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Aims: The aim of this study was to evaluate the comparative effects of low-carbohy-

drate (LC), full-strength (FS), and low-alcohol (LA) beer on gastric emptying (GE), eth-

anol absorption, glycaemia and insulinaemia in health.

Methods: Eight subjects (four male, four female; age: 20.4 ± 0.4 years; BMI 22.7

± 0.4 kg/m2) had concurrent measurements of GE, plasma ethanol, blood glucose and

plasma insulin for 180 min on three separate occasions after ingesting 600 mL of

(i) FS beer (5.0% w/v, 246 kcal, 19.2 g carbohydrate), (ii) LC beer (4.6% w/v, 180 kcal,

5.4 g carbohydrate) and (iii) LA beer (2.6% w/v, 162 kcal, 17.4 g carbohydrate)

labelled with 20 MBq 99mTc-calcium phytate, in random order.

Results: There was no difference in the gastric 50% emptying time (T50) (FS: 89.0

± 13.5 min vs LC: 79.5 ± 12.9 min vs LA: 74.6 ± 12.4 min; P = .39). Plasma ethanol

was less after LA than LC (P < .001) and FS (P < .001), with no difference between LC

and FS (P = 1.0). There was an inverse relationship between plasma ethanol at

15 min and GE after LA (r = �0.87, P < .01) and a trend for inverse relationships after

LC (r = �0.67, P = .07) and FS (r = �0.69, P = .06). The AUC 0–180 min for blood

glucose was greater for LA than LC (P < .001), with no difference between LA and FS

(P = .40) or LC and FS (P = 1.0).

Conclusion: In healthy young subjects, GE of FS, LC and LA beer is comparable and a

determinant of the plasma ethanol response.

K E YWORD S

absorption, beer, gastric emptying, glycaemia, insulinaemia

1 | INTRODUCTION

Low-carbohydrate (“low-carb”) beer has become increasingly popular

since its introduction. Consumption is popular, particularly amongst

the tertiary-educated, as well as men and women approaching middle

age.1 In the latter group, usage may reflect, in part, the presence of

disorders including type 2 diabetes and cardiovascular disease, or as

an attempt to “bust the beer gut”.2 There is a frequent perception
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that low-carb beer represents a “healthy” alternative to full-strength

beer because its caloric content is lower.1

While low-carb beers contain �0.9 g carbohydrate per 100 mL

(compared with �3 g carbohydrate per 100 mL in full-strength beer),

there is little difference in the total caloric load, because, at least in

most cases, there is no difference in alcohol content, which represents

a major contributor to the total caloric load, compared with

full-strength beers. Low-carb beers pose a potential health risk in

those who ingest them in the belief that they contain less alcohol

(and, hence, ingest more) or that they confer health benefits such as

weight loss and/or lowered glycaemia, as in patients with type 2

diabetes. In contrast, “light” (low-alcohol) beer represents a more

appropriate alternative with respect to minimising both energy intake

and the amount of alcohol ingested.

As with the majority of drugs, alcohol is absorbed predominantly

from the small intestine rather than the stomach, in part reflecting the

greater surface area for absorption provided by the small intestine.3–5

Metabolism by gastric alcohol dehydrogenase is small.6 We7–9 and

others10 have demonstrated that the rate of alcohol absorption is

highly dependent on the rate of gastric emptying. The latter is known

to exhibit a substantial inter-, but much lower intra-individual varia-

tion in health. Gastric emptying of nutrients, including alcohol, is

tightly regulated at an overall rate of �1–4 kcal/min, primarily as a

result of feedback inhibition generated by the interaction of nutrients

with the small intestine.11,12 The rate of gastric emptying is also a

major determinant of the postprandial elevation in blood glucose in

both health13 and type 2 diabetes,14 accounting for �30% of the

variance in peak plasma glucose after oral carbohydrate.13

Accordingly, when gastric emptying is relatively faster, the initial rise

in blood glucose is greater.13 Not surprisingly, pharmacological3,7 and

dietary8,15 interventions that modify (delay or accelerate) gastric

emptying influence both alcohol absorption5 and postprandial

glycaemia.16 Dietary and pharmacological strategies that slow gastric

emptying are now used widely in both the prevention and manage-

ment of type 2 diabetes.17 Substitution of artificial sweeteners for

regular mixers (containing sucrose) accelerates gastric emptying and

increases peak blood alcohol concentrations in healthy males.9

Surprisingly, the comparative effects of low-carb, full-strength and

low-alcohol beer on gastric emptying, alcohol absorption and

glycaemia have not been evaluated, which was the purpose of the

current study.

2 | METHODS

2.1 | Subjects

Eight healthy subjects (4 male, 4 female), mean age 20.4 ± 0.4 years

(range 19 – 22 years), mean body mass index (BMI) 22.7 ± 0.4 kg/m2

(range 20.9 – 24.1 kg/m2), were recruited by advertisement. None

had a history of significant disease, including diabetes, alcohol intake

>20 g daily, drug use or smoking >10 cigarettes/day. No subject was

pregnant, breastfeeding, or was taking any medication known to

influence gastrointestinal function.

2.2 | Protocol

Each subject was studied on three occasions in a randomised,

double-blind fashion, with each study day separated by a minimum of

1 week. On each study day, the subject attended the Department of

Nuclear Medicine, Positron Emission Tomography and Bone Densi-

tometry at the Royal Adelaide Hospital at 8:30 AM after fasting from

solids for 14 hours, liquids for 12 hours, and abstaining from alcohol

for at least 72 hours and tobacco for 12 hours. On arrival, the subject

was seated in front of a gamma camera and an IV cannula inserted

into an antecubital vein for blood sampling. They then consumed

600 mL of either (i) full-strength beer (5.0% w/v alcohol, 246 kcal,

19.2 g carbohydrate); (ii) low-carbohydrate beer (4.6% w/v alcohol,

180 kcal, 5.4 g carbohydrate); or (iii) low-alcohol beer (2.6% w/v

alcohol, 162 kcal, 17.4 g carbohydrate) (Hahn Brewing Company,

Sydney, NSW, Australia) each radiolabelled with 20 MBq
99mTc-calcium phytate (Radpharm Scientific, Belconnen, ACT,

Australia), within 10 minutes. 99mTc-calcium phytate is a colloid that

has been used widely as a marker of liquid gastric emptying.18–20

Another colloid (99mTc-sulfur colloid) was tested to determine the

stability of the radiolabel in the presence of acetic acid (to mimic the

gastric environment) with and without alcohol. In vitro experiments

utilising instant thin layer chromatography (ITLC) demonstrated at

least 98% labelling over a 3 hour period, indicative of little, or no,

degradation over time (data not shown). The beers were in their

carbonated form when ingested and the time of drink completion

was defined as t = 0 min. Blood samples and radioisotopic gastric

emptying data were collected for 180 min following drink completion.

At t = 180 min, the cannula was removed, and the subject was

offered a meal prior to leaving the laboratory.

What is already known about this subject

• Low-carbohydrate beer is increasingly popular and there

is a perception that it may represent a healthy alternative

beer.

• The rate of alcohol absorption is highly dependent on the

rate of gastric emptying.

What this study adds

• Gastric emptying of low-carbohydrate, low-alcohol and

full-strength beer are similar.

• Gastric emptying is a determinant of the plasma ethanol

response for all types of beer.

• Compared with low-carbohydrate beer, there is a greater

glycaemic response to low-alcohol, but not full-strength,

beer.
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The protocol was approved by the Human Research Ethics

Committees of the Royal Adelaide Hospital, the University of South

Australia and the University of Adelaide, and each subject provided

written, informed consent prior to their inclusion. All experiments

were carried out in accordance with the Declaration of Helsinki.

2.3 | Measurements

2.3.1 | Gastric emptying

Radioisotopic data were acquired for 180 min following consumption

of the drink (60 sec frames between t = 0–60 min, then 180 sec

frames from t = 60–180 min). Data were corrected for subject move-

ment, radionuclide decay and γ-ray attenuation.21 A region-of-interest

was drawn around the total stomach and gastric emptying curves

(expressed as percentage retention over time) derived. The amount of

the drink remaining in the stomach at 15 min intervals between

t = 0–180 min, as well as the 50% gastric emptying time (T50),21

were calculated.

2.3.2 | Plasma ethanol, blood glucose and serum
insulin

Venous blood samples were obtained immediately prior to the inges-

tion of the drink (at t = �10 min) and then at t = 0, 15, 30, 45, 60, 75,

90, 105, 120, 150 and 180 minutes. Samples were separated by

centrifugation at 3200 rpm (1032 g) for 15 minutes at 4 �C within

10 minutes of collection and stored at �70� for subsequent analysis.

Plasma ethanol was measured prior to the ingestion of the drink

(at t = �10 min) and then at t = 15, 30, 60, 120 and 180 minutes by

spectrophotometric enzymatic assay (ADVIA 2400; Siemens

Healthcare Diagnostics Inc., Tarrytown, NY, USA). The intra-assay

coefficient of variation (CV) of this technique is 0.9% with limits of

determination ranging from 0.01 to 0.6 g/dL.22

Blood glucose concentrations (mmol/L) were determined at all

time points using the glucose oxidase method with a 2300 Stat Plus

glucose analyser. 25 μL of whole blood was diluted in 600 μL of buffer

solution and placed in direct contact with a glucose oxidase impreg-

nated membrane for sampling.23 The intra- and inter-assay CV of this

technique are 2% and 6.6%, respectively.24

Serum insulin (mU/L) was measured prior to the ingestion of the

drink (at t = �10 min) and then at t = 15, 30, 45, 60, 90, 120, 150 and

180 minutes by ELISA immunoassay (Diagnostics 10-1113, Mercodia,

Uppsala, Sweden). The sensitivity of the assay was 1.0 mU/L and

intra- and inter-assay CVs were 2.1% and 5.3%, respectively.25

2.4 | Statistical analysis

All variables were analysed as absolute values. Areas under the curve

between t = 0 and 180 minutes were calculated for all variables using

the trapezoidal rule. Changes in blood glucose, serum insulin and

plasma ethanol over time (t = 0–180 min) were assessed with

one-way repeated measures analysis of variance (ANOVA). For all

variables, differences between the conditions were assessed with

two-way repeated measures ANOVA with treatment and time as

factors, and post hoc comparisons were adjusted using Bonferroni

correction. Differences in the area under the curve (AUC) for all

variables, as well as baseline blood glucose and serum insulin, were

assessed with two-way repeated measures ANOVA. Relationships

between the variables were assessed with Pearson's correlation.

A P-value of <.05 was considered significant in all analyses. Data are

presented as mean ± SEM (standard error of the mean).

2.5 | Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked

to corresponding entries in http://www.guidetopharmacology.org,

the common portal for data from the IUPHAR/BPS Guide to

PHARMACOLOGY, and are permanently archived in the Concise

Guide to PHARMACOLOGY 2021/22.

3 | RESULTS

The studies were all well tolerated.

3.1 | Gastric emptying

GE of beer approximated a linear pattern for the first �120 minutes.

There was no treatment � time effect for total gastric emptying

(P = .46), nor any difference in the AUCs for the three conditions

(P = .29) (Figure 1). There was also no difference in T50 between the

three conditions (low-alcohol (LA) vs low-carb (LC) vs full-strength

F IGURE 1 Gastric emptying (GE) of low-alcohol (LA, open circles),
low-carbohydrate (LC, open triangles) and full-strength (FS, closed
squares) beers (mean ± SEM; n = 8)
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(FS): 74.6 ± 12.4 min vs 79.5 ± 12.9 min vs 89.0 ± 13.5 min; P = .39),

although the mean T50 was higher for FS.

3.2 | Plasma ethanol

There was an increase in plasma ethanol during all three conditions

(P < .001 for all) (Figure 2). There were treatment (P < .001), time

(P < .001) and treatment � time (P < .001) effects (post-hoc compari-

sons are shown in the figure). There was a difference (P < .001)

between the AUC for all three conditions, so that the AUC for LA was

lower than LC (P < .001) and FS (P < .001), with no difference

between LC and FS (P = 1.0).

3.3 | Relationships between plasma ethanol and
gastric emptying

Partial correlation coefficients (adjusted for sex, age and BMI)

between plasma ethanol level and gastric emptying T50 were

significant at 15 (r = �0.56, P = .01), 30 (r = �0.58, P < .01) and

60 minutes (r = �0.48, P = .03), but not 120 minutes (r = �0.46,

P = NS). There was a strong, inverse relationship between the plasma

ethanol response at t = 15 minutes during the LA condition and the

T50 (r = �0.87, P < .01) and trends during the LC (r = �0.67, P = .07)

and FS (r = �0.69, P = .06) conditions with an inverse relationship at

t = 30 minutes (r = �0.74, P < .05) for FS but not for LA and LC.

3.4 | Blood glucose

There was no difference in baseline blood glucose (P = .82) and an

increase in blood glucose during all three conditions (P < .01 for all)

(Figure 3A). There were treatment (P < .001), time (P < .001) and

treatment � time (P < .001) effects (post-hoc comparisons are shown

on the figure). There was a difference (P < .001) between the AUCs

for all three conditions, so that the AUC for low alcohol (LA) was

greater than for low carbohydrate (LC) (P < .01) and for full strength

(FS) (P < .05). While mean levels were lower for LC than FS, this

difference was not significant (P = .11).

3.5 | Insulin

There was no difference in baseline plasma insulin (P = .11) and an

increase in insulin during all three conditions (P < .001 for all)

(Figure 3B). There were treatment (P < .01), time (P < .001) and treat-

ment � time (P < .001) effects (post-hoc comparisons are shown in

the figure). There was a difference (P < .05) between the AUCs

(0–180 min) for all three conditions, so that for LA, the AUC was

greater than for LC (P < .05), with no differences between LA and FS

(P = .35) or LC and FS (P = .40).

4 | DISCUSSION

We evaluated the effects of different types of beer on gastric emptying,

plasma ethanol, glycaemia and plasma insulin response. Scintigraphy,

which is recognised as the “gold standard” technique, was used to

measure gastric emptying.26 There was no difference in gastric emptying

F IGURE 2 Plasma ethanol following low-alcohol (LA, open
circles), low-carbohydrate (LC, open triangles) and full-strength
(FS, closed squares) beers. � P < .05 LA vs LC, # P < .05 LA vs FS
(mean ± SEM; n = 8)

F IGURE 3 Blood glucose (A) and plasma
insulin (B) responses following low-alcohol
(LA, open circles), low-carbohydrate (LC, open
triangles) and full-strength (FS, closed squares)
beers. � P < .05 LA vs LC, # P < .05 LA vs FS, * LC
vs FS (mean ± SEM; n = 8)
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of low-alcohol, low-carb or full-strength beer although the mean T50

with full-strength, which had the most calories, was numerically greater.

Predictably, the plasma alcohol response was least with low-alcohol and

there was no difference between full-strength and low-carb. An inverse

relationship between the plasma ethanol response and the rate of

gastric emptying was evident for low-alcohol, with similar trends for

low-carb and full-strength. The rise in blood glucose was modest, but

was greater, with low-alcohol than full-strength and low-carb.

The effect of alcohol and alcohol-containing beverages on gastric

emptying are contentious. Some studies report a relative delay in gas-

tric emptying caused by beer or alcohol,27–29 others observed acceler-

ated gastric emptying of beer compared with an equivalent ethanol

solution30,31 and one showed no change in gastric emptying.32 We did

not observe any difference in gastric emptying between full-strength,

low-carb and low-alcohol beer, although the mean gastric emptying

rate of full-strength was (non-significantly) slowest, which is likely to

reflect its higher caloric density.33 The beers were carbonated when

ingested so as to mimic the “real-world” setting as closely as possible.

Carbonation of liquids has been reported to have little, or no, effect

on gastric emptying.34,35 Consistent with prior observations,8,31,36

there was a relationship between the plasma ethanol response and

the rate of gastric emptying. The substantial inter-individual varia-

tion37 of gastric emptying is not widely appreciated, nor the fact that

the rise in blood alcohol occurs earlier when gastric emptying is rela-

tively more rapid, both of which have potential medico-legal implica-

tions. Gastric emptying is markedly accelerated after some forms of

gastric surgery including Roux-en-Y gastric bypass that is used widely

in the management of obesity,38 which would affect the rate of alco-

hol absorption. Furthermore, addition of artificial sweeteners to “low-

carb” alcoholic beverages may have a marked effect on gastric empty-

ing and, hence, ethanol absorption.9 Consumption of low-alcohol beer

predictably resulted in reduced plasma ethanol concentrations com-

pared with full-strength and low-carb.

The relationship between ethanol and glycaemia is complex given

that acute ethanol ingestion may inhibit gluconeogenesis,39 but also

inhibits peripheral glucose uptake.40 In our study, the consumption of

low-alcohol led to a greater increase in plasma glucose and insulin

compared with full-strength and low-carb. This finding is unexpected

given that low-alcohol had the least calories and it has been reported

that alcoholic beer results in a greater increase in plasma glucose and

insulin compared to non-alcoholic beer.41 A possible explanation is

that the effect of alcohol to inhibit gluconeogenesis is greater than

the rise in glycaemia from absorption of the drink. The observed rises

in blood glucose after the drinks were consumed were predictably

modest—whether this effect is evident in individuals with insulin resis-

tance and/or type 2 diabetes, where the rise in blood glucose would

be anticipated to be greater, warrants evaluation.

Limitations of our study include the small sample size (this is likely

to account for the observation that emptying of full-strength beer

was not significantly slower) and the evaluation of young participants

only. Ageing is associated with a modest slowing of gastric empty-

ing.42 While only one volume of alcohol-containing beverage was

evaluated, there is no reason to expect a difference with high nutrient

liquids. The alcohol-containing beverages were also ingested without

a meal—we have demonstrated that in this situation, liquids are still

emptied before solids, but their emptying is slowed.8

5 | CONCLUSION

We conclude that in healthy, young individuals, gastric emptying of

low-carbohydrate, low-alcohol and full-strength beer is comparable

and a determinant of the plasma ethanol response.
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