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ABSTRACT

Objectives: Cocaine use is increasing and many cocaine users engage in polysubstance use. Within polysubstance use, relationships among use of individual sub-
stances are necessarily complex. To address this complexity, we used latent class analysis (LCA) to identify patterns of polysubstance use among lifetime cocaine users
and examine associations among these patterns, demographics, and risk profiles.

Methods: Members of HealthStreet, an ongoing community engagement program, were asked about lifetime and past 30-day use of cocaine, alcohol, tobacco,
marijuana, and prescription medications, mental health conditions, recent Emergency Department (ED) visits and demographics. LCA was used to identify classes of
past 30-day polysubstance use among individuals who endorsed lifetime cocaine use. Multinomial logistic regression identified factors associated with these classes.
Results: Among 1797 lifetime cocaine users, a five-class LCA model was identified: 1) past 30-day tobacco use only (45%), 2) past 30-day alcohol, marijuana and
tobacco use (31%), 3) past 30-day tobacco, prescription opioid and sedative use (13%), 4) past 30-day cocaine, alcohol, marijuana and tobacco use (9%), 5) past 30-
day cocaine and multiple polysubstance use (2%). Demographics, ED visits and mental health conditions were associated with class membership.

Conclusions: Approximately 11% of lifetime cocaine users used cocaine in the past 30 days with two different concurrent substance use patterns. Prescription
medication (opioids and sedatives) and complex polysubstance use patterns were stronger indicators of negative outcomes than current cocaine use. Cocaine was not
used frequently with other stimulants. In addition to polysubstance use, prescription medication use should be targeted for intervention among lifetime cocaine users.

1. Introduction

Cocaine is one of the most prevalent illicit drugs used in the United
States (US). Approximately 1.5 million individuals in the US aged 12 or
older report past 30-day cocaine use (NIDA, 2015). Recent evidence
shows increased problematic cocaine use since 2011. According to the
National Survey on Drug Use and Health (NSDUH), the prevalence of
past year cocaine use increased by 20% from 2011 to 2015, and ac-
cording to the Centers for Disease Control and Prevention (CDC) co-
caine-related death also increased in the same period (John & Wu,
2017). Evidence shows that this trend may increase even further with
greater cocaine production in Columbia, the major source of cocaine in
the US (The Office of National Drug Control Policy (ONDCP), n.d.). In
addition to national studies, it is important to examine data within a
community setting specifically among a community sample in Florida
where a similar increase in cocaine-related deaths was observed from
2.8% in 2012 to 8.6% in 2016, an increase of over 200% (Florida Drug-
Related Outcomes Surveillance and Tracking System, 2003-2016).
Though national studies provide an overview of prevalence rates,
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community data provide information on burdens of substance use
within specific geographic regions and are valuable for the design and
implementation of local interventions to address community needs.
Previous studies have shown that cocaine users concurrently use
other substances frequently, including alcohol (Blow et al., 2011;
Borders & Booth, 2013; Evans-Polce, Lanza, & Maggs, 2016; Hedden,
Malcolm, & Latimer, 2009; Liu, Williamson, Setlow, Cottler, &
Knackstedt, 2018), tobacco (Winhusen et al., 2013), marijuana
(Goncalves & Nappo, 2015; Liu et al., 2018), heroin (Leeman, Sun,
Bogart, Beseler, & Sofuoglu, 2016; Ojha, Sigdel, Meyer-Thompson,
Oechsler, & Verthein, 2014; Oviedo-Joekes et al., 2015), and prescrip-
tion medications (Al-Tayyib, Rice, Rhoades, & Riggs, 2014; Chen et al.,
2014; Evans-Polce et al., 2016; Herman-Stahl, Krebs, Kroutil, & Heller,
2006; Winhusen et al., 2013). Polysubstance users have been found to
have a higher risk of overdose, emergency department (ED) visits,
violence, accidental injury (Macdonald et al., 2014), traffic accidents
(De Boni et al., 2014), and lower addiction treatment effectiveness
(Evans et al., 2015; Hou, Zhan, Zheng, Zhan, & Zheng, 2014; Liu et al.,
2018) compared to mono-substance users. Polysubstance use has also
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been associated with worse physical health (Quek et al., 2013; White
et al., 2013), lower quality of life (Kelly et al., 2017) and higher rates of
mental health conditions, such as anxiety, depression, social phobia,
and personality disorders (Agrawal, Lynskey, Madden, Bucholz, &
Heath, 2007; Chen et al., 2014; Evans et al., 2015; Kelly et al., 2017;
Leeman et al., 2016; Quek et al., 2013; White et al., 2013). Studies
examining cocaine-polysubstance use mainly focus on the comparison
between individuals who used cocaine only and individuals who used
cocaine plus one other substance. However, patterns of polysubstance
with more than two substances are typically ignored (Goncalves &
Nappo, 2015; Hedden et al., 2009; Leeman et al., 2016; Winhusen et al.,
2013). It is crucial to understand more about the complex patterns of
polysubstance use, because a high degree of complexity is inherent in
polysubstance use and we need to begin to account for its complexity in
research. Latent class analysis (LCA) is a statistical method that can be
used to identify homogenous subgroups within a heterogeneous popu-
lation based on similarity of response patterns (Lubke & Muthén, 2005).
This method has been used in previous studies to examine substance use
patterns (Blow et al.,, 2011; Chen et al.,, 2014; Scherer, Harrell, &
Romano, 2015; Shiu-Yee et al., 2018). However, to our knowledge, LCA
has not been used to examine polysubstance use patterns specifically
among cocaine users.

We employed LCA to understand current (past 30-day) poly-
substance use patterns among individuals who reported cocaine use in
their lifetime. In addition, substance users' demographic characteristics
(e.g., age) can be used to identify high-risk populations for targeted
interventions. ED visits and mental health conditions also contribute to
cocaine users' risk profile. Therefore, association of polysubstance use
patterns with demographics, ED visits, and mental health conditions
were assessed.

2. Methods

A total of 9717 community members were recruited from September
2011 to December 2017 through HealthStreet, an ongoing community
engagement program. The purpose of HealthStreet is to assess com-
munity needs and link community members to medical and social
services and eligible research studies. Therefore, traditional under-re-
presented populations such as females, blacks, and people who are
unemployed were over-sampled. This study was approved by the
University of Florida Institutional Review Board and informed consent
was obtained from each participant. After consenting, participants were
asked by community health workers about their socio-demographics,
recent ED visits, mental health conditions, and past 30-day and lifetime
substance use. Before interviews, participants were assured of the
confidentiality of the data by explaining protections available under the
certificate of NIH confidentiality issued for the study. Substance use
measurements included: cocaine, alcohol, tobacco, marijuana, pre-
scription opioids, prescription sedatives, prescription stimulants,
heroin, and speed/amphetamines. Lifetime cocaine use was elicited by:
“Have you ever used cocaine or crack?” Respondents who answered
“yes” were considered lifetime cocaine users and were included as the
sample for the current analysis. If a participant reported ever using a
substance, the question, “Have you used [substance name] in the last 30
days” was asked. Past 30-day substance use status was assessed in the
same way for all substances except alcohol. At-risk alcohol use in the
past-30 days was measured with respect to whether participants had
more than [4 drinks (for males)/3 drinks (for females)] in a single day.
Prescription stimulants and speed/amphetamines were combined as
other stimulants in the current analyses. Age, sex, race (black, white, or
other), marital status (single or married), employment (employed or
unemployed) and educational attainment (high school or below, or
above high school) were also measured. Recent ED visits were elicited
as: “How many times have you been to the ER in the last 6 months for
your own injury, illness, or condition?” Answers were dichotomized
into “yes” for at least one visit or “no” for zero visits. Mental health
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status for anxiety, depression and bipolar disorder was elicited as “Have
you ever been told you had, or have you ever had a problem with
[condition]?” with “yes” or “no” responses.

2.1. Data analysis

LCA was conducted among lifetime cocaine users to identify pat-
terns of past 30-day polysubstance use. Starting with one-class, a series
of models with increasing number of classes were fit. The best number
of classes was determined based on Bayesian information criterion
(BIC), sample size adjusted BIC (SSABIC), Akaike information criterion
(AIC), entropy, Lo-Mendel-Rubin likelihood ratio test (LMR-LRT) (Lo,
Mendell, & Rubin, 2001), bootstrap likelihood ratio test (BLRT) and the
interpretability of the model. A smaller value for BIC, SSABIC, and AIC
indicated better model fit (Lanza, Collins, Lemmon, & Schafer, 2007).
Entropy was a measure of the classification accuracy of placing parti-
cipants into classes based on their model-based posterior probabilities
and higher entropy values reflected better classification (Celeux &
Soromenho, 1996). The LMR-LRT and BLRT examined the overall fit
between the current model and a model with k-1 classes; a p-value
smaller than 0.05 indicated that the current model was significantly
better than k-1 class model in terms of model fit (Nylund, Asparouhov,
& Muthén, 2007). P-values from the LMR-LRT and BLRT were con-
sistent and only the results from the LMR-LRT are reported in the table.

After the optimal number of classes was determined, participants
were assigned to the class in which they had the highest probability of
membership. The Mantel Haenszel Chi-square test was used to test
differences between the latent classes on demographic characteristics,
having a recent ED visit, and mental health conditions. Multivariate
logistic regression was used to further explore these associations and
the largest LCA class was used as the reference group. P-value < 0.05
was considered statistically significant. The LCA was performed in M-
Plus 7 and the rest of the analyses were performed in SAS 9.4.

3. Results
3.1. Study participants

Among the 9717 community members aged 18-83 who were re-
cruited through HealthStreet, 1797 (18.5%) individuals reported life-
time cocaine use and among them, 183 (10.2%) reported past 30-day
(current) cocaine use. The mean age of all lifetime cocaine users was
48.3, older than the mean age of the total HealthStreet cohort which
was 44.4. Black was the largest racial group of HealthStreet members
and of lifetime cocaine users. Most of the HealthStreet members were
single or not married (78.9%), unemployed (65.2%), and with their
highest education levels equal to or below high school (58.4%). These
proportions were even higher among lifetime cocaine users.
Demographics are shown in Table 1.

3.2. Model fit and selection

LCA was conducted among the 1797 individuals who reported
lifetime cocaine use. Model fit statistics and brief class descriptions for
1 to 6-class solutions are shown in Table 2. Although the AIC
(11,508.66) and the BIC (11,750.36) of the five-class solution was
slightly higher than the AIC and the BIC of the four-class solution, the
LMR-LRT showed the five-class solution to be a better fit to the data
than the four-class solution. The entropy of the five-class solution was
the highest among all tested solutions and 9% higher than the four-class
solution. In addition, the five-class solution identified a subgroup of
cocaine users who were using six different substances including cocaine
in the same 30-day period, which the four class-solution did not iden-
tify. Although the number of people who were categorized into that
class was small, this class represents a high-risk cocaine polysubstance
use pattern that we believe to be important to identify. A smaller class
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Table 1
Descriptive statistics of the sample.

Lifetime cocaine
users, n = 1797

Total HealthStreet
sample, n = 9717

Mean SD Mean SD
Age 44.4 16.6 48.3 12.3
n % n %
Gender Male 3944 40.6 988 55.3
Race Black 5754 56.1 871 48.6
White 3302 33.9 808 45.0
Other 681 7 115 6.4
Marital status  Single 7681 78.9 1516 84.5
Employment  Unemployed 6310 65.2 1353 78.8
Education High school or 5673 58.4 1149 64.2
below
Past 30-day cocaine use 183 1.9 183 10.2

size has been seen in past literature (Evans-Polce et al., 2016; Schwartz,
Wetzler, Swanson, & Sung, 2010; Trenz et al., 2013). Incorporating all
of this information, we chose the five-class solution.

3.3. Class description

Results of the LCA are depicted in Fig. 1 as the conditional prob-
ability of using different drugs in the past-30 days given class mem-
bership.

Class 1 included 801 (45%) of the lifetime cocaine users. It had
nearly no probability of current cocaine use, but moderate probability
(42%) of current tobacco use and low probability of other substance
use. This class was summarized as “tobacco use only” (tbc-only use).

The next class included 552 (31%) of the lifetime cocaine users.
Individuals in class 2 had nearly zero probability of current cocaine use
but high probability of current tobacco use (75%) and approximately
50% probability of current alcohol and marijuana use. This class was
summarized as “alcohol, marijuana and tobacco use” (alc-mj-tbc use).

Class 3 included 255 (13%) of the lifetime cocaine users with
around zero probability of current cocaine use, but high probabilities of
current prescription sedative use (87%) use, and moderate probability
of current tobacco (58%) and prescription opioid use (42%). This class
was summarized as “tobacco, prescription opioid and sedative use”
(tbc-Rx use).

Class 4 included 154 (9%) of the lifetime cocaine users, and all
individuals in this class reported current cocaine use. They also had
64%, 68% and 81% probabilities of current marijuana use, alcohol, and
tobacco use, respectively. This class was summarized as “cocaine, al-
cohol, marijuana and tobacco use” (coc-alc-mj-tbc use).

The final class, class 5, included 34 (2%) of the lifetime cocaine
users. Individuals in this class had a 57% probability of current cocaine
use. They also had high probabilities of concurrent use of alcohol
(74%), marijuana (88%), tobacco (100%), prescription opioids (82%)
and prescription sedatives (77%). This is the only class that had some
probabilities of current other stimulant (22%) and heroin use (15%).
This class was labeled “cocaine-polysubstance use” (coc-poly use).

3.4. Factors associated with class membership

Table 3 shows the results of demographic composition and the
prevalence of having recent ED visits and mental health conditions in
each class. From the Mantel Haenszel Chi-square test, we found sta-
tistical differences between classes on sex, marital status, employment
status, ED visits and all three mental health conditions. All variables
were further analyzed in multivariate logistic regression models and
results are shown in Table 4.

Table 2

Fit statistics from 1 to 6-class models.

Entropy p-Value (LMR-LRT) Class description

SSABIC

BIC

Likelihood AIC

Class

The one class model featured tobacco, alcohol and marijuana use.

NA
< 0.0001
0.0503
0.0192
0.0347
0.4617

NA
0.501

11,982.98
11,671.91

12,008.4
11,725.92
11,685.13

11,964.45
11,632.53
11,542.3
11,507.6
11,508.66
11,519.48

—5974.22
—5799.27
—5745.15
—5718.8
—5710.33
—5706.74

1
2
3

33% featured tobacco, alcohol and marijuana use; 67% featured tobacco only use.

10% featured Rx sedative, Rx opioid and tobacco use; 55% featured tobacco only use; 34% featured tobacco, alcohol and marijuana use.

Similar to the four class model. An additional class featured cocaine, alcohol, marijuana, and tobacco use was identified.

See Fig. 1

0.598
0.602

11,602.53
11,588.68
11,610.58
11,642.25

11,699.87
11,750.36
11,810.63

0.692
0.613

5
6

The six class model had three classes featured cocaine use, but the Prob. of using alcohol, marijuana, tobacco, Rx sedative, and Rx opioid varies.
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=== (Class 1: tobacco use only (tbc-only use, n=801, 45%)

Class 2: alcohol, marijuana and tobacco use (alc-mj-tbc use, n=552, 31%)

=@ Class 3: tobacco, prescription opioid and sedative use (thc-Rx use, n=255, 13%)

== Class 4: cocaine, alcohol, marijuana and tobacco use (coc-alc-mj-tbc use, n=154, 9%)

Class 5: cocaine-polysubstance use (coc-poly use, n=34, 2%)

Fig. 1. Current substance use patterns among individuals who used cocaine in their lifetime (n = 1797).

3.5. Class membership and demographics

The mean age of individuals in the “tbc-only use” class was 50.3.
Compared to them, users in other classes were significantly younger,
except for people in the “tbc-Rx use” class which were older. Compared
to the “tbc-only use” class, males were more likely to be in the “alc-mj-
tbc use” class (aOR = 1.29, 95%CI 1.02, 1.63), while females were
more likely to be in the “tbc-Rx use” class (aOR = 0.64, 95%CI 0.47,
0.88). Being single was uniquely associated with being in the “coc-alc-
mj-tbc use” class (aOR = 2.76, 95%CI 1.47, 5.77). Compared to the
“tbc-only use” class, having lower educational level was associated with
41% and 76% increased odds of being in the “alc-mj-tbc use” and “coc-
alc-mj-tbc use” class, respectively. Race and employment status were
not associated with the class membership.

3.6. Class membership and ED visits

Users in the “coc-poly use” class were 3.61 times more likely than
individuals in the “tbc-only use” class to have at least one ED visit in the
past six months, and this risk was also significantly higher than all other

classes, since the 95% CI of this class did not overlap with the 95% CIs
of other classes.

3.7. Class membership and mental health

Compared to the “tbc-only use” class, individuals in the “alc-mj-tbc
use” class had significantly higher odds of anxiety, depression and bi-
polar disorder; individuals in the “coc-alc-mj-tbc use” class had 80%
increased risk of having depression; individuals in the “coc-poly use”
class had 2.77 and 3.11 times the odds of having anxiety and bipolar
disorder, respectively.

4. Discussion

We aimed to identify patterns of past 30-day polysubstance use
among lifetime cocaine users including a broad range of substances in a
North Central Florida community sample. LCA produced a five-class
solution. The classes were: 1) tobacco use only (tbc-only use, 45%), 2)
alcohol, marijuana and tobacco use (alc-mj-tbc use, 31%), 3) tobacco,
prescription opioid and sedative use (tbc-Rx use, 13%), 4) cocaine,

Table 3
Latent class and demographic factors, ED visits, and mental health conditions bivariate analyses.
Class 1 Class 2 Class 3 Class 4 Class 5 p value
(tbc-only) (alc-mj-tbc) (tbc-Rx) (coc-alc-mj-tbc) (coc-poly)
n = 801 n = 552 n = 255 n =154 n=34
Mean Age (SD) 50.3 (11.8) 45.5 (12.7) 50.3 (11.1) 46.3 (12.0) 38.1 (11.1)
n (%) n (%) n (%) n (%) n (%) < 0.0001
Sex: Male 454 (56.8) 328 (59.7) 97 (38.5) 95 (61.7) 16 (47.1) 0.0498
Race: Black 411 (51.3) 264 (47.8) 84 (32.9) 105 (68.2) 9 (26.5) 0.6156
Race: White 349 (43.6) 244 (44.2) 157 (61.6) 38 (24.7) 20 (58.8)
Race: Other 41 (5.1) 44 (8.0) 14 (5.5) 11 (7.1) 5(14.8)
Marital status: Single 662 (82.7) 470 (85.1) 214 (83.9) 144 (93.6) 27 (79.4) 0.0253
Employment status: Unemployed 590 (74.0) 398 (72.5) 219 (86.2) 123 (79.9) 24 (70.6) 0.0119
Education: High school or below 489 (61.1) 381 (69.2) 140 (55.1) 119 (77.8) 21 (61.8) 0.0527
ED visit in the past 6 months 293 (36.6) 209 (37.9) 124 (48.6) 68 (44.2) 25 (75.5) < 0.0001
Anxiety 244 (30.5) 197 (35.7) 185 (72.6) 57 (37.0) 26 (76.5) < 0.0001
Depression 305 (38.1) 237 (42.9) 192 (75.3) 81 (52.6) 26 (76.5) < 0.0001
Bipolar disorder 114 (14.2) 111 (20.2) 96 (37.7) 35 (22.7) 19 (55.9) < 0.0001
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Table 4

Adjusted odds ratios (aOR) and 95% confidence intervals from multivariate logistic regression models (ref = class 1 (tbc-only)).
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Class 2
(alc-mj-tbc)

Class 3
(tbc-Rx)

Class 4
(coc-alc-mj-tbc)

Class 5
(coc-poly)

aOR (95%CI)

aOR (95%CI)

aOR (95%CI)

aOR (95%CI)

Age
Every 10-year increase
Gender (ref: Female)

0.75 (0.68, 0.82)

1.15 (1.00, 1.32)

0.64 (0.47, 0.88)

1.32 (0.94, 1.85)
0.98 (0.47, 1.95)

1.04 (0.70, 1.58)

0.74 (0.63, 0.86)

1.39 (0.96, 2.03)

0.38 (0.25, 0.58)
0.92 (0.42, 1.87)

2.76 (1.47, 5.77)

0.53 (0.38, 0.72)
1.54 (0.72, 3.33)

1.29 (0.55, 3.21)
2.44 (0.66, 8.12)

0.74 (0.32,1.95)

Male 1.29 (1.02, 1.63)
Race (ref: Black)

White 1.02 (0.80, 1.31)

Other 1.45 (0.90, 2.35)
Marital status (ref: Married)

Single 1.15 (0.85, 1.57)
Employment (ref: Employed)

Unemployed 0.93 (0.71, 1.21)

Education (ref: Above high school)
High school or below
ED visits in the past 6 months (ref: No)

1.41 (1.11, 1.82)

Yes 0.99 (0.78, 1.25)
Anxiety (ref: No)

Yes 1.04 (0.79, 1.38)
Depression (ref: No)

Yes 1.15 (0.89, 1.50)
Bipolar disorder (ref: No)

Yes 1.29 (0.94, 1.77)

1.51 (0.99, 2.34)
0.86 (0.62, 1.19)
1.19 (0.87, 1.63)
3.15 (2.18, 4.60)’
2.01 (1.39, 3.94)

1.78 (1.24, 2.55)

1.00 (0.64, 1.60) 0.72 (0.31, 1.77)

1.76 (1.16, 2.74) 1.03 (0.49, 2.25)
1.13 (0.78, 1.63) 3.61 (1.65, 8.61)
1.10 (0.71, 1.70) 2.77 (1.12, 7.51)"
1.81 (1.19, 2.73) 1.87 (0.75, 5.01)

1.38 (0.85, 2.20) 3.11 (1.43, 6.89)

* p-value < 0.05.
* p-value < 0.01.

alcohol, marijuana and tobacco use (coc-alc-mj-tbc use, 9%), 5) co-
caine-polysubstance use (coc-poly use, 2%).

The “coc-poly use” class had the youngest mean age among all five
classes. This is consistent with previous studies, as the youngest group
was more likely to report current and repeated cocaine use (Ramo,
Grov, Delucchi, Kelly, & Parsons, 2011) and using more substances
concurrently with cocaine (Quek et al., 2013). In addition, we found
that being male was uniquely associated with higher odds of being in
the “alc-mj-tbc use class; being female and older were associated only
with the “tbc-Rx use” class; being single was only associated with the
“coc-alc-mj-tbc use” class. Results from NSDUH indicated that the
prevalence of past-year cocaine use was highest in non-Hispanic blacks
(2.3%), followed by non-Hispanic whites (1.8%) (John & Wu, 2017).
This is consistent with our finding that blaskcs were significantly more
likely than whites to be in the “coc-alc-mj-tbc use” class. Our findings
suggest that interventions on preventing prescription opioids and se-
dative polysubstance use should be targeted at older women; while
interventions on preventing cocaine, alcohol, marijuana and tobacco
polysubstance use should be focused on younger single blacks of both
genders who had higher educational levels.

Tobacco use usually precedes the initiation of cocaine use (Kandel &
Kandel, 2015). We found that even when lifetime time cocaine users
stopped using cocaine (i.e. class “tbc-only use”, “alc-mj-tbc use”, and
“tbc-Rx use”), they still report tobacco use in the past 30 days. In ad-
dition, among individuals in the “coc-alc-mj-tbc use” class, who were all
current cocaine users, tobacco was the substance that had the highest
probability of being concurrently used with cocaine. Further, all in-
dividuals in the “coc-poly use” class, who had 57% probability of cur-
rent cocaine use, reported tobacco use in the past 30 days. Other studies
have found similar results, with tobacco use rates being three times
higher in cocaine users than in the general population (De La Garza
et al., 2016). In prior studies, cocaine users who also used tobacco are
more likely to use both of the substances more frequently than cocaine
only users (Roll, Higgins, Budney, Bickel, & Badger, 1996). Tobacco use
may increase the reinforcing effects of cocaine use and aggravate co-
caine craving (Brewer, Mahoney, Nerumalla, Newton, & De La Garza,
2013). These findings highlight the importance of tobacco intervention
programs (Baca & Yahne, 2009; Campbell, Le, Tajima, & Guydish,

2017). These programs may serve as prevention efforts for cocaine in-
itiation, and as harm reduction efforts among lifetime cocaine users to
reduce concurrent polysubstance use and the risk of substance use
disorder.

Moreover, we identified two classes that contain current cocaine
users, and both groups were concurrently using more than one sub-
stance along with cocaine. Most polysubstance use studies have focused
on comparing the use of two substances to mono-substance use
(Goncalves & Nappo, 2015; Hedden et al., 2009; Leeman et al., 2016;
Winhusen et al., 2013). However, previous literature has shown that
polysubstance use of more than two drugs is common among cocaine
users. One study in Tennessee found that concurrent cocaine, marijuana
and alcohol use was one of the most common three substance use
combinations among 70,427 patients from 183 mental health treatment
agencies (Kedia, Sell, & Relyea, 2007). Another study found that the
four substance use combinations of cocaine, prescription opioids, al-
cohol, and marijuana was also prevalent among community recruited
non-medical prescription drug users (Acheampong, Lasopa, Striley, &
Cottler, 2016). In the current analyses, a polysubstance use pattern
involving six substances (cocaine, alcohol, marijuana, tobacco, pre-
scription opioids and sedatives) was identified. Although the proportion
of lifetime cocaine users classified in this class was small (2%), it pro-
vides meaningful results. Individuals in this class had the highest odds
of self-reported bipolar disorder (OR = 3.11, 95% CI 1.43, 6.89) and
2.77 times the odds of anxiety compared to the “tbc-only use” class.
Although the risk of depression was not statistically higher in this class,
76.5% reported having depression. In addition, the risk of having an ED
visit in the past 6 months was higher than any other class (non-over-
lapping 95% ClIs). The “coc-poly use” class was also the only group that
had any probabilities of past 30-day heroin and other stimulant use.
These findings highlight the importance of assessing polysubstance use
beyond two-drug combinations and indicate the need for mental health
screening, counseling, and overdose prevention for this group.

Furthermore, the biggest difference between the “alc-mj-tbc use”
and “coc-alc-mj-tbc use” classes was that the former class had ap-
proximately zero probability of current cocaine use, while the latter had
100% probability of cocaine use. Interestingly, although the ORs in
class 4 were higher than the ORs in class 2 for having a recent ED visit
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and having mental health conditions, the differences did not reach
statistically significant levels (CIs were overlapping). From this result, it
is fair to say that among lifetime cocaine users, current cocaine use is
not the strongest indicator of overall risk for negative outcomes. In
addition, individuals in the “tbc-Rx use” class who had no current co-
caine use had significantly higher risks of having anxiety, depression,
and bipolar disorder than the “tbc-only use” class. This may be because
prescription sedatives are often prescribed as a treatment for many
neurological and psychological conditions including anxiety, insomnia,
and muscle relaxation (Griffin, Kaye, Bueno, & Kaye, 2013; Moore,
Pariente, & Bégaud, 2015); prescription opioids are prescribed to treat
both chronic and acute pain (Beaudoin, Lin, Guan, & Merchant, 2014;
Boudreau et al., 2009). Conditions such as anxiety, insomnia, and
muscle relaxation commonly co-occur with pain and that may be one
possible reason for using sedatives with opioid analgesics (Holland
et al., 1991; Serdarevic, Osborne, Striley, & Cottler, 2017). Both opioids
and sedatives are central nervous system depressants and the combined
use of both drugs can result in significant respiratory depression (Jann,
Kennedy, & Lopez, 2014) and increase overdose risk (Dowell,
Haegerich, & Chou, 2016; Sun et al., 2017). In our analysis, 48.6% of
individuals in the “tbc-Rx use” class reported having a recent ED visit,
the second highest proportion among all classes (the “coc-poly use”
class was the highest which also had a high probability of prescription
opioid and sedative use). Lastly, although cocaine, prescription stimu-
lants, and amphetamines (speed) are all stimulants, our study shows
that cocaine was not likely to be used with other stimulants.

4.1. Strengths and limitations

The present findings should be considered in light of several lim-
itations. First, a cross-sectional study design was used and thus no clear
temporal relationship or causality can be concluded from the observed
associations. The timeframe of the questions differs. For example,
substance use questions were framed as using in the past 30 days, while
ED visits, and mental health questions, were framed as past 6-month
and lifetime questions, respectively. It is possible that ED visits and
mental health conditions tended to precede the substance use reported
in this study. Second, all data were collected through self-report.
Participants may have under reported their substance use patterns,
even though we used the past 30-day window to increase accurate re-
call and the confidentiality of the data were explained. In addition, it is
possible that some mental health conditions are self-diagnosed rather
than diagnosed by a health professional. However, previous studies
have found that self-reported mental health disorders are highly cor-
related with clinician-rated diagnoses (Ferdinand, 2007; Uher et al.,
2012). Third, in our measurement of prescription drug use, we did not
differentiate medical and non-medical use. Past studies have found that
prescription drug users who also concurrently use cocaine are more
likely to engage in non-medical use of prescription drugs (McCabe,
Knight, Teter, & Wechsler, 2005; McCabe, West, Teter, & Boyd, 2012).
Therefore, even though both “tbc-Rx use” and “coc-poly use” classes
had a high probability of prescription opioid and sedative use, it is
possible that more lifetime cocaine users in the “coc-poly use” class
were using these drugs non-medically than those in the “tbc-Rx use”
class. Lastly, the study did not attempt to ask participants about their
frequency and quantity of substance use, the sequence of how different
substances were used together or the presence/absence of substance use
disorder. Future polysubstance use studies should consider including
this information in their measurement to further assess cocaine poly-
substance use patterns. We also do not have information to differentiate
crack cocaine users from powder cocaine users and it is possible that
crack users endorsed slightly different polysubstance use patterns than
powder cocaine users (Gossop, Manning, & Ridge, 2006).

Despite these limitations, the current study, to our knowledge, is the
first latent class analysis conducted among lifetime cocaine users to
examine their past 30-day substance use patterns. A broad range of
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substances was measured to better determine the patterns. We also
included a brief class description of different class number solutions in
hoping that this information can help other researchers to replicate and
reproduce the results. In addition, the study sample was a large diverse
community sample with a large sub-sample of lifetime cocaine users
(n = 1797). This increases the generalizability of the study findings.
Since the study is community-based, the findings can be used to directly
guide local interventions to target at the burdens and the needs of the
community.

5. Conclusions

Overall, these results highlight that there are different past 30-day
substance use patterns among lifetime cocaine users. Most of the life-
time cocaine users reported no cocaine use in the past 30 days.
Approximately 11% of lifetime cocaine users used cocaine in the past
30 days with two different concurrent substance use patterns: one class
featured concurrent cocaine, alcohol, marijuana and tobacco use; an-
other featured concurrent polysubstance use involving six substances.
In addition, we found that among lifetime cocaine users, current co-
caine use is not the strongest indicator of overall risk for negative
outcomes, rather prescription medication use and complex poly-
substance use patterns are stronger indicators of greater risk. Moreover,
past 30-day tobacco use is common among lifetime cocaine users re-
gardless of class membership. Lastly, we found cocaine is not likely to
be used with other stimulants such as prescription stimulants, and
amphetamines (speed).
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