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Abstract

Cannabis use is rapidly increasing among older adults in the United States, in part to treat 

symptoms of common health conditions (e.g., chronic pain, sleep problems). Longitudinal studies 

of cannabis use and cognitive decline in aging populations living with chronic disease are lacking. 

We examined different levels of cannabis use and cognitive and everyday function over time 

among 297 older adults with HIV (ages 50–84 at baseline). Participants were classified based 

on average cannabis use: frequent (> weekly) (n = 23), occasional (≤ weekly) (n = 83), and 

non-cannabis users (n=191) and were followed longitudinally for up to 10 years (average years of 

follow-up = 3.9). Multi-level models examined the effects of average and recent cannabis use on 

global cognition, global cognitive decline, and functional independence. Occasional cannabis users 

showed better global cognitive performance overall compared to non-cannabis users. Rates of 

cognitive decline and functional problems did not vary by average cannabis use. Recent cannabis 

use was linked to worse cognition at study visits when participants had THC+ urine toxicology—

this short-term decrement in cognition was driven by worse memory and did not extend to reports 

of functional declines. Occasional (≤ weekly) cannabis use was associated with better global 

cognition over time in older adults with HIV, a group vulnerable to chronic inflammation and 
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cognitive impairment. Recent THC exposure may have a temporary adverse impact on memory. 

To inform safe and efficacious medical cannabis use, the effects of specific cannabinoid doses on 

cognition and biological mechanisms must be investigated in older adults.

Resumen
El consumo de cannabis está aumentando rápidamente entre los adultos mayores en los Estados 

Unidos, en parte para tratar síntomas de afecciones de salud comunes (p. ej. dolor crónico, 

problemas de dormir). Actualmente, hay pocos estudios longitudinales sobre el consumo de 

cannabis y el deterioro cognitivo en poblaciones que envejecen y viven con enfermedades 

crónicas. Examinamos diferentes niveles del consumo de cannabis y funciones cognitivas a 

lo largo del tiempo entre 297 adultos mayores con VIH (de 50 a 84 años al principio de 

la investigación). Los participantes se clasificaron según el consumo promedio de cannabis: 

consumidores de cannabis frecuentes (> semanal) (n = 23) ocasionales (≤ semanal) (n = 83), 

y no consumidores de cannabis (n=191) fueron seguidos longitudinalmente hasta por 10 años 

(promedio = 3,9 años). Los modelos multinivel investigaron los efectos del consumo promedio 

y reciente de cannabis en la cognición global, el deterioro cognitivo global, y la independencia 

funcional. Los consumidores ocasionales de cannabis mostraron un mejor rendimiento cognitivo 

global en comparación con los no consumidores. El nivel de deterioro cognitivo y problemas 

funcionales no estuvieron asociado con el uso de cannabis. El consumo reciente de cannabis 

se vinculó con una peor cognición en las visitas del estudio cuando los participantes tenían 

toxicología de orina de THC positivo–esta disminución a corto plazo de la cognición se debió 

a una peor memoria, pero no se extendió a los informes de deterioros funcionales. El consumo 

ocasional (≤ semanal) de cannabis se asoció con una mejor cognición global a lo largo del tiempo 

en adultos mayores con VIH, un grupo susceptible a la inflamación crónica y la disfunción 

cognitiva. La exposición reciente al THC puede tener un impacto negativo temporal en la 

memoria. Los efectos de dosis específicas de cannabinoides en la cognición y sus mecanismos 

de acción biológicos deben ser investigados en personas mayores con el fin de informar el uso 

seguro y eficaz del cannabis medicinal.
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Introduction

Cannabis use is increasing among older adults faster than any other age group in the 

United States [1–3]. This trend is expected to continue [4] given the expansion of state-

based medical and recreational legalization, shifting cultural attitudes, and the widespread 

marketing of cannabis products to treat a host of conditions common among aging 

populations. There is an urgent public health need to identify risks and benefits of cannabis 

use in older adults, as well as individual-level and cannabis-level factors that may moderate 

its effects [5]. In particular, there is growing interest in clarifying the influence of cannabis 

use on cognitive function in older adults living with chronic disease, who are vulnerable to 

cognitive decline and late-life dementias such as Alzheimer’s disease [6, 7].
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Older adults are more likely to use cannabis for medical purposes compared to younger 

populations [8], and mixed medical/recreational use is also reported [9]. Older cannabis 

users are more likely to use products with higher cannabidiol (CBD) content and lower 

Δ9-tetrahydrocannabinol (THC) content compared to younger age groups. Older adults 

report they use cannabis to ameliorate a range of health conditions common in aging, with 

those most frequently endorsed including chronic pain, sleep disturbances, weight loss, 

anxiety, and depression [10]. However, robust evidence to support therapeutic benefit of 

cannabis products on these conditions is limited [5, 11]. Age-related changes such as slowed 

metabolism and high rates of polypharmacy may complicate safe and efficacious medical 

cannabis use, increasing drug sensitivity and risk for drug-drug interactions. Acute sedation 

and dizziness have been observed in older cannabis users, which could increase fall risk 

[12]. National survey data show older adults who use cannabis medically are more likely 

to report functional impairments, while recreational cannabis use did not predict reports 

of such impairment. Authors hypothesized that functionally-impairing symptoms may have 

motivated initiation of medical cannabis use, but could not determine whether cannabis use 

also exacerbated functional problems such as impaired thinking and walking [13].

Recent reviews highlight the scarcity of research that directly examines the effect of late-life 

cannabis use on cognitive health and brain aging [6, 14, 15]. Only one cross-sectional 

study (n = 38, ages 60–80) examined current cannabis use and cognitive performance in a 

healthy older adult cohort, finding no cognitive differences by cannabis use, but analyses 

were underpowered [16]. Two other cross-sectional studies found no association between 

heavy cannabis use in adolescence and late-life cognitive performance (n = 50, ages 58–72) 

[17], or between active cannabis use at age 42 and cognitive performance at age 50 (n = 

8,992) [18]. Two mid-life cohort studies have linked current ≥ weekly cannabis use (n = 

1,897) and separately, greater cumulative cannabis exposure over adulthood (n = 3,385) 

to a small decrement in verbal memory performance, which was not considered clinically 

significant [19, 20]. Longitudinal analyses showed no differences by cannabis use in verbal 

memory rates of change over eight years [19]; however, there was no evidence of cognitive 

decline in this mid-life cohort. In contrast to these findings, in small intervention studies 

(n = 22, n = 11), adults showed improvements in executive functioning after initiation 

of medical cannabis use [21, 22]. Study findings suggest that medicinal users experience 

physical symptom relief, improvements in mood and function, and reductions in prescription 

opioid and benzodiazepine use, which authors hypothesize could contribute indirectly to 

better cognition [23]. In sum, the current evidence is inadequate to address whether cannabis 

use is a risk factor for cognitive decline in aging populations, and it appears cannabis may 

demonstrate divergent effects at specific levels and contexts of use.

Evidence from animal studies and investigation of the human body’s natural 

endocannabinoid system show that cannabinoids (e.g. chronic low dose THC) demonstrate 

anti-inflammatory and neuroprotective effects [24, 25]. While there is no research in 

humans to suggest cannabis compounds decrease risk for cognitive decline, there is 

interest in examining the therapeutic potential of cannabinoid products on brain function 

under conditions of high inflammation [26]. For older adults with pro-inflammatory health 

conditions such as HIV, late-life cannabis use may exert distinct effects on cognition. In 

HIV, chronic inflammation and immune system activation persist despite virally suppressive 
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antiretroviral therapy (ART), and elevated immune biomarkers have been linked to greater 

cognitive impairment [27, 28]. Older adults with HIV show steeper rates of cognitive 

decline compared to their older HIV-negative counterparts [29], and the immunomodulatory 

properties of cannabis may be particularly beneficial in this context. In vitro studies show 

activation of cannabinoid receptors attenuates HIV replication in T-cells, microglia, and 

macrophages [30], while studies in humans link current cannabis use to lower plasma 

HIV RNA viral load [31] and accelerated HIV DNA decay [32]. In recent HIV studies, 

including work from our group, current cannabis use has been associated with lower levels 

of peripheral and central inflammation [33–36], lower rates of global cognitive impairment, 

and better performance in verbal fluency and learning domains in adults with HIV [37]. 

However, to our knowledge, no studies have examined the longitudinal impact of current 

cannabis use on global cognitive decline among older adults with HIV.

The current study sought to describe cannabis user profiles in later-life and examine benefits 

and risks of current cannabis use on cognitive and everyday function in a longitudinal 

cohort. First, we identified cannabis use patterns of older users and their demographic, 

clinical, and HIV disease correlates. In aim 1, we examined three levels of cannabis-

cognition relationships: (1a) long-term effects of average cannabis use on overall global 

cognition and (1b) global cognitive declines; (1c) short-term effects of recent cannabis 

use on visit-specific cognitive performance. Average cannabis use was characterized by 

each participant’s pattern of use over study follow-up (between-person effect) and recent 

cannabis use was characterized by use at each study visit (within-person effect). Given 

previously observed anti-inflammatory effects of cannabis in HIV, we hypothesized that 

average occasional or frequent cannabis use over study follow-up would relate to better 

cognitive function overall and less steep cognitive declines over time compared to no 

cannabis use. For recent cannabis use, we hypothesized that some measures of heavy, recent 

use would relate to worse cognitive performance at specific visits. To aid interpretation 

of global findings, we also explored cognitive domain-specific outcomes. In aim 2, to 

determine the functional relevance of our findings, we examined the effects of recent and 

average cannabis use on everyday functioning difficulties and declines over study follow-up. 

Cognitive domain and functional analyses were exploratory.

Methods

Participants were 297 community-dwelling older adults with HIV who were followed 

longitudinally with comprehensive assessments every 6–12 months for up to 10 years 

(average total visits = 3.4, average total years of follow up = 3.9, average years between 

visits = 1.1). All participants were enrolled in NIH-funded research studies at UC 

San Diego’s HIV Neurobehavioral Research Program (HNRP). Study design and cohort 

selection have been described in detail previously [38]. All study procedures were approved 

by the UC San Diego Institutional Review Board, and all participants provided written, 

informed consent. Longitudinal study visits took place from 2000 to 2020.

Inclusion criteria for the current study were availability of detailed cognitive, medical, and 

substance use data at all visits. Exclusion criteria for HNRP studies include diagnosis of 

a psychotic disorder or a neurological or medical condition that may significantly affect 
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cognitive test results (e.g., schizophrenia, epilepsy). Exclusion criteria for the current 

analyses were [1] positive drug screening test for non-prescription, addictive substances 

other than cannabis; [2] report of any substance use disorder in the past year other than 

cannabis; [3] reported use in the past year of cocaine, methamphetamine, amphetamine, 

other stimulants, heroin, other opioids, sedatives, hallucinogens, phencyclidine, ketamine, or 

inhalants.

Demographics.

Demographic information (age, education, sex, race, ethnicity, employment) was collected 

by self-report. Reading level was assessed with the Wide Range Achievement Test (WRAT) 

[39].

Cannabis Use.

Cannabis use was characterized at each study visit by self-report and THC-positive (THC+) 

urine toxicology which was determined by the presence of THC metabolites in urine. 

Frequency, quantity, and recency of cannabis use were captured via timeline follow-back 

(TLFB) interview [40]. Average cannabis use over study follow-up and recent cannabis 

use at each study visit were assessed to characterize long-term and short-term effects of 

cannabis on outcomes of interest. To define average cannabis use, frequency of cannabis 

use in the past six months was reported at each study visit and averaged across all visits 

to create a person-specific longitudinal average cannabis use score. Consistent with prior 

published longitudinal studies of cannabis use and cognition in mid-life adults [19], we next 

categorized cannabis users by greater or less than weekly use: frequent cannabis users (2–7 

days per week) (n = 23) and occasional cannabis users (once weekly or less) (n = 83). The 

occasional cannabis user group included a range of older adult cannabis users who used 

once per week (n = 21, 25.3%), on a monthly basis (n = 27, 32.5%) and less than monthly (n 
= 35, 42.2%). To assess recent cannabis use, we examined days of cannabis use in the past 

month, estimated grams of cannabis used in the past month, and THC + urine toxicology. To 

assess lifetime cannabis use, we examined history of cannabis use disorder.

Cognition.

Participants completed a standardized and validated battery of neuropsychological tests at 

each study visit, assessing global cognition and seven domains: verbal fluency, executive 

function, learning, memory/delayed recall, attention/working memory, processing speed, 

and motor skills [41]. Raw neuropsychological test scores were converted to practice-effect 

corrected scaled scores (M = 10; SD = 3) and averaged across the entire battery and 

within cognitive domains to generate global and domain-specific scaled scores, which were 

used as cognitive trajectory outcome variables [42]. Scaled scores were not adjusted for 

demographics in order to allow for examination of the influence of age, sex, race/ethnicity, 

and education on cognitive change over time.

Everyday Function.

Three measures of everyday function were assessed at each study visit, capturing functional 

status, experience of cognitive difficulties, and declines in independent functioning. 
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Functional status was assessed by a certified neuromedical interviewer via the Karnofsky 

Scale of Performance, which has been validated in people with HIV [43], and ranges from 

0 (death) to 100 (unimpaired/normal functional status). Perceived cognitive difficulties in 

everyday life were assessed by the Patient’s Assessment of Own Functioning Inventory 

(PAOFI), a 33-item self-report measure [44]. PAOFI score represents the number of 

cognitive symptoms in daily life that participants endorsed experiencing “fairly often” or 

more, and are considered clinically significant. Declines in instrumental activities of daily 

living (IADLs) were assessed by a modified version of the 1969 Lawton & Brody Scale, 

a self-report measure in which participants rate their current functioning relative to their 

previous highest level of functioning on 13 IADL domains (e.g., medication management, 

transportation, financial management, housekeeping) [45]. The total score is the number 

of IADL domains for which functional declines and a need for increased assistance are 

reported.

Clinical and HIV Disease.

Participants completed a comprehensive neuromedical examination, including a structured, 

clinician-administered questionnaire and collection of blood and urine. Clinical factors 

assessed included psychiatric, medical, and substance use comorbidities. Current depressive 

symptoms were assessed by the Beck Depression Inventory (BDI-II) [46]. Diabetes, 

hypertension, and hyperlipidemia diagnoses were collected by self-report. Alcohol and 

tobacco use were assessed by TLFB interview and defined by use in the past month. 

HIV infection was confirmed by enzyme-linked immunosorbent assay with Western blot 

confirmation, and detailed ART use history was obtained by a standardized questionnaire. 

Duration of HIV disease was estimated by time since first positive HIV test. Routine clinical 

chemistry panels, complete blood counts, rapid plasma regain, hepatitis C virus antibody, 

and CD4 + T cells (flow cytometry) assays were performed. Levels of HIV RNA in plasma 

were measured using reverse transcriptase-polymerase chain reaction (Amplicor, Roche 

Diagnostics, Indianapolis, IN), with a lower limit of quantification (LLQ) of 50 copies/ml. 

HIV RNA concentration was dichotomized as detectable vs. undetectable at the LLQ.

Covariate Selection.

For multi-level models examining cognitive outcomes, demographic, clinical, and HIV 

disease variables were selected for inclusion as covariates if they differed by cannabis use 

group at baseline at p < 0.05. Variables selected as covariates using this method were 

years of education, race/ethnicity, and estimated duration of HIV. Additional covariates were 

selected if they were associated with average overall global cognition across the study at 

p < 0.05. Variables selected as covariates using this method were age, years of education, 

race/ethnicity, diabetes, hypertension, and tobacco use. Across the study, older age, fewer 

years of education, identifying as Black, Latino, or Other (compared to White), diabetes, 

hypertension, and use of tobacco products in the past month were associated with worse 

overall global cognition. To adjust for historical and current HIV disease severity, we 

included nadir CD4 + T-cell count < 200/μL and current CD4 + T-cell count < 200/μL as 

covariates.
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Statistical analyses.

Group differences on baseline characteristics by cannabis use group were examined using 

analysis of variance or Wilcoxon tests for continuous variables and χ2 tests for categorical 

variables. Pairwise comparisons were examined using Tukey’s HSD or chi-square χ2 tests 

with Bonferroni adjustments. Cannabis use over study follow-up did not predict length of 

study follow-up (p > 0.05), so data were assumed to be missing at random.

Multi-level models examined: (1a) the long-term effects of average cannabis use on overall 

global cognition (scaled scores) and (1b) global cognitive declines (i.e., between-person 

effects); and (1c) the short-term effect of recent cannabis use on visit-specific global 

cognition (i.e., within-person effect). To accomplish this, we first examined a model that 

was unadjusted for covariates, and next we examined a model that was adjusted for age, 

sex, education, race/ethnicity, diabetes, hypertension, tobacco use, estimated duration of 

HIV, nadir CD4 + T-cell count < 200/μL, and current CD4 + T-cell count < 200/μL. The 

effect of person-mean centered age was used as a time scale and modeled as a random 

slope, allowing us to examine average cannabis use as a between-person predictor of global 

cognitive trajectory for each participant. Between-person effects capture the association 

of average cannabis use (i.e., overall pattern of cannabis use across study-follow up) 

on overall cognition (i.e., average cognition over the total study follow up period) and 

cognitive decline, while within-person effects capture the effect of visit-to-visit variation 

in cannabis use within an individual and estimate the influence of recent, heavy cannabis 

use on cognition at a specific time-point. To first identify which metric of within-person 

cannabis use best predicted variability in global cognition from visit-to-visit, we ran three 

separate multi-level models each examining a measure of recent cannabis use: days of 

cannabis use in the past month, grams of cannabis used in the past month, and THC + urine 

drug screening. Any recent cannabis use measure that was associated with global cognition 

was included in the study’s primary multi-level model that simultaneously examined the 

effects of average and recent cannabis use on cognitive outcomes. Random intercepts were 

specified, and unstandardized model estimates and 95% confidence intervals are reported. 

Multi-level models were repeated for each cognitive domain to explore domain-specific 

effects of any relationships observed on global cognition.

To investigate whether cannabis effects extend to everyday functioning, we first examined 

whether the three recent measures of cannabis use predicted visit-to-visit variability in 

measures of everyday function (functional status, cognitive difficulties, IADL declines), and 

separately, whether average patterns of cannabis use predicted overall levels of functional 

decline over study follow-up.

Results

The study cohort of 297 older adults with HIV had an average baseline age of 56.2 years 

(range = 50–84). 89% of participants were men, 72% were gay or bisexual, and 62% were 

White or European American, 19% were Black or African American, 15% were Latino or 

Hispanic, 1% were Asian American, and 3% were Other. Baseline demographic, clinical, 

and HIV disease characteristics by cannabis user group are shown in Table 1. Years of 

follow-up since baseline ranged from 0.5 to 10 years (M = 3.9; SD = 2.8).
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Cannabis User Profiles.

35.7% of the cohort (n = 106) endorsed cannabis use at some point during study follow-up 

per self-report over the prior six months at each study visit. 7.7% (n = 23) reported frequent 

cannabis use (> weekly use) and 28.0% (n = 83) reported occasional cannabis use (≤ weekly 

use) on average over study follow-up. Baseline cannabis use characteristics of occasional 

and frequent users are compared in Table 2. At baseline, occasional cannabis users averaged 

3.5 days of cannabis use in the past month, with median 0.1 g per day of use. Frequent 

cannabis users averaged of 26.1 days of use in the past month, with median 0.5 g per day 

of use. In terms of lifetime cannabis use, 37.5% of occasional users and 65.2% of frequent 

users had a history of cannabis use disorder. Occasional compared to frequent cannabis users 

differed significantly by all cannabis use characteristics examined in Table 2 at baseline.

Occasional cannabis users had more years of education than non-cannabis users and 

frequent cannabis users (F (2, 294) = 6.96, p = 0.001). Occasional and frequent cannabis 

users were more likely to be White than non-users (χ2 [2] = 18.44, p = 0.02). Occasional 

cannabis users had longer duration of HIV than non-users (F (2, 294) = 3.64, p = 0.03). 

All other demographic, clinical, and HIV disease characteristics were comparable across 

cannabis use groups (Table 1).

Short-term Effects of Recent Cannabis Use on Global Cognition.

Days of cannabis use in the past month and grams of cannabis used in the past month 

were not associated with worse global cognitive performance at each study visit (ps > 0.05). 

THC + urine toxicology was associated with worse global cognitive performance (b = − 

0.33, 95% CI = [−0.59, − 0.07], p = 0.01), indicating that at visits when a participant was 

THC-positive they performed worse relative to visits when they were THC-negative.

Unadjusted Cannabis Effects on Global Cognition and Global Cognitive Decline

In a multi-level model unadjusted for covariates, at the between-person level, occasional 

cannabis use and frequent cannabis use were associated with better global cognition 

compared to the non-user group (occasional: b = 0.77, 95% CI = [0.27, 1.27], p = 

0.003; frequent: b = 1.02, 95% CI = [0.14, 1.91], p = 0.02). Rates of global cognitive 

decline did not differ by cannabis use group (ps > 0.05). At the within-person level, the 

negative association between a THC-positive urine drug screen and visit-specific cognitive 

performance remained significant (b = − 0.37, 95% CI = [−0.61, − 0.13], p = 0.002).

Adjusted Cannabis Effects on Global Cognition and Global Cognitive Decline

Results of the multi-level model examining effects of average and recent cannabis use on 

global cognitive function and global cognitive decline adjusted for covariates are presented 

in Table 3. Covariates included age, sex, race/ethnicity, education, diabetes, hypertension, 

tobacco use, HIV disease duration, nadir CD4 + T-cell count < 200/μL, and current CD4 

+ T-cell count < 200/μL. At the between-person level, occasional cannabis use remained 

significantly associated with better global cognition compared to the non-user group (b 
= 0.50, 95% CI = [0.03, 0.96], p = 0.03), while after covariate adjustment, frequent 

cannabis use was no longer associated with better global cognition (p = 0.50) compared 

to non-users. The effect of cannabis use group on rates of global cognitive decline remained 
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non-significant (ps > 0.05) (Fig. 1). At the within-person level, the negative effect of a 

THC-positive urine drug screen remained significant; when participants tested positive for 

THC, they performed worse cognitively (b = − 0.27, 95% CI = [−0.52, − 0.02], p = 0.03), 

compared to visits when they did not test positive for THC.

Adjusted Cannabis Effects on Cognitive Domains

Examination of cognitive domain-specific outcomes revealed at the between-person level, 

that the better average global cognitive performance observed among occasional cannabis 

users compared to non-users was primarily driven by the domain of attention/working 

memory (b = 0.82, 95% CI = [0.19, 1.44], p = 0.01), with trend-level associations observed 

for verbal fluency (b = 0.56, 95% CI = [−0.06, 1.17], p = 0.07) and learning (b = 0.56, 

95% CI = [−0.08, 1.20] p = 0.09). At the within-person level, the short-term adverse effect 

of recent THC use on global cognition at specific study visits was driven by the domain 

of memory/delayed recall (b = −0.70, 95% CI = [−1.23, − 0.17], p = 0.009). Cannabis use 

group was not related to rates of decline in any of the seven cognitive domains (ps > 0.05).

Cannabis Effects on Everyday Function

Average patterns of occasional and frequent cannabis use did not predict overall levels of 

functional status, reported experience of cognitive difficulties, nor IADL declines across 

study follow-up (ps > 0.05). More days of cannabis use in the past month, however, was 

associated with greater self-reported cognitive difficulties on the PAOFI (b = 0.07, 95% CI 

= [0.01, 0.13], p = 0.01) compared to fewer days of cannabis use. Days of cannabis use in 

the past month was unrelated to functional status and IADL declines at each study visit (ps > 

0.05). THC-positiveurine drug screening and grams of cannabis used in the past month were 

unrelated to visit-to-visit variability in the functional status, cognitive difficulties, and IADL 

declines (ps > 0.05).

Discussion

In a longitudinal, well-characterized cohort of older adults with HIV, we found that 

occasional cannabis use in later-life was associated with better overall global cognition 

compared to no cannabis use, a potentially important finding given this population’s 

increased vulnerability to cognitive impairment. Further, frequent cannabis use did not relate 

to worse global cognition over study follow-up. There was no evidence that cannabis use 

moderates rates of global cognitive decline over the course of six months to 10 years, 

suggesting that cannabis use within the ranges observed in this study is not a risk factor 

for early decline in any cognitive domain. Short-term decrements in global cognitive 

performance were detected at visits when older adults had THC + urine toxicology, 

but this effect did not extend to reports of functional problems. The putative beneficial 

effect of average occasional cannabis use across follow-up was driven by better attention, 

learning, and verbal fluency performance, while the deleterious short-term effect of recent 

THC exposure was driven by poor memory performance. Together, these results suggest 

a dynamic relationship between cannabis use and cognition, and domain-specific findings 

suggest differing mechanisms may underlie the short-term versus longer term cannabis 

effects observed. Functionally, greater frequency of recent cannabis use was linked to greater 
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self-reported cognitive difficulties, while all other average and short-term cannabis use 

metrics showed no effect on overall level nor visit-to-visit variability in functional status, 

self-reported cognitive difficulties, or IADL declines.

The present study provides several novel contributions to the current sparse literature that 

examines cannabis use and cognitive function among older adults [6, 14, 47]. Occasional 

and frequent cannabis users did not show higher burden of medical comorbidities such as 

diabetes or hypertension compared to non-users, nor did occasional or frequent cannabis 

users show worse historical or current HIV disease outcomes with similar levels of current 

CD4 + T-cell counts, current ART use, and undetectable plasma HIV RNA. Overall, 

examination of demographic, clinical, and HIV disease variables showed that later-life 

cannabis use was not associated with poor health outcomes. However, it is important to 

note that cannabis users in both the occasional and frequent cannabis user groups endorsed 

relatively moderate doses of daily cannabis use (as measured by grams/day because we 

lacked cannabinoid content and potency data). Thus, it is possible that our findings are not 

generalizable to older adults who have heavier cannabis consumption patterns.

The more acute finding that memory performance was worse on visits when participants 

had recently used THC is consistent with the notion that commonly observed cannabis-

associated deficits in verbal memory [48] are due to the short-term pharmacological effects 

of THC, and these deficits resolve after short periods of cannabis abstinence (i.e., 25 days) 

[49, 50]. While worse performance appears to be restricted to periods of greater frequency 

THC use in our analyses, even a short-term decrement in memory functioning could 

lead to challenges in everyday functioning such as medication and financial management. 

However, THC-positive urine toxicology was unrelated to variability in functional outcomes, 

suggesting these memory decrements may not substantially impair everyday function. An 

alternative explanation is that our self-report and clinically-rated functioning measures 

may not be sensitive to subtle changes in functioning as they are proxies of impairment 

in real-world functioning and subject to reporter bias [51]. Performance-based and direct 

observation everyday functioning measures may be advantageous to employ in future studies 

of cannabis use to improve the ecological validity of everyday functioning assessment. 

Future research is also needed to determine whether the biphasic, age- and dose-dependent 

effects of THC on memory observed in animal studies (i.e., low dose THC administration 

improves memory function selectively in older mice, while high dose THC induces memory 

impairment) translate to older human populations [52, 53]. Such work will be critical for 

establishing cannabinoid-specific recommendations for older adult medical and recreational 

use to limit any possible negative cognitive outcomes due to use of THC. Our results 

also underscore the importance of delineating short-term vs. long-term effects of cannabis 

on various indicators of cognitive performance, including cognitive variability from visit-to-

visit, overall performance over time, and cognitive declines.

The short-term negative association between THC and memory performance did not extend 

to overall cognitive performance across the study. In fact, a pattern of occasional cannabis 

use across the study (≤ weekly use) was associated with better global cognitive performance 

compared to no cannabis use, above and beyond demographic, clinical, and HIV disease 

predictors of cognition and correlates of cannabis use. This relationship was driven by 
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performance in attention, learning, and verbal fluency, highlighting cognitive domains that 

are commonly affected in HIV, and are clinically relevant in predicting everyday functioning 

outcomes [45]. However, in this cohort, occasional cannabis did not predict improved 

functional outcomes as assessed by interviewer-determined functional status, self-reported 

cognitive difficulties, or self-reported IADL declines. As noted above, our metrics of 

everyday function could lack sensitivity to detect cannabis effects.

Our study’s finding that occasional cannabis use is consistently linked to better overall 

global cognition in older age advances prior cross-sectional studies in adults with HIV 

which have observed positive associations between past or current cannabis use and 

cognition [37, 54, 55]. Cross-sectionally, null effects [56–58] and adverse effects of cannabis 

are also observed, in particular on learning and memory performance, selectively among 

moderate-to-heavy cannabis users [59] and those with more advanced symptomatic HIV 

disease [60], indicating that harmful effects may be contingent on specific high levels 

of use or more severe HIV disease. It is possible that occasional cannabis users may 

have started with better cognition function as they had on average 1.2 more years of 

formal education than non-cannabis users. While we adjusted for education in our analyses 

and reading level, a proxy for educational quality, did not differ by cannabis use group, 

residual confounding related to educational experiences or other unmeasured sociocultural 

factors could have influenced our analyses. Any protective relationship observed between 

cannabis use and cognitive function may be due to the direct effects of cannabis and 

cannabinoids on cognition (e.g., via mitigation of chronic neuroinflammation and neural 

injury that contribute to cognitive dysfunction), or indirect effects (e.g., via amelioration 

of clinical symptoms such as chronic pain or sleep disturbances which can interfere 

with daily cognitive functioning). Evidence for direct cannabis effects are supported 

by animal and human studies which show cannabinoids can disrupt and attenuate age-

related neuroinflammation [61, 62], and HIV-associated pro-inflammatory processes that 

are associated with cognitive impairment [36, 63, 64]. It is important to note that heavier 

cannabis consumption may disrupt endocannabinoid system homeostasis [65], and eclipse 

any possible neuroprotective effects that cannabis may show in inflammatory conditions. 

A structural neuroimaging study showed that heavier quantities of cannabis use (grams 

used in the past month) of cannabis use were associated with smaller entorhinal cortex and 

fusi-form gyrus volumes in HIV + adults [66]. While many older adults and people with 

HIV report cannabis use to treat conditions such as insomnia, anxiety, and depression that 

can negatively impact cognitive function [10, 67], future mechanistic studies are necessary 

to explore to what degree clinical symptom reductions and/or neuroinflammatory and brain 

functional or connectivity changes mediate cannabis-cognition relationships.

Cannabis use was unrelated to rates of decline in global cognition in our cohort, suggesting 

that while cannabis use may positively influence overall cognitive level and/or contribute to 

maintained cognitive function, its effects do not extend to slowing the process of age-related 

cognitive decline. While similar analyses that investigate the potential of cannabis products 

to attenuate or accelerate cognitive declines in older adults with and without HIV are 

scarce [6], one large longitudinal study of men with and without HIV found current daily 

and monthly cannabis use were associated with declines in processing speed selectively 

among men with HIV [68]. The authors note the magnitude of the effect was small and 
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not clinically meaningful. Our study’s cognitive domain specific analyses were inconsistent 

with this prior study, revealing null results across all seven domains, including processing 

speed. Our lack of findings on cognitive slope may also be influenced by the younger age 

distribution of our older adult cohort, with a mean age of 58.8 across all study visits. Older 

cohorts with greater variability in rates of cognitive decline may increase statistical power to 

detect cannabis effects on cognitive slope.

Our study has notable strengths and limitations. Our analytic approach was comprehensive 

in examining both average between-person and short-term within-person cannabis effects 

on overall cognition, cognitive declines, and visit-to-visit changes in cognitive performance. 

Further, we took a robust approach to covariate adjustment for demographic, clinical, and 

HIV disease predictors of cognition and correlates of cannabis use. Lastly, our cannabis 

use measures were defined both by self-report and urine drug screening, while previous 

population-based investigations of cannabis use and cognitive function in older adults and 

adults with HIV relied solely on retrospective self-report which is vulnerable to recall bias 

[69], and these previous studies could not examine THC-specific effects.

Our results should be interpreted in light of several limitations. While we employed 

robust statistical methods in a longitudinal cohort, we cannot infer causality based on the 

observational design of the study. We also cannot discount the possibility that unmeasured 

third variables underlie the relationships observed. Our study lacked an HIV-negative older 

adult comparison group, which would enable us to examine whether the cannabis-cognition 

relationships we observed are restricted to people with HIV or extend to older adults without 

HIV. Demographically, our older adult sample is predominantly male (89%), majority 

White (62%), and does not reflect the gender, ethnic, and racial diversity of the national 

population of people with HIV, which is 22% women and 70% people of color [70]. Future 

analyses with greater representation of women, and ethnic and racial minorities who are 

disproportionately affected by the HIV epidemic are needed. While we initially aimed to 

examine cannabis use in vulnerable older adults, and the age of participants ranged from 

50 to 84 years at baseline, the majority of our available cohort may be more appropriately 

described as middle-aged to older adults. Thus, our findings may not generalize to older 

adults ages 65 and older, who may be more susceptible to adverse cannabis effects and 

comprise the fastest growing cannabis user group in the U.S. While we considered the 

effects of sociocultural (e.g., education) and medical (e.g., diabetes, hypertension) factors on 

older adults’ cognitive performance, our study was limited by the lack of data on cognitive 

risk factors related to major medical events such as medical surgeries involving general 

anesthesia. When characterizing the influence of substance use on cognition (e.g., past 

month alcohol and tobacco use), we lacked data that could capture frequency and severity 

of alcohol and tobacco use, which may have underestimated their influences on cognition. 

Finally, we did not collect detailed information about older adults’ medical or recreational 

motivations for cannabis use (e.g., specific anxiety, sleep, or pain symptoms medical users 

may be attempting to treat with cannabis products), the potency and cannabinoid profiles 

of products used from 2000 to 2020, nor route of administration (e.g., smoking, vaping, 

edibles, tinctures). We also lacked continuous data characterizing THC concentration, which 

would have allowed us more variability to assess whether specific levels of THC urine 

toxicology were related to cognitive outcomes. Detailed characterization of cannabinoid 
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content, direct measurement of cannabis metabolites, and thorough characterization of 

sociocultural, medical, and substance use covariates are needed in future cannabis research. 

Specifically, the potential divergent effects on cognition by dose and cannabinoid should 

be investigated (e.g., high THC vs. high CBD vs. 1:1 THC + CBD profiles, as well as 

less-studied cannabinoids).

To our knowledge, this study is the first to characterize longitudinal patterns of current 

cannabis use and global cognitive performance over time in a cohort of older adults with 

HIV. We found no evidence that cannabis use influences risk for cognitive nor functional 

decline. Our findings suggest a short-term cognitive risk of THC-based cannabis products 

on memory performance, but a possible long-term global cognitive benefit from occasional 

(once weekly or less) later-life cannabis use. Further mechanistic work is needed to probe 

this positive finding to inform whether cannabinoids show therapeutic potential in treating 

chronically elevated neuroinflammation and reducing downstream cognitive problems in 

people with HIV.
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Fig. 1. 
Occasional cannabis users demonstrated better global cognitive performance over time 

compared to non-users (b = 0.50, p = 0.03). Frequent cannabis users and non-users did not 

differ in global cognitive performance (b = 0.29, p = 0.50), nor did occasional cannabis users 

and frequent cannabis users (b = 0.21, p = 0.65). Rates of global cognitive decline did not 

differ between cannabis use groups (ps > 0.05) with similar trajectories of global cognitive 

decline between occasional cannabis users and non-users (b = 0.02, p = 0.52), frequent 

cannabis users and non-users (b = 0.03, p = 0.71), and occasional users and frequent users 

(b = 0.009, p = 0.91). Notes: Intercepts, slopes, and 95% CI bands were derived from 

multi-level model estimates
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Table 2

Cannabis use characteristics of occasional and frequent use groups at baseline

Characteristic Occasional cannabis use
n = 83

Frequent cannabis use
n = 23

F or χ2 (df) p-value

Age of first use 19.4 (7.0) 13.6 (4.2) 14.0 (1, 96) < 0.001

Total days used1 3.5 (7.3) 26.1 (7.1) 173.3 (1, 104) < 0.001

Total grams used1 0.3 (0–0.5) 7.5 (3–15) 31.9 (1, 104) < 0.001

Median grams/day1,2 0.1 (0–0.2) 0.5 (0.2–0.5) 13.6 (1, 104) < 0.001

Days since last use 21 (4–98) 1 (0.9–2) 12.1 (1, 104) < 0.001

THC + urine toxicology 21.3% 86.4% 32.2 (1) < 0.001

History of cannabis use disorder 37.5% 65.2% 5.6 (1) 0.02

Data are presented as Mean (SD) or Median (IQR)

1
Over the past month;

2
Per day of cannabis use
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Table 3

Effects of average and recent cannabis use on global cognition and global cognitive decline among older adults 

with HIV

Estimate SE p-value

Between-person level (long-term effects of average use)

Outcome: Average Global Cognition Scaled Score

 Occasional cannabis use (vs. no use) 0.50 0.24 0.03

 Frequent cannabis use (vs. no use) 0.29 0.43 0.50

 Average age −0.08 0.02 < 0.001

 Sex −0.28 0.15 0.06

 Education 0.14 0.04 < 0.001

 Race/ethnicity −0.44 0.11 < 0.001

 Diabetes 0.02 0.26 0.93

 Hypertension −0.48 0.23 0.04

 Tobacco Use −0.54 0.35 0.12

 Average HIV duration 0.003 0.01 0.80

 Nadir CD4 + T-cell count < 200/μL 0.09 0.19 0.62

Outcome: Global Cognitive Decline

 Slope of global cognition (for non-users) −0.04 0.02 0.04

 Occasional cannabis use (vs. no use) 0.02 0.03 0.52

 Frequent cannabis use (vs. no use) 0.03 0.08 0.71

Within-person level (short-term effects of recent use)

Outcome: Visit-to-visit Change in Global Cognition

 THC + urine toxicology −0.27 0.13 0.03

 Current CD4 + T-cell count < 200/μL −0.09 0.20 0.66
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