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ABSTRACT
Background Immigrant women frequently encounter 
ethnic discrimination (ED) and/or stressful events in 
their daily lives. To mitigate the risk of resulting health 
impairments, we developed an ecological momentary 
music intervention (EMMI- T) to reduce psychological 
and biological stress levels in the daily lives of Turkish 
immigrant women. The feasibility of the EMMI- T was 
confirmed in a pilot study (n=20). Here, we present 
the protocol of our proposed study to investigate the 
effectiveness of the EMMI- T.
Methods Fifty Turkish immigrant women perceiving 
chronic ED will take part in the 35- day study. During all 
three study periods (ie, baseline, intervention and post- 
intervention), participants will use a smartphone- based 
app to provide discrimination- related and stress- related 
data four times a day. Additionally, they will report 
every discriminatory and/or stressful event. During the 
intervention period, subsequently after such event- based 
data entries, participants will be allocated to either an 
intervention event (music listening for 10 or 20 min) or a 
control event (no music listening). Irrespective of event 
type, the app will signal 20 min after the initial event- based 
data entry for additional data collection. Every data entry 
will be accompanied by the collection of a saliva sample 
for analysis of biological stress markers (alpha- amylase, 
cortisol).
Analysis This intraindividual randomised design will allow 
us to test immediate (ie, before vs after music listening) 
and intermediate (ie, baseline period vs postintervention 
period) effects of the EMMI- T on psychological and 
biological stress levels. To test our hypotheses, we will use 
multilevel modelling.
Ethics and dissemination Positive ethical approval was 
given by the institutional review board of the University of 
Vienna (reference number 00575). The results of our study 
will be disseminated at conferences and submitted to a 
peer- reviewed journal.
Trial registration number NCT05829031.

A large body of research has demonstrated 
that ethnic discrimination (ED), the worse or 
unfair treatment because of one’s ethnicity,1 
can exert a detrimental effect on both mental 
and physical health.2–5 For instance, meta- 
analyses have shown a significant association 

of ED with various adverse health outcomes, 
including symptoms of psychological distress, 
reduced well- being, increased anxiety, depres-
sion, suicidal ideation and specific types 
of physical health problems and impaired 
general health.6–8

Evidence suggests that the experience of 
stress is a crucial factor in linking perceived 
ED to resulting health impairments.9 10 Within 
the framework of stress- coping models,11 12 
ED can be conceptualised as a stressor that 
is both uncontrollable and unpredictable 
in nature.10 Accordingly, what matters is the 
subjective perception of being discriminated 
against, referred to as perceived ED.13 Like 
any other stressor, perceived ED can elicit 
immediate psychobiological stress responses, 
resulting in negative emotional states as 
well as biological changes,11 with the latter 
determined by the activation of the hypo-
thalamic–pituitary–adrenal (HPA) axis, the 
autonomic nervous system (ANS)14 and the 
immune system. HPA axis activity causes a 
cascade of neuroendocrine responses in the 
brain, resulting in elevated levels of circu-
lating salivary cortisol (sCort).15 ANS activity 
can be detected in the form of elevated levels 
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nic) discrimination and/or other stressful events.
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 ⇒ Stress will be assessed multimodally by measur-
ing both subjective and biological (cortisol, alpha- 
amylase) stress parameters.

 ⇒ The results may be biased in some way as we will 
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analyses may introduce selection bias and thus limit 
the representativeness of our study.
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of the starch- degrading enzyme salivary alpha- amylase 
(sAA).16

The aforementioned psychobiological stress responses 
facilitate allostasis, the organism’s capacity to adapt to 
environmental challenges.17 However, chronic activation 
of the stress response systems can lead to allostatic load,17 
which manifests as maladaptive psychobiological stress 
responses such as altered secretions of sCort14 15 and 
sAA.18 Findings suggest that such dysregulation may be 
the determining factor regarding ill health among immi-
grants.3 9 19 In this vein, the frequency with which immi-
grants experience ED in their daily lives is therefore likely 
to play an important role.8 10 Moreover, the frequent (ie, 
chronic) experience of ED in daily life may enhance the 
perceived stressfulness of challenging situations unre-
lated to ED20–22 and may also lead to blunted psychobio-
logical stress responses following such events.19

To counteract ED in daily life, individuals use a range 
of coping strategies.23 However, not all of these coping 
strategies are adaptive, and some may even perpetuate 
or exacerbate the negative effects of perceived ED.24 25 
To maintain long- term health in immigrants, it is there-
fore crucial to investigate stress- coping interventions 
with the potential to immediately reduce psychobiolog-
ical stress responses following discriminatory events. For 
the successful implementation of such interventions 
in daily life, it is important to acknowledge the uncon-
trollable and unpredictable nature of discriminatory 
events10 and to consider the amplifying effects of ED on 
the psychobiological stress responses to other stressful 
events.19–22 Consequently, interventions must be ready to 
use, adaptable to a range of stressors, and flexible in their 
application.

Research on stress reduction interventions for individ-
uals perceiving ED is still lacking. Existing studies primarily 
focused on treatments encompassing weekly individual 
or group sessions,26–33 including mindfulness- based inter-
ventions,26 29 31 34 a salutogenic health programme,27 
laughter therapy30 or the development of adaptive cogni-
tive coping skills.28 33 These approaches tend to be rather 
time- consuming, inflexible and may not be suitable for 
stressors other than perceived ED. Furthermore, it is left 
up to the individual to transfer and implement the newly 
acquired coping skills into daily life, which might delay 
the effects of the intervention.32

These shortcomings might be addressed by using 
ecological momentary interventions (EMIs).35 Such 
interventions are mostly delivered via smartphone apps 
and are flexible in terms of both time and location of 
usage.35 Furthermore, they can be provided just- in- time, 
that is, at the precise moments when discriminatory and/
or stressful events occur.35 36 Existing smartphone- based 
interventions for immigrant populations largely focus on 
psychoeducation, mindfulness and/or relaxation tech-
niques for stress reduction.37–40 Only in one of the cited 
studies37 were participants provided with an on- demand 
coping toolkit for moments of acute stress (ie, just- in- 
time). Thus, most interventions may not be available at 

the exact moments when discriminatory and/or stressful 
events occur, as they were not designed as just- in- time 
interventions. Furthermore, as previous studies did not 
consider the simultaneous measurement of subjective 
and biological stress markers, it is not possible to draw 
definitive conclusions regarding the effect of the indi-
vidual interventions on different stress parameters. Taken 
together, evidence on just- in- time EMIs for stress reduc-
tion, which specifically target immigrants perceiving 
chronic ED, is lacking. Consequently, there is no evidence 
of effective and suitable intervention strategies for such 
EMIs.

One intervention strategy that is associated with partic-
ularly promising advantages in this regard is music 
listening, which is not only highly popular across different 
cultures,41 but also cost- effective and easy to administer. 
Thanks to smartphones and headphones, music listening 
is also almost completely flexible in terms of when and 
where it can be used.42 Importantly, the positive effects of 
music listening on subjective and biological stress param-
eters have been investigated in numerous studies, both in 
the laboratory43–49 and using ambulatory assessment.50 51 
Studies employing music listening as an intervention in 
daily life have revealed positive changes in subjective stress 
levels after music listening,52–55 and recent evidence from 
our team suggests that music listening is a feasible inter-
vention strategy for an EMI.56

To understand the mechanisms underlying the 
potentially health- conducive effects of music listening, 
researchers have put forth a biopsychological mediation 
model,57 58 which postulates that the stress response systems 
may serve as intermediaries in the relationship between 
music listening and stress- related health outcomes. 
Accordingly, music listening may elicit emotions, which 
subsequently modulate activity in distinct brain regions.59 
This modulation may result in the downregulation of 
HPA axis activity60 as well as ANS activity,61 which may 
result in improved health outcomes over time.

In summary, previous research has demonstrated the 
efficacy of music listening as a strategy for stress reduc-
tion. Notably, these findings were observed in partici-
pants’ everyday lives, outside of the controlled laboratory 
setting. However, the majority of studies did not include 
music listening in moments of acute stress. Furthermore, 
the interventions were not designed for immigrants and 
did not specifically target perceived ED alongside other 
stressful events. However, given its cost- effectiveness 
and potential benefits, evaluating the efficacy of music 
listening as a strategy for stress reduction in the daily 
lives of individuals perceiving chronic ED is particularly 
valuable.

PROPOSED STUDY
The proposed study will focus on Turkish immigrant 
women, one of the largest groups of non- EU citizens in 
Europe,62 including in Austria.63 Furthermore, they are 
frequently targets of ED.64 Studies have demonstrated that 
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Turkish immigrants are at increased risk of developing 
mental disorders and stress- related physical illnesses.65 66 
In this regard, it is important to consider gender- related 
and sex- related differences in experiences of discrimina-
tion,67 with immigrant women more likely than men to 
experience discrimination based on both their ethnicity 
and their gender.68 69 Evidence suggests a dose–response 
relationship, insofar as the impact of discrimination on 
health increases with the number of types of discrimina-
tion experienced.70 71 Furthermore, sex differences in 
specific stress responses might be apparent72 that may be 
attributed to the differing hormonal states observed in 
men and women.73 In consideration of these differences, 
we will limit our investigation to immigrant women.

Recognising the need for effective just- in- time inter-
ventions, we developed an ecological momentary music 
intervention (EMMI- T) to reduce stress in the daily lives 
of Turkish immigrant women. Responses to discrimina-
tory and/or other stressful events in the context of stress- 
coping models informed the design of the EMMI- T. As it 
might not be sufficient to solely target perceived ED, we 
aimed to develop an intervention that is also suitable for 
other discriminatory and stressful events. We chose music 
listening as an intervention strategy in view of its benefi-
cial effects on psychobiological stress as well as its inherent 
advantages (eg, popularity, easy and flexible application, 
low threshold and cost- effectiveness). Furthermore, we 
included the measurement of sCort and sAA to target 
the effects of music listening not only on subjective stress 
levels but also on HPA axis and ANS activity. We confirmed 
the feasibility of the EMMI- T approach in a pilot study. In 
the proposed study, we now aim to investigate the effec-
tiveness of the EMMI- T.

Our hypotheses are as follows:
1. Immediate effect: music listening after an event of 

acute ED and/or a stressful event results in stronger re-
ductions in subjective and biological (sCort and sAA) 
stress levels compared with no music listening.

2. Intermediate effect: a reduction in diurnal subjec-
tive and biological (sCort and sAA) stress levels can 
be observed from the baseline period to the post- 
intervention period of the study.

METHOD
Participants
The sample size was calculated based on data from a 
pilot study in which a small interaction effect according 
to Cohen (f² = 0.02) was observed for music listening * 
measurement time point (immediate effect of the inter-
vention). The power analysis was performed using the R 
package mixedpower.74 Given the methodological simi-
larities between the pilot study and the proposed main 
study, it is likely that the effect in the main study will be 
similarly small. The calculation yielded a statistical power 
(1- beta) of 0.98 (α=0.05) for a sample size of n=50 partici-
pants. Even when accounting for a potential attrition rate 
of 25% (as was the case in the pilot study), the statistical 

power will remain sufficiently high, with a value greater 
than 0.80 (α=0.05).

Therefore, we are aiming for a total sample of n=50 
Turkish immigrant women who are currently living in 
Vienna (AT) and aged 18–65 years (see figure 1). Individ-
uals will be considered as eligible for participation if they 
were born in Turkey themselves (ie, first- generation) or at 
least one of their parents (ie, second- generation). We will 
only include cisgender women with a score ≥104 on the 
Everyday Discrimination Scale,75 following the frequency- 
based algorithm introduced by Michaels and colleagues.76 
Therefore, only women who report experiencing chronic 
ED in their daily lives will take part in the study.

Various aspects of health are related to the psychobi-
ological stress response, as a wide range of disorders 
and medications have modulatory effects on the stress 
systems. To avoid possible influences on biological stress 
markers (sCort and sAA) and to further ensure the appro-
priateness of our intervention for the sample, we defined 
the following exclusion criteria: insufficient German- 
language proficiency, a body mass index (BMI) below 18 
kg/m2 or above 30 kg/m2, mental disorders (ie, current 
major depressive episode, lifetime psychosis or bipolar 
disorder, borderline personality disorder), medical 
conditions or medications known to affect endocrine 
or autonomic functioning, alcohol or substance abuse, 
pregnancy, breastfeeding, irregular menstrual cycle or 
impaired hearing.

Study design
Following an intraindividually randomised control 
approach,77 we will investigate whether music listening in 
moments of acute stress and/or perceived ED in daily life 
reduces psychological and biological stress responses to a 
greater extent compared with alternative activities (ie, no 
music listening).

Weeks 1 and 5 will constitute the baseline and postinter-
vention period, respectively. The smartphone- based app 
movisensXS (movisens GmbH, Karlsruhe, Germany) will 
be used for data collection. Three times per day (11 am, 3 
pm and 7 pm), participants will receive a signal to answer 
a brief set of stress- related and discrimination- related 
items (ie, time- based data entries). Every data entry will 
be accompanied by the collection of a saliva sample for 
the analysis of sCort and sAA. Moreover, participants will 
be advised to report every discriminatory and/or stressful 
event that occurs (ie, event- based data entries) if the 
respective situation allows for a data assessment. When 
such events are reported, participants will again answer 
a brief set of stress- related and discrimination- related 
items and provide a saliva sample (‘pre’). After 20 min, 
the app will signal for an additional data entry and saliva 
sampling (‘post’). This subsequent data entry will allow us 
to determine the course of psychological and biological 
stress responses from directly after the event to 20 min 
later. Every evening, participants will be instructed to 
complete a daily evening assessment before going to bed 
(with a reminder sent at 9 pm). In this assessment, they 
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will provide information on their subjective stress levels, 
perceived ED and further variables. If discriminatory 
and/or stressful events happened throughout the day, 
participants can provide detailed descriptions. To do so, 
participants are asked if they could provide detailed infor-
mation on each discriminatory and/or stressful event. 
Therefore, an open- ended format will be employed, 
allowing participants to determine the extent of infor-
mation to be shared. If certain details are perceived as 
too sensitive by study participants, they are not obligated 
to disclose them. Additionally, participants can provide 
information on discriminatory and/or stressful events 
that have occurred throughout the day, but where they 
were unable to trigger an event- based data entry due to 
situational circumstances (eg, workplace restrictions, 
when driving a car and during an appointment). Partici-
pants will not collect a saliva sample at this last data entry 
of the day.

During the intervention period (weeks 2–4), the time- 
contingent sampling protocol and the daily diary assess-
ment of the baseline (and postintervention) period will 
be maintained. Following each event- based data entry, the 

app will randomly allocate participants, with a 50:50 ratio, 
to either the intervention event or the control event (see 
figure 2). Participants will be aware of the two conditions 
and the random allocation by the study app to either the 
intervention event or the control event.

Music listening intervention and control event
If assigned to an intervention event, participants will 
be given the choice between a duration of 10 or 20 min 
of music listening. While an initial study found that a 
minimum of 20 min of music listening was necessary to 
show significant stress- reducing effects,50 we have included 
the option of 10 min to increase the flexibility of the inter-
vention. Individual music preference is an important 
factor to consider regarding the stress- reducing effects 
of music listening.46 47 Furthermore, evidence suggests 
that relaxing music might be more effective than acti-
vating music.44 46 48 Therefore, participants will be asked 
to create a personal, relaxing study playlist. If assigned to 
a control event, participants will be instructed to continue 
with their ongoing activities without music listening. We 
have decided against an active control condition due to 

Figure 1 Complete study flow chart of the ecological momentary music intervention for Turkish immigrant women (EMMI- T).
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the absence of empirical evidence on EMIs incorporating 
both effective and easy- to- use stress- reduction strategies 
for individuals perceiving chronic ED. Thus, the main 
goal of our proposed study will be to provide first evidence 
on the effectiveness of music listening. Consequently, the 
proposed study will entail a comparison of music listening 
with participants’ usual behaviour following discrimina-
tory and/or stressful events.

Irrespective of event type and music listening duration, 
the app will signal 20 min after the initial event- based data 
entry for additional data collection and saliva sampling 
(ie, post; see figure 2).

Procedure
We will recruit study participants by distributing flyers via 
Facebook (Meta Platforms, Menlo Park, USA), in public 
places, and through immigrant organisations. Interested 
individuals can email the study team to arrange an initial 
telephone interview, during which the inclusion and 
exclusion criteria will be screened. Eligible participants 
will be invited to our laboratory for a baseline appoint-
ment. Prior to this appointment, participants will receive 
an email with a personalised link for baseline question-
naires via the internet survey platform Unipark (Unipark 
EFS Survey, Globalpark, Cologne, Germany). Addition-
ally, participants will be instructed on how to create their 
music playlist for use during the intervention period of 
the study.

At the baseline appointment, we will explain the aim 
and procedure of the EMMI- T in detail, including instruc-
tions on using the study app movisens.XS (movisens 
GmbH, Karlsruhe, Germany) on either the participant’s 
own smartphone or a study smartphone, and on saliva 
sampling. Furthermore, we will save participants’ music 

playlist in a Spotify premium account (Spotify AB, Stock-
holm, Sweden). The 35- day study period will begin on 
the following day. Throughout the study period, partici-
pants will receive weekly telephone calls from a member 
of the study team in order to discuss any potential prob-
lems with study participation and to promote participant 
adherence.

After completion of the study period, we will reinvite 
participants to our laboratory to answer a set of final ques-
tionnaires and to hand over the saliva samples. Partici-
pants will be compensated according to the length of 
their study participation, with €120 being paid for full 
participation in the study.

Measures
Baseline measures
Participants will complete baseline questionnaires 
including sociodemographic information, different 
aspects of health, stress and ED, participants’ music 
listening behaviour and personality traits. Details can be 
found in the online supplemental material.

EMI measures
The following measures will be used to investigate the 
primary outcomes of the study, that is, the effectiveness 
of the EMMI- T:

Change in momentary subjective stress (ie, immediate effect) 
will be investigated using the single item ‘How stressed do 
you feel right now?’, to be answered on a visual analogue 
scale ranging from 0 ‘not at all’ to 100 ‘extremely’. 
Higher values indicate higher momentary subjective 
stress. The use of single items has been shown to be valid 
and reliable.78 Assessments will take place as part of the 

Figure 2 Schematic illustration of the ecological momentary music intervention (EMMI- T). During the intervention period, 
participants will be randomly assigned (50:50) to listen to their study playlist (ie, intervention event) or not (ie, control event) 
on reporting a stressful and/or discriminatory event (E1: ‘pre’). If assigned to an intervention event, participants may choose a 
music listening duration of 10 or 20 min. A postassessment (E2: ‘post’) will be included to capture effects on subjective stress 
levels and biological stress markers (salivary cortisol, salivary alpha- amylase).

https://dx.doi.org/10.1136/bmjopen-2024-090518
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event- based data entries, that is, directly after a discrim-
inatory and/or stressful event (pre) and 20 min later 
(post).

Change in short- term neuroendocrine stress (ie, immediate 
effect). Participants will provide saliva samples for the anal-
ysis of sCort and sAA directly after a discriminatory and/
or stressful event (pre) and 20 min later (post). Partici-
pants will be asked to store the saliva samples either in a 
freezer or refrigerator at home during the study period 
and to hand them to the study team at the postassessment 
appointment, whereupon the samples will be stored at 
−30°C until transported to the local laboratory of the 
Faculty of Psychology, University of Vienna, Vienna, 
Austria. The concentration of sCort (in nmol/L) will be 
determined using a commercial luminescence immu-
nosorbent assay (IBL- Tecan, Hamburg, Germany). To 
measure sAA activity (in U/mL), saliva samples will first 
be diluted at 1:400 using 0.9% saline solution,79 followed 
by a kinetic colorimetric test and reagents obtained from 
DiaSys Diagnostic Systems GmbH (Holzheim, Germany).

Change in diurnal subjective stress from baseline period to 
postintervention period (ie, intermediate effect) will be assessed 
using the single item ‘How stressed do you feel right 
now?’, to be answered on a visual analogue scale ranging 
from 0 ‘not at all’ to 100 ‘extremely’. Data of the three 
daily time- based data entries of the baseline period and 
the post- intervention period will be analysed.

Change in diurnal neuroendocrine stress from baseline period 
to postintervention period (ie, intermediate effect). Participants 
will provide a saliva sample three times per day, as part 
of every time- based data entry. Concentrations of sCort 
and sAA of the three daily time- based data entries of the 
baseline period and the post- intervention period will be 
analysed.

Control variables for biological measures. Given the poten-
tial influence of several biobehavioural variables on stress 
markers,73 control variables will be assessed as part of 
each data entry (except for the daily evening assessment). 
These will include information on physical activity in the 
past 2 hours, sleep in the past 2 hours, food intake in the 
past hour and medication use. For ‘post’, the time frame 
of each control variable will refer to the last data entry. All 
variables will be coded as 0=no, 1=yes.

A full list of all EMA items delivered by the app movi-
sensXS (movisens GmbH, Karlsruhe, Germany) and the 
secondary outcomes of this study can be found in the 
online supplemental material.

ANALYSES
To analyse the effectiveness of the EMMI- T, we will specify 
linear mixed- effects models with random intercepts using 
the R package lme4.80 Observations (level 1) will be nested 
within participants (level 2). Momentary subjective stress, 
sCort and sAA activity will constitute the dependent vari-
ables. Model estimation will be performed using restricted 
maximum likelihood. In the case of missing values, we will 
explore if the missingness of the data follows missing at 

random or missing not at random. In case of missing not at 
random, we will include predictors of missingness as covari-
ates in the respective models to adjust for potential bias. 
Additionally, we will perform sensibility checks (ie, compar-
isons of models with and without covariates) to assess the 
influence of these predictors on the respective outcomes.

To investigate the immediate effect of the EMMI- T 
(hypothesis 1), we will specify a first model for every 
outcome using data from the intervention period only. 
We will include measurement time point (coded as 0=pre, 
1=post), music (coded as 0=no music listening, ie, control 
event; 1=music listening, ie, intervention event), and 
their interaction (measurement time point * music) as 
fixed factors on level 1.

To examine the intermediate effect of the EMMI- T 
(hypothesis 2), we will specify a second linear mixed- 
effects model per outcome. Here, we will use data of 
the three daily time- based data entries from the baseline 
period (coded as 0) and the post- intervention period 
(coded as 1). To investigate the main effect of study phase 
on the outcome variables, period will be included in our 
model as a fixed factor on level 2. In the event of zero- 
inflation of the outcome variable momentary subjective 
stress (as observed in the pilot study), we will model a 
negative binominal zero- inflated model using the R 
package glmmTMB.81

It can be assumed that the distributions of sCort and 
sAA activity will be skewed. In this case, we will use a 
base- 10 logarithmic transformation to normalise the data. 
We will include the following level- 1 control variables: 
medication use, food intake, beverage intake (ie, intake 
of both alcoholic and non- alcoholic beverages) excluding 
water/unsweetened tea, physical activity and sleep 
(coded as 0=no, 1=yes). Following recommendations for 
centring categorical covariates in multilevel models,82 we 
will centre these variables within clusters. At level 2, we 
will include age and BMI as continuous control variables, 
both centred at the grand mean.83

Ethics and dissemination
The institutional review board of the University of Vienna 
approved both the EMMI- T pilot study and the proposed 
EMMI- T main study (reference number 00575). Partic-
ipation will be voluntary and can be terminated at any 
time. Oral informed consent will be obtained during the 
telephone screening and written informed consent will 
be required from each participant at the beginning of the 
baseline appointment (the written Participant Consent 
Form can be found as online supplemental material, both 
in the original German version and an English transla-
tion). All data will be collected and stored in a pseudony-
mised manner. On completion of the study, all data will 
be anonymised. The results of this study will be dissem-
inated at conferences and submitted to a peer- reviewed 
journal.

Trial status
Recruitment started in May 2023. The first participant 
started on 22 May 2023. Recruitment is expected to be 

https://dx.doi.org/10.1136/bmjopen-2024-090518
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slow, but we aim to complete data collection in September 
2025.

Patient and public involvement
As part of the pilot study, we conducted a comprehen-
sive quantitative and qualitative evaluation of our study 
design. To this end, participants completed a postmon-
itoring questionnaire, and we carried out semistruc-
tured interviews to assess participant satisfaction with 
the EMMI- T approach as well as participant burden, 
and to gather information on possible improvements. 
Based on participant feedback, we have modified the 
study design. Changes include reducing the number 
of measurement time points, offering a choice of 10 or 
20 min music listening duration and moving the time of 
the first measurement point to later in the day. With these 
modifications, we aim to further improve feasibility and 
reduce participant burden. The results of this study will 
be shared with interested participants and communicated 
to relevant stakeholders.

ANTICIPATED RESULTS
With our proposed study, we aim to investigate the effec-
tiveness of the EMMI- T in reducing psychobiological 
stress levels in the everyday life of Turkish immigrant 
women. For this purpose, we will assess the effects of 
the EMMI- T not only on subjective stress, but also on 
biological stress levels (sCort, sAA). As stated, we expect 
immediate and intermediate effects of the EMMI- T on 
psychobiological stress levels. In detail, we expect that 
psychobiological stress levels will be lower after music 
listening (ie, intervention events) than after alternative 
activities (ie, control events; hypothesis 1). Furthermore, 
we expect psychobiological stress levels to be lower in the 
postintervention period of our study compared with the 
baseline period (hypothesis 2).

DISCUSSION
It is evident that immigrant women frequently encounter 
discriminatory and/or stressful events in their daily lives. 
However, there is a lack of empirical evidence on effective 
stress reduction interventions that can be readily applied 
in moments of acute stress and/or perceived ED. With our 
proposed study, we aim to contribute important evidence 
to this research gap by providing valuable insights into 
the effectiveness of the EMMI- T in terms of reducing 
stress in the daily lives of Turkish immigrant women.

The proposed study is based on the findings of a pilot 
study which we conducted to thoroughly investigate the 
feasibility of the EMMI- T and to gain initial insights into 
its effectiveness. Based on the findings, we concluded that 
the EMMI- T is feasible. Furthermore, the results indicated 
beneficial immediate and intermediate effects of targeted 
music listening on subjective stress levels. Therefore, we 
decided to investigate the effectiveness of the EMMI- T in 
a larger main study.

The EMMI- T is highly flexible and adaptable. The 
intervention can be readily employed in daily life, not 
only in moments of acute stress, but also in the context 
of perceived ED. We will employ music listening as the 
intervention strategy, as this evidence- based stress reduc-
tion strategy84 is utilised across numerous age groups and 
cultures,41 85 and no learning is required in order to yield 
its benefits. The low- threshold nature of this method is 
reinforced by the accessibility of smartphones and online 
streaming services, which make music available at almost 
any time and place.85

Unlike previous interventions, we will incorporate a 
multimodal assessment of stress by measuring both subjec-
tive and biological (sCort, sAA) stress parameters. This is 
a major strength of our study as it will allow for compre-
hensive conclusions regarding the influence of music 
listening in daily life on both psychological and biological 
stress systems simultaneously. As such, our findings will 
extend previous work by providing a more comprehen-
sive understanding of the effects of music listening on 
different bodily stress systems. Furthermore, data from 
our proposed study will be collected from participants 
over an extended period (ie, 35 days), as they go about 
their daily lives. This will enhance the quality of our data 
by reducing measurement errors and biases that might 
otherwise be introduced through the sole use of cross- 
sectional, retrospective data.36

The chosen intraindividual randomised design will 
allow conclusions on a within- person level, if music 
listening is more beneficial for stress reduction than no 
music listening. By using this design, interindividual vari-
ability will be minimised, as every participant will serve 
as their own control. Additionally, a smaller sample 
size is required, which is particularly important when 
studying hard- to- reach populations. Another important 
advantage of this approach is that it guarantees that all 
participants will receive the intervention. Moreover, this 
design will allow participants to continue to use their 
usual coping strategies when assigned to a control event, 
providing valuable insights into the coping mechanisms 
commonly employed by the Turkish immigrants in our 
study. However, future studies may use the findings of 
the present study to design large- scale randomised clin-
ical trials with an active control condition, thereby facil-
itating more precise conclusions on the effectiveness of 
the intervention in comparison to other activities.

Our results may be biased by a number of factors. First, 
we will employ convenience sampling, which may intro-
duce selection bias. This will potentially compromise the 
representativeness of our sample and consequently limit 
the generalisability of our results. Additional factors that 
may affect the generalisability of our results may encom-
pass certain participant characteristics. Notably, all study 
participants will be Turkish immigrants, female and likely 
to have an affinity for music listening, as baseline data 
from our pilot study suggest. Moreover, the exclusion 
criteria of insufficient German- language proficiency and 
various health conditions may unintentionally limit the 
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representativeness of our study. Second, participants will 
be aware of the study aim, that is, the investigation of the 
effects of the music listening intervention on psychobi-
ological stress reduction. Additionally, participants will 
be instructed to create a study playlist comprising songs 
they personally perceive as relaxing. These circum-
stances may introduce potential bias, as participants 
may anticipate stress reduction. This expectation may 
influence their subjective stress responses, thus poten-
tially increasing the effects of music listening on subjec-
tive stress levels. Consequently, an observed reduction in 
subjective stress levels may, at least in part, reflect partici-
pants’ expectations and cannot be solely attributed to the 
music listening activity itself. To address these potential 
biases, the proposed main study will include biological 
stress parameters (ie, sCort, sAA) as objective indicators 
of stress responses. However, it is noteworthy that some 
studies that controlled for a potential expectation effect 
by providing researcher- selected music also demonstrated 
a reduction in stress levels,48 86 87 thereby underlining that 
music listening itself, independent of expectation effects, 
has the potential to influence stress levels.

Furthermore, it is important to mention that recruit-
ment for the pilot study was rather slow, and it is possible 
that the same issue may arise for the main study. One 
potential explanation is that immigrant women face 
structural barriers and discrimination that make them 
hard to reach.88 89

To conclude, we aim to make an important contribu-
tion to the field of immigrant health by providing infor-
mation on a well- evaluated, low- threshold stress reduction 
intervention for immigrant women perceiving chronic 
ED. Due to its innovative and flexible design, we antici-
pate a great potential of the EMMI- T approach not only 
for immigrant women, but also for other groups experi-
encing discrimination. The results of our proposed study 
will facilitate the development of further EMIs for stress 
reduction in daily life. Consequently, our results will not 
only be of scientific relevance, but will also have important 
clinical and practical implications.
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