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Abstract
Background—Although there are multiple indications that alcohol can alter many physiological
brain functions, including cerebral blood flow (CBF), studies of the latter have generally used
small or modest sized samples. Few investigations have yet evaluated how CBF changes after
alcohol relate to subsets of subjects with elevated alcoholism risks, such as those with lower levels
of response (LR) to alcohol. This study used arterial spin labeling (ASL) after alcohol
administration to evaluate a large sample of healthy young men and women with low and high
alcohol responses, and, thus, varying risks for alcohol use disorders (AUD).

Methods—Healthy young adult social drinkers with low and high LR (N=88, 50% female)
matched on demography and drinking histories were imaged with whole brain resting ASL ~1
hour after ingesting ~3 drinks of ethanol and after a placebo beverage (i.e., 178 ASL sessions).
The relationships of CBF changes from placebo to alcohol for subjects with low and high LR were
evaluated.

Results—CBF increased after alcohol as compared to placebo in five frontal brain regions.
Despite identical BACs, these increases with alcohol were less prominent in individuals who
required more drinks to experience alcohol-related effects (i.e., had a lower LR to alcohol). The
LR group differences remained significant after covarying for recent drinking quantities.

Conclusions—The results confirm that alcohol intake is associated with acute increases in CBF,
particularly in frontal regions. Less intense CBF changes were seen in subjects with a genetically
influenced characteristic, a low LR to alcohol, that relates to the future risk of heavy drinking and
alcohol problems.
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Introduction
The majority of people in Western countries drink alcohol at some time during their lives
(Teesson et al., 2006), and the lifetime risk for severe repetitive alcohol problems is 8–10%
for women and over 15% for men (Grucza et al., 2008). The physiological correlates of the
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effects of alcohol on the brain have been examined with a range of techniques, with most
suggesting that acute alcohol consumption results in numerous brain changes, including
event-related potential latency, the release of several hormones, and increases in cerebral
blood flow (CBF) (De et al., 2002; Roberto et al., 2010; Schuckit et al., 1988a). However,
while the relationship of some of these effects of alcohol to the risk for future heavy
drinking and alcohol use disorders (AUDs) have been reported (e.g., Hill and Shen, 2002;
Leggio et al., 2008), no such studies have been published regarding CBF.

Vulnerabilities toward AUDs correspond with several preexisting characteristics, one of
which involves a low level of response (LR) to alcohol, perhaps reflecting a lower
sensitivity to this drug (Chung and Martin, 2009; Schuckit, 2009). A lower LR is genetically
influenced (Heath et al., 1999; Joslyn et al., 2010), and is a robust marker of an enhanced
risk for future alcohol problems (e.g., Chung and Martin, 2009; Heath et al., 1999; Schuckit
et al., 2007; Volavka et al., 1996), even in lighter drinking subjects as young as age 12
(Schuckit et al., 2007, 2008). The LR can be measured by a retrospective report of the need
for a greater number of drinks for effects during a typical drinking session, or by evaluating
the subjective and physiologic effects of alcohol at a specific blood level in a laboratory
alcohol challenge (Chung and Martin, 2009; Eng et al., 2005). Physiological measures have
included observations of less change in standing steadiness after drinking, and less change in
a range of more objective CNS measures of alcohol’s effects including less increases in
adrenocorticotropin (ACTH) and prolactin hormones, latency measures in event-related
potentials, and levels of change in background cortical electroencephalograms (Ehlers and
Schuckit, 1988; Schuckit et al., 1987, 1988a, 1988b). Additional evidence of brain
differences between subjects with low and high LR to alcohol comes from functional
magnetic resonance imaging (fMRI). Using methods focusing on contrast in Blood Oxygen
Level Dependent (BOLD) response during a visual working memory task, after placebo (or
no drug challenge) those with low LR demonstrated greater response contrast in brain
regions relevant to the task, but LR group differences disappeared or reversed in direction
when the subjects were imaged after consuming ~0.7 ml/kg of alcohol (Paulus et al., 2006;
Tapert et al., 2004; Trim et al., 2010).

Regarding CBF, using positron emission tomography (PET), Volkow and colleagues (1988)
demonstrated significant increases in blood flow in the prefrontal and temporal regions and
reductions to the cerebellum in six social drinkers after consuming 1.0g/kg of
ethanol. 133Xenon inhalation studies also revealed CBF increases in cortical gray matter
after a moderate dose of alcohol (Mathew and Wilson, 1986; Newlin et al., 1982), prefrontal
regions after a low dose of alcohol, and temporal regions after a higher dose (1.5g/kg) (Sano
et al., 1993). Using single photon emission computed tomography (SPECT), Tiihonen and
colleagues (1994) observed similar patterns of changes in brain blood flow in the right
prefrontal cortex after rapid alcohol ingestion, with support for the findings from a
transcranial Doppler study (Blaha et al., 2003). However, all these studies involved
relatively small samples and CBF has not generally been compared across non-alcoholic
groups at higher and lower risk for future alcohol problems. Until the recent more
widespread use of arterial spin labeling (ASL), another informative dynamic brain imaging
technique, magnetic resonance imaging (MRI), was not able to directly measure alcohol-
related blood flow changes.

ASL is a non-invasive, reliable MRI method for obtaining quantitative measures of regional
CBF that can be used in functional MRI (fMRI) analyses (Liu and Brown, 2007). It is
important for the interpretation of fMRI studies, as changes in baseline CBF can influence
the magnitude of the BOLD response signal that is key to fMRI results (Brown et al., 2003;
Cohen et al., 2002). In ASL, water protons in arterial blood are magnetically labeled as they
flow into brain tissue, fMRI images are acquired both with and without tagged blood, and
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CBF is measured by taking the difference between tag and control images. Although ASL
has been used to examine brain blood perfusion in alcohol dependent individuals in a non-
intoxicated state (Clark et al., 2007), regional changes in CBF following acute alcohol
exposure have not been previously investigated using ASL with a large sample of healthy,
non-alcoholic subjects. Nor has the effect of alcohol on CBF using MRI-based imaging
techniques been compared in subgroups at higher risk for future problems, including those
with a lower level of response (LR) (sensitivity) to alcohol.

The current paper reports results of an additional potential biological correlate of LR, the
effect of alcohol on CBF. We hypothesized that ASL in healthy non-alcoholic young adult
males and females would demonstrate: 1) greater brain blood perfusion after ingesting a
moderate dose of alcohol as compared to after consuming a placebo beverage, consistent
with other measures described above; 2) also consistent with other measures, alcohol/
placebo differences will be apparent in frontal brain regions; and, most importantly, 3)
consistent with a lower intensity of BOLD response contrast after alcohol and less change in
EEG, prolactin and cortisol, CBF changes with alcohol will be less intense in subjects with
an enhanced risk for future problems, those with diminished LRs to alcohol.

Materials and Methods
Participants and Measures

Possible participants were originally identified from a brief screening questionnaire mailed
to students at a local university, using procedures approved by the UCSD Human Research
Protections Program. The mailing included questions about demography and drinking
history, as well as 4 questions regarding the number of standard alcoholic drinks (~10gm
ethanol) required to experience a range of effects the ~first 5 times of drinking and before
chronic tolerance was likely to have developed. This Self-Report of the Effects of Alcohol
(SRE) questionnaire has good reliability and validity, and a greater number of drinks for
effects (or a lower level of response per drink) is associated with a higher future risk for
heavy drinking and alcohol problems (Chung and Martin, 2009; Schuckit et al., 2010).

Inclusionary criteria for the study were being age 18–25 and having consumed at least one
full standard alcoholic drink in the past. Exclusionary criteria were a lifetime or current
diagnosis of alcohol or other drug dependence, bipolar or schizophrenia disorders (American
Psychiatric Association, 1994; 1987); a current medical condition or use of a medication that
might interfere with an alcohol challenge or brain blood flow; previous head trauma with
loss of consciousness >3 minutes; current pregnancy; left handedness; and MRI
contraindications (e.g., claustrophobia, irremovable metal).

Procedures
Potential subjects with SRE results in the ~upper and lower thirds on LR were interviewed
in person with the Semi-Structured Assessment for the Genetics of Alcoholism instrument
(SSAGA; Bucholz et al., 1994; Hesselbrock et al., 1999). These subjects were the
respondents most appropriate for generating pairs of participants likely to demonstrate
clearly high and low LRs on alcohol challenges, and were selected as matched as closely as
possible on age, sex, recent drinking histories, and recent use of nicotine and illicit drugs.
The validated and reliable SSAGA was administered by trained research personnel to review
criteria for 17 Axis I DSM IV diagnoses as well as the antisocial personality disorder
(American Psychiatric Association, 1994; 1987).

The LR likely to be observed during an alcohol challenge carried out in a brain scanner was
then directly evaluated with an alcohol challenge after consuming 0.70 ml/kg (for females)
or 0.75 ml/kg (for males) of laboratory grade ethanol over ~10 minutes. This was given as a
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20%-by-volume dose ingested from a straw attached to a reservoir covered by ethanol-
saturated gauze inserted into a sealed container to disguise the beverage (Mendelson et al.,
1984; Schuckit and Gold, 1988). LR scores were generated through the Subjective High
Assessment Scale (SHAS), a self-report measure of 13 subjective effects of alcohol, each
evaluated on a 39-point scale, scored every 15 to 30 minutes after the drink for ~3 hours
(Schuckit and Gold, 1988). The analyses focused on the seven items with the greatest
validity and coherence in prior work, the SHAS-7 (Eng et al., 2005).

Participants whose LR on the alcohol challenge continued to fall into the ~upper and lower
thirds of subjective responses to alcohol were then scheduled, in random order, for two
imaging sessions with alcohol or a placebo beverage using otherwise identical protocols.
After abstaining from food and drink for 12 hours, all subjects were established to have a
zero breath alcohol concentration (BrAC) using the Alco-Sensa IV (Intoximeters Inc., St.
Louis, MO) when they arrived in the laboratory, and a cannula was inserted in an antecubital
vein for blood samples to assess blood alcohol concentration (BAC) during scanning using a
photometric enzymatic approach generated from a kit from Roche Pharmaceuticals, as the
breathalyzer device was not permitted in the scan room. Subjects then took ~10 minutes to
consume either a placebo beverage (caffeine-free diet soda) with a small amount of alcohol
in the straw, or the same dose of ethanol noted above. They were placed into the scanner 22
minutes after the start of beverage administration, with testing over the next ~ 1 hour that
included blood samples for BAC. After scanning, the cannula was removed, participants
were debriefed, and were permitted to go home by taxi or with a driver once BrAC levels
were <.01 g/dL.

Imaging data were collected at the UCSD fMRI Center with a 3-Tesla General Electric
(Milwaukee, WI) Signa Excite HD scanner using an 8-channel head array coil. Each scan
session began with a sagittally acquired high-resolution spoiled gradient recalled (SPGR)
anatomical sequence (25 cm field of view; 256 × 256 matrix; 124 slices each 1.0 mm thick
covering the whole brain; 4.8 ms echo time; and 20 ms repetition time). To assess CBF
differences during each session, three sequences were acquired to obtain absolute CBF
measurements. Resting brain blood perfusion was measured with pulsed arterial spin
labeling using a modified flow-sensitive alternating inversion recovery (FAIR) sequence
with both presaturation pulses and PICORE QUIPSS 2 post-inversion saturation pulses and
a spiral readout with 4 interleaves to reduce signal dropout due to susceptibility effects (Liu
and Wong, 2005; Wong et al., 1998). Imaging parameters of the ASL scan were: 22 × 22 cm
field of view, a 64 × 64 matrix, 3.2 ms echo time, 2500 ms repetition time, post-saturation
and inversion times of TI1 = 600 ms and TI2 = 1600 ms, tag thickness 10 cm, tag to
proximal slice gap 1cm, 20 5 mm axial slices, and 40 volumes for 20 tag+control image
pairs (Wong, 2005). A scan with the inversion pulses turned off was acquired to obtain an
estimate of the equilibrium magnetization of cerebral spinal fluid, and a minimum contrast
image was acquired to adjust for coil inhomogeneities (Restom et al., 2007). ASL data
collection began approximately 60 minutes after beverage consumption began. fMRI tasks,
not described here, were also administered (Trim et al., 2010).

Data Processing & Analyses
Analyses focused on contrasting participants’ whole brain resting ASL data obtained after
consuming a placebo beverage to whole brain resting ASL results after consuming a
moderate dose of alcohol. Imaging data were processed using Analysis of Functional
NeuroImages (AFNI; afni.nimh.nih.gov; Cox, 1996), FMRIB Software Library (FSL,
Oxford, United Kingdom; Smith et al., 2004), and locally created MatLab scripts. Each ASL
dataset was first reconstructed using the SENSE algorithm (Pruessmann et al., 1999; Weiger
et al., 2002) to reduce sensitivity to the modulations that occur between shots caused by
physiological fluctuations or motion. Second, ASL data were processed with an automated
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MatLab script that used AFNI and FSL tools. Third, the ASL time series was co-registered
to the middle time point to minimize the effects of participant motion. Fourth, surround
subtraction of the tag-control time series was performed to create an uncorrected perfusion
time series and slice timing delays were accounted for, making the inversion time (TI2) slice
specific. Each high-resolution dataset was spatially standardized, then skull stripped using
FSL’s BET algorithm, and then segmented using FSL’s FAST algorithm to define cerebral
spinal fluid (CSF), gray matter (GM) and white matter (WM) regions. The high-resolution
T1-weighted image and partial volume segmentations were registered in ASL space, and
partial volume segmentations were down-sampled to the resolution of the ASL data. CBF
was calculated from the signal difference between tag and control images (Wong, 2005) and
converted to absolute units (ml/100g/min) using the CSF image as a reference signal
(Chalela et al., 2000). This resulted in a calibrated perfusion value for each voxel, at each
session. A 4.0 mm full-width, half-maximum Gaussian filter was applied to the CBF data in
AFNI. Voxels with negative intensities were replaced with zero (Brown et al., 2003). CBF
data were warped to standard space and resampled to a 4×4×4 mm resolution grid. Data
from both sessions were screened for data quality and outlying values. Seven participants
were deleted on the basis of potential artifact or outlying values during one or both sessions,
resulting in 44 matched LR pairs with valid data in both sessions (i.e., 176 valid scans).

Because this is the first study to our knowledge to examine acute effects of a moderate dose
of alcohol using ASL, group-level analysis centered on a whole brain, voxel-level paired t-
test (AFNI 3dttest) to contrast perfusion values between the placebo and alcohol sessions.
Type I error was controlled based on Monte Carlo simulation results using AFNI’s
AlphaSim with a voxel-wise alpha of 0.05 and cluster-wise alpha of 0.001. This resulted in a
minimum cluster volume threshold of 1344μl (21 contiguous voxels, each with effects at p<.
05), which yielded an overall 0.1% chance of finding an effect under the null hypothesis. To
ensure that CBF values were not influenced by known decreased perfusion in white matter
(e.g., Hermes et al., 2007; Parkes et al., 2004; Shin et al., 2007), we applied an averaged
gray matter mask that was created by obtaining each individual participant’s gray matter
volumes using FSL FAST and then averaging across participants using AFNI 3dmerge. The
averaged gray matter mask was then applied to the t-test results.

To evaluate if results might have reflected errors related to low detection of brain perfusion,
temporal signal to noise ratio (tSNR) was evaluated for each subject in each voxel by
dividing the mean signal with the standard deviation from ASL tag-control difference time
series values. The mean tSNR was extracted for each participant in each region where a
significant session (alcohol versus placebo) effect was found.

Follow-up analyses were conducted to evaluate if CBF changes from placebo to alcohol
related to the level of response to alcohol. Here, the SHAS-7 scores during the alcohol
challenges were correlated with a CBF change score (alcohol minus placebo) for each
cluster showing a significant alcohol versus placebo session effect (α=.05). Finally,
characteristics related to LR or CBF (e.g., past drinking) were covaried in all evaluations of
the CBF change score (alcohol minus placebo) for each cluster showing a significant session
effect (α=.05).

Results
Main effects for alcohol vs. placebo condition differences

The demographic characteristics and substance use histories of the subjects with high and
low LRs are shown in Table 1. Consistent with matching procedures, the two groups were
similar on age, gender, education, drinking frequency, tobacco and cannabis use
characteristics, as well as peak BAC during the imaging alcohol session. Also consistent
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with their manner of selection, the low LR group needed significantly more drinks to
achieve the effects on the SRE and showed lower SHAS values during the alcohol
challenge. Consistent with the impact of LR on drinking behavior even as young as age 12
(Schuckit et al., 2008), those with low LR typically consumed ~1 drink more per drinking
occasion. Therefore, this background characteristic is used as a covariate in relevant
analyses. The sample excluded 7 subjects because of imaging related problems. Their data
were similar to the 88 participants described in Table 1 for age (19.6 year), % female (43%),
years of education (13.6), days per month drank (4.8), drinks per occasion (3.2), SRE score
(3.7), peak BAC (.06), as well as patterns of use of tobacco (e.g., 0.3 units per occasion) and
cannabinols (25.3 lifetime occasions).

Regarding CBF, in the whole brain analysis, five frontal regions showed significant
differences between alcohol and placebo conditions in brain blood perfusion (corrected p<.
001, clusters ≥ 1344μl). In all five clusters, perfusion was higher after alcohol compared to
placebo (see Table 2 and Figure 1). There were no differences in motion adjustments applied
to the ASL time series data between alcohol and placebo conditions for any of the six
motion parameters evaluated.

A step was taken to help ensure that alcohol vs. placebo differences were not attributable to
decreased perfusion in white matter voxels resulting from the use of an averaged gray matter
mask (Hermes et al., 2007; Parkes et al., 2004; Shin et al., 2007). Here, individually
ascertained gray matter masks were applied to each participant’s CBF dataset prior to group
averaging, and the condition effect was again examined in a paired t-test. Results were
consistent with those reported above, with the same regions showing higher ASL values in
the alcohol as compared to placebo session (corrected p<.01, clusters ≥896 μl).

Steps were also taken to evaluate if results might have reflected errors related to low
detection of brain perfusion by using tSNR analyses for the five clusters with alcohol-
placebo condition effects. tSNR ratios for each significant cluster ranged from 1.16–1.57,
with no significant differences in temporal signal to noise ratios between alcohol and
placebo conditions.

LR Group differences in change in CBF from placebo to alcohol
A key analysis evaluated if a low LR to alcohol related to the CBF contrast from placebo to
alcohol. Following placebo there were no significant LR group differences. Using ml/100g/
minute for low and high groups (with 86 df for each), CBF values were: 59.20 versus 57.77,
t=.52, p=.61 for the right middle gyrus; 84.62 versus 77.99, t=1.96, p=.054 for the bilateral
cingulate gyri; 63.72 versus 60.40, t=1.65, p=.25 for the left middle frontal gyrus; 65.57
versus 63.11, t=.74, p=.46 for the bilateral medial frontal gyrus; and 73.32 versus 67.53,
t=1.95, p=.055 for the right precentral gyrus. However, after alcohol, all five regions in
Table 2 showed at least a trend for lower alcohol-related change in CBF after alcohol for the
low LR group. Here, those with a lower score on the SHAS (i.e., a lower LR) demonstrated
significantly less perfusion change from placebo to alcohol in the two regions shown in
Figure 2: bilateral cingulate gyri (r = .27, p=.01) and right precentral gyrus (r = .21, p<.05),
with data from the left middle frontal gyrus approaching significance (r = .19, p=.08).
Findings in the remaining two regions in Table 2 were in the same direction, but not
significant. Similar conclusions were generated for lower vs. higher LR subjects using data
from the SRE. The data presented here remained unchanged after controlling for the number
of drinks per occasion in recent months.
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Discussion
This study confirmed and extended prior brain imaging results regarding the increase in
CBF following alcohol intake (Newlin et al., 1982; Tiihonen et al., 1994; Volkow et al.,
1988). In this sample of 88 healthy young adults, a moderate dose of alcohol was found to
increase brain blood flow up to 17% as compared to placebo in the first report of this
phenomenon in an MRI paradigm. This is also the first study to document that subjects with
a low LR to alcohol, a genetically influenced characteristic that predicts future heavy
drinking and AUDs (e.g., Chung and Martin, 2009; Trim et al., 2009; Volavka et al., 1996),
demonstrated less increase in CBF after alcohol compared to matched subjects with high
LR.

Regarding LR, the results indicating that those with a lower LR showed less effects of this
drug on CBF are consistent with prior studies reporting lesser effect of alcohol on several
other CNS physiological measures in those with a low LR. These include lesser alcohol-
related impact on ACTH and prolactin, as well as less change in background cortical
electroencephalograms and event-related potentials (Ehlers and Schuckit, 1988; Schuckit et
al., 1987, 1988a, b).

Our group is currently evaluating how several additional neuroimaging findings relate to LR
in young, drinking and not yet alcoholic subjects. The goal is to enhance our understanding
of differences in more specific physiological CNS effects of alcohol across subjects with
lower and higher LR. A recent paper documented LR group differences in a subset of 60 of
the subjects (30 LR matched pairs) reported here, where, consistent with the current
analyses, the most prominent findings were seen in frontal regions (Trim et al., 2010). Using
a visual working memory task during alcohol and placebo sessions, and despite similar
performance on the cognitive task for low and high LR subjects, the LR by alcohol/placebo
condition effect remained significant even after controlling for BAC, changes in CBF, and
drinking history. In that study, subjects with a low LR had higher functional activation in
frontal and cingulate regions during placebo, results that are similar to our earlier pilot study
(Paulus et al., 2006). However, that LR group placebo difference disappeared after
consuming alcohol, largely as a result of lower BOLD response contrast with alcohol
compared to placebo for those with a low LR. Additional evaluations in progress will
expand our understanding of the LR differences through imaging results in the context of
recognition of emotional faces (the Hariri task) and an impulsivity measure (a stop signal
task).

These findings regarding alcohol’s effects on CBF and the LR group differences in the CBF
discussed above did not reflect differences in signal to noise ratios as these did not vary
substantially across brain areas. This indicates fairly uniform signal sensitivity where
alcohol vs. placebo effects were detected. While it is possible that the frontal vascular
territories may be more susceptible to the acute effects of alcohol on CBF, no consistent
differences in CBF between vascular territories or anatomic regions have been apparent in
healthy younger volunteers (Floyd et al., 2003; Leenders et al., 1990; Parkes et al., 2004).
This literature suggests that the effects of alcohol administration were not confounded by
regional cerebrovascular differences.

It is interesting to note that there were no relationships between the alcohol condition and
CBF changes in the cerebellum, as had been reported with PET by Volkow and colleagues
(1988). The reduction in CBF in that region as well as the increases in the temporal region
as reported by Sano and colleagues (1993) were only seen after relatively higher doses of
alcohol (1.0 to 1.5 g/kg). The lower dosage used in the current investigation (~7 ml/kg) was
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closer to 0.6 g/kg, and therefore dose effects might have contributed to the differences
across studies.

Of course, the current findings should be viewed from the perspective of the methods
employed. First, while the study sample (88 subjects generating 176 ASL evaluations) is
large compared to most neuroimaging protocols, the power to detect results with small effect
sizes is limited. Second, it is important to remember these were young, healthy, well-
educated men and women, and results may be different in established alcoholics or other
segments of the population. Third, the analyses cannot address whether the less intense
increase in CBF after alcohol for subjects with low LR is a result or a cause of the lesser
BOLD response contrast in fMRI analyses following alcohol as reported in prior studies.

In summary, this study provides confirmation in a large healthy sample that a moderate dose
of alcohol increases gray matter CBF, particularly in frontal regions, but with less CBF
increases among individuals with a lower LR (sensitivity) per drink. The increases in CBF
following alcohol consumption are also important for interpreting BOLD signal differences
associated with alcohol intake, since the BOLD signal reflects a complex balance between
changes in CBF, cerebral blood volume (CBV) and the cerebral metabolic rate of oxygen
consumption (CMRO2) (Buxton et al. 2004). As such, CBF effects need to be partialled out
when interpreting BOLD signal differences.
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Figure 1.
Regions showing brain blood perfusion differences between placebo and alcohol. Orange
colors indicate regions with greater brain blood perfusion under the alcohol condition
compared to the placebo (N=88, p<.05, clusters ≥1344μl).
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Figure 2.
Graphs showing correlation between perfusion change (alcohol session minus placebo
session) and the Subjective High Assessment Scale (SHAS-7) after alcohol in the bilateral
cingulate (r = .27, p=.01) and right precentral gyri (r = .21, p<.05), showing less cerebral
blood flow change after alcohol for individuals reporting few subjective changes following a
moderate dose of alcohol.
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Table 1

Participant Characteristics as Mean (and Standard Deviations) for 88 Subjects

Low LR (n=44) High LR (n=44) t-statistic

Age 19.7 (1.39) 20.2 (1.48) −1.63 (p=0.11)

% Female 50 50 --

Years of education completed 13.5 (1.00) 13.8 (1.12) −1.00 (p=0.32)

Days/month used alcohol 4.6 (4.70) 3.3 (3.59) 1.39 (p=0.17)

Typical drinks consumed/occasion 4.3 (1.71) 3.3 (1.89) 2.63 (p=0.01)

Days/month of tobacco use 0.48 (1.09) 1.4 (3.74) −1.62 (p=0.11)

Tobacco units/occasion 0.3 (0.55) 0.5 (1.55) −0.64 (p=0.52)

Lifetime cannabis use occasions 28.6 (86.41) 29.0 (95.70) −0.21 (p=0.98)

SRE units 4.1 (1.35) 2.8 (1.40) 4.49 (p<0.001)

SHAS-7 units (60 min) 4.3 (3.13) 14.3 (6.06) −9.74 (p<0.001)

Peak BAC in g/dL (60 min) 0.06 (0.02) 0.06 (0.02) 0.11 (p=0.91)

Note that alcohol doses were given as gm/kg of weight.
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