternal experience during labour,
particularly in terms of pain reduction, and may serve as a non-pharmacological approach to pain managementin
obstetric care. Nevertheless, the absence of significant differences in several outcomes do not establish clinical
equivalence or definitive safety, and may reflect variability across studies as well as limited statistical power.
Therefore, further well-designed randomized controlled trials with standardized intervention protocols and
appropriate subgroup analyses are needed to confirm these findings and to better define clinical recommendations.
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