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Abstract

Background: Though recent literature provides promising support for the analgesic properties
of alcohol, potential differences in alcohol analgesia as a function of chronic pain status are not
well understood. Thus, this study examined chronic pain status as a potential moderator of alcohol
analgesia and distinguished between multiple aspects of pain experience and sensitivity: pain
threshold, pain intensity, pain unpleasantness, and perceived relief.

Methods: Social drinkers with (A=19) and without (A=29) chronic jaw pain completed two
testing sessions in a counterbalanced order: alcohol (target BrAC=.08 g/dl) and placebo. In each,
pressure algometry was performed at the insertion of the masseter. Alcohol analgesia was assessed
by examining main and interactive effects of beverage condition, pressure level (4-, 5-, or 6-Ibf.),
and chronic jaw pain status (chronic pain vs. pain-free control) on quantitative sensory testing
(QST) measures and pain relief ratings following noxious stimuli.

Results: Analyses indicated significant increases in pain threshold and pain relief, as well as
reductions in pain unpleasantness and pain intensity, under the alcohol condition. Chronic pain
participants, compared to controls, demonstrated lower pain thresholds, and greater pain intensity
and pain unpleasantness ratings.

Conclusions: Findings provide experimental evidence of alcohol’s analgesic and pain-relieving
effects and suggest these effects do not significantly differ by chronic pain status. Results suggest
that individuals, regardless of chronic pain status, who self-medicate pain via alcohol consumption
may be at high risk for engaging in hazardous drinking patterns and experiencing adverse alcohol-
related consequences.
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Introduction

Pain is a major public health issue, affecting more than 116 million U.S. adults and resulting
in $635 billion annually in costs related to health care expenditure and lost productivity
(Tsang et al., 2008; Gaskin & Richard, 2012). Similarly, hazardous alcohol use has a
substantial public health impact, costing an estimated $249 billion annually and representing
the third-leading preventable cause of death in the U.S. (Sacks et al., 2015; Mokdad et al.,
2004; NIAAA, 2021).

Despite potentially critical associations between alcohol use and pain, much of the current
literature regarding pain and substance use interactions focuses on opiate use/misuse.
However, in recent years, a growing interest in the relationship between pain and alcohol
use/misuse has prompted empirical investigations, resulting in emerging evidence that
suggests a strong correlation between pain and alcohol use/misuse. For instance, individuals
with AUD are more likely to report current moderate-severe pain compared to the general
population (i.e. 43-75% vs. 18%; Brennan et al., 2005), and individuals in residential
treatment with AUD report chronic pain at substantially higher rates than community-
dwelling low-risk drinkers (54% vs. 32%; Boissoneault et al., 2019). Similarly, individuals
with chronic pain are more likely to report heavy drinking compared to the general
population (i.e. 25% vs. 4.5-7%; Zale et al., 2015; NIAAA, 2020) and self-management

of pain via alcohol consumption is common (25-28%; Riley & King, 2009). Furthermore,
experimentally induced pain has been shown to increase urge to consume alcohol (Moskal et
al., 2018) and alcohol demand (Stennett et al., 2021) in healthy adults.

A growing body of literature points to shared neural mechanisms underlying chronic pain
and alcohol/substance misuse, suggesting chronic pain status may moderate the analgesic
effects of alcohol (Ditre et al., 2019; Egli et al., 2012). Studies of the functional neural
correlates of alcohol-induced neurobehavioral compromise indicate disruption of functional
activation and glucose utilization in brain structures including anterior cingulate gyrus,
prefrontal cortex, medial frontal cortex, and the basal ganglia (Anderson et al., 2011,
Marinkovic et al., 2012; Soderlund, et al., 2005, Volkow et al., 2006). Notably, these

areas and the evaluative, limbic, and executive networks in which they are integrated are
implicated as modulators of acute and chronic pain, indicating a common neural framework
underlying both acute alcohol effects and the pain experience (Hashmi et al., 2013).
Furthermore, recent research has provided evidence that acute oral alcohol intake produces
elevations in perceived pain relief (Williams et al., 2021), pain threshold (Thompson et al.,
2017; Williams et al., 2021), and conditioned pain modulation (Horn-Hofmann et al., 2019)
as a result of beverage consumption. However, additional studies are needed to elucidate
underlying mechanisms.

Thus, the overall aim of this study was to determine the analgesic effects of acute alcohol
administration in regular drinkers with and without chronic jaw pain. This condition was
chosen (vs. other potential chronic musculoskeletal pain conditions) for several reasons.
Specifically, chronic jaw pain is common in the general population and use of alcohol

to self-manage pain is widespread among affected individuals (Riley & King, 2009). In
addition, pressure-based quantitative sensory testing (QST) involving application of multiple
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pressure levels to the insertion of the masseter muscle results in evoked pain qualitatively
similar to that experienced day-to-day by jaw pain sufferers. Together, these considerations
increased feasibility of participant recruitment and helped to ensure clinical relevance of the
investigation. Finally, self-reported changes in pain intensity are typically assumed to also
reflect perceived relief. However, this is likely a faulty assumption (Leknes et al., 2008).
Thus, we also separately examined alcohol-related changes in pain relief, pain intensity, and
pain unpleasantness.

Our study included two groups: individuals with (chronic pain) and without (control)
chronic jaw pain. Based on previous research (Williams et al., 2021; Thompson et al., 2017),
we hypothesized strong analgesic responses to alcohol among both participant groups,
such that alcohol intake would be associated with reduced pain intensity/unpleasantness
and greater perceived pain relief compared with placebo. We also predicted that chronic
pain status would moderate the magnitude of alcohol effects on pain sensitivity. However,
because literature on the directionality of this effect is lacking, we posed as an empirical
question whether the effect of alcohol on pain sensitivity would be stronger or weaker

in this group. Attenuated analgesic response in individuals with chronic jaw pain would

be consistent with rat studies suggesting neuropathic pain alters opioid dose-response
curves, increasing opioid self-administration (Egli et al., 2012). Conversely, an exaggerated
analgesic response would suggest that alcohol use may be especially negatively reinforcing
(Ditre et al., 2019).

Materials and Methods

Participant Eligibility and Recruitment

Social drinkers with and without chronic jaw pain were recruited from the north central
Florida area using flyers, print media, and word of mouth. Upon contacting the laboratory,
interested individuals were informed of the basic inclusionary criteria, including (a) being
between the ages of 21 and 45; (b) having no history of chronic pain, except for chronic
jaw pain (7.e., at least 50% of the days over the past six months; chronic pain group only),
major psychiatric disorder, neurological disease, or other serious medical illness that may
affect pain perception; (c) having no history of drug or alcohol problems; (d) no current
use of opioid analgesics or prescription medications which contraindicate alcohol use; (e)
being a non-smoker; and (f) consuming, on average, one or more alcoholic beverages per
month over the past half year. All procedures were approved by the University of Florida
Institutional Review Board and participants provided written consent prior to participation in
the study.

Screening Session

During an initial screening session, information regarding demographics, typical drinking
behaviors (Alcohol Use Disorders Identification Test [AUDIT]; Saunders et al., 1993),
and alcohol use histories (Alcohol Use Questionnaire [AUQ]; Cahalan et al., 1969) was
collected. To avoid potential confounding effects of hazardous alcohol use, an AUDIT
score = 8 was exclusionary. Participants reporting chronic jaw pain were evaluated by

a practicing orthodontist and orofacial pain expert (JKN) in accordance with published
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Research Diagnostic Criteria for TMD (Schiffman et al., 2014). They also completed the
Oral Health Impact Profile-Temporomandibular Disorders (OHIP-TMDs; Yule et al., 2015),
a jaw-pain specific inventory of pain severity and quality-of-life impacts. OHIP-TMDs
scores range from 0-88, with higher scores representing more severe symptomatology, and
previous studies show good test-retest reliability (ICC=.805; Yule et al., 2015). Eligible
participants were scheduled for two testing sessions.

Testing Sessions

Upon arrival for each testing session, participants confirmed their adherence to pre-session
criteria: abstaining from food for at least 4 hours, alcohol consumption for at least 24 hours,
and use of medications that may affect responses to alcohol or pain testing for at least 12
hours. After confirming, participants consumed a meal replacement bar and completed drug,
pregnancy (if applicable), and baseline breath alcohol concentration (BrAC) testing. One
hour later, participants consumed the study beverage. Thirty minutes later, participants began
the quantitative sensory testing (QST) procedures.

Beverage administration.—Participants completed two testing sessions: active alcohol
(target BrAC: 0.08 g/dL) and placebo (target BrAC: 0.00 g/dL); the condition order was
counterbalanced across participants. In the active alcohol condition, the participant’s alcohol
dose was determined using a modified version of the Widmark formula (Watson et al.,
1981), which calculates the amount of 95% ethanol required to achieve 0.08 g/dL BrAC,
and mixed in a 1:3 ratio with sugar-free, lemon-lime soda. In the placebo condition, the
beverage consisted of only soda. To enhance placebo efficacy, all serving glasses and trays
were misted with alcohol and a small amount of alcohol was dropped on the rim and
surface of the beverage. To maintain the double-blind, members of the research team who
were not involved with QST procedures calculated, verified, prepared, and administered
the alcohol and soda doses. Following beverage preparation, participants were given five
minutes to consume the beverage. Participants received limited details about the conditions
and beverages during the informed consent process (e.g., that they may or may not receive
alcohol in either session) and were not provided suggestions regarding the potential pain-
relieving effects of alcohol.

Breath Alcohol Concentration (BrAC).—Following beverage consumption,
participants were asked to thoroughly swish their mouths with water to minimize inaccurate
breath alcohol concentration (BrAC) sampling. Beginning immediately after beverage
consumption, BrAC samples were collected at ten-minute intervals using a standard
breathalyzer (CMI Inc., Owensboro, KY, USA). After QST concluded and BrAC was <
0.02 g/dL, participants were transported home using a rideshare service (Brown et al. 2014).

Quantitative Sensory Testing (QST) Procedures.—QST was conducted in a private
exam room and involved application of a Wagner Force One pressure algometer (\Wagner
Instruments, Greenwich, CT) to the insertion of the masseter muscle. To locate the masseter
muscle, participants were instructed to clench their jaw and the area was palpated. To ensure
a consistent stimulation site, the location of the masseter muscle was marked with ink. For
chronic pain participants, the stimulation side (right or left) was the most affected side, as
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determined during the clinical examination. For healthy controls, the stimulation side was
randomized. Stimulation side remained the same for all study sessions.

In each study session, participants completed a single bout of QST comprising four blocks
of 3 stimuli each. In the first block, slowly-ramping stimuli were applied at a rate of

.5 Ibf/sec. Participants indicated the moment (i.e., pound-feet (Ibf)) when the sensation
transitioned from pressure to pain (threshold), at which point stimulation ceased. In the
remaining three blocks, stimuli (4-, 5-, or 6-1bf, applied in pseudorandom order) were
applied, resulting in 3 applications of each stimulus pressure. For these stimuli, pressure
was increased over a 1s duration, maintained for 2s, and then removed. Research assistants
conducting QST recorded the actual pressure achieved for each stimulus. Participant ratings
from stimuli that were not within .5 Ibf of the target pressure were excluded from analyses.

In all four blocks, immediately after stimulus removal, participants provided ratings of

pain intensity and pain unpleasantness. For each rating, a 100mm visual analogue scale
(\VAS) anchored from “no pain at all/not at all unpleasant” to “most intense imaginable/most
unpleasant imaginable” was used. Participants also rated their perceived relief as a result of
beverage consumption from “no relief at all” to “most profound relief imaginable” on a 100
mm VAS. After completing the 3 ratings, a 60s break was taken before beginning the next
stimulus. Pain intensity, unpleasantness, and relief ratings from threshold and each pressure
level were averaged for analyses.

Power Analysis

Power analyses for this project were based on effect sizes derived from an initial feasibility
study (Hill et al., 2018) and were performed assuming two-tailed hypothesis tests with
a=.05. Analyses indicated N=50 would provide excellent (98%) power to detect analgesic
effects of alcohol administration on QST measures (Cohen’s d > .58). Critically, this sample
size also provided adequate (>80%) power to detect small-to-medium sized effects of
interest (d > .36; r > .18; R2 > .03) for which prior estimates were not available (e.g.,

the interactive effects of chronic pain status with beverage condition on alcohol analgesia
and perceived pain relief).

Analysis Strategy

Data were analyzed in R (R Core Team, 2021) and figures were produced using the ggplot2
package (Wickham, 2016). A mixed, factorial ANOVA was used to examine main and
interactive effects of beverage condition (alcohol vs. placebo), pressure level (4-, 5-, or
6-1bf), and chronic jaw pain status (chronic pain vs. healthy control) on QST measures:
pain threshold (Ibf) and ratings (0—100mm VAS) of pain intensity, pain unpleasantness,

and perceived pain relief. An additional exploratory mixed ANOVA including beverage
condition, chronic jaw pain status, and QST outcome (i.e., pain threshold vs. pain intensity
vs. pain unpleasantness vs. pain relief) was conducted to determine whether the effect size
of beverage condition differed between changes in pain threshold/pain percept and perceived
relief. T-tests were used to examine differences between participant groups in demographic
characteristics, typical drinking patterns, and alcohol disorder symptomatology. Descriptive
statistics are reported as (M [SO]) and effect sizes are reported as npz.
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Sample demographics

Forty-eight community-dwelling adults with (A=19; 89.5% female) and without (A=29;
65.5% female) chronic jaw pain participated in this study. A diagram of participant flow is
demonstrated in Figure 1.

Chronic pain participants averaged 26.74 years of age (S0=5.00) and 17.82 years of
education (SD=2.19); pain-free control participants averaged 25.72 years of age (SD=4.12)
and 16.20 years of education (50=2.13). Similar to prior studies (Yule et al., 2015), OHIP-
TMDs total scores averaged 31.79 (SD=14.74) for chronic pain participants and 10.14
(8D=11.26) for controls. A total of 63.2% of chronic pain participants identified as White,
10.5% as Asian, and 26.3% as another race or multiple races. A total of 58.6% of healthy
control participants identified as White, 10.3% as Black or African American, 13.8% as
Asian, 17.2% as another race or multiple races. In all, 21.1% of chronic pain participants
and 31.0% of healthy control participants identified as Hispanic/Latino/a/x. Detailed self-
reported demographic information is shown in Table 1.

T- and X2-tests revealed non-significant differences between participant groups for all
demographic variables, except for education and OHIP-TMDs total score: sex (#=-1.91,
p=.063), age (115=—0.76, p=.448; o=.22), race (X2=2.56, p=.47), ethnicity (X2=.579, p=.45),
education (#45=—2.53, p=.015; @=.75), and OHIP-TMDs (t31 45=—5.446, p<.0001; ¢=1.70).

Typical drinking habits and alcohol disorder symptomatology

Chronic pain participants reported an average daily consumption of 1.12 oz. (SD=2.68) of
absolute ethanol (quantity-frequency index [QFI]; ~1.9 standard drinks); pain-free controls
reported an average daily consumption of 0.43 0z. (SD=0.34) (~0.7 standard drinks).
Chronic pain participants reported a maximum consumption of 4.29 oz. (5D=2.01) of
absolute ethanol (maximum quantity [MaxQ]; ~7.2 standard drinks), compared to 3.74 oz.
(8D=1.41) (~6.2 standard drinks) for healthy controls, within a single 24-hour period in the
past 6 months. The average AUDIT score for chronic pain participants was 4.37 (SD=1.77);
for controls, the average score was 4.31 (SD=1.67).

Two-sided independent sample t-tests revealed non-significant differences between
participant groups for total QFI (£6=-1.39, p=.172; ¢=.36), MaxQ (#g=-1.13, p=.266;
a=.32), and AUDIT score (#46=—0.12, p=.909; ¢=.04).

Breath alcohol concentration (BrAC) measures

No significant differences in BrAC immediately prior to QST were detected between control
(M=.069, SD=.015) and chronic pain participants (M=.064, SD=.018, p=.356, ¢=0.27).

Quantitative sensory testing (QST)

Ratings for pain intensity, pain unpleasantness, and pain relief, as well as pressure levels for
pain threshold, are shown in Table 2. The main and interactive effects of beverage condition,
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chronic pain status, and pressure level on QST measures are reported below and illustrated
in Figure 2a—d.

Pain threshold.—A significant main effect of beverage condition on pain threshold was
observed, A1, 46)=12.55, p<.0001, np2=.21, such that greater pain threshold was reported
in the alcohol (M=4.99, SD=1.31) than placebo (M=4.24, SD=1.13) condition. Chronic pain
status had a significant main effect on pain threshold, A1, 46)=6.32, p=.015, an:.12, with
chronic pain participants reporting a lower pain threshold (M=4.18, SD=1.03) compared to
control participants (M=4.89, SD=1.35). A Condition x Chronic Pain Status interaction for
pain intensity was not apparent, A1, 46)=.001, p=.99, an:.OOO.

Pain intensity.—Beverage condition had a significant main effect on ratings of pain
intensity, A1, 41)=4.53, p=.04, np2=.10, with participants reporting greater pain intensity
in the placebo (M=33.27, SD=22.45) than alcohol condition (M=27.08, SD=21.02). A
significant main effect of chronic pain status was revealed, A1, 41)=6.24, p=.017, an:.13,
such that chronic pain participants reported greater pain intensity (A/=36.88, SD=18.57)
than pain-free control participants (M=23.47, SD=17.66). A significant main effect of
pressure level on pain intensity was observed, A2, 82)=48.41, p<.0001, np2:.54, such

that participants reported greater pain intensity for stimuli of 6 Ibf (M=35.88, SD=23.79)
compared to 5 Ibf (M=31.66, SD=21.53) and 4 Ibf (M=23.00, SD=18.73). No Condition

x Chronic Pain Status interaction for pain intensity was revealed, A1, 41)=.85, p=.36,
np2=.02. Neither a Pressure Level x Chronic Pain Status, A2, 82)=.20, p=.76, 1,?=.007,
nor Pressure Level x Condition, A2, 82)=.66, p=.52, np22.02, interaction was observed for
pain intensity. No significant Beverage Condition x Pressure-Level x Chronic Pain Status
interaction for pain intensity was revealed, A2, 82)=.54, p=.59, np2=.01.

Pain unpleasantness.—Alcohol had a significant main effect on ratings of pain
unpleasantness, A1, 41)=5.38, p=.025, an:.lz, with participants reporting greater
unpleasantness in the placebo (M=33.33, SD=23.96) than alcohol condition (M=25.96,
SD=21.27). Chronic pain status had a significant main effect on ratings of pain
unpleasantness, A1, 41)=4.11, p=.049, an:.OQ, with chronic pain participants reporting
greater pain unpleasantness (M=35.47, SD=4.55) compared to control participants
(M=23.83, SD=3.50). A significant main effect of pressure level on pain unpleasantness
was observed, A2, 82)=49.00, p<.0001, an:.54, such that participants reported greater pain
unpleasantness for stimuli of 6 Ibf (M=35.45, SD=24.61) compared to 5 Ibf (M=31.17,
SD=23.04) and 4 Ibf (M=22.33, SD=19.61). No Condition x Chronic Pain Status interaction
for pain unpleasantness was revealed, A1, 41)=.49, p=.49, an:.012. Neither a Pressure
Level x Chronic Pain Status, A2, 82)=.32, p=.73, an:.OOS, nor Pressure Level x Condition,
A2, 82)=.21, p=.81, an:.OOS, interaction for pain unpleasantness was observed. No
significant Beverage Condition x Pressure-Level x Chronic Pain Status interaction for pain
unpleasantness was revealed, A2, 82)=1.29, p=.28, np2:.03.

Perceived relief.—Beverage condition had a significant main effect on ratings of
perceived relief, A1, 41)=55.02, p<.0001, an:.57, with participants reporting greater
relief in the alcohol (M=43.16, SD=29.52) than placebo condition (M=6.88, SD=12.30).
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A significant main effect of chronic pain status on perceived relief was not observed,

A1, 41)=.14, p=.71, np22.003. Pressure level did not significantly affect perceived relief
ratings, A2, 82)=.34, p=.71, np2:.008. No Condition x Chronic Pain Status interaction for
perceived relief was revealed, A1, 41)=.001, p=.98, an:.OOO. Neither a Pressure Level x
Chronic Pain Status, A2, 82)=3.06, p=.053, np22.07, nor Pressure Level x Condition, A2,
82)=1.58, p=.21, np2:.04, interaction for perceived relief was observed. Analyses did not
find a significant Beverage Condition X Pressure-Level X Chronic Pain Status interaction
for perceived relief, A2, 82)=.69, p=.50, np?=.017.

Effect of QST measure.—A significant QST measure X beverage condition interaction
was detected, A1,45),=51.81, p<.0001, np2=.54, indicating that the effect of beverage
condition on relief ratings (an:.57) was significantly greater than on pain threshold
(np?=.21), pain intensity (np?=.10) or unpleasantness (n,?=.12). The three-way interaction
of QST measure X Condition X Chronic Pain Status was non-significant, A1,45)=0.30,
p=.86, 1p?=.001.

Discussion

Overview

Consistent with previous findings (Thompson et al., 2017; Williams et al., 2021), pain
threshold was significantly greater and pain intensity and unpleasantness were significantly
lower in the alcohol condition compared to the placebo condition, supporting our

hypothesis that alcohol intake would have acute analgesic effects. Additionally, as expected,
participants reported significantly greater pain relief from their beverage under alcohol than
placebo, suggesting alcohol’s pain-relieving effects may be an important component of

the overall negative reinforcing effects of alcohol. Interestingly, the effect of alcohol on
subjective pain relief was substantially greater than on pain intensity, pain unpleasantness, or
pain threshold. This suggests that the negative reinforcing effects of alcohol may not be fully
captured by simply measuring changes in pain intensity or unpleasantness, or pain threshold.

Taken together, our findings are in line with recent literature supporting the analgesic
properties of alcohol in producing clinically-relevant reductions in ratings of pain intensity
and increases in pain threshold (Thompson et al., 2017; Williams et al., 2021; Capito et

al., 2020). Of note, there is limited prior research on the effects of acute alcohol intake on
pain unpleasantness, with a single study demonstrating a statistically-significant increase in
pain unpleasantness under a lower alcohol dose (0.06%) and no significant changes under a
moderate alcohol dose (0.08%) in response to heat pain stimuli (Capito et al., 2020). Given
our use of pressure-based pain stimuli in the present study, additional research is needed

to determine whether mixed findings regarding pain unpleasantness depend on stimulus
modality or other methodological differences (e.g., administration of both low and moderate
alcohol doses).

As hypothesized, our analysis demonstrated a significant effect of chronic pain status on
pain threshold, pain intensity, and pain unpleasantness, such that chronic pain participants,
compared to pain-free controls, reported significantly greater pain sensitivity. Contrary to
expectations, however, our analysis did not reveal any significant two-way or three-way
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interactive effects of beverage condition, chronic pain status, and/or pressure level on

pain sensitivity, as measured via pain threshold, pain intensity, pain unpleasantness, and
perceived pain relief. Indeed, effect sizes for the non-significant chronic pain status X
beverage condition interactions were quite small and would require very large sample sizes
to provide adequate power for reliable detection, suggesting low clinical relevance.

As previously noted, evidence suggests substantial overlap in the neural underpinnings

of the acute neurobehavioral effects of alcohol and chronic pain. Chronic pain is

associated with perturbation in structure and function within prefrontal and limbic regions
of the brain (for review, see Apkarian et al., 2013), which are also affected by both

acute and chronic alcohol intake (e.g., Marinkovic et al. 2012). Connectivity between
mesocorticolimbic structures represent another area of overlap. Baliki and colleagues
(2012) identified increased functional connectivity between medial prefrontal cortex and the
nucleus accumbens in individuals with persistent back pain one year after acute or subacute
presentation, compared to those who recovered. In healthy adults, a pain modulation
training protocol that reduced experimental pain sensitivity also reduced resting connectivity
between these structures (Sevel et al., 2020). At the same time, alterations in connectivity
have been detected between these areas at rest following acute alcohol administration
(Boissoneault et al., 2020; but see Han et al., 2021) and in abstinent heavy drinkers during a
monetary reward task (Forbes et al., 2014).

These findings, among others reviewed in the Introduction, helped to form the basis for

our expectation that the analgesic effects of alcohol would differ between pain-free controls
and individuals with chronic jaw pain, even in the absence of strong evidence whether
effects would be exaggerated or attenuated. The lack of any significant interaction effects
would seem to suggest that although individuals with chronic orofacial pain may use

alcohol to help self-manage their pain (e.g., Riley & King, 2009), and are at increased

risk for hazardous drinking and alcohol-related consequences, they may not be differentially
responsive to alcohol’s analgesic or negative reinforcing effects. Furthermore, the shared
neural substrates underlying alcohol effects and chronic pain may have minimal implications
for modulating the pain relieving effects of alcohol, per se. Our null results appear to
challenge the notion that this vulnerability is due to a differential level of response to alcohol
in the context of pain among individuals with chronic jaw pain (but see Limitations below).
Rather, these individuals may simply experience pain more frequently and intensely than
people without chronic pain, resulting in more opportunities for pain to act as a proximal
antecedent for alcohol use (Ferguson et al., 2021).

Limitations and future directions

Although our data suggest that chronic pain status and intensity of noxious stimuli do not
significantly affect the analgesic properties of alcohol in a population of social drinkers,
additional studies are needed to characterize potential biopsychosocial moderators of alcohol
analgesia and determine whether alcohol has differential effects in populations with alcohol
use disorders, multiple or other chronic pain conditions, and/or poorer self-reported mental
or physical health. In addition, although participants with chronic jaw pain were required to
report pain on the majority of days over the past six months, we did not collect information
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on the overall duration of their pain. Given evidence from the preclinical literature that the
analgesic effects of alcohol may change as duration of chronic pain increases (McGinn et
al., 2020), it is also important that future work determine whether pain duration and age
(especially given the relatively young age of our sample) might be critical determinants of
the relevance of chronic pain as a moderator of alcohol analgesia.

Several additional limitations should be noted. First, the study sample was relatively
homogenous, particularly in the chronic pain group. Although TMD is more prevalent

in women than men (~2:1; Campbell et al., 2017), the chronic pain sample was nearly

90% women. Thus, additional studies are needed to examine potential sex differences

in the analgesic effects of alcohol among individuals with chronic pain. In addition, a

single oral alcohol dose consistent with a binge-like episode was used in this study. It is
possible that chronic pain status may be a more relevant determinant of alcohol analgesia

at lower BrACs than the 0.08 g/dL target used in this study. Thus, future work would

benefit from inclusion of multiple doses, including those associated with more moderate
consumption (e.g., 0.04 g/dL target BrAC). Finally, due to recruitment challenges related

to the COVID-19 pandemic, we were not able to meet our original enrollment goal of 50
participants, resulting in a total N=48 and n=19 with chronic jaw pain. Although the slightly
smaller and uneven sample reduces power to some degree compared with initial power
analyses (see Methods), we note that we retained sufficient power to detect main effects of
beverage condition and chronic pain status, and non-significant interactive effects were quite
small (n,?<.03).

Conclusion and implications

These findings may have important clinical implications. Significant reductions in pain
sensitivity under the alcohol condition indicate individuals, regardless of chronic pain status,
who self-medicate pain with alcohol may be vulnerable to engaging in hazardous drinking
patterns (i.e., consuming relatively large quantities of alcohol over a limited period of

time) to reduce pain sensitivity and maximize pain relief. In addition, results suggest that
alcohol-related changes in pain sensitivity do not completely capture its negative reinforcing
effects. Further study is needed to characterize individual factors underlying perception of
pain relief subsequent to acute alcohol intake.
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Assessed for eligibility (n=72)

Excluded (n=14)
¢ Not meeting inclusion criteria (n=11)

e Declined to participate (n=2)
e Pandemic research disruptions (n=1)

Randomized to sequence (n=58)

Control Group v

Allocated to sequence AB (n=16) or BA
(n=21)

e Completed first session (n=37)

e Did not complete first session (n=0)

Allocation

4 Chronic Pain Group

Allocated to sequence AB (n=11) or BA
(n=10)

e Completed first session (n=21)

¢ Did not complete first session (n=0)

Lost to follow-up (n=7)

e Pandemic research
disruptions (n=3)

» o Started new medication
contraindicating alcohol
consumption (n=2)

o No longer available (n=2)

A4

Lost to follow-up (n=2)
e No longer available (n=2)

\ 4

\ 4

e Completed second session (n=30)
¢ Did not complete second session
(n=0)

e Completed second session (n=19)
¢ Did not complete second session
(n=0)

Analyzed (n=29)
e Excluded from analysis (n=1)
o Error saving data (n=1)

Analysis v

Analyzed (n=19)
e Excluded from analysis (n=0)

Figure 1:

Flow diagram outlining participant enrollment, allocation to condition sequence, attrition
between sessions, and analysis. Note: Condition A = Placebo. Condition B = Alcohol.
Sequence order indicates order of conditions for study sessions.
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Figure 2:
Effects of beverage condition, chronic pain status, and pressure level on pain intensity

(A), pain unpleasantness (B), pain relief (C), and pain threshold (D). Note: Vertical bars
represent standard deviation. Detailed statistics on reported effects are provided in the text.
(A) Pain intensity was significantly greater in the placebo condition, compared to the alcohol
condition; among chronic pain participants, compared to pain-free control participants; and
for 6 Ibf stimuli, compared to 5 Ibf and 4 Ibf stimuli. No interactive effects were apparent.
(B) Pain unpleasantness was significantly greater in the placebo condition, compared to the
alcohol condition; among chronic pain participants, compared to control participants; and
for 6 Ibf stimuli, compared to 5 Ibf and 4 Ibf stimuli. No interactive effects were observed.
(C) Pain relief was significantly greater in the alcohol condition, compared to the placebo
condition. No main effects of chronic pain status or pressure level, or any interactive effects,
on pain relief were observed. (D) Pain threshold was significantly greater in the alcohol
condition, compared to the placebo condition; and among control participants, compared to
chronic pain participants. No interactive effects were apparent.
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TABLE 1.

Participant demographic and alcohol-related characteristics

Chronic Pain (N=19) Control (N=29)

Variable M (SD) or % M (SD) or %
Age, in years 26.74 (5.00) 25.72 (4.12)
Education, in years 17.82 (2.19) 16.20 (2.13)
Sex

Male 10.5% 34.5%

Female 89.5% 65.5%
Race

White 63.2% 58.6%

Black or African American 0.0% 10.3%

Asian 10.5% 13.8%

Other or Multiple Races 26.3% 17.2%
Ethnicity

Hispanic/Latinx 21.1% 31.0%

Not Hispanic/Latinx 78.9% 69.0%
AUDIT, total 4.37 (1.77) 431 (167)
QFI, oz. abs. EtOH/day 1.12 (2.68) 0.43 (0.34)
Max Q, oz. abs. 4.29 (2.01) 3.74 (1.41)
OHIP-TMDs, total 31.79 (14.74) 10.14 (11.26)

Page 16

Note: QF1 = quantity—frequency index; 0z. = ounces; abs. = absolute; EtOH = ethanol; MAX Q = maximum quantity consumed in a single 24-hr
period in the past 6 months; AUDIT = Alcohol Use Disorders Identification Test; OHIP-TMDs = Oral Health Impact Profile-Temporomandibular

Disorders.
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