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Abstract

Background: The impact of alcohol and cannabis co-use on college student drinking and
related outcomes is complex. Specific characteristics or patterns of co-use events beyond drinking
quantity may be important to the experience of consequences. The present study used repeated
daily surveys to examine the association between co-use (versus use of alcohol only) and drinking
rate on negative consequences.

Methods: The sample included 318 college students (Mage = 19.8, 47% female, 76% non-
Hispanic White) who were co-users of alcohol and cannabis, recruited from three U.S. college
campuses. Participants completed 56 days of data collection (number of drinking days ranged
from 1 to 38). Two measures of drinking rate were examined: (1) daily rate (humber of drinks
divided by number of hours spent drinking per day); and (2) peak hour rate (maximum number

of drinks consumed in a single hour) to account for anomalous drinking days of long duration.
Generalized linear mixed models examined: (1) associations of co-use with peak hour rate (model
1a) and daily rate (model 1b); (2) associations of peak hour rate (model 2a) and daily rate (model
2b) with experiencing any negative consequence; and (3) interactions of co-use with peak hour
rate (model 3a) and daily rate (model 3b) on experiencing a consequence.

Results: Co-use was positively associated with peak hour rate but not daily rate. Both peak

hour and daily rate positively predicted likelihood of experiencing a negative consequence. The
interaction of both peak hour and daily rate by co-use was significant such that the association of
rate with experiencing a consequence was stronger on alcohol-only days compared to co-use days.
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Conclusions: Daily drinking rate and peak hour drinking rate are unique and should be
considered when discussing drinking patterns. Both predict negative consequences and may be
important aspects of interventions for negative drinking-related outcomes among college students.
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INTRODUCTION

Co-use of alcohol and cannabis is common among young adults and college students
(Terry-McElrath & Patrick, 2018; White et al., 2019). Public health interest in the impact
of cannabis use on alcohol use and related consequences is increasing in the wake of
expanded legalization of cannabis for recreational and medical purposes. In particular, the
impact of co-use on college student drinking and related consequences is imperative to
study, as college students report higher rates of use-related consequences compared to their
age-matched noncollege attending peers (Blanco et al., 2008; Linden-Carmichael & Lanza,
2018; Slutske, 2005; Slutske et al., 2004). Although several studies have suggested that
co-use of alcohol and cannabis is associated with increased alcohol use (Briére et al., 2011;
Gunn et al., 2018b; Metrik et al., 2018; Patrick et al., 2017; Subbaraman & Kerr, 2015), the
mechanisms by which co-use is associated with drinking and related outcomes are complex
and findings are mixed (Gunn et al., 2021a). Specific characteristics or patterns of alcohol
use within co-use events (e.g., how fast or how much an individual drinks) are valuable
predictors of alcohol-related outcomes and aid in clarifying these competing findings (e.g.,
Groefsema & Kuntsche, 2019; Mallett et al., 2017).

Intensive longitudinal data collection methods are ideal for studying these characteristics
and patterns of drinking, as they allow for the examination of specific varying details

of drinking events by isolating effects at the level of the event (repeated observations
within-person, such as comparing co-use days to single substance use days) versus at the
level of the individual (between-person observations, such as comparing people whose
drinking levels differ on average). Disaggregating these different units of analysis allows
for the examination of the effects of co-use for each individual as well as between-person
differences (e.g., frequency of co-use) on drinking outcomes. Within-person data permit
testing of influences on type of event (co-use, alcohol only, cannabis only, and nonuse),

a great advance over simply describing the influences on type of user. Isolation of within-
person effects from between-person effects aids in identifying the event-level factors that
predict an outcome of interest independent of the individual-level risk factors. At the
within-person level, co-use of alcohol and cannabis (relative to alcohol-only use) has been
linked to increased consequences in young adult (Lee et al., 2020; Linden-Carmichael et
al., 2020) and college student (Gunn et al., 2018a; Ito et al., 2021) populations. Further,
recent studies have highlighted the importance of controlling for drinking quantity at the
within-person level, as it is a consistent predictor of consequences (Jackson et al., 2020).
When number of drinks is considered an independent predictor, it is consistently predictive
of consequences, and even sometimes attenuates the additive effect of co-use of cannabis in
predicting consequences (Gunn et al., 2021c; Lee et al., 2020; Lipperman-Kreda et al., 2017,
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Mallett et al., 2019; Sokolovsky et al., 2020). To some extent, increased number of drinks
may be driving the association between co-use and consequences, more so than the addition
of cannabis to a drinking event, suggesting that alcohol quantity is an important mechanism
to consider when studying co-use (versus drinking-only) events.

Another important characteristic of drinking episodes in the study of acute consequences is
the “rate” or “pace” of drinking (i.e., how quickly an individual consumes alcohol on an
occasion or in a day of drinking). Faster or accelerated rate of drinking has been associated
with increased negative alcohol consequences in two recent studies (Carpenter & Merrill,
2020; Kuntsche et al., 2015). Kuntsche et al. (2015) found that Saturday evenings with an
‘accelerated’ drinking pattern (at least one drink per hour and an average of 11.5 total) were
associated with 17 times more negative alcohol consequences compared to evenings with
‘stable low’ (average of 0.2 drinks per hour and 1.5 total) drinking rates (Kuntsche et al.,
2015). More recently, Carpenter and Merrill (2020) found that rate of drinking (calculated
as change in estimated blood alcohol concentration across the day) was associated with a
greater likelihood of experiencing a negative consequence at the daily level in a sample of
college student drinkers under the legal drinking age. Importantly, this study also controlled
for number of drinks. Overall, this work suggests that quantity and rate of alcohol consumed
are important predictors of consequences. However, no studies, to date, have examined how
co-use of alcohol and cannabis may impact rate of alcohol consumption or how rate of
drinking during co-use occasions may impact negative consequences experienced.

Current study

The current study sought to examine the association between co-use and drinking rate and
negative consequences using repeated daily surveys of college students. First, we tested
whether co-use within a day leads to faster drinking rate compared to alcohol use only.

This is a largely exploratory question, as there is no literature examining the association

of co-use and drinking rate. However, given that co-use has been linked to more drinking
(Briere et al., 2011; Gunn et al., 2018b; Metrik et al., 2018; Patrick et al., 2017; Subbaraman
& Kerr, 2015) compared to alcohol-only days, we hypothesize that co-use will be associated
with faster drinking rate. Second, we sought to replicate and extend Carpenter and Merrill
(2020) by examining whether rate of drinking is associated with increased likelihood of

a negative consequence, while controlling for cannabis use (i.e., co-use). Finally, to test

the hypothesis that drinking faster—particularly on co-use days—would be associated with
increased likelihood of experiencing negative alcohol-related consequences, we tested the
interaction between co-use and drinking rate on consequences (controlling for number of
drinks).

MATERIALS AND METHODS

Procedures

Screening—Recruitment targeted U.S. undergraduate students from three state universities
in states with different recreational cannabis-use laws: recreational cannabis use was
criminalized in School A’s state; illegal but decriminalized at School B’s state; and legal
(for adults age 21+) at School C’s state at the time of data collection. Medical use of
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cannabis was legal in all states. Online screening survey invitations were sent via e-mail to
8000 undergraduate students recruited from each university’s registrar database (stratified by
anticipated graduation year; total /= 24,000). Eligibility criteria included: (1) full-time
enrollment at one of the universities; (2) age 18-24 years; (3) past-year alcohol use;

(4) past-year cannabis use; and (5) verified e-mail address (see White et al., 2019 for

details on recruitment and representativeness). Eligibility criteria did not specify if alcohol
and cannabis use that occurred over the past-year was concurrent or simultaneous nor if
past-year cannabis use was medicinal and recreational. Of 7000 screening responses, 2874
(41.1%) met eligibility criteria. Participants were entered into a lottery to win a $100
Amazon.com gift card (10 per campus) for completing the screener.

Baseline survey—Of the 2874 students that screened eligible, a sample of 2501
students oversampled for past-month alcohol and cannabis use were e-mailed invitations

to participate in the baseline survey. Of those who consented and were enrolled (V=
1610), 1390 participants (86.3%) were retained in the final baseline sample (participants
were excluded if they provided data inconsistent with eligibility criteria originally provided
in screening or had technical issues). Participants were compensated with a $25 Amazon
gift card (For greater detail on the baseline survey, see Jackson et al., 2021 Supplemental
Material).

Daily surveys—Participants who reported past-month use of alcohol and cannabis “at the
same time so their effects overlapped” (i.e., simultaneous use) at baseline were eligible to
take part in the daily portion of the study (V= 693). To ensure heterogeneity in the sample,
participants were stratified by frequency of simultaneous use, sex, and school. Stratification
involved overenrolling frequent simultaneous users (i.e., three or more times in the past
month) and male participants to ensure sufficient rates of simultaneous use and a roughly
equal balance of participants by sex. Due to sampling section, only 596 students were
invited to the daily phase of the study (see Figure S1 for details). After nonresponse to the
invitation and quotas being met, 379 were given access to a smart phone application and 343
completed the daily surveys.

Participants completed a 28-day burst of intensive longitudinal experience sampling
comprising five daily surveys delivered via a custom-developed smartphone application
(see Jackson et al., 2021 Supplemental Material for greater detail on recruitment and
participation rates). Data from the first 2 days were omitted due to technical issues resulting
in the exclusion of two further participants who discontinued their participation during this
period, resulting in a final sample of 341. A second 28-day burst was completed 3 months
later by 316 participants (92.7% of the first burst). Participants were compensated $1 for
each completed survey (up to $5 per day/$35 per week) with potential bonuses of $10 each
week if they completed at least 85% of surveys for that week and $20 at the end of 4 weeks
if they completed at least 90% of surveys, totaling $200 maximum (Amazon gift cards) per
burst.

The five daily surveys were scheduled at the same time each day (9:00 am; 2:00 pm; 5:00 pwm;
8:00 pm; and 11:00 pm) and were active for 2 h (except for the 9:00 am survey which was
open for 5 h). Each survey asked about behavior that occurred since the time the last survey
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was completed (including up to one missed survey). If two or more surveys were missed in
a row, the current survey would use the scheduled time of the previous survey as a starting
time anchor (for full details on missed surveys, see Supplemental Material in Stevens et

al., 2020). Survey completion took approximately 1 to 2 min with an additional 2 to 3 min
for the 9:00 am survey which contained two parts: (1) a daily portion assessing prior-day
substance use behavior between the time of the last completed survey and bedtime and (2) a
morning portion which included items that cumulatively assessed yesterday’s behavior from
wake time through bedtime, including negative consequences. Completion of at least one
daily survey was high (85.8%). For each of the five surveys, compliance was as follows:
9:00 Am (78%), 2:00 pm (59%), 5:00 pm (66%), 8:00 pm (65%), and 11:00 pm (56%). An
average of 3.75 surveys per day (SD = 1.29; range 1-5) were completed by each participant
in this study. All procedures were approved by the Institutional Review Board of Brown
University and a Certificate of Confidentiality was obtained from NIDA.

Type of alcohol and/or co-use day—~Participants were asked at each survey if they
used alcohol, cannabis, both, or neither for each time interval: “What did you use between
[time X] and [time Y]?” The timeframe for this question was anchored between the time
the previous survey was submitted and the time the current survey was triggered. Type of
use day was indexed as alcohol-only (7= 2076), cannabis-only (n7=3917), co-use (use of
both alcohol and cannabis; 7= 2024), or no alcohol or cannabis use (7= 7781) based on all
surveys reported within a day. Alcohol-only and co-use days were selected for the current
analysis and no use and cannabis only-days were excluded. Co-use was measured at the
daily level given recent work from our group in this same sample, suggesting no difference
in subjective intoxication or consequences when comparing different operationalizations of
simultaneous use (i.e., based on timing of using each substance) ranging from 1 to 240 min
within a day, as the large majority (94%) of co-use days included co-use occurring within
240 min (Sokolovsky et al., 2020). Furthermore, given consequences were assessed at the
daily level, it made sense to assess type of use at the day level.

Substance use quantity—If alcohol and/or cannabis were endorsed, participants were
presented with a timeline overlaid on a grid with time anchors (in minutes) and were
instructed to tap on the screen at points corresponding to times when they had a drink or
used cannabis. Instructions were as follows: (“Tap your finger in the blue box each time you
had a drink/used marijuana at the corresponding time”). Screenshots of this assessment are
available in Jackson et al., 2021. Day-level alcohol quantity was indexed as the sum of the
number of drinks (taps) across all surveys in each day.

Drinking rate—In order to measure how quickly alcohol was consumed throughout the
day, we used two separate measures. The first, gaily rate, was calculated by dividing the
number of total drinks reported in a day by time spent drinking (hours between first drink
and last drink) +1 (for single drink days). Second, peak hour rate, was used to accommodate
anomalous drinking days of long duration and was calculated as number of drinks consumed
in the peak hour of drinking (i.e., hour in the day in which the most drinks were consumed).
This measure captures rate of drinking that is not attenuated by all-day drinking. For
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example, if 2 days had the same rate of drinking in the evening, but on 1 day someone drank
for more hours in the day (e.g., also had one drink in the morning), their rate for the day
would be much lower than if they did not drink in the morning because the denominator
(i.e., time spent drinking) in the rate calculation would be larger.

Consequences—On the morning survey following substance use days, participants
indicated whether the following consequences occurred “because of yesterday’s use of
[alcohol, or alcohol and marijuana together]”: hangover, nausea/vomiting, hurt self, drove
car drunk/high, blackout, rude/aggressive, and unwanted sex. This selection of consequences
was adapted from Read et al. (2006) consequence subscales, the Brief Young Adult Alcohol
Consequences Questionnaire (BYAACQ); Kahler et al., 2005), the Marijuana Consequence
Scale (MACQ; Simons et al., 2012), the Rutgers Alcohol Problem Index (RAPI; White

& LaBouvie, 1989), and the Rutgers Marijuana Problem Index (RMPI; Johnson & White,
1995), with a focus on selecting acute consequences that would be observed at the daily
level. Given low rate of any consequence endorsement on a given day (24%), a binary
measure (yes/no) was used to indicate whether any negative consequences occurred on a
given day.

Covariates—All models controlled for the baseline demographic characteristics of sex
(assigned at birth, ref: female), age (dichotomized as below age 21 [ref] or 21+ years old),
school (ref: School C [recreational cannabis use legal]), race (White [ref] versus non-White),
and ethnicity (non-Hispanic/Latinx [ref] versus Hispanic/Latinx). Models also controlled for
day of the week (dichotomized as weekday [ref] or weekend [Friday or Saturday]), based

on inspection of use patterns (Sokolovsky et al., 2020), any drug use other than cannabis

or nicotine (dichotomized at the daily level, ref: no, 6% of days), any liquor that day
(dichotomized, ref: no, added due to unique prediction of consequences; (Stevens et al.,
2021)), and drinking start time (dichotomized as early/before 4:00 pm [ref] or later) due to
the calculation of daily rate and peak hour rate at the daily level.1 Because alcohol quantity
has consistently been a robust predictor of consequences in co-use occasions (Gunn et al.,
2021c; Lipperman-Kreda et al., 2017; Mallett et al., 2019), daily number of drinks was also
controlled for in models with daily rate as the focal predictor. Number of drinks in excess

of the peak hour (i.e., number of drinks consumed outside the hour of heaviest drinking)
was likewise controlled for in models with peak hour rate as the focal predictor. Models
examining the focal predictor of co-use on peak hour rate and daily rate also controlled for
between-person number of drinks (per drinking day) and proportion of co-use days. Models
examining focal predictors of peak hour rate and daily rate on consequences controlled for
between-person mean of each. Finally, the models examining the interaction of peak hour
rate and drinking rate by co-use on consequences controlled for the between-person mean of
each and the between-person measure of percent co-use days.

1\\e chose 4:00 PM as the cutoff for this early drinking given recent evidence, suggesting that “day drinking” (before 4:00 PM) was a
significant predictor of heavy episodic or high intensity drinking at the day level (Calhoun & Maggs, 2021).
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Data analysis

Given the need to reliably calculate drinking rate within a day, we needed data that covered
the entire day so that no drinking data were missing and not to miss any co-use. Therefore,
we removed 989 total days without complete daily coverage (no more than two missed
surveys). We also removed a single day where excess drinks (21) were reported in the

peak hour of drinking, resulting in a total of 3110 drinking days and 318 participants for

all analyses. There were no significant differences in demographic characteristics between
those participants that had full coverage days and the final sample (Cohen’s /= 0.01-0.03).
See Figure S1 for depiction of sample selection. Data were structured so that each row
represented 1 day for one participant.

In order to examine the associations between day-level co-use and daily rate/peak hour

rate, two analyses using generalized linear mixed models (GLMMs; Hedeker, 2005) were
conducted. In separate models, we regressed peak hour rate (model 1a) and daily rate (model
1b) onto the focal predictor of co-use and the set of covariates noted above. Models were fit
using the Ime4 (Bates et al., 2015) package in R (R Core Team, 2017).

To examine the association between daily rate/peak hour rate and experience of any

daily consequences, two analyses were conducted using GLMMs, specifying a binomial
distribution. These models were fit using the R package glmmTMB (Brooks et al., 2017).
In separate models, we regressed the binary consequence variable onto focal predictors of
peak hour rate (model 2a) and daily rate (model 2b) and the same set of covariates as noted
above, in addition to controlling for co-use. To test the interaction between daily rate/peak
hour rate and co-use on consequences, another set of GLMMs with these interaction terms
(model 3a: peak hour rate x co-use, model 3b: daily rate x co-use) and the same outcome
(binary consequence) was specified. Random intercept terms for subject were included

in all models. This analysis was not preregistered and thus results should be considered
exploratory.

Descriptive statistics for the subset of participants utilized for the present analyses are
presented in Table 1. Across both assessment waves for the current sample of 318
participants and 3110 days, we observed 1530 alcohol-only days and 1580 co-use days.
Mean daily rate was similar on alcohol-only days (M = 1.37, SD = 0.70) compared to co-use
days (M =1.39, SD = 0.75). Mean peak hour rate was slightly lower on alcohol-only days
(M =2.48, SD = 1.52) compared to co-use days (M = 2.65, SD = 1.71). Frequencies of peak
hour rate by alcohol-only and co-use days are provided in Table 2 and distribution of daily
rate across all drinking days is provided in Figure 1.

Co-use on peak hour rate/daily rate

Results from GLMMs predicting peak hour rate and daily rate from co-use (versus alcohol-
only use) are presented in Table 3. The ICC for the peak hour and daily rate models

were 0.04 and 0.10, respectively; suggesting that little variability on these outcomes was
between-person. Co-use was positively associated with peak hour rate (model 1a) but not
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daily rate of drinking (model 1b), suggesting that co-use was associated with a higher
number of drinks at peak hour of drinking, compared to alcohol-only use. Covariate effects
are presented in Table 3.

Peak hour rate/daily rate on consequences

Results from GLMMs predicting experience of any consequence from peak hour rate (model
2a) and daily rate (model 2b), both controlling for co-use, covariates, and drinking quantity,
are presented in Table 4. The ICC for these models was 0.24, suggesting that 24% of the
variability on experiencing a consequence was between-person. Both peak hour and daily
rate positively predicted the likelihood of experiencing a consequence, such that more drinks
at the peak hour of drinking and faster daily rate of drinking were associated with increased
likelihood of experiencing a negative consequence even with controls for the amount

of alcohol consumed. Co-use was not a significant predictor of consequences; however,

the alcohol quantity measure in each model was significant with higher consumption

being related to a greater likelihood of experiencing a consequence.2 Covariate effects are
presented in Table 4.

Interaction between co-use and peak hour rate/daily rate on consequences

Results from GLMMs predicting consequences from the interactions of peak hour and daily
rate by co-use are presented in Table 5. There were significant interactions of both peak
hour rate (model 3a) and daily rate (model 3b) with co-use on likelihood of experiencing

a consequence, suggesting that the association of peak hour rate and daily rate with
experiencing a consequence was stronger on alcohol-only days compared to co-use days (see
Figure 2). Covariate effects are presented in Table 5. Ad-hoc simple slopes analysis using
recentered peak hour rate at discrete drink counts revealed that likelihood of experiencing

a consequence was significantly greater on co-use days when peak hour rate was one

or two, nonsignificant at three, and significantly lower at four or more drinks. Similarly,
ad-hoc simple slopes analyses for daily rate at mean + 1.5 SD revealed that likelihood of
experiencing a consequence was significantly greater on co-use days when daily rate was
low (-1.5 SD), nonsignificant at the mean daily rate, and significantly lower when daily rate
was high (+1.5 SD). A further region of significance follow-up found that this effect was
significant and positive at daily rates below 1.2 and significant and negative at daily rates
above 2.0.

DISCUSSION

This study is the first to examine how rate of drinking is associated with co-use of alcohol
and cannabis and extends prior work, suggesting that faster rate of drinking is associated
with experiencing negative consequences. We further extended this prior work by examining
a proxy measure of drinking rate, the number of drinks in the peak hour of drinking, which
is more robust to daily diary studies where all-day drinking may occur. We also examined

2Sensitivity analyses were conducted without controlling for alcohol quantity. Primary effects of interest (peak hour rate and daily
rate) remained significant predictors of consequences; however, co-use became a significant predictor of consequences in the daily rate
model (OR =1.29, p=0.03), and age (ORs = 1.50-1.52, g5 < 0.05), and other drug use became significant in both models (ORs =
1.96-1.86; ps < 0.01).
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how rate of drinking and co-use interact to predict experience of a consequence to better
understand how these patterns of drinking may lead to negative drinking-related outcomes in
college students who also use cannabis.

First, we found that although co-use did not predict rate of drinking within a day, it did
predict the drinking rate in the peak hour of drinking. The results suggest that alcohol

may be consumed faster during peak drinking hours on days when cannabis is consumed
compared to days when only alcohol is consumed. This effect was significant even when
controlling for significant covariates, including day of week (weekends being associated
with more peak hour drinks), liquor use, and between-subjects drinking quantity and co-

use frequency. This finding also suggests that these two measures of drinking rate, rate
computed across a day and number of drinks at the peak hour of drinking, are unique and
both have value when considering patterns of drinking at the day level. This is the first study
to examine how drinking rate is associated with co-use and contributes to previous literature,
suggesting that riskier drinking patterns may occur when cannabis is also consumed,
particularly in young adult and college student populations (Gunn et al., 2018b; Ito et al.,
2021; Lee et al., 2020; Linden-Carmichael et al., 2020). However, additional research is
needed, particularly to isolate the timing of cannabis use and subjective effects across the
drinking day and their acute impact on drinking rate during the peak of consumption, and in
turn, the consequences experienced.

Next, as hypothesized, we found a significant effect of both daily rate and peak hour rate

on the experience of a negative consequence. This finding is consistent with Carpenter and
Merrill (2020), suggesting that faster drinking is associated with a higher likelihood of
experiencing a negative consequence. Also, consistent with Carpenter and Merrill, our work
was significant when controlling for the effect of daily number of drinks (i.e., quantity).
Building on this work, we also found that these effects were consistent when controlling for
between-person levels of rate, as well as day-level cannabis use (i.e., co-use), suggesting a
strong effect of rate predicting experience of a consequence at the daily level.

Finally, we found significant interactions for both daily rate and peak hour rate by co-use
on the experience of a negative consequence. These interactions suggested that the strength
of the association between faster drinking rate and likelihood of experiencing a negative
consequence was stronger on alcohol-only days compared to co-use days. Importantly, as
can be seen in Figure 2 and described in post-hoc simple slopes analyses, co-use days are
associated with higherlikelihood of a consequence at lower rates of drinking (See Figure
2), and as can be seen in Table 2 and Figure 1, the majority of drinking days in the sample
occurred at these lower drinking rates. Therefore, it is critical to note that co-use still may
be associated with increased risk of experiencing a consequence on certain drinking days
(e.g., days with lower drinking rates). Further, this work should also be considered in the
context of between-person studies that have found a strong association between co-use and
consequences (Green et al., 2019; Midanik et al., 2007; Subbaraman & Kerr, 2015) and
other within-person studies that have found that co-use is associated with more negative
consequences compared to alcohol-only days while controlling for alcohol consumption
(Mallett et al., 2017). Finally, as discussed in our prior work (Gunn et al., 2021c; Sokolovsky
et al., 2020) and work by others (Lee et al., 2020; Lipperman-Kreda et al., 2017; Mallett et
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al., 2019), when alcohol use is controlled for, the association between co-use and experience
of a consequences is mitigated. This study found effects of both rate and number of drinks,
which suggests both are unique indicators of risk for alcohol-related consequences. Future
work with greater temporal resolution should examine whether amount of alcohol consumed
accounts for (mediates) the association between co-use and consequences, as this body of
work suggests.

The current investigation adds to a limited but growing body of literature showing that faster
rate of consumption is associated with negative alcohol-related consequences (Carpenter &
Merrill, 2020; Kuntsche et al., 2015). Thus, there is an increased need to focus on drinking
rate to understand harms associated with alcohol use and thus develop valuable points of
harm reduction. Notably, we found that using cannabis was associated with an increased
likelihood of experiencing a consequence on days with lower rates of drinking, which has
important implications for harm reduction strategies in the context of co-use. For instance,
this suggests that protective behavioral strategies aimed at reducing the rate of drinking such
as alternating alcoholic drinks with water and tracking drinks, which are also valuable harm
reduction strategies for reducing negative consequences associated with alcohol use (Borden
etal., 2011; Martens et al., 2004), may not be as effective in the context of co-use. Future
harm reduction work for co-use should focus on informing individuals of the risk associated
with lower drinking rates. Understanding the consequences experienced on these co-use
days with lower drinking rates is an important area for future work in order to develop more
tailored harm reduction strategies. Further, we did not examine the role of context in this
study, which we know differs between alcohol-only and co-use days (Gunn et al., 2021b),
and may also interact with rate of drinking to predict consequences.

In a related study of young adults in the Netherlands, pace of drinking was found to increase
over the course of an evening (Groefsema & Kuntsche, 2019). The researchers demonstrated
that increase in drinking rate across the evening, coupled with knowledge that faster rate

is associated with consequences, could have important policy implications. For instance,
earlier closing times for bars and restaurants may reduce likelihood of alcohol-related
consequences for populations of legal drinking age. However, for college samples such as
the one studied here, many students are under the age of 21 and policy interventions such

as this may not be as applicable to this age group. Rather, policies such as noise ordinances
during evening hours may be more applicable for college student populations. The study of
Groefsema and Kuntsche (2019) also found that the tendency to increase pace of drinking
over an evening is more common among those with more harmful drinking habits (i.e.,
higher AUDIT scores), highlighting the importance of focusing on rate of drinking among
those with alcohol-related problems. Further, given that we found a significant association
between co-use and faster peak hour rate (controlling for between-person drinking), this
may be an important mechanism to target for intervention and prevention efforts to reduce
harms associated with alcohol and cannabis co-use. This may be especially important given
alcohol subjective effects take longer to peak compared to cannabis (Hartman et al., 2016)
and thus the interactive subjective effects may be delayed in some occasions, which may
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result in increased use to reach desired effect. As noted above, additional work is needed to
understand more how cannabis impacts drinking rate in the midst of a drinking event.

Strengths and limitations

The present study should be interpreted in the context of a few limitations. First, the sample
comprised college students. Although we included a relatively large sample from several
university campuses, additional work is needed to confirm these results in more diverse

age groups and samples, including clinical populations. Second, we were unable to control
for cannabis quantity consumed on co-use days because missing data were confounded

with type of day (with no cannabis use on alcohol-only days, by definition). Examining

the impact of cannabis quantity on drinking rate during co-use days is an important future
direction. Third, given the low prevalence of negative consequences at the day level, we
dichotomized the consequence measure in the present analyses. It is important for future
studies to consider number of consequences and specific types of consequences as well in
order to have a more nuanced understanding of the impact of drinking rate on consequences.
Relatedly, given the daily repeated nature of the assessments, a shortened list of all possible
consequences was administered to reduce participant burden. Future work should examine a
wider range of consequences in order to better understand the risks associated with co-use
and drinking rate.

Despite these limitations, the study had several strengths. We collected data five times a
day from a large sample of college students from three different universities. We conducted
within-person analyses that controlled for important within- and between-person covariates
including daily alcohol consumption (i.e., number of drinks), which has been a consistent
predictor of consequences in prior alcohol and cannabis co-use studies (Gunn et al., 2021c;
Lee et al., 2020; Lipperman-Kreda et al., 2017; Mallett et al., 2019; Sokolovsky et al.,
2020). We included two distinct measures of rate of consumption, which is a robust way

to examine the impact of pace of drinking at the day level. Overall, this study found that
daily drinking rate and number of drinks during the peak hour of drinking are both unique
characteristics of drinking patterns. Further, both rate measures predict the experience of
negative consequences, and do so differentially for co-use versus alcohol-only use days.
Therefore, rate of consumption should be addressed in drinking interventions for college
students.
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FIGURE 1.
Daily rate was calculated by dividing the number of total drinks reported in a day by time

spent drinking (hours between first drink and last drink) + 1 (for single drink days).
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FIGURE 2.
The predicted probability of experiencing a consequence based on daily rate (humber of

drinks divided by number of hours spent drinking per day) and peak hour rate (maximum
number of drinks consumed in a single hour) by alcohol and co-use days.
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Sample characteristics

TABLE 1

Variable

M (SD) or %

Sex (female) 47%
Age 19.8 (1.3)
Race/Ethnicity

Non-Hispanic White 76%

Non-Hispanic Black 3%

Asian 10%

Other 2%

Multiracial 8%
Ethnicity

Hispanic/Latinx 11%
School

A (recreational cannabis illegal) 31%

B (recreational cannabis decriminalized)  35%

C (recreational cannabis legal) 34%
Class

Freshmen 19%

Sophomore 27%

Junior 25%

Senior 25%

>5-year senior 4%
Drinks per day 5.1(2.8)
Cannabis uses per day 26(4.7)
Consequences per day 0.33 (0.64)

Note: n=318; Drinks and cannabis uses per day were aggregated to the subject level.
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TABLE 2

Frequency of peak hour rate by alcohol and co-use days

Peak hour rate (# drinks)

Alcohol-only days

n (valid/cumulative %)

(Total n = 1530)

Co-use days

n (valid/cumulative %)

(Total n = 1580)

1 499 (32.6% / 32.6%) 419 (26.5% / 26.5%)
2 408 (26.7% / 59.3%) 483 (30.6% / 57.1%)
3 296 (19.3% / 78.6%) 322 (20.4% / 77.5%)
4 163 (10.6% / 89.3%) 159 (10% / 87.5%)

5 92 (6.1% / 95.3%) 94 (6% / 93.5%)

6+ 72 (4.7% / 100%) 103 (6.5% / 100%)
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