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Abstract

Some previous studies have suggested an association between 
sweet-liking and alcohol use in male alcohol-dependent individuals. 
However, if sweet-liking is to have value as an indicator of potentially 
hazardous drinking behaviour, the relationship needs to be established 
in non-dependent individuals, and determined for women and younger 
individuals, who may be at increased risk of alcohol use disorders. 
This study comprised of a non-clinical sample of 223 male and female 
university students. Responsiveness to 3 sucrose-impregnated taste 
discs (9 g/l, LSD; 90 g/l, MSD; 900 g/l, HSD) and a 50 mM 6-n-propyl-
2-thiouracil (PROP)-impregnated disc were collected and used to 
classify participants as sweet-likers (HSD/LSD ≥ 1.5), sweet-dislikers 
(HSD/LSD < 1.5), PROP non-tasters (gLMS intensity score ≤ 12 mm), 
PROP medium-tasters (13-55 mm), or PROP supertasters (≥ 56 mm).  
Data on familial history of alcoholism, alcohol intake, and hazardous 
drinking (Alcohol Use Disorders Identification Test, AUDIT) were also 
collected. Two-way Analysis of Variance showed a significant main 
effect for sweet-liking on alcohol consumption in males (F (1)=4.10, 
p=0.04), with monthly intake (natural log transformed) of sweet-liking 
males higher than sweet-disliking males. Neither alcohol consumption 
(t (191)=1.97, p=0.23), sweet-liking (ratio of HSD liking over LSD; t 
(191)=1.97, p=0.41), or PROP responsiveness (t(191)=1.97, p=0.56) 
varied with AUDIT classification or family history of alcoholism (p> 
0.05). Overall, our results partially support the hypothesis that ethanol 
and sucrose influence the opioid reward system in the brain in a similar 
way to reinforce use.
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3. Introduction 

A common staple in the diet for many societies, the 
consumption of alcohol may have a more intricate 
influence on human health than the effects of smoking 
[1]. When consumed in moderate amounts, alcohol 
may provide benefits to overall health by reducing risk 

of cardiovascular disease and overall mortality [1-4]. 
However, high consumption over time is associated with 
increased risk of developing an alcohol use disorder 
(AUD), and may lead to a number of other health issues 
[1, 5]. Although men tend to consume more alcohol than 
women, women may be at higher risk of harm to health 
as they often engage in abstinence-binging patterns of 
use, and are generally more susceptible to the effects of 
alcohol [1, 3, 5], and other drugs of abuse [6]. Similarly, 
younger individuals are vulnerable to AUDs and health 
complications as their social environment often supports 
hazardous drinking behaviour. Interestingly, relatively 
few studies have reported on alcohol consumption in 
these groups [1, 3, 7-8]. 

Although factors such as socioeconomic status, stress, 
and pre- and post- natal exposure to alcohol can influence 
consumption patterns [1, 3, 9-10], individual variation in 
orosensory responsiveness can also influence alcohol use 
behaviours, including risk of dependence (reviewed in 
Thibodeau & Pickering [11]). For instance, it is likely 
that individual differences in responsiveness to the 
orosensory properties elicited by ethanol partially explain 
consumption [9, 12]. Greater sensitivity to the sweetness 
of ethanol may increase likelihood of consumption, 
while enhanced sensitivity to its bitterness and irritant 
properties might deter intake [4, 13]. 

3.1. Sweetness perception

Over evolutionary time, humans have developed an innate 
preference for sweet substances [14]. Further, sweet 
foods and beverages are able to activate natural reward 
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systems in the brain and reinforce future consumption 
[15-16]. Although hedonic response to sweetness has 
been reported as a genetically determined trait [14, 17-
19), one study of over 300 twin dyads did not find any 
evidence to corroborate a genetic basis to sweet preference 
[69]. Previous studies suggest that the consumption of 
sweet foods is influenced by multiple factors, including 
homeostasis in the body, food adventurousness [21], and 
sweet-liking, and have noted that individual variation in 
the perceived intensity of sweet foods and stimuli also 
influence liking and subsequent consumption [8, 16, 17, 
22]. In the literature, ‘sweet-liking’ typically refers to 
a positive correlation between reported liking and the 
concentration of sweet-eliciting stimuli, while ‘sweet-
dislikers’ are often defined as individuals who prefer 
lower concentrations of sweet-eliciting stimuli [19]. 
Liking is often measured in lieu of reported consumption 
to provide a more accurate measure of dietary intake, 
as it reduces the effects of cognitive limitations and 
underreporting [23]. 

3.2. Sweetness perception and alcohol use

A relationship between consumption of alcohol and 
sweet-liking is generally supported in the literature 
[12, 24-26]. Ethanol has been shown to stimulate 
chemoreceptors for sweetness in both humans [8] and 
non-human primates [27]. Ethanol and sucrose activate 
two of the primary neurotransmitter systems in the 
brain, the mesolimbic dopaminergic and opioidergic 
pathways, both of which originally evolved to respond 
to naturally rewarding stimuli (e.g., sweet foods) in the 
environment, and promote survival [4, 12, 15, 22, 28-
29]. After consuming ethanol or sucrose opioid receptors 
in the ventral tegmentum area and the ventral striatum 
of the brain are activated by sweet-responding fibres, 
increasing extracellular levels of dopamine in the nucleus 
accumbens and reinforcing future behaviours through 
desensitization, thereby regulating the hedonic response 
for such stimuli [12, 15, 19, 25, 28-34].

Using predominantly male clinical samples, several 
studies have found that more than half of alcoholic 
participants demonstrate a preference for the strongest 
sweet solution when presented with multiple 
concentrations [20, 25, 26], and other studies have reported 
that these individuals are more likely to be sweet-likers 
than dislikers [31]. Further, research with animal models 
has demonstrated that a preference for sucrose solutions 
is a strong predictor of alcohol consumption in rodents 
[18, 25]. However, this assumption may be too simplistic 
for humans, as sweet-preference can also be influenced 
by factors such as poor diet, oral or olfactory damage, 
and heavy drinking [8, 22]. Further, if sweet-liking is to 
be useful as a phenotypic marker for risk of alcoholism, 
the association should be evident in all individuals at risk 
for AUDs and established in a non-clinical sample [35]. 

3.2.1. Sweet-liking and family history of alcoholism. 
As heritability of alcoholism is estimated at 50%, family 

history of alcoholism is the best single predictor of 
AUDs [19, 24]. Previous research has demonstrated that 
individuals with a family history of alcoholism (FH+) 
may be genetically predisposed to abnormalities in the 
brain opioid system, whereby the release of β-endorphins 
is enhanced when activated by alcohol or sucrose 
ingestion, thereby reinforcing the likelihood of future 
consumption [24, 26].

Research has demonstrated that FH+ individuals are 
more likely to be sweet-likers than individuals without 
familial alcoholism (FH-), independent of their own 
alcohol use [19, 24-26]. For example, Kampov-Polevoy 
and colleagues [25] found that 61% of participants with a 
family history of alcoholism (FH+) preferred the highest 
concentration of five sweet solutions compared to only 
19% of FH- participants. In contrast, Tremblay et al. [35] 
did not find an association between the intensity ratings 
of or preference for five different sucrose concentrations 
and FH+ in a sample of over 90 individuals with alcohol 
dependence, consistent with three other reports that did 
not find a relationship between sweet-liking and familial 
alcoholism [20, 34]. Overall, these divergent findings 
suggest that the relationship between these variables is 
still poorly understood, and likely more complex than 
originally reported. 

3.3. PROP responsiveness and alcohol use

PROP or 6-n-propyl-2-thiouracil, is a synthetic bitterant 
used as a proxy for general taste sensitivity. Approximately 
30% of Caucasian North Americans and Western 
Europeans are unable to taste PROP and are commonly 
referred to as PROP non-tasters (pNT), whereas the other 
70% of the population are classified either as PROP 
medium-tasters (pMT) if they perceive the compound 
as moderately bitter, or PROP supertasters (pST) if they 
perceive it as intensely bitter [4, 37-40]. PROP bitterness 
associates in many studies with general responsiveness to 
sweetness, sourness, bitterness, astringency, irritation [4, 
37, 40-42] and possibly retronasal olfaction [43], all of 
which are elicited by alcoholic beverages.

Interestingly, PROP tasters may be at lower risk of 
AUDs due to increased responsiveness to the aversive 
orosensory properties of ethanol and alcoholic beverages 
[8-9, 40-42, 44-46]. For example, those who rate PROP 
as being very bitter also report red wine [45-46], scotch 
and some beers [8, 47] as more irritating or bitter. Several 
[8, 38, 41, 47-48], although not all [9, 41, 49-50] studies 
have reported higher alcohol consumption in individuals 
who experience less PROP bitterness, corroborating the 
hypothesis that PROP tasting may be protective against 
risk of AUDs [38, 44].

3.3.1. PROP responsiveness and alcoholism. A link 
between PROP responsiveness and familial alcoholism 
has also been noted in the literature, where those with 
a FH+ are more likely to be pNTs than FH- individuals 
[4, 44, 49, 51]. However, a study using a sample of 
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younger adults did not find an association between PROP 
responsiveness and familial alcoholism [52], consistent 
with the reports of Kranzler et al. [52] and [53]. Sex may 
be an important mediator of any association, with Tepper 
[44], also using college participants, reporting that pST 
males had less risk of AUDs and familial alcoholism, 
while pST females report higher risk of AUDs and 
familial alcoholism [44]. 

Thus, the literature is conflicted with respect to both 
the relationship between sweet responsiveness and 
alcohol use, as well as PROP responsiveness and risk 
of AUDs, with significant methodological differences 
between studies likely a contributing factor. As the 
majority of prior research has focused on male clinical 
samples, and very few have investigated the sweetness-
alcohol relationship in non-clinical, younger females, 
the generalizability of much of the previous findings is 
limited. Additionally, we are not aware of any research 
that has investigated the role of PROP bitterness and 
sweet responsiveness on alcohol use/familial history of 
alcoholism in the same sample.  

3.4. Study rationale 

The present study aimed to contribute to an improved 
understanding of the factors that influence alcohol intake 
and use disorder in a non-clinical sample of male and 
female university students. Based on previous research, 
we hypothesized that sweet-liking and alcohol use would 
be positively correlated, and that the PROP taster phenotype 
may mediate this relationship. We also hypothesized that 
individuals with FH+ would be more likely to be sweet-
likers than dislikers compared with FH- individuals. From 
these analyses, we hope to determine whether sweet-liking 
may be used as a phenotypic marker for risk of alcoholism in 

a non-clinical sample, and what other factors may influence 
alcohol use and misuse in younger individuals.

4. Material and Methods

4.1. Participants

Two hundred and twenty-three students and other 
individuals affiliated with Brock University were 
recruited using posters, an online recruitment tool 
(SONA), and personal invitation. Participants who did 
not meet the age restrictions of 19-50 years (n = 5), did 
not drink alcohol (n = 4), submitted blank data (n = 13), 
reported drinking more than 250 alcoholic beverages 
per month (n = 7), or reported prior diagnosis of alcohol 
dependence (n = 1) were removed from the data set, 
leaving 193 respondents (Table 1). All recruitment 
tools and measures received ethics clearance from the 
Brock University Bioscience Research Ethics Board (file 
number 11-122-PICKERING).

4.2. Materials

Each participant received an envelope containing four 
individually wrapped and randomly coded taste discs, 
an instruction sheet indicating the participant’s unique 
3-digit identification code, and guidelines. The guidelines 
directed participants to complete the study in a quiet 
location without any distractions, to avoid consuming 
anything besides water for at least half an hour before 
beginning and while completing the survey, and to 
contact the researcher when completed so they could be 
compensated for their time. Six versions of the online 
survey were created in SelectSurvey.NET v4.049.003 
(ClassApps.com, Overland Park, KS 66223), and housed 
on a secure Brock University-administered server. 
Participants were directed to the main login page and had 

Characteristic Overall Males Females
Age (years) 20.86 ± 3.29 21.5 ± 4.30 20.6 ± 2.74

Ethnicity
Caucasian 80.8 % 78.9 % 81.6 %
Other 19.2 % 21.1 % 18.4 %

Average monthly 
alcohol consumption1 ** 3.37 ± 1.15 3.05 ± 1.23 3.51 ± 1.08

Average drinks per occasion 2.6 ± 1.5 2.11 ± 1.31 2.32 ± 1.57

AUDIT Classification2 Hazardous 63.7 % 64.9 % 63.2 %
Non-hazardous 36.2 % 35.1 % 36.8 %

Average HSD/LSD liking ratio3 1.9 ± 1.27 1.69 ± 1.16 1.96 ± 1.32
Sweet-liking 
classification 4 **

Sweet-likers 51.3 % 33.3 % 57.8 %
Sweet-dislikers 48.7 % 66.6 % 42.2 %

Family History
of Alcoholism 5 

FH + 14.5 % 17.5 % 13.2 %
FH - 85.5 % 82.5 % 86.8 %

PROP responsiveness 6 46.5 ± 25.0 40.49 ± 24.36 49.1 ± 24.92

PROP Taster Status
Non-taster 13.5 % 15.8 % 12.5 %
Medium-taster 57.0 % 61.4 % 55.1 %
Supertaster 29.5 % 22.8 % 32.4 %

1Data (standard drinks per month) natural log transformed.2 Measured using the Alcohol Use Disorders Inventory Test 3 Liking was measured on a 
9-point hedonic scale separately for highest sweetness disc (HSD) and lowest sweetness disc (LSD), anchor terms ranged from dislike extremely (1) to 
like extremely (9), with a neutral option, neither like nor dislike (5) in the middle. 4Determined by the ratio of liking for the HSD:LSD, ≥ 1.5= sweet-
liker, < 1.5 = sweet-disliker. 5Measured using an adapted version of the Shortened Michigan Alcohol Screening Test (SMAST). 6mm, measured on a 
generalized labeled magnitude scale (gLMS). ** = p < 0.05.

Table 1: Characteristics of Participants (n = 193). Data presented as the mean ± standard deviation (S.D).
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to enter one of six alphanumeric codes to access their 
randomly assigned survey.  Guidelines to complete the 
study were reiterated on the screen, and a consent form 
was presented before participants could enter their unique 
ID code and begin the survey (pages 1-3). Pages 4-17 of 
the survey consisted of demographic questions, inventory-
type measures, questionnaires, and three sweet-taste tests. 
All measures and sweet-taste tests were randomized so 
that every possible combination of tests was used. Finally, 
participants were instructed to self-administer the PROP 
disc and record the perceived intensity on a generalized 
labeled magnitude scale (gLMS), before being debriefed 
and thanked for their time. 

4.3. Measures

4.3.1. Current alcohol behaviours. 

4.3.1.1 Frequency of alcohol consumption. Similar to the 
procedure used by Pickering and Cullen [54], participants 
were asked to report how many occasions per month they 
consumed each of six categories of alcoholic beverages 
(red wine, white wine, beer, spirits, mixed drinks and 
other). In addition, they were asked how many standard 
drinks (i.e., 12 oz. bottle of beer, 6 oz. glass of wine, 
1.5 oz. of spirit) they consumed per occasion when they 
were drinking for each of the six categories. The product 
of these two measures was calculated for each alcoholic 
beverage category and summed for each participant to 
create a composite score of the total intake of alcoholic 
beverages per month. As a Shapiro-Wilk’s test revealed 
this composite variable was not normally distributed, the 
skewed data was transformed using the natural logarithm 
to normalize the data, and this transformed variable was 
used for all further analyses. 

4.3.1.2  Alcohol Use Disorders Identification Test 
(AUDIT).  The third measure of alcohol behaviour 
was a 10-item self-report inventory originally created 
by the World Health Organization. The AUDIT [55] 
has been validated for use with different populations 
and age groups, including clinical samples, adults and 
college students, and is a reliable measure of hazardous 
(developing), as well as harmful (already established) 
drinking behaviours [8, 55-56]. Scores can range from 
0-40. Following the approach of Lanier et al. [8], we 
used a cut-off score of ≥ 8 to classify participants as high 
versus low risk of hazardous drinking.

4.3.2 Family history of alcoholism. A modified version 
of the 13-item Short Michigan Alcoholism Screening 
Test (SMAST) [57] was used to assess family history of 
alcoholism. Items were answered using yes/no responses 

and each yes response was coded as 1 with the exception 
of three items (1, 4, 5) that were reverse-scored before 
analyses. Scores ranged from 0-13, and a cut-off score 
of ≥ 4 was used per Crews and Sher [57] to indicate high 
likelihood of family history of alcoholism.  

4.3.3 Taste tests. After the procedure of Zhao, Kirkmeyer, 
and Tepper [58], taste tests consisted of 3.2 cm circular 
filter paper discs (Whatman International Ltd., England) 
that had been impregnated with tastant solutions then 
dried. The use of filter discs to assess taste responsiveness 
has been used previously in several sensory studies  [e.g., 
14, 50, 59], including studies where participants self-
administer the stimuli [e.g., 60-61]. Three concentrations 
of food-grade sucrose (BioShop Canada Inc. ON, 
Canada) were selected after bench-testing to represent 
a wide range of sweetness intensities: low sweetness (9 
g/l; LSD), medium sweetness (90 g/l; MSD), and high 
sweetness (900 g/l; HSD). A 50 mM concentration of 
6-n-propyl-2-thiouracil (PROP; MP Biomedicals. OH, 
USA) was also prepared to assess PROP taster status after 
the method of Zhao and colleagues [58]. To minimise 
carry-over effects, the survey was designed so that there 
was a five-minute break between the (self) administration 
of each taste. Additionally, participants were instructed 
to rinse their mouth with tap water after each disc. 

4.3.4 Sweetness hedonics and intensity. Expanding on 
the procedure of Cruickshanks et al. [62], each participant 
completed three sucrose-impregnated taste tests. For each 
sweet-taste test, participants were instructed to place the 
disc on the tip of their tongue for 30 seconds, or until the 
disc was wet, then remove it from the mouth, and rate 
the sweetness intensity on a 15 cm Generalized Visual 
Analog Scale (gVAS) [59, 63] (Figure 1). The gVAS was 
anchored on the left with “no sensation” and on the far 
right with “strongest sensation imaginable”. Sweet-liking 
was subsequently assessed by asking participants to rate 
their liking of each sweet-disc on a separate 9-point 
hedonic scale [17, 64], prefaced with “Rate your liking 
of this sweetness”. Sweet-likers were defined as those 
individuals whose HSD/LSD liking score was ≥ 1.5, and 
sweet-dislikers as a HSD/LSD liking ratio of < 1.5.  

4.3.5 PROP. Participants were instructed to place a filter 
paper disc impregnated with 6-n-propyl-2-thiouracil 
(PROP) on the tip of their tongue for approximately 30 
seconds [58]. The disc was then removed from the mouth 
and intensity was reported on a 100 mm generalized 
Labeled Magnitude Scale (gLMS), which is valid for 
across-group comparisons [62, 65]. To ensure that the scale 
would display correctly on the range of common Internet 

Figure 1: Example of the generalized visual analog scale (gVAS; adapted for online response) used for the sweet taste tests.
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browsers, each point on the scale translated to a four-
point increment, as adapted from the procedure of Lanier 
et al. [8]. Participants received written instructions, which 
stressed they could click anywhere on the scale to record 
their intensity rating, and an example image was provided. 
Anchor terms indicated that the top of the scale represented 
the “strongest imaginable sensation of any kind” (100 mm) 
and the bottom of the scale represented “no sensation” (0 
mm) experienced. Intermittent anchor terms included “very 
strong” (52 mm), “strong” (36 mm), “moderate” (16 mm), 
and “weak” (8 mm). PROP Taster Status phenotypes were 
classified as follows: PROP Non-taster (pNT, ≤ 12 mm), 
PROP Medium-taster (pMT, 13-55 mm), PROP Supertaster 
(pST, ≥ 56 mm; Figure 2). These cut-offs reflect natural 
breaks in the distribution of PROP intensity scores and are 
similar to those used by Pickering et al. [60].

4.4. Data analysis

All analyses were carried out using XLSTAT 2015 
(Addinsoft. New York, NY). Outliers for frequency of 
alcohol consumption were identified using Grubb’s test, 
and individuals who did not meet inclusion criteria (refer 
Section 2.1) were removed from the data set. An alpha level 
of 0.05 was used for all analyses. Correlation matrices were 
computed for all continuous variables, and Student’s t-tests 
were used to analyze differences in sweet-liking, current 
and hazardous drinking behaviours, and family history 
of alcoholism. Analyses of Covariance (ANCOVAs) 
were also used to examine the effects and interactions of 
sweet-liking (sweet-likers vs. sweet-dislikers), PROP taster 
status and responsiveness, and sex (male vs. female) on 
monthly alcohol consumption, as well as family history 
of alcoholism.  All data are presented as means ± standard 
deviation (S.D). Cohen’s d statistic is reported for significant 
results to indicate the effect size.

5. Results

5.1. Validation check – sweetness

Student’s t-tests confirmed that sweet-likers (M = 6.81 

± 1.16) liked the highest concentration disc (900g/l) 
significantly more than individuals classified as sweet-
dislikers (M = 5.87 ± 1.40; t (180) = 1.97, p = < 0.0001), 
while sweet-dislikers preferred the lowest concentration 
disc (9g/l; M = 5.05 ± 0.89; t (156) = 1.98, p < 0.001) 
and medium concentration disc (90g/l; M = 5.16 ± 1.28; 
t (174) = 1.97, p = 0.05) compared to sweet-likers (M 
=4.76 ± 1.46; M = 3.09 ± 1.24, respectively). Although 
there were no significant differences in the perceived 
intensity of the medium concentration disc (t (181) = 
1.97, p = 0.27), sweet-likers rated intensity higher for the 
lowest (M = 4.92 ± 3.92) and highest (M = 9.35 ± 2.66; 
t (181) = 1.97, p < 0.001) concentration disc than sweet-
dislikers (M = 3.63 ± 2.99; M = 7.76 ± 3.11, respectively). 
Interestingly, sweet-likers and dislikers rated PROP 
intensity differently (t (175) = 1.97, p = 0.01, d = 0.44) 
with sweet-likers (M = 51.66 ± 26.41) perceiving PROP 
more intensely than sweet-dislikers (M = 41.52 ± 23.64). 

5.2. Alcohol use, sweetness perception, and PROP

Aside from a weak inverse correlation between age 
and monthly alcohol consumption (r = -.15, p = 0.03), 
no significant correlations were found between PROP 
responsiveness, liking or intensity of each of the sweet 
discs, sweet-liking classification (HSD:LSD ratio) and 
alcohol consumption. However, a t-test comparing the 
monthly alcohol consumption of sweet-likers (M = 3.52 
± 1.06) and sweet-dislikers (M = 3.23 ± 1.22) approached 
significance (t (191) = 1.97, p = 0.08, d = 0.23). Neither 
alcohol consumption (t (191) = 1.97, p = 0.23), sweet-
liking (based on HSD:LSD ratio; t(191)=1.97, p = 0.41), 
nor PROP intensity (t(191)=1.97, p= 0.56) varied with 
AUDIT classification. However, when individual sweet-
discs were analyzed, intensity, but not liking for the MSD 
was found to be significantly different (t (191) = 1.97, p 
= 0.01) between individuals at high risk of AUDs (M = 
5.98 ± 3.32) and individuals at low risk of AUDs (M = 
4.83 ± 2.07). No difference was found between liking or 
intensity of the LSD or HSD (p > 0.05). 

Figure 2: Frequency distribution of 6-n-propylthiouracil (PROP) scores as measured on a generalized labeled magnitude scale (gLMS). PROP taster 
status cut-offs are indicated using arrows.
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5.2.1. Sex effects: When male and female data were 
separated, a positive correlation was found between the 
sweet-liking ratio (HSD:LSD) and PROP responsiveness 
for both males (r = 0.16, p = 0.22) and females (r = 0.21, 
p = 0.01). Further, a significant difference was found 
between males and females in their monthly consumption 
of alcohol (t (191) = 1.97, p = 0.01, d = 0.4), with male 
participants (M = 3.05 ± 1.24) consuming fewer drinks 
than female participants (M = 3.51 ± 1.08). With respect 
to the sweet discs, females reported greater intensity for 
the highest concentration (M = 9.13 ± 2.85, t (104) = 1.98, 
p < 0.001), medium concentration (M = 5.89 ± 3.40; t 
(130) = 1.98, p = 0.02), and lowest concentration (M = 
4.98 ± 3.83; t (175) = 1.97, p < 0.001) than did males 
(HSD: M = 7.12 ± 2.89, MSD: M = 4.82 ± 2.71, LSD: 
M = 2.77 ± 2.02). However, male participants reported 
greater liking of the LSD (M = 4.48 ± 1.29; t (120) = 
1.98, p =0.01) and MSD (M = 5.21 ± 1.04; t (148) = 1.98, 
p = 0.06), but not the HSD (M = 6.34 ± 1.24, t (120) = 
1.98, p =0.87), while female participants reported greater 
liking of the higher concentration disc (HSD: M = 6.31 
± 1.43, MSD: M = 4.86 ± 1.50, LSD: M = 3.95 ± 1.49). 
Additionally, females (M = 49.1 ± 24.92) rated PROP 
bitterness higher (t (114) = 1.98, p = 0.01, d = 0.34) than 
males (M = 40.49 ± 24.36) (Figure 3). 

A two-way ANOVA was conducted to determine whether 
sweet-liking and PROP taster status would interact to 
influence the monthly alcohol consumption (natural log 
transformed) of females. There were no significant main 
effects, nor interactions (F (2) = 0.91, p > 0.41; Figure 
4A). However, a two-way ANOVA showed a significant 
main effect of sweet-liking on alcohol consumption for 
males (F (1) = 3.94, p = 0.05; Figure 4B), with sweet-
liking males consuming more alcohol per month (M = 
3.56 ± 1.06) than sweet-disliking males (M = 2.86 ± 
1.22). PROP taster status did not have a main effect on 
alcohol consumption in males (F (2) = 0.11, p = 0.89)    

5.3. Family history of alcoholism 

Student’s t-tests did not reveal any significant differences 
for sweet-liking (HSD:LSD ratio; t(191) = 1.97, p 
= 0.74), intensity, or liking for each of the sweet 
discs (HSD: p = 0.57 and 0.58; MSD: p = 0.06 and p 
= 0.29; LSD: p = 0.12 and p = 0.77, respectively), or 
monthly alcohol consumption (t (180) = 1.97, p = 0.57) 
between individuals with and without a family history of 
alcoholism. Further, no significant differences in PROP 
intensity were found between FH+ and FH- groups 
(t (180) = 1.97, p = 0.58; Table 2). Further, a t-test for 
independent samples examining family history as a 

Figure 3. Sex differences in sensation intensity elicited by 6-n-propyl-2-thiouracil (PROP), as reported on a generalized labeled magnitude scale 
(gLMS). Data presented are the mean ± standard deviation (S.D). *p < 0.05.

Figure 4. Monthly alcohol consumption (natural log transformed) of A) female (n = 136), and B) male (n = 57) participants, by PROP taster status and 
sweet-liking. Note: pNT = PROP non-tasters, pMT = PROP medium-tasters, pST = PROP supertasters. *p < 0.05.
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continuous variable did not reveal a significant difference 
between sweet-likers and sweet-dislikers (HSD:LSD 
ratio; t (191) = 1.97, p = 0.84). 

6. Discussion

Based on some prior studies supporting a relationship 
between alcohol use and sweet-liking in humans [12, 24-
25], we hypothesized that sweet-liking and alcohol use 
would be positively related, and that this relationship may 
be influenced by PROP responsiveness. Although results 
approached significance and in the direction expected 
for the sweet-liking:consumption hypothesis, the effect 
size appears relatively small overall. Importantly, this 
relationship appears to hold true for male but not female 
respondents, in agreement with the findings of Kampov-
Polevoy et al. [25] and Lemon et al. [12] who recruited 
male alcohol-dependent participants. The increased 
alcohol consumption in our male sweet-liking cohort 
did not however extend to an increased likelihood of 
hazardous drinking, although the analysis was likely 
underpowered by the small sample number in individuals 
cells. In part, this sex difference might be influenced 
by hormones [6], or genetic variability in PROP 
responsiveness and ethnicity [66]. For example, it appears 
as though individuals who experience the orosensory 
qualities of alcohol more intensely demonstrate a trend 
towards decreased consumption [11, 50].

It has previously been reported that pSTs are more 
likely to consume less alcohol [37], and be classified as 
sweet-dislikers [17, 39] than pMTs or pNTs. Further, 
it has been suggested that the pST phenotype may be 
protective against risk of alcoholism, particularly if 
a low preference for sweetness is demonstrated [8-
9, 38, 42, 44]. That is, pSTs are generally deterred 
from consuming large amounts of alcohol due to their 
heightened responsiveness to its aversive orosensations 
[4], however if hedonic preference for sweetness is 
present, consumption may be increased. Our data failed 
to confirm this hypothesis, possibly due to sample size 
and the age range of the participants.

In the present sample, female participants reported greater 
liking of the highly concentrated sweet discs, and rated 
PROP more intensely than male participants, as found in 

past research [44]. However, it is still unclear how the 
PROP taster phenotype might influence risk of hazardous 
drinking behaviours, such as abstaining and then binging, 
as often seen in females and younger individuals 
[3]. Since sweet-liking varies with concentration, we 
measured intensity of sweet stimuli independently from 
PROP responsiveness to determine whether it associates 
with alcohol use [17]. We did not find a significant 
relationship between the two variables, although there 
appears to be a positive trend between sweet-liking and 
super tasting for both males and female participants. 
While the balance of literature shows that orosensory 
responsiveness to both ethanol and alcoholic beverages 
as estimated by the PROP bitterness proxy likely does 
associate with intake and risk of alcohol use disorders 
(reviewed in Thibodeau & Pickering [11]), it clearly is 
not a sufficient predictor. 

Past research has demonstrated that individuals with a 
family history of alcoholism may not only be more likely 
to consume high amounts of alcohol and sweets due to 
heightened activation in their brain opioid system [24, 
26, 36], but they may also be less responsive to PROP 
bitterness than individuals without familial alcoholism [4, 
44, 52]. We did not find a relationship between familial 
history of alcoholism and sweet-liking, PROP taster 
status or alcohol use, however we acknowledge that the 
limited number of FH+ participants (28) increased the 
likelihood of Type II error. Further, it is possible that 
familial alcoholism may influence sweetness perception 
and preference through non-biological mechanisms. 
For example, individuals raised in families with 
alcohol dependence may experience greater poverty, 
putting them at risk of malnutrition, and may consume 
a higher proportion of typically cheaper and more 
readily available high-glycemic foods, and thus exhibit 
potentially different exposure and preference profiles for 
sweetness than FH- individuals.

6.1. Study Limitations and Future Directions  

Although the present study was able to recruit a moderately 
sized non-clinical sample, the survey was completed at a 
time and place of the participant’s convenience, rather 
than in the laboratory under more controlled conditions. 

Family History 
of Alcoholism N M S.D

PROP intensity rating (mm on gLMS)
FH- 165 46.92 25.83
FH+ 28 44.07 22.89

Sweet-liking
(HSD:LSD)

FH- 165 1.89 1.30
FH+ 28 1.81 1.13

Monthly alcohol consumption (average number of standard drinks 
consumed)

FH- 165 3.39 1.18
FH+ 28 3.26 0.96

Average number of alcoholic drinks consumed per occasion FH- 155 2.25 1.50
FH+ 27 2.31 1.59

HSD = high sweetness disc, LSD = low sweetness disc, PROP = 6-n-propyl-2-thiouracil, gLMS = generalized labeled magnitude scale, FH + = Family 
history of alcoholism, FH- = No family history of alcoholism. Monthly alcohol consumption data was transformed using the natural logarithm to 
improve normality.

Table 2: PROP responsiveness, sweet-liking and alcohol use in individuals with and without a family history of alcoholism (n = 182-193).
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It is therefore possible that participants may have 
misinterpreted instructions for some measures. The use 
of taste discs rather than whole mouth procedures for 
delivering the sweet stimuli requires further validation 
with respect to the intensities elicited, which in turn 
are used for sweet-liking classification. Cell sizes for 
some analyses once parsed apart, including those used 
to examine the sweet-liking x PROP interaction, were 
too small to make robust conclusions regarding effects. 
Finally, our sample may be too young to accurately 
represent the non-clinical population as a whole, since 
some of these individuals may not have established 
drinking behaviours independent of other influences, 
such as social pressure and novelty of drinking. 

Factors that may have contributed to a null result 
with respect to genetic risk of alcoholism on current 
consumption or sweet-liking and that could be considered 
in future research include novelty seeking [8, 24], acute 
or chronic stress experienced by the participants [10], 
and, with respect to the role of PROP, family history of 
depression [67]. For example, some reports have found 
that brain opioid system dysfunction (as measured by risk 
of familial alcoholism), novelty seeking and sex are able 
to predict alcohol consumption in clinical samples when 
combined, although they are unable to independently 
predict alcohol use [19, 24]. We encourage further 
research on the influence of orosensory responsiveness 
on alcohol consumption and use disorder across the 
lifespan, and on the neural mechanisms that underlie 
responsiveness to rewarding stimuli. For instance, 
although the limited literature generally suggests that 
older individuals may be at decreased risk for hazardous 
alcohol use [1], their alcohol behavior has not been well 
studied; it is possible that the age-related degeneration 
of gustation and olfaction may decrease responsiveness 
to the aversive qualities of alcohol, altering intake [68].

This study contributes to the existing literature by 
recruiting a non-clinical sample to test some of the 
hypotheses that have been supported in previous work 
with clinical samples and animal models. Additionally, 
we used both females and males, which facilitated the 
finding that the sexes differ in their consumption of 
dietary ethanol and in the contribution from sweet-liking. 

Understanding the role of orosensory responsiveness and 
hedonics, family history, and the opioid reward system 
on alcohol use and misuse is important at the level of 
the individual, and also for society as a whole to ensure 
that our citizens are developing and aging in a healthy 
manner. 
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