
Lack of Hippocampal
Volume Change in
Long-term Heavy
Cannabis Users

Golfo K. Tzilos, M.A., Christina B. Cintron, B.A.,

Jonas B.R. Wood, B.A., Norah S. Simpson, A.B.,

Ashley D. Young, A.B., Harrison G. Pope, Jr., M.D.,

Deborah A. Yurgelun-Todd, Ph.D.

The effects of cannabis smoking on the morphology of the hippocampus are still
unclear, especially because previous human studies have examined primarily
younger, shorter-term users. We used magnetic resonance imaging to investigate
these effects in a group of 22 older, long-term cannabis users (reporting a mean
[SD] of 20,100 [13,900] lifetime episodes of smoking) and 26 comparison
subjects with no history of cannabis abuse or dependence. When compared to
control subjects, smokers displayed no significant adjusted differences in
volumes of gray matter, white matter, cerebrospinal fluid, or left and right hip-
pocampus. Moreover, hippocampal volume in cannabis users was not associa-
ted with age of onset of use nor total lifetime episodes of use. These findings are
consistent with recent literature suggesting that cannabis use is not associated
with structural changes within the brain as a whole or the hippocampus in
particular. (Am J Addict 2005;14:64–72)

M any studies in recent decades have
examined the effects of chronic

cannabis use on human cognition and
behavior. Regular cannabis use has been
linked to deficits in memory, learning, and
attention.1–3 Researchers have also used
various methods to determine whether
cannabis use results in brain atrophy or
morphometric changes. These latter studies

have thus far yielded equivocal data. One
of the first studies in this area, used pneu-
moencephalographic techniques to measure
the physical changes found in young
cannabis users.4 These investigators found
evidence of cerebral atrophy, although
subsequent studies applying more
advanced technologies did not reproduce
these findings.5,6 More recently, magnetic
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resonance imaging (MRI) has been used to
measure the regional brain volume of
young adult cannabis users. Block and col-
leagues measured tissue volumes in heavy
users, including gray and white matter and
ventricular cerebrospinal fluid (CSF), and
found no detectable effect found on hippo-
campal volume.7 Somewhat similar findings
were reported in a subsequent study of 57
moderate to heavy cannabis users with a
mean age of 31.3 years.8 These investiga-
tors found a significantly decreased ratio
of gray matter to whole brain volume in
users who began smoking at age 16 or less
as compared to later-onset users but found
no differences between the age-of-onset
groups in the amygdala or hippocampus.

However, the above studies have
examined primarily younger, shorter-term
cannabis users, rather than smokers with
a history of heavy use over decades. This
limitation may be important, since animal
studies provide suggestive evidence that
morphological change may occur with
prolonged heavy cannabis exposure.7

Specifically, animal studies of binding
affinity have demonstrated that delta
9-tetrahydrocannabinol (THC), the active
ingredient in cannabis, accumulates prefer-
entially in the hippocampus in comparison
to other structures.9–11 Studies of rats,
using both light and electron microscopy
techniques, have found significant THC-
induced changes in the rat hippocampus
following chronic exposure. These studies
were designed to administer doses of
THC comparable to very heavy daily use
in humans.12 For example, Scallet and col-
leagues13 dosed rats for ninety days with
daily high levels of THC (10–60mg=kg)
and found significant decreases in the mean
volume of neurons of the hippocampal
CA3 region. Similar results were attained
in a study by Landfield et al.,14 in which
rats were treated with THC for an eight
month period (up to 8mg=kg, five times
weekly). Using synthetic cannabinoids with
potency comparable to THC, Lawston

and colleagues dosed rats twice daily
(2.0mg=kg) for 21 days, and found a sig-
nificant morphological change within the
hippocampal CA1 region.15 These tissue
decreases identified in the rat hippocam-
pus after heavy cannabis exposure may be
linked to hippocampal dysfunction demon-
strated previously in studies on both rats
and humans.12,16,17

These animal studies, taken together
with the previous observations of memory
deficits in human cannabis users, and the
fact that the hippocampus has a high den-
sity of cannabinoid receptors, combine to
suggest that chronic heavy cannabis usage
might be associated with decreased hippo-
campal volume in humans. Admittedly,
as noted above, previous MRI studies of
frequent smokers have failed to find
these morphological changes. However,
we hypothesized that older, more long-term
heavy cannabis users, with much greater
lifetime cannabis exposure than those
assessed in previous studies, might demon-
strate such changes on high-resolution
magnetic resonance imaging. Therefore,
we examined the association of chronic
heavy cannabis use with the volume of
the hippocampus and of whole brain tissue.

MATERIALS AND METHODS

Sample

We examined 22 chronic heavy canna-
bis users, recruited in the course of an
earlier neuropsychological study previously
presented in detail.18 Briefly, subjects were
individuals aged 30–55 years who had
smoked marijuana on at least 5,000 separate
occasions. Lifetime episodes of cannabis
use were calculated by establishing a
year-by-year estimate of frequency of use
in initial interviews with subjects.18 Subjects
were excluded if they reported:

1. the use of any other class of drugs of
abuse more than 100 times in their lives
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2. a history of alcohol abuse or depen-
dence by DSM-IV criteria,19 as deter-
mined by the Structured Clinical
Interview for DSM-IV (SCID; First
et al., 1996)

3. a current DSM-IV Axis I disorder
other than simple phobia or social pho-
bia, as determined by the SCID

4. a history of suffering from head injury
with a loss of consciousness requiring
hospitalization

5. current use of any psychoactive
medication

6. a medical, psychiatric, or neurological
condition that might affect cognitive
function.

The 26 control subjects were individuals
recruited from newspaper advertisements
who reported:

1. no lifetime history of any DSM-IV
Axis I disorder, including no lifetime
history of cannabis abuse or depen-
dence, and alcohol or other substance
abuse or dependence as determined
by the SCID

2. no history of a head injury with loss of
consciousness requiring hospitalization

3. no current use of any psychoactive
medication

4. no medical, psychiatric, or neurological
condition that might affect cognitive
function or brain morphology.

Subjects in both study groups were
excluded if they had metal implants or den-
tal braces (due to the MRI procedure indi-
cations) or if they were uncooperative with
the study protocol. All subjects in both
groups signed informed consent for the
study after the procedures were fully
explained. Image acquisition was completed
within 24 hours of study enrollment.

Imaging Procedure

Structural neuroimaging was per-
formed on each subject using a 1.5 Tesla

GE Signa whole-body scanner. Sagittal
localizing images were acquired, followed
by T1-weighted coronal images of the
whole brain (3mm spoiled gradient-recalled
acquisition; SPGR). Images were acquired
using the following parameters:
TR ¼ 35ms, TE ¼5ms, flip angle ¼ 45�,
256� 256 matrix, and voxel dimensions
¼ 0.976� 0.976mm. Image analysis was
conducted offline on a microcomputer
using a semi-automated segmentation soft-
ware package (MRX). A single trained oper-
ator made all measurements blind to the
group status of the subjects. This individual
had previously established interrater
reliability (r > 0.87) with another trainer
and also completed intrarater reliability stu-
dies. Structural boundaries were placed for
the hippocampus, as well as for the whole
brain, aided by use of an anatomical atlas.20

Morphometric Analysis of Images. Images were
segmented into gray and white matter using
MRX, a semi-automated algorithm.20 The
full series of coronal images was transferred
from the MR scanner to a Sun workstation
and filtered to reduce noise. Seed points
were chosen to define a range of pixel
intensities for gray and white matter, and
the components of the image were divided
into tissue types using a fully automated
algorithm. Measurements of the hippocam-
pal complex included the hippocampus and
the parahippocampal gyrus. The anterior
portion was defined as the first slice where
the mamillary bodies appeared and the optic
chiasm split into the optic tracts; the
posterior portion was defined as the last
slice in which the cerebral aqueduct was
distinguishable.20

Statistical Analysis

Differences between the groups on
baseline demographic variables were
assessed using Fisher’s exact test for binary
variables and the t test for continuous vari-
ables. Differences between groups on brain
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volumetric measurements were assessed
using linear regression adjusting for age,
ethnicity (white vs. non-white), and sex.
Group was entered as a dummy variable,
and age was entered as chronological age.
All significance levels are two-tailed, with
the alpha set at p ¼ .05. An intrarater
reliability coefficient was calculated for
various brain regions as r ¼ .90.

RESULTS

Demographics

The 22 chronic heavy cannabis users
were similar in ethnic and sex distribution
to the 26 controls but older in mean age
(see Table 1). Cannabis users reported a
mean (SD) of 20,140 (13,866) episodes
of smoking (range 5,000–54,300 episodes).
They had begun smoking at a mean age
of 16.0 (4.1) years (range 12–28). All sub-
jects were smoking at least once per day
at entry into the study. They had been
smoking cannabis for a mean (SD) of
22.6 (5.7) years (range 12–33 years) at the
time of study entry; they reported smoking
at least once per day for a mean of 18.9
(7.5) years (range 1–33 years). Typically,
they had smoked on two to four separate
occasions each day during their years of
daily smoking. All of the 22 subjects met
DSM-IV criteria for cannabis dependence
during their years of daily smoking. Further
details on the attributes of the entire sample
of cannabis users, from which these 22
subjects were drawn, have been presented

previously.21 The 22 long-term cannabis
users had smoked a mean of 2,727.4
(2,980.8) packs of tobacco cigarettes in
their lives (range 0–9,360), and they had
consumed a lifetime mean of 6,524.1
(5,933.8) alcoholic drinks (range 0–20,280),
where a ‘‘drink’’ was defined as twelve
ounces of beer, four ounces of wine, or 1.5
ounces of distilled liquor. Although we
did not possess specific information on epi-
sodes of cannabis use (if any) by the
controls or their lifetime levels of tobacco,
alcohol, or other substance use, these sub-
jects had been screened to exclude any his-
tory of substance abuse or dependence, as
mentioned above.

Volume Measurements

After adjusting for age, ethnicity, and
sex, we found no differences even approach-
ing significance between the heavy cannabis
users and controls on mean gray matter,
white matter, cerebrospinal fluid, or total
brain volume (see Table 2). The groups also
showed no significant adjusted differences
in either the absolute volumes of the left
or right hippocampus or in the ratio of these
absolute volumes to total brain volume. In
an exploratory analysis, we also repeated all
of the comparisons in Table 2 without
adjusting for age, and we again repeated
these comparisons using a reduced age-
matched sample of the sixteen oldest con-
trols (mean age 33.9 years) and the sixteen
youngest cannabis users (mean age 35.1
years). In both of these exercises, we found

TABLE 1. Demographic Features of Cannabis Users vs. Control Subjects

Cannabis users Control subjects
Demographic feature (n ¼ 22) (n ¼ 26) t p

Age, years, mean (SD) 38.1 (6.2) 29.5 (8.5) 3.9 <0.001

Sex, female, n (%) 6 (27.2) 7 (26.9) 1.0

Education, years, mean (SD) 14.2 (2.5) 16.2 (1.8) �3.1 0.004

Ethnicity, non-white, n (%) 5 (22.3) 2 (7.7) 0.22
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no major changes in the levels of signifi-
cance, with all of the comparisons in the
table remaining non-significant ( p > 0.1 in
all cases). In a further exploratory analysis,
we also compared the twelve heavy cannabis
users who first began smoking at age fifteen
or less with the ten users who first began
smoking at age sixteen or above on all
of the volumetric measurements shown in
Table 2. We again found no significant
differences between these age-of-onset sub-
groups, or between either of these sub-
groups and the control subjects. We also
specifically examined gray matter as percent
of total brain volume in the fifteen subjects
who began smoking at age sixteen or earlier.
We chose this age as the dividing mark for
‘‘early-onset’’ use because three studies have
reported differences on neuroimaging mea-
sures and neuropsychological measures
between subjects who began smoking prior
to age sixteen and those who began at seven-
teen or later.8,22,23 However, the younger-
onset users did not differ from the seven
older-onset users ( p ¼ 0.47) or the 26 con-
trol subjects ( p ¼ 0.15) on this comparison.
Next, among the 22 heavy users, we assessed
the association between log-transformed
lifetime episodes of smoking and all of the
volumetric measurements. Again, none of
these associations approached significance.
Finally, among the twenty heavy users who
received neuropsychological testing, we
assessed the associations between hippo-
campal volume (as a ratio of total brain vol-
ume) and scores on various cognitive tests,
including Buschke’s Selective Reminding
Test, the Wechsler Memory Scale, and the
Benton Visual Retention Test using linear
regression adjusting for age and gender.
None of these associations approached stat-
istical significance.

DISCUSSION

Using magnetic resonance imaging techni-
ques, we compared 22 chronic heavy can-
nabis users with 26 healthy controls and

found no significant association between
cannabis use and hippocampal volume.
Among our subjects, all of whom were less
than 55 years old, age had little effect on
volumetric measurements; all differences
between cannabis users and controls
were non-significant in age-adjusted, age-
matched, and age-unadjusted comparisons.
The absence of significant differences
between chronic users and controls in
whole brain gray matter, white matter, or
cerebrospinal fluid suggests that chronic
cannabis use may not have a global effect
on cerebral tissue volume. These results
are consistent with the findings of Block
et al.,7 who utilized imaging techniques to
examine global and regional brain volumes
in current frequent young adult marijuana
smokers vs. non-smoking controls and
found no significant differences between
the two groups. Our hippocampal volume
findings are also consistent with those of
Wilson et al.,8 although we were not able
to replicate this group’s finding of a
decreased ratio of gray matter to total brain
volume in younger-onset users. Our study
is unique in that it is the first morphological
investigation, to our knowledge, to include
very long-term heavy cannabis smokers.
Previous investigations have generally
examined only younger populations of light
to moderate smokers.5–8 For example, the
study by Block et al.7 examined a group
of eighteen participants with an average
age of 22.3 and fewer than five years of
regular cannabis use. Our findings there-
fore augment earlier investigations by
extending their negative findings to subjects
with much greater cannabis exposure.
Further, the observed absence of volu-
metric differences between our cannabis
users and controls appears consistent with
our earlier neuropsychological observations
that cognitive deficits in most heavy canna-
bis users appear to be temporary rather
than irreversible.18,24 On the other hand,
it must be remembered that the absence
of anatomical changes in brain structures
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does not rule out the possibility of func-
tional changes. Moreover, our measure of
hippocampal volume does not include mea-
sures of specific hippocampal subregions. It
is therefore possible that a focal brain
change does occur in response to chronic
cannabis use, but our current study meth-
ods are not able to demonstrate this effect.

It is difficult to compare our results
to some of the earlier studies examining
the effects of chronic human cannabinoid
exposure because these studies used differ-
ent neuroimaging methods, including pneu-
moencephalography and computerized
axial tomography.4–6 Findings from these
studies had reduced spatial resolution and
therefore lacked the precision for reliable
measurement of focal brain regions.

Two possible limitations of the current
study deserve careful consideration. The
first is the possibility that we failed to fully
account for possible confounding variables
that might have influenced hippocampal
volume among the cannabis users. Specifi-
cally, the cannabis users were significantly
older and less well educated, and had
almost certainly used larger amounts of
other illicit drugs and alcohol than the con-
trol subjects. However, all of these poten-
tial confounders would likely be associated
with reduced hippocampal volume.25,26 Thus,
none of these factors could reasonably
account for the absence of differences
between cannabis users and controls in
the present study (barring the unlikely
possibility that cannabis is somehow pro-
tective of hippocampal volume). Since both
cannabis users and controls were recruited
by newspaper advertisements in the same
metropolitan area, it appears unlikely that
there was a serious selection bias that affec-
ted one group differently from the other;
nevertheless, we cannot exclude the possi-
bility of unrecognized confounders.

Second, we lacked detailed information
on the precise lifetime amounts of drug,
alcohol, and tobacco use among the control
subjects. Although these control subjects

were systematically interviewed to exclude
any cases of the abuse or dependence of
cannabis, alcohol, or any other form of
illicit drug, the possibility remains that
some control subjects might have used
these substances frequently without reach-
ing the threshold of abuse or dependence.
However, even allowing for this possibility,
it is extremely implausible that any of the
controls could have even approached the
massive levels of lifetime exposure (more
than 20,000 mean episodes of smoking)
reported by the long-term heavy cannabis
users. It also seems unlikely that the con-
trols would have exceeded the cannabis
users on lifetime levels of tobacco or
alcohol use; furthermore, nicotine appears
to have little effect on hippocampal
volume,27,28 and alcohol does not appear
to reduce hippocampal volume as a fraction
of total brain volume, even though it may
reduce brain volume as a whole.29 Thus,
the possibility of a type II error due to con-
trol subjects’ drug use seems quite unlikely.
The possibility of a type II error due to the
modest sample size must also be acknowl-
edged—but the almost identical ratios of
hippocampal volume to brain volume in
the two groups, after adjustment for age,
gender, and ethnicity, argues against a false
negative finding due to sample size.

It might also be argued that retrospec-
tive assessment of the cannabis users’ drug
histories might be prone to inaccuracies.
However, previous studies have suggested
that self-reports of the use of cannabis
and other drugs are fairly reliable.18,30–32

Although cannabis users with a current
Axis I disorder were excluded, one (4.5%)
of the users reported a past history of
bipolar II disorder—and mood disorders
have been shown in some studies to be
associated with decreased hippocampal vol-
ume.33 This subject, however, displayed a
ratio of hippocampal to brain volume
almost exactly at the mean for the cannabis
users, so that his inclusion had no effect on
the findings. None of the control subjects,
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by definition, reported either a current or
past Axis I disorder.

Finally, the procedures involved in
identifying and measuring the structural
boundaries of the hippocampus may have
been vulnerable to individual bias and
error. Despite the use of anatomical land-
marks and proper training and the estab-
lishment of high reliability, variations in
judgment and resulting data may arise
across different studies, making it difficult
to compare results. On balance, therefore,

our findings appear unlikely to be explained
by any of the possible limitations enumer-
ated above; thus, our results add to the cur-
rent consensus that long-term heavy
cannabis use is not associated with promi-
nent morphological changes within the
human brain, including the hippocampus.

This research was supported by grants R01
DA12483-1 (Dr. Yurgelun-Todd) and DA-
10346 (Dr. Pope) from the National Institute
on Drug Abuse, Bethesda, Md.

REFERENCES

1. Block RI, Ghoneim MM. Effects of chronic
marijuana use on human cognition. Psychopharma-
cology (Berl). 1993;110:219–228.

2. Pope HG, Jr., Yurgelun-Todd D. The residual
cognitive effects of heavy marijuana use in col-
lege students. JAMA. 1996;275:521–527.

3. Ameri A. The effects of cannabinoids on the
brain. Prog Neurobiol. 1999;58:315–348.

4. Campbell AM, Evans M, Thomson JL, Williams
MJ. Cerebral atrophy in young cannabis smo-
kers. Lancet. 1971;2:1219–1224.

5. Co BT, Goodwin DW, Gado M, Mikhael M,
Hill SY. Absence of cerebral atrophy in chronic
cannabis users: evaluation by computerized trans-
axial tomography. JAMA. 1977;237:1229–1230.

6. Kuehnle J, Mendelson JH, Davis KR, New PF.
Computed tomographic examination of heavy
marijuana smokers. JAMA. 1977;237:1231–1232.

7. Block RI, O’Leary DS, Ehrhardt JC, et al.
Effects of frequent marijuana use on brain
tissue volume and composition. Neuroreport.
2000;11:491–496.

8. Wilson W, Mathew R, Turkington T, Hawk T,
Coleman RE, Provenzale J. Brain morphological
changes and early marijuana use: a magnetic res-
onance and positron emission tomography
study. J Addict Dis. 2000;19:1–22.

9. Herkenham M, Lynn AB, Little MD, et al. Can-
nabinoid receptor localization in brain. Proc Natl
Acad Sci USA. 1990;87:1932–1936.

10. Mailleux P, Parmentier M, Vanderhaeghen JJ.
Distribution of cannabinoid receptor messenger
RNA in the human brain: an in situ hybridiz-
ation histochemistry with oligonucleotides.
Neurosci Lett. 1992;143:200–204.

11. Berrendero F, Sepe N, Ramos JA, Di Marzo V,
Fernandez-Ruiz JJ. Analysis of cannabinoid
receptor binding and mRNA expression and

endogenous cannabinoid contents in the devel-
oping rat brain during late gestation and early
postnatal period. Synapse. 1999;33:181–191.

12. RosenkrantzH, BraudeM.Comparative Chronic Toxi-
cities of Delta-9-tetrahydrocannabinol administered Orally
or by Inhalation in the Rat. New York: Raven; 1976.

13. Scallet AC, Uemura E, Andrews A, et al.
Morphometric studies of the rat hippocampus
following chronic delta-9-tetrahydrocannabinol
(THC). Brain Res. 1987;436:193–198.

14. Landfield PW, Cadwallader LB, Vinsant S.
Quantitative changes in hippocampal structure
following long-term exposure to delta 9-tetra-
hydrocannabinol: possible mediation by gluco-
corticoid systems. Brain Res. 1988;443:47–62.

15. Lawston J, Borella A, Robinson JK, Whitaker-
Azmitia PM. Changes in hippocampal mor-
phology following chronic treatment with the
synthetic cannabinoid WIN 55,212-2. Brain Res.
2000;877:407–410.

16. Stiglick A, Kalant H. Behavioral effects of
prolonged administration of delta 9-tetrahy-
drocannabinol in the rat. Psychopharmacology
(Berl). 1983;80:325–330.

17. Hampson RE, Deadwyler SA. Role of cannabi-
noid receptors in memory storage. Neurobiol
Dis. 1998;5:474–482.

18. Pope HG, Jr., Gruber AJ, Hudson JI, Huestis
MA, Yurgelun-Todd DA. Neuropsychological
performance in long-term cannabis users. Arch
Gen Psychiatry. 2001;58:909–915.

19. American Psychiatric Association.Diagnostic and Sta-
tistical Manual of Mental Disorders. 4th ed.Washington,
DC: American Psychiatric Association; 1994.

20. Kikinis R, Shenton ME, Gerig G, et al. Routine
quantitative analysis of brain and cerebrospinal
fluid spaces with MR imaging. J Magn Reson Ima-
ging. 1992;2:619–629.

Tzilos et al.

THE AMERICAN JOURNAL ON ADDICTIONS 71



21. Gruber AJ, Pope HG, Hudson JI, Yurgelun-Todd
DA. Attributes of long-term heavy cannabis users:
a case-control study. Psychol Med. 2003;33:1415–
1422.

22. Ehrenreich H, Rinn T, Kunert HJ, et al. Specific
attentional dysfunction in adults following early
start of cannabis use. Psychopharmacology (Berl).
1999;142:295–301.

23. Pope HG, Gruber AJ, Hudson JI, Cohane G,
Huestis MA, Yurgelun-Todd DA. Early-onset
cannabis use and cognitive deficits: what is the
nature of the association? Drug Alcohol Depend.
2003;69:303–310.

24. Pope HG, Gruber AJ, Hudson JI, Huestis MA,
Yurgelun-Todd DA. Cognitive measures in
long-term cannabis users. J Clin Pharmacol.
2002;42:42S–47S.

25. Schuff N, Amend DL, Knowlton R, Norman D,
Fein G, Weiner MW. Age-related metabolite
changes and volume loss in the hippocampus
by magnetic resonance spectroscopy and ima-
ging. Neurobiol Aging. 1999;20:279–285.

26. Sullivan EV, Marsh L, Mathalon DH,
Lim KO, Pfefferbaum A. Anterior hippocampal
volume deficits in nonamnesic, aging chronic
alcoholics. Alcohol Clin Exp Res. 1995;19:
110–122.

27. Benwell ME, Balfour DJ, Anderson JM. Evi-
dence that tobacco smoking increases the den-
sity of (-)-[3H]nicotine binding sites in human
brain. J Neurochem. 1988;50:1243–1247.

28. Breese CR, Marks MJ, Logel J, et al. Effect of
smoking history on [3H]nicotine binding in
human postmortem brain. J Pharmacol Exp Ther.
1997;282:7–13.

29. Agartz I, Momenan R, Rawlings RR, Kerich MJ,
Hommer DW. Hippocampal volume in patients
with alcohol dependence. Arch Gen Psychiatry.
1999;56:356–363.

30. Harrison ER, Haaga J, Richards T. Self-reported
drug use data: what do they reveal? Am J Drug
Alcohol Abuse. 1993;19:423–441.

31. Brown J, Kranzler HR, Del Boca FK. Self-
reports by alcohol and drug abuse inpatients:
factors affecting reliability and validity. Br J
Addict. 1992;87:1013–1024.

32. Rouse B, Kozel N, Richards L. Self-report Meth-
ods of Estimating Drug Use: Meeting Current
Challenges to Validity. NIDA Research Mono-
graph. vol. 57. Washington DC. Government
Printing Office; 1985.

33. Beyer JL, Krishnan KR. Volumetric brain ima-
ging findings in mood disorders. Bipolar Disord.
2002;4:89–104.

Hippocampal Volume and Long-term Heavy Cannabis Users

72 VOLUME 14 � NUMBER 1 � JANUARY–FEBRUARY 2005


