Positive and Negative Affect Dimensions in Chronic Knee Osteoarthritis: Effects
on Clinical and Laboratory Pain
PATRICK H. FINAN, PHD, PHILLIP J. QUARTANA, PHD,

AND

MICHAEL T. SMITH, PHD

Objective: This study investigated whether daily and laboratory assessed pain differs as a function of the temporal stability and
valence of affect in individuals with chronic knee osteoarthritis (KOA). Methods: One hundred ﬁfty-one men and women with KOA
completed 14 days of electronic diaries assessing positive affect (PA), negative affect (NA), and clinical pain. A subset of participants
(n =79) engaged in quantitative sensory testing (QST). State PA and NA were assessed prior to administration of stimuli that induced
suprathreshold pain and temporal summation. Multilevel modeling and multiple regression evaluated associations of affect and pain as
a function of valence (i.e., positive versus negative) and stability (i.e., stable versus state). Results: In the diary, stable NA (B = j.63,
standard error [SE] = .13, p G .001) was a stronger predictor of clinical KOA pain than stable PA (B = j.18, SE = .11, p = .091), and
state PA (B = j.09, p G .001) was a stronger predictor of concurrent daily clinical pain than state NA (B = .04, SE = .02, p = .068). In
the laboratory, state PA (B = j.05, SE = .02, p = .042), but not state NA ( p = .46), predicted diminished temporal summation of
mechanical pain. Conclusions: Stable NA is more predictive of clinical pain than stable PA, whereas state PA is more predictive of
both clinical and laboratory pain than state NA. The ﬁndings suggest that dynamic affect-pain processes in the ﬁeld may reﬂect
individual differences in central pain facilitation. Key words: positive affect, negative affect, chronic pain, daily diary, quantitative
sensory testing, temporal summation.

NA = negative affect; PA = positive affect; KOA = knee osteoarthritis;
QST = quantitative sensory testing; WOMAC = Western Ontario
MacMaster Universities Arthritis Index.

INTRODUCTION
he prevailing view of emotions is that ‘‘bad is stronger
than good’’ (1,2). Indeed, widely accepted psychosocial
interventions for chronic pain largely focus on the modiﬁcation
of negative cognitions and pain-related behaviors to improve
emotional, physical, and social functioning (e.g., cognitive
behavioral therapy for pain) (3). Bias toward the assessment
and treatment of the negative affective element of pain is understandable; pain is an aversive experience, and negative affect (NA) is an expression of aversion. Despite this, there is
emerging evidence that positive affect (PA) may be a source
of resilience for some individuals with chronic pain (4Y6).
These ﬁndings support psychometric evidence of the independence of PA and NA (7) and suggest that both valences
should be considered in studies of chronic pain. Relatively few
studies, however, have used a dual-valence approach to the
study of affect and pain.
In addition to valence (i.e., positive versus negative), the
experience of pain on any given day may also differ as a
function of the temporal stability of affect (i.e., stable versus
state; Litt et al. (8)). Stable affects reﬂect an individual’s average mood over time and motivate general behavioral response repertoires. Although stable affects may be inﬂuenced
by genetics (9,10), environmental circumstances also contribute to their development. Chronic exposure to aversive
events or physical states, such as those experienced by patients
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with chronic pain, should therefore engender stable NA in a
portion of the population (11,12). State affects, on the other
hand, reﬂect temporary changes in affective tone and do not
slavishly adhere to the dictates of a stable affective style (13).
Everyday positive events, for example, produce reliable increases in state PA among patients with chronic pain (14). If
both the valence and stability of affect reveal individual differences in chronic pain, assessment and therapeutic approaches
may be more optimally tailored to person-level characteristics
by focusing on the multidimensionality of the affective experience of pain. The purpose of the current study was to determine if daily and laboratory-assessed pain differs as a function
of the temporal stability and valence of affect in individuals
with chronic knee osteoarthritis (KOA).
Daily process methodology has been applied to chronic
pain research to understand the time-varying and ‘‘real-time’’
relations of affect and pain (15). Owing to the nested structure
of daily data, observations can be centered within person to
create a state-like index of daily change (16). Another advantage of daily diaries is that repeatedly assessed affect reports
can be averaged over time to create a stable, trait-like indicator
for each individual (17). We refer to aggregate diary affect reports
as ‘‘stable affects’’ rather than ‘‘trait affects’’ because they are
not considered immutable personality characteristics, but rather,
they reﬂect a reliable assessment of affects obtained over time.
Self-reports of affect, pain, and other subjective states are
plagued by systematic biases engendered by the use of heuristics when recalling events or experiences. For example, selfreports of past experiences are inﬂuenced by the frequency
of the experience (18), as well as its recency and relative intensity (19,20). Microlongitudinal assessment of affect is intended to minimize the potential inﬂuence of recall biases
by rendering the proximity of the moment of recall closer to
the actual moment of experience (21).
Some diary studies have investigated the association of
state PA and NA with concurrent (e.g., same-day) pain reports
in clinical samples of patients with temporal mandibular disorder and rheumatoid arthritis (5,8,22). Litt et al. (8) and
Strand et al. (5) found that both state PA and state NA were
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signiﬁcantly associated with concurrent pain levels, whereas
a subsequent study of Litt et al. (22) found that only state PA
was associated with concurrent pain. Interestingly, the study
of Strand et al. (5) also averaged PA and NA measures across
diary days to create stable indices and found that stable NA
but not stable PA predicted rheumatoid arthritis pain across
diary days. These preliminary data support a dimensional approach to studying the relations of affect and pain, but differing methods and results between them suggest that further
examination is warranted.
The ﬁrst aim of the current study was to extend our limited
understanding of how dimensions of affect are differentially
associated with pain by examining daily diary data from a
sample of patients with KOA. We operationalized stable affect
as the average of affect reports across diary days and state
affect as each person’s daily deviation from his or her stable
affect value. We hypothesized that stable NA but not stable
PA would be associated with pain reports averaged across diary
days. In contrast, we expected both positive and negative affective states to be associated with concurrent daily pain. On
the basis of recent research that has uncovered the surprising
availability and use of resilience resources in chronic illness
populationsVand their contribution to health outcomes independent of stress and NA levels (e.g., Moskowitz et al. (23)
and Pressman and Cohen (24))Vwe reasoned that changes in
state PA would be associated with changes in pain, irrespective
of state NA levels.
Our second aim was to evaluate whether the affect-pain
patterns observed in the ﬁeld would be similarly evident on
laboratory pain tests conducted in a controlled environment.
Very little is known about the relevance of daily affective processes to pain sensitivity measured through quantitative sensory
testing (QST). One QST phenomenon, the temporal summation
of pain, may be particularly relevant to affect, given its links to
functional alterations in cortical structures known to be involved
in emotion regulation, including the insula and cingulate cortices
(25Y27). Furthermore, those functional alterations were especially prominent in patients with ﬁbromyalgia (25), a chronic
widespread pain disorder associated with poor PA regulation in
daily life (28). No study, to our knowledge, has examined dimensions of affect in the context of QST measures designed
to stimulate these central afferent pathways. A subset of our
sample completed measures of state PA and state NA before
undergoing laboratory assessments of pain in response to the
administration of repeated phasic noxious stimuli, a QST
modality designed to induce temporal summation (29Y32). We
expected that patterns observed in the ﬁeld would be reﬂected
in the laboratory. Speciﬁcally, we hypothesized that a) stable
NA (measured in the diary) and b) both state PA and state NA
measured at baseline of the QST session would predict differences in response to phasic noxious stimuli.
METHODS
Participants
The data from the current study were taken from the Sleep in Osteoarthritis
Project (National Institutes of Health [NIH]/National Institute of Arthritis and
464

Musculoskeletal and Skin Diseases R01 AR05487) designed to characterize
and evaluate the role of sleep in pain modulation and study the effects of
cognitive behavior therapy of insomnia in KOA. The study was approved by
the Johns Hopkins Medicine institutional review board, and all participants
provided informed consent. The data presented here were taken exclusively
from the baseline assessment performed before randomization. Data collection
for the participants included in the present study occurred between July 2008
and May 2012. Participants were 48 men and 103 women (n = 151) who met
the American College of Rheumatology criteria for KOA (33). Participants
were recruited via advertisements in community media outlets and physician
ofﬁces. To be included in the study, participants had to meet the American
College of Rheumatology criteria for KOA, diagnosed by a board-certiﬁed
rheumatologist based on history and physical examination, bilateral standing,
and semiﬂexion view radiographs; have at least one knee rated at least 1 on the
Kellgren-Lawrence scale (34); and report knee pain greater than 2/10 on a
near-daily basis (94 d/wk) for at least 6 months before entering the study.
Participants with serious medical illnesses such as congestive heart disease,
history of cerebral vascular events, cancer, or other chronic pain or rheumatic
disorders were excluded. Participants were also excluded if they were diagnosed
as having severe or unstable psychopathology, cognitive impairment/dementia,
current substance abuse disorder (or positive toxicology screening), or other
major medical illness that would affect sleep or pain. Participants agreed to
discontinue all pain-relieving and sedative medications 24 hours before pain
testing. Most (76%) of the sample carried an insomnia diagnosis.

Procedure
All participants completed an informed consent, were administered a
battery of questionnaires, and underwent clinical interviews and bilateral knee
x-rays. Participants were trained on the use of a personal digital assistant (Palm
Pilot) and were instructed to complete evening diaries before bed each evening
for 2 weeks.1 A total of 2 participants were excluded from these analyses for
having completed fewer than 7 days of diaries. Of the remaining 151 participants, adherence to the diary protocol was good; diaries were completed
for 1753 (83%) of a possible 2114 days. At a second baseline visit, participants returned the devices and engaged in three QST measures of phasic pain.
A subset of participants were enrolled in an anciallary study of inﬂammatory
responsivity to pain (NIH/National Institute of Arthritis and Musculoskeletal
and Skin Diseases R01 AR059410; n = 79). As part of this ancillary study, we
added PA and NA measures immediately before the QST procedures. Participants included in this set of analyses did not differ from the remainder of
the sample in age, race, sex, or clinical pain.

Daily Measures
Daily Pain
Each day, participants rated the severity of pain they experienced on average throughout the day on a 0 to 100 visual analog scale (35), where
0 represented no pain and 100 represented worst possible pain.

Daily PA and NA
Each day, participants were asked to rate the extent to which they felt
three positive emotions (happy, calm, and agreeable) and three negative
emotions (unhappy, anxious, and annoyed). The individual items appear on
full scales of the Positive and Negative Affect Schedule-X (PANAS-X) (36)
and the Proﬁle of Mood States-Bipolar (POMS-Bipolar) (37). Participants
rated each item on a 0 to 100 numeric rating scale, where 0 being not at all
and 100 being extremely. The positive and negative items were averaged to
create daily indices of PA and NA, respectively. ‘‘Unhappy’’ was dropped from
the calculation of NA because of concern that its similarity to the ‘‘Happy’’
item in the PA scale would bias intermeasure correlation estimates and increase Type 2 errors in models for which NA was included as a covariate.
Therefore, an average of ‘‘anxious’’ and ‘‘annoyed’’ was computed to create a
daily index of NA. Across days, the PA items were highly correlated (r values
1
Morning diaries of sleep-related variables were also completed. These variables were outside the scope of the current analyses and therefore are not
described here.
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range from 0.72 to 0.80), and internal consistency was excellent (Cronbach
> = .91). Similarly, the daily NA items were highly correlated (r = 0.74), and
internal consistency was excellent (Cronbach > = .85).

Clinical Pain
Clinical Knee Pain
The Western Ontario MacMaster Universities Arthritis Index (WOMAC)
(38) was used to assess lower extremity baseline osteoarthritis pain severity for
the 48 hours before the diary study. Only the pain subscale was used in the
present study. The pain subscale assesses pain in ﬁve domains (i.e., during
walking, using stairs, in bed, sitting or lying, and standing) on a 100-mm visual
analog scale. Internal consistency for this subscale is excellent (Cronbach
> = .71Y.91) (38Y40).

Laboratory Measures
Laboratory PA and NA
At the baseline of the laboratory session, participants rated the extent to
which they felt three positive emotions (happy, calm, and pleasant) and six
negative emotions (anxious, nervous, tense, frustrated, irritable, and annoyed)
at that moment. The individual items appear on full scales from the PANAS-X
and POMS-Bipolar. Participants rated each item on a 0 to 100 numeric rating
scale, where 0 being not at all and 100 being extremely. The positive and
negative items were averaged to create baseline indices of PA and NA, respectively. For PA, interitem correlation was moderate (r values range from
0.43 to 0.66), and internal consistency was adequate (Cronbach > = .75). For
NA, interitem correlation was moderate to high (r values range from 0.42
to 0.97), and internal consistency was excellent (Cronbach > = .90).

Quantitative Sensory Tests
Suprathreshold Thermal Phasic Pain
Pain ratings (0Y100) were gathered in response to each of ten 0.5-second
heat pulses of equal temperature (51-C)2 applied to the left dorsal forearm by
a 9-cm2 probe attached to the Medoc Contact Heat-Evoked Potential Stimulator (41). The interstimulus interval between each pulse was set at 2.5 seconds
in accordance with prior studies of temporal summation (42). If a participant
discontinued before the 10th pulse, the last pain rating was carried forward.
After precedent (43,44), we characterized suprathreshold pain as the peak
pain ratings obtained from the middle of the series of 10 phasic stimuli. On
average, peak pain ratings occurred between the fourth and seventh pulses.
Therefore, an average of the pain ratings after the fourth, ﬁfth, sixth, and
seventh pulses was calculated and used for analysis.

Temporal Summation of Mechanical Phasic Pain
Pain ratings were gathered in response, ﬁrst, to a single stimulus and then
after a sequence of 10 stimuli of identically weighted punctate noxious probes
applied on a ﬂat contact area of 0.2-mm diameter, separately, to the dorsal
surface of the middle ﬁnger (nondominant) and the patella (index knee). The
index knee was the knee with greater self-reported pain. If both knees had
equal levels of pain, the ‘‘index knee’’ was chosen at random. The 10-stimulus
train was delivered with an interstimulus interval of 1 second, guided by a
metronome. Participants rated the stimuli on a numerical rating scale from
0 to 100. In contrast to the thermal phasic pain procedure, pain ratings for
mechanical phasic pain were only obtained once after the initial probe and then
once more after the 10-probe train (i.e., maximal pain experienced during the
10-stimulus train). An index was created by dividing the rating obtained after
the 10th probe by the rating obtained after the initial probe. Separate indices
were calculated for mechanical phasic pain at the ﬁnger and the patella. Similar
2
Three separate temperatures were administered: 49-C, 51-C, and a tailored
temperature set to the lowest temperature between 40-C and 51-C at which the
participant rated pain greater than or equal to 35 on the 0 to 100 scale. Preliminary
analyses revealed that, across participants, only the 51-C temperature resulted in
an increase in pain ratings across the 10 heat pulse train (i.e., temporal summation),
whereas the other temperatures resulted in a decrease in ratings across pulses.
Therefore, we chose to only include the 51-C trial in the present analyses.

procedures have been used to index temporal summation of mechanical pain
in healthy participants (45) and patients with neuropathic pain (46,47).
Two separate weights were trialed: 256 and 512 mN. Both weights produced temporal summation across participants (i.e., higher ratings after the
10th stimulus compared with the ﬁrst). To minimize the number of outcomes
tested, we evaluated the variance in both indices and included the stimulus
for which there was greater variance. We found that the 256-mN ﬁnger probe
(R2 ﬁnger = 23.85) produced greater variance in pain response across participants than the 512-mN ﬁnger probe (R2 ﬁnger = 9.05), whereas the 512-mN
patella probe (R2 patella = 97.67) produced greater variance in pain response
across participants than the 256-mN patella probe (R2 patella = 72.58).
Therefore, the analyses for this study included the index created from the
pain ratings obtained in response to the 256-mN stimulus at the ﬁnger and the
512-mN stimulus at the patella.

Data Analytic Strategy
Our overarching goal was to evaluate the association of state versus stable
measures of PA and NA with pain in patients with chronic KOA. The research
design afforded two opportunities to measure the associations of pain and
affect: a) in the course of daily life via diary reporting and b) in the laboratory
in response to QST.

Stable Affect Analyses
In the current study, stable PA and NA were assessed by averaging daily
reports over time within participants. The ﬁrst set of models tested the association of stable PA and NA with daily pain. A mixed-models approach was
used to account for dependencies in the data associated with the repeated
assessment of the dependent variable, daily pain. First, separate models tested
the Level 2 (i.e., between-person) effect of stable PA and stable NA, respectively, on daily pain. Next, both stable PA and stable NA were entered together
in the same model, along with their interaction term. Age, race, and sex were
covaried in all models. Following the methods described previously (48), we
allowed the intercept to vary randomly across people and controlled for
autoregression between observations by modeling an autoregressive 1 function
in the variance/covariance matrix.
To evaluate the roles of stable PA and NA on response to QST, the diarybased stable PA and NA variables were entered as independent variables in
separate multiple regression models predicting temporal summation of mechanical phasic pain at the ﬁnger and the patella, and suprathreshold thermal
phasic pain at the forearm. Age, sex, and race were entered as covariates in
all models. In addition, we controlled for the oppositely valenced state and
trait affect in each model.

State Affect Analyses
Multilevel modeling was again used to evaluate the associations of state
affects with daily clinical pain. Diary state PA and NAvariables were computed
by centering the daily scores around each individual’s mean across days,
resulting in daily within-person deviations. This process, known as groupmean centering, is an essential component of measuring state-based variation
in time-variant, nested data structures (16). Following the methods described
in Singer and Willet (48) and Nezlek (49), we then tested a Level 1 (i.e., withinperson) model in which daily pain was the dependent variable, state PA (or NA)
was the independent variable, the intercept was allowed to randomly vary,
and autoregression was controlled. To test the independence of the relation
between one state affective valence and pain from that of the other affective
valence, we centered the oppositely valenced affect around the grand mean
and included it as a covariate.
Laboratory resting states PA and NA were operationalized as the baseline
PA and NA reports, given by participants immediately before engaging in the
series of QST tests. These variables were entered as predictors in separate
multiple regressions, with the mechanical and thermal phasic pain variables
entered as dependent variables and age, sex, and race entered as covariates.
The oppositely valenced affect was also tested as a covariate in each model
and was removed if not signiﬁcant.
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NA (p G .001), state NA in the laboratory (p G .001), and
clinical pain from the diary (p = .016)

TABLE 1. Sample Demographics
KOA (n = 36)
Age, y, M (SD)

KOA-I
(n = 115)

Total
(n = 151)

67.25 (9.99)

59.34 (8.47) 61.23 (9.45)

52.8

73.0

68.2

% African American

30.6

36.5

35.1

% White

66.7

60.0

66.7

48.1

Associations of Stable Affect and Clinical Pain
The ﬁrst set of models tested whether stable levels of PA
and NA were associated with between-person differences in
daily pain. Analyses revealed that stable PA (B = j.18, standard error [SE] = .11; t(145) = j1.70, p = .091) was not signiﬁcantly associated with lower pain across diary days. In
contrast, stable NA (B =.63, SE = .13; t(145) = 5.81, p G .001)
was signiﬁcantly associated with higher pain across diary days.
These effects remained signiﬁcant when controlling for stable
PA. The results showed that a 1-unit increase in stable NA
resulted in an approximately threefold greater change in daily
pain than a 1-unit increase in stable PA. The interaction term of
stable NA  stable PA was not signiﬁcant (p = .96), indicating
that effects at different levels of each affect were not qualiﬁed
by levels of the oppositely valenced affect. Insomnia diagnosis
did not moderate the effect of stable NA or PA on pain.
The pattern of ﬁndings for stable affects on daily clinical
pain was also evident when WOMAC pain was the criterion
in place of averaged daily pain. Stable PA was not signiﬁcantly associated with WOMAC pain (B = j.11, SE = .07;
t(143) = j.15, p = .13). In contrast, NA was signiﬁcantly
associated with higher WOMAC pain (B =.43, SE = .07;
t(143) = 6.34, p G .001). The interaction of stable PA and NA
on WOMAC pain was not signiﬁcant (p = .15).

Sex
% Female
Race
6.16

Education
% College graduate
Employment

53.3

% Employed

38.9

41.2

40.7

% Retired

55.6

35.0

40.0

0.0

17.4

13.3

51.5

46.0

47.4

% Unemployed
Household income
% 9$50,000

KOA = knee osteoarthritis; KOA-I = knee osteoarthritis with comorbid
insomnia; M = mean; SD = standard deviation.
Insomnia diagnosis was tested as an interaction term with each affect
predictor to determine if any effects were qualiﬁed by the presence of insomnia. All analyses were conducted in SPSS version 19 (IBM Corporation).

RESULTS
Sample Characteristics and Measure Descriptives
Table 1 displays the demographic characteristics of the
sample. Table 2 presents the correlations between the primary
study measures, as well as means and standard deviations.
Notably, the correlation between stable PA from the diary and
laboratory-assessed state PA (r = 0.40) was modest, as was the
correlation between stable NA and laboratory-assessed state
NA (r = 0.40). Also of note, daily pain was not signiﬁcantly
correlated with the phasic pain measures. Of the 79 participants for whom laboratory affect measures were administered
before QST, 37 discontinued the 51- phasic pain procedure
before the 10th pulse. These individuals were not signiﬁcantly
different from those who completed the thermal phasic pain
task in stable PA (p = .20), state PA in the laboratory (p = .16),
or mechanical phasic pain of the ﬁnger (p = .35) and patella
(p = .45). However, they did report signiﬁcantly greater stable

Associations of Stable Affect and Laboratory Pain
We next sought to determine if stable measures of PA and
NA assessed in the diary predicted individual differences on
mechanical and thermal phasic pain in the laboratory. Stable
PA did not signiﬁcantly predict temporal summation of mechanical pain at the ﬁnger (p = .21) or patella (p = .57), or
suprathreshold thermal pain (p = .57). Stable NA did not signiﬁcantly predict temporal summation of mechanical pain
at the ﬁnger (p = .24) or patella (p = .94), or suprathreshold
thermal pain (p = .16).
Associations of State Affect and Daily Clinical Pain
The next set of analyses evaluated the extent to which
changes in daily state PA and state NA were associated with

TABLE 2. Means and Correlations of Primary Measures

Average daily PA (0Y100)
Average daily NA (0Y100)
Laboratory PA (0Y100)
Laboratory NA (0Y100)
Daily pain (0Y100)
Mechanical QST, finger (index)

1

2

3

4

5

6

7

1

j.63**
1

.49**
j.40**

j.15
.40**

j.23**
.40**

.13
j.13

.08
j.04

.04
.05

1

j.40**

.04

j.28*

.08

j.08

74.54 (18.56)

1

.20

.02

.004

.11

12.49 (17.68)

j.13

.14

43.83 (21.32)

.09

j.03

1

j.11
1

Mechanical QST, patella (index)

1

Thermal QST (0Y100)

8

.11
1

M (SD)
65.41 (14.49)
25.80 (16.91)

3.33 (4.88)
4.69 (9.88)
64.43 (23.74)

M = mean; SD = standard deviation; PA = positive affect; NA = negative affect; QST = quantitative sensory testing.
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changes in daily pain. The ﬁrst model yielded a signiﬁcant
main effect for state PA (B = j.11, SE = .02; t(1585) = j4.75,
p G .001), indicating that when state PA was elevated relative
to a participant’s mean, pain was reduced. When NA was
added to the model as a covariate, the state PA effect remained
signiﬁcant (B = j.09, SE = .026; t(1581) = j3.58, p G .001),
suggesting that the daily coupling between state PA and pain
is independent of the association between NA and pain. Insomnia did not signiﬁcantly moderate the state PAYpain effect
(p = .45),
Next, we tested the extent to which changes in state NA
were associated with daily pain across diary days. The basic
model yielded a signiﬁcant main effect (B =.07, SE = .03;
t(1573) = 3.60, p G .001), indicating that on days when state
NA was higher relative to a person’s mean, pain was also elevated. However, the addition of PA to the model as a covariate
attenuated the state NA effect to nonsigniﬁcance (B =.04,
SE = .02; t(1564) = 1.83, p = .068). Thus, daily within-person
variation in NA was not signiﬁcantly associated with variation
in daily pain when the PA-pain relation was taken into account.
As with the stable affects, the interaction term of state NA 
state PA was not signiﬁcant (p = .94), and insomnia diagnosis
was not a signiﬁcant moderator in this model (p = .28).
Associations of State Affect and Laboratory Pain
The ﬁnal set of models tested the association of laboratorymeasured state PA and NA with phasic pain in a subset of
participants for whom laboratory affect measures were available. State PA signiﬁcantly predicted lower temporal summation of mechanical phasic pain on the ﬁnger (B = j.05,
SE = .02; t(67) = j20, p = .042; R2 = 0.08). This effect is
graphically displayed in Figure 1.3 Insomnia diagnosis was
not a signiﬁcant moderator in this model (p = .54).
State PA did not predict signiﬁcant differences in mechanical phasic pain on the patella (p = .85) and evidenced a trend
toward predicting thermal phasic pain (B = j.25, SE = .14,
t(69) = j1.8, p = .075) that was attenuated (p = .37) when NA
was covaried. State NA did not predict signiﬁcant differences
in mechanical phasic pain on the ﬁnger (p = .46) or patella
(p = .93). State NA alone predicted higher suprathreshold
phasic pain (B =.34, SE = .15, t(69) = 2.22, p = .030), but this
effect was nonsigniﬁcant when state PA was covaried (p = .13).
3

Inspection of the scatterplot raised concerns that outliers were driving the
observed effect. The mean of the mechanical temporal summation index across
participants was 2.74, and 80% of the observations were below 3. Therefore, to
investigate how heavily they inﬂuenced the results, we reran the analysis,
excluding cases in which temporal summation index was greater than 3. In this
smaller sample, the effect was still evident (R2 = 0.04) but was slightly attenuated to a statistical trend (p = .11). We then reran the analysis excluding
cases in which the temporal summation index was less than 3. In this subsample at the higher end of the temporal summation range (n = 11), the inﬂuence of positive affect on temporal summation was evident, was statistically
signiﬁcant (p = .010), and had a much larger effect size (R2 = 0.48). Together,
these supplemental analyses support the overall interpretation that state PA is
associated with diminished mechanical temporal summation, but raise the
question of whether the magnitude of the effect differs at extreme ends of
the temporal summation spectrum.

Figure 1. Laboratory state positive affect is associated with diminished temporal summation of mechanical phasic pain.

The interaction of state PA  NA was not predictive of mechanical phasic pain on the ﬁnger (p = .13) or the patella
(p = .20), as well as suprathreshold thermal phasic pain (p = .91).
DISCUSSION
The purpose of this study was to evaluate whether experiences of clinical and experimentally induced pain among
patients with chronic KOA differed as a function of the temporal stability and valence of affect. In support of our hypotheses, results revealed that stable, trait-like NA was strongly
associated with clinical pain, resulting in a threefold greater
difference in pain reports than stable PA. In contrast, statebased measures of PA, but not NA, were associated with variance in both clinical and experimental phasic pain. Broadly,
the results suggest that the temporal stability and valence of
affect are important considerations in the assessment of individual differences in chronic pain.
The ﬁnding that stable NA was a more robust predictor of
clinical osteoarthritis pain than stable PA supports previous
ﬁndings from a daily diary study that included a sample of
patients with rheumatoid arthritis (5). When stable indicators
of affect and clinical pain are derived from concurrent assessments from a daily diary averaged across days, it could be
argued that such an association is merely an artifact of measurement, whereby the reporting of an aversive painful experience is certain to couple with the affective evaluation of that
state of aversion over time. However, we extended the diary
clinical pain ﬁnding by demonstrating the same pattern of results for the associations of stable affects and WOMAC pain,
a reliable, disease-speciﬁc measure of clinical pain assessed
in this study at a single time point, separate from the diary
pain assessment. Together, the ﬁndings suggest that a stable
negative affective style is more strongly associated with clinical pain than a stable positive affective style. These ﬁndings
may be relevant to the assessment of patient characteristics
in a clinical setting and may help clinicians better understand
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which patients could beneﬁt from closer follow-up and, perhaps, a broader array of prevention and/or treatment options
as KOA disease progresses.
Departing from the general premise that negative is always
stronger than positive (1,2), we found that daily variation in
state PA was more strongly associated with daily clinical pain
than state NA. Owing to the temporal dynamics of state-based
ﬂuctuations in affect and pain in the ﬂow of daily life, it is
understandable that effects observed for stable affects do not
always translate to the state level. The examination of withinperson microlongitudinal changes in affect and pain introduces daily processes not observable in an aggregate analysis,
such as affective gains and losses relative to an individual’s
typical level. PA is generally higher and more variable than
NA (50,51) and has been shown to buffer against the situational impact of stress and NA on pain (6,52). A loss of PA,
then, should leave the individual vulnerable to an increase in
pain irrespective of NA level, whereas a gain in PA should
protect against an increase in pain when NA is high. Thus, a
daily change in PA may be altogether more destabilizing to the
individual than a change in NA, a process that would be reﬂected in the greater amount of variance in daily pain accounted for by state PA relative to state NA.
These ﬁndings are not without precedent. Watson (53), for
example, found that trait NA assessed with the Multidimensional
Personality Questionnaire was a much stronger predictor of
self-reported health complaints among college students than
trait PA. State PA and state NA, however, were similarly predictive of health complaints (53). Early arguments for the
consistent association of NA with negative health outcomes
rested on the belief that people with higher NA were more
likely to complain about poor health, rather than actually be in
poorer health, than those lower in NA (54). Such an argument
is fundamentally a trait-based approach to understanding the
association of NA and health. Although we did not explicitly
distinguish in the present study between somaticization and
physiological measures of health, we did observe that stable,
trait-like NA styles were strongly associated with subjective
clinical pain complaints, but not responses to controlled nociceptive stimuli. In contrast, our state affect analyses revealed
a different pattern of affect-pain associations that shed light
on the importance of assessing within-person changes over
time. Although NA and pain are expected to be highly correlated when assessed near a single time point, our analyses
revealed that the daily within-person change in NA had a relatively weak inﬂuence on the ﬂuctuation of pain states.
Our dimensional approach with diary data was also partly
supported in analyses involving QST. Importantly, state PA,
but not state NA, predicted diminished temporal summation
of mechanical phasic pain on the ﬁnger. The phasic stimuli
chosen for analysis induced temporal summation across participants, a phenomenon thought to be associated with central
sensitization (31,32). The consistency of the ﬁndings across
measurement modalities (i.e., diary and laboratory), to some
degree, supports the ecological validity of our diary and laboratory ﬁndings. However, these results should be considered
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preliminary because they were conducted with a reduced
sample and were not consistent across QST modalities. Furthermore, they cannot be seen as a ‘‘laboratory replication’’
per se because the state affect measures were from a single
time point, rather than a deviation from an individual’s mean.
These caveats notwithstanding, this is the ﬁrst study, to our
knowledge, to report parallel ﬁndings from the laboratory and
the ﬁeld on speciﬁc dimensions of affect and pain. That the
laboratory ﬁndings were observed on measures shown previously to be sensitive to the summation of pain suggests that
elevated state PA may protect against the neuronal cascade
evoked by repeated nociceptive stimulation.
These ﬁndings have potentially important implications for
our understanding of how some individuals with chronic pain
are psychologically resilient to the pathophysiological progression of disease. They suggest that short-term increases in
PA may be effective in damping the persistence of pain by
reducing the sensitization gating of central pain processing
pathways. From a biopsychosocial perspective (55), an accumulation of such PA-pain effects on a daily basis may attenuate
one’s vulnerability to the development of depression secondary
to chronic pain. Clinically, it may be useful to teach patients
how to recognize daily PA-pain contingencies such as instances when increases in PA precede decreases in pain. Such
self-regulatory knowledge may be a potentially powerful tool
in the effort to promote a greater sense of pain control and
improve chronic pain outcomes. The development of positive
affective resources promotes prosocial behavior by fostering
an interest in helping others (56,57) and reduces vulnerability
to anhedonia and depression (58,59), perhaps by improving
coping efforts (60). By targeting PA-pain contingencies and
encouraging the development of positive affective resources,
clinicians may help patients understand their inherent sources
of resilience to chronic pain so that they may ﬂourish in the
face of adversity (61Y63).
Future studies should include a broader assessment of positive affective functioning during QST. For example, it would
be interesting to know if hedonic capacity (e.g., Gard et al.
(64)), motivation, and reward responsiveness (e.g., Pizzagalli et al.
(65)) are related to central pain facilitation because these
components of the broader endogenous reward system cannot
be extracted from the brief emotionYbased measures used in
this study.
Limitations
This study was limited in several respects. First, given prior
evidence that PA buffers the association of NA and pain (6,66),
it was surprising that the interaction between PA and NA did
not yield signiﬁcant results in any diary model. It is possible
that the relatively short diary assessment period (i.e., 2 weeks)
limited our ability to ﬁnd more complex contingent relations
revealed through moderation analyses.
A second limitation is that the laboratory state affect measures were only administered to a portion of the sample and
were secondary to the parent study’s primary aims. Unfortunately, a more comprehensive affect battery is not available.
Psychosomatic Medicine 75:463Y470 (2013)

Copyright © 2013 by the American Psychosomatic Society. Unauthorized reproduction of this article is prohibited.

AFFECT DIMENSIONS IN CHRONIC PAIN
As a result, we may have been underpowered to detect true
associations between state affect and laboratory pain sensitivity. Thus, the laboratory state affect ﬁndings should be
considered preliminary until they are replicated in a study
designed speciﬁcally to evaluate the dynamics of affect and
pain across multiple methodological modalities.
The high rate of comorbid insomnia in the sample (76%)
is also a potential limit to the generality of the ﬁndings. This
limitation, however, is tempered by the fact that as many as
58% of patients with osteoarthritis experience insomnia symptoms at least 3 days per week (67), and greater than 80% of
patients across chronic pain disorders report at least one insomnia symptom (68).
Finally, the diary measures of PA and NA lack formal psychometric data. As is common in diary studies, the number
of items administered must be kept at a level that will promote daily adherence. For that reason, we could only select a
subset of items from the PANAS and POMS-Bipolar measures with face validity for PA and NA, rather than administer
a full validated scale. Although our diary scales have not been
psychometrically validated, they did evidence excellent internal consistency within valence and were moderately correlated
between valences, suggesting they were related but not identical constructs.
SUMMARY AND CONCLUSIONS
This study offers three principle ﬁndings. First, stable NA
was a stronger predictor of clinical KOA pain than stable PA.
Second, time-variant state PA was a stronger predictor of concurrent daily clinical pain than state NA. Third, resting state
PA but not state NA predicted diminished temporal summation
of mechanical phasic pain. These ﬁndings advance our understanding of the relations between affect and pain in KOA
and provide novel preliminary evidence that dynamic affectpain processes observed in the ﬁeld may reﬂect individual
differences in central pain facilitation.
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