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Purpose: The objective of this study was to replicate and extend prior evidence regarding the concurrent associations among pain
self-efficacy, sleep disturbance, and pain intensity in adults with chronic pain, and to evaluate their temporal associations over time.
Patients and Methods: This prospective study enrolled 300 Thai chronic pain outpatients from Siriraj Hospital, of whom 50 were
excluded due to loss to follow-up, yielding a final sample of 250 participants. Standard questionnaires were administered to assess pain
severity, pain self-efficacy, and sleep disturbance at baseline (initial visit) and again at a follow-up assessment conducted about
6 weeks later (range 4-8 weeks). Longitudinal associations were examined using cross-lagged panel models with covariate adjustment,
and moderation analyses were conducted using multiple linear regression with interaction terms.

Results: Participants were primarily female with a mean age of 54 years; neuropathic pain was the most common condition. Due to
the COVID-19, about half of the participants (52%) did not return to the hospital for follow-up. However, they did return completed
follow-up questionnaires via email. The average time between two assessments was 6.25 + 1.77 weeks. Concurrent associations among
pain intensity, sleep disturbance, and pain-related self-efficacy were observed in expected directions (correlations ranging from »’s =
0.42 to 0.47). After controlling for age, birth sex, education level, and pain duration, each primary study variable was significantly
correlated with its corresponding variable at follow-up (»’s = 0.42 to 0.56). The only significant cross-lagged association to emerge
was between pain-related self-efficacy at the initial visit and pain intensity at follow-up (6 = 0.17, p < 0.01). In unadjusted regression,
T1 self-efficacy was negatively associated with T2 pain intensity (f = —0.11, p = 0.08), but the direction reversed and became
significant after adjustment (f = 0.18, p < 0.01), indicating a statistical suppression effect.

Conclusion: Medium to large concurrent associations were observed in expected directions between measures of pain severity, pain
self-efficacy, and sleep disturbance; each of these measures were also stable over time. Only one significant cross-lagged effect
emerged, which may reflect statistical suppression rather than a true adverse temporal effect. The temporal associations between these
domains require further longitudinal evaluation.
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Introduction
Chronic pain is a common condition that affects millions of individuals worldwide, with prevalence rates ranging from

10% to 50%, depending on how chronic pain is defined.'” It significantly impacts physical functioning, emotional well-
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being, and quality of life.* © The severity and impact of pain are known to be influenced by many factors, including those
that might be less modifiable (eg, biological factors such as degree of injury and nociception, birth sex) and those that are
modifiable (eg, psychological and social factors such as pain-related thoughts, coping responses, and education level).”*

Pain intensity and sleep disturbance are two of the many challenges faced by individuals with chronic pain, and have
been shown to influence each other.””*'® The cyclical relationship between pain and poor sleep can exacerbate symptoms,
leading to a decline in health and daily functioning. Moreover, because sleep quality, like pain, is influenced by the

psychological factors,"' "3

it may be possible to improve pain by improving sleep via interventions that target
psychological factors that impact sleep. A better understanding of the role that psychological factors play in sleep and
pain could therefore inform the development of, or adaptations to, pain treatments, ultimately helping to decrease the
intensity and negative impact of chronic pain.'*'*

Pain-related self-efficacy refers to an individual’s confidence in their ability to perform tasks or manage challenges,
even in the presence of pain. It has been found to be associated with how individuals cope with and adapt to chronic
pain.'® For example, higher levels of pain self-efficacy have been shown to be associated with greater resilience, reduced
emotional distress, and improved physical functioning.'>'® Conversely, lower self-efficacy has been linked to heightened
perceptions of pain, increased disability, and poorer overall health.'> Although the role of self-efficacy in chronic pain
management is well-documented, its relationship with key pain-related outcomes, such as pain intensity and sleep
disturbance, warrants further exploration. Self-efficacy may influence sleep through multiple pathways. Higher self-
efficacy can promote engagement in adaptive coping strategies, such as appropriate activity pacing, thereby improving
sleep outcomes. Consistent with the importance of domain specificity, Ghose et al demonstrated in a large sample (n =
3284) that sleep self-efficacy was more strongly associated with sleep health outcomes than general self-efficacy.'’
Additionally, poor sleep quality has been linked to higher levels of depression and anxiety, as well as greater pain
severity. Moreover, to our knowledge, no one has examined the potential moderators of the association between pain-
related self-efficacy and other pain-related variables; such analyses are needed to help determine the subgroups of
individuals for whom self-efficacy may be a particularly important treatment target. Finally, the majority of research
examining associations between pain self-efficacy and other pain-related factors has relied on cross-sectional designs;
longitudinal evidence regarding their temporal relationships remains limited. Research using longitudinal data is needed
to help identify possible causal associations.

Given these considerations, the purpose of this study was to better understand the concurrent and longitudinal
associations between pain self-efficacy, sleep disturbance, and pain intensity in a sample of adults with chronic pain.
Given prior research findings, we hypothesized that self-efficacy would evidence negative concurrent associations
with sleep disturbance and pain intensity, and the latter two variables would be positively associated with one another
at two assessment points range 4—8 weeks, depending on the next available appointment). Also, given prior research,
if significant temporal associations between pain intensity and sleep disturbance emerged, we anticipated that higher
levels of pain intensity assessed at one point in time would predict higher levels of sleep disturbance at the next visit,
and vice versa. Also, given self-efficacy theory proposing self-efficacy as an adaptive belief, as well as the
preponderance of evidence supporting negative associations between self-efficacy and dysfunction, we hypothesized
that higher levels of self-efficacy at an initial assessment would prospectively predict decreases in both pain intensity
and sleep disturbance at the next visit. Prior research has shown that psychological factors such as pain catastrophiz-
ing may mediate treatment-related changes in pain outcomes over the course of several weeks.'®'? Therefore,
a follow-up interval of approximately six weeks was selected to allow sufficient time for potential temporal
associations among pain-related self-efficacy, sleep disturbance, and pain intensity to emerge. However, temporal
effects are likely dependent on the length of the lag interval, and thus the six-week follow-up period used in this study
should be considered a clinically pragmatic timeframe rather than a definitive temporal window for detecting
directional effects. Finally, we did not have any a priori hypotheses regarding the potential moderation effects of
demographic variables on the associations among the study variables, and therefore viewed tests of moderation effects
as exploratory.
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Materials and Methods

Participants

The participants for this study were patients receiving care at an outpatient chronic pain clinic, in Siriraj Hospital,
Bangkok, Thailand. Study inclusion criteria were: (1) > 18 years old; (2) chronic pain (ie, pain duration > 3 months); (3)
able to read and speak Thai; (4) able to complete the study measures; and (5) provide complete data at both assessment
periods. The exclusion criteria were: (1) decline study participation; (2) pain due to cancer; (3) unable to complete study
procedures due to lack of Thai language literacy. This study (COA si 273/2025) was a retrospective analysis of our
previous prospective collecting data trial (COA si 607/2020) with calculated sample size with reference to a prior study
by Wilson et al*® After the study was approved by the Siriraj Institutional Review Board of the Faculty of Medicine in
Siriraj Hospital, Mahidol University, Bangkok, Thailand, a total of 250 consecutive outpatients provided data at both
assessment points from August 2020 to June 2021. In the present study, 300 participants were enrolled; 50 were excluded
due to loss to follow-up, yielding a final sample of 250. Follow-up was conducted during in-person visits to the outpatient
department (n = 119) or via Email (n = 131). No missing data were observed for the variables included in the analyses
irrespective of the mode of follow-up data collection. The study was conducted in accordance with the Declaration of
Helsinki.

Procedures

After enrolling in the study and signing informed consent forms, participants completed a demographic and pain
history questionnaire at the initial visit (T1). They were then administered hard copies of the study measures (described
in the next section) by a research staff member who also provided verbal instructions and was available to answer
questions about the scales. Depending on appointment availability, participants were scheduled for a follow-up visit
(T2) about 4-8 weeks after the initial visit and were again asked to complete the study measures. Due to the COVID-
19, about half of the participants (52%) did not return to the hospital for follow-up. However, they did return
completed follow-up questionnaires via email. The average time between initial (T1) and follow-up (T2) assessments
was 6.25 + 1.77 weeks.

Measures

Demographic Data

The study participants were asked to complete a questionnaire that collected demographic data (ie, age, birth sex, and
education level) and pain history information, including pain diagnosis, pain duration, and cause of pain For the planned
moderation analyses, participants were classified into different age (< 60 years old vs. > 60 years old), education level (<
12 years or > 12 years of education) and pain period duration (categorized into three groups as < 2 years, > 2-5 years, and
> 5 years) groups.

Pain Intensity
Based on prior research showing that the 0 to 10 Numerical Rating Scale (NRS-11) has the most utility in Thai

2122 we administered this measure to assess 7-day recalled average pain intensity. With

individuals with chronic pain,
this measure, respondents are asked to choose a number from 0 to 10 that best represents their “Usual pain intensity in

the past 7 days,” with 0 = “No pain at all” and 10 = “Pain as bad as it could be.”

Sleep Disturbance

The four items assessing sleep disturbance subscale from Thai version of the Patient Reported Outcomes Measurement
Information System (T-PROMIS-29) were used to measure sleep disturbance over the past 7 days.?**** Each item is rated
on a | (“Very good/Very much”) to 5 (“Very poor/not at all”) Likert scale. Higher scores indicate greater sleep
disturbance. The responses are summed and transformed to a T-score (ie, mean of 50 and SD of 10 in the normative
sample). The PROMIS Sleep Disturbance scale demonstrates high reliability and validity similarly to the EuroQol (EQ-
5D-5L).%
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Pain-Related Self-Efficacy

Pain-related self-efficacy refers to the confidence that individuals with chronic pain have in coping with their condition
and managing the impact of pain on their lives. It is conceptually distinct from related constructs such as pain
catastrophizing, depression/anxiety, coping style, and fear-avoidance, which reflect maladaptive cognitions, emotional
distress, behavioral tendencies, and avoidance responses, respectively. The University of Washington Pain-Related Self-
Efficacy Scale (T-UW-PRSE) was developed in 2018 from an expert panel of pain clinicians*® and translated into Thai
version with good internal consistency (Cronbach o = 0.85) and moderate test-retest reliability (ICC, 1y = 0.72).%” The
measure has demonstrated good validity and moderate test-retest reliability for individuals with chronic pain,*® including
individuals from Thailand with chronic low back pain.**

The 6-item Thai version of the University of Washington Pain-Related Self-Efficacy Scale (T-UW-PRSES)?’ was
used to assess pain-related self-efficacy. With the T-UW-PRSES, respondents were asked to rate their level of confidence
in being able to engage in six activities despite their pain on a 1 (“Not at All”) to 5 (“Very much”) scale. A sample item
is, “How confident are you that you can do most of your daily activities in spite of your pain?” The responses are
summed into a total score and transformed into T-scores; a higher T-score represents a higher level of self-efficacy. The
original measure has demonstrated good validity and reliability in individuals with low back pain,?® and the Thai version
of this measure used in the current study has also demonstrated good validity and moderate test-retest reliability.?”

Statistical Analyses

We first computed descriptive statistics for demographic variables to characterize the study sample. To evaluate the
hypothesized concurrent associations between pain self-efficacy, sleep disturbance, and pain intensity, we computed
Pearson correlation coefficients between these variables at both assessment points. Next, to estimate and test for the
lagged associations between pain intensity, sleep disturbance, and pain-related self-efficacy, we employed longitudinal
cross-lagged path models within a structural equation modeling framework. Age, birth sex, education level, and pain
duration were included as control variables to better isolate the unique variance associated with the relationships between
pain intensity, sleep disturbance, and pain-related self-efficacy. Although we intended for the final models to include
these demographic covariates, we also evaluated the models without these covariates in sensitivity analyses to determine
if the patterns of results were affected by their inclusion. We included measures of pain intensity, sleep disturbance, and
pain-related self-efficacy at both time points in the model. To account for autocorrelations (the associations between the
same variable at subsequent time points), we added auto-regressive paths between each measure of pain intensity, sleep
disturbance, and pain-related self-efficacy and the same measure at the next consecutive time point. To account for
synchronous correlations, we allowed the errors corresponding to the measures of pain intensity, sleep disturbance, and
pain-related self-efficacy at the same time points to correlate. We included auto-regressive paths between pain intensity,
sleep disturbance, and pain-related self-efficacy, as well as the opposite measure at the subsequent time point (eg, T1 pain
intensity predicts T2 sleep disturbance, T1 pain intensity predicts T2 pain-related self-efficacy, and vice versa) to assess
the cross-lagged associations between the study variables Cross-lagged path coefficients were evaluated using post-
estimation analyses via the Structural Equation Modeling (SEM) command to determine whether differences in
coefficients were statistically significant Model fit for the cross-lagged analyses was assessed using the root mean square
error of approximation (RMSEA), *, the comparative fit index (CFI), and the Tucker—Lewis index (TLI). Adequate fit
was indicated by RMSEA < 0.06 and CFI and TLI > 0.95 and SRMR < 0.08.%

Finally, to address the aim to identify possible demographic and pain-related factors that might moderate the cross-
lagged associations between the study variables, we conducted a series of multiple linear regressions, testing the
interaction terms between each predictor assessed at the initial assessment and candidate moderator variables, as
a predictor of the other variables assessed six weeks later We used a p value of 0.05 to identify significant associations
for all tests of direct effects. However, we used a p value of 0.01 to identify potential moderators in the moderation
analyses, to balance the need to control for both type 1 and type 2 errors, given the large number of moderation tests
conducted. Longitudinal cross-lagged path analyses were performed using STATA version 17.0 (Stata Corp LP, Texas,
USA), and descriptive statistics were computed using IBM SPSS Statistics version 29.0 (IBM Corp, Armonk, NY, USA).
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Results

Descriptive Data

After the exclusion of 50 participants due to loss to follow-up, the final sample comprised 250 participants. The sample
was predominantly female (60%), with a mean age of 54 years; neuropathic pain was the most common diagnosis. Pain
duration on average was 6 years, with the minimum of 3 months and the maximum of 30 years. Descriptive data for the

study sample are presented in Table 1.

Concurrent Associations Between Pain Intensity, Sleep Disturbance, and Self-Efficacy
The concurrent Pearson’s correlation coefficients between pain intensity, sleep disturbance, and pain-related self-efficacy
at T1 and T2 are presented in Table 2. As can be seen, the magnitude of these associations were in the medium to large
effect size range (ie absolute value range, 0.42 to 0.47), and the directions of the correlation were as expected; that is,
there were moderate positive associations between pain intensity and sleep disturbance, and moderate negative correla-
tions between self-efficacy and both pain intensity and sleep disturbance.

Table | Descriptive Data for the Study Sample

Variables N (%)
Age (years), mean * SD 543 + 15.8
<60 years, n (%) 144 (58)
>60 years, n (%) 106 (42)

Sex
Female, n (%) 150 (60)
Level of education, n (%)
< 12 years of education 148 (59)
>|2 years of education 102 (41)
Cause or type of pain*, n (%)
Neuropathic pain 178 (71)
Muscle pain 108 (43)
Bone and joint pain 115 (46)
Visceral pain 15 (6)
Other diagnoses of pain type 21 (8)
Unknown 44 (18)
Pain duration (years), mean * SD 6.1 £11.9
<2 years, n (%) 81 (32)
>2-5 years, n (%) 84 (34)
>5 years, n (%) 85 (34)

Notes: Pain diagnoses marked with an asterisk (¥) allow multiple
responses; therefore, the corresponding percentages may exceed 100%.
Abbreviation: SD, standard deviation.

Table 2 Concurrent Pearson Correlations Among Pain Intensity, Sleep
Disturbance, and Pain-Related Self-Efficacy at the Initial Visit (T1) and
Follow-Up Visit (T2)

Associations Initial Visit (T1) | Follow-Up Visit (T2)
Pain intensity — Sleep disturbance 0.47* 0.43*
Sleep disturbance — self-efficacy -0.44* -0.43*
Self-efficacy — Pain intensity -0.42* -0.43*

Notes: T1, baseline assessment; T2, follow-up assessment. Pearson correlation coefficients are
presented. Correlations marked with an asterisk (¥) are statistically significant at p < 0.05.
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Longitudinal Cross-Lagged Path Models

The structural equation model showed ¥*(61) = 143.81, p < 0.001 RMSEA = 0.074 (90% CI = 0.058-0.089), CFI = 0.904,
and SRMR = 0.031. Standardized path coefficients with 95% confidence intervals are presented in Table 3. As can be
seen, each primary study variable at the initial visit (pain intensity, sleep disturbance, and pain-related self-efficacy) had
a strong association with its corresponding variable at the second visit. The only significant cross-lagged association to
emerge was between pain-related self-efficacy assessed at T1 and pain intensity assessed at T2. This association indicated
that participants who endorsed higher levels of pain-related self-efficacy at T1 subsequently reported larger increases in
pain intensity from T1 to T2 than those who reported lower levels of self-efficacy at T1. The cross-lagged coefficient for
this effect (B = 0.17) indicates a large effect size (ie, > 0.12).%

As this cross-lagged effect for self-efficacy was inconsistent with what we anticipated given both theory and prior
evidence regarding the concurrent associations between pain self-efficacy and pain intensity as well as in the current
study (see prior section and Table 2), we conducted a series of unadjusted and adjusted regression analyses to test
whether the temporal association between T1 self-efficacy and a subsequent increase in pain intensity might reflect an
instance of statistical suppression, due to the inclusion of one or more variables in the model. The results of these
additional analyses are presented in Table 4. As can be seen, in the unadjusted model, T1 self-efficacy was negatively
associated with T2 pain intensity, consistent with the study hypothesis and suggesting a potentially beneficial effect of
self-efficacy, although this association did not reach statistical significance. With inclusion of covariates in an adjusted
model, the direction of the relationship changed; that is, T1 self-efficacy became positively associated with T2 pain
intensity, and this association was statistically significant. This shift in direction supports the presence of a suppression
effect, wherein the inclusion of certain variables—most notably T1 pain intensity—changed the direction of the lagged
associated between T1 self-efficacy and T2 pain intensity. The conclusion of longitudinal cross-lagged panel model is
shown in Figure 1.

Table 3 Cross-Lagged Coefficients for the Study Variables From the Initial Visit (T1) to the Follow-Up Visit (T2)

T1 Study Variables

T2 Study Variables

Pain Intensity p (95% CI)

Sleep Disturbance B (95% CI)

Pain-Related self-Efficacy p (95% CI)

Pain intensity
Sleep disturbance
Self-efficacy

0.56 (0.45 to 0.66) *
0.10 (-0.02 to 0.22)
0.17 (0.05 to 0.29) *

0.08 (-0.03 to 0.20)
0.58 (0.48 to 0.67) *
-0.02 (-0.13 to 0.09)

-0.11 (-0.23 to 0.02)
-0.03 (-0.16 to 0.09)
0.42 (0.3 to 0.53)*

Notes: T1, baseline assessment; T2, follow-up assessment. Values are standardized path coefficients () with 95% confidence intervals. Models were adjusted
for age, sex, education level, and pain duration. Coefficients marked with an asterisk (¥) are statistically significant at p < 0.05.
Abbreviation: Cl, confidence interval.

Table 4 Regression Analysis Evaluating the Suppression Effect of Individual Covariates From the Adjusted
Model on the Association Between T| Self-Efficacy and T2 Pain Intensity

Model Covariate Removed Standardized p P Interpretation
Unadjusted All -0.11 0.08 Non-significant negative association
Adjusted None 0.18 <0.01 Significant positive association

(All covariates included)
A T1 pain intensity 0.03 0.71* Loss of significance — a suppressor
B T1 sleep disturbance 0.15 0.01 Less significant — Weak suppressor
C Sex 0.17 0.01 Still significant — Not a suppressor
D Age 0.18 0.01 Still significant — Not a suppressor
E Education 0.17 0.01 Still significant — Not a suppressor
F Pain Duration 0.20 <0.01 More significant — Not a suppressor

Notes: f, standardized regression coefficient; T|, baseline assessment; T2, follow-up assessment. P-values are two-tailed. The adjusted
model included T1 pain intensity, T sleep disturbance, age, sex, education level, and pain duration. p 2 0.05 indicates statistical non-
significance. The arrow (—) indicates a change in statistical significance or effect magnitude after removal of the specified covariate. Models
marked with an asterisk (¥) indicate loss of statistical significance after removal of the specified covariate, consistent with a suppression effect.
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Control variables Predictor variables Criterion variables
Pain Pain
?' intensity(T1) \\‘:\0 intensity(T2)
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duration | -0.02 self-efficacy(T1) self-efficacy(T2)
. Direct effect
Gontrol effect. T association Auto correlation. T2 assodiaton

Figure | The longitudinal cross-lagged panel model.
Notes: Statistically significant associations (p <0.05) are presented in bold and marked with an asterisk.

Moderation Effects

Four of the candidate moderators of the associations between the study variables were non-significant (p > 0.01) in all of
the moderation analyses: birth sex, education level, and two pain duration variables (ie, < 2 years vs >2-5 years vs. > 5
years). However, two of the moderation tests emerged as significant: Age X T1 Self-Efficacy predicting T2 pain intensity
(B for interaction term = -1.10, p < 0.01) and Age X T1 Self-Efficacy predicting T2 Self-efficacy (B for interaction term =
-1.16, p < 0.01). To help interpret these moderation effects, we computed the associations between T1 self-efficacy and
T2 pain intensity and between T1 self-efficacy and T2 self-efficacy for both younger (< 60 years) and older (> 60 years)
participants. In both cases, the magnitudes of the associations were stronger for the younger participants (-0.25 and 0.60,
respectively) than older participants (0.08 and 0.33, respectively).

Discussion
The primary study aim was to better understand the concurrent and longitudinal associations between pain self-efficacy, sleep
disturbance, and pain intensity. Concurrent associations were as expected, with medium to large effect size associations
between the three primary study variables at each assessment point. We identified one significant temporal association
between the study variables; higher pain self-efficacy assessed at one point in time predicted subsequent increases in pain
intensity over the course of the next six weeks, although the direction of this association was opposite of what was
hypothesized. Finally, age (but not birth sex, education level, or pain duration) was found to moderate the associations
between self-efficacy measured at the initial assessment and subsequent pain intensity and self-efficacy assessed 6 weeks later,
with these associations being stronger for younger participants than older participants. The study findings have important
implications for understanding the potential mutual influences between pain intensity, sleep disturbance, and self-efficacy.
Overall, the fit indices indicated an acceptable model fit. Although the CFI and SRMR satisfied the predefined criteria for
adequate fit, the RMSEA and TLI values fell marginally outside the recommended thresholds (RMSEA < 0.06; TLI > 0.95).
Nevertheless, because the CFI and SRMR are generally less sensitive to model complexity than the RMSEA and TLI, the
overall pattern of fit indices suggests that the hypothesized model provided a reasonable representation of the observed data.*’
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Concurrent associations

The medium to strong concurrent associations between pain intensity, sleep disturbance, and self-efficacy were all in
expected directions, and consistent with prior research. For example, Adegbola and colleagues found that pain related
self-efficacy was positively associated with sleep quality and negatively associated with pain intensity in 90 sickle cell
disease patients with chronic sickle cell disease pain.>® Similarly, a meta-analysis of 83 studies on self-efficacy and
chronic pain outcomes by Jackson et al found that the overall associations between self-efficacy impairment and chronic
pain severity were highly significant and remarkably consistent across studies (r = -0.39, 95% CI, -0.47 to -0.39, p <
0.001)."°

Cross-Lagged Associations

Prior research has been inconsistent with respect to the temporal associations between pain intensity and sleep
disturbance, with some studies identifying significant associations (sometimes bi-directional/mutual®!®!33%32 and
sometimes not bi-directional®®) and other studies not showing significant associations.>’ However, when significant,
the associations found tend to be in the expected directions, with more pain intensity predicting more subsequent sleep
disturbance and vice versa.>' The findings from the analyses conducted here fall within the range of findings from prior
research, with weak and non-significant associations that were still in the expected directions. In addition, as noted, the
sample size and high autoregressive stability (which reduced the variance available for prediction) may not have allowed
sufficient power to detect anything other than large effects. Therefore, the absence of statistically significant cross-lagged
associations should not be interpreted as evidence of no temporal relationship. The current sample size may have been
underpowered to detect small cross-lagged effects. Additional studies with larger sample sizes and additional assessment
waves are needed to help identify cross-lagged paths that may exist but could not be detected in the current study.

Taken as a whole, the findings suggest that there is a generally consistent but weak impact of pain on sleep and of
sleep on pain, on average. What is not known is whether the associations are generally weak for everyone with chronic
pain, or if there are individuals for whom the associations are strong and individuals for whom the associations are
minimal; that is, whether there are moderators that might influence the strength of the temporal associations between pain
intensity, self-efficacy, and sleep disturbance. Research to understand this latter issue is needed in order to determine if
there are individuals with chronic pain who might benefit more or less from treatments that are known to be effective for
improving sleep quality (see the discussion of moderation effects later in this Discussion).

To our knowledge, this study is the first that examined the temporal associations between pain self-efficacy and both
pain intensity and sleep disturbance. Inconsistent with the study hypothesis, as well as with findings from the concurrent
association analyses and moderation analyses, we found that higher levels of pain self-efficacy measured at the initial
assessment predicted increases in subsequent pain intensity. If this finding is reliable, it could have a number of
explanations. Because activity levels and pacing behaviors were not directly measured, this unexpected finding should
be interpreted cautiously and may reflect statistical suppression or residualized associations among correlated baseline
variables rather than a true adverse effect of self-efficacy. It is also possible that low pain levels might both (1) influence
an individual’s beliefs about an individual’s ability to control pain and its effects and (2) be associated with a greater
likelihood of experiencing more subsequent pain due to regression to the mean. Finally, the reversal in direction between
unadjusted and adjusted analyses supports the possibility of statistical suppression. Overall, the findings both support the
potential importance of self-efficacy as playing a role in pain intensity, while also underscoring the complexity of pain
and the factors that can impact pain.

Moderation Effects

As noted previously, one possible explanation for inconsistency in findings regarding the association among variables is
that such associations vary as a function of the specific characteristics of the population. Identifying the characteristics
that may moderate the concurrent or temporal associations between pain-related variables is important for helping to
understand the reasons for inconsistent findings, as well as for identifying populations for whom targeting specific factors
in treatment might be most helpful. Here, we found that birth sex, pain duration, and education level did not moderate the
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temporal associations among the study variables, suggesting that treatments that target these variables would have similar
effects across these groups. However, two significant age effects emerged. These findings should be interpreted
cautiously as exploratory and hypothesis-generating rather than as evidence supporting specific clinical recommenda-
tions; additional research is needed to determine the reliability of these age-moderating effects.

Discrepancy Between the Concurrent and Cross-Lagged Findings

The contrast between the concurrent associations and the much weaker—and mostly non-significant—temporal associa-
tions warrants comment. Such differences are unlikely to be due to shared method variance, as all data were obtained via
self-report; if anything, shared method variance would be expected to result in consistent associations between the
concurrent and temporal analyses. Nevertheless, some conceptual overlap exists between pain intensity and sleep
disturbance because both partly reflect shared symptom burden. Therefore, some observed associations may reflect
overlapping constructs rather than directional effects alone.

Importantly, the two-wave cross-lagged design used here cannot distinguish stable between-person differences from
within-person changes over time, which limits interpretation of the observed temporal associations. One possible explana-
tion is that there exists an unmeasured variable (eg, depression, anxiety, neuroticism, catastrophizing) that influences all
three of the primary study variables but does not substantially change over time In this case, if the unidentified variable is
the key causal factor and the three primary study variables do not influence one another, then treatments that change any of
these variables would likely yield benefits only for the directly targeted outcome. Another possibility is that the lag time
studied here (6 weeks) was not the optimal timeframe for causal effects to emerge. For example, if the beneficial effects of
self-efficacy on pain and sleep disturbance occur within one week or less, then it would be necessary to assess these
variables over shorter intervals rather than six weeks. Determining which of these explanations is accurate would require
both (1) assessing additional candidate causal variables and (2) assessing the variables multiple times (eg, weekly over the
course of several weeks, to be able to evaluate 1-week and >1-week lag effects) period. Such research would be important to
conduct because identifying causal factors is of critical importance for the design of effective interventions.

Limitations

This study had several limitations. First, all the participants were from a single tertiary care hospital in Bangkok,
Thailand. According to data from Thailand’s Office of Education,*® our participants had a higher proportion of higher-
education attainment than the general Thai population. Second, we examined temporal associations only over a 6-week
period. It is possible that any causal effects among the study variables may have their largest impact over shorter or
different timeframes. Third, although a 6-week interval may capture symptom variability, it may be insufficient to detect
robust changes in self-efficacy. Future research employing both shorter and longer lag intervals is warranted. Fourth, due
to COVID-19, follow-up data were collected either in person or via email, which may have introduced bias. However,
sensitivity analyses adjusting for follow-up mode yielded similar findings. Fifth, treatments (including medication use)
were not monitored and may have influenced pain and sleep outcomes, potentially attenuating associations with self-
efficacy. Future studies should assess and adjust for these factors when possible. Sixth, all variables were assessed using
self-report measures, and some overlap between pain intensity and sleep disturbance may have influenced the observed
associations. Finally, although the analyses were hypothesis-driven, a large number of analyses were conducted.
Replication of the findings in additional samples is needed to determine which of the study findings are reliable.

Summary and Conclusions

This study examined the concurrent and longitudinal associations between measures of pain-related self-efficacy, sleep
disturbance, and pain intensity in adults with chronic pain. Medium to large effect-size concurrent associations were
observed in expected directions (eg, higher self-efficacy was associated with lower pain intensity and less sleep
disturbance). In contrast, short-term temporal relationships among these variables remain uncertain. Only one significant
cross-lagged effect emerged: higher baseline self-efficacy predicted greater subsequent pain intensity; however, post hoc
analyses suggested that this unexpected finding was likely due to statistical suppression rather than true adverse effects of
self-efficacy on future pain intensity.
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Overall, the findings highlight the complex interplay among psychological and physical factors in chronic pain and
underscore the need for future longitudinal research and additional psychosocial variables. Future research using more
comprehensive longitudinal designs, incorporating additional psychosocial variables, and employing varied follow-up
intervals is needed to better clarify the mechanisms and temporal dynamics linking self-efficacy, sleep, and pain in
individuals with chronic pain.
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