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Abstract
Background Pain catastrophizing is a powerful predictor of
pain adaptation, and both stable and time-varying aspects
may influence overall emotional well-being.
Purpose This study aims to test the independent influences
of state and trait pain catastrophizing on the relationship
between daily intensity and negative affect, positive affect,
and depressive symptoms.
Methods Daily diary data were collected for 30 days from a
sample of 231 adults with a diagnosis of rheumatoid arthritis.
Results State pain catastrophizing accounted for a signifi-
cant proportion of the relationship between daily pain and each
of the three examined daily outcomes. Greater trait pain cata-
strophizing significantly increased the effect of state pain cata-
strophizing on the relationship between pain intensity and the
outcome variables in cross-sectional and time-lagged models.
Conclusions The results of the current study indicate that
state pain catastrophizing plays a prominent role in the
adaptation to daily pain fluctuations, particularly for those
with a propensity to catastrophize.
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Introduction

Chronic pain and affective distress are twin burdens of rheu-
matoid arthritis [1]. This autoimmune disorder, characterized
by joint swelling and tenderness at multiple sites in the body

[2], carries with it a rate of depression two to three times the
normal prevalence rate [3]. Prior research has indicated that
episodic elevations in chronic pain predict greater negative
emotion and lower levels of positive emotion in individuals
with rheumatoid arthritis [4, 5]. The relationship between pain
and affective distress has been explained by the use of mal-
adaptive pain coping strategies like catastrophizing [6, 7].
Pain catastrophizing is defined as a cognitive and affective
overreaction to painful episodes [8] and predicts greater neg-
ative affect [9] and decreased positive affect in individuals
with chronic pain [10]. Pain catastrophizing may also explain
the cognitive and emotional aspects of depression that are
exacerbated during pain flares [11].

The literature examining cognitive sets like catastrophiz-
ing often has not distinguished between the trait and state
aspects of these states of mind. Individuals with recurrent
pain may vary in their tendencies to catastrophize about
pain, and examining how people respond to painful experi-
ences on average can reasonably account for the stable
aspects of these ways of thinking. Pain catastrophizing also
demonstrates significant within-person variation across
time, which suggests that pain catastrophizing has a state
component as well [12]. Indeed, changes in pain intensity
reliably predict fluctuations in catastrophizing about pain,
independent of average levels of pain catastrophizing [13],
and pain catastrophizing levels that change early in pain-
focused psychological interventions predict more pro-
nounced decreases in pain intensity, disability, and depres-
sion [14]. It is worthwhile to consider whether the impact of
catastrophizing from moment to moment may vary between
habitual and less-frequent catastrophizers; more frequent
catastrophizing may exacerbate the consequences of mo-
mentary pain catastrophizing, worsening the dysregulated
emotional state. This phenomenon has been observed in
individuals with depression; prolonged use of a ruminative
attribution style appears to amplify the negative effects of
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depression [15]. The current study tested this phenomenon
by examining whether stable levels of catastrophizing about
pain moderated the effects of daily pain catastrophizing.

Cross-sectional studies have lacked sufficient statistical
and methodological power to examine this dynamic interplay
of pain and cognitive and affective processes. Examination of
state processes using hierarchical time series data allows for
the modeling of both stable and time-varying aspects of this
dynamic interplay of pain flares and cognitive and affective
processes. Trait measurements are stable and allow for accu-
rate predictions across time and between individuals. State
measurements allow for the detection of important influences
that vary within persons over time [16], which may be due to
affective, cognitive, or behavioral fluctuations [5]. This dis-
tinction has been suggested for constructs like positive and
negative affect [17], pain intensity [17], and pain catastroph-
izing [13]. The current study examined state and trait pain
catastrophizing and assessed how the dynamic interplay of
pain intensity and maladaptive cognitive responses to pain
may exacerbate affective disturbance. Diary datasets have
been used to examine the day-to-day consequences of social
interactions for negative emotional states and self-reported
fatigue in individuals with chronic pain [18]. The current
study expanded upon these findings by examining how the
experience of physical pain and consequent cognitive reac-
tions to pain may serve to exacerbate emotional distress.

The current study utilized an existing daily diary dataset
[18, 19] from a sample of 231 individuals with a diagnosis
of rheumatoid arthritis to test the interactions of stable and
time-varying aspects of pain catastrophizing and their rela-
tionships with pain-related affective disturbance in two dis-
tinct models. First, cross-sectional models were constructed
to test the extent to which levels of state pain catastrophizing
mediated same-day pain–affect relationships. Additionally,
lagged models tested the mediating effects of pain cata-
strophizing on pain–affect relationships. In both models, it
was expected that state pain catastrophizing would signifi-
cantly mediate the relationships between daily pain intensity
and daily reports of positive affect, negative affect, and
depressive symptoms. The mediating effects of state pain
catastrophizing were expected to vary by trait pain cata-
strophizing scores, with state pain catastrophizing account-
ing for a larger proportion of the relationship between daily
pain intensity and measures of affective disturbance for
those with higher trait pain catastrophizing.

Method

Participants

A sample of 231 individuals with rheumatoid arthritis
recruited between 2001 and 2005 were included in this

study; women constituted 69.6 % of the sample. Participants
were recruited from the Phoenix, AZ region via solicitations
at health fairs, Arthritis Foundation members, and local
physician offices as well as the Veterans Administration
Hospital. Participants were required to provide written con-
firmation of rheumatoid arthritis from a rheumatologist. In
order to prevent the confounding of physiological mecha-
nisms of rheumatoid arthritis, participants taking cyclical
estrogen replacement or who had lupus were excluded from
the study, as these conditions were likely to alter functioning
on the hypothalamic–pituitary–adrenal axis. The average
duration of rheumatoid arthritis in the sample was 13.6 years
for the male participants and 11.5 years for the females. The
mean age was 53.0 for women and 60.7 for men, and 85 %
of the women and 87 % of the men were Caucasian. The
average yearly family incomes for both men and women fell
in the $25,000 to $29,000 range. Of the 231 participants
who confirmed a rheumatoid arthritis diagnosis, 48 also
reported a diagnosis of osteoarthritis, 16 also reported a
diagnosis of fibromyalgia, and 23 reported comorbid diag-
noses of rheumatoid arthritis, osteoarthritis, and fibromyal-
gia. The effects of pain catastrophizing in those with
comorbid osteoarthritis diagnoses were analyzed and dem-
onstrated no notable differences from the overall sample of
individuals with rheumatoid arthritis, and differential effects
of fibromyalgia diagnosis were due to a greater overall level
of trait pain catastrophizing in participants with fibromyal-
gia. As a result, these analyses were not reported in the
current paper, and individuals with comorbid osteoarthritis
and/or fibromyalgia diagnoses were deemed appropriate to
be included in all analyses. In the current sample, 15 partic-
ipants (6.5 % of the sample) reported taking at least one
antidepressant medication, 90 participants (39.0 % of the
sample) reported taking at least one nonsteroidal anti-
inflammatory drug, and 57 participants (24.7 % of the
sample) reported taking corticosteroids regularly.

Procedure

Participants who were successfully screened into the study
completed and returned by mail an informed consent form,
as well as documents permitting researchers to seek confir-
mation of a rheumatoid arthritis diagnosis from their rheu-
matologists. Participants were allowed to participate in the
study only after providing proof of a physician diagnosis of
rheumatoid arthritis. Upon receiving this confirmation,
researchers sent each participant an initial packet of ques-
tionnaires for demographic information, which were subse-
quently completed and returned by mail. Participants were
then instructed to complete daily diaries once per day. Each
person received by mail a packet of 30 paper diary ques-
tionnaires, as well as 30 postage-paid envelopes. A research-
er then contacted each participant and provided instructions
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on the procedure. Participants filled out the diaries 30 min
before bedtime each day. To maintain compliance, partici-
pants mailed out the completed diaries from the previous
day in the postmarked envelopes, and verification of post-
marks allowed researchers to confirm protocol adherence.
Participants received up to $90 as compensation for suc-
cessfully completing the diary study. Each completed diary
was worth $2, as well as a bonus $1 for each diary com-
pleted, after 25 diaries were completed. The rate of diary
completion was 94 % overall. Research assistants monitored
postmarks to ensure that diaries were completed and post-
marked in succession each day. Participants were contacted
immediately and urged to comply with the time-sensitive
demands of the study if any discrepancies were detected. Of
the diaries, 97.3 % was received with a verified postmark.
Of those with a verified postmark, 82.3 % of the diaries was
mailed on the morning after completion. This estimate
reflects the actual number of diaries that were postmarked
on the day subsequent to diary completion (58 %), adjusted
for the percent of diaries completed on Saturday and post-
marked on Monday (≈1/7, or 14.3 %), as well as diaries
postmarked late due to holiday, late drop-off at the mailbox,
or postal service error (approximately 10 %).

Measures

Daily pain was measured in each diary with the standard
instruction for a numerical rating scale [20, 21], “Please
choose a number between 0 and 100 that best describes the
average level of pain you have experienced today due to your
rheumatoid arthritis. A zero (0) would mean ‘no pain’ and a
one hundred (100) would mean ‘pain as bad as it can be.’”

Positive affect and negative affect were measured in each
diary through the use of the Positive and Negative Affect
Schedule [22]. Participants were given a list of 10 positive
mood adjectives and 10 negative mood adjectives and asked
to rate the extent to which they had experienced each mood
on a 5-point scale from 1 “very slightly or not at all” to 5
“extremely.” The reliability of the negative affect scale was
acceptable (α00.867), and the reliability for the positive
affect scale was also acceptable (α00.929).

Depressive symptoms were assessed in each diary as a
sum total of the responses on six “yes or no” questions: lack
of interest in the day’s activities, increase or decrease in
appetite, feeling “restless” or “slowed down,” fatigue or loss
of energy, feeling down on oneself, and difficulty concen-
trating or making decisions [23]. Following the methods
utilized in the paper of Conner et al. [23], the symptom of
depressed mood was omitted in order to minimize overlap
with mood measures. Also similar to the paper of Conner et
al. [23], reliability in the depressive symptoms scale was
modest when alpha reliabilities were computed at the daily
level (α00.662), but when daily number of depressive

symptoms were aggregated for each individual across the
30 days, reliability was acceptable (α00.823). These reli-
ability estimates indicate that, although there was notable
variability in the co-occurrence of depressive symptoms on
any given day, there was a significant degree of consistency in
the symptoms reported by each participant over the 30-day
interval of the study. It should also be noted that the daily total
of depressive symptoms was intended to be an indicator of
immediate subclinical distress and not intended as an indicator
of the occurrence of a major depressive episode. As we did not
examine changes in diagnosed depressive disorders across the
current study and desired not to mislead readers to draw
conclusions about clinical diagnoses based on our results,
depressive symptoms were included as an indicator of dis-
tress, rather than a rating of severity of depression.

Daily pain catastrophizing was assessed in the daily
diaries with two questions from the Coping Strategies Ques-
tionnaire [24]. Participants rated their level of agreement
with two statements for that day: “I worried about whether
my pain would ever end” and “I felt my pain was so bad I
couldn’t stand it anymore.” Ratings were on a Likert scale
of 1 to 5, from “strongly disagree” to “strongly agree.” Daily
catastrophizing scores were computed by averaging the two
items. Reliability of the two-item pain catastrophizing scale
was acceptable (α00.812).

Kenny and Zautra [25] proposed a temporal structure for
time series data (called STARTS) in which any momentary
observation contains three components: a stable trait com-
ponent, a semistable autoregressive process in which state
observations at any given point are predicted by both the
previous state measurement and a random process, and a
state component that is random and does not carry over from
one time point to the next. Following the STARTS frame-
work, a measure of trait pain catastrophizing was calculated
by aggregating individual pain catastrophizing scores across
the 30-day interval, yielding a stable estimate of an individ-
ual’s pain catastrophizing level. This 30-day aggregate score
was then subtracted from the observed pain catastrophizing
score on each day of the diaries, yielding a residual measure
of state pain catastrophizing. As expected, these measures of
trait and state pain catastrophizing were uncorrelated (r0
0.00). The state component of pain catastrophizing yielded
by this method contained a significant autoregressive com-
ponent, which required modeling of a first-order autoregres-
sive process, AR(1), in all models in order to account for
autocorrelation between time points. The AR(1) component
accounted for autocorrelation in variables in the lagged
models, yielding unique estimates of cross-day effects, in-
dependent of same-day effects. To probe the convergent
validity of this trait measure with other measures of trait
pain catastrophizing, the trait pain catastrophizing scores
from the diaries were compared with those in the pain
catastrophizing subscale of the Vanderbilt Multidimensional
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Pain Coping Inventory (VMPCI) [26], which was assessed
one time prior to the start of the diary assessments. The
VMPCI subscale correlated moderately (r00.462) with the
trait pain catastrophizing measure used in the current study,
and the VMPCI moderator yielded largely similar results
when entered in the moderated mediation models under
investigation.

Trait neuroticism was measured once, prior to the diary
assessments, using the 12-item Neuroticism subscale of the
NEO Five Factor Inventory [27] and was entered as a
potential covariate. The reliability of the Neuroticism sub-
scale was acceptable (α00.79).

Participants were administered the Hamilton Depression
Inventory one time prior to beginning the diaries [28]. Of
the sample, 46.8 % reported no depression, 12.4 % reported
subclinical levels of depression, and the remainder of the
sample (41 %) reported at least mild depression. Subsequent
analyses indicated that participants reporting no depression
had significantly lower levels of trait pain catastrophizing
than participants reporting subclinical or clinical depression,
but there was no difference in catastrophizing scores among
participants reporting subclinical or more severe clinical
depression.

Results

Overview of Analyses

Analysis of multilevel moderated mediation models took
place in two steps for both cross-sectional and time-lagged
effects. First, nonmoderated multilevel mediation models
were estimated to test the role of state pain catastrophizing
as a statistical mediator of the relationship between daily
pain intensity and three different daily outcomes (negative
affect, positive affect, and number of depressive symptoms
reported). Descriptive statistics for all variables are found in
Table 1. Next, the moderating effects of trait pain cata-
strophizing were tested for each mediation model. Interac-
tions of the moderator with pain intensity or state pain
catastrophizing were tested for each path (estimation of the
a and b paths, respectively; see Fig. 1). As trait pain cata-
strophizing was comprised of only level 2 (i.e., stable)
variance, this measure was identical in both cross-sectional
and lagged models. Path models and moderation effects
were estimated both cross-sectionally and with two 1-day
lags, such that the path coefficients estimated the mediated
effect on an outcome measured the same day, as well as an
estimated mediated effect over a 3-day span, with a 1-day
lag between pain intensity and state pain catastrophizing and
another 1-day lag between state pain catastrophizing and the
observed outcome (see Fig. 2). These 1-day lags were
introduced in order to test models with stronger evidence

of temporal precedence. As we could not establish evidence
for the temporal ordering of the variables in the cross-
sectional models, it is more appropriate to describe the
mediators in these models using the broader term “interven-
ing variable” [29]. With this caution in mind, however, the
analytic approach for both model types was identical and
henceforth will be referred to as mediation analyses. As
bidirectional causality was likely in these models, each
mediation model was also tested in reverse, with each af-
fective distress variable predicting state pain catastrophizing
and state pain catastrophizing predicting pain intensity.

Path coefficient estimates were calculated using the SAS
PROC MIXED program, and significance of mediation
effects were determined using the PRODCLIN program
[30]. The PRODCLIN program computes asymmetric con-
fidence limits to correct for non-normal distributions in the
indirect effect [30]. The distribution of confidence limits is
preferable to the calculation of the difference of effects of
the direct and indirect paths (c′−c) due to concerns about the
requirement of normality in the multivariate distributions of
the direct and indirect effects [31]. Confidence limits were
calculated at an alpha level of 0.05. Moderation effects were
deemed significant if there was a significant predictor-by-
moderator interaction in either the a or b path. Three

Table 1 Descriptive statistics

Mean Standard deviation

Pain intensity 32.5 23.3

State pain catastrophizing (CSQ) 0.0 0.6

Trait pain catastrophizing (CSQ) 2.1 0.9

Trait pain catastrophizing (VMPCI) 2.0 0.7

Negative affect 1.3 0.5

Positive affect 2.7 0.9

Depressive symptoms 1.2 1.4

Neuroticism 2.6 0.6

Age 55.0 13.2

Observations were made based on 231 participants, with daily diary
assessments across 30 days

CSQ Coping Strategies Questionnaire Pain Catastrophizing Subscale,
VMPCI Vanderbilt Multidimensional Pain Coping Questionnaire Pain
Catastrophizing Subscale

X Y

M 
a b

Fig. 1 Conceptual model depicting mediation. X predictor, M media-
tor, Y outcome variable
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covariates (age, gender, and trait neuroticism) were also
modeled to test whether these variables substantially altered
the significance of observed moderating effects. When posi-
tive and negative affect were modeled as outcome variables,
the opposing affect score was also entered as a covariate in
order to obtain a purer measure of either positive or negative
affect (i.e., negative affect was predicted with positive affect
scores modeled as a covariate, and vice versa).

For level 1 predictors (e.g., daily pain intensity, state pain
catastrophizing), scores were centered using the cluster (or
person) mean, not the grand mean. This centering procedure
yields predictors containing only within-person variance by
removing the influence of between-person (level 2) variance
in the predictor [32]. The trait pain catastrophizing moder-
ator was centered on the grand mean (across all data clus-
ters), in order to permit interpretability of the intercepts and
slopes. As level 2 variables contain only level 2 variance
and do not vary across lower-level (i.e., level 1) observa-
tions, they cannot be centered using individual cluster
means [32]. Centering on a grand mean yields more inter-
pretable results by making a score of 0 equivalent to the
average score across all clusters, with negative scores signi-
fying “below-average” scores on a variable and positive
scores signifying “above-average” scores [33]. Outcome
variables were not centered, as modeling of cross-level
interactions may alter both level 1 and level 2 variance in
outcomes [33]. Changes in level 1 and level 2 variance were
computed as an effect size measure using a proportional
reduction of variance (PRV) statistic. PRVs were computed
by comparing level 1 and level 2 variance from a null model
(modeling only the intercept as a predictor of the outcome
variable) to a full model, including both the intercept and
the predictors of interest in each path, and dividing the
difference by the null model variance [33]. This approach
yielded estimates of the PRV for level 1 and level 2 inter-
cept variances separately. Effect size estimates were calcu-
lated for all models under examination, excluding covariate
analyses.

In each analysis, there was significant variance among
individual slopes on the daily pain intensity predictor, so
pain intensity was modeled as a predictor with random,
rather than fixed, effects. Modeling of random effects
allowed for the effects of the pain intensity variable to vary
across individuals, thereby increasing the generalizability of
the results by accounting for a greater level of individual
differences in pain reactivity.

Cross-Sectional Mediation Models

Daily pain intensity was found to be a significant predictor
of daily pain catastrophizing; this parameter estimate repre-
sented the a path. State pain catastrophizing significantly
predicted each of the three outcome measures: daily nega-
tive affect, daily positive affect, and number of daily depres-
sive symptoms. Asymmetric confidence limits from the
PRODCLIN program indicated that state pain catastrophiz-
ing partially mediated the relationship between daily pain
intensity and each of the level 1 dependent variables exam-
ined (see Table 2). Trait pain catastrophizing interacted
significantly with both pain intensity and state pain cata-
strophizing predicting each outcome variable (see Table 3).
The interactions with the moderator consistently increased
the magnitude of the effects in the a and b paths for each of
the outcome variables, such that there was a larger mediated
effect of state pain catastrophizing in each statistical rela-
tionship for people who were high in trait pain catastroph-
izing. The addition of covariates modeling age and gender
did not significantly alter the moderating effect of trait pain
catastrophizing in the prediction of any of the outcome
variables. The addition of a covariate for neuroticism affect-
ed the results of one analysis. The trait pain catastrophizing-
by-state pain catastrophizing interaction predicting negative
affect became nonsignificant, when controlling for neuroti-
cism. No other results were affected by the inclusion of
neuroticism as a covariate. When the VMPCI trait pain
catastrophizing variable was modeled as a moderator, the
direction and significance of the moderating effects were
similar, except that the state pain catastrophizing-by-trait

 
Y 

Time 1 

M 
Time 1 

X 
Time 1 

Y 
Time 3 

M 
Time 2 

Y 
Time 2 

M 
Time 3 

Fig. 2 Conceptual model depicting cross-sectional and time-lagged
moderated mediation. X predictor, M mediator, Y outcome variable.
Thick arrows represent paths tested for moderation

Table 2 Asymmetric confidence limits for the mediated effect of daily
pain intensity through pain catastrophizing in cross-sectional and
lagged models

Outcome Cross-sectional models Lagged models

Negative affect [0.00097, 0.00149] [−0.00003, 0.00008]

Positive affect [−0.00239, −0.00156] [−0.00019, 0]

Depressive
symptoms

[0.00379, 0.00551] [0.00015, 0.00059]

Significant mediation was found when asymmetric confidence limits
did not include 0
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pain catastrophizing interaction predicting same-day posi-
tive affect reached only marginal significance (p<0.10) with
the VMPCI moderator.

When the cross-sectional mediation models were tested
in reverse, each path and mediated effect remained signifi-
cant. Increased daily levels of negative affect and number of
depressive symptoms significantly predicted greater levels
of pain catastrophizing, while increased levels of positive
affect significantly predicted lower levels of pain catastroph-
izing. State pain catastrophizing significantly and positively
predicted same-day pain intensity. State pain catastrophizing
partially mediated each path in the reversed cross-sectional
models. Trait pain catastrophizing significantly moderated
the path from pain catastrophizing to same-day pain inten-
sity and the paths from daily positive affect and negative
affect to same-day state pain catastrophizing, such that these
relationships were greater in magnitude for individuals
higher in trait pain catastrophizing.

Time-Lagged Mediation Models

Daily pain intensity significantly predicted next-day state
pain catastrophizing, and state pain catastrophizing signifi-
cantly predicted next-day depressive symptoms, but not
next-day negative or positive affect. Asymmetric confidence
limits indicated that state pain catastrophizing partially me-
diated the relationship between daily pain intensity and
depressive symptoms for the lagged model (see Table 2).

Trait pain catastrophizing significantly interacted with pain
intensity in predicting next-day state pain catastrophizing,
such that the relationship between pain intensity and next-
day state pain catastrophizing was greater in magnitude for
individuals with greater levels of trait pain catastrophizing
(see Table 4). Trait pain catastrophizing did not interact with
state pain catastrophizing in predicting any of the outcomes
in the lagged models. The addition of covariates modeling
neuroticism, age, and gender did not significantly alter the
moderating effect of trait pain catastrophizing in the predic-
tion of any of the outcome variables. When the VMPCI
variable was modeled as a moderator, the direction and
significance of the moderating effects were similar, except
that the previously significant daily pain intensity-by-trait
pain catastrophizing interaction predicting next-day state
pain catastrophizing did not reach statistical significance
with the VMPCI moderator.

When the lagged mediation models were reversed, no
significant mediated effects were found. Greater state pain
catastrophizing levels significantly predicted greater next-
day lower levels of pain intensity, but daily depressive
symptoms, negative affect, and positive affect were unrelat-
ed to next-day state pain catastrophizing. Trait pain cata-
strophizing significantly moderated only the relationship
between negative affect and next-day state pain catastrophiz-
ing, such that the relationship between negative affect and
next-day state pain catastrophizing was greater in magnitude
for individuals with greater levels of trait pain catastrophizing.

Table 3 Cross-sectional models: moderating effects of trait pain cata-
strophizing on state pain catastrophizing mediation

Outcome Predictor B Level 1
PRV

Level 2
PRV

Daily pain DP 0.00436

Catastrophizing TPC 0.9991** 0.2873 N/A
DP×TPC 0.005065**

Negative affect SPC 0.02967 0.0438 0.1352
TPC 0.1823**

SPC×TPC 0.03544**

Positive affect SPC −0.02267 0.0505 0.1373
TPC −0.3853**

SPC×TPC −0.06715**

Depressive symptoms SPC 0.05797 0.0481 0.2308
TPC 0.6646**

SPC×TPC 0.1106**

Observations were made based on 231 participants, with daily diary
assessments across 30 days. No level 2 PRVavailable for a path due to
cluster mean centering of pain catastrophizing

DP daily pain, SPC state pain catastrophizing, TPC trait pain cata-
strophizing, PRV proportional reduction of variance

**p<0.01, tests of interactions between predictors and moderators

Table 4 Time-lagged models: moderating effects of trait pain cata-
strophizing on state pain catastrophizing mediation

Outcome Predictor Β Level 1
PRV

Level 2
PRV

Pain DP1 0.00452**

Catastrophizing
at time 2

TPC 0.9968** 0.1461 N/A
DP1×TPC 0.002731*

Negative affect
at time 3

SPC2 0.0016 0.1216 0.0902
TPC 0.1108**

SPC×TPC 0.0214+

Positive affect
at time 3

SPC2 −0.0251* 0.1130 0.0834
TPC −0.288**

SPC2×TPC 0.0046

Depressive symptoms
at time 3

SPC2 0.0865* 0.2412 0.2663
TPC 0.6497**

SPC2×TPC 0.03237

Observations were made based on 231 participants, with daily diary
assessments across 30 days. No level 2 PRVavailable for a path due to
cluster mean centering of pain catastrophizing

DP daily pain at time 1, SPC2 state pain catastrophizing at time 2, TPC
trait pain catastrophizing, PRV proportional reduction of variance

+p<0.10, *p<0.05, **p<0.01, tests of interactions between predictors
and moderators
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Discussion

When pain intensity, state pain catastrophizing, and out-
come variables were measured concurrently in cross-
sectional models, state pain catastrophizing was found to
be a significant intervening variable in the relationship be-
tween daily pain intensity and daily negative affect, daily
positive affect, and daily number of depressive symptoms.
Daily fluctuations in pain catastrophizing levels were related
to daily fluctuations in daily pain, such that exacerbations in
pain were accompanied by more intense catastrophizing.
When pain catastrophizing increased, individuals reported
greater concurrent emotional distress and depressive symp-
toms. When these paths were examined in a time-lagged
mediation model, state pain catastrophizing mediated the
relationship between pain and depressive symptoms, but
not negative or positive affect. This finding establishes a
more specific causal effect than in previous observational
studies. Indeed, these results provide evidence that state pain
catastrophizing can be considered a mediator of the ob-
served day-to-day pain–depression relationship.

It was also hypothesized that greater trait pain catastroph-
izing scores would enhance the mediating effect of state
pain catastrophizing on the relationship between daily pain
and each of the daily outcomes. This hypothesis was sup-
ported by analyses of the cross-sectional mediation models
and, to a lesser extent, in the time-lagged models. Results
indicated that pain catastrophizing levels explained a greater
proportion of the relationship between pain and emotional
distress for individuals who catastrophized more on average
about their pain. Individuals high in trait pain catastrophiz-
ing reported greater same-day increases in state pain cata-
strophizing in response to increases in pain intensity, as well
as greater increases in negative affect and depressive symp-
toms and greater decreases in positive affect as a conse-
quence of their pain catastrophizing on the same day. The
time-lagged models indicated that changes in state pain
catastrophizing also explained the relationship between pain
intensity and depressive symptoms, but not between pain
intensity and positive or negative affect, 2 days later. Indi-
viduals high in trait pain catastrophizing were susceptible to
greater increases in their pain catastrophizing due to the
previous day’s pain intensity, but the consequences of pain
catastrophizing on next-day emotional states did not vary
across individuals with high and low trait pain catastroph-
izing nor did state pain catastrophizing play a greater role in
the relationship between pain intensity and emotional dis-
tress 2 days later.

In prior studies, pain catastrophizing has been identified
as a key predictor of pain disability [34], distress [34], and
overall adjustment to chronic pain [35], and the current
study provides further evidence of the need to consider both
state and trait components of this variable. Further

clarification of the mechanisms through which catastrophiz-
ing influences affective reactions to pain may contribute a
greater level of understanding to how to bolster individual
attempts to adapt to pain. We found that individuals with a
greater propensity to catastrophize about their pain appeared
to be more vulnerable to the effects of their catastrophic
thoughts. Our results suggest that the nature of maladaptive
cognitive coping attempts mirrors the effects of rumination
on increasing vulnerability to depression [15]. More specif-
ically, it appears that individuals may develop a “habit” of
catastrophizing about their pain, thereby increasing the in-
tensity of their catastrophic thought and consequently am-
plifying the deleterious effects that accompany these
thoughts at each occurrence.

These results invite speculation about interventions that
can effectively reduce pain catastrophizing [5, 36]. Effective
interpretations might operate through two distinct channels.
An intervention could reduce the frequency of intrusive
pain-related cognitions and thus serve to reduce the affective
burden of frequent pain catastrophizing. In addition, addi-
tional guidance could be given to those with predispositions
to adopt the helplessness and hopelessness cognitive style
that is reflected in trait catastrophizing. By reducing indi-
vidual attempts to use catastrophizing as a source of self-
inoculation against pain and promoting a more adaptive
perspective on pain (e.g., promoting acceptance of pain), it
may be possible to reduce the impact of each occurrence of
catastrophic thoughts about pain. In this study, we focused
on individual differences that are likely to increase vulner-
ability. Also left unexamined here are potential positive
features of personality that would promote more resilient
responding, such as the preservation of positive emotion on
days when pain is elevated and quicker recovery following
pain exacerbations [37]. We urge attention to the positive
features of the person and their daily lives as a complement
to the current focus on vulnerabilities in this paper.

Although the data collection method of nightly diaries
does capture substantial within-person variation beyond the
traditional approach of cross-sectional research, more fre-
quent diaries (i.e., within-day assessments) could further
improve our ability to capture day-to-day and, indeed, even
hour-to-hour fluctuations in physical, cognitive, and affec-
tive states. Research is needed to examine whether such
within-day assessments are feasible for the variables studied
here and, if so, whether they successfully capture state
variance not accounted for by daily assessments. Assess-
ments that are measured more frequently may better detect
the causal effects of pain and pain catastrophizing on affec-
tive distress that were absent from the current findings.
Additionally, the interpretation of the current findings may
be limited by our use of only two items used to assess pain
catastrophizing from the Coping Strategies Questionnaire.
Though these items were chosen because they appeared to
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adequately reflect the construct of pain catastrophizing and
in the interest of maintaining a brief daily assessment, they
may not have reflected every aspect of pain catastrophizing;
previous researchers have reported that pain catastrophizing
appears to have a more complex factor structure, comprised
of three subscales, that may not have been completely
represented in our assessment [7].

As was noted previously, the measure of daily depressive
symptoms was intended as a measure of subclinical distress
and not as an indicator of a major depressive episode.
Though the current results indicate that daily catastrophizing
about pain does influence the occurrence of symptoms re-
lated to depression, the assessment of depressive symptoms
in the current study is insufficient to draw a definitive
conclusion regarding pain catastrophizing and the onset of
clinical levels of depression (e.g., major depressive epi-
sode). Similarly, it is likely that preexisting psychiatric dis-
orders may have significant implications for how
individuals cope with their chronic pain. A significant pro-
portion of our sample self-reported subclinical or clinical
levels of depression and these individuals reported greater
trait levels of pain catastrophizing. Though it was beyond
the scope of our study to do so, it would be valuable to
determine if individuals with chronic pain and with
clinician-diagnosed mood disorders (e.g., depression, anxi-
ety) are more susceptible to the deleterious effects of pain
catastrophizing. Evidence suggests that many mood disor-
ders are more prevalent in individuals with chronic pain [3],
and examining the cognitive reactions of those individuals
with and without a mood disorder to their pain may further
clarify the role of chronic pain in vulnerability to psychiatric
disorders.

Like previous research that has examined day-to-day
physical and emotional changes in individuals with chronic
pain [18], the current study adopted a more precise approach
to examining the interplay of pain-related factors while also
clarifying these relationships by modeling a cognitive pro-
cess (pain catastrophizing) that is well-known to be a pow-
erful predictor of well-being in individuals with chronic
pain. The use of daily assessments provides a greater level
of observation of the effects of pain on cognition and emo-
tion within a more precise time frame, and drawing a dis-
tinction between state and trait sources of variance allows
for the delineation between stable and labile influences of
daily pain on affective outcomes. To our knowledge, this
study is the first to examine a state form of pain catastroph-
izing as a mediator, which may have implications for future
research and psychological treatment of pain. Chronic pain
is a wide-ranging and often life-altering stressor that affects
a broad range of people, and conceptual and methodological
extensions such as those attempted in this study should help
to promote greater understanding of this affliction in its
various forms in the future.
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