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ABSTRACT

Introduction: Heart rate variability (HRV), reflecting autonomic nervous system activity, emerges as a valuable, non-
invasive marker for monitoring maternal and fetal health. It correlates with psychological resilience, inflammatory balance
and overall cardiovascular fitness. Although physical activity in pregnancy is widely recommended for its broad health
benefits, studies describing its effects on HRV remain limited.

Methods: We conducted a comprehensive literature search on Pubmed and Medline databases, with 20 articles selected as
relevant to the subject of the study. We included studies where HRV was measured in healthy women in singleton pregnancy
who performed various exercise modalities. We excluded the studies where pregnant women took medication which directly
affected the cardiovascular system.

Research objective: This review aims to synthesize current findings on how different types, intensity and frequency of
exercise impact HRV in pregnant women and their fetuses.

Key findings: Existing studies demonstrate that low-intensity activities, such as yoga, effectively improve maternal HRV
by enhancing parasympathetic tone. Aerobic and Moderate-to-Vigorous Physical Activity (MVPA) also contributes
positively when practiced consistently. Research additionally suggests that regular maternal exercise positively influences
fetal HRV, indicating better autonomic development and emotional regulation extending into infancy.

Conclusions: In conclusion, structured physical activity during pregnancy has the potential to optimize autonomic control
in both mothers and their offspring. HRV monitoring may serve as a useful tool for individualizing exercise prescriptions,
enhancing maternal-fetal outcomes and help shape future public health guidelines. Further research is needed to clarify
optimal exercise protocols in pregnant populations.
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Introduction

Pregnancy is associated with several changes in the body’s cardiophysiology such as increased heart-
rate (HR) at rest by 15-20 beats-per-minute, circulating blood volume by 50% and decreased blood pressure
by approximately 10 mmHg (Nakagaki et al. 2016; Breborowicz 2024). Among cardiovascular adaptations
during healthy pregnancy there is also altered autonomic function, which leans towards sympathetic activity
dominance (Nakagaki et al. 2016; Purdy et al. 2019; Jaques et al. 2024; May et al. 2016; Dietz et al. 2016;
Carpenter et al. 2015)

Heart rate variability (HRV) that is defined by the beat-to-beat variation in the duration of R-R interval
(Shaffer et al. 2014), as an indicator of autonomic nervous system (ANS) tone (May, Scholtz, et al. 2014) proves
itself a non-invasive marker in monitoring maternal and fetal health (Shaffer et al. 2014; Rowan et al. 2022) and
correlates with psychological resilience and adaptability to ever-changing circumstances of the environment
(Shaffer etal. 2014). Decreased HRYV is frequently reported in depression and anxiety disorders in pregnancy (Shea
et al. 2008) and correlate with lower parasympathetic activation which corresponds to increase in markers of
inflammation and greater risk of all-cause mortality (Thayer et al. 2010). When considering fetal HRV, according
to (May, Suminski, et al. 2014), increased fetal HRV improves motor development indices, influences body
composition and allows for a better development of speech at 2 years of age.

Physical activity has a beneficial effect on both mother and fetus (Nakagaki et al. 2016; Jaques et al.
2024; Davenport et al. 2016) such as smaller maternal weight gain (Jaques et al. 2024; Stutzman et al. 2010),
improvement in cardioautonomic control by facilitating sympathovagal balance (Jaques et al. 2024; Dietz et
al. 2016; May, Suminski, et al. 2014; Stutzman et al. 2010), as well as better fetal prognoses (Jaques et al.
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2024). Exercising also seems to reduce the incidence of gestational diabetes, hypertension and preeclampsia
(May, Suminski, et al. 2014).

As many authors have stated (Jaques et al. 2024; Dietz et al. 2016; May, Suminski, et al. 2014; Carpenter,
Emery, O. Uzun, et al. 2017; Carpenter, Emery, O Uzun, et al. 2017), there is still a shortage of studies
examining changes in HRV in relation to different exercise protocols or optimal intensity of physical activity,
especially in pregnant women. This research gap calls for evidence-based exercise recommendations for
optimizing HRV outcomes in these groups.

The aim of this study is to examine different modalities and intensities of physical exercise and
determine optimal exercise regime in pregnancy to improve autonomic control of pregnant women, as well as
their children.

Methods

For the purpose of identification of suitable studies the following databases were searched: PubMed and
Medline. Keywords used were “HRV”, “heart rate variability”, “physical activity”, “exercise”, “pregnancy”,
“pregnant”, which were subsequently connected with the logic operators (AND, OR) to ensure a broad context
of literature about the topic (detailed search query in the Appendix). Out of the searched 157 articles from
PubMed and 1097 from Medline dating from 1979 to 2025, 20 articles were selected as relevant to the topic
of this study. The majority of rejected articles didn’t meet the exact criteria of HRV measurement in pregnancy,
involving physical activity. Selected 20 studies dated from 2001 to 2024, mainly from the last 10 years. All of
the studies taken into account involved singleton healthy pregnancies, where women were not prescribed
medication that would affect heart rate or blood pressure.

There are several methods to assess HRV, RMSSD being one of the most common indices in analysed
studies. The RMSSD is the root mean square of successive differences between normal heartbeats calculated
using R-R time intervals in milliseconds (Shaffer et al. 2014). Lower RMSSD values correlate with reduced
vagal tone, implying stress or fatigue (Schmitt et al. 2015). Another frequently analyzed time-domain
parameter is SDNN, which describes standard deviation of N-N intervals. SDNN is influenced both by
parasympathetic and sympathetic nervous system, where higher SDNN values indicate better autonomic
balance and lower signify poor cardiovascular health or stress. Most common frequency-domain parameters
include low frequency-power (LF), high frequency power (HF) and LF/HF ratio. LF is strongly linked to the
baroreflex function and describes both sympathetic and parasympathetic influence. HF reflects vagal activity
and is directly linked to respiration. Higher LF and HF values indicate better autonomic control. LF/HF ratio
is used as a marker of sympathetic vs parasympathetic dominance, higher LF/HF meaning decreased vagal
tone. Among other HRV indices, very-low-frequency power (VLF) is associated with hormonal balance and
inflammation, where increased VLF reflects sympathetic domination and decreased inflammatory response
(Shaffer et al. 2014).

HRYV measurement techniques varied across included studies. Most commonly, HRV was assessed via
electrocardiography (ECG), though some studies utilized wearable monitors such as electronic watches or
bands, as well as magnetocardiography (MCG) to measure fetal HRV specifically. The duration of HRV
recording ranged from short-term recording sessions (5-10 min resting state recordings) to 24/7 at-home
monitoring. Time-domain (e.g., RMSSD, SDNN) and frequency-domain (e.g., LF, HF, LF/HF ratio) were
reported inconsistently across studies. Furthermore, data collection protocols differed with regard to participant
posture (e.g., supine, seated), breathing control, and timing in relation to physical activity. These
methodological differences were taken into account during data synthesis and interpretation.

e-ISSN: 2544-9435 3



1(49) (2026): International Journal of Innovative Technologies in Social Science

Analysis of the literature
Available studies were analysed by type of exercise (aerobic/Moderate-to-Vigorous Physical Activity -
MVPA, strength training, yoga, walking, mixed), intensity, duration and frequency of performed physical
activity, as well as the impact on mother and fetus independently. Analyzed studies were briefly described in

Table 1.
Table 1.
No Study Type and intensity of exercise Regularity
Effect of integrated yoga on stress and heart rate|  Yoga vs prenatal exercises
1 variability in pregnant women - Satyapriya et al.| combined with deep relaxation Once a week
’ International Journal of Gynecology & techniques (DRT) and supine
Obstetrics 2009 rest respectively; low intensity
The Effects of Exercise Conditioning in Normal
and Overweight Pregnant Women on Blood . . .
2 Pressure and Heart Rate Variability - Stutzman Walking; low-intensity > days a week up to 3 km
et al. Biological Research For Nursing 2010
Influence of somatic state on cardiovascular 4 sessions: at the end of
3. measurements in pregnancy - D’Silva et al. | Stepping exercise; low-intensity | each trimester and post-
Physiological Measurement 2014 partum
. Che}nges in heart rate Va}rmblhty and QT 4 sessions: at the end of
variability during the first trimester of pregnancy . . . . )
4. . . Stepping exercise; low intensity | each trimester and post-
- Carpenter et al. Physiological Measurement
partum
2015
Effects of Stretching Exercise on Heart Rate
5. Variability During Pregnancy - Logan et al. Stretching; low-intensity Single session
Journal of Cardiovascular Nursing 2017
Effect of Prenatal Yoga on Heart Rate Yoga group: 90 min once
6 Variability and Cardio-Respiratory Yoga; low-intensity VS walking; a week;
’ Synchronization: A Prospective Cohort Study - moderate-intensity Walking group: 3 30-
Zebeljan et al. Journal of Clinical Medicine 2022 min-sessions
Effect of Prenatal Yoga versus Moderate-
Intensgy Walking on Cardlorqsplratory Yoga; low-intensity VS walking; Yoga group: ?O min once
7. Adaptation to Acute Psychological Stress: moderate-intensi a week; Walking group: 3
Insights from Non-Invasive Beat-to-Beat vy 30-min-sessions
Monitoring - LuCovnik et al. Sensors 2024
Effects of Exercise During Pregnancy on
8. Maternal Heart Rate and Heart Rate Variability -| Aerobic; Moderate intensity 3x a week
May et al. PM&R 2016
Maternal cardioautonomic responses during and
9 following exercise throughout pregnancy - MVPA - Moderate-to-vigorous Sinele session
’ Purdy et al. Applied Physiology, Nutrition, and Physical Activity &
Metabolism 2019
Monitoring one heart to help two: heart rate
variability qnd restlng heart rate using Wea.rable Recorded minutes of
10. technology in active women across the perinatal MVPA activity on a dailv basis
period - Rowan et al. BMC Pregnancy and Y y
Childbirth 2022
Influence of antenatal physical exercise on heart %8 mmute.s of recumbent . .
L . cycling, 10 minutes of stretching| 4 sessions: at the end of
rate variability and QT variability - Carpenter et . . )
1. and toning exercises and 15 | each trimester and post-
al. The Journal of Maternal-Fetal & Neonatal | . . .
.. minutes of pelvic floor exercises; partum
Medicine 2017 . .
moderate intensity
. . 18 minutes of recumbent
Influence of physical exercise on baroreceptor . . . .
o . cycling, 10 minutes of stretching| 4 sessions: at the end of
sensitivity during pregnancy - Carpenter et al. . . .
12. and toning exercises and 15 | each trimester and post-
The Journal of Maternal-Fetal & Neonatal . . S
. minutes of pelvic floor exercises; partum
Medicine 2017 . .
moderate intensity

e-ISSN: 2544-9435




1(49) (2026): International Journal of Innovative Technologies in Social Science

No

Study

Type and intensity of exercise

Regularity

13.

Effects of human pregnancy on cardiac
autonomic function above and below the
ventilatory threshold - Avery et al. Journal of
Applied Physiology 2001

Cycling on a cycloergometer;
Moderate to high intensity

Single session

14.

Differences in autonomic neural activity during
exercise between the second and third trimesters
of pregnancy - Nakagaki et al. Journal of
Obstetrics and Gynaecology Research 2016

Cycling; moderate intensity

Single session

15.

Aecrobic exercise during pregnancy influences
fetal cardiac autonomic control of heart rate and
heart rate variability - May et al. Early Human
Development 2010

Aerobic; moderate intensity

30 min 3x/a week

16.

Regular Maternal Exercise Dose and Fetal Heart
Outcome - May et al. Medicine & Science in
Sports & Exercise 2012

Mixed, mostly aerobic

Recorded minutes of
activity on a daily basis

17.

Fetal cardiac autonomic control during breathing
and non-breathing epochs: The effect of
maternal exercise - Gustafson et al. Early
Human Development 2012

MVPA

30 min 3x/a week

18.

Maternal physical activity mode and fetal heart
outcome - May et al. Early Human Development
2014

Mixed; continuous and
intermittent Leisure-Time
Physical Activity (LTPA)

Recorded minutes of
activity on a daily basis

19.

Aerobic exercise during pregnancy influences
infant heart rate variability at one month of age -
May et al. Early Human Development 2014

Aerobic; moderate intensity

30 min for 3x/week

20.

Preliminary findings of emotion regulation in
12-month-old infants of mothers enrolled in a
randomized controlled trial assessing a nutrition
+ exercise intervention - Mortaji et al.

10 000 steps/day + walking
program; low intensity

walking program 25 min
for 3-4x/week

Developmental Psychobiology 2023

Maternal HRV

In terms of exercise type, the effects of yoga were the most consistent among studies in raising HRV in
pregnant women (Satyapriya et al. 2009; Luéovnik et al. 2024; Zebeljan et al. 2022). Satyapriya et al. reported
increased parasympathetic activity and stress reduction in women practicing integrated yoga approach on a
regular basis. In the same study, stretching or prenatal exercises tested similarly to yoga, decreasing LF/HF
ratio and increasing vagal tone in 20 weeks of gestation, with the effects enhanced in 36 weeks of gestation
for the yoga group. Even a single session of stretching might bring benefits to balancing HRV, significantly
increasing SDNN and RMSSD (Logan and Yeo 2017). Other studies examining low-intensity exercise
modalities in the first trimester of pregnancy such as stepping exercise (Carpenter et al. 2015; D’Silva et al.
2014) performed for 6 minutes as a part of the measurement protocol, didn’t agree as to whether short gentle
forms of exercise impact HRV indices, shifting the autonomic tone towards sympathetic or parasympathetic
domination, however it must be of note that in those studies only response to exercise performed during one-
per-trimester session was measured. Stutzman et al. found that low-intensity walking helped mitigate HRV
decline over gestation both in normal-weight and overweight women. Interestingly, it also showed sharper
decline in HF power at rest (after low-intensity single-session cycloergometer exercise) in the control group
than in the walking group, implying better autonomic regulation in women enrolled in the walking program.

Commonly recommended in pregnancy (Kwiatkowska et al., 2023; “Physical Activity and Exercise During
Pregnancy and the Postpartum Period” ACOG Committee Opinion, 2020), also connected with improved HRV in
non-pregnant populations (Manresa-Rocamora et al. 2021), aerobic exercise has been examined in several studies
in terms of optimizing autonomic balance. According to Rowan et al. physical activity improved HRV, diminishing
the HRV drop seen in pregnancy. Another study (Purdy et al. 2019) suggested better HRV recovery after MVPA
in pregnant women than in non-pregnant controls. Moreover, measurements before and after PA showed higher
sympathetic tone at rest in pregnancy, however during peak exercise pregnant women experienced less sympathetic
activation than non-pregnant ones. These findings support exercise safety in pregnancy. The effect of improved
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autonomic function in women who performed aerobic training regularly was even more pronounced in women with
lower pre-pregnancy BMI (May et al. 2016).

Additionally, several authors considered an impact of mixed forms of exercise on HRV in pregnant
women. However, in studies by Carpenter et al. 2017 where women performed mixed forms of exercise
(cycling, toning, stretching and pelvic floor exercises) once a week, researchers showed a decline in
parasympathetic tone reflected in RMSSD and HF in exercising pregnant women compared to those that didn’t.

As aforementioned studies revealed, although short-term HRV might be blunted in the recovery period
after exercise (Purdy et al. 2019), long-term maternal HRV response (May et al. 2016; Rowan et al. 2022) and
the effect on the fetus (May, Scholtz, et al. 2014; Mortaji et al. 2023) were consistently positive across the
studies examining regular moderate PA.

Studies on high-intensity training in pregnancy are limited in the context of HRV changes, although
(Avery et al. 2001) showed that during a single session of high-intensity training sympathetic response was
blunted in pregnant women as opposed to non-pregnant. Conversely, sympathetic activity during a single-
session vigorous physical activity in the 3rd trimester was increased in comparison to the 2nd trimester, which
raises concerns about strenuous exercise in otherwise sedentary women (Nakagaki et al. 2016). Although it is
unclear whether higher exercise volume (>150 min/week) leads to better HRV outcomes, it seems that with
increasing cumulative duration of exercise, the beneficial effects increased as well (May et al. 2012).

Fetal HRV

After analyzing maternal HRV changes, we next turn to the effects of physical activity on fetal
autonomic control. (May, Suminski, et al. 2014) studied fetal HRV and divided activities performed by
pregnant women in two groups - continuous and intermittent leisure-time physical activities (LTPA), where
examples of continuous LTPA were jogging and walking; while for intermittent - strength training and yoga.
Continuous LTPA showed positive correlation with fetal HRV observed in SDNN, VLF, LF and HF
parameters, while impact of intermittent LTPA was significantly less prominent, although a positive
correlation between intermittent LTPA and SDNN could be found. In this study by (May et al. 2012) HRV of
the fetus was measured and fetal overall SDNN values significantly improved (increase of 0,5% for every hour
of exercise and 4% increase for every unit of intensity), RMSSD values improved as well (0,5% for every
additional hour of exercise). In a similar manner, (May et al. 2010) showed that aerobic training 3x/a week for
30 minutes had beneficial effects on fetal HRV at 36 week GA on all studied HRV indices. Regular maternal
PA also had long-lasting positive effects on infant cardiac autonomic control (May, Scholtz, et al. 2014) and
emotional regulation (Mortaji et al. 2023). Influence of aerobic exercise in pregnancy can also be seen during
fetal in utero breathing movements, improving fetal vagal tone as well as reducing sympathetic withdrawal,
possibly resulting in improved autonomic balance and ANS development (Gustafson et al. 2012).

Discussion

What is worth remembering is that pregnancy itself impacts HRV in women 32-34 (Mishra et al. 2024;
Sarhaddi et al. 2022; Bossung et al. 2023) - HRV time-domain parameters decline slowly throughout pregnancy,
reaching nadir 5-10 weeks before delivery, then recover. As to frequency-domain parameters, LF and HF decrease
during the 2nd trimester, while in the 3rd trimester and post-partum HF increases. HRV parameters were observed
to come back to pre-pregnancy levels 3 months after delivery, although optimal follow-up time of 6 months after
giving birth is suggested (Heiskanen et al. 2008). Interestingly, higher level of education correlated with increased
SDNN, RMSSD and HF indices (Sarhaddi et al. 2022), which may be due to lower levels of stress in highly educated
women (Fiocco et al. 2007; Cardwell 2013). Age correlated negatively with all measured HRV parameters, except
LF/HF (Shaffer and Ginsberg 2017). The link between BMI and HRV values was not clearly defined (Sarhaddi et
al. 2022). Another factor to consider is twin pregnancies, where vagal influence is significantly decreased (lower
RMSSD, SDNN and HF) (Meah et al. 2021).

There is also evidence that during acute exercise in the 3rd trimester, women experience increased
sympathetic activation, in comparison to the 2nd trimester (Nakagaki et al. 2016). Regular exercise modifies
these trends, slowing down the HRV decline in the 1st trimester and then reducing late HRV increase (Rowan
et al. 2022). Low-intensity exercise and relaxation might also have statistically more pronounced effects in the
3rd trimester (Satyapriya et al. 2009).
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Conclusions

Although HRV in healthy pregnancy declines in comparison to non-pregnant women, regular physical
activity can improve HRV outcomes, restoring autonomic balance and improving parasympathetic tone. This
effect was the most prominent in women performing low-intensity PA such as yoga, stretching or walking,
especially connected with relaxation techniques. As to aerobic or MVPA, regularity of exercise is the key
factor in achieving beneficial HRV changes. Conversely, if the activity wasn’t regularly repeated, it had a
detrimental impact on HRV indices, signifying increased sympathetic domination and stress. Additionally,
there is evidence that short-term sympathetic response to exercise in the 3rd trimester is blunted, indicating
that the organism might have a decreased ability to adapt to high-intensity training during this period. Although
strength training might also bring benefits, evidence points mainly to exercise supporting cardiovascular health,
such as aerobic, or low-intensity training. It is yet unclear whether HIT brings additional benefits regarding
HRYV, due to shortage of studies on this topic in the pregnant population. However, in terms of fetal HRV,
physical activity performed in pregnancy seems to have a cumulative positive effect on fetal cardioautonomic
control and autonomic system development, possibly through epigenetic factors, although more studies would
be needed to determine this hypothesis. Moreover, the positive impact of physical activity persisted to infancy,
improving emotional regulation in children. To summarize, HRV might be useful in monitoring exercise safety
in pregnancy, helping to identify physical training overload, as well as following the changes and trends in
HRYV indices as the indicators of autonomic nervous system adaptation to ongoing pregnancy.

This review summarizes the available evidence on the influence of different exercise modalities and
intensities, as well as timing of PA during pregnancy. Notable strengths of this review are the comprehensive
search strategy and focus on both maternal and fetal outcomes. However, due to heterogeneity of study designs,
small sample sizes and differences in HRV measuring tools and protocols might limit the ability to draw
definitive conclusions.

The relationship between HRV and different exercise modalities across pregnancy still requires more
research, especially regarding the impact of strength and high-intensity training on HRV indices, as well as
studying larger groups of pregnant women (preferably in randomized controlled trials) across pregnancy stages.
There are also some inconsistencies across HRV monitoring methods, which require standardization in future
studies. The integration of HRV monitoring into clinical practice might help personalize physical activity
intervention in the form of individual ‘exercise prescription’ and enable HRV-guided training approach to
maximize positive HRV outcomes, both maternal and fetal. Additionally, acquired data might be of value in
terms of creating future exercise recommendations in pregnancy or public health programs focused on
optimizing cardiovascular health of the future generations.

Appendix

((("heart rate"[MeSH Terms] OR ("heart"[All Fields] AND "rate"[All Fields]) OR "heart rate"[All
Fields]) AND ("variabilities"[All Fields] OR "variability"[All Fields] OR "variable"[All Fields] OR "variable
s"[All Fields] OR "variables"[All Fields] OR "variably"[All Fields])) OR "hrv"[All Fields]) AND
("pregnancy"[MeSH Terms] OR "pregnancy"[All Fields] OR "pregnancies"[All Fields] OR "pregnancy s"[All
Fields] OR ("pregnant"[All Fields] OR "pregnants"[All Fields])) AND ("exercise"[MeSH Terms] OR
"exercise"[All Fields] OR ("physical"[All Fields] AND "activity"[All Fields]) OR "physical activity"[All
Fields] OR ("exercise"[MeSH Terms] OR "exercise"[All Fields] OR "exercises"[All Fields] OR "exercise
therapy"[MeSH Terms] OR ("exercise"[All Fields] AND "therapy"[All Fields]) OR "exercise therapy"[All
Fields] OR "exercising"[All Fields] OR "exercise s"[All Fields] OR "exercised"[All Fields] OR "exerciser"[All
Fields] OR "exercisers"[All Fields]))
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