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Abstract
To explain the co-occurrence of social anxiety and alcohol use problems, researchers have used
experimental methods to test whether alcohol reduces state social anxiety in the lab. The present
study used experience sampling to extend research in to real world settings. Students (N = 132
100 women; 32 men; aged 17 to 32 years) reported their state social anxiety and alcohol intake 6
times from 4:00p.m to 4:00a.m every day for 22 days. Multilevel modeling suggested for each
alcoholic drink consumed, state social anxiety decreased by 4.0% two hours later. Those with
greater levels of trait social anxiety experienced higher state social anxiety than those with lower
levels of trait social anxiety. Findings support predictions made by tension reduction theory—
that alcohol reduces state social anxiety in daily life. These results extend many lab-based
findings to the real world and provide further evidence that alcohol may provide negative

reinforcement for those who are experiencing social anxiety.
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Does Alcohol Reduce Social Anxiety in Daily Life?
A 22-Day Experience Sampling Study

Heavy drinking is common among undergraduate students (Turrisi, Mallett, Mastroleo, &
Larimer, 2006), and studies report over 33% meet the diagnostic criteria for an alcohol use
disorder (AUD) (Knight et al., 2002). Having social anxiety disorder (SAD) increases the
likelihood of having AUD, and the onset of SAD typically precedes the onset of the AUD
(Buckner et al., 2008). Clearly there is a link between social anxiety and alcohol use; however, it
is important to note that social anxiety is not necessarily related to drinking frequency (Ham et
al., 2007), but rather is positively related to alcohol problems (e.g., Stewart, Morris, Mellings, &
Komar, 2006). This is consistent with alcohol being used to cope with social anxiety (SA), a
drinking motive that is associated with negative, consequences (Buckner & Heimberg, 2010).

There are multiple theories explaining the link between SA and AUD (e.g., stress
response dampening, self-medication hypothesis; Battista et al., 2010). Of these, the most
researched is tension-reduction theory (TRT) (Conger, 1951) which holds two tenets: 1) that
alcohol reduces tension/anxiety and 2) that this reduction in tension/anxiety negatively reinforces
alcohol use, leading to drinking in response to tension/anxiety. Although this theory was
originally proposed to explain the link between alcohol and more general tension/anxiety, it has
also been applied to examine the specific association between alcohol and state social anxiety
(SSA) (Battista et al., 2010). With respect to SSA specifically, TRT posits that alcohol reduces
SSA (tenet 1), which leads to those high in social anxiety learning to drink in response to SSA-
provoking situations (tenet 2) (for review see Battista et al., 2010).

In order to test the first tenet of TRT, researchers typically use lab-based experiments

with a between-subjects design (e.g., moderate dose of alcohol vs. placebo), and measure SSA
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using self-reports or physiological measures (e.g., heart rate, salivary cortisol) while participants
undergo a social anxiety-induction task (e.g.. public speaking, social interaction) (Battista et al.,
2010). Laboratory findings are often inconsistent, however. In undergraduates, alcohol has been
found to lower self-reported SSA (de Boer, Schipper, and van der Staak, 1993), but to increase
heart rate (Lewis & Vogeltanz-Holm, 2002) following public speaking. Similarly, Ham and
colleagues (2011) found alcohol and placebo drinks to increase subjective SSA prior to public
speaking, possibly due to concerns that alcohol would impair performance. In contrast, Balodis
and colleagues (2011) found that, self-reported increases in SSA were dampened after
consuming alcohol or placebo beverages, while physiological responses (i.e., salivary cortisol)
did not change.

Mixed findings have also been reported in clinical samples. Himle and colleagues (1999)
found that alcohol did not reduce subjective or physiological responses to public speaking, while
in a similar study by Abrams et al. (2002), alcohol significantly reduced self-reported SSA, an
effect that was not accompanied by reductions in physiological responses to stress (i.e., heart
rate). These inconsistent findings demonstrate discordance in the literature with respect to the
first tenet of TRT, and that alcohol’s effects on physiological measures of anxiety do not
necessarily correspond with its effects on subjective anxiety reports (Abrams et al., 2001).
Differences across studies could be due to inconsistencies in design (e.g., outcome measure type,
alcohol dose, type of stressor), or that lab-based experiments are limited in their ability to capture
the nuances of the SA-AUD relationship (Battista et al., 2010).

In a review of lab-based alcohol administration studies, McKay and Schare (1999) found
alcohol was more effective at reducing anxiety when consumed in a lab resembling a casual

drinking environment, compared to a sterile lab, suggesting participants should be examined in
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as natural a setting as possible. This can be best achieved using experience sampling
methodology (ESM), a naturalistic strategy combining the strengths of between-subject and
within-subject approaches. In ESM, participants record target behaviour in real time, which
minimizes retrospection bias and maximizes ecological validity (Tennen et al., 2000). ESM has
captured the link between mood, including state general anxiety, and alcohol intake (Armeli,
Todd, Conner, & Tennen, 2008; Grant, Stewart, & Mohr, 2009; Mohr et al., 2005). In fact, the
second tenet of TRT has been supported through ESM observations that negative mood states
precede the onset of drinking in daily life (Carney, Armeli, Tennen, Affleck, & O’Neil, 2000
Swendsen et al., 2000). However, the first tenet of TRT has not yet been addressed using ESM
methodology. Hence, the present study sought to address this gap in the literature by examining
alcohol’s theorized dampening effects on subjective SSA using ESM.
The Present Study

In the present study, participants self-reported up to six times per day, over 22 days, to
test whether level of alcohol intake predicted a participant’s subsequent SSA approximately two
hours later. This timeframe was chosen to capture alcohol’s sedative/anxiolytic effects based on
the timing of the blood alcohol concentration curve (Earleywine & Martin, 1993). Given that
previous lab-based studies found alcohol reduced SSA within a similar timeframe (e.g., Battista,
MacDonald & Stewart, 2012), it was hypothesized that alcohol consumption would be associated
with decreases in SSA two hours later. Also, given that those higher in trait social anxiety (TSA)
report experiencing more tension-reduction from alcohol (Thomas, Randall, & Carrigan, 2003),
the present study examined TSA as a potential moderator of the within-person relationship
between alcohol intake and SSA. It was hypothesized that those with higher TSA would exhibit a

stronger within-person relationship between alcohol intake and decreased SSA two hours later.
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Method
Participants

Eligible participants were enrolled in university/college, and, to increase the probability
of capturing alcohol consumption during our 22 day study (Grant et al., 2009), must have
consumed alcohol at least four times in the past month. A total of 136 participants completed
baseline measures, and three dropped out. The final sample was 132 participants (100 women; 32
men), ranging in age from 17-32 years (M = 20.76, SD = 2.65). The majority was White (85.5%),
with 21 (15.9%) scoring in the clinical range of TSA (Heimberg et al., 1992).

Baseline Measures

Screening. To determine eligibility, participants reported their typical alcohol use
frequency in a screening questionnaire, which also asked about various other lifestyle behaviors
(e.g., exercise, internet use), over the past 30 days. Response options for drinking frequency
ranged from O (not applicable) to 4 (six or more times).

Drinking Measures. Participants indicated their typical number of drinking occasions
per week (drinking frequency) and the number of drinks they typically consumed per occasion
(drinking quantity) in the past six months.

Rutgers Alcohol Problem Index (RAPI; White & Labouvie, 1989). This 23 item scale
assessed how often participants experience negative consequences related to alcohol use (e.qg.,
“neglected your responsibilities) over the past six months. The RAPI has good internal
consistency (Cronbach alphas from .72 to .80) and convergent validity with frequency of alcohol
use in undergraduates. Response options ranged from 0 (never) to 5 (10 or more times) and
endorsed items were coded dichotomously and summed for a possible range of 0-23 (Martens,

Neighbors, O’Conner, Lee, & Larimer, 2007). Cronbach’s alpha in the current study was .89.
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Social Interaction Anxiety Scale (SIAS; Mattick & Clarke, 1998). The SIAS is a 20-
item self-report scale assessing participants’ trait level of anxiety in social situations (e.g.,
“When mixing socially, | feel uncomfortable”). Items are rated on a 5-point Likert scale from 0
(not at all characteristic or true of you) to 4 (extremely characteristic or true of you). This
measure has demonstrated good internal consistency (o = .88-.94) and test-retest reliability (rs =
.92) (Mattick & Clarke, 1998). Cronbach alpha in the current study was .85.
Experience Sampling Measures

State Social Anxiety (SSA). Participants reported SSA using an 8-item scale (e.g., “I feel
self-conscious™) at each of the 6 timeframes/day (Kashdan & Steiger, 2006) which was adapted
to measure SSA “at this moment”. A few items were changed (e.g., “When | was talking to
someone, | was worried about what they were thinking of me” was changed to “I am finding it
hard to interact with people”). One item was added (“I am worried about looking foolish”).
Response options were on a 5-point Likert scale from 0 (not at all) to 4 (extremely). ltems were
summed at each timeframe. Internal consistency was calculated using a generalizability theory
framework with MINQUE(1) estimation, using Equations 2 and 5 (Cranford et al., 2006), which
partitions variance into three levels (person/day/timeframe), and calculates reliability at each
level. Results suggested that the SSA scale was highly reliable when averaged across days and
timeframes (R1r = .89), had adequate reliability when examining the reliability of changes from
day-to-day (Rc =.77), and had marginal reliability for detecting changes across timeframes (Rc
= 58).

Alcohol consumption. At each of the six timeframes (4:00 p.m-4:00 a.m.), number of
total standard drinks consumed since 4:00 p.m. was reported. A standard drink conversion chart

was displayed (one alcoholic beverage = one bottle beer, one cooler, one small [4-ounce] glass
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wine, or one shot/mixed drink containing one ounce hard liquor). Number of drinks was reported
as a running total (two drinks at timeframe 1, and three at timeframe 2, was reported as five at
timeframe 2). Running totals were transformed into number of drinks per 2-hour timeframe for
analysis.

Procedure

All first year psychology students participate in a mass screening survey via the
university’s online research participant pool that determines their eligibility for ongoing studies.
A total of 774 of 1497 (51.7%) students met eligibility for the current study, and 60 participated.
Participants from other post-secondary educational institutions in the area were also recruited via
flyers posted locally with screening conducted over the phone. A total of 89 of 256 (34.8%) who
were recruited this way were eligible and 72 participated. In total, 132 completed the study?.

Participants attended a tutorial in the lab where they gave consent, completed baseline
questionnaires, received their Palmtop computer and written instructions outlining the data
collection procedures, and were guided through a trial run. They were told to complete the
questionnaires when prompted, that they were not required to wake up to complete
questionnaires, and to contact the lab if they had any questions or problems. They received either
one psychology credit point or $10 for completing the tutorial.

Palmtop computers (Dell Axim X51) were programmed with software designed by
Fusient Corp. (Toronto). Each day (for 22 days), six alarms were programmed to go off
randomly during specified, 2-hour timeframes (4:00-6:00 p.m./6:00-8:00 p.m./8:00-10:00
p.m./10:00 p.m-12:00 a.m./12:00-2:00 a.m./2:00-4:00 a.m.). This range of timeframes was

chosen to capture when undergraduate drinking typically occurs; Orcutt & Harvey, 1991.

L A set of independent sample t-tests and chi square analyses confirmed that participants did not differ across
recruitment pools with regards to sex, age, trait social anxiety, drinking problems, drinking frequency, or drinking
quantity.
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Participants were encouraged to respond immediately but could enter data any time during the 2-
hour timeframe (e.g., if an alarm went off at 6:17 p.m., they had until 8:00 p.m. to respond). We
sent weekly reminder e-mails asking participants to report any difficulties. If technical issues
with the Palmtop computers were reported, researchers resolved the issues or gave participants
another Palmtop to use. After 22 days, Palmtops were returned, and participants were debriefed
and received compensation (3 credit points or $30). Participants were informed at the beginning
of the study that if they completed at least 85% of their questionnaires, they would receive a
bonus of $50 (Grant et al., 2009).

Data Analytic Strategy

The study had three nested levels of data. Level 1 (time) included variables measured
once per timeframe (alcohol intake and SSA across six timeframes). Level 2 (day) included day
of study (1-22), day of the week (Monday-Sunday), and number of total drinks and average SSA
per day (see below where it was determined that this second level was not needed in our final
model). Finally, level 3 (participants) contained between-subject variables measured at baseline
(age, sex, TSA, and alcohol problems) and the total number of drinks consumed across the 22
days per participant.

Descriptive statistics and bivariate correlations were calculated for all variables of
interest. Because the multilevel structure does not permit correlations between variables at
different levels, all level 1 variables were aggregated into level 3 variables by taking the average
across all 22 days before calculating descriptive statistics and bivariate correlations.

Before conducting multilevel analyses, intraclass coefficients were calculated to
determine if each level of the model was necessary to include in the final analysis. Analyses

were performed using multilevel modeling HLM Software (Version 7.01; Raudenbush, Bryk,
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Congdon, & du Toit, 2011). HLM is advantageous because it allows for missing level 1
observations by giving a weighted regression coefficient in the final regression to account for the
number of level 1 observations (i.e., those with fewer observations have less of an influence on
the final results than those with more observations, and participants with low compliance rates
can still be included in the analyses; Raudenbush & Bryk, 2002). To examine change over time
(from one timeframe to the next), lagged variables (lagged by one timeframe) were created at
level 1 for alcoholic beverages and SSA. At level 3, relevant covariates and TSA were entered as
main effects and as cross-level moderators.

The outcome variable (SSA) contained a large number of zeros with an over-dispersed
Poisson distribution. To correct for this, an over-dispersed Poisson sampling model was
employed (see Grant et al., 2009). The final model interpreted was the unit-specific model with
robust standard errors. Further, when using a Poisson model within multilevel modeling, a log-
link function is automatically applied to coefficients to account for non-normal distributions.
These coefficients can then be exponentiated to yield odds ratios, which provide a measure of
effect size (Raudenbush et al., 2011). Hence, for significant findings reported below, odds ratios
with 95% confidence intervals (Cls) were calculated to aid in interpretation. All variables were
grand mean centered to reduce collinearity. Our final model specified random intercepts and
fixed slopes.

Results
Participant Compliance Rates

In the final sample (N =132), 7,330 reports were completed out of a total 17,424 possible

reports (132 participants x 22 days x 6 timeframes), with an overall compliance rate of 42.1%.

Participants were not expected to complete reports during times when they were sleeping; the
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majority of missed reports were during the last two timeframes, which were between 12:00- 4:00
a.m. Missing data increased in a linear fashion from day 1-22. Compliance rates were not
significantly associated with any other study measures. Missing data were handled via a
maximum likelihood approach, which produces relatively unbiased parameter estimates even for
high rates of missing data when data are missing at random (Collins, Schafer, & Kam, 2001;
Graham, 2009). To meet the missing at random assumption, the timeframe and day of study
variables were entered in as covariates at level 1 and 2, respectively, as both variables
significantly predict missingness and can be used to adjust parameters and standard errors to
account for the missing data.
Descriptive Statistics

Demographic and baseline variables appear in Table 1. Participants reported consuming
alcohol approximately twice/week, which is slightly higher than similarly-selected student
samples (M1=2.10, SD1=1.53 [Table 1], M2=1.61, SD2 = 1.00 [Grant et al., 2009]; d = 0.38).
However, when considering drinking quantity, our sample reported consuming slightly fewer
drinks per occasion (M1=5.32, SD1=2.95 [Table 1], M2 = 6.03, SD2 = 2.84 [Grant et al., 2009];
d = 0.25). Scores on the RAPI were higher than those reported in similar studies using
undergraduates that did not pre-select for regular drinkers (M1=8.70, SD1=5.54 [Table 1], M2 =
3.46, SD2 = 3.92 [Martens et al., 2007]; d = 1.09). Regarding social anxiety, levels were
consistent with previous undergraduate samples (Mattick & Clarke, 1998).

Participants reported consuming alcohol between 4:00 p.m. and 4:00 a.m. on 853 days
(39.9%) of a possible 2,140 days when reports were completed (reports were missing for 764

days). On days when alcohol was consumed, participants drank an average of 4.40 alcoholic
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beverages (SD = 3.90) per day. Across all reporting days (not just drinking days), participants
consumed an average of 0.55 drinks per day (SD = 1.13).
Bivariate Correlations

Baseline measures. Age was significantly negatively correlated with typical drinking
quantity, but was not related to drinking frequency or alcohol problems (see Table 2). Alcohol
problems were significantly positively correlated with both drinking frequency and quantity.
Drinking frequency and quantity were not significantly correlated. TSA was not significantly
correlated with drinking quantity or frequency, but was significantly positively correlated with
alcohol problems.

Baseline and daily measures. To examine correlations between the experience sampling
variables (experience sampling alcoholic beverages and SSA) and baseline variables (age, TSA,
alcohol problems, typical drinking frequency, drinking quantity), averages were calculated for
each participant across a maximum of 22 days for each experience sampling variable. Averaged
experience sampling alcoholic beverages were positively related to baseline drinking frequency,
but not to baseline drinking quantity or alcohol problems. Averaged SSA was positively
correlated with both TSA and alcohol problems (see Table 2).

Intraclass Correlations

Before testing hypotheses, we calculated intraclass correlation coefficients (ICC). The
ICC1 provides the amount of total variance available to be explained at each level. The ICC2
represents the reliability of the group means. An ICC2 score should be .70 or higher to justify

aggregating a level 1 variable into a higher level variable (e.g., averaging across all 22 days? to

2Similar studies have used a 21-day time frame (e.g., Armeil, Todd, & Mohr, 2005). Since our analysis, which was
intended to examine level 2 variables that were lagged by a day, would have resulted in the loss of one day of data,
we opted to record measures on 22 days to have 21 full days of data. Although we ended up not including level 2
aggregated variables in our final model, we retained 22 days of data to make use of all available data.
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create a level 3 variable; Bliese, 2000). When considering the variability in SSA at each level
(ICC1), 42.7% of the variance was at level 1, 14.2% at level 2, and 43.1% at level 3. The ICC2
value for SSA was .25 at level 2 and .88 at level 3. When considering the variability in alcohol
intake at each level, 32.4% of the variance was at level 1, 40.2% at level 2, and 27.4% at level 3.
The ICC2 value for alcohol intake was .57 at level 2 and .78 at level 3. Taken together, these
values indicated (a) there is considerable variance in social anxiety at both level 1 and level 3
and variance in alcohol intake at all three levels; and (b) level 2 social anxiety and alcohol intake
are virtually isometric with level 3 social anxiety and alcohol intake, respectively. Thus, only an
aggregated level 3 alcohol variable (average number of drinks over 22 days) was created and
entered into analyses. No aggregated level 2 predictors for lagged alcohol and social anxiety
were entered at level 2 as the ICC values suggested that the level 2 and level 3 variables derived
from the level 1 variables were highly correlated with each other, so adding them both into the
model would result in multicollinearity.
Multilevel Model Hypotheses Testing

We hypothesized increased alcohol consumption at one time frame would be associated
with decreased SSA at the next time frame and this relationship would be moderated by TSA
such that those higher in TSA would show a stronger alcohol intake-SSA relationship than those
lower in TSA. Finally, timeframe and day of study were entered as level 1 and level 2 covariates
to meet the missing at random assumption®. To test these hypotheses, a multilevel model was run

using the following equation:

3 We also conducted a supplementary analysis controlling for weekend vs. weekday rather than day of study.
Though there was a main effect of weekday with SSA higher on the weekend (B = 0.04, SE = 0.02, p =.04), using
this alternative covariate did not change the interpretation of our reported analyses. Specifically, interpretations
based on the p < .05 criterion did not change, and estimates of slopes all remained identical to those in Table 3 once
rounded to the nearest two decimal points.
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STATE SOCIAL ANXIETY = y000 + y001*(AGE) + y002*(SEX) +
¥003*(DRINK Smean) + y004*(TRAIT ANXIETY) + y005*(ALCOHOL PROBLEMS) +
v010*(DAYOFSTUDY) + y100*(DRINKS:.1) + y101*(DRINKS..1)*(AGE) +
v102*(DRINKS:.1)*( SEX) + y103*(DRINKS:1)*(DRINK Smean)+ 7104*(DRINKS,.
1)*(TRAIT ANXIETY) + y105*(DRINKS..1)*(ALCOHOL PROBLEMS) +
v200*(STATE SOCIAL ANXIETY.1) +v300*(TIMEFRAME) + 10 + 100 + e.

The subscript “mean” refers to level 3 variables derived from level 1 data, and the
subscript “t-1” refers to variables lagged by one timeframe. Measures were included from all
days of the study, including when no alcohol was consumed where drinks were coded as “0.” All
of the continuous level 3 variables were grand-mean centered and sex was contrast coded as +1
for men and -1 for women. The intercept (y000) should be interpreted as how much SSA a
participant is predicted to experience at a given timeframe at the sample mean value for every
predictor variable. The parameter y100 represents the main effect of interest (i.e., does alcohol
intake at a previous timeframe reduce SSA at a later timeframe?). The parameter Y104 represents
the predicted cross-level interaction of interest (i.e., does alcohol intake have a stronger SSA-
dampening effect for people high in TSA?). Results of this analysis appear in Table 3.

There was a significant association between alcohol intake and subsequent SSA, when
controlling for previous levels of SSA, as well as all of the level 3 variables. Specifically, for
each alcoholic drink consumed, SSA at a subsequent timeframe decreased by approximately
4.0%. This may be observed in the negative slope in Figure 1 showing that as alcohol intake
increases, subsequent SSA decreases. Further, SSA at a previous timeframe significantly

predicted the subsequent timeframe’s SSA, supporting test-retest reliability.
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A main effect was found for TSA, indicating TSA was positively associated with average
levels of SSA across 22 days (controlling for age, sex, alcohol problems, and average experience
sampling drinks). This effect may be observed in Figure 1 by the higher levels of SSA among
high vs. low TSA participants at the intercept (i.e., 0 drinks). There was also a main effect of
alcohol problems, indicating that alcohol-related problems were associated with higher average
levels of SSA across 22 days, while controlling for all other variables.

Contrary to hypotheses, TSA did not moderate the within-person association between
alcohol intake and SSA. In fact, no significant cross-level interactions were found for any level 3
variables, suggesting alcohol intake predicted a reduction in SSA similarly across sexes, all ages,
and all levels of usual alcohol consumption, alcohol problems, and TSA. The lack of expected
moderation by TSA level is seen in Figure 1, where increased alcohol intake was associated with
a similar decrease in levels of subsequent SSA for those high compared to those low in TSA (see
roughly parallel slopes in Figure 1)*. If our moderation hypothesis was supported, then the
parameter y104 would be positive and significant, and the negative slope between alcohol intake
and subsequent SSA would be steeper for those high in TSA.

Discussion

We used ESM to test how alcohol intake affected participants’ SSA and, as hypothesized,
found that as a participant drank more, subsequent SSA decreased. This is consistent with TRT
(Conger, 1958), results from some lab-based studies (e.g., Abrams et al., 2001; Battista et al.,
2012), and extends those prior experimental findings into a real world setting. Contrary to
prediction, TSA did not moderate the within-person relationship between alcohol intake and

SSA. Given the co-occurrence of TSA and alcohol problems (Stewart et al., 2006), we expected

4 We tested for possible quadratic trends (i.e., adding in lagged drinks squared as a predictor of SSA). However, the
quadratic term was non-significant, suggesting that the relationship is best modeled as linear in our sample.
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those higher in TSA would be more sensitive to the SSA-dampening effects of alcohol.
However, research on this is limited and samples are often homogeneous (i.e., a clinical or
analogue clinical sample). Although the present study opted to use an unselected student sample,
baseline scores on a measure of TSA were collected and included in the analysis as a potential
moderator.

Our findings suggest that, although high and low TSA individuals experience similar
magnitude SSA reductions from alcohol intake, those who are high in TSA start out with greater
levels of SSA than those low in TSA (see Figure 1). It is possible that the SSA reductions
experienced from drinking by those high in TSA may be more reinforcing because these
individuals are more often at an elevated level of SSA, and thus the SSA-reduction offered by
alcohol may be more valued. Due to the unexpected nature of this finding, and the lack of
research in this area, this explanation is speculative and should be explored in future studies. To
determine if this explanation holds merit, an examination of the subjective valuations of SSA
reductions from alcohol by those high and low in TSA appears warranted (see Fromme, Stroot,
& Kaplan, 1993). It is also possible that we failed to find a moderating effect of TSA because of
range restriction in our TSA measure. Specifically, only 15.9% of participants in our sample
would be considered “high” in SA using standard cut points (Heimberg et al., 1992). Future
studies should recruit participants with elevated TSA scores or compare a clinical sample to
controls.

Scores on a measure of alcohol-related problems taken at baseline were associated with
greater levels of both baseline TSA and SSA, and the relationship between alcohol-related
problems and SSA remained even after controlling for TSA. While TSA was related to alcohol

problems, it was unrelated to drinking frequency, consistent with prior research (e.g., Ham et al.,
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2007). While the positive relationship between TSA and alcohol problems is consistent with
previous research (e.g., Stewart et al., 2006), the finding that baseline alcohol problems were
associated with greater SSA is novel and warrants further study. There may be reciprocal
relations between SSA and alcohol problems; individuals with higher TSA may use alcohol to
reduce SSA, but then experience more alcohol problems, which may exacerbate their SSA
(Stewart & Conrod, 2008). This explanation is speculative, but provides directions for future
research.

The overall compliance rate in the current study was low (42.1%), but is within one
standard deviation of compliance rates reported in similar ESM studies assessing substance users
(e.g., Buckner, Croshy, Silgado, Wonderlich, & Schmidt, 2012). Both day of study and
timeframe predicted missing data, meeting the missing at random assumption. Under these
conditions, simulation studies show that maximum likelihood approaches can handle ~50%
missing data without any serious biases (Collins et al., 2001). This said, the missing data
problem does still result in some bias — specifically, the parameters are likely around 4-9% of
one standard error smaller than the population parameter (based on Collins et al.’s, 2001
simulation). Although this statistical technique accounts for the missing data, low compliance
rate is nonetheless a limitation in the current study. The procedure of having participants report
six times per day was adopted to maximize the likelihood of capturing typical drinking behaviour
in university students (4pm-4am) (Orcutt et al. 1991). However, in retrospect, this frequency of
daily reporting over three weeks was likely overly burdensome and probably contributed to the
low response rates. Future studies might increase incentives, reduce measurement occasions,
and/or use event contingent sampling (Scollon, Kim-Prieto, & Diener, 2003). In event contingent

sampling, participants only respond when they are drinking. While there are advantages to this
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method, there are also limitations. For example, this method does not account for non-drinking
events. Our present design examined a continuum of drinking, including zero drinking, to
compare against subsequent SSA levels. The use of palmtop computers may have contributed to
the burden on participants, as technical difficulties (e.g., not charging the batteries sufficiently
and losing power, lowering volume and forgetting to turn it back up causing missed prompts, or
forgetting to carry the palm pilot with them) may have resulted in missed questionnaires. ESM
compliance has increased through the recent use of surveys delivered to smart phones (Raento,
Oulasvirta, & Eagle, 2009), and this technology should be utilized in future ESM studies.

Missing reports for timeframes 5 and 6 were likely very often due to participants
sleeping, but the possibility that participants failed to report due to extreme intoxication cannot
be ruled out. While this is a limitation, previous reports suggest that despite high blood alcohol
levels, participants continue to reliably self-report their use (Brown, Kranzler, & Del Boca,
1992), and ESM studies produce more accurate reports of drinking behaviour than recall designs
(Ely et al., 2001). Furthermore, sleep studies indicate that approximately 50% of university
students are asleep by midnight, and approximately 95% are asleep by 2:30am (Galambos et al.,
2013; Lund et al., 2010; Buboltz, Brown, & Soper, 2001). If the majority of students were asleep
between 12:00-4:00am, then this would account for a large portion of our missing data. Future
studies should record bedtimes to distinguish missed signals due to sleeping vs. true missing
data. This would facilitate continued data collection in the early hours of the morning, when
binge drinking is likely to occur (Thombs, Olds, & Snyder, 2003).

Future studies should include a measure of drinking context (e.g., Is the participant in a
social context? What type of social context?). Given recent research demonstrating the

importance of context in drinking studies (e.g., Cludius et al., 2013; Keough, O’Connor, Sherry
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& Stewart, 2015), future ESM studies should include social context measures. Another limitation
is the use of a homogenous student sample. In the current study, only a relatively small
proportion of the sample was within the clinical range of TSA, making it difficult to draw
conclusions about how alcohol affects SSA in those with clinical SAD. However, given previous
findings that those with SAD and AUD report using alcohol as a means to cope with SA (Cooper
et al., 2014), we would expect a similar, but stronger, SSA-dampening effect of alcohol in
clinical samples compared to what was observed in the present student sample.

Females were overrepresented in the current sample, which is an issue that has been
previously documented in undergraduate samples (e.g. Gainsbury, Russell, & Blaszczynski,
2014), and in the current study was likely due to the student sex ratio that favors females in
programs like psychology (Smith, 2011). Future studies should use a blocked research design to
recruit equal numbers of males and females, especially given that sex differences have been
found regarding the anxiety-alcohol link (e.g., de Boer et al., 1993). Also, the current study
measured subjective SSA, but did not provide an indication of how alcohol alters the
physiological anxiety response. Although this was beyond the scope of the current study, future
studies should include an ambulatory physiological measurement (Ebner-Priemer & Kubiak,
2007), to provide a more comprehensive assessment of alcohol’s ability to reduce different
aspects of SSA.

Further, the design did not allow us to test if the alcohol-induced reductions in SSA were
pharmacological and/or expectancy based. There are also a number of mechanisms by which
alcohol may reduce SSA (e.g., it may lead to decreases in self-awareness, see Hull, 1981) and
future research is necessary to study how alcohol leads to SSA dampening. Also, drinking to

cope with anxiety is only one of a number of motives for drinking (e.g., Buckner, Eggleston, &
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Schmidt, 2006; Cooper, 1994). Future studies may consider using ESM to explore other
motivations for drinking among those with SAD or high TSA (e.g., drinking to conform with
peers).

Prior work suggests that SA measures are distinct from generalized anxiety measures
(Brown et al., 1997), but it is unknown if the decreases in SSA we observed were specific to
social anxiety or instead represented a more global state anxiety reduction following alcohol
intake. Future research should measure both types of state anxiety to determine if this effect is
specific to SSA. Lastly, future research should examine the effects of other substances (e.g.
marijuana) that have also been linked to SAD (Buckner et al., 2008).

In sum, our study used ESM to examine how alcohol affected SSA in everyday life. The
main finding that greater levels of alcohol intake led to subsequent decreases in SSA has
important clinical implications. Individuals may use alcohol to reduce their SSA and this strategy
may be effective in the short-term. But it is important to consider the long-term consequences of
relying on alcohol to reduce SSA. It may result in greater alcohol-related problems and may
interfere with the development of more adaptive ways of coping with SSA, thus maintaining or
exacerbating SA in the longer-term (Stewart & Conrod, 2008). Thus, helping people find
alternative means for effectively reducing SSA elevations may be crucial for efficacious

prevention and treatment of comorbid SAD-AUD.
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TABLE 1.

Summary of Demographic, Baseline, and Daily Variables

Full sample (N = 132)

Mean Standard Deviation

Baseline variables

Age 20.76 2.65
Drinking frequency 2.10 1.53
Drinking quantity 5.32 2.95
Alcohol problems 8.70 5.54

Trait social anxiety 20.88 13.27
Experience sampling variables

Drinks 0.55 1.13

State social anxiety 3.52 512

Note. Drinking frequency was measured as the number of drinking occasions per week. Drinking
quantity was measured as the number of drinks consumed per occasion. Alcohol problems were
measured using the Rutgers Alcohol Problem Index (White & Labouvie, 1989) and trait social
anxiety was measured using the Social Interaction Anxiety Scale (Mattick & Clarke, 1998).
Experience sampling drinks is the average number of drinks per day, averaged across a
maximum of 22 days and across all participants. Experience sampling state social anxiety
represents the average state social anxiety across a maximum of 22 days and across all
participants.

*p<.05.
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TABLE 2.
Between-subjects Bivariate Correlations Between Demographic, Baseline, and

Experience Sampling Measures

1 2 3 4 5} 6 7
1. Age - -.08 -.20* -.06 -.06 .04 -.07
2. Drinking frequency - .05 26%*  -01 23%* .07
3. Drinking quantity - 34**  -.05 .04 -.03
4. Alcohol problems - 22* 16 22*
5. Trait social anxiety - .03 35**
6. Experience sampling - .01

drinks
7. Experience sampling -

state social anxiety

Note. N = 132. Drinking frequency was measured as the number of drinking occasions per week.
Drinking quantity was measured as the number of drinks consumed per occasion. Alcohol
problems were measured using the Rutgers Alcohol Problem Index (White & Labouvie, 1998)
and trait social anxiety was measured using the Social Interaction Anxiety Scale (Mattick &
Clarke, 1998). Experience sampling drinks is the total number of drinks consumed across a
maximum of 22 days for each participant. Experience sampling state social anxiety represents
the average daily state social anxiety across a maximum of 22 days for each participant.

*p<.05.**p<.01
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TABLE 3.
The Relationship between Alcohol Intake and State Social Anxiety as Predicted by Sex, Age,

Alcohol Problems, Averaged Experience Sampling Drinks, and Trait Social Anxiety

Predictor Coefficient SE t-ratio p Odds Ratio (95% CI)
(df)

v000 Intercept .28 12 2.38 .02 1.32
(116) (1.05-1.67)

Level 1 main effects

v100 Drinkst.1 -.04 .02 -2.14 .03 0.96
(2323) (0.92-0.997)

v200 State Social Anxietyt.1 .01 .01 2.06 .04 1.01
(2323) (1.001-1.03)

v300 Timeframe -.04 .02 -2.30 .02 0.96
(2323) (0.93,0.99)

Level 2 main effects

7010 Day of Study .00 .01 0.13 .90 1.00
(1396) (0.98-1.02)

Level 3 main effects

vy001 Age -.08 .05 -1.82 .07 0.92
(116) (0.84-1.01)

v002 Sex -.04 14 -0.31 .76 0.96
(116) (0.73-1.26)

v003 DrinkSmean .00 .00 0.56 .58 1.00
(116) (1.00-1.01)

v004 Trait Social Anxiety .04 .01 4.81 < 1.04
(116) .001 (1.02-1.06)

v005 Alcohol Problems .04 .02 2.09 .04 1.04
(116) (1.02-1.06)

Cross-level interactions

v101 Age .00 .01 0.20 .84 1.00
(116) (0.99-1.02)

v102 Sex -.00 .01 -0.15 .88 1.00
(2323) (0.97-1.03)

v103 DrinkSmean .00 .00 0.36 72 1.00
(2323) (1.00-1.00)

v104 Trait Social Anxiety -.00 .00 -0.42 .67 1.00
(2323) (1.00-1.00)

v105 Alcohol Problems -.00 .00 0.06 .95 1.00
(2323) (0.99-1.01)

Notes. The outcome variable is state social anxiety. The subscript “mean” refers to level 3 variables
derived from level 1 data, and the subscript “t-1” refers to variables lagged by one timeframe.
This represents a unit-specific model with robust standard errors. Coefficients are unstandardized.

Significant coefficients are bolded. Sex was coded as -1 for women and +1 for men. Alcohol problems
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were measured using the Rutgers Alcohol Problem Index (White & Labouvie, 1989). Trait social

anxiety was measured using the Social Interaction Anxiety Scale (Mattick & Clarke, 1998).
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FIGURE 1.

The Effect of Alcohol Intake on State Social Anxiety for those High and Low in Trait Social
Anxiety.

For illustrative purposes, high trait social anxiety was defined as scoring in the 75" percentile or
higher (a score of > 29) on the Social Interaction Anxiety Scale (SIAS) and low social anxiety

was defined as scoring in the 25" percentile or lower (a score of < 11) on the SIAS.



