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Abstract

Background

Stress during pregnancy is detrimental to maternal health, pregnancy and birth outcomes

and various preventive relaxation interventions have been developed. This systematic

review and meta-analysis aimed to evaluate their effectiveness in terms of maternal mental

health, pregnancy and birth outcomes.

Method

The protocol for this review is published on PROSPERO with registration number

CRD42020187443. A systematic search of major databases was conducted. Primary out-

comes were maternal mental health problems (stress, anxiety, depression), and pregnancy

(gestational age, labour duration, delivery mode) and birth outcomes (birth weight, Apgar

score, preterm birth). Randomized controlled trials or quasi-experimental studies were eligi-

ble. Meta-analyses using a random-effects model was conducted for outcomes with suffi-

cient data. For other outcomes a narrative review was undertaken.

Result

We reviewed 32 studies comprising 3,979 pregnant women aged 18 to 40 years. Relaxation

interventions included yoga, music, Benson relaxation, progressive muscle relaxation
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(PMR), deep breathing relaxation (BR), guided imagery, mindfulness and hypnosis. Inter-

vention duration ranged from brief experiment (~10 minutes) to 6 months of daily relaxation.

Meta-analyses showed relaxation therapy reduced maternal stress (-4.1 points; 95% Confi-

dence Interval (CI): -7.4, -0.9; 9 trials; 1113 participants), anxiety (-5.04 points; 95% CI: -8.2,

-1.9; 10 trials; 1965 participants) and depressive symptoms (-2.3 points; 95% CI: -3.4, -1.3;

7 trials; 733 participants). Relaxation has also increased offspring birth weight (80 g, 95%

CI: 1, 157; 8 trials; 1239 participants), explained by PMR (165g, 95% CI: 100, 231; 4 trials;

587 participants) in sub-group analysis. In five trials evaluating maternal physiological

responses, relaxation therapy optimized blood pressure, heart rate and respiratory rate.

Four trials showed relaxation therapy reduced duration of labour. Apgar score only improved

significantly in two of six trials. One of three trials showed a significant increase in birth

length, and one of three trials showed a significant increase in gestational age. Two of six tri-

als examining delivery mode showed significantly increased spontaneous vaginal delivery

and decreased instrumental delivery or cesarean section following a relaxation intervention.

Discussion

We found consistent evidence for beneficial effects of relaxation interventions in reducing

maternal stress, improving mental health, and some evidence for improved maternal physio-

logical outcomes. In addition, we found a positive effect of relaxation interventions on birth

weight and inconsistent effects on other pregnancy or birth outcomes. High quality ade-

quately powered trials are needed to examine impacts of relaxation interventions on new-

borns and offspring health outcomes.

Conclusion

In addition to benefits for mothers, relaxation interventions provided during pregnancy

improved birth weight and hold some promise for improving newborn outcomes; therefore,

this approach strongly merits further research.

Introduction

Stress, defined as “a state of mental discomfort, unpleasant feeling, worry or tension”, when occur-

ring during pregnancy is a major public health problem in low- and middle-income countries

(LMICs), associated with adverse maternal health, pregnancy and birth outcomes [1, 2]. Stress

occurs when a demand to deal with internal or external cues/stressors exceeds the coping skills

and resilience of individuals [3]. Common stressors during pregnancy include physical stressors,

such as illness and discomfort, changes in lifestyle, poor social support, unplanned pregnancy, low

financial income, role transitions, hormonal and physiological changes, anticipation of labour and

delivery, and intimate partner violence during and after pregnancy [4, 5]. Stress can be acute, epi-

sodic/transient or chronic, depending on the type and nature of stressors [6].

The human body stores unresolved psychological stress in the musculoskeletal system,

mainly in the scalp, neck, back, chest, abdomen and extremities [7]. This can result in sus-

tained contraction of the muscles which interferes with normal physiological functions [7].

The resulting stress response in the body involves psychological (mental, emotional or behav-

ioral) and/or physiological responses (blood pressure, heart rate, respiratory rate and body

temperature) [8]. Biologically, stress activates the Hypothalamus-Pituitary-Adrenal (HPA)
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axis and the immune system through which it increases circulating glucocorticoids and pro-

inflammatory markers [8]. Stress-induced glucocorticoid in the brain interferes with normal

neurogenesis and synaptic plasticity leading to impaired functions of the nervous system

which can result in mental illness [9–11]. This is recognized as the body-mind connection

[12–14] whereby the body and the mind work together to maintain optimal psychological

equilibrium and physiological homeostasis.

Stress during pregnancy can negatively impact maternal health and well-being [15] and

generally increases the risk of non-communicable diseases such as hypertension, diabetes, car-

diovascular problems, anxiety and depression [16]. Nearly one in three women globally [17],

and more than half of women in LMICs experience stress during their pregnancy [17–20]. In

Ethiopia, pregnant women experience higher levels of psychological stress compared to non-

pregnant women and also exhibit lower resilience [18]. Globally, 15 to 25% of women experi-

ence high levels of anxiety or depressive symptoms during pregnancy [21, 22], with higher esti-

mates from studies conducted in LMICs [22, 23]. Stress during pregnancy can affect the

maternal immune system and increase the risk of infection and inflammatory diseases leading

to maternal physical ill-health during and after pregnancy [8]. Antenatal stress and maternal

mental disorders can adversely affect normal growth and development of the fetus and result

in unfavorable pregnancy, obstetric and birth outcomes [15, 23, 24]. It can also influence the

post-natal physical, mental and neurobehavioral health of the offspring, potentially leading to

an increased risk of non-communicable diseases including mental illness later in life [24].

Several intervention modalities, including psychotropic medications, relaxation therapy

and psychosocial and counseling therapies have been tested to reduce stress and improve the

mental health of pregnant women [25]. Treatment of anxiety or depression with psychotropic

medications during pregnancy or lactation carries potential risks for the mother and her off-

spring and has low acceptability [25]. Thus non-pharmacological interventions, such as

counseling or relaxation therapies, are preferred for stress management during pregnancy [26,

27]. However, no comprehensive review of evidence is available on the effectiveness of relaxa-

tion interventions provided during pregnancy on maternal and neonatal health outcomes.

This paper therefore aimed to systematically synthesize evidence on the effects of relaxation

interventions on maternal stress and mental health during pregnancy and on pregnancy and

birth outcomes.

Methods

Protocol registration

The protocol for this review was registered at PROSPERO International prospective register of

systematic reviews and can be accessed at: https://www.crd.york.ac.uk/prospero/display_

record.php?ID=CRD42020187443.

Article selection

The review process followed the Preferred Reporting Items for Systematic Review and Meta-

Analysis (PRISMA) guideline [28]. To identify relevant articles, a three-step search strategy

was employed. In the first step, key free text and MeSH terms were identified and developed.

Then a comprehensive search was conducted in the following major databases: PubMed,

EMBASE Classic + EMBASE (Ovid), MEDLINE in-process and non-indexed citations, MED-

LINE daily, and MEDLINE (Ovid), Cumulative Index to Nursing & Allied Health Plus

(CINAHL via EBSCO) and the Cochrane library. In addition, a manual search was conducted

to identify further relevant studies from the reference lists of identified studies. Unpublished

and grey literature were excluded.
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The search terms were developed with a combination of key words relating to the study

population, intervention types and outcome indicators, as follows. (“Pregnant women” OR

“pregnancy” OR “prenatal” OR “prenatal care” OR “mother” OR “antenatal” OR “antenatal

care” OR “maternal” OR “maternal care”) AND (“Relaxation therapy” OR “Mindfulness ther-

apy” OR “Progressive muscle relaxation (PMR) therapy” OR “Music therapy” OR “Exercise

therapy” OR “deep breathing relaxation therapy” OR “Meditation therapy” OR “hypnosis ther-

apy” OR “relaxation lighting”), AND ("Stress" OR "distress" OR "anxiety" OR "depression" OR

"Birth-weight" OR “birth weight” OR “birth outcome” OR “Apgar”, “Apgar score”, “Gesta-

tion”, OR “Gestational age at birth”).

Studies were eligible if they employed Randomised Controlled Trial (RCT) or quasi-experi-

mental designs, applied a relaxation intervention during pregnancy or labour, were published

in English, and reported one or more of the outcomes of interest specified in our search strat-

egy. Observational studies (case reports, cross-sectional and cohort studies) and editorials or

opinion pieces were excluded.

PICO. Population: apparently healthy pregnant women.

Intervention/exposure: stress reduction relaxation therapy. Any form of relaxation interven-

tion, whether mind-based (tapes, music, meditation) or physical/body-based (massage, stretch

or exercise) including progressive muscle relaxation (PMR) and deep breathing exercises, that

were applied during pregnancy with the aim of reducing stress and promoting mental health.

Comparators/controls: pregnant women who did not receive a stress-reduction relaxation

intervention but who received treatment as usual.

Outcomes: the main outcomes were measures of stress (self-report, physiological or bio-

chemical), mental health problems (anxiety or depressive symptoms), obstetrics/pregnancy

outcomes (gestational age, mode of delivery, duration of labour), birth outcomes (birth weight,

birth length, Apgar score) and maternal physiology (vital signs).

Timing of outcome measures: studies that measured the outcome during, immediately

after, or some weeks or months after the intervention were included.

Study screening process. The literature search was concluded on 26 August 2023. To

decide on inclusion, the articles were first screened by title and then by abstract using the eligi-

bility criteria. Full texts of the selected articles were then assessed based on the inclusion and

exclusion criteria. Two authors (MA and BD) screened all articles for eligibility. Any queries

were discussed with one additional author (AW) to reach a consensus. The screening process

and reasons for exclusion are documented.

Methodological quality assessment. Two independent assessors (BD and MA) evaluated

the methodological quality of studies in terms of randomization, masking and availability of

descriptions for withdrawal and dropout of all participants based on the modified Jadad scor-

ing scale [29] and the modified Delphi List Criteria [30] to assess the overall quality of the stud-

ies. Using the Cochrane Collaboration’s Assessment checklist [31], the risk of bias was assessed

and rated as low, high or unclear for individual elements relating to five domains (selection,

performance, attrition, reporting and other). The criterion on blinding was excluded as it is

usually impossible to conduct relaxation therapy while blinding the participant or the care pro-

viders. S1 Table shows risk of bias assessment for all included studies.

Data extraction

The findings were extracted using a standard data extraction form prepared by the study team.

Data were extracted in two phases. In the first phase, citation details (author name, publication

year, design, sample size, setting, population, intervention, comparison and outcomes) were

extracted. In the second phase, the intervention results by group were extracted.
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Strategy for data synthesis

To obtain the pooled effects of the interventions, we conducted meta-analysis on the following

outcomes for which there were an adequate number of studies with sufficiently ’similar’ out-

comes that could be pooled meaningfully: maternal stress, anxiety, depressive symptoms and

birth weight (BW). We used the mean difference (MD) with the reported Standard Deviation

(SD) of the outcome as a measure of effect size for each of the included studies. For the meta-

analysis, the raw mean difference (D), with 95% CI across studies that measured the same out-

come (depression with Edinburgh Postnatal Depression Scale (EPDS) or stress with Perceived

Stress Scale (PSS), anxiety with State-Trait Anxiety Inventory (S-TAS) and birth weight in

grams) was examined and presented. Sub-group analyses were performed to examine the exis-

tence of significant differences among studies that used different relaxation methods for any

given outcome of interest. We assessed heterogeneity with the Cochrane’s Q test and tau-

squared (T2) and measured inconsistency (the percentage of total variation across studies due

to heterogeneity) of effects across relaxation interventions using the I2 statistic. Publication

bias was assessed using regression based on Egger’s test. For all meta-analyses, random effects

model using restricted maximum likelihood estimates (REML) were employed. Statistical sig-

nificance was defined as P< 0.05. Stata version 16 software (College Station, Texas 77845

USA) was used for the meta-analyses and for visualizing the forest plots.

For outcomes where meta-analysis was not possible because of inadequate number of stud-

ies and small sample size, a narrative synthesis of the reviewed articles on the effect of the inter-

ventions on each outcome of interest was performed and reported. S2 Table shows the

preferred reporting items for systematic review and meta-analysis we followed to report the

findings.

Results

Search results: Final reviewed studies

A total of 32 studies were included in the systematic review. See Fig 1 for the flow diagram.

Four of the reviewed studies were quasi-experimental [32–35] and one was a non-random-

ized clinical trial [36]. The remaining 27 studies were RCTs. Among the 27 RCTs, 9 trials

reported on maternal perceived stress during pregnancy using PSS [37–45], 13 trials reported

on anxiety during pregnancy using the State-Trait Anxiety Inventory (S-TAI) [37, 38, 40, 42,

45–53], 7 trials reported on antenatal and postnatal depression using the Edinburgh Postnatal

Depression Scale (EPDS) [32, 38, 44, 48, 49, 51, 54], and 8 trials reported on birth weight in

grams or kilograms [33, 51, 55–60]. In addition, two trials reported the effects of antenatal

relaxation on postnatal stress, anxiety and depression using the Depression, Anxiety and Stress

Scale (DASS) [32, 34], three trials reported symptoms of maternal anxiety during labour and

24 hours postnatal using the Visual Analogue Scale for Anxiety (VAS-A) [54, 55, 61] and one

trial reported anxiety using the pregnancy-related anxiety questionnaire [62]. Six trials

reported on Apgar score [33, 51, 55–57, 60], three trials reported on gestational age (GA) [51,

58, 60], six trials reported on mode of delivery [33, 50–52, 55, 58], and four trials reported on

duration of labour [50, 52, 55, 57].

Study context/settings

Four of the studies were from a lower middle-income countries (India = 3, Egypt = 1), 14 from

upper-middle-income countries (China = 1, Thailand = 1, Indonesia = 1, Turkey = 2, Malay-

sia = 3, Iran = 6), and 14 were from high-income countries (HIC; United States of America = 2,

United Kingdom = 1, Germany = 1, Switzerland = 1, Greece = 1, Spain = 3, Taiwan = 5).
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Trials examining outcomes of maternal stress, anxiety or depressive symptom were from

USA = 2, UK = 1, Switzerland = 1, Greece = 1, Turkey = 2, China = 1, Spain = 2, India = 3,

Egypt = 1, Indonesia = 1, Malaysia = 2, Iran = 4 and Taiwan = 5. Trials on birth outcomes

were from India = 1, Turkey = 1, Thailand = 1, Malaysia = 1, Spain = 1 and Iran = 3. There

were no published studies from sub-Saharan Africa or from other Low-Income Countries

(LIC).

Risk of bias within and across studies

Most studies had a low risk of selection, random allocation, concealment or other sources of

bias. However, most studies had unclear risks on reporting bias (selective reporting of out-

comes). S1 Table shows the risk of bias assessment findings for each of the studies.

Characteristics of relaxation methods

The reviewed articles used one or a combination of the following relaxation methods:

yoga = 5, music = 12, PMR/BR = 8, mindfulness = 4, hypnosis = 3, Benson relaxation with

music = 1 and Benson relaxation alone = 1. The duration of interventions ranged from as

short as a 10-minute brief experimental intervention to 6 months of daily relaxation practice.

Table 1 provides a detailed description and summary of information on the included studies.

Fig 1. PRISMA flow chart showing literature search results and study selection process.

https://doi.org/10.1371/journal.pone.0278432.g001
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Intervention outcomes

Maternal mental health. The effects of relaxation interventions on maternal mental

health was examined in relation to symptoms of stress, anxiety or depression during the ante-

natal or postnatal periods.

Maternal stress. Nine trials (one of which reported stress at two time points) reported on

the effectiveness of relaxation therapy on maternal stress symptoms using the PSS [37–45] and

2 trials using the DASS scale [32, 34]. Interventions applied were music therapy, meditation,

mindfulness-based childbirth and parenting program, yoga, hypnosis, and PMR/BR.

A meta-analysis of the 9 trials (n = 1160 participants) using PSS mean and SD showed that

relaxation interventions during pregnancy had a significant effect on reducing maternal per-

ceived stress during pregnancy (overall mean difference (MD): -4.1; 95% CI: -7.4, -0.9)). In a

subgroup analysis, only music therapy as a group significantly reduced maternal stress (MD:

-.8, 95% CI: -1.53, -0.05), but not other relaxation methods. There was high level of heteroge-

neity among the studies (I2 = 97.8%, P<0.01). Output of the meta-analysis on stress is provided

in Fig 2.

Fig 2. Forest plot and subgroup analysis for raw mean difference of studies on the effects of relaxation interventions on maternal

stress measured using the perceived stress scale (PSS).

https://doi.org/10.1371/journal.pone.0278432.g002
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Maternal anxiety. Anxiety symptoms were reported in 13 trials [37, 38, 40, 42, 45–53] using

the STAI, two trials using the DASS [32, 34], three using the VAS-A scale) [54, 55, 61] and one

using pregnancy related anxiety questionnaire [62].

Eleven of the 13 trials reported mean and SD using S-STAI (two of which reported anxiety

at two time points). Meta-analysis of the 11 trials (n = 1965 participates) showed that relaxa-

tion interventions provided during pregnancy were effective in reducing symptoms of mater-

nal anxiety (overall MD: -5.04; 95% CI: -8.2, -1.9). In a subgroup analysis, only music therapy

as a group showed a significant effect in reducing anxiety by 6 points (MD: -5.8; 95% CI: -9.1,

-2.4), but not other relaxation methods. The trials were highly heterogeneous (I2 = 97.1%,

p<0.01). The output of the meta-analysis on anxiety is provided in Fig 3.

The other 3 trials that were not included in the meta-analysis (because they did not reported

mean and SD) were also effective in reducing symptoms of anxiety during pregnancy [34],

labour [55, 61], and during the 24 hours [54] and 2 months postnatal [32] periods.

Maternal depressive symptoms. Seven trials examined effects of relaxation interventions

provided during pregnancy on maternal depressive symptoms measured using the EPDS [32,

Fig 3. Forest plot and subgroup analysis for raw mean difference of studies on the effects of relaxation interventions on antenatal

anxiety score using S-TAI.

https://doi.org/10.1371/journal.pone.0278432.g003
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38, 44, 48, 49, 51, 54]. Specific relaxation methods included in this section were yoga, Mindful-

ness-Based Childbirth and Parenting (MBCP) Music and PMR interventions.

Six of the 7 trials reported mean and SD using EPDS (one of which reported depression at

two time points). Meta-analysis of the six trials (n = 933 participants) using EPDS mean and

SD showed that relaxation interventions during pregnancy are effective in reducing maternal

depressive symptoms (overall MD: -2.3; 95% CI: -3.4, -1.3) in the intervention compared to

the control group. In a subgroup analysis, Music therapy as a group showed association with

reduced depressive symptoms (MD: -2.2; 95% CI: -3.8, -0.06). The trials were found to be het-

erogeneous (I2 = 83.4%, P<0.01). The effects of relaxation interventions in improving depres-

sion also persisted to immediate one week postnatal [55] and the two month postnatal [32]

period. Output of the meta-analysis on depressive symptoms is provided in Fig 4.

Newborn outcomes. Birth weight (mean, SD) as an outcome was reported in 8 trials [33,

51, 55–60]. The meta-analysis of the 8 trials (n = 1239 participants) indicated that relaxation

interventions improved birth weight (overall MD = 80; 95% CI: 1, 157). Subgroup analysis

showed that only PMR/BR, but not other relaxation methods, increased birth weight signifi-

cantly (MD = 165; 95% CI: 100, 231) in the intervention compared to the control group. The

subgroup analysis showed significant heterogeneity among the studies (I2 = 63.0%, P = 0.03).

Output of the meta-analysis on birth weight is provided in Fig 5.

Apgar score as outcome was measured in 6 trials [33, 51, 55–57, 60]. A study in Turkey

reported 100% of neonates born to mothers in the relaxation group (music therapy) compared

to 93.8% of neonates born to mothers in the control group scored 9/10 (p = 0.05) for Apgar

Fig 4. Forest plot and subgroup analysis for raw mean difference of studies on the effects of relaxation interventions on

depressive symptoms using EPDS.

https://doi.org/10.1371/journal.pone.0278432.g004
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score at 5 minute evaluation [55]. The trial in Malaysia reported a significant difference in

Apgar score at 1 minute evaluation where 96% of neonates born to mothers in the relaxation

(hypnosis) group scored 9 compared to 73% of neonates born to mothers in the control group

[33]. The other trials showed no effect on Apgar score either at 1 or 5 minute evaluation [51,

56, 57].

Gestational age as an outcome was reported in three trials [51, 58, 60]. In India, relaxation

significantly increased gestational age at birth (38.0 (±3.6) weeks in the relaxation group vs

37.2 (±4.2) weeks in the control group, p = 0.04). The same trial reported that the percentage

of preterm births was significantly lower in the relaxation group (11.5%) compared to the con-

trol group (20.3%) (p = 0.01) [51]. However, studies in Iran reported no significant effect of

relaxation therapy on gestational age, but the sample size for this trial was small [58, 60]. New-

born length at birth was reported in three trials; one of which reported increased birth length

in the relaxation group (mean difference 3.5 centimetres; 95% CI: 2.4, 4.6) [59]; but not the

remaining trials [56, 60].

Obstetric outcomes. Four RCTs assessed the effect of relaxation interventions on obstet-

ric outcomes. In Turkey, women who received music therapy during labour had a significantly

shorter mean (SD) duration of labour 189 (28) minutes in the first stage of active labour and

83 (13) minutes in the second stage of labour compared to 198 (15) minutes and 89 (18) min-

utes respectively in the control group [55]. In the same trial, women in the intervention group

(music therapy) had non-significantly decreased rates of Cesarean section (6.8%), instrumental

delivery (2.7%), episiotomy (76.1%), and non-significantly increased rate of spontaneous

Fig 5. Forest plot and subgroup analysis for raw mean difference of studies on the effects of relaxation interventions on birth weight (g).

https://doi.org/10.1371/journal.pone.0278432.g005
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vaginal delivery (90.2%) compared to 12.2% cesarean section, 6.8% instrumental delivery, 81%

episiotomy and 80% spontaneous vaginal delivery in the control group [55]. A study from Iran

reported a significantly reduced rate of abnormal delivery in the relaxation (PMR/BR) group

(21.2%) compared to 48.1%, p = 0.01, and an increased rate of spontaneous vaginal delivery

(78.8%) compared to 39.7%, p = 0.01, in the control group [58]. Similarly, there was a signifi-

cant improvement in spontaneous vaginal delivery (74.2% in the PMR/BR compared to 49.6%

in the control group) and a decreased rate of Caesarian deliveries (21.8% in the PMR/BR com-

pared to 40.6% in the control group) in India [51]. The same trial reported a significantly

decreased rate of induced labour in the PMR/BR group compared to women in the control

group (F2 = 5.50, p = 0.019) [51].

An RCT in Thailand also reported significantly shorter duration of first stage labour 520

(186) minutes vs. 660 (273) minutes (p<0.05) and shorter total duration of labour 559 (203)

minutes vs 684 (276) minutes (p<0.05) in the yoga group compared to women in the control

group [57].

Maternal physiological outcomes. Measurements of maternal physiological outcomes

were reported in six studies [36, 43, 52, 55, 60, 63]. Pregnant women in the relaxation group

had lower systolic and diastolic blood pressure, heart rate, respiration rate and skin conduc-

tance level activity during pregnancy, labour and the postnatal period [36, 43, 52, 55, 60, 63].

Discussion

In this systematic review and meta-analysis, we synthesized existing literature and provided

up-to-date evidence on the effects of relaxation interventions during pregnancy on maternal

mental health problems (stress, anxiety and depressive symptoms), and pregnancy and birth

outcomes. Consistent beneficial impacts of relaxation interventions on mental health and

birth weight outcomes were observed in terms of maternal stress, anxiety, depression and

birth weight, although study heterogeneity was high. Furthermore, relaxation interventions

consistently improved maternal physiological indicators during pregnancy and shortened the

length of labour at birth. Findings on birth outcomes such as gestational age, mode of delivery,

Apgar score and offspring birth length were mixed and non-conclusive. In subgroup analysis,

music therapy has reduced symptoms of stress, anxiety and depression consistently and PMR/

BR relaxation improved offspring birth weight. Several mechanisms such as brain stem reflex,

arousal, inducing emotions, mental imagery, conjure episodic memory and evaluative condi-

tioning, could be involved in music therapy to improve mental health [64–66]. On the other

hand, PMR/BR, through activation of cortical brain activities and by enhancing blood circula-

tion and oxygen saturation, could optimize mental health and physiologic output [67–70].

The meta-analysis indicated that relaxation interventions are effective in reducing stress

during pregnancy. One underlying mechanism can be explained by the model of body-mind

connection and integration [71] whereby body, mind, brain and behavior are all interlinked

and influence one another [72, 73]. Psychological stress leads to sustained contraction of mus-

cle tissues making them tense with increased vasoconstriction, blood pressure, heart rate and

decreased circulatory outcomes until the stress is resolved. Physical relaxation methods, such

as breathing and muscle relaxation, further contract and then relax the muscle to expel the

newly induced stress along with the preexisting pathological stress from the body. Another

mechanism is that psychological relaxations such as meditation and music therapies relax the

mind, induce emotions, mental imagery, and counter unpleasant feelings and thoughts to

improve mental wellbeing.

In addition to their effects on stress, the meta-analysis showed that relaxation interventions

are effective in improving symptoms of anxiety and depression. This could be explained by the
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fact that anxiety and depression are mainly the consequence of increased and unresolved stress

in human life [74, 75]. Increased level of stress activates the HPA axis as well as the sympathetic

and parasympathetic nervous system [8, 74, 75] and influences the neuronal circuits responsi-

ble for regulating and mediating anxiety and depression in the brain [8, 74, 75]. Thus, by

reducing stress, relaxation therapy could break the neurobiological links between stress, anxi-

ety and depression. Another mechanism of relaxation is through its effect on improving neu-

rogenesis, synaptogenesis and increased gray matter density and volume with potential benefit

for optimizing neurotransmitters in the brain [76, 77].

In two trials in this review, the positive effects of relaxation in improving anxiety and

depression persisted into the postnatal period. This enduring benefit of relaxation could arise

because relaxation interventions prevent antenatal anxiety and depression which would other-

wise persist into the postnatal period. Alternatively, the relaxation interventions provided dur-

ing pregnancy may have a prolonged effect on maternal stress management and reduce the

risk of anxiety and depression in the postnatal period. Improved maternal well-being during

pregnancy helps the mothers to care for herself more optimally during pregnancy while persis-

tence of better maternal mental health into the postnatal period could help mother-infant

attachment, child care and exclusive breastfeeding, all of which promote positive growth and

development of the offspring [78, 79].

Finally, in the meta-analysis, relaxation interventions showed a positive effect on birth

weight of the newborn. This was entirely explained by the effect of progressive muscle relaxa-

tion and deep breathing on birth weight [51, 58–60], whereas no effect was seen for music,

hypnosis or yoga therapies [33, 55–57]. This contrast could be because deep breathing and

muscle relaxation rather than music therapy improve physical relaxation and optimized

maternal physiology to improve uterine circulation, benefitting fetal growth and development.

However, PMR/BR interventions were also given for longer periods compared to yoga and

music therapies which could result in stronger effects compared to the other approaches.

In the narrative synthesis, studies that evaluated physiological responses found relaxation

therapies to be effective in improving the physiology of pregnant women by optimizing vital

signs such as blood pressure, heart rate, body temperature and respiration. Inconsistent effects

of relaxation interventions on pregnancy and birth outcomes such as mode of delivery, gesta-

tional age, birth length and Apgar score were observed. The lack of associations in some of the

outcomes could be because most of the reviewed studies were primarily powered to examine

impacts on maternal mental health but not obstetric and birth outcomes. In addition, only a

few trials reported gestational age and birth outcomes, compounded by a relatively small sam-

ple size.

In summary, the mechanisms through which relaxation interventions could improve

maternal well-being, and pregnancy and birth outcomes could involve an interplay of physical,

psychological and physiological mechanisms. Physical responses to relaxation include imme-

diate musculoskeletal relaxation and a decrease in muscle tension; psychological responses

include mental calmness, silence and peace; and physiological responses to relaxation include

optimized blood pressure, heart rate, respiratory rate and metabolic rate, along with decreased

stress hormones and increased blood circulation [80–84]. Through one or a combination of

these mechanisms, relaxation interventions could improve the health and well-being of preg-

nant woman, and this in turn may support fetal growth and development of the offspring.

Strengths and limitations

A strength of this work is that we included trials that applied different forms of relaxation

interventions and undertook both descriptive/narrative as well as pooled meta-analysis based
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on data availability. However, the findings of the systematic review and meta-analysis also had

some limitations. Most trials were primarily powered for maternal mental health, either stress,

anxiety or depression, and not for pregnancy or birth outcomes. Because of lack of literature,

some of the subgroup analysis involved only a single study. Furthermore, data on the effects of

the relaxation interventions on neonatal outcomes other than birth weight were very limited

and insufficient to conduct meta-analysis. Finally, most of the studies included in this review

are from middle- or HIC and the findings might not be applicable for LIC settings, where both

the sources of stress, and the feasibility of interventions, may be different.

Conclusion and recommendation

The results of this review indicate that, in addition to physiological and mental health benefits

for mothers, relaxation interventions improved birth weight and hold some promise for

improving other newborn outcomes; therefore, this approach strongly merits further research.

Future research that is adequately powered on birth and newborn outcomes such as gestational

age, birth weight and birth length is crucial. Considering the magnitude of perinatal maternal

mental health and psychological problems, the high burden of obstetric complications and the

associated global burden of maternal and neonatal morbidity and mortality, the results of this

review indicate that a range of complementary interventions may help address these problems.

Their relative cost-effectiveness, ease and absence of adverse and teratogenic effects in compar-

ison to pharmacological treatments favours the application of one or a combination of these

relaxation therapies in this population group. Relaxation interventions are low-intensity and

may be more scalable than individualized psychological interventions in resource-limited

settings.

Therefore, we recommend that these relaxation interventions be evaluated for their accept-

ability, suitability and effectiveness to improve maternal and offspring health outcomes in

LICs. Further evaluating the interventions in these settings would also be beneficial to under-

stand whether, in places with severe food insecurity and a high burden of infections, which

affect both maternal and infant health, relaxation interventions could mitigate the harmful

effects of stressors.
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