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Abstract

We assessed the association between marijuana use and retention in HIV care through a 

retrospective cohort study of patients engaged in care at a large HIV clinic in 2011 and 2012. Two 

different retention outcomes were assessed: not meeting the Institute of Medicine’s (IOM) 

retention definition (≥2 provider visits ≥90 days apart in a calendar year) and no-show visits. Any 

marijuana use and frequency of marijuana use were obtained from a substance use screening 

questionnaire administered at each clinic visit. Modified Poisson regression was used to estimate 

risk ratios and 95% confidence intervals for the association between marijuana use and retention 

outcomes. Marijuana use was reported by 17% of 1,791 patients and 21% were not retained (IOM 

definition). Marijuana use was not associated with the IOM retention outcome, but was associated 

with missing the next scheduled appointment. A non-linear dose- response was observed for 

frequency of marijuana use and missed visits, with daily users having the highest risk compared to 

non-users. Daily marijuana use had a negative impact on HIV clinic attendance. Further research is 

needed to elucidate the mechanisms by which marijuana use affects this outcome to inform 

targeted interventions.
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INTRODUCTION

Attitudes and laws regarding marijuana use in the United States (US) have been rapidly 

changing. Currently, 28 states and the District of Columbia have legalized marijuana for 

medical or recreational use (1). Beginning in 2012, Alaska, California, Colorado, the District 

of Columbia, Maine, Massachusetts, Nevada, Oregon, and Washington have either fully 

implemented or passed legislation for legalized recreational use. In 2015, 8.3% of the US 

general population (≥12 years) reported marijuana use in the past month, with use being 

most commonly reported in those 18–25 years old (19.8%) (2). Furthermore, marijuana use 

in the US has steadily increased since 2008 (2).

As with other types of non-injection drug use, marijuana use is more common among people 

living with HIV (PLWH) (3). The Centers for Disease Control and Prevention’s Medical 

Monitoring Project, a population-based surveillance system for clinical and behavioral 

characteristics among PLWH receiving outpatient medical care in the US between 2005 and 

2009, reported past year marijuana use in 22% of participants (4) – twice that of the general 

population. Other studies report 25% marijuana use in the past three months (5, 6), while the 

Women’s Interagency HIV Study reported 16–29% marijuana use in the past six months 

across six study sites (7).

The impact of legalization on trends in marijuana use is unclear. However, as marijuana use 

becomes more accepted, the public health implications of use, including adverse 

consequences or potential benefits, need to be investigated and clarified (8). Among PLWH, 

marijuana has been associated with behavior that can contribute to HIV transmission (9, 10) 

and may fuel abuse of other drugs in polysubstance using PLWH (11–13), thereby 

contributing to poorer outcomes. On the other hand, alleviation of a variety of symptoms 

including anxiety, depression, loss of appetite, nausea, and pain are a commonly reported 

reason for marijuana use among PLWH (14–18) and controlled trials have demonstrated the 

utility of cannabis/cannabinoids in the treatment of neuropathic pain from multiple 

etiologies (19), including HIV-associated neuropathy (20).

The impact of marijuana use on HIV care and treatment outcomes, however, is not well 

studied and results are inconsistent. Some studies have suggested that marijuana use is 

associated with worse antiretroviral therapy (ART) adherence (7, 21, 22), while others have 

not (23, 24), including better adherence among PLWH suffering from nausea (24). Similarly, 

cannabis use was found in separate studies to be associated with higher (25) and lower (26) 

viral loads, and to have no association with viral load (27, 28). There are even fewer studies 

of marijuana use and retention in HIV care, again with inconsistent results (29–31). 

Therefore, the objective of this study was to assess the association between marijuana use 

and retention in HIV care in a large clinical cohort in the southeastern US.
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METHODS

Study site and population

We conducted a retrospective cohort study using data from the Vanderbilt Comprehensive 

Care Clinic (VCCC). The VCCC provides outpatient, primary HIV medical care and non-

medical services to over 3,000 PLWH in Middle Tennessee and draws patients from the 

large, urban Nashville area and surrounding rural communities. Laboratory and clinical 

information is regularly updated, validated, and extracted from patient electronic medical 

records. For the current study, patients from the VCCC were included if they were ≥18 years 

old and attended ≥2 medical provider visits between January 1 and December 31, 2011. 

Demographic and clinical data were obtained from the electronic medical record.

Retention outcomes

The primary outcomes of the study were two different retention outcomes assessed in 2012. 

Consistent with other studies and definitions, only HIV medical provider visits were 

considered for retention purposes; inpatient visits, emergency department visits, and 

ancillary services such as nutrition, mental health, or laboratory were not utilized. The first 

outcome was failure to be retained in the following calendar year (2012) according to the 

Institute of Medicine (IOM) definition (retained if ≥2 provider visits ≥90 days apart in a 

calendar year) (32). Clinic appointment dates and status (completed, canceled, or no show) 

were obtained for 2012. Irrespective of how many medical provider visits were scheduled, 

canceled, or missed, a patient was considered retained if he or she met the IOM definition. 

The second retention outcome was missed visits in 2012. Again utilizing appointment dates 

and status, a visit was considered to be missed if the status was ‘no show’ and not missed if 

the status was ‘completed’. Canceled visits were ignored.

Marijuana and other substance use

At each clinic visit, all patients were administered a short screening questionnaire by the 

clinic nurse after being brought into the exam room. The questionnaire asks how many times 

in the last seven days a patient missed ART, used specific substances, including marijuana, 

and smoked cigarettes (Table 1) (28). The questionnaire is used as part of routine clinical 

care and was designed to be concise so it would not disrupt the flow of clinic operations but 

allow for data collection from all patients.

Responses to the substance use and alcohol screening questions were obtained for each 

clinic visit in 2011 for use in the IOM retention analysis. Only those patients with screening 

questionnaire responses on at least two different dates in 2011 were used in the analysis. 

This was done to obtain a better indication of substance use, since infrequent users may 

report use on some, but not all, questionnaires. Any marijuana use was defined as use at least 

one time in the past week on at least one screening questionnaire. Frequency of marijuana 
use was calculated by summing the number of times used in the last seven days across all the 

screening questionnaires administered to that patient, then dividing by the number of 

administered screening questionnaires. This provides an indication of the average number of 

times used per week: zero (non-users), between zero and one (less than weekly use), 1 to <7 

(weekly use), and ≥7 (daily use). For each of the other illicit substances, we report only any 
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use due to their low prevalence and low frequency of being reported. Use of other illicit 

substances was further combined into any non-marijuana substance use. Frequency of 

alcohol use was calculated identically to that of marijuana use.

Similarly, responses to the substance use and alcohol screening questions were obtained for 

each clinic visit in 2012 for use in the missed-visit analysis. Because the association of 

interest was on marijuana use and missing the subsequent clinic visit, only marijuana use 

reported on the current screening questionnaire was utilized, rather than averaging across 

multiple screening questionnaires. In this way, patients contributed multiple observations to 

the missed visit analysis equal to the number of completed clinic visits for which marijuana 

use was assessed. Other illicit substance use was calculated as any use versus no use at each 

clinic visit, and frequency of alcohol use was calculated identically to that of marijuana use.

Statistical analysis

The association between marijuana use and IOM-defined retention in the subsequent 

calendar year was assessed in all patients with at least two medical provider visits in 2011. 

Modified Poisson regression was used to estimate risk ratios (RR) and 95% confidence 

intervals (CI) for the association between marijuana use and not being retained in care the 

following year. Modified Poisson regression was used to avoid potential convergence 

problems with log linear models and to improve interpretation over logistic regression since 

the outcome is relatively common (33). Marijuana use was analyzed both as any use during 

the calendar year (versus no use) and as frequency of use. Because the latter is a continuous 

variable, a restricted cubic spline was initially used to relax assumptions of a linear 

relationship with retention. A four-knot spline was specified, with knots at the 5th, 35th, 65th, 

and 95th percentile among patients reporting marijuana use, and a Wald test was used to 

jointly test the contribution of the non-linear terms. If their joint contribution was not 

statistically significant (p≥0.05), the model was simplified to only include a linear term for 

frequency of marijuana use. Age (continuous), race/ethnicity, sex, HIV risk category, years 

since HIV diagnosis (continuous), any non-marijuana substance use, and frequency of 

alcohol use (continuous) were included in the model to control for confounding. Continuous 

variables were assessed for linearity in their association with poor retention as described 

above for marijuana use.

The association between marijuana use and missing the subsequent visit included a subset of 

patients who had at least two medical provider visits in 2011 and who also had at least one 

completed HIV clinic visit in 2012 followed by a scheduled return visit. Modified Poisson 

regression was again used to estimate RR and 95% CI for the association between marijuana 

use and missing the subsequent visit. Because this analysis was longitudinal over the 

calendar year and included multiple observations from each patient, generalized estimating 

equations were used to account for outcome correlation within participants (exchangeable 

correlation structure). The analysis was conducted as described above for the IOM retention 

outcome. A second analysis was conducted to explore the association between marijuana use 

and missed visits among the subset of patients who were retained in care in 2012 according 

to the IOM retention definition.

Kipp et al. Page 4

AIDS Behav. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



All analyses were conducted using Stata 12.0 (College Station, TX). This study was 

approved by the Vanderbilt University Medical Center Institutional Review Board.

RESULTS

A total of 1,791 patients met the inclusion criteria, having a median of three clinic visits 

during 2011 (interquartile range [IQR] from two to four). The median age was 45 years 

(IQR; 36 to 51), 75% were male, 51% were Caucasian, 38% were African-American, and 

patients had been diagnosed with HIV for a median of eight years (IQR: 4 to 13) (Table 2). 

The predominant risk factor for HIV acquisition was men having sex with men (MSM; 

56%). Any marijuana use during 2011 was reported by 311 (17%) patients, with the majority 

reporting weekly use (i.e., frequency of use between one and six times per week). Non-

marijuana substance use was reported by 4% of patients and primarily involved cocaine use. 

Marijuana users tended to be younger (particularly those with more frequent use), male, 

African-American, and to have had a history of injection drug use (IDU) or other substance 

use, predominantly cocaine. Alcohol use did not differ substantially between marijuana 

users and non-users. Provider visits, ART status, and CD4 cell counts also did not differ; 

however fewer marijuana users were virologically suppressed (HIV RNA <50 copies/mL), 

and of patients not suppressed, viral loads were higher among marijuana users and increased 

substantially with the frequency of use (Table 2).

IOM retention analysis

The majority of patients met the IOM definition of retention in HIV care during the 

following calendar year, while 383 (21%) failed to be retained. After adjusting for age, sex, 

race, HIV risk category, time since HIV diagnosis, non-marijuana substance use, and 

frequency of alcohol use, neither any marijuana use (RR=1.07; 95% CI: 0.85, 1.33) nor 

frequency of marijuana use was associated with failing to be retained in care (RR=1.02; 95% 

CI: 0.98, 1.06) (Table 3).

Missed visits analysis

Of the 1,791 patients included in the IOM retention analysis above, 1,549 had ≥1 completed 

clinic visits, ≥1 completed substance use questionnaires, and ≥1 additional scheduled clinic 

appointments during 2012, and were therefore included in the analysis of missed visits. 

These patients provided a total of 4,183 clinic visits with available substance use data and a 

scheduled return appointment; 274 (18%) patients had at least one missed visit and 652 

(16%) of scheduled appointments were missed.

Overall, any reported marijuana use was associated with a 38% increased risk of missing the 

next scheduled appointment (adjusted RR=1.38; 95% CI: 1.12, 1.69) (Table 4). Frequency of 

marijuana use was also associated with missing a subsequent appointment and demonstrated 

a non-linear relationship where the highest risk occurred for those reporting daily marijuana 

use (7–14 times in the past week, Figure 1). Based on this relationship and compared with 

never users, patients using marijuana one to two times per week had minimal, if any, risk of 

missing the next scheduled appointment (Figure 1 and Table 4). More frequent use rapidly 

increased the risk of missed visits, with patients reporting marijuana use seven times in the 
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past week having a 67% increased risk of missing the next appointment (adjusted RR=1.67; 

95% CI: 1.30, 2.15). The observed associations remained among the subset of patients 

retained in care during the same year (IOM definition).

DISCUSSION

The current study of marijuana use and retention in HIV care found that marijuana use was 

not associated with failing to meet the IOM retention definition of at least two clinic visits at 

least 90 days apart during the following calendar year. However, within that following year, 

marijuana use was associated with missing the next scheduled clinic appointment. In 

particular, daily use (≥7 times per week) resulted in at least a 65% increase in risk of missing 

the next scheduled visit, while low frequency of use (1–2 times per week) demonstrated little 

increase in missed visits. This finding persisted among patients who met the IOM retention 

definition for that year, which is a concern because missed visits have been associated with 

mortality even when patients are retained according to the IOM definition (34).

Little has been published on the impact of marijuana use on retention in HIV care. Our 

findings are consistent with two prior studies which found marijuana use to be associated 

with missed visits, but not with retention measures based on kept visits such as the IOM 

indicator. A prospective study of 178 female adolescents found that weekly or daily 

marijuana use was inversely associated with keeping appointment visits (rate ratio=0.87; 

95% CI: 0.76, 0.99), while less frequent marijuana use was not associated with keeping 

appointments (rate ratio=0.91; 95% CI: 0.80,1.04) (29). In contrast, a cross-sectional study 

of 152 young African-American MSM found that daily marijuana use (odds ratio=1.31; 95% 

CI: 0.40, 4.30) and weekly or less than weekly use (odds ratio=1.69; 95% CI: 0.53, 5.38) 

was associated with better retention using the IOM definition, though estimates were 

imprecise (31). Unlike these two studies, however, ours involved a much larger population 

and better represents the HIV population in the US. Further, because our screening 

questionnaire asks about the number of times marijuana was used, we explored the dose-

response relationship with retention outcomes. Of note, our findings demonstrate that among 

patients classified as weekly marijuana users (1–6 times per week), the relative risk of 

missing the next clinic appointment increases rapidly, from 6% to 56% higher risk than non-

users, before leveling off among daily users.

The reason for marijuana’s association with missed visits, but not completion of a minimum 

number of visits (IOM definition), is not altogether surprising because these assess different 

aspects of retention in HIV care (35). Visit attendance may be more sensitive to the shorter-

term, more immediate effects of marijuana, while the IOM retention definition may be less 

sensitive, possibly requiring a cumulative or chronic effect of marijuana use that must 

surpass some threshold before adversely impacting retention, as may occur with substance 

use disorders. According to the 2015 National Survey on Drug Use and Health, substance 

use disorder is relatively low among current marijuana users (18% of users), but much more 

common among current users of cocaine (43%), illicit opioid pain relievers (57%), heroin 

(100%), and methamphetamine (100%) (2). We do not have reliable data on marijuana use 

disorder in our study population and therefore cannot explore retention outcomes between 

disordered and non-disordered marijuana use. This is an area for future research. Unlike 
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marijuana use, use of other illicit substances is associated with both missed visits (36) and 

failure to keep a minimum number of visits over a period of time (37, 38), perhaps reflecting 

that most non-marijuana substance users have a substance use disorder and HIV care is not 

always considered a high priority (39, 40).

In our setting, where marijuana use of any kind is illegal, heavy marijuana use could be an 

indicator of lower levels of social stability, though not reaching the level of disruption that 

may occur with substance use disorders. Social stability refers to a life structure and reliable 

routine that protects against hazards and helps maintain societal expectations (41). It is a 

construct comprised of housing, employment, relationship, and legal status and may also 

include residential stability, income, and social support. Disruption of this structure and 

routine can have a detrimental impact on important health behaviors (42, 43). However, 

social stability has rarely been evaluated as a risk factor for retention or ART adherence (41, 

44), though some studies have evaluated the impact of individual components of social 

stability (45, 46). In this case, adjustment for social stability that influences both marijuana 

use and retention in care may reduce, remove, or otherwise explain the association between 

marijuana use and retention.

Alternatively, the impact of long-term marijuana use on cognitive function could lead to 

lapses in health seeking behavior. A recent study found high levels of cumulative marijuana 

use were associated with reduced cognitive function among middle-aged adults, and that 

current, near daily marijuana use was very common among those with high cumulative use 

(47). Further research is needed to elucidate the mechanisms by which marijuana use may 

impact retention outcomes, which would then inform where and how to target interventions 

related to marijuana use and retention outcomes. Future research should also focus on how 

marijuana use and retention impact clinical outcomes in PLWH. There is uncertainty about 

the impact of marijuana use on ART adherence and viral suppression (7, 21–28). In our 

study population, virologic suppression was slightly less common among marijuana users 

regardless of frequency of use. However, among those not virologically suppressed, median 

viral loads increased with increasing frequency of use.

This study has limitations, which should be acknowledged. First, data on marijuana use was 

collected via patient self-report, which could lead to under-reporting; our estimate of any use 

of 17% is slightly lower than other reports among HIV patients in similar populations. 

Ongoing evaluation of marijuana use in our patient population suggests the clinical 

screening underestimates the number of marijuana users as well as the frequency of use 

among users. If this underestimation is non-differential with regard to retention outcomes, 

then our results are biased toward the null. Our results are also biased toward the null if 

underreporting of marijuana use is greater among those not retained or who miss 

appointments – a likely scenario. Depending on the degree of under-reporting, the true 

association between marijuana use and both retention outcomes may be much larger, and 

marijuana use may be associated with both outcomes, not just missed appointments. Second, 

in order to obtain more detailed marijuana use data, patients were included if they had a 

minimum of two clinic visits in 2011, possibly reducing the risk of poor retention in the 

subsequent year and attenuating the true effects of marijuana use on retention. Third, our 

analysis excluded individuals who did not have substance use data due to multiple missed 
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appointments. To the extent these appointments were missed because of marijuana use, our 

results could be attenuated compared to what would be found if substance use data were 

available from all PLWH regardless of appointment status. Fourth, because marijuana use 

was only measured at clinic visits, which may be scheduled several months apart, it may not 

accurately reflect use around the time of the next scheduled visit. For each of these reasons, 

our findings may be considered conservative estimates. Future research on retention 

outcomes should measure marijuana use that is independent of whether or not a clinic or 

study visit is attended. This could be done using techniques such as ecologic momentary 

assessment or daily diaries (48–51). Finally, consistent with other retention studies, 

cancelled visits were not considered missed visits and were ignored in the analysis. While 

many of these were cancelled by the clinic or provider, some patients may cancel for reasons 

related to their substance use. However, calling to cancel an appointment indicates continued 

engagement with the clinic, unlike the lack of contact that constitutes poor retention. As 

with all observational studies, there may be variables that confound the relationship between 

marijuana use and retention that we failed to control for. Polysubstance in our study 

populations was low, so our findings may not be generalizable to other substance using 

populations.

In conclusion, our findings suggest a negative impact of daily marijuana use on subsequent 

HIV clinic attendance, and may even underestimate the magnitude of this impact. Given the 

expansion of legalized medical and recreational marijuana in the United States, further 

research is needed to elucidate the mechanisms by which marijuana use may affect retention 

outcomes. This would inform where and how to target interventions: heavy users and/or 

those with marijuana use disorder (but not all users), or else the social context of regular 

marijuana users if that, rather than marijuana use itself, proves to be the determinant of 

missed visits. In the meantime, providers could engage young MSM, a group our data 

suggest are more likely to be using marijuana daily, to discuss how substance use and related 

social contexts may hinder HIV care and treatment.
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FIGURE 1. 
Relationship between number of times marijuana was used in the past week and risk of 

missing the next scheduled clinic appointment. Predicted risk (solid line) and 95% CI of the 

predicted risk (dashed lines) modeled using a restricted cubic spline with knots at 1, 2, 7, 

and 14 uses in the last 7 days. Predicted risks represent the risk of missing the subsequent 

clinic appointment for a patient having the median value of each covariate (45 year old 

White male, living with HIV for 8 years, MSM risk category, no alcohol use, and no non-

marijuana illicit substance use); Not shown on the histogram are those reporting no use 

(n=3,761) and those reporting marijuana use >14 times in the last 7 days (n=12).
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Table 1

Clinical questionnaire on substance use and adherence to antiretroviral therapy.

1. In the last week (7 days), how many times did you miss any of your HIV medications (antiretroviral therapy only)?

—Times    □Not on ART

2. In the last week (7 days), how many times did you use any of these substances?

—Marijuana

—Cocaine/crack

—Amphetamines/crystal meth

—Heroin

—Other (specify)

3. How many alcoholic drinks have you had in the past 7 days?

—Alcoholic drinks

4. How many cigarettes have you smoked in the past 7 days?

—Cigarettes
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Table 3

Crude and adjusted associations between marijuana use and not being retained in care during the following 

calendar year (n=1,791).

Crude RR (95% CI) Adjusted RR (95% CI)a

Any marijuana use

 No                 Ref                     Ref

 Yes 1.22 (0.98, 1.52) 1.07 (0.85, 1.33)

Frequency of marijuana useb 1.04 (1.01, 1.07) 1.02 (0.98, 1.06)

a
Adjusted for age (continuous), sex, race, HIV risk category, time since HIV diagnosis (continuous), non-MJ substance use, and frequency of 

alcohol use (continuous); p≥0.25 for all Wald tests for non-linearity of continuous variables.

b
Association for each 1 unit increase in the average number of times used in the past week; p=0.46 for Wald tests for non-linearity of continuous 

variables
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Table 4

Crude and adjusted associations between marijuana use and missing the next scheduled clinic appointment.

All patients contributing observations
(n=1,549)

Retained patients
(n=1,401)

Crude RR
(95% CI)

Adjusted RR
(95% CI)a

Adjusted RR
(95% CI)a

Any marijuana use

 No Ref. Ref. Ref.

 Yes 1.58 (1.29, 1.93) 1.37 (1.12, 1.69) 1.34 (1.06, 1.70)

Frequency of marijuana useb

 1 time per week (vs. no use) 1.13 (0.97, 1.32) 1.06 (0.91, 1.23) 1.02 (0.86, 1.22)

 4 times per week (vs. no use) 1.59 (1.15, 2.18) 1.32 (0.95, 1.82) 1.25 (0.86, 1.82)

 7 times per week (vs. no use) 1.95 (1.50, 2.53) 1.67 (1.30, 2.15) 1.72 (1.28, 2.31)

 14 times per week (vs. no use) 1.80 (1.21, 2.67) 1.64 (1.12, 2.39) 1.73 (1.10, 2.71)

a
Adjusted for age (continuous), sex, race, HIV risk category, time since HIV diagnosis (continuous, spline), non-MJ substance use, and frequency 

of alcohol use (continuous).

b
Modeled using a restricted cubic spline (see Figure 1).
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