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Abstract
Mindfulness meditation and progressive muscle relaxation (PMR) practices are both effective in reducing stress, anxiety, and
depression. To examine the mechanisms of change in mood in these two treatments, 95 participants were randomly assigned to
present awareness mindfulness (PAM; N = 47) or PMR (N = 48). They were each given a 5-min audiotape of PAM or PMR and
were asked to practice at least 5 min a day for 3 months. After attrition, 55 participants completed the post-intervention
assessment. An additional 47 participants were assigned to a waitlist control group. Mindfulness, perceived stress, well-being,
andmood symptomsweremeasured at pre-treatment, post-treatment, and 1-month follow-up assessment periods. PAM and PMR
both led to a significant improvement in mindfulness and reduction in stress. Results of the latent growth curve analyses revealed
that mindfulness and non-reactivity mediated changes in mood for PAM more than for PMR. These results suggest that
differential treatment mechanisms underlie PAM and PMR.
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Mindfulness meditation and progressive muscle relaxation
(PMR) are efficacious interventions that decrease stress, anx-
iety, and depression (Boronkrupinska and Kulmatycki 2014;
Harris 2003; Hofmann et al. 2010; Khoury et al. 2013; Moritz
et al. 2015; Morledge et al. 2013; Robb 2000; Warnecke et al.
2011; Wolever et al. 2012; Younge et al. 2014). Mindfulness
meditation has been proposed to foster increases in disposi-
tional mindfulness, defined as Bthe awareness that emerges
through paying attention, on purpose, in the present moment,
and nonjudgmentally to the unfolding of experience moment
by moment^ (Kabat-Zinn 2003, p. 145). PMR has been
thought to induce physiological relaxation by way of tensing
and relaxing different muscle groups (McCallie et al. 2006).

Thus, it is possible that differential treatment mecha-
nisms underlie mindfulness meditation and PMR. Several
studies have identified potential candidates serving as dif-
ferential mechanisms of mindfulness meditation and
PMR. For instance, it has been proposed that decentering
might be a potential mechanism that is unique to mind-
fulness interventions. In a study comparing a single treat-
ment component of mindfulness (i.e., mindful breathing)
to PMR, the mindfulness intervention led to greater in-
creases in decentering relative to PMR (Feldman et al.
2010). One study found significant improvements in dis-
criminability on a signal detection task following 4 weeks
of mindfulness meditation compared to PMR (Semple
2010), suggesting that mindfulness training could enhance
attentional performance. In another study by Jain et al.
(2007), a 1-month mindfulness meditation was compared
to a somatic relaxation intervention, which integrated
techniques of PMR, autogenic relaxation, breathing tech-
niques, and guided imagery. Results of the study indicated
that significant decreases in distress, as well as increases
in positive mood, were found in both meditation and re-
laxation groups. However, compared to the control group,
reductions in rumination mediated the effect of the cogni-
tive mindfulness intervention on symptoms of distress.
These studies suggest that mindfulness treatments may
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be efficacious by enhancing psychological processes such
as attention, decentering, and rumination reduction.

A number of studies have provided evidence that overall
mindfulness functions as a treatment mechanism in
mindfulness-based interventions (Bränström et al. 2010;
Nyklíček et al. 2014; Nyklíček and Kuijpers 2008; Shapiro
et al. 2008). For instance, one study demonstrated that mind-
fulness meditation was associated with increasedmindfulness,
which in turn predicted symptom reduction and improved
well-being (Carmody and Baer 2008). Moreover, changes in
mindfulness have been found to precede changes in perceived
stress in a standardMBSR course, and changes in mindfulness
early in treatment predicted overall improvement in perceived
stress (Baer et al. 2012). To our knowledge, only a few studies
have explored treatment mechanisms of PMR, which is de-
signed to induce physiological relaxation to reduce stress
(McCallie et al. 2006). One study suggested that reductions
in anxiety and stress were associated with an increase in sub-
jective well-being after PMR training (Vancampfort et al.
2011). Another study revealed that reductions in stress
accounted for lower blood sugar levels in diabetes patients
after PMR training (Avianti et al. 2016). Extant literature
points to differential mechanisms across mindfulness-based
interventions and PMR. Specifically, changes in overall mind-
fulness might be a treatment mechanism more specifically
associated with mindfulness-based interventions relative to
PMR. A comprehensive meta-analysis by Gu et al. (2015)
provided evidence that increases in overall mindfulness func-
tion as a mediator of mindfulness-based interventions, which
is consistent with theoretical models of mindfulness (Curtiss
et al. 2017).

Research has shown that short-term, self-help mindfulness
and PMR trainings demonstrated some efficacy for reducing
distress (Banks et al. 2015; Chen et al. 2013; Singh et al. 2009;
Weidt et al. 2015). Therefore, in order to provide mindfulness
and PMR exercises that are easy to practice, we developed an
audiotape containing 5 min of self-help mindfulness medita-
tion or PMR practice for a 3-month period of time. The 5-min
audio-based PMR training in the present study was based on
adaptations by Bernstein and Borkovec (1973). The mindful-
ness meditation intervention was derived from present aware-
ness mindfulness (PAM; Liu et al. 2016). PAM entails BBeing
aware of any object with acceptance, just at present moment.^
(Liu et al. 2016). In PAM, practitioners do not broaden their
scope of awareness by first focusing on only one object and
then moving on to more objects. Instead, PAM entails moni-
toring of the present moment with an open scope of aware-
ness. This distinguishes PAM from other short-term mindful-
ness interventions, which gradually expand the scope of
awareness to facilitate mindfulness (Colzato et al. 2015;
Ainsworth et al. 2015).

We hypothesized that both PAM and PMR would reduce
participants’ stress levels and mood symptoms more than a

waitlist control group. However, we expected these effects to
be mediated through different mechanisms. We hypothesized
that mindfulness constitutes a treatment mechanism specifi-
cally associated with PAM as opposed to PMR, because only
the former intervention comprises mindfulness exercises as a
principal treatment ingredient. Specifically, we hypothesized
that mindfulness would function as a mediator for reductions
in mood symptoms because available research supports the
efficacy of mindfulness-based interventions for depression
(Hofmann et al. 2010). In addition to examining whether over-
all mindfulness is a treatment mechanism specific to PAM, we
investigated whether individual facets of mindfulness mediate
treatment outcome for mindfulness meditation. Consistent
with prior literature (Curtiss and Klemanski 2014a), we con-
sidered the following mindfulness constructs as potential me-
diators: non-reactivity (i.e., permitting thoughts of different
emotional valence and intensity to pass through one’s mind
without reaction), non-judgment (i.e., considering one’s
thoughts in a non-evaluative, accepting manner), and acting
with awareness (i.e., attending to one’s present activity with-
out distraction).

Method

Participants

Participants were recruited through online advertisements and
posters at Capital Normal University, inviting them to partic-
ipate in a study examining stress reduction methods, in
May 2014. No money or financial remuneration was given.
Inclusion criteria required participants to be 18 years or older,
and to be willing to participate in the 3-month online stress
reduction training and a 1-month follow-up assessment.

A total of 96 subjects were initially recruited for the study.
One subject registered repeatedly and was excluded. The 95
remaining subjects were randomly assigned to one of the two
intervention groups: 48 were assigned to the present aware-
ness mindfulness (PAM) training group and 47 to the progres-
sive muscle relaxation (PMR) group. Figure 1 depicts the flow
of participants. Moreover, we invited 47 participants to join
mindfulness training groups after a waiting period. These par-
ticipants served as the waiting list control group (see Fig. 1).

With respect to attrition, 11 (11.6%) participants did not
complete the assessments and trainings (5 in PAM and 6 in
PMR). There were 29 (30.5%) participants who dropped out
from the active interventions (13 discontinued from PAM and
16 from PMR). Of the 29 dropouts, 25 discontinued in the first
month, 3 in the second month, and 1 in the third month. Chi-
square analyses suggested that attrition rate did not signifi-
cantly differ between the two active treatment conditions
(χ2

(1) = 0.72, p = 0.40). In the control group, 22 (46.8%) par-
ticipants dropped out (16 did not complete the baseline
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assessments, and 6 withdrew before the post-treatment assess-
ment period). Among the three groups, chi-square analyses
revealed that attrition rate did not significantly differ (χ2

(2) =
3.23, p = 0.20).

A total of 80 participants (30 in PAM, 25 in PMR, and
25 in control group) completed the pre-treatment and post-
treatment assessment questionnaires. Of those, 55 were
females (18 in PAM, 21 in PMR, and 16 in control group)
and 25 were males (12 in PAM, 4 in PMR, and 9 in control
group). The average age of participants was 31.67 (SD =
8.19) in the PAM group, 31.36 (SD = 9.46) in the PMR
group, and 29.24 (SD = 9.49) in the control group. With
respect to occupation, 31 participants were students (11 in
PAM, 7 in PMR, and 13 in the control group) and 49 were
employed. Forty-seven participants (17 in PAM, 16 in
PMR, and 14 in the control group) reported limited prior
experience with meditation, yoga, or Taiji (i.e., a few times
a year or less). No significant differences between the three
groups were observed at baseline for occupation (χ2

(2) =
3.12, p = 0.21) or previous meditation experiences (χ2

(2) =
0.42, p = 0.81). One month after the end of treatment, 22

participants from the PAM group and 14 from the PMR
group completed the follow-up assessment.

Procedures

Enrollment in the current study required participants to com-
mit to a 3-month treatment period. Participants were random-
ized into one of two active treatment conditions (i.e., PAM and
PMR) and were instructed to download the 5-min audiotapes
for self-practice. All participants were asked to complete a
battery of self-report instruments at pre-treatment, post-treat-
ment, and 1-month follow-up assessments. Participants in the
control group, who had been randomly assigned to a waitlist
control condition as part of another study, completed question-
naires at pre- and post-treatment time points.

To enhance treatment compliance, participants in the
PAM and PMR groups were reminded to practice daily
(Alliger and Williams 1993). Participants were also re-
quired to report how long they exercised each day.
Participants were required to answer at least one third of
all messages (30 messages total) during the 3 months
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(90 days). If participants did not respond after 3 days, then
the instructor would contact them to determine whether
they were still practicing.

Present Awareness Mindfulness (PAM) Training
Material

Each intervention was designed as a 5-min instructional au-
diotape. Participants were required to listen to the audiotapes
at least once per day. The self-help PAM was based on the
PAM developed by Liu (Liu et al. 2016). The instructions
required participants to monitor the present moment.
Specifically, they were instructed to be aware of any aspects
of their experience (e.g., sound, bodily sensations, breath,
emotion, and thoughts) and cultivate acceptance of their pres-
ent moment experience. More detail about PAM was listed in
Table 1.

Progressive Muscle Relaxation (PMR) Training
Material

The self-help PMR incorporated tension and relaxation of
different muscles to reduce stress (Cohen et al. 1983). The
audiotape guided participants to progressively tense and relax
a variety of muscles (e.g., arms, palms, shoulders, chest,
thighs, and feet). For eachmuscle, participants were instructed
to keep them tensed for 5 s and then to relax them. More detail
about PMR was listed in Table 2.

Measures

Five Facet Mindfulness Questionnaire

The 39-item Five Facet Mindfulness Questionnaire (FFMQ)
is a self-report measure of mindfulness, which was developed
by Baer et al. (2006). It contains five subscales: observing,
describing, acting with awareness, non-judgment, and non-
reactivity. Participants responded to each question on a 7-
point Likert-type scale, from 1 (never) to 5 (very often).
Higher scores indicated a higher level of mindfulness. The

Table 1 PAM instructions

Please adjust your body posture. If you like, close your eyes. Relax your
body. Allow yourself to do the following exercises with a sense of
relaxed curiosity.

The core of this exercise is being aware and experiencing the present
moment. Try to treat anything you notice in an open and accepting
manner.

Now listen to sounds around you. Notice the volume and tone of any
sound.

If you find that some thought has entered your mind, remember that it is
just a part of present moment experience. If you like, you can choose to
simply acknowledge the thought. You do not need to make it go away.

Or you can return your attention to the sound, noticing the volume and
tone of the sound, at this moment.

If you feel happy, angry, sad or worried, remember that these are just
emotions you may experience in the present moment. If you like, invite
yourself to experience the emotion just at this moment. No need to
change the emotion.

No matter what sound, emotion, or thought you might notice, try to smile
at it, treat it with kindness, and welcome it. Just let it be in the present
moment.

In this exercise, you do not need to focus on anything in particular, or
make any thought go away.

The core of this practice is being aware of the present moment.

If you like, you can notice your breath at the present moment. Experience
the feeling of your chest or stomach when you breathe in the present
moment. Just breathe naturally; there is no need to adjust your breath.

You may also notice some thinking at this moment.

Now, slowly open your eyes and observe what you see right now.
Consciously lift your hands and rub them together, being aware of the
sensations and feelings this action produces. Now consciously place
your hands back down.

Please try to use this exercise throughout the day. Try to foster mindful
awareness of present-moment objects and perceive them with
kindness.

Table 2 PMR instructions

I’m going to instruct you to adjust your body posture. Sitting upright in a
chair, allow your hands to rest naturally on your legs. Close your eyes.
Relax your body. Allow yourself to do the following exercises with a
sense of relaxed curiosity.

Slowly make a fist with your right hand. Don’t squeeze too hard; you
don’t want to over-exert your muscles. Make your right arm tense, and
hold until the count of 5: 1-2-3-4-5. Now slowly release, and notice the
feeling of relaxation in your right hand and right arm.

Slowlymake a fist with your left hand.Make your left arm tense, and hold
until the count of 5: 1-2-3-4-5. Now slowly release, and notice the
feeling of relaxation in your left hand and left arm.

Now lift your shoulders, bringing your shoulders almost up to your ears.
Tense your shoulders, and hold until the count of 5: 1-2-3-4-5. Now
slowly release your shoulders, and notice the feeling of relaxation in
your shoulders.

Now push your chest out as much as you can, creating tension in your
back, and hold until the count of 5: 1-2-3-4-5. Now slowly release your
back, and notice the feeling of relaxation in your back.

Now bring your hands beside your thighs and press your hands against
your thighs. Create tension in your arms and chest, and hold until the
count of 5: 1-2-3-4-5. Now slowly release, and notice the feeling of
relaxation in your arms and chest.

Now push your right foot against the ground. Make your leg tense, and
hold until the count of 5: 1-2-3-4-5. Now slowly release, and notice the
feeling of relaxation in your right leg.

Now push your left foot against the ground. Make your leg tense, and
hold until the count of 5: 1-2-3-4-5. Now slowly release, and
experience the feeling of relaxation in your left leg.

Notice how it felt different to tense and relax your body. Remember that
feeling of relaxation. Now relax your whole body, and notice the
feeling of relaxing your whole body. Now slowly open your eyes.
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Chinese version of FFMQ was revised by Deng et al. (2011);
the test-retest reliability ranged from 0.44 to 0.74. In the cur-
rent study, Cronbach’s alpha for the five subscales ranged
from 0.75 to 0.89 at baseline, 0.81–0.90 at post-test, and
0.76–0.92 at follow-up.

Index of Well-Being

The 9-item Chinese version of Index of Well-Being (IWB)
was used to assess overall well-being (Campbell et al. 1976;
Chinese version: Wang et al. 1999). It contains two subscales:
an index of general affect (8-item) and an index of life satis-
faction (1-item). Participants responded to questions on a 7-
point Likert-type scale: from 1 (positive) to 7 (negative). The
scores were reversed and higher scores indicated higher levels
of well-being. The final score was the combination of the
average of the two index scores (weight value was 1:1). The
test-retest reliability was 0.85 (Wang et al. 1999). In the cur-
rent study, Cronbach’s alpha at baseline was 0.77, 0.86 at post-
test, and 0.93 at follow-up.

Perceived Stress Scale

The 14-item Chinese version of the Perceived Stress Scale
was used to measure levels of stress (Cohen et al. 1983;
Chinese version: Chu and Gao 2005). The scale asked partic-
ipants to rate how often they felt out of control, overloaded,
and overwhelmed on a 5-point Likert-type scale, from 0
(never) to 4 (very often). The test-retest reliability was 0.85
(Chu and Gao 2005). In the current study, Cronbach’s alpha of
Perceived Stress Scale (PSS) was 0.89 at baseline, 0.88 at
post-test, and 0.92 at follow-up.

Brief Profile of Mood State

The 30-item short form of the Profile of Mood States (Mcnair
et al. 1971; Chinese version: Chi and Lin 2003) was used to
assess present mood state and included six dimensions of
mood: tension-anxiety, depression-dejection, anger-hostility,
vigor-activity, fatigue-inertia, and confusion-bewilderment.
Participants were asked to indicate mood reactions during
the last week by answering the 30 adjectives describing feel-
ings and mood on a 4-point Likert-type scale: from 0 (not at
all) to 4 (extremely). The test-retest reliability was 0.41–0.66
(Chi and Lin 2003). In the current study, Cronbach’s alpha of
total scale was 0.90 at baseline, 0.91 at post-test, and 0.87 at
follow-up.

Data Analyses

Principle analyses of pre- to post-treatment data consisted of
traditional repeated measure analyses of variance (ANOVA),
which investigate the effectiveness of PAM and PMR. The

alpha level was set at 0.05. All post-hoc comparisons from
omnibus ANOVAs were conducted using Bonferroni correc-
tions to mitigate the inflation of type 1 error.

To address the mechanism hypotheses, we employed a par-
allel process latent growth curve strategy to investigate longi-
tudinal mediation. This procedure permits robust estimation of
longitudinal growth processes, from which structural models
can be derived to evaluate indirect effects (Cheong 2011). In
general, latent growth curve models consist of an intercept
factor and a slope factor. Whereas the former is often specified
to represent the value of the initial time point, the latter esti-
mates the mean growth of a construct over time (Preacher
2015). Consistent with established precedent (Preacher
2015; Cheong et al. 2003), longitudinal mediation was imple-
mented in a stepwise fashion. First, unconditional parallel
process latent growth curve models of mindfulness (i.e.,
FFMQ total score or subscales) and mood symptoms (i.e.,
total Profile of Mood States (POMS) score) were specified
to estimate growth trajectories. In the current study, the slope
factors comprised three time points (i.e., pre-treatment, post-
treatment, and follow-up). Because the assumption of linear
growth from pre-treatment to follow-up is likely untenable,
the slope factor loadings followed an unspecified shape model
(i.e., 0, *, and 1) such that the second factor loading of the
slope latent variable (i.e., post-treatment time point) was freely
estimated. By not imposing a priori assumptions about the
form of the trajectory, unspecified shape slopes facilitate flex-
ible modeling of non-linear growth trajectories (Brown 2007).
Thus, in the current model, the means of the intercept factors
represent initial pre-treatment scores, and the means of the
slope factors reflect the extent of change from the pre-
treatment to follow-up time points.

The second step entailed estimation of the full media-
tion model such that treatment condition (i.e., PAM versus
PMR) predicted the mindfulness slope factor (a), which
then predicted the mood symptom slope factor (b). To
mitigate undue collinearity between the b pathways of
individual mindfulness facets, separate mediation models
were estimated for each potential mediator (i.e., total
mindfulness score, non-reactivity, non-judgment, and act-
ing with awareness). To further corroborate the hypothesis
that changes in mindfulness mediated treatment efficacy,
the slope factor of mindfulness was regressed onto the
intercept factor of mood symptoms, and the slope factor
of mood symptoms was regressed onto the intercept factor
of mindfulness. Thus, the final mediation model estimated
the indirect effect while controlling for baseline levels of
mindfulness and mood symptoms (see Fig. 2). Finally, to
establish temporal precedence, reverse mediation models
(i.e., treatment condition → POMS slope → mindfulness
facet slope) were pursued for statistically significant me-
diators. To determine the statistical significance of indi-
rect effects, we used non-parametric bootstrapping
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procedures to create 95% confidence intervals (BCI)
(Preacher and Hayes 2008).

For the latent growth curve analyses, missing data were
accommodated with full-information maximum likelihood es-
timation. The following fit indices were examined to evaluate
global model fit: chi-square statistic, comparative fit index
(CFI), Tucker-Lewis index (TLI), and the root mean square
error of approximation (RMSEA). In addition to the presence
of a non-significant chi-square statistic, a good model fit was
evidenced by CFI and TLI values exceeding 0.90, as well as
RMSEA values less than 0.08 (Hu and Bentler 1998). All
latent growth curve analyses were conducted using the R
package Lavaan (Rosseel 2012).

Results

In the current sample, missing data was not associated with
any of the measured variables, as indicated by the non-
significant results of the Jamshidian and Jalal (2010) non-
parametric test (p = 0.23). In such instances, listwise deletion
is not biased (Enders 2010), and individuals missing post-
treatment were omitted (i.e., 13 in PAM, and 16 in PMR).

No significant differences between the three groups were
observed at baseline for age (F(2,77) = 0.56, p = 0.57) and sex
(χ2

(2) = 4.04, p = 0.13). One-way ANOVAs also indicated that

the three groups did not differ in baseline levels of mindful-
ness (F(2,77) = 0.03, p = 0.97), well-being (F(2,77) = 1.02, p =
0.36), perceived stress (F(2,77) = 0.47, p = 0.63), and mood
symptoms (F(2,77) = 0.48, p = 0.62) (Table 3).

Prior to exploring treatment mediators in PAM and PMR,
we examined whether the interventions would improve mind-
fulness, well-being, perceived stress, and mood symptoms
from pre- to post-treatment.

The total score of the FFMQ was entered into a repeated
measure ANOVAwith group (PAM, PMR, BC) as a between-
subject factor, and time (pre-treatment, post-treatment) as a
within-subject factor. Results revealed a significant main ef-
fect of measure time (F(1,77) = 30.04, p < 0.001, partial η2 =
0.28, observed power = 1), a significant main effect group
(F(2,77) = 3.22, p = 0.05, partial η2 = 0.08, observed power =
0.60), and a significant interaction effect of group × measure
time (F(2,77) = 8.03, p = 0.001, partial η2 = 0.17, observed
power = 0.95). Follow-up analyses tested whether each of
the three groups differed in mindfulness over time.
Participants in the PAM group (t(29) = − 4.95, p < 0.001) and
PMR group (t(24) = − 3.43, p = 0.002) exhibited improvements
in mindfulness following these interventions over time.
Moreover, participants in the PAM group improved more than
those in PMR (t(1,53) = 2.57, p = 0.01) and the control group
(t(1,53) = 3.42, p = 0.001). No other significant differences
were observed.
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A repeated measure ANOVA for the PSS revealed a sig-
nificant main effect of measure time (F(1,77) = 15.25, p
< 0.001, partial η2 = 0.17, observed power = 0.97) and a sig-
nificant interaction effect of group × measure time (F(2,77) =
4.20, p = 0.02, partial η2 = 0.10, observed power = 0.72).
Participants in the PAM (t(29) = 3.66, p = 0.001) and PMR
groups (t(24) = 2.57, p = 0.02) exhibited a significant decrease
in stress following these interventions over time. Moreover,
participants in the PAM group decreased more than those in
the control group (t(1,53) = − 2.67, p = 0.01). No other signifi-
cant differences were observed (i.e., PAM vs. PMR or PMR
vs. control).

With respect to POMS, only a significant main effect of
measure time (F(1,77) = 8.47, p = 0.005, partial η2 = 0.10, ob-
served power = 0.82) was found. There was a non-significant
interaction effect of group × measure time for POMS
(F(2,77) = 2.57, p = 0.08, partial η2 = 0.06, observed power =
0.50). No other significant differences were observed. No sig-
nificant effects were observed for well-being.

The amount of average daily practice was compared across
groups. An independent sample t-test (t(1,53) = 2.55, p = 0.01)
revealed that participants in the PAM group (M = 10.54, SD =
6.29) practiced more often than those in the PMR group (M =
6.95, SD = 3.45).

To account for differences between practice time in PAM
and PMR groups, the total score of the FFMQ, PSS, POMS,
and well-being was entered into a repeated measure
ANCOVA with group (PAM, PMR, BC) as a between-
subject factor, measure time (pre-treatment, post-treatment)
as a within-subject factor, and the time of average daily prac-
tice as covariates. Results only revealed a significant main
effect of measure time (F(1,76) = 8.37, p = 0.005, partial η2 =
0.10, observed power = 0.82) for FFMQ, and a significant
interaction effect of group × measure time (F(2,76) = 3.87,
p = 0.03, partial η2 = 0.09, observed power = 0.68). No other
significant effects were observed.

To test the mediation hypotheses, latent growth curve
models were used. Missing data in follow-up was accommo-
dated with FIML. Furthermore, results of Mardia’s

multivariate normality test revealed that both skewness
(γ1,p = 117.91, p = 0.23) and kurtosis (γ2,p = 250.79, p =
0.58) were normal for all variables pursued in the latent
growth curve models. All of the slope factors of the uncondi-
tional latent growthmodels were statistically significant and in
the appropriate direction (i.e., mood symptomatology de-
creased over time, whereas levels of mindfulness increased)
(Table 4). No statistically significant covariances occurred be-
tween slope and intercept factors. Furthermore, the freely es-
timated factor loadings for T2 indicate the proportion of over-
all change that occurred between T1 and T2 relative to the
total change across the three time points. Inspection of these
parameter estimates indicates that the majority of the growth
occurred between the first two time points for all constructs
(Table 4). In the case of acting with awareness, it appears as if
there were no further gains in this construct after T2. Because
each unconditional latent growth model was just identified
(i.e., degrees of freedom were equal to zero), standard fit in-
dices do not apply.

Results of the parallel process latent growth curve models
substantiate our hypothesis of mindfulness as a treatment
mechanism underlying PAM (Table 5). There was a signifi-
cant indirect effect of treatment condition on changes in mood
symptoms by way of increases in overall mindfulness (γa.b =
− 16.29; 95% BCI = [− 28.40, − 4.17]), controlling for base-
line levels of mindfulness and mood symptoms. Specifically,
the role of mindfulness as a treatment mediator was stronger
for PAM than for PMR. This model evidenced excellent fit
with a non-significant chi-square statistic (χ2 = 5.91, p =
0.85.), as well as good fit indices (i.e., CFI = 1; TLI = 1; and
RMSEA = 0.00). Furthermore, the predictors accounted for
37% of the variance. Results of the reverse mediation model,
which specified an indirect effect of treatment condition on
increases in mindfulness through changes in mood symptoms,
revealed good fit indices (i.e., χ2 = 13.48, p = 0.32; CFI =
0.99; TLI = 0.99; and RMSEA = 0.03). However, the indirect
effect was not significant (γa.b = 36.81; 95% BCI = [− 24.92,
98.53]), thereby confirming the temporal precedence of the
original mediation pathway.

Table 3 Mean and standard deviations across time (pre- and post-intervention)

PAM PMR Waitlist control

Pre
(n = 30)

Post
(n = 30)

Follow-up
(n = 22)

Pre
(n = 25)

Post
(n = 25)

Follow-up
(n = 14)

Pre
(n = 25)

Post
(n = 25)

FFMQ 115.70 (17.47) 137.60 (21.51) 141.23 (18.85) 115.80 (18.76) 124.00 (18.63) 127.21 (20.64) 114.76 (13.15) 117.96 (15.30)

IWB 8.87 (2.17) 9.91 (2.54) 11.23 (1.99) 8.97 (1.79) 9.64 (1.95) 9.79 (2.31) 9.88 (2.67) 9.23 (2.10)

PSS 30.33 (9.21) 22.70 (7.84) 23.36 (8.58) 31.64 (9.08) 27.92 (8.80) 27.00 (12.43) 29.20 (8.42) 28.64 (10.00)

BPOMS 34.70 (21.26) 20.90 (18.52) 17.18 (14.49) 36.40 (20.33) 31.08 (18.46) 32.86 (24.87) 30.76 (21.25) 29.40 (24.90)

Self-report measures: Five Facet Mindfulness Questionnaire (FFMQ), Index of Well-Being (IWB), Perceived Stress Scale (PSS), and Brief Profile of
Mood States (BPOMS)

PAM present awareness meditations, PMR progressive muscle relaxation
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With respect to the individual facets of mindfulness, evi-
dence of mediation was found for only non-reactivity. The
indirect effect was significant (γa.b = − 29.29; 95% BCI = [−
55.17, − 3.42]), controlling for baseline levels of non-
reactivity and mood symptoms. This model exhibited excel-
lent fit with a non-significant chi-square statistic (χ2 = 11.44,
p = 0.33), as well as good fit indices (i.e., CFI = 0.99; TLI =
0.99; and RMSEA = 0.06). Furthermore, 43% of the variance
was accounted for by the predictors. Results of the reverse
mediation model evidenced good model fit (i.e., χ2 = 11.57,
p = 0.33; CFI = 0.99; TLI = 0.99; and RMSEA = 0.06); how-
ever, the indirect effect was not statistically significant (γa.b =
8.32; 95% BCI = [− 1.96, 18.60]). Thus, the results support
the temporal precedence of non-reactivity as a treatment

mediator for PAM. Although the latent growth curve models
for non-judgment and acting with awareness exhibited good
model fit, neither of the indirect effects was statistically sig-
nificant (γa.b = − 30.60; 95% BCI = [− 140.20, 78.99]; and
γa.b = 5.96; 95% BCI = [− 9.73, 21.66], respectively).

Discussion

The primary objective of the current study was to inves-
tigate differential treatment mechanisms in PAM and
PMR. In brief, the results indicate that PAM and PMR
are both efficacious interventions. Relative to the control
condition, PAM and PMR resulted in greater increases in

Table 5 Parallel process latent growth models of indirect effects

Mediators
Overall Mindfulness Non-Reactivity Non-Judgement Acting with Awareness

Parameter Estimate S.E. 95% 
BCI

Estimate S.E. 95% 
BCI

Estimate S.E. 95% 
BCI

Estimate S.E. 95% 
BCI

a 14.80** 4.46 [6.06; 
23.55]

4.19** 1.32 [1.61;    
6.77]

2.96 1.57 [-0.11;    
6.03]

3.09* 1.50 [0.14;    
6.04]

b -1.10** 0.27 [-1.63;      
-0.58] 

-6.98** 2.21 [-11.32;   
-2.65]

-10.33 19.51 [-48.57;   
27.91]

1.93 2.56 [-3.09;    
6.95]

c’ 5.09 4.89 [-4.50; 
14.69]

20.64 13.70 [-6.20;   
47.48]

17.96 55.67 [-91.15;  
127.08]

-16.87 9.21 [-34.92;    
1.18]

a.b -16.29** 6.18 [-28.40;   
-4.17]

-29.29* 13.20 [-55.17;   
-3.42]

-30.60 55.92 [-140.2;   
78.99]

5.96 8.01 [-9.73;   
21.66]

1 0.04 0.19 [-0.35;   
0.43]

0.69 1.96 [-3.16;     
4.55]

1.31 1.60 [-1.82;    
4.44]

-3.19 0.54 [-4.26;   
-2.13]

2 0.36 0.19 [-0.01;    
0.74]

0.02 0.06 [-0.09;    
0.12]

0.06 0.11 [-0.15;    
0.27]

-0.21 0.11 [-0.44;    
0.01]

2 5.91 11.44 15.24 14.59
CFI 1.00 0.99 0.96 0.97
TLI 1.00 0.99 0.93 0.96
RMSEA 0.00 0.06 0.07 0.07

γa = pathway from treatment condition to slope factor of mediator; γb = pathway from slope factor of mediator to slope factor of mood symptoms; γc’ =
pathway from treatment condition to slope factor of mood symptoms;γa.b = indirect effect; γ1 = pathway from intercept factor of mediator to slope factor
of mood symptoms; γ2 = pathway from intercept factor of mood symptoms to slope factor of mediator; χ2 = chi-square test statistic

CFI comparative fit index, TLI Tucker-Lewis index, RMSEA root mean square error of approximation, S.E. standard error, BCI bootstrapped confidence
interval

*p < 0.05

**p < 0.01

Table 4 Unconditional growth
curve parameter estimates Mood symptoms Total mindfulness Non-reactivity Non-judgment Acting with

awareness

αSlp 11.21** 17.83** 2.97** 4.33** 2.31*

αInt 35.47** 115.75** 19.87** 22.61** 23.47**

ϕSlp.Int 423.90 − 126.39 − 42.78 17.13 − 13.02
λT2 0.88** 0.87 0.98** 0.69** 1.28**

αSlp = mean of slope factor; αInt = mean of intercept factor; ϕSlp.Int = covariance between slope and intercept
factor; λT2 = freely estimated factor loading of the second time point

*p < 0.05

**p < 0.01
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mindfulness and greater reductions in perceived stress.
Mood symptoms improved across time among groups.
Furthermore, no significant differences in well-being were
observed between the three conditions.

To test the treatment mechanism hypothesis, a number of
latent growth curve analyses were pursued to determine
whether increases in mindfulness differentially mediate the
efficacy of PAM and PMR in mood symptoms. Results of
the current study substantiate our initial hypothesis that mind-
fulness is a treatment mechanism underlying PAM more than
PMR. Specifically, it appears as if PAM conveys its effect on
mood symptom remission by enhancing non-reactivity.
Reverse mediation models suggested that changes in mood
symptoms do not mediate the effect of treatment condition
on changes in mindfulness. Thus, these collective findings
establish temporal precedence of mindfulness as a treatment
mediator of PAM. This study provides evidence that mindful-
ness differentially mediates the efficacy of PAM and PMR.

Our finding that mindfulness mediated the effect of PAM
on mood symptoms accords well with previous studies (Baer
et al. 2012; Bränström et al. 2010; Carmody and Baer 2008;
Nyklíček et al. 2014; Nyklíček and Kuijpers 2008; Shapiro
et al. 2008). Non-reactivity was supported as a specific mind-
fulness facet that accounted for symptom remission in PAM,
which suggests that this particular construct may be an impor-
tant treatment target. In PAM, we instructed participants to
accept and let go of any unwanted thoughts, body sensations,
and emotions, without trying to change them, leading to a state
of non-reactivity. Indeed, prior research has suggested that
non-reactivity contributes to the maintenance of emotional
disorders and accounts for symptom change in mindfulness-
based interventions (Curtiss and Klemanski 2014b; Desrosiers
et al. 2014; Baer et al. 2012; Curtiss et al. 2017). The encour-
aging results of this study afford impetus for future research to
consider the role of non-reactivity in PAM and other
mindfulness-based interventions.

Althoughmindfulness is a treatment mechanism specific to
PAM, it appears that both PAM and PMR can lead to improve-
ments in mindfulness, which is consistent with prior research
(Agee et al. 2009; Moritz et al. 2015). A number of reasons
may explain this result. Some aspects of PMR overlap with
PAM, as both interventions contain components that cultivate
attentional processes. Because people in PMR are instructed
to direct their attention to their muscles during tension and
relaxation, this present moment awareness may contribute to
increases in mindfulness. However, the results indicate that
PAM results in significantly higher levels of mindfulness than
PMR. Such results make sense when considering the individ-
ual treatment protocols associated with each intervention.
PAM emphasizes cultivation of present moment awareness
and acceptance, which are the core features of mindfulness,
whereas PMR aims to decrease physical tension though mus-
cle relaxation (Luebbert et al. 2001). Moreover, because only

the PAM condition explicitly instructed individuals to engage
in mindful observation (i.e., observing in a non-reactive, non-
judgmental manner), this might explain why mindfulness was
more strongly associated with PAM as a mediator.

In prior research, it was found that the number of dropouts
in self-help programs is usually higher than in face-to-face
intervention. For example, in the study by Meyer et al.
(2009), 55% participants completed the post-test 9 weeks lat-
er. In the study by Morledge et al. (2013), only 57% people
completed follow-up questionnaires. In the study by
Cavanagh et al. (2013), 52.3% participants completed the
questionnaires at both pre- and post-test. Indeed, in a study
by Carrington et al. (1980), discontinuation was greater in the
audio-based PMR intervention (37%) than in the audio-based
meditation intervention (19%). Furthermore, only the medita-
tion group demonstrated comparative efficacy against the
waitlist control. In the present study, the attrition rate was
30.5%, which is lower than past studies, possibly because
we regularly reminded participants to practice daily.

Limitations

Certain limitations to the current study warrant mention. First,
although better than some studies, the attrition rate of 30.5% is
not insignificant and might have influenced the results. It
might be beneficial for future studies to determine which
mode of delivery (e.g., individual, group, and self-directed
without formal instruction) is most warranted for PAM.
Such missing data poses several problems to ANOVA-based
analyses. Because the missing data was not associated with
any of the measured variables, listwise deletion is not biased
(Enders 2010). Furthermore, the latent growth curve analyses
were estimated using FIML. Nonetheless, the differential
dropout rate across the conditions may pose difficulties in
interpreting the results.

Second, in the present study, random allocation occurred
only for the PAM and PMR conditions. The control condition
consisted of participants enrolled in a waitlist from a different
mindfulness treatment. However, we focused our investiga-
tion of treatment mechanisms to a comparison of PAM and
PMR, in which participants were randomly allocated. This
permitted a more rigorous experimental examination of medi-
ation. Furthermore, baseline differences were not revealed be-
tween participants across the three conditions. That notwith-
standing, it would be beneficial for future research to conduct
random assignment across every experimental and control
condition.

Third, our latent growth curve analyses were limited to
only three time points. Future research should include more
frequent assessment points of mediator and outcome variables
to better establish temporal precedence and to foster greater
statistical power for parallel process latent growth curve
analyses.
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Fourth, our study assessed follow-up outcomes only after
1 month following treatment termination. In the future, addi-
tional follow-up periods (e.g., 3 and 6 months) should be
included to explore whether treatment gains are maintained
over longer periods of time.

Fifth, because the interventions consisted of 5 min of daily
practice, it might be the case that individuals in the PMR
group did not have sufficient time to relax all muscle groups
adequately.

Sixth, once practice time was included as a covariate,
group differences between PAM and PMR were no lon-
ger significant. Although this may indicate that treatment
effects were driven by a dose-response relationship, it
could be the case that PAM was better received by
participants.

Seventh, an a priori power analysis was not initially con-
ducted to determine the appropriate sample size. Although we
have been able to identify meaningful effects, our sample size
is limited compared to other self-help intervention studies
(Morledge et al. 2013), which may affect the power of some
of our analyses. More well-powered studies will be necessary
to corroborate our findings.

In summary, the present study represents an initial effort to
examine differential treatment mechanisms across PAM and
PMR. Results of the latent growth curve analyses established
that overall mindfulness and non-reactivity mediated treatment
outcome specifically for PAM. These collective findings sug-
gest that different mechanisms of action might underlie PAM
and PMR. Future research can extend this work by examining
whether certain neurological and physiological changes medi-
ate the effect of mindfulness-based interventions.
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