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Effect of high-fat, high-protein, and high-carbohydrate meals on the
pharmacokinetics of a small dose of ethanol
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Aims To investigate whether the relative amounts of fat, carbohydrate (CHO), or
protein in a meal influence the pharmacokinetics of a small dose of ethanol.
Methods Nine healthy men received ethanol (0.30 g kg−1 body weight) on five
occasions in a randomized cross-over fashion. On three occasions the dose of ethanol
was consumed within 15 min of eating a standardized breakfast of similar volume
and calorific value but containing different amounts of fat, CHO, and protein. On
two other occasions the same dose of ethanol was ingested on an empty stomach
(overnight fast) or administered by intravenous (i.v.) infusion over 30 min.
Results The blood-ethanol profiles showed large inter and intraindividual variations,
especially when ethanol was ingested after eating food. The peak blood-alcohol
concentrations (BAC) were 16.6±4.0, 17.7±7.1, and 13.3±4.0 mg dl−1

(mean±s.d.) after fat, CHO, and protein-rich meals and 30.8±4.3 and
54.3±6.4 mg dl−1 after fasting and i.v. infusion, respectively. The corresponding
areas under the concentration-time profiles (AUC) were 1767±549, 1619±760,
1270±406 mg dl−1 min after fat, CHO, and protein-rich meals compared with
3210±527 and 4786±446 mg dl−1 min after fasting and i.v. infusion, respectively.
The time required to eliminate ethanol from the blood was shortened by 1–2 h in
the fed-state.
Conclusions Drinking ethanol after eating a meal, regardless of the nutritional
composition, decreases the systemic availability of ethanol. Because gastric emptying
is slow and more prolonged with food in the stomach, the delivery of ethanol to
the duodenum and the liver will be highly variable as will the hepatic clearance of
ethanol. Provided that portal venous BAC remains fairly low and ethanol
metabolizing enzymes are not fully saturated then part of the dose of ethanol can be
cleared by hepatic first-pass metabolism (FPM), as one consequence of Michaelis-
Menten elimination kinetics.

Keywords: bioavailability, blood ethanol, first-pass metabolism, food, liver blood flow,
macronutrients, pharmacokinetics

area under the concentration-time curves (AUC) is diminished
Introduction

compared with parenteral (i.v. infusion) administration of the
same dose [12, 13]. It seems that part of the dose of ethanolCertain aspects of the pharmacokinetics of ethanol are

important to consider in medicolegal casework when a fails to reach the systemic circulation, presumably because of
oxidation by alcohol dehydrogenase (ADH) enzymes locatedperson’s BAC is estimated on the basis of a given drinking

scenario [1–4]. These calculations almost always assume in the stomach and/or the liver [14, 15].
In the present study, we varied the proportions of fat,complete systemic availability of the dose of ethanol

administered and negligible first-pass metabolism. However, carbohydrate, and protein in a meal given to healthy
volunteers prior to a small dose of ethanol (0.30 g kg−1).this assumption may not be valid when small doses of

ethanol are ingested with or after a meal [5–8]. Accordingly, we established the concentration-time profiles
of ethanol under fed conditions and also after an overnightHaving food in the stomach before drinking delays gastric

emptying. The rate of delivery of ethanol to the duodenum fast. The same dose of ethanol was also given by intravenous
(i.v.) infusion.is slow and absorption of alcohol occurs predominantly

through the stomach [9]. In the fed state, the peak BAC is
considerably less and the entire BAC profile is reduced Methods
compared with drinking on an empty stomach [10, 11]. This
means that the bioavailability of ethanol, as reflected in the Subjects and conditions

Nine healthy men, all nonsmokers, with a mean age of 24.6Correspondence: Dr A. W. Jones Department of Forensic Toxicology, National
Laboratory of Forensic Chemistry, University Hospital, 581 85 Linköping, Sweden. years (s.d.=4.8), body weight 75.8 kg (s.d. 9.0) and height
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183 cm (s.d. 4.6) participated in this study as paid volunteers. Pharmacokinetics of ethanol
The study protocol was approved by the local Ethics
Committee and each subject took part in five experimental Concentration-time profiles of ethanol were plotted for the

data collected from five experimental sessions. The peaksessions with at least 7 days between treatments, although
the intervals of time were not the same for all subjects. The BAC and the time of reaching the peak after the start of

alcohol dosing were noted and the area under thedose of ethanol (0.30 g kg−1 body weight) was administered
according to a randomized cross-over design either after the concentration-time profiles (AUC) were determined by the

linear trapezoidal method from 0–210 min [18]. Becausesubjects had eaten a standardized breakfast or after an
overnight fast or by intravenous infusion. The ethanol (96% ethanol metabolism exhibits saturation-type kinetics and is

not a simple first-order elimination process, bioavailabilityv/v) was diluted with orange juice to give a 20% v/v
cocktail and this was finished within exactly 15 min. The cannot be calculated in the usual way as the ratio of AUC

after peroral and intravenous administration [19].ethanol solution for i.v. infusion was prepared by the
hospital pharmacy as a 6% w/v solution in saline and was Nevertheless, AUC is still a relevant parameter for comparing

the different treatments provided the dose of ethanoladministered at a constant rate over 30 min with the help
of an IVAC model 560 infusion pump (San Diego, CA). administered is the same. The AUC gives an indication of

the amount of ethanol reaching the systemic circulationMeals were prepared from commonly available foodstuffs
normally eaten for breakfast in Sweden and the individual after the various treatments.

The peak BAC and AUC resulting from the differentcomponents were chosen to contain relatively high pro-
portions of fat (55% of total energy), protein (31%) or treatments were compared by applying a one-way repeated

measures analysis of variance (ANOVA) or by a paired t-carbohydrate (86%), providing #3000 kJ (700 kcal) of
energy. All meals were eaten in 15 min and the alcoholic test when two treatments were compared (SigmaStat, Jandel

Statistics Software, Erkrath, Germany). When the dose ofdrink was consumed a few minutes later. On two other
occasions, the same dose of ethanol (0.30 g kg−1) was ethanol was ingested on an empty stomach or given by i.v.

infusion, the disappearance rate of ethanol from blood wasingested after an overnight (10 h) fast or was administered
by constant rate intravenous infusion over 30 min. calculated from the slope of the postpeak disappearance

phase assuming a zero-order elimination kinetics at BAC
above 10–20 mg dl−1 [8]. Under these conditions, the
y-intercept (Co) and the apparent volume of distribution of

Sampling of blood and determination of ethanol
ethanol (V d) were also calculated in the usual way [8, 18].
However, when ethanol was consumed after eating food,Specimens of venous blood were obtained through an

indwelling catheter predose and at exactly timed intervals of the peak BAC for the individual subjects were often less
than 10–15 mg dl−1 and the concentration-time curves10, 20, 30, 45, 60, 90, 120, 150, 180, 210, and sometimes

to 300 min from the start of alcohol dosing. The blood was were highly variable. Sometimes a secondary peak appeared
several hours after the end of drinking. This made ittaken into 5 ml Vacutainer tubes (Becton Dickinson Ltd,

USA) containing NaF (40 mg) and heparin (143 units) as impossible to fit curves and calculate elimination rate
constants for individual subjects when ethanol was consumedpreservatives. The catheter tubing was flushed with a few

drops of heparin-saline solution to prevent the blood from after food.
coagulating between the times of taking the samples.

The concentration of ethanol in blood was determined
Results

by headspace gas chromatography as described in detail
elsewhere [16]. Aliquots of whole blood (100 ml ) were Figure 1 shows the individual blood-ethanol profiles after

eating high-fat, high-protein or high-CHO meals beforeremoved from Vacutainer tubes and diluted 11-fold with n-
propanol (8 mg dl−1) as an internal standard. The blood and drinking the small dose of ethanol (0.30 g kg−1). Figure 1

also shows the BAC profiles for the control conditions wheninternal standard were ejected into headspace sampling vials
(22 ml) which were immediately made air-tight with rubber ethanol was ingested on an empty stomach (p.o. fasting) or

given by i.v. infusion. When the ethanol was consumedstoppers and crimped-on aluminium caps. For gas chroma-
tography, we used a glass column (2 m×3 mm i.d.) packed after eating a meal, regardless of the macronutrients present,

there were large interindividual variations in the shapes ofwith Carbopack C (0.2% Carbowax 1500 on Carbopack
80–100 mesh) as the stationary phase. The analytical the curves which precluded any detailed pharmacokinetic

analysis. Instead, the peak BAC, the time required to reachprecision expressed as the standard deviation (s.d.) of a single
determination increases with the concentration of ethanol the peak, and the AUC were evaluated (Table 1). Figure 1

also shows mean blood-ethanol curves resulting from thein the samples. At a mean BAC of 100 mg dl−1, the s.d.
was 0.8 mg dl−1 corresponding to a coefficient of variation different treatments making it easier to see the dramatic

effect of drinking ethanol after eating a meal compared withof less than 1% [17]. The within-run s.d. for a single
determination of ethanol at the limit of detection was i.v. infusion (100% availability). Systemic availability of

ethanol, as reflected in peak BAC and AUC, was diminished0.1 mg dl−1 which corresponds to a limit of quantification
(10×s.d.) for this HS-GC method of 1 mg dl−1. The even when the ethanol was consumed on an empty stomach,

compared with i.v. infusion of the same dose.accuracy of the method was controlled by analysing known-
strength standards purchased from Merck (Darmstadt, Table 1 compares peak BAC and AUC when ethanol

(0.30 g kg−1) was ingested after the meals and after anGermany) with target concentrations of ethanol correspond-
ing to 50, 100, and 150 mg dl−1. overnight fast and also after i.v. infusion. The observed
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Figure 1 Concentration-time profiles of ethanol for nine healthy men after 0.30 g ethanol kg−1 body weight in 15 min under different
conditions; (a) fat meal, (b) carbohydrate (CHO) meal, (c) protein meal, (d) fasting (empty stomach), (e) intravenous (i.v.) infusion over
30 min. Plot (f ) shows the mean (n=9) blood-ethanol curves for the different conditions ($ i.v., # fasting, , fat meal, ( CHO
meal, V protein meal).

differences were statistically highly significant (F=98.7 for
Discussion

peak BAC and F=88.9 for AUC, P<0.001) and the power
of the test a posteriori was 1.0. However, the differences in The impact of the composition of a meal in terms of the

amounts of fat, protein, and carbohydrate present andpeak BAC and AUC did not reach statistical significance
when the high-fat, high-CHO, and high-protein meals were whether this might influence the pharmacokinetics of a

moderate dose of ethanol has not been studied in a systematiccompared separately (F=2.22 for peak BAC and F=2.42
for AUC, P>0.05). But these results should be interpreted way. We found that drinking ethanol (0.30 g kg−1) after

eating a meal, regardless of the nutritional composition,with caution because the test’s power calculated a posteriori
to reveal a significant differences was relatively low being caused a pronounced lowering of the peak BAC and a

marked decrease in AUC compared with drinking on an0.22 for peak BAC and 0.25 for AUC.
The interindividual variability (CV%) in peak BAC and empty stomach or i.v. administration. The rate of disposal

of ethanol was boosted when there was food in the stomachAUC was greatest when the ethanol was consumed after
food compared with empty stomach (p.o. fasting) or i.v. because the time required to eliminate ethanol from the

blood was shortened by 1–2 h compared with drinking oninfusion (Table 1). The pseudolinear disappearance phases
(ko) after i.v. infusion of ethanol was 9.8±1.2 mg dl−1 h−1 an empty stomach or after i.v. infusion (Figure 1). This

points either to swifter metabolism of ethanol in the fedand this was not significantly different from the p.o. fasting
conditions, 10.3±1.8 mg dl h−1 (95% confidence interval state or that part of the dose becomes metabolized before it

reaches the systemic circulation, e.g. owing to first-pass(CI) for the mean difference was −2.27–1.25). No
significant differences were observed for Co when i.v. metabolism (first pass metabolism).

Studies have shown that the magnitude of first passinfusion and p.o. fasting conditions were compared
(40±3.9 mg dl−1 (i.v.) and 37±4.9 mg dl−1 ( p.o. fasting); metabolism seems to be greatest when the absorption phase

is slow and more prolonged and also when small doses of95% CI for mean difference was −1.6–7.0). Neither was
V d significantly different, being 0.75±0.08 l kg−1 for i.v. ethanol (0.15–0.30 g kg−1) are consumed after eating food

[20, 21]. If the rate of transport of ethanol to the liver iscompared with 0.81±0.11 l kg−1 for p.o. fasting; 95% CI
for difference was −0.154–0.033. slow and variable, metabolizing enzymes will not be saturated
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Table 1 Comparison between peak BAC, time to peak, and area under the curves after 0.30 g kg−1 body weight was consumed after
eating a meal with high-fat, high-carbohydrate (CHO), or high-protein content but having a similar calorific value. The same dose of
ethanol was also ingested on an empty stomach (p.o. fasting) or by intravenous (i.v.) infusion.

Energy content ( percent Peak BAC (mgdl−1) AUC (mgdl−1 min) tmax (min)
Test conditions fat, CHO, protein) (CV%) (CV%) (range)

High-fat meal 2908 Kj (fat 55%, CHO 16.6±4.0, 1767±549, 30–90
33%, protein 12%) (24%) (31%)

High-CHO meal 2924 Kj (fat 9%, CHO 17.7±7.1, 1619±760, 30–90
86%, protein 6%) (40%) (47%)

High-protein meal 3188 kJ (fat 24%, CHO 13.3±4.0, 1270±406, 30–60
45%, protein 31%) (30%) (32%)

ANOVA 3-treatments DF=2 and 17 F=2.221 F=2.422 —
s.d.res=4.4 s.d.res=492.5

p.o. fasting empty stomach 30.8±4.3, 3210±527, 30–60
(14%) (16%)

i.v. infusion empty stomach 54.3±6.4 4786±446 30
(12%) (10%)

anova 5-treatments DF=4 and 32 F=98.73 F=88.93 —
s.d.res=5.1 s.d.res=465.2

Abbreviations; BAC=blood-alcohol concentration, AUC=area under the curve, values are mean±s.d. for n=9 subjects in each group,
CV%=coefficient of variation (s.d./mean×100), anova=analysis of variance, DF=degrees of freedom; s.d.res=residual s.d. for repeated
measures ANOVA.
1power of test (P=0.05)=0.221 2power of test (P=0.05)=0.251 3power of test (P=0.05)=1.0.

allowing some of the ethanol to become cleared as quickly ended. Cortot et al. [26] reported a slow and protracted
absorption of ethanol from the human stomach when aas it is absorbed into the portal circulation. The Km for class

I human ADH, according to in vitro experiments, ranges homogenized meal was given mixed with 1 g kg−1 ethanol.
They estimated that 73% of the dose of ethanol was absorbedfrom 1 to 10 mg dl−1 [22]. By comparison, studies in vivo

give average values for Km and V max for the elimination from the stomach over several hours after administration
and only 27% from the duodenum. This supports the notionkinetics of ethanol as 6.7 mg dl−1 and 18.1 mg dl−1,

respectively [23]. With low concentrations of ethanol in of a bound pool of alcohol in the stomach even 3 h or more
after administration [25, 26].portal venous blood, the operation of Michaelis-Menten

elimination kinetics suggests part of the dose is cleared The rate of disappearance of ethanol from blood in the
fasting state and after i.v. infusion was relatively slowbefore reaching the systemic circulation. Furthermore, if the

rate of absorption of ethanol from the stomach is slower (10 mg dl−1 h−1), which is considerable less than the mean
of 15 mg dl−1 h−1 often cited in the literature for moderatethan the rate of elimination owing to metabolism and

excretion processes, it is possible that the BAC profile might drinkers [4, 8]. It seems that food deprivation for 10–12 h
is sufficient to decrease the activity of alcohol metabolizingshow a declining phase even if ethanol remains unabsorbed

in the stomach [24]. enzymes and this accounts for the slower rate of disappearance
of ethanol from blood [27]. In some studies, CHO enrichedAccordingly, another mechanism that could explain the

abnormally low BAC profiles observed when ethanol is food proved more effective than fat or protein in accelerating
the metabolism of ethanol but the mechanism for thistaken after food is a two-pool absorption hypothesis [10,

25]. With food in the stomach, a part of the ingested dose finding was not elucidated [28].
Our results confirm and extend earlier work on food-of ethanol becomes trapped or bound to constituents of the

meal [25]. However, another part of the dose (free-pool of induced effects on the bioavailability of ethanol although
we failed to find any major significance of the variousethanol) is available for immediate absorption, which

explains the initial rise in BAC and early occurring peak. macronutrients (fat, CHO, protein) on the pharmacokinetics
of ethanol when normally available foodstuffs were eaten.The ethanol derived from the bound-pool becomes released

slowly over a long period of time and, provided that the The protein-rich meal tended to produce lower BAC
profiles than the fat or CHO treatments, but the differencesperipheral BAC remains low so that the hepatic ADH is

not fully saturated, all the ethanol released from the bound- observed were not statistically significant. The BAC profiles
after the CHO-rich meal showed most interindividualpool is cleared during the first passage of portal venous

blood through the liver. In one subject, we observed a variation. Time-response studies of the effects of food on
BAC profiles have apparently not been reported, althoughsecondary peak in the BAC arising about 2 h after drinking
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