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Abstract 

Background Caffeine intake has been positively or negatively associated with the risk of chronic disease. Genome-
wide association studies identified single-nucleotide polymorphisms (rs2472297 and rs2470893) in Cytochrome 
P450 1A2 (CYP1A2) gene that are involved in habitual caffeine intake. In this study, we investigated the association 
of common CYP1A2 SNPs (rs762551, rs2472297 and rs2470893) with most consumed caffeinated beverages intake 
(coffee and tea) in the Tunisian population. Five hundred and twenty healthy blood donors were enrolled. Coffee and 
tea intake data were extracted from dietary questionnaires of the participants. Genotyping was performed using PCR–
RFLP. p < 0.05 was considered as statistically significant.

Results There were no significant genetic effects of rs762551 and rs2472297 SNPs on coffee (p = 0.083 and p = 0.70) 
or tea (p = 0.49 and p = 0.49) consumption, respectively. However, rs2470893 SNP A carriers displayed higher cof-
fee consumption [p = 0.001, OR (95% CI) 1.46 (1.16–1.86)] and lower tea consumption [p = 0.001, OR (95% CI) 0.80 
(0.70–0.97)]. After stratification by confounding factors, the genetic effect was observed in women (1.2% of variation 
in coffee intake and 9.6% of variation in tea intake), subjects ≤ 35 years (1.5% of variation in coffee intake) and non-
smokers (1.4% of variation in tea intake).

Conclusions Our data are consistent with a beverage preference (coffee vs. tea) according to rs2470893 SNP geno-
types (A carriers vs. GG). Furthermore, genetic variation is significant at the condition of lower CYP1A2 enzyme activity 
(among women, nonsmokers and younger age groups).
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Background
There is a particular interest in the potential effects of 
caffeine consumption on health, as long-term caffeine 
intake has been associated with cardiovascular dis-
eases, diabetes, neurodegenerative diseases and can-
cers (Rodak et al. 2021). Indeed, caffeine consumption 
has gained more attention from the public as fears of 
possible negative consequences of coffee drinking have 
been increasing. The most commonly consumed forms 
of caffeine are tea and coffee. In Tunisia, these bever-
ages are the most consumed drinks after water. Indeed, 
national studies stated that individual consumption is 
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at an average of 0.8 kg of coffee and 1 kg of tea per year 
(National Institute of Statistics 2013). Coffee is a pre-
dominant drink in Europe, both in North and South 
America, and Algeria. Whereas tea is the most pre-
ferred in Great Britain, Asia and Morocco (Euromoni-
tor International report 2017). Although historical, 
cultural and psychosocial factors are relevant for such 
preference, it was reported that liking a particular 
source of caffeine (from tea or coffee) could also be 
due to a specific genetic background (Cornelis and van 
Dam 2021). Several external factors (such as smoking 
(Treur et  al. 2016)) may additionally influence habit-
ual caffeine consumption, but twin studies have evi-
denced that there are genetic determinants linked to 
habitual caffeine intake (Vink et al. 2009). Recent stud-
ies reported single-nucleotide polymorphisms (SNPs) 
at different loci (CD8, AHR, CYP1A2, and CYP2A6) 
that were associated with caffeine metabolites (Cor-
nelis et al. 2016). However, it is well known that more 
than 95% of caffeine is metabolized by the CYP1A2 
enzyme (Thorn et  al. 2012). An SNP in the CYP1A2 
gene, rs762551, was first described as altering enzyme 
activity, as C allele carriers showed reduced activity 
of the enzyme (Sachse et  al. 1999). However, the rela-
tionship between rs762551 SNP and high caffeine con-
sumption is not established, owing to controversial data 
obtained from GWAS (Amin et  al. 2012; Sulem et  al. 
2011; Rodenburg et  al. 2012), candidate gene associa-
tion studies (Cornelis et  al. 2007) and meta-analyses 
(Denden et  al. 2016). Genome-wide association stud-
ies (GWAS) on habitual coffee intake (Amin et al. 2012; 
Sulem et  al. 2011; Cornelis et  al. 2011, 2015) reported 
other CYP1A2 gene SNPs reaching GWAS significance, 
rs2472297 and rs2470893, located at the CYP1A1-
CYP1A2 genes junction. In the present study, we inves-
tigated the association between common CYP1A2 SNPs 
(rs762551, rs2472297 and rs2470893) and caffeinated 
beverages (coffee and tea) intake in the Tunisian popu-
lation and examined the genetic association modifica-
tion by age, gender or smoking status as these factors 
have been shown to influence habitual caffeine intake. 
Furthermore, we analyzed the evidence for any coffee 
or tea preference according to SNPs genotypes.

Methods
Study design and participants
The individuals enrolled in this study were 520 healthy 
blood donors who attended the National Blood Trans-
fusion  Center  of Tunis between 2016 and 2017. Sub-
jects were excluded  if they reported suffering from 
any chronic disease (hypertension and diabetes). 
Information on demographic and lifestyle factors was 

provided through questionnaires. Participants were 
405 males and 115 females aged 18–61 years. The cat-
egories of smoking status were never-smokers (37.86%), 
former smokers (11.65%) and smokers (50.48%). Pack 
years mean (SD) was 7.80 (10.66) ranging from 0 to 
46. The study was approved by the Ethics Committee 
of the National Blood Transfusion Center of Tunis and 
informed consents were obtained from the participants.

Assessment of coffee, tea and caffeine intake
Coffee and tea intake data were extracted from dietary 
questionnaires of participants, asked about how many 
cups of drink/day/week they had consumed during the 
previous year. We estimated that the caffeine content was 
100  mg/cup of coffee (per 50  mL serving) and 174  mg/
cup of tea (per 100  mL serving) according to published 
data on espresso (the most consumed coffee form) caf-
feine content (Hammad et  al. 2015) and our previ-
ous study on green tea decoction (the most consumed 
tea form) caffeine content (Hamdaoui et  al. 2016). The 
total caffeine intake was calculated as follows: Total caf-
feine (mg/day) = (Number of coffee cups/day × 100 mg/
cup) + (Number of tea cups/day × 174 mg/cup).

Genotyping
Blood samples were collected and DNA was extracted by 
using the standard salting-out method.

Genotyping for rs762551, rs2472297 and rs2470893 
SNPs was performed by RFLP-PCR. rs762551 SNP geno-
typing was conducted as previously described (Cornelis 
et al. 2004). For rs2472297 and rs2470893 SNPs genotyp-
ing, DNA was amplified using the primer pairs: (5′-AGA 
GCT TCT GGA CTG ACC CT-3′ and 5′-ACA CTT CTA 
GGA GCA CTT GGC-3′ for rs2472297 SNP) and (5′-CCT 
CAC ATA ATC CGT ACG CCT-3′ and 5′-TCC CAT TCC 
GGT CAT ATGCG-3′ for rs2470893 SNP). PCR prod-
ucts were then digested with Alw26I and HhaI restriction 
enzymes, respectively.

Statistical analyses
Data analysis was performed with SPSS software ver-
sion 24 (SPSS Inc., Chicago, IL, USA). p < 0.05 was con-
sidered as statistically significant. Genotype distributions 
for each SNP were tested for the deviation from Hardy–
Weinberg equilibrium by Pearson’s chi-square test. Sub-
ject characteristics were compared between groups by 
using Student’s t-test or Pearson’s chi-square test where 
appropriate. Coffee and tea intakes were compared 
according to smoking status (never plus former smok-
ers (nonsmokers) vs. current smokers (smokers)), age 
(≤ mean age (35 years) vs. > mean age) and gender (men 
vs women) by using Student t test. Dominant rs2472297, 
rs2470893 and rs762551 minor allele models and a 



Page 3 of 9Denden et al. Bulletin of the National Research Centre           (2023) 47:20  

recessive rs762551 minor allele model were assumed for 
SNPs effects. p values were calculated by using linear 
regression where the number of cups or the total caffeine 
intake was the dependent variable and the SNP genotype 
as the independent variable. Gender, age and smoking 
status were used as covariates. ORs, 95% CIs and effect 
sizes (partial eta squared, η2

p) were given for significant 
effects. Sensitivity analysis was conducted using stratifi-
cation by smoking status, mean age and gender, in order 
to investigate evidence for confounding variables genetic 
effect modification. Main effect and two-way interac-
tion models were used to evaluate main and interactions 
effects of genotype, smoking status, age and gender on 
drink consumption. Beverage preference according to 
genotypes was further analyzed by calculating chi-square 
test ORs of drinking only coffee compared to drinking 
only tea and drinks consumption correlation in the whole 
sample and according to genotypes using Pearson’s cor-
relation test.

Results
All genotypes were distributed according to Hardy–
Weinberg equilibrium (Table  1). Subject characteristics 
according to SNPs genotypes are presented in Table  2. 
Carriers of the rs2470893 A allele showed higher mean 
age (p = 0.005) as compared to rs2470893 GG carriers, 
but there was no significant difference in gender distribu-
tion between genotypes. In addition, rs2470893 A allele 
carriers were almost nonsmokers (p = 0.026) with lower 
pack years mean (p = 0.020). rs762551CC genotype car-
riers did not show any relationships with smoking status 
(p = 0.11) although they were almost the heaviest smok-
ers (pack years mean of 16.40 as compared to A carriers, 
7.54; p = 0.007).

Table 1 Allelic and genotypic frequencies of rs2470893, rs2472297 and rs762551 SNPs

*p: Hardy–Weinberg Equilibrium p of Pearson’s chi-square test

SNP Major allele (1) 
(frequency)

Minor allele (2) 
(frequency)

Genotype (11)
N(frequency)

Genotype (12) 
N(frequency)

Genotype (22) 
N(frequency)

p*

rs2470893 G (0.894) A (0.106) 415 (0.798) 100 (0.192) 5 (0.009) 0.70

rs2472297 C (0.955) T (0.045) 475 (0.913) 43(0.082) 2 (0.003) 0.34

rs762551 A (0.684) C (0.315) 236 (0.453) 240 (0.461) 44 (0.084) 0.11

Table 2 Subject characteristics according to SNPs genotypes

*NS (Nonsmoker) versus S (Smoker)
a Student t test
b Pearson chi-square test

SNP genotype Age
Mean (SD)

Gender
Male/female

Smoking status
NS (N)/S (N)*

Pack years
Mean (SD)

rs2470893 G > A

GG (N = 415) 35.16 (10.56) 325/90 197/218 8.29 (11.09)

GA + AA (N = 105) 38.63 (11.63) 80/25 63/42 5.90 (8.55)

P 0.005a 0.69b 0.022b 0.020a

rs2472297 C > T

CC (N = 475) 35.80 (10.59) 365/110 242/233 8.32 (10.95)

CT + TT (N = 45) 36.37 (13.54) 40/5 18/27 1.87 (2.11)

P 0.79a 0.063b 0.16b 0.000a

rs762551 A > C

AA (N = 236) 35.58 (10.35) 193/43 106/130 6.97 (10.46)

AC + CC (N = 284) 36.48 (11.75) 212/72 154/130 8.91 (11.17)

p 0.39a 0.065b 0.034b 0.59a

rs762551 A > C

AA + AC (N = 476) 35.80 (10.94) 370/106 243/233 7.54 (10.43)

CC (N = 44) 40.00 (13.23) 35/9 17/27 16.40 (14.74)

p 0.10a 0.78b 0.11b 0.007a
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Association of CYP1A2 genotypes with beverage and total 
caffeine intakes
The effect of SNP genotypes on beverage and total caf-
feine intakes is summarized in Table  3. Coffee intake 
was 0.30 cups/day higher in rs2470893 A allele carri-
ers [p value adjusted for age, gender and smoking sta-
tus pa = 0.001, OR (95% CI) 1.46 (1.16–1.86)], whereas 
no significant effect on coffee intake was detected for 
rs2472297 SNP (p = 0.70). rs762551 CC carriers showed 
significantly increased coffee consumption in univariate 
analysis [p = 0.001, OR (95% CI) 2.06 (1.33–3.21)] but 
not in multivariate analysis (pa = 0.083). Tea consump-
tion, also, did not show any relationships with rs762551 
(p = 0.49) and rs2472297 (p = 0.49) genotypes, but, inter-
estingly, it was −  0.18 cups/day lower in rs2470893 A 
allele carriers [pa = 0.001, OR (95% CI) 0.80 (0.70–0.97)]. 
The analysis, conducted for total caffeine intake, showed 
significant effect only in rs762551 CC carriers [p = 0.033, 

OR (95% CI) 6.68 (5.16–115.58)], but not at the multivar-
iate level (pa = 0.55).

Gender, age and smoking effects on beverage intake
The univariate analysis showed that coffee intake was 
higher by 1.24 cups/day in smokers (p = 0.000) and by 
0.39 cups/day in men (p = 0.002) but it did not differ 
between age groups (p = 0.88). Tea intake increased in 
women (+ 0.17 cups/day, p = 0.008), subjects older than 
35  years (+ 0.24 cups/day, p = 0.000) but declined by 
smoking (−  0.12 cups/day, p = 0.018). Gender, age and 
smoking main effects on beverage intake are shown in 
Table  4. Linear regression yielded a gender (F = 23.27, 
p = 0.000, η2

p = 0.048) and smoking status (F = 120.73, 
p = 0.000, η2

p = 0.209) main effects on coffee intake, but 
no main effect was found for age (F = 3.11, p = 0.078, 
η2

p = 0.007). For tea intake, there was a significant main 
effect for age (F = 118.97, p = 0.000, η2

p = 0.208) and 

Table 3 The effect of SNP genotypes on beverage and total caffeine intake

*Risk genotype
a Adjusted for age, gender and smoking status

SNP genotype Beverage intake Total caffeine 
(mg/day) Mean 
(SD)Number of coffee cups/day mean (SD) Number of tea cups/day mean (SD)

rs2470893 A > G

GG (N = 415) 1.40 (1.19) 0.34 (0.63) 201.25 (156.68)

*GA + AA (N = 105) 1.70 (1.17) 0.16 (0.31) 199.62 (116.55)

p 0.025 0.006 0.92

OR (95% CI) 1.33 (1.03–1.72) 0.83 (0.73–0.94) –

η2
p 0.010 0.015 –

pa 0.001 0.001 –

OR (95% CI) 1.46 (1.16–1.86) 0.80 (0.71–0.97) –

η2
p 0.022 0.024 –

rs2472297 C > T

CC (N = 475) 1.46 (1.21) 0.31 (0.60) 201.26 (152.86)

*CT + TT (N = 45) 1.53 (0.96) 0.25 (0.41) 197.33 (106.52)

p 0.70 0.49 0.86

rs762551 A > C

AA (N = 236) 1.49 (1.14) 0.23 (0.49) 191.30 (134.72)

*AC + CC (N = 284) 1.47 (1.24) 0.31 (0.60) 202.56 (162.21)

p 0.81 0.11 0.41

rs762551 A > C

AA + AC (N = 476) 1.43 (1.16) 0.28 (0.59) 193.65 (149.22)

*CC (N = 44) 2.16 (1.45) 0.21 (0.37) 253.93 (158.24)

p 0.001 0.49 0.033

OR (95% CI) 2.06 (1.33–3.21) – 6.68 (5.16–115.58)

η2
p 0.022 – 0.010

pa 0.083 – 0.55

OR (95% CI) – – –

η2
p – – –
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gender (F = 8.19, p = 0.004, η2
p = 0.018) but not for smok-

ing status (F = 0.117, p = 0.46, η2
p = 0.001).

Genetic effect modification, main effect and interactions
The CYP1A2 rs2470893 SNP GA + AA genotype showed 
a significant main effect on coffee intake (F = 10.02, 
p = 0.002, η2

p = 0.021) (Table  4). After stratification 
(Table 5), the p values were p = 0.000 for nonsmokers and 
p = 0.017 for smokers (p = 0.204 for genotype × smok-
ing status), p = 0.009 for subjects ≤ 35  years and p = 0.38 
for subjects > 35  years (p = 0.008 for genotype × mean 
age), p = 0.001 for women and p = 0.67 for men (p = 0.017 
for genotype × gender). The main effect of rs2470893 
SNP GA + AA genotype on tea intake was also significant 
(F = 63.35, p = 0.000, η2

p = 0.122) (Table 4). The association 
differed after stratification by smoking status [nonsmokers 
(p = 0.002) vs. smokers (p = 0.12), p = 0.01 for genotype × 
smoking status], mean age [subjects ≤ 35  years (p = 0.32) 
vs. subjects > 35  years (p = 0.033), p = 0.15 for geno-
type × mean age] and gender [men (p = 0.05) vs. women 
(p = 0.045), p = 0.000 for genotype × gender]. For rs762551 
SNP, there was no significant main effect on coffee con-
sumption (F = 0.210, p = 0.64, η2

p = 0.001). Sensitivity 
analysis showed significantly higher coffee consumption in 
rs762551 CC carriers that were smokers (+ 0.73 cups/day, 
p = 0.011), of younger age (+ 1.09 cups/day, p = 0.001) and 
of male gender (+ 1.12 cups/day, p = 0.000) (Table 5), but 
interaction effects were not significant.

Beverage preference according to rs2470893 SNP 
genotypes
In our sample, there were 375 persons of coffee only drink-
ers, 45 of tea only drinkers, and 100 of both tea and coffee 
drinkers. rs2470893 SNP A allele carriers were higher cof-
fee only drinkers [OR (95% CI) 1.30 (0.79–2.13)] and lower 
tea only drinkers [OR (95% CI) 0.46 (0.18–1.21)], but signif-
icance was not reached (p = 0.29 and p = 0.12, respectively) 
(Table 6). Correlation analysis in the whole sample showed 

that coffee and tea consumption were inversely correlated 
(r = −  0.97, p = 0.027). However, no significant correla-
tion was observed in rs2470893 GG carriers (r = −  0.70, 
p = 0.158) instead of a stronger inverse correlation detected 
in rs2470893 A allele carriers (r = −2.41, p = 0.013; Table 6).

Discussion
The habitual consumption of a beverage can vary widely 
among human populations according to historical, cul-
tural and genetic factors. CYP1A2 gene SNPs associa-
tion with habitual caffeine consumption was replicated 
in GWAS on populations of European ancestry. There-
fore, it would be interesting to replicate associations in 
geographically, culturally and genetically different pop-
ulations. In this candidate gene study, we investigated 
CYP1A2 gene SNPs association with habitual coffee 
and tea intake in the Tunisian population, a functional 
SNP, rs762551 (Sachse et al. 1999), and two SNPs show-
ing significant association with coffee intake in GWAS, 
rs2472297 and rs2470893 (Amin et  al. 2012; Cornelis 
et al. 2011, 2015; Sulem et al. 2011).

CC carriers of rs762551 SNP showed significantly 
increased coffee consumption in univariate analysis, 
but not in multivariate analysis. Smoking and gender 
effects (responsible for 26.9% and 7.9% of variation in 
coffee intake, respectively) may explain the observed 
association in rs762551 CC carriers, as increased cof-
fee intake was observed among CC carriers that were 
smokers (p = 0.000) and of the male gender (p = 0.000); 
(Table 5). For tea intake, there was no significant asso-
ciation with the rs762551 CC genotype. Early stud-
ies on coffee intake genetics looked to rs762551 SNP, 
as C allele carriers showed decreased activity of the 
enzyme (Sachse et  al. 1999). However, its association 
with coffee consumption remains controversial. Previ-
ous GWAS for habitual coffee drinking reported only 
nominal significance for rs762551 SNP [(p  = 0.003) 
(Amin et al. 2012) and (p = 0.008) (Sulem et al. 2011)]. 
However, other data showed a stronger relationship 

Table 4 rs2470893 SNP genotypes, age, gender, and smoking status main effects and interactions on coffee and tea drinking

rs2470893 SNP
GG versus GA + AA

Coffee drinking Tea drinking

df F p η2
p df F p η2

p

Genotype 1 10.02 0.002 0.021 1 63.35 0.000 0.122

Mean age 1 3.11 0.078 0.007 1 118.97 0.000 0.208

gender 1 23.27 0.000 0.048 1 8.19 0.004 0.018

Smoking status 1 120.73 0.000 0.209 1 0.117 0.46 0.001

Genotype × mean age 1 7.06 0.008 0.015 1 1.98 0.15 0.004

Genotype × gender 1 5.70 0.017 0.012 1 48.32 0.000 0.096

Genotype × Smoking status 1 1.61 0.204 0.004 1 6.67 0.01 0.014
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Table 5 The effect of rs2470893 and rs762551 SNPs genotypes on beverage intake after stratification by smoking status, age and 
gender

rs2470893 SNP genotype Number of coffee cups/
day mean (SD)

Number of tea cups/day 
mean (SD)

rs762551 SNP genotype Number of coffee 
cups/day mean 
(SD)

Nonsmokers

GG (N = 197) 0.73 (0.73) 0.44 (0.81) AA + AC (N = 243) 0.95(0.84)

*GA + AA (N = 63) 1.22 (0.92) 0.11 (0.19) *CC (N = 17) 0.99(0.83)

p 0.000 0.002 p 0.83

OR (95% CI) 1.64 (1.30–2.06) 0.72 (0.58–0.89) OR (95% CI) –

η2
p 0.068 0.036 η2

p –

pa 0.000 0.000 pa –

OR (95% CI) 1.64 (1.25–2.14) 0.62 (0.50–0.78) OR (95% CI) –

η2
p 0.055 0.070 η2

p –

Smokers

GG (N = 218) 2.00 (1.21) 0.24 (0.38) AA + AC (N = 233) 2.02 (1.20)

*GA + AA (N = 42) 2.50 (0.96) 0.14 (0.33) *CC (N = 27) 2.75 (1.28)

p 0.017 0.12 p 0.011

OR (95% CI) 1.63 (1.09–2.44) – OR (95% CI) 2.07 (1.18–3.62)

η2
p 0.022 – η2

p 0.028

pa 0.098 – pa 0.000

OR (95% CI) – – OR (95% CI) 2.50 (1.50–4.16)

η2
p – – η2

p 0.055

Age ≤ 35

GG (N = 225) 1.38 (1.24) 0.19 (0.41) AA + AC (N = 250) 1.41 (1.18)

*GA + AA (N = 50) 1.90 (0.88) 0.12 (0.31) *CC (N = 20) 2.5 (0.42)

p 0.009 0.32 p 0.001

OR (95% CI) 1.67 (1.14–2.46) – OR (95% CI) 2.95 (1.60–5.42)

η2
p 0.027 – η2

p 0.051

pa 0.003 – pa 0.15

OR (95% CI) 1.63 (1.18–2.25) – OR (95% CI) –

η2
p 0.035 – η2

p –

Age > 35

GG (N = 190) 1.49 (1.17) 0.47 (0.73) AA + AC (N = 226) 1.48 (1.04)

*GA + AA (N = 55) 1.34 (0.82) 0.24 (0.32) *CC (N = 24) 1.83 (1.99)

p 0.38 0.033 p 0.25

OR (95% CI) – 0.79 (0.64–0.98) OR (95% CI) –

η2
p – 0.020 η2

p –

pa – 0.000 pa –

OR (95% CI) – 0.64 (0.52–0.79) OR (95% CI) –

η2
p – 0.071 η2

p –

Gender (F)

GG (N = 90) 0.92 (1.36) 0.53 (1.02) AA + AC (N = 106) 1.28 (1.56)

*GA + AA (N = 25) 2.02 (1.67) 0.11 (0.16) *CC (N = 9) 0.00 (0.00)

p 0.001 0.045 p 0.069

OR (95% CI) 3.01 (1.58–5.73) 0.65 (0.43–0.99) OR (95% CI) –

η2
p 0.093 0.035 η2

p –

pa 0.000 0.000 pa –

OR (95% CI) 3.38 (1.92–5.94) 0.34 (0.20–0.59) OR (95% CI) –

η2
p 0.168 0.141 η2

p –

Gender (M)

GG (N = 325) 1.54 (1.10) 0.29 (0.46) AA + AC (N = 370) 1.48 (1.02)
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between rs762551 SNP and coffee intake (p < 0.0002) 
(Rodenburg et al. 2012).

On the other hand, we did not detect any signifi-
cant effect of rs2472297 SNP on coffee or tea intakes, 
but rs2470893 A carriers were higher coffee consum-
ers, with a significant main effect (η2

p = 0.021). Despite 
its association with coffee intake in previous GWAS 
(Amin et  al. 2012; Cornelis et  al. 2011, 2015; Josse 
et  al. 2012), rs2472297 SNP seems not to have any 
effect in the Tunisian population, probably in relation 
with its minor allele (T) low frequency (f = 0.045) as 
compared to rs2470893 SNP (f(A) = 0.106). Further-
more, the 2 SNPs were weakly linked (R2 = 0.4), even 
rs2472297 SNP T mutation occurred on an ancestral 
rs2470893 SNP A allele carrying haplotype (D′ = 1). A 
GWAS on coffee consumption performed on the Ice-
landic population showed significant effects for both 
rs2472297 and rs2470893 SNPs, as they were in strong 
LD (R2 = 0.85) (Sulem et al. 2011). But in another can-
didate gene study on the Costa Rican population, where 
the authors reported a R2 value of 0.70 for rs2472297 
and rs2470893 SNPs, they found significant association 
only for rs2472297 SNP (Josse et al. 2012).

The effect of rs2470893 SNP on caffeine intake was 
estimated mainly based on coffee drink assumptions 
(Cornelis et  al. 2011, 2015; Amin et  al. 2012). How-
ever, few studies have investigated its relationship with 
tea, or caffeine from tea intake. Previous data in the US 
population showed a stronger association between the 
rs2470893 A allele and coffee intake, as compared to total 
caffeine intake (from coffee, tea, soft drinks and choco-
late) suggesting a closer relationship to coffee than tea 
(Cornelis et  al. 2011). A recent study, conducted on a 
sample from the UK Biobank (Taylor et al. 2018), and in 
line with a previous report from the same research group 
(McMahon et al. 2014) showed that a 2 SNP (rs4410790 
(G allele) from AHR gene and rs2470893 (A allele) from 
CYP1A2 gene) genetic risk score was associated with cof-
fee and tea intakes [OR (95% CI) 1.12 (1.10–1.14) and 
1.15 (1.13–1.17), respectively]. Interestingly, this asso-
ciation was observed with black tea (the most consumed 
tea type in the UK) but not with green tea [OR (95% CI) 
0.98 (0.94–1.02)]. In the present study, we found that tea 
intake was − 0.18 cups/day lower in rs2470893 A carri-
ers, with green tea as the most consumed tea type (86% 
of tea consumers). The lack of association with herbal tea 
intake in the UK Biobank study was attributed to that it 
was not consumed in high quantities (as black tea, con-
taining more caffeine than green tea, is the regular tea 
beverage in the UK). A possible explanation of our find-
ing of coffee preference instead of tea in rs2470893 SNP 
A allele carriers could be the automatic limitation of 
consuming other drinks among habitual coffee consum-
ers (rs2470893 SNP A carriers), as a person has to con-
sume only a certain number of drinks per day. However, 
the strong inverse correlation between the two beverages 
intake observed in rs2470893 A allele carriers disap-
peared when analyzing rs2470893 GG genotype carri-
ers, suggesting another direct link between the genotype 
and beverage preference. Nevertheless, the preference 

*Risk genotype
a Adjusted for age, gender and smoking status

Table 5 (continued)

rs2470893 SNP genotype Number of coffee cups/
day mean (SD)

Number of tea cups/day 
mean (SD)

rs762551 SNP genotype Number of coffee 
cups/day mean 
(SD)

*GA + AA (N = 80) 1.59 (0.95) 0.18 (0.34) *CC (N = 35) 2.60 (1.18)

p 0.67 0.05 p 0.000

OR (95% CI) – 0.89 (0.80–0.99) OR (95% CI) 3.05 (2.00–4.65)

η2
p – 0.010 η2

p 0.068

pa – 0.002 pa 0.000

OR (95% CI) – 0.84 (0.75–0.93) OR (95% CI) 2.07 (1.37–3.12)

η2
p – 0.025 η2

p 0.034

Table 6 Beverage preference according to rs2470893 SNP 
genotypes

*Risk genotype

Parameters rs2470893 
genotypes

OR (95% CI) p

AA + GA* GG

Only coffee (N)/total (N) 80/105 295/415 1.30 (0.79–2.13) 0.29

Only tea (N)/total (N) 5/105 40/415 0.46 (0.18–1.21) 0.12

Coffee intake versus tea intake correlation

r − 2.41 − 0.70

p 0.013 0.158
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could not be attributed to the higher caffeine content 
of coffee, as a cup of green tea decoction contains more 
caffeine than a cup of coffee (Hammad et al. 2015; Ham-
daoui et  al. 2016). Other issues should be explored to 
explain such beverage preference according to CYP1A2 
rs2470893 SNP genotypes, related to caffeine metabo-
lism rate, or bitter taste perception. Indeed, the inducing 
effect of coffee on CYP1A2 activity is more pronounced 
than that of heavy tea consumption, through the other 
coffee components (such as polycyclic aromatic hydro-
carbons) (Perera et al. 2012), which suggests a faster caf-
feine metabolism rate after coffee ingestion. In the study 
of Masi et  al. (2016), the authors showed that the pref-
erence for stronger coffee flavor is consequent to regular 
coffee consumption, which induces faster caffeine metab-
olism and lower sensitivity to bitter taste. Similarly, this 
situation of a higher coffee intake in addition to the faster 
caffeine metabolism rate that would occur in rs2470893 
SNP A allele carriers, could explain the observed coffee 
preference instead of tea.

The study of the main effect of genotypes, demo-
graphic, and lifestyle factors on beverage intake dem-
onstrated that smoking was responsible for 20.9% of the 
variation in coffee intake, followed by gender (4.8%) and 
genotype (2.1%). Additionally, age accounted for 20.8% of 
the variation in tea intake, followed by genotype (12.2%) 
and gender (1.8%). For demographic variables, our data 
align with a previous report on Australian twins (Luciano 
et al. 2005) suggesting that gender and age had a signifi-
cant effect on the consumption rate of both beverages, 
except for a nonsignificant age effect on coffee intake in 
our study. In both data, age was positively correlated with 
tea intake; furthermore, in the data of our study, females 
consumed more tea than males, but males consumed 
more coffee in comparison. On the other hand, sensi-
tivity and interaction analyzes showed that women who 
were carriers of the allele rs2470893 SNP A were higher 
coffee drinkers (1.2% of variation) and lower tea drink-
ers (9.6% of variation) whereas no significant genetic 
effect was observed in men. This data is consistent with 
the report of the Australian twins’ study (Luciano et  al. 
2005) that determined that tea and coffee intakes were 
influenced by different genes in men, whereas genes that 
increased tea consumption decreased coffee consump-
tion (and vice versa) in women. Regarding age, the inter-
action with rs2470893 SNP GA + AA genotype on coffee 
drinking was significant (1.5% variation) as the associa-
tion was only observed in subjects ≤ 35 years (p = 0.009). 
However, the interaction effect on tea intake was not 
significant (p = 0.15). Regarding smoking, although the 
difference between rs2470893 SNP genotypes, in terms 
of coffee intake, was more pronounced in smokers 
(p = 0.000), compared to nonsmokers (p = 0.017), there 

was no significant genotype-smoking status interaction 
(p = 0.204). However, there was a significant interaction 
on tea drinking (p = 0.01) with the lowest intake observed 
in nonsmokers who were carriers of the rs2470893 SNP 
A allele. According to all these data, there is evidence 
for genetic variation in beverage liking at the condi-
tion of lower CYP1A2 enzymatic activity (that would be 
observed in women (Gunes and Dahl 2008), nonsmokers 
(Backman et  al. 2008), and younger subjects (although 
controversial (Gunes et al. 2009; Simon et al. 2001)).

Finally, there are some limitations to this analysis that 
should be considered. First, this study had a relatively 
small sample size, which limited the statistical power. 
Also,  caffeine use  utilizes self-report measures of daily 
consumption, but this information can be biased by dif-
ferences in terms of coffee amount used, tea brewing 
time, brands used, size of cup, etc. In addition, informa-
tion about other caffeinated food uses like cola and choc-
olate (although not consumed as much as coffee and tea) 
and alcohol consumption (as a possible covariate for caf-
feinated foods intake) was not available in this study.

Conclusions
In this study from the Tunisian population, we showed 
that CYP1A2 rs2470893 SNP was associated with caffein-
ated beverages intake. Interestingly, an opposite genetic 
effect of rs2470893 SNP GA + AA genotype on coffee 
and tea intakes was observed, suggesting a beverage pref-
erence according to genotype. Furthermore, we observed 
that genetic variation was significant at the condition of 
lower CYP1A2 enzyme activity (women, nonsmoker and 
younger age).
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