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Long-term mental health effects of mindfulness training: A 4-year follow-up study

Abstract
Objectives. Mindfulness-based stress reduction (MBSR) enhances short-term psychological health in clinical
and non-clinical samples, whereas studies examining long-term effects are scarce. This study examined whether
the effects of a 7-week MBSR programme on mental health persisted at 2- and 4-year follow up and explored
possible mechanisms of effect.

Methods. In a two-site randomized controlled trial, 288 medical and psychology students were allocated to an
MBSR intervention (n = 144) or a no-treatment control group (n = 144). During the 4-year follow-up period, the
MBSR group was offered 90-min booster sessions semi-annually. The primary outcome measures were mental
distress (General Health Questionnaire – GHQ) and well-being; these were measured at baseline (T0) and
postintervention follow-up at 1 month (T1), 2 years (T1) and again at 4 years (T3). Secondary outcomes included
coping, mindfulness, and meditation practice.

Results. At 4-year follow up, the MBSR group showed significantly better scores on mental distress,
mindfulness, avoidance coping, and problem-focused coping (Cohen’s d = 0.23–0.42). Meditation practice
positively predicted long-term mindfulness scores. Short-term effects in mindfulness-scores mediated long-term
intervention effects in mental distress and coping. However, reversed mediation also was observed (i.e. changes
in outcome mediating long-term mindfulness scores), and this indicates that initial changes in outcome and
mindfulness are intrinsically intertwined and may both influence long-term effects. Small post-intervention
effects on well-being and seeking social support did not persist at follow up.

Conclusions. MBSR fostered enduring effects on mental distress and coping in medical and psychology students
4 years post-intervention.
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Mindfulness involves the coalescence of present-moment attention and a particular set of attitudes including
acceptance, equanimity, kindness, and tolerance (Grossman, 2015). Mindfulness has been conceptualised as a
natural disposition that can be enhanced through practice (Baer, 2011). Mindfulness practice aims to increase
awareness of habitual patterns of thought, emotion, and behaviour. This awareness may enhance emotion
regulation and adaptive coping, strengthen self-insight and value clarification, and conversely, decrease negative
cognitive and emotional reactivity (Brown, Ryan, & Creswell, 2007; Shapiro, Carlson, Astin, & Freedman,
2006; Teasdale et al., 2000). The assumption that these benefits exert a potentially life-long impact on mental
health and well-being (Kabat-Zinn, 2005) is addressed in the current study of long-term effects of mindfulness
training.
In both clinical and non-clinical samples, such as those including healthcare professionals and trainees,
mindfulness-based interventions (MBIs) have demonstrated multidimensional short-term health benefits, such as
increased well-being and reduced depression, anxiety, and burnout (Burton, Burgess, Dean, Koutsopoulou, &
Hugh-Jones, 2016; Gotink et al., 2015; Goyal et al., 2014; Khoury, Sharma, Rush, & Fournier, 2015). Further,
increased mindfulness improves the way in which people regulate negative affect and stress. Laboratory studies
have shown increases in willingness to experience aversive stimuli and decreases in the intensity and negative
valence of emotional responses towards stressors, following brief mindfulness exercises (Arch & Craske, 2006).
Similarly, short-term MBI trials have shown increases in approach coping and decreases in avoidance coping in
both clinical and non-clinical samples (Berghmans, Godard, Joly, Tarquinio, & Cuny, 2012; Cousin & Crane,
2015; Witek-Janusek et al., 2008).
To date, few studies have sought to determine whether such short-term health benefits endure. Some
reviews indicated that reductions in depression and anxiety persisted, albeit with a follow-up period of only 3–6
months (Goyal et al., 2014; Hofmann, Sawyer, Witt, & Oh, 2010). In non-clinical samples (e.g. students), a few
mindfulness studies involving 1-year follow-up periods showed persistent effects on positive psychological
outcomes, such as relaxation, empathy, and mindfulness (Amutio, Martinez-Taboada, Hermosilla, & Delgado,
2015; Malarkey, Jarjoura, & Klatt, 2013; Shapiro, Brown, Thoresen, & Plante, 2011), but not stress-related
outcomes. In clinical samples, some randomized controlled trials (RCTs) have demonstrated persistent MBI
effects on mental distress and coping over 2 years (Chien & Thompson, 2014; Henderson et al., 2012; Meadows
et al., 2014). However, one review (de Vibe, Bjørndal, Fattah, Dyrdal, Halland, Tanner-Smith, 2017) indicated a
general decay of effects over 1–2 years, and this was supported by subsequent studies (Fjorback et al., 2013;
Henderson et al., 2012; Shapiro et al., 2011). Unfortunately, the interpretation of promising long-term (i.e. 3–4
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years) effects of mindfulness-based stress reduction (MBSR) for people with fibromyalgia, chronic pain, or
anxiety symptoms (Grossman, Tiefenthaler-Gilmer, Raysz, & Kesper, 2007; Kabat-Zinn, Lipwoth, Burncy, &
Sellers, 1986; Miller, Fletcher, & Kabat-Zinn, 1995) is limited by the use of uncontrolled study designs.
Therefore, it is unsurprising that most reviews (Bohlmeijer, Prenger, Taal, & Cuijpers, 2010; Khoury et al.,
2013) have suggested a need for longitudinal studies to further the field. Accordingly, the present study aimed to
contribute to the fulfilment of this need.
Another gap in current knowledge involves the question as to whether any of the enduring health
benefits of mindfulness interventions are attributable to enhancement of mindfulness skills. A recent metaanalysis (Gu, Strauss, Bond, & Cavanagh, 2015) showed moderate but consistent evidence for mindfulness as a
mediator of the effects of MBIs on psychological health. Another review (van der Velden et al., 2015) found
that, in two of three studies, mindfulness mediated the effect of mindfulness-based cognitive therapy (MBCT).
The establishment of a timeline, whereby a change in the mediator temporally precedes a change in the outcome,
is a key criterion for drawing inferences about causal mechanisms (Kazdin, 2007). Most studies have failed to
establish a timeline, because of the use of a pre-post intervention design, whereby the presumed mediator (i.e.
mindfulness) and outcome (i.e. mental health) are assessed simultaneously (Gu et al., 2015). Those that
established a timeline (Baer, Carmody, & Hunsinger, 2012; Bergen-Cico, Possemato, & Cheon, 2013; Snippe,
Nyklicek, Schroevers, & Bos, 2015) reported that changes in dispositional mindfulness assessed during an 8week MBSR intervention mediated post-intervention effects on mental health. However, this research was
limited by the short duration of their study periods (2 months). Thus far, only one study (Kuyken et al., 2010)
has used a longer timeline (15 months) and reported that pre-post changes in mindfulness and self-compassion
were significant mediators of the long-term effects of MBCT on depressive symptoms. By including a 48-month
follow-up period with an intermediate 4-month assessment, the present study aims to further the field regarding
possible long-term mechanisms of change.
Finally, questions remain regarding the role of meditation practice in obtaining the beneficial effects of
MBIs. In influential mindfulness approaches, such as MBSR and MBCT, meditation and mindfulness practice
within and between sessions represent an essential programme component. However, reviews of short-term
outcome studies range from indicating a positive relationship between meditation practice and outcome (Gotink
et al., 2015), to failing to detect or remaining inconclusive about such a relationship (de Vibe et al., 2017; Eberth
& Sedlmeier, 2012; Vettese, Toneatto, Stea, Nguyen, & Wang, 2009).
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In summary, the present study aimed to increase our knowledge regarding the long-term effects of
MBIs and possible causal relationships between mindfulness training, negative and positive mental health
dimensions, and long-term use of coping strategies. To accomplish this, we used longitudinal data from a twocentre RCT examining the efficacy of a 7-week MBSR intervention for medicine and psychology students (de
Vibe et al., 2013). The 1-month post-treatment results demonstrated that the intervention decreased mental
distress and increased subjective well-being (SWB) and the non-reactivity mindfulness facet, and that meditation
practice predicted levels of mental distress and dispositional mindfulness (de Vibe et al., 2013). Moreover,
intervention effects were observed for both approach and avoidance coping strategies (Halland et al., 2015).
In the current study, we examined the intervention’s long-term impact on mental distress and SWB,
which were primary outcomes, and dispositional mindfulness and coping, which were secondary outcomes. In
addition, we studied mechanisms of change, notably dispositional mindfulness as a mediator of long-term
effects, as well as the role of mindfulness meditation practice (i.e. frequency and duration) as a predictor of longterm intervention effects.

Method
Participants
Of 704 eligible first -and second-year medical and clinical psychology students from two Norwegian
universities, 288 (mean age: 24 years; 219 women; 176 medical students and 112 psychology students)
participated in the study during 2009 and 2010, with 144 allocated to the MBSR intervention group and 144 to
the no-treatment control group.

Procedures

All students continued their academic studies as scheduled. The investigators were blind to the group allocation,
as a technician who was not otherwise involved in the study ran a computer randomisation programme and
concealed allocation until baseline measurements had been collected. Data were collected at baseline and 1
month and 2 and 4 years after the intervention (T0, T1, T2, and T3, respectively). At each data collection,
students received a book voucher of $50 in value for their participation. Details regarding the procedure, power
analyses and baseline characteristics are described elsewhere (de Vibe, 2013). The study protocol is available on
Clinicaltrials.gov (NCT00892138).

Programme description
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Interviews with medical students in the design phase of the project revealed that the time commitment of the
original MBSR programme (Kabat-Zinn, 2005) was perceived too extensive due to busy study schedules, hence
representing a barrier to participation. Thus, the MBSR programme was modified in duration (reduced from 8 to
7 weeks) and intensity (reduced from 2.5-hr sessions to 1.5-hr sessions and from 45 to 20–30 min of
recommended home-based MBSR practice). A full day of mindfulness practice in week 7 was retained. The
intervention is described in de Vibe et al. (2013). During the 4-year follow-up period, students in the intervention
group were invited to participate in optional 1.5-hour mindfulness booster sessions biannually, consisting of
mindfulness practice (i.e. sitting or walking meditation, body scan, yoga) and group dialogue. The 7-week
MBSR programme and the booster sessions were held at the university campus.

Measures
The 12-item General Health Questionnaire (GHQ) was used to assess general levels of mental distress
experienced during the preceding 2 weeks (Goldberg & Williams, 1988). The four response categories included
0 (more than usual), 1 (the same as usual), 2 (less than usual), and 3 (much less than usual). Total scores range
from 0 (no distress) to 36 (Goldberg & Williams, 1988). The Norwegian version has demonstrated good
psychometric properties in university students (Nerdrum, Rustøen, & Rønnestad, 2006). Cronbach’s α was .90 in
our sample.
Subjective well-being (SWB) was measured using four items (Moum, Naess, Sorensen, Tambs, &
Holmen, 1990). In accordance with consensus regarding essential well-being dimensions (Røysamb, Harris,
Magnus, Vittersø, & Tambs, 2002), SWB assessment included items measuring cognitive life satisfaction,
positive affect (happy and strong), and negative affect (unhappy and tired). Higher scores reflect increased SWB.
The scale has demonstrated good psychometric properties, and construct validity was indicated via strong
correlation with the Satisfaction With Life Scale in a student sample (Røysamb et al., 2002) and Cronbach’s α
of .81 in the present sample.
Coping was measured using the 42-item Ways of Coping Checklist, which contains five coping
dimensions ‘problem-focused coping’, ‘seeking social support’, ‘self-blaming’, ‘avoidance’, and ‘wishful
thinking’ (Vitaliano, 1985). The scale has been shown to predict mental health and subjective well-being in
Norwegian medical students (Kjeldstadli et al. 2006). Problems in replicating the original factor structure
(Edwards & Baglioni, 1993; Kjeldstadli et al., 2006) prompted the use of principal components factor analysis
for our dataset. This analysis justified retaining only three components. The first, ‘problem-focused coping’
(PFC) (α = .79), consisted of 14 items related to cognitive coping (i.e. identifying new ways of looking at the
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situation and benefit finding) and active problem solving. The second, ‘seeking social support’ (α = .86)
consisted of nine items related to seeking help and advice, including three reverse-scored items pertaining to
hiding one’s feelings and avoiding social contact. The third, ‘avoidance-focused coping’ (AFC) (α = .82)
comprised 17 items related to blaming oneself, wishful thinking, and avoidance.
Mindfulness was measured using the 39-item Five Facet Mindfulness Questionnaire (FFMQ), in which
four facets contain eight items each, and one facet contains seven items. The five response categories range from
1 (never or very seldom true) to 5 (very often or always true). Higher scores indicate increased mindfulness. The
psychometric properties of the scale are good (Baer, Smith, Hopkins, Krietemeyer, & Toney, 2006), and the
questionnaire has been validated in a Norwegian student population (Dundas, Vøllestad, Binder, & Sivertsen,
2013). The facets and their corresponding Cronbach’s αs in the current study were as follows: ‘observing’ (.78),
‘describing’ (.89), ‘acting with awareness’ (.88), ‘non-judging of inner experience’ (.92), and ‘non-reactivity to
inner experience’ (.73).
Student compliance was measured according to class attendance and the extent of home-based
mindfulness practice. Attendance was represented by the number of classes attended (0–7). Two questions were
used to measure the frequency (six categories, with responses provided using a scale ranging from 0 [never] to 5
[daily]) and duration (six categories, with responses provided using a scale ranging from 0 [0 min] to 5 [>45
min]) of formal mindfulness practice during the preceding 4 weeks.

Data analyses
We used SPSS 22 for all statistical analyses. Possible baseline group differences in continuous and dichotomous
variables were examined using Student’s t and chi-square tests, respectively.
Treatment effects were examined via mixed model regression analysis, using an identity covariance
matrix. Dependence between measurement occasions was adjusted for by estimating a variance component for
the random intercept factor. Standard errors were estimated using the restricted maximum likelihood function.
Hypothesized group differences at specified time points were examined using least square differences as planned
comparisons. The baseline score was included as a covariate to reduce statistical noise and increase statistical
power in the RCT design (Egbewale, Louis, & Sim, 2014). The fixed Group factor (treatment vs. control)
represented the overall treatment effect, the fixed Time factor represented the change in outcomes over time, and
the interaction (Group × Time) represented differential change between groups. In the final analysis, gender was
included as a fixed factor and allowed to interact with the Group and Time, to facilitate examination of gender-
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specific effects. The significance level was set at p < .05. The duration and frequency of mindfulness practice
were measured in the same manner, to allow examination of the effects of Group and Time. As duration and
frequency of practicing mindfulness may predict outcomes, these items were also added as factors in the final
analyses of primary and secondary outcomes and allowed to interact with Group and Time. Covariates included
age, study site (coincident with instructor effects), study field (medicine vs. psychology), and student class and
were excluded from the model in a backward fashion if non-significant. The size of the treatment effects is
reported as Cohen’s d for between-groups effects. Effect sizes were defined as small (d = .2), medium (d = .5)
and large (d = .8), consistent with Cohen’s (1988) recommendations. The mixed model analysis has been
recommended in longitudinal clinical trials because it provides a natural way to deal with missing values or drop
outs (Chakraborty and Gu, 2009). Mixed models without any ad hoc imputation has been found to provide more
power than does mixed models with missing values imputed (Chakraborty and Gu, 2009), and no imputation was
performed. Mixed models handle missing data under the assumption that data are ‘missing at random’ or
‘missing completely at random’ (MCAR) (Twisk 2006). Little´s MCAR test and Student’s t test were performed
to determine whether the data met this assumption.
Short-term changes in dispositional mindfulness scores were examined as mediators of the observed
long-term intervention effects. To ensure that the analytical procedure was as parsimonious as possible, we used
only the total FFMQ score as a mediator. The longitudinal design implied a temporal sequence consisting of
group randomisation (T0 Group), pre-post change in mindfulness caused by the intervention (FFMQ scores at
T1), and long-term outcome (e.g. GHQ at T2-T3) To investigate the possibility of reversed causality (Kazdin,
2007), pre-post change in outcomes (e.g. GHQ scores at T1) were examined as mediators of long-term effects in
mindfulness (FFMQ scores at T2-T3). Data collected subsequent to the intervention were adjusted for baseline
observations, in accordance with Roth and MacKinnon’s (2012) recommendations for longitudinal mediation
analysis. Therefore, baseline scores for outcome and mediator variables were included as covariates (Lubans,
Foster, & Biddle, 2008). Mediation was deemed present if the indirect coefficient (Group X Mediator) was
statistically significant. The proportion of the variance explained by the mediator was calculated as the ratio of
the indirect effect to the total effect. Use of this traditional mediation effect-size measure has been recommended
for mediation models in which indirect and direct effects occur in the same direction (Wen & Fan, 2015). The
analysis was performed using the PROCESS procedure for SPSS (Hayes, 2013). Bias-corrected 95% confidence
intervals (CIs) were estimated for the indirect effects, using bootstrapping with 10,000 resamples. We repeated
the mediation analyses after excluding participants in the treatment group who had received an insufficient dose
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of treatment (Kazdin, 2007), defined according to the MBSR literature as attendance at <4 sessions (Teasdale et
al., 2000).
Results
Descriptive statistics for baseline data are shown in Table 1. The randomisation procedure was effective, as no
outcome measures or demographic variables showed a significant group difference, with the exception of
gender, which indicated that the number of men allocated to the control group was significantly higher relative to
that allocated to the intervention group (N = 43 vs. 26). As men displayed significantly lower scores for baseline
mental distress (t = 2.85, p < .01) and the ‘observing’ mindfulness facet (t = 2.27, p < .05), relative to those
observed in women, gender was included as a variable in the effect analyses; showing no significant interactions
involving gender.

Study flow, attrition, and comparisons between completers and non-completers
Figure 1 illustrates the study flow chart. Dropout rates for T1, T2, and T3 were 3%, 19%, and 32%, respectively.
Student’s t tests revealed that baseline outcome measures did not differ significantly between dropouts and
completers at T3. Dropouts from the intervention group showed higher levels of mental distress and lower levels
of mindfulness at T2 and lower adherence to mindfulness practice at T1 relative to that observed in completers
(p values ranged from .02 to .05). Missing value analysis, performed using Little´s MCAR test to examine
primary and secondary outcome measures (GHQ, SWB, coping scales, and FFMQ scores), indicated no
statistically reliable deviation from randomness, χ2 = 118, df = 100, p = .104.

Intervention effects
All covariates, including study site, study topic (medicine vs. psychology), study class, and age, were
omitted, as their effects were non-significant.

Mental distress/GHQ
The intervention improved mental distress significantly (Group F1, 263= 24.20, p < .001). A significant Group ×
Time interaction (F2, 468= 5.01, p = .007) indicated a decrease in the intervention effect over time. Planned
comparisons revealed a relatively large effect at T1 (F1, 657 =36.42, p < .000, d = .73), and smaller effects at T2
(F1, 674 = 6.13, p =.014, d =.32) and T3 (F1, 689 =2.81, p = .094, d = .24). A non-significant decrease in mental
distress in the control group at T3 provided a partial explanation for the decline in effects. Within-group effects
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for the intervention group remained significant from T0 to T2 and T3 (ps >.01). Effect sizes and p values are
presented in Table 2.

SWB
The intervention did not exert a significant long-term effect on subjective well-being. A moderate size effect was
observed at T1(F1, 602 = 13.72, p = .000, d = .46), decreasing to non-significance at T2 and T3.

Coping, mindfulness, and intervention compliance
Effect sizes and p values are presented in Table 3. Two covariates (study topic and age) were significant
predictors of mindfulness (i.e. total FFMQ score), indicating increased mindfulness scores in older students and
those studying psychology (ps < .05). Age was a significant predictor of avoidance focused coping (AFC) (p
< .05); avoidance focused coping was more prevalent in younger, relative to older, students. Study site was a
significant predictor of problem focused coping (PFC) (p = .05) and the effect observed in South Norway (Oslo)
was stronger relative to that observed in North Norway (Tromsø), indicating a potential teacher effect on this
coping measure. Effect analyses were adjusted for these differences.

Coping strategies
The effect of the intervention on PFC strategy use persisted over time (Group F1, 260 = 13.06, p = .000, overall d
= .42), as neither the main effect of Time nor the Time × Group interaction was significant. The intervention also
reduced the use of AFC (Group F1, 266 = 4.48, p = .035, overall d = .23). The significant main effect of Time
indicated a parallel decline in both groups (Time F2, 451 = 12.79, p = .000), as the Time × Group interaction was
non-significant. The intervention did not exert a significant effect on seeking social support.

Mindfulness (FFMQ)
The intervention led to a significant overall increase in total FFMQ scores (Group F1, 275 = 4.63, p = .032, overall
d = .23). Both groups reported a parallel increase in dispositional mindfulness over time (Time F2, 454 = 11.80, p
= .000), as the Time × Group interaction was non-significant.
The intervention effect also remained significant for the ‘non-reactivity’ facet (Group F1, 271 = 9.02, p
= .003, overall d = .20). A significant effect of Time (F2, 458 = 9.40, p = .000) reflected a parallel increase in both
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groups, as the Time × Group interaction was non-significant. The intervention did not affect the following
mindfulness facets: ‘non-judging of inner experience’, ‘observing’, ‘acting with awareness’, and ‘describing’.
Both groups showed increasing levels of these facets, with the exception of ‘observing´.

Intervention compliance and the role of mindfulness practice
Students attended an average of 5.3 MBSR sessions (SD 1.9, range 1–7). During the 4-year follow-up period,
46% of students declined to join the seven booster sessions, while 21% attended one session, 25% attended
between two and four sessions, and 5% attended between five and seven sessions. No differences were observed
between booster session attenders and decliners. Booster-session attendance did not predict variation in any of
the primary or secondary outcome measures.
The results showed significant main effects of Group on practice frequency (F1, 263 = 63.78, p = .000)
and duration (F1, 265 = 9.87, p = .002). The effect of the Group × Time interaction on practice frequency was also
significant (F2, 445 = 17.59, p = .000), indicating a significant decrease and non-significant increase in practice
frequency in the intervention and control groups, respectively, over time. Despite these results, planned
comparisons revealed that the intervention group practiced mindfulness exercises significantly more frequently,
relative to the control group, at all measurement points. Intervention effects regarding practice duration were
significant only at T1.
More specifically, 80% of intervention group participants practiced mindfulness 1.5 times a week, on
average, at T1 (mean duration: 13 min per session); 59% of participants practiced twice monthly, on average, at
T2 (8 min per session); and 58% of participants practiced twice monthly, on average, at T3 (11 min per session).
However, the control group practiced mindfulness more often at T3 than they did at T1. Thus, 37% of
participants practiced twice monthly, on average, at T3 (16 min per session). Further, 37 students in the control
group reported undertaking mindfulness training during the follow-up period; excluding their data from the
analyses did not exert a significant effect on the results.
Frequency and duration of formal mindfulness practice did not predict levels of mental distress nor
coping, but positively predicted self-report mindfulness scores (FFMQ total: frequency of practice F5, 621 = 6.12,
p < .001, and duration of practice F5, 599 = 2.35, p < .05). There were no interactions with Group or Time; hence,
duration and frequency of formal mindfulness practice positively influenced self-report mindfulness
independently of group allocation and at all measure points. Follow-up regression analyses indicated that
frequency and duration of practice at T1 and at T3 positively predicted total FFMQ scores measured
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concurrently for the whole sample (p < .05). At T2, frequency but not duration of practice significantly predicted
total FFMQ scores (p < .05).

Mediators of long-term intervention effects
Dispositional mindfulness was examined as a mediator of the long-term intervention effects. The Group factor
significantly changed the mediator (FFMQ total T1), and the mediator significantly changed the outcome, hence
supporting the presence of mediation.
Regarding mental distress, mediation was only examined for GHQ at T2 since the effect of the
intervention on GHQ at T3 was below significance (p = .094). The mediational effect of mindfulness observed at
T1 was supported for GHQ at T2, as the bootstrap CIs did not include zero (Table 4). The mediation path
explained 23% of the variance in the intervention effect.
As the effects of the intervention on PFC and AFC were comparable at 2- and 4-year follow up, the two
time points were combined. As the bootstrapped CIs for the mediation paths did not include zero, mediation was
supported for both coping variables and explained 25% and 47% of the variance in the total intervention effect in
PFC and AFC, respectively (Table 4).
Sensitivity analysis, which excluded 11 participants from the treatment group because of low
intervention attendance (<4 sessions), showed similar mediational effects for mindfulness (explaining 24% and
50%, of the variance in PFC and AFC, respectively). The mediational effect of mindfulness on GHQ scores at
T2 was slightly stronger using sensitivity analysis (explaining 32% of the variance in the intervention effect).
The reversed mediation analysis indicated that pre-post changes in GHQ, PFC and AFC mediated longterm effects in mindfulness (FFMQ T2 and T3 combined), explaining 67 %, 19 % and 31 % of the variance in
the total long-term intervention effect in FFMQ, respectively.

Discussion
We examined four-year effects of a mindfulness-based intervention in a healthy sample. Previously reported
findings regarding short-term positive effects of the 7-week MBSR program on mental distress, mindfulness,
avoidance-focused coping, and problem-focused coping observed 1 month after the intervention (de Vibe et al.,
2013; Halland et al., 2015) persisted at 4-year follow up. Formal mindfulness practice was a positive predictor of
mindfulness levels during follow up. Furthermore, pre-post changes in mindfulness scores mediated the longterm effects of the intervention on mental distress and coping. However, since reversed mediation was also
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observed (i.e., pre-post changes in mental distress and coping mediating long-term effects in mindfulness), and
we did not include any outcome measures during the intervention period, we cannot infer that changes in
dispositional mindfulness underpin long-term changes in outcome. Pre-post changes in outcomes and
dispositional mindfulness occurred concurrently, therefore, which of the two change-processes most strongly
influence long-term results is not settled. The short-term effects of the intervention on SWB and coping by
seeking social support were not maintained. Nevertheless, our findings provided evidence suggesting that the 7week abridged MBSR intervention reduced mental distress and enhanced coping in a small but enduring fashion
in a non-clinical sample.
The effects of the intervention on problem-focused and avoidance-focused coping, and dispositional
mindfulness scores remained stable within a narrow range throughout the 4-year follow-up period. In contrast,
effect sizes for mental distress decreased from moderate (post-test) to small at 2- and 4-year follow up. A decline
in intervention effects and generally low effect sizes were expected, as modest effects have been reported in
previous clinical and non-clinical mindfulness studies involving shorter follow-up durations (Fjorback et al.,
2013; Henderson et al., 2012; Shapiro et al., 2011).
An intervention effect was observed for the ‘non-reactivity’ mindfulness facet, which has been shown
to play a unique role as a predictor of psychological health (Curtiss & Klemanski, 2014; Desrosiers, Vine,
Curtiss, & Klemanski, 2014). The combined effects of increased mindfulness (particularly ‘non-reactivity’),
increased problem-focused coping and reduced avoidance-focused coping could indicate an enduring increase in
the ability actively to choose adaptive responses to internal or external stressors. The observation of long-term
improvements in mindfulness and coping was encouraging considering the considerable workload and stress
expected in students’ future professional careers, and the detrimental consequences of stress for the quality of
patient care (Shanafelt et al., 2010). Therefore, our findings make a case for the value of mindfulness training as
a curricular tool.
The initial level of pariticipants´ stress was significantly lower relative to that reported in a previous
study involving Norwegian medical students (Holm, Tyssen, Stordal, & Haver, 2010). Our findings could
indicate a floor effect, which would account for the lack of intervention effects on SWB. Further, over the 4-year
study period, distress levels remained stable in the control group, while avoidance coping decreased and coping
by seeking social support increased. In contrast, previous studies have documented increased levels of stress and
mental distress (Ludwig et al., 2015; Moffat, McConnachie, Ross, & Morrison, 2004; Niemi & Vainiomaki,
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2006) and reduced SWB during medical school (Kjeldstadli et al., 2006) and reduced use of engagement coping
(Tyssen et al., 2001) during the first post-graduate years.
Increases in dispositional mindfulness and use of formal mindfulness exercises observed in the control
group during the 4-year follow-up period could have contributed to the relatively low levels of psychological
distress and weakening of between-group effects. While personal maturity could explain the gradual increase in
mindfulness, given evidence indicating higher mindfulness levels in older individuals (Lilja et al., 2011),
mindfulness practice predicted mindfulness scores in both groups. In addition, 36% of control group participants
engaged in various forms of mindfulness training (i.e., qigong, yoga, tai chi, relaxation, and meditation) during
the follow-up period. However, the exclusion of these participants did not alter the results significantly.
Nonetheless, the presence of ‘contamination’ as the cause of the gradual weakening of the effect cannot be ruled
out. This could indicate that the self-selected participant sample was quite selective, in that many students might
have agreed to participate in the study in the hope of receiving mindfulness training and attempted to pursue
mindfulness alone when allocated to the control group.
Via the documentation of an enduring dose-response relationship between mindfulness practice and
dispositional mindfulness, our unique longitudinal data support fundamental theoretical assumptions about the
viability of meditation-based mindfulness interventions. Both frequency and time engaged in formal mindfulness
practice during follow-up positively predicted the levels of total FFMQ scores over time, validating formal
mindfulness practice as a key component of MBSR. Duration of practice predicted post-intervention mental
distress (deVibe et al., 2013). However, practice effects were not observed for mental distress or coping
strategies at follow up, echoing patterns observed in previous research involving follow up of intermediate
duration (Carlson, Speca, Faris, & Patel, 2007).
There were unexpected between-group similarities in the average frequency and duration of formal
mindfulness practice at 4-year follow up, because of significant reductions and increases in practice in the
intervention and control groups, respectively. However, the number of students in the intervention group who
reported practicing was higher relative to that observed in the control group (i.e. 58% vs. 36% at 4-year follow
up). This could partly explain why mindfulness levels remained higher in the intervention group, relative to
those observed in the control group, across time, despite an increase in mindfulness in the control group.
Nevertheless, the duration and frequency of formal practice were far below recommended levels. Similarly, the
numbers of students attending booster sessions were relatively low and declined with time, and booster session
attendance did not predict variation in outcome measures. Unsystematic feedback from students indicated
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attendance difficulties, as the sessions were arranged irregularly and students were off campus periodically.
However, this low rate of booster session attendance could also indicate waning motivation to practice
mindfulness. Greater engagement in practice in both the short and long term could have provided more robust
results.

Qualitative data from this study highlight how motivation, intention and attitude in learning mindfulness
influence the range of experienced program benefits (Solhaug et al, 2016). Whilst some students approached
mindfulness primarily as a means to improve concentration or achieve relaxation, others considered mindfulness
training as a way to engage in intra- and interpersonal exploration. The latter position tended to be associated
with greater engagement in practice and a broader range of experienced program benefits relative to those
observed for the former. Future studies could examine whether more frequent booster sessions and ongoing
supervision could help students to deepen their mindfulness experience, maintain practice and transfer learning
to their roles as helping professionals. Further, mindfulness programs that emphasize the interrelational
dimensions of mindfulness to a larger degree, relative to the MBSR programme (i.e. Cohen & Miller, 2009;
Krasner et al., 2009; Surrey & Kramer, 2013), could also help increase motivation, and further research along
these lines are encouraged.

Previous short-term research examining mechanisms of change in non-clinical samples suggested that
enhanced dispositional mindfulness mediated the effects of MBIs on cognitive reactivity, emotion regulation,
and negative and positive affect (Bergen-Cico et al., 2013; Keng, Smoski, Robins, Ekblad, & Brantley, 2012;
Raes, Dewulf, Van Heeringen, & Williams, 2009; Snippe et al., 2015). In addition, a study with a follow-up
period of intermediate duration (Kuyken et al., 2010) showed that increases in mindfulness and self-compassion
mediated the effects of MBCT on depressive symptoms. However, the current study may be the first to indicate
that increased mindfulness could have been one of the factors that mediated the long-term benefits of
mindfulness training in a healthy, non-clinical sample. These results are consistent with theory (Garland,
Gaylord, & Park, 2009) and empirical findings (Britton, Shahar, Szepsenwol, & Jacobs, 2012; Desrosiers et al.,
2014; Hayes et al., 2004) suggesting that non-reactive attention could help individuals to break unproductive
styles of cognitive (i.e. rumination, worry, catastrophizing) and emotional (i.e. avoidance, denial, suppression)
processing, which could prolong or intensify the stressful experience.
However, a reversed mediation analysis revealed that T0-T1 changes in the outcome variables (i.e.,
mental distress, problem focused coping and avoidance coping) mediated long-term effects in mindfulness,
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indicating that these change processes positively influence each other. Thus, the exact chain of causality remains
unsettled. This problem may in future trials be remedied by including process measures of the mediator variables
that are collected for example weekly during the intervention period, or between the pre-test and the first posttest follow-up. To date, most studies into mindfulness-based treatments examining mediation have serious
limitations (Gu et al., 2015). While failing to rule out reversed causality, our study adds to the literature by
suggesting possible longitudinal mediating mechanisms to be examined more thoroughly in future studies.

Limitations and Future Research Directions
While there were indications of genuine treatment-specific effects, their precise psychological and
neurobiological underpinnings warrant further investigation. Such investigation could address methodological
implications of self-rated psychological outcome measures. As in the present study, such measures could be
subject to response bias (e.g. social desirability or impression management) and might not be sensitive to the
particular changes induced by the intervention. Further, self-reported measurement of mindfulness involves
unique problems (Grossman, 2011). For instance, higher post-intervention scores could reflect familiarity with,
or desirability of, the concept of mindfulness rather than a real change in dispositional mindfulness. Future
studies examining the mechanisms of mindfulness should therefore use additional modes of assessment
including physiological, neuro-hormonal, and objective cognitive measures; judgements from significant others,
patients or supervisors; qualitative interviews; and behavioural experiments. To separate the roles of meditation
practice in outcomes, more sensitive measures of engagement in mindfulness practice, which assess quality and
content rather than merely counting duration and frequency, should be adopted (Goldberg, Del Re, Hoyt, &
Davis, 2014).
Some other limitations of the present study should be noted. First, participants were self-selected,
young, predominantly white medical and psychology students. Therefore, the results might not be generalizable
to other age or ethnic groups, individuals with less education, or those less motivated to undertake a mindfulness
course. Further, 4-year follow-up drop outs in the intervention group showed lower adherence to mindfulness
practice at postintervention, and higher levels of mental distress and lower levels of dispositional mindfulness at
T2. Therefore, longitudinal results might not be generalizable to students less motivated to practice mindfulness
exercises and who develop higher levels of mental distress. Lastly, the lack of an active control group made it
impossible to control for non-specific elements of the intervention, such as support from the group or
mindfulness instructor. Future research should provide more detailed analysis involving comparison of MBSR or
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MBCT and active matched-control or mindfulness interventions that place less emphasis on formal meditation
practice, such as acceptance and commitment therapy (Hayes, Strosahl, & Wilson, 2012).
The strengths of the study include the rigorous RCT design and a longer follow-up period relative to
those of previous mindfulness studies. This allowed for the conclusion that the effects of MBIs can be traced for
up to 4 years. Despite the need for replication studies and more sophisticated methods to separate effects and
causal mechanisms, our findings demonstrate the value of using an abridged MBSR intervention to promote
medical and psychology students’ health and resilience in coping with expected future professional challenges.
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Table 1. Descriptive characteristics for the intervention and control groups at T0

Overall

Intervention

Control

N = 288

n = 144

n = 144

p value

Mean age (SD)

23.8 (5.2)

23.6 (4.7)

24 (5.7)

.58

Women, n (%)

219 (76)

118 (82)

101 (70)

.03

Characteristic

Site, n (%)

.63

Oslo

179 (62)

87 (60)

92 (64)

Tromsø

109 (38)

57 (40)

52 (36)

Study field, n (%)

.72

Medicine

176 (61)

86 (60)

90 (62)

Psychology

112 (39)

58 (40)

54 (38)

25

Table 2. Mental distress at TO, T1, T2, and T3

Outcome variable

Group

T0

T1

Mental distress

Intervention

12.6

9.2

Control

12.6

d

T2

T3

10.8 [9.8, 11.7]

10.8 [9.7, 11.8]

13.0 [12.1, 13.8]

12.4 [11.5, 13.4]

12.0 [11.0, 13.0]

.73

.32

.24

[8.4, 10.1]

Note. Adjusted means [95% CIs] and between-group Cohen’s d effect sizes are shown. Between-group
differences were derived from planned comparisons in mixed model analyses and indicate significant differences
between the control and intervention groups at T1, T2, and T3. T0 means were estimated as a covariate in the
model, and CIs were not calculated. T0 = pre-intervention, T1 = post-intervention, T2 = 2-year follow up, and
T3 = 4-year follow up. Mental distress: General Health Questionnaire.
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Table 3. Outcome measures for coping and mindfulness at TO, T1, T2, and T3

Outcome variables

Group

T0

T1

T2

T3

Intervention

34.9

36.6 [35.8, 37.4]

37.2 [36.3, 38.1]

37.1 [36.1, 38.1]

Control

34.9

35.1 [34.3, 36.0]

35.6 [34.7, 36.5]

35.0 [34.0, 36.0]

.30

.32

.42

Problem-focused
copinga

d
Avoidance copingb,c

Intervention

31.9

30.0 [28.8, 31.2]

28.0 [26.6, 29.3]

27.2 [25.7, 28.7]

Control

31.9

31.4 [30.1, 32.6]

29.6 [28.2, 30.9]

28.9 [27.5, 30.3]

.18

.21

.23

d
Mindfulness
Intervention

126.2

131.0 [128.9, 133.1]

132.0 [129.7, 134.3]

135.2 [132.7, 137.7]

Control

126.2

127.5 [125.4, 129.6]

130.3 [128.1, 132.6]

132.4 [130.0, 134.7]

.29

.14

.24

FFMQb,c

d

Note. Adjusted means (95% CIs) and between-group Cohen’s d effect sizes are shown. Between-group
differences were derived from planned comparisons in mixed model analyses and indicate significant differences
between the control and intervention groups at T1, T2, and T3. T0 means were estimated as a covariate in the
model, and CIs were not calculated. T0 = pre-intervention, T1 = post-intervention, T2 = 2-year follow up, T3 =
4-year follow up, FFMQ = Five Facet Mindfulness Questionnaire. Coping subscales from the Ways of Coping
Checklist. a = Adjusted for university, b = Adjusted for study, c = Adjusted for age.
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Table 4. Results of mediator analyses.

Outcome

Direct effect
Coeff.

GHQ T2
PFC T2 & 3
AFC T2 & 3

-1.66
2.16
-2.10

BC 95% CI

Mediation effect,
mindfulness
Coeff. BC 95% CI

-3.10, -.23*
.85, 3.47***
-4.16, -.05*

-.39
.55
-.99

-.93, -.08*
.10, 1.30**
-2.21, -.24***

Adjusted direct
effect
Coeff. BC 95%
CI
-1.28 -2.74, .18
1.61 .28, 2.94*
-1.11 -3.18, .96

R²

.23
.25
.47

Note. Coeff. = unstandardized coefficient, BC = bias-corrected, CI = confidence interval, R² = variance in
outcome accounted for by the mediation path, FFMQ = Five Facet Mindfulness Questionnaire, GHQ = General
Health Questionnaire, PFC = problem-focused coping, AFC = avoidance-focused coping, T2 = 2-year follow up,
T2 & 3 = 2- and 4-year follow up, combined.
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