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Abstract

Both daily stress and the tendency to react to stress with heightened levels of negative affect (i.e.,
stress sensitivity) are important vulnerability factors for adverse mental health outcomes.
Mindfulness-based stress reduction (MBSR) may help to reduce perceived daily stress and stress
sensitivity. The purpose of this study was to examine how change in perceived stress, negative
affect (NA), and the decoupling between perceived stress and NA evolved over the course of a
MBSR program, without making any a priori assumptions on the shape of change. Seventy-one
adults from the general population participating in MBSR provided daily diary assessments of
perceived stress and NA during MBSR. The time-varying effect model (TVEM) indicated that
perceived stress and NA decreased in a linear fashion rather than in a non-linear fashion, both as a
function of time and as a function of the cumulative number of days of mindfulness practice. Both
TVEM and multilevel growth modeling showed that the association between perceived stress and
NA did not decrease over the course of MBSR. The findings support the hypothesis that MBSR
reduces NA and also reduces the extent to which individuals perceive their days as stressful. Also,
the results suggest that there is a dose-response relationship between the amount of mindfulness
practice and reductions in daily stress and NA.
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Introduction

Heightened reactivity to daily stressors is an important risk factor for negative mental health
outcomes (Wichers et al., 2009). Perceived stress is associated with higher levels of
depression (Roberts & Kassel, 1997) as well as recurrence of depressive symptoms in
remitted patients (Kok et al., 2014). Perceiving daily events as highly stressful may not only
be maladaptive in itself, but may also set other unhelpful processes in motion, such as
responding to stress with heightened levels of negative emotions (i.e., stress sensitivity)
(Hammen, 2015). The tendency to display increased negative affect (NA) when experiencing
stress in daily life may make individuals more vulnerable for psychopathology (Gunthert,
Cohen, Butler, & Beck, 2007; Luyten et al., 2011; Myin-Germeys et al., 2003; van Winkel et
al., 2015; Wichers et al., 2007). Because perceived daily stress and stress-sensitivity seem to
be related to risk of adverse mental health outcomes, they may be promising targets for
intervention.

In fact, interventions are available which hold promise for helping reduce stress and stress
sensitivity. In particular, mindfulness-based interventions such as Mindfulness-Based Stress
Reduction (MBSR) (Kabat-Zinn, 1990) focus on training individuals to respond more
mindfully to experiences, including negative thoughts and feelings. The capacity to be aware
of experiences without judging them or reacting to them (i.e., mindfulness; Kabat-Zinn,
1994) is especially useful when experiencing daily stress. Dispositional mindfulness has
been associated with lower levels of reported stress (Bao, Xue, & Kong, 2015; Weinstein,
Brown, & Ryan, 2009) and lower emotional reactivity to lab-induced stress (Arch & Craske,
2010; Brown, Weinstein, & Creswell, 2012; Bullis, Bge, Asnaani, & Hofmann, 2014;
Feldman, Lavallee, Gildawie, & Greeson, 2016). Moreover, randomized controlled studies
suggest that mindfulness-based interventions can reduce stress appraisal after lab-induced
stress (Britton, Shahar, Szepsenwol, & Jacobs, 2012; Creswell, Pacilio, Lindsay, & Brown,
2014; Hoge et al., 2013), reduce overall perceptions of stress (van Son et al., 2013; Zainal,
Booth, & Huppert, 2013), and reduce blood pressure (Nykli¢ek, Mommersteeg, Van Beugen,
Ramakers, & Van Boxtel, 2013). There have been fewer attempts to explore the effect of
mindfulness-based interventions on stress sensitivity. The available studies suggest that
mindfulness-based interventions reduce daily levels of stress-related anxious affect (Davis,
Zautra, Wolf, Tennen, & Yeung, 2015) and distress in response to lab-induced social stress
(Creswell et al., 2014; Hoge et al., 2013).

Because intervention studies predominantly focused on pre-post treatment change in stress,
little is known about how change in stress and sensitivity to stress evolves over time in the
course of mindfulness-based interventions. Simply comparing assessments pre- and post-
treatment does not reveal details such as the amount of time or treatment required for
average patients to noticeably improve (Vittengl, Clark, Thase, & Jarrett, 2013), whether the
effects of treatment accumulate over time, and whether average change trajectories are linear
or non-linear (Hayes, Laurenceau, Feldman, Strauss, & Cardaciotto, 2007). To our
knowledge, only one study examined change in perceived stress with repeated assessments
(i.e., weekly) over the course of a MBSR program (Baer, Carmody, & Hunsinger, 2012) and
the course of change in stress sensitivity has yet to be investigated. There may be multiple
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routes to improvement (Barkham, Stiles, & Shapiro, 1993) and change may be non-linear, as
can be the case during psychotherapy (Schiepek, Tominschek, & Heinzel, 2014).

Intensive longitudinal data (i.e., many repeated assessments within individuals over time
(Bolger & Laurenceau, 2013)) over the course of an intervention make it possible to study
whether improvement occurs incrementally and at a constant rate (linear) or non-linear (e.g.,
curve linear) and how quickly individuals improve (Chu, Skriner, & Zandberg, 2013; Hayes
et al., 2007). Although a number of quantitative techniques are available to examine such
change over time (e.g., multilevel modeling and latent growth curve modeling), these are not
sensitive to plausible non-linearity in change over time. A method that addresses this issue is
Time-Varying Effect Modeling (TVEM; (Tan, Shiyko, Li, Li, & Dierker, 2012). TVEM can
flexibly accommodate nonlinear change, because it does not involve a priori assumptions
about the shape of change, such as linearity or quadraticity (Shiyko, Burkhalter, Li, & Park,
2014). Moreover, TVEM analyses allow investigators to examine whether the association
between two variables changes over time (Tan et al., 2012), as regression coefficients are
estimated as smooth, nonparametric functions of time instead of fixed constants (Hastie &
Tibshirani, 1993). Because of these features, TVEM has recently been advocated as a
promising method to examine processes of change during psychotherapy (Wright, Hallquist,
Swartz, Frank, & Cyranowski, 2014).

In the current study, we will apply TVEM to examine 1) the shape of change in perceived
daily stress and in NA over the course of MBSR and 2) the extent to which the association
between perceived daily stress and daily negative affect changes over the course of a MBSR
program. It is hypothesized that perceived stress and NA will decrease over the course of the
program. Furthermore, we hypothesize that the strength of the association between perceived
stress and NA (stress sensitivity) will decrease (decouple) over the course of the MBSR
program. Because some individuals will perform more daily mindfulness practice than
others, not every participant may actually receive the same dose of mindfulness practice.
Therefore, we not only examine the shape of change as a function of time in days since the
beginning of the MBSR program, but also as a function of the cumulative number of days on
which individuals indeed performed a formal mindfulness exercise.

Method

Participants

Participants were individuals from the general population who signed up for a MBSR
program between January 2010 and June 2012 (see Snippe, Nyklicek, Schroevers, & Bos,
2015 for a more elaborate description of the participants and procedures). Individuals were
offered a 10% discount on the MBSR program if they were willing to participate in an
accompanying diary study. Eligibility criteria were the ability to read and write in Dutch and
the absence of severe psychiatric disorders, such as severe major depressive disorder,
suicidal ideation, or psychotic symptoms. All of the 187 individuals who signed up for the
MBSR program during the study period were eligible for the study. Of these 187 individuals,
85 (45%) were willing to participate in the study and provided written informed consent.
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Individuals who participated in the diary study were on average younger (M= 40.2, SD=
10.1) compared to individuals who did not provide consent to participate (M= 45.4, SD =
9.4, t=3.6, p<0.01). There were no other significant differences between participants of the
diary study and individuals who did not agree to participate regarding gender, employment,
presence of a chronic somatic disease, use of antidepressants, baseline scores on the
Perceived Stress Scale (Cohen, Kamarck, & Mermelstein, 1983), baseline scores on the
Depression, Tension, Anger, and Fatigue subscales from the short form of the Profile of
Mood States (POMS-SF) (Shacham, 1983; Wald & Mellenbergh, 1990), or change from pre-
treatment to post-treatment on the Perceived Stress Scale and the subscales of the POMS-SF.

Procedure

Participants completed baseline questionnaires online before the first session of the MBSR
program. The diary study started the day after the first MBSR session and ended at the day
of the last session of the MBSR program (study period = 49 days). During the MBSR
program, participants received a link to the online diary questions on a daily basis.
Participants were instructed to complete the daily questions each day after 5 PM. When the
daily questions were filled out on fewer than six days a week, participants received an e-mail
reminder to promote adherence.

Intervention

The MBSR program was based on the program as developed by Jon Kabat-Zinn (1990).
This 8-week group program aims at training mindfulness by means of mindfulness
meditation practice, yoga exercises, psychoeducation, and group sharing of experiences. The
program also includes training to become aware of one's responses to stress and provides
techniques that may bring about healthier stress responses. The MBSR program consists of
weekly 2.5 hour group sessions and an optional 6 hour retreat. Participants were encouraged
to perform homework meditation and practices for 40 minutes per day. The primary
instructor for the MBSR program was certified by the Dutch Association for Mindfulness.

Measures

Perceived stress—Perceived stress during the past day was assessed with four items.
Participants rated the extent to which they experienced their day as being busy, demanding,
hectic and out of control on a 5-point Likert scale ranging from 1 (not at alf) to 5
(extremely). Similar measures of perceived daily stress have been used previously (von
Haaren et al., 2013). A daily perceived stress score was calculated by taking the mean of the
four items (range 1 to 5). The internal consistency of perceived stress, considering only the
first day of the study to avoid having to account for within-person clustering, was sufficient
(Cronbach a = 0.88).

Negative affect—Items of the Depression, Tension, Anger, and Fatigue subscales from the
short form of the Profile of Mood States (POMS-SF) (Shacham, 1983; Wald & Mellenbergh,
1990) were used to assess daily Negative Affect (NA). For each of the four subscales, two
items were selected based on high factor loadings on the original subscales of the POMS-SF
(Baker, Denniston, Zabora, Polland, & Dudley, 2002): blue and miserable (Depression),
tense and nervous (Tension), angry and peeved (Anger), and exhausted and fatigued
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(Fatigue). Participants rated the presence of each mood state during the past day on a 5-point
Likert scale ranging from 1 (not at all) to 5 (extremel)). The daily NA score was calculated
by taking the mean of the eight NA items (range: 1 to 5). In a previous study, we showed
that the internal consistency and the convergent validity of the daily NA scale involving all
eight items is sufficient (Snippe et al., 2015).

Factor analyses, using varimax rotation, were performed on the NA items and the perceived
stress items to test whether perceived stress and NA can indeed be regarded as separate
constructs in the current data set. When imposing an orthogonal two-factor structure, the
analyses supported treating stress and NA as separate, with all perceived stress items loading
on one factor (average factor loading: 0.84) and the NA items loading on a second factor
(average factor loading: 0.64).

Mindfulness practice—Participants recorded whether they performed a formal
mindfulness practice exercise during the past day (yes or no).

Baseline Negative Affect—Baseline NA was assessed with the subscales Depression,
Tension, Anger, and Fatigue from the 32-item POMS-SF (Shacham, 1983; Wald &
Mellenbergh, 1990) before the start of the MBSR program.

Statistical analyses

Data preparation and checks—Fewer observations were present at the end of the
mindfulness training. This may result in biased results at the end of the training because the
sample at the end of the training differs from the sample at the start of the training.
Therefore, we included a period during which most observations were present. Based on an
examination of attrition over time, we chose to analyze data from all individuals who were
still participating on study day 40. Participants that fulfilled this criterion but missed a
session in between were not excluded as this group was expected to still perform daily
homework assignments during the included period. This resulted in a sample of 71 (out of
85) participants.

Analyses—Time Varying Effect Modeling (TVEM; Tan et al., 2012) was applied to
examine the shape of change. TVEM, which is based on varying-coefficient modeling (see
Hastie & Tibshirani, 1993), estimates regression coefficients as smooth functions of time
rather than constants. With TVEM, splines are used to flexibly estimate the coefficient
functions across continuous time, allowing conditional means and associations to change
with time. All models were estimated with the MixTVEM software (Dziak, Li, Tan,
Shiffman, & Shiyko, 2015) in R. MixTVEM also allows the sample to be modeled as a
mixture of latent classes with different parameters, but we chose to treat the whole sample as
a single class because of the modest sample size.

We first examined how perceived stress and NA changed as a function of i) time in days and
ii) days of mindfulness practice using intercept-only TVEM models:

yij=Po (ti5) +€ij,
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where tj; denotes time in days (or in days of mindfulness practice, depending on the
analysis) for subject /at assessment /, y;;is negative affect or perceived stress (depending on
the analysis), Bo(4;) is the time-varying average level of Y at any given time point, and ej; is
the random error. 5(4;j) can be thought of as a smooth function giving the estimated time-
varying average level of yat any given time point, that is, a smooth nonparametric growth
curve for y.

We then examined how the association between perceived stress and NA changed as
function of time (measured either in total days or in days of mindfulness practice) with a
model of the form:

yij=Po (tij) +51 (tij) - wij+eij,

where #;denotes time in days or days of mindfulness practice for subject /at assessment j,
yijjrepresents negative affect, fo(#;) is the time varying average level of yat any given time
point when xis 0, By(Zj) is the time varying effect of perceived stress, and &;;is the random
error.

The functions were estimated using the penalized cubic B-spline method of Eilers and Marx
(1996) using 5 equally spaced knots. In theory this allows a very rich and flexible estimate
of a smooth function without specifying a specific shape of change in advance. In order to
prevent overfitting (fitting noise), a penalty function is added to the likelihood function,
which acts similar to a Bayesian prior to bias the solution towards a straight line. The size of
the penalty function and thus the degree of departure from a straight line was chosen using a
Bayesian Information Criterion (BIC) measure. The errors are assumed to be independent
between subjects, but correlated within subjects following a modified autoregressive model
that allows discontinuities (Dziak et al., 2015).

When the TVEM models indicated that the shape of change was linear, linear multilevel
growth curve modeling was performed. A parametric model such as a linear growth curve is
less flexible than a nonparametric curve, but has the advantage of summarizing a
relationship in a way that is more parsimonious and easier to interpret. To examine whether
perceived stress and NA changed over time, multilevel analyses were performed with either
NA or perceived stress as the dependent variable. A variable denoting time, as well as a
lagged value of the dependent variable (y,1), were included as predictors. Time was
included either in total days/7 (i.e., weeks) or in days of mindfulness practice/7, to put the
coefficient estimates on a more familiar scale.

To examine change in the associations between perceived stress and NA over time, NA was
included as the dependent variable in a multilevel analysis, and the predictors included
perceived stress, lagged NA, time, and the interaction (product) of time and perceived stress.
Such an interaction between a covariate and time can be seen as a simple form of TVEM,
where the relationship is constrained to be linear. All linear growth curve models included a
random intercept and random slopes for the time-varying variables.
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The 71 participants included in the analyses completed a total of 2,182 assessments (average
of 31 assessments per participant across 40 days). The average level of NA over the course
of the MBSR program was 1.8, with a minimum person mean of 1.1 and a maximum person
mean of 3.7. The average level of perceived stress over the course of the MBSR program
was 1.3, with a minimum person mean of 0.04 and a maximum person mean of 2.6.

Change over time in perceived stress and negative affect

The average shape of change in perceived stress and NA appeared to be linear rather than
non-linear (see graphs based on the TVEM in Figure 1). Both stress and NA decreased as a
function of time and as a function of mindfulness practice. Linear growth curve models
showed an average linear decrease of 0.03 per week both in NA and in perceived stress (see
Table 1). For each additional week of mindfulness practice, the average linear decrease in
perceived stress was 0.06 and the average linear decrease in NA was 0.04 (see Table 1).

Change in the association between perceived stress and NA over the course of MBSR

TVEM analyses indicated a positive association between perceived stress and daily NA (see
Figure 2). There did not appear to be a significant change in this association between
perceived stress and NA as a function of time or as a function of the number of mindfulness
practice days. Linear growth curve modeling also indicated no significant linear change in
the association between perceived stress and NA as a function of time in weeks or as a
function of amount of mindfulness practice (see Table 2).

Sensitivity analyses

Several sensitivity analyses were performed to examine the robustness of the results. First,
the linear growth curve models were repeated in a subgroup of observations using only days
on which a given participant reported at least some level of stress (at least 1 on a scale from
0 to 5). This led to comparable estimates for change over time in days in stress ( 5= -0.04,
SE=0.01, t=-2.91, p<0.01)and NA (8=-0.02, SE=0.01, t=-2.52, p=0.01), as well
as the association between stress and NA (8< -0.01, SE=0.01, t=-0.07, p=0.94).

Second, the linear growth curve models were repeated for various subgroups of the sample.
These analyses did not yield relevant differences in the estimates, although the decrease in
perceived stress was not significant any more in the smaller subgroups because of reduced
sample size (only 35 participants). Specifically, analyses to predict change in NA and stress
as a function of time in days were performed in a subgroup of individuals who scored above
the median level of NA at baseline (Stress: g=-0.03, SE=0.02, t=-1.10, p=0.27 ; NA: 8
=-0.04, SE=0.01, t=-2.88, p< 0.01), in a subgroup of individuals who scored above the
median for total number of days on which they performed at least one formal mindfulness
exercise (Stress: =-0.02, SE=0.03, t=-0.81, p=0.42; NA: =0.03, SE=0.01, {=
-3.27, p<0.01) in men (Stress: B=-0.02, SE=0.03, t=-0.71, p=0.48; NA: 5=-0.04,
SE=0.01, t=-2.99, p<0.01), and in women (Stress: 8=-0.04, SE=0.02, t=-1.78, p=
0.08 ; NA: p=-0.02, SE<0.01, t=-2.52, p=0.01). Similarly, sensitivity analyses also
indicated no change in the associations between perceived stress and NA as a function of
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time in days, in the subgroup of individuals scoring higher on NA at baseline (8<-0.01, SE
=0.01, £=0.08, p=0.94), in the subgroup of individuals who performed more than the
median amount of mindfulness practice (8= 0.01, SE=0.01, = 0.80, p=0.42), in men (8
<0.01, SE=0.01, t=0.56 , p=10.58), or in women (8< 0.01, SE=0.01, t=0.21, p=
0.84).

Discussion

The aim of the study was to elucidate the nature of change in perceived stress, negative
affect (NA), and their association, using daily measures over the course of a MBSR
program. Applying TVEM to daily diary data indicated that perceived stress and NA
decreased in a linear fashion, both as a function of time and as a function of the cumulative
number of days of mindfulness practice. Stress sensitivity, operationalized as the association
between perceived stress and NA, did not change over time or as a function of days of
mindfulness practice. This study suggests that the MBSR program may reduce the extent to
which individuals perceive daily events as stressful, but beyond this does not seem to further
reduce the negative affect that comes along with perceiving a given day as being stressful.
That is, MBSR seems to reduce both perceived stress and NA, but not to decouple them.

Whether our findings support or do not support the hypothesis that MBSR reduces stress
reactivity depends on the exact definition of stress reactivity used. Stress reactivity and stress
sensitivity have been operationalized in various ways. Some researchers have studied
reactivity as the experience of negative emotions in response to naturally occurring external
stressors (Bolger & Schilling, 1991) or to /ab induced stressors (Chida & Hamer, 2008;
Hoorelbeke, Koster, Vanderhasselt, Callewaert, & Demeyer, 2015). Other researchers,
including ourselves in the current study, examined negative emotions in response to
perceived stress (e.g., perceiving events as unpleasant, stressful or uncontrollable) (Luyten et
al., 2011; Wichers et al., 2010). Stress reactivity, when defined as the association between
external daily events and perceived stress, did decrease over the course of the MBSR
program, as evidenced by the reduction in subjectively rated stress. However, stress
sensitivity, when defined as the association between perceived stress and negative emaotions,
showed no evidence of decreasing over the course of the program.

It has indeed been observed in previous studies that mindfulness-based interventions
decrease emotional reactivity to the stressor of being socially evaluated (Creswell et al.,
2014; Hoge et al., 2013). Yet, only one study showed that a mindfulness-based treatment for
chronic pain reduced stress sensitivity as operationalized by an anxiety response to daily
perceived social stress (Davis et al., 2015). A number of previous studies did indicate that
mindfulness-based exercises can decouple other internal experiences (for an overview see
Levin, Luoma, & Haeger, 2015), such as negative affect and urges to smoke. Future studies
should examine whether the association between the experience of daily external stressors
and high perceived stress can be decoupled in a MBSR program.

With TVEM analyses, we were able to demonstrate that the shape of change in the appraisal
of daily life stress and NA was rather linear over the course of the study. This finding
corresponds with a recent study showing that the average course of change in worry and
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rumination was also rather linear during Mindfulness-Based Cognitive Therapy (letsugu et
al., 2014) and that there were no sudden reductions in worry and rumination. The results
suggest a dose-response relationship; the more sessions of MBSR individuals received and
the more days they performed a formal mindfulness exercise, the more their daily stress and
negative affective states decreased. Although this linear improvement presumably does not
continue forever, it appears relevant for participants to know that the first 40 days of training
and practice lead to continually improving outcomes without reaching a point of diminishing
returns. This knowledge may help participants to maximize their benefits from MBSR.

It should be noted that our study focused on an average pattern of change and that individual
pathways of change may deviate from this average course. If there are sudden transitions in
perceived stress, NA, or their relationship, but these transitions follow very different timing
for different people, this may result in an average linear shape of change, even when
individual patterns are in fact non-linear. Also, the association between stress and NA may
have diminished within some individuals and not for others, as supported by the random
effects which indicate inter-individual heterogeneity in the effects. Personalized models with
more observations within each individual could give insight into whether individuals'
trajectories are also linear or have times of more abrupt change, and also into whether the
effect of stress at one moment in time on NA at a subsequent moment in time decreases over
time within some individuals.

Sensitivity analyses were performed to rule out some of the possible explanations for our
failure to show that perceived stress and NA decoupled during MBSR. One explanation is
that stress sensitivity only changes in individuals with certain characteristics. However, the
findings did not differ across individuals based on initial levels of NA or gender.
Furthermore, one could argue that a change in stress sensitivity can only be detected on days
that individuals experience at least some amount of stress. Yet, the analyses did not yield
different results when only the days with at least some amount of stress were included.
Another plausible explanation is that stress sensitivity did not change as a function of time
because participants did not practice mindfulness enough. This explanation also does not
hold as stress sensitivity did not change as a function of the number of days on which
individuals performed mindfulness practice. Finally, it could be that the association between
stress and NA did not change because they are too highly related and can be regarded as a
single construct. This does not seem plausible as factor analyses supported a two-factor
structure, with one factor representing perceived stress and another representing NA.

The current study has a number of noteworthy strengths. Whereas most studies have
examined stress sensitivity in the lab, the present study was conducted in daily life. To our
knowledge, this is the first study to explore the possibility of non-linear change during a
MBSR program and the first to examine change in the coupling between perceived stress
and NA over time. We did so using daily assessments over the course of MBSR and using of
a unigue non-parametric growth model (TVEM), with which we could detect plausible non-
linear changes and change in dynamic associations over time. Furthermore, the use of
multiple analytic approaches and the performance of sensitivity analyses strengthens
confidence in the reliability of the findings.
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However, the study has also several notable limitations. First, we did not directly control or
measure the extent to which participants encountered external events that could be seen as
stressful. Thus, we cannot rule out that the decrease in perceived stress was due to
participants exposing themselves to fewer daily stressors as a result of the MBSR program,
rather than becoming more resilient to those stressors as we claim. Second, perceived stress
and NA were measured at the same moment in time. Therefore, it could be that the amount
of daily negative emotions influenced individuals' perceived stress, instead of NA being a
response to perceived stress. Third, the study did not include a control group. We therefore
cannot rule out that perceived stress and NA changed for other reasons than following the
MBSR program. However, previous controlled studies on mindfulness-based interventions
only showed small decreases in stress and NA in the control group (Nyklicek et al., 2013;
van Son et al., 2013) so it seems more plausible that the observed decreases in perceived
stress and NA are at least in part due to the MBSR program. Fourth, it could be that the
included period of 40 days during the MBSR program was not sufficient to be able to
observe a change in stress sensitivity. Future studies should reveal whether more
mindfulness practice is needed to observe decoupling between perceived stress and NA.
Finally, we did not include a detailed assessment of the amount of daily mindfulness
practice. Although we do think that our assessment of the number of days on which
individuals performed at least one formal mindfulness exercise gives an indication of the
amount of home practice, future studies should consider to record the total time spent on
mindfulness practice per day and the total number of mindfulness exercises performed per
day.

The current study shows how the effects of following an MBSR program on perceived stress
and NA unfold incrementally over time and over days of mindfulness practice. Our results
suggest that an MBSR course will reduce both stress and NA. However, when individuals do
perceive their day as being stressful, it is likely that they will still experience negative
emotions even after having followed an MBSR course. As high levels of stress and NA are
risk factors for negative mental health outcomes, mindfulness practice might help to prevent
these adverse outcomes as well. The average reduction in stress and in NA over the course of
treatment seems to be a gradual, linear decline rather than a sudden drop. The linear
decrease in stress and NA as a function of the amount of mindfulness practice suggest that
this decline in stress and NA could continue to some extent after the end of the training
period if the individual continues to practice. This would be a reason to encourage
individuals to continue practicing mindfulness even after finishing an MBSR program.
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Figure 1. Changein negative affect and perceived stress over the cour se of the MBSR program
Note: The graphs represent the change in perceived stress and NA over time in days (left) or

number of days practiced (right). The graphs are based on intercept-only TVEM analyses.
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Figure 2. Changein the association between perceived stress and NA over the course of the
MBSR program

Note: Graphs are based on TVEM analyses representing the time-varying effect of perceived
stress on NA over time in days (left) or number of days of mindfulness practice (right).
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Table 2
Change in the association between perceived stress and negative affect as estimated with
Linear Growth Curve Modeling
Outcome Negative Affect
Fixed effect B(SE) t p Random Effect: SD
Time in weeks
Intercept 1.24 (0.08) 1500 <0.01 0.53
NA £, 0.25 (0.03) 818 <001 0.17
Perceived stress 0.14 (0.02) 6.18 <0.01 0.07
Time in weeks -0.02 (0.01) -1.97 0.05 0.04
Time x Stress <0.01 (0.01) -0.34 093 0.01
N days practiced
Intercept 1.35(0.07) 1854 <0.01 0.46
NA £, 0.24 (0.03) 787 <0.01 0.17
Perceived stress 0.12 (0.02) 757 <001 0.06
Weeks practice -0.03 (0.01) -261 <0.01 0.04
Weeks practice x Stress <-0.01 (0.01) -0.23 0.82 0.02

Note: Time in weeks = days since the start of MBSR/7, weeks practice = number of days of mindfulness practice so far/7, Stress = perceived stress.
The presented multilevel models included 71 individuals and 2111 observations.
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