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BACKGROUND: Pregnancy is not an emotionally stable period; pregnant
women could suffer psychological lability influenced by hormonal variation
between trimesters of gestation. The COVID-19 pandemic and the lack of
social interaction increased this psychological instability, increasing the
reported rates of prevalence of depression and anxiety, with its associated
maternal and fetal complications. Despite the fact that regular physical activity
could help regulate hormonal secretion, during the pandemic, its performance
decreased, increasing sedentary rates. Pharmacological treatment could imply
potential health risks, so a non-invasive intervention is needed.
OBJECTIVE: To assess the impact of two supervised physical activity
programs during pregnancy on prenatal and postnatal depression, anxiety
and stress symptoms.

STUDY DESIGN: Two randomized clinical trials were developed, with
physical activity programs during pregnancy being carried out, randomiz-
ing 564 pregnant women in both the Intervention (n=278) and the Control
(n=278) groups, of three different regions (and five health centers) from
Spain. Three weekly physical activity sessions, online and in-person were
performed until the end of pregnancy, measuring depression (measured
with CES-D and EPDS), anxiety (STAI) and stress (PSS) symptoms. SPSS
software was used, and independent t tests, U Mann Whitney, Pearson
Chi-square and one-way ANOVA analyses were used.

RESULTS: After intervention, results showed a significant reduction in
depression symptoms in the Per Protocol (P=.028) analysis, with also
fewer cases of symptoms compatible with depression at the end of gesta-
tion, in the Intention to Treat (5.9% / 12.4%) and Per Protocol (3.2% /
12.2%) analyses in the intervention group, in comparison with the control
group. Additionally, significantly lower scores were found in pregnant
women with more than 90% of program attendance in depression
(P=.003) and in state anxiety (P=.035) at the end of pregnancy compared
with women that not accomplished protocol criteria (<70% attendance).
Analysis per trial, revealed significant lower scores in depression
(P=.043), state (P=.015), trait (P=.045) anxiety and in the combination of
both (P=.021), in G of the 2" trial, compared with CG. No significant dif-
ferences were observed in scores of depression, anxiety or stress during
and after pregnancy in the Intention to Treat analysis (P>.05).
CONCLUSION: Supervised physical activity during pregnancy could
potentially reduce prenatal depression symptoms at the end of gestation
and, comparatively, enhance the effects by greater reducing state anxiety
and depression symptoms when adherence is greater than 90%.
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Introduction

regnancy profoundly impacts the

health of both the mother and
fetus. Ensuring the optimal functioning
of physiological, psychological and
emotional mechanisms that facilitate
fetal growth is essential. Complications
in these areas can lead to disorders
affecting maternal and newborn
health.”” Pregnancy is a vulnerable
period with a high prevalence rate of
prenatal stress, anxiety, and depression,
being associated with negative outcomes
for the newborn.’
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Depressive symptoms often appear
early in pregnancy. Furthermore, prena-
tal anxiety characteristics often lead to
difficulties in decision making and the
onset of obsessive thoughts,” thus psy-
chological disturbances during pregnancy
can affect woman’s quality of life.”
These factors are determinants of the
overall well-being of pregnant women.

The consequences of these disturban-
ces could imply complications as pre-
term delivery or delays in physical and
cognitive newborn development.””
Additionally, the interaction between
personal needs, desires, and societal
expectations, along with the mother-
hood responsibilities, can generate sub-
stantial psychological stress, increasing
emotional strain.'*""

The complications arising from
COVID-19 look down, such as lack of
group support or reduced mobility,
have impacted the pregnant lifestyle' "
potentially undermining one of the

essential recommendations: to be physi-
cally active.'*"”

Evidence confirms that adopting an
unhealthy lifestyle (e.g., sedentary behav-
ior), negatively affects pregnancy and
childbirth outcomes, leading to complica-
tions during and after pregnancy.'®"
Unfortunately, the COVID-19 pandemic
exacerbated sedentary behavior and its
associated risks.'® Before the pandemic,
the prevalence of prenatal mental and
emotional disorders was estimated to be
between 15-30%.'” However, the pan-
demic has significantly worsened it, with
37% and 57% of pregnant women report-
ing clinically depression and anxiety
symptoms, respectively.”’

The risks associated with pharmacologi-
cal treatments for mental disorders during
pregnancy highlight the need for scientific
exploration of non-invasive alternatives,
particularly focused on prevention.” **

Recent studies”* suggest that current
lifestyles, compounded by the ongoing
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Why was this study conducted?

cal variables for pregnant women.

Key findings

terms of depression and anxiety.

This study was developed to help promote physical activity during pregnancy
and during and after the COVID-19 pandemic, providing benefits to psychologi-

Symptoms and depression cases were reduced throughout physical activity pro-
gram, and the greater the adherence to the program, the better the results in

What does this add to what is known?

A supervised physical activity program during pregnancy, even combining vir-
tual and in-person sessions, could help reducing symptoms of mental illnesses
and beneficing overall pregnant women health.

effects of the COVID-19 pandemic, are
increasing the prevalence of mental
health disorders during pregnancy.
There is a gap of knowledge on inter-
ventions during pregnancy that could
serve as preventive measures for psy-
chological disturbances.

Scientific evidence supports that
physical activity (PA) during pregnancy
can help prevent chronic diseases in
both the mother and fetus.”> Although
the scientific literature is not conclusive,
many studies suggest that a structured
PA program during pregnancy posi-
tively impacts maternal emotional well-
being, showing greater benefits when
exercise is supervised.”””” Therefore,
the objective of this study was to evalu-
ate the effect of supervised PA programs
during pregnancy on prenatal and post-
natal depression, anxiety, and stress
symptoms.

Material and methods

Two parallel and multicentric random-
ized controlled trials (RCTs) were car-
ried out (registration numbers:
NCT04563065; NCT05295264) from
2020 to 2022 (first trial) and from 2022
to 2024 (second).

The PA programs were conducted by
the Universidad Politécnica de Madrid,
in collaboration with five healthcare
centers in Spain: Hospital Universitario
Severo Ochoa de Leganés (Madrid),
Hospital Universitario Puerta de Hierro
de Majadahonda (Madrid), Hospital
Universitario de Torrejon (Madrid),
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Hospital Universitario Vall d’Hebrén
(Barcelona) and Clinica Zuatzu (San
Sebastian).

The Research Ethics Committee of
the Universidad Politécnica de Madrid
provided approval for both RCTs, as
well as each recruiting health center.
The CONSORT (Consolidated Stand-
ards of Reporting Trials) guidelines
were followed in both RCTs.

Participants
Pregnant women having antenatal care in
the recruiting healthcare centers, meeting
the following inclusion criteria, were eligi-
ble: over 18 years, between 12 and 16
weeks of gestation, without absolute (e.g.,
multiple gestation) or relative (e.g., ane-
mia) contraindications'*'>** for physical
activity, evaluated by the medical team
and non-participating in another super-
vised PA program. Participants had to
sign an informed consent prior inclusion.
Clinical outcomes of mother, fetus
and newborn were collected at each
healthcare center, and primary out-
comes were reported through a RED-
Cap (Research Electronic Data Capture)
project hosted at the Universidad
Politécnica de Madrid.””*

Intervention

Women randomly assigned to the Inter-
vention Group (IG) were involved in a
supervised PA program during preg-
nancy until weeks 38-40 (delivery). The
program followed the structure of the
Barakat model’’ with the following

sections: warm-up; aerobic exercises
(focused movements with moderate
intensity); mild muscle strengthening
(with 1-3 kg dumbbells or TheraBand’s,
focusing on the lower and upper limbs);
coordination and balance exercises; pel-
vic floor muscle strengthening (Kegel
slow and fast contractions exercises);
cool-down; final talk.

Sessions were developed in group, last-
ing 60 minutes, and each component was
adjusted to the specific requirements of
pregnancy trimester.”’ Three weekly ses-
sions were held, and due to COVID-pan-
demic settings, the program started (in
the first trial) with a virtual design of two
sessions developed via Zoom software in
live, supervised. The third session was
recorded to be watched individually,
through videoclips uploaded to a private
list on YouTube, making available the
advices to safely develop them.

As the pandemic progressed, the sec-
ond trial program was designed as a
semi-virtual setting that involved a
mandatory weekly and in-person group
session at the hospital facilities and two
online (using Zoom). In both settings,
different schedules were offered, always
supervised by PA professionals (PhD
students and an undergraduate student,
highly experienced). Attendance was
monitored per session. Following proto-
col criteria, women had to attend at
least 70% of the sessions performed
during pregnancy (60—65 sessions).

PA intensity was set from light to mod-
erate (55—60% of maximum heart rate).
Women measured their heart rate with
the Karvonen formula (55—65% of reserve
heart rate), and the researchers used the
Borg scale to perceive exertion (aimed
from 12 to 14 levels). Women were con-
stantly advised to maintain adequate
hydration, avoid high body temperatures
and impact exercises during sessions.

Participants randomized to the Con-
trol Group (CG) received regular ante-
natal care in a collaborator healthcare
center, without involving them in the
PA program. They received evidence-
based monthly materials that promoted
healthy habits with information on the
regular course of pregnancy. To mea-
sure the development of PA in CG, a
decision algorithm was administered



quarterly through REDCap.” Partici-
pants in CG shouldn’t exceed the mini-
mum considered physically active."*

For both groups, data from women
with a medical diagnosis of prenatal
mental disease were discarded for anal-
ysis following the protocol criteria.

Outcomes
Clinical and sociodemographic informa-
tion on maternal and fetal health was
provided by the team medical doctors.
Primary outcomes were evaluated via e-
mail, through REDCap, directly sent to
the participant who self-answered.
Primary outcomes: retrieved immedi-
ately after randomization, at week 37,
and at week 6 postpartum (except EPDS,
which was evaluated at week 28 during
pregnancy and at the sixth week after
pregnancy). All questionnaires indicate
the higher the score, the greater the
depression, anxiety or stress symptoms.

® Depression questionnaires: Center for
Epidemiological Studies Depression
Scale (CES-D) was assessed with 20
questions, scored from 0 to 60. When
result was >16, could be related to
depression symptoms.” Edinburgh
Postnatal Depression Scale (EPDS)
was also used, with 10 questions and
scored from 0 to 30 (>10 were con-
sidered ‘symptoms of depression’).”
An EPDS >10 and/or CES-D >16
score was considered as diagnosis of
depression for study purposes.

® Anxiety: State-Trait Anxiety Inven-
tory (STAI) questionnaire (40
items) was used to measure anxiety.
This questionnaire divided into two
subscales (trait and state anxiety),
thus having three different results.
The anxiety disorder was considered
when: state anxiety (STAI-S) (>41);
trait anxiety (STAI-T) (>44); total
sum (STAI-TOTAL) (>85).”

e Stress: Perceived Stress Scale (PSS)
with 10 items was used, dividing the
score into three different cut-offs: 0
—13 considered as low stress; 14
—26 as moderate stress; 27—40 as
high perceived stress.”

Secondary outcomes: maternal age,
height, weight and BMI (baseline and

end on intervention measured), ethnic-
ity, job occupation, parity, history of
previous miscarriages, gestational week
of delivery, weight gain and excessive
weight gain during pregnancy, type of
delivery, episiotomy or perineal tear
(and degree). Infant outcomes were
birth weight, length, head circumfer-
ence, and measures of the APGAR score
at minutes one and five.

Sample size

Recent studies have reported a preva-
lence of maternal prenatal depression of
approximately 30%.”" To detect a reduc-
tion of about 10—12% in the IG, with a
confidence level of 95% and statistical
power of 80—while accounting for a
maximum attrition rate of 15%—the
required sample size was estimated to be
approximately 95 per group at baseline.

Randomization
A computer-based block randomization
sequence was performed, with a 1:1
ratio allocation.

Then, the healthcare providers in
each center randomized the partici-
pants. As PA was only developed in IG,
blinding of participants was not possi-
ble. After randomization, the PA
instructors contacted them to assign
each participant to IG or CG. Clinicians
were blinded to randomization
sequence and participants were blinded
to study design and development.

Statistical methods

IBM SPSS (25.0 version) for Windows
(IBM Corporation, Armonk, NY, USA)
was used to perform statistical analyses.
To report the results, an intention-to-treat
(ITT) analysis was performed including
any information recorded after randomi-
zation (if the participants didn’t abandon
the study just after it). Results when pro-
tocol criteria were achieved, were included
in a Per Protocol (PP) analysis.

For normality analysis, the Kolmo-
gorov-Smirnov test was used. Logarith-
mic and square root transformations
were applied when cases of non-nor-
mality were found. Independent ¢ tests
were used to measure the differences
between study groups in secondary and
descriptive maternal outcomes at

baseline and birth, infant outcomes,
and any of the main variable’s scores.
Effect sizes were reported with Cohen’s
4.7

Categorical secondary and descriptive
maternal variables were compared
between groups using Chi-square (x2) of
Pearson test at baseline and at the end of
the pregnancy, also comparing cases of
excessive weight gain during preg-
nancy,” and using cutoff points of the
primary outcomes. With significant
results, the absolute value of the odds
ratio (OR) and the confidence interval
(CI) were reported.

An adherence stratification (< 70%;
70-80%; 80-90%; >90%) was performed
to compare scores of the questionnaires
measured, subsequently including the
CG and the adherence groups with bet-
ter performance. To compare them, a
one-way analysis of variance (ANOVA)
was used, and in cases of variance het-
erogeneity (assessed with Levene test),
Welch’s correction was used. With sig-
nificant results, post hoc analyses with
Schefté test were performed. Effect sizes
were reported using eta-squared (n?).”
To compare postpartum results of main
outcomes in both study groups in the
2" trial performed, the non-parametric
U Mann-Whitney test was carried out.

Categorical variables were expressed as
sample size and percentage, and continu-
ous variables as mean and standard devi-
ation. Statistical power was set at 95%.

Results

700 pregnant women were assessed for
eligibility, excluding 144 because inclu-
sion criteria were not met (n=79),
decline to participate in the study
(n=56) or due to other reasons (n=9).
Therefore, 564 women were random-
ized into IG (n=278) or CG (n=278),
analyzing 491 women in ITT and 246 in
the PP analyses (Figure 1).

Sample description

Characteristics of pregnant women who
ended the intervention are shown in
Table 1, with significant differences
between groups in height (P=.019) after
performing an ITT analysis. Table 1 How-
ever, these differences were not shown in
participants in the PP analysis (P>.05).
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FIGURE 1
Flow diagram with participants included
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Depression scores

Depression scores (CES-D and EPDS)
did not show differences between the
groups in all measures (P=.05) in ITT
analysis. After the PP analysis, signifi-
cant differences were observed in the
EPDS questionnaire at the end of
pregnancy in IG in comparison with
CG (ty3g3-—1.92; d=—0.233; P=.028)
(Table 2).
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Anxiety and stress scores

No significant differences were observed in
the anxiety measures in the ITT analysis
(P>.05). Regarding protocol analysis, sig-
nificant differences were observed in
STALS (tys06--3.12; d=—0.383; P=.002)
and STAI-TOTAL measures
(ty3p.46-—2.43; d=—0.302; P=.016) at base-
line, with no other differences between the
groups at the end of gestation (P>.05).

Stress did not reflect statistical differ-
ences between the study groups
(Table 3) along the study measures in
both analyses (P>.05).

Cut-off of symptoms of mental
disorders (depression and anxiety)
After performing a cut-off analysis of the
mental disorders mentioned previously
(Table 4), a significantly lower number of



TABLE 1
Characteristics of participants at baseline
Intention to Treat Per protocol
Outc/groups 1G (n=247) CG (n=244) P 1G (n=94) CG (n=152) P
Age (y) 34.36+4.68 33.83+4.47 .195 34.77+4.57 34.13+4.20 262
Gestational age (w) 13.61£1.91 13.46+1.64 332 13.31£1.63 13.42+1.69 610
Weight (kg) 66.60-+£15.00 65.38+£13.16 .37 65.32+15.31 64.76+11.63 754
Height (cm) 162.97+5.79 164.34+6.49 .019* 163.18+5.86 164.49+6.24 a1
BMI 24.89+5.16 24.04+4.60 .069 24.40+5.45 23.69+3.90 254
BMI Categ (n/%)
Underweight 7/3.5% 9/4.1% 197 2/2.4% 8/5.6% 511
Normal weight 107/54.1% 139/63.5% 54/63.5% 89/62.2%
Overweight 55/27.8% 49/22.4% 17/20% 32/22.4%
Obese 29/14.6% 22/10% 12114.1% 14/9.8%
Ethnicity (n/%)
Caucasian 188/90.8% 211/92.5% .878 81/90% 159/94.1% 302
Latin American 16/7.6% 15/6.6% 8/8.9% 9/5.3%
Afro-American 1/.5% 1/0.5% 0/0% 1/0.6%
Other 211% 1/.4% 11.1% 0/0%
Occupation (n/%)
Housemaker 3/1.5% 1/.5% 442 0/0% 0/0%
Passive job 142/70.6% 146/68.2% 62/70.5% 99/71.2% .901
Active job 56/27.9% 67/31.3% 26/29.5% 40/28.8%
Parity (n/%)
Nulliparous 122/57.2% 125/55.8% 841 51/56% 81/55.5% 972
One 67/31.5% 76/33.9% 30/33% 50/34.2%
Two or more 24/11.3% 23/10.3% 10/11% 15/10.3%
Prev misc (n/%)
None 133/67.5% 152/71% 739 65/71.4% 108/74% 911
One 50/25.4% 48/22.4% 22/24.2% 32/21.9%
Two or more 14/7.1% 14/6.5% 4/4.4% 6/4.1%
Outc, Outcomes; |G, Intervention Group; CG, Control Group; y, year; w, weeks; BMI Categ, BMI Categories; Prev misc, Previous miscarriages. Data are expressed as Mean=-Standard Deviation or sam-
ple size / percentage (n/%).
Sanchez-Poléan et al. Physical activity during pregnancy and depression, anxiety and stress. Am ] Obstet Gynecol MEM 2025.

women suffering depression symptoms of
depression were observed in the IG com-
pared to CG at the end of pregnancy (2
(1)=5.24; P=.022) in both the ITT, and
the PP analysis (x2 (1)=5.91; P=.011).

Scores according to the adherence
percentage

No differences between groups (Table 5)
were found in baseline or postpartum
measures (P>.05). However, significant

differences in CES-D measures were
observed at the end of pregnancy
(F3,692-4,37; P=.007; 12=.052), with
higher scores in AG-2 in comparison
with the AG-4 (P=.036).

Therefore, significant results were
observed in STAI-S (F; 9-2,79; P=.047;
12=.042), STAI-T (Fs¢;5_4,14; P=.009;
n2=.061) and the sum of both question-
naires (F;69-3,50; P=.020; 12=.051) at
the end of pregnancy.

Significant differences were found in
the CES-D scale at the end of pregnancy
between the groups (F,g4:-6,29;
P=.003; 72=.030) with a significantly
lower score (P=.037) in AG-4 (7.79+
5.53) compared to CG (12.16£9.69).

Furthermore, significant differences
were found in the STAI-S questionnaire
at the end of gestation (F,;;5-3,41;
P=.035; 12=.030), reporting a lower
score (P=.035) in AG-4 (7.7945.53)
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TABLE 2
Results of prenatal and postnatal depression scores
Variable Gr Baseline P End pregnancy P Postpartum P
ITT (CES-D) IG 12.63+10.80 .383 11.57+8.98 912 13.40+10.64 .761
n=240 n=201 n=133
CG 13.49+10.58 11.47+£9.55 12.97+11.27
n=230 n=190 n=114
PP (CES-D) IG 11.18+8.59 .098 10.5448.15 164 12.36£10.42 347
n=94 n=91 n=69
CG 13.20£10.15 11.72+£9.43 13.05+£11.07
n=149 n=139 n=88
Analysis Gr. End pregnancy P Postpartum P
ITT (EPDS) IG 5.50+4.05 281 6.07+4.89 692
n=205 n=122
CG 6.00+5.18 6.351+5.37
n=202 n=101
PP (EPDS) IG 4.891+3.49 .028* 5.68+4.93 .284
n=94 n=65
CG 5.97+5.19 6.16+5.00
n=147 n=76
Gr, Group; p, p-value; ITT, Intention to Treat; PP, Per Protocol; IG, Intervention Group; CG, Control Group; CES-D, Center for Epidemiological Studies Depression Scale; EPDS, Edinburgh Postnatal
Depression Scale. Data are expressed as Mean=Standard Deviation.
Sanchez-Polan et al. Physical activity during pregnancy and depression, anxiety and stress. Am ] Obstet Gynecol MFM 2025.

compared to CG (12.16%9.69). Signifi-
cant differences in STAI-TOTAL score
at the end of the intervention
(F3218-3,10; P=.047; n2=.028) with a
lower but not significant (P>.05) mean
in the AG-4 than in the CG.

Comparison between trials

After performing two trials, results of
main outcomes separated by each one
(i.e., Trial 1 or Trial 2) are displayed in
Table 6.

No significant differences were found
in the results these variables in Trial 1
at the end or after pregnancy (P>.05).
However, significant lower scores were
observed in symptoms of depression
measured with EPDS questionnaire
(t;106.—1.734; d=—0.305; P=.043), in
state anxiety (tj04-—2.207; d=—0.407;
P=.015), trait anxiety (t;p09-—1.778; d=
—0.338; P=.045) and the total sum of
both types of anxiety recorded with
STAI scale (tj937,-—2.05; d=—0.382;
P=.021) in the second Trial. Comparing
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mean of IG in both Trials, no significant
differences were observed (P>.05).

Maternal and infant outcomes at
delivery

A significantly higher weight gain at
delivery (t3;9_—1.936; d=0.199; P=.027)
and a larger head circumference
(tsssu—2.124; d=0.225; P=.034) was
reported in the CG compared to the IG,
in the ITT analysis (Table 7).

Comment

Principal findings

To ensure transparency, we opted to pres-
ent intention-to-treat analysis results,
even though the research team achieved a
high protocol adherence (mean adherence
to the PA sessions of 86.2+7.34).

The results indicate that moderate
intensity PA programs could suppose a
positive trend in reducing the symp-
toms of prenatal depression, anxiety,
and stress, and postnatal depression
and stress, despite the non-significative

results observed (P>.05). However, sig-
nificantly lower results with small effect
sizes were observed on the measure of
depression symptoms at 28™ week in
the IG compared to CG in the PP analy-
sis. In this line, significantly less preg-
nant women who suffered depression
symptoms were observed in IG com-
pared to CG in the ITT analysis show-
ing that women without physical
activity during pregnancy could be
twice as likely to suffer depression than
physically active women, but also in the
PP analysis becoming 4 times.

After stratifying IG according to
adherence rates, significant differences
were observed between attendance
ratios, with small to moderate effect
sizes, in women with the highest atten-
dance rate obtaining significantly fewer
depression scores than the 70-80%
adherence group. However, lower scores
with small effect sizes were found in the
>90% of the adherence group in depres-
sion and state anxiety compared to CG.
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TABLE 3
Anxiety scores during and after pregnancy

Analysis Gr Baseline P End pregnancy P Postpartum P
ITT (STAI-S) IG 38.994+11.10 .343 38.784+10.62 .656 39.69+11.18 72
n=238 n=198 n=126
CG 40.00+11.89 39.28+11.41 39.25+12.04
n=226 n=186 n=105
ITT (STAI-T) IG 39.67+10.41 .763 38.94+9.88 .821 39.29+9.92 .506
n=238 n=198 n=126
CG 39.96+10.43 38.71+10.39 38.39+10.46
n=226 n=186 n=105
ITT (STAI-TOTAL) IG 78.66+20.80 .509 77.72+19.95 .899 78.98+20.44 632
n=238 n=198 n=126
CG 79.964+21.73 77.99421.25 77.641+21.96
n=226 n=186 n=105
PP (STAI-S) IG 36.23+8.71 .002* 37.77+9.15 126 39.75+11.27 439
n=94 n=91 n=67
CG 40.36+11.85 39.41+11.38 39.46+11.16
n=149 n=136 n=80
PP (STAI-T) IG 38.13+8.75 122 37.98+8.85 .203 39.314+9.99 319
n=94 n=91 n=67
CG 40.09+10.78 39.10+10.64 38.53+10.17
n=149 n=136 n=80
PP (STAI-TOTAL) IG 74.36+16.77 .016* 75.75+17.29 154 79.06+20.58 .378
n=94 n=91 n=67
CG 80.44+22.02 78.51+21.59 77.994+20.82
n=149 n=136 n=80

(continued)




Interestingly, dividing the sample per
performed trials into results of Trial 1
(full virtual PA program) and Trial 2
(semi-virtual setting), significant differ-
ences were observed through the sec-
ond, with small effect sizes and lower
scores in depression measured with the
EPDS questionnaire, state, trait and the
total sum of both dimensions of the
STAI questionnaire in the IG compared
with the CG. However, no significant
differences were observed between IGs.

816
A4

118
13.19+7.24
65
13.49+6.88
71

=94
13.31£7.71

12.96+7.25

Postpartum

n
n
n
n

Results in the content of what is
known

Firstly, our program achieved a mean
adherence consistent with previously
reported adherences to this model."’
Therefore, recent studies have reported
the benefits of physical activity during
pregnancy on depressive symptoms,
with different methodological
designs,”™*'"** highlighting the strength
of our supervised physical activity dur-
ing the pregnancy program even during
one of the most restrictive periods to
perform physical activity, the COVID-
19 pandemic.

This reinforces the demonstrated fact
that a supervised physical activity pro-
gram, when adherence is high, could be
related with better benefits in psycho-
logical and physiological factors.””*’
Being relevant, our results could imply
that supervised physical activity of
moderate intensity during pregnancy,
performed in person and in groups,
could improve mental health.

520
.269

195
12.88+6.83
n=179

91
13.12+6.91

130

End pregnancy

12.45+6.12
12.58+5.67

n
n
n

.768
34

228
14.57+6.15
n=216
148
Gr, Group; p, p-value; ITT, Intention to Treat; PP, Per Protocol; IG, Intervention Group; CG, Control Group; STAI, State-Trait Anxiety Inventory; PSS, Perceived Stress Scale. Data are expressed as Mean==Standard Deviation.

94
14.71+6.15

Baseline
14.75+6.70
13.95+5.94

n
n
n

Clinical implications

The findings of this study suggest that
supervised PA during pregnancy can
significantly reduce depression and anx-
iety symptoms in pregnant women.
This could be related to the positive
effect that regular PA could have on
hormone regulation and social interac-
tion, improving emotional well-
being.'****’ These results praise the
need to promote PA as a regular part of
regular prenatal care. However, while
the results are promising, large RCTs
are needed in different regions to con-
firm them.

Gr
IG
CG
IG
CG

Sanchez-Polan et al. Physical activity during pregnancy and depression, anxiety and stress. Am ] Obstet Gynecol MFM 2025.

Anxiety scores during and after pregnancy (continued)

TABLE 3
Analysis
ITT (PSS)
PP (PSS)
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TABLE 4
Percentage of women with suitable symptoms to suffer mental illnesses
Outcome Timepoint 1G (n/%) CG (n, %) x2 OR (95% Cl) P
[TT CES-D Baseline 70/29.2% 72/31.3% .255 1.11 (.75, 1.64) .614
End Preg 53/26.4% 46/24.2% .240 .89 (.57,1.41) .624
Postpartum 48/36.1% 38/33.3% .206 .89 (.52, 1.50) .650
PP CES-D Baseline 21/22.3% 45/30.2% 1.80 1.50 (.83, 2.74) .180
End Preg 19/20.9% 34/24.5% 40 1.23 (.65, 2.32) 321
Postpartum 21/30.4% 30/34.1% .24 1.18 (.60, 2.33) .378
ITT EPDS End Preg 12/5.9% 25/12.4% 5.24 2.27 (1.11, 4.66) 022*
Postpartum 11/10% 15/14.9% 1.15 1.57 (.69, 3.6) .284
PP EPDS End Preg 3/3.2% 18/12.2% 5.91 4.23(1.21,14.79) 011*
Postpartum 6/9.2% 10/13.2% .537 1.49 (.51, 4.35) .323
ITT STAI-S Baseline 84/35.3% 94/41.6% 1.95 1.31 (.90, 1.90) 163
End Preg 74/37.4% 76/40.9% 490 1.16 (.77,1.75) 484
Postpartum 54/42.9% 43/41% .085 .93 (.55, 1.56) 770
PP STAI-S Baseline 28/29.8% 61/40.9% 3.09 1.63 (.94, 2.83) .079
End Preg 31/34.1% 52/38.2% 409 1.20 (.69, 2.09) 310
Postpartum 29/43.3% 33/41.3% .062 .92 (.48, 1.78) .804
ITT STAI-T Baseline 71/29.8% 68/30.1% .004 1.02 (.68, 1.51) .952
End Preg 59/29.8% 58/31.2% .087 1.07 (.69, 1.65) .768
Postpartum 37/29.4% 30/28.6% .018 .96 (.54, 1.70) .895
PP STAI-T Baseline 21/22.3% 42/28.2% 1.03 1.36 (.75, 2.49) 311
End Preg 23/25.3% 43/31.6% 1.06 1.37 (.75, 2.48) 189
Postpartum 20/29.9% 22/27.5% .099 .89 (.44, 1.83) .753
[TT STAI-TOTAL Baseline 76/31.9% 80/35.4% .624 1.17(.79,1.72) 430
End Preg 66/33.3% 65/34.9% A1 1.07 (.70, 1.64) .739
Postpartum 47/37.3% 36/34.3% .226 .88 (.51, 1.51) .634
PP STAI-TOTAL Baseline 24/25.5% 51/34.2% 2.04 1.52 (.86, 2.70) 153
End Preg 28/30.8% 48/35.3% .501 1.23 (.70, 2.16) .287
Postpartum 24/35.8% 27/33.8% .069 .91 (.46, 1.80) 793
Outcome Timepoint 1G (n/%) CG (n, %) x2 P
ITT PSS Baseline 114/50%; 11/4.8% 103/47.7%; 9/4.2% 438 .803
End Preg 70/35.9%; 2/1% 70/39.1%; 7/3.9% 4.06 31
Postpartum 44/37.3%; 6/5.1% 38/40.4%; 4/4.3% .259 .879
PP PSS Baseline 46/48.9%; 2/2.1% 72/48.6%; 6/4.1% .68 712
End Preg 36/39.6%; 0/0% 53/40.8%; 5/3.8% 3.76 153
Postpartum 21/32.3%; 6/9.2% 28/39.4%; 4/5.6% 1.15 .563
IG, Intervention Group; CG, Control Group; OR, Odds Ratio; Cl, Confidence Interval; ITT, Intention to Treat; PP, Per Protocol; Preg, Pregnancy; CES-D, Center for Epidemiological Studies Depression
Scale; EPDS, Edinburgh Postnatal Depression Scale; STAI, State-Trait Anxiety Inventory; PSS, Perceived Stress Scale. Data are expressed as sample size / percentage of women who have compatible
symptoms to suffer each disease (CES-D >16; EPDS >10; STAI-S >41: STAI-T >44; STA-TOTAL >85). In the case of the PSS questionnaire, the first measure is related to moderate stress and the
second to severe stress (14-26, and >27, respectively).
Sanchez-Polan et al. Physical activity during pregnancy and depression, anxiety and stress. Am ] Obstet Gynecol MFM 2025.
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TABLE 5
Mental iliness questionnaire scores depending on PA program adherence
Out Time <70% (AG-1) 70-80% (AG-2) 80-90% (AG-3) >90% (AG-4) p
CES-D End 12.95+£10.02 11.90+6.73 10.81+£7.85 7.7945.53 .007*
n=73 n=20 n=42 n=34
Post 15.34+11.36 11.60+9.02 14.97+10.86 9.63+9.14 a1
n=44 n=15 n=31 n=27
EPDS End 6.044+4.00 5.1543.25 5.244+3.38 4.40+3.84 187
n=75 n=20 n=42 n=35
Post 6.58+4.88 7.17+4.13 6.48+5.21 4.52+4.97 .278
n=40 n=12 n=31 n=27
STAI-S End 39.96+11.27 40.25+7.47 38.571+9.46 34.6418.89 .047*
n=72 n=20 n=42 n=33
Post 39.811+11.45 44.08+11.25 40.19+12.27 36.96+10.19 .320
n=42 n=13 n=31 n=27
STAI-T End 40.29+10.41 42.50+7.40 37.36+8.19 35.30+9.08 .009*
n=72 n=20 n=42 n=33
Post 40.02+10.13 43.23+9.36 38.48+10.04 37.81+10.19 .398
n=42 n=13 n=31 n=27
STAI-TOTAL End 80.25+21.23 82.75+13.77 75.931+16.99 69.944+17.40 .020*
n=72 n=20 n=42 n=33
Post 79.83+20.87 87.31+19.53 78.68+21.69 74.784+19.94 .356
n=42 n=13 n=31 n=27
PSS End 12.144+6.19 13.80+4.56 12.71+£5.44 11.4546.35 .528
n=71 n=20 n=41 n=33
Post 12.92+6.77 15.00+6.81 13.45+8.56 12.07+6.93 .702
n=38 n=12 n=29 n=27
Out, Outcome; Time, Moment of data capture; End, End of Pregnancy; Post, Postpartum; CES-D, Center for Epidemiological Studies Depression Scale; EPDS, Edinburgh Postnatal Depression Scale;
STA\, State-Trait Anxiety Inventory; PSS, Perceived Stress Scale. Data are expressed as Mean=-Standard Deviation.
Sanchez-Polan et al. Physical activity during pregnancy and depression, anxiety and stress. Am ] Obstet Gynecol MFM 2025.

Research implications

As postnatal main outcomes and prena-
tal stress did not report significant dif-
ferences between study groups, a large
RCT with only in-person supervised PA
sessions (as they better promoted the
social interaction) reviewing these vari-
ables, shall be carried out.

Strengths and limitations

This study has several limitations. First,
a proportion of participants were lost to
follow-up due to medical complications
related to pregnancy, personal or logis-
tical difficulties in attending follow-up
visits, or withdrawal of consent. An

10 AJOG MFM January 2026

intention-to-treat analysis was con-
ducted to minimize potential bias.

Second, the measurement of exercise
adherence presents another limitation.
Although adherence was tracked
through exercise logs and periodic
interviews, these methods may not fully
capture the actual amount, intensity, or
duration of physical activity performed
by participants. Consequently, adher-
ence data may not perfectly reflect the
intervention, potentially affecting the
interpretation of its effectiveness. Future
studies could incorporate objective
measures, such as accelerometers or
wearable devices, to more accurately
assess physical activity levels.

Despite the randomization process
was balanced per group, the multicenter
design could have introduced variability
unmeasured and it could potentially
influence the self-perception of partici-
pants through questionnaires. This,
combined with there were simultaneous
questionnaires administered to partici-
pants, could have affected the responses
of them. Additionally, the significant dif-
ferences observed in the baseline values
of state and the sum of both state and
treat anxiety between IG and CG, could
mean that all pregnant women wanted
to participate in our PA program, as CG
participants did not have supervised PA
sessions, but also this could be related to



TABLE 6
Comparison of main outcomes between interventions

Trial 1 Trial 2
Out Time IG CG P 1G CG P
CES-D End 10.48+8.20 10.61+8.37 467 10.60+8.19 12.98+10.42 .094
n=48 n=74 n=43 n=65
Post 11.74410.11 13.05+10.79 262 13.68+11.18 13.24+11.68 .753
n=47 n=60 n=22 n=29
EPDS End 4.88+3.42 5.61+5.07 .188 4.91+3.61 6.36+5.33 .043*
n=49 n=77 n=45 n=70
Post 6.30+5.32 5.98+4.59 .756 4.38+3.78 6.54+5.89 .318
n=44 n=52 n=21 n=24
STAI-S End 38.69+9.60 37.77+9.86 613 36.74+8.61 41.324+12.72 .015*
n=48 n=73 n=43 n=63
Post 40.78+11.71 39.194+9.55 458 37.64+10.22 40.04+14.13 .804
n=45 n=54 n=22 n=26
STAI-T End 38.544-8.56 37.53+9.76 .561 37.35+9.22 40.92+11.39 .045*
n=48 n=73 n=43 n=63
Post 40.56+10.47 38.06+9.03 .205 36.77+8.62 39.50+12.36 .605
n=45 n=54 n=22 n=26
STAI-TOTAL End 77.23+17.49 75.30+19.09 575 74.094+17.11 82.244-23.77 .021*
n=48 n=73 n=43 n=63
Post 81.334-21.61 77.24+17.94 .306 74.414+17.88 79.544-26.16 .764
n=45 n=54 n=22 n=26
PSS End 13.08+5.58 13.01+6.53 .952 12.02+5.78 13.25+7.37 173
n=48 n=70 n=43 n=60
Post 13.88+8.16 13.29+5.50 .690 12.18+6.77 13.91+9.26 .865
n=43 n=48 n=22 n=23

Out, Outcome; Time, Moment of data capture; End, End of Pregnancy; Post, Postpartum; CES-D, Center for Epidemiological Studies Depression Scale; EPDS, Edinburgh Postnatal Depression Scale;
STA, State-Trait Anxiety Inventory; PSS, Perceived Stress Scale. Data are expressed as Mean==Standard Deviation.

Sanchez-Polan et al. Physical activity during pregnancy and depression, anxiety and stress. Am ] Obstet Gynecol MFM 2025.

TABLE 7
Maternal and infant outcomes at delivery

Intention to Treat Per protocol
Outc/groups 1G (n=195) CG (n=213) P 1G (n=89) CG (n=140) P
Gest age at delivery (w) 39.284+1.53 39.254+1.41 812 39.20+1.58 39.21+1.46 .958
Weight at delivery (kg) 76.03+14.50 75.76+12.77 .844 75.094+13.85 74.484+11.35 .720
Gest weight gain (kg) 9.66:5.08 10.74+5.77 .027* 9.2345.65 9.904+5.74 203
BMI delivery 28.701+4.90 28.08+4.55 190 28.211+4.82 27.53+3.82 244

(continued)

January 2026 AJOG MFM 11




TABLE 7
Maternal and infant outcomes at delivery (continuea)
Intention to Treat Per protocol
Outc/groups 1G (n=195) CG (n=213) P 1G (n=89) CG (n=140) P
BMI Categ (n/%)
Normal weight 35/19% 52/24.6% 401 20/23.8% 38/27.1% 833
Overweight 91/49.5% 96/45.5% 42/50% 65/46.4%
Obese 58/31.5% 63/29.9% 22/26.2% 37/26.4%
Excess weight gain (n/%)
No 140/79.5% 159/78.3% 772 63/79.7% 117/84.8% 343
Yes 36/20.5% 44/21.7% 16/20.3% 21/15.2%
Type of delivery (n/%)
Eutocic 116/58.6% 137/64.9% .230 50/57.5% 91/66.4% 401
Cesarea 45/22.7% 47/22.3% 21/241% 26/19%
Instrumental 37118.7% 27112.8% 16/18.4% 20/14.6%
Episiot (n/%)
No 156/87.2% 166/88.8% .634 69/88.5% 106/86.2% 638
Yes 23/12.8% 21/11.2% 9/11.5% 17/13.8%
Perineal tear (n/%)
No 74/41.6% 77/42.3% 194 32/41.6% 45/36.9% 510
One 47/26.4% 64/35.2% 23/29.9% 45/36.9%
Two 54/30.3% 38/20.9% 20/26% 29/23.8%
Three 2N1.1% 1/.5% 2/2.5% 1/.8%
Four 1/.6% 211.1% 0/0% 2/1.6%
Outc/groups Intention to Treat Per protocol
IG (n=177) CG (n=225) P IG (n=86) CG (n=137) p
Birth weight (g) 3137.30+£443.71 3211.15+439.62 .051 3097.66+439.64 3186.36+472.94 .081
Birth length (cm) 49.57+2.15 49.914+2.09 134 49.64+2.32 49.75+2.28 725
Head circumference (mm) 34.431+1.35 34.75+1.41 .034* 34.44+1.36 34.761+1.45 17
APGAR 1 min 8.77+1.06 8.80+.77 .761 8.76+1.12 8.67+.96 279
APGAR 5 min 9.80+.57 9.85+.47 .305 9.81+.56 9.81+.51 492
Outc, Outcomes; IG, Intervention Group; CG, Control Group; Gest, Gestational; w, weeks; BMI Categ, BMI Categories; Excess, Excessive; Episiot, Episiotomy. Data are expressed as Mean=-Standard
Deviation or sample size / percentage (n/%).
Sanchez-Polan et al. Physical activity during pregnancy and depression, anxiety and stress. Am ] Obstet Gynecol MFM 2025.

unmeasured  confounding  variables.
Another limitation, due to the nature of
these interventions, was that blinding of
participants was not possible. However,
self-reported mental health question-
naires were used to eliminate the out-
come recording unblinding bias.
Additionally, our strong protocol, which
promotes high adherence to the program
in the IG, limited our sample size, and
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not including a social support outcome
measurement.

However, this study had remarkable
strengths, such as a large sample size,
outstanding that our model, when
adherence is close to 100%, could
achieve better benefits compared to a
low adherence rate. Our program had
an essential social impact on the partici-
pants enrolled, since our supervised

sessions were conducted in groups
online and in-person. We could lead at
the same time during pregnancy in five
different locations in Spain during the
COVID-19 pandemic, promoting a bet-
ter external validation of the results.

Conclusion
Supervised PA program during preg-
nancy could reduce depression



symptoms and percentage of women
with depression symptoms at the end of
pregnancy. When the PA program
adherence is above 90%, significantly
fewer symptoms of depression and state
anxiety appeared.

Information of 15 Trial

1. Date of registration: 2020-08-01

2. Date of initial participant enroll-
ment: 2020-09-19

3. Clinical trial identification number:
NCT04563065.

4. URL of the registration site: https://
clinicaltrials.gov/study/NCT04563065

Information of 2" trial

1. Date of registration: 2022-03-17

2. Date of initial participant enroll-
ment: 2022-03-24

3. Clinical trial identification number:
NCT05295264.

4. URL of the registration site: https://
clinicaltrials.gov/study/NCT 05295
264%term=Active%20pregnancy.%
20Mental%20and%20emotional&
rank=1

CRediT authorship
contribution statement
Miguel Sanchez-Polan: Writing —
review & editing, Writing — original
draft, Visualization, Software, Method-
ology, Investigation, Formal analysis,
Conceptualization. Maia Brik: Writing
— review & editing, Writing — original
draft, Methodology, Investigation, Data
curation, Conceptualization. Cristina
Silva-Jose: Writing — review & editing,
Writing — original draft, Validation,
Software, Methodology, Investigation,
Data curation. Dingfeng Zhang: Writ-
ing — original draft, Validation, Soft-
ware, Methodology, Investigation, Data
curation. Maria Angeles Diaz-Blanco:
Resources, Investigation, Formal analy-
sis, Data curation. Paloma Hernando
Lopez de la Manzanara: Resources,
Investigation, Formal analysis, Data

curation. Aranzazu Martin Arias:
Resources, Investigation, Formal analy-
sis, Data curation. Irune Alzola:
Resources, Investigation, Formal analy-
sis, Data curation. Rubén Barakat:
Writing — review & editing, Writing —
original draft, Validation, Supervision,
Resources, Methodology, Investigation,
Conceptualization.

Supplementary materials
Supplementary material associated with
this article can be found in the online ver-
sion at doi:10.1016/j.ajogmf.2025.101835.

References

1. Barakat R. Pregnancy editor. In: Mooren F-
C, ed. Encyclopedia of Exercise Medicine in
Health and Disease, Berlin, Heidelberg:
Springer; 2012.

2. Khaire A, Wadhwani N, Madiwale S, Joshi S.
Maternal fats and pregnancy complications:
Implications for long-term health. Prostaglan-
dins Leukot Essent Fatty Acids
2020;157:102098.  https://doi.org/10.1016/j.
plefa.2020.102098.

3. Abbasi H, Puusepp-Benazzouz H. Preg-
nancy stress, anxiety, and depression sequela
on neonatal brain development. JAMA Pediatr
2020;174(9):908. https://doi.org/10.1001/
jamapediatrics.2020.1073.

4. Wenzel ES, Gibbons RD, O’Hara MW, Duff-
ecy J, Maki PM. Depression and anxiety symp-
toms across pregnancy and the postpartum in
low-income Black and Latina women. Arch
Womens Ment Health 2021;24(6):979-86.
https://doi.org/10.1007/s00737-021-01139-y.
5.Colak S, Girlek B, Onal O, Ydmaz B,
Hocaoglu C. The level of depression, anxiety,
and sleep quality in pregnancy during coronavi-
rus disease 2019 pandemic. J Obstet Gynaecol
Res  2021;47(8):2666-76.  https://doi.org/
10.1111/jog.14872.

6. Peltonen H, Paavonen EJ, Saarenpaa-
Heikkila O, Vahlberg T, Paunio T, Polo-Kantola
P. Sleep disturbances and depressive and anxi-
ety symptoms during pregnancy: associations
with delivery and newborn health. Arch Gynecol
Obstet 2022. https://doi.org/10.1007/s00404-
022-06560-x.

7. LiH, Bowen A, Bowen R, Muhajarine N, Bal-
buena L. Mood instability, depression, and anx-
iety in pregnancy and adverse neonatal
outcomes. BMC Pregnancy Childbirth 2021;21
(1):588. https://doi.org/10.1186/s12884-021-
04021-y.

8. Graham RM, Jiang L, McCorkle G, et al.
Maternal anxiety and depression during late
pregnancy and newborn brain white matter
development. AUNR Am J Neuroradiol 2020;41
(10):1908-15. https://doi.org/10.3174/ajnr.
AB759.

9. Hunter SK, Freedman R, Law AJ, et al.
Maternal corticosteroids and depression during
gestation and decreased fetal heart rate vari-
ability.  Neuroreport  2021;32(14):1170-4.
https://doi.org/10.1097/
WNR.0000000000001711.

10. Paz-Pascual C, Artieta-Pinedo |, Bully P,
Garcia-Alvarez A, Group ema-Q, Espinosa
M. Ansiedad y depresién en el embarazo.
Variables asociadas durante el periodo de
pandemia COVID-19. Enferm Clin 2024;34
(1):23-38. https://doi.org/10.1016/j.enfcli.
2023.11.005.

11. McCarthy M, Houghton C, Matvienko-Sikar
K. Women’s experiences and perceptions of
anxiety and stress during the perinatal period: a
systematic review and qualitative evidence syn-
thesis. BMC Pregnancy Childbirth 2021;21
(1):811. https://doi.org/10.1186/s12884-021-
04271-w.

12. Ullah R, Hasan TN, Rahman MU, Naqvi SS,
Sharif N, Ahmad |, et al. Coronavirus family:
responsible agents for stress, depression, and
anxiety during pregnancy. Psychiatr Danub.
2021;33(3):425-6.

13. Bivia-Roig G, La Rosa VL, Gémez-Tébar
M, et al. Analysis of the impact of the confine-
ment resulting from COVID-19 on the lifestyle
and psychological wellbeing of spanish preg-
nant women: an internet-based cross-sectional
survey. Int J Environ Res and Public Health
2020;17(16):59838. https://doi.org/10.3390/
ijlerph17165933.

14. Mottola MF, Davenport MH, Ruchat SM,
et al. 2019 Canadian guideline for physical
activity throughout pregnancy. Br J Sports Med
2018;52(21):1339-46. https://doi.org/
10.1136/bjsports-2018-100056.

15. Committee on obstetric practice. Physical
activity and exercise during pregnancy and the
postpartum period: ACOG committee opinion,
number 804. Obstet Gynecol 2020;135(4):
e178-88.

16. Meander L, Lindqvist M, Mogren |, Sand-
lund J, West CE, Domellof M. Physical activity
and sedentary time during pregnancy and
associations with maternal and fetal health out-
comes: an epidemiological study. BMC Preg-
nancy Childbirth 2021;21(1):166. https://doi.
org/10.1186/s12884-021-03627-6.

17. Jones MA, Catov JM, Jeyabalan A, Whi-
taker KM. Barone Gibbs B. Sedentary behav-
iour and physical activity across pregnancy and
birth outcomes. Paediatr Perinat Epidemiol
2021;35(3):341-9. https://doi.org/10.1111/
ppe.12731.

18. Atkinson L, De Vivo M, Hayes L, et al.
Encouraging Physical Activity during and after
Pregnancy in the COVID-19 Era, and beyond. Int
J Environ Res Public Health 2020;17(19):7304.
https://doi.org/10.3390/ijerph17197304.

19. Dadi AF, Miller ER, Bisetegn TA, Mwanri L.
Global burden of antenatal depression and its
association with adverse birth outcomes: an
umbrella review. BMC Public Health 2020;20
(1):173. https://doi.org/10.1186/s12889-020-
8293-9.

January 2026 AJOG MFM 13


https://clinicaltrials.gov/study/NCT04563065
https://clinicaltrials.gov/study/NCT04563065
https://clinicaltrials.gov/study/NCT05295264?term=Active%20pregnancy.%20Mental%20and%20emotional&rank=1
https://clinicaltrials.gov/study/NCT05295264?term=Active%20pregnancy.%20Mental%20and%20emotional&rank=1
https://clinicaltrials.gov/study/NCT05295264?term=Active%20pregnancy.%20Mental%20and%20emotional&rank=1
https://clinicaltrials.gov/study/NCT05295264?term=Active%20pregnancy.%20Mental%20and%20emotional&rank=1
https://clinicaltrials.gov/study/NCT05295264?term=Active%20pregnancy.%20Mental%20and%20emotional&rank=1
https://clinicaltrials.gov/study/NCT05295264?term=Active%20pregnancy.%20Mental%20and%20emotional&rank=1
https://clinicaltrials.gov/study/NCT05295264?term=Active%20pregnancy.%20Mental%20and%20emotional&rank=1
https://clinicaltrials.gov/study/NCT05295264?term=Active%20pregnancy.%20Mental%20and%20emotional&rank=1
https://doi.org/10.1016/j.ajogmf.2025.101835
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0001
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0001
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0001
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0001
https://doi.org/10.1016/j.plefa.2020.102098
https://doi.org/10.1016/j.plefa.2020.102098
https://doi.org/10.1001/jamapediatrics.2020.1073
https://doi.org/10.1001/jamapediatrics.2020.1073
https://doi.org/10.1007/s00737-021-01139-y
https://doi.org/10.1111/jog.14872
https://doi.org/10.1007/s00404-022-06560-x
https://doi.org/10.1007/s00404-022-06560-x
https://doi.org/10.1186/s12884-021-04021-y
https://doi.org/10.1186/s12884-021-04021-y
https://doi.org/10.3174/ajnr.A6759
https://doi.org/10.3174/ajnr.A6759
https://doi.org/10.1097/WNR.0000000000001711
https://doi.org/10.1097/WNR.0000000000001711
https://doi.org/10.1016/j.enfcli.2023.11.005
https://doi.org/10.1016/j.enfcli.2023.11.005
https://doi.org/10.1186/s12884-021-04271-w
https://doi.org/10.1186/s12884-021-04271-w
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0012
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0012
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0012
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0012
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0012
https://doi.org/10.3390/ijerph17165933
https://doi.org/10.3390/ijerph17165933
https://doi.org/10.1136/bjsports-2018-100056
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0015
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0015
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0015
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0015
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0015
https://doi.org/10.1186/s12884-021-03627-6
https://doi.org/10.1111/ppe.12731
https://doi.org/10.1111/ppe.12731
https://doi.org/10.3390/ijerph17197304
https://doi.org/10.1186/s12889-020-8293-9
https://doi.org/10.1186/s12889-020-8293-9

20. Lebel C, MacKinnon A, Bagshawe M,
Tomfohr-Madsen L, Giesbrecht G. Elevated
depression and anxiety symptoms among
pregnant individuals during the COVID-19
pandemic. J Affect Disord 2020;277:5-13.
https://doi.org/10.1016/j.jad.2020.07.126.
21. Kolding L, Ehrenstein V, Pedersen L, et al.
Obstetric care for women that use antidepres-
sants in pregnancy. BJOG 2021. https://doi.
org/10.1111/1471-0528.16918.

22. Kolding L, Ehrenstein V, Pedersen L, et al.
Antidepressant use in pregnancy and severe
cardiac malformations: Danish register-based
study. BJOG 2021;128(12):1949-57. https://
doi.org/10.1111/1471-0528.16772.

23. Wolgast E, Lindh-Astrand L, Liliecreutz C.
Women'’s perceptions of medication use during
pregnancy and breastfeeding-A  Swedish
cross-sectional  questionnaire  study. Acta
Obstet Gynecol Scand 2019;98(7):856-64.
https://doi.org/10.1111/a0gs.13570.

24. Wei SQ, Bilodeau-Bertrand M, Liu S, Auger
N. The impact of COVID-19 on pregnancy out-
comes: a systematic review and meta-analysis.
CMAJ 2021;193(16):E540-8. https://doi.org/
10.1503/cmaj.202604.

25. Ribeiro MM, Andrade A, Nunes |. Physical
exercise in pregnancy: benefits, risks and pre-
scription. J Perinat Med 2021. https://doi.org/
10.1515/jpm-2021-0315.

26. Sanchez-Polan M, Franco E, Silva-José
C, et al. Exercise during pregnancy and pre-
natal depression: a systematic review and
meta-analysis. Front Physiol
2021;12:640024. https://doi.org/10.3389/
fphys.2021.640024.

27. Sanchez-Polan M, Siva-Jose C, Franco E,
et al. Prenatal anxiety and exercise. systematic
review and meta-analysis. J Clin Med 2021;10
(23):5501. https://doi.org/10.3390/icm10235501.
28. Barakat R, Sanchez-Polan M, Silva-Jose
C, et al. Guia de Préctica Clinica sobre la Activi-
dad Fisica durante el Embarazo. Sistema
Nacional de Salud (Espana); 2023.

29. Harris PA, Taylor R, Thielke R, Payne J,
Gonzalez N, Conde JG. Research electronic
data capture (REDCap) — A metadata-driven
methodology and workflow process for provid-
ing translational research informatics support. J
Biomed Inform 2009;42(2):377-81. https://doi.
org/10.1016/}.jbi.2008.08.010.

30. Harris PA, Taylor R, Minor BL, Elliot V, Fer-
nandez M, O’Neal L. The REDCap consortium:
Building an international community of software
partners. J Biomed Inform 2019:103208.
https://doi.org/10.1016/j.jbi.2019.103208.

31. Barakat R. An exercise program through-
out pregnancy: Barakat model. Birth Defects
Res  2020;113(3):218-26.  https://doi.org/
10.1002/bdr2.1747.

32. Barakat R, Pelaez M, Cordero Y, Perales
M, Lopez C, Coteron J, et al. Exercise during
pregnancy protects against hypertension and
macrosomia: randomized clinical trial. Am J
Obstet Gynecol 2016;214(5):649.e1-8. https://
doi.org/10.1016/j.ajog.2015.11.039.

14 AJOG MFM January 2026

33. Radloff LS. The CES-D Scale: a self-
report depression scale for research in the

general population. Appl Psychol Meas
1977;1:385-401.  https://doi.org/10.1177/
014662167700100306.

34. Garcia-Esteve L, Ascaso C, Ojuel J, Nav-
arro P. Validation of the Edinburgh postnatal
depression scale (EPDS) in Spanish mothers. J
Affect Disord 2003;75(1):71-6. https://doi.org/
10.1016/S0165-0327(02)00020-4.

35. Meades R, Ayers S. Anxiety measures vali-
dated in perinatal populations: a systematic
review. J Affect Disord 2011;133(1-2):1-15.
https://doi.org/10.1016/j.jad.2010.10.009.

36. Cohen S, Williamson GM. Perceived stress
in a probability sample of the United States. In:
Spacapan S, Oskamp S, eds. The Social Psy-
chology of Health: Claremont Symposium on
Applied Social Psychology. Newbury Park (CA):
Sage; 1988. p. 31-67.

87. Rendén-Macias ME, Zarco-Villavicencio 1S,
MA Villasis-Keever. Métodos estadisticos para
el andlisis del tamano del efecto. Rev Alerg Mex
2021;68(2):128-36. https://doi.org/10.29262/
ram.v658i2.949.

38. Rasmussen KM, Yaktine AL. Weight Gain
during Pregnancy; Institute of Medicine (US),
National Research Council (US) Committee to
Reexamine IOM Pregnancy Weight Guidelines.
Washington, DC, USA: National Institutes of
Health; 2009.

39. Cohen J. Statistical power analysis for the
behavioral sciences. 2nd ed. New York: Rout-
ledge; 1988.

40. Sanchez-Polan M, Nagpal T, Barakat R.
Knowledge into action: proposing an evidence-
based group prenatal exercise prescription.
Perspect Public Health 2021;143(1):29-33.
https://doi.org/10.1177/17579139211018724.
41. Robledo-Colonia AF, Sandoval-Restrepo
N, Mosquera-Valderrama YF, Escobar-Hurtado
C, Ramirez-Vélez R. Aerobic exercise training
during pregnancy reduces depressive symp-
toms in nulliparous women: a randomised trial.
J Physiother 2012;58(1):9-15. https://doi.org/
10.1016/S1836-9553(12)70067-X.

42. Perales M, Refoyo |, Coteron J, Bacchi M,
Barakat R. Exercise during pregnancy attenu-
ates prenatal depression: a randomized con-
trolled trial. Eval Health Prof 2015;38(1):59-72.
https://doi.org/10.1177/0163278714533566.
43. Jarbou NS, Newell KA. Exercise and yoga
during pregnancy and their impact on depres-
sion: a systematic literature review. Arch Wom-
ens Ment Health 2022;25(3):539-59. https://
doi.org/10.1007/s00737-021-01189-2.

44. Davenport MH, McCurdy AP, Mottola MF,
et al. Impact of prenatal exercise on both pre-
natal and postnatal anxiety and depressive
symptoms: a systematic review and meta-anal-
ysis. Br J Sports Med 2018;52(21):1376-85.
https://doi.org/10.1136/bjsports-2018-
099697.

45.Hu Y, Zhang Y, Qi X, Xu X, Rahmani J, Bai
R, et al. Supervised mHeath Exercise Improves
Health Factors More Than Self-Directed

mHealth Exercise: A Clinical Controlled Study.
Front Public Health 2022;10:895474. https://
doi.org/10.3389/fpubh.2022.895474.

46. Laakso J, Kopra J, Koivumaa-Honkanen
H, Sirola J, Honkanen R, Kroger H, et al. Physi-
cal and mental health predicts better adherence
to exercise intervention in older women: A post-
hoc analysis. Heliyon 2024;10(11):e32128.
https://doi.org/10.1016/j.heliyon.2024.e32128.
47. Firth J, Schuch F, Mittal VA. Using exercise
to protect physical and mental health in youth
at risk for psychosis. Res Psychother. 2020;23
(1):433. Doi: 10.4081/rippp0.2020.433.

48. Bonen A, Campagna PD, Gilchrist L, Beres-
ford P. Substrate and hormonal responses dur-
ing exercise classes at selected stages of
pregnancy. Can J Appl Physiol 1995;20(4):440-
51. https://doi.org/10.1139/h95-035.

49. Barakat R, Perales M, Cordero Y, Garata-
chea N, Ruiz JR, Lucia A. Exercise during preg-
nancy. A narrative review asking: what do we
know? Br J Sports Med 2015;49(21):1377-83.
https://doi.org/10.1136/bjsports-2015-
094756.

Author and article information

From the GICAF Research Group, Department of Educa-
tion, Research and Evaluation Methods, Universidad Pon-
tificia Comillas, Madrid, Spain  (Sanchez-Polan);
Department of Obstetrics and Gynaecology. Universitat
Autonoma de Barcelona, Barcelona, Spain (Brik); Obstet-
rics Department. Maternal-Fetal Medicine Unit. Hospital
Universitari Vall d’Hebron, Barcelona, Spain (Brik); AFIPE
Research Group, Faculty of Physical Activity and Sport
Sciences-INEF, Universidad Politécnica de  Madrid,
Madrid, Spain (Silva-Jose, Zhang and Barakat); Gynecol-
ogy and Obstetrics Department, Hospital Universitario
Severo Ochoa de Leganés, Leganés, Spain (Diaz-Blanco);
Gynecology and Obstetrics Department, Hospital Univer-
sitario Puerta de Hierro de Majadahonda, Majadahonda,
Spain (Lopez de la Manzanara); Obstetrics Department,
Hospital Universitario de Torrejon, Torrejon de Ardoz,
Spain (Arias); Clinica Zuatzu, Donostia-San Sebastidn,
Spain (Alzola).

Received Sept. 15, 2025; revised Oct. 29, 2025;
accepted Oct. 31, 2025.

Data sharing information: Individual participant data
will not be shared due to it contain sensitive information
for patients.

Tweetable statement: This study, developed during
and after the COVID-19 pandemic with online and in-per-
son supervised physical activity group sessions, helps
reduce suitable cases and symptoms of depression and
anxiety.

Ethics statement: All procedures were performed in
compliance with relevant and institutional laws and
guidelines, having been approved by the Universidad
Politécnica de Madrid (UPM-2020-32/33, on date
January 23, 2020).

This work was supported by the Instituto de las
Mujeres. Ministerio de lgualdad. Spain (grant numbers
2711ACT/22, 30-1ACT-24).

The authors declare no conflict of interest.

Corresponding author: Maia Brik, MD, PhD. maia.
brik@uab.cat


https://doi.org/10.1016/j.jad.2020.07.126
https://doi.org/10.1111/1471-0528.16918
https://doi.org/10.1111/1471-0528.16772
https://doi.org/10.1111/aogs.13570
https://doi.org/10.1503/cmaj.202604
https://doi.org/10.1515/jpm-2021-0315
https://doi.org/10.3389/fphys.2021.640024
https://doi.org/10.3389/fphys.2021.640024
https://doi.org/10.3390/jcm10235501
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0028
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0028
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0028
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0028
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0028
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0028
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0028
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1016/j.jbi.2019.103208
https://doi.org/10.1002/bdr2.1747
https://doi.org/10.1016/j.ajog.2015.11.039
https://doi.org/10.1177/014662167700100306
https://doi.org/10.1177/014662167700100306
https://doi.org/10.1016/S0165-0327(02)00020-4
https://doi.org/10.1016/j.jad.2010.10.009
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0036
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0036
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0036
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0036
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0036
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0036
https://doi.org/10.29262/ram.v658i2.949
https://doi.org/10.29262/ram.v658i2.949
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0038
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0038
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0038
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0038
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0038
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0038
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0039
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0039
http://refhub.elsevier.com/S2589-9333(25)00234-4/sbref0039
https://doi.org/10.1177/17579139211018724
https://doi.org/10.1016/S1836-9553(12)70067-X
https://doi.org/10.1177/0163278714533566
https://doi.org/10.1007/s00737-021-01189-2
https://doi.org/10.1136/bjsports-2018-099697
https://doi.org/10.1136/bjsports-2018-099697
https://doi.org/10.3389/fpubh.2022.895474
https://doi.org/10.1016/j.heliyon.2024.e32128
https://doi.org/10.4081/ripppo.2020.433
https://doi.org/10.1139/h95-035
https://doi.org/10.1136/bjsports-2015-094756
https://doi.org/10.1136/bjsports-2015-094756
mailto:maia.brik@uab.cat
mailto:maia.brik@uab.cat

	Physical activity during pregnancy and depression, anxiety and stress: randomized clinical trials
	Introduction
	Material and methods
	Participants
	Intervention
	Outcomes
	Sample size
	Randomization
	Statistical methods

	Results
	Sample description
	Depression scores
	Anxiety and stress scores
	Cut-off of symptoms of mental disorders (depression and anxiety)
	Scores according to the adherence percentage
	Comparison between trials
	Maternal and infant outcomes at delivery

	Comment
	Principal findings
	Results in the content of what is known
	Clinical implications
	Research implications
	Strengths and limitations

	Conclusion
	Information of 1st Trial
	Information of 2nd trial
	CRediT authorship contribution statement
	Supplementary materials
	References




