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Introduction: Parents of preterm infants face a stressful life event which might 
have long term impact on the parent–child relation as well as on the infant’s 
cognitive and socio-emotional development. Both music therapy (MT) and 
physical contact (PC) are stress-reducing interventions for parents and preterm 
infants on the neonatal intensive care unit (NICU). Meanwhile, especially close 
PC is considered as standard care (SC) in most NICUs. However, the effect of 
live performed MT with PC on parental perceived stress and cortisol levels has 
barely been investigated. We hypothesized that MT with PC leads to reduced 
stress levels and lower salivary cortisol concentrations compared to SC in 
parents of preterm infants during the first 4  weeks after birth.

Methods: Randomized-controlled trial enrolling the parents of 99 preterm 
infants (MT n  =  50, SC n  =  49 infants). The infants received either MT with PC or 
SC only. Perceived stress was measured with the perceived stress questionnaire 
20 (PSQ-20) after birth and 4  weeks later. Salivary cortisol levels were obtained 
and measured weekly after birth for 4  weeks.

Results: Forty-two mothers and eight fathers of the intervention group (MT 
with PC) as well as n  =  43 mothers and n  =  6 fathers of the control group (SC) 
were enrolled. For the intervention group, salivary cortisol was reduced 4  weeks 
after birth [mothers 5.5  nmol/l (confidence interval (CI) 3.6–7.5); fathers 8.3 (CI 
7.2–9.4)] compared to the control group [mothers 10.3  nmol/l (CI 5.4–15.3); 
fathers 14.8 (CI 8.9–20.7)]. Overall perceived stress scores decreased in the 
intervention group (mothers −17.6; fathers −12.6) and increased in the control 
group (mothers +6.1; fathers +21.4) over 4  weeks.

Discussion: Live-performed MT with PC in preterm infants might be an effective, 
non-invasive intervention to reduce parental stress and cortisol levels. Future 
studies should investigate the long-term effects of this intervention on the 
parent-infant relation as well as on the infants’ cognitive and socio-emotional 
development.

Clinical trial registration: https://drks.de/search/en/trial/DRKS00025755 
identifier [DRKS00025755].
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1 Introduction

Prematurity is defined as birth before 37 weeks’ gestation. 
Worldwide more than 1 in 10 infants are born premature (Ohuma 
et al., 2023). As preterm birth coincides with a vulnerable period of 
brain development, preterm infants are at increased risk of 
neurodevelopmental impairments in later life. The risk increases with 
decreasing gestational age (Marlow et al., 2014; Wallois et al., 2020). 
Stress caused by, e.g., painful procedures, noise and parental separation 
has been identified as harmful factors for brain development (Cook 
et al., 2023; Cong et al., 2017; Zhang et al., 2022). A stress reducing, 
non-invasive intervention is music therapy (MT), which has gained 
attention in recent years (Yue et al., 2021). Previous studies showed 
that live and individually performed MT has positive effects on the 
preterm infants’ vital parameters, feeding behavior and weight gain 
(Yue et al., 2021; Erdei et al., 2024; Kobus et al., 2021; Kraft et al., 
2021). While the long-term effects of MT on clinical neurodevelopment 
are still under investigation, results from diffusion tensor imaging and 
resting-state functional imaging studies at term equivalent age hint at 
potential effects of MT on neurodevelopment (Sa de Almeida et al., 
2020; Haslbeck et al., 2020, 2021; Dewan et al., 2024).

Not only the preterm infant faces stressful events during the 
treatment on the neonatal intensive care unit (NICU), but also their 
parents undergo a critical life event (Weigl et al., 2020; Lundqvist et al., 
2019). Parents of preterm infants are also at increased risk of parental 
separation (Nusinovici et al., 2017). Preterm birth interrupts bonding, 
which negatively impacts the development of the mother–child-
relationship and might have substantial effects on the quality of early 
infant-parent-interaction (Fernández Medina et al., 2018). Postnatal 
bonding is important for the infant’s social, emotional and cognitive 
development and has positive impact on later mental health and 
resilience (Winston and Chicot, 2016). Following a study by Rusanen 
et  al., postnatal bonding problems are related to socio-emotional 
problems in children at 2 years (Rusanen et al., 2024).

As stress negatively impacts bonding (Khoramirad et al., 2021) 
promoting parental well-being during the NICU stay is an important 
issue in developmental care for preterm infants. A promising family-
centerd intervention is music therapy (MT), which is live performed 
by a certified music therapist (Haslbeck et al., 2023). Recent studies 
showed that MT reduces maternal distress, anxiety and depressive 
symptoms (Kehl et al., 2020; Kobus et al., 2022a; Kraft et al., 2021). It 
also positively modulates the mothers’ perception of the infant (Kobus 
et al., 2023).

Besides MT, the beneficial effects of physical contact (PC) between 
preterm infants and their parents/caregivers have been recognized and 
many NICUs all over the world have adopted the save practice of PC 
contact in developmental care for preterm infants (Bedetti et  al., 
2023). While most studies refer to close PC, i.e., skin-to-skin care or 
kangaroo care, PC might also include hand-touch only (Kobus et al., 
2024). In high-income countries, close PC leads to cardiorespiratory 
and temperature stability, reduces pain reactions in the preterm infant 
and promotes sleep organization (Bastani et al., 2017; Durmaz et al., 

2023; Pavlyshyn and Sarapuk, 2023). Studies suggest its positive 
impact on long-term neurodevelopmental outcome (Gonya et al., 
2017). In mothers, the beneficial effect of close PC includes facilitated 
bonding, higher rates of breastfeeding as well as reduced stress levels 
(Cong et al., 2021; Oras et al., 2016).

Despite the overlapping effects of both MT and PC, recent studies 
hint at beneficial effects of combining both practices (Teckenberg-
Jansson et al., 2011; Yakobson et al., 2021; Kobus et al., 2022b) on 
preterm infants’ vital parameters, parental well-being and parent-
infant-attachment. A recent study by Span et al. found equal beneficial 
effects of combined live performed MT with kangaroo care on 
physiological parameters and neurological functioning (Span et al., 
2021) in preterm infants compared to MT alone. However, 
Teckenberg-Jansson et al. showed more beneficial effects of combined 
MT and kangaroo care compared to kangaroo care alone on infants’ 
vital parameters and parental well-being (Teckenberg-Jansson 
et al., 2011).

As part of a randomized-controlled trial (RCT), our group 
recently showed that MT with parental physical contact (close PC; or 
hand touch contact) has positive effects on the preterm infants’ vital 
signs and behavior assessed with the COMFORTneo score, 
independent of the type of physical contact (Kobus et al., 2024).

A further aim of this RCT and the current study was to evaluate 
the effect of this intervention on the parental stress level by measuring 
salivary cortisol as well as self-rated stress levels assessed with the 
perceived stress questionnaire 20 (PSQ-20).

2 Methods

2.1 Study design

The aim of this prospective, randomized, controlled clinical trial 
was to investigate the effects of live performed MT combined with PC 
on salivary cortisol and perceived stress levels of parents from preterm 
infants during their NICU stay until 4 weeks after delivery. Study 
approval was obtained from the local ethics committee of the Medical 
Faculty of the University of Duisburg-Essen (21-9823-BO). The study 
was registered with the German registry for clinical studies 
(registration number: DRKS00025755).

2.2 Cohort recruitment

Cohort recruitment of preterm infants (gestational age 
(GA) < 37 + 0 weeks) started in July 2021 in a level III NICU. The 
cortisol and stress level analyses were performed as an exploratory 
add-on study, thus the power analysis relied on the primary outcome 
of the main study (COMFORTneo score before versus after MT, 
please see Supplementary material 1) (Kobus et al., 2024). Infants 
were excluded from eligibility for this study if not stable enough to 
leave the incubator or cod, or if they participated in a simultaneous 
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interventional trial. Infants were recruited and randomized 1:1 to 
either standard medical care (SC) or standard medical care plus 
music therapy with physical contact (MT). The intervention 
consisted of up to 10 sessions of MT, five each with close PC and five 
with hand touch only. Written informed consent was obtained from 
all caregivers prior to inclusion into the study and subsequent 
randomization. Prior to randomization and the first music therapy 
intervention, parents had to decide, if mother or father would 
accompany all therapy sessions. The participating mothers or fathers 
were asked to weekly collect saliva for cortisol measurements and to 
answer the PSQ-20 in paper form directly after randomization and 
for the intervention group before the first session of MT as well as 
after 4 weeks.

2.3 Standard physical contact between 
parents and preterm infants

Close PC, i.e., skin-to-skin contact or kangaroo care, is an 
established and standardized procedure on our NICU to promote 
bonding between parents and preterm infants as well as breast feeding 
and to enable contact to the parental skin environment. During skin-
to-skin contact, the infant is placed naked (only wearing a diaper) on 
the parental breast/skin. A hand mirror can be used by the parent to 
better follow the infant’s reactions. In case of (non-)invasive 
ventilation, the devices are secured properly. The duration of early 
skin-to-skin contact is set individually. During the NICU stay, skin-
to-skin contact should be provided several hours a day and last at least 
1 h. The first skin-to-skin contact is desirable within the first 2 h of the 
infant’s life if mother and infant are stable enough.

2.4 Live music therapy intervention

MT was performed as previously described (Kobus et al., 2024). 
Briefly, MT sessions were performed individually by a trained music 
therapist using the instrument sansula, which creates vibrating, long-
lasting and soft sounds at a low level. The infant’s breathing and 
reactions guided the sequences. MT sessions were integrated into the 
clinical routine and timepoints were coordinated between music 
therapist, parent, and nursing staff. A maximum of 10 MT sessions 
were performed in clinically stable preterm infants in the presence of 
the determined parent three to four times per week. MT sessions were 
performed either with parental hand touch with the infant remaining 
in the incubator or (heated) cod or with close PC with the infant lying 
in the parent’s arms, on the chest, legs, or shoulder. The choice 
between hand touch and close PC sessions was made either according 
to clinical needs, or the type of contact infant and parent had before 
the start of MT.

2.5 Salivary cortisol analysis

For the assessment of salivary cortisol levels, participants self-
collected saliva in the morning after awakening using commercial 
collection devices (Salivette Cortisol; Sarstedt, Nuembrecht, 
Germany). To avoid any contamination, they were asked not to eat, 
drink, smoke or brush teeth before sample collection. Saliva 

samples were returned to the laboratory, where the saliva was 
harvested by centrifugation and stored at −80° until analysis. 
Salivary cortisol concentrations were analyzed by enzyme-linked 
immunosorbent assay (Cortisol Saliva ELISA, IBL International, 
Hamburg, Germany) according to the manufacturer’s instructions 
by trained stuff in a laboratory that regularly takes part in round 
robin tests for quality assurance and method validation. Cross-
reactivity of the anti-cortisol antibody with other relevant steroids 
was 8.5% (11-deoxycortisol), 2.6% (cortisone), 1.0% 
(corticosterone), and <0.1% (estrone, estradiol, estriol, 
progesterone, testosterone). Inter- and intra-assay coefficients of 
variation were <10%. Salivary cortisol levels were measured weekly 
over the first 4 weeks. The mothers and fathers collected the cortisol 
samples irregularly and provided different numbers of samples per 
week. For the analysis, the mean values of each of the samples per 
week per parent were determined.

2.6 PSQ-20

To quantify the perceived stress level of the participating 
mother or father before the first session of MT and 4 weeks later, the 
PSQ-20 was handed out to both the MT and SC group. The short 
version of the PSQ consists of 20 items, with each item providing a 
rating on a four-point scale ranging from “almost never,” 
“sometimes,” “often” to “usually.” The 20 items are assigned to the 
four subscales “worries,” “tension,” “joy,” and “demands” (Fliege 
et al., 2009). For each scale, a mean value is calculated. After linear 
transformation, values range from 0 to 100. For the subscales, high 
values mean high “worries,” “tension,” “joy,” and “demands.” For the 
overall score, “joy” items are recoded and a high overall score means 
high perceived stress [Leibniz Institute for Psychology 
(ZPID), 2019].

2.7 Statistical analyses

Continuous variables are presented as mean with standard 
deviation (SD) or confidence intervals (CI) if evenly distributed and 
as median with interquartile range (IQR) if skewed.

If several cortisol probes were submitted per week by the same 
individual, the average cortisol value per week post-partum was 
calculated. Mean interindividual cortisol levels were compared by 
groups and 95% CIs calculated. Effect sizes were calculated according 
to Hedges (1981) to account for different group sizes.

To estimate the effect of music therapy on cortisol levels, 
multivariable regression was carried out using a linear mixed model 
(Supplementary material 2). Fixed effect covariates for adjustment 
were parents’ sex (categorical) and time since birth (continuous, 
measured in weeks). To control for multiple measurements within one 
individual, a “repeated” statement was applied. The repeated statement 
controls the covariance matrix similar to a random effect but does not 
produce effect estimates like for a random effect. No interaction terms 
were used.

PSQ-20 subscores and the total score were calculated according 
to the original publication (Fliege et al., 2009). Mean subscores and 
the total scores were calculated with 95% CIs and Cohen’s d calculated 
because the groups had equal sizes.
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The interpretation of the effect sizes is based on the following 
values: large effects with values ≥0.8, medium effects with values of 
0.5 and small effects with values of 0.2 (Lakens, 2013).

Analyses were performed and figures produced with SAS 
Enterprise Guide 8.3 (SAS Institute, Cary, USA).

3 Results

3.1 Infants and MT sessions

Information on demographic and clinical characteristics of the 
infants participating in this RCT as well as on MT sessions have 
previously been published (Kobus et al., 2024). In brief, 100 infants 
(MT n = 50, SC n = 50), who met the inclusion criteria for this study 
were recruited between July 2021 and January 2023. For the analysis of 
parental parameters, one child of the control group had to be excluded 
because of early discharge. Mean gestational age was 33.4 weeks (SD 
2.0) for the intervention and 31.2 (SD 3.7) for the control group. Mean 
birth weight was 1904.1 g (SD 479.9) for the intervention and 1604 g 
(SD 673.7) for the control group. There were 27 male (54%) infants in 
the intervention and 28 male (57%) infants in the control group. For 
further details please see Supplementary Table S1. The music therapist 
performed a total of 486 music therapy sessions with a mean duration 
of 28.49 min (range 21–33 min). There were 45 infants receiving 10 
sessions, four infants receiving eight and one infant receiving four 
sessions because of early discharge. MT sessions were accompanied by 
PC, either by close PC or hand touch.

3.2 Parental characteristics

In the MT group, 42 mothers and 8 fathers committed to 
accompany all MT sessions, while in the control group 43 mothers 
and 6 fathers participated in this RCT. Information on demographic 
and clinical characteristics of all participating parents are presented in 
Table  1 (mothers) and Table  2 (fathers), and on patient flow in 
Figure  1. Mothers participated in 406 sessions and fathers in 
80 sessions.

3.3 Parental salivary cortisol: differences 
between intervention and control group

Two mothers of the control group and one mother of the 
intervention group had to be  excluded from the cortisol analyzes 
because they received the medication cortisone and prednisolone 
during the time the samples were collected. While in week 1 n = 25 (21 
mothers, 4 fathers) of the intervention and n = 14 (13 mothers, 1 
father) of the control group were analyzed, the return rates declined 
until week 4 with n = 4 samples (3 mothers, 1 fathers) in the 
intervention group and increased n = 11 samples (8 mothers, 3 fathers) 
in the control group. Supplementary Table S2 shows how many probes 
(n) were analyzed in week 1–4 and the mean, minimum and 
maximum number of probes per participant. Figure 2 depicts the 
course of the parental salivary cortisol levels of the intervention and 
control groups from week 1 to 4, with lower salivary cortisol values on 
each timepoint for the MT group. Table 3 shows the corresponding 
mean cortisol levels including the 95% confidence intervals (CI) for 

the intervention and control group. Hedge’s g effect sizes could only 
be determined for the mothers, because the groups of participating 
fathers were too small. In weeks 1, 2 and 4 the Hedge’s effect sizes 

TABLE 1 Demographic and clinical characteristics of the included 
mothers.

Intervention group 
(n  =  42)

Control group 
(n  =  43)

Maternal age (mean, SD) 33.6 (5.0) 33.6 (4.8)

Primipara 20 (47.6) 14 (32.6)

Multipara 22 (52.4) 29 (67.4)

Sectio caesarea 33 (78.6) 34 (79.1)

Emergency 3 (7.1) 1 (2.3)

Sec 2 (4.8) 1 (2.3)

Vaginal delivery 4 (9.5) 7 (16.3)

Nicotine abuse 2 (4.8) 0

Drug abuse 1 (2.4) 0

Pregnancy-related 

conditions

Gestational diabetes 7 (16.7) 4 (9.3)

Preeclampsia 2 (4.8) 3 (7.0)

HELLP 0 0

Metabolic/endocrine 

disorders

Obesity 7 (16.7) 8 (18.6)

Type 1 diabetes 1 (2.4) 2 (4.6)

Type 2 diabetes 4 (9.5) 4 (9.3)

Hypothyreosis 2 (4.8) 1 (2.3)

Medication

Hydrocortisone 0 1 (2.3)

Prednisolone 1 (2.4) 1 (2.3)

Values are depicted in mean (%), unless otherwise stated. HELLP, hemolysis, elevated liver 
enzymes, low platelet count.

TABLE 2 Clinical characteristics of the included fathers.

Mean Intervention group 
(n  =  8)

Control group 
(n  =  6)

Paternal age (mean, SD) 35.6 (7.0) 34.7 (4.1)

First born child 5 (62.5) 4 (66.7)

Nicotine abuse 0 0

Drug abuse 0 0

Metabolic/endocrine 

disorders

Obesity 0 1 (16.7)

Type 1 diabetes 1 (12.5) 2 (33.3)

Type 2 diabetes 0 0

Hypothyreosis 0 0

Medication

Hydrocortisone 0 0

Prednisolone 0 0

Values are depicted in mean (%), unless otherwise stated.
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indicate large effects, while in week 3 an effect size of 0.5 indicates 
medium effects (Lakens, 2013).

The adjusted mean cortisol levels according to multivariable 
regression was 6.2 nmol/l (95 CI 4.8–7.7, standard error (SE) 0.7) in 
the MT group versus 11.6 nmol/l (CI 9.5–13.8, SE 1.1) in the control 
group. The adjusted difference between the groups was 5.4 nmol/l 
(3.1–7.7, SE 1.1).

3.4 PSQ-20: effect of music therapy with 
PC on perceived stress in parents over the 
first 4  weeks after birth

Figure 3 presents the overall PSQ scores at birth (T1) and 4 weeks 
later (T2) in mothers and fathers of the intervention group (red 

squares) and control group (blue circles). Supplementary Figures S1A–D 
differentiates the four scales of the PSQ-20, that is “worries,” “tension,” 
“joy,” and “demands.” A subgroup analysis for the mothers is provided 
in Supplementary Figure S2. The backflow of questionnaires was 
complete for both groups at both timepoints. The corresponding 
statistical details on the PSQ-20 results are depicted in Table 4, which 
includes the mean score and subscores at T1 (before recruitment) and 
T2 (4 weeks later) as well as the CI for the intervention and control 
group. Cohen’s d effect sizes were determined for T1 and T2. While at 
the time of birth, overall perceived stress as well as scores for “worries,” 
“tension,” “joy,” and “demands” were similar between the intervention 
and control group, reduced overall stress scores were measured 
4 weeks later as well as reduced scores in the categories “worries,” 
“tension,” and “demands” for the intervention group with low effect 
sizes. For the control group, overall stress was higher after 4 weeks 
with large effect sizes.

4 Discussion

This study on the effect of live-performed MT with PC in preterm 
infants on parental salivary cortisol and perceived stress levels during 
the first 4 weeks after birth suggests decreased salivary cortisol and 
perceived stress levels in the MT group compared to the control group.

With cortisol as objective stress marker, this is, to the authors’ best 
knowledge, the first study addressing the effect of MT with PC in 
preterm infants on parental cortisol secretion. The hormone cortisol 
is used as a biochemical marker of acute and chronic stress. An 
increase in this hormone as an indicator of stress can be modified by 
psychosocial interventions like music therapy (Hasanah and Haikal, 
2022). Cortisol is released by the hypothalamus-pituitary–adrenal axis 
in response to stress. The underlying mechanisms of music on cortisol 
release include the activation of brain circuits involved in pleasure and 
reward (Blood and Zatorre, 2001). There are connections between 

FIGURE 1

Patient flow.

FIGURE 2

Salivary cortisol measured in nmol/l from week 1 to 4 in mothers and 
fathers of the standard care (blue circles) and music therapy group 
(red squares). Mean  ±  SD.

https://doi.org/10.3389/fpsyg.2024.1441824
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Dewan et al. 10.3389/fpsyg.2024.1441824

Frontiers in Psychology 06 frontiersin.org

hypothalamic nuclei and subcortical structures such as the amygdala 
(Hasanah and Haikal, 2022; Jensen et al., 2024). Furthermore, music 
might have a direct inhibiting effect on the Corticotropin-releasing 
factor in the hypothalamus, which are possible explanations for our 
results (Bowling, 2023). A salivary cortisol reducing effect of music 
and singing could already been shown in pregnant women, which was 
accompanied by improved well-being and mother-infant bonding 
(Wulff et al., 2021), as well as in mothers of 3–18 months old infants 
(Fancourt and Perkins, 2018).

Besides the reduced salivary cortisol levels, also subjectively 
perceived stress was reduced in the MT group compared to the control 
group after 4 weeks of intervention. In contrast, the perceived stress 
levels in the control group increased over 4 weeks, possibly due to the 
increasing participation of the parents in the care of their children 
during the NICU care, which might cause stress (Buccione et al., 2024).

The stress reducing effect of MT on parents, especially on mothers, 
has previously been shown by different studies (Kobus et al., 2022a; 

Palazzi et al., 2021). Only few RCT addressed the effect of MT with 
PC in preterm infants on parental stress levels. Lai et al. showed that 
relaxing music (not live-performed) during close PC resulted in lower 
maternal anxiety compared to close PC alone (Lai et  al., 2006). 
Teckenberg-Jansson et al. also found that dual therapy (live-performed 
MT and kangaroo care) was more effective in reducing parental stress 
than kangaroo care alone (Teckenberg-Jansson et al., 2011). A further 
RCT comparing MT plus skin-to-skin contact to skin-to-skin contact 
alone showed a non-significant tendency for greater decrease in 
anxiety levels as well as a trend toward a larger decrease in stress levels 
in the MT group (Yakobson et al., 2021).

Reducing parental stress levels during the NICU stay is 
important, as it improves parent-infant bonding and attachment 
(Ettenberger et  al., 2021). A recent study found an increase in 
breastfeeding rates among mothers who participated in MT sessions 
compared to control mothers (Vianna et al., 2011). Ak et al. could 
show in a RCT that recorded music administered to mothers of 
preterm infants during breast milk expression leads to increased 
levels of breast milk (Ak et al., 2015). Parental stress, bonding, and 
breast feeding are important factors which might contribute to 
improved (neuro-)developmental outcomes in preterm infants 
(Ettenberger et al., 2021; Sullivan et al., 2023; Lapidaire et al., 2022), 
although a current RCT on the effect of creative MT in very preterm 
infants did not find differences in neurodevelopmental outcomes at 
24 months corrected age between the intervention and control group 
(Haslbeck et al., 2023).

This study has some limitations. Due to our study design, the 
total time of close PC outside MT sessions was not recorded. As close 
PC is well established on our NICU for years, we interpreted the 
study results assuming that infants in the MT and control group 
underwent a similar amount of close PC. Although close PC alone 
might also reduce parental stress levels (Cong et al., 2021; Pathak 
et  al., 2023), the reinforcing effect of combined MT with PC is 
suggested by the studies discussed above (Teckenberg-Jansson et al., 
2011; Yakobson et al., 2021; Lai et al., 2006). A further limitation of 
this study is the relatively high dropout rate and differences regarding 
compliance between the intervention and control group. The bias in 
the turnover rate in favor of the intervention group may be because 
parents in the control group were less willing to provide cortisol 
samples. The drastic decrease in the number of participants providing 

TABLE 3 Parental salivary cortisol levels during the first 4  weeks after recruitment.

Timepoint Parents Intervention group Control group Effect size*

N Mean (nmol/l) 
(95% CI)

N Mean (nmol/l) 
(95% CI)

Week 1 Mother 21 6.5 (4.9–8.2) 13 12.6 (8.5–16.7) −1.2

Father 4 3.7 (0.7–6.6) 1 3.0 **

Week 2 Mother 21 7.3 (5.4–9.2) 15 12.9 (10.1–15.6) −1.2

Father 5 5.7 (0.9–10.5) 1 9.0 **

Week 3 Mother 16 7.9 (5.5–10.4) 13 10.2 (7.2–13.1) −0.5

Father 4 8.7 (−0.8–18.2) 2 13.4 (−55.3–82.0) **

Week 4 Mother 7 5.5 (3.6–7.5) 7 10.3 (5.4–15.3) −1.2

Father 2 8.3 (7.2–9.4) 3 14.8 (8.9–20.7) **

CI = confidence interval.
*Hedge’s g, control group is considered the reference group.
**too few observations in control/intervention group.

FIGURE 3

Overall PSQ-20 results including both mothers and fathers of the 
standard care (blue circles) and music therapy group (red squares) 
before start of intervention and 4  weeks later. Mean  ±  SD. PSQ, 
perceived stress questionnaire.
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saliva samples might also be  explained by their increasing 
involvement in the care for their children during the NICU stay 
(Buccione et al., 2024). Despite the missing values, this study already 
shows very clear results with large effect sizes (Lakens, 2013). Larger 
sample sizes are needed to further investigate the effect of MT on 
parental cortisol levels. Additionally, the results are limited by the fact 
that cortisol can be influenced by several factors like sleep quality 
(Hirotsu et al., 2015), menstrual cycle phase (Hamidovic et al., 2020) 
and body weight (Brix et al., 2021). At least the prevalence of obese 
parents was similar between the intervention and control group. 
Cortisol secretion underlies a circadian rhythm, which peaks at 
around 8 a.m., but participants were instructed to collect saliva 
directly after waking up in the morning. Despite several factors 
influencing cortisol levels, salivary cortisol is considered the “gold 
standard” biomarker for chronic stress and is a valid surrogate of 
plasma cortisol (Levine et al., 2007; Tammayan et al., 2021). The 
study results are furthermore limited by the fact that stress level in 
parents measured with PSQ-20 and salivary cortisol, were only 
obtained two times and weekly, respectively, because this is an 
exploratory study on the effect of MT with PC on parental stress. 
Further time points must be investigated in future studies because 
stress may fluctuate during the NICU stay due to changing 
circumstances of the child.

5 Conclusion

The results of this study suggest that live-performed MT with 
PC in preterm infants leads to different parental perceived stress 
and salivary cortisol levels during the first 4 weeks after birth, 
potentially mediating beneficial effects for the infant’s cognitive 
and socio-emotional development. Based on our recent and 
previous study results, the optimal setting to perform live MT 
might be in combination with PC. Future studies must investigate 
the effect of this dual strategy on the long-term development in 
preterm infants.
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TABLE 4 Total PSQ-20 scores and subscores (95% confidence interval) of parents of preterm infants with and without music therapy before recruitment 
(T1) and 4  weeks later (T2).

Parents
Intervention group Effect 

size*
Control group Effect 

size*N T1 (95% CI) T2 (95% CI) N T1 (95% CI) T2 (95% CI)

Total Score
Mother 41 51.4 (45.4–57.5) 33.8 (30.0–37.5) −0.15 43 55.0 (48.8–61.3) 61.1 (57.0–65.2) −2.19

Father 9 48.7 (30.0–67.4) 36.1 (22.7–49.5) 0.10 6 46.7 (33.2–60.1) 68.1 (55.7–80.4) −2.07

Worries
Mother 41 46.4 (39.3–53.5) 23.3 (19.0–27.7) 0.01 43 46.0 (37.0–55.0) 51.5 (45.5–57.5) −1.72

Father 9 47.4 (26.2–68.6) 28.1 (12.2–44.1) 0.65 6 32.2 (17.3–47.2) 55.6 (31.5–79.7) −1.27

Tension
Mother 41 56.1 (48.6–63.7) 35.9 (31.4–40.4) −0.18 43 61.6 (53.7–69.4) 68.5 (63.6–73.4) −2.03

Father 9 52.6 (32.0–73.2) 36.3 (25.4–47.2) 0.08 6 54.4 (37.6–71.2) 77.8 (65.5–90.0) −3.12

Joy
Mother 41 55.3 (50.2–60.5) 66.7 (62.1–71.2) 0.37 43 48.2 (43.1–53.3) 44.0 (39.4–48.7) 1.69

Father 9 59.3 (41.8–76.7) 61.5 (41.3–81.6) 0.30 6 53.3 (38.0–68.7) 40.0 (35.6–44.4) 0.77

Demands
Mother 41 58.5 (50.8–66.2) 42.8 (38.0–47.6) −0.05 43 60.8 (52.9–68.7) 68.5 (64.2–72.8) −1.67

Father 9 54.1 (31.7–76.5) 41.5 (27.3–55.7) 0.03 6 53.3 (36.8–69.9) 78.9 (66.1–91.7) −2.29

CI = confidence interval.
*Cohen’s d.
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SUPPLEMENTARY FIGURE S1

PSQ-20 results for the scales “worries,” “tension,” “joy,” and “demands” (A–D) 
of mothers and fathers of the standard care (blue circles) and music therapy 
group (red squares) before start of intervention and 4  weeks later. Mean  ±  SD. 
PSQ, perceived stress questionnaire.

SUPPLEMENTARY FIGURE S2

Overall PSQ-20 results for mothers of the standard care (blue circles) and 
music therapy group (red squares) before start of intervention and 4  weeks 
later. Mean  ±  SD. PSQ, perceived stress questionnaire.
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