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Abstract: Background: Numerous studies have evaluated the effect that mindfulness-based inter-
ventions (MBIs) have on multiple health outcomes. For its part, stress is a natural response to
environmental disturbances and within the associated metabolic responses, alterations in cortisol
levels and their measurement in different tissues are a way to determine the stress state of an indi-
vidual. Therefore, it has been proposed that MBIs can modify cortisol levels. Methods and results:
The objective of this systematic review was to analyze and summarize the different studies that have
evaluated the effect of MBIs on cortisol levels. The following databases were consulted: MEDLINE,
AMED, CINAHL, Web of Science, Science Direct, PsycINFO, SocINDEX, PubMed, the Cochrane Li-
brary and Scopus. The search terms “mindfulness”, “mindfulness-based interventions” and “cortisol”
were used (and the search was limited to studies from January 1990 to May 2024). In order to reduce
selection bias, each article was scrutinized using the JBI Critical Appraisal Checklist independently
by two authors. We included those studies with specified intervention groups with at least one
control group and excluded duplicate studies or those in which the intervention or control group was
not adequately specified. Significant changes in cortisol following MBIs were found in 25 studies,
while 10 found no changes. The small sample size, lack of randomization, blinding, and probable
confounding and interaction variables stand out in these studies. Conclusion: MBIs have biological
plausibility as a means of explaining a positive effect on cortisol levels; however, the weakness of the
studies and the absence of robust designs makes it difficult to establish a causal association between
both variables. Registration number: INPLASY2024110017.
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1. Introduction

There has been widespread academic debate in recent decades with respect to devel-
oping a universal definition of “mindfulness” as a construct. Although these definitions
have tried to reach a consensus on a broader and more specific concept, many of them are
far from adequate in terms of the true meaning of mindfulness [1–3].

Among the countless existing definitions, there is one that is widely accepted (and from
which the others are derived): Mindfulness is a kind of present-centered, nonjudgmental
and non-conceptual consciousness, in which each thought, feeling, or sensation that arises
in the attentional field is recognized and accepted for what it is. There are several types
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of mindfulness-based interventions (MBIs), with some overlap between them (in their
applications, indications and practice techniques). The most frequently studied are focused
attention meditation, open monitoring meditation, loving-kindness meditation and body
scan meditation. Among these MBIs, mindfulness-based stress reduction (MBSR) and
mindfulness-based cognitive therapy (MBCT) stand out [1–5].

Briefly, MBSR consists of an eight-week plan of weekly group classes lasting 2 to 2.5 h
(with a trained teacher), daily (audio-guided) practice at home (approximately 45 min a
day) and a day-long mindfulness-based retreat. Similarly, MBCT integrates MBSR with
cognitive science and cognitive behavioral therapy (CBT) and consists of eight weekly
sessions of approximately 2 h in duration (each session), during which various formal and
informal meditation practices are carried out [2,6–11].

MBIs have been widely used in recent decades in different clinical and biological
settings and different educational, labor and business settings, among others. Multiple
studies and reviews have examined the possible benefits of MBIs for outcomes such as
stress, coping with illness, mood, depression, anxiety, post-traumatic stress disorder, self-
compassion, memory and attention. Likewise, other outcomes, such as blood pressure
levels, the risk of cardiovascular diseases and metabolic control, have been found to be
improved in individuals with diabetes mellitus (and other health conditions) who have
undergone MBIs [12–19].

Several outcomes have been shown to be positively associated with MBSR, including
the control of chronic pain in individuals with fibromyalgia, arthritis and low back pain, as
well as several markers of inflammation. Other studies have shown that MBCT can relieve
symptoms of depression, anxiety, or fatigue and improve metabolic control in individuals
with diabetes mellitus [20–26].

Similarly, both MBSR and MBCT can improve quality of life and different psychological
and physical symptoms across a wide range of chronic somatic conditions (for example,
cancer, cardiovascular disease, arthritis and chronic stress) [27–29].

To ensure survival, human beings must continually adapt to their internal and external
environment (homeostasis). The maintenance of homeostasis requires the participation
of countless biochemical processes and physiological mediators, where hormones such
as cortisol and catecholamines play a primary role. The combination of these hormones
and the activation of the autonomic nervous system (ANS) and the central nervous system
allow for better adaptation and responses to daily activities [24,30,31].

The release and interaction between these physiological mediators and some im-
munological and metabolic parameters (allostasis) have both a protective and adaptive
component for the species, as long as they are activated or inactivated in a balanced manner
in the presence of a challenge or stress environment. However, when this response persists
over time, it can be detrimental to human health and well-being [32,33].

In this sense, when we are faced with a stressful situation, two systems are physiologi-
cally activated: the sympathetic–adrenal–medullary system (SAM) and the hypothalamic–
pituitary–adrenal (HPA) axis. Thus, cortisol has been associated with latent or chronic
processes of stress, and it has been proposed that dysregulation of the HPA axis (related to
deficiency or excess cortisol secretion) at least partly explains this association [34–38].

However, there is currently no gold standard biomarker available for assessing chronic
stress (given its complex etiology and the individual variability in its signs and symptoms,
which has been a real challenge for clinicians); however, it has been proposed that cortisol
levels (based on the norm of having an intact HPA axis) reflect a sustained and prolonged
(chronic) response to stress. Therefore, according to the relevance of the HPA axis in the
response to chronic stress, it has been hypothesized that cortisol levels may be a useful
marker in the evaluation of individuals with different degrees of stress [30,39,40].

The aims of this review were to analyze and summarize the different studies that have
evaluated the effect of MBIs on cortisol levels and to elucidate the possible underlying
biological mechanisms.
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2. Methods and Results

We registered this systematic review with the “International Platform of Registered Sys-
tematic Review and Meta-Analysis Protocols INPLASY” (registration number:
INPLASY2024110017. DOI number: 10.37766/inplasy2024.11.0017) and followed the “Report-
ing Checklist for Systematic Review. Based on the PRISMA guidelines” (Table S1).

A comprehensive and sensitive search for related evidence was performed in the fol-
lowing databases: MEDLINE, AMED, CINAHL, Web of Science, Science Direct, PsycINFO,
SocINDEX, PubMed, the Cochrane Library and Scopus. The search terms “mindfulness”,
“mindfulness-based interventions” and “cortisol” were used, and the search was limited to
studies from January 1990 to May 2024.

Intervention studies with MBIs (ideally with control groups) were considered to be
eligible; systematic reviews and meta-analyses were also reviewed and analyzed, and
studies that could be useful in accordance with the requirements were extracted. Textbooks
were also manually searched for information related to mindfulness, meditation and stress
management, to deepen and expand the available evidence. We excluded duplicate studies
or those in which the intervention or control group was not adequately specified.

In order to reduce selection bias, each article was scrutinized according to the JBI
Critical Appraisal Checklist. The identification and selection of studies were carried out by
the lead author (H. V-U) and HD. V-S. In cases where discrepancies arose in the extracted
data, they collaboratively conducted a second round of extraction to validate the accuracy
of the information.

The following data were retrieved: authors, year of publication, subjects (age, gender,
type of population), number of participants, study design, type of intervention, assessment
of cortisol levels and results. Only English-language articles were included (Figure 1).
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Figure 1. PRISMA flow diagram. Method for the selection of articles.

Data extraction was performed using a predefined data form created in Excel. We
recorded the type of MBIs, type of intervention in the control group, authors, year of
publication, number of participants, type of study, age and gender of participants, cortisol
measurements and, finally, the main results of each study.

No statistical analysis or meta-analysis was performed due to the high heterogeneity
among studies. Thus, the data were only descriptively analyzed.
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3. Stress and the HPA Axis

Stress is a natural response to environmental disturbances; however, an adequate
response to any acute stressor followed by the completion of that response is essential for
maintaining survival [35,41].

Although stress is considered to be a health state that has multiple negative com-
ponents (related to social life, work, relationships and family, among others), it must
be considered that the (acute) activation of the metabolic processes involved in the re-
sponse to stress allows an individual to adapt and respond to the different environmental
perturbations that can alter homeostasis [39,41–43].

However, when disruptors have a chronic presentation pattern or are sustained over time,
they have the opposite effect because they induce cellular damage and have been associated
with outcomes such as depression, anxiety, post-traumatic stress, multiple metabolic and
vascular diseases, chronic inflammation, autoimmunity and addictions [42,44–46].

The HPA Axis and Stress Response

The HPA axis is composed of three primary structures: the paraventricular nucleus of
the hypothalamus (PVN), which integrates and regulates neuro-humoral stimuli to induce
the activation of cells that synthesize and secrete the hormone-releasing, corticotropin-
releasing hormone (CRH); this stimulates the anterior portion of the pituitary gland to
synthesize and secrete the adrenocorticotropic hormone (ACTH). ACTH acts on the cells of
the zona fasciculata in the adrenal cortex, which then synthesize and secrete glucocorticoids
(especially cortisol) [47–49] (Figure 2).
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Figure 2. The hypothalamic–pituitary–adrenal axis, which describes the interaction between the
hypothalamus, pituitary gland and adrenal glands. The main function generally attributed to the
HPA axis involves the body’s reaction to stress (see text for more details).

Cortisol has a circadian rhythm that is regulated by a central pacemaker located in the
suprachiasmatic nucleus of the hypothalamus. Physiologically, cortisol levels reach their
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lowest level around midnight, while the highest level is observed in the morning (8–9 a.m.)
before decreasing throughout the day and increasing again in the afternoon [50,51].

The HPA axis is regulated by a feedback process that allows the basal homeostatic
state to be restored; if we consider that the response of the HPA axis to environmental
disturbances is adaptive, then dysregulation at any level of the three structures of the HPA
axis can cause undesirable health outcomes [52].

If the HPA axis remains activated, the synthesis and secretion of cortisol increase, so
the exposure of multiple tissues to the effects of this hormone also increases, (potentially)
inducing allostatic overload and tissue damage [53].

The activation of the HPA axis has been shown to be related to an increase in cardio-
vascular reactivity to cortisol in individuals with stress and is associated with a higher
risk of arterial hypertension, the calcification of coronary arteries, an increased heart rate,
decreased heart rate variability, a high body mass index, adiposity, diabetes mellitus, a
low-grade chronic inflammatory response, oxidative stress, endothelial dysfunction, athero-
genic dyslipidemia and, ultimately, a high risk of cardiovascular and cerebrovascular
outcomes [54–59].

4. Evaluation of Cortisol Levels, Principles and Utility

Clinically, in individuals with suspected endogenous hypercortisolism (hyperplasia or
tumors producing CRH, ACTH or cortisol) or with adrenal insufficiency, the measurement
of cortisol (in urine, saliva and blood) with suppression or stimulation tests, respectively, is
part of the initial approach in diagnostic evaluation [60–64].

However, the HPA axis needs to be evaluated very differently in individuals with
stress because such individuals have an undamaged HPA axis (in the absence of condi-
tions that could alter its functioning, such as tumors, diseases, surgeries and the use of
medications) [65–67].

Several ways to assess cortisol levels in individuals with stress have been proposed,
which are summarized below.

4.1. Basal Cortisol

The circadian distribution of cortisol can be helpful in the study of individuals with
endogenous hypercortisolism because, in this clinical scenario, the circadian pattern is
largely lost (with persistently high values observed, especially around midnight) [68,69].

Similarly, measuring basal cortisol allows the identification of patients with adrenal
insufficiency, and although there is controversy regarding the cutoff points for establishing
the functioning of the HPA axis (based exclusively on the measurement of cortisol, between
8 and 9 a.m.), it is accepted that a value >18 µg/dL practically rules out the diagnosis, while
a value <3.0 µg/dL confirms it. Additionally, the concomitant measurement of ACTH also
allows us to identify whether the insufficiency originated in the adrenal gland or at the
hypothalamus–pituitary level [70–72].

Although the measurement of basal cortisol allows for the functioning of the HPA axis
to be identified in a global, simple and low-cost manner, this test has not been validated for
the evaluation of patients with chronic stress.

4.2. Free Cortisol in 24 h Urine

Measuring the free cortisol in 24 h urine could be considered a strategy for the eval-
uation of the HPA axis, but it must be noted that the validity of this test depends on
whether kidney function is normal because, when the filtration rate is <60 mL/min, cortisol
excretion begins to decrease; additionally, excessive or insufficient urine collection can bias
the results, so creatinine excretion must be measured at the same time (which increases
costs) [73–75].

In individuals with endogenous hypercortisolism (with a high pretest probability), an
elevated concentration of free cortisol in 24 h urine increases the positive predictive value
of having the disease (and the test demonstrated its usefulness in this clinical scenario,
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although it is generally necessary to perform the test several times to demonstrate the
consistency of the results) [76,77].

However, the test has not been validated for use in evaluating patients with suspected
adrenal insufficiency or patients with chronic stress; therefore, its usefulness has not been
demonstrated in these individuals.

4.3. Hair Cortisol

Cortisol is a lipophilic substance that can be obtained from the hair of the scalp because
it moves from the circulation to the medullary region in the center of the hair. The sources
of cortisol on the hair surface include both sweat and sebaceous glands, and it has been
established that these sources probably reflect the state of free cortisol rather than protein-
bound cortisol. For this test, it is necessary to take a hair sample between 1 and 3 cm in
length. The importance of hair cortisol lies in the fact that it averages cortisol levels over
the last 3 months (reflecting a more meaningful marker than basal cortisol or free cortisol
in 24 h urine) [78–81].

Hair cortisol (in patients with chronic stress) has recently been described as a useful
alternative biomarker for evaluating the HPA axis, with the advantage of it being free of
certain factors that can alter serum, plasma or urine cortisol measurements; however, this
test is affected by factors such as race, hair growth rate, and the use of dyes, shampoo
and bleaching; additionally, there are no standardized measurement units available for its
reporting, nor have normality values in different age groups been established [82–85].

4.4. Salivary Cortisol

Due to the circadian pattern of cortisol, an attempt has been made to identify alterna-
tive means of measuring cortisol; among them, measuring cortisol in the saliva stands out.
This approach involves the collection of several saliva samples at various times of the day
to identify the different points that make up the circadian pattern of the hormone [86,87].

The majority of the components of saliva are blood derivatives and cortisol diffuses to
the salivary glands (independently of salivary flow), thus facilitating the evaluation of the
circadian rhythm and, especially, the usual secretion peak in the morning hours. Because
there is no bound cortisol in saliva, its levels are considered to be independent of blood
cortisol levels [88,89].

Several advantages of performing this test include the fact that the sample collection
is noninvasive, which reduces the risk of cortisol levels being overestimated. In addition,
sample collection can compensate for sudden changes in the levels of free cortisol in 24 h
urine or in blood cortisol. Furthermore, the measurement of salivary cortisol levels (at
midnight) is highly sensitive and specific for the diagnosis of Cushing’s syndrome and
is currently one of the first-line tests for the diagnostic evaluation of patients with this
syndrome; however, its usefulness in other clinical settings has not been validated [90–92].

4.5. Cortisol Awakening Response (CAR)

Another way to assess HPA axis activity (via salivary cortisol) is by measuring cortisol
within the first 60 min after waking up, i.e., the cortisol awakening response (CAR) [93].

This parameter combines the characteristics of a reactivity index (awakening response)
with aspects related to circadian regulation (occurring at approximately the same time
every 24 h); therefore, the CAR represents a strong increase in cortisol levels during the
first 30 to 45 min after morning awakening [93,94].

The CAR is a normal expression of the circadian physiology of the HPA axis; therefore,
deviations in its pattern may be a marker of a maladaptive neuroendocrine response; these
characteristics of the CAR have led it to be considered one of the most common tools for
evaluating the HPA axis in individuals with chronic stress [95,96].
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5. MBIs and Stress

There are numerous strategies that have been shown to be effective for stress manage-
ment; in general terms, almost all of them complement each other and involve changes
toward “healthy” lifestyles such as increasing physical activity, improving nutrition and
improving the quality of sleep; more recently, approaches that can improve cognitive and
emotional appearance have been considered [97].

MBIs have aroused widespread clinical interest in recent decades. In this type of
approach, structured interventions allow individuals to learn about meditation, body
scanning techniques and physical exercises inspired by yoga, which means that these
individuals can process their emotions, thoughts and sensations to the extent to which they
emerge [98–100] (Table 1).

It has also been found that mind–body strategies, meditation-based interventions
and MBIs can reduce cortisol levels; in fact, meta-analytic evidence suggests that stress
management interventions are effective at changing cortisol levels in healthy adults and in
other clinical settings [101–104].

Table 1. Summary of results regarding commonly used MBI programs in different studies that
evaluate their effectiveness regarding different clinical and/or biochemical outcomes, as well as their
definitions [105–111].

MBI Programs Most Frequently Used in the General Population

Mindfulness-based stress reduction (MBSR)
The standard eight-week course of MBSR consists of an instructor delivering group instruction for 2.5 h/week (consisting of
meditation practice, group discussions and mindfulness skill-building activities), a single half-day meditation retreat and daily
practice of 30–45 min 6 days per week. The goal of this course is to integrate mindfulness in the participant’s daily life. Between
weeks six and seven, an intensive mindfulness day is held, where participants practice about 7 h of different meditation practices.

Mindfulness-based cognitive therapy (MBCT)
MBCT is an eight-week course program with weekly group meetings; participants meet together as a class (with a mindfulness
teacher) for two hours a week for eight weeks, with an additional all-day session between weeks 5 and 7. The main ‘work’ is
completed at home between classes.

Heart and mind—Mindful meditation program (HMMMP): healing the heart and mind
This program is an eight-week course with weekly group sessions of 2 h and combines the main elements of MBSR as well as
elements of cognitive therapy. During the duration of the course, participants are obligated to practice 30 min a day with audio
recordings

Mindfulness-based relapse prevention (MBRP)
MBRP is an intervention that integrates mindfulness meditation with traditional relapse prevention techniques. It has three main
components: formal mindfulness practice, informal practice and coping strategies. The MBRP program has a total of 16 h divided
into eight weekly sessions (2 h each) but can be adapted according to the target population and the researchers’ goals, during which
participants with a history of substance use disorders learn formal mindfulness practices as well as how to integrate them into their
daily lives.

Mindfulness-based stress reduction for teenagers (MBSRT)
MBSRT is based on secular adaptations of mindfulness practices with roots in Eastern meditation traditions and is also strongly
influenced by MBCT; it is a four-week program with eight semiweekly group sessions, especially adapted for adolescents
(13–18 years). The goal of the program is to direct attention to what nourishes and fills us (rather than what drains and depletes us).

Low-dose mindfulness-based stress reduction (LDMBSR)
This program consists of providing group instruction for 60 min, once a week (for 6 weeks), incorporating aspects such as breathing,
relaxation, body scans and gentle yoga movements as a means of facilitation towards a meditative state. The main objective of the
technique is to improve the participants’ ability to pay attention to their internal and external experiences moment by moment. This
program is oriented toward managing local stresses commonly experienced by healthy working adults.

Mindfulness-based stretching and deep breathing exercise (MBX)
MBX consists of 16 semiweekly group trainings of 1 h. The intervention focuses on balancing and stretching movements combined
with deep breathing and mindfulness. During the sessions, participants are instructed to pay attention to the flow of each
movement in the present moment, focusing on the conscious regulation of breathing. Over the course of 8 weeks, the intensity of
the exercise increases, but the sequence of movements remains the same.
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Table 1. Cont.

MBI Programs Most Frequently Used in the General Population

Mindfulness-based mind fitness training (MMFT)
MMFT is designed to help individuals widen their window of tolerance to stress. This program is an eight-week course with
weekly group sessions of 2 h and an additional intensive practice workshop of 4 h. Alongside the class sessions, participants are
obligated to practice a minimum of 30 min of mindfulness exercises and self-regulation practices.

Primary care brief mindfulness practice (PCBMP)
The PCBMP was designed to enhance emotional regulation and the cognitive reappraisal of stressors. It is a four-week program
(90 min mindfulness-based meditation group sessions for four consecutive weeks led by an experienced trained MBSR facilitator).
To support home practice, participants receive a copy of the book Full Catastrophe Living: Using the Wisdom of Your Body and
Mind to Face Stress, Pain, and Illness and audio CDs containing prerecorded guided practice (5, 10, 30 and 45 min body scans and
guided meditation, and 30 min standing and lying yoga) made by the facilitator to support home practice.

Mindful awareness practice for daily living (MAP)
MAP is a six-week program with weekly group sessions of 2 h. During the duration of the course, participants are asked to
complete daily meditation homework; the program starts with 5 min per day and the practice time gradually increases, with a
reasonable goal of 20 to 45 min per day.

MBI—Workplace (MW)
This program combines elements of mindfulness meditation, yoga and relaxation through music and involves three steps: an
obligatory 2 h introductory session concerning mental health and mindfulness; participation in a 10-week workplace-adapted live
online MBSR program; and a workshop on the further implementation of mindfulness in the companies of the selected employee
representatives and managers.

MBI—Audio (MBIA)
MBIA uses a 20 min audio guide version of the MBSR body scan. Participants are asked to practice daily for a duration of eight
weeks.

Monitoring and accepting (MA)
MA describes the mechanisms of mindfulness for cognition, affect, stress and health. This program is an eight-week-long course
with weekly group sessions of 2 h and follows the standard MBSR protocol with a specific focus on monitoring and acceptance.
Alongside the group sessions, participants are asked to complete daily 45 min home practices.

Mindfulness-based intervention apps (MBI-App)
The smartphone-based MBI is a two-week long program with daily 20 min audio-guided practices and an additional 3 to 10 min of
non-guided practice. It focuses on monitoring and accepting the body and emotions and is based on elements of MBSR.

MBI—Training (MBIT)
This MBI is an eight-week course with weekly group workshop sessions of 1 h and contains elements of MBSR and MBCT. These
brief and highly controlled interventions typically involve 20 to 30 min group sessions conducted by a trained meditation instructor.
In addition to the weekly group sessions, it includes daily 30 min home practice sessions and mindful Wushu training sessions. The
aim is to allow for the adaption of mindfulness into the participants’ competitive environment and sport practices.

Mindfulness-based art therapy (MBAT)
MBAT is based on Kabat-Zinn’s mindfulness meditation and reflects on MBSR and the self-regulation theory. MBAT integrates
mindfulness meditation skills and aspects of art therapy into an eight-week, gender-segregated, supportive group therapy format.
The multi-modal design is intended to provide opportunities for both verbal and non-verbal expression, enhanced support and
expanded coping strategies.

Mindfulness-based resilience training (MBRT)
MBRT is an eight-week program (2 h sessions, with an extended 6 h class in weeks 1 and 7) integrating training in standardized
mindfulness practices targeting factors that facilitate resilience with cognitive behavioral therapy (CBT) and psychoeducation. The
general curriculum structure is modeled after the MBRP clinical protocol. The content and language have been altered to be more
relevant, and there is emphasis on working with reactivity to stressors inherent to police work, including critical incidents; job
dissatisfaction; public scrutiny; and interpersonal, affective and behavioral challenges.

Mindful parenting (MP)
Mindful parenting is a six-week course with weekly group sessions of 1.5 h that includes typical mindfulness practices of the MBSR
program, emphasizing the central role of intention (on purpose), attention (paying attention) and attitude (with openness and
nonjudgment) in mindfulness and how these then facilitate “reperceiving” via four key mechanisms: self-regulation, value
clarification, cognitive–behavioral flexibility and exposure.
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Table 1. Cont.

MBI Programs Most Frequently Used in the General Population

Mindfulness matters (MM)
MM is an eight-week course with weekly sessions of 1 h, especially designed for children between 5 and 8 years old. The program
includes aspects such as awareness, acceptance and gratitude through storytelling and nuggets of age-appropriate theory. The
exercises (mindful breathing, awareness of the senses and body scans) and mindful content (mindful movement, guided
meditation, relaxation and visualization) can be completed at home and school. The course includes short mindful meditation
practices as well as methods like storytelling.

Acceptance and commitment therapy (ACT)
The ACT interventions focus on two main processes: developing acceptance of unwanted private experiences that are out of one’s
personal control, and commitment and action toward living a valued life. The ACT is an eight-week program with a total of six
group sessions of 1.5 h. The sessions include mindfulness-based elements and focus on one’s values, committing to those values,
and general acceptance and flexibility.

Brief mindfulness meditation (BMM)
BMM is a three-day mindfulness course, during which participants practice 30 min of sitting meditation with an audio guide
(audio-guided meditation focused on the body and breathing sensations) based on the standard sitting meditation of MBSR.
Patients perform mindfulness exercises, during which they are instructed to observe each aspect of the current experience, such as
thoughts and feelings, with acceptance and curiosity.

Characteristics of the MBI programs most frequently used for certain conditions and specific populations

MBI—Physicians (MBIP)
MBIP consists of an intensive phase of eight weekly sessions of 2.5 h, plus an all-day session (7 h) between the sixth and seventh
weekly sessions and a maintenance phase (10 monthly sessions of 2.5 h after the eighth weekly session). The all-day session is
structured as a silent retreat in which participants participating in guided mindfulness practices are asked to remain silent for an
entire day in a retreat center.

MBI—Smokers (MBISM)
MBISM is mindfulness training for smokers, basically following the MBSR program. Participants are encouraged to apply
nonjudgmental (moment-to-moment) awareness to strong emotions or thoughts, which often involve cravings, negative affects or
withdrawal symptoms. Subjects are instructed to practice mindfulness throughout the day, including during meals, social
interactions and times associated with situational threats to return to smoking.

MBI—Dementia caregivers (MBIDC)
MBIDC is a six-week program with weekly group sessions of 1.5 h and combines elements of MBSR and MBCT. The MBIDC has
shortened sessions (1.5 h each) compared to the traditional MBSR 2.5 h sessions, to better accommodate caregivers’ needs. The
program is adapted to fit the specific needs and difficulties of dementia caregivers and focuses on different aspects of stress and
promoting self-care as well as feelings of competence and mastery.

MBI—University (MBIU)
This MBIU lasts for 3 months, is embedded in a standard curriculum course for medical students and includes a one-day
introduction, four 3 h group sessions and a final 2 h closing session. Students learn about typical elements of the MBSR program
and are asked to practice them daily.

MBCUL—Mindfulness-based coping with university life
MBCUL is an eight-week meditation-based program that aims to introduce students to the concept and practice of mindfulness
meditation (eight consecutive weeks in the campus dance studio, one evening per week, for 1.5 h starting at 18:00 h).

MBI—Students (MBIST)
MBIST consists of six meetings; the first and last meetings last for 1 h 15 min, while the remaining ones last for 35 min. It is a
seven-week program. In each meeting, the participants fill out a self-report form on meditative practices, where they record the
number of practices they have executed since the last meeting they attended. This program is adapted for students and focuses on
flexibility, self-compassion and empowerment to optimize well-being and resilience.

MBI—Teachers
This MBI is a 16-week program with one monthly 1.5 h group meeting, especially designed to reduce stress and burnout among
teachers. The teachers develop personal mindfulness practices as well as mindfulness practices to be applied within their teaching
role (e.g., mindfulness of breathing, mindfulness of body sensations and mindful listening). Alongside the group sessions,
participants fill out workbooks for their home practice.

6. Studies Evaluating Possible Associations Between MBIs and Cortisol Levels

Several studies have shown that MBIs can significantly modify cortisol levels (in
different populations with various underlying pathologies), especially MBSR and MBCT.
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However, other studies have shown an increase in cortisol levels in participants with low
basal levels (prior to MBIs), suggesting that, in this subgroup of individuals, MBIs tend to
normalize cortisol levels over time.

There are also other studies that have not demonstrated significant changes in cortisol
levels after MBIs; therefore, the scientific literature evaluating the effects of mindfulness on
cortisol levels has been inconsistent and not always reproducible [112].

Although each of the studies selected for this systematic review was independently
examined (according to the JBI Critical Appraisal Checklist), we still found limitations in
several of the studies analyzed, such as a lack of information on how the randomization
process was carried out, in addition to the fact that there were incomplete data on the
procedures for allocation concealment and the blinding of outcome assessments.

In addition, most of the studies had small sample sizes and also did not report data on
the characteristics of participants who were lost to follow-up.

A common finding in several of these studies is that no description was made of the
“control” group (and when they were, the interventions that were carried out were not
always well defined or specified).

These characteristics prevented a quantitative synthesis and meta-analysis from being
carried out with the studies chosen for the analysis.

6.1. Mindfulness and Cortisol Levels: Studies with Significant Changes

Several studies have shown that significant changes in cortisol levels occur after MBIs.
These changes have been found in individuals with multiple health conditions and in
different settings.

In summary, the participants in these studies included the following categories: sub-
stance abuse, smoking, college or school professors, college students, college workers (not
professors), people with PTSD (nurses and veterans), breast cancer patients and survivors,
law enforcement officers, basketball players, disadvantaged families, novice meditators,
health workers (nondoctors), people with overweight–obesity, diabetes mellitus, ulcerative
colitis and, finally, healthy individuals.

Of the 25 studies identified, only 3 studied populations that were predominantly male;
3 of the studies were conducted exclusively in women, 1 study did not report the sex of the
participants and only 1 of the studies had the same proportion of subjects with respect to sex.

The MBIs consisted of MBSR (or modified MBSR), MBCT or a combination of the
two, while the comparison groups (controls) were as follows: wait-list, neutral clay task,
supportive expressive therapy, stress management course, stress management seminar,
time/attention control, treatment as usual, usual care, heart rate variability–biofeedback,
vacation retreat, individuals with the freedom to quit smoking, walking exercise, patient
education, active control, nonmanipulated inactive group, web-based student compass
program, acceptance and commitment therapy, and health enhancement programs. Some
studies did not have or report a control group.

Cortisol levels were evaluated in hair (3 studies); in 24 h urine, along with ACTH
levels in blood (1 study); in plasma (2 studies); in serum and saliva (1 study); and only in
saliva (18 studies).

Hair cortisol levels were evaluated before the start of the MBI, at baseline and post-
intervention and after the four-month follow-up. The serum ACTH (blood) and free cortisol
levels in 24 h urine were measured at baseline (visit 1, pretreatment visit), after 8 weeks
(visit 2, weeks 9–12) and at 6- and 12-month follow-ups (visits 3 and 4).

The plasma cortisol levels were assessed on the first and third days of training between
8 and 9 a.m. after 45 min of rest or before and after the intervention. The serum cortisol
concentrations were evaluated in the morning.

The salivary cortisol measurements included parameters such as the CAR, the baseline
(and post-intervention) cortisol concentration, a single sample after waking up, the daily
cortisol concentration, several measurements on the same day for several days, the cortisol
slope, the cortisol levels between 7 and 10 a.m. and the AUC of cortisol.
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The results of the salivary cortisol measurements were discordant; for instance, awak-
ening (post-intervention) levels were significantly lower in some studies but greater in
others. The baseline salivary cortisol concentration was also greater in the control groups
than in the intervention groups, and there were greater reductions in CAR over time in the
intervention groups.

An increase in CAR after awakening was also demonstrated in the intervention groups,
and some studies showed a greater increase in basal cortisol levels in the intervention
groups post-therapy.

The diurnal cortisol slopes were significantly more negative following interventions
such as SET and MBCR (compared to SMS), and a significant increase in the cortisol slope
was observed from baseline to post-intervention in participants assigned to SMS.

Other studies showed a significant decrease in morning cortisol in the control group.
Some studies found no differences in the AUC of cortisol in the groups evaluated, while
others did.

On the other hand, there was a significant difference in ACTH levels (increase) over
time between participants in the intervention groups, with no significant changes in free
cortisol in 24 h urine.

Similarly, the plasma cortisol levels were significantly lower in the intervention and
control groups (after the intervention). Finally, the average hair cortisol concentration
decreased significantly in all participants; for example, some studies showed a significant
reduction in the intervention groups, while others found no differences between the groups
evaluated (Table 2).

6.2. Mindfulness and Cortisol Levels: Studies Without Significant Changes

Contrary to expectations, some studies did not find significant changes in cortisol
levels among individuals who had undergone MBIs. These studies evaluated subjects with
the following conditions or inclusion criteria: university students, healthy participants,
subjects with recurrent depression, university faculty and staff, resident physicians, nurses,
healthcare professionals, community-dwelling caregivers, experienced meditators and
students exposed to exam stress.

Among the 10 studies evaluated, all involved a predominance of females. The MBIs
consisted of MBSR (or modified and adapted MBSR), MBCT and combinations of MBSR
and MBCT, while the comparison groups (controls) were as follows: wait-list, yoga, BMV,
TAU, education control, mindfulness, relaxing music, nonintervention, education class,
pragmatic control, meditation naïve subjects and support as usual.

Cortisol levels were evaluated in saliva (eight studies); hair (one study); and blood
(one study). In the study evaluating hair cortisol, hair samples 1 cm in length and 3 mm in
diameter were taken at four on-site appointments.

In the only study that assessed blood cortisol levels, only one sample was taken, but
the time at which it was taken was not reported.

Salivary cortisol measurements included parameters such as the CAR, baseline (and
post-intervention), the cortisol slope, a single sample after waking up, noon and bedtime, daily
cortisol, several measurements on the same day for several days, and the AUC of cortisol.

In these studies, the MBIs did not lead to significant differences in cortisol levels (Table 3).
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Table 2. Summary of the results of studies that demonstrated significant changes in cortisol levels, with MBIs (n = 25).

Author, Year [Ref.]
Subjects: Age in Years (y)

and Gender; M = Male;
F = Female; Population (P)

Intervention Group (n) Intervention in Control
Group (n) Type of Intervention Cortisol Measurements Results

Marcus, 2003 [113]

Mean age: 33.4 y.
Gender, F: 14.3.
P: therapeutic
community for
substance abuse

MBSR (21) Not reported Original MBSR program
Salivary cortisol: 0, 30, 45 and
60 min after awakening (CAR)
pre- and post-intervention

The increase in cortisol
upon awakening after the
intervention was
significantly less than that
before the intervention

Klatt, 2009 [114]

Mean age: 44.95 y.
Gender, F: 75%.
P: full-time university
professors and staff

LDMBSR (22) Wait-list (23)

Similar to the MBSR
original program.
The duration of the weekly
meetings was reduced from
2.5 to 3 h to 1 h, the daily 45
to 60 min sessions of
meditation were reduced to
20 min of meditation/yoga,
and the full-day retreat
within traditional MBSR
was omitted. The wait-list
control group was offered
LDMBSR

Salivary cortisol: Baseline,
established from 2
consecutive days of sampling
conducted 20 min after
waking, at 1:00 p.m. and 10:00
p.m.; once per week on the
same day of the week during
each week of the intervention;
and again for 2 days at 1 week
after the completion of the
intervention

The baseline salivary
cortisol was higher in the
control group compared
to the LDMBSR group

Daubenmier, 2011 [115]

Mean age: 40.9 y.
Gender: only women.
P: overweight and
obese

In the intervention groups,
a preliminary, novel
intervention was developed,
drawing on the components
MBSR, MBCT and MB-EAT
(24)

Wait-list (23)

The intervention program
consisted of nine 2.5 h
classes and one 7 h silent
day of guided meditation
practice after class 6.
Those in the wait-list group
were offered the
mindfulness program after
the completion of all the
post-treatment assessments

Salivary cortisol and serum
cortisol:
For salivary cortisol, the CAR
and cortisol slope were
measured; the participants
collected saliva samples at
home on 4 days pre- and
post-treatment.
Serum cortisol was evaluated
in the morning

The treated participants
showed a significant
trend of greater
reductions in CAR over
time compared to the
control group

Beerse, 2020 [116]

Age1; 9.1 y (in M).
Gender, F: 85.7%.
P: full-time students at a
public university

MBAT (41) Neutral clay task (36)

2.5 h (5-week intervention
covering 10 modules, each
lasting 15 min, the first and
last being in person and
facilitated)

Salivary cortisol (samples
taken pre- and
post-intervention at a time
slot between 7 and 10 a.m.)

Significant reductions in
salivary cortisol were
observed in the MBAT
group
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Author, Year [Ref.]
Subjects: Age in Years (y)

and Gender; M = Male;
F = Female; Population (P)

Intervention Group (n) Intervention in Control
Group (n) Type of Intervention Cortisol Measurements Results

Matousek, 2011 [117]

Mean age: 55.9 y (range:
28–72 y).
Gender: only women.
P: breast cancer
Patients

MBSR (33) There was no control group Original MBSR program
Salivary cortisol; the CAR was
assessed on 3 days pre- and
3 days post-MBSR

A significant effect on the
CAR was found, with
cortisol levels showing a
prolonged increase after
awakening in the
post-MBSR assessment
period

Kim, 2013 [118]
Mean age: 45.73 y.
Gender, F: 96.55.
P: nurses with PTSD

MBX
Control group or
participants without PTSD
(BASE group)

MBX

Salivary cortisol was
measured at baseline and
weeks 4 and 8 in three groups.
For the MBX group, serum
cortisol was also measured at
week 16

Cortisol levels showed a
significant difference over
time between groups. At
post-intervention week 8,
the basal serum cortisol
concentrations were
significantly higher in the
MBX group than the
control group. A
significant increase in
basal serum cortisol in the
MBX group
post-intervention was
shown

Bergen-Cico, 2014 [119]

Mean age: 48 y.
Gender, F: 10%
P: veterans with
post-traumatic stress
disorder (PTSD)

PCBMP TAU (21)

PCBMP
Participants in the TAU
group continued to receive
the typical primary care
treatment for veterans
presenting with similar
PTSD and subthreshold
PTSD

Salivary cortisol: 5 saliva
samples each day at specified
times for 2 consecutive days
for a total of 10 samples

Veterans completing 4
mindfulness-based
meditation sessions
significantly reduced their
CAR, and showed a
significant cortisol AUC
increase compared with
TAU participants

Carlson, 2013 [120]

Mean age: 54.85 y.
Gender: only women.
P: distressed survivors of
breast cancer

MBSR (113) Two groups:
SET (104) and SMS (54)

Original MBSR program.
In the SET group, the
program consisted of
12-weekly group sessions of
90 min each. The
minimal-treatment control
condition group was a
1-day (6 h) didactic SMS

Salivary cortisol: participants
collected saliva samples four
times a day for 3 days before
random assignment (30 min
after waking and at 12:00 P.M.,
5:00 P.M. and bedtime)

The diurnal cortisol
slopes were significantly
more negative after SET
and MBCR (compared
with SMS). A significant
increase in the cortisol
slope from baseline to
post-intervention in SMS
was observed
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Author, Year [Ref.]
Subjects: Age in Years (y)

and Gender; M = Male;
F = Female; Population (P)

Intervention Group (n) Intervention in Control
Group (n) Type of Intervention Cortisol Measurements Results

Brinkmann, 2020 [121]
Age: 43.27 y (in M).
Gender, F: 71.2%.
P: healthy participants

MBIs (19) HRVB (23) or wait-list (27)

In all 3 groups: 36.6 h
(6-week intervention
consisting of 4 consecutive
half days and 30 min daily
self-guided training for
6 weeks). Two booster
sessions in weeks 1 and 3

Salivary cortisol (one sample
after waking; AM)

Cortisol changed
significantly over time,
with post hoc tests
confirming a decrease in
cortisol for all three
groups between pre- and
post-intervention

Christopher, 2018 [122]
Age, 44 y (in M)
Gender, F: 10%.
P: law enforcement officers

MBRT (31) No intervention control (30) MBRT

Three saliva samples taken at
awakening and +30 and +45
min after awakening on three
consecutive days pre- and
post-intervention

MBRT participants
experienced greater
reductions in salivary
cortisol

Lengacher, 2019 [123]
Mean age: 57.05 y.
Gender: only women
P: breast cancer survivors.

MBSRbc (167) Usual-care group (155)

MBSRbc consists of
educational material related
to relaxation, meditation,
the mind–body connection
and a healthy lifestyle for
BCS.
Participants in the
usual-care group were
asked to refrain from
practicing meditation, using
yoga techniques or
participating in MBSRbc for
the duration of the 12-week
study

Salivary cortisol:
At baseline and 6 weeks,
saliva specimens were
collected for both groups. All
samples were collected in the
morning at the same time of
day. For the MBSRbc group,
saliva was also collected
20 min prior to and 20 min
after the MBSRbc intervention
session during weeks 1 and 6

Significant reductions in
cortisol levels were
observed with medium
effect sizes pre- to
post-MBSRbc session at
weeks 1 and 6

Errazuriz, 2022 [124]

Age: 40.2 y (in M).
Gender, F: 98.1%.
P: non-physician health
workers

MBSR (35) SMC (34) or wait-list (36)

Original MBSR program.
In addition, a day-long
mindfulness retreat was
offered between the sixth
and seventh weeks

Salivary cortisol samples were
collected three times in a day.
The CAR and AUC of the
cortisol were also evaluated
during the day

MBSR decreased the CAR
by 23%
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Author, Year [Ref.]
Subjects: Age in Years (y)

and Gender; M = Male;
F = Female; Population (P)

Intervention Group (n) Intervention in Control
Group (n) Type of Intervention Cortisol Measurements Results

Flook, 2013 [125]

Age: 43.06 y (in M). Gender,
F: 88.89%.
P: public elementary school
teachers

Modified MBSR (adapted
for teachers) Wait-list

26 h (8 sessions over 8
weeks and a day-long
immersion for 6 h)

Salivary cortisol: Three time
points across the day were
sampled to allow the analysis
of both the diurnal cortisol
slope and morning
post-waking cortisol levels.
Thirty minutes post-waking
was chosen as the time point
for the morning sample in
order to assess the peak in the
CAR

Both groups showed a
marginally significant
flattening of diurnal
cortisol profiles over time.
The control group showed
a significant decrease in
morning cortisol

Gardi, 2022 [126]
Age range: 18–67 y.
Gender, F: 55.56%.
P: healthy participants

Mindfulness meditation
retreat (48) Vacation retreat (47) 30 h (3-day retreat with 10 h

of meditation per day)

Before (t0) and after (t1) the
intervention, all the
participants were assessed for
salivary cortisol levels

At t1, a highly significant
correlation between
salivary cortisol levels
and anxiety and stress
perception scores was
found

Goldberg, 2014 [127]
Age: 42.2 y (in M). Gender,
F: 55.6%.
P: smokers

MTS (10) FFSE (8)

The MTS group received
mindfulness instruction and
the FFSE group received
relaxation and CBT targeted
to smoking cessation

Hair cortisol:
A single 3 cm hair sample was
obtained at the 1-month
post-quit study visit.
The 1 cm segment most
proximal to the scalp was
assayed to indicate the
post-quit cortisol output. The
second most proximal 1 cm
segment, representing the
month before the quit day,
was not analyzed. The third
most proximal 1 cm segment
was assayed to indicate
cortisol output the month
before the intervention

Hair cortisol significantly
decreased from baseline
to 1 month after the quit
attempt in the entire
sample
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Author, Year [Ref.]
Subjects: Age in Years (y)

and Gender; M = Male;
F = Female; Population (P)

Intervention Group (n) Intervention in Control
Group (n) Type of Intervention Cortisol Measurements Results

Jedel, 2014 [128]

Mean age: 42.86 y.
Gender, F: 56.36.
Patients with ulcerative
colitis in remission

MBSR (27) TAC (28)

Original MBSR program. In
the TAC group, the
intervention was used to
control for the time, support
and attention that the
subjects received in the
MBSR group

The serum ACTH (blood) and
cortisol in 24 h urine were
measured at baseline (visit 1,
pretreatment visit), post the
8-week course (visit 2, weeks
9–12) and at 6- and 12-month
follow-ups (visits 3 and 4)

There was a significant
difference in ACTH levels
(increase) over time
among participants in the
MBSR group who had
disease exacerbation
(relative to those with
exacerbation in the
control group). There
were no significant
changes in urinary
cortisol levels in the
participants

Jung, 2015 [129]

Age < 70 y: 62.5%.
Gender, F: 51.78%.
Patients with diabetes
mellitus

KMBSR (21)
Two groups: walking
exercise group (18) and
patient education group (17)

The KMBSR intervention
lasted 8 weeks and was
based on an audio CD,
which facilitated mindful
walking, eating, breathing
and silent sitting meditation.
In the walking exercise
group, participants were
encouraged to walk briskly
for 30–60 min, 3–4 times per
week.
In the education group,
patients were educated
regarding improving
knowledge about
self-management behavior

Plasma cortisol, pre- and
post-intervention

Plasma cortisol levels
were significantly lower
in the K-MBSR and
walking groups
subsequent to the
intervention

Ho, 2020 [130]
Age: 38.75 y (in M).
Gender, F: 96.08%.
P: disadvantaged families

Family-based mindfulness
intervention—parents and
their children from 51
disadvantaged families (26)

Wait-list (25)

In the intervention group,
the program lasted for 6
weeks and each session
lasted 1.5 h. Sessions
involved mindfulness
exercises including body
scans, mindful stretching
and mindfulness of breath
and body, among others

Salivary cortisol: at baseline
and after the intervention, 4
saliva samples were collected,
after waking up, before
lunchtime, in the late
afternoon and before sleep

For the parent sample,
there was a significant
and moderate
intervention effect on the
evening cortisol
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Subjects: Age in Years (y)

and Gender; M = Male;
F = Female; Population (P)

Intervention Group (n) Intervention in Control
Group (n) Type of Intervention Cortisol Measurements Results

Jensen, 2012 [131]

Age range: 20–36 y.
Gender, F: 66%.
P: healthy meditation
novices

MBSR (16)

Control groups:
- An active control group
(16);
- A nonmanipulated
inactive group (16).

Original MBSR program.
There was an active control
group receiving an NMSR
course and a
nonmanipulated inactive
group

Salivary cortisol: Samples
were taken at home after a
practice sampling prior to the
sampling day.
A total of 5 samples were
taken: sample 1 upon
awakening and samples 2–5
every 15 min for the
subsequent hour

The MBSR group showed
significantly decreased
cortisol secretion and
significantly lower
secretion than the inactive
controls (post-treatment).
From pre- to post-test,
cortisol secretion was
significantly reduced in
the MBSR group
compared to the inactive
controls

MacDonald, 2018 [132]

Age: 25.9 y. Gender, F:
31.25%.
P: highly trained
wheelchair- basketball
players

MT group of highly trained
wheelchair-basketball
players (8)

Control group of highly
trained
wheelchair-basketball
players (8)

An 8-week intervention was
implemented to coincide
with a 7-week competition
period; the control group
was notified that they
would receive education
and have access to the TM
intervention and a
smartphone application

Salivary cortisol:
Measurements in the morning,
at the same time of day, on the
same day of the week. The
competition and training
schedule allowed participants
to avoid strenuous exercise 24
h prior to saliva collection

Salivary cortisol
concentrations increased
and remained elevated in
the control group in
response to the
competition period, and
recovered following the
conclusion of the
competition period.
Conversely, although
salivary cortisol increased
in the MT group from
MT-baseline to MT-2
weeks, it returned to a
concentration no different
to those at MT-baseline
and at MT-4 wk and
remained the same for the
rest of the intervention
period
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Nyklicek, 2013 [133]

Mean age: 46.1 y.
Gender, F: 70.6%.
P: healthy
community-dwelling
individuals

MBSR (44) Wait-list (44) Original MBSR program

Participants completed a
negative affect scale, after
which they were subjected to
the three parts of the
experiment in front of a
computer screen in fixed
order: (1) a “Baseline” resting
period (35 min), (2) a “Stress”
period (12 min) and (3) a
“Recovery” resting period
(10 min).
Salivary cortisol
measurements were taken (1)
after the baseline resting
period; (2) after the recovery
resting period (22 min
post-stressor onset), assessing
stress-related levels as cortisol
peaks with a delay; and (3)
after the detachment of
equipment and debriefing
(32 min after stressor onset)

During the experimental
phase, cortisol levels
showed a significant
decrease; however, no
differences were found
between the groups or in
the AUC of cortisol

Repo, 2022 [134]

81.37% aged between 19
and 30 years.
Gender, F: 72.54%.
P: undergraduate students
of medicine, dentistry,
psychology and logopaedics

Face-to-face MT based on
the Mindfulness Skills for
Students course (40)

Two groups:
- A web-based Student
Compass program using
mindfulness and ACT (22);
- A control group that
received mental health
support as usual (40)

The face-to-face
mindfulness course had a
mindfulness teacher who
met the students once a
week for 8 weeks, whereas
the online ACT course
participants met the teacher
face-to-face only twice, at
the beginning and at the
end of the intervention

Hair cortisol: hair samples
were collected on separate
occasions, at baseline,
post-intervention and after
the 4-month follow-up

The average cortisol value
decreased significantly in
all participants
throughout the study;
however, no differences
between the groups
evaluated were found
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Rosenkranz, 2013 [135]

Age: 45.89 y (range 19–59 y).
Gender, F: 79.59%.
P: healthy participants
(community volunteers)

MBSR (24) HEP (25)

Original MBSR program.
For the control group, an
active comparison
intervention, such as a
supportive group
atmosphere, expert
instruction and engaging in
activities that are believed
to provide benefits, was
designed (HEP)

Salivary cortisol: five saliva
samples taken at home
5 times per day (upon
awakening, 30 m
post-awakening, before lunch,
at 3 p.m. and before bed) for
3 days to provide measures of
the cortisol diurnal rhythm

Despite the group
difference in the change
in cortisol slope following
training, no differences
between the groups
evaluated were found.
The cortisol response
diminished across time
for both groups to similar
extents

Sousa, 2021 [136] Age: 24.15 y. Gender, F: 50%.
P: university students BMT (20) Active control group

In the BMT group, an
audio-guided meditation
focused on the body and
breathing sensations. The
active control group
listened to audio containing
educational health
information for about
15 min. The interventions
lasted for 30 min a day,
totaling 90 min of
intervention for each group

Plasma cortisol: blood
samples were collected on the
1st and 3rd days of training
between 8:00 and 9:00 A.M.
after 45 min of rest

A significant reduction in
cortisol levels
post-intervention was
found in the active
control group

DaSilva, 2023 [137]

Mean age: 40.95 y.
Gender: not reported.
P: technical–administrative
university workers

MBSR (15) Wait-list (15)

Original MBSR program. In
addition, there was a 4 h
immersion session in a
larger space with an added
natural area

Hair cortisol samples were
collected 2 weeks before the
beginning of the study and
again after the end of the
study (12 weeks after the first
data collection)

Participants in the MBSR
group had their hair
cortisol levels
significantly reduced

Abbreviations: ACT: acceptance and commitment therapy, AUC: area under curve, BCS: breast cancer survivors, BMT: brief mindfulness training, CAR: cortisol awakening response,
FFSE: freedom from smoking enhanced, HEP: health enhancement program, HRVB: heart rate variability–biofeedback, KMBSR: MBSR applied to the Korean population, LDMBI:
low-dose mindfulness-based intervention, LDMBSR: low-dose mindfulness-based stress reduction, LTMs: long-term meditators, MBAT: mindfulness-based art therapy, MBCT:
mindfulness-based cognitive therapy, MBCUL: mindfulness-based coping with university life, MB-EAT: mindfulness-based eating awareness training; MBIs: mindfulness based
interventions; MBRT: mindfulness-based resilience training; MBSR: mindfulness-based stress reduction; MBSRbc: MBSR for breast cancer; MBX: mindfulness-based stretching and
deep breathing exercise; MT: mindfulness training; MTS: mindfulness training for smokers; NMSR: nonmindfulness stress reduction; PCBMP: primary care brief mindfulness practice;
P: population; PTSD: post-traumatic stress disorder; SET: supportive expressive therapy; SMC: stress management course; SMS: stress management seminar; TAC: time/attention control;
TAU: treatment as usual; y: years.
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Table 3. Summary of results from studies without significant changes in cortisol levels, with MBIs as interventions (n = 10).

Author, Year [Ref.]
Subjects: Age in Years (y)
and Gender; M = Male;
F = Female; Population (P)

Intervention Group (n) Intervention in Control
Group (n) Type of Intervention Cortisol Measurements Results

Lynch, 2011 [138]

Mean ages: 34.30 y
(intervention group) and
28.83 y (control group).
Gender, F: 75%.
P: university students

MBCUL (10) Wait-list (6) MBCUL

Salivary cortisol: 2
consecutive days (eight
samples). The first sample
was taken in bed upon
awakening; then 15 min
later, 30 min later and
45 min after awakening;
and then at 9, 13, 17 and 21
h (AUC and CAR)

No significant changes were
found

Bowden, 2012 [139] Age: 34 y. Gender, F: 63.64%.
P: healthy participants Mindfulness (12) Yoga (12) or BWV (12)

Yoga: 24.2 h (two 75 min
sessions for 5 consecutive
weeks; practice at home for
10 min each day). BWV: 24.2
h (two 75 min sessions for 5
consecutive weeks; practice
at home for 10 min each
day)

Salivary cortisol: 2 samples
taken after 10 and 40 min
into the assessment pre- and
post-intervention between
11 a.m. and 3 p.m.

No significant changes were
found

Gex-Fabry, 2012 [140]

Mean age: 47.5 y (range:
24–66 y).
Gender, F: 71.42%.
P: patients
remitted with
recurrent
depression

MBCT + TAU (28) TAU (28)

MBCT.
Participants in the TAU
group had unrestricted
access to any type of
treatment or help, or MBCT
plus TAU

Salivary cortisol: 7 samples
taken per day at home
(upon awakening; at 15, 30,
45 and 60 min
post-awakening; and at, 3
P.M. and 8 P.M.) on 6
occasions

No significant changes were
found

Malarkey, 2013 [141]

Mean age: 50 y.
Gender, F: 87.5%.
P: university
faculty and staff

LDMBI (93) Education control (93)

LDMBI.
The education control group
was a lifestyle education
group, which received an
information-based
approach enabling
individuals to make health
decisions based on scientific
health information

Salivary cortisol: Before
randomization and after the
8-week intervention.
Additionally, measurements
were taken on 3 days (days
2, 8 and 14 of a 2-week
period) at 20 min
post-rising, noon, 5 p.m.
and bedtime

No significant changes were
found
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Table 3. Cont.

Author, Year [Ref.]
Subjects: Age in Years (y)
and Gender; M = Male;
F = Female; Population (P)

Intervention Group (n) Intervention in Control
Group (n) Type of Intervention Cortisol Measurements Results

Fendel, 2021 [142]
Age: 31.02 y.
Gender, F: 65.31%.
P: resident physicians

MBSR (77)

Mindfulness description
booklet (73). This group
received the same course as
the intervention group,
except that the control
group did not receive a
description of practical
exercises

Original MBSR program

Hair cortisol: hair samples
1 cm in length and 3 mm in
diameter close to the scalp
from a posterior vertex
position at four on-site
appointments

No significant changes were
found

Graham, 2022 [143]
Median age: 33 y.
Gender, F: 93.4%.
P: healthy nurses

Online MBSR (31) Relaxing music (30)

In the intervention group,
the program included
weekly introductions to the
concept of guided
meditations (available on
the website or via the
iPhone app). The control
group was given a link to a
website where they could
download digital
recordings of relaxing music
and were instructed to
quietly listen to one or more
of the recordings for at least
5 min every day for 6 weeks
while doing nothing else.

Salivary cortisol: at baseline
and after 6 weeks

No significant changes were
found

Hilcove, 2021 [144]

Mean age: 42.45 y. Gender,
F: 94.85%.
P: nurses and healthcare
professionals

Mindfulness-based yoga
(41)

The control group did not
receive the yoga
intervention (39)

The intervention group
started with seated
centering, a brief teaching
about yoga, focused
attention on the breath and
yogic breath practice.
The control group did not
receive the intervention
(duration of study, 6 weeks)

Salivary cortisol: Before and
after the 6-week
intervention. Samples were
collected three times per
day over two days

No significant changes were
found
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Table 3. Cont.

Author, Year [Ref.]
Subjects: Age in Years (y)
and Gender; M = Male;
F = Female; Population (P)

Intervention Group (n) Intervention in Control
Group (n) Type of Intervention Cortisol Measurements Results

Oken, 2010 [145]

Age: 64.46 y. Gender, F:
80.64%.
P: community-dwelling
caregivers

Mindfulness meditation
intervention adapted from
the MBCT (10)

Two groups:
- An education class based
on powerful tools for
caregivers, serving as an
active control group (11);
- A respite-only group
serving as a pragmatic
control (10)

The two active
interventions lasted 7 weeks
and consisted of one 90 min
session per week along with
at-home implementation of
the knowledge learned

Salivary cortisol: 3 times
during the assessment day,
within 5 min after
awakening, 30 min later
before eating and at
bedtime

No significant changes were
found

Rosenkranz, 2016 [146]
Mean age: 49.35 y.
Gender, F: 61.76.
P: experienced meditators

LTMs (31).
In this group, the practices
reflected the progression of
foundational skills taught in
standard MBSR courses,
and can thus be viewed in
many ways as a long-term
and more in-depth
extension of MBSR

Meditation-naïve
participants (37)

The LTM group undertook
at least three years of
vipassana and
compassion/loving-
kindness meditation, with
daily practice of 30 min or
more, as well as 3 or more
intensive meditation
retreats lasting 5 or more
days

Salivary cortisol:
immediately after the end of
the “TSST”, as well as every
10 min for the next 40 min,
for a total of 6 saliva
samples

No significant changes were
found

Turner, 2020 [147]

Age ≥ 17 y (88.88%
between 17 and 30 y).
Gender, F: 70.37%.
P: students exposed to exam
stress

Mindfulness Skills for
Students (27) Support as usual (27) 11 h (8 weekly sessions

lasting 75–90 min)
Blood cortisol: one sample;
no timing reported

No significant changes were
found

Abbreviations: AUC: area under curve; BWV: brain wave vibration; CAR: cortisol awakening response; CBT: cognitive behavioral therapy; LDMBI: low-dose mindfulness-based
intervention; LTMs: long-term meditators; MBCT: mindfulness-based cognitive therapy; MBCUL: mindfulness-based coping with university life; MBSR: mindfulness-based stress
reduction; P: population; TAU: treatment as usual; TSST: the Trier Social Stress Test; y: years.
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7. Discussion

Several hypotheses can explain the associations between MBIs and cortisol levels, and
the evidence from the studies listed in Tables 2 and 3 indicates discordance in the results.
Thus, two main hypotheses can be proposed:

7.1. Hypothesis 1. MBIs Impact Cortisol Levels

Neuroplasticity is a phenomenon that underlies the different changes in neuronal
pathways and neuronal synapses. In addition, neuroplasticity plays a predominant role in
neuronal communication with the endocrine system, thus allowing for multiple adaptive
responses to different stimuli. Cortisol intervenes in the process of neuroplasticity and
induces neuroplastic changes at the hippocampal level [44,148].

Three major large-scale brain networks have been described: the salience network (SN),
central executive network (CEN) and default model network (DMN). Under conditions of
stress, a sustained increase in cortisol levels can affect the function of neuronal structures of
the DMN, including the hypothalamus [149,150].

In this order of ideas, a significant change in cortisol levels has been demonstrated to
be a consequence of greater executive control promoted by the nonjudgmental awareness
of present-moment experiences cultivated during the practice of MBIs. This approach is
possible because refined openness and awareness allow for subtle changes in affective
states to be detected with greater flexibility, which in turn reduces habitual rumination
tendencies, thereby improving the adaptive regulation of emotions [150,151].

It has also been considered that MBIs mainly affect three aspects: the control of
attention, the regulation of emotions and self-awareness. Each of these aspects is susceptible
to modification after repeated and continuous mindfulness practice, inducing changes
in the functional and structural aspects of various brain structures, such as the anterior
cingulate cortex (ACC), the prefrontal cortex (PFC), the posterior cingulate cortex (PCC), or
areas such as the insula, amygdala and the striatum [151,152].

The neuroplastic effects of meditation on the DMN suggest that functional connectivity
changes and differs between people who practice MBIs or meditation-based interventions
(compared to nonpracticing subjects); these connections are involved in the phenomena of
emotional processing and evaluation in areas that involve the PFC, PCC and the dorsolateral
prefrontal cortex (DPC) [152,153].

These structures are part of the limbic system (or multiple circuits of the limbic
network) and the hypothalamus is considered a group of anterior diencephalic nuclei (that
are anatomically located in the center of the limbic system) [154].

The limbic system is classically considered to be activated in the presence of stress
(as an adaptive response to stress); thus, in situations involving stress, the activation
of structures such as the amygdala has been associated with elevated levels of cortisol.
Therefore, the amygdala plays a facilitating role in the responses of the HPA axis to different
stressful stimuli [154,155].

This effect is mediated by neurotransmitters such as norepinephrine (NE), its α-1
receptor, serotonin (5-HT) and its 5-HT2 receptor. The neuroendocrine effects of NE in
the hypothalamus are mediated by intrahypothalamic glutamatergic neurons. Further-
more, the amygdala facilitates the release of 5-HT from the paraventricular nucleus of the
hypothalamus in response to stress and is capable of attenuating the negative feedback
exerted by cortisol (probably reducing glucocorticoid receptors in the hippocampus, thus
facilitating the activation of the HPA axis), with a greater release of CRH–ACTH [156–158].

In this way, MBIs could modify cortisol levels by inducing functional and structural
changes in brain areas that are directly related to CRH–ACTH secretion (Figure 3).
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Figure 3. Under stress conditions, a sustained elevation of cortisol levels can affect several brain structures,
including the hypothalamus. MBIs can induce changes in the functioning of brain areas such as the anterior
cingulate cortex, the prefrontal cortex, the posterior cingulate cortex and the limbic system. Furthermore,
MBIs can modify cortisol levels by inducing functional and structural changes in brain areas directly related
to CRH-ACTH secretion (see text for more details). * Mindfulness-Based Interventions.

From another point of view, we cannot ignore the fact that most of the studies had small
sample sizes, there was no “masking” of the groups and confounding or effect-modifying
variables (interaction) were not taken into account.

These aspects may influence the results described, and the findings actually suggest a
type I error (indicating a spurious relationship between MBIs and cortisol levels). Further-
more, there was a high risk of “interviewer bias”, as there was no masking of the people
who trained the subjects in the MBI groups [159,160].

Similarly, “differential classification error” cannot be ruled out because there could
(potentially) have been greater sensitivity in the definition of the subjects in the intervention
groups (compared to the subjects in the control groups), which could have biased the
association away from the null hypothesis [161].

Additionally, a possible “medical surveillance bias” can be suggested because the
identification of the outcome, in this case, cortisol, was not independent of knowledge of
the exposure (inclusion criteria), which could have led to greater surveillance and follow-up
in the intervention group (in fact, several studies had the so-called wait-list as a control
group), which could have led to a finding of a positive effect of MBIs on cortisol levels [162].

7.2. Hypothesis 2. MBIs Do Not Impact Cortisol Levels

There are several explanations of this hypothesis. For example, some of the studies
were carried out on healthy people, which may indicate that the interventions have no
effect on cortisol in people with no diagnosis of depression, anxiety or stress; in fact, some
studies found a beneficial effect of MBIs only in individuals with underlying conditions
(depression, anxiety, stress, etc.) [163].

The lack of effects of MBIs on cortisol levels could also be explained by the time that
the study participants spent on the MBIs because, in most of the studies, although MBI
strategies were used, they did not all involve a unified protocol or program (in several
studies, modified MBSR or MBCT protocols or programs were implemented), which could
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explain the differences between studies that show changes in the level of cortisol and other
studies that do not.

This finding contrasts with the findings of studies that showed a change in cortisol
levels after MBIs, which generally had a basic design in which the original MBSR or MBCT
protocol was used, with some studies involving slight modifications to the original protocol
but with very similar durations. In the studies that did not show modification of cortisol
levels (after the MBIs), this aspect may be secondary to a “temporal” bias given the time
spent on the interventions in those studies [164].

Additionally, the studies used tissues such as saliva, hair, blood (or its derivatives,
plasma or serum) and urine as methods for measuring cortisol; based on this, it should be
considered that cortisol shows moderate to high intra- and interindividual variability, which
can be explained by environmental factors; for example, the intraindividual variability is
higher among patients with depressive disorders than among healthy controls [165].

Additionally, some “erratic” patterns have been described in subjects with depres-
sive episodes of greater severity or with recurring episodes, which could reflect greater
deregulation of the HPA axis in these individuals [166].

Likewise, it has been noted that the HPA axis response decreases or habituates when
there is repeated or continuous exposure to a stressor (homotypic stressor); however, if
the HPA axis faces a new stressor (heterotypic stressor), the response tends to be normal
or “facilitated”, which may explain why some individuals with a homotypic stressor may
have an attenuated HPA axis response (with reduced absolute levels of cortisol), such as
individuals with fibromyalgia or chronic fatigue [167].

Other factors that modify the HPA axis response include the sleep–wake cycle (quality
of sleep and insomnia, among other factors), along with the states of rumination and worry
in the days prior to taking the cortisol sample, including waking up in the dark or daylight
and measuring cortisol on weekdays or weekends [168–172].

Furthermore, a possible seasonal effect on the activity of the HPA axis was found
in some studies, such that “month by month” changes in cortisol levels were identified
at the population level; for example, in some studies, higher concentrations of cortisol
were described in the spring and lower levels were observed in the summer. One study
even showed that the highest levels of cortisol (morning and evening) occurred during the
months of the year with less sunlight [173,174].

Each of the factors that modify cortisol levels can act as a confounding variable, and
none of the studies adjusted for these factors or performed stratified analyses based on these
potentially confounding variables. Furthermore, potential interactions between variables
were not considered (a fundamental aspect when analyzing studies that carry out some
type of intervention) [175].

Moreover, the majority of the studies used an uncontrolled design and had small
sample sizes (which increases the risk of a type II error, especially if the MBIs are expected
to have a subtle effect on the level of cortisol) [176].

Additionally, “nondifferential classification errors” cannot be ruled out, especially in
studies that used two categories (an intervention group and control group); in this sense,
this error may appear when the exposure (inclusion criteria) is the same for the subjects in
both study groups, which tends to bias the association toward the null hypothesis [177].

It should also be considered that when differences are detected between different
groups with different interventions, these differences may be affected by the presence of a
low “signal-to-noise ratio”; that is, in the group classified as a control (or nonintervention),
the outcome showed a change similar to or greater than that in the intervention group,
potentially affecting the results and the expected association [178].

Consequently, it is likely that the forms of cortisol measured in the different studies do
not reliably determine the real state of the HPA axis; in fact, there is no standardization of
these tests or reference ranges to identify alterations in the HPA axis beyond the diagnosis
of endogenous hypercortisolism or adrenal insufficiency; therefore, it is likely that the
studies that did not show an effect of MBIs on cortisol levels were a reflection of laboratory
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tests that did not reliably evaluate the HPA axis under the inclusion criteria established in
the studies described [179,180].

Our systematic review is not without limitations; first, the studies were very heteroge-
neous with respect to the inclusion criteria, the type of MBIs used and the definition of the
outcome to be evaluated.

Second, it should also be noted that more than half of the studies included in this
review had fewer than 20 participants in the intervention group (and in some of them the
number of subjects evaluated was not even described). The results of a study with a small
sample size may not be applicable to all interested people (loss of external validity) and
it is also less likely that the real effects of an intervention will be detected, especially the
rarer and less striking effects (of smaller magnitude), making it difficult to find significant
differences between participants and increasing the probability that the results of the study
are due to chance.

Third, several of the studies were non-randomized; randomization is the ideal elective
method to achieve comparability between groups, as it strengthens the statistical tests used,
reduces selection bias and attempts to protect against other types of bias, fundamentally
that of confusion (its main purpose).

Fourth, the types of intervention used in the control group were very diverse, and the
different studies established multiple ways of measuring cortisol, which made it difficult to
carry out a more robust and specific analysis of the results presented.

Finally, we suggest that future studies consider assessing the HPA axis using ex-
panded and complementary laboratory strategies, such as insulin-mediated hypoglycemia
stimulation tests; CRH stimulation tests; or a combination of hair, saliva and/or blood mea-
surements. Additionally, MBI strategies should be standardized, with specific definitions
for different populations (with larger sample sizes and well-defined randomization tools),
ensuring a lower risk of bias and confounding factors. If present, the identification and in-
tervention strategies used should be presented and described in order to determine whether
MBIs really significantly modify the results associated with different health outcomes.

8. Conclusions

There is a widespread belief that MBIs positively modify various outcomes associ-
ated with stress; however, some of the available evidence is circumstantial and based on
studies with small sample sizes and different inclusion criteria, intervention strategies and
follow-ups. Likewise, the evaluation of cortisol as a stress marker has also been based
on the diagnostic concepts of individuals with endogenous hypercortisolism or adrenal
insufficiency; additionally, the reference values of cortisol measurements in individuals
who undergo interventions with MBIs have not been standardized, which may partly
explain the discrepancies in the results of the studies carried out.

We can biologically explain the association between stress and cortisol levels in addi-
tion to the ways in which MBIs can modify neurometabolic responses to stress and cortisol
levels. However, the included studies were not robust enough in their designs to draw
definitive conclusions.

Standardized cortisol collection methods (such as hair cortisol) seem to be a tool that,
in the future, could allow for a better assessment of cortisol status in individuals receiving
MBIs. However, this must be demonstrated in more longitudinal studies involving mul-
tiple measurements of cortisol at various times of the day (and night), including various
measurement methods (in various tissues).

We believe that, based on the current evidence, MBIs could have a significant effect on
cortisol levels, although the magnitude of these effects is likely to be small.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/neurolint16060115/s1, Table S1: PRISMA 2020 Main Checklist.
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