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Abstract
Background: There is growing scientific interest in assessing
the biological correlates of non-pharmacological interventions such as mindfulness. Examinations of the beneficial effects of mindfulness on hypothalamus-pituitary-adrenocortical system activity (HPA SA) and sleep are sparse. The aim
of the present study was to explore the impact of long- and
short-term meditation experience on HPA SA and sleep.
Method: There were 20 participants, 9 of whom had longterm experience in meditation (mean = 264 months) and 11
novices. Novices underwent an 8-week course in Mindfulness-Based Stress Reduction (MBSR), and cortisol samples
were taken in the lab at the beginning and end of the course.
To assess the cortisol awakening response, 4 morning cortisol samples were collected. Sleep and mindfulness were assessed by self-rating questionnaires. Results: Among participants with long-term meditation experience, morning cortisol decreased with length of experience. For novices, after
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an 8-week introductory MBSR course, morning cortisol levels had decreased, while both sleep and self-attribution of
mindfulness significantly improved. Cortisol levels did not,
however, change between the beginning and end of individual MBSR sessions. Conclusions: The pattern of results
lends support to the view that MBSR/meditation has a favorable influence both on biomarkers of stress regulation, such
as cortisol secretion, and on sleep.
Copyright © 2012 S. Karger AG, Basel

Introduction

In recent years, there has been a substantial growth of
scientific interest in both the application and the assessment of mindfulness-based interventions. Indeed, mindfulness-based interventions have been used with both
healthy subjects and patients suffering from physical diseases and psychiatric disorders [1–3]. In the late 1980s, J.
Kabat-Zinn was challenged by his colleagues at the Med-
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ical Center of the University of Massachusetts over the
fact that conventional treatments did not improve the
health or quality of life of chronically ill patients [4]. To
supplement conventional treatments, Kabat-Zinn introduced training in mindfulness, as derived from the Buddhist tradition and in hatha yoga. The result was the socalled Mindfulness-Based Stress Reduction (MBSR) [5].
Following Kabat-Zinn’s seminal work, mindfulness has
been defined as a state in which a person is paying total
attention to the present moment and is fully aware of inner and outer experiences, though without any judgment
[6]. More specifically, in practicing mindfulness one
seeks to perceive one’s feelings and emotions without reacting to them, to accept oneself as one is and to remain
in touch with things as they are, even when things go
wrong. The original concept of mindfulness can be found
first in Buddhism and has become integrated into several
behavioral intervention programs, such as MBSR and
Mindfulness-Based Cognitive Therapy [7], Dialectical
Behavior Therapy [8] and Acceptance and Commitment
Therapy [9, 10].
Numerous studies and meta-analyses have now shown
that MBSR and therapeutic approaches derived from it
are effective in improving the health status of those suffering from a broad variety of physical diseases, including
the psychological correlates of these (e.g. psychological
symptoms in cancer; reduction of blood pressure; chronic pain; rheumatoid arthritis; fibromyalgia; psoriasis; tinnitus; HIV; improvements in quality of life, depressive
symptoms and fatigue in multiple sclerosis [11]), and psychiatric disorders (e.g. prevention of relapses in major depressive disorders [12]; reduction in depressive and anxiety symptoms in major depressive disorders; significant
benefits for patients with several anxiety disorders and
with alcohol and substance dependence [1, 2, 13]). The
overall pattern, however, indicates that alongside the encouraging results, there are also inconsistent and conflicting findings with regard to the beneficial effect of
MBSR upon health status. These may partly be attributed
to two main issues. First, despite numerous attempts to
provide a coherent definition of mindfulness, an unequivocal and coherent theoretical framework of mindfulness is still lacking [for a review, see Chiesa and Malinowski 14]. Second, there are methodological issues,
such as studies using different measures (making it difficult to compare results), unrepresentative samples, lack
of control groups, lack of longitudinal studies, cultural
differences and differences related to quality of treatment
[1, 3; for an extensive overview, see 2]. Specifically, most
studies have relied on self-report measures to assess im110
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provements. To counter this, and to provide more objective evidence, functional MRI [15, 16] and assessment of
the hypothalamus-pituitary-adrenocortical system activity (HPA SA) have been used with both patients and
healthy subjects. Again, though, results based on these
approaches have ranged from no difference to highly significant improvements [1, 2].
Among the biological markers to assess MSBR/meditation, cortisol secretion has gained increased attention
as a reliable indicator of HPA SA [17]; cortisol has generally been found to be responsive to interventions intended to reduce stress [17]. To name a few, Carlson et al. [18]
assessed 33 outpatients suffering from breast and prostate
cancer undergoing an 8-week MBSR program. Results
showed that the MBSR program was associated with decreased cortisol secretion along with decreased stress and
mood disturbance. Marcus et al. [19] assessed morning
cortisol levels of 21 psychiatric outpatients suffering from
addictive disorders at the beginning and at the end of an
8-week MBSR program; the authors were able to show
that awakening salivary cortisol levels were significantly
lower at the end of the 8-week MBSR program. In contrast, Galantino et al. [20] could not find any beneficial
effects on cortisol secretion of an 8-week MBSR program
for 84 employees. Similarly, Klatt et al. [21] assessed working adults and controls, but observed no change in cortisol secretion either between groups or over a 6-week
MBSR course. Robinson et al. [22] assessed plasma cortisol levels of 34 patients suffering from HIV; of these, 24
participated in an 8-week MBSR program, and 10 were
assigned to the control group. The authors found neither
pre- to post-intervention nor between-group effects.
Robert McComb et al. [23] assessed plasma cortisol levels
of 18 elderly women with heart disease who were randomly assigned either to the treatment (8-week MBSR
program) or control group. Results revealed no significant group differences, though they were suggestive of a
reduction in cortisol in the treatment group 8 weeks later
[for an extensive overview, see 17]. Finally, Matousek et
al. [24] reported an increase in cortisol secretion from
pre- to post-measurement in 33 patients who completed
a treatment for breast cancer. To sum up, several studies
both with patients suffering from various psychiatric and
somatic disorders and with healthy people have provided
a quite inconsistent picture of the relation between MBSR
and HPA SA.
With respect to sleep, it is believed that MBSR may
improve sleep by reducing sleep-disrupting dysfunctional thoughts. Within the cognitive-emotional model of insomnia [25], dysfunctional thoughts are considered to be
Brand /Holsboer-Trachsler /Naranjo /
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the main cause of sleep disturbances. However, again no
clear-cut pattern of results has emerged so far; some studies have indicated a positive effect of MBSR on sleep, but
some have failed to show significant effects [26–30]. The
reasons for these inconsistent results remain unclear. As
for research on MBSR and cortisol, it is conceivable that
methodological issues (e.g. different methods for assessing sleep, non-comparable samples, lack of control
groups) may thus far have obscured any consistent pattern.
There is a wealth of evidence showing a close association between increased HPA SA and poor sleep, whether
in healthy children [31, 32], adolescents [33], adults [34],
infants suffering from infantile colic [35] or patients suffering from depressive symptoms [36–38]. Consequently,
it is conceivable that a similar pattern may be found
among adult meditators.
To summarize, there is some evidence of beneficial effects of MBSR on HPA SA and sleep, though methodological issues (different sample characteristics, different
time frames for salivary collection, and different cortisol
assessments) may well be responsible for the lack of clearer conclusions [for an overview, see 17]. Moreover, no evidence is available on the consequences of long-term
meditation practice. To counter this, the present study
aimed to shed light on the relationship between meditation, MBSR, HPA SA and sleep among long-term practitioners of meditation (Buddhist monks and nuns, mindfulness teachers) and among those with no prior experience of meditation (novices). We believe that the results
may be of potential interest both in clinical settings to aid
promotion of MBSR as a non-pharmacological intervention alongside standard therapies, as well as in non-clinical settings to foster well-being.
The following five hypotheses were formulated. First,
since HPA SA seems to be responsive to stress-reducing
interventions [17], we expected lower HPA SA as a function of meditation experience among long-term meditators. Second, we anticipated that an 8-week course in
MSBR should reduce HPA SA. Third, we further assumed
that cortisol levels would decrease from the beginning to
the end of a meditation session and from the very first
session to the very last session of an 8-week course.
Fourth, following Winbush et al. [29] and Ong and Sholtes
[30], we expected improved sleep quality following an
8-week course of MBRS. Fifth, following Buckley and
Schatzberg [38] and Steiger [37], we expected an association between HPA SA and sleep. We also anticipated an
association between decreased HPA SA, improved sleep
and improved mindfulness.
Mindfulness, Cortisol and Sleep

Methods
Sample
The sample consisted of 20 participants divided into two subgroups of long-term and short-term meditators. Nine participants were long-term meditators (mean age = 49.7, SD = 7.50),
with an average meditation experience of 264 months (SD =
95.5; range: 144–396 months): 4 from Theravada Buddhist monasteries in Myanmar, Switzerland and Germany, 3 teachers of
vipassana meditation and 2 additional practitioners with longstanding meditation experience. Eleven participants were novices (9 females, 2 males; mean age = 40.2 years, SD = 11.43) without any prior experience of MBSR. These novices were recruited
for the study after they had subscribed to an MBSR course. They
were offered a reduction in course fees for participating in the
study.
The purposes of the study were fully explained, and participants gave written informed consent. Next, a brief psychiatric interview (Mini International Neuropsychiatric Interview [39]) was
undertaken to rule out possible psychopathological symptoms.
The study was performed in accordance with the Declaration of
Helsinki, and the experimental protocol was approved by the Ethics Committee of the University Medical Center Freiburg i. Br.
(Germany).
Procedure
First, to assess the cortisol awakening response (CAR), morning cortisol samples were gathered as outlined below. Next, for
long-term meditators, saliva samples were collected at the beginning and at the end of a single meditation session.
For the novices, saliva samples were gathered at the beginning
and at the end of the very first meditation session, as well as at the
beginning and end of the last meditation session 8 weeks later.
Meditation sessions took place between 1 and 4 p.m. Additionally, at the beginning and at the end of the 8-week course, participants completed a questionnaire assessing self-perception of
mindfulness (Freiburg Mindfulness Inventory) [40], as well as a
questionnaire to assess sleep quality (Pittsburgh Sleep Quality Index) [41].

Materials
Freiburg Mindfulness Inventory
The short form of the Freiburg Mindfulness Inventory [40]
was used to assess self-attribution of mindfulness. The self-completed questionnaire comprises 14 items focusing on thoughts,
attitudes and experiences related to the concept of mindfulness.
Typical items are ‘I am open to the experience of the present moment’, ‘I see my mistakes and difficulties without judging them’
and ‘I am able to appreciate myself’. Answers are given on 4-point
rating scales ranging from 1 (= rarely) to 4 (= almost always), with
higher scores reflecting greater self perception of mindfulness
(Cronbach’s ␣ = 0.88 for long-term meditators and 0.73 for novices).
Assessing Sleep
To assess sleep, the Pittsburgh Sleep Quality Index [41] was
employed. This self-completed inventory assesses sleep quality
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on various dimensions over the past 4 weeks. It has 9 items,
though one consists of 10 sub-items, so participants provide responses to 18 questions in all. Typical items are: ‘For the last four
weeks, how often didn’t you sleep well because …’ ‘… you
couldn’t fall asleep in the first 30 min?’, ‘… you woke up during
the night or early in the morning’. Answers are given on 4-point
rating scales with various verbal quantifiers depending on the
type of question. Higher overall scores reflect poorer sleep quality (Cronbach’s ␣ = 0.89 for long-term meditators and 0.90 for
novices).
HPA System Assessment at Baseline/CAR
Morning cortisol level, or the CAR, has been shown to be a
reliable biological marker for the HPA activity of children, adolescents and adults when measured repeatedly with strict reference to the time of awakening [42–44]. Participants individually
collected 4 saliva cortisol samples in the morning at 0, 10, 20 and
30 min after awakening and stored them in the refrigerator. Waking times ranged from 6.00 to 7.00 a.m. Participants were instructed and trained in saliva sampling before the start of the
study. Specifically, participants were instructed to keep the cotton
swabs in the mouth for about 2 min and to refrain from smoking
and from food or beverage intake.
HPA System Assessment at the Beginning and at the End of a
Meditation Session
The following saliva samples were all exclusively collected in
the laboratory of the University Medical Center Freiburg in Breisgau (Germany), Department of Environmental Health Sciences: one sample on entering the lab, one at the beginning of the
first meditation session, and one at the end of this session. For
long-term meditators, one meditation session was assessed
(cross-sectional), whereas the novices were invited twice to the
lab for a meditation session, the first before the start of the MBSR
course and the second time after the end of the 8-week course
(longitudinal). To keep possible confounders to a minimum [17],
assessments took place in the afternoon. In addition, participants were asked to refrain from smoking, food and beverage
intake, and strenuous physical activity for 90 min prior to measurements.
Saliva Cortisol Sampling Technique and Cortisol Analysis
Saliva samples obtained as described above were then returned to the laboratory, where they were centrifuged at 4 ° C
(2,000 rpm, 10 min) and stored at –20 ° C until assay.
Free salivary cortisol concentrations were analyzed using a
time-resolved immunoassay with fluorometric detection ‘CoatA-Count’ Cortisol RIA from Diagnostics Products Corporation
(obtained through H. Biermann GmbH, Bad Nauheim, Germany)
as described in detail elsewhere [45]. Intra- and inter-assay variabilities of this assay were less than 3.0 and 3.67%, respectively.
Of the cortisol values sampled at 0, 10, 20 and 30 min after
awakening, to compute a reliable estimate of the total amount of
hormone release, the area under the concentration time curve
(AUC) of the morning cortisol levels (nmol/l) was calculated using trapezoidal integration [35, 46–48]. The AUC total refers to
the entire amount of cortisol concentration under the time curve,
whereas the AUC basal describes the initial and averaged amount
of cortisol secretion over time, as if the HPA system had not been
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stimulated; accordingly, the AUC net refers to the difference in
cortisol secretion between AUC total and basal [48].
Experience with Meditation and MBSR
The 9 long-term practitioners reported an average experience
of 264 months (SD = 95.5; range: 144–396 months). They also reported practicing meditation every day for at least 120 min. Novices reported no prior experience in meditation or mindfulness
practice prior to enrolment in the study.
MBSR Course
MBSR is an 8-week structured and manualized behavioral
intervention program. It was taught in groups of up to 12 participants by a single instructor. Participants took part in one 2.5hour session every week, and an additional 7-hour all-day session on a weekend. Each session covered specific exercises and
topics within the context of mindfulness practice and training.
These included various types of formal mindfulness practice,
mindful awareness of dynamic yoga postures, and mindfulness
during stressful situations and social interactions. The all-day
retreat included a combination of previously used and newly introduced mindfulness exercises. On enrolment, participants
were asked to commit themselves to daily homework assignments of 45–60 min. The instructors were two women with university level degrees in educational counseling who had undergone MBSR training provided by the UMass Medical Center for
Mindfulness, Worcester, Mass., USA. Each had at least 7 years
of experience of teaching MBSR. Personal interviews were conducted by each instructor to establish rapport and to help participants formulate realistic individual goals for the intervention. Post-intervention interviews addressed participants’ personal experiences.
Statistical Analyses
To compare the scores of long-term meditators on the Freiburg
Mindfulness Inventory with normative data, a series of one-sample t tests was performed.
Pre- to post-intervention comparisons were performed with
t tests for dependent data, whereas comparisons between participants with long- and short-term experience were performed
with t tests for independent samples. To compensate for possible
deviations from homogeneity of variances, instead of the classical Student’s t test, the more robust Welch test was employed [49,
50].
Test results with a level of p ! 0.05 were reported as significant.
However, we placed more emphasis on effect sizes (d), following
Cohen’s advice [51–53] that the importance of p values should not
be overestimated. Moreover, unlike p values, effect sizes do not
vary as a function of sample sizes. Effect sizes for t tests were calculated following Cohen [48], with 0.20 6 d 6 0.49 indicating
small (i.e. negligible practical importance), 0.50 6 d 6 0.79 indicating medium (i.e. moderate practical importance), and d 6
0.80 indicating large (i.e. crucial practical importance) effect sizes. Spearman’s correlations were computed; a partial correlation
was performed to correlate duration of meditational experience
and CAR controlling for age.
Statistical analyses were conducted using SPSS 19.0 for Windows.
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Table 1. Descriptive and statistical overview of self-attribution of mindfulness, cortisol secretion and sleep qual-

ity, separately by meditation experience (long-term experience vs. short-term experience) and time of measurement, mean 8 SD
Experience in meditation
long-term

Sample size
Self-attribution of mindfulness (FBI)
Sleep (PSQI)
Cortisol
CAR, nmol/l
AUC total
AUC basal
AUC netto
Meditation in lab, g/dl
Entry
Beginning
End

novice
start of course

end of course

9
47.6784.92
3.7582.05

11
30.7785.15
7.7284.08

37.6483.47
5.4684.04

334.938274.61
309.838338.47
25.098109.16

308.978210.32
258.238236.19
55.88895.97

293.668201.60
263.638235.08
24.54879.78

4.3582.82
3.6083.35
3.7783.43

4.0082.31
2.6882.43
2.9282.48

3.8382.40
2.7482.42
2.6982.50

CAR = Cortisol awakening response; FBI = Freiburg Mindfulness Inventory; PSQI = Pittsburgh Sleep Quality Index.

Results

Mindfulness
Table 1 gives separate overviews of the experience of
mindfulness, cortisol secretion and sleep, by experience
of meditation (long- and short-term) and assessment
time.
For long-term meditators, the mean score for self-attributed mindfulness was 47.7 (SD = 4.93). Using normative data taken from Walach et al. [40], long-term meditators reported significantly higher scores than a normal
population (mean = 34.5, SD = 6.77; t8 = 8.00, p ! 0.001,
d = 2.25). Compared to novice meditators at the beginning and at the end of an 8-week course, long-term mediators had higher scores (novices: beginning of the
course: t18 = 7.44, p ! 0.001, d = 3.39; novices: end of the
course: t18 = 5.43, p ! 0.001, d = 2.41). To sum up, longterm meditators had significantly and substantially higher scores for the self-attribution of mindfulness than nonmeditators or novices.
For novices, mindfulness scores increased from the
start to the end of the 8-week course (t10 = 6.16, p ! 0.001,
d = 1.59). Compared to a normal population (Walach et
al. [40]), novices had lower scores at the beginning of the
course (t10 = 2.42, p = 0.04, d = 0.63), whereas by the end
of the course their scores had increased significantly
Mindfulness, Cortisol and Sleep

(t10 = 1.18 p ! 0.001, d = 0.61). For novices therefore, the
8-week MBSR course did raise self-attribution of mindfulness.
Cortisol Secretion
Cortisol Awakening Response
Descriptive data are reported in table 1. For long-term
meditators, CAR was negatively correlated with duration
of meditation experience: AUC total: r = –0.59, p = 0.03
(controlling for age: rpartial = –0.66, p = 0.03; fig. 1a); AUC
basal: r = –0.57, p = 0.04 (controlling for age: rpartial =
–0.56, p = 0.04; fig. 1b). Higher CAR was also associated
with higher cortisol levels in the lab (all r 1 0.60, all p !
0.03).
For novices, CAR decreased significantly from the
start to the end of the eight-week course for AUC net
(t20 = 2.12, p = 0.04, d = 0.35), but not for AUC total
(t20 = 1.12, p = 0.28, d = 0.35) or AUC basal (t20 = 0.40,
p = 0.74, d = 0.01). Higher CAR was associated with increased cortisol levels during the meditation session in
the lab, though the correlation did not reach statistical
significance (all r ! 0.42, all p 1 0.10).
Cortisol under Meditation Conditions
Descriptive data are reported in table 1. For long-term
meditators, cortisol levels did not change from the beginNeuropsychobiology 2012;65:109–118
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Fig. 1. In long-term meditators, experience negatively correlated with CAR. a AUC total: r partial = –0.66, p !
0.05, controlling for age. b AUC basal: rpartial = –0.56, p ! 0.05, controlling for age.

ning to the end of a meditation session (t8 = 0.45, p = 0.66,
d = 0.05).
For novices, cortisol levels neither changed during a
meditation session before the start of the course (t10 =
1.62, p = 0.14, d = 0.30; marginal increase), nor during a
meditation session after the end of the course (t10 = 1.62,
p = 0.14, d = 0.30; marginal decrease). Aggregating cortisol levels from the first meditation session (i.e. mean of
cortisol at the beginning and end of the first session;
mean = 2.07, SD = 0.96) and from the last meditation session (i.e. mean of cortisol at the beginning and end of the
last session; mean = 1.92, SD = 0.83), cortisol levels remained unchanged (t10 = 0.75, p = 0.47, d = 0.16).
Long- and short-term meditators did not differ with
respect to cortisol levels when entering the lab, nor before
and after a meditation session in the lab (all t ! 1.60, all
p 1 0.13).

but not with cortisol secretion (all r ! 0.20, all p 1 0.25).
Quality of sleep was unrelated to cortisol secretion.
For novices, at the beginning of the 8-week course,
self-attribution of mindfulness was negatively associated
with sleep disturbances (r = –0.52, p = 0.06) and CAR
(r = –0.42, p = 0.04). Sleep complaints correlated positively with CAR, though the correlation did not reach
statistical significance (all r ! 0.29, all p 1 0.1). At the end
of the 8-week course, self-attribution of mindfulness was
negatively associated with sleep disturbances (r = –0.53,
p = 0.05), but not with CAR (all r ! 0.25, all p 1 0.1). Increased sleep complaints were statistically associated
with increased CAR (AUC total: r = 0.49, p = 0.04; AUC
basal: r = 0.68, p = 0.02).

Sleep
Descriptive data are reported in table 1. For long-term
meditators, no longitudinal data were gathered. Compared to novices, long-term meditators reported significantly fewer sleep complaints (t19 = 2.50, p = 0.02, d =
1.29). For novices, sleep difficulties significantly decreased following the 8-week course (t20 = 2.99, p = 0.008,
d = 0.40).

The key findings of the present study are that, irrespective of age, long-term meditation experience was associated with lower HPA SA in the morning, as assessed
by morning CAR. Moreover, for novices, after a short
course in MBSR (8 weeks) CAR was decreased, although
cortisol levels before and after meditation sessions did
not differ. In addition, poor sleep was associated with increased CAR among both long-term and novice meditators. Last, for novices, mindfulness scores increased significantly after the 8-week course. Thus, the present findings do add to the existing literature in an important way
in that to our best knowledge it is the first study to show
that after an 8-week course of MBSR, CAR decreases significantly in healthy subjects. Moreover, again to our best

Correlations between Mindfulness, Cortisol Secretion
and Sleep
Descriptive data are reported in table 1. For long-term
meditators, self-attributed mindfulness was negatively
associated with sleep disturbances (r = –0.84, p = 0.001),
114
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Discussion
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knowledge, this is the first study to show that in longterm meditators, CAR decreases as a function of the duration of meditation experience, irrespective of the age of
the participants.
Five hypotheses were formulated and these are now
considered in turn.
With the first hypothesis, we anticipated that morning
cortisol secretion would be related to meditation experience, and this was supported by the data; among longterm meditators, CAR decreased as a function of meditation experience and this correlation was even more pronounced when controlling for age. Therefore, our data do
support the notion that HPA SA seems to be responsive
to interventions to reduce stress [17] and, in our opinion,
the present data are consistent with studies showing that
long-term practice of meditation seems to be associated
with improved emotional regulation [e.g. 16].
With the second hypothesis, we expected decreased
HPA SA after an 8-week course of MBSR, and data gathered from novices did support this prediction. CAR decreased between the start and the end of the 8-week
course. Thus, our data fit well with both the pattern of
results observed in long-term meditators and with previous studies. For example, Carlson et al. [18] and Marcus
et al. [19] observed decreased cortisol levels in patients
after an 8-week MBSR program. By contrast, our data are
at odds with studies which failed to observe any beneficial effects of an MBSR program on cortisol secretion
[20–24]. Most importantly, to our knowledge, this is the
first study reporting the beneficial effects of MBSR on
CAR in healthy participants.
Our third hypothesis was that cortisol levels would decrease over the course of a single meditation session and
also if meditation sessions from before the course were
compared to sessions after the course. However, our data
did not support these expectations, and in this respect
these data are consistent with the numerous studies that
have not found any beneficial effect of an 8-week MBSR
course on HPA SA [20–23, for an overview, see 17]. How
then can we explain why, after an 8-week course of MBSR,
CAR was significantly decreased even though cortisol levels immediately after meditation were not lowered? There
are at least four different reasons for this. First, since HPA
SA decreases in the second half of the day [54] and since
meditation sessions took place in the afternoon, it is conceivable that our data reflect floor effects. Consequently,
future research should also employ meditation sessions in
the morning. Second, following Kabat-Zinn [4], MBSR
and meditation imply a psychic status in which a person
is paying total attention to the present moment and is ful-

ly aware of inner and outer experiences and, as such, this
psychic status is not confounded with the psychophysiological state of relaxation accompanied by decreased cortisol secretion [55]. Third, and supplementary to the second assumption, learning techniques such as MBSR demand a highly controlled focusing of awareness and
concentration [56]. Therefore, these cognitive processes
are not associated with a decrease in psychophysiological
functioning. Fourth, at least during early stages in which
novices are learning different methods of relaxation, EEG
profiles have shown that participants have difficulty remaining awake [55]. Accordingly, and though highly
speculative, it is possible that novices in the present study
had similar difficulties and, therefore, unaltered cortisol
levels might reflect their efforts to remain awake.
Our fourth hypothesis was that there would be an improvement in sleep quality after an 8-week course of
MBSR, and our data fully supported this prediction.
Therefore, our data fit well with previous research showing a favorable effect of MBSR on sleep [29, 30, 57]. At the
same time, our data are at odds with those studies showing no association between mindfulness and sleep [29, for
an overview, see 30]. Most importantly, favorable sleep
was strongly associated with greater self-attribution of
mindfulness among both long-term and novice meditators. Following a cognitive-emotional model of insomnia
[25] and the hyperarousal hypothesis [58], dysfunctional
thoughts are considered the main cause of sleep disturbances, and our pattern of results suggest that mindfulness counteracts dysfunctional thoughts underlying poor
sleep. We did not directly assess dysfunctional thoughts.
However, though speculative, we would suggest a direct
influence of MBSR on dysfunctional thoughts for the following reason. Dysfunctional thoughts impairing sleep
normally focus on stress, ruminating about unresolved
problems, and self-concerns [25, 58]. MBSR, among other effects, encourages perception of feelings and emotions
without having to react to them, accepting oneself as one
is, remaining positively disposed towards oneself when
things go wrong, and experiencing moments of inner
peace. Therefore, it seems highly conceivable that MBSR
improves sleep via improved self-acceptance, reduced
perceived stress and reduced stress response.
Our fifth and last hypothesis was that there would be
an association between poor sleep quality and increased
HPA SA [37, 38], but no such association was found. The
reasons remain unclear, though there are two possible explanations. First, the small sample size may have provided insufficient statistical power for the pattern of results
anticipated. Second, the association between poor sleep
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quality and increased HPA SA has been observed in samples with quite particular kinds of participants. Buckley
and Schatzberg [38] and Steiger [37] reported results from
psychiatric patients, Hatzinger et al. [31, 32] compared preschoolers classified as poor and very good sleepers, and
Brand et al. [35] investigated infants suffering from colic.
It is therefore conceivable that, among healthy adults, variations in HPA SA and sleep are too small to allow emergence of the clear-cut pattern observed elsewhere.
To summarize, the strength of the present study is that
we applied a design combining a cross-sectional and a
longitudinal approach. This resulted in an assessment of
CAR both in long-term meditators and in novices before
and after an MBSR course. An additional strength is the
concomitant assessment of sleep with HPA axis activity.
Despite the new findings, several considerations warrant against generalization, and these data should be interpreted cautiously. First, the sample size is very small,
though the effect sizes reported here are independent of
sample size. However, it is entirely possible that additional significant results would have emerged with a larger
sample. Second, data may potentially be biased because
only persons who were willing and able to give saliva
samples volunteered to participate in the study. This may
be particularly true since the sample itself reflects a high
degree of self-selection. However, as Chiesa and Serretti
[1] state, this limitation holds for virtually every piece of
research in the field of mindfulness techniques and meditation. Third, since meditation sessions took place exclusively during afternoons when diurnal variation in cortisol secretion normally decreases, non-significant pre- to
post-meditation differences might be due to floor effects.
Consequently, further studies should assess cortisol secretion in the morning when HPA SA is close to its zenith.
Fourth, only healthy adults were assessed; therefore, it
remains unclear to what extent the pattern of results also
holds for patients suffering from physical diseases and
psychiatric disorders. Fifth, sleep was only subjectively,
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and not objectively, assessed, and it would be particularly interesting to examine the influence of mindfulness
training both on sleep continuity and sleep architecture,
as assessed by sleep EEG. Sixth, the tool to assess mindfulness (i.e. the Freiburg Mindfulness Inventory [40])
may cover both the construct ‘mindfulness’ as a whole,
and the dimensions ‘presence’ and ‘acceptance’. We did
not perform further statistical analyses focusing on ‘presence’ and ‘acceptance’, nor did we apply alternative assessment tools, thus possibly precluding the emergence of
further patterns of results. Last, since no comparable control group was included in the study, strictly speaking it
remains unclear whether CAR was reduced specifically
by mindfulness training.

Conclusion

For healthy adults, both long- and short-term experience of meditation significantly reduces HPA SA as assessed by salivary CAR. Moreover, meditation is associated with better sleep and higher scores for mindfulness;
this holds for both long-term and novice meditators. As
an overall consequence, future research should focus on
four issues: replicating the present findings, increasing
sample sizes, introducing control groups and assessing
sleep objectively.
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