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Abstract

Study Objectives: Military veterans often suffer from chronic pain and sleep issues at a greater frequency than the general popu-
lation, leading some to self-medicate with alcohol. While research shows a connection between sleep and pain, few studies have
examined bidirectional links between sleep and pain at the daily level—or the extent to which alcohol use may moderate these
associations.

Methods: Heavy-drinking veterans seeking treatment for insomnia (N = 109, 82.5% male, mean age 38.9 years) completed 14 days of
morning diaries documenting sleep patterns, pain intensity, and alcohol consumption. Multilevel modeling examined within- and
between-person associations between sleep (quality, duration, and efficiency) and next-day pain as well as pain and same-night
sleep.

Results: Individuals with longer sleep duration, better sleep quality, and higher sleep efficiency (SE) reported lower pain levels com-
pared to those with shorter sleep, poorer sleep quality, and lower SE (p values <.001 to .01). In addition, on days when individuals
experienced better sleep quality compared to their own average, they reported lower pain levels the following day (p = .01). In contrast
to hypotheses, daily pain levels did not predict sleep outcomes at the daily within-person level, although significant between-person
correlations were noted. Daily alcohol intake did not affect these relationships.

Conclusions: Sleep quality is associated with the daily experience of pain among heavy-drinking veterans with insomnia. Daily
variations in sleep quality significantly impact pain, irrespective of alcohol consumption, highlighting a predominantly unidi-
rectional influence from sleep to pain. These findings underscore the importance of optimizing sleep to mitigate pain in this
population.

Key words: alcohol; military veterans; multilevel modeling; pain; sleep quality

Statement of Significance

This study is among the first to explore day, within-person level associations between sleep and pain in veterans, a group dispro-
portionately affected by these issues. It provides novel insights into the dynamic interplay between daily sleep and pain, revealing
that improved sleep quality significantly reduces pain the following day. Importantly, this relationship appears to be unidirectional,
as daily fluctuations in pain did not significantly alter sleep quality. These findings are particularly critical for heavy-drinking vet-
erans with symptoms of insomnia, highlighting sleep optimization as a potential strategy for pain management. Future research
should investigate the mechanisms underlying these associations. Such research is essential for developing targeted interventions
to improve the quality of life and health outcomes for Veterans.
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Introduction

Those who serve and have served in the military experience
unique occupational stressors, such as combat exposure, deploy-
ments, and frequent relocations (i.e. permanent changes of sta-
tion) that make this population susceptible to physical injury and
mental health issues [1]. Indeed, military veterans exhibit higher
prevalence rates of mental health disorders (e.g. depression, post-
traumatic stress disorder; PTSD) and alcohol misuse compared
to the general adult population [2, 3]. Pain is one of the most
common problems among veterans, with rates between 48% and
81% among those enrolled in Veterans Health Administration
(VHA) healthcare [4, 5]. Again, compared to the general adult
population, chronic pain disproportionately affects veterans. In
a population-based survey from 2010 to 2014 sampling 67,696
adults in the United States, veterans reported experiencing per-
sistent severe pain at a 40% higher rate than nonveterans [6].
Moreover, although rates of chronic pain are increasing in gen-
eral, the prevalence of any pain increased at a greater rate among
veterans than nonveterans from 2002 to 2018 [7].

Veterans also commonly experience sleep disturbances that
can stem from or be exacerbated by military service, includ-
ing deployments with little sleep opportunity, incommodious
sleeping environments, shiftwork, and exposure to stressors. A
meta-analysis assessing sleep quality in the military reported
that the pooled prevalence rate of clinically significant “poor”
sleep quality (based on the Pittsburgh Sleep Quality Index global
score of >5) was 83% among veterans [8]. Like chronic pain, diag-
noses of sleep disorders are also increasing in this population.
In a recent review [9], virtually every sleep disorder diagnosed
within the VHA increased from 2012 to 2018, with the largest
increases in sleep-related breathing disorders and insomnia.
Chronic pain and sleep problems (e.g. insomnia, nightmares) are
independently associated with other adverse health outcomes,
such as suicide risk [10, 11], mental health symptoms [12, 13],
and worse overall quality of life [11, 12]. As such, both pain and
sleep problems constitute significant clinical concerns within the
federal healthcare system.

A wealth of cross-sectional research has documented relation-
ships between pain and sleep. In a recent meta-analysis [14], the
pooled prevalence of sleep disorders among those with chronic
pain was 44%, with worse objectively estimated sleep onset
latency (SOL), sleep efficiency (SE) (i.e. percentage of time in bed
spent asleep), and nighttime awakenings among this group as
well. Short sleep duration [15] and worse subjective sleep quality
have also been shown to be associated with more severe chronic
pain [16, 17].

It has been posited that the relationship between sleep and
pain is bidirectional, such that sleep disturbances worsen pain
and pain also contributes to disrupted sleep. Indeed, longitudinal
epidemiological studies have found evidence of reciprocal rela-
tionships between sleep disturbances and pain [18]. Prospective
studies examining sleep and pain among veterans are fewer, and
their findings are less consistent. Koffel et al. [19] examined rela-
tionships between sleep and pain across a 12-month randomized
clinical trial for the treatment of chronic pain; they found that
changes in sleep at 3 months predicted changes in pain at 12
months. They also found support for the inverse relationship, but
the strength was weaker. In contrast, another randomized clin-
ical trial did not show evidence that changes in sleep predicted
changes in pain or vice versa among patients with chronic pain
[20]. Although at least one study has shown sleep disturbances
and pain to be relatively stable across time [21], deciphering daily

variations in both sleep patterns and pain levels would help iden-
tify tangible targets for intervention. However, micro-longitudinal
studies capable of assessing these patterns are scarce.

Of the micro-longitudinal studies on sleep and pain to date,
findings are somewhat mixed. In 2017, Edwards and colleagues
conducted a micro-longitudinal study examining daily sleep
duration and pain ratings across 1 week in the general popula-
tion. They found that both short (i.e. <6 h) and long (i.e. >9 h) sleep
duration predicted greater next-day pain [22]. They also found
that pain significantly predicted shorter next-day sleep duration,
though this association was weaker. In another study, Tang et al.
found that pre-sleep pain was not a significant predictor of sub-
sequent sleep quality, though sleep quality was predictive of pain
upon awakening and throughout the first half of the day [23]. To
the best of our knowledge, micro-longitudinal study designs have
yet to be utilized in a Veteran sample, which may clarify previous
conflicting findings by shedding more light on potential diurnal
changes among these variables, as well as the influence of other
covariates that influence sleep and pain.

Given that veterans often have comorbid health conditions
that influence sleep and pain, like mental health symptoms [5],
they may be more susceptible to self-medication of pain with
alcohol. Of note, alcohol misuse is common in veterans, with
nearly 41% of veterans estimated to have a lifetime diagnosis of
alcohol use disorder [24]. Veterans with sleep problems are also
more likely to report using alcohol as a sleep aid [25, 26]. Alcohol
use may be especially pertinent for both pain and sleep due to
its role as a central nervous system depressant. Veterans may
drink alcohol for its sedating effects to temporarily ease pain
and/or initiate sleep at the cost of long-term symptom mainte-
nance. Indeed, symptoms of alcohol use disorder have been inde-
pendently linked to worse pain interference (i.e. interference with
daily function) [27] and insomnia symptoms [28, 29].

Despite veterans’ high risk for alcohol misuse and associated
comorbid health issues, there is a notable lack of systematic
research on daily associations between pain and sleep among
veterans with alcohol use disorders, who demonstrate high rates
of both pain and insomnia [30, 31]. The interplay between sleep
and pain is further complicated by the introduction of alcohol,
given alcohol’s dual role as a disruptor of sleep architecture and
a temporary analgesic. Clarifying the extent to which alcohol
use modifies the daily dynamics of sleep and pain is not only of
theoretical interest but also of critical importance for developing
tailored interventions for veterans who struggle with these inter-
related issues.

This secondary analysis of baseline data from a clinical trial
tested the bidirectional relationship between sleep and pain
among heavy-drinking veterans seeking treatment for insomnia.
At the between-person level, we hypothesized that veterans with
shorter average sleep duration, worse average sleep quality, and
lower average SE would report more pain over the 14 days period
compared to those with longer average sleep duration, better
average sleep quality, and higher average SE. At the day, within-
person level, we hypothesized that following days of longer sleep
duration, better sleep quality, and higher SE—compared to each
participant’s own average—participants would report lower pain
levels the next day, and vice versa. In addition, we hypothe-
sized that alcohol use would moderate these daily associations
between sleep and pain. Due to the paucity of existing studies
and the complex nature of alcohol’s impact (as both a sedative
and sleep disruptor), we did not hypothesize the direction of
this moderating effect; our investigation into this relationship is
exploratory. The goal of this research is to uncover patterns and



connections that could inform the development of interventions
for individuals who are concurrently managing pain, sleep distur-
bances, and alcohol use.

Methods

Participants and procedure

Participants were heavy-drinking veterans seeking treatment for
insomnia through a research study. They were recruited between
June 2019 and March 2023 to participate in the larger treatment
study via digital marketing advertisements, which routed to an
online screening survey. Those who screened eligible provided
informed consent and met with trained research staff to com-
plete a semi-structured interview. In addition, they completed
self-report baseline measures and daily sleep diaries for 14 con-
secutive days. Sleep diaries were completed remotely and time
stamped via Qualtrics. The institutional review board approved
all procedures.

Eligible participants [1] served in the United States military
after November 9, 2001; (2) reported 1+ heavy-drinking episode
(4/5+ drinks for women/men) in the past 30 days; (3) reported >30
minutes SOL or wake after sleep onset (WASO) on 3+ nights per
week; (4) scored >10 on the Insomnia Severity Index [28]; and (5)
completed >8 of the 14 sleep diaries [29]. Of those who completed
the screening (N = 1064), 109 met all eligibility criteria.

Measures

Demographics

Participants provided information regarding their age, sex
assigned at birth, gender identity, sexual orientation, education,
and military involvement (i.e. active duty, reserves, Veteran). For
race/ethnicity, participants were asked to choose all that apply
(see response options in Table 1), and those who chose more than
one race were categorized as “multi-racial”

Sleep

On each morning sleep diary, participants reported the time they
got into bed (“down” time), the time they started trying to fall
asleep (bedtime), minutes it took to fall asleep (SOL), minutes
awake throughout the night (WASO), time of final awakening
(waketime), time they got out of bed for the day (‘up” time), and
their subjective sleep quality on a scale of O (very poor) to 4 (very
good) [32]. Primary sleep outcomes in the current study included
sleep quality, total sleep time (TST), and SE. Prior nights’ TST was
calculated by subtracting SOL and WASO from time in bed (time
elapsed between “down” time and “up” time). Sleep efficiency is
the ratio of TST to time spend in bed, expressed as a percentage.
Self-reported measures of sleep were used, as this is the recom-
mended method for assessing insomnia [33].

Pain

The previous day’s pain was assessed each morning on the daily
sleep diary. Participants were asked to report the “intensity of
pain” they felt yesterday on a scale from 0 (no pain) to 100 (worst
pain possible) [34].

Alcohol use

Participants were provided with standard drink definitions [e.g.
1.5 oz liquor (1 shot) = 1 standard drink] and then asked to report
the number of standard drink(s) they consumed the day before.
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Table 1. Demographic Information for Heavy-Drinking Veterans
With Insomnia (N = 109)

Characteristic Value

Age, M (SD) 38.8 (9.6)
Male, n (%) 92 (84.4%)
Race/ethnicity, n (%) —

Asian, American Indian, or Alaska Native 4(3.7%)
Black or African American 4 (3.7%)
Hispanic or Latino/a/x 3(2.8%)
Multiracial or Multi-Ethnic 12 (11.0%)
White 86 (78.9%)
Military branch, n (%) —

Air force 12 (11.0%)
Army 69 (63.3%)
Coast guard or marines 18 (16.5%)
Navy 10 (9.2%)

Military involvement, n (%)

Active 30 (27.5%)
Reserves 11 (10.1%)
Veteran 68 (62.4%)
Number of deployments, M (SD) 2.0(2.1)
Diary variables
Pain, M (SD) 28.5 (22.8)
Mild (avg daily scores 0-30), n (%) 63 (57%)
Moderate (avg daily scores 31-60), n (%) 33 (31%)
Severe (avg daily scores 61-100), n (%) 13 (12%)
Sleep duration (hours), M (SD) 6.2 (1.3)
Sleep efficiency, M (SD) 72.4 (12.4)
Sleep quality, M (SD) 1.8 (0.6)
Drinks per day, M (SD) 2.4 (2.1)

Abbreviations: Avg, average; M, mean; n, number of participants; SD, standard
deviation.

Heavy drinking was defined as the consumption of 4+ drinks for
women or 5+ drinks for men in a single day.

Data Screening and Analysis

Analyses were conducted in IBM SPSS Statistics 29. Outcome vari-
ables were first screened for missingness, integrity, and normality.
Data were collected for 14 days. On average, participants (N = 109)
completed 12.53 diaries (SD = 1.82; 1366 data points) and reported
6.63 drinking days (SD = 4.07; 723 data points). Sleep and alcohol
variables were missing on <1% of data points, and pain variables
were missing on 1.6%.

Preliminary unconditional models were conducted to deter-
mine the intraclass correlation coefficient for each outcome.
Significant within-person (70%) and between-person (30%) var-
iability was observed in TST. Comparable variations were noted
in sleep quality (71% within; 29% between), SE (66% within; 34%
between), SOL (73% within; 27% between), WASO (71% within;
29% between), pain (21% within; 79% between), and drinking
quantity (65% within; 35% between). Multilevel modeling was
used to examine within- (Level 1) and between-person (Level 2)
effects of sleep variables on pain intensity and vice versa [35].

Full models were then specified. Continuous Level 1 (L1 rep-
resented variability from within-person repeated measures col-
lected on a daily basis) variables were centered by person means,
and Level 2 (L2 represented between-person variability) variables
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were centered by grand means [36]. In models examining pain
effects on sleep parameters (sleep duration, SE, and sleep quality),
pain was assumed to precede sleep. In models examining sleep
effects on pain, pain was lagged so that sleep parameters would
predict pain the following day. Sex (0 = female, 1 = male), week-
end versus weekday reports (0= Sunday to Thursday, 1 =Friday
or Saturday), and day in the study [1-14] were included as covar-
iates. Intercepts were specified as random, and an autoregressive
covariance structure was specified for repeated effects. All avail-
able data were used.

To examine the moderating effect of alcohol consumption
on the relationship between sleep and pain (and vice versa), we
computed interaction terms between Level 1 sleep quality and
Level 1 alcohol use as predictors of pain. Similarly, we computed
interaction terms between Level 1 pain and Level 1 alcohol use as
predictors of sleep.

Results

Participants consisted of 92 (84%) men and 17 (16%) women who
ranged in age from 21 to 67 years (M = 38.8, SD = 9.6). The major-
ity were non-Hispanic (97%) and White (79%). Table 1 presents
descriptive data for the analytic sample.

Is sleep related to next-day pain?

We examined whether sleep is associated with next-day pain, as
depicted in Table 2. Sleep duration and SE were not associated
with next-day pain at the within-person level. However, a neg-
ative association was observed between sleep quality and pain
at the within-person level, indicating that participants expe-
rienced about a 1-point decrease in pain on days they reported
better sleep quality than their own average. Between-person dif-
ferences in pain intensity were observed for all three sleep vari-
ables. Specifically, individuals with longer sleep duration, better
sleep quality, and higher SE reported lower pain levels compared
to those with shorter sleep, poorer sleep quality, and lower SE,
respectively.

Is pain related to same-day sleep?

To test the reverse directionality between pain and sleep, we
modeled pain as a predictor of sleep parameters that evening.
No within-person associations between pain and sleep were
observed (see Table 3). However, significant between-person
effects were observed between pain and all three sleep variables,
such that veterans reporting high levels of pain reported worse
sleep parameters (i.e. shorter sleep duration, poorer sleep quality,
and lower SE) compared to those with lower levels of pain.

The moderating role of daily alcohol use
between daily sleep and daily pain

Daily alcohol use did not moderate the relationships between
daily sleep and pain in either direction (sleep quality to pain,
p=.97; pain to sleep quality, p=.23; sleep duration to pain,
p = .44; pain to sleep duration, p =.09; SE to pain, p =.29; pain to
SE, p = .48).

Discussion

This study is one of few to examine day-level, within-person
associations between sleep and pain. To the best of our knowl-
edge, it is also the first to do so among veterans, who dispro-
portionately experience these problems. Building upon existing

Table 2. Sleep Predicting Next-Day Pain (N = 109)

Total sleep time model Pain

b SE p
Intercept 15.94 8.82 .07
Day in study 0.20 0.13 13
Male (vs female) sex 0.01 5.10 .99
Weekend (vs weekday) 2.10 0.76 .01
Military involvement 6.45 4.50 15
Number of deployments 0.69 1.03 51
L1 total sleep time -0.29 0.18 12
L2 total sleep time -4.64 1.63 .01
Sleep quality model b SE D
Intercept 12.78 8.44 13
Day in study 0.19 0.13 13
Male (vs female) sex 1.54 4.89 75
Weekend (vs weekday) 2.00 0.75 01
Military involvement 7.11 4.28 .10
Number of deployments 1.02 0.98 30
L1 sleep quality -0.94 0.38 01
L2 sleep quality -15.55 3.44 <.001
Sleep efficiency model b SE p
Intercept 17.03 8.52 .05
Day in study 0.18 0.13 16
Male (vs female) sex 1.87 4.96 .38
Weekend (vs weekday) 2.11 0.76 .01
Military involvement 4.80 4.34 27
Number of deployments 0.67 1.00 .50
L1 sleep efficiency -0.003 0.02 .88
L2 sleep efficiency -0.65 0.16 <.001

Note. Table reports unstandardized coefficients (b) with standard errors (SE) in
parentheses. L1 = level 1 (daily within-person) effects. L2 = level 2 (between-
person) effects.

research at the between-person level, our study supports the
finding that veterans who get better sleep—longer durations,
higher quality, and greater efficiency—experience less pain than
those who get worse sleep, and vice versa [15, 16]. This study
extends past research by also testing these associations at the
within-person level. Veterans reported significantly less pain fol-
lowing nights of better-than-usual sleep quality, but their sleep
did not change significantly as a function of daily variations in
pain. This suggests a unidirectional influence of sleep quality on
pain, consistent with research among non-veteran adults [37]
and adolescents [38]. These findings indicate that sleep qual-
ity may play a role in the management of pain among heavy-
drinking veterans with insomnia. Studies testing the impact of
sleep interventions on pain may be especially warranted in this
population.

In contrast to the hypotheses, we did not find daily, within-
person associations between pain and same-day sleep. Several
potential explanations exist for why fluctuations of daily pain
did not affect daily sleep quality. One reason might be that the
effects of pain experienced early in the day do not persist until
bedtime. In addition, given the high prevalence of chronic pain
in this clinical population [4, 5], veterans may adapt to or man-
age their pain during the day through medication or other cop-
ing strategies, which might reduce its perceived impact on sleep
[39-41]. In addition, there is a high comorbidity of mental health



Table 3. Pain Predicting Same-Night Sleep (N = 109)
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Parameter Primary sleep outcomes

Total sleep time Sleep quality Sleep efficiency

b SE p b SE p b SE p
Intercept 6.06 0.50 <.001 1.49 0.22 <.001 70.43 4.63 <.001
Day in study 0.05 0.01 <.001 0.02 0.01 <.001 0.48 0.12 <.001
Male (vs female) sex -0.54 0.31 .08 -0.002 0.13 .99 0.64 2.84 .82
Weekend (vs weekday) 0.41 0.11 <.001 0.06 0.05 .28 2.65 1.02 .01
Military involvement 0.26 0.25 31 -0.15 0.11 .16 -0.33 2.32 .89
Number of deployments 0.03 0.06 .60 0.03 0.02 .20 0.16 0.53 77
L1 pain 0.004 0.004 41 -0.003 0.002 .20 0.05 0.04 .20
L2 pain -0.01 0.01 .01 -0.01 0.002 <.001 -0.22 0.05 <.001

Note. Table reports unstandardized coefficients (b) with standard errors (SE) in parentheses. L1 = level 1 (daily within-person) effects. L2 = level 2 (between-person)

effects.

symptoms among veterans [42], so psychological factors such as
stress or anxiety related to pain could have a more pronounced
effect on sleep quality than the physical sensation of pain itself
[43, 44]. Alternatively, because daily pain intensity in this sample
was relatively low (M =28.50 on a scale from 0 to 100), this insig-
nificant association could be due to floor effects. Indeed, studies
among veterans with chronic pain do tend to find longitudinal
evidence of bidirectional associations between pain and sleep
[19].

Also contrary to hypotheses, alcohol use did not moderate
associations between sleep and pain. This is notable, given that
veterans in this study were recruited for heavy drinking. This lack
of effect may be attributed to several factors. First, the mecha-
nisms by which sleep quality facilitates pain reduction—such
as enhanced immune system function or improved endocrine
balance [45]—may be robust enough to withstand the effects of
alcohol on sleep. Alternatively, the total drinking quantity meas-
ure used in this study may have been inadequate to detect mean-
ingful associations. For example, perhaps drinking right before
bed (vs earlier in the day) has different effects than total drinks
per day. Similarly, tolerance to the effects of alcohol may lead
to diminished physiological responses among those who drink
heavily, potentially blunting any expected moderating effects of
alcohol on sleep-related pain reduction. Because military culture
may normalize heavy drinking while in service and onward [46],
and patterns of alcohol consumption tend to remain stable with-
out intervention [47], it is possible that this sample of veterans
had developed physiological tolerance to the effects of alcohol.
Regardless, data seem to indicate that the beneficial effects of
good sleep on pain reduction are relatively robust, irrespective of
total alcohol consumption. These findings underscore the impor-
tance of examining the variability of sleep quality in daily life,
which is especially salient for pain management, regardless of
alcohol use.

The findings of the current study offer valuable clinical
insights. First, considering the link between sleep and next-day
pain, cognitive behavioral therapy for insomnia (CBT-I) should
be offered as an adjunct to pain treatment for those with insom-
nia. Cognitive behavioral therapy for insomnia is highly effec-
tive in reducing insomnia symptoms [5] and also reduces pain
in chronic pain populations [48]. Thus, CBT-I holds potential to
alleviate overall pain. Veterans have access to formal insomnia
treatments, such as CBT-I, through the VHA, a key provider of
these services across the United States. However, despite the

availability of these services, some veterans may face barriers,
such as extended wait times (longer than 28 days) or long com-
mutes to VHA specialty providers. As such, continued efforts to
improve access to CBT-I are encouraged. Non-sleep providers
may overlook sleep problems among veterans presenting to the
VHA for chronic pain and/or alcohol use and therefore may not
refer for this treatment. For instance, in a study among VHA
primary care physicians (PCPs), it was reported that PCPs did
not proactively assess for insomnia and that sleep was viewed
as a relatively low priority compared to other health concerns
(REF) [49]. Findings from studies like this can be instrumental
in educating providers on the importance of sleep on health
outcomes.

Our process-oriented investigation into the relationship
between sleep and pain could also help identify targets for
prevention and intervention efforts. Specifically, the relation-
ship between within-person sleep quality and next-day pain
underscores the importance of targeted interventions focused
on enhancing sleep quality, as opposed to sleep duration or SE.
While improvements in sleep duration or SE may theoretically be
expected to correlate with improved sleep quality, sleep quality
can also be influenced by non-sleep factors, such as mood and
overall health status [50]. For veterans who are unable to access
VHA or community care services due to logistical or personal rea-
sons, alternative strategies to improve subjective sleep quality—
such as using blackout curtains, noise machines, regular exercise,
or relaxation techniques—may be recommended as preliminary
first steps.

This study examined 14 days of diary data to elucidate the
intricate daily interplay between sleep and pain in a clinical
sample of veterans at both the between- and within-person lev-
els. However, results should be interpreted within the context of
some limitations. First, the data were solely obtained through
self-report. Future research would benefit from incorporating
objective measures of sleep, such as actigraphy and polysom-
nography, to provide deeper insights into how sleep duration and
SE relate to pain in real time. Second, it would be advantageous
to measure different aspects of pain, including psychological
components (e.g. pain catastrophizing), to gain a more com-
prehensive understanding of pain dynamics. Third, the study
population was limited in both demographic and clinical char-
acteristics. For example, participants were predominantly male
and non-Hispanic White. All participants also reported heavy
drinking and sleep complaints and only 43% reported moderate
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to severe levels of chronic pain. This limits the generalizability of
findings, which may differ for those with chronic insomnia and
more severe levels of pain. Future studies should aim to include
a more diverse sample to explore potential variations in sleep-
pain interactions across different genders and ethnic groups,
enhancing the applicability of the research to a broader range
of individuals.

In conclusion, this study offers insight on the dynamic inter-
play between daily sleep and pain among heavy-drinking vet-
erans. Findings highlight the role of within-person variability in
sleep quality on pain experiences and establish a groundwork for
future longitudinal studies designed to test the complex phys-
iological, psychological, and behavioral mechanisms underlying
these relationships. It also underscores the necessity for contin-
ued longitudinal investigations to explore how the day-to-day
fluctuations in sleep quality and pain experiences impact long-
term health consequences for this specific population. Such stud-
ies are essential for developing targeted interventions that could
substantially improve the quality of life and health outcomes for
veterans facing these challenges.
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