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a b s t r a c t

We examined mindfulness in people with chronic low back pain who were attending a multidisciplinary
pain management programme. Participants completed questionnaires at baseline (n = 116) and after a
3-month cognitive-behaviourally informed multidisciplinary intervention (n = 87). Self-reported mind-
fulness was measured before and after the intervention, and relationships were explored between mind-
fulness, disability, affect and pain catastrophizing. Mindfulness increased following participation in the
intervention, and greater mindfulness was predictive of lower levels of disability, anxiety, depression
and catastrophizing, even when pain severity was controlled. Mediator analyses suggested that the rela-
tionship between mindfulness and disability was mediated by catastrophizing. It is possible that cogni-
tive-behavioural interventions and processes can affect both catastrophizing and mindfulness.

� 2011 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.

1. Introduction

Cognitive-behavioural interventions are theoretically robust
and cost-effective in reducing disability, distress and psychological
morbidity associated with chronic pain [15,27]. Such approaches
recognise the influence of thinking styles and emotional coping
on adaptation, and they aim to change unhelpful beliefs and cata-
strophic thoughts. Recent psychotherapy research has questioned
the need to change the form of thoughts [21] and has instead
emphasised the need to change their function [13], with this latest
approach proposing a role for mindfulness enhancing techniques
[8,23,26].

Mindfulness involves moment-to-moment attention and obser-
vation of external and internal stimuli (eg, thoughts, feelings, bod-
ily sensations) in a nonjudgemental and nonreactive way [1,3,16].
Early studies demonstrated that mindfulness-based interventions
offer immediate and long-term benefits for chronic pain popula-
tions [16–18], including reductions in somatic and depressive
symptoms [9,28,34,44]. Acceptance-based interventions for the
treatment of chronic pain incorporate mindfulness enhancing

techniques. A systematic review concluded that although such ap-
proaches may not be superior to cognitive-behaviour therapy, they
can be good alternatives [40]. Cross-sectional research has begun
to examine mindfulness as a state and as a skill, revealing that en-
hanced self-reported mindfulness is associated with lower distress
and disability [24,25].

Some research has addressed the question of how the ability to
be mindful may be beneficial. Recent cross-sectional investigation
with 104 heterogeneous chronic pain outpatients [33] found lower
mindfulness was related to greater catastrophizing. This is consis-
tent with the theoretical premise that catastrophizing is the ob-
verse of mindful awareness. Catastrophizing involves focused
attention on painful bodily sensations, and interpretation that they
indicate current or potential harm, whereas in mindfulness, all
stimuli are monitored without judgement [29]. This finding is
important considering evidence that catastrophizing may initiate
fear, activity avoidance and subsequent disability and depression
[6,41]. We conclude that further exploration is warranted of the
relationship between catastrophizing and mindfulness and their
individual relationships with disability and distress.

The aim of this study was to determine whether self-reported
mindfulness improved after a cognitive-behavioural biopsycho-
social intervention for chronic pain. It was predicted that
self-reported mindfulness scores would change during the
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intervention given the clinical and empirical premise of lowered
catastrophizing after cognitive-behavioural therapy and the
previously identified relationship between mindfulness and catas-
trophizing. Such changes in mindfulness allowed further investiga-
tion into whether mindfulness was significantly associated with
physical and psychological functioning and catastrophizing across
2 time points.

The second aim was to offer explanation into whether relation-
ships between mindfulness and physical functioning or depression
were mediated by catastrophizing. It was hypothesised that the
ability to attend to all stimuli in the moment might be useful in
counteracting the potential harmful effects of focused attention
on pain. It was proposed that increased mindfulness results in re-
duced catastrophizing with consequent improvements in disability
and depression. The context of our study was an outpatient multi-
disciplinary pain management programme for people with chronic
low back pain [42]. The programme aimed to improve patients’
quality of life and increase independence through a cognitive-
behavioural biopsychosocial intervention that incorporated an
introduction to mindfulness session.

2. Methods

2.1. Participants and procedure

The study comprised both cross-sectional and longitudinal data
collection from individuals attending a tertiary multidisciplinary
specialist chronic back pain unit in the Midlands of the United
Kingdom. Data collection was commenced after approval of the
Nottingham 1 Research Ethics Committee and compliance with re-
search governance procedures.

Data collection occurred between January 2008 and March 2009
inclusively, during which period pain management clinical staff is-
sued all participants with questionnaire packs at both the begin-
ning and end of their treatment block. Participants were given
information about the questionnaires, which included confidenti-
ality assurances and their ability to withdraw, and the clinical staff
member remained available to address any concerns.

Most referrals to the pain management programme originated
from a pain clinic or orthopaedic department, with the remainder
being from other hospital departments within the same acute-care
trust. Patients were accepted if they had had back pain for at least
9 months and their disability was primarily caused by lumbosacral
pain (as defined by the patient or assessor). Potential participants
from the unit were excluded if: (1) there were pending investiga-
tions or treatments, (2) their physical pathology or psychological
disorder was most appropriately managed by individual treatment,
(3) they were unable to stand from a seated position or walk 5 m
without assistance, or (4) they were unwilling or unable to under-
take a graded exercise programme. Pain management programme
participants attended the Back Pain Unit for 7 hours on one day of
each of 9 consecutive weeks (total contact time = 63 hours), in
groups of up to 12 participants per programme. Through the pro-
gramme, participants addressed a variety of issues including mech-
anisms of chronic pain, anatomy, techniques for goal setting,
graded exercise and pacing, stress management, relaxation and
imagery, challenging negative thoughts, communication skills
and medication usage. Discussions and activities were interspersed
with group exercise sessions, workshop sessions and individual
meetings with a named worker. Each programme included a single
1-h session introducing mindfulness to participants but did not
implement formal mindfulness training.

Participants comprised 116 adults (65 women) with chronic
low back pain. Their mean age was 52 (SD 12, range 18–79) years,
and 51% (59) had experienced pain for 10 years or more. At the

time of the study 77% were not in paid employment. All of the par-
ticipants identified themselves as white British except one, who
was Asian Indian. Table 1 provides information on participant pain
duration.

2.2. Measures

Initial demographic information was collected from patients’
medical notes comprising data on the following: ethnicity, pain
duration (in months), age (in years), gender and employment sta-
tus. Questionnaire packs comprised robust, well-validated self-
report measures assessing pain severity, disability, psychological
functioning, pain catastrophizing and mindfulness (presented in
this order). Measures were chosen on the basis of past use with
chronic pain populations, ease of completion and comparability
with similar studies [24,25].

2.2.1. Mindfulness
Mindfulness was measured by the 15-item Mindful Attention

Awareness Scale (MAAS) [3], specifically assessing present mo-
ment attention and awareness via items that denote mindlessness.
Items are rated on a scale from 1 (almost always) to 6 (almost
never), with a total score derived from the mean of the item re-
sponses; higher scores indicate greater mindfulness. The reliability
and validity of the measure has been well established [3], and it
has previously been used in an analysis of the role of mindfulness
in chronic pain [24,25]. In the present study, Cronbach’s coefficient
alphas were .89 for time 1 and .85 for time 2.

2.2.2. Pain severity
Pain severity was measured by a specific item within the SF-8

Health Survey, a generic health outcome questionnaire [43]. The
item required respondents to rate how much bodily pain they
had had during the last week, by marking, ‘none,’ ‘very mild,’ ‘mild,’
‘moderate,’ ‘severe’ or ‘very severe.’

2.2.3. Physical disability
Physical disability was measured with the Roland and Morris

Disability Questionnaire (RMDQ), which comprises 24 items rated
on a dichotomous yes/no scale [32]. These items enquire about
impairments in physical functioning attributable to back pain in
a range of everyday activities, such as sleeping, walking, eating
and undertaking jobs. Higher scores indicate greater levels of dis-
ability associated with low back pain. In their original study Ro-
land and Morris identified a score of 14 or more as reflecting
poor outcome. The RMDQ has been extensively used in clinical
and research domains, with patients with low back pain demon-
strating good psychometric properties [32]. In the present study
Kuder-Richardson alpha values were .81 for time 1 and .81 for
time 2.

2.2.4. Psychological functioning: anxiety and depression
Depression and anxiety were measured with the 14-item Hos-

pital Anxiety and Depression Scale (HADS) [45], originally devel-
oped for use with people experiencing physical illness, and thus
somatic symptoms of depression that could be caused by physi-
cal illness are omitted. Items are rated on a 4-point scale; higher
scores indicate greater anxiety or depression. A score of 8 or
more reflects probable anxiety or depressive disorder [2]. The
scale has good internal consistency and reliability [36]. In a liter-
ature review of the validity of the HADS, Cronbach’s alpha for the
anxiety subscale varied from .68 to .93 (mean .83) and for the
depression subscale from .67 to .90 (mean .8 [2]). In the present
study, alpha values for the anxiety and depression subscales were
.82 and .84, respectively, for time 1 and .83 and .84, respectively,
for time 2.
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2.2.5. Pain catastrophizing
Pain catastrophizing was measured with the 13-item Pain

Catastrophizing Scale (PCS) [37], designed to assess catastrophic
thoughts and feelings exhibited in response to pain. As well as a to-
tal score, 3 subscale scores can be calculated for rumination, mag-
nification and helplessness components. Higher scores indicate
greater catastrophizing, and scores exceeding 24 have been used
to define so-called catastrophizers [37]. In their initial study, Sulli-
van et al. [37] found Cronbach’s alpha for the total score to be .87.
The scale has demonstrated good reliability and validity with both
clinical and nonclinical populations [37,38]. Cronbach coefficient
alpha values for time 1 and time 2 data in the present study were
.91 and .93, respectively.

2.3. Statistical methods

2.3.1. Sample size
An a priori power calculation was undertaken to estimate the de-

sired sample size for the cross-sectional data. The statistical signif-
icance criterion was set at .05 and the power level was set at the
standard convention of .80 [10]. It was anticipated that a maximum
of 6 variables would be used in the time 1 regression analyses. An
anticipated effect size for this calculation was estimated by using
the smallest r2 value (.15 equating to a medium effect size [f2] of
0.176471) found in McCracken et al. [24] study for regression mod-
els, where 8 predictors (including mindfulness) were used to predict
the physical disability and psychological functioning variables. The
estimated sample size for this regression was found to be 84. A cal-
culation was also undertaken assuming a medium effect size (f2) of
0.15 [4], in which the estimated sample size was 97. In light of these
calculations the objective was to obtain questionnaire responses
from 120 individuals to provide scope for missing data and smaller
effect sizes. Subsequently, data from 4 participants were not in-
cluded in the final analysis because too much data were missing.

2.3.2. Data management, screening, and analysis
Anonymised questionnaire responses were input and analysed

in SPSS software, version 14 (SPSS, Chicago, IL). For the purpose
of calculating total scores, missing response items were substi-
tuted with the mean score for the subscales or scales. Participants’
data were excluded where item completion rates were lower than
80% in any scale. Data screening was conducted on all of the vari-
ables, including checking for outliers and ensuring assumptions
concerning normal distribution (by the Shapiro-Wilk test and

skewness and kurtosis statistics), homogeneity of variance and lin-
earity were met.

Pearson product moment coefficient and Spearman’s correla-
tions were applied to decipher initial relationships between the
mindfulness variable and each of the other key variables (function-
ing and catastrophizing). The disability variable was identified as
significantly negatively skewed at P < .01, and the pain duration var-
iable had a platykurtic (flat) distribution with significant kurtosis
statistics (P < .05). The disability variable was transformed by a
square root transformation [11], resulting in a distribution not sig-
nificantly different from normality. As a result of significant kurtosis
in the pain duration data, Spearman’s correlations for nonparamet-
ric data were generated for correlations that included this variable.

Four hierarchical regressions were run, with disability, depres-
sion, anxiety and catastrophizing scores as dependent variables.
The demographic variables of gender, age and pain severity were
entered in the first step, followed by mindfulness scores in the sec-
ond step. These variables and corresponding steps were chosen on
the basis of correlates of the functioning and catastrophizing vari-
ables found within prior empirical research (gender) [20] and
within this study (age and pain severity).

Remaining respondent data after attrition comprised responses
from a subset of 87 of the original sample then used for the longi-
tudinal analysis. Changes between time 1 and time 2 data were
analysed by paired sample t tests and Wilcoxon signed rank tests
where one variable in a pair was not normally distributed (disabil-
ity time 1, depression time 2).

Analyses were then conducted to determine whether mindful-
ness predicted changes in the functioning variables and catastro-
phizing after the intervention. This involved multiple regressions
where time 2 reports of disability, depression, anxiety and catastro-
phizing were predicted by using their time 1 equivalents (eg, in pre-
dicting time 2 disability, time 1 disability was included), time 1
demographics (gender age and pain severity), and both time 1 and
time 2 reports of mindfulness. This method ensures that because
time 1 dependent variables were controlled in the regressions and
time 2 variables cannot affect the past, any significant relationships
must be due to mindfulness (or a third variable) causing changes in
the functioning variables and catastrophizing [31]. The betas in the
final step for the mindfulness predictors therefore describe the
changes in the dependent variables (disability, depression, anxiety
and catastrophizing) for each point change in mindfulness at time
1 and time 2, independent of demographics, and of the time 1
equivalents of the time 2 dependent variables. We did not use the

Table 1
Descriptive statistics and correlation coefficients between variables before participation in a pain management programme (N = 116, time 1 data).

Variable (possible range) N Mean SD Range 1 2 3 4 5 6 7 8 9 10

Gender 116 — — — — �.01 �.13 �.00 .13 �.10 .00 �.05 .10 .08
Age, y 116 52 12 18–79 — �.26** .23* .06 .18 �.20* �.32** �.28** �.14
Pain Severity (1–6) 116 4.7 0.8 2–6 — �.07 �.21** �.15 .39** .53** .26** .33**

Pain duration, y 108 — — — — .08 .09 .01 �.07 �.02 .01
0–9 49 (42%)
10–19 27 (23%)
20–29 24 (20%)
30 + 8 (7%)
Unknown 8 (7%)
Employment status = not working 115 88 (77%) — — — — .10 .27** .13 .02 .23*

Mindfulness (1–6) 116 3.7 1.0 1–6 — �.31** �.53** �.57** �.56**

Disability (0–24) 116 17 4.1 4–24 — .50** .44** .64**

Depression (0–21) 116 9.5 4.2 1–20 — .65** .58**

Anxiety (0–21) 116 11.3 4.4 1–21 — .69**

Catastrophizing (0–52) 116 30 11 4–51 —

Note. All values refer to Pearson’s product moment correlation except for correlations with pain duration data, where Spearman’s correlations applied. Pain Severity (item 4
from SF-8 Health Survey), Mindfulness (Mindful Attention Awareness Scale, MAAS), Disability (Roland Morris Disability Questionnaire, RMDQ), Depression (Hospital Anxiety
and Depression Scale, HADS), Anxiety (HADS), Catastrophizing (Pain Catastrophizing Scale, PCS).

* P < .05.
** P < .01.
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simple change score (time 2–time 1) because although this seems
intuitively attractive, it suffers from the drawback that its values
are necessarily dependent upon, and hence usually correlated with,
time 1 scores. Crucially, the correlation between initial score and
change score is commonly negative. The dependence of change
score on initial score is augmented by measurement error, but it oc-
curs even when the variable in question has perfect reliability [5].
Therefore, if another variable of interest were positively correlated
with the initial (mindfulness) score, the artifactual negative relation
between initial score and change score would be likely to insert a
spurious negative portion into the relationship between the other
variable and the change score. The artifactual negative portion could
obscure the true relationship between the other variable and (mind-
fulness) change. We can overcome this potential confound by
including both time 1 and time 2 mindfulness in the regression
equations [31].

Two tests of mediation were conducted to test for the mediating
effects of catastrophizing on the relationships between mindfulness
with disability and depression, comprising sequences of linear uni-
variate regressions [19,22]. In summary, these involved (1) regress-
ing the predictor variable (mindfulness) onto the criterion variable
(disability or depression), (2) regressing the predictor onto the
mediator variable (catastrophizing), (3) regressing the proposed
mediator onto the criterion variable whilst controlling for the pre-
dictor variable and (4) regressing the predictor variable onto the
criterion variable whilst controlling for the proposed mediator.
Our key hypothesis proposed that people adopt a less catastrophiz-
ing mode when they increase mindfulness, and thus, in the context
of the meditation analyses, catastrophizing is seen as a conse-
quence of a departure from the nonjudgemental stance of mindful-
ness and by definition, if a person catastrophizes then he or she has
already lost mindfulness. Two additional tests of mediation were
undertaken, however, with mindfulness as the mediator of relation-
ships between catastrophizing and disability/depression due to
recognition that the relationship between catastrophizing and
mindfulness may indeed be reciprocal. Sobel tests were conducted
to determine the significance of the mediator effects [35].

3. Results

3.1. Participant characteristics at baseline

Descriptive statistics and Pearson’s intercorrelation coefficients
for all of the variables are listed in Table 1. Participants reported

poor physical functioning, the majority displayed clinically impor-
tant psychological distress (66% and 77% for depression and anxi-
ety scales, respectively) and 75% of participants scored above 24
on the catastrophizing scale, indicative of ‘catastrophizer’ status.

Findings from the correlation analyses are presented in Table 1.
In summary, mindfulness as measured by the MAAS was nega-
tively related to disability (RMDQ, r = �.31, P < .01), depression
(HADS, r = �.53, P < .01), anxiety (HADS, r = �.57, P < .01) and
catastrophizing (PCS, r = �.56, P < .01). Mindfulness was, however,
unrelated to gender, age, pain duration, pain intensity and employ-
ment status.

The results of the regression analyses are presented in Table 2.
Within the regression models the first blocks (including gender,
age and pain severity) reached statistical significance (to a mini-
mum of P < .05) and generally accounted for a small amount of
the variance of the dependant variables with R2 ranging from .13
for anxiety and catastrophizing to .31 for depression.

In the second and final stage of the regression analysis, mindful-
ness was a significant and unique predictor of all the dependant
variables, with variance increments ranging from R2 (change) = .08
(P < .01) for disability, to R2 (change) = .25 for anxiety and catastro-
phizing (both P < .001). The average variance increment was R2

(change) = .19. The variance explained by the overall models ran-
ged from R2 = .22 for the prediction of disability to R2 = .51 for
the prediction of depression (P < .001).

Regarding the reliability of the statistical models, evidence was
found in all 5 regression models for independence of the residuals
and the absence of both multicollinearity and the influence of ex-
treme cases. Scatter plots and histograms indicated that assump-
tions concerning homoscedasticity, linearity and normally
distributed residuals were met.

3.2. Changes in mindfulness and other participant characteristics after
participation in a multidisciplinary pain management programme

Attrition analyses revealed no statistically significant differ-
ences in the demographics and measure responses between partic-
ipants who were and were not included in the longitudinal
analyses. Paired sample t tests and Wilcoxon signed rank tests re-
vealed significant differences between the 2 time point levels of
mindfulness, disability, depression, anxiety and catastrophizing
(Table 3). Mindfulness levels were significantly higher at time 2
than time 1. Disability, depression, anxiety and catastrophizing
levels were significantly lower at time 2 than time 1.

Table 2
Hierarchical regression results for the prediction of disability, depression and anxiety prior to participation in a pain management programme (N = 116, time 1 data).

Dependant variable Step Predictor B SE B b R2 change R2 Adjusted R2

Disability (RMDQ) 1 Age �0.02 0.03 �.06 .15*** .15*** .12
Gender 0.36 0.70 .04
Pain Severity (SF-8 item 4) 1.57 0.45 .31**

2 Mindfulness �1.19 0.36 �.29** .08** .22** .20
Depression (HADS) 1 Age �0.05 0.03 �.13 .31*** .31*** .30

Gender �0.40 0.57 �.05
Pain Severity 2.17 0.36 .42***

2 Mindfulness �1.9 0.29 �.45*** .19*** .51 *** .49
Anxiety (HADS) 1 Age �0.06 0.03 �.15 .13** .13** .11

Gender 0.60 0.66 .07
Pain Severity 0.84 0.42 .16

2 Mindfulness �2.27 0.34 �.52*** .25*** .39*** .36
Catastrophizing (PCS) 1 Age 0.03 0.07 .03 .13** .13** .10

Gender 1.39 1.64 .06
Pain Severity (SF-8 Item 4) 3.58 1.04 .27**

2 Mindfulness �5.56 0.83 �.51*** .25*** .38*** .35

Note. The reported beta values (B), their standard errors (SE B), and standardised beta values (b) are those from the final step in the regression analysis. RMDQ = Roland Morris
Disability Questionnaire; HADS = Hospital Anxiety and Depression Scale; PCS = Pain Catastrophizing Scale.
** P < .01.

*** P < .001.
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The regressions conducted by using the longitudinal data are
represented in Table 4. After the first step in these regressions,
the entry of the mindfulness variables in the second step ac-
counted for additional variance that was significant for the predic-
tion of disability, anxiety and catastrophizing (P < .05) and
potentially significant for the prediction of depression (P = .06).
The greatest contribution to the model variance by time 1 and time
2 mindfulness variables occurred in the prediction of catastrophiz-
ing (R2 change = .07, P < .01).

3.3. Mediation analyses

With the addition of catastrophizing, the standardized regres-
sion coefficients reduced for the relationship between mindfulness
and depression and both reduced and lost significance for the rela-
tionship between mindfulness and disability (Fig. 1). Sobel test re-
sults determined that catastrophizing significantly mediated the
effect of mindfulness on disability and depression (disability,
z = �5.25, P < .001; depression, z = �3.95, P < .001). When mindful-
ness was tested as a potential mediator between catastrophizing

and disability, the standardised regression coefficients for the rela-
tionship between catastrophizing and disability remained signifi-
cant (P < .001, Sobel test = NS). By contrast, the standardized
regression coefficients for the relationship between catastrophiz-
ing and depression were reduced with the addition of mindfulness
(Fig. 1) and Sobel tests confirmed mindfulness as a significant
mediator for this relationship (z = 3.11, P < .01).

4. Discussion

Our findings suggested that self-reported mindfulness in-
creased after participation in a traditional cognitive-behavioural
pain management programme. Furthermore, improvements in
mindfulness over time were associated with improvements in dis-
ability and psychological functioning. This is consistent with previ-
ous research that linked greater physical and psychological well-
being with the construct of mindfulness and mindfulness-based
training [3,16–18,28,30]. More specifically, our data are consistent
with findings with another pain population linking greater mind-
fulness with lower self-reported disability and depression [24]. It

Table 3
Descriptive statistics for and measurement of change before and after participation in a pain management programme (N = 87).

Variable Mean (SE) or median T (t)/Wilcoxon signed rank (Z) Effect size (r)

Time 1 Time 2

Mindfulness 3.74 (.11) 4.03 (.09) �3.45 (df 86)* .35
Disabilitya 17.0 14.60 �5.96 ** �.45
Depressiona 10.0 7.0 �6.47** �.49
Anxiety 11.15 (0.48) 9.0 (0.43) 6.85 (df 86)** .59
Catastrophizing 29.88 (1.20) 20.99 (1.24) 8.03 (df 86)** .66

Note. Median stated where Wilcoxon signed rank test applied. SE = standard error mean, df = degrees of freedom.
a Wilcoxon signed rank test applied (Z).
* P < .01. Significance level set at P < .01 due to multiple comparisons.

** P < .001. Significance level set at P < .01 due to multiple comparisons.

Table 4
Hierarchical regression analysis for the prediction of disability, depression, anxiety and catastrophizing, using the longitudinal data after participation in a pain management
programme (N = 87).

Dependant variable Step Predictor B SE B b R2 change R2 Adjusted R2

Disability at time 2 (RMDQ) 1 Age 0.04 0.03 .10 .61*** .61*** .59
Gender �0.32 0.64 �.03
Pain Severity time 1 1.27 0.40 .24**

Disability (RMDQ) time 1 0.71 0.08 .67***

2 Mindfulness time 1 0.65 0.44 .14 .03* .64* .61
Mindfulness time 2 �1.36 0.51 �.24*

Depression at time 2 (HADS) 1 Age �0.01 0.03 �.02 .53*** .53*** .52
Gender 0.11 0.59 �.01
Pain Severity time 1 0.36 0.41 .08
Depression (HADS) time 1 0.65 0.11 .69***

2 Mindfulness time 1 0.85 0.44 .21 .03 .56 (P = .06) .55
Mindfulness time 2 �1.04 0.49 �.21*

Anxiety at time 2 (HADS) 1 Age �0.01 0.03 �.03 .60*** .60*** .58
Gender 0.26 0.56 .03
Pain Severity time 1 0.45 0.33 .10
Anxiety (HADS) time 1 0.59 0.09 .65***

2 Mindfulness time 1 0.59 0.40 .14 .04* .65* .62
Mindfulness time 2 �1.43 0.46 �.28**

Catastrophizing at time 2 (PCS) 1 Age 0.10 0.10 .10 .40*** .40*** .34
Gender 1.71 1.98 .07
Pain Severity time 1 2.51 1.23 .19*

Catastrophizing (PCS) time 1 0.47 0.12 .45***

2 Mindfulness time 1 2.30 1.41 .19 .07** .47*** .40
Mindfulness time 2 �5.53 1.67 �.38**

Note. The reported beta values (B), their standard errors (SE B), and standardised beta values (b) are those from the final step in the regression analysis. RMDQ = Roland Morris
Disability Questionnaire; HADS = Hospital Anxiety and Depression Scale; PCS = Pain Catastrophizing Scale.

* P < .05.
** P < .01.

*** P < .001.
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is noteworthy that such consistency was established despite
methodologic differences between the earlier study and ours, such
as the inclusion of heterogeneous pain conditions and the use of
different questionnaires. Taken together, these results increase
confidence that the relationships are valid and potentially causal.

Previous findings linking mindfulness with catastrophizing [33]
were also replicated in cross-sectional analyses and further sup-
ported by our longitudinal data. Specifically, people who reported
greater mindfulness were more likely to report lower levels of
catastrophizing. At a single point in time mindfulness was related
to catastrophizing after controlling for pain intensity. Furthermore,
of all the regression models, mindfulness scores accounted for the
greatest additional variance in the prediction of catastrophizing at
time 2, where time 1 demographics and baseline catastrophizing
were controlled.

The relationship between mindfulness and catastrophizing may
be explained because the ability to be mindful of the present mo-
ment allows people to notice and relinquish negative thoughts
[12], reducing the sole focus of their attention on pain-related
thoughts and reducing the exaggeration of threat. This corrobo-
rates other literature linking mindfulness both with metacognition
and with cognitive flexibility [14,39]. In metacognition, mental
events are observed rather than interpreted as reflections of real-
ity, and cognitive flexibility is a phenomenon that may facilitate
greater problem solving [12]. The results suggest that the ability
to exhibit mindfulness may be related to a process by which
thoughts are observed and accepted, rather than acting as auto-
matic agents invoking further escalation of catastrophic thoughts
focused on pain sensations and threat.

Both catastrophizing and mindfulness reports changed signifi-
cantly after the multidisciplinary cognitive-behavioural focused
intervention. An intervention that targets unhelpful thinking styles
may directly reduce catastrophizing, and it is possible that the
enhancement of mindfulness was actually caused in part by a
reduction in catastrophizing. Indeed, a reciprocal relationship
may exist between mindfulness and catastrophizing. It is also pos-
sible that unmeasured treatment processes such as positive social
experience may have both improved mindfulness and decreased
catastrophic thinking styles.

The final aim of the present study was to determine whether
relationships of mindfulness with disability and depression were
mediated by catastrophizing, a component within the fear-avoid-
ance model of chronic pain [41]. Mediator analyses suggested that
catastrophizing acted as a complete mediator of the relationship
between mindfulness and disability, whereas mindfulness was
not found to significantly mediate the relationship between catas-
trophizing and disability. This suggests that greater mindfulness is
related to lower disability as a result of its significant relationship
with catastrophizing (the mediator), rather than the relationship
being independent of catastrophizing. In contrast to these findings
for disability, both mindfulness and catastrophizing emerged as
mediators of each other in their relationship with depression. It
is therefore likely that they have both overlapping and unique rela-
tionships with depression.

There are a number of empirical and theoretical limitations
with the current study. Firstly, although representative of the local
population, the constituent sample was not ethnically diverse. It is
therefore unclear to what extent our findings can be extended to
other groups that experience chronic pain. Similar research under-
taken with community samples of those experiencing chronic pain
would help determine whether comparable levels of mindfulness
are reported by people not accessing secondary care services. Sec-
ondly, the present study used Brown and Ryan’s [3] measure that
focuses on attention and awareness aspects of mindfulness,
excluding the abilities to be nonjudgemental and nonreactive to
internal and external stimuli—facets recognised within the exami-
nation of a number of mindfulness measures by Baer et al. [1].
Thirdly, the statistical analyses within this study were undertaken
with cross-sectional data and longitudinal data at only 2 time
points, thus limiting our ability to infer sequential direction of cau-
sation. Finally, the possibility of order effects cannot be ignored, gi-
ven ordering of the questionnaire measures was not randomised
and the mindfulness questionnaire was completed directly after
the catastrophizing questionnaire.

This study further identifies potential mechanisms involving
mindfulness and catastrophizing in relation to physical and psycho-
logical functioning with chronic pain. This cognitive-behavioural
therapy intervention with limited mindfulness practice seemed to
enhance mindfulness. This is striking considering the small compo-
nent of the intervention that directly addressed mindfulness. It is
possible that mindfulness increased through the cumulative effects

Fig. 1. Standardised coefficients (beta) from regression analyses investigating the
mediating effects of catastrophizing and mindfulness. The values in parentheses
represent standardised coefficients where the mediator variable is excluded.
⁄P < .05, ⁄⁄P < .01, ⁄⁄⁄P < .001.
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of the whole programme. Cognitive-behavioural therapy may in-
crease mindfulness that reduces catastrophizing, and it may reduce
catastrophizing that increases mindfulness, with these bidirec-
tional processes seemingly relevant for reducing depression.

This exploratory study paves the way for a number of future
investigations. Speculative explanations for the relationship be-
tween mindfulness and catastrophizing could be validated through
the use of questionnaire and experimental measures assessing the
ability to relinquish thoughts, cognitive flexibility and attention
processes [7,12,14]. Exploration of potential relationships between
mindfulness and additional constructs within the fear-avoidance
model, such as avoidance, hypervigilance and muscle reactivity,
also seems warranted. Finally, a supplementary investigation could
explore the relationships between mindfulness and fear-avoidance
model components before and after completing a mindfulness-
based intervention.

In conclusion, our study raises the possibility that cognitive-
behavioural strategies can affect both catastrophizing and mind-
fulness. Although recent research is promoting the use of mindful-
ness-based interventions, this study suggests that some outcomes
from cognitive-behavioural interventions may be the result of sim-
ilar processes. A flexible use of either or both traditional cognitive-
behavioural and mindfulness interventions, based on individual
needs and preferences, could be evaluated through future con-
trolled clinical trials.
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