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Abstract. The conjoint consumption of food with 

beer has an interactive influence on metabolic 

oxidative fates and may have impact on 

alcoholaemia. The objective of this is study is to 

characterize the impact of alcohol in macronutrient 

oxidation and blood alcohol concentrations in healthy 

people, depending on sex, age, body mass and 

“tapas” different nutrient composition, as well as the 

relationship with alcohol in breath test and respiratory 

quotient. The trial included seventy-one people who 

drank a beer jointly with some food (bread, nuts or 

ham) in controlled conditions, where macronutrients 

oxidation during 3 hours and the behavior of other 

parameters such as glucose and lipids, blood pressure 

and heart rate were assessed. The analysis of the 

experimental groups concluded that there are not 

differences in blood alcohol levels according to the 

food consumed with beer, but there are depending on 

sex and body composition (p<0.05). Also, there are 

differences in blood glucose levels at 120 minutes in 

bread group compared with the rest of the groups 

(p<0.01). Finally, there is a strong correlation 

between respiratory quotient and alcohol in breath 

test which may be useful for practical purposes.  
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1.  Introduction. 

 

There is a typical Spanish nutritional behavior called 

“ir de tapas” consisting in consuming some little 

pieces of food prepared with different nutrient 

composition (carbohydrates, fat and proteins) with 

some drinks [1], often alcoholic beverages, such as 

beer. “Ir the tapas” is a very ingrained habit in Spain 

with not only an important social component, but also 

with potential health and nutritional outcomes. 

Mediterranean diet, including some little quantities of 

moderate alcoholic drinks, have widely demonstrated 

to prevent cardiovascular events [2],[3], although 

snacking has seen to increase weight in middle-age 

people [4]. So that, the aim of the study is to 

determinate if “ir de tapas” may be a healthy habit as 

well. 

Other important implications of “ir de tapas” include 

the improvement of social relationships and the 

potential adverse consequences related with driving. 

Alcohol blood levels above 0.5 g/L duplicate the 

probability of having a car accident, and alcohol 

consumption is implicated in 30-50% of fatal car 

accidents and in 20-40% of non-fatal accidents in 

Spain [5]. Because of all these reasons, we have to 

consider the impact of alcohol after “ir de tapas” to 

promote a responsible intake with a healthy diet. 
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In a normal situation, when food or drinks are taken, 

they are progressively oxidated until they are 

absolutely metabolized in carbon dioxide, water, 

energy and in the case of proteins, also urea [6]. The 

energy obtained in the oxidation of 1 gram of each of 

these macronutrients is 4 kilocalories (Kcal) for 

carbohydrates, 9 Kcal for lipids, 4 Kcal for proteins 

and 7 Kcal for alcohol [6],[7]. However, there is little 

information about how this process is altered by the 

concomitant intake of beer. 

On the other hand, alcohol oxidation is quite different 

depending on sex, age and weight, considering that 

female, people with more fat in body composition 

and older people oxidate alcohol slowly, due to 

changes in metabolizing enzymes, the different 

amount of fat and water in body composition, and 

other nutritional and phenotypical factors [8-10].  

In this context, indirect calorimetry is a validated 

method used to assess the macronutrients oxidation, 

which yields information about carbon dioxide 

production and oxygen consumption, something that 

can be related to the rate between them called 

respiratory quotient (RQ). In a theoretical situation, 

RQ value for complete carbohydrates oxidation is 1, 

for proteins is 0.85, for lipids is 0.7 and for alcohol is 

0.66 [7]. It is also known that in resting conditions, 

the body oxidates principally fat and carbohydrates, 

but in other situations, such as exercise, the utilized 

macronutrients vary depending on duration, intensity 

and kind of activity [7]. So that, indirect calorimetry 

is able to evaluate the influence of beer consumption 

in macronutrients oxidation in specific conditions, 

through studying the oxygen consumption and carbon 

dioxide production in different moments of the study. 

Therefore, in this trial, we aimed to characterize “ir 

the tapas” phenomenon by studying the influence of 

beer ingestion with small “tapas” of different 

macronutrients composition, through alcohol in 

breath test and RQ. Also, we investigated if this 

metabolic behavior was different taking sex, body 

mass, age and other factors into account. The 

consequences of this habit are not only important in 

terms of scientific knowledge, but also in terms of 

public and individual health, drivers’ behavior and 

nutritional recommendations.  

2.  Materials and methods.  

 

Seventy-one healthy volunteers were recruited after 

having been matched for body mass index (BMI), sex 

and age. Those subjects with history of alcohol abuse 

(defined as more than 1 unit of alcohol beverage per 

day in female and more than 2 in male), clinical 

conditions which could interfere with the alcohol 

metabolism (e.g. liver disease or coagulopathy) and 

people with BMI≥35 kg/m2, BMI ≤18.5 kg/m2 or 

metabolic syndrome according to current criteria [10] 

were excluded. Participants were required not to 

drink any alcoholic beverage 24 hours prior to the 

test.  

 

After at least 6 hours of fasting, baseline 

measurements were taken: weight (kg), height (cm), 

BMI (kg/m2), waist circumference (cm), hip 

circumference (cm), waist/hip rate (WHR), body 

composition with bioimpedance with validated 

procedures [12], as well as heart rate (bpm), blood 

pressure (mmHg), glucose (mg/dL), total cholesterol 

(mg/dL), triglycerides (mg/dL) and alcohol in breath 

test (ppm). Oxygen consumption (L/min and mL/Kg), 

carbon dioxide production (L/min), and RQ were 

taken after 15 minutes of rest. 

For BMI and biompedance measurement a Tanita 

SC-330S equipment was used (Gelegar Langsing 

TBK, Sumatera Utara, Indonesia). Glucose and lipids 

capillar blood determinations were performed with a 

validated machine (MultiCare®). The heart rate was 

determined on radial pulse and the blood pressure 

with a sphygmomanometer and auscultatory method, 

according to criteria [13]. The alcohol measurement 

was made with a validated breathalyzer and the 

oxygen consumption parameters with a validated 

machine VMAXTM Encore 29C Cardiopulmonary 

Exercise Testing Instrument of VYASYS® 

(CareFusion, Hoechberg, Germany). The temperature 

in the room test was controlled for 25 ºC and 

humidity 36%. 

After the basal measurements, the volunteers were 

asked to drink a beer of 0,33 L (composition: 10.2g 

of carbohydrates, 1.2g of proteins and 4,8% alcohol) 

and one of these ones: 50 g of white bread (3.4g of 

proteins, 23g of carbohydrates and 2.2g of fat), 50 g 

of cured ham (15g of proteins, 4.9g of fat and none of 

carbohydrates), 50 g of nuts (9.15g of proteins, 1.5g 

of carbohydrates and 35.6g of fat) or just the beer. All 

the tests were performed in different days.  

Alcohol in breath test was determined, after rinsing 

the mouth out, at 15, 30, 60, 90 and 120 minutes, and 

oxigen consumption parameters were determined at 

30, 60, 120 and 180 minutes, with all the participants 

staying at rest during all these three hours. Blood 

pressure and heart rate were determined at 60 and 120 

minutes, and glucose and lipids at 120 minutes.  

The study was made in the Cardiology and 

Neumology Departments of Clinica Universidad de 

Navarra, after ethics committee approval (number 

019-2013) and the patient informed consent was 

signed.  

The statistical analyses were performed with STATA 

12.0 (StataCorp, College Station, TX, USA). Sample 

size was calculated considering RQ as the main 

variable, with a power of 80%, p value<0.05, a 

difference of 0.05 and a standard deviation of 0.2. As 

a result, 16 healthy volunteers were needed in each 

group, so we included 20 volunteers per group 

considering a potential loss of participants of 20%. 

Also, in the control group (only beer) 11 volunteers 

were included, as this group is the most consistent 

without important variations in baseline 

characteristics or food composition.  

Depending on the food consumed with the beer, 

frequencies were estimated for categorical variables 

and means of central tendency and standard deviation 

were calculated for quantitative variables. For 

comparing the groups a one-way ANOVA test was 
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used, performing a Post Hoc Test (Bonferroni and 

Scheffé) on those variables that showed a level of 

statistical significance. The area under the curve 

(AUC) was also calculated for alcohol levels in 

breath test and for RQ in all the participants in order 

to study the behavior of the values, and an ANOVA 

factorial test was done to compare each of these 

variables in relation to sex, age and BMI. Finally, a 

correlation between alcohol and RQ, at 30 and 60 

minutes of beer intake, was performed, crude and 

adjusting by the type of food. In all calculations, the 

level of statistical significance was p <0.05. 

 

3. Results.  

 

A total of 71 volunteers were enrolled between June 

2013 and April 2014, whose baseline characteristics 

for each group are reported (table 1). The mean age 

of the volunteers was 33 years old and 50.7% were 

male, with a mean BMI of 25.56 kg/m2. None of the 

volunteers had contraindication for the test.  

 

3.1. Alcohol in breath test and RQ 

 

Alcohol level in breath test and RQ are plotted 

between 0 and 180 minutes (figures 1A and 1B). 

There were no statistical differences in alcohol level 

in breath test between the groups. The levels of 

alcohol with ham were lower than in the rest of the 

groups, but there was not statistical significance. 

There were statistical differences in RQ at 180 

minutes between bread and ham group (0.69±0.03vs. 

0.64±0.04; p=0.02), but there were no differences 

between the rest of the experimental groups. Also, 

there were no differences at 30, 60 and 120 minutes. 

 

3.2. Glucose and lipids 

 

The response of glucose, triglycerides and total 

cholesterol after “tapas” intake revealed no statistical 

differences in any food consumption in lipid values at 

120 minutes (table 1). Nevertheless, there were 

statistical differences in glucose levels at 120 minutes 

in bread group compared with the rest of the assayed 

groups (table 1). 

 

3.3. Heart rate and blood pressure 

 

There were no statistical differences in heart rate, 

systolic blood pressure or diastolic blood pressure at 

60 and 120 minutes after ingestion (table 1). So that, 

the ingestion of beer with some “tapas”, in a 

theoretical situation, does not significantly alter heart 

rate or blood pressure.  

 

3.4. Sex, age and body mass index 

 

The behavior of alcohol in breath test was studied 

through the AUC, as shown in figures 2A, 2B and 

2C. In the statistical analysis of AUC, there were 

statistical differences taking sex and weight 

(considering BMI and also corporal composition with 

bioimpedance) into account, but not considering age. 

When we considered AUC of RQ to study this 

behavior, there were no statistical differences 

according to sex, body composition and age (see 

figures 3A, 3B and 3C). Also considering age in 

tertiles to avoid middle concentration of age around 

the median, the RQ evidenced not statistical 

significance or clinical relevance.  

 

3.5. Relation between RQ and alcohol in breath test 

 

Association between RQ and alcohol in breath test 

were examined, and a statistically significant 

correlation was found when all the data were 

analyzed together (R2=0.27; p=0.02). A strong 

correlation at 30 minutes was observed (R2=0.78; 

p=0.005) when we considered beer alone, but when 

we analyzed the different “tapas” with the beer in the 

analysis, the correlation disappeared, except for ham 

group which there was a trend in signification with a 

weak correlation (R2=0.38; p=0.09). There was also a 

strong correlation between RQ and alcohol in breath 

test at 60 minutes considering only beer (R2=0.68; 

p=0.02), and a moderate correlation when the groups 

were analyzed together (R2=0.27; p=0.02). 

Association graphs at 30 and 60 minutes in subjects 

with only beer and in those with beer and food are 

shown in figures 4A and 4B respectively.  

 

4. Discussion.  

 

“Ir de tapas” is a very common habit in Spain, but 

there is not enough information about its relevance 

from a health and social point of view. The intake of 

“tapas” with beer could have consequences in our 

health and social behavior, for instance in driving. 

Because of these reasons, it is necessary to study this 

particular phenomenon, so that we designed this 

study trying to simulate “ir de tapas” to improve our 

knowledge about this custom.  

 

“Tapas” are usually made of different kind of food, 

so that, to design this experiment, we chose three of 

them with a determinate kind of macronutrient and 

actually used in “tapas” elaboration. We selected 

bread, the standard in carbohydrates composition and 

glycemic index of 1, cured ham, with a main 

composition of high quality proteins, no 

carbohydrates and little fat, and finally nuts, with a 

very high content in fat and also some proteins and 

carbohydrates [7].  

To study the differences in macronutrients oxidation, 

the alcohol measurements in breath (with a good 

correlation with alcohol level in blood) [14] and RQ, 

also considering other parameters such as glucose and 

lipid changes and heart rate and blood pressure. The 

utility of indirect calorimetry (RQ) to study 

macronutrients oxidation has been previously 

reported and it has been used in other studies with the 

same objective [15-17].  The normal values of RQ are 

established between 0.65 and 1.00, depending on the 

macronutrients used as a fuel in each moment. The 

values achieved for the RQ revealed that the intake of 

alcohol produced a rapid oxidation of this compounds 

since RQ determination was closed to 0.70.  

There are no specific studies similar to this one 

researching “tapas” and beer oxidation, although 

there are some experimental ones which use RQ too. 

Raben A et al. (2008) studied the satiating power of 

different meals rich in different macronutrients or 



alcohol, and concluded that although there were 

differences in the macronutrients metabolism, there 

were none in satiety and energy intake among the 

groups [18]. Also, Labayen I et al. (1999 and 2003) 

used indirect calorimetry to study the different 

oxidation rate of diets with different macronutrients 

content in healthy young women [19] and in obese 

ones [20]. In the first case, they studied the 

differences in substrate oxidation with two diets with 

distinct macronutrients composition (carbohydrates 

vs. fat), and observed that the change in the fuel 

selection is due mainly to the oxidation of the 

carbohydrates included in the diet [19]. In the second 

one, they studied the differences in substrate 

oxidation in two meals with different protein content, 

and concluded that lipid oxidation depends on dietary 

and body composition, specially in high-protein diets 

[20].  

According to our results, alcohol levels (measured in 

breath test during 2 hours) after “tapas” intake are not 

significantly different according to the kind of “tapa” 

that had been eaten with the beer. This conclusion is 

contrary to the popular belief that if you take alcohol 

with some food rich in a specific macronutrient, for 

instance carbohydrates, the alcohol level in breath 

test is quite lower. Although the Spanish Government 

reported an official document in 2008 recommending 

that to reduce alcohol absorption it was advised to 

consume alcohol with some food [21], probably due 

to the evidence of gastric alcohol dehydrogenase 

activity [8], in this study there are not statistical 

differences in alcohol in breath test according to food 

intake or the composition of the “tapa”.  

At 15 and 30 minutes of taking beer and food, after 

fasting at least 6 hours, people in the bread and nuts 

groups had alcohol levels above 0.25 mg/L (the legal 

level in Spain to drive), just the same values as in the 

“only beer” group. In ham group the levels are little 

lower, just in the limit of legal levels. Then, alcohol 

levels decrease progressively to be 0 at 120 minutes 

in most of cases. These findings support the 

importance of not driving after having taken beer 

independently of the food that has been eaten with it, 

because alcohol levels could be dangerous even at 

fifteen minutes, and until two hours later. Maybe 

these results would be different if the food was eaten 

before the beer intake and not together, of if the 

“tapa” was bigger. Further studies should be 

performed to clarify this point. 

When we analyzed RQ outcomes, RQ values are 

slightly lower than theoretical levels [9], but they 

have enough consistence to consider them. There are 

significant statistical differences in RQ at 180 

minutes between bread and ham groups, something 

that could be explained by their very different 

composition (bread is principally carbohydrates and 

ham has no carbohydrates and has more proteins). 

The whole behavior of RQ during the test is quite 

similar to alcohol in breath test, with no differences 

according to the kind of “tapa”.  

The analysis of RQ and alcohol in breath test results 

according to sex and weight, revealed differences in 

alcohol in breath test, but not in the RQ. This fact is 

known to be related to the different way and rate of 

oxidation of macronutrients, specially alcohol, in 

these different groups, so that our study is consistent 

with the known evidence in this field [7-9] and with 

the document previously reported by the Spanish 

Government [21]. The explanation for not finding 

differences in RQ could be attributed to the dynamic 

behavior of it compared with alcohol in breath test, 

and probably with more volunteers differences could 

have been found. Also, the fact of not having 

differences in age, contrary to previous studies [8], 

could be explained for the homogeneity of 

volunteers’ ages in our sample.  

Despite this discrepancy in the results between 

alcohol in breath test and RQ, there is a quite strong 

correlation between them when beer is taken alone, 

losing part of this relationship when beer is consumed 

with other food. Probably, with a higher sample size 

the correlation would be stronger. However, with 

these results, we can conclude that for asessing beer 

oxidation, breath test is equivalent to RQ. The main 

implication of this correlation for future studies is 

that we can use both of them to determinate beer 

oxidation, with the advantage that a breathalyzer is 

more available and cheaper than a machine to 

measure RQ.  

From a Public Health point of view, drinking beer 

and some little food like “tapas”, in a measured way, 

do not alter glucose, lipids, heart rate or blood 

pressure in the moment of intake, something that 

could be interesting in people with dyslipidemia, 

arterial hypertension or diabetes. Nevertheless, the 

beer intake with other food full of carbohydrates 

really increases glucose levels, so it should be 

avoided in people with glucose disturbances.  The 

explanation to the significant differences found in the 

bread group at 120 minutes is the important amount 

of carbohydrates (beer and bread) comparing with the 

rest of the groups. 

Something that we do not consider directly in our 

study, although it could be interesting for future 

studies, is the best “tapas” composition from a 

healthy point of view, the same as the kind of alcohol 

accompanying the “tapa”. In this way, nuts and cured 

ham are known to prevent cardiovascular events 

[22],[23], and bread, as a part of healthy diets, too 

[24]. Also, moderate alcohol intake, and specially 

beer, reduce cardiovascular events as well [3],[25]. 

So that, future studies which study the optimal 

composition of the tapas should be performed.   

This study has some limitations. First of all, the 

conditions of the study are not exactly the same as in 

the real life, because the volunteers had fasted the 

previous 6 hours, they were at rest during the whole 

test and generally people take more than one beer and 

more than 50 g of food when they do “ir de tapas”. 

Also, there could be little differences according to the 

"tapa" because the whole composition in 

macronutrients could vary in each batch of food.  

Finally, we have to consider the possible implications 

of sample size determination, and perhaps, with a 

higher sample size, we could have more information 

about the Spanish habit “ir de tapas”.  



Taking everything into account, our results are in 

agreement with the current knowledge and they have 

a good consistence among them, so that the 

conclusions we have achieved are quite strong.  

 

5. Conclusions.  

 

The oxidation of the macronutrients presented in 

“tapas” and consumed with beer does not differ 

significantly according to the different food, 

considering alcohol in breath test, but it does differ at 

180 minutes if we consider RQ. Also, there is a 

strong correlation between RQ and alcohol in breath 

test to analyze beer oxidation, but it is not so useful 

when beer and food are taken together.  

Alcohol oxidation studied with alcohol in breath test 

is also different according to sex and weight, but we 

have not found differences in alcohol levels among 

the different “tapas” or comparing having drunk beer 

with or without a “tapa”.  

 

 

 

6. Figures.  

 

 
 

Figure 1A. Alcohol levels in breath test during the 120 minutes after beer and food intake.  
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Figure 1B.RQ values during 180 minutes after beer and food intake, while the patient is at rest. RQ is calculated after obtaining 

mean O2 consumption and CO2 production. *p<0.05 (RQ at 180 minutes between bread and ham). 

Figure 2A.AUC for alcohol level in breath test during 120 minutes depending on the sex. *p<0.05 (AUC in men and in female).  
 

 

Figure 2B.AUC for alcohol level in breath test during 120 minutes depending on the weight.  Normoweight is considered as 
BMI<25 kg/m2. *p<0.05 (AUC in normoweight and overweight). 
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Figure 2C.  AUC for alcohol level in breath test during 120 minutes depending on the age.  P50 (percentile 50) is calculated 
according to the whole population. *p<0.05 (AUC in people under P50 and over P50). 
 

 

Figure 3A.  AUC for RQ during 180 minutes depending on the sex. There are no statistical differences between the different groups.  
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Figure 3B.  AUC for RQ during 180 minutes depending on the sex. Normoweight is considered as BMI<25 kg/m2. There are no 
statistical differences between the different groups.  
 

.

Figure 3C.  AUC for RQ during 180 minutes depending on the age. P50 (percentile 50) is calculated according to the whole 
population. There are no statistical differences between the different groups. 
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Figure 4A. Association of between RQ and alcohol in breath test in the beer group. The graph on the left shows the correlation at 30 

minutes and the one is the right is the correlation graph at 60 minutes.   

 

 
 

Figure 4B. Association of correlation between RQ and alcohol in breath test considering all food groups. The graph on the left 

shows the correlation at 30 minutes and on the right one is the correlation graph at 60 minutes.  

 

7. Tables.  

 

 Beer 

(n=11) 

Nuts 

(n=20) 

Bread 

(n=20) 

Ham 

(n=20) 

P value 

Male Sex-no (%) 5 (45.5) 10 (50) 10 (50) 10 (50)  

Age (years) 27.50 (4.30) 35.00 (10.71) 34.50 (12.80) 34.00 (10.61) ns 

BMI (kg/m2)  25.51 (3.57) 25.47 (4.25) 25.5 (3.11) 25.75 (2.95) ns 

WHR 0.87 (0.09) 0.88 (0.07) 0.86 (0.11) 0.86 (0.08) ns 

Total FM (%) 24.19  (5.84) 24.71 (7.53) 25.58 (8.63) 25.69 (8.11) ns 

Trunk FM (%) 24.80 (5.89) 24.69 (7.60) 24.93 (7.90) 25.99 (8.19) ns 

Total LM (%) 55.24 (11.29) 56.85 (13.28) 55.77 (14.02) 56.99 (12.46) ns 

Total water (kg) 40.42 (8.26) 41.62 (9.72) 40.84 (10.26) 41.73 (9.12) ns 

Basal Glucose (mg/dL) 74.10 (10.15) 78.70 (11.79) 75.75 (12.75) 77.70 (10.15) ns 

Glucose120 min (mg/dL) 71.27 (11.73) 73.75 (9.36) 98.10 (25.34) 73.45 (11.72) < 0.001* 

Basal TC (mg/dL) 191.45 (37.12) 194.55 (35.80) 197.4 (41.02) 189.15 (38.68) ns 

TC 120 min (mg/dL) 195.90 (17.44) 191.25 (31.52) 188.95 (32.53) 183.8 (41.03) ns 

Basal TRG (mg/dL) 142.90 (40.70) 145.60 (51.10) 113.90 (32.94) 125.55 (47.05) ns 

TRG 120 min (mg/dL) 135.64 (53.16) 134.90 (45.36) 111.25 (32.53) 120.15 (32.46) ns 

Basal SBP (mm Hg) 117.73 (14.21) 113.5 (8.75) 118.50 (15.90) 117.25 (9.39) ns 

SBP 60 min (mm Hg) 117.73 (12.92) 110.00 (11.47) 117.45 (17.65) 114.55 (11.18) ns 

SBP 120 min (mm Hg) 118.64 (10.98) 110.50 (12.02) 118.50 (13.19) 114.25 (11.15) ns 

Basal DBP (mmHg) 70.80 (7.83) 69.75 (10.19) 72.25 (9.24) 69.75 (8.81) ns 

R2=0.78; p=0.005 R2=0.68; p=0.02 

 

R2=0.27; p=0.02 

 

R2=0.27; p=0.02 

 



DBP 60 min (mm Hg) 71.36 (8.96) 68.00 (10.93) 75.25 (13.32) 72.25 (8.97) ns 

DBP 120 min (mm Hg) 70.09 (8.43) 69.75 (9.39) 73.40 (8.38) 71.75 (9.39) ns 

Basal HR (bpm) 65.50 (10.20) 66.80 (8.20) 64.40 (9.10) 68.90 (11.50) ns 

HR 60 min (bpm) 65.64 (11.45) 66.05 (10.41) 64.80 (10.41) 65.45 (12.43) ns 

HR 120 min (bpm) 62.91 (11.08) 65.15 (9.37) 65.60 (8.77) 67.20 (10.71) ns 

*There are statistical differences in Sheffé and Bonferroni post hoc tests in glucose at 120 minutes between bread group 

and the rest of the groups.  

BMI denotes body mass index, WHR waist/hip rate, FM fat mass, LM lean mass, TC total cholesterol, TRG 

triglycerides, HR heart rate, SBP systolic blood pressure and DBP diastolic blood pressure. 
 

Table 1. Characteristics of the participants according to the food intake with the beer. 
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