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Abstract

Objective: While polysubstance use is highly prevalent among people who use
drugs, the field lacks a reliable assessment that can detect detailed temporal pat-
terns of polysubstance use. This study assessed the test-retest reliability of the
newly developed Polysubstance Use-Temporal Patterns Section (PSU-TPS).
Methods: Participants who used cocaine plus alcohol and/or marijuana at least once
in the past 30 days (n = 48) were interviewed at baseline and approximately 7 days
later (retest) using the Substance Abuse Module and the PSU-TPS. Reliability of
PSU-TPS measures of quantity, frequency, and duration of polysubstance use was
examined using intra-class correlation coefficients (ICCs) and kappa tests.

Results: Excellent reliability was observed for frequencies of concurrent poly-
substance use patterns in the past 30 days (ICC range: 0.90-0.94) and quantity of
alcohol use (ICC = 0.83), and fair to good reliability was observed for duration of
substance use (ICC range: 0.52-0.73).

Conclusion: Detailed information regarding cocaine, alcohol, and marijuana poly-
substance use in the past 30 days can be reliably measured with the PSU-TPS. Data
on the order and timing of polysubstance use at the hourly level will improve our
understanding of the implications of sequential and simultaneous use patterns,

which can help inform treatment and prevention efforts.
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of adverse outcomes (Agrawal et al., 2007; Leeman et al., 2016; Quek

Although polysubstance use, or the use of multiple substances during
a specified period of time, is acknowledged as one of the most
common substance use behaviors (Cicero et al, 2019; Compton
et al.,, 2021; Kandel et al., 2017) and is associated with a wide range

et al., 2013), it remains an understudied and poorly defined construct
(Bailey & Finn, 2020). For example, many studies do not distinguish
between concurrent use--which refers to two or more substances
used within a specified period (e.g., past 12 months, past 30 days)--
and sequential or simultaneous use (Liu et al., 2018). Sequential use
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describes which drug was used first, which second, and so on within
the same occasion (e.g., within the same 24 h), while simultaneous
use indicates co-administration of two or more substances at the
same time or in close temporal proximity (e.g., the use of a mixture of
cocaine and heroin, or smoking marijuana while drinking alcohol)
(Barrett et al., 2005; McCabe et al., 2006; Olthuis et al., 2013).

Both concurrent and simultaneous polysubstance use have been
found to be highly prevalent among persons who use cocaine. A
meta-analysis estimated that, among those who use cocaine, 77%
used alcohol and 64% used marijuana concurrently with cocaine,
while 74% used alcohol and 38% used marijuana simultaneously with
cocaine (Liu et al, 2018). Measures of simultaneous cocaine poly-
substance use are particularly important, as research has shown that
drug combinations can impact subjective responses to cocaine (Lukas
et al., 1994; McCance-Katz et al., 1998) as well as neurobiological
outcomes (Meyerhoff, 2017; Meyerhoff et al, 1999; O Neil
et al., 2001). Using alcohol or marijuana with cocaine can affect co-
caine's metabolic profile (McCance-Katz et al, 1998; Pan &
Hedaya, 2000; Reid & Bornheim, 2001), potentially enhancing its
reinforcing effects (Hart et al., 2000; Jatlow et al, 1991; Raven
et al, 2000). Given that these substances can interact both meta-
bolically and neurobiologically depending on the timing of their
overlapping use, collecting data on concurrent use alone is insuffi-
cient for a comprehensive understanding of the etiology and conse-
quences of cocaine polysubstance use patterns.

Despite the importance of considering the timing and order of
sequential and simultaneous polysubstance use, few studies have
examined the temporal ordering of cocaine use with alcohol and/
or marijuana. Of the five studies that have investigated the order
and sequencing of simultaneous cocaine and alcohol use (Barrett
et al, 2006; Barrett et al.,, 2005; Gossop et al., 2006; Macdonald
et al, 2015; Staines et al.,, 2001), the majority found that alcohol
use generally proceeded the use of cocaine on days in which both
were used, with the exception of Gossop et al. (2006), who found
that a greater proportion of persons who used crack cocaine re-
ported drinking alcohol after using crack than before or during
crack use (36% vs. 21% and 12%, respectively). Two of these
studies also assessed quantity of alcohol and cocaine use (Barrett
et al., 2006; Gossop et al., 2006) and found that, on days in which
both cocaine and alcohol were used together, participants re-
ported an increase in average consumption of number of drinks
(Barrett et al., 2006) and grams of cocaine (Gossop et al., 2006).
Those who specifically used crack cocaine, however, reported a
decrease in number of average drinks and no significant change in
amount of cocaine consumed (Gossop et al., 2006). Only one of
these studies also investigated the order and sequencing of
simultaneous cocaine and marijuana use: in a sample of university
students, Barrett et al. (2006) found that, among those with
lifetime co-use of cocaine and marijuana during a single session,
43% used marijuana before cocaine, while 37.5% used marijuana
over multiple sessions with cocaine use. Changes in marijuana use
quantity were not examined, however, due to non-standardized

marijuana use units.

The studies that examined the order and sequencing of cocaine
plus alcohol and/or marijuana use assessed simultaneous use with
one of two methods: researchers either asked participants to
describe (1) their typical patterns of use without specifying a time
period (Macdonald et al., 2015) or (2) the number of days on which
they used each substance over a specified time period (Barrett
et al., 2005; Barrett et al., 2006; Gossop et al., 2006; Staines
et al, 2001). Most used a version of the Timeline Followback
(TLFB) to record days of use of each drug over a 30- or 90 day
period. The TLFB was first developed as a self-report measure for
retrospective estimates of alcohol use using a calendar format
(Sobell et al., 1997, 1999) and has since been expanded to assess
the use of multiple other substances (Goldstick et al, 2022;
Martin-Willett et al., 2020; Rendina et al, 2015; Robinson
et al, 2014). The TLFB has been compared with other clinical
measures and biological measures and has demonstrated good
reliability and validity (Eyawo et al., 2020; Martin-Willett
et al., 2020). In addition to assessing frequency of concurrent
and simultaneous use (i.e., days in which substances were used
alone or together) and quantity of use on those days with a
modified TLFB approach, these studies also examined order of
ingestion by asking participants to describe the order in which
cocaine was used with either alcohol or marijuana for each day of
co-use (Gossop et al., 2006), the most recent day of co-use (Barrett
et al., 2006), or their most typical day of use (Staines et al., 2001).
However, this method of enumeration of the order of substance
use provides limited resolution regarding the duration, timing, and
temporal proximity of episode-level simultaneous use on the
specified day (Martin, 2008), and variations in selection of an an-
chor for recall between these studies (each day, most recent day,
typical day) make comparisons difficult.

Given the limitations of the current literature, there is a signifi-
cant need for methods that can assess detailed, temporal patterns
of polysubstance use--including quantity, frequency, and duration of
use--in order to inform treatment and prevention efforts. As part of
a larger study, we developed and tested a new assessment that
combines a calendar-based approach with a comprehensive, hour-by-
hour examination of within-day temporality for each use pattern to
measure concurrent, sequential, and simultaneous polysubstance use
in persons who use cocaine. To determine the reliability of this new
assessment--the Polysubstance Use-Temporal Patterns Section
(PSU-TPS)--we adopted a test-retest study design to examine the
reliability of polysubstance use quantity, frequency, and duration

measures, and assessed reasons for discrepancies.

2 | MATERIALS AND METHODS

21 | Sample

This analysis was based on data collected as part of a NIDA-funded
study to identify patterns of human polysubstance use to guide the
development of preclinical models (R21DA045140). The test-retest
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phase of this study was conducted from December 2019 through
March 2021. Interviews began in-person before converting to
remote interviews over Zoom in March 2020 due to the COVID-19
pandemic. Participants were eligible if they were between 18 and
65 years of age and reported (1) past 30 day cocaine use, (2) at least
five occasions of cocaine use within the past 12 months, and (3) past
30-day alcohol and/or marijuana use. Prior to March 2020, partici-
pants were recruited via flyers distributed throughout Gainesville,
Florida and through HealthStreet, the University of Florida Clinical
and Translational Science Institute (CTSI)'s community engagement
program. Once social distancing guidelines were implemented,
recruitment methods were broadened to include online recruitment
tools such as ResearchMatch, Consent2Share, and Facebook adver-
tisements. All study protocols were approved by the University of
Florida Institutional Review Board.

2.2 | Assessments
The PSU-TPS was developed as a calendar-based interview fol-
lowed by an hour-level examination of typical days of use for each

pattern to collect information on the frequency, duration, quantity,

The interview start with the PSU-TPS.

preference, and order of the use of cocaine, alcohol, and marijuana.
The flow, wording of the questions, and skip patterns of the PSU-
TPS are demonstrated in Figure 1. It begins by displaying a cal-
endar of the past 30 days to determine on how many days each of
the three substances were consumed together or separately. For
each established pattern (cocaine + alcohol + marijuana [CAM],
cocaine + alcohol, no marijuana [CA], cocaine + marijuana, no
alcohol [CM], cocaine [C] only, alcohol [A] only, or marijuana [M]
only), participants were asked to select a “typical day” in the past
30 days for their use. For each typical day of use, participants
were asked to indicate on a 24-h timeline (beginning at 6 a.m. and
ending at 5 a.m.) when they used each substance. Up to three
episodes (hourly blocks of continuous use) were elicited for each
substance, and for each episode, participants were asked about the
route of administration (except for alcohol) and quantity of each of
the substances used. Quantity of alcohol use was reported in
standard drinks. For cocaine and marijuana, participants reported
their quantity of use in number, and chose a corresponding unit
from a card that included 25 common units (e.g., grams, lines,
joints) of substance use.

The Substance Abuse Module (SAM, earlier known as part of

the Composite International Diagnostic Interview-Substance Abuse

Flow of the PSU-TPS

The PSU-SAM starts with a calendar of the past 30 days. We asked the
participate to mark on the calendar the letter “C” on all the days in the past
30 days when they used cocaine. Then mark “A” on all days they used
alcohol and “M” on all the days they used marijuana.

The program/interviewer check the responses and estimate the number of
days for the following six patterns:

1. days used cocaine, alcohol and marijuana (CAM)

2.  days used cocaine and alcohol but not marijuana (CA)

3. days used cocaine and marijuana but not alcohol (CM)
4. days used cocaine but not alcohol or marijuana (C only)
5. days drank alcohol but not cocaine or marijuana (A only)
6.  days used marijuana but not cocaine or alcohol (M only)

At the end of PSU-TPS, continue the interview with the SAM, version 5 to
measure lifetime and past 12 months substance use and each criteria of
substance-specific use disorders.

At the end of SAM, continue the interview with the Diagnostic Interview
Schedule (DIS), version 5 to measure each criteria of mood and depressive
disorders.

For baseline interview For retest interview

At the end of DIS, continue the
interview with the Risk Behavior
Assessment (RBA) about other
risk factors associated with
substance use. Then ends the
interview.

At the end of DIS, continue with
the Discrepancy Interview
Protocol (DIP). Then ends the
interview.

FIGURE 1 Test-retest interview flow chart

If days of using CAM>=1,

Q1. The calendar will highlight all [CAM] days and the interviewer ask “You
reported X days when you used [CAM] Think of a typical day starting at
6:00 AM in the past 30 days when you used [CAM]. What day was that?

Q2. A vertical timeline representing every hours between 6:00 AM to 5:00
AM the next day were presented to the respondent, and interviewer ask “On
the timeline, shade all the times you used [cocaine] on that typical day
starting at 6:00 AM when you used [CAM]”.

Q3. For each time cocaine were used, the interviewer asked “from [start time
hour] to [end time hour], how much [cocaine] did you used” The respondent
answer a quantity in number and select a correspond unit (like grams, lines,
etc)

Q4. After quantity of use measures, the interviewer ask “What were all the
ways you used cocaine on that typical day when you used CAM?”

Q2-Q4 would be repeated for alcohol (quantity default to standard drink and
Q4 was skipped), then for marijuana

If days of using CAM=0, go to pattern CA

v

If days of using CA>=1

Repeat Q1-Q4 for cocaine and alcohol. No question related to marijuana use
was asked on a CA typical day

If days of using CA=0, go to pattern CM

...repeat for patterns CM, C only, A only, and M only, sequentially, with the

same skip patterns

After all patterns were covered. The interviewer ask

“If access were not an issue, which of these drugs would you prefer to use?”
(check all that apply; options include: cocaine, alcohol, marijuana, heroin or
fentanyl, opioids, sedatives or tranquilizers, stimulants).

Then for all checked drugs, ask “In which order would you prefer to use
them? *
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Module) is a fully structured diagnostic interview that assesses
lifetime and past 12 month use and DSM-5 diagnostic criteria for a
wide range of psychoactive substances and has demonstrated
excellent reliability, as detailed in prior studies (Compton
et al,, 1996a, 1996b; Cottler et al., 1989; Horton et al., 2000). For
the purpose of this analysis, past 12-month DSM-5 cocaine, alcohol,
and cannabis use disorders were examined, as well as other vari-
ables including age, sex, race/ethnicity, marital status, and education

level.

2.3 | Test-retest procedures

Full interview procedures for both test and retest are shown in
Figure 1. The computerized PSU-TPS and SAM were installed on
laptop computers and administered at both the baseline and retest
interviews by two different interviewers to minimize bias, with the
retest interviewer blinded to baseline responses. At each interview,
the interviewer sat with the participant in a private room (pre-
COVID)/a password-protected Zoom (post-COVID), read each of the
questions to participants, and recorded responses. For some ques-
tions (like those referring to the past 30 days calendar), the inter-
viewer shared their screen with participants to facilitate responses.
Retest interviews were conducted approximately 1 week after
baselines. The Discrepancy Interview Protocol (DIP) (Bidaut-Russell
et al., 1995; Cottler et al., 1994, 1997, 2009) was administered after
the retest interview to determine reasons for discrepancies in an-
swers between the baseline and retest for selected PSU-TPS mea-
sures (including frequency of CAM, CA, and CM days, start and end
times and route of cocaine use on a typical CAM/CA/CM day, and
preferred drug use without considering accessibility). For each

determined polysubstance use pattern, if the number of days in the
past 30 days, duration of hourly use on a typical day, quantity of use
on a typical day, or substance of preference differed between base-
line and retest, participants were asked to explain the discrepancy by
choosing one of 12 reasons such as not understanding the question,
feeling too embarrassed to answer, or remembering differently be-
tween interviews.

All interviewers completed training and certification (provided
by LBC and CWS, SAM authors and trainers) prior to administering
the interviews. Participants were compensated $25 USD after the
baseline and $25 USD after the retest interview for their time and
effort, with a $10 USD bonus for being on time without having to

reschedule.

2.4 | Analyses

To assess test-retest reliability for continuous variables, intra-class
correlation coefficients (ICCs) were calculated along with their 95%
confidence intervals. For categorical data, kappa tests were per-
formed. For both ICCs and kappa values, >0.75 represents excellent
reliability, values between 0.60 and 0.74 represent good reliability,
values between 0.40 and 0.60 represent fair reliability, and

values <0.40 represent poor reliability (Cicchetti, 1995).

3 | RESULTS

As shown in Table 1, among the 48 participants enrolled, the mean
age of the sample was 30.5 (SD 15.3) and 35.4% were female. Half
identified as non-Hispanic White, 20% as non-Hispanic Black, 20.8%

TABLE 1 Sample characteristics of participants who completed baseline and retest interviews (n = 48)

Frequency/Mean %/SD/range
Age 30.5 15.3 (SD), 18-64 (Range)
Race: Non-Hispanic Black 10 20.8%
Race: Non-Hispanic White 24 50.0%
Race: Hispanic 10 20.8%
Race: Asian 3 6.3%
Race: American Indian or Alaska Native 1 2.1%
Sex: Female 17 35.4%
Marital status: Never married 40 83.3%
Education: High school or above 40 83.3%
In-person interview 33 68.8%
Zoom interview 15 31.3%
Time between T1 and T2 (in days) 6.65 2.0 (SD), 3-11 (Range)
Met criteria for cocaine use disorder in the past 12 months (conditional on use, n = 48) 25 52.1%
Met criteria for alcohol use disorder in the past 12 months (conditional on use, n = 48) 32 66.7%
Met criteria for marijuana use disorder in the past 12 months (conditional on use, n = 45) 28 62.2%
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as Hispanic, 6.3% as Asian, and 2.1% as American Indian or Alaska
Native. The majority were never married (83.3%) and had high school
or above educational attainment (83.3%). Thirty-three interviews
(68.8%) were conducted in-person, with 15 (31.3%) over Zoom. All
participants reported cocaine and alcohol use in the past 12 months.
Among the sample, 52.1% met the criteria for cocaine use disorder in
the past 12 months and 66.7% for alcohol use disorder. All but three
participants reported marijuana use in the past 12 months. Among
users, 62.2% met the criteria for cannabis use disorder in the past
12 months.

Table 2 provides data on mean and ICC values on selected
numerical variables and cell number and kappa values on selected
categorical variables. All three variables representing number of

days of use for the three primary drugs of interest (cocaine,

alcohol, and marijuana) in the past 30 days showed excellent
reliability (ICCs ranged 0.90-0.94). Additionally, the PSU-TPS had
excellent reliability in capturing the frequency of alcohol only use
days (A only, ICC =
ICC =
ICC = 0.80) and cocaine and marijuana but no alcohol use days
(CM, ICC = 0.78). Fair reliability was found for capturing the
frequency of cocaine and alcohol use days (CA, ICC = 0.47) and

0.94), marijuana only use days (M only,
0.92), cocaine, alcohol and marijuana use days (CAM,

cocaine only use days (C only, ICC = 0.42).

Among the six use patterns measured, using CAM on the same
day was the most common pattern, with 24 people endorsing at least
one CAM day in the past 30 days. Therefore, we estimated the
reliability of duration and quantity of use measures on a typical CAM

day. Fair to good reliability was found for the duration of use of

TABLE 2 Responses at baseline and retest interviews and test-retest reliability of measured polysubstance use patterns (n = 48)

Number of cocaine (C) use days in past 30 days
Number of marijuana (M) use days in past 30 days
Number of alcohol (A) use days in past 30 days
Number of CAM days in past 30 days

Number of CA days in past 30 days

Number of CM days in past 30 days

Number of C only days in past 30 days

Number of A only days in past 30 days

Number of M only days in past 30 days

Duration of cocaine use session on CAM day (hours)?
Duration of alcohol use session on CAM day (hours)?
Duration of marijuana use session on CAM day (hours)?
Quantity of alcohol use during typical CAM day (drinks)?
Quantity of cocaine use during typical CAM day®
Quantity of marijuana use during typical CAM day®

If access were not an issue, they would use...(choose all that apply)
Cocaine

Alcohol

Marijuana

Opioids

Heroin

Sedatives

Stimulants

Baseline (mean) Retest (mean) ICC 95%ClI
4.60 4.10 0.94 (0.90, 0.97)
15.52 15.27 0.90 (0.83, 0.94)
10.44 9.42 0.90 (0.83, 0.94)
1.92 1.60 0.80 (0.67, 0.88)
1.17 0.83 0.47 (0.22, 0.66)
1.08 0.96 0.78 (0.64, 0.87)
0.44 0.71 0.42 (0.16, 0.62)
3.33 3.48 0.94 (0.90, 0.97)
8.50 9.21 0.92 (0.87, 0.95)
3.69 2.74 0.52 (0.17, 0.75)
7.72 6.43 0.73 (0.48, 0.87)
3.65 341 0.60 (0.28, 0.80)
8.72 8.93 0.83 (0.65, 0.92)
NA® NA‘ 0.26 (-0.17, 0.61)
NA NA‘ 0.33 (-0.13, 0.67)
Baseline (n) Retest (n) Kappa 95%ClI

22 24 0.67 (0.46,0.88)
23 21 0.66 (0.45, 0.88)
38 32 0.48 (0.22, 0.75)
0 1 NA NA

1 1 NA NA

1 1 NA NA

4 5 0.63 (0.25, 1.00)

Abbreviations: CA, cocaine + alcohol; CAM, cocaine + alcohol + marijuana; CM, cocaine + marijuana; ICC, intra-class correlation coefficients.

®n = 24 conditional on at least one CAM day reported at both baseline and retest.

bn = 20 conditional on at least one CAM day reported at both baseline and retest and reported the same units for cocaine use at both baseline and

retest.

“n = 18 conditional on at least one CAM day reported at both baseline and retest and reported the same units for marijuana use at both baseline and

retest.

9Not Applicable because people could report their use in different units at baseline and retest.
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cocaine, alcohol, and marijuana, respectively (ICC range: 0.52-0.73).
The variable representing the quantity of alcohol used on a typical
CAM day had excellent reliability (ICC = 0.83). When only examining
those who reported the same typical CAM day between baseline and
retest (n = 9), excellent reliability was observed for both duration of
cocaine, alcohol, and marijuana use (ICC range: 0.85-0.98) and
quantity of alcohol use (ICC = 0.94). Estimating reliability for re-
ported quantity of cocaine and marijuana use is difficult because
participants could report their use in different units. Most reported
quantity of cocaine use in grams/milligrams/ounces (44%) or lines
(37%). Other units reported included rocks, bumps, and hits. Units
reported for marijuana use were more diverse: around one-third
reported in joints, 20% in grams/milligrams/ounces, 17% in blunts,
14% in hits, and a few in breaths or huffs. Participants could also
report their use in different units across the two interviews (e.g.,
cocaine quantity in grams at baseline and in lines at retest). Of the 24
people endorsing at least one CAM day at both baseline and retest
interview, 20 (83.3%) reported quantity of cocaine use in the same
units, and 18 (75.0%) reported quantity of marijuana use in the same
units. Among people reporting in the same units, the ICC was 0.26
(95%Cl: —0.18, 0.61) for cocaine use quantity and 0.33 (-0.13, 0.67)
for marijuana use quantity. Only 15.0% (cocaine) and 11.0% (mari-
juana) had greater than 1 unit differences in their reported quantity
of use between baseline and retest.

For the question asking which drug participants would have used

if access were not an issue, kappas were estimated for each reported

drug. Fair to good reliability was shown for all variables with cell
count >1 (kappa range: 0.48-0.67).

Reasons for discrepancies between baseline and retest in-
terviews were also examined (Table 3). “Situation changed since the
first interview” (e.g., participants reported cocaine use during a hol-
iday at baseline, and at retest, the holiday was no longer within the
past 30 days and not shown on the calendar) and “not remembering
the same information” at each interview were the top reasons
contributing to different responses for most of the variables. The
start and end times of cocaine use on typical days when different
polysubstance use of CAM, CA, or CM was endorsed had the highest
discrepancies. For these variables, the respondent selecting a
different typical day is another key reason why answers differed
between two interviews. Among the 24 participants who reported
past 30-day CAM use at both baseline and retest, 9 (37.5%) reported
the same typical CAM day at both interviews, while 15 selected a
different typical day.

4 | DISCUSSION

This study examined the test-retest reliability of the newly developed
PSU-TPS, an assessment designed to collect temporal data on con-
current, sequential, and simultaneous polysubstance use among
persons who use cocaine with alcohol and/or marijuana. This new

assessment expands on past TLFB methods in its ability to evaluate

TABLE 3 Proportion of reasons for discrepant responses between baseline and retest on pre-selected questions

Q1 Q4 s/e Q5 s/e Q6 s/e Q7 route Q8 route Q9 route Q10
#CAM Q2 #CA Q3#CM CAM CA CM CAM CA CM prefer use
n=48/22 n=47/17 n=47/13 n=24/17 n=14/12 n=5/5 n=24/4 n=14/2 n=5/0 n=48/19
R's situation changed since the 11 (50.0) 7 (41.2) 4 (30.8) 3(17.6) 2 (16.7) 0 1 (25.0) 3(158) NA 7 (36.8)
first interview
R didn't remember the same 9 (40.9) 8 (47.1) 5(38.5) 5(30.4) 4 (33.3) 2 (400) 1(250) O NA 1 (5.3)
information at each interview
R reported a different day 1 (4.6) 1(5.9) 0 5(29.4) 3(25.0) 1(20.0) O 0 NA 0
The interviewer miscoded or 0 0 0 3(17.6) 2 (16.7) 0 2 (50.0) 1(50.0) NA 3 (15.8)
misunderstood the response
R didn't understand what the 0 1(5.9) 1(7.7) 0 0 0 0 1(50.0) NA 3(15.8)
interviewer was asking
R was not paying attention on 0 0 2 (15.4) 1 (5.9) 0 1(20.0) O 0 NA 0
one occasion
Don't know 1 (4.6) 0 1(7.7) 0 1(8.3) 1(200) O 0 NA 1(5.3)
Other reason 0 0 0 0 0 0 0 NA 12 (5.3)

Note: Reasons with zero endorsement: R tried to shorten one of the interviews; R felt more comfortable in one interview; R was too embarrassed/
thought interviewer would disapprove; R doesn't really know whether the experience occurred.

Abbreviations: n, number of non-skipped responses/number of discrepant responses, percentage calculated based on number of discrepant responses;
Q1, Number of CAM days; Q2, Number of CA days; Q3, Number of CM days; Q4, Start and end times of cocaine use on a typical CAM day; Q5, Start and
end times of cocaine use on a typical CA day; Qé, Start and end times of cocaine use on a typical CM day; Q7, Route of cocaine use on a typical CAM
day; Q8, Route of cocaine use on a typical CA day; Q9, Route of cocaine use on a typical CM day; Q10, If access were not an issue, which drugs would

you prefer to use; R, respondent.
2other reason: preference changed.
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detailed, hour-by-hour polysubstance use patterns, which is signifi-
cant given that simultaneous and sequential polysubstance use is
widespread but understudied. The PSU-TPS was found to have
excellent reliability for assessing frequencies of concurrent poly-
substance use patterns in the past 30 days, fair to good reliability for
the duration of substance use on what participants identified as a
typical cocaine-alcohol-marijuana polysubstance use day, and excel-
lent reliability for quantity of alcohol use on typical polysubstance
use days.

Similar to a multi-substance TLFB approach (Martin-Willett
et al.,, 2020), the PSU-TPS begins with a calendar of the past 30 days
and asks participants to endorse whether they used cocaine, alcohol,
and/or marijuana on each day, which results in frequencies of daily
polysubstance use patterns. Our reliability estimates for frequency of
use in the past 30 days for cocaine, marijuana, and alcohol are similar
to those reported by test-retest studies evaluating the reliability of
frequency of days of cocaine (Ehrman & Robbins, 1994; Fals-Stewart
et al., 2000; Robinson et al., 2014; Wray et al., 2016), marijuana (Fals-
Stewart et al., 2000; Norberg et al., 2012; Robinson et al., 2014;
Wray et al., 2016), and alcohol (Fals-Stewart et al., 2000; Wray
et al.,, 2016) using a TLFB approach. After collecting data on poly-
substance patterns on the past 30-day calendar, our assessment
deviates from the traditional TLFB methods. Instead of only
measuring the total quantity of use per day, our assessment asks
participants to describe the hour-level start and end times for each
episode of substance use on each typical day, as well as the quantity
of use during each episode. Our assessment showed similar reliability
estimates to TLFB approaches on mean drinks per day (Fals-Stewart
et al, 2000). Since no TLFB approach to our knowledge assesses
episode-level duration of substance use, we are unable to compare
the reliability of our assessment for durations of use to prior studies.

An important feature of our test-retest study design was the
inclusion of a Discrepancy Interview Protocol (DIP) (Cottler
et al, 1994) at the end of the retest interview to assess reasons for
discrepancies between the baseline and retest responses. The num-
ber of reported CAM days, number of CA days, and start and end
times for the first cocaine use episode on a typical CAM day had
some of the highest numbers of discrepant responses. Almost half of
participants with discrepant responses on these items attributed
these discrepancies to a changed situation or a different reported
typical day between the baseline and follow-up interviews. Because
the follow-up interview took place up to 11 days following the
baseline interview, participants' calendar view for selecting the fre-
quency of past 30-day use often changed by as much as an entire
week between baseline and retest, which likely impacted the test-
retest reliability of reporting. Roughly half of the discrepancies in
number of CAM and CA days in the past 30 days were only different
by 1 day.

In addition to the impact of the inherent changes in participants'
calendar view between baseline and follow-up interviews on test-
retest reliability, another challenge included variations in the selec-
tion of a typical day of use. We observed relatively lower reliabilities

for measures that require participants to select a typical day for that

use pattern. For example, the test-retest reliability of duration of
substance use episodes was lower than that of frequency of past
30 day use, and it is likely that this variation in choice of a typical
CAM day in the past 30 days impacted the reliability of duration
reporting. Only a quarter of people selected the same typical day for
CAM at baseline and retest. Among them, excellent reliability for
duration was observed. It is possible that some people had more than
one typical pattern of polysubstance use when CAM were all used on
the same day, or did not have any typical use pattern, as their use
varied day by day. Duration and quantity of alcohol use on a typical
CAM day were chosen for reliability estimates due to the majority of
participants endorsing at least one CAM day (n = 24) compared to
CA (n = 14) or CM (n = 5) days. Thus, it is possible that the reliability
of duration and quantity of alcohol use could also vary for typical
days of different polysubstance use patterns. Despite these inherent
difficulties, however, acceptable test-retest reliability was observed
for duration of substance use episodes across all substances.

An additional challenge was measuring the reliability of the
guantity of cocaine and marijuana used during substance use epi-
sodes. As is done in the SAM (Cottler et al., 1989), participants in the
current study were given the option of reporting quantity of use for
each episode in up to 25 different units. This flexibility allows par-
ticipants to easily report the quantity according to their preferred
units, but the variations in reported units limited our ability to
examine the test-retest reliability for quantity of cocaine and mari-
juana used. While one option would have been to examine the reli-
ability of quantity of use stratified by unit type (e.g., reliability among
people who reported units in joints, grams, rocks, respectively), the
sample size was not sufficiently large for these subgroup analyses.
Since analyses were conditional on participants endorsing at least
one CAM, CA, or CM day at both baseline and retest, sample sizes
were further reduced for reliability estimates of some polysubstance
use characteristics. The utility of other methodological approaches
for assessing quantity, including the use of a scale estimation pro-
cedure with a surrogate substance (Mariani et al., 2011; Norberg
et al., 2012; Tomko et al., 2018) and visual scales (Cuttler & Spra-
dlin, 2017; Farris et al., 2014) should be considered in future
research. The issue of drug potency, which is not assessed in the
PSU-TPS, also complicates the measurement of quantity for cocaine
and marijuana and is an additional limitation. Lastly, though the order
of the interview was carefully designed to ensure interview flow and
questions on similar topics stayed together, the lack of randomization
may have inadvertently caused potential order effects in participants

responses.

4.1 | Conclusions

Our results demonstrate that detailed temporal patterns of concur-
rent, sequential, and simultaneous polysubstance use involving
cocaine, alcohol, and marijuana can be reliably measured with the
PSU-TPS. Future research should expand this assessment to detect

polysubstance use patterns involving other substances, examine
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between-day fluctuations in use, explore the utility of other stan-
dardized measures of quantity and potency, and validate the
assessment against similar tools (e.g., a multi-substance TLFB). The
utilization of an hour-level analysis of the timing and order of poly-
substance use will improve our understanding of the implications of
sequential and simultaneous use patterns when combined with data
on drug-related outcomes, which can help inform treatment and
prevention efforts in this population.
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