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Abstract
Objective—Cannabis is the most widely used illicit drug. Acute cannabis administration
increases blood pressure and heart rate and tolerance develops to these effects with heavy use. A
valid and reliable withdrawal syndrome occurs in most daily users, but few studies have assessed
the cardiovascular effects of withdrawal. The objective of this report is to describe unexpected
changes in cardiovascular function during brief periods of supervised cannabis use and abstinence
in daily cannabis users.

Methods—A within-subjects ABAC crossover study in which inpatient volunteers smoked
cannabis ad-libitum (A), and abstained from cannabis (B/C). Vital signs were obtained three times
daily during eleven inpatient days for thirteen daily cannabis users (11 Male, 8 African American).

Results—Blood pressure increased significantly during periods of cannabis abstinence compared
with periods of cannabis use. The magnitude of increase was substantial in a subset (N=6) of
participants, with mean increases of up to 22.8mmHg systolic and 12.3mmHg diastolic blood
pressure observed. Heart rate also increased during abstinence when measures collected during
periods of acute intoxication were excluded, but the magnitude of effect was not clinically
significant.

Conclusions—Abrupt cessation of heavy cannabis use may cause clinically significant increases
in blood pressure in a subset of users. Blood pressure should be monitored among those
attempting to reduce or quit frequent cannabis use, particularly those with preexisting
hypertension. The time course of this effect is currently unknown and requires further study.
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Background
Cannabis (marijuana, hashish) is the most widely used illicit drug in the world with an
estimated 160 million current users (UNODC, 2007). In the past decade, treatment
admissions for cannabis use disorders have increased significantly, and the number of
people who meet criteria for dependence on cannabis now exceeds the number who meet
dependence criteria for any other illicit drug (UNODC, 2007; AIHW, 2008; EMCDDA,
2008; SAMHSA, 2008). Despite such widespread use and abuse, relatively little is known
about the cardiovascular effects and possible associated health risks associated with chronic
cannabis use.
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Acute cannabis administration has been shown to increase resting heart rate and blood
pressure, and induce orthostatic hypotension (Jones, 2002). Increased heart rate following
acute cannabis exposure has been shown to be dose-related (Heishman et al., 1989). Peak
effects on heart rate appear to occur 10 to 15 minutes after smoking and result in an increase
of 20 to 30 beats per minute, but mean increases as high as 43.5 beats per minute have been
reported (Chait and Zacny, 1992; Galanter et al., 1972; Heishman et al., 1989; Ilan et al.,
2005). There are few studies in which the effects of smoked cannabis administration on
blood pressure are reported. Supine blood pressure has been shown to increase following
cannabis exposure (Mathew et al., 1993), but blood pressure has also been shown to drop
when participants move from a supine to standing position (Renault et al., 1974).
Insufficient published data are available to confidently report on the time course or typical
magnitude of these effects, and it appears that orthostatic hypotension is reliably observed
whereas an increase in supine blood pressure is not. Epidemiological studies and case
reports have linked acute cannabis intoxication to myocardial infarction, angina,
arrhythmias, transient ischemic attacks, and stroke (Karch, 2006). However, associations
between cannabis use and these cardiovascular events are not always consistent, case reports
of these types of occurrences are rare, and controlled studies are generally lacking.

Tolerance to the acute cardiovascular effects of cannabis develops rapidly with repeated
exposure. In laboratory studies, the acute cardiovascular effects of delta-9-
tetrahydrocannabinol (THC; the primary psychoactive component of cannabis) are
attenuated with repeated administration, and have even been shown to result in a reduction
of heart rate and blood pressure relative to baseline levels (Benowitz and Jones, 1975;
Benowitz and Jones, 1981). However, Jones (Jones, 2002) recently pointed out that
understanding of the cardiovascular effects of chronic cannabis use is limited by the fact that
most human research has been of short duration, used relatively low doses of smoked
cannabis or oral THC, and has largely excluded participants who are female, older, or
exhibit symptoms of cardiovascular disease.

Because tolerance develops to the acute cardiovascular effects of cannabis with repeated
use, it is plausible that a rebound increase in heart rate and blood pressure would be
observed following abrupt cessation of heavy use. Recent research has demonstrated that a
reliable, valid, and pharmacologically specific withdrawal syndrome occurs in a majority of
heavy (daily) cannabis users when they abruptly stop use (Budney et al., 2004; Haney, 2005;
Budney and Hughes, 2006), but few published studies of cannabis withdrawal effects have
included cardiovascular measures. In a recent outpatient study of cannabis withdrawal, heart
rate was higher during abstinence compared with periods of cannabis use (Vandrey et al.,
2008). In that study a trend towards increased systolic blood pressure during abstinence was
also observed, but was not statistically significant. However, no effect of withdrawal was
found on cardiovascular function (HR or BP) in two similar outpatient studies from the same
laboratory (Budney et al., 2001; Budney et al., 2003).

This paper describes cardiovascular effects observed during a study of hypnotic medication
effects in heavy cannabis users. High blood pressure readings (SBP>160mmHg, DBP
>90mmHg) were observed for several study participants during periods of cannabis
abstinence, and most of these subjects had no prior evidence of hypertension on study
admission or during study periods when cannabis use was allowed. Based on these
observations a specific exclusion criterion was adopted prior to study completion to exclude
those who exhibited any evidence of hypertension during the study intake process. Here we
report on findings from study participants who completed participation prior to the
implementation of the hypertension exclusion criterion.
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Methods
The study procedures were reviewed and approved by the John Hopkins Medicine
Institutional Review Board and conducted in accordance with the ethical standards of the
Helsinki Declaration. A within-subject crossover design was used in which participants
completed two 5-day inpatient study phases consisting of an initial 2-day period during
which participants were allowed to use cannabis ad libitum between 12:00 and 21:00,
followed immediately by a 3-day period of forced cannabis abstinence. During one cannabis
abstinence period, participants were administered extended-release zolpidem each night at
bedtime, and during the other abstinence period placebo was administered. The order in
which participants received zolpidem or placebo was counterbalanced across participants.
The inpatient study phases were separated by an 8-day outpatient washout period, during
which daily cannabis use was reestablished in the participants’ home environment.

Daily cannabis users were recruited to participate in the study via newspaper advertisements.
Participants were between 18–55 years of age; used cannabis at least 25 days per month for
at least 1 year with no indication that they were seeking treatment for cannabis or using
cannabis for medical purposes; had no current Axis I psychiatric disorders other than
cannabis or nicotine dependence; were not currently taking psychoactive medication; were
not pregnant or breastfeeding; and provided a urine specimen that was positive for THC and
negative for other drugs of abuse at study intake. Informed consent was obtained for all
participants.

Fourteen participants were enrolled and 13 completed the study (11 male, 2 female). Those
who completed the study were mostly African American (N=8), had a mean (SD) age of 31
(9) years, had been using cannabis at least once per week for 16 (9) years, and used cannabis
an average of 5 (3) times per day during the 3 months prior to admission in the study.
Alcohol and other drug use were infrequent among participants, but all smoked tobacco
cigarettes (6 (5) cigarettes/day) daily. One male African American participant (017) was
taking lisinopril (20mg/day) and hydrochlorothiazide (12.5mg/day) for hypertension on
admission to the study. This medication regimen had been stable for 12 months and was
continued uninterrupted during study participation except for one day when lisinopril was
increased to 40mg following 2 days of sustained elevated blood pressure during his second
cannabis abstinence period. No other study participants reported current or past
cardiovascular disease.

Resting heart rate and supine blood pressure were measured at 10:00, 16:00, and 21:30 each
day using an automated monitor (Criticare Systems Inc., Waukesha, WI).

A preliminary statistical test was conducted using a one-way analysis of variance (ANOVA)
to determine if there was a main effect of drug condition (zolpidem versus placebo) on blood
pressure and heart rate during the two cannabis abstinence periods. As expected, zolpidem
did not affect daytime cardiovascular function compared with placebo. Because no effect of
zolpidem was observed, data collected during the two abstinence periods were collapsed in
subsequent analyses.

Blood pressure and heart rate assessments were then analyzed using a repeated measures
regression model in which cannabis use condition (ad libitum use versus abstinence) and
replication (first study phase versus second study phase) were entered as factors. This model
was selected because the unbalanced number of assessments between the cannabis use and
abstinence periods precluded use of parametric analyses without either collapsing data into
means by cannabis use condition (which would have reduced natural variability) or
excluding one day of data during the abstinence condition. The effects of cannabis on blood
pressure and heart rate were assessed using Tukey’s post-hoc tests by comparing measures
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obtained at 10:00 (prior to ad libitum cannabis use) with measures obtained at 16:00 and
21:30 (after initiation of ad libitum cannabis use) on study days in which cannabis smoking
was allowed. Data analysis was conducted using SAS statistical software Version 9.1 (Cary,
NC).

Results
Significant main effects of cannabis use condition were observed for systolic blood pressure
(F = 47.05, p < .001) and diastolic blood pressure (F = 23.97, p < .001). Systolic blood
pressure increased from a mean (SEM) of 129.6 (0.9) mmHg during cannabis use to a mean
of 139.8 (0.8) mmHg during abstinence. Diastolic blood pressure increased from a mean of
74.8 (0.7) mmHg during cannabis use to a mean of 81.8 (0.6) mmHg during abstinence.
Mean arterial pressure increased from a mean of 93.0 (0.7) mmHg during cannabis use to a
mean of 101.1 (0.6) mmHg during abstinence.

Systolic and diastolic blood pressures measured at the 16:00 and 21:30 time points were
lower (p < .01) compared with the 10:00 time point during cannabis use conditions. Post-hoc
tests also indicated that blood pressure during the first and second cannabis use periods were
not different from each other, but were both lower than during the first abstinence period (p
< .01). This suggests that the abstinence-induced increase in blood pressure was reversed
with resumed cannabis use.

A main effect of cannabis use condition was not observed for heart rate. Heart rate measured
at the 16:00 and 21:30 time points was higher (p < .01) than when measured at the 10:00
time point during cannabis use, suggesting that cannabis induced tachycardia may have
washed out an effect of cannabis use condition. The repeated measures regression was
repeated using only the 10:00 time points (which eliminated the effects of acute cannabis
intoxication) and a main effect of cannabis use condition (F = 5.18, p < .05) was observed.
Heart rate assessed at 10:00 increased from a mean of 75 (1.8) bpm during cannabis use to a
mean of 81 (1.3) bpm during abstinence. Post-hoc comparisons also indicated that heart rate
during the first and second cannabis use periods were not different from each other, but were
both lower than during the first abstinence period (p < .01).

No main effects of replication were observed. Figure 1 shows mean cardiovascular measures
collapsed across participants and study phases. Figure 2 shows mean blood pressure
measures of 6 participants for which the most pronounced abstinence effects on
cardiovascular parameters were observed. These participants, roughly half of the study
sample, each showed a mean blood pressure increase that was greater than the mean increase
for the entire study sample during abstinence (10mmHg SBP and 7mmHg DBP). In this sub-
group of participants, systolic blood pressure increased from a mean (SEM) of 130.9 (2.1)
mmHg during cannabis use to a mean of 146.6 (3.1) mmHg during abstinence, and diastolic
blood pressure increased from a mean of 78.1 (2.4) mmHg during cannabis use to a mean of
87.0 (2.9) mmHg during abstinence.

Discussion
Cardiovascular disease is the leading cause of death globally (Rosamond et al., 2007; WHO,
2009) and cannabis is the most widely abused illicit drug in the world. The results of this
study indicate that abrupt cessation of cannabis use can lead to significant increases in blood
pressure and heart rate in a subset of daily cannabis users. These effects were observed
reliably across two abstinence periods and were reversed when cannabis use was resumed
(i.e., blood pressure and heart rate during the cannabis use period that followed the first
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abstinence period returned to levels observed during the initial cannabis use period). This
suggests a cardiovascular effect pharmacologically specific to cannabis use.

The generally agreed upon classification for hypertension is a sustained systolic blood
pressure of >140 mmHg diastolic blood pressure of > 90 mmHg, although lower parameters
(≤130/80) are recommended among patients with other cardiovascular risk factors such as
diabetes (Chobanian et al., 2003). In the present study, none of the heavy cannabis users had
average blood pressure in the hypertensive range during periods of cannabis use, but 4 of 13
(31%) and 2 of 13 (15%) of participants had average blood pressure assessments in the
hypertensive range for SBP and DBP respectively during abstinence. Research also indicates
that every increase of 20 mmHg systolic and 10 mmHg diastolic blood pressure above
115/75 mmHg results in a doubling of relative risk for cardiovascular disease related
mortality (Chobanian et al., 2003). One participant in this study had a mean increase of 22.8
mmHg systolic and 12.3 mmHg diastolic blood pressure, and the half of the study sample
showing the greatest effect had mean increases of 15.7 mmHg systolic and 8.9 mmHg
diastolic blood pressure. This indicates that the magnitude of the increase in blood pressure
observed in this study is clinically meaningful.

There were no clear demographic or cannabis use characteristics that predicted the
magnitude of effect observed for individual study participants. While most study
participants were male, one of the two female participants was among the subgroup that
showed the greatest increase in blood pressure suggesting that this effect is not gender
specific. However, with only two female participants we cannot establish whether there are
gender differences in the magnitude of cardiovascular response to cannabis cessation. It is
also important to note that the participants in this study were older and more likely to be
African American compared with prior studies of cannabis withdrawal that included
cardiovascular measures. Both age and African American heritage are established risk
factors for hypertension (Kaplan, 1994). Also, though the majority of cannabis users are
adolescents and young adults, approximately one-third of current users and 23–35% of
treatment admissions for cannabis use disorders are age 30 or older (AIHW, 2008;
SAMHSA, 2007, 2009). Thus, the current study is representative of a large sub-population
of cannabis users, but one that has been generally underrepresented in prior studies.

Due to the short duration of abstinence in this study and the lack of pre-cannabis use
cardiovascular measures, it is uncertain whether these effects are a product of cannabis
withdrawal (i.e., a time limited increase) or if these effects represent a rebound or offset
effect of cannabis-induced decrease in blood pressure and heart rate (i.e., a time unlimited
increase). If these cardiovascular changes reflect a withdrawal effect, the cause may be a
direct pharmacological withdrawal effect or secondary effects of other symptoms of
cannabis withdrawal (e.g. anxiety). On the other hand, a rebound or offset effect would more
clearly indicate a direct effect of the endocannabinoid system, and would have significant
clinical implications. First, reduction or cessation of frequent cannabis use would be cause
for evaluating and likely modifying ongoing treatment for cardiovascular disease among
patients. Second, it would suggest the need for careful observation of cardiovascular effects
(beneficial or harmful) in the development of medications that modulate the
endocannabinoid system.

There are limitations of this study with regard to assessing the risk of an acute
cardiovascular event occurring in cannabis users during a quit attempt. First, cardiovascular
risk is limited to the duration of the effect, and it is uncertain whether the abstinence-
induced effects observed persist for longer than 3 days. Most cannabis withdrawal effects
last 1–2 weeks, though sleep-related symptoms have been shown to persist longer (Budney
et al., 2003). Greater cardiovascular risk would be expected if the increase in blood pressure
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resulted from a rebound or drug offset effect, which would persist indefinitely. That said,
most participants in this study (69%) did not exhibit cardiovascular effects large enough to
meet accepted criteria for a diagnosis of hypertension. Thus, if there is a risk for an acute
cardiovascular event as a result of increased blood pressure, it is likely limited to a minority
of users, and, even then, may not present a true risk in the absence of other cardiovascular
risk factors.

Accounting for all assessment points, there was no effect of cannabis abstinence on heart
rate. A statistically significant effect of cannabis abstinence was observed when analysis was
limited to assessments conducted in the morning, which eliminated time points that could
have been affected by cannabis intoxication during the ad-libitum use periods. However, the
increase observed in that analysis (increase of 5 bpm to mean of 81 bpm) does not indicate
that this effect is likely to result in clinically relevant cardiovascular risk.

Conclusion
Cannabis withdrawal in this study resulted in a significant increase in blood pressure that
was of sufficient clinical magnitude to suggest the need for recognition and further
consideration with regards to research eligibility. This effect was reliably observed across 2
different abstinence periods. Mean blood pressure was qualitatively higher for all 13
participants during cannabis abstinence periods compared with ad libitum cannabis use
periods, and the increase during abstinence resulted in mean blood pressure in the range of
Stage 1 hypertension for 4 participants (31%). These were unexpected findings observed in
a research study designed to investigate the effects of cannabis use and abstinence on sleep,
and the limitations of the study design preclude understanding the mechanism or duration of
this effect. Additional research is required to examine the time course and generality of these
results. Studies with larger and more diverse samples (e.g., more females; those with risk
factors for cardiovascular disease) may also help clarify whether specific risk factors or
genotypes are associated with abstinence-induced hypertension in cannabis users. If
additional research confirms these results, independent of the underlying cause and time
course of the effect, heavy cannabis users who abruptly abstain should receive
cardiovascular monitoring and treatment if indicated by established medical guidelines.
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Figure 1.
Mean systolic blood pressure (Panel A), diastolic blood pressure (Panel B), and 10:00am
heart rate assessments collapsed across participants (N=13). The * indicates a significant
difference (p<.05) between mean values obtained during the two ad libitum cannabis use
periods and mean values obtained during the two abstinence periods.
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Figure 2.
Mean blood pressure by study phase for the 6 participants who demonstrated the greatest
abstinence effect. Participant 017 had been diagnosed with hypertension prior to study
participation and was taking medication during the study (see Methods for details).
Participant 001 is an African American female, participants 003 and 020 are Caucasian
males, and the other three are African American males.
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