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Abstract

Background: Bitterness is an innate aversive taste important in detecting potentially toxic substances,
including alcohol. However, bitter compounds exist in many foods and beverages, and can be desirable,
such as in beer. TAS2R38 is a well-studied bitter taste receptor with common polymorphisms. Some
have reported relationships between TAS2R38 genotypes, bitter taste phenotype and alcohol intake,
however results have been mixed. These mixed results may be explained by the varying taste properties
of different alcoholic beverages or a sex dimorphism in responses. Methods: Bitter taste phenotype was
assessed using PROP taste test and TAS2R38-P49A genotype was assessed by RFLP-PCR. Alcohol
intake was assessed by food frequency questionnaire and classified by beverage type (beer, wine, spirits
or mixed drinks). The relationships between bitter taste phenotype and carriage of the P allele of the
TAS2R38-A49P gene and alcohol intake were assessed adjusted for and stratified by sex, and the
interaction between taste and sex was evaluated. Results: The relationship between alcohol intake and
bitter taste phenotype varied by beverage type, with significant results for beer, spirits and mixed drinks,
but not wine. When stratified, results varied by sex, and were only significant in males. Significant
interactions were found for taster phenotype and sex (total alcohol intake and intake of beer and spirits).
Results were similar for carriage of the TAS2R38-P49A P allele. Conclusions: Sex-specific
interactions between bitter taste phenotype, TAS2R38 genotype and alcohol intake may explain
variance in previous studies and may have implications for sex-specific disease risk and public health

interventions.


mailto:emma.beckett@newcastle.edu.au

Introduction

Bitter is an innate aversive taste important in protecting humans against the consumption of potentially
toxic substances, including bacterial metabolites, products of food spoilage and many naturally
occurring poisons ' 2. However, bitter compounds exist in many foods and beverages, and include
bioactive compounds and nutrients, such as glucosinolates, isoflavones, and a range of other
phytonutrients 3. Bitterness may also be an acceptable or desirable property in some foods and beverages

such as fermented foods, coffee, and beer #$.

Bitter tastants are detected by the TAS2R receptor family "°. Significant genetic variance exists in
TASZ2R receptors, and this, along with varying taste bud density, largely explains the variance in bitter
taste phenotypes & °. TAS2R38 detects compounds with a thiocyanate moiety, including two common
test compounds used in taste research, phenylthiocarbamide (PTC) and 6-n-propyl-2-thiouracil (PROP)
71012 The correlation between PTC/PROP tasting phenotype and sensitivity to a range of structurally
unrelated bitter compounds is well demonstrated 3-8, Therefore, threshold tasting of PTC/PROP is
often used as a surrogate marker for bitter taste in general; non-tasters are insensitive to the bitterness
of PTC or PROP and tasters are sensitive. The taster category can also be further divided into medium

tasters and super tasters, depending on assessment methods used * %,

Three common polymorphisms in the TAS2R38 gene (rs713598; rs1726866 and rs10246939), resulting
in three amino acid substitutions (A49P, A262V, V2961), have been identified as being primarily
responsible for the variation in PTC/PROP tasting status " 2L, These polymorphisms are in high linkage
disequilibrium and despite the number of potential haplotypes, two common haplotypes Ala-Val-lle
(AVI) and Pro-Ala-Val (PAV) "2 account for more than 90% of haplotypes found in the Caucasian
population 7. The ancestral PAV haplotype is associated with the PTC/PROP tasting phenotype and the
mutant AV haplotype is associated with the non-tasting phenotype 722, However, genotype and tasting
phenotype do not correlate completely, with the common variants explaining only 45-80% of variance
.23 Additional variation may be explained by other factors including fungiform papillae density,
additional polymorphisms in TAS2R genes or genes for downstream signalling molecules 24,
epigenetics or influences due to age %, and sex 2°. Family studies suggest that tasting is the dominant

trait and non-tasting the recessive 27 %,

Several studies link bitter taster phenotype and TAS2R38 genotype to liking and intensity of ethanol 2
3 beer 33 scotch *, and red wines *. However, others have reported no relationship between bitter
taste phenotype and ethanol taste and irritancy thresholds 8. Genotypes and phenotypes associated with
non-tasting have also been linked to increased risk of alcoholism in some studies 3!, but not others **
8, Investigations on the influence of bitter taste phenotype and TAS2R38 genotype and habits of alcohol

consumption have also yielded mixed results. Many studies have reported an association between
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TAS2R38 genotype 30 34 36.42.49 pitter taster phenotype 1% 3% 3 and alcohol intake, however a number

of others have reported no association 38 48 50-52 or varied relationships by alcohol type .

The inconsistency in these relationships may be due to several factors. Lack of assessment of different
alcoholic beverage types independently in some studies may skew results due to the desirability of bitter
elements in some alcoholic beverages, such as beer *. Additionally, while alcohol itself is bitter 323 it
is also reported to taste sweet 3. Concentration of alcohol also varies by beverage type and in mixed
drinks the bitter taste may be obscured. The hedonic response to alcohol may also be modified by the
neuroactive influences of alcohol, which may be perceived as positive or negative . Additionally,
studies use varied measures of alcohol consumption, some treating it as a categorical 6 38 4% 52 and
others as a continuous variable (mean 3* 3 48.50. 51 ‘maximum drinks consumed “2 or frequency ).
Differential exclusion or inclusion of non-drinkers may also account for some inconsistency in the
published data, as avoidance of alcohol may occur for many reasons other than taste, including religious
and cultural reasons %7, The combined influence of these factors may vary by cohort and explain some

of the variance in findings.

The influence of bitter taste phenotype or TAS2R38 genotype on alcohol consumption may also vary
by sex. This may potentially relate to different cultural norms imposed upon genders, or may be due to
different interactions with sex-specific biological pathways, such as hormones. Previous studies have
used varied methods to account for potential sex differences in response. Some use sex matching or
statistical correction for sex, others restrict analyses to single-sex cohorts or ignore the impact of sex
distributions in the cohort. Therefore, it is possible that differing treatment of the sex variable explains

some of the variance in the results summarised above.

It has been reported that females are more responsive and exhibit greater variance in sensitivity than
males to the bitterness of PTC and PROP (reviewed in * 1% 26) It has also been reported that males have
higher taste thresholds for ethanol than females *. Additionally, in an African American cohort, the
association between TAS2R38 genotype and the maximum number of drinks consumed was only
significant in females “2. Interestingly, in a study of undergraduate students, Driscoll et al. found a sex
dimorphism; with male super-tasters reporting fewer problems with alcohol and a less significant family
history of alcoholism, and female super-tasters reporting the opposite, with a greater incidence of family
history of alcoholism and more current problems associated with alcohol use. However, Duffy et al. 5
reported no difference in PROP tasting or the association between tasting and alcoholic beverage

consumption in males and females.

A sex specific response has been found in male and female taste preferences, with male non-tasters

liking the taste of a test beer more than male super-tasters, a result that was not replicated in females,



however interaction between taste and sex was not assessed. In this study bitterness rating was inversely

correlated to reported liking. Super-tasters also reported consuming less beer than non-tasters °.

The potential sex-specific relationship between taste and alcohol consumption is not well elucidated in
the context of total intake or for other defined types of alcoholic beverages. Therefore, in order to
address this, we examined the relationships between bitter taster phenotype, TAS2R38-P49A variance,
and alcohol consumption by beverage type in a convenience cohort sourced from patients undergoing

routine colonoscopy.
Experimental

Subjects

This cohort is part of a larger study (n=263) investigating the gene-nutrient interactions and risk for
colorectal cancer in patients undergoing routine colonoscopy at Gosford Hospital, NSW, Australia, and
is used as a convenience sample here. Ethics committee approval was obtained from the University of
Newcastle Human Research Ethics Committee (approval number H-429-0407) for collection of all
samples and data used in this study. Study participants were fully informed regarding the purposes of
the study and consent was obtained. Participants were excluded if blood was not collected for DNA
analysis, or if extreme values in their food frequency questionnaire indicated possible errors in
completion, or if they did not report consuming alcohol. Following these exclusions 180 participants
remained for inclusion in this study (51% female; aged 18-88 years, mean 61.6 years).

Estimated habitual alcohol intake and smoking history

Estimated habits of daily intake of alcohol and total energy were assessed by interviewer administered
food frequency questionnaire, analysed using FoodworksTM 2.10.146 (Xyris Software, Brisbhane,
QLD, Australia) *. Alcohol consumption was converted to standard drinks, using the Australian
definition of one standard drink containing 10ml of alcohol . For stratified analyses, alcoholic
beverages were assigned to the categories beer, wine, mixed drinks and spirits. Cigarette smoking

history of participants was coded as current smokers, ex-smokers, or never smokers.
Bitter taste phenotyping and TAS2R38-P49A genotyping

Bitter taste phenotype was assessed using taste tests in which participants rate PROP solutions of
varying concentrations on a continuous scale, as previously described °. The overall average index of
these ratings was used to assign participants into bitter taster phenotype categories of “taster” and “non-
taster” ®. Genomic DNA was extracted from whole blood by standard procedures using the QlAamp
DNA Blood Mini Kit and the P49A variant of the TAS2R38 gene (rs713598) was assessed using RFLP-

PCR as previously described ®*. Water blanks were used as negative controls, at all stages, and samples



of known genotype were used as positive controls to confirm success of reactions. Genotypes were

grouped by carriage (AP and PP genotypes) or absence (AA genotype) of the dominant allele 28 52,
Statistics

Alcohol intake (standard drinks per day) variables were transformed (logio(X+1)) to normalise
distributions. Results are presented as back transformed means and 95% confidence intervals. All
analyses were adjusted for age and cigarette smoking history as both have been reported to influence
the relationship between TAS2R38 genotype and bitter taste phenotype % %. Analyses were either
adjusted for or stratified by sex, as appropriate. Multifactorial modelling was conducted using least-
squares regression with interaction terms included (Pinteraction). Pairwise comparison of least-squares
means made by t-tests or % tests with likelihood ratios. Outcomes were considered to be statistically

significant at p<0.05.
Results

Cohort distributions

The distribution of phenotype did not vary significantly by sex (y*=0.3, p=0.6), with 76.1% of females
and 79.5% of males categorised as tasters. Additionally, the distribution of genotypes did not vary
significantly by sex (¥?=1.8, p=0.2), with 59.9% of females and 69.3% of males possessing at least one
P allele. Genotype frequency did not deviate from Hardy-Weinberg equilibrium expectations. Genotype
was closely, but not completely linked to phenotype in the complete cohort (%°=59.11, p<0.0001; Figure
1 A), and by sex (females ¥*=35.11, p<0.0001; males y?=23.13, p<0.0001; Figures 1B & C,

respectively).

The mean age of the males in this cohort was significantly older than the females (60.4+1.0 years vs.
64.4+1.2 years, p=0.009). Therefore, all analyses were adjusted for age. Males also reported drinking
significantly more alcohol, relative to females in this cohort with males consuming an average of 2.6
standard drinks per day (95% CI 2.0-3.2) compared to 1.0 standard drinks per day (95% CI 0.7-1.2) in
the female portion of the cohort (p=0.0001; Figure 2A).

In this cohort, males reported consuming more beer than females. Males reported consuming an average
of 1.6 standard drinks (95% CI 1.2-1.9) of beer per day, whilst females reported consuming just 0.04
standard drinks per day (95% CI -0.3-0.4; p<0.0001; Figure 2B). There were no differences between

the sexes in the number of standard drinks consumed from spirits, mixed drinks or wine (Figure 2C-E).

Bitter taste phenotype predicts total alcohol intake



In the complete cohort, bitter taste phenotype was a significant predictor of the total number of standard
drinks reportedly consumed per day (p=0.01; Table 1). Tasters reported consuming, on average, 0.66

fewer standard drinks per day, compared to non-tasters (Table 1).
The relationship between bitter taste phenotype and alcohol intake varies by alcoholic beverage type

When analyses were stratified by alcohol type, bitter taste phenotype predicted the average consumption
of standard drinks contained in beer (p=0.006), mixed drinks (p=0.002) and spirits (p=0.02), but not
wine (p=0.7; Table 1). The largest difference was seen in beer consumption, with tasters reporting their
consumption, on average, to be 0.38 fewer standard drinks per day compared to non-tasters. For both
mixed drinks and spirits, although the results were statistically significant, the difference in
consumption between tasters and non-tasters was small, approximately 0.15 standard drinks per day

and 0.08 standard drinks per day, respectively (Table 1).

The relationship between bitter taste phenotype and alcohol intake (total and by beverage type) varies

by sex

Bitter taster phenotype was a significant predictor of total alcohol consumption in males (p=0.00; Table
2), with tasters consuming an average of 1.87 fewer standard drinks per day, compared to non-tasters.
However, bitter taste phenotype did not predict the number of standard drinks consumed in females
(p=0.7; Table 2). A significant interaction was found between bitter taster phenotype and sex in the

prediction of alcohol intake (Pinteraciion=0.02; Table 2).

In the male portion of the cohort, bitter taster phenotype was a significant predictor of intake of standard
drinks consumed as beer (p=0.004), mixed drinks (p=0.01) and spirits (p=0.02), but not wine (p=0.8;
Table 2). However, in the female portion of the cohort, bitter taster phenotype did not significantly
predict the intake of alcohol, regardless of beverage type (Table 2). In the males, the difference between
phenotypes was greatest for beer, with tasters reporting consuming an average of 1.24 standard drinks
contained in beer per day, relative to the non-taster males (Table 2). The effect on mixed drinks and
spirits, although significant was smaller, with tasters reporting a reduction of 0.2 standard drinks per
day from mixed drinks, and 0.16 standard drinks per day from spirits (Table 2). No difference between

taster phenotypes was found for wine in the male portion of the cohort (Table 2).

A significant interaction was found between bitter taster phenotype and sex in the prediction of the
consumption of standard drinks consumed in beer (Pinteraction=0.002) and spirits (Pinteraction=0.05; Table
2). However, no significant interaction was found between bitter taster phenotype and sex in the

prediction of wine or mixed drinks.



TAS2R38-A49P genotype predicts total alcohol intake

As with phenotype, TAS238-P49A genotype was also a significant predictor of the number of standard
drinks reportedly consumed per day (p=0.04). Those possessing a P allele, commonly associated with
the taster phenotype, reported consuming an average of 0.43 fewer standard drinks per day than those
without a P allele (Table 3).

The relationships between TAS2R38-A49P genotype and alcohol intake varies by alcoholic beverage
type, but differ from phenotype

Unlike phenotype, TAS2R38-A49P genotype did not predict consumption of alcohol contained in beer
(p=0.2; Table 3). However, genotype did predict the consumption of alcohol in mixed drinks (p=0.004)
and spirits (p=0.02; Table 3). Those with the P allele consumed 0.08 fewer standard drinks per day from
spirits, and 0.12 fewer standard drinks per day from mixed drinks, compared those without the P allele
(Table 3). As with phenotype, genotype did not predict the consumption of alcohol in wine (p=0.9;
Table 3).

The relationship between TAS2R38-A49P genotype and alcohol intake (total and by beverage type)

varies by sex

Similar to phenotype, TAS2R38-A49P genotype did predict the total number of standard drinks
consumed by males (p=0.02), but not females (p=0.9; Table 4), with a significant interaction found
between TAS2R38-A49P genotype and sex in the prediction of alcohol intake (Pinteraction=0.04; Table 4).

Reflecting the previous results for phenotype, TAS2R38-A49P genotype also predicted intake of
alcohol from beer (p=0.05), mixed drinks (p=0.02) and spirits (p=0.02; Table 4). Genotype did not

predict intake for any alcoholic beverage type in the female portion of the cohort (Table 4.)

A significant interaction was found between TAS2R38-A49P genotype and sex in the prediction of the
consumption of standard drinks contained in beer (Pinteraction=0.05; Table 4). However, no significant
interaction was found between genotype and sex in the prediction of the number of standard drinks

consumed in mixed drinks, spirits or wine.

In multifactorial models genotype and phenotype are both predictors of alcohol intake, with sex an

independently significant predictor in both models

When bitter taste phenotype, age and sex were modelled together, the model explained 17% of the
estimated alcohol consumption (p<0.0001), with both sex and phenotype being identified as

independent significant variables (p<0.0001 and p=0.001, respectively). When an additional adjustment



was applied for total estimated energy intake, the model explained 24% of alcohol consumption

(p<0.0001), and both sex and phenotype remained significant independent predictors.

When bitter taste genotype, age and sex were modelled together, the model explained 15% of the
estimated alcohol consumption (p<0.0001), with both sex and genotype being identified as independent
significant variables (p<0.0001 and p=0.004, respectively). When an additional adjustment was applied
for total estimated energy intake, the model explained 21% of alcohol consumption (p<0.0001), and

both sex and genotype remained significant independent predictors.

As this was a convenience sample obtained from patients undergoing routine colonoscopy, additional
adjustment for diagnosis following colonoscopy (presence or absence of adenomatous colon polyps)

was applied to the above analyses. This adjustment did not significantly alter the results.
The relative contribution of alcohol to energy intake varies by genotype and phenotype in males only

In the complete cohort, bitter taste phenotype was a significant predictor of the proportion of average
energy intake that could be attributed to alcohol, with non-tasters consuming a significantly higher
percentage of total kilojoules from alcohol (p=0.003, Table 5). Sex was also a significant independent
predictor of the proportion of average energy intake that could be attributed to alcohol, with women
consuming less kilojoules from alcohol than men (p<0.0001). There was a significant interaction
between sex and phenotype in predicting the proportion of kilojoules consumed from alcohol
(Pinteraction=0.006). Similar results were seen when analysis was repeated by genotype (Table 5). When
stratified by sex, phenotype and genotype predicted proportion of energy consumed as alcohol in males
only (Table 5).

Discussion

The data presented here demonstrate that the relationships between TAS2R38-P49A genotype and
alcohol intake vary both by sex and by type of alcohol consumed. Similarly, the relationships between

bitter taster phenotype and alcohol intake vary both by sex and by type of alcohol consumed.

While other studies have previously investigated the relationship between taste and alcohol
consumption, this study adds to this body of knowledge by comprehensively assessing a range of
alcohol types, both adjusted for and stratified by sex. Further, we demonstrate a potential interaction
between sex and genotype, and sex and phenotype, in predicting alcohol intake, particularly for total
alcohol intake and consumption of beer. These interactions, not previously considered, may explain
some of the inconsistent results between other studies, where some found associations between alcohol

and bitter taste genotype and phenotype 2937 3%-42.49 'hjtter taster phenotype 3% 35 and others did not %

42-48, 50-52



It appears that bitter taste phenotype and TAS2R38-P49A genotype both predict alcohol intake (total,
beer, spirits and mixed drinks) in males, but not females. Significant interactions were found between
sex and phenotype for total alcohol, beer and spirits consumption, and between sex and genotype for

total alcohol and beer consumption.

However, in this study, men did report consuming significantly more total alcoholic beverages and beer
than females. Therefore, the results presented here may not represent a true sex-specific response and
may reflect bitter taste being a greater predictor of intake in those who consume more alcohol. This
could also potentially explain inconsistencies in previous studies. Additional studies, of larger sample
size, are needed to allow stratification by level of alcohol consumption to assess the influence of sex on
alcohol consumption within these strata. Nevertheless, when data was analysed as a proportion of the
energy consumption that is attributable to alcohol intake, in order to account for differing dietary

patterns and requirements between the sexes, the sex-specific patterns remained.

In interpreting these results it is important to acknowledge that taste is not the only reason people drink.
Additional explanatory factors include different societal pressures on males and females regarding
alcohol consumption. Females may be more influenced by other factors such as health consequences
and behavioural norms over taste decisions. Reporting bias also needs to be considered. Food frequency
guestionnaires reflect reported normal habits of consumption, however, under-reporting is a common
problem with this method of data collection, and this may be more prevalent in females. Socio-economic
factors may also influence these outcomes. Furthermore, sex-specific results may be due to hormonal
interactions not assessed here. Hormonal variation within or between sex groups may be an explanatory
or confounding factor and the data presented here justifies further exploration of these potential

interactions.”

Food frequency questionnaires also capture average consumption over time, which is translated into
average drinks per day. However, they do not describe the temporal dispersion of consumption,
therefore, the differences between consumption patterns between males and females are not captured.
Binge drinking is more common in males than females %, and this may account for a portion of the
higher alcohol consumption in males seen here. Cultural norms leading to different learned responses
to bitter tastants in alcohol may also contribute. However, the taste specific differences found here in
males, who consumed more alcohol than females, suggests that higher consumption does not mask the

influence of taste.

The strongest beverage type specific results were seen for beer, whilst wine consumption was not related
to taste genotype or phenotype in any analysis. This may reflect the different taste profiles of different
alcohol types, with bitterness perceived as a desirable feature in beer #°. It is important to note that the

level of bitter compounds can vary between type and brand of beer, and therefore the different beers



consumed may influence results. The food frequency questionnaires also assess intake and not “liking”
or hedonic rating, and this should be explored further in future studies. However, in a taste test using
two different beers with different perceived bitterness, Intranuovo et al, found a correlation between the
subjects rating of bitterness and their level of liking for both beers *°. Sample size may be considered a
limitation of this study, however, it is similarly sized to many preceding studies. It is unlikely that the
sex-specific responses are an artefact of the post-stratification sample size, as there were more females
in the study sample here. Lack of information of socio-economic status and family history of alcoholism
and biometric measurements, such as BMI, are also notable limitations and these should be collected in
future studies of this nature. However, these limitations should not detract from the potential importance

of understanding the sex-specificity of the influence of taste on habits such as alcohol consumption.

These sex-specific findings may have public health implications in terms of disease risks that vary by
sex, particularly diseases where alcohol consumption is a risk factor. They may also inform sex-specific
interventions and recommendations in regards to alcohol intake. These findings extend our
understanding of the variances that exist in bitter taste profiles and how they may modulate dietary
intake. By modulating intake, taste profiles have the potential to modify disease risk. The sex-specific
findings presented here demonstrate the ongoing need to consider sex dimorphism in the analyses of

taste and dietary studies.
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Figure Legends

Figure 1: Relationship between TAS2R38 genotype (presence vs. absence of P variant) and bitter taste

phenotype (taster vs non-taster) in A) the complete cohort and by sex, B) females, C) males.

Figure 2: Comparison of alcohol consumption by sex A) total standard drinks B) beer C) spirits D)

mixed drinks E) wine.
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Tables

Table 1: Alcohol intake by bitter taster phenotype.

Tasters Non-Tasters
Mean (95% CI) p-value
Total 2.02 (1.81-2.24) 2.68 (2.20-3.26) 0.01
Beer 1.34 (1.23-1.46) 1.72 (1.47-2.01) 0.006
Spirits 1.05 (1.02-1.08) 1.13 (1.07-1.20) 0.02
Mixed drinks 1.07 (1.03-1.11) 1.22 (1.14-1.31) 0.002
Wine 1.39 (1.28-1.50) 1.35(1.16-1.57) 0.7
Table 2: Alcohol intake by bitter taster phenotype and sex.
Males Females
Tasters Non-Tasters Tasters Non-Tasters
Mean (95% CI) p-value Mean (95% CI) p-value  Pinteraction
2.48 4.35 1.65 1.73
Total 0.003 0.7 0.02
(2.08-2.95) (3.14-6.03) (1.45-1.87) (1.37-2.19)
1.71 2.95 1.04 1.03
Beer 0.004 0.8 0.002
(1.44-2.03) (2.13-4.07) (1.00-1.07) (0.97-1.09)
o 1.06 1.22 1.05 1.07
Spirits 0.02 04 0.05
(1.00-1.12)  (1.10-1.35) (1.02-1.08) (1.02-1.13)
Mixed 1.10 1.30 1.04 1.15
) 0.01 0.06 0.3
drinks  (1.03-1.17)  (1.15-1.47) (0.99-1.10) (1.05-1.26)
1.38 1.42 1.42 1.32
Wine 0.8 0.6 0.5
(1.22-1.57)  (1.21-1.58) (1.27-1.58) (1.09-1.61)

Table 3: Alcohol intake by TAS2R38-A49P genotype.

Presence of P variant
Mean (95% CI) p-value

Absence of P variant

Total 2.01 (1.79-2.26) 2.44 (2.08-2.86) 0.04
Beer 1.37 (1.25-1.51) 151 (1.33-1.72) 0.2
Spirits 1.04 (1.01-1.08) 1.12 (1.07-1.16) 0.02
Mixed drinks 1.06 (1.02-1.11) 1.18 (1.11-1.25) 0.004
Wine 1.38 (1.26-1.50) 1.39 (1.23-1.56) 0.9
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Table 4: Alcohol intake by TAS2R38-A49P genotype and sex.

Males Females
Presence of Absence of Presence of P Absence of
P variant P variant variant P variant
Mean (95% CI) p-value Mean (95% CI) p-value  Pinteraction
Total 2.47 3.70 1.66 1.68
0.02 0.9 0.04
(2.05-2.98) (2.81-4.88) (1.43-1.93) (1.41-2.01)
1.77 2.41 1.05 1.02
Beer 0.05 0.3 0.05
(1.47-2.04)  (1.95-3.06) (1.01-1.09) (0.97-1.06)
o 1.05 1.18 1.04 1.06
Spirits 0.02 0.5 0.06
(0.99-1.11)  (1.09-1.29) (1.01-1.08) (1.02-1.11)
Mixed 1.09 1.25 1.03 1.12
) 0.02 0.06 0.4
drinks  (1.02-1.17)  (1.13-1.39) (0.97-1.09) (1.05-1.20)
1.37 1.44 141 1.37
Wine 0.7 0.7 0.6
(1.20-1.57)  (1.18-1.75) (1.25-1.60) (1.18-1.59)

Table 5: Percentage contribution of alcohol to overall energy intake, by bitter taster phenotype and

TAS2R38 genotype.
Phenotype Genotype
Tasters Non-tasters  p-value Presence of P Absence of  p.yajye
variant P variant
4.0% 7.0% 4.0% 5.9%
Complete cohort 0.003 0.04
(3.1-4.9%) (5.3-8.85) (3.0-5.1%) (4.5-7.3%)
2.5% 3.0% 2.5% 2.9%
Females 0.6
(1.7-3.4%)  (1.5-4.5%) (1.5-3.4%) (1.8-4.1%)
5.5% 11.5% 5.7% 9.1%
Males 0.001 0.03
(3.9-7.1%) (8.3-14.7%) (3.9-7.5%) (6.4-11.8%)
pinteraction (SEX) 0006 005
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