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Abstract
Objective—Marijuana abuse is associated with neurological changes including increases in frontal
EEG alpha during abstinence. Research is needed to assess to what extent these EEG patterns are
indicative of cerebral perfusion deficits.

Methods—We recorded the resting eyes closed EEG of 75 abstinent marijuana users and 33 control
subjects. Fifty-six marijuana users used marijuana for less than eight years and 19 used for eight
years or more. The EEG evaluation occurred within 72 hours of admission to an inpatient unit. Fifty-
nine marijuana users remained abstinent for a month and were tested twice. Supplemental
psychological and physiological data were also collected.

Results—Log alpha2 and beta2 power at posterior sites were significantly lower for the marijuana
abusers that used eight years or more than the other marijuana abusers and the control subjects. These
EEG changes continued for the month of abstinence. The marijuana users who used marijuana for
more than eight years, also, had lower heart rates and thyroid function (T4) compared to the other
marijuana users and the control subjects.

Conclusions—Chronic marijuana use was also associated with reduced EEG power in alpha and
beta bands at posterior sites. These reductions in EEG power appear to be related to cerebral perfusion
deficits and/or thyroid function in marijuana abusers.

Significance—Our results suggest EEG, cerebral blood flow velocity, cardiovascular and thyroid
function alterations in marijuana abuser with an extended period of use. These alterations reflect
under arousal in these systems.
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Introduction
Illicit marijuana abuse is a major public health problem among young persons (Gruber & Pope,
2002; Compton et al., 2004). Most problematic among young marijuana users is the view that
marijuana was not harmful (Gruber & Pope, 2002; Hall & Degenhardt, 2006) even though
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cognitive and psychiatric impairments have been documented in heavy marijuana users
(Fletcher et al., 1996; Pope et al., 1996, 2001; Ehrenreich et al., 1999; Bolla et al., 2002; Solowij
et al., 2002; Fergussion et al., 2006). Strokes in relatively young individuals have also been
reported (Cooles & Michaud, 1987; Zarchariah, 1991; Barnes et al., 1992; Lawson & Rees,
1996; MacCarron, 1997; White et al., 2000; Marinella, 2001; Mesec et al., 2001; Alvaro et al.,
2002). Related to the cognitive impairments and strokes, altered cerebral blood flow has also
been observed in chronic marijuana users during abstinence (Tunving et al., 1986; Amen, &
Waugh, 1998; Lundqvist et al., 2001; Block et al, 2002; Herning et al., 2005; Sneider et al.,
2006).

In addition, chronic marijuana users have an increase in frontal EEG alpha power during
abstinence (Struve et al., 1999). The 1999 paper also summarizes two earlier studies (Struve
et al., 1989, 1994) of the EEG of abstinent mental patients who used marijuana for an extended
period of time. The data collected in the 1999 paper were not collected from mental patients,
but represent a well designed study of marijuana abusers and control subjects. However, these
EEG alterations in abstinent marijuana abusers are not clearly indicative of cognitive or
cerebral perfusion deficits previously observed in marijuana abusers and only one research
group has reported it. The increased EEG alpha power observed in marijuana users (Struve et
al., 1999) might have resulted from subliminal depression and/or anxiety. On the other hand,
a mild withdrawal syndrome has been documented in chronic marijuana users (Jones et al.,
1981; Budney et al., 2001; Haney et al., 1999, 2005). The increase in frontal EEG alpha power
might be related to these withdrawal symptoms such as irritability, restlessness, aggression,
anger, loss of appetite, insomnia and tremor. Thus, it is important to replicate the increase in
frontal EEG alpha (Struve et al, 1999) and to link the EEG changes to other changes during
marijuana abstinence. To do this, we recorded the resting EEG and battery of physiological
and psychological measures that were sensitive to marijuana abstinence from 75 abstinent
marijuana users within 72 hours of admission to our closed clinical research ward and compared
them with 33 control subjects. Fifty-nine of the marijuana users completed the study and were
tested again after 28 to 30 days of monitored abstinence to determine whether the changes
observed during early marijuana withdrawal persist. Changes in measures that persist for a
month might not be acute marijuana withdrawal symptoms, but more permanent changes
resulting from prolonged marijuana abuse. Two marijuana using groups were formed. One
group matched the use patterns (almost daily for about nine years) of the Struve and associates’
study (1999) and the other group used marijuana for a shorter period of time (almost daily for
about four years). We hypothesized that the group using for a longer period of time would have
EEG alterations while the group with a shorter period of use would be similar to the control
group. The hypothesis was based on studies of cognitive function in marijuana users that
suggested that cognitive deficits occurred after heavy long term use (Gonzalez et al., 2001;
Pope et al. 2003; Messimis et al., 2006). In these studies, the shorter term marijuana use did
not always produce cognitive deficits.

Methods
Subjects

Seventy-five marijuana users that reported using marijuana at least 15 of the last 30 days and
thirty-three control subjects (CS) were studied. These subjects were selected by the specific
criteria listed below from a larger sample of over 600 subjects tested at NIDA that were
recruited through ads in the community. The marijuana abusers were not seeking treatment for
drug abuse or any other psychiatric disorder. The marijuana abusers were divided into two
groups based on the number of years that they reported using marijuana. Fifty-six individuals
that reported smoking marijuana less than eight years comprised the short duration group (MJ-
short). Nineteen individuals that reported using marijuana for eight or more years comprised
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the long duration group (MJ-Long). The division at eight years of use allowed us to have one
group of marijuana abusers with similar marijuana use history as in the Struve and
associates’ (1999) study. Both the number of days of marijuana use in the last thirty days and
the number of years of marijuana use were obtained from the Addiction Severity Index (ASI:
McLellan et al., 1986). Before undergoing the EEG assessment, all volunteers had undergone
medical, neurological, psychological (ASI, SCL-90R (Derogatis, 1992), Buss-Durkey
Hostility Index, BDHI (Buss et at., 1952), DIS-IV (Robins, et al., 1995)) and medical laboratory
evaluations. Exclusion criteria that applied to all subjects were: 1) major medical and
psychiatric illnesses including history of hypertension, 2) head injuries with loss of
consciousness for greater than five minutes, 3) evidence of any neurological abnormalities by
history or examination, 4) HIV seropositivity, and 5) illicit drug use (cocaine, heroin etc.) or
excessive alcohol use by DSM-IV criteria for abuse or dependence using the DIS-IV. The
research protocol was approved by the National Institute on Drug Abuse and Johns Hopkins
Bayview Medical Center Institutional Review Boards for Human Research. Informed consent
was obtained from all subjects.

Demographic information and drug use history information were obtained from the ASI.
Subjects with drug use other than marijuana use were screened out of the present study. Thus
other than alcohol, tobacco and marijuana use reported in Table 1, illicit drug use was not self-
reported nor observed in urine toxicologies obtained during the screening process.

Procedures
EEG, cardiovascular, and cerebral blood flow velocity measurements for the marijuana abusers
were made within 72 hours of admission to our closed clinical research ward. A second set of
measurements was made 28 to 30 days of monitored abstinence on the research ward on 59
marijuana abusers that completed the study. Our closed research ward was assessable only to
authorized staff and no visitors were permitted. Random urine samples were collected for
toxicologies. The CS group was tested once during an outpatient visit.

EEG Recording
A three minute period of EEG was recorded during resting eyes-closed condition from sixteen
electrodes (Fp1, F7, F3, C3, T3, T5, P3, O1, Fp2, F8, F4, C4, T4, T6, P4, and O2). The reference
electrodes were on the ear tips. Eye movement was recorded from above and to side of the left
eye. The EEG was amplified with Grass (Model 7P511) amplifiers and processed with a 1 to
50 Hz half-amplitude band pass and notch filter at 60 Hz. The EEG was sampled at the rate
104 samples per second per channel. EEG artifact was removed by blind computer-assisted
visual inspection (RIH). The EEG was converted to spectral power using a fast Fourier
transform (algorithm by Chamberlin, 1985) with 256 points per epoch and the spectra were
averaged over epochs. Absolute power was converted to logarithm base ten (log) of power to
allow for a more normal distribution of the EEG power measures (Gasser et al., 1982). Log
and relative (percent) power was divided into six frequency bands (delta: 0.4-3.9 Hz, theta:
4.0-7.9 Hz, alpha1:8.0-9.9 Hz, alpha2: 10.0-13.9 Hz, beta1: 14.0-24.9 Hz and beta2: 25.0-40.0
Hz). Power in each band was the mean of the discrete spectral resolutions in that band. The
absolute and relative EEG power for each band from the 16 electrodes was grouped into five
regions: frontal pole (mean of Fp1, Fp2 sites), frontal (mean of F3, F4, F7, and F8 sites), central
(mean of C3, C4, T3, and T4 sites), parietal (mean of P3, P4, T5, T6 sites) and occipital (mean
of O1 and O2 sites). The peak frequency of alpha power over both alpha1 and alpha2 bands
was determined from mean of the peaks of O1 and O2 sites since a similar measure was used
in Struve and associates study (1999). Log power at the peak alpha frequency was also
determined.
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Supplemental Measures
To more accurately describe the subjects in this study, additional psychological and
physiological measures were obtained. It was hoped that these additional measures might
provide insight into what the EEG changes observed in marijuana abusers in the present study
might represent since these measures were observed in individuals during marijuana
abstinence. The psychological tests given during early abstinence included: Symptom Check
List 90 Revised (SCL-90R: Derogatis, 1992), Buss-Durkee Hostilely Inventory (BDHI: Buss
et al., 1957), Ellison Wellness Questionnaire (Ellison, 1991), and the Beck Hopelessness Scale
(Beck, 1974). These psychological tests measure in part anger, depression, anxiety, aggression
irritability and restlessness known to be increased during marijuana abstinence (Jones et al.,
1981; Budney et al., 2001; Haney et al., 1999, 2005). Physiological measures included: resting
cardiovascular measures (heart rate and blood pressure), middle cerebral artery (MCA) blood
flow velocity measures (mean velocity (Vm) and pulsatility index (PI)) and thyroid function
test (TSH, T3 uptake and T4). Cerebral blood flow velocity measures have been previously
found to be altered in chronic marijuana abusers (Herning et al., 2005) and may be related to
EEG changes observed in this study. The thyroid function measures were selected as a possible
way to access possible metabolic changes resulting from the loss of appetite observed in
abstinent marijuana abusers (Budney et al., 2001; Haney et al., 1999, 2005). Blood flow
velocity was determined using a temporal window (zygomatic arch) for right and left middle
(MCA), cerebral arteries using pulsed transcranial Doppler sonography (Nicolet, Model
TC2000). The evaluation of the two arteries took from ten to fifteen minutes. Mean velocity
(Vm: cm/s), systolic velocity (Vs: cm/s), diastolic velocity (Vd: cm/s), and pulsatility index
(PI=(Vs-Vd)/Vm) were determined for each artery. The mean of both arties was used in the
analyses. The cardiovascular and cerebral blood flow measures were obtained early (<72 hours)
and late (28-30 days) during monitored abstinence for the marijuana abusers. The blood draw
for the standard medical thyroid function test was obtained after 10 to 14 days of monitored
abstinence.

Statistical Analysis
A between groups (CS, MJ-Short, MJ-Long) by gender analysis of variance was performed on
supplemental psychological and physiological measures. A between groups (CS, MJ-Short,
MJ-Long) by gender by region analysis of covariance was performed for each of the six EEG
bands. A group (MJ-Short, MJ-Long) gender by region by test time (< 72 hours and > 28 days
of abstinence) analysis of covariance was performed for each of the six EEG bands for log
power to determine whether the EEG changed over a month of monitored abstinence. The
covariates were age, lifetime ASPD symptoms (ASPSX) and family history of alcoholism
(FHALC). In addition to the standard tests of the assumptions of homogeneity of between
group variance, the Greenhouse-Geisser correction for deviations from the assumptions of the
repeated measures model were applied and the corrections are reflected in the p-values given
for a particular test (Geisser &.Greenhouse, 1959). When assumptions of the model were
violated as revealed by the Mauchly=s test the Greenhouse-Geisser corrected p value (pG-G)
is given. When assumptions of the model were not violated the unadjusted p-value (p) is
presented. Statistical testing was performed with SPSS, Version 13 (Chicago Il.). A planned
comparison tested (Winer et al., 1991) whether the mean of one group (MJ-Long) was different
than the other two group means (CS, MJ-Short) as a direct test of our hypothese.

Results
EEG Power of Marijuana Users in Early Abstinence

Figure 1 shows the topographical maps of absolute log power bands for the control and
marijuana groups. Table 2 lists mean power over all electrodes for each band for the three
groups. Since the topographical maps suggest that the MJ-Long group differed from the other
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two groups, a single planned comparison tests that hypothesis for each band. These results are
listed in Table 2. These comparisons report that mean alpha2 power for the MJ-long group was
significantly lower than the other two groups and mean alpha power at the peak alpha frequency
for the MJ-long group was significantly lower than the other two groups. Also included in
Table 2 are the correlations of lifetime ASPD symptoms and the family history of alcoholism
with each of the EEG variables. Lifetime ASPD symptoms and the family history of alcoholism
did not correlate with any of the EEG measures. Likewise, lifetime ASPD symptoms and the
family history of alcoholism when were used as covariates in the analyses in this Table, these
covariates were not significant and results appear unrelated to these covariates.

A between groups (CS, MJ-Short, MJ-Long) by gender by region analysis of variance was
performed for each of the six EEG bands. These tests examined whether the EEG of CS and
marijuana groups differed during early abstinence. The group by region interaction was
significant for alpha2 (F(8, 404)= 2.92, pG-G =0.012; covariates: age F(1,99) =2.95, p=0.089;
ASPSX: F(1,99) = 0.68, p=0.413; FHALC F(1,99) =0.09, p=0.783) and beta2 (F(8 404)= 2.67,
pG-G = 0.019; covariates: age F(1,99) =1.47, p=0.228; ASPSX: F(1,99) = 0.69, p=0.408;
FHALC F(1,99) = 0.06, p=0.815) suggesting possible significant differences between groups
in some regions of the brain. It is important to note that none of the covariates were significant
in these analyses. These regional differences are shown in Figure 2. For alpha2 and beta2 power
in the occipital regions, the MJ-Long group had less power than that of the CS and MJ-Short
groups. There were no gender by group differences. While beta1 power showed a similar trend,
the assumption homogeneity of between group variances did not hold. Thus, the corresponding
analysis for beta1 power was not valid.

Similar analyses of variance were performed for relative power in each of the EEG bands. No
group effects or group by region interactions were observed for relative power in any band.

EEG Power during Monitored Abstinence
Since fifty-nine marijuana abusers (42 in the MJ-Short group and 17 in the MJ-Long group)
completed the study, we were able to compare their EEG at early (< 72 hours) and late (28-30
days) time points during monitored abstinence. The EEG power for two groups of marijuana
abusers late in abstinence is, also, shown in Figure 2. The time main effect, the time by group
(MJ-Short versus MJ-Long) was not significant for any EEG band. The MJ-Long group had
lower overall alpha2 (F(1,54)= 7.54, p <0.009; covariates: age F(1,52) =0.15, p=0.705;
ASPSX: F(1,52) = 0.00, p=0.998; FHALC F(1,52) =0.72, p=0.402) and beta2 (F(1,52)= 4.89,
p <0.032; covariates: age F(1,52) =1.20, p=0.279; ASPSX: F(1,52) = 0.03, p=0.87; FHALC F
(1,52) =0.05, p=0.830) power than the MJ-Short group throughout abstinence. There were no
gender by group by time differences.

Similar analyses of variance were performed for relative power in each of the EEG bands over
the two times during abstinence. No time effects and no group by time by region interactions
were observed for relative power.

Peak EEG Alpha Frequency and Power
Peak alpha frequency was analyzed by an ANOVA with group and gender factors. No
differences among the three groups (F(2,117) = 1.07, p > 0.30) or group by gender interaction
observed. Peak alpha frequency was, also, analyzed over the month period of monitored
abstinence with a group by gender by time (< 72 hours by > 28 days) ANOVA. Time effect (F
(1,55) = 2.46, p > 0.20) or group by time interaction (F(1,55) = 1.56, p > 0.20) were not
significant for peak alpha frequency. EEG power at the peak alpha power for the occipital
electrodes for the MJ-long group was significantly lower than the other two groups. No changes
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in this measure were observed over time or between genders. Table 2 summarizes the power
results.

Supplemental Measures
Table 3 lists the means and standard deviations for the psychological measures for the three
groups. For most scales of the SCL-90R, both marijuana groups had higher scores than the CS
group, but the two marijuana groups did not differ. Both marijuana groups had slightly higher
scores on the BDHI scales than the control group, but the MJ-Long group had significantly
higher levels of BDHI assault than the other two groups. Table 4 lists the means and standard
deviations for the physiological measures for the three groups. Diastolic blood pressure was
lower for the marijuana groups than for the CS group, but the values for marijuana groups did
not differ. Heart rate was significantly lower for the MJ-Long group as compared to the MJ-
Short and CS groups. MCA PI was significantly higher for the marijuana groups than for the
CS group. The PI values for marijuana groups did not differ. Diastolic blood pressure and the
MCA PI cerebral blood flow measures did not change over the 30 days of monitored abstinence.
Heart rate and systolic blood pressure significantly increased over the same abstinence period.
The MJ-Long group had significantly higher T3 percent uptake than the MJ-Short and CS
groups. The MJ-Long subjects had significantly lower T4 values (two subjects below the
normal range) than the other two groups.

Marijuana Use, EEG Power, Cerebral Blood Flow and Thyroid Function
In view of the group differences in EEG power, thyroid function and the MCA PI measure,
correlations were calculated among EEG alpha2 power at Oz, EEG beta2 power at Oz, the
thyroid measures, MCA PI and the marijuana use measures from the ASI. Both T3 uptake and
T4 significantly correlated with both marijuana use measures (see Table 5). It is interesting to
note that MCA PI was only correlated with recent marijuana use where as EEG power measures
were only correlated with the years of marijuana use. TSH was correlated with cerebral
perfusion (MCA PI) and the EEG (beta2 power).

Discussion
The main observations of the present study are: (1) the marijuana abusers that used for a longer
time had significantly less alpha2 and beta2 power at posterior sites than the control subjects
and marijuana abusers that used less long and (2) these changes in alpha2 and beta2 power of
marijuana abusers persisted over the month of monitored abstinence. The finding of reduced
EEG power at posterior sites in abstinent marijuana users is novel and might reflect changes
in cerebral perfusion or thyroid function. While the marijuana groups differed from the control
subjects on a number of psychological and physiological measures, the marijuana users that
used marijuana for more than eight years had higher BDHI assault ratings, lower heart rates,
lower T4 and higher T3 uptake levels compared to the marijuana users that used for a shorter
period and the control subjects. Heart rate and systolic blood pressure increased over the month
of abstinence for both marijuana groups.

The reductions in alpha2 and beta2 EEG power at posterior sites might be related to subtle
diminutions in cerebral perfusion. Cerebral perfusion and cognitive deficits were observed in
abstinent marijuana users during resting and active cognitive tasks (Tunving et al., 1986; Amen,
& Waugh, 1998; Lundqvist et al., 2001; Block et al, 2002; Herning et al., 2005). Decreases in
alpha power were observed during transient ischemic attacks (Madkour et al., 1993; Juhasz et
al., 1997). While increases in delta and theta EEG activity accompany larger deficits in cerebral
perfusion, subtle deficits in perfusion were accompanied by decreases in alpha and beta activity
(Jordan, 2004) as we have observed in the present study. In a similar sample of young marijuana
abusers, cerebral resistance measured by the transcranial Doppler parameter, Pulsatilty Index
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(PI), was similar to that observed in healthy individuals over 60 years of age (Herning et al.,
2005; Krejza et al. 1999). Cerebral resistance as measured by PI remained elevated over the
month of monitored abstinence in the heavy marijuana abusers (Herning et al., 2005). However,
in the present study, PI was elevated to a similar extent for both groups of marijuana users,
while the EEG changes occurred only in the marijuana users that used marijuana for more than
eight years. The EEG changes in the MJ-Long group might be due to an approximately five
year longer period of increased cerebral resistance in this group compared to the MJ-Short
group. That is, the EEG changes in the posterior regions might to be due the cumulative effects
of subtle perfusion deficits. Decreased alpha power was, also, observed in abstinent chronic
alcoholics (Enoch et al., 1999; Saletu-Zyhlar et al., 2004), but there was little alcohol use in
marijuana users in the present study. Thus, the decreases in alpha2 and beta2 power observed
in this study appear to be due to an extended period increased cerebral resistance.

Marijuana users who used marijuana on the average of 26 days out of the last 30 days did not
have increased alpha power at frontal sites during recording in abstinence. The findings of
Struve and associates’ study (1999) for EEG alpha power were not replicated. They found
increased frontal alpha power in recently abstinent (about 24 hours) daily marijuana users who
used marijuana on an average of ten years. One of our groups of marijuana abusers, that reported
using marijuana regularly for an average of nine and a half years, had no significant increases
in frontal alpha power. Struve at al. (1999) also reported that delta, theta and beta EEG power
was elevated at most electrode sites for their marijuana abusers as compared to their control
subjects. We also failed to replicate these latter observations. Finally, we did not find a
reduction in alpha frequency in either of the two groups of marijuana abusers as was reported
by Struve and his associates (1999).

The most notable differences between the present study and the Struve study (Struve et al.,
1999) were the duration of EEG recording session and selection of EEG epochs for spectral
analysis. We recorded three minutes of resting eyes closed EEG. If the operator observed
mostly artifacts in that sample, the session was stopped; the subject was informed how best to
avoid producing artifacts and the recording session was repeated. The remaining artifacts, if
any, were removed by computer-assisted artifacting procedure. Struve and his associates
(1999) collected 30 to 45 minutes of EEG while the subjects reclined with their eyes closed.
Subjects were aroused when indications of drowsiness appeared in the EEG. Up to sixty 2.5
second artifact free epochs were selected from this extended recording period for spectral and
Neurometric analysis (John et al., 1988). Less than ten percent of the EEG sample was used
in the analysis. Our subjects were clearly awake for the EEG recording. The subjects in the
Struve study might have been drowsy because of the extended nature of the recording
procedure. Thus, it is difficult to directly compare our findings with the Struve study (1999).

Increases in frontal EEG alpha have been observed during the transition from wakefulness to
sleep (De Gennaro et al., 2001) and in non-REM sleep (Finelli, 2001). Increases in delta, theta
and beta power were also observed during such transitions (De Gennaro et al., 2001). Such
increases would more likely occur in a 35 to 45 minute recording session than in a three minute
session. Marijuana users might be sleepier than the control subjects since marijuana users have
reported problems sleeping during early abstinence (Jones et al., 1981). Marijuana users, also,
have increased slow wave with reduced REM sleep during sub-chronic THC administration
and increased REM sleep during early abstinence (Feinberg et al., 1976; Freemon, 1982). Thus,
the increase in EEG frontal alpha and the general increases in other frequency bands observed
in daily marijuana abusers by Struve and associates (1999) might reflect increased day time
sleepiness.

In addition, little is known about the subjects in the Struve study (Struve et al., 1999) other
than age, gender and possible tobacco use. The present study provides extensive demographic
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information as well as supplement psychological and physiological information about the
subjects in each of the groups including a full DIS-IV interview to ruler out psychiatric
problems.

We find that marijuana abusers have less alpha2 and beta2 power than control subjects at
posterior sites. The reductions in alpha2 and beta2 bands were only seen in marijuana abusers
that used marijuana for eight years or longer. These latter marijuana users had lower heart rate
lower thyroid T4 and higher T3 uptake levels than the control subjects and the marijuana users
that used less than eight years. It is possible that the lower heart rate and thyroid values
contributed in some way to the lower alpha2 and beta2 power observed in the marijuana users
that used for more than eight years. Heart rate significantly increased for both marijuana groups
at the late in abstinence while alpha2 and beta2 power remained the same. Thus, it is unlikely
that cardiovascular factors contributed to the EEG power changes observed during abstinence.

In addition to our earlier suggestion that the decrease in power in the alpha2 and beta2 bands
may due to an extended period of subtle cerebral perfusion deficits, the role of subtle changes
in thyroid function can not be ruled out. There was only one report of a relationship between
EEG during cognitive tasks and thyroid function in control subjects (Tucker et al., 1984). A
significant positive relationship between marijuana use and T3 uptake and a significant
negative correlation between marijuana use and T4 levels was noted in the present study. While
thyroid function measures T3 and T4 were related to marijuana use, TSH levels are related to
both EEG beta2 power and cerebral blood flow resistance. The relationship suggests that as
TSH levels increase cerebral resistance increases and EEG beta2 power decreases. Thus, the
EEG changes observed in the present study might be due to subtle changes in thyroid function
in marijuana abusers with an extended of period of abuse. These marijuana abusers appear to
be under aroused in early abstinence with low heart rate, low diastolic blood pressure, decreased
thyroid function (T4), increased cerebral blood flow resistance and decreased EEG alpha2, and
beta2 power. Diastolic blood pressure, the cerebral blood flow resistance and the EEG changes
(reduced alpha2 and beta 2 power) did not change over the 30 days of monitored abstinence
suggesting continued hypo arousal. Marijuana abusers that used less often had only decreased
diastolic blood pressure and increased cerebral blood flow resistance during early abstinence.
Likewise the diastolic blood pressure and cerebral blood flow resistance for this group did not
change over a month of monitored abstinence.

Our findings appear consistent with previous observations that antisocial individuals have
decreased EEG alpha power (Fishbein et al., 1989; Deckel et al., 1996; Lindberg et al., 2005)
and have signs of autonomic under arousal (Ortiz & Raine, 2004). The marijuana abusers that
used marijuana for more than eight years had significantly lower ahpha2 power, heart rate,
diastolic blood pressure while having higher scores on the aggression scale of BDHI and more
lifetime ASPD symptoms on the DIS-IV. Thus in this sample of marijuana abusers, these signs
of under arousal on the thyroid, cardiovascular and cortical level might be related to ASPD.
However, a strong case can not be made for this interpretation since the sample of marijuana
abusers that used regularly for less than eight years had lifetime ASPD symptom counts similar
to the abusers that used more than eight years, but did not have decreases in alpha2 power.

Low voltage alpha, high voltage alpha (Elhers and Phillps, 2003) and increased beta power
(Rangaswamy el al., 2004) were observed in individuals with a family history of alcoholism.
The both groups of marijuana abusers in the present study had a greater percent of subjects
with a family history of alcoholism than the control group, but only the marijuana abusers that
used more than eight years had a deceased alpha2 power compared to the control group. Thus,
the suggestion, that the reduction in alpha2 power was due to pre-morbid factors such as a
family history of alcoholism or ASPD, is not supported by the present study. If the reduction
in alpha2 power was related to family history of alcoholism or ASPD, the reduction should
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have been observed in both marijuana groups since the level of ASPD and family history of
alcoholism was similar for both marijuana groups. In addition, these pre-morbid factors did
not correlate with any of the EEG measures and were not meaningful covariates when used in
the statistical analyses of the EEG measures.

A limitation of this study is that marijuana use is based on subjective reports rather than blood
or urine levels of THC and its metabolites. Likewise, the thyroid function tests were not made
at the time of EEG testing as were the cardiovascular and cerebral blood flow velocity
recordings. However, taken together our results suggest EEG, cerebral blood flow velocity,
cardiovascular and thyroid function alterations occur during early abstinence in marijuana users
that used regularly for more than eight years. These measures in marijuana abusers require
future study during extended abstinence to determine whether they resolve over time or are
permanent.
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Figure 1.
The mean topographical maps of log power for the six EEG bands are shown for the three
groups. The mean maps for the control subjects (CS) and marijuana subjects using for less than
eight years (MJ-Short) appear similar while the maps of the marijuana subjects using more
than eight years appear to have less EEG power.
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Figure 2.
Means and ninety-five confidence intervals of log power for the alpha and beta EEG bands are
shown for the control subjects (CS) and marijuana users (MJ-Short, and MJ-Long). The regions
are indicated along the x axis as Fp (frontal pole), F(frontal), (C) central, P (parietal) and O
(occipital). A single planned comparison was used to test whether MJ-long value differed from
the CS and MJ-Short values for each region (Winer et al., 1991). Significantly lower values
for the MJ-Long Group as compared to the CS and the MJ-Short groups at the 0.05 Bonferroni
corrected probability level are indicated by an asterisk (*). Note that MJ-long group means are
lower than CS and MJ-Short values for occipital sites for alpha2 and beta2 bands.
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