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Abstract Moor mud applications in the form of packs and
baths are widely used therapeutically as part of balneotherapy.
They are commonly given as therapy for musculoskeletal dis-
orders, with their thermo-physical effects being furthest stud-
ied. Moor baths are one of the key therapeutic elements in our
recently developed and evaluated 3-week prevention program
for subjects with high stress level and increased risk of devel-
oping a burnout syndrome. An embedded pilot study add-on
to this core project was carried out to assess the relaxing effect
of a single moor bath. During the prevention program, 78
participants received a total of seven moor applications, each
consisting of a moor bath (42 °C, 20 min, given between
02:30 and 05:20 p.m.) followed by resting period (20 min).
Before and after the first moor application in week 1, and the
penultimate moor application in week 3, salivary cortisol was
collected, blood pressure and heart rate were measured, and
mood state (MultidimensionalMood State Questionnaire) was
assessed. A Friedman test of differences among repeated mea-
sures was conducted. Post hoc analyses were performed using
the Wilcoxon signed-rank test. A significant decrease in sali-
vary cortisol concentration was seen between pre- and post-
moor bath in week 1 (Z = −3.355, p = 0.0008). A non-
significant decrease was seen between pre- and post-moor
bath in week 3. Mood state improved significantly after both
moor baths. This pilot study has provided initial evidence on

the stress-relieving effects of single moor baths, which can be
a sensible and recommendable therapeutic element of multi-
modal stress-reducing prevention programs. The full potential
of moor baths still needs to be validated. A randomized con-
trolled trial should be conducted comparing this balneo-
therapeutic approach against other types of stress reduction
interventions.
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Introduction

The medical application of peloids (e.g., peat, fango, medici-
nal mud) is one of the key components of health resort med-
icine. Moor baths are prepared using moor mud (peat pulp)
consisting of organic matter, minerals, and water. They have
been widely used therapeutically as part of balneotherapy in
European health resorts for more than 200 years (Beer et al.
2013; Gutenbrunner et al. 2010). Moor mud applications in
the form of packs and baths (head out immersion) can be used
to help with a variety of complaints, mainly inmusculoskeletal
disorders. Arthroses, osteoporosis, rheumatic diseases (e.g.,
ankylosing spondylitis, rheumatoid arthritis in subacute and
chronic stage, fibromyalgia), gynecological disorders (e.g.,
chronic inflammation, infertility, ovarian failure), and psoria-
sis are the most common indications for treatment with moor
baths (Beer et al. 2013; Kraft 2012; Stier-Jarmer et al. 2015).

Moor baths are associated with thermo-physical, astrin-
gent, resorptive, and chemical effects of which the most stud-
ied are the thermo-physical effects. The pulpy consistency, the
high level of heat preservation, and the evenly slow heat re-
lease enable careful heat transfer by conduction. The supplied
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heat penetrates into deeper tissue structures and results in an
increase in core body temperature by about 2 °C during a 20-
min moor bath. With this passive mild whole body hyperther-
mia, pain relief, relaxation of muscles and subcutaneous con-
nective tissues, and anti-inflammatory effects can be achieved
(Beer et al. 2013).

Furthermore, taking a warm moor bath is usually found to
be beneficial and relaxing (Kraft 2012). The relaxing and
stress-relieving effect, however, is part of physicians’ and pa-
tients’ knowledge gained from experience but has not been
scientifically examined to date.

In recent years, a number of studies have been conducted
aiming at examining the stress-relieving effect of single ther-
apeutic interventions, including in the field of balneotherapy,
using salivary cortisol concentration as an objective stress
marker, often coupled with self-report data (Matousek et al.
2010).

Pawlow and Jones, for example, found that a brief relaxa-
tion exercise (20 min) caused significantly lower levels of
post-intervention heart rate, state anxiety, perceived stress,
and salivary cortisol concentration, as well as increased self-
reported levels of relaxation, than a control intervention
(20 min of quietly sitting) (Pawlow and Jones 2005). Kanitz
et al. aimed at evaluating the effects of a single rhythmical
massage intervention compared to a sham massage on well-
being, mood, and salivary cortisol concentration. No statisti-
cally significant effects were observed within this trial (Kanitz
et al. 2015). A Japanese study examined the stress-relieving
effect of bathing in warm thermal mineral water (sodium-chlo-
ride; 42 °C; 60 min) in a high- and a low-stress group of
healthy male students using a pre-post-design. Salivary corti-
sol levels and subjective perception of stress significantly de-
creased during spa bathing with a stronger decline in the high-
stress group (Toda et al. 2006). Austrian researchers were able
to show that bathing in warm thermal mineral water (sodium,
chloride, and hydrogen carbonate; 36 °C; 25min) had a stress-
relieving effect in healthy volunteers. Participants were ran-
domized to bathing, progressive muscle relaxation (PMR), or
resting. Salivary cortisol levels decreased during interventions
in all three groups. Self-reported levels of relaxation were
higher in participants in the bathing group compared to the
control groups (Matzer et al. 2014).

To our knowledge, similar studies to evaluate the stress-
relieving effects of moor baths have not yet been performed.
Moor baths are one of the key therapeutic elements in our
recently developed and evaluated secondary prevention pro-
gram for subjects with high stress level and increased risk of
developing burnout syndrome. We assumed that, despite the
pain-reducing and muscle relaxing potential, moor baths also
have stress-relieving and relaxing effects (Stier-Jarmer et al.
2016). This paper will present findings from an embedded
pilot study add-on to the core project, designed to test the
hypothesis that a single moor bath has a relaxing effect which

is reflected both in the physiological stress/relaxation response
and in the psychological state.

Materials and methods

This pilot study was embedded in a randomized controlled
study with waiting control group design, evaluating a multi-
modal program for stress reduction and burnout prevention by
combining traditional health resort treatment with stress man-
agement interventions. The 3-week prevention program in-
cluded four key therapeutic elements: (1) a stress management
seminar on burnout prevention, (2) relaxation (Hatha-Yoga,
Qigong, mindfulness training, progressive muscle relaxation),
(3) physical exercise (Bback school,^ endurance sports activ-
ities), and (4) local natural remedies (moor baths followed by
resting period and massage). Participants were adults with an
above-average level of perceived stress (PSQ total ≥50, which
corresponds to the mean plus one standard deviation in
healthy adults (Fliege et al. 2005)) and an increased risk for
developing a burnout syndrome (Emotional Exhaustion Scale
(MBI-EE) of the Maslach Burnout Inventory–General Survey
(MBI-GS-D) (Büssing and Glaser 1998; Schaufeli et al. 1996)
between 3.6 and 5.2). The program was carried out in Bad
Aibling, the oldest moor spa in Bavaria, Germany. Details of
study methodology, intervention, and results are given else-
where (Stier-Jarmer et al. 2016). The study had institutional
ethics committee approval (Ethics Committee of the Faculty
of Medicine, Ludwig-Maximilians-University München) and
included written informed consent.

Procedure

During the 3-week prevention program, participants received
a total of seven moor applications, each consisting of a moor
bath (42 °C, 20 min) followed by resting period (20 min). All
baths were given in the afternoon between 02:30 and 05:20
p.m. The measurements for the embedded pilot study were
taken before and after the first moor application in week 1 of
the prevention program (T1 and T2) and before and after the
penultimate moor application in week 3 (T3 and T4).

The moor applications were given by experienced profes-
sionals (state-examined masseurs/balneotherapists) in two lo-
cal rehabilitation clinics and one spa treatment center.

Measures

Salivary cortisol was collected, blood pressure and heart rate
were measured, and participants were asked to assess their
mood state at all time points (T1–T4). All procedures were
carried out by the clinical staff who had been instructed by
study personnel prior to the beginning of the study. Baseline
demographic and clinical characteristics of participants were

1958 Int J Biometeorol (2017) 61:1957–1964



collected at the beginning of the 3-week prevention program 1
to 4 days prior to the first moor bath.

Salivary cortisol

In order to prevent falsification of results, participants were
instructed not to eat, drink, or smoke for an hour prior to
collection and not to brush teeth prior to sampling. In addition,
they should not drink alcohol until delivery of the final saliva
sample on the days of sampling.

Salivary cortisol was measured in the standard unit of pg/
ml (reference range for measurements in the morning: 2300–
12,700 pg/ml and in the afternoon: 500–4200 pg/ml) and an-
alyzed using the salivary test cortisol ofmedivere:diagnostics/
GANZIMMUNDIAGNOSTICS AG,Mainz, Germany. Prior to
the first saliva collection at eachmeasurement, the participants
had to rinse their mouth with water. Saliva was gathered in the
mouth, and then was spat in plastic tubes using a drinking
straw. The plastic tubes had to be at least half full of saliva.
The samples were collected by study personnel and sent to the
laboratory within 24 h after the final sampling.

Mood state

Mood state was measured using the German version of the
Multidimensional Mood State Questionnaire (MDBF) (Hinz
et al. 2012; Steyer et al. 1997). The long format of the ques-
tionnaire comprises 24 items which ask for the current mood
(BAt the moment, I feel …^). The items consist of simple
adjectives such as Btired,^ Bhappy,^ and Bnervous.^ Each item
is rated on a five-point scale ranging from 1 (not at all) to 5
(very). Three subscales can be calculated (good-bad mood
[GB], alertness–tiredness [AT], and calmness–restlessness
[CR]). The possible values for each scale range from 8 to
40, with higher values meaning better mood, greater alertness,
and greater calmness.

Blood pressure (systolic/diastolic) and heart rate

Blood pressure and heart rate were measured before and after
the two moor baths. Participants rested in a seated position for
5 min. Blood pressure was measured on the left upper arm.
Heart rate was measured manually at the radial artery for 15 s
and multiplied by 4.

Participant satisfaction

The satisfaction with the burnout prevention program includ-
ing seven moor baths (Stier-Jarmer et al. 2016) was evaluated
post-intervention using a self-developed questionnaire con-
taining, for example, questions on the program in general,
therapeutic components, and competence/performance of the
staff. The questionnaire ends with open questions asking

participants, among other topics, about the program compo-
nents with which they were most satisfied.

Data analysis

Single missing items in the questionnaires were replaced,
where appropriate, by the mean of the available values in the
respective dimension.

Data analysis was performed for all participants who re-
ceived both moor baths (weeks 1 and 3) and of which four
cortisol samples were available.

All parameters were tested for normal distribution using the
Kolmogorov-Smirnov test. For most parameters, a normal
distribution was rejected; therefore, non-parametric methods
were used for the analysis of change.

A non-parametric Friedman test of differences among re-
peated measures was conducted. In case of a significant
Friedman test, post hoc analyses were performed using the
Wilcoxon signed-rank test and a Bonferroni correction with
p < 0.017 (0.05/3 comparisons).

Effect size r was calculated as the quotient of the test sta-
tistics Z divided by the square root of the number of cases.

SPSS Statistics 23.0 software was used for all analyses.

Results

Of the 90 initially enrolled study participants (Stier-Jarmer
et al. 2016), a total of 80 participants eventually completed
the burnout prevention program. Two of these participants had
to be excluded from the data analysis of the moor study. The
first did not receive the two moor baths due to migraine; in the
second participant, the saliva samples at T1/T2 were
insufficient.

Demographics and clinical variables of the remaining par-
ticipants (N = 78) are presented in Table 1.

Changes in target parameters after moor baths

For most participants (61.5% in week 1, 46.2% in week 3), a
meaningful reduction in cortisol concentration after the moor
baths could be seen. Other participants (12.8% in week 1,
19.2% in week 3) remained largely unchanged. In nine per-
sons (11 measurements), cortisol values exceeding the upper
limit of the reference range occurred after the moor bath.
Whereas two of these individuals achieved cortisol values
above the upper reference value after both baths, the seven
other participants had values within the normal range for the
other cortisol measurements. In four male participants, at least
one salivary cortisol value post-moor bath was extremely high
exceeding twice the upper reference value.

The Friedman test found significant differences between
the four time points (pre/post-moor bath in week 1, pre/post-
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moor bath in week 3) in salivary cortisol, systolic and diastolic
blood pressure, heart rate, and in the three MDBF subscales
MDBF-GB, MDBF-AT, and MDBF-CR (Table 2).

Post hoc analysis with Wilcoxon signed-rank test was con-
ducted with a Bonferroni correction applied, resulting in a
significance level set at p < 0.017. The median salivary corti-
sol concentration was 2434.5 pg/ml at T1, 1961.5 pg/ml at T2,
1588.5 pg/ml at T3, and 1357.5 pg/ml at T4 (Table 2 and
Fig. 1). A significant decrease was seen between pre- and
post-moor bath in week 1 (Z = −3.355, p = 0.0008) and be-
tween post-moor bath in week 1 and pre-moor bath in week 3
(Z = −2.622, p = 0.0087). A non-significant decrease was seen

between pre- and post-moor bath in week 3 (Z = −1.399,
p = 0.1617).

Effect sizes r ranged from small (−0.16) to medium
(−0.38).

Blood pressure levels (systolic and diastolic) were signifi-
cantly lower after the moor baths. Heart rate increased during
the moor baths but the changes were not statistically significant.
The heart rate in week 3, however, was significantly lower than
in week 1. The post hoc analysis on mood state showed signif-
icant changes in all three subscales after both moor baths
(MDBF-GB good mood increased, MDBF-AT tiredness in-
creased, and MDBF-CR calmness increased) (Fig. 2).

Table 1 Baseline demographic
and clinical characteristics of
participants included in analyses

(N = 78)

Age (years), mean (SD) 50.5 (6.7)

Female, n (%) 58 (74.4%)

Marital status, n (%)

Married/cohabiting 49 (62.8%)

Separated/divorced/widowed 18 (23.1%)

Single 11 (14.1%)

Highest educational level, n (%)

Basic secondary school certificate (Hauptschulabschluss) 7 (9.0%)

Intermediate secondary school certificate (Realschulabschluss) 30 (38.5%)

Qualification for university/universities of applied sciences entrance
(Abitur/Fachhochschulreife)

13 (16.7%)

University degree/universities of applied sciences degree
(Universitäts-/(Fach-)Hochschulabschluss)

25 (32.0%)

Other 3 (3.8%)

Employment status, n (%)

Full-time work 42 (53.8%)

Part-time work 16 (20.5%)

Self-employed 10 (12.8%)

More than one employer 6 (7.7%)

Other 4 (5.1%)

Awakening cortisol (pg/ml), mean (SD), median

Sample_immediately after waking up 5836.3 (3110.7), 5184.0

Sample_30 min after waking up 8523.1 (3708.7), 7806.0

Sample_60 min after waking up 7614.3 (3717.8), 6885.0

MBI-GS-D, mean (SD)

Emotional exhaustion 4.5 (0.7)

Cynism 3.5 (1.0)

Professional efficacy 3.7 (0.7)

PSQ, mean (SD)

Worries 55.3 (19.9)

Tension 76.9 (15.0)

Joy 30.8 (18.5)

Demands 73.2 (17.5)

Total 68.7 (13.2)

Awakening cortisol: samples were taken 3 to 4 days prior to the first moor bath

MBI-GS-D Maslach Burnout Inventory–General Survey—baseline measurement 1 to 2 days prior to the first
moor bath, PSQ Perceived Stress Questionnaire—baseline measurement 1 to 2 days prior to the first moor bath
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Participant satisfaction

In general, participant assessments of the overall program
were clearly positive. Among the therapeutic elements, espe-
cially the moor applications received top ratings (90% Bvery
good^). Fifty-five percent of participants said that they were
particularly satisfied with the moor applications.

Discussion

We conducted an uncontrolled exploratory pilot study to ex-
amine the effects of two single therapeutic moor baths on
physiological stress response and psychological state. This
study was an embedded add-on to the core project, a random-
ized controlled study with waiting control group design eval-
uating a multimodal program for stress reduction and burnout
prevention.

The two single moor baths followed by resting periods
(20 min each) have shown to improve mood and to decrease
salivary cortisol concentration and blood pressure in adults
with an above-average level of perceived stress and an in-
creased risk for developing a burnout syndrome.

Salivary cortisol concentration decreased significantly dur-
ing the first moor bath in week 1, between post-moor bath in
week 1 and pre-moor bath in week 3, and between pre-moor
bath in week 1 and pre-moor bath in week 3. A non-significant
decrease was seen between pre- and post-moor bath in week 3.
Vasodilation induced by moor baths significantly decreased
blood pressure and slightly increased heart rate. Significant
improvement in mood and calmness after both moor baths
could be observed.

The results of cortisol concentrations, illustrated in Fig. 1,
reveal that the salivary cortisol levels seen in this pilot study
reflect not only the effects of the single moor baths but also the
effects of the entire 3-week prevention program, which has
shown to be highly effective in reducing perceived stress
and burnout symptoms as measured by self-report question-
naires (Stier-Jarmer et al. 2016). Salivary cortisol concentra-
tion prior to the moor bath in week 3 was significantly lower
than cortisol concentrations before and after the first moor
bath in week 1, indicating a substantial reduction in stress
level due to participation in the multimodal prevention pro-
gram for more than 2 weeks.

The same applies to mood state (Fig. 2). Prior to the first
moor bath, mean scores of the three MDBF subscales in this
study were considerably lower (between 2.3 and 4.8 points)
compared to a reference group in the same age range and
representative of the German population (Hinz et al. 2012),
indicating the initially poor mental well-being of our study
population. After the first moor bath, and even more markedly
after the moor bath in week 3, the scores had improved andT
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Fig. 1 Salivary cortisol concentration before and after moor baths in
week 1 and week 3 (N = 73; outliers exceeding twice the upper
reference value (>8400 pg/ml) were trimmed). Wilcoxon test p (T2-
T1) = 0.001, p (T4-T3) = 0.162. The bottom and top of each box are
the first and third quartiles (25 and 75% percentiles). The band inside the
box is the median. The lines extending vertically from the boxes

(whiskers) characterize the largest and smallest value, which is not
classified as an outlier or an extreme value. The distance of outliers
from the 25 or the 75% percentile is between 1.5 times and 3 times the
box height. Outliers are represented by circles. The distance of extreme
values from the 25 or the 75% percentile is more than three times the box
height. Extreme values are represented by asterisks

Fig. 2 Good/bad mood, alertness/tiredness, and calmness/restlessness
before and after moor baths in week 1 and week 3 (N = 78). Wilcoxon
test (good/bad mood) p (T2-T1) < 0.001, p (T4-T3) < 0.001. Wilcoxon
test (alertness/tiredness) p (T2-T1) = 0.017, p (T4-T3) < 0.001. Wilcoxon
test (calmness/restlessness) p (T2-T1) < 0.001, p (T4-T3) < 0.001. The
bottom and top of each box are the first and third quartiles (25 and 75%
percentiles). The band inside the box is the median. The lines extending

vertically from the boxes (whiskers) characterize the largest and smallest
value, which is not classified as an outlier or an extreme value. The
distance of outliers from the 25 or the 75% percentile is between 1.5 times
and 3 times the box height. Outliers are represented by circles. The dis-
tance of extreme values from the 25 or the 75% percentile is more than
three times the box height. Extreme values are represented by asterisks
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were between 3.1 and 5.2 points above the German reference
values.

An exception to this is the alertness scale MDBF-ATwhich
decreased after moor baths. Decreasing values indicate more
tiredness and less alertness, which would usually be consid-
ered as negative mood (Steyer et al. 1997). However, this is a
special case; warm moor baths provide beneficial relaxation,
which leads to participants feeling, at least temporarily (see
Fig. 2), more tired and sleepy. In this case, the decreasing
MDBF-AT scores, therefore, should not be judged negatively,
but can be considered as the natural consequence of a relaxing
intervention.

Effectiveness of balneotherapy in reducing stress

Balneotherapy may be a stress-relieving measure, as support-
ed also by several recently published studies (Matzer et al.
2014; Rapoliene et al. 2016; Toda et al. 2006). The aforemen-
tioned studies by Matzer et al. and Toda et al., for example,
showed that bathing in warm thermal mineral water had a
significant stress-relieving effect in healthy individuals as
measured by physiological (e.g., salivary cortisol levels) and
psychological (subjective perception of stress) response. A
current randomized controlled questionnaire-based study by
researchers from Lithuania found that 108 g/l salinity geother-
mal water baths administered to seamen for 2 weeks; five
times a week; reduced stress, fatigue, and pain; improved
mood; and proved to be more efficient for relieving stress
and pain than music therapy (Rapoliene et al. 2016).

Study limitations and strengths

As our pilot study did not involve a control group, we do not
know how much of the observed effect is due to the moor
baths or simply due to 20-min warm bathing or resting while
bathing or other potential stress-relieving factors. The lack of a
control group was therefore the major limitation of this study.

Salivary cortisol is considered to be a valid and reliable
indicator of the hypothalamus-pituitary-adrenal (HPA) stress
activity. The advantages compared to serum cortisol are evi-
dent: easier to collect, non-invasive procedure which enables a
less stressful handling of sampling, not dependent on the
availability of a health care professional, lower costs, and the
possibility of repeated sampling even in short time intervals
(Kirschbaum and Hellhammer 1994; Marques et al. 2010).
Samples are stable at room temperature for 1 to 2 days
(Turpeinen and Hamalainen 2013).

Possible disadvantages are (a) participants may be stressed
by dry mouth that is, in the case of our study, caused by the
warm moor bath and leads to concerns of not having enough
saliva for sampling. This may have been the case with a few of
our participants. To prevent this, participants were encouraged
to rinse out mouth with water immediately after moor bath

before the 20-min resting period. (b) Falsely elevated cortisol
values by contamination with blood (e.g., by bleeding gums,
inflammation of the mouth, tongue or cheek bite injuries)
sometimes cannot be avoided. However, this is usually
checked by the laboratory, and the sample would not be eval-
uated in this case.

Salivary cortisol concentration follows a strong circadian
rhythm (after a peak during the first hour after awakening,
continuously decreasing for the rest of the day) with the
highest levels in the morning and lowest at midnight
(Heaney et al. 2012; Kirschbaum and Hellhammer 1994).
Single assessments of cortisol are therefore dependent on the
time of day. All samples in our study were taken within a 3-h
window in the afternoon between 02:30 and 05:20 p.m.
Despite this relatively tight time frame, a small diurnal varia-
tion cannot be completely excluded.

It is positive to note that the moor baths were given in a
real-world clinical setting by experienced professionals in two
local rehabilitation clinics and one spa treatment center, that
the treatment was very positively received by the participants,
and that both physiological and psychological responses were
collected for all participants.

To our knowledge, the present study is the first to examine
the stress-relieving effects of moor baths. The findings suggest
that moor baths can have a positive, albeit small to moderate,
effect on the stress levels of highly stressed adults.
Accordingly, moor baths could be an effective therapeutic
intervention for stress reduction as an integral part of multi-
modal burnout prevention programs.

Our study participants were selected based on their level of
perceived stress and the extent of burnout symptoms. The
group was composed mainly of women with a mean age of
50.5 years and was likely not representative of the general
population. It is uncertain whether the results of this pilot
study can be generalized to other populations. For our study
population, however, we could show the positive effects of
moor baths on level of stress and well-being.

Conclusion

This pilot study has provided initial evidence on the stress-
relieving effects of two single moor baths, which have been
shown to improve mood and to decrease salivary cortisol con-
centration in adults with an above-average level of perceived
stress and an increased risk for developing a burnout syn-
drome. Moor baths can, therefore, be considered as a sensible
and recommendable therapeutic element of multimodal stress-
reducing prevention programs. However, this uncontrolled
preliminary study was only a first step, which has helped to
determine whether the intervention has the potential to make a
difference. The full potential of moor baths still needs to be
validated. The next step could be to conduct a randomized
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controlled trial comparing this balneotherapeutic approach
against other types of stress reduction interventions of equal
duration (e.g., warm immersion baths using tap water or med-
ical mineral waters of different chemical composition, medi-
tation, and resting), investigating the impact on salivary corti-
sol concentration and further stress-relevant parameters where
appropriate.
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