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Introduction

Abstract

    In 2015, the European Food and Safety Authority (EFSA) evaluated the worldwide consumption of coffee to verify the potential use 
and abuse of caffeine by the population, with the aim to identify potential adverse effects on the human health. The conclusion of the 
survey was the following: single doses of caffeine up to 200/400 mg did not give rise to safety concerns.
Methods: Caffeine is one of the most widely consumed substance and beverage in the world, showing not only benefits, as excellent 
source of antioxidants, but also offering to prevent inflammatory and oxidative stress-related diseases, including obesity, metabolic 
syndrome and type 2 diabetes. In the elderly people with several comorbidities, caffeine contributed to reduce several neurological 
disorders, such as senile dementia, Alzheimer’s and Parkinson’s disease, contributing to alleviate tremors and helping the memory 
loss in elderly subjects. 
Results: It is widely known CYP1A2 polymorphic enzyme (AA) (AC) (CC) is responsible for different levels in the caffeine metabo-
lism, leading to a distinction in separate categories where CYP1A2*1A allele (AA) are "rapid" caffeine metabolizers, in contrast to 
carriers of the variant CYP1A2*1F who are "slow" caffeine metabolizers (AC-CC). In the absence of biological matrix, such as blood 
and urine, we performed in silico analysis of the genetic polymorphism CYP1A2*1A rs762551 distributed into five different ethnic 
groups of 210 subjects, including Caucasian, Africans, Americans, South Asians and East Asians. 
Conclusions: The goal of this study is to identify potential significant difference in metabolism of caffeine to verify the most suscep-
tible individuals in five ethnic groups.
Keywords: Caffeine; Metabolism; CYP1A2; Polymorphic Gene; Slow and Fast Metabolizers Caffeine; Metabolism; CYP1A2; Polymor-
phic Gene; Slow and Fast Metabolizers 

Caffeine (i.e.1,3,7-trimethylxanthine) is one of the most widely 
consumed substance and beverage in the world. It shows many 
benefits, as excellent source of antioxidants, contributing to pre-
vent inflammatory and oxidative stress-related diseases, includ-
ing obesity, metabolic syndrome and type 2 diabetes [1]. Coffee 
consumption has been associated to a decreased risk of develop-
ing senile conditions in the elderly people, since epidemiological 
studies observed that regular coffee consumption is associated 
with a lower risk of neurodegenerative diseases [2]. In the elderly 
people with several comorbidities, comprising neurological disor-
ders such as senile dementia, Alzheimer’s and Parkinson’s disease, 
coffee drinking may help to reduce the frequency of tremors and 
memory loss [3-6]. In a further study, coffee consumption seemed 

to contribute with a lower incidence of several types of cancer with 
a reduction in the risk of all-cause mortality, concluding that mod-
erate coffee use is associated with a lower all-cause and cancer 
mortality after a long follow-up period, finding absence of signifi-
cant association between coffee consumption and cardiovascular 
mortality (CVD) [7].

Coffee market
The largest coffee production is concentrated in developing 

Countries particularly in Brazil, Vietnam and Colombia, while the 
European Union and the United States of America are the largest 
consuming and importing markets globally by Food and Agricul-
ture Organization of the United Nations (FAO). The coffee pro-
duction increased from about 8.5 million tonnes in 2008 to 10.7 
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million tonnes in 2020, according to [8] International Institute for 
Sustainable Development 2022). Brazil, Vietnam, and Colombia are 
the highest-producing Countries and largest exporters since 2016, 
with 33 million, 29 million, and 14 million 60-kg bags, respectively, 
in the years 2021/2022. The European Union (EU), United States, 
and Japan represents the largest importers with about 43 million, 
26 million, and 7 million 60-kg bags, respectively, in 2021/2022. 
Although the global coffee supply and demand have remained fairly 
stable over the last 5 years, the coffee demands is expected to drop, 
mostly due to unfavourable weather conditions [9]. Although this 
sector is in expansion, recurrent and detrimental market imbalanc-
es and asymmetric income distribution among market buyers can 
threaten the livelihood of millions of small holder producers [10]. 
International Institute for Sustainable Development 2022). Finally, 
the consumption of up to 400 mg/day (1-4 cups per day) of caffeine 
is safe, however its impact on health outcomes and adverse effects 
have been clarified from more scientific resource and data.

Coffee consumption and human health
In the year 2015, due the worldwide consumption of coffee at 

different levels in the population, the public and the scientific com-
munity engaged the European Food and Safety Authority (EFSA) 
[11] to express an interest in the potential use and abuse of caffeine 
by the population, due to the potential concern and adverse effects 
on the human health. The request came upstream from the Europe-
an Commission, leading to the conclusion that for the healthy adult 
population, single doses of caffeine up to 200/400 mg (about 3 mg/
kg bw for a 70-kg adult) do not give rise to safety concerns. Several 
benefits were attributed to caffeine including physical endurance, 
reduction of fatigue, enhancement of mental alertness and concen-
tration [12]. Caffeine-common ingredient in a diet and its influence 
on human health). An important and extensive study on this topic 
was published in the review [13], concluding that moderate daily 
caffeine intake at a dose level up to 400 mg, equivalent to 6 mg kg(-
1) body weight day(-1) in a 65-kg person) was not associated with 
adverse effects. The main role of EFSA evaluation was to analyze 
the potential bad effects in the fragile categories, such as adoles-
cents, elderly people, pregnant and breastfeeding women as well 
as adults, to conclude that permissive doses of caffeine could be 
assumed in the appropriate amount of caffeine for each group. Ac-
cording to the published paper [14] it was agreed that in the coffee 
drinker populations, typical moderate caffeine intake is not associ-
ated with increased risks of several diseases, such as cardiovascu-
lar, arrhythmia, heart failure and hypertension. According to Vester 
and Koenig [15], the data revealed that mean total daily caffeine 
intake in children, adolescents, and adults was below caffeine in-
take recommendations such as those stated by Health Canada and 
by the European Food Safety Authority, confirming that caffeine 
consumption was not detrimental at the permissive and proposed 
caffeine doses [16]. In most of the survey the predominant source 

of caffeine for adults was coffee, accounting for between 40% and 
94% of the total intake. In Ireland and the United Kingdom, tea was 
the main source, accounting for 59% of total caffeine intake in the 
first country and 57% in the second respectively [17].

Positive and negative effects of caffeine consumption 
Seventy percent of the coffee consumption by people has been 

estimated around the morning 6:00-9:00 AM and after lunch 
13:00-15:00. Caffeine is known to have several positive actions 
on the brain exerting its effects by blocking adenosine receptors. 
It increases alertness and well-being, help concentration, improve 
the mood and limit depression. In few people caffeine may disturb 
sleep, while other individuals may suffer from anxiety, varying 
from subjects. Following low moderate ∼300 mg dose, caffeine 
increases alertness, vigilance, intensification of reaction time and 
attention but less consistent effects are observed on memory. Al-
though caffeine does not seem to experience dependence, there are 
people who undergo withdrawal symptoms. A less known effect of 
caffeine is the intensification on analgesic drugs in headache and 
migraine, depending also on the genotype [18]. 

Caffeine and pregnancy
Pregnancy and medications including oral contraceptives, an-

tidepressants, cardiovascular drugs and antibiotics, slow caffeine 
removal from the bloodstream, while cigarette smoking increases 
the rate of caffeine removal from the bloodstream, depending on 
the gene polymorphism of the individual. It has been known that 
short-term adverse effects on adults and children may include cen-
tral nervous system disorders including disrupted sleep, anxiety, 
and behavioral changes. In the long term, excessive caffeine con-
sumption has been associated with cardiovascular disease and 
in pregnant women may reduce fetal development. Furthermore 
excessive exposure to caffeine during sensitive windows of preg-
nancy may induce epigenetic changes in the developing fetus or 
even the germ cells to cause adult-onset diseases in subsequent 
generations [19] while it has been recently demonstrated that caf-
feine consumption in pregnancy is associated with reduced birth 
size, although potential associations with childhood growth are 
still unclear [20]. Since higher caffeine intake in pregnancy is as-
sociated with lower infant birth weight, the caffeine consumption 
should not exceed 200 mg per day.

Caffeine metabolism 
Coffee is a source of complex organic compounds with many 

beneficial. The P450 system in the liver has a key role in coffee me-
tabolism. The caffeine intake spreads throughout the body, reaches 
the liver where it is metabolised by cytochrome P450, namely the 
CYP1A2*1A enzyme. The compounds, including paraxanthin, the-
ophylline and theobromine are then metabolized into uric acid 
and excreted in urine. CYP1A2*1A is the enzyme responsible for 
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the metabolism of caffeine and also other drugs. In this context the 
polymorphic CYP1A2*1A alleles are “rapid” caffeine metabolizers, 
whereas carriers of the variant CYP1A2*1F gene are “slow” caffeine 
metabolizers. The rs762551(AA) CYP1A2*1A (C-163A) codes for 
the “high inducibility” form of the enzyme, characterized by higher 
activity in the presence of an inducer such as smoking or heavy 
coffee consumption. Caffeine, is the most well-known constituent 
that stimulates the central nervous system, as a source of complex 
organic compounds with beneficial anti-oxidant and endocrine 
properties [21]. Most of the biological effects of caffeine including 
those on the brain and the central nervous system are mediated 
through antagonism of the adenosine receptors [22]. The metabo-
lism of caffeine by the CYP1A2 enzyme shows substantial varia-
tion between people, because of both genetic and environmental 
factors [23]. There is some evidence, although not significant, that 
polymorphisms in the gene are known to moderate the association 
between coffee consumption and hypertension [24] and myocar-
dial infarction. No association has been found between variants 
in CYP1A2 and caffeine consumption, [25] but a single-nucleotide 
polymorphism (SNP) in this gene (rs762551) has been shown to be 
associated with high inducibility of the CYP1A2 enzyme in smok-
ers [26]. Cornelis and coworkers analyzed the individual suscep-
tibility in gene polymorphism exposed to caffeine to determine 
whether CYP1A2 genotype modifies the association between cof-
fee consumption and risk of acute nonfatal myocardial infarction 
[27]. The results demonstrated coffee intake was associated with 
an increased risk of nonfatal MI only among individuals with slow 
caffeine metabolism, suggesting that caffeine plays a role in this 
association. In non-smokers, there was no significant difference in 
CYP1A2 activity between the genotypes, while in smokers, the A/A 
homozygotes had 1.6 times higher CYP1A2 activity respective to 
A/C and C/C genotypes.

Caffeine habits consumption and health
There are large differences between Countries in the contribu-

tion of different food sources to the total caffeine intake. According 
to the EFSA Journal, in the year 2015 (European Food Safety Au-
thority 2015) chocolate was the number one source in six surveys, 
while coffee was in four surveys, cola drinks in three, and tea in 
two. In most countries, chocolate was the main source of caffeine 
for children aged 3 to 10, followed by tea and cola drinks. One rea-
son for the differences in levels of consumption, apart from cultural 
habits, was the variable concentration of caffeine found in some 
food products. The concentrations in coffee-based beverages de-
pend on the production process, the variety of coffee beans used 
and the methods of preparation (e.g. filter coffee, espresso). A short 
publication [28] was released by Kristin Walter on the JAMA jour-
nal, who contributed to analyze the beneficial effects and medical 
use of caffeine, highlighting the common, good and negative effects 
of this substance. Briefly, the caffeine metabolism varies among in-

dividuals, depending on the gene polymorphisms involved in the 
caffeine metabolism and duration of action was estimated typically 
between 2.5 and 4.5 hours. Caffeine consumption in moderate dos-
es from 40 to 200 mg acts within the brain to decrease fatigue, in-
crease alertness, and decrease the reaction time. Caffeine may also 
decrease appetite and slightly reduce weight gain although percep-
tions remains unclear [29]. In moderate doses, caffeine has been 
associated with decreased risk of depression and suicide as found 
in different studies [30]; Centers for Disease Control and Preven-
tion 2022). Also, few reports have shown that coffee decreased the 
risk of Endometrial Cancer [31,32]. In contrast, cigarette smoke 
increases the rate of caffeine removal from the bloodstream. In 
higher doses, caffeine can produce anxiety and have difficulty fall-
ing asleep if coffee is assumed late in the day. Furthermore excess 
of caffeine (more than 1200 mg) and overuse of supplement caf-
feine may cause adverse effects such as agitation, severe anxiety, 
elevated blood pressure and palpitations. Although caffeine does 
not seem to be addictive, abrupt cessation in regular users may re-
sult in withdrawal symptoms, which typically peak at 1 to 2 days 
and include headache, fatigue, and depressed mood. 
 
Materials and methods and statistical analysis 

The object of this special report has been focused to substitute 
the traditional genetic polymorphism of CYP1A2*1A made in the 
laboratory, with the in silico analysis obtained in the five ethnic 
groups i.e. Caucasian, Africans, Americans, South Asians and East 
Asians, including men and women to identify a significant differ-
ence in the five populations. Two hundreds and ten individual 
genotypes in each ethnic group have been downloaded from the 
Ensembl project of genome database for vertebrates and other eu-
karyotic species [33] (Ensembl GRch37 2023).

All statistical analyses were performed using the software R 
(version 4.2.0, R Foundation for Statistical Computing, Vienna, Aus-
tria). A significance criterion p < 0.05 was conventionally adopted. 
All the probabilities were adjusted for multiple comparison with 
the Bonferroni criterion. The Pearson chi square test was used to 
test the statistical significance of the difference between the eth-
nic groups in caffeine metabolizing efficiency. The heterozygous 
AC and homozygous CC variants were separately compared to the 
wild-type variant AA, considered as the fast metabolizer genotype. 
The incidence of the variant AC or the variant CC (AC + CC) was 
compared to the wild-type (WT) and finally the incidence of the 
wild type or the heterozygous variant (WT + AC) was compared 
to the homozygous variant CC. All the possible comparisons were 
performed between the ethnic groups. In this analysis the data 
coming from male and female groups were summed together. The 
significance of the gender difference was also tested in the differ-
ent ethnic groups.
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Results and Discussion
The maximum incidence of fast metabolizer genotype was found 

in the Americans ethnic group, in this group a percentage of 72% of 
wild - type individuals was found. The second group for percentage 
of fast metabolizers is the Caucasians (62%). In the Africans the 

Caucasians Africans South asians East asians Americans
WT – versus hetero-

zygous variant AC
Caucasians 4.021E-05 2.864E-07 4.027E-07 n.s.

Africans 4.021E-04 n.s. n.s. 1.199E-06
South asians 2.864E-06 n.s. n.s. 1.830E-09
East asians 4.027E-06 n.s. n.s. 2.739E-09
Americans n.s. 1.199E-06 1.830E-09 2.739E-09

Caucasians Africans South asians East asians Americans
WT – versus homoro-

zygous variant CC
Caucasians 6.627E-05 5.726E-06 2.599E-05 n.s.

Africans 6.627E-05 n.s. n.s. 1.451E-12
South asians 5.726E-06 n.s. n.s. 3.190E-14
East asians 2.599E-05 n.s. n.s. 3.242E-13
Americans n.s. 1.451E-12 3.190E-14 3.242E-13

Caucasians Africans South asians East asians Americans
WT – versus homozy-
gous +heterozygous 

variant AC+CC

Caucasians 1.384E-06 6.113E-09 2.136E-08 n.s.
Africans 1.384E-06 n.s. n.s. 1.364E-13

South asians 6.113E-09 n.s. n.s. 5.155E-17
East asians 2.136E-08 n.s. n.s. 2.850E-16
Americans n.s. 1.364E-13 5.155E-17 2.850E-16

Caucasians Africans South asians East asians Americans
WT + homozygous AC 
versus heterozygous 

variant CC

Caucasians 7.618E-03 5.142E-03 1.400E-02 n.s.
Africans 7.618E-03 n.s. n.s. 7.726E-09

South asians 5.142E-03 n.s. n.s. 3.524E-09
East asians 1.400E-02 n.s. n.s. 1.944E-08
Americans n.s. 7.726E-09 3.524E-09 1.944E-08

Table 1

percentage of fast metabolizers was of 41% and finally the same 
percentage of 38% of wild - type genotype was found in South and 
East Asians. The results of the comparisons between the different 
ethnic groups are summarized in table 1.

Variable n = 430 Per centage (%)
Cancer type

Breast cancer 124 28.8
Other cancer 306 71.2

Dietary habits consumption
Inappropriate dietary habits of patients 370 86.0

Approriate dietary habits of patients 60 14.0
Nutritional status of mother

Obesity (BMI ≥ 30) 89 20.7
Overweight (BMI 25 - 29.9) 118 27.4

Normal (BMI 18.5-24.9) 165 38.4
Underweight (BMI ≤ 18.5)

Specific mortality due to B. Cancer
Dead of breast cancer

Survival

58

149
281

13.5

34.7
65.3

Table 2: Prevalence of the breast cancer and inappropriate diet habits consumption and nutritional status of the  
hospitalized patients of cancer in the Jason Sendwe Hospital, from 2019 to 2020.
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Variable n = 430 Per centage (%)
Red meat consumption habit

Yes 218 50.7
No 212 49.3

Delicatessen
Yes 210 48.8
No 220 51.2

Sugars and sweet products
Yes 349 81.2
No 81 18.8

Alcoholic beverages
Yes 58 13.5
No 372 86.5

Tobacco
Yes 35 8.1
No 395 91.9

Tot al fats
Yes 309 71.9
No 121 28.1

Fruits and vegetables
Yes 414 96.3
No 16 3.7

Milk and dairy products
Yes 269 62.6
No 161 37.4

Fish
Yes 368 85.6
No 62 14.4

Poultry
Yes 348 80.9
No 82 19.1

Table 3: Diet consumption habits of various foods by the hospitalized patients of cancer in the Jason Sendwe Hospital,  
from 2019 to 2020.

Variable Breast cancer Chi-Square p-value OR 95% CI (OR)
Yes No Lower Upper

Diet habit consomption
Inappropriate 92 278 20.39 0.0000 3.453 1.974 6.041
Appropriate 32 28 1.0

Red meat consumption
Yes 75 143 6.676 0.0097 1.745 1.141 2.667
No 49 163 1.0

Cold cuts consumption
Yes 70 140 4.043 0.0443 1.535 1.009 2.345
No 54 166 1.0

Poultry consumption
Yes 94 254 2.964 0.0851 0.6422 0.387 1.076
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No 30 52 1.0
Sugar et sweet product

Yes 120 279 4.133 0.0420 2.898 1.062 9.887
No 4 27 1.0

Alcoholic beverage consumption
Yes 25 33 6.649 0.0099 2.085 1.171 3.686
No 99 273 1.0

Total fat consumption
Yes 100 209 6.65 0.0099 1.931 1.173 3.253
No 24 97 1.0

Tabaco smoking
Yes 10 25 0.001312 0.9711 0.986 0.4397 2.09
No 114 281 1.0

Fish consumption
Yes 111 257 2.186 0.1393 1.626 0.8623 3.223
No 13 49 1.0

Milk and dairy product
Yes 93 176 11.52 0.0006 2.212 1.396 3.559
No 31 130 1.0

Fruits and vegetables
Yes 119 295 0.04714 0.8281 0.8877 0.306 2.889
No 5 11 1.0

Table 4: Association of breast cancer with inappropriate diet habits consumption of hospilized patients of cancer  
in the Jason Sendwe Hospital, from 2019 to 2020.

1A: Difference in percentage of the allele frequency  
in the five ethnicities.

1B

Figure 1

No significant differences was found in the risk of Caucasians 
with respect to the Americans. A significantly increased risk was 
found in the ethnic groups, Africans, South and East Asians when 
compared to the Americans or to the Caucasian both for the homo-
zygous and heterozygous variants compared to the wild – type and 

for the AC + CC compared to the WT. Also the comparison between 
the WT + AC versus the homozygous variant CC was found signifi-
cantly disadvantageous in the Africans, South and East Asian with 
respect to the Americans or the Caucasians. No significant differ-
ences were found in the groups of Africans, South or East Asians 
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when compared among them. As regards the comparison between 
males and females within the same ethnic group, the only signifi-
cant differences were found in the group of Caucasians. In this 
group the males were found more susceptible (p = 0.05) with re-
spect to the females for the homozygous variant and when the WT 
+ AC was compared to the homozygous variant CC (p = 0.04).

Conclusion
This paper identified the slow and rapid caffeine metabolizers 

with the homozygous and heterozygous variant AC and CC with re-
spect to the AA wild-type genotype of the gene CYP1A2*1A. The 
comparison between the five ethnic groups showed the maximum 
incidence in the Americans followed by Caucasians of fast caffeine 
metabolizers. These two groups were found not significantly dif-
ferent. However, when the Africans, South Asians and East Asians 
were compared to the Americans or Caucasians, a significant risk 
increase was found. Our in silico results allowed to assess a relative 
risk evaluation for three ethnic groups due to the slow caffeine me-
tabolism. This result can be useful to evaluate the metabolic burden 
in the different ethnic groups and could help in the diet optimiza-
tion at preventive purposes. The methodological approach can be 
extended to other substances present in the diet or as xenobiotics 
at workplace or in the environmental life. When there is no access 
to genotyping tests or in the absence of informed consent from vol-
unteers or workers, as described by the authors in a previous study 
the use of in silico database may allow to obtain useful results [34] 
Chiarella., et al. 2019; [35] Westra and de Beaufort 2015). In the last 
years the availability to enrole numerous subjects to evaluate spe-
cific exposures such as in the case of caffeine has become limitant 
for several reasons. The production of in silico data may represent 
a valid alternative and an opportunity for researchers, offering the 
advantage to recruit open data by having full access to several data-
bases. This paper provided useful data related to the susceptibility 
risk in five different ethnic group samples with slow and fast me-
tabolism, despite the poor numerosity of available subjects. Here 
the in silico study performed on caffeine concentration patterns 
has been able to identify the groups with the highest and lowest 
risk in metabolizing this substance, leading to identification of the 
most susceptible subjects. Due to difficulty to recruit volunteers in 
the absence of experimental results, the only choice for researchers 
is to use valid and reliable prediction models.
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