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Mindfulness practice correlates with reduced
exam‑induced stress and improved exam
performance in preclinical medical students
with the “acting with awareness”, “non‑judging”
and “non‑reacting” facets of mindfulness
particularly associated with improved exam
performance
Jasmine Heath Hearn1 and Claire J. Stocker2*

Abstract
Background: Medical students demonstrate higher levels of psychological distress compared with the general
population and other student groups, especially at exam times. Mindfulness interventions show promise in stress
reduction for this group, and in the reduction of cortisol, an established clinical marker of the body’s stress response.
This study investigated the relationship of mindfulness to exam-induced stress, salivary cortisol and exam performance in undergraduate medical students.
Methods: A controlled pre-post analysis design with within-groups comparisons. 67 medical students completed
the five facet mindfulness questionnaire (FFMQ) and provided saliva samples, from which cortisol was extracted,
during group work (control/baseline) and immediately prior to end of year 2 examinations (experimental). Academic
performance data was extracted for comparison with measures.
Results: Exam-induced salivary cortisol concentration showed a significant negative relation with exam performance. Total FFMQ score showed a significant positive relation with exam performance and a significant negative
relation with exam-induced salivary cortisol. The specific mindfulness facets of acting with awareness, non-judging
and non-reacting also showed a positive correlation with exam performance.
Conclusions: This study suggests that there exists an important relationship between mindfulness and the physiological biomarker of stress, cortisol, and this manifests into improved assessment outcomes potentially through
healthier, more adaptive coping and stress management strategies. In particular, this study identifies the acting with
awareness, non-judging and non-reacting facets of mindfulness to be significantly associated with exam performance
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suggesting that these may be important facets for clinical educators to target when helping students with mindfulness practice.
Keywords: Medicine, Medical school, Meditation

Background
The development of competent and compassionate
doctors requires years of medical education. Unfortunately, some of the demands of medical training,
including study burden, busy schedules [1] and the
assessment process [2], demonstrate detrimental effects
on the mental wellbeing of medical students. Recent
studies estimate that the prevalence of depression,
stress and anxiety in medical students is up to 30%,
49%, 32% respectively [3, 4], which is higher than that
of the general population and age-matched peers [5].
Excess stress in the short term may lead to sleeping disturbances and poorer academic performance [6], with
exam-induced stress shown to predict academic performance in medical students [7], which may have further
adverse effects on students’ academic and emotional
wellbeing. This is particularly relevant to early years
medical students who tend to be exam-orientated [8,
9]. Chronic stress may increase students’ risk of cardiovascular disease, immune dysfunction, neuroendocrine
dysregulation, and subsequent mental health disorders
later in life [10]. Furthermore, psychological distress
may be detrimental to empathy and optimism in medical students [11, 12], therefore demonstrating the need
for effective stress management tools and support for
this group of students, particularly in the early years of
medical education.
In response to stressors, students often use maladaptive coping strategies such as escape avoidance, in
which wishful thinking and behavioral efforts are made
to escape or avoid the problem [13]. These avoidance
behaviors have the potential to negatively affect academic performance [14]. In contrast, mindfulness is an
approach-focused strategy to managing stress, involving non-judgmental awareness of the present moment,
as opposed to avoiding negative experiences. Mindfulness-based interventions have been studied in medical students, with promising results in terms of stress
reduction [15], and improvements in wellbeing [16].
Likewise, recent evidence has demonstrated that lower
perceived stress was associated with greater mindfulness, and that a brief mindfulness intervention in
medical training was effective in maintaining lower perceived stress [17]. Further, a recent systematic review
concluded that mindfulness is beneficial for reducing
stress in medical students [18], thereby demonstrating
its efficacy for medical students.

Stressors act upon the hypothalamus–pituitary–
adrenal axis (HPA axis) neuroendocrine pathway to
secrete cortisol from the adrenal gland. Under normal
physiological conditions, cortisol is released in a diurnal cycle, with highest plasma levels 30 min after waking each morning, reducing to an average level an hour
after waking and remaining at that level for several
hours before decreasing to a low [19]. However, cortisol concentrations show acute increases in response to
stressors [20]. Glucocorticoid dysregulation is strongly
associated with a wide range of stress factors, and
under prolonged stress, cortisol can remain chronically
elevated [21]. This causes damaging levels of inflammation in the central nervous system affecting neurological function [22] including hippocampal learning
[23]. Increases in salivary cortisol before exams can
inhibit both learning processes [24] and reduce exam
performance [25]. This acute response makes cortisol a useful clinical marker to determine physiological responses to stress [20]. Demonstrable reductions
in cortisol following four days of mindfulness training
have been observed in Thai medical students [26]. In
contrast, a study in students from a range of faculties
at Cambridge University found no relationship between
plasma cortisol levels and mindfulness training [27].
These discrepancies might be explained by the measurements of stress being chronologically dissociated
from exam scheduling. The present study, therefore,
aimed to establish the potential role of mindfulness
in medical student stress induced by exams and the
impact of mindfulness on exam performance. This may
have implications for the management of stress in medical students through mindfulness training before and
during exam times and for student support services to
help optimize wellbeing and academic attainment, thus
providing a foundation for stress management in further clinical training.

Methods
Design

This was a cross-sectional study with within- and
between-subject assessments. Participants provided
measures at baseline (non-stressful, group work condition), thereby acting as their own control, and prior to
summative assessments (stressful condition) at the end
of year 2.
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Participants

Eligible participants were undergraduate medical students recruited from three cohorts commencing Year 1
studies on three consecutive years (2014–2016). Inclusion criteria were: aged over 18 years of age (no upper
age limit), students enrolled on an undergraduate medical training program, and were in their second year of
study. All participants were introduced to mindfulness in
Year 1 as part of their training and encouraged to adopt
the practice, although this was entirely optional. Participation was voluntary, with written informed consent
obtained, with 122 students participating in the study
and 67 students completing all parts of the study (8 from
the 2014 cohort, 40 from the 2015 cohort, and 19 from
the 2016 cohort). Students with metabolic disorders or
medication that could affect cortisol levels were excluded
from participation in the study. Also excluded were participants who had engaged in exercise, eating and drinking anything other than water after 7.30 am as this could
have affected salivary cortisol concentration.
Procedure

At the end of Year 2, participants who consented were
approached during a standard group work session in term
time, seven days prior to exam day (non-stressful condition) and provided a saliva sample and a rating of their
current stress level. After which a demographic questionnaire and the Five Facet Mindfulness QuestionnaireShort Form were administered. Following this, prior to
summative assessments (stressful condition) at the end of
Year 2, students provided another rating of their current
stress level, and a saliva sample. Examinations were written short answer papers, based on 12 clinical vignettes,
with a possible ten marks available per vignette. Scenarios are based upon common presentations a student
would be expected to see in practice. Saliva sampling and
questionnaires were conducted between 8.30 and 9.00 am
at both time points, with sleep times of the night before
noted to minimize variation of the cortisol concentration
between participants and between collection days. Upon
completion of the study, participants were provided with
a debrief letter detailing the study and reminding them
of their right to withdraw until data were anonymized for
analysis.
Measures
Demographic characteristics

Of the 67 participants that provided complete data (i.e.,
baseline and pre-exam measures of perceived stress and
saliva samples), 27 (40.3%) were male and 61 (91%) were
single. The sample was diverse in ethnicity; 28.4% of the
sample were white, 44.8% were Asian, and 13.4% were
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black/Caribbean/African. Detailed participant characteristics can be found in Table 1. Independent-samples
t-tests were conducted at baseline to compare the influence of demographic characteristics on mindfulness,
baseline stress and cortisol, pre-exam stress and cortisol,
and exam results. There were no significant differences in
gender across these outcomes (p > 0.05). There were also
no significant differences between those who had any
previous experience of mindfulness and those who had
none.
Perceived stress To minimize the time commitment and
ensure that students could utilize the time before the exam
in the most constructive way possible for them and any
risks of further stress/distress in the immediate time prior
to examinations, students were asked to provide a stress
rating on a 10-point Likert-like scale, with 0 representing no stress at all, 5 representing moderate stress, and 10
representing stress as bad as it could be. This method was
selected over other questionnaire methods which capture
stress experienced over a longer period e.g., a month in
the case of the perceived stress scale [28]. This was anticipated to encourage participation in the study during an
already stressful and time-limited period and maximize
the likelihood of the response provided reflecting current
stress levels at the point of measurement, rather than the
score being influenced by other variables. The 10-point
Likert-like scale for measuring perceived stress has been
Table 1 Participant demographics
N

%

Male

27

40.3

Female

40

59.7

18–20

23

34.3

21–24

30

44.8

25–29

9

13.4

30–34

4

6.0

35–39

1

1.5

Gender

Age

Marital status
Single

61

91.0

Married

2

6.0

Cohabiting

4

3.0

19

28.4

Ethnicity
White
Mixed/multiple

4

6.0

30

44.8

Black/Caribbean/African

9

13.4

Other

5

7.5

Asian

Hearn and Stocker BMC Psychology

(2022) 10:41

validated against increased electromyography activity
[29].
Salivary cortisol Cortisol was identified as the appropriate biomarker of stress in this study using the method
described by Crosswell and Lockwood [30]. Cortisol was
obtained using the Salivette sampling device (Sarstedt,
51,582 Numbrecht, Germany). Participants were
instructed to place a cotton swab underneath their tongue
for one minute and then transfer the swab to a centrifugation tube with a filter insert. Immediately following collection, samples were spun down for 15 min at 25,000 RPM
in a centrifuge held at 4 °C before being frozen at − 80 °C
until analysis. Analysis was conducted by ELISA as per
the manufacturer’s instructions (cat # 1-3002, Salimetrics,
Carlsbad, California, USA) for salivary cortisol measurement. The ELISAs had an intra-assay coefficient of variability of 4.2% and an inter-assay coefficient of variability
of 7.4%.
Five facet mindfulness questionnaire‑short form
(FFMQ‑SF; Bohlmeijer et al. [31]) The FFMQ-SF consists of 24 items scored on five-point Likert scales ranging
from 1 (never/rarely true) to 5 (very often/always true). It
measures five factors representing elements of mindfulness: observing, describing, acting with awareness, nonjudging of inner experience, and non-reactivity to inner
experience, thus analyses can demonstrate which skills
are important predictors of symptom reduction. Facet
scores range from 5 to 25, apart from the facet of observing, which ranges from 4 to 20. The total maximum score
on the FFMQ-SF is therefore 120, with higher scores indicating greater levels of mindfulness. The FFMQ-SF has
strong psychometric characteristics, including good reliability with alpha coefficients above α = 0.70 for all facets.
The FFMQ-SF demonstrated a reliability of α = 0.86 for
the total score, and 0.74, 0.74, 0.77, 0.82 and 0.75 for the
five facets of non-reacting, observing, action awareness,
describing and non-judging respectfully, indicating good
reliability [31]. The short version was utilized to encourage participation by reducing participant burden.
Statistical methods

Data from two published meta-analyses of research
involving the assessment of outcome measures in association with mindfulness [32, 33] concluded that studies involving mindfulness produce mean effect sizes of
0.59 and 0.54, respectively (considered medium sizes,
according to Cohen’s (1988) criteria [34]. Based on this,
an a priori power calculation was undertaken to establish the sample size required; based on a medium effect
size = 0.50, alpha = 0.05 and confidence level = 0.95, the
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sample size required was n = 67, protecting against Type
I error. Data were initially examined for distribution
normality and outliers. Baseline and pre-exam salivary
cortisol concentration and Perceived Stress scores are
presented as means ± SEM standard error and statistically compared by Student’s t-test. Relations of examinduced stress on exam performance were analyzed by
Simple Linear Regression and the effect of mindfulness
practice on exam score and stress by Multiple Linear
Regression based on Principal Component Analysis, with
the predictors and criteria explained in the figure captions. Data were analyzed using Prism 9.1.2.226.
Ethical considerations

This study was approved by the University School of Science and Medicine Ethics Committee. All students gave
their prior written consent for participation in the study
and publication of results. So that the data collected were
valid and therefore reflective of real-world stressors in a
medical students’ life, written examinations were utilised
as stressors for this study. However, efforts were made to
minimise the time commitment required of participants
before examinations, and to ensure that participation
in the study did not induce further stress, nor adversely
affect examination performance. In line with this, participants were briefed prior to taking part in the study, and
the time taken to complete assessments before examinations was reduced to a maximum of ten minutes.

Results
Perceived stress and salivary cortisol concentrations are
increased in the pre‑exam situation

A paired-samples t-test was conducted to compare perceived stress in the non-stressful condition of group work
and the stressful examination condition. There was a significant difference in the scores, indicating that examination conditions are perceived as significantly more
stressful than group work conditions (p < 0.0001, Fig. 1A).
This was confirmed by salivary cortisol levels, which
were significantly increased in the examination condition
compared with group work (p < 0.0001, Fig. 1B).
Exam performance negatively relates to increase
in salivary cortisol levels between baseline and pre‑exam
time points

No significant correlations were found between exam
results, perceived stress scores or salivary cortisol concentration at either baseline or pre-exam, although
(Fig. 2). The change in each individual’s salivary cortisol
concentration had a significant negative relation with
exam score (p < 0.0001, Fig. 2A) indicating that the greater
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Fig. 1 The effect of exam conditions on stress. Baseline and pre-exam levels of perceived stress (A) and salivary cortisol concentration (B). N = 67.
****p < 0.0001

However, the pre-exam increase in perceived stress did
not relate to exam performance (Fig. 2B).
FFMQ total mindfulness relates positively with exam
performance and negatively with the change
in salivary cortisol concentration and perceived stress
in exam‑induced stressful conditions

Regression analysis of exam scores showed significant
positive relation with the students’ FFMQ total mindfulness score (p < 0.0001, Table 2). Exam scores also
showed a significant positive correlation with the students’ FFMQ acting with awareness, non-judging, and
non-reactivity scores. The FFMQ total mindfulness score
also had a significant negative relation with the change in
exam-induced salivary cortisol concentration (p = 0.02).
However, there was no significant relation between the
FFMQ mindfulness scores and students’ exam-induced
perceived stress scores (p = 0.16).

Fig. 2 The effect of exam-induced stress on exam performance.
A Simple linear regression with predictor exam score and criterion
exam-induced salivary cortisol significantly deviates from zero
(B =  − 0.01265, p < 0.0001). B. Simple linear regression with predictor
exam score and criterion exam-induced perceived stress does not
significantly deviate from zero (B = 0.02404, p = 0.5369)

the change in cortisol levels between group work and
pre-exam conditions, the poorer the exam performance.

Discussion
In our opportunistic study, healthy medical students were
exposed to an objectively stressful situation of an exam,
and relationships between exam performance, mindfulness, perceived stress and salivary cortisol in response
to this were examined. This study therefore explored
whether participants’ changes in subjective experience
were associated with stress-related salivary concentrations of cortisol and exam performance, and whether
mindfulness experience could buffer these effects. The
present study demonstrated that exam conditions elevated cortisol, and increased cortisol was correlated with
a reduced exam performance. Importantly, students who
scored more highly in the FFMQ questionnaire total
score displayed reduced levels of exam-induced salivary
cortisol and perceived stress levels immediately prior
to exams and performed better in the exam itself than
those with lower total FFMQ scores. This suggests that
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Table 2 The effect of mindfulness practice on exam score and stress
Criteria
FFMQ total
mindfulness
score

FFMQ observing score

FFMQ
describing
score

FFMQ acting with
awareness score

FFMQ nonFFMQ nonjudging score reactivity
score

Exam score

B = 0.79
p < 0.0001

Exam-induced perceived stress

B = -0.76
p = 0.16

B = 0.10
p = 0.08

B =  − 0.07
p = 0.17

B = 0.19
p = 0.002

B = 0.13
p = 0.02

Predictors

Exam-induced salivary cortisol

B =  − 13.93
p = 0.02

B =  − 0.09
p = 0.63

B =  − 2.68
p = 0.19

B = 0.37
p = 0.02

B = 1.27
p = 0.50

B =  − 0.08
p = 0.69

B =  − 2.95
p = 0.19

B = 0.14
p = 0.46

B =  − 2.11
p = 0.33

B = 0.24
p < 0.0001
B =  − 0.25
p = 0.24

B =  − 4.15
p = 0.08

Multiple linear regression analysis standardized regression coefficients (B) and p values of FFMQ mindfulness scores with exam score and exam-induced salivary
cortisol concentration and perceived stress

there exists an important relationship between mindfulness and biomarkers of stress, which may manifest into
improved assessment outcomes potentially through
healthier, more adaptive coping and stress management
strategies.
These findings align with a study that found that
greater perceived stress before an exam was associated with greater levels of B-cells (another important
clinical marker of immune activity that may increase
chronic tissue inflammation) [27]. However, in contrast
to the present study, that study found no further associations between biomarkers of distress (including cortisol, among others) and mindfulness. Such conflicting
evidence demands the need for larger, randomized trials
to clearly establish the relationships between variables
examined in the present study, and other work in this
field.
A novel strength of the present study is the ability
to explore the nuance within the measure of mindfulness and individual facets, with results demonstrating
that exam scores showed a significant positive correlation with the students’ FFMQ acting with awareness and non-judging scores. Acting with awareness is
the ability to act out of quick judgment appropriately
to the situation before responding. Acting with awareness may mitigate stress through the prioritization
of focus on the present, which may reduce engagement in hypervigilance and attention paid to negative appraisals [35]. A non-judgmental stance towards
stress-inducing circumstances such as exams may make
students less likely to engage with negative appraisals
and catastrophic thinking surrounding the experience,
and as such become less prone to increased perceived
stress and cortisol excretion. These findings echo previous studies in which both factors were found to mitigate anxiety in medical students [36] and students in
general [37], as well as being associated with lower

depression severity in general populations and represents potentially important areas for future work to
focus on improving. This suggests that these facets of
mindfulness, acting with awareness (attending to what
is happening in the present) and non-judging (taking
a non-evaluative stance toward internal thoughts and
feelings), are particularly important skills in managing
exam-related stress.
The results of the present study support the suggestion
that the integration of mindfulness training as a supportive mechanism in medical school (as suggested by the
UK General Medical Council) is warranted and of value.
Indeed, multiple medical schools already provide mindfulness resources to support their students [38]. Others
have furthered this by integrating mindfulness into their
curriculum, such as Monash University in Australia,
with studies showing decreased depression and hostility, even pre-exam time, as a result [16]. However, being
afforded the choice to participate in mindfulness training
may influence its effects. Students were less satisfied with
mandatory mindfulness training, compared to voluntary
sessions, which suggests that integration into the curriculum may not always be the most effective approach
[39]. Further research is required to determine the more
efficacious ways to support mindfulness practice in medical students to maximise potential benefits and minimise
dissatisfaction or adverse effects. Institutional support is
crucial to the successful implementation of mindfulness,
and this can take many forms at multiple levels [40]. It
is recommended that individual schools consult their
student and staff body and elect to offer mindfulness
training in ways that best suit their own curriculum and
student need and demand. Regardless of the approach
medical schools may opt to take, the present study provides further evidence of the potential that mindfulness
could offer in improving stress management and academic success.
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Limitations and future research

Cortisol is a reliable biomarker of stress [20], however
it is not only secreted in response to stressors, but in a
regular diurnal fashion which could be a confounding
limitation to the study. The peak cortisol level occurs
30 min after waking and is back to the daily average
after 1 h and stays in the average range for several hours
[19]. Accordingly, the morning exam time and sampling
likely occurred at a time when the diurnal variation is
at its most stable and least variable, as has been demonstrated on other studies [19]. Stress-induced salivary
cortisol levels are also affected by the menstrual cycle
with higher levels during the luteal phase than during
the follicular phase [41], possibly influencing the results
of this study which did not control for this effect. Further replication work could add value to our understanding of the role of stress, cortisol, and mindfulness
in exam performance by exploring variations in cortisol
throughout the day of an assessment to establish the
extent to which this variable, and the extent of change
in cortisol, are associated with mindfulness and exam
performance. Variations of stress and responsiveness
to coping strategies have been found among different
populations [42] and this study may have not been able
to account for this possibility due to the relatively small
sample size. Covering these factors would add depth
to our understanding of the role of mindfulness as a
supportive mechanism in managing stress in medical
students. Additionally, whilst our controlled pre-post
analysis is a strength of the present study, further work
could explore the directionality of these relationships
in a longitudinal manner. Longitudinal work would be
beneficial in establishing the extent to which further
training in mindfulness can improve perceived stress,
reduce cortisol production in response to stressful
events, and improve performance in academic assessments such as medical school exams, and beyond in
medical practice. Future studies may also benefit from
a multidimensional measurement of perceived stress,
rather than the unidimensional 10-point Likert scale
employed in this study. As the present study is essentially a pilot conducted immediately prior to a major
exam, it was deemed unethical to ask students to participate in a potentially distracting questionnaire. However, whilst this method has been validated in one study
[29], it cannot yet be considered robust. This is particularly important considering that acting with awareness
can predict lower levels of perceived stress [43], something the present study suggests may also be the case in
early year medical students but does not prove. Future
studies employing such tools may provide deeper
understanding of how respondents are stressed.
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Conclusions
There is an important relationship between mindfulness and exam-induced stress, which may manifest into
improved assessment outcomes potentially through
healthier, more adaptive coping and stress management
strategies. However, whilst physiological stress and exam
performance have been demonstrated to be improved by
mindfulness practice, the stress that students’ perceive
may not be as reliably affected. Therefore, students may
benefit from guided mindfulness as part of the curriculum to help them recognize the benefits. Further work
would be required to explore this.
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