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Background

Co-use of tobacco and cannabis has significantly increased 
among the general population in the United States (U.S.) 
[1], with 8.5% of U.S. adults reporting past-month tobacco 
and cannabis co-use in 2022 [2]. The co-use of tobacco and 
cannabis is associated with increased risks of heavy use 
of tobacco and cannabis, difficulty quitting tobacco and 
cannabis, and chronic illnesses (e.g., pulmonary function 
impairment) [3, 4]. Concerningly, the co-use of tobacco and 
cannabis might be also common among people with chronic 
diseases such as Human Immunodeficiency Virus (HIV). 
Tobacco use is common among individuals with HIV, with 
over 30% reporting tobacco use, including cigarette smok-
ing [5–9], significantly increasing risks of cancer, cardio-
vascular diseases (e.g., stroke), pulmonary diseases, lung 
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Abstract
Tobacco and cannabis use are prevalent among adults with HIV and co-use is associated with drug dependence and 
negative health outcomes such as lung disease. This study examined the co-use of tobacco and cannabis by HIV status 
overall and by sociodemographics. Data came from the adult sample from the 2021–2023 National Survey on Drug 
Use and Health. Adjusted multinomial logistic regressions were performed on tobacco cannabis co-use by HIV status, 
adjusting for covariates. We tested potential interaction effects between HIV status and each sociodemographic factor 
(i.e., age, sex, race/ethnicity, income, state-level medical cannabis legalization status) on the outcome. Among total adult 
respondents (N = 139,524), 0.4% (weighted) reported lifetime HIV diagnosis and 8.2% reported past-month tobacco and 
cannabis co-use. After adjusting for covariates, adults with HIV, compared with adults without HIV, were more likely to 
report past-month tobacco and cannabis co-use (aRRR = 3.35, 95% CI = 1.79, 6.27). We also observed that race/ethnicity 
and state-level medical cannabis legalization status modified the association between HIV diagnosis and tobacco and can-
nabis co-use. This study observed a higher prevalence of tobacco and cannabis co-use among adults with HIV overall and 
identified subgroup sociodemographic differences by race/ethnicity and state-level medical cannabis legalization.
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infections, and other inflammatory conditions, as well as 
reduced life expectancy [10, 11]. Cannabis use is also preva-
lent among people with HIV, with over 30% reporting past-
year use [12–14]. While some evidence suggests therapeutic 
effects of medicinal cannabis use among people with HIV, 
such as alleviating symptoms, pain management, and anti-
inflammatory effects [14], other studies indicate potential 
adverse effects, including an increased risk of pulmonary 
diseases, infections, and neurocognitive impairment (e.g., 
memory deficits) [13, 15].

According to the U.S. Department of Health & Human 
Services, approximately 1.2  million people aged 13 and 
older were living with HIV in the U.S. as of February 2025 
[16]. Given that tobacco and cannabis co-use is known to 
exacerbate health risks and use dependence [17, 18], co-
use may similarly negatively affect health outcomes among 
people with HIV. For example, Lorenz et al. reported higher 
incidence rates of lung infections (e.g., influenza, viral pneu-
monia, other pneumonia) among people with HIV who used 
both cannabis and tobacco compared to people with HIV 
with no cannabis use or with exclusive cannabis use [19]. 
Tobacco and cannabis co-use may also negatively impact 
the cessation of either product. Cannabis use is associated 
with lower odds of a cigarette quit attempt and former ciga-
rette smoking status among people with HIV [20–22]. Fur-
ther, Ozga et al. analyzed data from a randomized controlled 
trial for cigarette smoking cessation among treatment-seek-
ing people with HIV and found that increased cannabis use 
between baseline and follow-up (compared to no change or 
decreased cannabis use) was associated with a lower likeli-
hood of cigarette smoking cessation [23]. Understanding the 
patterns and effects of tobacco and cannabis co-use among 
people with HIV is critical, as co-use may further compro-
mise health outcomes. Such understanding can inform the 
development of tailored prevention and cessation strategies 
for individuals with HIV.

Several key knowledge gaps remain regarding the co-use 
of tobacco and cannabis by HIV status at the U.S. popula-
tion level. First, previous studies of tobacco and cannabis 
use among people with HIV have primarily analyzed data 
from randomized controlled trials which may not be gen-
eralizable to the broader U.S. population [23], lacked com-
parisons with people without HIV [23], or have relied on 
older data that may not reflect the range of current tobacco 
and cannabis products or changes in the legalization sta-
tus of cannabis [19]. Second, research is needed to explore 
how tobacco and cannabis co-use varies by sociodemo-
graphic factors, as both HIV and substance use differs by 
variables such as age, sex, race/ethnicity, and income level. 
For example, young adults (aged 25–34), males, Black and 
Hispanic individuals, and people with lower income dem-
onstrate both a higher prevalence and incidence of HIV, as 

well as a high prevalence of substance use when compared 
to older adults, females, White and non-Hispanic individu-
als, and people with higher income, respectively [24, 25]. 
In addition, living in a state with a medical cannabis law is 
associated with greater tobacco and cannabis co-use in non-
HIV-specific samples [26]. A comprehensive understanding 
of tobacco and cannabis co-use prevalence by HIV status, 
overall and by these key sociodemographic variables, is 
critical for developing targeted prevention and cessation 
strategies tailored to this population.

The overall aim of this study was to use data from a 
nationally representative U.S. adult sample to examine 
tobacco and cannabis co-use by HIV status. First, we exam-
ined the prevalence of tobacco and cannabis co-use by HIV 
status, hypothesizing that individuals with HIV would be 
more likely to report tobacco and cannabis co-use compared 
to individuals without HIV. Second, we explored sociode-
mographic differences in tobacco and cannabis co-use pat-
terns, hypothesizing that age, sex, race/ethnicity, annual 
income, and state-level medical cannabis legalization status 
would modify the association of HIV diagnosis and tobacco 
and cannabis co-use.

Methods

Dataset and Study Population

We utilized the adult dataset from the 2021–2023 National 
Survey on Drug Use and Health (NSDUH), a nationally rep-
resentative survey conducted by the U.S. Substance Abuse 
and Mental Health Services Administration. The NSDUH 
employs a multilevel stratified sampling design to survey 
civilian, non-institutionalized individuals in the U.S. Its 
complex sampling design and weighting allow for national 
estimates based on survey responses. This study included 
all adult respondents from the pooled 2021–2023 dataset 
(N = 139,524).

Measures

The primary outcome was past-month tobacco and cannabis 
co-use, categorized into four groups: no tobacco or canna-
bis use, tobacco use only, cannabis use only, and co-use of 
tobacco and cannabis. Tobacco use included self-reported 
use of any cigarettes, nicotine vaping products, cigars, 
pipes, or smokeless tobacco in the past month. Cannabis use 
included self-reported use of any form of cannabis consump-
tion in the past month, including smoking, vaping, dabbing 
cannabis waxes, shatter, or concentrates; ingestion via edi-
bles or drinks; oral use of cannabis drops, strips, lozenges, 
or sprays; topical application of cannabis lotions, creams, 
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or patches; and cannabis pills. The primary predictor was 
self-reported lifetime HIV or AIDS diagnosis, assessed by 
the question: “Has a doctor or other healthcare professional 
ever told you that you had HIV or AIDS?” (no, yes).

 Covariates were selected based on existing literature 
on factors associated with tobacco and cannabis co-use [ 2, 
26, 27 ], while ensuring no collinearity with lifetime HIV 
diagnosis. These included: age (young adults [18–25 years], 
other adults [≥ 26 years]), sex (female, male), race/ethnic-
ity (non-Hispanic White, non-Hispanic Black, Hispanic, 
non-Hispanic other), annual income (<$75,000, ≥$75,000), 
state-level medical cannabis legalization (no, yes), and 
survey year (2021, 2022, 2023). Age groups were defined 
as “young adults” and “other adults,” as young adults are 
more likely to report tobacco and cannabis co-use [ 27, 28 ], 
and income brackets were defined according to the median 
household income in the U.S. in 2022 ($75,000) [ 29 ].

Statistical Analysis

We first conducted descriptive analyses among all adult 
respondents from the 2021–2023 dataset, stratified by 
tobacco and cannabis co-use status. Rao-Scott adjusted 
Pearson chi-squared tests were used to examine bivariate 
associations between co-use status, lifetime HIV diagnosis, 
and other covariates.

We then conducted an adjusted multinomial logistic 
regression to examine the association between tobacco and 
cannabis co-use and lifetime HIV diagnosis, adjusting for 
all listed covariates. As sensitivity analyses, we re-ran mul-
tinomial logistic regression models incorporating each addi-
tional covariate: (1) sexual identity (heterosexual/straight, 
gay/lesbian, bisexual), (2) past-month use of other sub-
stances (none versus any; including alcohol, cocaine/crack, 
heroin, hallucinogens, inhalants, methamphetamine, and 
misuse of pain relievers, tranquilizers, stimulants, or seda-
tives), and (3) past-month serious psychological distress 
(assessed with Kessler-6 [30]; K6 score ≥ 13 as a threshold 
for serious psychological distress; no versus yes) (Supple-
mental Tables 1–3). These variables were excluded from 
the primary models since they were significantly associated 
with HIV status based on the previous literature and bivari-
ate analyses [31–35].

Further, we conducted the adjusted multinomial logis-
tic regression to examine the main and interaction effects 
between HIV diagnosis and sociodemographic factors on 
tobacco and cannabis co-use. Separate multinomial logis-
tic regression models tested interactions: (1) x age group, 
(2) x sex, (3) x race/ethnicity, (4) x annual income, and (5) 
x state-level medical cannabis legalization status. For each 
analysis, we included an interaction term between HIV 
diagnosis and the moderator variable while adjusting for all 

listed covariates. For example, to test age as a moderator, we 
modeled co-use as a function of HIV diagnosis, age group, 
and their interaction term. After running these models, we 
calculated the linear combination of coefficients of the main 
effect of HIV status and the interaction effect between HIV 
status and each moderator variable.

All analyses accounted for the NSDUH complex sam-
pling design and applied survey weights. Following NSDUH 
guidelines, a new sampling weight was created by dividing 
the provided weight by the number of pooled years [36]. We 
used a complete-case approach using the logistic regression 
model’s maximum likelihood estimation, resulting in a final 
analytic sample of N = 135,638. Missing data accounted for 
2.78% of cases, a level unlikely to bias results [37]. Statisti-
cal significance was set at p < 0.05 (two-tailed). This study 
followed the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) guidelines. Secondary 
analysis of de-identified, publicly available U.S. national 
data is exempt from Institutional Review Board review. All 
analyses were conducted using STATA 18.0 (College Sta-
tion, TX).

Results

 Table   1 presents the sample characteristics of all adult 
respondents and stratifies them by tobacco and cannabis co-
use status in the 2021–2023 NSDUH dataset ( N  = 139,524). 
Among all adult respondents, 13.3% were young adults 
(18–25 years), 51.3% were female, 12.1% were non-His-
panic Black, 17.3% were Hispanic, 57.7% had an annual 
income below $75,000, and 72.9% resided in states with 
legalized medical cannabis. Regarding substance use pat-
terns, 16.1% (weighted) reported past-month tobacco use 
only, 7.3% reported past-month cannabis use only, and 8.2% 
reported past-month tobacco and cannabis co-use. Lifetime 
HIV diagnosis was reported by 0.4% of respondents, rep-
resenting an estimated 911,571 U.S. adults in 2021–2023. 
Tobacco and cannabis co-use among adults with HIV was 
estimated at 178,775 U.S. adults.

Table  2 presents the results of the adjusted multino-
mial logistic regression examining the association between 
past-month tobacco and cannabis use and lifetime HIV 
diagnosis. After adjusting for covariates, individuals 
with a lifetime HIV diagnosis were more likely to report 
past-month tobacco only use (adjusted relative risk ratio 
[aRRR] = 1.87, 95% CI: 1.07–3.26), past-month canna-
bis only use (aRRR = 3.97, 95% CI: 2.25–7.01), and past-
month tobacco and cannabis co-use (aRRR = 3.35, 95% CI: 
1.79–6.27) compared to individuals without HIV. Supple-
mental Tables 1–3 present the results of sensitivity analyses 
for an adjusted multinomial logistic regression model on the 

1 3

3796



AIDS and Behavior (2025) 29:3794–3805

which was not statistically significant (p = 0.052). Table  7 
shows a significant interaction between HIV status and 
state-level medical cannabis legalization status (p = 0.045). 
Linear combinations of coefficients of main effects and 
interaction effects showed that adults with HIV living in 
states with legalized medical cannabis had a higher likeli-
hood of tobacco and cannabis co-use (aRRR = 2.60, 95% CI: 
1.20–5.66) compared to adults without HIV living in states 
without legalized medical cannabis.

Discussion

This study provides novel information about tobacco and 
cannabis co-use prevalence, overall and by sociodemo-
graphic variables, among people with HIV. Compared to 
U.S. adults without HIV, U.S. adults with HIV reported 
higher levels of tobacco and cannabis co-use, with an esti-
mated 178,775 U.S. adults with HIV engaged in co-use. The 
elevated levels of tobacco and cannabis co-use in individu-
als with HIV remained significant across multiple sensitiv-
ity analyses, adjusting for additional covariates. The higher 

tobacco and cannabis co-use by HIV status, adjusting for 
each additional covariate. Although the magnitude was vari-
able, similar significance was found across all three models, 
indicating that U.S. adults with HIV consistently reported 
higher levels of tobacco and cannabis co-use compared to 
those without HIV (aRRR range: 2.10–3.33).

Tables 3, 4, 5, 6 and 7 present the results of the main 
effects and interaction effects of HIV status and sociodemo-
graphic factors on past-month tobacco and cannabis co-use. 
Table 3 shows the results for the interaction between HIV 
status and age group, which was not significant (p = 0.3007). 
Table 4 presents the interaction between HIV status and sex, 
which was also not significant (p = 0.148). Table 5 shows a 
significant interaction between HIV status and race/ethnic-
ity (p < 0.001). Linear combinations of coefficients of main 
effects and interaction effects showed that non-Hispanic 
Black adults with HIV had a higher likelihood of tobacco 
and cannabis co-use (aRRR = 5.02, 95% CI: 1.77–14.22, 
p = 0.003), while no significant difference was observed 
for Hispanic adults with HIV (p = 0.781) compared to non-
Hispanic White adults without HIV. Table  6 presents the 
interaction between HIV status and annual income level, 

Table 1  Sample characteristics by tobacco and cannabis co-use status, among adults from 2021–2023 NSDUH
Total Sample No Tobacco or Can-

nabis Use
Tobacco Only Use Cannabis Only 

Use
Co-use of
tobacco and 
cannabis

139,524 (100) 92,525 (68.4) 21,288 (16.1) 11,809 (7.3) 13,902 (8.2)
Lifetime HIV diagnosis status
 No 135,302 (99.6) 90,067 (68.6) 20,477 (16.1) 11,422 (7.3) 13,336 (8.1)
 Yes 336 (0.4) 134 (40.7) 72 (21.9) 59 (17.8) 71 (19.6)
Survey years
 2021 47,291 (33.1) 32,556 (69.3) 6,881 (16.9) 3,759 (6.3) 4,095 (7.6)
 2022 47,100 (33.4) 30,988 (68.2) 7,256 (15.8) 3,944 (7.5) 4,912 (8.5)
 2023 45,133 (33.5) 28,981 (67.8) 7,151 (15.7) 4,106 (8.0) 4,895 (8.4)
Age, years
 26 or older 97,651 (86.7) 66,840 (69.5) 15,421 (16.5) 7,621 (6.8) 7,769 (7.1)
 18–25 41,873 (13.3) 25,685 (61.3) 5,867 (13.5) 4,188 (10.0) 6,133 (15.2)
Sex
 Female 77,598 (51.3) 54,667 (73.7) 10,048 (13.3) 6,483 (6.8) 6,400 (6.3)
 Male 61,926 (48.7) 37,858 (62.9) 11,240 (19.2) 5,326 (7.8) 7,502 (10.2)
Race/ethnicity
 Non-Hispanic White 83,829 (61.7) 54,438 (65.9) 13,915 (18.0) 7,231 (7.6) 8,245 (8.5)
 Non-Hispanic Black 15,883 (12.1) 10,190 (66.8) 2,342 (15.6) 1,404 (7.5) 1,947 (10.1)
 Hispanic 24,394 (17.3) 17,314 (74.8) 2,904 (12.1) 2,076 (6.7) 2,100 (6.4)
 Non-Hispanic Other Races 15,418 (8.9) 10,583 (75.8) 2,127 (11.7) 1,098 (5.5) 1,610 (7.0)
Annual income level
 Less than $75,000 82,653 (57.7) 50,670 (64.0) 14,742 (19.1) 6,921 (6.8) 10,320 (10.1)
 $75,000 or more 56,871 (42.3) 41,855 (74.5) 6,546 (12.1) 4,888 (7.9) 3,582 (5.6)
Living in a state with a medical can-
nabis law
 No 33,743 (27.1) 22,723 (68.3) 6,269 (20.0) 1,861 (4.6) 2,890 (7.1)
 Yes 105,781 (72.9) 69,802 (68.5) 15,019 (14.7) 9,948 (8.3) 11,012 (8.6)
Key: NSDUH = National Survey on Drug Use and Health
Unweighted n and row weighted % indicated
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and ethnic discrimination, compounded by greater HIV-
related stigma compared to non-Hispanic White adults with 
HIV [43–45]. These findings are concerning, as they may 
contribute to worsening HIV-related health disparities and 
tobacco- and cannabis-associated health risks in this pop-
ulation. Given that non-Hispanic Black adults are already 
disproportionately affected by HIV [24], there is an urgent 
need to investigate the underlying factors driving this ele-
vated co-use risk and to develop tailored clinical interven-
tions and educational programs to address it.

This study also found a significant interaction between 
HIV status and state-level medical cannabis legalization sta-
tus, indicating that U.S. adults with HIV living in states with 
medical cannabis laws may be at higher risk for tobacco 
and cannabis co-use. This finding is expected given that 
high levels of co-use of tobacco and cannabis are reported 
among the general population residing in states with legal-
ized medical cannabis [1, 26, 46]. However, a study by 
Pravosud et al. found that while tobacco and cannabis co-
use increased between 2017 and 2021 among adults in the 
U.S., it was not significantly associated with state-level 
medical or recreational cannabis legalization [47]. Although 
medical cannabis is recognized for its potential benefits in 

prevalence of co-use may be driven by the use of tobacco 
and cannabis to relieve stress associated with a diagnosis 
of HIV or for self-medication, such as pain and symptom 
management [23, 38]. Alternatively, individuals with HIV 
may also use tobacco and cannabis recreationally, similar 
to the general population [23, 39]. Future research should 
examine the underlying reasons and contextual factors 
(e.g., who, where, and when) associated with tobacco and 
cannabis co-use. Such insights would help inform tailored 
prevention and cessation strategies, including educational 
programs and public awareness campaigns, targeted at indi-
viduals with HIV.

We also examined sociodemographic differences in 
tobacco and cannabis co-use patterns among people 
with HIV. This study found significant interaction effects 
between HIV status and race/ethnicity in relation to tobacco 
and cannabis co-use, suggesting that non-Hispanic Black 
adults with HIV may be at increased risk for co-use. We 
speculate that this increased risk may result from targeted 
tobacco and cannabis marketing toward non-Hispanic Black 
communities, a pattern observed in the general population 
[40–42]. Additionally, non-Hispanic Black adults with HIV 
may experience heightened levels of stress due to racial 

Table 2  Results of adjusted multinomial logistic regression on tobacco and cannabis co-use by lifetime HIV diagnosis status, among adults from 
2021–2023 NSDUH

Tobacco only use Cannabis only use Co-use of tobacco and 
cannabis

aRRR (95% CI) p-value aRRR (95% CI) p-value aRRR (95% CI) p-value
Lifetime HIV diagnosis status
 No Reference Reference Reference
 Yes 1.87 (1.07, 3.26) 0.029 3.97 (2.25, 7.01) < 0.001 3.35 (1.79, 6.27) < 0.001
Survey years
 2021 Reference Reference Reference
 2022 0.98 (0.91, 1.06) 0.573 1.20 (1.07, 1.36) 0.003 1.16 (1.07, 1.26) < 0.001
 2023 1.00 (0.93, 1.08) 0.989 1.31 (1.17, 1.47) < 0.001 1.20 (1.09, 1.33) 0.001
Age, years
 26 or older Reference Reference Reference
 18–25 0.92 (0.86, 0.98) 0.017 1.74 (1.64, 1.86) < 0.001 2.41 (2.22, 2.62) < 0.001
Sex
 Female Reference Reference Reference
 Male 1.77 (1.68, 1.88) < 0.001 1.34 (1.23, 1.44) < 0.001 2.07 (1.95, 2.19) < 0.001
Race/ethnicity
 Non-Hispanic White Reference Reference Reference
 Non-Hispanic Black 0.73 (0.68, 0.79) < 0.001 0.97 (0.86, 1.08) 0.528 1.01 (0.91, 1.13) 0.858
 Hispanic 0.53 (0.47, 0.58) < 0.001 0.73 (0.65, 0.82) < 0.001 0.53 (0.47, 0.59) < 0.001
 Non-Hispanic Other Races 0.59 (0.52, 0.66) < 0.001 0.59 (0.49, 0.71) < 0.001 0.68 (0.59, 0.77) < 0.001
Annual income level
 Less than $75,000 Reference Reference Reference
 $75,000 or more 0.50 (0.46, 0.53) < 0.001 0.95 (0.88, 1.03) 0.223 0.45 (0.41, 0.50) < 0.001
Living in a state with a medical cannabis law
 No Reference Reference Reference
 Yes 0.76 (0.71, 0.82) < 0.001 1.84 (1.68, 2.02) < 0.001 1.30 (1.17, 1.43) < 0.001
Key: aRRR = adjusted Relative Risk Ratio; CI = confidence interval; NSDUH = National Survey on Drug Use and Health
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increased levels of cannabis use, in general, and decreasing 
rates of cigarette smoking, suggesting a potential substitu-
tion effect [51]. Even though these studies were specifically 
focused on recreational cannabis laws, we speculate that 
this substitution effect might affect the attenuated risk ratio 
of tobacco and cannabis co-use when considering HIV sta-
tus. Another previous study by Weinberger and colleagues 
found that medical cannabis legalization was associated 
with an increase in cigarette and cannabis co-use, but no 
change in cigarette-only use or cannabis-only use among 
the overall U.S. population [26]. However, medical can-
nabis legalization was associated with increased levels in 
cigarette-only use and cannabis-only use among those aged 
50 years and older, suggesting that there might be complex 
interactions between living in states with cannabis-related 
laws and other factors such as sociodemographics. Future 
studies should examine the complex interplay between can-
nabis-related laws, HIV status, and other factors.

This study provides novel insights into the prevalence of 
tobacco and cannabis co-use among people with HIV, high-
lighting subgroup differences based on sociodemographic 

managing HIV-related inflammation and symptoms [14, 
48], the combined effects of tobacco and cannabis co-use 
remain uncertain and may pose additional health risks for 
people with HIV. Further research is needed to clarify these 
potential harms and to inform evidence-based harm reduc-
tion strategies.

Notably, state-level medical cannabis legalization status 
attenuated the magnitude of the effects of HIV diagnosis on 
the risk of tobacco and cannabis co-use. One speculation 
is that living in a state with medical cannabis law might be 
related to increased exclusive cannabis and reduced level 
of tobacco use (i.e., a substitution effect). For example, a 
study by Dave et al. (2023) used two U.S. national datasets 
and observed that adoption of recreational cannabis laws 
were associated with increased levels of cannabis use, but 
decreased levels of tobacco use among adults [49]. Another 
study by De and Sun (2025) used the 2021–2022 Behavioral 
Risk Factor Surveillance System and observed that recre-
ational cannabis laws were associated with current ciga-
rette use [50]. A systematic review by Farrelly et al. (2023) 
found that recreational cannabis laws were associated with 

Table 3  Results of adjusted multinomial logistic regression on tobacco and cannabis co-use by lifetime HIV diagnosis status, age and HIV x age 
group, among adults from 2021–2023 NSDUH

Tobacco only use Cannabis only use Co-use of tobacco and 
cannabis

aRRR (95% CI) p-value aRRR (95% CI) p-value aRRR (95% CI) p-value
Lifetime HIV diagnosis status
 No Reference Reference Reference
 Yes 1.84 (1.05, 3.25) 0.034 3.98 (2.24, 7.08) < 0.001 3.23 (1.67, 6.21) 0.001
Age, years
 26 or older Reference Reference Reference
 18–25 0.92 (0.86, 0.98) 0.016 1.74 (1.64, 1.86) < 0.001 2.41 (2.22, 2.62) < 0.001
HIV status x Age Overall

p = 0.2997
 Yes x 18–25 years 1.96 (0.54, 7.11) 0.299 1.03 (0.32, 3.31) 0.961 3.05 (0.77, 12.14) 0.111
Survey years
 2021 Reference Reference Reference
 2022 0.98 (0.91, 1.06) 0.574 1.20 (1.07, 1.36) 0.003 1.16 (1.07, 1.26) < 0.001
 2023 1.00 (0.93, 1.08) 0.989 1.31 (1.17, 1.47) < 0.001 1.20 (1.09, 1.33) 0.001
Sex
 Female Reference Reference Reference
 Male 1.77 (1.68, 1.88) < 0.001 1.34 (1.23, 1.44) < 0.001 2.07 (1.95, 2.20) < 0.001
Race/ethnicity
 Non-Hispanic White Reference Reference Reference
 Non-Hispanic Black 0.73 (0.68, 0.79) < 0.001 0.96 (0.86, 1.08) 0.526 1.01 (0.91, 1.13) 0.851
 Hispanic 0.53 (0.47, 0.58) < 0.001 0.73 (0.65, 0.82) < 0.001 0.53 (0.47, 0.59) < 0.001
 Non-Hispanic Other Races 0.59 (0.52, 0.66) < 0.001 0.59 (0.49, 0.71) < 0.001 0.68 (0.59, 0.77) < 0.001
Annual income level
 Less than $75,000 Reference Reference Reference
 $75,000 or more 0.50 (0.46, 0.53) < 0.001 0.95 (0.88, 1.03) 0.223 0.45 (0.41, 0.50) < 0.001
Living in a state with a medical cannabis law
 No Reference Reference Reference
 Yes 0.76 (0.71, 0.82) < 0.001 1.84 (1.68, 2.02) < 0.001 1.30 (1.17, 1.43) < 0.001
Key: aRRR = adjusted Relative Risk Ratio; CI = confidence interval; NSDUH = National Survey on Drug Use and Health
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as state-level recreational cannabis legalization status and 
exposure to tobacco and cannabis marketing. Fifth, even 
though we combined several years of US national datasets, 
the sample size of adults with HIV who reported past-month 
tobacco and cannabis co-use was still small enough that we 
were unable to examine the potential range of product com-
binations related to tobacco and cannabis co-use by HIV 
status (e.g., cigarette use versus vaping nicotine, vaping can-
nabis versus sublingual cannabis use). Future studies should 
employ a larger-scale HIV-focused dataset and examine the 
various co-use patterns among people with HIV.

Sixth, the public use NSDUH data only indicated 
whether respondents were living in a state that had passed a 
law allowing the use of cannabis for medical reasons at the 
time of the interview and more specific information about 
these medical cannabis laws was not available. For exam-
ple, some states only allow low-THC products while others 
allow full cannabis use. Further, some states have restrictive 
laws that only permit CBD or require specific conditions 
(e.g., policy variation across states). Further, even though 
we used residence in a state with a medical cannabis law as 

factors, with important public health and clinical implica-
tions. A key strength of this study is the use of a nationally 
representative U.S. sample, which enhances generalizability 
and enables population-level estimates. Further, the find-
ings are robust, supported by multiple sensitivity analyses 
incorporating additional covariates. However, this study 
has several limitations. First, data were self-reported, which 
may introduce biases, including recall bias and social desir-
ability bias, particularly regarding HIV status and cannabis 
use behaviors. Second, the NSDUH survey includes only 
U.S. civilian, non-institutionalized individuals, excluding 
populations with higher levels of substance use and HIV 
vulnerability, such as incarcerated individuals and those 
experiencing homelessness [52, 53]. Third, the NSDUH 
does not collect detailed data on the frequency and dosage 
of tobacco and cannabis use, including nicotine concentra-
tion, THC concentration, and reasons for cannabis use (e.g., 
medicinal versus recreational cannabis use), nor does it 
distinguish between concurrent, simultaneous, or sequen-
tial use of tobacco and cannabis [54]. Fourth, unmeasured 
confounders may influence the observed associations, such 

Table 4  Results of adjusted multinomial logistic regression on tobacco and cannabis co-use by lifetime HIV diagnosis status, sex and HIV x sex, 
among adults from 2021–2023 NSDUH

Tobacco only use Cannabis only use Co-use of tobacco and 
cannabis

aRRR (95% CI) p-value aRRR (95% CI) p-value aRRR (95% CI) p-value
Lifetime HIV diagnosis status
 No Reference Reference Reference
 Yes 2.69 (1.09, 6.64) 0.033 2.06 (0.62, 6.84) 0.231 1.32 (0.51, 3.44) 0.559
Sex
 Female Reference Reference Reference
 Male 1.78 (1.68, 1.88) < 0.001 1.33 (1.23, 1.44) < 0.001 2.06 (1.94, 2.19) < 0.001
HIV status x Sex Overall

p = 0.1484
 Yes x Male 0.65 (0.23, 1.84) 0.413 2.12 (0.55, 8.11) 0.266 2.79 (0.83, 9.34) 0.094
Survey years
 2021 Reference Reference Reference
 2022 0.98 (0.91, 1.06) 0.574 1.20 (1.07, 1.36) 0.003 1.16 (1.07, 1.26) < 0.001
 2023 1.00 (0.93, 1.08) 0.990 1.31 (1.17, 1.47) < 0.001 1.20 (1.09, 1.33) 0.001
Age, years
 26 or older Reference Reference Reference
 18–25 0.92 (0.86, 0.98) 0.016 1.74 (1.64, 1.86) < 0.001 2.41 (2.23, 2.62) < 0.001
Race/ethnicity
 Non-Hispanic White Reference Reference Reference
 Non-Hispanic Black 0.73 (0.68, 0.79) < 0.001 0.97 (0.86, 1.08) 0.540 1.01 (0.91, 1.13) 0.842
 Hispanic 0.53 (0.47, 0.58) < 0.001 0.73 (0.65, 0.82) < 0.001 0.53 (0.47, 0.59) < 0.001
 Non-Hispanic Other Races 0.59 (0.52, 0.66) < 0.001 0.59 (0.49, 0.71) < 0.001 0.68 (0.59, 0.78) < 0.001
Annual income level
 Less than $75,000 Reference Reference Reference
 $75,000 or more 0.50 (0.46, 0.53) < 0.001 0.95 (0.88, 1.03) 0.222 0.45 (0.41, 0.50) < 0.001
Living in a state with a medical cannabis law
 No Reference Reference Reference
 Yes 0.76 (0.71, 0.82) < 0.001 1.84 (1.68, 2.02) < 0.001 1.30 (1.17, 1.43) < 0.001
Key: aRRR = adjusted Relative Risk Ratio; CI = confidence interval; NSDUH = National Survey on Drug Use and Health
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Conclusions

This study highlights the greater prevalence of tobacco 
and cannabis co-use among people with HIV, particularly 
among non-Hispanic Black adults with HIV and adults with 
HIV residing in states with legalized medical cannabis. 
These findings inform future research directions, empha-
sizing the need to explore motivations for co-use among 
people with HIV. Further understanding of these factors 
will support the development of targeted prevention and 
cessation strategies, such as integrating patient education on 
the health risks of tobacco and cannabis co-use into clinical 
practice and implementing public awareness programs to 
reduce co-use in this population. Additionally, policy-level 
awareness and interventions should address the unintended 

a proxy for policy exposure, this measure may not capture 
individual-level awareness, eligibility, or access to medical 
cannabis programs, and such misclassification may affect 
observed effect modification. In addition, the residence in 
states with medical cannabis laws might not fully capture 
residence stability as respondents may move among states 
with different cannabis-related laws over time. Future stud-
ies should examine more detailed aspects of cannabis laws 
in relation to tobacco and cannabis co-use among people 
with HIV.

Table 5  Results of adjusted multinomial logistic regression on tobacco and cannabis co-use by lifetime HIV diagnosis status, race/ethnicity and 
HIV x race/ethnicity, among adults from 2021–2023 NSDUH

Tobacco only use Cannabis only use Co-use of tobacco and 
cannabis

aRRR (95% CI) p-value aRRR (95% CI) p-value aRRR (95% CI) p-value
Lifetime HIV diagnosis status
 No Reference Reference Reference
 Yes 1.70 (0.88, 3.30) 0.112 4.46 (2.08, 9.54) < 0.001 2.72 (0.96, 7.72) 0.059
Race/ethnicity
 Non-Hispanic White Reference Reference Reference
 Non-Hispanic Black 0.73 (0.68, 0.79) < 0.001 0.97 (0.87, 1.08) 0.558 1.00 (0.90, 1.12) 0.985
 Hispanic 0.52 (0.47, 0.58) < 0.001 0.73 (0.65, 0.81) < 0.001 0.53 (0.47, 0.59) < 0.001
 Non-Hispanic Other Races 0.58 (0.52, 0.66) < 0.001 0.59 (0.49, 0.71) < 0.001 0.67 (0.59, 0.77) < 0.001
HIV status x race/ethnicity Overall

P < 0.001
 Yes x non-Hispanic Black 1.02 (0.40, 2.61) 0.963 0.84 (0.23, 3.03) 0.783 1.84 (0.45, 7.60) 0.392
 Yes x Hispanic 1.28 (0.49, 3.35) 0.612 0.81 (0.21, 3.10) 0.753 0.81 (0.19, 3.48) 0.768
 Yes x non-Hispanic Other Races 2.30 (0.41, 12.94) 0.339 - a - a 2.94 (0.61, 14.30) 0.177
Survey years
 2021 Reference Reference Reference
 2022 0.98 (0.91, 1.06) 0.576 1.20 (1.07, 1.36) 0.003 1.16 (1.07, 1.26) < 0.001
 2023 1.00 (0.93, 1.08) 0.990 1.31 (1.17, 1.47) < 0.001 1.20 (1.09, 1.33) < 0.001
Age, years
 26 or older Reference Reference Reference
 18–25 0.92 (0.86, 0.98) 0.017 1.74 (1.64, 1.86) < 0.001 2.41 (2.22, 2.62) < 0.001
Sex
 Female Reference Reference Reference
 Male 1.77 (1.68, 1.88) < 0.001 1.34 (1.23, 1.44) < 0.001 2.07 (1.95, 2.20) < 0.001
Annual income level
 Less than $75,000 Reference Reference Reference
 $75,000 or more 0.50 (0.46, 0.53) < 0.001 0.95 (0.88, 1.03) 0.224 0.45 (0.41, 0.50) < 0.001
Living in a state with a medical cannabis law
 No Reference Reference Reference
 Yes 0.76 (0.71, 0.82) < 0.001 1.84 (1.68, 2.03) < 0.001 1.30 (1.17, 1.43) < 0.001
Key: aRRR = adjusted Relative Risk Ratio; CI = confidence interval; NSDUH = National Survey on Drug Use and Health
a: not estimated due to small cell size
Note: Using linear combinations of coefficient parameters of main effects and an interaction effect, a higher level of tobacco and cannabis co-use 
was reported by non-Hispanic Black individuals with HIV (aRRR = 5.02, 95% CI = 1.77, 14.22, p = 0.003), but not by Hispanic individuals with 
HIV (p = 0.781), compared to non-Hispanic White individuals without HIV.
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consequences of cannabis legalization, particularly the 
potential for increased co-use of tobacco and cannabis 
among people with HIV.

Table 6  Results of adjusted multinomial logistic regression on tobacco and cannabis co-use by lifetime HIV diagnosis status, income level and 
HIV x income level, among adults from 2021–2023 NSDUH

Tobacco only use Cannabis only use Co-use of tobacco and 
cannabis

aRRR (95% CI) p-value aRRR (95% CI) p-value aRRR (95% CI) p-value
Lifetime HIV diagnosis status
 No Reference Reference Reference
 Yes 2.97 (1.14, 7.78) 0.027 6.44 (2.63, 15.75) < 0.001 11.89 (4.14, 34.21) < 0.001
Annual income level
 Less than $75,000 2.01 (1.88, 2.15) < 0.001 1.05 (0.97, 1.14) 0.212 2.23 (2.03, 2.45) < 0.001
 $75,000 or more Reference Reference Reference
HIV status x income level Overall

P = 0.052
 Yes x less than $75,000 0.55 (0.19, 1.62) 0.275 0.54 (0.20, 1.47) 0.224 0.19 (0.06, 0.64) 0.008
Survey years
 2021 Reference Reference Reference
 2022 0.98 (0.91, 1.06) 0.576 1.20 (1.07, 1.36) 0.003 1.16 (1.07, 1.26) < 0.001
 2023 1.00 (0.93, 1.08) 0.986 1.31 (1.17, 1.48) < 0.001 1.20 (1.09, 1.33) 0.001
Age, years
 26 or older Reference Reference Reference
 18–25 0.92 (0.86, 0.98) 0.017 1.74 (1.64, 1.86) < 0.001 2.41 (2.22, 2.62) < 0.001
Sex
 Female Reference Reference Reference
 Male 1.77 (1.68, 1.88) < 0.001 1.34 (1.23, 1.44) < 0.001 2.07 (1.95, 2.20) < 0.001
Race/ethnicity
 Non-Hispanic White Reference Reference Reference
 Non-Hispanic Black 0.73 (0.68, 0.79) < 0.001 0.97 (0.86, 1.08) 0.530 1.01 (0.91, 1.13) 0.832
 Hispanic 0.53 (0.47, 0.58) < 0.001 0.73 (0.65, 0.82) < 0.001 0.53 (0.47, 0.59) < 0.001
 Non-Hispanic Other Races 0.59 (0.52, 0.66) < 0.001 0.59 (0.49, 0.71) < 0.001 0.68 (0.59, 0.77) < 0.001
Living in a state with a medical cannabis law
 No Reference Reference Reference
 Yes 0.76 (0.71, 0.82) < 0.001 1.84 (1.68, 2.03) < 0.001 1.30 (1.17, 1.43) < 0.001
Key: aRRR = adjusted Relative Risk Ratio; CI = confidence interval
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holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​o​​n​s​.​​o​
r​g​​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/.

References

1.	 Rubenstein D, McClernon FJ, Pacek LR. Trends in cannabis and 
tobacco co-use in the United States, 2002–2021. Addict Behav. 
2024;158:108129. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​a​d​d​b​e​h​.​2​0​2​4​.​1​0​8​1​2​
9.

2.	 Lee J, Hinds JT, Dai HD, Weinberger AH. Tobacco and Cannabis 
Co-Use by sexual minority adults in the United States, 2022. Am 
J Prev Med. 2024. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​a​m​e​p​r​e​.​2​0​2​4​.​1​2​.​0​1​4.

3.	 Meier E, Hatsukami DK. A review of the additive health risk of 
cannabis and tobacco co-use. Drug Alcohol Depend. 2016;166:6–
12. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​d​r​u​​g​a​l​​c​d​e​p​​.​2​​0​1​6​.​0​7​.​0​1​3.

4.	 Agrawal A, Budney AJ, Lynskey MT. The co-occurring use and 
misuse of cannabis and tobacco: a review. Addiction (Abingdon 
England). 2012;107:1221–33. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​j​.​​1​3​6​​0​-​0​​4​4​
3​.​​2​0​​1​2​.​0​3​8​3​7​.​x.

5.	 Mdege ND, Shah S, Ayo-Yusuf OA, Hakim J, Siddiqi K. 
Tobacco use among people living with HIV: analysis of data 
from demographic and health surveys from 28 low-income and 

Supplementary Information  The online version contains 
supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​0​4​6​1​-​0​
2​5​-​0​4​8​1​7​-​5.

Funding  None.

Declarations

Conflict of Interest  The authors declare that they have no competing 
interests.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 

Table 7  Results of adjusted multinomial logistic regression on tobacco and cannabis co-use by lifetime HIV diagnosis status, living in States that 
legalized medical cannabis law and HIV x living in States that legalized medical cannabis law, among adults from 2021–2023 NSDUH

Tobacco only use Cannabis only use Co-use of tobacco and 
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Lifetime HIV diagnosis status
 No Reference Reference Reference
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40.37)
< 0.001
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 No Reference Reference Reference
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Overall
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 26 or older Reference Reference Reference
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Sex
 Female Reference Reference Reference
 Male 1.78 (1.68, 1.88) < 0.001 1.34 (1.23, 1.44) < 0.001 2.07 (1.95, 2.20) < 0.001
Race/ethnicity
 Non-Hispanic White Reference Reference Reference
 Non-Hispanic Black 0.73 (0.68, 0.79) < 0.001 0.97 (0.86, 1.08) 0.528 1.01 (0.90, 1.12) 0.919
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Annual income level
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 $75,000 or more 0.50 (0.46, 0.53) < 0.001 0.95 (0.88, 1.03) 0.223 0.45 (0.41, 0.50) < 0.001
Note: Using linear combinations of coefficient parameters of main effects and an interaction effect, a higher level of tobacco and cannabis co-use 
was reported by US adults with HIV living in states that legalized medical cannabis law (aRRR = 2.60, 95% CI = 1.20, 5.66, p = 0.017), compared 
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