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Abstract

Background and Aims—Sex differences in clinical pain severity and response to experimental
pain are commonly reported, with women generally showing greater vulnerability. Affect,
including state (a single rating) and stable (average daily ratings over two weeks) positive affect
and negative affect has also been found to impact pain sensitivity and severity, and research
suggests that affect may modulate pain differentially as a function of sex. The current study aimed
to examine sex as a moderator of the relationships between affect and pain-related outcomes
among participants with knee osteoarthritis (KOA).

Methods—One hundred and seventy-nine participants (59 men) with KOA completed electronic
diaries assessing clinical pain, positive affect, and negative affect. A subset of participants (n7=
120) underwent quantitative sensory testing, from which a single index of central sensitization to
pain was derived. We used multiple regression models to test for the interactive effects of sex and
affect (positive versus negative and stable versus state) on pain-related outcomes. We used mixed
effects models to test for the moderating effects of sex on the relationships between state affect
and pain over time.

Results—Sex differences in affect and pain were identified, with men reporting significantly
higher stable positive affect and lower central sensitization to pain indexed by quantitative sensory
testing, as well as marginally lower KOA-specific clinical pain compared to women. Moreover,
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there was an interaction between stable positive affect and sex on KOA-specific clinical pain and
average daily non-specific pain ratings. Post-hoc analyses revealed that men showed trends toward
an inverse relationship between stable positive affect and pain outcomes, while women showed no
relationship between positive affect and pain. There was also a significant interaction between sex
and stable negative affect and sex on KOA-specific pain such that men showed a significantly
stronger positive relationship between stable negative affect and KOA-specific pain than women.
Sex did not interact with state affect on pain outcomes.

Conclusions—Findings suggest that men may be particularly sensitive to the effects of stable
positive affect and negative affect on clinical pain. Future work with larger samples is needed in
order to identify potential mechanisms driving the sex-specific effects of affect on pain.

Implications—The current study provides novel data that suggesting that the association of
positive affect, negative affect, and pain are different in men versus women with KOA. Further
understanding of the difference in affective expression between men and women may lead to the
development of novel therapeutic interventions and help to identify additional modifiable factors
in the prevention and management of pain.

Keywords
knee osteoarthritis; sex; pain; quantitative sensory testing

1. INTRODUCTION

Research suggests that women are more vulnerable to pain than men [1, 2]. Women with
chronic pain report more severe pain [3-5] and disability [3, 5-8], and greater sensitivity to
laboratory pain [9-12]. Women have an increased risk of chronic pain disorders, including
osteoarthritis [3, 13—-16]. However, other studies have evidenced increased clinical pain
severity among men [17], or shown no sex differences in laboratory pain sensitivity [18] nor
clinical pain severity [19, 20]. These inconsistencies suggest other factors, including
psychological factors, may influence pain differentially across sexes.

One promising and modifiable factor is affective experience, including positive and negative
affect. Research indicates that positive and negative affect are psychometrically distinct [6,
21-23] and independently impact pain outcomes. Negative affect is associated with
enhanced pain and disability [22, 24-27]. Positive affect improves resilience in managing
chronic pain [28, 29]. Furthermore, positive affect may mitigate the detrimental effects of
negative affect on pain [21, 30-32]. The temporal stability of affect (stable vs. state) may
also influence the experience of pain [18]. Stable (i.e., trait-like) measures of affect reflect
mood over time versus state measures, which reflect transient changes. Both stable and state
positive affect are associated with reduced pain [21]. Our lab has demonstrated that stable
negative affect is a better predictor of clinical compared with stable positive affect; however,
state positive affect is a better predictor of knee-specific and experimental pain than state
negative affect [33]. Thus elucidating distinguishable roles of both affective valence and
stability is warranted in pain research [34].
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Further evidence suggests that sex differences in affective expression [35] may contribute to
sex discrepancies in the pain experience. Women have an increased risk of depressive and
anxiety disorders [36—38], which augment negative affect in pain [3, 25]. Women may be
more emotionally expressive [39], however, men react more to positive stimuli [40]. Rhudy
& Williams [25] suggest that women may be more vulnerable to the pain-enhancing effects
of negative affect [20, 41, 42]; while men may be protected by pain-reducing effects of
positive affect [43]. However, this model [25] was based largely on healthy participants. In
osteoarthritis, positive affect may serve as a resilience factor in women [31]; however, men
were not included as a comparison group. While studies of individuals with osteoarthritis
show sex differences in the experience of pain [44, 45], how affect may modulate clinical
pain as a function of sex in individuals with osteoarthritis remains unclear.

This study is a secondary analysis on a subset of individuals with knee osteoarthritis (KOA)
and extends previous findings from our group [33]. The primary aim of this study was to
investigate the relationships between positive and negative affect and pain-related outcomes
(i.e., daily clinical pain, KOA-specific pain, pain catastrophizing, and central sensitization)
as a function of sex in adults with KOA. We evaluated the effects of positive and negative
affect in two separate ways: state (i.e., affect ratings collected at a single time point) vs.
stable (i.e., average affect ratings over a two week period). We hypothesize that men with
KOA will show stronger inverse relationships between both state and stable positive affect
and pain, while women will show stronger positive relationship between both state and
stable negative affect and pain.

2. MATERIALS AND METHODS

2.1. Participants

One hundred and seventy-nine participants (59 men) were recruited as a part of a larger
study designed to evaluate the role of sleep on pain modulation in older adults with and
without KOA [46]. In order to qualify for inclusion in the study, participants had to meet the
American College of Rheumatology criteria for KOA as diagnosed by a board-certified
rheumatologist, needed radiographic evidence of KOA with a Kellgren-Lawrence grade > 1
for at least one knee, and report typical pain ratings of > 2 out of 10 at least 4 days per week
for 6 months or more before entering the study. Participants were excluded if they had
serious comorbid medical conditions that would affect sleep or pain, or were diagnosed with
severe or unstable psychiatric illness, cognitive impairments/dementia, or current substance
use disorders (or a positive urine toxicology screen). Participants agreed to discontinue any
analgesic and sedative medications for 24 hours prior to laboratory pain testing. Due to the
larger sleep-related aims of the project, we over-sampled for patients reporting insomnia and
conducted at-home polysomnographic (PSG) studies on all participants to test for sleep
apnea. The majority of the sample (7= 143; 79.9%) met diagnostic criteria for insomnia
disorder. Results from the at-home PSG studies also revealed a broad range of sleep apnea
severity (Apnea-Hypopnea Index (AHI) range = 0 — 46.75; Mean AHI = 8.82; SD = 9.53;
17.9% of participants had AHI > 15). Please see past publications stemming from this data
set [33, 46] for more details on sample selection. The study was approved by the Johns
Hopkins School of Medicine Institutional Review Board.
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2.2. Procedures

After obtaining informed consent, participants completed questionnaires, the Structured
Interview for Sleep Disorders (SIS-D [47]), and bilateral knee x-rays to confirm study
eligibility. They were trained to complete daily measures of pain and affect using a personal
digital assistant (Palm Pilot). Participants were instructed to complete diaries in the evening
before bed every day for two weeks. Diaries were completed for 1992 (85.8%) of 2322
possible days. We compared those who completed <15% of diary entries with those who
completed >15% and did not see differences in terms of baseline pain measures. Participants
returned after two weeks for a second baseline visit, during which they returned the Palm
Pilot and completed quantitative sensory testing (QST) measures of pain. A subset of
participants provided baseline laboratory ratings of positive affect and negative affect
immediately prior to QST (7= 120). These baseline laboratory studies were added later as a
part of an ancillary study of inflammatory response to pain, and will be presented in the
current study as measures of state affect (referred to as “lab affect” hereafter in order to
differentiate these ratings from the individual daily ratings of state affect collected from
daily Palm Pilot diaries) in analyses that include QST assessments as the outcome variable.
In summary, the analyses examining state (“lab™) positive affect and negative affect assessed
immediately prior to QST included only this subsample of 120 people, while all other
analyses included the larger sample of 179. Participants in this subsample did not differ from
the full participant sample in terms of age, race, sex, or clinical pain.

2.3. Measures
2.3.1. Insomnia symptom measure

2.3.1.1. Insomnia Severity Index (ISI; [48]): The ISl is a 7-item self-report questionnaire
used to measure insomnia symptom severity based on DSM-1V criteria. ISI scores were
examined as a potential covariate in the current study.

2.3.2. Positive affect and negative affect

2.3.2.1. Daily diary measures of positive and negative affect: Before going to bed each
night, patients completed several affect ratings reflecting how they felt on average over the
course of the day using a Palm Pilot. Specifically, patients rated three positive emotions
(happy, calm, and agreeable) and three negative emotions (unhappy, anxious, annoyed) on
separate sliding visual analog scales (VAS) ranging from 0 (“not at all””) to 100
(“extremely”). Only six (total) emotions were collected nightly to minimize the burden of
daily documentation. As described elsewhere [33], the three positive emotion items were
averaged to provide an index of daily positive affect, and two of the negative emotion items
(anxious and annoyed) were averaged to provide an index of daily negative affect.
“Unhappy” was not included in the computation of negative affect due to concerns that it
would artificially increase the correlation of positive affect and negative affect due to its
similarity to the “Happy” positive emotion item.

2.3.2.2. Baseline laboratory assessment of state positive and negative affect: A subset of
patients (1= 120) completed baseline state (“lab”) positive affect and negative affect ratings
immediately prior to commencing QST procedures, using individual items from the PANAS-
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X and POMS-Bipolar. Each participant was asked to rate 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, on a 0 to 100 scale, where 0 = “not
at all” and 100 = “extremely”. As laboratory assessment may induce a greater range of
negative emotions, six negative emotions were collected in this setting. The positive and
negative items were each averaged to create indices of baseline laboratory positive affect and
negative affect, respectively. These variables were specifically used as the measures of state
affect in our analyses examining the interaction between state affect and sex on laboratory
pain sensitivity (quantified as central sensitization index scores) under QST.

2.3.3. Clinical pain and pain-related catastrophizing

2.3.3.1. Diary Pain Intensity Index (P11-D): Before going to bed each night, patients
completed ratings of “usual pain “ experienced during the entire day on a Palm Pilot using a
VAS ranging from 0 (“no pain”) to 100 (“worst pain imaginable”)[49]. For the current study,
these daily ratings were used as our index of nonspecific clinical pain because participant
ratings included any pain related both to the knee or otherwise.

2.3.3.2. Western Ontario McMaster Universities Osteoarthritis Scale ( WOMAC, 3.1)
[50]: The WOMAC is a widely used and well validated KOA-specific outcomes
questionnaire, which yields three scales: 1) pain severity, 2) disability and 3) joint stiffness,
as well as a total score. Ratings are made on a 10 cm VAS. For the current study, we used the
pain severity subscale as our measure of KOA-specific clinical pain.

2.3.3.3. Pain Catastrophizing Scale (PCS; [51]): The PCS is a 13-item self-report
questionnaire which asks patients to rate the extent to which they experience certain
thoughts and feelings when they are in pain on a scale of 0 (“not at all”) to 4 (“all the time”).
Responses to items on the PCS can be used to calculate a PCS total score, as well as three
sub-scales designed to capture Rumination, Magnification, and Helplessness. For the current
study, we used the PCS total score as our index of pain-related catastrophizing.

2.3.4. Quantitative sensory testing (QST)—A battery of QST measures were
administered over the course of a single daytime session lasting approximately 1.5 hours.
Following methods previously employed by our group [52], we created a summary measure
of central sensitization (CS) by z-scoring individual tests and averaging across the z-scored
values. CS occurs when application of noxious nociceptive stimuli triggers increased
excitability and synaptic efficacy of neurons in central nociceptive pathways, resulting in a
prolonged, but reversible, hypersensitivity to pain [53]. CS has been implicated in both
animal and human studies as a mechanism underlying clinical pain augmentation,
specifically in OA [54]. The CS index score for the current study was comprised of z-scored
summary measures of thermal temporal summation, mechanical temporal summation, and
cold pressor after-sensations (pain ratings on 0-100 scale provided by patients at 30 seconds,
1-minute, and 2-minutes post-removal from cold water bath), (all described thoroughly in
[53]). We then computed the mean of all thermal and mechanical temporal summation z-
scores and cold pressor after sensation z-scores to create one measure of CS, which was the
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primary QST-derived variable of interest. Higher scores on the CS index are indicative of
greater pain sensitivity.

2.4. Data analytic method

Primary analyses were conducted in SPSS version 22.0 (IBM corporation); for all significant
interactions, post-hoc analyses of simple slopes [55] were conducted and interaction graphs
were generated using Interaction! version 1.7.22.11. We computed stable (i.e. trait-like)
positive affect and negative affect ratings as the mean daily diary ratings over the course of
two weeks (see [33] for similar uses of these measures). We examined how state positive
affect and negative affect interact with sex to affect daily pain ratings either on the same day,
or on the following day; and additionally, we used the baseline ratings of positive affect and
negative affect (i.e., “lab” affect ratings) that were collected immediately prior to QST
procedures to test the effects of state affect on CS as a function of sex. Age, race, insomnia
severity (ISl scores), and AHI were covaried in all models as age, race, and sleep
disturbances are risk factors for pain sensitivity [56-58]. Additionally, in our study
population, differences between the two sexes were noted for age, race, ISl scores and AHI
further necessitating adjustment for covariates. Similar to previous findings [59] Kellgren-
Lawrence score did not correlate with pain ratings, and was not significantly different
between sexes, and was not included as a covariate.

2.4.1. Descriptives and Correlations—T-tests were used to compare demographic and
sleep variables between sexes (see Table 1) and Pearson’s product-moment correlations were
calculated to examine the relationship between affect and pain-related outcomes (see Table
2).

2.4.2. Stable positive affect and negative affect analyses—We used multiple
regression models to test for the interactive effects of sex and stable positive affect/negative
affect on pain-related outcomes (e.g., average daily diary-based pain ratings, KOA-specific
pain ratings based on the WOMAC, pain-related catastrophizing scores on the PCS, and
QST CS index scores). In separate models, we entered either mean positive affect or mean
negative affect as the independent variable, along with sex and the sex x stable positive
affect/negative affect interaction term. For significant sex x stable affect interactions, post-
hoc analyses were conducted using a simple slopes approach to determine the nature of the
relationships between stable affect and the pain-related variables independently for men and
women. As we had more than one factor in our models, partial eta squared is reported as the
variance explained by a given variable of the variance remaining after excluding variance
explained by other factors [60, 61].

2.4.3. State positive affect and negative affect analyses—To test for the
moderating effects of sex on the relationships between state positive affect/negative affect
and daily diary pain, we used mixed effects models using methods described previously
[33]. Specifically, state positive affect and negative affect variables from the daily diary
affect ratings were computed by centering the daily diary affect scores around each
individual’s mean across days, resulting in daily within-person deviations. Following the
methods described in Singer and Willet [62], we then tested a Level 1 (i.e., within person)
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model in which daily pain was the dependent variable and state positive affect (or negative
affect) was the independent variable, against a Level 2 (between person) model that included
sex and the interaction between sex and state positive affect (or negative affect) as additional
independent variables. We ran each Level 2 model twice: once with same day diary pain as
the dependent variable, and once with next-day diary pain as the dependent variable in order
to see if variation in today’s state negative affect or positive affect impacts tomorrow’s pain
levels. The intercepts were allowed to randomly vary, and autoregression was controlled.

Laboratory measures of state (“lab”) positive affect and negative affect were operationalized
as the baseline positive affect and negative affect reports given by participants immediately
before engaging in the series of QST tests. These variables were entered as predictors in
separate multiple regression models, along with sex, the sex x affect interaction, and
identified covariates (i.e., age, race, ISI scores, and AHI), with the QST CS index score
entered as the dependent variable.

3. RESULTS

3.1. Sample characteristics and descriptives

One hundred and seventy-nine eligible participants (59 men) were recruited to participate.
Demographic data is displayed in Table 1. Men were marginally older (p = .06), were
significantly less likely to carry an insomnia diagnosis (p = .042), had higher AHI scores (p
=.008), and marginally more likely to be White (p = .08) relative to women.

Pearson correlations between affect and pain-related measures, as well as the means and
standard deviations for males, females, and the total sample, are presented in Table 2. Men
evidenced significantly higher average (stable) positive affect from daily diaries (p=.03)
and significantly lower central sensitization index scores (p < .001). A marginally significant
sex difference was observed on WOMAC pain scores, with men reporting lower KOA-
specific clinical pain (p=.07). No other measures were significantly different between
Sexes.

Multiple linear regression analyses revealed a significant interaction between stable positive
affect and sex on KOA-specific clinical pain as measured by WOMAC pain severity scores
(B=-.06, standard error [SE] = .02; #(169) = —2.45, p= .02, partial n2 = .04) (Figure 1).
Post-hoc examination revealed that for males, there was a trend toward an inverse
relationship between stable positive affect and WOMAC pain severity scores ({162) =
-1.71; simple slope = -.034; SE of simple slope = .02; p=.089). For females, there was no
relationship between stable positive affect and WOMAC pain severity scores ({162) = 1.53;
simple slope = .02; SE of simple slope = .016; p=.13).

There was also a significant interaction between stable negative affect and sex (8= .04,
standard error [SE] = .02; #(169) = 2.37, p= .02, partial 2 = .03) on KOA-specific clinical
pain, indicating that women had a significant positive relationship between stable negative
affect and WOMAC pain severity scores ({162) = 2.94; simple slope = .037; SE of simple
slope =.013; p=.004); however, the positive relationship between stable negative affect and
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WOMAC pain severity was significantly stronger for men ({162) = 5.25; simple slope =.
081; SE of simple slope = .015; p<.001) (Figure 2).

Regarding non-specific clinical pain, there was an interaction between stable positive affect
and sex on average daily pain ratings (B = —.45, standard error [SE] = .20; #(172) = —-2.290,
p= .02, partial n2 = .03) (Figure 3). Post-hoc examination of simple slopes revealed that for
males, there was a trend toward an inverse relationship between stable positive affect and
average daily diary pain ratings (4{165) = —1.78; simple slope = —.29; SE of simple slope =.
16; p=.077). For females, there was no relationship between stable positive affect and
average daily diary pain ratings (o= .22).

The interaction between stable negative affect and sex on average daily pain ratings across
diary days was not significant (p = .12, partial n2 = .02).

In separate models, we tested sex x stable affect interactions on pain catastrophizing.
Neither the sex x stable positive affect interaction (p = .07; partial n2 = .02; Figure 4) nor the
sex x stable negative affect interaction (o= .054, partial n2 = .02; Figure 5) was significant.
However, the direction of each effect was similar to those observed in WOMAC and average
daily diary pain analyses, and the effect size estimates were comparable.

Three-way interactions between sex, stable positive affect, and stable negative affect failed
to reach significance in all models (p’s > .26).

3.3. Interactions between stable affect and sex on laboratory pain

Multiple linear regression analyses failed to show a significant interaction between stable
positive affect and sex (p=.11) or a significant interaction between stable negative affect
and sex (p=.43) on CS index scores derived from QST procedures. There also was no
significant three-way interaction between sex, stable positive affect, and stable negative
affect on CS index scores (p=.72).

3.4. Interactions between state affect and sex on daily clinical pain

Separate mixed effects models were conducted to test for significant interactions between
state positive affect/negative affect and sex on both same-day pain and next-day pain from
the daily diary measures. Regarding same-day pain, there were no significant interactions
between sex and state positive affect (o= .65) or state negative affect (0= .51). Similarly,
when next-day pain was included as the dependent variable, there were no significant
interactions between sex and state positive affect (o= .15) or state negative affect (p = .55).
There also was no significant three-way interaction between sex, state positive affect, and
state negative affect on same-day pain (p =.16) or next-day pain (p=.78).

3.5. Interactions between state (“lab”) affect and sex on laboratory pain

Multiple linear regression analyses revealed no significant sex x state affect (i.e., baseline
positive affect and negative affect ratings collected immediately prior to QST procedures)
interactions on CS index scores (p’s > .42).
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4. DISCUSSION

The current study aimed to examine whether sex moderates the relationships between affect
and pain outcomes in a sample of adults with KOA. Two dimensions of affect were
examined: valence (positive affect and negative affect) and temporal stability (stable and
state). Based on previous empirical and theoretical work on sex, affect, and pain [10, 25, 43],
we hypothesized that women would evidence stronger positive associations between
negative affect and pain, and men would show stronger inverse associations between positive
affect and pain.

Consistent with previous research [28, 30], we found that stable positive affect was inversely
associated with KOA-specific, non-specific clinical pain, and pain catastrophizing; while,
stable negative affect was positively associated with all pain outcomes [25, 33, 63]. Neither
stable positive affect nor stable negative affect was associated with CS to pain measured by
our QST battery. In contrast, state (“lab™) positive affect assessed immediately prior to QST
was not associated with any of the pain outcome variables; however, state (“lab™) negative
affect was positively associated with non-specific clinical pain, pain catastrophizing, and CS
to pain under QST. CS index scores were positively associated with KOA-specific and non-
specific clinical pain, providing further support for the use of CS index scores as a
meaningful way of characterizing individual differences in pain sensitivity, and perhaps as a
biomarker of clinical pain severity and outcomes [52, 54, 64].

Notable findings of sex differences included that men reported higher stable positive affect
than women. Men also evidenced significantly lower CS and marginally lower KOA-specific
clinical pain ratings than women. This finding extends work by Bartley et al [65] which
demonstrated that women with KOA exhibited greater experimental pain sensitivity
compared to men. Overall, these findings support the extant literature that women, including
those with osteoarthritis, experience greater pain severity than men[16, 65, 66] and
experience greater sensitivity to certain types of laboratory pain [9-12]. Taken together,
further investigation of sex-specific biological mechanisms of central sensitization are
indicated.

Examining the relationships between affect and pain as a function of sex revealed significant
interactions between sex and stable positive affect on both KOA-specific and nonspecific
clinical pain, and a marginally significant sex x stable positive affect interaction on pain
catastrophizing. Only men showed trends toward inverse relationships between stable
positive affect and pain, suggesting that men may be more sensitive to potentially pain-
related benefits of positive affect.

Indeed, numerous studies of healthy volunteers have demonstrated that positive emotions
inhibit pain [67, 68]. Moreover, previous studies suggest that men have a greater tendency
than women to experience positive emotions [25, 40, 67, 69], and this sex difference in
positive affect was supported in our sample. Our findings, although not significant, were
consistent with the hypothesis that men would show inverse relationships between positive
affect and pain. Notably, our sample included fewer men (n7=59) than women (7= 120),
thus reducing our power to detect significant pain-affect associations among men. However,
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given that men in our sample evidenced significantly higher stable positive affect, lower CS
index scores, and marginally lower KOA-specific pain severity than women, our findings
indicate a small but potentially meaningful impact of stable positive affect as a resilience
factor against pain that is specific to male KOA patients. As such, interventions that aim to
increase positive affect may be particularly fruitful for reducing pain in men.

Sex also interacted with stable negative affect on KOA-specific pain severity. A similar
interaction between sex and stable negative affect on pain catastrophizing trended toward
significance. Contrary to our hypotheses, however, post-hoc analyses revealed that the
positive relationship between stable negative affect and pain outcomes was significantly
stronger for men than women, suggesting that men in our sample may also be more sensitive
to the pain-enhancing effects of negative affect than women.

There have been some reports of men showing a greater sensitivity to the effects of negative
affect on pain. For example, Jones and colleagues [70] found that men, but not women, with
high trait anxiety reported higher pain intensity and unpleasantness, and lower pain tolerance
during a cold pain task than men with low trait anxiety. Other studies have found no
moderating effect of gender on the relationship between negative affect and pain [71, 72].
Clearly, more research is needed in order to better understand the nature of sex-specific
effects of negative affect on pain, but our findings suggest an association between stable
negative affect and KOA-specific clinical pain, and perhaps an association with pain-related
catastrophizing and stable negative affect, in men. Our findings have important therapeutic
implications as clinicians may help patients understand their inherent affective
vulnerabilities or strengths in managing chronic pain [73]. Notably, the relationships
between state positive affect/negative affect and pain outcomes did not differ as a function of
sex. Additionally, there were no interactions between sex and either stable or state affect on
CS to pain under QST. Therefore, additional research is also needed to elucidate potential
mechanisms driving the sex difference in CS that was identified.

Previous studies within women-only arthritis samples have reported that positive affect can
serve as a resilience factor to protect against pain [31], yet we did not find this effect among
women in the current sample. While it is unclear why females in the current study failed to
show a significant relationship between positive affect and pain, various hypotheses could be
considered. First, women may experience social reward for endorsing heightened clinical
pain and distress. Studies show that women are more likely than men to seek social support
to cope with pain in particular [74]. While engagement in social interactions may promote
positive affect [75], seeking emotional support from others has been linked to increased pain
[75]. It is possible that women with increased pain may be more likely to seek social
support, which may promote enhanced positive affect without necessarily improving pain,
and may even reinforce their tendencies to report higher clinical pain and distress. Future
studies are warranted to investigate how specific interpersonal events relate to affect and
pain in osteoarthritis patients.

Gender differences in the affect-pain association may also be related to hormonal effects.
Our finding of increased CS among women provides some indication that biological
mechanisms may be at work in differentiating vulnerabilities to pain between men and
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women; however, no study to our knowledge has directly examined the relationship between
affect, sex hormones, and pain. As such, further investigations of the effects of sex hormones
on negative affect, positive affect, and pain among KOA patients are warranted.

Several limitations should be considered. First, this study was not specifically designed to
examine sex differences in psychological factors impacting pain. Indeed, the larger aims of
the study were focused on the role of sleep disturbances in KOA,; therefore, the majority of
the sample met diagnostic criteria for insomnia, thus potentially introducing selection bias of
our results [76] and possibly limiting generalizability of the current findings to non-sleep
disordered populations of KOA patients. It is worth noting, however, that sleep complaints
are extremely common among individuals with KOA, with as many as 81% of patients
reporting difficulty with sleep maintenance on one or more nights per week [77].

Additionally, the gender ratio of our sample was unbalanced in that it included more women
than men, and we did not match men and women on key factors, such as insomnia status,
that may have impacted pain levels. However, we controlled for ISl scores in all analyses, in
order to mitigate the effects of insomnia on the differential effects of affect on pain as a
function of sex. Future studies should aim to recruit larger, matched samples of men and
women to better understand the association of affect and pain as a function of sex. The
current study also did not include any objective measures of stress or affective functioning,
such as psychophysiological data or cortisol levels, nor did we measure sex hormones that
may have influenced findings. Also, the analyses utilized in the current study preclude us
from drawing conclusions about the directionality of the identified relationships between
affect and pain. Finally, our understanding of the role of central sensitization in clinical
research remains elusive. As discussed in the extant literature, a clear set of diagnostic
criteria for the phenomenon of central sensitization remains undefined. Fortunately, previous
work from our group [52] and others [65] have shown that CS index scores associate with
KOA-specific and non-specific clinical pain. However, findings of pain-related
hypersensitivity remain limited in the implications and translatability of centrally-mediated
pain mechanisms [78, 79]. Despite these limitations, the current study provides novel data
that, to our knowledge, have not been previously reported, suggesting that the association of
positive affect, negative affect, and pain are different in men versus women with KOA.
Despite decades of osteoarthritis research, a paucity of literature exists on sex differences.
More work is clearly needed to elucidate biologic mechanisms underlying potential centrally
mediated differences in pain between men and women. Further understanding of the
difference in affective expression between men and women may lead to the development of
novel therapeutic interventions and help to identify additional modifiable factors that may
uniquely serve as more effective resilience factors in the prevention and management of
pain.
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Highlights

In adults with knee osteoarthritis, sex moderates relationship of pain and
affect.

Men reported higher stable positive affect and lower central sensitization to
pain.

Women showed no relationship between stable positive affect and pain.
Men showed stronger relationship between stable negative affect and pain.

Men may be more sensitive to sex-specific effects of affect on pain.
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Table 1
Sample Demographic and Sleep Characteristics
Males Females Total
(n =59) (n=120) (n=179)
Age (Mean years + SD) g2 7841011 59.88+9.58  60.83+9.82
Insomnia Diagnosis (%) 712* 84.2 79.9
I1S1 Score (Mean + SD) 13.27+8.39 14.87+6.94  14.34+7.47
AHI (Mean + SD) 11.49+11.89** 7.51+7.86  8.82+9.53
K-L scale (Mean + SD)  2.32+1.22 2.46+1.25 2.00+1.14
Race
% African American ~ 25.4 44.2 38.0
% White 67.80 54.2 58.7
% Asian 51 17 2.8
% More than one race 1.7 0.0 0.6
Marital status
% Married 50.8 39.5 433
Education
% College graduate 59.0 47.0 51.7
Employment
% Employed 37.3 42.9 41.1
Household Income
% > $50,000 49.1 42.4 446
Up< .10;
*
p<.05;

Hk
p<.01; SD = standard deviation
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