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Abstract

Objective: Chronic pain is conceptualized as a biopsychosocial phenomenon that involves
both physical and emotional processes. The vast majority of research regarding these facets of
chronic pain characterizes differences befween individuals. In this review, we describe problems
with assuming that differences between persons accurately characterize within-person processes.
We also provide a systematic review of studies that have examined within-person relationships
between pain and affect among individuals with chronic pain.

Method: Articles published by December 2020 that pertained to within-person assessment of
pain and emotion, affect, or mood were identified. Data regarding study design, adherence, and
concurrent and prospective relationships among pain and affect variables were extracted and
summarized.

Results: Of 611 abstracts, 55 studies met inclusion criteria. Results suggest that individuals
with chronic pain tend to experience increased negative affect and decreased positive affect when
experiencing more severe pain (fpgoled = -18 and —.19, respectively). However, the size of these
effects appeared smaller than between-person associations, and there was evidence of significant
variability between individuals. Examination of predictive relationships between pain and affect
largely suggested the tendency of symptoms to predict themselves, rather than pain predicting
affect or vice versa.

Conclusions: Consistent with group-level relationships, experiencing more severe pain relative
to an individual’s average seems to be associated with more negative affect and less positive
affect. However, individuals vary in the size and even direction of these effects. More research is
necessary to understand the implications of such variability for the assessment and treatment of
chronic pain.
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Pain has been defined as an unpleasant sensory and emotional experience for over 50

years [1]. In the ensuing decades, disentangling relationships between sensory and affective
experiences relevant to chronic pain has been a subject of much research [2—-4]. For example,
group-level research has shown that as many as 52% of patients in pain clinics report
concurrent major depression [5]. Risk of death by suicide also appears to be at least twice as
high in patients with chronic pain as compared to the general population [6]. Patients with
chronic pain who have more severe depressive symptoms are likely to experience worse pain
and poorer functioning, including higher risk of opioid misuse and overdose [7-10].

This research suggests that pain and affect are related between individuals. However,
physicians and psychologists are often interested in how symptoms fluctuate within
individuals over time [11-13]. For example, cognitive-behavioral models posit that pain can
lead to negative emotions through maladaptive cognitive and behavioral patterns, and that
negative affect can then perpetuate pain [14-17]. Similarly, the dynamic model of affect [18]
suggests that positive affect may lessen the relationship between pain and negative affect.
These theories are describing dynamic, within-person relationships between pain and affect.
Although it is often assumed that between-person differences can be generalized to describe
within-person relationships (e.g., if pain and affect are related between persons, then they
should be related within individuals over time), this assumption represents an ecological
fallacy [19,20]. For example, the between-person relationship between typing speed and
errors is negative — faster typists make fewer errors. However, the within-person relationship
between typing speed and errors is positive — individuals make more errors when they type
faster [21]. In psychological research, within-person associations between negative mood
and worry have been shown to be much smaller and more variable than the strong, positive
association seen between-persons [20]. Similarly, whereas physical and emational pain (e.g.,
painful affect perceived as resulting from emotional rather than physical experiences) were
moderately correlated between persons, associations within individuals ranged from nearly
zero to strong and positive [22]. Thus, although pain and affect appear to be related between
persons, it is critical to understand whether similar relationships are seen within individuals
over time, as is suggested by several theories for conceptualizing and treating chronic pain.

We will provide a systematic review of studies in which within-person relationships between
pain and affect have been examined using daily diary or ecological momentary assessment
(EMA) approaches that allow for sufficient intensive longitudinal data (ILD) to examine
within-person relationships over time [23]. Extant reviews of the literature suggest that
gathering ILD from patients with chronic pain is highly feasible [24,25]. However, these
reviews focused primarily on methodology, rather than the substantive insights gained

from ILD. To our knowledge, there have been no reviews of within-person relationships
between pain and affect. Furthermore, the field of intensive longitudinal assessment is
rapidly developing alongside technological advancements in data collection and analysis,
and many recent studies have not yet been reviewed. In the current systematic review,

we will provide an overview of the relevant studies, including within-person assessment
procedures and the adherence and feasibility associated with these procedures. We will then
examine evidence of within-person relationships between pain and affect. Finally, we will
discuss these findings with regard to insights for within-person relationships between pain
and affect, as well as important future areas of research.
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Method

Search Methodology

A literature search was performed following PRISMA guidelines in PsycInfo and PubMed
databases and by searching the references of identified articles. Search terms were: [(“diary”
OR “ecological momentary assessment” OR “experience sampling”) AND “pain” AND
(“mood” OR “depress*” OR “affect” OR “emotion”)]. In PubMed, an additional search
term, (NOT “child” OR “adolescent™), was included. The search was performed in July
2020 and updated in December 2020. Papers were excluded that: (1) were not empirical
journal articles; (2) utilized a child or adolescent sample; (3) focused on cancer pain; (4)
were not available in English; and (5) did not utilize a daily diary, experience sampling, or
EMA approach that included assessment of pain and affect, emotions, or mood. Consistent
with a prior review [24], studies of chronic pain conditions including general chronic

pain, rheumatic diseases (e.g., osteoarthritis, rheumatoid arthritis, fibromyalgia), headache
or migraine, back, neck, or shoulder pain, temporomandibular disorder (TMD), irritable
bowel syndrome (IBS), and reflex sympathetic dystrophy syndrome (RSDS) or complex
regional pain syndrome (CRPS) were eligible for inclusion. Studies that assessed pain but
as part of a separate medical condition (e.g., HIV/AIDS, multiple sclerosis, or cancer) were
not included, as persistent pain is common but not universal among individuals with these
conditions.

Given ongoing debate regarding the nature of emotion [26], we sought to examine any
construct related to discrete emotions (e.g., anger, happiness), broader affect domains (e.g.,
negative and positive affect), or mood states (e.g., depressed mood). As the focus of this
review is on the relationship between pain and affect, studies that measured these variables
but did not report any relevant analyses (e.g., focused only on the relationship between pain
and sleep or treatment outcomes) were also excluded.

Data Extraction and Summary

In order to provide an overview of methodology, we extracted metrics including sample
size, assessment modality (e.g., paper, electronic, or phone call), assessment frequency,

and adherence from included studies. For any studies that examined between- or within-
person correlations between pain and affect variables, we also extracted the correlation
coefficients. In order to summarize these statistics across studies, we first composited
dependent observations (e.g., multiple relevant results from a single study, multiple studies
using overlapping samples) by Z-transforming, averaging, and converting back to r. These
independent observations were then meta-analyzed using the metacor() function of the meta
package in R version 4.0.3 [27]. Using a random effects model to account for heterogeneity
between samples, correlations were Z-transformed and weighted by inverse variance weights
before converting back to r, thus accounting for sample size [28-30].

In addition to correlation coefficients, results regarding intraclass correlation coefficients

(ICC) and multilevel regression analyses were also extracted. Similar to the procedure for
summarizing correlation coefficients, ICC was summarized by z-transforming, averaging,
and converting back to r for an estimate of the pooled ICC (/CC+). Given high variability
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Results

between studies regarding analytic design, multilevel regression results are described rather
than statistically combined. Data and code are available at https://osf.io/cdqu3/.

An overview of the search results can be seen in Figure 1. The initial search yielded 611
unique articles, of which 155 were excluded during screening (not an empirical journal
article, n=72; utilized child or adolescent sample, 7= 47; focused on cancer pain, 7= 28;
not available in English, 7= 8). Of the remaining 456 full-text articles, 401 were excluded
because they did not meet eligibility criteria (did not utilize chronic pain sample, 7= 147,
did not use daily diary or EMA to assess both pain and mood, 7= 225; did not report
relevant analyses, /7= 29). Thus, 55 articles are included in this review.

Overview of Included Studies

The 55 included articles reported results from 44 unique samples! (see Appendix A). The
median sample size was 88 participants (SD = 88, range 18 — 356). The most common
chronic pain diagnosis was rheumatoid arthritis (7= 10, 23%), followed by general chronic
pain (n= 8, 18%), fibromyalgia (n=5, 11%), and mixed rheumatic diseases (n=5, 11%).
Chronic low back pain, migraine/headache, osteoarthritis, TMD, IBS, and RSDS/CRPS
were represented in four or fewer unique samples.

Most of the unique studies (n7= 24, 55%) utilized an electronic diary approach. Paper
diaries were also common (7= 15, 34%), followed by telephone call procedures (7=

3, 7%). Studies assessed participants for an average of 20 days (SD= 13, range 2 —

56). More than half of studies (7= 25, 58%) assessed participants more than once per

day. Taking both length of study and assessments per day into account, participants were
tasked with completing between 3 and 168 total assessments (Median = 30, SD = 34). At
least two studies found that average levels of pain and affect did not change significantly
with repeated sampling [31,32]. In two studies, patients tended to report that the repeated
assessments were not burdensome and even useful in understanding their symptoms [33,34].

Consistent with previous reviews [24,25], adherence with repeated assessments appeared
good (M= 90%, SD = 8%, range = 73-99%). Notably, at least 19 studies that reported
adherence excluded between 1 and 70 participants (M= 15, SD = 20) for reasons including
missing, lost, or insufficiently variable data, and several studies reported adherence only for
the subset of the sample that was retained. In addition to inflating adherence estimates, this
practice may systematically exclude individuals who exhibit more severe symptoms. In one
study, higher average negative affect was associated with a greater chance of non-response
[35]. Although recent recommendations for ambulatory assessment research suggest the use
of adherence thresholds to reduce bias on the estimates caused by data that is not missing
at random [36], there are tools to work with this type of missing data [37]. Retaining all
participants in the sample will reduce the threat of biased results and increase power, two
important considerations in within-person analyses.

lDuplicate samples were identified by cross-referencing papers by diagnosis, authors, and sample size. It is possible that additional
duplicates exist, given that few studies acknowledged this explicitly.
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Regardless of sampling approach, nearly all studies considered pain to be a unidimensional
construct that could be assessed using a single numeric rating scale (e.g., 0-10 or 0-100),
whereas many considered affect to have at least two dimensions corresponding to positively
and negatively-valanced experiences. Given that disruptions in both dimensions are common
among individuals with depression [38,39], both positive and negative affect (henceforth
referred to as PA and NA) will be considered in this review.

Evidence of Within-Person Relationships between Pain and Affect

ILD allows for assessment of relationships both within and across individuals. In terms

of correlations, between-person relationships are assessed by creating an average of each
variable for each individual. A positive between-person correlation suggests that individuals
with higher average levels of one variable also tend to have higher average levels of a second
variable. Within-person correlations, on the other hand, can be generated by assessing
within-person correlations among variables for each individual, and then averaging these
estimates across individuals. A positive within-person correlation suggests that, on average,
when an individual experiences higher levels of one variable, they also tend to experience
higher levels of a second variable2.

Between- and within-person correlations between pain and affect are shown in Table 1.
Regarding pain and NA, 12 of 15 studies reported significant positive between-person
correlations (rpooled = -32, 95% CI: .22 - .42, p <.001), and 7 of 7 studies reported
significant positive within-person correlations (rpooled = -18, 95% CI: .07 - .28, p =

.002). Regarding pain and PA, 5 of 9 studies reported significant negative between-person
correlations (Ypooled = =24, 95% CI: —.35 — -.12, p < .001), and 4 of 6 studies reported
significant negative within-person correlations (rpgoled = =19, 95% CI: =.33 - -.06, p =
.007). Thus, most studies indicated that increased pain for an individual was related to
increased NA and decreased PA, although within-person effect sizes were smaller than those
observed for group-level relationships.

Further Examination of Within-Person Relationships using Multilevel
Modeling—Caorrelation analyses of ILD are limited in their ability to perform more
advanced functions, including assessing the relative influence of multiple variables or
accounting for the effects of time. Multilevel modeling (MLM) is commonly used to answer
questions of this nature using ILD [40]. MLM is necessary because of the nested structure
of the data (e.g., time points nested within individuals). Considering all data points without
nesting within individuals results in biased estimates and spurious results, as an individual’s
data points are likely to be more related to one another than they are to another individual’s
data [41]. Thus, unnested data violates the assumption of most linear models that residuals
be independent [42]. Alternatively, considering only the group-level effects by averaging
data points for each individual limits power and ignores within-person variance [43].

Several studies included in the current review reported the proportion of variance in pain and
affect that was due to between- versus within-person differences (e.g., intraclass correlation).

2\We aimed to exclude papers that did not use clustering for within-person analysis. However, few authors directly reported their
method, making it possible that some such results are included.
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Across 14 studies, the pooled variance in pain due to between-person differences was
62.14% (range 42-86%), indicating that approximately 40% of the variance in pain was
attributed to within-person fluctuations. Similar proportions of variance were found for NA
(/CC+=61.61%, range 50-73%) and PA (/CC+= 64.07%, range 50-83%). Thus, across
several studies, pain and affect appeared to vary both within and between persons, making it
necessary to consider both sources of variance through MLM.

Contempor aneous Relationships.: An overview of studies that utilized MLM to assess
within-person relationships between pain and affect is provided in Table 2. Within
individuals, pain was positively associated with NA variables across studies of mixed
chronic pain [44,45], back pain [46,47], fibromyalgia [48-50], rheumatoid arthritis [51-
53], osteoarthritis [54,55], mixed rheumatic disease [56-58], IBS [59], CRPS [60], and
migraine [61]. Several studies also found pain to be negatively associated with PA in
general chronic pain [44,62], fibromyalgia [48,49,63], rheumatoid arthritis [52,53,64,65],
osteoarthritis [55,66], and mixed rheumatic disease [56,58]. Additionally, a higher ratio of
PA to NA was associated with less pain in patients with osteoarthritis [55,67].

Although the majority of studies included here found that individuals experienced more
severe pain when they experienced greater NA and less PA relative to their average
emotional state, there was evidence of mixed findings. In four studies, the contemporaneous
relationship between NA and pain was not significant [64-66,68]. Additionally, in two
studies, the contemporaneous relationship between PA and pain was not significant [57,60].
There are several possible reasons for these mixed findings, including assessing different
variables across different time scales. Further, some studies controlled for variables
including the opposite affect domain [60,66], depressive symptoms [65], average pain [64],
and time [68]. Although many studies that found significant results also controlled for
similar variables, it will be important to consider whether contemporaneous relationships
between pain and affect are better accounted for by these or other confounds.

L agged Relationships.: Lagged associations reflect the relationship between one variable
assessed at one point in time (t) and another variable assessed at a previous (t—1) or future
(t+1) time point. For example, one could examine whether higher than average pain (Pain)
is associated with higher-than-average NA at the next assessment point (NA¢1). When
examining a lagged association between two variables, it is important to also include the
autoregressive effect of a variable on itself. For example, perhaps elevated pain does predict
elevated NA, but only because elevated pain was associated with elevated NA at the previous
time point, and this elevated NA persisted over time. Thus, pain would not be presumed to
cause NA if NA is primarily causing itself. Importantly, several studies have found moderate
to strong correlations of pain and affect with themselves, both within and across days [/s =
.67 —.97; 52,55,68,73,74].

As can be seen in Table 2, the few studies that assessed within-person relationships between
pain and affect over time offered limited support for such effects. When controlling for
previous pain levels, affect did not appear to predict pain a few hours later among samples
of rheumatoid arthritis or chronic low back pain patients [46,65]. However, in one study of
prodromal features of migraine, PA was decreased 0-12 hours before headache onset [71].

J Psychosom Res. Author manuscript; available in PMC 2022 April 14.
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With regard to pain predicting affect, there was evidence of greater pain intensity predicting
greater NA a few hours later among patients with chronic migraine [61]. In a network
analysis of abdominal and mood symptoms in individuals with IBS, there was little evidence
of directional effects between the two categories of symptoms [72].

Between days, there was some evidence of affect predicting next-day pain [71,73] and pain
predicting next-day affect [54,73]. However, some of these studies did not take into account
the autoregressive effects of pain or affect, which limits the ability to draw firm conclusions
about causality.

Variability in Within-Person Relationships—The studies reviewed here summarized
the average within-person relationships between pain and affect to understand the sample
as a whole. However, individuals can vary from one another in these relationships, and
such variability may have important clinical implications. Here, we review evidence of
between-person variability in within-person symptom dynamics, both with regard to the
symptoms themselves (i.e., symptom variance) and relationships among symptoms.

Symptom variance.: ILD offers a unique opportunity to examine the structure of symptoms
within individuals. For example, some individuals may experience larger or more frequent
fluctuations in pain or affect symptoms. Evidence from the mood disorders literature
suggests individuals who experience wider variability in NA also tend to experience worse
depressive symptoms and poorer psychological well-being [74—77]. Consistent with these
findings, greater within-person variability in NA (as defined by within-person standard
deviation) was associated with increased severity of NA among two studies of chronic back
pain patients [78,79]. Similarly, greater variability in pain was associated with worse pain
severity [79,80]. However, there was mixed evidence of cross-over in these effects. That is,
variability in affect was associated with pain intensity or vice versa in some studies [78,81],
and not in others [79,80]. When taking temporal relationships into account, instability of
NA (i.e., the tendency to experience unusually large and/or frequent changes in affect) was
associated with higher pain severity and disability [82,83]. In one study, both mean levels
and variability in pain and NA were lower after bright light treatment to improve sleep [79].

The somewhat mixed nature of these findings is unsurprising given that participants were
sampled at different rates (e.g., between one and seven times per day). To use Koval’s [76]
metaphor, observing the sun once per day versus once per hour would lead to vastly different
conclusions about variability. Whereas daily observation would lead to a conclusion of little
variability, hourly observation would lead to a conclusion of high variability in the same
process. Thus, it will be important in future research to determine the appropriate time scale
on which to measure pain and affect based on the research questions at hand.

Relationships between symptoms.: In addition to individual differences in the way that
symptoms vary, there is strong evidence of such between-person differences in the within-
person relationships of pain and affect symptoms. As shown in Table 1, the within-person
correlations between pain and affect appeared smaller than between-person correlations.
This is likely because within-person correlations are more accurately described as the
average of within-person correlations, wherein relationships are assessed for each individual
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and averaged across the group. Few studies assessed variation in these relationships. In

one study, although most participants had a negative correlation between pain and PA, four
participants from the sample exhibited a significant positive correlation [84]. In a large study
of women with fibromyalgia, the within-person relationship between anger and pain ranged
from —.48 to .70 [50]. Thus, average within-person correlations may not represent the true
relationship between pain and affect for many individuals in the group.

Several studies also assessed moderators of within-person relationships using MLM. Results
suggest that pain and NA were more strongly related for individuals with greater average NA
or depressive symptoms [45,50,53,58]. In one study, pain and NA were also more strongly
related for individuals with more severe anxiety symptoms [45]. An exploratory analysis in

a sample of rheumatoid arthritis patients suggested that the contemporaneous relationship
between pain and affect remained significant only for clinically depressed individuals when
compared to the non-clinically depressed subset of the sample [65]. The contemporaneous
relationships between pain and affect may also be moderated by depression history, such that
individuals with a history of depression exhibit stronger positive relationship between pain
and NA [52] and stronger negative relationships between pain and PA [48,52], controlling
for current depressive symptoms. Additional moderators of within-person contemporaneous
relationships between pain and affect included genotype [85], sleep quality or duration [56],
and optimism [53]. Overall, this evidence suggests that within-person relationships between
pain and affect are likely to vary between individuals based on a variety of different factors.

Discussion

Numerous studies have suggested that pain and affect are associated between individuals,
such that individuals who experience more severe pain also tend to experience more severe
NA and depressive symptoms [2-4,86,87]. The results of this review suggest that pain and
affect are also associated within individuals over time. Across several studies, individuals
tended to experience more NA and less PA when experiencing more severe pain. However,
these effects tended to be smaller than between-person associations. There was also evidence
of between-person variation in within-person relationships, such that pain and affect may be
related more strongly for some individuals than others. Although one might assume from
these relationships that pain would predict affect or vice versa within individuals over time,
these prospective effects were examined less often, and results were less consistent across
studies.

From Group-Level Data to Individual-Level Relationships

Consistent with observations of other psychological and somatic phenomena [20,22],
within-person correlations between pain and affect were often weaker than between-person
associations. There are several potential reasons for this disconnect. First, it is possible that
pain and affect are only weakly associated for the majority of individuals. Importantly, the
interpretation of this association is quite different from the interpretation of the moderate

to strong between-person correlations between pain and affect. Whereas between-person
correlations signify that individuals who experience more pain also tend to experience more
NA and less PA, within-person correlations signify that w/en an individual is experiencing
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more severe pain, they tend to concurrently experience more NA and less PA. If, for
example, an individual’s affect levels tend to fluctuate, but their pain remains consistently
severe, the association between the two would not be strong. However, even a weak
association between pain and affect may provide the opportunity to noticeably relieve pain
levels by reducing NA or increasing PA through psychological intervention such as cognitive
behavioral therapy. Given limited within-person research, the clinical implications of smaller
effect sizes seen in analyses using ILD are largely unknown.

It is also possible that within-person effects appear smaller due to variability between
individuals. Summarizing within-person effects requires averaging across all individuals in
the group. Thus, although one effect is reported, there may be individuals for whom the
relationship is stronger or weaker. In the only two studies to have reported the range of
within-person correlations between pain and affect, participants varied in both the strength
and directions of these relationships [50,84]. Similarly, several studies reported significant
moderators of within-person relationships between pain and affect, such that these effects
were stronger for individuals with greater symptomatology [45,50,53,58,65]. Weak average
or fixed within-person effects may therefore be due to high levels of between-person
variability.

This disconnect between group- and individual-level results is perhaps unsurprising, as

it is commonly accepted that no two individuals are exactly alike. Clinicians often face
this problem, known as the therapist’s dilemma, as they are tasked with treating a single
individual, whereas the vast majority of clinical research is conducted at the group level
[88,89]. If variation from the group is minor and rare, then using group-level information
to characterize an individual is a relatively safe assumption. However, if such variation is
major and frequent, then relying on group-level information may result in failed treatments,
ongoing impairment, and billions of dollars in wasted healthcare costs. In the case of
chronic pain and emotional symptoms, we believe that we do not yet know the extent of
this problem, as very few studies reported the degree to which individuals varied from one
another in regard to within-person relationships between pain and affect.

Many researchers have advocated for purely idiographic (i.e., individual-level) analysis as
a means of characterizing the full extent of between-person differences in within-person
relationships [11,19-21,90]. In contrast to the studies reviewed here, which focused on
characterizing groups of patients on average, idiographic research focuses on what is true
for each individual. Several analytic approaches have been applied to ILD to generate
idiographic, or personalized, models of within-person symptom dynamics [12,89]. These
approaches differ from more traditional MLM approaches in that they estimate person-
specific effects. Although traditional multilevel models can estimate individual differences
in effects, these estimates can be biased by a range of factors including variability, skew,
and centering [12,91,92]. Thus, idiographic or multilevel approaches that prioritize within-
person variation may be necessary to understand person-specific relationships between pain
and emotions.
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1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Frumkin and Rodebaugh Page 10

Methodological Challenges and Limitations of Existing Research

In addition to the level of analysis, the results of this review suggest several methodological
challenges in the assessment of within-person relationships between pain and emotion.
Many of these concerns pertain broadly to ILD collection. However, we will consider them
here in the context of the current review. First, regarding sampling, a large proportion

of studies assessed individuals only once per day, although sampling frequency ranged
from once to 10 times per day. This aspect of intensive longitudinal studies is often

chosen arbitrarily or with an emphasis on decreasing participant burden. However, it has
important implications for study results and interpretations. To return to Koval’s metaphor
[76], observing the sun’s position in the sky once per day at 4pm would lead to a
conclusion of very little change. Yet, observable change is occurring on a faster timescale.
As shown in a simulation study, symptom dynamics (e.g., on the order of seconds) cannot
be uncovered when sampling frequency is insufficient (e.g., surveys on the order of hours)
[93]. Thus, understanding the rate at which pain and emotions fluctuate is a critical step

in identifying within-person symptom dynamics. Fortunately, there is evidence that more
frequent sampling is not associated with lower adherence [94]. Therefore, it may be possible
to survey individuals several times per day and use empirical methods (e.g., time-varying
effect models) to identify the appropriate lag lengths [95,96].

Regarding adherence, studies reviewed here suggested reason for optimism about the level
of burden incurred by ILD collection among patients with chronic pain. Importantly,

the good adherence observed across studies is likely skewed by the recommendation

that participants be excluded for non- adherence based on a pre-defined cutoff [36]. In
addition to inflating adherence estimates, this practice eliminates the data of individuals who
may vary systematically from the sufficiently compliant subset of the sample, especially
regarding symptom severity [37]. In future studies, techniques for estimating and handling
missing data should be considered to reduce the potentially detrimental effects of this bias.

Future Directions

The results of this review suggest several important directions for future research. First,

it will be critical to characterize the extent to which within-person relationships between
pain and affect vary between individuals. Fully idiographic or multi-level approaches that
produce accurate person-specific estimates can be applied to ILD to characterize this degree
of difference. Several methods have recently been developed or applied to ILD, including
vector autoregression [97] and dynamic structural equation modeling [11,98]. Notably, many
of these methods require large amounts of data per person (e.g., ideally 100 time points

or more). They also require careful consideration of time scale and other methodological
challenges that cut across EMA research. However, the results of this and prior reviews
suggest that longer or more intensive assessment is feasible in chronic pain samples [24,25].

In addition to providing person-specific estimates, many of these methods have the
capability to incorporate data beyond self-report. Pain and affect are inherently subjective
experiences. However, physiological and behavioral data may provide additional insight into
when and why pain and NA are exacerbated. Many smartphone applications and wearable
technologies are now available to capture variables including pulse, blood pressure, location,
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movement, and sleep quality [99,100]. These objective variables can be combined with
subjective assessment of pain and affect to test hypotheses and deliver just-in-time adaptive
interventions. Research that combines EMA with laboratory assessment may also be useful,
as at least one study found different relationships between pain and affect in naturalistic
versus laboratory settings [66].

Idiographic and multilevel methods may also be useful in disentangling the fundamental
relationships between pain and affect. Pain and emotion share several conceptual, functional,
and neurobiological commonalities [4]. For the purposes of this review, we considered pain
and affective experiences to be two separate constructs. This was reflected in the literature,
as pain was commonly assessed using a single-item numeric rating scale (e.g., “How intense
is your pain on a scale of 0-100?"), and emotions, affect, or mood were assessed using
specific terms (e.g., sadness, happiness, anger) that were often composited into negative

and positive affect scores. However, pain is defined as a physical and emotional experience
characterized by sensory and affective dimensions [101,102]. Thus, it is possible that pain
and affect are not completely distinct constructs, but different dimensions of the same
subjective experience. Dynamic factor models can be used to assess the degree to which pain
and affect are distinct versus overlapping constructs, as well as whether this structure varies
between individuals [98,103]. Such understanding of the conceptual and functional overlaps
between affect associated with pain and affect associated with other emotional experiences
may have interesting implications for the conceptualization and treatment of co-occurring
pain and mood symptoms.

Finally, idiographic and multi-level models that characterize within-person relationships
between pain and affect may be helpful in identifying mechanisms involved in the successful
treatment of co-occurring pain and emotional symptoms. EMA approaches have previously
been integrated into chronic pain treatment protocols to assess outcomes [79,104-106].
However, these studies focused on the impact of treatment on mean levels of symptoms,
rather than changes in relationships between symptoms. For example, previous EMA
research suggests that individuals are more prone to use opioids and at higher dosages
when experiencing greater NA [107]. Idiographic and multilevel models could be used to
examine whether this pattern of misuse changes with treatment aimed at reducing opioid
misuse. ldiographic and multilevel models could also be used to help identify individuals at
high risk for opioid misuse prior to initiation of opioid therapy and lead to the suggestion of
alternative treatments for chronic pain, including psychotherapy [108]. Amid a nation-wide
opioid epidemic, idiographic and multilevel models could help researchers and clinicians
mitigate risk of opioid misuse, addiction, and overdose.

Limitations of the Current Review

Many articles reviewed here had relatively small samples that may not be fully
representative of patients with chronic pain, especially regarding race and socioeconomic
status. Additionally, it is possible that relevant articles were not identified. Although new
applications of daily diary and EMA data are suggested (e.g., idiographic and multilevel
analytic methods that allow for the interpretation of person-specific estimates), these
methods are relatively new and have not been widely applied in the field. Thus, it
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remains unclear to what extent it will be feasible to collect the necessary data, as well

as whether the data will satisfy necessary assumptions. Furthermore, although it appears
based on variability in within-person relationships that traditional methods of analysis have
limitations, there are also benefits to these approaches. Namely, between-person approaches
can be useful in identifying risk and protective factors for individuals on average, which may
in some cases be sufficient for the research and clinical questions at hand. Finally, there is
currently limited guidance for meta-analysis of EMA studies, especially given the multiple
sources of power (e.g., number of participants and number of time points). Further guidance
and open data sharing practices can help aid in the development of this rapidly growing area
of research.

Conclusions

Chronic pain is considered a biopsychosocial phenomenon, in which the perception of pain
is highly influenced by emotional experiences in addition to many other psychological,
social, and biological factors [2]. However, relationships involving pain and affect have
largely been examined between individuals. A growing body of evidence suggests that
what is true across individuals on average may not accurately characterize within-person
relationships over time [19,20]. The results of this review suggest that it is feasible and
acceptable to gather the ILD necessary to examine within-person relationships between pain
and affect among individuals with chronic pain. Furthermore, although pain appears to be
associated with increased NA and decreased PA for individuals on average, the strength
and even direction of these relationships may vary considerably across individuals. Thus,

it is critical to further examine within-person relationships between pain and affect using
methods that can accurately estimate variability in person-specific effects. Such idiographic
and multilevel research has the potential to provide better understanding of the complex
relationships between physical and psychological symptoms, and ultimately facilitate more
targeted treatment for individuals with chronic pain.
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Appendix A.: Overview of included studies

Disease Citation N Assessment Days Times Adherence
type per day
Marceau et al. (2007) 36 Combined 28 1
Suso-Ribera et al. (2018) 38 Electronic 30 2 75.7%
Vendrig et al. (1997) 57 Paper 6 8 88.3%
General Chronic Pain g:)r;?gfgfl(%%()il 70 Electronic 14 1 96.4%
Christian et al. (2015) 85 Electronic 30 1 77.7%
Fragoso et al. (2018) 86 Electronic 5 1
Schneider et al. (2012) 106 Electronic 28 1 98.3%
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Disease Citation N Assessment Days Times Adherence
type per day
Munetal. (2016) 131 Phone call 21 3 89.5%
Okun et al. (2016),
Mun et al. (2018)
Burns et al. (2020) 22 Electronic 49 2 76.6%
Grant et al. (2002) 88 Paper 30 2
Chronic Low Back Pain .
Burnsetal. (2015) 105 Electronic 14 5 87.1%
Gerhart et al. (2017)
Gerhart et al. (2018)
Smith et al. (2016) 120 Phone call 7 4 80.8%
Song etal. (2015), 143 Electronic 22 3 73.0%
i Nahetal. (2020)~
Osteoarthritis Martire et al. (2018)
Finan et al. (2013) 151 Electronic 14 1 83.0%
Rivera et al. (2020) 268 Phone call 7 4 78.0%
Cruise et al. (1996) 18 Paper 7 7 94.0%
Fifield et al. (2004) 27 Paper 20 3 99.0%
Graham-Engeland et al. 31 Electronic 7 5
(2016)
Stone et al. (1997) 34 Paper 7 7 83.0%
Rheumatoid Arthritis Kwissa-Gajewska et al. 54 Paper 7 1 98.2%
(2018)
Connelly et al. (2007) 94 Paper 30 1 96%
Gruszczyska et al. (2015) 95 Paper 3 1
Finan et al. (2010) 170 Paper 29 1 82.6%
Conner et al. (2006) 188 Paper 30 1 97.7%
Mun et al. (2017) 231 Paper 30 1 97.0%
Hamilton et al. (2007) 49 Paper 2 6
Schneider et al. (2018) 100 Electronic 14 8 86.0%
Mixed Rheumatic Hegarty et al. (2015) 142 Paper 7 4 97.4%
Diseases Hegarty et al. (2016)
Mak et al. (2020)5 290 Electronic 7-31 3-9
Finan et al. (2009) 260 Electronic 30 1 92.5%
Finan et al. (2010) *
Hardy et al. (2011) 27 Electronic 5 2 98.2%
Rost et al. (2020) 46 Electronic 14 1 93.8%
Fibromyalgia Tennen et al. (2006) . 71 Electronic 30 3 98.3%
Hamilton et al. (2008)
Kothari et al. (2015) 220 Electronic 21 4 84.8%
Van Middendorp et al. 333 Paper 28 1 89.0%
(2010)
Han et al. (2019) 356 Unknown 28 1
Irritable Bowel Syndrome
Drukker et al. (2020) 24 Electronic 7 10
Temporomandibular Aaron et al. (2004) 62 Electronic 56 3 85.0%
Disorder Aaron et al. (2005) ™
Cho et al. (2013) 30 Electronic 10 1 99.9%
RSDS/CRPS
Feldman et al. (1999) 109 Paper 28 1 91.0%
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Disease Citation N Assessment Days Times Adherence
type per day
Kikuchi et al. (2015) 23 Electronic 7 6 97.0%
Migraine/Headache . .
Ciere et al. (2019) 61 Electronic 7 9 89.0%
Houtveen et al. (2013) 87 Electronic 21 4 89.5%
Turner et al. (2019) 95 Electronic 49 2 90.7%

Note. RSDS/CRPS = reflex sympathetic dystrophy syndrome or complex regional pain syndrome; N = reported sample size
included in analyses. If the sample was mixed (i.e., chronic pain and healthy controls), only the sample size of individuals
with chronic pain is reported; Assessment type = method of delivering EMA or daily diary assessments; Days = number of
EMA or daily diary assessment days; Times per day = number of EMA or daily diary assessments per day;

*

indicates duplicate sample. If adherence estimates were not provided by the authors, adherence was estimated by dividing
the reported number of completed assessments over the total possible assessments. Some studies did not use all assessments
in analysis. The number of assessments associated with adherence is reported.

aMak and Schneider (2020) is a meta-analysis of three separate samples that used different sampling frameworks.
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