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Abstract The aim of the study was to assess the rela-

tionship between sweet taste genes and dental caries

prevalence in a large sample of adults. In addition, the

association between sweet liking and sugar intake with

dental caries was investigated. Caries was measured by

the decayed, missing, filled teeth (DMFT) index in 647

Caucasian subjects (285 males and 362 females, aged

18–65 years), coming from six villages in northeastern

Italy. Sweet liking was assessed using a 9-point scale, and

the mean of the liking given by each individual to specific

sweet food and beverages was used to create a sweet

liking score. Simple sugar consumption was estimated by

a dietary history interview, considering both added sugars

and sugar present naturally in foods. Our study confirmed

that polymorphisms in TAS1R2 and GLUT2 genes

are related to DMFT index. In particular, GG homozy-

gous individuals for rs3935570 in TAS1R2 gene

(p value = 0.0117) and GG homozygous individuals for

rs1499821 in GLUT2 gene (p value = 0.0273) showed

higher DMFT levels compared to both heterozygous and

homozygous for the alternative allele. Furthermore, while

the relationship sugar intake–DMFT did not achieve sta-

tistical significance (p value = 0.075), a significant asso-

ciation was identified between sweet liking and DMFT

(p value = 0.004), independent of other variables. Our

study showed that sweet taste genetic factors contribute to

caries prevalence and highlighted the role of sweet liking

as a predictor of caries risk. Therefore, these results may

open new perspectives for individual risk identification

and implementation of target preventive strategies, such

as identifying high-risk patients before caries

development.
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Introduction

Dental caries is one of the most prevalent multifactorial

diseases worldwide, prompting the World Health Organi-

zation (WHO) to consider its care and prevention as pri-

ority for the new millennium (Martin et al. 2003; WHO

official Web site).
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The caries starts when the acids produced by the

metabolic degradation of the sugar by oral commensals

bacteria dissolve the tooth mineral matrix. The etiology of

caries involves oral microflora composition, diet and oral

hygiene habits, and host determinants, which are affected

by the synergic coexistence of multiple sociological and

environmental factors, such as fluoride exposure and

access to preventive dental care (Holst et al. 2001;

Moynihan and Petersen 2004; Touger-Decker and Mobley

2003).

Evidence from animal and human studies has revealed

that amount and frequency of sugar intake are the most

important dietary factors in caries development. Further-

more, increased sugar consumption is associated with a

higher level of caries prevalence (Sreebny 1982; Krasse

2001). The first studies on rats showing a significant cor-

relation between sugar concentration and caries incidence

were described in the 1970s (Mikx et al. 1975; Hefti and

Schmid 1979). A large number of studies conducted in

different human populations have confirmed this strong

relationship (Arnadottir et al. 1998; Beighton et al. 1996;

Bruening et al. 1999; Burt et al. 1988; Gibson and Williams

1999; Jones et al. 1999; Masalin et al. 1994; Kalsbeek and

Verrips 1994; Creedon and O’Mullane 2001; Vanobbergen

et al. 2001; Lim et al. 2008).

Moreover, it has been demonstrated that the probability

of developing caries increases by 1 % every 5 g of daily

sugars intake in school children with a low-calorie diet

(Szpunar et al. 1995). Assuming that a greater preference

for sweet leads to a higher sugar intake, the positive

association between taste preference for sweet foods and

dental caries was also investigated (Szpunar et al. 1995;

Steiner et al. 1984). Jamel et al. (1997) found also corre-

lation between sweet preferences, sweet tea consumption,

and dental caries.

These studies have been conducted mainly on children

and adolescents (Jamel et al. 1997; Steiner et al. 1984) or

on elderly people (MacEntee et al. 1993); both groups

(children and elderly) are known to have a higher sugar

intake. However, very few studies have taken into account

adult populations.

Genetic factors also play an important role in dental

caries development. Heritability and twin studies have

confirmed that genetic factors account for 50–70 % of

phenotypic variation in caries prevalence in primary den-

tition, while for 35–55 % in permanent dentition (Conry

et al. 1993; Bretz et al. 2005; Wang et al. 2012). In this

light, several genes involved in tooth formation and

development, immunological system, and salivary proteins

have been investigated as possible candidates, but only few

of them associated with the disease (Slayton et al. 2005;

Deeley et al. 2008; Azevedo et al. 2010; Wang et al. 2012;

Küchler et al. 2013; Wendell et al. 2010).

The literature has also investigated whether the genes

responsible for taste perception and preferences could

influence caries insurgence. For example, several studies

have supported the association between genetic variations

in the bitter taste receptor gene TAS2R38 and caries risk

(Wendell et al. 2010). Three single nucleotide polymor-

phisms (SNPs) in this gene guide the capacity to perceive

specific bitter compounds, including PTC (phenylthiocar-

bamide) and PROP (6-n-propylthiouracil) (Kim et al.

2003). Furthermore, it has been shown that differences in

the perception of PROP and/or PTC can affect a variety of

taste sensations, such as oral irritation of capsaicin, fat

perception, and sweetness, and can influence food prefer-

ences and intake (Tepper 2008; Dinehart et al. 2006; Keller

et al. 2002). Therefore, also through these influences on

dietary preferences and intake, TAS2R38 gene may

determine caries development.

Recently, a statistically significant association between

genetic variants in TAS1R2 (sweet taste receptor) and

GLUT2 (glucose transporter) genes, both involved in sweet

taste perception, with caries risk was described in a sample

of young adults (80 individuals) with high level of dental

care (Kulkarni et al. 2013). However, to date no studies on

a population of wide age range adults have been conducted

in this field.

The aim of the present study was to analyze whether in a

large population of adults (647 individuals) there is an

association between individual caries susceptibility, deter-

mined with the decayed, missing, filled teeth (DMFT)

index, a measure of caries prevalence, and (1) polymor-

phisms in TAS1R2 and GLUT2 genes; (2) sweet food

liking; and (3) simple sugar intake.

Materials and methods

Participants

Data of 647 Caucasian individuals aged 18–65 years were

collected thanks to the ‘‘Friuli-Venezia Giulia Genetic

Park’’ project, aimed at analyzing a series of villages

located in the northeast of Italy (San Martino del Carso,

Erto e Casso, Clauzetto, Illegio, Sauris, and Val di Resia)

showing evidence of isolation due to geographical, his-

torical, linguistic, and/or cultural factors (Esko et al. 2013).

Participants gave written informed consent, and the ethical

committee of IRCCS Burlo Garofolo approved the study

(Prot. CE/V-78, 06/08/2007).

Sweet food liking measurement

Food likings were evaluated using a 45-item food liking

questionnaire, already used in a previous study (Pirastu
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et al. 2014). Subjects were invited to rate their food liking

for different sweet foods or beverages using a 9-point scale

ranging from ‘‘like extremely’’ (score 9) to ‘‘dislike

extremely’’ (score 1). The option ‘‘never tried’’ was also

included in the questionnaire (Peryam and Pilgrim 1957).

Peculiar sweet foods and beverages were explicitly indi-

cated into the questionnaire: marzipan, panettone (typical

Italian sweet bread), whipped cream, ice cream, milk

chocolate, espresso with sugar.

All these sweet foods included in the questionnaire were

used to construct a sweet food group (a = 0.64). For each

individual, a sweet liking score was defined as the mean of

the liking given by each individual to the foods belonging

to the sweet group. This score was used in the subsequent

statistical analysis.

For statistical analyses, the individuals reporting that

they had never tried sweet foods in the liking questionnaire

were excluded.

Sugar intake assessment

A subsample of 322 subjects agreed to complete a dietary

history to assess simple sugar consumption. The habitual

food intake was measured by a detailed dietary history

interview method (Schmidt et al. 1994), conducted by pro-

fessionals. The interview evaluated the average daily food

intake of each subject, considering the habitual meal pat-

terns, i.e., the usual food and drink choices during major

meals and snacks of a normal day. This method took into

account also the frequency of food and drink consumption

outside the normal daily intake (e.g., weekends and holi-

days). To help subjects to define more accurately their food

portion sizes, visual aids were provided, including a picture

atlas with three different size portions for each major food

category and common household items (tablespoons, tea-

spoons, cups and glasses of different volumes). A frequency

checklist was also administered to detect omissions or

imprecisions about some food items more difficult to recall

or to specify, such as condiments, used in cooking or

dressing, added sugars, for example to drinks, alcohol, or

foods eaten outside meals or from takeaways. This allows a

further checking and gives the possibility to correct con-

tradictory reports. Nutrient intake was then assessed through

a software (WinFood, 2.7. Medimatica, San Benedetto del

Tronto, Italy) based on Italian food composition tables.

In particular, simple sugar consumption was assessed

considering both added sugars (extrinsic simple sugars) and

sugar present naturally in foods (intrinsic simple sugars).

Dental caries assessment

An accurate oral clinical examination of the participants was

conducted by expert dentists. The number of DMFT was

recorded according to the recommendations of the WHO for

epidemiological surveys, moreover the overall number of

teeth present in the mouth. An additional X-ray examination

(panoramic radiography) was performed in order to detect the

misleading carious lesions. Wisdom teeth were excluded.

Genotyping

For each sample, DNA was extracted from peripheral

blood and genotyping was carried out using Illumina 370k

high-density SNP array (Illumina, Inc., San Diego, CA,

USA) (Howie et al. 2012). All the SNPs genotyped inside

TAS1R2 and GLUT2 genes were analyzed. The number of

SNPs investigated for each gene is reported in Supple-

mentary Table S1.

Statistical analyses

The associations between sweet food liking and sugar

consumption with DMFT were tested by fitting a linear

model where the DMFT was considered as the dependent

variable while sweet food liking or sugar consumption as

regressors. Sex, age, and BMI were used as covariates in

the analysis.

Association analysis for the SNPs in sweet genes

(TAS1R2 and GLUT2) was conducted using linear mixed

model regression analysis where DMFT was used as the

dependent variable and the each SNP as the independent

variable. As random effect, the genomic kinship matrix

between all subjects estimated with the ibs function in

GenABEL was used. Sex and age were also used as

covariates. Association analysis was conducted using the

GRAMMAR? method as implemented in the GenABEL

(Aulchenko et al. 2007).

Results

Participant characteristics

Main features of participants in terms of demographics, age

groups, BMI classification, and genotypes are reported in

Table S2 and Table S3. The mean age of the study sample

was 44.9 ± 12.4 (range 18–65 years). Forty-four percent-

age (n = 285) of the participants were males, and 56 %

(n = 362) were females. The DMFT mean in the overall

sample is 15.8 ± 7.3 (Table 1), in agreement with a recent

work showing that DMFT in different populations (UK,

USA, Japan, and Sweden) ranges approximately from 7 to

23 in adults (Bernabé and Sheiham 2014). DMFT index did

not vary significantly with subjects’ BMI, while significant

differences were detected in terms of sex and age

(Table S4).
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In the present study, the mean liking score for the food

sweet group ranged from 1.2 to 9 with a mean of

6.61 ± 1.30 (Table 1).

Simple sugar intake in our sample showed a mean of

101.8 ± 49.1 g/die (Table 1). Similar values were already

reported in other studies that took into account how genetic

variants in sweet taste genes affect sugars consumption

(Eny et al. 2008, 2010).

No gender and sex differences were found based on

sweet food liking score and simple sugar intake. BMI also

did not affect these nutritional variables in our population

(Table S4).

The distribution of DMFT, sweet liking, and simple

sugar intake is shown in supplementary materials (Fig-

ure S1, Figure S2, Figure S3).

Association between variations in TAS1R2

and GLUT2 genes and DMFT

Genetic association analysis detected a significant associ-

ation with rs3935570, a SNP in the TAS1R2 gene

(p = 0.0117), taking into account sex and age. As shown in

Fig. 1, individuals homozygous for the allele G showed

higher DMFT compared to both heterozygous G/T and

homozygous for the allele T. In addition, rs1499821 in the

GLUT2 gene was associated with DMFT (p = 0.0273).

Individuals homozygous for the allele G showed higher

DMFT compared to both heterozygous G/A and homozy-

gous A/A (Fig. 2). Complete results for all the analyzed

SNPs are shown in Table 2.

Association between sweet food liking and DMFT

Using the whole sample, a significant association between

DMFT and sweet food liking was found (p value = 0.003),

taking into account sex, age, and BMI. Table S5 shows the

effect of covariates in regression analysis between DMFT

and sweet liking or simple sugar intake. Supplementary

Figure S4 and S5 display QQ plot of residuals from the

regression analysis of food liking and sugar consumption,

respectively.

In particular, our analysis revealed that individuals with

higher liking for sweet food showed higher DMFT values.

Using a subsample of 322 for which both liking and

consumption of sweet foods were available, we confirmed

the significant association between liking of sweet foods

and DMFT previously observed (p value = 0.004). Also in

this case, sex, age, and BMI were considered as covariates.

Table 1 Mean and standard deviation of sample characteristics

All Male Female

(n = 647) (n = 285) (n = 362)

Age (years) 44.9 ± 12.4 45.7 ± 12.5 44.4 ± 12.2

Teeth (n) 23.1 ± 6.4 22.6 ± 7.0 23.5 ± 6.0

DMFT 15.8 ± 7.3 15.7 ± 7.2 16.0 ± 7.3

Sweet liking score 6.61 ± 1.30 6.60 ± 1.35 6.62 ± 1.27

BMI (kg/m2) 25.1 ± 4.5 26.3 ± 3.9 24.2 ± 2.4

(n = 322) (n = 149) (n = 173)

Simple sugar intake

(g/die)a
101.8 ± 49.1 107.2 ± 53.8 97.2 ± 44.4

a Simple sugar intake is available in a subsample of 322 individuals

Fig. 1 Boxplot comparing DMFT for the genotypes at rs3935570

SNP (figure was obtained by using the entire sample, n = 647)

Fig. 2 Boxplot comparing DMFT for the genotypes at rs1499821

SNP (figure was obtained by using the entire sample, n = 647)
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Our results showed also that there was a positive correla-

tion between sweet liking and simple sugar intake

(p value = 0.0001). Despite this, the association between

intake of simple sugars and DMFT did not achieve statis-

tical significance (p value = 0.075), although the sugar

intake–DMFT relationship was in the same direction as the

sweet liking–DMFT relationship (Table 3).

Discussion

Dental caries is one of the most common diseases in the

world (Vos et al. 2012; Marcenes et al. 2013), and its

treatment is very expensive (Petersen 2008). It has been

demonstrated that the majority of caries occurs in adults

and their prevalence increases as people get older (Bernabé

and Sheiham 2014; Broadbent et al. 2006, 2013). Diet is

one of the primary factors to influence chronic conditions

or pathologies, such as cardiovascular disease, obesity, and

caries. Therefore, it could have important public health

consequences to better define the pattern of taste prefer-

ences and genetics of taste perception among the popula-

tion. Recently, taste receptor genes have been associated

with alcohol intake or sensations (Allen et al. 2013, 2014;

Hayes et al. 2011, 2013; Duffy et al. 2004), incidence of

myocardial infarction (Shiffman et al. 2008), or vegetable

consumption (Sacerdote et al. 2007; Duffy et al. 2010;

Colares-Bento et al. 2012).

Regarding dental caries, for example, Wendell and

coworkers have already reported that genetic variants in

TAS2R38 and TAS1R2 taste genes may affect caries risk

through their impact on dietary preferences and habits

(Wendell et al. 2010).

In the present work, the relationship between TAS1R2

and GLUT2 sweet taste genes and dental caries prevalence

was tested in an adult population coming from a series of

genetically isolated villages. In agreement with a recent

work (Kulkarni et al. 2013), we have found that poly-

morphisms in these two genes are associated with DMFT

in a very large sample cohort. The TAS1R2 receptor is

responsible for sweet taste sensitivity (Nelson et al. 2001),

while GLUT2 is a glucose transporter involved in the

regulation of postprandial glucose levels (Brown 2000).

Polymorphisms in both of these genes are responsible for

individual differences in sweet perception and have been

already linked to sugar consumption (Eny et al. 2008,

2010). In particular, a previous study has reported an

association between rs35874116 SNP in the TAS1R2 gene

and sugar intake in overweight and obese individuals (Eny

et al. 2010). Also, the r5400 polymorphism in GLUT2 gene

was already linked to higher than usual sugar consumption,

suggesting that this glucose transporter, affecting glucose

homeostasis, may also control food intake behavior (Eny

et al. 2008).

Our study revealed that GG homozygous individuals for

both rs3935570 SNP in TAS1R2 gene and rs1499821 SNP

in GLUT2 gene showed higher DMFT caries scores.

Compared to Kulkarni’s study, our work has revealed that

different polymorphisms in TAS1R2 and GLUT2 genes are

associated with dental caries risk/protection. A possible

reason for this dissimilarity is that we analyzed only 1 SNP

in TAS1R2 gene, while rs35874116 SNP studied by

Kulkarni and colleagues was not genotyped in our study.

Instead, rs5400 SNP in GLUT2 gene of Kulkarni’s work

was genotyped, but it was not statistically significant in our

data. This difference is possibly due to a different origin of

the population, or to a founder effect.

We did not observe in our population differences

between the two identified SNPs and sugar intake. This

Table 2 Results of the

association analysis of DMFT in

the entire sample (number of

individuals = 647)

SNP Chromosome Position Beta MAF p Gene

rs3935570 1 19167371 20.937 0.3168 0.0117 TAS1R2

rs1499821 3 170724729 21.047 0.1676 0.0273 GLUT2

rs5398 3 170715830 -0.508 0.2797 0.2040 GLUT2

rs5400 3 170732300 0.422 0.1136 0.4526 GLUT2

rs11924032 3 170735099 -0.378 0.2426 0.3595 GLUT2

Beta, effect of the effect allele; MAF, minor allele frequency; p, p value

Significant results are reported in bold

Table 3 Regression analysis between DMFT and sweet intake and

liking

DMFT caries prevalence

R2 Beta estimate p value

Simple sugar intake 0.22 0.01 0.075

Sweet liking 0.26 0.61 0.004

Significant results are shown in bold. Sex, age, and BMI were used as

covariates

The results we reported were derived from the subsample of 322

individuals with both sugar intake and sweet liking data
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lack of association may be due, for example, to the method

employed to measure sugar intake.

So, we identified a direct association between variants in

TAS1R2 and GLUT2 genes and caries prevalence, sug-

gesting and further confirming that sweet taste genes may

affect cariogenic status and caries development. However,

whether this relation is mediated by the impact of these

genes on dietary and nutritional habits remains unclear

from our results, as already supposed, for example, for

TAS2R38 gene (Wendell et al. 2010).

Moreover, the present study examined at the same time

the relationship between sweet food liking and sweet food

intake on dental caries prevalence. In this work, a positive

association was found between DMFT and sweet food

liking. However, the relationship between DMFT and the

reported sweet intake did not reach statistical significance,

although a positive correlation between sweet liking and

sweet intake was observed. Although there is a general

increase in the consumption of refined sugar and of sweet

foods and drinks worldwide, sweet liking is not homoge-

neous across people and populations. The association

between sweet taste preferences and dental caries is still

controversial (Bretz et al. 2006). Surprisingly enough, our

work revealed a positive correlation only between DMFT

and sweet food liking but not with reported simple sugar

intake in adults. Our finding can be related to a number of

factors. First of all, simple sugars in the diet include both

extrinsic (added to foods) and intrinsic (naturally present in

foods, like in fruits and milk) sugars and derive from a

variety of products of different nutrient composition with

possible differential impact on decay promotion. Further-

more, through our results we have supported recent studies

that demonstrate how food preferences, rather than food

intake, predict health outcomes more accurately (Duffy

et al. 2007, 2009). This is probably due to the fact that

quantifying food consumption in terms of frequency and

amount can be difficult based on dietary records. The

personal interpretation of food intake can be misleading,

since due to memory issues or dietary restraints the amount

of food actually ingested can be over- or underestimated. In

their works, Duffy et al. revealed that food liking ques-

tionnaires represent an efficient and simple screening tool

to assess diet–disease relationships. Therefore, assessing

food preferences through questionnaires could be more

successful than dietary measures at identifying connections

with caries development, as demonstrated in our study.

Overall, our results underline that genetic factors may

contribute to caries predisposition (i.e., the role of taste

receptors genes) and also highlight the importance of food

liking as a predictor of dental caries risk. Thus, this study

indicates the importance of understanding the role of taste

preferences in dental caries risk and the utility of a genetic

approach that, by characterizing the genes involved in taste

perception and dental caries, may contribute to identify

people at risk and to develop targeted preventive strategies

before the onset of caries.

Nevertheless, additional studies are needed to further

confirm our findings, by taking into consideration also

others factors influencing the sugars–caries relationship,

such as oral hygiene, socioeconomic status, and fluoride

exposure, which were not taken into account in our study.
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Bernabé E, Sheiham A (2014) Age, period and cohort trends in caries

of permanent teeth in four developed countries. Am J Public

Health 104:e115–e121. doi:10.2105/AJPH.2014.301869

Bretz WA, Corby PM, Schork NJ, Robinson MT, Coelho M, Costa S,

Melo Filho MR, Weyant RJ, Hart TC (2005) Longitudinal

34 Page 6 of 9 Genes Nutr (2015) 10:34

123

http://dx.doi.org/10.1093/chemse/bjt017
http://dx.doi.org/10.1111/acer.12527
http://dx.doi.org/10.1111/j.1600-0528.1998.tb01937.x
http://dx.doi.org/10.1093/bioinformatics/btm108
http://dx.doi.org/10.1590/S1678-77572010000200011
http://dx.doi.org/10.1016/0003-9969(96)84555-9
http://dx.doi.org/10.2105/AJPH.2014.301869


analysis of heritability for dental caries traits. J Dent Res

84:1047–1051. doi:10.1177/154405910508401115

Bretz WA, Corby PM, Melo MR, Coelho MQ, Costa SM, Robinson

M, Schork NJ, Drewnowski A, Hart TC (2006) Heritability

estimates for dental caries and sucrose sweetness preference.

Arch Oral Biol 51:1156–1160. doi:10.1016/j.archoralbio.2006.

06.003

Broadbent JM, Thomson WM, Poulton R (2006) Progression of

dental caries and tooth loss between the third and fourth decades

of life: a birth cohort study. Caries Res 40:459–465. doi:10.1159/

000095643

Broadbent JM, Foster Page LA, Thomson WM, Poulton R (2013)

Permanent dentition caries through the first half of life. Br Dent J

215:E12. doi:10.1038/sj.bdj.2013.991

Brown GK (2000) Glucose transporters: structure, function and

consequences of deficiency. J Inherit Metab Dis 23(3):237–246.

doi:10.1023/A:1005632012591

Bruening KS, Gilbride JA, Passannante MR, McClowry S (1999)

Dietary intake and health outcomes among young children

attending 2 urban day-care centers. J Am Diet Assoc

99:1529–1535. doi:10.1016/S0002-8223(99)00375-2

Burt BA, Eklund SA, Morgan KJ, Larkin FE, Guire KE, Brown LO,

Weintraub JA (1988) The effects of sugars intake and frequency

of ingestion on dental caries increment in a three-year longitu-

dinal study. J Dent Res 67:1422–1429. doi:10.1177/

00220345880670111201

Colares-Bento FC, Souza VC, Toledo JO, Moraes CF, Alho CS, Lima

RM, Cordova C, Nobrega OT (2012) Implication of the G145C

polymorphism (rs713598) of the TAS2r38 gene on food

consumption by Brazilian older women. Arch Gerontol Geriatr

54:e13–e18. doi:10.1016/j.archger.2011.05.019

Conry JP, Messer LB, Boraas JC, Aeppli DP, Bouchard TJ Jr (1993)

Dental caries and treatment characteristics in human twins reared

apart. Arch Oral Biol 38:937–943. doi:10.1016/0003-

9969(93)90106-V

Creedon MI, O’Mullane DM (2001) Factors affecting caries levels

amongst 5-year-old children in County Kerry, Ireland. Commu-

nity Dent Health 18:72–78

Deeley K, Letra A, Rose EK, Brandon CA, Resick JM, Marazita ML,

Vieira AR (2008) Possible association of amelogenin to high

caries experience in a Guatemalan-Mayan population. Caries

Res 42:8–13. doi:10.1159/000111744

Dinehart ME, Hayes JE, Bartoshuk LM, Lanier SL, Duffy VB (2006)

Bitter taste markers explain variability in vegetable sweetness,

bitterness, and intake. Physiol Behav 87:304–313. doi:10.1016/j.

physbeh.2005.10.018

Duffy VB, Davidson AC, Kidd JR, Kidd KK, Speed WC, Pakstis AJ,

Reed DR, Snyder DJ, Bartoshuk LM (2004) Bitter receptor gene

(TAS2R38), 6-n-propylthiouracil (PROP) bitterness and alcohol

intake. Alcohol Clin Exp Res 28(11):1629–1637. doi:10.1097/

01.ALC.0000145789.55183.D4

Duffy VB, Lanier SA, Hutchins HL, Pescatello LS, Johnson MK,

Bartoshuk LM (2007) Food preference questionnaire as a

screening tool for assessing dietary risk of cardiovascular

disease within health risk appraisals. J Am Diet Assoc

107:237–245. doi:10.1016/j.jada.2006.11.005

Duffy VB, Hayes JE, Sullivan BS, Faghri P (2009) Surveying food

and beverage liking: a tool for epidemiological studies to

connect chemosensation with health outcomes. Ann N Y Acad

Sci 1170:558–568. doi:10.1111/j.1749-6632.2009.04593.x

Duffy VB, Hayes JE, Davidson AC, Kidd JR, Kidd KK, Bartoshuk

LM (2010) Vegetable intake in college-aged adults is explained

by oral sensory phenotypes and TAS2R38 genotype. Chemosens

Percept 3:137–148. doi:10.1007/s12078-010-9079-8

Eny KM, Wolever TM, Fontaine-Bisson B, El-Sohemy A (2008)

Genetic variant in the glucose transporter type 2 is associated

with higher intakes of sugars in two distinct populations. Physiol

Genom 33:355–360. doi:10.1152/physiolgenomics.00148.2007

Eny KM, Wolever TM, Corey PN, El-Sohemy A (2010) Genetic

variation in TAS1R2 (Ile191Val) is associated with consumption

of sugars in overweight and obese individuals in 2 distinct

populations. Am J Clin Nutr 92:1501–1510. doi:10.3945/ajcn.

2010.29836

Esko T, Mezzavilla M, Nelis M, Borel C, Debniak T, Jakkula E, Julia

A, Karachanak S, Khrunin A, Kisfali P, Krulisova V, Aušrelé
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