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Objectives: Individuals with HIV constitute the largest group
using cannabinoids for medicinal reasons; yet, no studies have
directly compared the tolerability and efficacy of smoked marijuana
and oral dronabinol maintenance in HIV-positive marijuana smokers.
This placebo-controlled within-subjects study evaluated marijuana
and dronabinol across a range of behaviors: eating topography, mood,
cognitive performance, physiologic measures, and sleep.

Methods: HIV-positive marijuana smokers (n = 10) completed 2
16-day inpatient phases. Each dronabinol (5 and 10 mg) and
marijuana (2.0% and 3.9% A°-tetrahydrocannabinol [THC]) dose was
administered 4 times daily for 4 days, but only 1 drug was active per
day, thereby maintaining double-blind dosing. Four days of placebo
washout separated each active cannabinoid condition.

Results: As compared with placebo, marijuana and dronabinol dose
dependently increased daily caloric intake and body weight in HIV-
positive marijuana smokers. All cannabinoid conditions produced
significant intoxication, except for low-dose dronabinol (5 mg); the
intoxication was rated positively (eg, “good drug effect”) with little
evidence of discomfort and no impairment of cognitive performance.
Effects of marijuana and dronabinol were comparable, except that
only marijuana (3.9% THC) improved ratings of sleep.

Conclusions: These data suggest that for HIV-positive marijuana
smokers, both dronabinol (at doses 8 times current recommendations)
and marijuana were well tolerated and produced substantial and
comparable increases in food intake.
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bjectively defining the effects of cannabinoids, including

marijuana, in HIV-positive patients is essential from
public health and public policy perspectives. Individuals
with HIV constitute the largest group using cannabinoids for
medicinal reasons, and a considerable proportion of those
with HIV currently smoke marijuana.’* Among HIV patients
sampled in American and English medical clinics, 20% to
23% reported current marijuana use,>* whereas the incidence
in Canada ranges from 14% to 37%.>° Public support for
medical marijuana is strong. Recent polls show that 70%
to 80% of the American public supports a policy whereby
physicians can prescribe marijuana, and 10 states have passed
medical marijuana ballot initiatives in opposition to federal
policy prohibiting the use of marijuana.”®

Reasons for smoking marijuana cited by medical
marijuana proponents and patients with HIV include counter-
ing the nausea, anorexia, stomach upset, and anxiety asso-
ciated with the disease and with antiretroviral therapy. The
benefits of smoked marijuana are that its effects peak rapidly
(<20 minutes), allowing for dose titration and immediate
symptom relief. Although it has been argued that other can-
nabinoid constituents of marijuana, especially cannabidiol,
provide additional benefits, there is little preclinical or clinical
evidence to support this hypothesis, particularly at the can-
nabidiol concentrations typically present in marijuana.’"?
The primary limitation of marijuana revolves around smoking.
Not only are there no accepted standards of marijuana potency
and purity, but the respiratory risks of smoking marijuana
are similar to those associated with tobacco cigarette use.''*!*

An alternative to smoked marijuana is oral A°-tetra-
hydrocannabinol (THC; dronabinol), the primary psycho-
active ingredient in marijuana, which is approved by the US
Food and Drug Administration (FDA) to treat nausea and
appetite loss associated with cancer and HIV. The benefits of
dronabinol are that it is safe, legal standardized doses can be
delivered, and it is rarely abused.'® Absorption of dronabinol is
variable, however, and it has a slow rate of onset (peak effects
in approximately 120 minutes) and a long duration of action,
which make it difficult to titrate dose to achieve the desired
effect.'”'® In addition, nauseated patients can have difficulty
taking an oral medication.

Tolerability of dronabinol seems to depend, in part, on
marijuana use history. Among HIV-positive nonmarijuana
smokers, low-dose dronabinol (2.5 mg 2 times daily) improved
mood and decreased nausea but also produced mental
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cloudiness and confusion, thereby decreasing patient compli-
ance and resulting in high dropout rates.>'**' Among HIV-
infected patients who had smoked marijuana but who were
not current smokers, dronabinol (2.5 mg 3 times daily) and
marijuana (3.95% THC 3 times daily) administered for
3 weeks were well tolerated and resulted in more weight gain
than placebo administration,”* while having no negative
impact on antiretroviral pharmacokinetics or immune func-
tion.?’* Among current marijuana smokers, much higher
acute doses of dronabinol can be safely administered.?>° For
example, in HIV-positive active marijuana smokers, dronabi-
nol (10 and 20 mg) and smoked marijuana (1.8%, 2.8%,
and 3.9% THC) were similarly effective at increasing food
intake, with minimal negative drug ratings or decrements
in cognitive performance.”® A limitation of this study is that
only acute marijuana and dronabinol doses were tested.

More relevant from a clinical and policy perspective is to
characterize the relative tolerability and efficacy of dronabinol
and marijuana across a range of repeatedly administered
doses. The Institute of Medicine’s review of marijuana’s
clinical utility concluded that too few studies have objectively
characterized the potential benefit of marijuana and its con-
stituent cannabinoids.' Although smoking was recognized
as a poor route for long-term medication administration, the
report concluded that further research is essential, because
the public policy debates on medical marijuana have been
conducted in the absence of empiric data.*' The present study
attempts to address these scientific gaps in the literature. The
effects of dronabinol (0, 5, and 10 mg 4 times daily) and
marijuana (0.0%, 2.0%, and 3.9% THC 4 times daily) on
diet, mood, cognitive performance, and sleep were evaluated
under double-blind conditions in the population most likely
to be using marijuana medically: HIV-positive marijuana
smokers.

METHODS

Participants

Table 1 describes the demographic information for the
10 volunteers who participated in the study. Before study
onset, participants provided a detailed drug and medical
history, received medical and psychiatric evaluations, and
signed a consent form detailing all aspects of the research. For
inclusion, volunteers had to be 21 to 50 years of age, taking
at least 2 antiretroviral medications, currently under the care
of a physician for HIV management, smoking marijuana at
least twice weekly for the past 4 weeks, and medically and
psychiatrically stable. Exclusion criteria were a diagnosis of
nutritional malabsorption, major depression, dementia, chronic
diarrhea, weakness, fever, significant pulmonary disease,
an opportunistic infection within the past 3 months, obesity,
use of steroids within the past 3 weeks, or drug dependence
(excluding nicotine or marijuana). A urine toxicology assess-
ment was conducted at each screening visit and during study
participation. Three of the 10 participants reported occasional
intranasal cocaine use, but all were abstinent during study
participation, as verified by urine toxicology. All procedures
were in accordance with the Helsinki Declaration of 1975, as
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TABLE 1. Demographic Characteristics of Study Participants

Gender (female/male ratio) 1:9

Age, years 40.1 (=1.9)
Race/ethnicity (black/white/Hispanic ratio) 7:1:2
Education, years 12.4 (=0.9)
CD4 cell count, cells/mm> 411.4 (x61.7)
Years since HIV diagnosis 10.0 (£2.1)
BIA 1.0 (£0.1)*
BMI 25.0 (=1.3)
M1 use, days per week 4.6 (=0.6)
MI cigarettes per day 3.2 (%0.8)
Years of MJ use 18.6 (£3.3)
Cigarette smokers 7
Cigarettes per day 13.4 (£3.3)
Alcohol drinkers 8

Alcohol drinks per week 3.5(%+0.9)

Data are presented as means (*=SD) or as frequency or percentage.

*Two participants had a BIA <0.9, indicating significant muscle mass loss. BIA
indicates bioelectric impedance analysis (body cell mass per inches); BMI, body mass
index (kg/m?); MJ, marijuana.

revised in 2000, and were approved by the New York State
Psychiatric Institute’s Institutional Review Board.

Laboratory

Participants, in 3 groups of 3 or 4, lived in a residential
laboratory designed for the continuous observation of behavior
over extended periods. The residential laboratory consists of
11 rooms in the New York State Psychiatric Institute: 4 private
participant rooms, a common recreational area, 2 single-
occupancy bathrooms, 2 single-occupancy shower rooms, and
2 vestibules used for exchanging supplies.?®

Output from a video- and audio-monitoring system
terminated in an adjacent room. Participants were observed
continuously except while in the bathroom or in private
dressing areas, although no recordings were made. Participants
and staff communicated using a networked computer system
linking each participant’s computer with the computer in the
control room and allowing for continuous on-line interaction
between participants and staff but not between participants.

Design

A within-subject design was used, in which all volun-
teers experienced all cannabinoid conditions, thereby increas-
ing statistical power. Table 2, which portrays a representative
dosing schedule, shows that the study comprised an initial
16-day inpatient phase, a 5- to 10-day outpatient phase, and
another 16-day inpatient phase. During both inpatient phases,
participants smoked marijuana and took dronabinol capsules
4 times per day. Each active marijuana and dronabinol dose
condition occurred sequentially for 4 days, in randomized
order, with a 4-day placebo washout period between each
active drug condition. The outpatient phase was included
because a consecutive 32-day inpatient study would have been
untenable for most participants. During the outpatient phase,
participants were instructed to abstain from illicit drugs
(excluding marijuana, for which no instructions were given).
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Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



J Acquir Immune Defic Syndr ¢ Volume 45, Number 5, August 15, 2007

Dronabinol and Marijuana in HIV-Positive Volunteers

TABLE 2. Representative Marijuana and Dronabinol
Dosing Schedule

Inpatient Phase 1

Inpatient Phase 11

Outpatient
Day MJ Dronabinol 5to 10 Days Day MJ  Dronabinol
1 0.0 0 17 0.0 0
2 0.0 0 18 0.0 0
3 0.0 0 19 0.0 0
4 0.0 0 20 0.0 0
5 3.6 0 21 0.0 10
6 3.6 0 22 0.0 10
7 3.6 0 23 0.0 10
8 3.6 0 24 0.0 10
9 0.0 0 25 0.0 0
10 0.0 0 26 0.0 0
11 0.0 0 27 0.0 0
12 0.0 0 28 0.0 0
13 0.0 5 29 2.0 0
14 0.0 5 30 2.0 0
15 0.0 5 31 2.0 0
16 0.0 5 32 2.0 0

Participants took dronabinol capsules 4 times daily (09:00 am, 1:00 p™m, 5:00 pMm,
and 9:00 pm) and smoked marijuana 4 times daily (10:00 am, 2:00 pMm, 6:00 pm, and
10:00 pm).

Marijuana measured as percentage of THC; dronabinol measured in milligrams.

Outpatient phase lasted 5 to 10 days.

Bold indicates active drug condition; MJ, marijuana.

Marijuana and dronabinol dosing was counterbalanced
and double-blind. Drugs were administered using a staggered
double-dummy design, such that participants smoked mari-
juana and received dronabinol capsules 4 times per day but
only 1 dose of drug was active at a time. Because the behav-
ioral effects of dronabinol peak in approximately 2 hours,
capsule dosing preceded marijuana administration by 1 hour
to make it difficult for the participants to determine whether
the marijuana or the dronabinol was active.?’*%*2

Procedure

Before study onset, volunteers received several training
sessions (3 to 4 hours per session) on the computer tasks;
during that time, no drugs were administered. Volunteers also
sampled an active dose of dronabinol (10 mg) and smoked
placebo marijuana on 1 outpatient day and smoked active
marijuana (3.9%) and sampled placebo THC on another
day, and their cardiovascular and subjective responses were
measured. In addition to providing training, these days in the
laboratory helped to give volunteers the experience needed
to determine if they wanted to participate in the study.

Participants received additional training on tasks and
procedures on the day they moved into the laboratory. As
shown in Table 3, the first experimental day began at 8:15 AM
the next morning. Each morning, participants completed a
7-item visual analog scale (VAS) sleep questionnaire com-
prising 100-mm lines marked “not at all” at one end (0 mm)
and “extremely” at the other end (100 mm). Participants then
completed a 50-item VAS subjective effects battery measuring
a range of mood and physical symptoms, were weighed (but

© 2007 Lippincott Williams & Wilkins

TABLE 3. Time Course of Sessions

Time Event Time Event
08:15 aAM  Wake, mood scale 2:45 pm  MRE HSQ
Sleep questionnaire 3:00 M Cognitive task battery
08:30 AM  Weigh-in, food in 3:45 pm  Cognitive task battery
Heart monitor put on 4:30 P End work period
09:00 AM  Capsule 1 5:00 M Capsule 3
09:15 AM  Cognitive task battery Begin evening recreation
09:45 AMm  CRF 5:45pm  CRF
10:00 aAM MJ 1 6:00 M MJ3
10:15 AM  Task battery 6:15pm  Film 1
10:45 aAm  MREF, HSQ 6:45 M MRF, HSQ
11:00 aAM  Cognitive task battery 9:00 M Capsule 4
11:45 aMm  Cognitive task battery 9:15pm  Film 2
12:15 pM  Begin lunch recreation 9:45 M CRF
1:00 pM  End lunch recreation 10:00 M MJ 4
Capsule 2 10:45 pm MRF, HSQ
1:15pm  Cognitive task battery 11:30 M End evening recreation
1:45pm  CRF Mood scale
2:00eM MJ2 Heart monitor removed
2:15pm  Cognitive task battery ~ 12:00 AM  Lights out

DEQ indicates drug effect questionnaire; HSQ, hunger-satiety questionnaire; MJ,
marijuana.

not informed of their weight), and were given time to eat
breakfast.** Participants took the first daily capsule at 9:00 AM.
The first of 8 30-minute task batteries, composed of 5 per-
formance measures, and the subjective effects VAS began
at 9:15 am. Participants smoked their first daily marijuana
cigarette at 10:00 aM. They completed 3 task batteries from
10:15 aM to 12:15 pM and then had access to the recreation area
from 12:15 pM to 1:00 pm. The second capsule administration
occurred at 1:00 pM, and the fifth task battery began at 1:15 pMm.
The second administration of marijuana occurred at 2:00 pMm.
Three more task batteries were completed from 2:15 pm to 4:30
PM. The third capsule administration occurred at 5:00 p™m, and
the third marijuana administration occurred at 6:00 PM. From
5:00 pM to 11:30 pMm, participants again had access to activities
available in the recreation area. Two films were shown each
evening. The fourth capsule was administered at 9:00 pM, and
the fourth marijuana administration occurred at 10:00 pMm. A
final subjective effects VAS was completed at 11:30 pm, and
lights were turned off by 12:00 AMm.

Participants brought an adequate supply of their HIV
medications, as prescribed by their primary care physician,
and took them daily under staff observation. Tobacco cigarette
smokers (n = 7) were permitted to smoke cigarettes ad libitum
(except from 11:30 pM to 8:30 AM).

Marijuana Administration

Each participant received a marijuana cigarette (pro-
vided by the National Institute on Drug Abuse) before each
smoking occasion. Marijuana (0.0%, 2.0%, and 3.9% THC)
was administered using a standardized cued-smoking pro-
cedure, which produces reliable increases in heart rate and
plasma A’ THC.** Colored lights (mounted on the ceiling of
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the recreation area) signaled “light the cigarette” (30 seconds),
“get ready” (5 seconds), “inhale” (5 seconds), “hold smoke
in lungs” (10 seconds), and “exhale.” Participants smoked
3 puffs in this manner, with a 40-second interval between each
puff; an entire cigarette can be pyrolized in 3 puffs. Cigarettes
were rolled at both ends and were smoked through a hollow
plastic cigarette holder, so that the marijuana was not visible.
Cigarettes were stored frozen in an airtight container and
humidified at room temperature for 24 hours before use.

Dronabinol Administration

Dronabinol (0, 5, and 10 mg; Unimed Pharmaceuticals,
Buffalo Grove, IL) was packaged in size 00 opaque capsules
with lactose filler by the New York State Psychiatric Institute
Research Pharmacy. Although the recommended dose for
appetite stimulation is 2.5 mg administered 2 times daily,
larger doses were selected, based on our studies showing that
marijuana smokers, including those with HIV, show little effect
at smaller dronabinol doses.’

Food

Every morning at 8:30 AMm, participants received a box of
food containing a variety of meal items, snacks, and beverages
that could be consumed at any time within the day.
Frozen meals or additional items from the box of food were
continuously available by request. Participants scanned
custom-designed bar codes whenever they ate or drank, spec-
ifying substance and portion. At 11:30 pMm, participants
returned their food box to a staff member. Food items were not
available between 11:30 pM and 8:30 AM the next morning.

Hunger-Satiety Questionnaire

Forty-five minutes after each marijuana cigarette,
participants completed a 6-item VAS (HSQ) rating on how
hungry, full, nauseated, and thirsty they felt and how strong the
desire to eat was at that moment.*

Marijuana and Capsule Rating Forms

Forty-five minutes after each marijuana cigarette,
participants completed a 6-item VAS (MRF) evaluating the
strength of the marijuana effect, marijuana liking, desire to
smoke marijuana again, whether they felt a good marijuana
effect or a bad marijuana effect, and whether the marijuana was
active or placebo. Forty-five minutes after each capsule
administration, participants completed a 6-item VAS (CRF)
evaluating the strength of the capsule; good effects; bad
effects; liking; whether the capsule was like a stimulant,
sedative, or placebo; and willingness to take the capsule again.

Cognitive Task Battery

Each task battery consisted of a 3-minute digit-symbol
substitution task (DSST), a 3-minute repeated acquisition task,
a 10-minute divided attention task (DAT), a 10-minute rapid
information task (RIT), immediate and delayed digit-recall
tasks, and the 50-item VAS. The battery measures various
aspects of learning, memory, vigilance, and psychomotor
ability.*® Participants were instructed to complete each task as
quickly and as accurately as possible and to fill in the items on
the VAS based on how they were feeling at that moment.
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Tobacco Cigarette Smoking

The number of tobacco cigarettes smoked was recorded
each evening by counting the remaining cigarette butts in each
participant’s ashtray. Participants were instructed not to share
cigarettes or to throw out cigarette butts and were monitored to
prevent these events from occurring.

Sleep Assessment

Objective Measures

Each night, participants wore a Nightcap sleep moni-
toring system (Respironics, Atlanta, GA), which consists of
a portable amplifier attached to 2 leads with adhesive elec-
trodes. A lead attached to the forehead measured body
movement, and a lead attached to the eyelid measured eye
movement. The Nightcap was turned on at midnight when
lights were turned off, and participants were instructed to
remain in bed. Measures include sleep latency, total sleep time,
and the percentage of time spent in the rapid eye movement
(REM) stage of sleep. The Nightcap has been validated using
traditional polysomnographic measurement.?’

Subjective Measures

Each morning, participants completed a 6-item VAS
(modified from the St. Mary’s Hospital Sleep Questionnaire)
rating how well they slept, how early they woke up, how easily
they fell asleep, how clear-headed they felt, whether they woke
up often, and if they were satisfied with their sleep. A fill-in
question estimated how many hours they slept the previous
night.*®

Physiologic Measures

Each morning, participants were fitted with a SenseWear
Armband (<3 oz; Body Media, Pittsburgh, PA) that recorded
heart rate and skin temperature at 10-minute intervals. Par-
ticipants wore this wireless armband monitor each day from
8:30 AM until 11:30 pm.*

Data Analysis

Repeated measures analysis of variance (ANOVA) with
planned comparisons was used to determine the effect of
marijuana (0.0%, 2.0%, and 3.9% THC administered 4 times
daily) and dronabinol (0, 5, and 10 mg administered 4 times
daily) on food intake, body weight, subjective effects (peak
daily ratings), drug effects (peak daily ratings), task perfor-
mance (peak scores), heart rate, skin temperature, the number
of cigarettes smoked per day, and objective and subjective
sleep measures. There were 2 within-group factors (cannabi-
noid condition and day [1-4] of condition). Percent of energy
intake derived from protein, carbohydrates, and fat (estimated
as kilocalories from gram intake using Atwater factors) was
also assessed.*® Skin temperature and heart rate were assessed
as a function of time of day. Four planned comparisons were
done to compare each cannabinoid dose condition with
placebo. Because of the large number of comparisons, results
were considered statistically significant at P values <<0.01.
Huynh-Feldt corrections were used as a conservative measure
to control for potentially uncorrelated within-subjects data.

© 2007 Lippincott Williams & Wilkins
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RESULTS

Food Intake

Figure 1, which portrays average caloric intake averaged
over the 4 days of each condition as a function of marijuana
and dronabinol dose, shows that dronabinol (df = 1, 63
for all planned contrasts; 5 mg, F = 9.30; 10 mg, F = 18.10;
P < 0.008) and marijuana (2.0%, F = 8.43; 3.9%, F = 34.84;
P < 0.01) dose dependently increased caloric intake compared
with placebo. The primary mechanism by which these con-
ditions affected daily food intake was by increasing the
number of eating occasions (see Fig. 1), defined as beginning
with the first report of an item to be consumed and ending
when there was a pause of >10 minutes between food
reports.>® Marijuana and dronabinol increased the number
of eating occasions but did not alter the average number of
calories consumed during each eating occasion (approximately
404 kcal).

Total Daily Calories
3500
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Placebo 20 39
Dronab mg MJ (% THC)

FIGURE 1. Mean total daily caloric intake and total number
of eating occasions as a function of marijuana (M]) and
dronabinol (Dronab) dose. Each active dose condition reflects
the mean across 4 sessions; placebo data represent the mean
across 16 sessions. Dronab and M| were administered 4 times
per day. Asterisks denote a significant difference from placebo
(*P < 0.01; **P < 0.005). Error bars represent 1 standard error
of the mean (SEM).
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Dronabinol and marijuana also produced small but
significant shifts in the distribution of macronutrient intake
by enhancing the proportion of calories derived from fat.
Under placebo conditions, participants derived approximately
51% of their calories from carbohydrates, 36% from fat, and
13% from protein. The low dose of dronabinol (5 mg) sig-
nificantly increased the proportion of daily calories derived
from fat from 36% to 40% (F = 11.90; P < 0.001) while
tending to decrease carbohydrate consumption. The highest
strength marijuana cigarettes (3.9%) significantly decreased
the percentage of calories derived from protein from 13%
to 11% (F = 25.23; P < 0.0001) while tending to increase
fat consumption (P < 0.05).

Body Weight

Maintenance on the higher strength marijuana (3.9%,
F =10.00; P < 0.01) and higher dose of dronabinol (10 mg,
F = 10.39; P < 0.01) significantly increased body weight.
Under placebo conditions, participants’ average weight was
77.5 kg. Participants gained 1.2 kg after 4 days of dronabinol
(10 mg), and 1.1 kg after 4 days of marijuana (3.9%).

Hunger and Satiety Questionnaire

Table 4, which shows peak ratings averaged over the
4-day conditions, demonstrates that the highest strength
marijuana cigarette (3.9%) significantly increased the desire
to eat and ratings of hunger. Dronabinol (10 mg) and the lower
strength marijuana cigarettes (2.0%) also increased ratings of
dry mouth.

TABLE 4. Selected Mean (£SEM) Ratings as a Function
of Dronabinol and Marijuana Strength

Dronabinol Marijuana
Placebo 5 mg 10 mg 2.0% 3.9%
HSQ
Desire to eat 43 (3) 55(5) 48(6) 54 (6) 1163 (5)**
Hungry 36 (3) 43(4) 455 43 (6) fiel (5)**
Dry mouth 26 (2) 37(6) 142 (6)** 1145 (6)** 38 (5)
VAS
High 27 (2) 28(5) f58.(5)** 175 (5)** 1180 (4)**
Stimulated 22(2) 214 4105 160 (6)** f161 (6)**
Friendly 69 (2) 71 (5 76(5) 181 (4)** (81 (4)**
Self-confident 82(2) 834 8“4 190 3)** 86 (4)
Can’t concentrate 20 (2) 18 (5) 138 (6)* 29 (5) 13 (3)
MRF
Good MJ effect 36 (3) 39(6) 1164 (6)** 1189 (3)** 1192 (2)**
Liking 33(3) 34 (5 156 (6)** (184 (4)** (87 (4)**
Strong 28(2) 29 (4) 151 (5)** 183 (4)** 1186 (4)**
Take again 38 (3) 40(6) 1161 (6)** 1189 (4)** 1148 (4)**

Peak ratings (0 to 100 mm, VAS) averaged over 4 days of each medication condition.
Placebo data represent mean data across 4 4-day conditions interspersed throughout the
study. Arrows indicate the direction of the drug effect.

HSQ indicates hunger-satiety questionnaire; MJ, marijuana.

Asterisks represent significant differences between placebo and dose condition: *P <
0.01; **P < 0.005.
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Subjective Effects Ratings

Table 4 and Figure 2 portray peak subjective effects
ratings as a function of cannabinoid condition. Ratings of
“good drug effect,” “high,” and “mellow” were significantly
increased by dronabinol (10 mg) and both active marijuana
doses (2.0%, 3.9% THC; P < 0.005). Both active marijuana
doses also increased ratings of “stimulated,” “friendly,” and
“self-confident” (P < 0.005). Only dronabinol (10 mg)
increased ratings of “can’t concentrate” (P < 0.01), whereas
only the lower strength marijuana cigarette (2.0%) increased
ratings of “anxious.”

Marijuana Rating Form

Table 4 shows that the higher dronabinol dose (10 mg)
and both active marijuana concentrations significantly in-
creased ratings of good drug effect, liking, strength, and desire
to smoke again compared with placebo. Note that under active
dronabinol conditions, only placebo marijuana was smoked,
yet the higher dronabinol dose significantly increased positive
ratings for marijuana.

Drug Effects Questionnaire

The highest strength capsule (10 mg) and marijuana
cigarette (3.9%) significantly increased the following capsule
ratings: good effect, liking, strength, and willingness to take
again. Note that under active marijuana conditions, only
placebo capsules were taken, yet the higher marijuana dose
significantly increased positive ratings for the capsules.

Cognitive Performance

Compared with placebo, neither marijuana nor dronabi-
nol significantly altered performance on any of the tasks (eg,
measures of learning, memory, vigilance, psychomotor ability).

Cigarette Smoking

Seven participants smoked tobacco cigarettes. Neither
marijuana nor dronabinol significantly influenced the number
of cigarettes smoked per day.

Obijective and Subjective Sleep Measures

Because of technical problems with the Nightcap,
data from only 7 participants could be analyzed. As shown
in Figure 3, both marijuana conditions increased an objective
determination of the total time spent asleep, although the
effect failed to achieve statistical significance. In parallel, the
highest strength marijuana cigarettes significantly increased
subjective ratings of satisfied and slept well as well as the
estimated time spent sleeping.

Physiologic Measures

Data from 1 participant could not be assessed because
of technical problems with the SenseWear armband. Figure 4,
which portrays effects as a function of time of day, shows that
both dronabinol and marijuana significantly increased mean
heart rate throughout the day (except for the morning, when low-
dose dronabinol did not have a significant effect). Marijuana
but not dronabinol produced small but significant increases in
mean skin temperature. In the morning, high-dose marijuana
increased skin temperature by 0.4°C (3.9%, F = 7.89;

Good Drug Effect Mellow
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20 - -
s o
= I Anxious Stimulated
x
£ © 100 -
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FIGURE 2. Selected mean subjective |
effects ratings as a function of
- X X 0
mérijuana (M) al‘“d dré’rf‘ab'F”,O' (1'3;0 Placebo 5 10 2039 Placebo 5 10 2039
Szt;ils)ose (see legend for Fig. 1 for Dronab (mg) MJ (% THC) Dronab (mg). MJ (% THC)
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P < 0.01). In the afternoon, both doses of marijuana increased
skin temperature by 0.4°C (2.0%, F = 10.69; 3.9%, F = 8.05;
P < 0.01).

Over-the-Counter Medication

Although not a primary outcome measure, over-the-
counter (OTC) medication administration (as needed) was
monitored during the study. A disproportionate number of

OTC requests occurred during 16 days of placebo adminis-
tration (n = 34 requests) compared with 16 days of active
cannabinoid administration (n = 11 requests). During placebo
administration, 56% (19 of 34) of the OTC requests were for
gastrointestinal complaints (nausea, diarrhea, and stomach
upset). During dronabinol or marijuana administration, only
9% (1 of 11) of the requests were for gastrointestinal
complaints.

Heart Rate: Time of Day
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FIGURE 4. Mean heart rate (n = 9) as a function of time of day and marijuana and dronabinol dose: morning (08:30 Am to 11:59
Am), afternoon (12:00 pm to 4:59 pm), and evening (5:00 M to 11:30 pm) (see legend for Fig. 1 for details). bpm indicates beats per

minute; Dronab, dronabinol; M], marijuana.
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DISCUSSION

This study assessed the effects of 2 doses of oral
dronabinol and smoked marijuana on food intake within the
context of a wide range of behaviors in HIV-positive marijuana
smokers. As compared with placebo, both doses of marijuana
and dronabinol significantly increased daily caloric intake.
For the high-dose dronabinol and marijuana conditions, this
resulted in a significant increase in body weight within 4 days
(>1 kg). Increased food intake paralleled increased ratings
of intoxication for all cannabinoid conditions, except for the
low dose of dronabinol (5 mg). Participants reported experi-
encing a strong drug effect from marijuana and high-dose
dronabinol, and the experience was rated positively (eg,
increased ratings of good drug effect, friendly, mellow).
Although marijuana (2.0%) significantly increased ratings
of anxiety (see Fig. 2), there was little evidence otherwise
of discomfort or poor tolerability for any cannabinoid
condition. Further, the intoxication was not associated with
cognitive impairment; neither marijuana nor dronabinol
altered performance on any of the psychomotor or memory
tasks as compared with placebo. Thus, these data suggest that
for HIV-positive marijuana smokers, dronabinol and marijuana
produce comparable increases in food intake and improve
mood without producing disruptions in psychomotor func-
tioning; marijuana has the added benefit of improving ratings
of sleep.

Dronabinol and marijuana increased daily food intake
by increasing the number of times participants ate throughout
the day, without altering the number of calories consumed
during each eating occasion. This pattern is consistent with
data from healthy marijuana smokers showing that marijuana
selectively increased snack but not meal intake.*'**> Both
dronabinol and marijuana tended to increase the proportion of
daily calories derived from fat while decreasing protein intake.
Earlier data in HIV-positive participants showed that canna-
binoids selectively increased body fat rather than lean muscle
mass, perhaps reflecting increased caloric intake and relative
fat intake.”” An ongoing study is evaluating the stability of
dronabinol’s effect on food intake by administering capsules
daily for several weeks.

The failure of cannabinoids to alter performance on
cognitive tasks in this population is also consistent with the
findings of a range of studies. Under baseline conditions,
marijuana smokers often perform worse on cognitive tasks than
nonmarijuana smokers.* Yet, compared with placebo, acute
marijuana or dronabinol administration rarely disrupts cogni-
tive task performance in marijuana smokers, even at doses
that produce substantial intoxication.?*2"*33%  Although
individuals who do not smoke marijuana may show disrupted
cognitive performance after cannabinoid administration,** the
present data indirectly suggest that tolerance selectively
develops to the cognitive effects of marijuana and dronabinol.

Overall, the present findings support the clinical utility
of dronabinol in HIV-positive marijuana smokers and contrast
with reports suggesting that it is too poorly tolerated or
unreliable to be clinically useful.***” The dronabinol data are
dose dependent and do not show large inter-individual vari-
ability, indicating that the effects are reliable. In addition,
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current marijuana smokers are not discomfited by dronabinol
effects and have little difficulty in tolerating daily doses up to
8 times larger than those recommended for appetite enhance-
ment, consistent with earlier studies.?> %33 Even though
the recommended dose for dronabinol starts at 2.5 mg admin-
istered 2 time daily, marijuana smokers are unlikely to expe-
rience a clinical effect at a low-dose range.>*’ Physicians are
often unaware of their patients’ marijuana use.’® However, the
present data illustrate the importance of discussing marijuana
smoking patterns with patients when recommending drona-
binol dosing regimens.

Smoked marijuana also has clear medical benefit in HIV-
positive marijuana smokers by increasing food intake and
improving mood and objective and subjective sleep measures.
Although marijuana’s effects on food intake and appetite were
largely dose related, its intoxicating effects were often not,
which may indicate dose titration. Earlier studies showed that
experienced marijuana smokers inhale greater volumes of
sidestream air with more potent marijuana.”’ The fact that
ratings of high and “good marijuana effect” were nearly
identical for the 2.0% and 3.9% marijuana cigarettes suggests
that the participants adjusted their smoking topography to
achieve a desired mood.

It has been reported that among HIV-positive patients
who had tried dronabinol and smoked marijuana, 93% reported
preferring marijuana.® Yet, expectations exert a powerful effect
on drug response,” and that study was not double-blind.
Maintaining double-blind conditions with cannabinoids is
difficult,” and a considerable strength of the present study is
that the blind was maintained: the capsules and marijuana were
administered repeatedly throughout the day, but only 1 drug was
active at a time. Thus, participants rated placebo marijuana as
intoxicating when they had taken active dronabinol (10 mg),
and reported “liking” placebo capsules on days when they had
smoked active marijuana. Participants were not aware which
drug was producing a positive effect. By removing this
confound, the pharmacologic effects of dronabinol and
marijuana could be dissociated from their expected effects.

One potential confound in data interpretation may be
the onset of cannabinoid withdrawal during the placebo
phases that followed 4 days of active marijuana or dronabinol.
There was little evidence that withdrawal occurred in the
present design, however. First, only half of the placebo phases
followed an active marijuana or dronabinol condition (see
Table 2). Second, cannabinoid withdrawal would be associated
with increased ratings of anxiety, sleep disturbance, irritability,
and restlessness,>>** which did not occur. The participants in
the present study were lighter marijuana smokers and received
lower daily doses of dronabinol and marijuana than those in
withdrawal studies, which likely accounts for the absence of
marijuana withdrawal symptoms. Third, sleep ratings were
largely comparable in the placebo and active dronabinol con-
ditions and were only improved by high-dose marijuana,
suggesting that this effect reflected marijuana’s direct effects
on sleep rather than a reversal of a withdrawal symptom.
Similarly, participants requested 6 times more OTC medication
for gastrointestinal issues during the placebo phase than during
active dronabinol or marijuana conditions. Symptoms of
nausea and diarrhea are not typically associated with marijuana
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withdrawal and were likely lower during active cannabinoid
conditions because they were relieved by dronabinol and
marijuana.

Although it may seem that a study limitation was that
plasma THC levels were not obtained, this measure has not
been shown to predict food intake or subjective effects
poorly.'”**% Dronabinol produces much lower THC titers
than smoked marijuana at doses that produce comparable
psychoactive effects. In heavy marijuana smokers, dronabinol
(20 mg) and marijuana (3.1%) produced identical peak ratings
of “high” but marijuana resulted in peak plasma THC levels
400-fold higher than dronabinol (Hart, Haney, and Foltin,
2004, unpublished data).*® The effects of THC on nausea and
emesis are positively associated with intoxication.*® Thus, it is
more clinically relevant to compare the effects of dronabinol
and marijuana on food intake and mood than on THC titers.

Along similar lines, a potential criticism may be that the
strength of the study marijuana was lower than the average
marijuana strength (4.0% to 5.1% THC) sold on New York
City streets.’”® Although more potent marijuana is available,
marijuana cost increases as a function of potency. All the study
participants were on a limited income and did not report
regular access to high-potency marijuana. More importantly,
the study marijuana consistently produced robust increases in
marijuana ratings and food intake, demonstrating that the
doses of marijuana and the doses of dronabinol were well
matched and comparable for this population.

To conclude, this study was designed to provide a
comprehensive assessment of smoked marijuana and oral
dronabinol effects in HIV-positive marijuana smokers using
controlled and relatively naturalistic conditions. The data
demonstrate that over 4 days of administration, smoked
marijuana and oral dronabinol produced a similar range of
positive effects: increasing food intake and body weight
and producing a “good effect” without producing un-
comfortable levels of intoxication or impairing cognitive
function. Although HIV-positive nonmarijuana smokers can
experience confusion and anxiety at even low dronabinol
doses, marijuana smokers are less likely to find effects such
as intoxication and dry mouth untenable than non-
smokers.'>?' With the understanding that further studies
are needed to replicate these findings, this study demonstrates
that for HIV-positive individuals who currently smoke
marijuana and who can tolerate oral medications, high doses
of dronabinol (8 times the standard dose) are as effective and
well tolerated as marijuana. Thus, the argument that
dronabinol is not clinically useful because of its slow onset
and long duration of action is not applicable to marijuana
smokers.
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