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Abstract

Objective  The magnitude of acute tolerance is a strong predictor of the development of lon-
ger-term chronic tolerance and plays a decisive role in risky decisions (e.g., driving after drinking).
Therefore, it is important to identify factors that increase the magnitude of this adaptive process.
This study explored whether acute tolerance magnitude varied as a function of the overall rate of

increase in breath alcohol concentration (BrAC).

Methods
consumed a moderate dose of alcohol (men: 0.86 g/kg, women: 0.75 g/kg) in a controlled

Twenty-nine young adult social drinkers (M age = 22.55, SD = 3.10; 62.1% women)

laboratory setting. Subjective intoxication was assessed at matched BrACs (~0.060 g/dl) on each
limb of the BrAC curve.

Results Hierarchical regression results indicated that faster overall increases in BrAC on the
ascending limb were associated with greater acute tolerance for subjective intoxication ratings

(p < .01, R? = .29).

Conclusions These results present some of the first evidence that faster increases in BrAC
may be associated with greater acute tolerance, as indicated by greater reduction in subjective
intoxication across the limbs of the BrAC curve. This greater reduction may, in turn, promote

heavier drinking and/or engagement in behaviors for which one is unfit (e.g., driving after

drinking).

KEYWORDS

1 | INTRODUCTION

Acute alcohol tolerance has commonly been defined as the reduction
in alcohol effects over time within a single exposure, independent of
blood alcohol concentration (Martin & Moss, 1993). Researchers have
reported acute tolerance in both animals and humans for a number of
alcohol effects, using a wide range of physiological, behavioral, cogni-
tive, and subjective measures (e.g., LeBlanc, Kalant, & Gibbins, 1975;
Martin & Moss, 1993; Radlow & Hurst, 1985; Weafer & Fillmore,
2012). Moreover, studies have established that reduction over time
in alcohol responses (i.e., acute tolerance) cannot be fully accounted
for by practice effects (Cromer, Cromer, Maruff, & Snyder, 2010) or
differences in the direction of change in breath alcohol concentrations

(BrACs; rising vs. falling; Hendershot et al, 2015; Morzorati,

acute tolerance, alcohol administration, blood alcohol concentration, subjective intoxication

Ramchandani, Flury, Li, & O'Connor, 2002; O'Connor, Morzorati,
Christian, & Li, 1998; Ramchandani et al., 2002). Individual differences
in the magnitude of acute tolerance have also been observed. This var-
iability has been shown to predict subsequent levels of long-term
tolerance and thus may increase risk of alcohol use disorder (Beirness
& Vogel-Sprott, 1984). Differences in acute tolerance may also play a
role in alcohol-related risk behaviors, such as driving after drinking
(Amlung, Morris, & McCarthy, 2014; Marczinski & Fillmore, 2009;
Morris, Treloar, Niculete, & McCarthy, 2013). Therefore, better under-
standing the factors that affect the magnitude of acute tolerance may
have implications for alcohol use disorder risk and engagement in
related behaviors.

Several factors have been suggested to affect the magnitude of
acute tolerance to alcohol effects. Radlow (1994, 2006) postulated
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that the magnitude of acute tolerance increases as a linear function of
exposure time. That is, the longer an organism’s system is exposed
to alcohol, the greater the reduction observed in alcohol effects. This
notion has been supported in both animal and human experiments
(Kaplan, Sellers, Hamilton, Naranjo, & Dorian, 1985; Lé & Kalant,
1992; Morzorati et al., 2002), with a few exceptions (see Martin &
Moss, 1993). Others have suggested that acute tolerance varies as a
function of prior drinking patterns (Evans & Levin, 2004; Fillmore &
Weafer, 2012; Hiltunen, 1997; Portans, White, & Staiger, 1989).
For instance, Marczinski and Fillmore (2009) reported that binge
drinkers display greater acute tolerance, with larger reductions in
subjective intoxication across the blood alcohol curve compared to
non-binge drinkers.

A number of theoretical models have suggested that the degree of
acute tolerance observed is influenced by the magnitude of initial drug
effects (e.g., Koob & Le Moal, 1997; Poulos & Cappell, 1991; Ramsay &
Woods, 1997; Solomon & Corbit, 1973). According to these models,
the initial effects of a drug disrupt the internal homeostatic state of
an organism, which in turn leads to the activation of adaptive
processes to counteract the disturbance. The number of adaptive
processes that is activated is dependent on the magnitude of the
disturbance, such that greater disturbances activate more adaptive
processes and greater acute tolerance (Poulos & Cappell, 1991;
Ramsay & Woods, 1997).

Based on these theoretical models, factors that influence the
strength of initial alcohol effects should also influence the magnitude
of acute tolerance. One factor associated with the initial effects of
alcohol is the overall rate at which brain alcohol concentration
(approximated by BrAC) increases. Martin and Earleywine (1990)
examined the association between the overall rate of increase in BrAC
and subjective intoxication by experimentally manipulating partici-
pants’ duration of consumption. In this study, overall rate of increase
in BrAC was calculated for each participant by dividing peak BrAC by
the amount of time (min) it took for BrAC to peak. Results indicated
that faster increases in BrAC were associated with greater feelings of
intoxication. Similarly, Fillmore and Vogel-Sprott (1998) found that
faster overall increases in BrAC (calculated by dividing BrAC at time
of assessment by the amount of time elapsed since consumption) were
associated with greater psychomotor impairment on a pursuit rotor
task in a sample of young adult men. In fact, the rate of increase in
BrAC was shown to be a better predictor of motor impairments than
individual BrAC levels at any given moment (Fillmore & Vogel-Sprott,
1998). Although the overall rate of increase in BrAC is associated
with greater impairment, it is unclear whether this effect extends
across both limbs of the BrAC curve. Based on the notion of acute
tolerance as homeostatic adaptation, a faster increase in BrAC should
lead to greater impairment on the ascending limb, but greater recov-
ery on the descending limb due to increased activation of metabolic
or pharmacodynamic adaptive responses (see Kalant, 2010; Nestler,
2001; Tabakoff & Rothstein, 1983). These adaptive responses may
include alterations in cell membrane receptors or ion channels or
intracellular changes in energy metabolism, among others (Kalant,
2010; Nestler, 2001).

The aim of this study was to explore this possibility—the overall

rate of increase in BrAC is associated with the magnitude of acute

tolerance. Acute tolerance was quantified in this study by comparing
subjective intoxication ratings at matched BrACs (~0.060 g/dl) on the
ascending and descending limbs of the breath alcohol curve. This
method of quantifying acute tolerance was first described by Mellanby
(1919) and has been widely utilized in the literature (e.g., Beirness &
Vogel-Sprott, 1984; Marczinski & Fillmore, 2009; Weafer & Fillmore,
2012; Wetherill et al., 2012). Other methods of calculating acute toler-
ance have also been proposed (see Martin & Moss, 1993). Subjective
intoxication was used to evaluate alcohol effects over other measures
(e.g., motor and cognitive functions) for several reasons. Most impor-
tantly, subjective intoxication has been used extensively in prior human
alcohol administration studies and has consistently been reported to
exhibit acute tolerance (e.g., Martin & Moss, 1993; Portans et al., 1989;
Radlow & Hurst, 1985; Weafer & Fillmore, 2012). Thus, there is greater
certainty of observing the development of acute tolerance with this
measure compared to other behavioral measures for which results have
been less consistent (see Schweizer & Vogel-Sprott, 2008). Furthermore,
subjective effects of alcohol are believed to play a decisive role in the
regulation of drinking(Morean & Corbin, 2010). Thus, better understand-
ing the factors thatinfluence the magnitude of acute tolerance of subjec-
tive intoxication as assessed by the Mellanby method may have
important clinical and theoretical implications.

Based on past findings (e.g., Fillmore & Vogel-Sprott, 1998; Martin
& Earleywine, 1990), we anticipated that participants would display a
greater response to alcohol on the ascending limb than they would on
the descending limb at the same BrAC, reflecting acute tolerance in
feelings of intoxication. More importantly, we expected that the overall
rate of change in rising BrACs would be associated with the magnitude
of acute tolerance to subjective intoxication, such that faster increases
in BrAC would correspond with greater decreases in intoxication rat-
ings across assessment points. Given the association of length of alco-
hol exposure and binge drinking with acute tolerance magnitude (e.g.,
Marczinski & Fillmore, 2009; Morzorati et al., 2002), we included both

these variables in our analyses to better account for their effects.

2 | METHODS

2.1 | Participants

Data for this study were drawn from a larger alcohol challenge
experiment designed to test the effects of acute tolerance on judgments
about driving after drinking (Amlung et al., 2014)! Participants were
young adults recruited from a large Midwestern University and its
surrounding community via fliers and university informational emails.
Eligibility was determined based on a telephone interview that assessed
typical drinking behaviors, along with physical and mental health. To
reduce the likelihood of experiencing adverse effects in the laboratory,
eligible respondents had to report consuming approximately five or more
drinks on at least one occasion in the past 6 months. Additionally, they

had to report no current or lifetime psychiatric disorder, substance use

1Results from this larger project revealed that participants’ in-the-moment
appraisals of the dangers of driving after drinking were markedly reduced from
the ascending to descending limb, providing clear evidence that acute tolerance
affects judgments about driving after drinking.
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disorder, or head trauma. Respondents were excluded if they reported
having any contraindications with alcohol, such as certain medical condi-
tions (e.g., hepatitis and epilepsy) or taking certain medications (e.g., ben-
zodiazepines and sedatives). Women who were pregnant or nursing
were also excluded from participation.

Data from the 31 participants who consumed alcohol and finished
the full study were used in the present analyses. Two of these partici-
pants were excluded from analyses: one due to extreme BrAC readings
(>3 SD away from the group mean) and the other due to sickness fol-
lowing alcohol consumption. The remaining 29 participants (62.1%
women) ranged in age from 21 to 33 years old (M = 22.55, SD = 3.10).
The majority of the sample was Caucasian (n = 20), with three African
Americans, one Native American, three who identified as multi-racial,

and one Other response (one participant did not indicate race).

22 |
221 |

Demographic information such as age, gender, and race was assessed

Measures

Demographics

using a self-report questionnaire.

2.2.2 | Alcohol use

Past month alcohol use was assessed using three open-ended ques-
tions modified from the Monitoring the Future project (Johnston,
O'Malley, Bachman, & Schulenberg, 2011). Participants were asked
to report, based on the past 30 days, the number of occasions they
consumed alcohol, the number of drinks they had per occasion, and
the number of occasions they consumed five (men) or four (women)

drinks or more in a single episode (i.e., heavy episodic drinking).

223 |

Participants were asked to rate how intoxicated they felt at the

Subjective alcohol effects

moment using an integer scale ranging from 1 (Not drunk at all) to 10
(More drunk than I've ever been; Giancola, 2004, 2006; Peterson,
Rothfleisch, Zelazo, & Pihl, 1990). Subjective intoxication ratings were
assessed on both the ascending and descending limbs at comparable
BrACs. Participants also completed the Biphasic Alcohol Effects Scale
(Martin, Earleywine, Musty, Perrine, & Swift, 1993) assessing subjec-
tive stimulation and sedation. However, data from the Biphasic Alcohol

Effects Scale were not examined in the current analyses.

224 |

BrAC was measured using a FST Alco-Sensor (Intoximeters, Inc.,

Breath alcohol concentration

St. Louis). BrAC has been shown to be a good approximation of actual
brain alcohol concentration (Fein & Meyerhoff, 2000). To facilitate
matching BrAC across limbs, breath samples were taken every 5 min
during the ascending limb of the blood alcohol curve and every

10 min during the descending limb.

225 |
According to Radlow (1994, 2006), the longer alcohol is in an organ-

Alcohol exposure

ism’'s system the larger the magnitude of acute tolerance. For this
study, exposure time to alcohol was quantified as the duration of time
(min) that elapsed from the onset of drinking to the descending limb

assessment.

226 |

An estimate of the overall rate of change in ascending BrAC (i.e., change

Overall rate of change in ascending BrAC

in BrAC over change in time) was computed for each participant. The
estimate was calculated by dividing participants’ BrAC at the time of
the ascending assessment by the amount of time (min) it took to reach
this BrAC following the end of consumption. This method of quantify-
ing the overall rate of change in BrAC is similar to that used in previous
studies (Fillmore & Vogel-Sprott, 1998). However, it is worth noting
that there are alternative methods to quantifying the rate of change

in ascending BrAC (e.g., moment-to-moment change).

2.3 | Procedure

All study procedures were approved by the Institutional Review Board
at the University of Missouri. Sessions began at 11:00 a.m. and were
conducted in a neutral laboratory setting. Participants were tested
individually by two trained research assistants, one of whom was blind
to condition and interacted with the participant. Participants were
instructed to abstain from drugs and alcohol for 24 hr prior to the
session. Upon arrival to the laboratory, participants provided informed
consent and confirmed their compliance to presession drug and
alcohol restrictions (e.g., BrAC of 0.000 g/dl). Female participants were
required to take a hormonal pregnancy test before continuing in the
study. After verifying eligibility for the study, participants completed
questionnaires on a desktop computer that assessed demographic
and drinking information, as well as other individual difference

variables not pertinent to the hypotheses of the current study.

231 |

Participants included in this study expected to receive alcohol and

Beverage administration

consumed 190-proof pure grain alcohol mixed with orange juice in a
1:3 ratio. The alcohol dose was calculated based on estimated total
body water and time for consumption to achieve a peak BrAC of
0.100 g/dl an hour after the onset of drinking (see Curtin & Fairchild,
2003). Total body water was estimated using age, gender, height, and
weight. Beverages were divided equally into two glasses. On average,
the calculated alcohol doses for men and women were 0.86 (SD = .03)
and 0.75 (SD = .05) g/dI total body water, respectively. Following
procedures used in prior acute tolerance studies (Fillmore, Dixon, &
Schweizer, 2000; Fillmore & Vogel-Sprott, 1998; Marczinski &
Fillmore, 2009), each glass was consumed in 1 min, with a 5-min break
between glasses. This dosing procedure was chosen because it allowed
for more control over the rate at which participants consumed each
beverage, which is important as variability in consumption rate can
alter the rate of increase in BrAC (O'Neill, Williams, & Dubowski,
1983). The larger study utilized a between-subject design involving
additional placebo and control groups. Given the focus on the overall
change in rising BrAC and acute tolerance of subjective perceptions
of intoxication, these groups were not included in this study as no

BrAC ratings were detected in either group.

232 |

Following consumption, BrAC was assessed every 5 min until a BrAC

Post-consumption

of approximately 0.060 g/dl was achieved. At such time, participants

rated their subjective intoxication. Following the completion of these
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measures, BrAC assessments resumed at 5-min intervals until a com-
parable BrAC was achieved on the descending limb. At such time, par-
ticipants rated their subjective level of intoxication once again.
Participants also completed a computerized version of the Wisconsin
Card Sorting following assessment of intoxication ratings. Data from
this task were not included in this study because this task is prone to
practice effects (Bartels, Wegrzyn, Wied|, Ackerman, & Ehrenreich,
2010; Calamia, Markon, & Tranel, 2012), which prevent inferences
about acute tolerance. After the study, participants were given a light
meal and remained in the laboratory until their BrAC descended to
0.020 g/dl (NIAAA, 2005). Participants were transported home via a
prepaid taxi or a friend and were paid $12 an hour for their participa-

tion. The study typically lasted approximately 6.5 hr.

3 | RESULTS

3.1 | Descriptive statistics

Participants reported drinking approximately 10 times in the past
month and consumed around four drinks per occasion. Additionally,
one third of drinking occasions reportedly involved heavy drinking (five
or more drinks). Independent sample t-tests indicated that, compared
to women, men drank more frequently in the past 30 days
(Mmales = 13.26 days [SD = 4.24] vs. Msemates = 7.44 days [SD = 5.62];
t(27) = 2.95, p < .01, d = 1.14), consumed more alcohol per occasion
(Miates = 5.14 drinks [SD = 3.08] vs. Mtemates = 2.53 drinks [SD = 0.95];
t(27) = 3.37,p < .01, d = 1.30), and had more heavy drinking episodes in
the past 30 days (Mnales = 6.75 days [SD = 6.19] vs. Mtemales = 1.28 days
[SD = 1.41]; t(27) = 3.65, p < .01, d = 1.40). Past drinking behaviors
were not associated with intoxication ratings on either limb of the
BrAC curve (rs = -.18 and -.20, ps > .30).

32 |

Overall, participants’ mean BrAC peaked at 0.089 g/dI (SD = 0.016 g/dl)
approximately 60 min (M = 58 min, SD = 17) after the onset of drinking.

Breath alcohol concentration

Results also confirms that ascending and descending assessments of

subjective intoxication were administered at comparable BrACs
(M =.067 g/dl,SD = .010 g/dl for both limbs), with a paired sample t test
suggesting only trivial differences (within-person mean differ-
ence =.001 g/dl, range: -0.002t0 0.017; t(28) = 1.87, p = .07). Therefore,
any differences observed between intoxication ratings on the ascending
and descending limbs are likely a reflection of acute tolerance of the sub-
jective rating of intoxication to alcohol. Figure 1 depicts the change in
BrAC across the test session for upper, middle, and lower tertiles for
overall change in BrAC.

3.3 | Pharmacokinetic factors and initial intoxication

Following alcohol consumption, participants’ BrACs increased at a
mean rate of 0.0038 g-dl"X:min! (SD = 0.002 g-dI"-min"%). No gender
differences were observed for the rate at which BrAC ascended
(p = .28). Means for the amount of time that participants were exposed
to alcohol before assessment on the ascending and descending limbs
were 24 min (SD = 16) and 146 min (SD = 56), respectively. The latter
was used in subsequent analyses as an indicator of alcohol exposure
time consistent with that proposed by Radlow (1994, 2006).
Independent sample t-test indicated that males were exposed to alco-
hol for a longer duration than females (males: M = 173 min, SD = 56;
females: M = 130 min, SD = 44; t(27) = 2.37, p < .05, d = 0.81). There-
fore, gender was included as a covariate in subsequent analyses. The
rate at which participants’ BrACs increased was not significantly
related to the amount of time exposed to alcohol (r = .04, p = .83).
Contrary to prior findings (Martin & Earleywine, 1990), the overall rate
of increase in BrAC was not significantly associated with initial intoxi-
cation ratings on the ascending limb (p = .46). Likewise, the amount of
time participants were exposed to alcohol was not significantly related

to their initial intoxication rating (p = .28).

3.4 | Acute tolerance of subjective intoxication
ratings
Mean intoxication ratings for the ascending and descending limbs,

respectively, were 3.93 (SD = 1.51) and 2.62 (SD = 2.09). A paired-
sample t test revealed a significant reduction in ratings from the

FIGURE 1 Separate mean breath alcohol
concentrations (BrACs) trajectories for upper,
middle, and lower tertiles for overall change in
BrAC. Dotted line with x markers represents
change in BrAC over time for participants in
the upper tertile (i.e., faster) for overall change
in BrAC. Solid line with filled square markers
represents change in BrAC over time for
participants in the middle tertile for overall
change in BrAC. Dashed line with filled
diamond markers represents change in BrAC
over time for participants in the lower tertile
(i.e., slower) for overall change in BrAC.
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ascending to descending limb, Mgifference 1.31 (SD = 1.34),
t(28) = 5.27, p < .001, dpaireq = 0.98. This marked decrease in ratings
suggests the presence of acute tolerance for subjective intoxication.
Acute tolerance magnitude was calculated by subtracting intoxication
ratings on the descending limb from those on the ascending limb.
Greater positive values indicated greater acute tolerance. Mean
magnitude of acute tolerance of subjective intoxication was 1.31
(SD = 1.34). No gender difference was observed for mean magnitude
of acute tolerance of subjective intoxication (p > .31).

3.5 | Association of overall BrAC ascent rate with
acute tolerance magnitude

Multiple linear regression analyses were conducted to evaluate the
association of the overall rate of change in ascending BrAC with
the magnitude of Mellanby acute tolerance for subjective intoxication
near 0.067 g/dl. Predictor variables were entered into the overall
model in a hierarchical manner. Gender, alcohol exposure time, and
binge drinking were entered into the model first (Step 1). Ascent rate
was entered next (Step 2) to evaluate its association with the magni-
tude of acute tolerance for subjective intoxication beyond the effects
of the other covariates. All variables were standardized prior to entry
into the models.

Results revealed that the inclusion of gender, exposure time, and
binge drinking (Step 1) did not significantly aide in the prediction of acute
tolerance magnitude, R?=.05,F(3,25)= 0.43,p=.91. However, including
overall ascent rate into the model (Step 2) significantly increased the pre-
dictive value of the model, AR? = .28, R? = .29, F(1, 24) = 10.03,p < .01.
Moreover, results indicated that overall rate of increase in BrAC
was the only variable uniquely associated with the magnitude of
reduction in intoxication ratings, B = .56, p < .01, 95% confidence
interval [.20, .93]. Figure 2 depicts this association. As the overall rate
of change in ascending BrAC increased, so did the magnitude of
reduction in intoxication ratings from the ascending to descending
limb of the breath alcohol curve.

3.6 | Supplementary analyses

Despite both methodological (e.g., standardized consumption rate) and
statistical (e.g., covaried binge drinking and alcohol exposure time)
efforts to control for potential confounds, there are a number of fac-
tors that may have accounted for the association between the overall
increase in BrAC and acute tolerance in subjective intoxication. For
example, the overall rate of increase BrAC could have been related
to the amount of time between assessments or participants’ BrACs
at assessments, which could potentially account for the observed
results. We therefore conducted supplementary analyses in order to
rule out a number of potential third-variable explanations.

Results indicated that person-level variables had little association
with the overall rate at which participants’ BrACs increased (height,
age, weight, gender ps > .23). Faster overall increase in BrAC was asso-
ciated with reaching peak BrAC earlier (r = -.71, p < 0.001). However,
this likely does not explain study findings, as the overall rate at which
BrAC increased was unrelated to the amount of time elapsed between
assessments (p > .15). Faster overall increases in BrACs were signifi-
cantly related to higher BrACs at the peak (r = .59, p < .001) but not
with BrACs at the time of assessment on either limb (ascending:
r=.21, p > .26; descending: r = .29, p < .13). Nevertheless, higher
BrACs for those with sharper overall increases in BrAC could possibly
correspond with greater intoxication ratings for both ascending and
descending limb assessments. However, this possibility was not the
case—faster increases in BrAC were unrelated to intoxications ratings
on the ascending limb (r = -.14, p = .46) and were negatively related
with ratings on the descending limb (r = -.43, p = .05).

4 | DISCUSSION

Prior research suggests that stronger initial levels of intoxication may
be associated with more substantial reductions in intoxication on the
descending limb of the breath alcohol curve (e.g., Koob & Le Moal,
1997; Poulos & Cappell, 1991; Ramsay & Woods, 1997; Solomon &
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FIGURE 2 Plot of standardized regression
equation predicting acute tolerance
magnitude from the overall rate of increase in
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Corbit, 1973). The aim of this study was to test whether faster overall
increases in ascending BrAC, which have been associated with greater
intoxication and alcohol-induced impairment (Fillmore & Vogel-Sprott,
1998; Martin & Earleywine, 1990), are related to greater acute toler-
ance to subjective intoxication. We found that while faster overall
increase in BrAC was not associated with initial ratings of intoxication,
it was associated with greater development of acute tolerance to feel-
ings of intoxication. This association persisted even after controlling
for other factors (e.g., alcohol exposure time and binge drinking) that
have been shown to contribute to differences in the magnitude of
acute tolerance.

Contrary to prior findings (Fillmore & Vogel-Sprott, 1998; Martin
& Earleywine, 1990), the overall rate of change in rising BrAC was
not associated with the intensity of alcohol’s initial subjective effects
on the ascending limb. This inconsistency of results may be due to
methodological and idiosyncratic differences between studies. For
instance, only men participated in those studies conducted by Fillmore
and Vogel-Sprott (1998) and Martin and Earleywine (1990), whereas
both men and women participated in this study. Research has
documented gender differences in the pharmacokinetics of alcohol
(Baraona et al., 2001), suggesting that gender may moderate the
association between overall changes in increasing BrAC and acute
tolerance magnitude to subjective intoxication. This study’s relatively
small sample size prevents examination of the interaction between
gender and overall rate of change in BrAC on acute tolerance
magnitude to subjective intoxication. There are also differences in
the dosing procedures utilized in this study compared to those used
in prior studies (Fillmore & Vogel-Sprott, 1998; Martin & Earleywine,
1990). This study utilized a larger dose of alcohol compared to other
studies (Fillmore & Vogel-Sprott, 1998) and involved faster consump-
tion relative to other research (Martin & Earleywine, 1990).

The lack of association between the overall change in increasing
BrAC and initial intoxication ratings suggests that the greater acute
tolerance in subjective intoxication associated with faster overall
increases in BrAC was not attributable to greater initial intoxication
level. This lack of association is inconsistent with the belief that
greater initial drug effects elicit a stronger adaptive physiological
response, which in turn leads to greater acute tolerance (Koob & Le
Moal, 1997; Poulos & Cappell, 1991; Ramsay & Woods, 1997).
Instead, our data align with the alternative view that faster increases
in the overall rate of change in ascending BrAC might lead to earlier
activation of the body’s underlying homeostatic adaptive processes.
This earlier activation may in turn elicit earlier recovery from
intoxication, which would correspond with greater reduction across
assessments. Prior research has demonstrated that the maximal
effects of alcohol occur prior to peak BrAC (Portans et al., 1989;
Radlow & Hurst, 1985). In this study, faster increases in the overall
change of rising BrAC were associated with earlier peak BrACs,
which suggests that faster increases may also be associated with
earlier maximal alcohol effects. However, because subjective
intoxication was only assessed at a single time point on the ascend-
ing limb, it remains possible that the maximal effect of alcohol was
not adequately captured by our assessment protocol. To circumvent
this limitation, both BrAC and feelings of intoxication should be

tracked at multiple time points in future studies.

Supplementary analyses further suggested that the association
between the overall change in rising BrAC and acute tolerance in sub-
jective intoxication was not attributable to person-level variables or
characteristics of the assessment protocol. In the latter case, the pres-
ent findings are not merely an artifact of the timing of assessments, as
the rate of increase in BrACs was unrelated to the amount of time
between assessments. Moreover, results indicated that the overall
increasing change was not associated with BrACs at the time of assess-
ments. Although generally faster increases were associated with higher
BrACs at both assessments, they also tended to be associated with
reduced feelings of intoxication on the descending limb.

This study provides some of the first data on the association
between the overall rate of change in increasing BrAC and the magni-
tude of acute tolerance in subjective intoxication. Additional research
is necessary to replicate and extend these results. Although this study
relied on the known interindividual variability in rising BrAC (e.g.,
Ramchandani et al., 1999), future studies may utilize other approaches
that directly manipulate this pharmacokinetic variable to clarify this
association. Recent methodological advancements in IV administration
have granted more precise control over the overall rate of change in
rising BrACs (e.g., Plawecki et al., 2012; Wetherill et al., 2012). For
example, physiologically based pharmacokinetic modeling has been
used to manipulate the infusion rate of alcohol, resulting in different
rates of change in rising BrACs within individuals (Plawecki et al.,
2012). Thus, IV administration has the unique advantage of more pre-
cise control of individual differences in alcohol pharmacokinetics. This
may permit examination of how moment-to-moment changes in
increasing BrAC relate to acute tolerance and other alcohol functions.

This study utilized the Mellanby (1919) method to quantify acute
tolerance magnitude. While this method is widely used in the literature
(e.g., Beirness & Vogel-Sprott, 1984; Marczinski & Fillmore, 2009;
Weafer & Fillmore, 2012; Wetherill et al., 2012), two other methods
have been proposed for quantifying acute tolerance (see Martin &
Moss, 1993). As explained by Martin and Moss (1993), the first of
these methods is conceptually similar to that of Mellanby’s method
and computes the area under the curve for measures of BrAC and alco-
hol response to quantify acute tolerance magnitude. The other method
utilizes a slope function approach and computes the difference
between the rate of change in BrAC and alcohol response from their
respective maxima (Radlow, 1994). Greater acute tolerance is indicated
by greater change in alcohol response compared to BrAC. The use of
these other methods for calculating acute tolerance may be helpful in
determining the replicability of the present findings.

Another important next step is to determine whether interindi-
vidual variability in the overall rate of change in ascending BrAC is
reflective of stable individual differences or merely the result of
situation-specific differences that effect absorption kinetics (e.g.,
stomach content, Fraser, Rosalki, Gamble, & Pounder, 1995; and rate
of gastric emptying, Horowitz et al., 1989). Research on this issue has
proven this challenging as it is difficult to control for all of the various
transient environmental factors that alter changes in BrAC (Nagoshi
& Wilson, 1989). Nevertheless, better understanding the reliability
of individual differences in the overall change of BrAC may be partic-
ularly important, as it may serve as an indicator for the risk of greater

acute tolerance, especially in regard to feelings of intoxication. This



MORRIS ET AL.

WILEY—-22"2

may have substantial theoretical and practical implications, as greater
acute tolerance is associated with greater chronic tolerance (Beirness
& Vogel-Sprott, 1984) and is believed to play a decisive role in risky
decisions, such as driving after drinking (Amlung et al, 2014,
Marczinski & Fillmore, 2009). As such, individuals who generally
exhibit faster increase in BrAC may be at greater risk of alcohol-
related problems and alcohol use disorders.

This study focused on only one measure of alcohol impairment,
subjective intoxication. We focused on this indicator of impairment
because it consistently displays acute tolerance across studies (e.g.,
Martin & Moss, 1993; Portans et al.,, 1989; Radlow & Hurst, 1985;
Weafer & Fillmore, 2012) and is thought to play an important role in
the regulation of drinking and engagement in risky behaviors (Morean
and Corbin, 2010; Quinn and Fromme, 2012; Quinn et al., 2013).
Furthermore, feelings of intoxication are less likely to be susceptible
to practice effects that commonly accompany task-based measures
(Basso, Bornstein, & Lang, 1999; Collie, Maruff, Darby, & McStephen,
2003). However, it is unclear whether or not the association between
ascent rate and acute tolerance holds for task-based measures of alco-
hol effects, especially given the inconsistencies in previous findings
based on task measures (see Schweizer & Vogel-Sprott, 2008).
Another important priority is to examine the association between rate
of change in BrAC and other subjective indicators of alcohol effects,
such as subjective stimulation and sedation. Thus, interpretation of
the present results should be limited to subjective intoxication and
may not extend to other alcohol effects. Future research is needed
to test whether the present findings extend to other measures of alco-
hol effects.

Other limitations of this study may have influenced our results.
Overall change in increasing BrAC was calculated in this study based
on participants’ peak BrAC and the time it took them to achieve their
peak BrAC. While this method of quantifying overall rate of increase
in BrAC has been utilized in previous work (Fillmore & Vogel-Sprott,
1998; Martin & Earleywine, 1990), it assumes a steady linear increase
in BrAC and may not fully capture the variability in the rate of change
in BrAC common with oral alcohol administration. Furthermore,
participants consumed a relatively large concentration of alcohol in a
relatively short time. While this administration protocol was chosen
to reduce variability in the duration of consumption, it may not reflect
participants’ customary style of drinking outside the laboratory.
Likewise, the laboratory environment in which the study was
conducted is unnatural compared to typical drinking environments.
The relatively small sample size and recruitment from a single
geographic location resulted in a somewhat homogenous sample,
restricting the generalizability of the findings. The small sample limits
statistical power, which might potentially account for the lack of
significant associations between alcohol exposure time, binge drinking,
and acute tolerance magnitude. Participants also had to report
consuming five or more drinks to participate in the study. While this
criterion was included to reduce the risk of adverse reaction to the
alcohol administration, it may also limit the generalizability of the
results to those who consume smaller amounts.

In summary, this study demonstrates that faster overall rates of
change in ascending BrAC are associated with greater reductions in

subjective intoxication over the course of a single exposure to alcohol.

This association does not appear to be due to faster overall increases in
BrAC corresponding to greater initial levels of intoxication, as has been
previously proposed (Ramsay & Woods, 1997). Further research, using
both oral and IV methods of administration, is necessary to determine
the mechanisms that underlie the association between the overall rate

of change in rising BrAC and acute tolerance in subjective intoxication.
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