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ABSTRACT The relationship between genetic variation and caffeinated beverages intake has been investigated in
various human populations, but not among North Africans who have distinct caffeinated beverage dietary habits.
Therefore, this study analysed the association between rs6968865 (AHR), rs382140 (NRCAM), rs9526558 (CAB39L),
rs7754744 (PDSS2) and rs68157013 (TAS2R43) SNPs from previous GWASs on habitual caffeine consumption
and caffeinated beverage intake in 568 healthy blood donors from the Tunisian population. The AHR caffeine
metabolism gene SNP was associated with coffee intake but not with green tea decoction. However, the association
of SNPs with caffeine metabolism (CAB39L and PDSS2), addiction to caffeine (NRCAM) and perceived caffeine
bitterness (TAS2R43) genes was only observed or was stronger with the highest caffeine-containing beverage green
tea decoction. The researchers further detected an opposite association of PDSS2 gene SNP with coffee and tea
intake. The study provides additional data on caffeinated beverage intake genetics in a population with specific

dietary habits.

INTRODUCTION

Coffee and tea are the most consumed caf-
feine sources worldwide (Grigg 2002; Reyes and
Cornelis 2018). It is known that these beverages
have a potential beneficial effect, since they con-
tain various active compounds such as polyphe-
nols (particularly catechins), caffeine and other
beneficial components (Cornelis 2019; Musial
etal. 2020). Several studies have identified inter-
actions between long-term caffeinated beverage
consumption and risk of disease. Tea has been
shown to reduce the risk of many diseases, in-
cluding cardiovascular (Sueoka et al. 2001), neu-
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rodegenerative (Weinreb et al. 2004), cancer (Ka-
vanagh et al. 2001) and inflammatory diseases
(Dona et al. 2003). However, there is great con-
troversy regarding the effects of coffee intake,
as heavy coffee consumption has negative as-
sociations with Type 2 diabetes (van Dieren et
al. 2009), Parkinson’s disease (Hernan et al. 2002),
Alzheimer’s disease (Liu et al. 2016), some can-
cers (Je and Giovannucci 2012; Wilson et al. 2013;
Loftfield et al. 2015; Petrick et al. 2015) and high-
er risk of hypertension (Nurminen et al. 1999;
Ludwig et al. 2014) and myocardial infarction
(Cornelis et al. 2006). Thus, understanding indi-
vidual differences in caffeinated beverage con-
sumption is of interest in relation to many hu-
man traits and diseases.

Caffeinated beverage preferences vary by
demographic, social and environmental factors
(Brice and Smith 2002). However, studies provide
powerful evidence for a genetic determination
of beverage consumption. Previous twin stud-
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ies on caffeine intake reported heritability esti-
mates for tea and coffee consumption ranging
from 0.26 to 0.36 for tea and from 0.41 to 0.51 for
coffee (Luciano et al. 2005; Teucher et al. 2007).
Coffee and tea intake were considered as caf-
feine-related traits, so lower heritability for tea
drinking was attributed to its lower caffeine con-
tent (Yang et al. 2010). Genome-wide associa-
tion studies (GWAS) on habitual caffeine con-
sumption have mainly targeted coffee intake, as
coffee frequently contains more caffeine than
tea. Indeed, theses studies were conducted only
by the monitoring of average daily coffee con-
sumption (Sulem et al. 2011; Amin et al. 2012;
Coffee and Caffeine Genetics Consortium et al.
2015; Cornelis et al. 2016; Pirastu et al. 2016;
Nakagawa-Senda et al. 2018) or using calcula-
tion algorithms assuming the content of caffeine
in different foods and beverages that estimated
tea cup caffeine amount as one-third (Cornelis
et al. 2011) to one-half (Rodenburg et al. 2012;
McMahonet al. 2014) of that contained in a cof-
fee cup. Thus, few studies specifically assessed
genetic association with habitual tea intake.

On the other hand, the way caffeinated bev-
erages are made and consumed may vary wide-
ly, for example in many areas in North Africa,
where green tea decoction is a very popular bev-
erage. This tea, prepared by the cooking of the
dried tealeaves in boiling water, is characterised
by its higher content of polyphenols and caf-
feine (almost double the content of green tea
infusion) (Snoussi et al. 2014).

Objectives

According to specific caffeinated beverage
consumption patterns in the Tunisian popula-
tion, it seems interesting to assess the associa-
tion between genes discovered by previous ge-
nome-wide association studies on habitual cof-
fee intake among populations of European an-
cestry and caffeinated beverage intake in the
Tunisian population. Using a candidate gene
approach, the researchers targeted four GWAS-
significant loci, namely, AHR (Sulem et al. 2011),
NRCAM, CAB39L (Amin etal. 2012) and PDSS2
(Pirastu et al. 2016). Besides the dietary intake-
based estimation, a coffee-liking ascertainment
approach showed that TAS2R43 gene SNPs were
associated with coffee liking (Pirastu et al. 2014).
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The researchers therefore examined the associ-
ation with TAS2R43 locus involved in bitter taste
perception. In addition, the researchers analy-
sed the interactions effects between genetic
variations and variables known to modulate caf-
feine consumption (age, sex and smoking).

MATERIAL AND METHODS

Study Subjects and Beverage Intake
Data Assessment

Data on coffee and tea drinks consumption
were obtained from consenting healthy blood
donors self-referred to the National Blood
Transfusion Centre in Tunisia (N=568, age=
35.17+10.18 years; 440 men and 128 women).
Smoking categories were categorised as never
smokers (39.61%), former smokers (13.73%) and
current smokers (46.65%).The median number
of cigarette packs per year was 7.80 + 10.66 (rang-
ing from 0 to 46). Coffee and tea intake data were
obtained by beverage frequency questionnaire.
The participants were asked: “how many cups
per day of drink?” and “how many days of drink
per week?” A beverage intake score (B ) was
then calculated according to the following for-
mula: B_ = number of beverage cups consumed
per day x (number of days of consumption per
week/7). The local Ethics Committee approved
the study.

Genotyping

Top-scoring rs6968865 (AHR), rs382140 (NR-
CAM), rs9526558 (CAB39L), rs7754744 (PDSS2)
and rs68157013 (TAS2R43) SNPs from previous
GWASs were selected for this study. Genomic
DNA was extracted from blood samples of par-
ticipants using standard salting-out method.
Genotyping was performed by RFLP-PCR. PCR
Primers pairs were as follow: rs6968865 (AHR),
5’AGCACCCTAACTCCATGCG3’and 5’ TCTC-
CACTGAGTAT CCAAGGAAT3’, 15382140 (NR-
CAM),5’GTTTTGCCGTGAGCCAAAGT3’ and
5’GCCCT CCTGTTTCCTCAGTG3’, rs9526558
(CAB39L), 5’CCCATGCCTGTGTGACAGTA3’
and 5’AGGATGGATGACCCCCAGAT3’,
rs7754744 (PDSS2), 5’ ATTGGTGGCGGCAA-
GAA AAC3’ and 5’GCCAAGCGTGAGATT-
AGGGAZ3’, rs68157013 (TAS2R43), 5’ ATGGT-
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TGA TCACTGCCCAGAT3’ and 5’TTC-
CAGTCTGGTAGTGGTTAC3 . PCR products
were digested with EcoRV, BsiSI, Hpy188l11, Alul
and Hinfl restriction enzymes, respectively.

Statistical Analysis

Data analysis was performed with SPSS soft-
ware version 24 (SPSS Inc., Chicago, IL, USA).
A p-value of less than 0.05 was considered as
statistically significant. Dominant and recessive
minor allele models were assumed for SNPs ef-
fects. The p-values were calculated by using
linear regression where the B_ _ was the depen-
dent variable and the SNP genotype was the
independent variable. Age, sex and smoking sta-
tus were used as covariates. Missing data was
not imputed in the analysis. ORs, 95% Cls and
effect sizes (n? ) were given for significant ef-
fects. Two-way interaction models were devel-
oped to assess the joint effect of genotype, smok-
ing status, age and sex on beverage consump-
tion. The researchers also performed a sensitiv-
ity analysis using stratifications by smoking sta-
tus (never plus former smokers (non smokers)
versus current smokers (smokers)), median age
(<median age (35 years) versus > median age)
and sex (men versus women).

RESULTS

Association of SNP Genotypes with Beverage
Intake

Table 1 summarises the association between
SNPs and beverages intake. AHR rs6968865 SNP
T allele (in the dominant model) showed the
strongest significant increase in coffee intake
(OR=1.68, 95%ClI: 1.33-2.13, p* <0.001). Only ten-
dency to association was detected with TAS2R43
rs68157013 SNP (coffee intake increase in C al-
lele carriers, p=0.072), NRCAM rs382140 (coffee
intake decrease in A allele carriers, p=0.016,
p*=0.07) and PDSS2 rs7754744 SNP (coffee in-
take decrease in A allele carriers, p=0.001,
p=0.055).

As for tea intake, the highest positive asso-
ciations were reported with the minor alleles of
CAB39L rs9526558 SNP (the G allele at the re-
cessive model, OR=1.58, 95%Cl: 1.23-2.04,
p® <0.001) and PDSS2 rs7754744 SNP (the Aal-
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lele at the recessive model, OR=1.40, 95%CI: 1.16-
1.68, p? <0.001). Moderate effects were observed
with NRCAM rs382140 SNP Aallele (decreased
consumption at the recessive model, OR=0.79,
95%Cl: 0.64-0.97, p*=0.025) and TAS2R43
rs68157013 SNP C allele (increased consump-
tion at the dominant model, OR=1.13, 95%ClI:
1.006-1.28, p>=0.040).

SNP-covariates Interaction Analysis

Table 2 displays the results for SNPs inter-
actions with median age, sex and smoking sta-
tus caffeine intake covariates. For AHR
rs6968865 SNP T allele, with the strongest asso-
ciation with coffee intake, only a borderline in-
teraction was recorded with the smoking status
(F=3.70, p=0.055, partial eta squared=0.008). In
sensitivity analysis (Table 3), the genetic effect
was more pronounced in non-smokers (OR=3.10,
95%Cl: 1.77-5.43, p*=0.000). Moderate significant
interaction effects on coffee intake were record-
ed for PDSS2 rs7754744 SNP (A-allele dominant
model) X sex (F=4.45, p=0.035, partial eta
squared=0.009) and TAS2R43 rs68157013 SNP
(C-allele dominant model) X Median age (F=5.71,
p=0.017, partial eta squared = 0.011). When ex-
amining within subgroups, the association was
found only in men (for PDSS2 rs7754744 SNP,
OR=0.73, 95%Cl: (0.59-0.90), p>=0.004) and age
<35 years (for TAS2R43 rs68157013 SNP,
OR=1.68, 95%ClI: (1.30-2.18), p*=0.000).

With regards to tea intake, the examination
of the strongest locus associated with habitual
consumption, CAB39L rs9526558 SNP, showed
that it interacts with smoking status (F=9.03,
p=0.003, partial eta squared=0.018), median age
(F=3.73, p=0.054, partial eta squared=0.008) and
sex (F=6.56, p=0.011, partial eta squared=0.013)
in the G-allele recessive model (Table 2). A fur-
ther analysis by subgroups showed that the
genetic effect was only in men (OR=1.58, 95%Cl.:
1.23-2.03, p*=0.000), age <35 years (OR=2.10,
95%Cl: 1.44-3.07, p*=0.000) and non-smokers
(OR=3.10, 95%ClI: 1.77-5.43, p>=0.000) (Table 3).
As for the interaction with PDSS2 rs7754744 SNP,
it was driven by a larger genotype (AA versus
GG+GA) effect in men (F=13.78, p=0.000, partial
eta squared=0.029) and smokers (F=10.87,
p=0.001, partial eta squared=0.023).
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Table 2: SNP genotypes main effects and interactions with caffeine intake covariates

B___for coffee intake

score

B__for tea intake

score

df F

W, df F p n%,

AHR rs6968865 A>T

dominant model (AT+TT vs AA)

Genotype? 1 16.62 0.035

Genotype X Median Age® 1 1.02 0.312 0.002

Genotype X Sex® 1 0.05 0.817 0

Genotype X Smoking status® 1 3.7 0.055 0.008

NRCAM rs382140 A>G dominant model (GA+AA vs GG) recessive model (AA vs GG+GA)
Genotype? 1 3.46 0.063 0.007 1 6.15 0.013 0.013
Genotype X Median Age® 1 0.18 0.672 0 1 0.39 0.532 0.001
Genotype X Sex‘ 1 2 0.158 0.004 1 0.14 0.701 0
Genotype X Smoking status® 1 0.63 0.427 0.001 1 0 0.956 0
CAB39L rs9526558 A>G recessive model (GG vs AA+AG)
Genotype?® 1 12.56 0 0.025
Genotype X Median Age® 1 3.73 0.054 0.008
Genotype X Sex® 1 6.56 0.011 0.013
Genotype X Smoking status® 1 9.05 0.003 0.018
PDSS2 rs7754744 A>G dominant model (GA+AA vs GG) recessive model (AA vs GG+GA)
Genotype? 1 3.5 0.062 0.007 1 15.93 0 0.033
Genotype X Median Age® 1 1.82 0.178 0.004 1 0.46 0.497 0.001
Genotype X Sex® 1 4.45 0.035 0.009 1 13.78 0 0.029
Genotype X Smoking status® 1 1.15 0.283 0.002 1 10.87 0.001 0.023
TAS2R43 rs68157013 G>C dominant model (GC+CC vs GG) dominant model (GC+CC vs GG)
Genotype? 1 7.37 0.007 0.014 1 4.8 0.029 0.009
Genotype X Median Age® 1 5.71 0.017 0.011 1 0 0.986 0
Genotype X Sex¢ 1 0.01 0.909 0 1 0.02 0.885 0
Genotype X Smoking status® 1 0.44 0.507 0.001 1 0.17 0.679 0

aadjusted for Median age, sex and smoking status
b adjusted for sex and smoking status

¢ adjusted for Median age and smoking status
dadjusted for Median age and sex

DISCUSSION

The differences between populations in term
of caffeinated beverages consumption may be
influenced by various factors including the ge-
netic background and lifestyle factors, mainly
differences in dietary habits. In the literature,
genome-wide association studies on caffeine
habitual intake, investigated in populations of
European ancestry, have focused on coffee in-
take as having the highest caffeine content
(Sulemetal. 2011; Amin et al. 2012; Coffee and
Caffeine Genetics Consortium et al. 2015; Cor-
nelis et al. 2016; Pirastu et al. 2016). Thus, few
studies have analysed tea consumption genet-
ics. Furthermore, only tea infusion intake (with
lower caffeine content) was evaluated (Cornelis
etal. 2011; Rodenburg et al. 2012; McMahon et
al. 2014; Cornelis et al., 2016; Taylor et al. 2018)
but not tea decoction. Tea decoction is a very
popular beverage through extensive areas of
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North Africa, especially Tunisia. It is prepared
by boiling the dried tea leaves in water for 15-30
minutes and is known for its high level of caf-
feine (almost twice the amount as in tea infu-
sion) (Snoussi et al. 2014).

To gain better insights into the relationship
between genetic variation and caffeinated bev-
erages dietary patterns differences between
populations, the researchers conducted this first
study on caffeinated beverages intake genetic
in a North African population, Tunisia. Four SNPs
identified in previous coffee intake GWASs in
populations of European ancestry were select-
ed, namely, AHR (rs6968865), NRCAM
(rs382140), CAB39L (rs9526558), and PDSS2
(rs7754744) loci. One of the strongest associa-
tions from GWASs on caffeine intake was ob-
served with rs6968865, rs382140 and rs9526558
SNPs (Sulem etal. 2011; Amin et al. 2012). As for
rs7754744 SNP, it was one of five PDSS2 gene
SNPs in strong linkage disequilibrium that
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showed association replication in cohorts from
the Italian and Dutch populations (Pirastu et al.
2016). Besides the GWAS-based SNP choice,
the researchers further investigated the associ-
ation with TAS2R43 gene implicated in bitter
taste perception. Top hit rs68157013 SNP, iden-
tified by Illumina high density SNP arrays geno-
typing focusing on TAS2R genes SNP (Pirastu
et al. 2014), was selected for the study.

The researchers showed that the highest
coffee consumption was observed with the T
allele of rs6968865 (AHR) SNP. Unlike coffee in-
take, rs6968865 SNP was not associated with tea
intake. The finding of the strongest association
with coffee intake according to rs6968865 SNP
is consistent with previous findings (Cornelis et
al. 2011; Sulem et al. 2011). AHR plays a key role
in CYP1A2 induction (Nukaya et al. 2009), which
is the main enzyme that metabolises caffeine
(Butler etal. 1989). Thus, it is not surprising that
agene directly involved in caffeine metabolism
is responsible for the highest variation in coffee
habitual consumption (3.2%). The rs68157013
(TAS2R43) SNP showed only borderline (p =
0.072) to moderate (p? = 0.040) associations with
coffee and tea intake, respectively. Beyond the
GWAS studies based on food intake, the non-
functional rs68157013 and rs71443637 alleles in
TAS2R43 gene showed lower liking for coffee
when studying coffee hedonic (Pirastu et al.
2014). The reported small percentage of coffee
liking variance explained by the genetic varia-
tion (0.32%) is in line with beverage intake vari-
ation by rs68157013 SNP in the study. Addition-
ally, it has been suggested that beverage prefer-
ence is mediated by the bitterness perceived by
caffeine (Yeomans et al. 2007), and therefore this
may differ depending on beverage caffeine con-
tent. Surprisingly, the researchers found that the
genetic effect of rs68157013 SNP was more pro-
nounced in tea consumption than in coffee con-
sumption. One explanation for this finding is that
tea decoction may contain more caffeine per serv-
ing than coffee.

Among SNPs that showed strong evidence
of association with coffee intake in GWASs,
there were NRCAM rs382140 SNP (p=3.3x10"")
and top hit rs9526558 SNP within CAB39L
(p=6.79x107") (Amin et al. 2012). NRCAM en-
codes neuronal cell adhesion molecule, a pro-
tein that is involved in neuron-neuron adhesion
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and nervous system development (Ishiguro et
al. 2006). Several lines of evidence support NR-
CAM genetic variation to be associated with
addiction susceptibility and polysubstance
abuse (Uhl2006). Therefore, that may influence
caffeine consumption. CAB39L is found to en-
code a member of calcium binding protein fami-
ly, CAB39L, implicated in cytoskeletal rearrange-
ment and cell mobility (Khanna et al. 2004). As a
molecule involved in kinases activation, CAB39L
is implicated in several cellular pathways includ-
ing tumour suppressing (Li et al. 2018). The rela-
tionship between CAB39L and caffeine is not
yet understood. However, CAB39L was found
to be upregulated after caffeine treatment in the
expression analysis performed in three types of
cell lines (Amin et al. 2012), suggesting CAB39L
to be involved in caffeine metabolism and/or re-
sponse. In the present study, the researchers
did not find any significant association between
coffee intake and CAB39L rs9526558 or NRCAM
rs382140 SNPs. However, these SNPs were as-
sociated with tea consumption. Accordingly, the
variation in tea beverage intake, explained by
CAB39L and NRCAM genes variants, might be
mediated by its higher caffeine amounts.

Regarding the PDSS2 gene, which encodes
decaprenyl-diphosphate synthase subunit 2
synthesising the prenyl side-chain of coenzyme
Q, atrend towards a significant decrease in cof-
fee intake was detected with PDSS2 rs7754744
SNP Aallele (p=0.001, p*=0.055), while the same
A allele, but at the recessive model, showed a
strong increase in tea intake(p? <0.001). The re-
searchers detected a similar situation of oppo-
site association with coffee and tea intake when
analysing the relationship with SNPs at the
CYP1A1-CYP1A2 genes junction (data not pub-
lished). In the GWAS showing the association
of PDSS2 gene with coffee intake (Pirastu et al.
2016), the authors reported that PDSS2 nega-
tively regulates the expression of caffeine me-
tabolism genes. Based on these findings, it seems
that the observed opposite associations with
coffee and tea intake in PDSS2 rs7754744 and
CYP1A1-CYP1A2SNPs variants may result from
the same regulatory pathway. Further studies
are still needed to understand precisely the mo-
lecular mechanism leading to this beverage in-
take preference according to specific variants in
caffeine metabolism genes.
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Another point examined in this study con-
siders the genetic effect modification by classi-
cal caffeine intake covariates. The rs382140 SNP
variation in the NRCAM gene, likely involved in
caffeine addiction, did not show any interaction
with caffeine intake modifiers. However, SNPs
in AHR, CAB39L and PDSS2 genes, implicated
in caffeine metabolism, have shown different
patterns of interaction with age, sex and smok-
ing covariates on caffeinated beverage intake.
Interestingly, gene-covariate interaction effects
were more pronounced on tea decoction (the
highest caffeine-containing beverage) intake.
Indeed, genetic effect modifications on tea in-
take were observed with CAB39L rs9526558 SNP
(genetic effect in men, age d”35 years and non-
smokers) and PDSS2 rs7754744 SNP (genetic
effect in men and smokers). However, a border-
line interaction effect on coffee intake was de-
tected between AHR rs6968865 SNP and smok-
ing. According to the data, it seems likely that
the interactions of age, sex and smoking factors
with AHR, CAB39L and PDSS2 genes SNPs are
exerted through their known influence in caf-
feine metabolism, mainly on CYP1A2 activity
(Backman et al. 2008; Gunes and Dahl 2008;
Gunes et al. 2009). This hypothesis is supported
by a previous report on rs762551 functional
CYP1A2 gene SNP, suggesting a genetic effect
in men and non-smokers (Rodenburg et al. 2012).
In the interaction analysis between bitter taste
perception gene TAS2R43 rs68157013 SNP and
caffeine intake covariables, the researchers de-
termined that age modifies the genetic associa-
tion with coffee intake, but not tea intake. The
observation of the genetic effect in only the
younger age group may be explained by bitter
taste transduction sequence resorption by ag-
ing. Indeed, various studies suggest that sen-
sory-specific satiety decreases with age (Rolls
and McDermott 1991), and mainly the ability to
perceive bitter taste (Cowart et al. 1994; Krish-
naa and Jayaraj 2017). The finding is supported
by a previous study on the perception of bitter
taste in different age groups, showing a high
sensitivity to bitterness with specific haplotypes
in the TAS2R38 gene in children, being more
sensitive than adults with the same TAS2R38
haplotype (Rossella et al. 2015).

Int J Hum Genet, 20(4): 219-228 (2020)

CONCLUSION

The study provides additional data on the
genetics of caffeinated beverage intake around
the world. The specificity of the study popula-
tion (Tunisia), with a higher caffeine content in
tea decoction drinks, enabled differentiation of
the traits linked to caffeine, and those likely un-
related to caffeine. Indeed, clear relationships
between SNPs in caffeine metabolism (CAB39L
and PDSS?2), addiction to caffeine (NRCAM),
caffeine-perceived bitterness (TAS2R43) genes
and the highest caffeine-containing beverage
(tea decoction) were established, while AHR
rs6968865 SNP was only associated with coffee
intake.

RECOMMENDATIONS

In light of the results, the association be-
tween coffee intake and AHR gene SNPs should
be reconsidered as likely unrelated to caffeine.
Furthermore, the opposing association of PDSS2
rs7754744 SNP with coffee and tea intake likely
unveil a mechanism of beverage preference that
needs to be elucidated by future studies.
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ABBREVIATIONS

AHR: aryl hydrocarbon receptor

CAB39L: Calcium Binding Protein 39 Like

CYP1A1: cytochrome P450, family 1, subfam-
ily A, member 1

CYP1A2: cytochrome P450, family 1, subfam-
ily A, member 2

DNA: deoxyribonucleic acid

GWAS: genome-wide association study

NRCAM: neuronal cell adhesion molecule

PCR: polymerase chain reaction

PDSS2: decaprenyl-diphosphate synthase
subunit 2

RFLP: restriction fragment length polymor-
phism
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TAS2RA43: taste receptor type 2 member 43
TAS2R38: taste receptor type 2 member 38
SNP: single nucleotide polymorphism
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