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Abstract
We have developed a low dose Mindfulness Based Intervention (MBI-ld) that reduces the time
committed to meetings and formal mindfulness practice, while conducting the sessions during the
workday. This reduced the barriers commonly mentioned for non-participation in mindfulness
programs. In a controlled randomized trial we studied university faculty and staff (n=186) who
were found to have an elevated CRP level, >3.0 mg/ml, and who either had, or were at risk for
cardiovascular disease. This study was designed to evaluate if MBI-ld could produce a greater
decrease in CRP, IL-6 and cortisol than an active control group receiving a lifestyle education
program when measured at the end of the 2 month interventions. We found that MBI-ld
significantly enhanced mindfulness by 2-months and it was maintained for up to a year when
compared to the education control. No significant changes were noted between interventions in
cortisol, IL-6 levels or self-reported measures of perceived stress, depression and sleep quality at
2-months. Although not statistically significant (p=.08), the CRP level at 2-months was one mg/ml
lower in the MBI-ld group than in the education control group, a change which may have clinical
significance (Ridker et al., 2000, Wassel et al., 2010). A larger MBI-ld effect on CRP (as
compared to control) occurred among participants who had a baseline BMI<30 (−2.67 mg/ml)
than for those with BMI>30 (−0.18mg/ml). We conclude that MBI-ld should be more fully
investigated as a low-cost self-directed complementary strategy for decreasing inflammation, and
it seems most promising for non-obese subjects.
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Introduction
Current research suggests that chronic stress in our society is a contributing factor to the
behaviors and physiology that have accelerated the increase in chronic disease states. Hence
low-cost self-directed stress reduction programs could be of great assistance in managing
this epidemic. One such candidate is mindfulness-based stress reduction (MBSR), which is a
structured group program that utilizes mindfulness meditation to help manage a variety of
adverse health issues (Ludwig and Kabat-Zinn, 2008).

Mindfulness is characterized by non-judgmental, moment-to-moment awareness of physical
sensations, perceptions, affective states, thoughts and imagery. It involves sustained
awareness of mental phenomena which arise during waking consciousness. As a form of
receptive awareness, mindfulness may create an interval of time where one is able to view
one’s mental landscape, including one’s behavioral options. One goal of mindfulness
practice is to enable the individual to make conscious life choices, allowing for a greater
appreciation of possible responses to life events. Mindfulness practice may create a
resilience resource for enhancing health, and recovery from illness by exposing the self
induced stress caused by the framing of internal and external events. Improvements have
been noted in standardized mental health measures including quality of life scales,
depression, anxiety, coping style, and other affective dimensions of disability following
mindfulness training (Ludwig and Kabat-Zinn, 2008). For chronic disease, meditative
practices that cultivate and enhance awareness (exposing thoughts as narratives of our
thinking and not as reality) may modulate the experience of pain and/or improve the
capacity to deal with pain (Morone et al., 2008, Zautra et al., 2008), enhance the
management of type 2 diabetes (Hartmann et al., 2012) and improve psoriasis (Kabat-Zinn
et al., 1998).

It has been suggested that mindfulness practice may engage several biological pathways,
including immune and endocrine changes evidenced by an increase in antibody titers to
influenza vaccine (Davidson et al., 2003), higher salivary IgA levels and lower salivary
cortisol levels following an acute stressor (Tang et al., 2007). Furthermore, only 5 days of
body-mind training improved regulation of the autonomic nervous system (heart rate
variability and blood pressure) and it was associated with EEG activation in the frontal
cortex (Tang et al., 2009).

Functional MRI imaging demonstrate that individual disposition toward mindfulness is
associated with extensive prefrontal cortical activation and diminished bilateral amygdala
activity (Creswell et al., 2007) indicating thoughtful response patterns rather than
hyperemotional reaction to life events. Both effects are associated with more controlled
regulation of inflammation via the hypothalamic-pituitary-adrenal axis, the autonomic
nervous system and immune system (Cerqueira et al., 2008).

Research over the past two decades has established chronic inflammation as a
pathophysiologic component of numerous disease processes including various
cardiovascular disorders. Levels of the inflammatory peptide CRP, that are in the highest
tertile of the normal range increase the risk two-fold for a myocardial infarction over the
following three years (Ridker et al., 2000).

CRP not only predicts adverse cardiovascular events but it also appears to induce a variety
of pro-inflammatory processes in the vascular endothelium (Paffen and DeMaat,
2006).Furthermore, in a longitudinal study of aging, higher CRP and IL-6 levels predicted
decreased survival (Wassel et al., 2010). Psychological and behavioral factors have been
shown to predict CRP levels in middle aged and older adults (Suarez, 2004), and waist
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circumference, latency to sleep, smoking, and perceived stress were independently
associated with increased CRP levels (McDade et al., 2006).

A recent review of published clinical studies have pointed to the shortcomings of clinical
MBSR investigations that we have attempted to address. These problems include small
numbers of participants, lack of an active control group, the inclusion of only subjective
endpoints, lack of details of participant characteristics that allow generalization of findings,
insufficient details of treatment methods, inadequate documentation of protocol adherence
by the participants, and infrequent use of biologic measures (Ludwig and Kabat-Zinn, 2008).

In our mindfulness intervention, we have adhered to core MBSR principles, the 8-week
program duration, and inclusion of a retreat, but have reduced the time committed to
meetings and formal practice, while conducting the sessions onsite during the workday
(Klatt et al., 2009). This has reduced the barriers commonly mentioned for non-participation
in MBSR programs. Similar modifications to weekly/daily mindfulness programs based on
MBSR have emerged, for example shortened programs for oncology patients (Ott et al.,
2006) and those who are at risk or have cardiovascular disease (Olivo et al., 2009). In our
trial we studied university faculty and staff who were found to have an elevated CRP level,
>3.0 mg/ml, and who either had or were at risk for cardiovascular disease. This study
focused on working adults who could benefit from lifestyle intervention strategies. In
comparing the mindfulness intervention to the lifestyle education program, we focused on
three biologic measures of chronic stress and inflammation (CRP, IL-6 and cortisol).

Methods
PARTICIPANTS

Subjects were recruited from faculty and staff of The Ohio State University. Advertising
promoted the trial as a life style intervention program and the types of interventions were not
specified, with participants unaware of the intervention type until the first day of the actual
intervention.

Exclusion criteria focused on conditions that enhance inflammation and included: a
psychiatric disorder other than depression within the past year; pregnancy; experiencing a
major life stress such as death in the immediate family in the past two months; alcohol
intake in excess of 2 drinks per day (two 1.25 oz shots of liquor, two 12 oz containers of
beer, or two 6 oz glasses of wine); smoking more than ½ pack of cigarettes per day;
recreational drug use; vaccination during the past 2-months; a cold or other illness in the
past month; a BMI of greater than 40; and conditions that could decrease inflammation such
as exercising more than ½ hour per day and previous practice of mind-body relaxation
techniques.

Inclusion criteria was a CRP level in the upper tertile of risk for cardiovascular disease, >3.0
mg/ml and less than 10 mg/ml (values over 10 suggest acute inflammation) in a screening
value obtained at the OSU Clinical Research Center (CRC).

Medication use was permitted to increase the generalizability of results. Fifty six
participants in the education and fifty four in the MBI-ld group were taking medications.
The total number of medications used at baseline in the MBI-ld group (134) was similar to
the number (126) in the education control group. The number of different drug
classifications groups and medications known to influence inflammation were similar for
both interventions. See Table 4. We asked about medications being started or discontinued
before each visit. Two individuals in the education group and one in the MBI-ld group
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stopped an antidepressant during the 2-month intervention. In sensitivity analysis of the
MBI-ld effect, we controlled for both medication use and diagnoses.

STUDY PROTOCOL
Based on our inclusion and exclusion criteria we accrued 186 patients with a CRP level
greater than 3 mg/ml following their initial screening visit. They were consented and
received $350 for their participation in the study. One week later, at a second visit to the
CRC prior to randomization, they returned their salivary cortisol samples which had been
obtained 20 min after arising, noon, 5 pm and at bedtime over three days at 7 day intervals.
Cortisol collection time was uniformly two weeks pre intervention and the two week period
immediately after the intervention for all subjects. At this visit baseline blood pressure, pulse
rate, BMI, and a blood sample for CRP and IL-6 were obtained between 8 and 11 am to
control for diurnal variation.

Thereafter, subjects were randomly assigned, using permuted blocks of size of 6. Within
each block the assignment to the MBI-ld intervention or an education control was randomly
ordered and balanced (3 in each group). Assigned subjects began their cohort’s intervention
within one week of completing pre-study measures. All members of the research team were
blinded to group assignment, except the instructors of the intervention and active control
group. We stratified subjects into 2 BMI categories (< or >32), and randomized within each
to ensure balance on this important indicator of inflammation. The median BMI was close to
32, so we had 92 subjects in the BMI<32 and 94 in the BMI>32 strata.

Between the screening visit and the invitation to return for randomization, subjects were
asked to fill out a daily diary and questionnaires online using StudyTRAX (ScienceTRAX,
Macon, GA, 2006) as well as obtain the salivary samples for cortisol determinations.
Subjects were randomized in 6 different cohorts in order to keep the group size under 18 in
each intervention, either MBI-ld or education.

Following the intervention the baseline studies were performed at 2-months. This trial was
designed as an 8 week intervention with baseline and post intervention measurements. We
asked participants, however, if they would continue to practice their interventions and return
to complete questionnaires and a blood draw at 6 and 12 months to better evaluate changes
over time, especially sustainability of any effects.

INTERVENTIONS
Mindfulness—MBI-ld was designed as a stress reduction program to be delivered on-site
that included reflective writing, sharing among participants, mindfulness instruction, yoga,
and formal mindfulness meditation, similar to traditional MBSR. MBI-ld augmented the
yoga stretches with gentle background music as compared to traditional MBSR.

In this program we have retained the core components true to typical MBSR, only reducing
the time spent on each component. The traditional group meeting time in MBSR is 2.5–3
hours per week and approximately 45 minutes per day in formal mindfulness practice. In
MBI-ld, meeting time was reduced to one onsite lunchtime hour per week and formal
practice to 20 minutes/day via prerecorded CD’s. Didactic presentation of the impact of
chronic stress on health followed that of traditional MBSR. Group discussion (limited to 10–
15 min), concerned practical daily challenges to being mindful while working full time. The
sessions were conducted during the workday. Weekly sessions were held for 8 weeks. A
comparison between traditional MBSR and MBI-ld is included in table 1.

All instruction was conducted with the participants in chairs, or standing behind the chair.
Loose fitting professional clothing was recommended to allow for movement. The veteran
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mindfulness Instructor was the same for all cohorts, held a PhD in Education and in 2003
had attended the 9 day MBSR training for Health Professionals. She has used mindfulness in
her personal meditation practice and university classes since 1995. Attendance at weekly
meetings was recorded and participants made entries onto TeleForm diaries each day to
track informal and formal practice. These diary entries were collected each week.

Education Control Group—Our active control was a lifestyle education group, which
provided an information-based approach enabling individuals to make health decisions
based on scientific health information. The didactic lectures were based on concepts
presented in the text “The Culprit and the Cure: Why lifestyle is the culprit behind
America’s poor health and how transforming that lifestyle can be the cure” by Steven G.
Aldana, PhD (2005). This was an accessible text that summarized the scientific research
behind the health information presented by the popular media, bridging the gap between
these two sources of health information. Homework for this group was 30 minutes of text
reading/day to control for practice time of the MBI-ld group. The Instructor held a PhD in
Exercise Physiology and worked with all cohorts.

Eight weekly 1 hour education sessions were also presented to the control subjects and
homework reading was assigned that took the same time as the mindfulness exercises in the
MBI-ld group (Table 2). The weekly reading homework was evidenced by quiz scores on
weekly reading assigned. The amount of interaction time with the leaders of both
interventions was identical.

During week four in each group a “retreat” style meeting occurred in which the participants
further developed their understanding of the weekly themes, allowing for a deeper/longer
meditation practice in the MBI-ld group.

ASSAYS
CRP—High sensitivity-CRP was analyzed using chemilluminescence methodology with the
Immulite 1000 (Diagnostic Products Corporation, Los Angeles, CA). Sensitivity for this
assay is 0.01 mg/dl. The intra-assay coefficient of variation was 3.8% and inter-assay
coefficient of variation was 7.4%.

Interleukin 6—IL-6 was measured using a electrochemiluminescence method with ultra-
sensitive kits purchased from Meso Scale Discovery (Gaithersburg, MD). Plates were read
using the Meso Scale Discovery Sector Imager 2400. Sensitivity is 0.3 pg/ml. The intra-
assay coefficient of variation for IL-6 is 2.8% and the inter-assay coefficient of variation is
12.5%.

Salivary Cortisol—Determinations are made using the Cortisol Coat-A-Count RIA
(Diagnostic Products Corporation, Los Angeles, CA). Intra-assay variation is 4.3% and
inter-assay variation is 5.2%. Sensitivity was adequate for this population at 0.025 ug/dl.

Leptin—Determinations were made using the Leptin RIA kit (Millipore Corporation, St.
Charles, MO). Sensitivity is 0.5 ng/ml. Intra-assay coefficient of variation is 4.2% and inter-
assay coefficient of variation is 4.5%.

QUESTIONNAIRES
Perceived Stress Scale (PSS)—Perceived stress has been associated with vulnerability
to illness and injury. The Perceived Stress Scale, developed by Cohen et. al. (1988) is a 10
item scale and the most widely used psychological instrument for measuring the perception
of stress. It is a measure of the degree to which situations in life are appraised as stressful.
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Items are designed to evaluate how overloaded, unpredictable and uncontrollable one finds
his or her life. It also queries current levels of experienced stress.

Sleep—Sleep disturbance is both symptomatic of ill health and also is a vulnerability
factor. The Pittsburgh Sleep Quality Index (PSQI) is a self-rated instrument that assesses
sleep quality and sleep dysfunction over a one-month interval (Buysse, et al., 1998). It has
good diagnostic sensitivity and specificity (a score of 6 or above yields a diagnostic
sensitivity of 89.6% and a specificity of 86.5%) in distinguishing good and poor sleep. The
scale yields a total score as well as 7 sub-scales which include subjective sleep quality, sleep
latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep
medications, and daytime dysfunction.

Depressive Symptoms—Depressive symptoms were assessed using the Center for
Epidemiological Studies Depression (CES-D) 20-item scale (Radloff, 1977). The CES-D
has been widely used to measure depressive symptomatology and has excellent
psychometric characteristics. The 20 symptom-related items of the CES-D ask about how
often one experienced depressive cognitions, affect, and behaviors during the past one week
e.g., feeling depressed and lonely, disturbed appetite and sleep. Scores range from 0=none of
the time or rarely to 3=most or all of the time. Scores of 16 or above reflect clinically
significant levels of depressive symptoms.

Mindfulness—The Toronto Mindfulness Scale (TMS) is a 13 item measure that
characterizes mindfulness as a state of curious, decentered awareness of one’s experience
that is distinct from anxiously preoccupied and ruminative states of self-focused attention.
The TMS scores increase with increasing mindfulness meditation experience and
mindfulness interventions (Lau et al., 2006).

PRIMARY AND SECONDARY OUTCOMES
This study was designed to determine if MBI-ld could produce a greater decrease in biologic
measures of chronic stress and inflammation (CRP, IL-6 and cortisol) than a standard
lifestyle education program. We measured these primary outcomes at baseline prior to
randomization and then again immediately after the 8 week program.

For cortisol, before randomization and post 8 week intervention participants were asked to
collect saliva for cortisol measurements on 3 days (days 2, 8 and 14 of a 2-week period) at
20 minutes post rising, noon, 5 pm, and bedtime. We used the average of three cortisol
measurements (noon, dinner, and bedtime) across the 3 days as our primary cortisol
outcome. The slope of decline of cortisol from early morning to bedtime can be an indicator
of risk and survival from cardiovascular disease (Kumari et al., 2011). In a sensitivity
analysis, we used the difference between the level obtained at 20 minutes after rising and the
average of the levels at dinner and bedtime, and averaged these across the 3 days.

Secondary outcomes included measures of depression, perceived stress, and sleep quality.
These were also measured at baseline and immediately after the completion of the
intervention. Finally we included a measure of self-reported mindfulness to establish the
direct effect of the intervention.

SUSTAINABILITY OF OUTCOMES
At six months and 12 months we asked subjects to return for selected measurements to
determine the sustainability of any effects seen immediately after the intervention.
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STATISTICAL METHODS
We planned a global hypothesis testing strategy for the three primary endpoints at 2-months.
It strongly controls type I error at alpha=.05 across all three outcomes while achieving the
highest power for consistent differences between groups for the multiple measures
(Lehmacher et al., 1991, Reitmeir and Wassmer, 1996). The global testing strategy involved
testing an equally weighted average of estimated differences between the groups across the 3
measures after maximum-likelihood standardization of the variance of measures to 1.0 (Lin
et all., 2000, Roy, 2003). The planned global test was double sided at alpha=.05. To obtain
the global test, we used SAS’s Proc Mixed’s (2011) multivariate capabilities.

A multivariate longitudinal model with: overall group effects, group × measure interactions,
baseline as a dependent variable, and BMI dichotomy (corresponding to stratification used
in randomization) provided the measure-specific estimates of the difference between the two
randomized groups at 2-months (Liu et al., 2009). Using a longitudinal model with baseline
as a dependent variable as compared to using baseline as a covariate has certain advantages
in reducing missing data bias (Liu et al., 2009). Consistent with the intention to treat
principle, this longitudinal model allowed us to include in the hypothesis testing all 186
participants who were randomized.

To strongly control type I error, a closed hypothesis testing strategy was planned to test each
of the three individual measures separately (Reitmeir and Wassmer, 1996). With the ninety-
three subjects randomized to each of the two groups, we had power of over 80% for the
global test under the assumption of consistent effect sizes of 0.34 standard deviations for
each of the three measures. This power conservatively assumed an average correlation of 0.5
across the three measures and 10% missing data at follow-up. We considered this a
preliminary trial, because the power for the individual tests of the three outcomes was
sufficient at 80% only for a substantial effect size of 0.5 standard deviations, which is larger
than we expected. The missing at random (MAR) assumption was used to adjust for
potential missing data bias (Little, 1995, Schafer, 1997). Sensitivity/exploratory analyses
were used to verify main findings, and to identify biases or sub-group interaction effects.

Results
PRIMARY

Figure 1 provides a description of the number of subjects that met inclusion/exclusion
criteria, consented, and were randomized. The mean CRP at screening was 6.00 with a
standard deviation of 2.3. The mean CRP at baseline (approximately 3 weeks post screen)
dropped to 5.5, presumably because of regression to the mean. The correlation between
screen and baseline CRP levels was 0.49.

Of those who met criteria (199) almost all were randomized to the two arms (total trial
n=186). Only 13 individuals dropped out (7%) because of an inability to make the time
commitment required for the study. Three subjects were missing at least one of the baseline
biomarkers (1 missing CRP and IL-6, and 2 missing cortisols). For the post intervention (2-
months) measures we had more missing data. A total of 16 subjects (8.6%) did not return for
blood samples and so were missing both IL-6 and CRP. In addition, one subject’s 8-week
CRP was eliminated because it was extremely high relative to others and to his/her screen
(probable infection), and the same for another’s IL-6 value. Identification of these outliers
was done while blinded to group membership, and before any longitudinal models were
fitted. Both happened to be in the MBI-ld group. Nine subjects had IL-6 and CRP
measurements, but did not provide saliva samples for post intervention cortisol
measurement.
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Table 3 provides a comparison of the groups at baseline, prior to randomization. Note that
they were similar on all variables. The groups were also comparable in regard to medication
class and prior diagnoses (Table 4).

The mindfulness intervention was effective as the MBI-ld group demonstrated greater self-
reported mindfulness than the education group at 2-months. This difference was sustained at
6 and 12 months (p=0.03) (Figure 2).

Table 5 provides estimates of the difference between the MBI-ld and the education control
on the three primary outcomes post intervention (2-months). Since lower values are better
for all three measures, a negative sign for these difference estimates is in the direction of
superiority for the MBI-ld mindfulness group. The results of our formal global/closed
hypothesis testing strategy proved to be non-significant. The global test p-value was 0.27,
which makes the trial inconclusive according to our hypothesis testing strategy.

For CRP the difference in effectiveness of the MBI-ld and control interventions was in favor
of the MBI-ld group by −0.97 (se=.56), i.e. the MBI-ld intervention decreased CRP almost 1
point more than the control intervention at 2-months. This difference corresponds to an
effect size of −0.23 (se=.16) standard deviations. The exploratory p-value reported in Table
5 is 0.08. Figure 3 provides the plot for CRP measures at baseline and 2-months and
included in it are the results for 6 and 12 months. In further exploratory analysis, the CRP
measurements showed significant improvement at 6 months for both groups combined
(baseline to 6-months change = −1.13, p=0.0001).

In contrast the difference in effectiveness for IL-6 was small and in the wrong direction
(0.15, se=0.16), with an effect size of 0.05 standard deviations (se=0.06) and an exploratory
p-value of 0.36. Also, the difference for cortisol was small (−0.01, se=0.02), with an effect
size of −0.07 standard deviations (se=0.16), and an exploratory p-value of 0.61. We also
explored whether the effect was more pronounced for the decline (slope) in cortisol from
rising to the dinner and evening. The intervention’s effect estimate for this decline was even
smaller than for the mean cortisol. There was also no differences in the cortisol obtained at
rising (p=.9).

To further understand the results, we estimated the correlations between baseline and 2-
month measures. Table 6 shows that IL-6 is highly stable over 2-months with a correlation
of 0.92. This stability suggests possible difficulty in changing IL-6 with behavioral changes.
In contrast the CRP showed a correlation of 0.5, which suggests the potential for changing
over time. It is well known that cortisol changes in response to stress. Its stability was the
lowest with a correlation of 0.39, and it correlated near zero with the other two markers. The
correlation between baseline IL-6 and CRP was 0.25, an association that had been
previously reported (Castell et al., 1990).

SECONDARY
With measures of depression (CES-D), stress (Perceived Stress Scale), sleep quality (PSQI),
no significant differences were found at 2-months. The global test across all five produced a
p-value of 0.91. The PSS measure, however, asked the questions in reference to the past
week rather than the past month as is the standard format, which permitted an evaluation of
the intervention at completion. For the PSQI, the comparison between MBI-ld and education
control were in favor of MBI-ld, but the p-value was not significant at 0.25. For CES-D and
PSS p-values were 0.60 and 0.17, respectively. The two groups differed in BMI by only
−0.3 at 2-months.
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Leptin, which can increase CRP levels (Shamsuzzaman et al. 2004, Ble et al., 2005), did not
differ between the groups at 2-months (mean concentrations were 38.7 and 38.2 ng/ml
(p=0.8) respectively for MBl-ld and education). Also we found no relationship between
change from baseline for leptin and change in CRP (r=-0.06, p=.4).

SENSITIVITY AND EXPLORATORY ANALYSIS
BMI

We explored whether the difference in effectiveness of the two interventions depended on
BMI (BMI × intervention group interaction). A large BMI interaction effect was observed
for CRP (p=0.04). For BMI<30 (n=59) the MBI-ld effect on CRP was a larger decrease of
−2.67 (SE=1.0, p=.009) as compared to control, while for BMI>30 (n=127) the effect was
just −0.18 (SE=.67, p=0.79). We further broke those with BMI>30 into two groups (between
30 and 35 vs. above 35). For those between 30 and 35, the effect estimate was still in favor
of MBld but smaller, with a decrease of −1.1 (se=.96), while for those above 35, the effect
estimated suggested MB-ld increased CRP by .67 (SE=0.94). For IL-6 and cortisol the
differences between the BMI groups were much smaller and not significant.

Change as a function of Practice—In further analysis, we plotted the relationship
between changes in the three biomarkers as a function of degree of participation in the
interventions. We found no significant relationship between a decrease in CRP (baseline to
2-months) and the amount of time spent in intervention activities during the 2-month
intervention period. The same was true for IL-6 and cortisol. The correlation between
activity minutes per day and decline in CRP was −0.14 (after compression of outliers for
minutes, and −0.10 without compression). This was in the expected direction, but not
significant (p=0.19). We found in the MBI-ld group that 2/3 of the participants averaged
between 10–20 minutes per day. The average overall was 15 minutes per day, which is close
to our suggested practice time of around 20 minutes per day including weekly attendance.
The remaining third were split almost evenly between less than 10 minutes and more than 20
minutes. A few participants recorded much higher minutes than others, .e.g. 60 minutes per
day. When we used an objectively recorded measure of attendance at the weekly sessions,
we also found no relationship with change, in either group. In further exploration, we also
found no significant relationship between CRP change and minutes per day in the subgroup
of participants with BMI<30.

Additional Exploration—In addition we checked whether change in perceived stress
(PSS) or change in depression symptoms (CES-D) were associated with changes in the three
primary outcomes (CRP, IL-6, cortisol). Near zero relationships were found for all six
comparisons. Based on our BMI results for CRP, we also explored the relationship between
CRP change and PSS change for those with BMI<30, and found a correlation in the
expected direction of 0.4 (p=0.08). Also, we checked on our distribution assumptions by
plotting residuals from the longitudinal model, and found no significant departure from
normality for the three primary outcomes. Finally, plots of changes from baseline to 2-
months for these outcomes appeared symmetric and bell-shaped.

For the three primary outcomes, we also checked whether any differences between the two
groups in medication use or diagnosis could have affected our results. By including in our
longitudinal model the medication use and diagnosis variables listed in Table 4, we found
almost no change in the effects of the MBI-ld intervention. For example for CRP, the MBI-
ld effect was estimated as −1.0 when we included these additional variables (recall that it
was −0.97 in Table 5). We also checked whether depression diagnosis or use of anti-
depressants modified the effects of the intervention. Again no significant interaction with
either depression or anti-depressant use was found.
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We also explored whether higher scores on the CESD depression measure at baseline
modified the MBI-ld effect. Again we found no significant interaction for the three primary
outcomes. In addition the relationship between change in CESD and change in the three
primary outcomes was the same for subjects who were above or below 16 (often used as a
cut point for the diagnosis of clinical depression) on the baseline CESD.

Finally, the intervention was administered at six different times (cohorts). We found no
significant differences in the intervention effect across cohorts.

Discussion
In this randomized controlled trial the traditional MBSR program was reduced in scope so
that it could be performed at lunchtime in the workplace. The participant group was
representative of the greater Columbus area. We did not select for individuals who would be
more inclined to participate in a meditative practice. Individuals were told that they would
receive a lifestyle intervention but mindfulness meditation was not mentioned until after
they were randomized. Therefore, we cannot generalize our findings to populations often
included in other studies that were recruited for a mindfulness study as they may have had
an affinity toward mindfulness.

The education control group met as frequently as the MBI-ld group and they were given
homework and encouraged to begin implementing lifestyle changes during this 8 week
period. At the weekly sessions many participants indicated that they were making changes
and one individual began training for a marathon. Our active control group was structurally
equivalent to our mindfulness intervention. It controlled for non-specific factors, and met all
recommended criteria for control groups appropriate for studies on mindfulness-based
interventions, including equivalent education (PhD) for the MBI-ld and the control group
instructors (MacCoon et al., 2012).

MBI-ld significantly enhanced mindfulness by 2-months and it was maintained for up to a
year when compared to the education control. One of the major questions about mindfulness
programs is whether there effects could be sustained beyond the two month period of regular
meetings. We used the Toronto Mindfulness Scale (TMS) as a self-report measure for
mindfulness. Although the TMS doesn’t capture all the dimensions of mindfulness (its focus
is on awareness and curiosity), it supports the contention that the mindfulness intervention
was effective and sustainable.

The trial was designed to test whether MBI-ld was superior to an education control in
lowering cortisol, IL-6 and CRP immediately at the end of the interventions. We did not
confirm this hypothesis. MBSR in smaller observational studies has been reported by some
but not all investigators to lower cortisol levels when the intervention is compared to a wait
list control group (Carlson et al., 2007, Witek-Janusek et al., 2008, Matousek et al., 2010).
Using an extensive pre and post MBI-ld salivary cortisol sampling protocol we saw no
decrease in cortisol levels. Likewise we did not see any MBI-ld changes in IL-6 levels. The
correlation between pre and two month post IL-6 levels combining both groups was 0.92
which suggests that IL-6 is a highly stable inflammatory marker.

Although not statistically significant (p=.08), at 2-months post MBI-ld intervention the CRP
level was one mg/ml lower in the MBI-ld group than in the education control group. Both
interventions produced similar decreases in CRP at 6 months. This decrease in CRP was not
associated with a decrease in IL-6. Although IL-6 is an important regulator of liver
production of CRP its production by the liver is dependent on more than IL-6. Other
physiologic influences on CRP include IL-1, IL-17, and TGF-beta (Taylor et al., 1990,
Eklund 2009).
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Additionally, these decreases in CRP occurred in both groups without any significant weight
loss. In regard to the active education control intervention, a low carbohydrate diet can
decrease CRP in individuals with elevated CRP (> 3 mg/ml) without any associated weight
loss (Seshadri et al., 2004).

The close relationship between CRP and adiposity has been well established (Visser et al.,
1999), and we found that BMI predicted the magnitude of MBI-ld lowering of the CRP
level. In participants with a BMI<30 (overweight but not obese) MBI-ld produced a
decrease in CRP levels of −2.67 mg/ml whereas in those with a BMI>30 the decrease at 2-
months was only −0.18 mg/ml. This finding suggests that the inflammation associated with
obesity (Schenk et al., 2008) is more resistant to the anti-inflammatory processes initiated by
mindfulness.

While MBI-ld lowered CRP at 2-months post intervention, by 6 months a similar decline in
CRP levels were noted in the education group, which may reflect the time needed for
nutrition and exercise changes to be initiated.

A decrease of CRP of 1 mg/ml as seen in this study could be of clinical significance in
certain individuals as values of CRP above 3 mg/ml are associated with a twofold increase
in risk of a myocardial infarction in the following three years (Ridker et al., 2000). In
addition, in a trial of elderly people with hyperlipidemia in whom a statin decreased the CRP
below 5 mg/l, there was almost a 50% reduction of major cardiovascular events (Glynn et
al., 2010).

Some studies have suggested that the efficacy of mindfulness intervention does not correlate
with the length of time spent on the didactic practice and that shorter or less frequent
training sessions are effective (Carmody and Baer, 2009). We had subjects keep records of
their formal and informal meditative practice for up to a year. We were not able to confirm
that the amount of time spent in formal and/or informal practice correlated with the decrease
in their CRP levels. The lack of a significant relationship between CRP change and minutes
per day could be due to subjectivity in perceptions about what counts as mindful activity.
This dissociation between self-reported practice time and biological outcomes with
mindfulness practices has also been previously reported (Pace et al., 2010).

One mechanism for lowering CRP levels in this study might be a decrease in leptin levels.
Leptin has numerous biologic effects in addition to suppressing appetite (Margetic et al.,
2002). Leptin has been associated with CRP levels in normal individuals (Shamsuzzaman et
al. 2004, Ble et al., 2005) and it stimulates C-reactive protein concentrations in vascular
endothelial cells (Pasceri et al., 2000). In this study however, leptin levels did not change in
either group over the 12 months of study.

A potential mechanism for the lowering of CRP by MBI-ld, but not evaluated in this study,
is an increase in vagal parasympathetic tone (Tang et al., 2009, Ditto et al., 2006) which has
been shown to have anti-inflammatory influences (Pavlov et al., 2003).

We did not see any significant changes in self-report measures for depressive symptoms,
perceived stress, or sleep quality. Most but not all MBSR investigations have found
improvements in these areas when the intervention is compared to a wait list control group
(Carlson et al., 2007, Witek-Janusek et al., 2008, Winbush et al., 2007, Roth and Robbins,
2004, Britton et al., 2010).

MBI-ld was intense enough that a self-report mindfulness measure was significantly
improved and this improvement was maintained for a year. It is possible, however, that the
more intense traditional MBI program might have improved depression, sleep and perceived
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stress when compared to the active lifestyle education group. Conversely, MBI-ld may have
achieved significant decreases in these variables had a control wait list group been
employed.

Additionally, the burden of obesity (2/3 of participants above BMI of 30) and its associated
complications in the participants may have produced resistance to experiencing an
improvement in perceived stress, sleep, depressive symptoms and the primary biologic
variables. In fact if we had focused only on participants with BMI<30, we would have likely
concluded that MB-ld is effective in reducing CRP. A limitation of our study was omission
of a wait list control group as the impact of the MBI-ld may have achieved significance in
comparison, indicating the potential impact of such a workplace intervention.

Our education intervention did control for time and attention and provided the opportunity
for subjects to change behavior immediately during the 8-week intervention period. So our
study answered the question of whether intense education about stress and suggested
lifestyle changes was inferior to this meditation practice intervention.

In summary, we have performed a randomized trial with a compressed MBSR intervention
in which instruction and practice occurred in the workplace. This reduced the barriers
commonly mentioned for non-participation in MBSR programs. Adherence to the program
was greater than 90% for 8 weeks (evidenced by weekly attendance/practice sheets) even
though the subjects were unaware that mindfulness meditation was one of the lifestyle
interventions being offered. Additionally, mindfulness was achieved and sustained for at
least one year.

We observed that CRP decreased in the MBI-ld group at the end of the intervention although
not significantly, with a large decrease occurring in those with a BMI<30. It is possible that
a more intense intervention would have produced more significant effects. We conclude that
MBI-ld should be more fully investigated as a low-cost self-directed complementary
strategy for reducing inflammation.
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Research highlight

A randomized mindfulness-based intervention performed in the workplace decreased
CRP levels in overweight/obese participants.
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Figure 1.
Recruitment and Retention Table
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Figure 2.
Means (SEs) of Toronto Mindfulness Scale (TMS) for Meditation and Education groups
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Figure 3.
Means (SEs) of CRP for Meditation and Education groups

Malarkey et al. Page 19

Brain Behav Immun. Author manuscript; available in PMC 2014 January 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

Malarkey et al. Page 20

Ta
bl

e 
1

C
om

pa
ri

so
n 

B
et

w
ee

n 
M

B
SR

 a
nd

 M
B

I-
ld

L
en

gt
h 

of
In

te
rv

en
ti

on
In

te
rv

en
ti

on
L

oc
at

io
n

G
ro

up
 M

ee
ti

ng
T

im
e

F
or

m
at

 o
f 

G
ro

up
W

ee
kl

y 
M

ee
ti

ng
D

ai
ly

H
om

ew
or

k

M
B

SR
8 

w
ee

ks
T

yp
ic

al
ly

 a
 lo

ca
tio

n 
no

t a
 w

or
k 

si
te

2.
5–

3 
ho

ur
s/

w
ee

k,
 p

lu
s 

on
e 

fu
ll 

da
y

“r
et

re
at

”
St

an
da

rd
 M

B
SR

 p
ro

gr
am

, Y
og

a 
m

ov
em

en
t i

s
of

te
n 

do
ne

 f
ro

m
 th

e 
fl

oo
r.

45
 m

in
ut

es
 o

f 
m

in
df

ul
ne

ss
m

ed
ita

tio
n

M
B

I-
ld

8 
w

ee
ks

U
su

al
ly

 o
n 

si
te

 lo
ca

tio
n 

(w
or

ks
ite

fo
r 

a 
w

or
ks

ite
 s

tu
dy

)
1 

ho
ur

/w
ee

k,
 p

lu
s 

on
e 

2 
ho

ur
 “

re
tr

ea
t”

St
an

da
rd

 M
B

SR
 p

ro
gr

am
, Y

og
a 

m
ov

em
en

t i
s 

do
ne

st
an

di
ng

 o
r 

se
at

ed
. M

us
ic

 is
 in

 b
ac

kg
ro

un
d

20
 m

in
ut

es
 o

f 
m

in
df

ul
ne

ss
m

ed
ita

tio
n,

 M
us

ic
 is

 in
ba

ck
gr

ou
nd

Brain Behav Immun. Author manuscript; available in PMC 2014 January 01.



$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

Malarkey et al. Page 21

Table 2

Intervention Comparison

Week MBI-ld Education Control

1 Willingness towards daily practice Let science be your guide; Health in America

2 Cultivating mindful sleep Food and your health

3 Supported by the breath Bad fats and health; A good nutrition line up

4 Mindful eating Exercise; What exercise can do for you

5 Movement through balance Stress and your body; Importance of exercise

6 Centering through sensation Being physically active for life

7 Clarity and release Weight loss as a healthy lifestyle side effect

8 Strength of the mountain Putting it all together

The duration of each weekly meeting was 60 minutes with the exception of week 4, which was 120 minutes. The daily practice was 20 minutes.
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Table 3

Comparison of Randomized Groups at Baseline

Variables

Education
(n=93)

Mean (SE) (n)

MBI-ld
(n=93)

Mean (SE) (n)

95% CI for the
difference of

Education − MBI-ld

Age 49 (0.8) (93) 51 (0.8) (92) −4.0, 0.4

Female % 87% (3%) (93) 88% (3%) (91) −10%, 9%

BMI 32.4 (0.5) (93) 32.8 (0.5) (93) −1.9, 1.1

CRP 5.3 (0.4) (93) 5.6 (0.4) (92) −1.5, 0.9

IL-6 1.7 (0.3) (93) 1.9 (0.3) (92) −1.0, 0.6

Cortisol (mean of noon, 5pm, bed) 0.15 (.03) (92) 0.10 (.01) (92) −0.11, 0.01

PSS 19.8 (0.3) (91) 19.7 (0.3) (93) −1.1, 0.7

CES-D 16.3 (0.5) (91) 16.7 (0.5) (93) −1.1, 1.9

TSM 1.4 (0.06) (89) 1.4 (0.06) (86) −0.2, 0.2

PSQI 8.4 (0.3) (91) 8.7 (0.3) (92) −0.6, 1.2

Blood Pressure Systolic/Diastolic 124/76 (1) (92) 123/76 (1) (93) −4.0, 2
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