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Abstract

Scope: Coffee has been associated with a lower risk of cancer, cardiovascular disease and type 2
diabetes at the population level. However, individual susceptibility to the effects of coffee
consumption will cause heterogeneity in health responses between individuals. In this critical review
we systematically evaluated determinants of inter-individual variability in cancer and
cardiometabolic health outcomes in response to coffee and caffeine consumption.

Methods and results: Embase and MEDLINE were searched for observational studies and clinical
trials that examined variation in the response to coffee consumption. A total of 74 studies met the
inclusion criteria, which reported variation in cancer (n=24) and cardiometabolic health (n=50)
outcomes. Our qualitative analysis showed that sex, BMI, smoking, alcohol intake, menopausal
status and genetic polymorphisms are probable or possible determinants of inter-individual
variability in cancer and cardiometabolic health outcomes in response to coffee and caffeine
consumption, albeit that the majority of studies had insufficient statistical power to detect
significant interaction between these factors and coffee consumption.

Conclusion: We identified several genetic and non-genetic determinants of inter-individual variability
in the responses to coffee and caffeine consumption, indicating that some of the health benefits of
coffee may only occur in a subgroup of subjects.

1. Introduction

Globally, coffee is one of the most consumed beverages.™ European countries account for one third
of the global coffee consumption, however, in the past 5 years the highest increase in coffee
consumption has been seen in Africa and Asia & Oceania.”” Considering the widespread use of
coffee, even small health effects can have considerable impact on a population level.

Initial epidemiological studies showed that coffee consumption was associated with an increased
risk of disorders such as myocardial infarction, cardiac arrhythmia, peptic ulcers and certain
cancers.*! However, more recent epidemiological and experimental studies that have taken dose-
response effects and coffee preparation methods into account, have shown that coffee consumption
is associated with a lower risk of obesity, type 2 diabetes, cardiovascular diseases, chronic liver
disease and several cancers, including endometrial, prostate and skin cancer.’”! Although caffeine
intake has been linked to acute increases in blood pressure,”’ 8 habitual moderate coffee intake is
not related to hypertension.[s' 9] Long-term coffee consumption may even decrease the incidence of

hypertension,®

as habitual coffee consumers can develop a tolerance to the vasoconstricting
effects of caffeine.l””? Lastly, coffee consumption has also been associated with a 10-20% decreased
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risk of all-cause mortality.""*? Yet, most of the available evidence comes from observational rather
than intervention studies.

As data from observational studies are averaged for an entire study population, the health effects
that might occur in subgroups of subjects, characterized by genotype or phenotype, can be
overlooked.™ This is an important observation as the individual susceptibility to coffee
consumption may cause heterogeneity in health benefits between persons. Indeed, genetic and non-
genetic factors can modify the bioavailability and efficacy of coffee constituents to affect health
outcomes. Although coffee is known for its caffeine content, it contains a wide variety of bioactive
compounds, such as methylxanthines (caffeine being one of them), phenolic compounds (e.g.
chlorogenic acids), diterpenes, melanoidins, trigonelline, vitamins and minerals.* Inter-individual
variation in the absorption and metabolism of these compounds can affect the biological
response.™* **!

The aim of this critical and hypothesis-generating review is to identify and evaluate determinants of
inter-individual variability in cancer and cardiometabolic health outcomes in relation to coffee and
caffeine consumption in published observational and human intervention studies.

2. Methods

This study was conducted following the PRISMA checklist where reasonably possible.“el To identify
the factors that are associated with heterogeneity in the health response to coffee consumption and
its bioactives, a systematic search of Embase (from 1996) and MEDLINE (from 1946) databases was
performed up to November 2019, using Ovid. The fields title, abstract, keywords and subject
headings (MeSH and Emtree) were searched, using the following search query: (((coffee or caffeine
or xanthine$ oR chlorogenic oR caffeoyl* oR caffeic OR cinnamate$) AND ((coronary adj2 disease) OR
cardiovascular diseaseS OR hypertension OR dyslipidemia$S or endothelial dysfunction or metabolic
syndrome OR diabetes OR body weight OR obesity OR liver diseaseS OrR neoplasm$ OR cancer OR
tumo?r) AND ((effect adj3 modif*) or interindividual OR inter-individual OR between subject OR
between-subject OR personali?ed OR nutrigen* OR interaction oR individual varia* OR genetic varia*)).
No restrictions on the determinant of variability were applied.

A total of 842 articles were identified after removal of duplicates (Figure 1). Two investigators
independently screened titles and abstracts and disagreements were resolved by consensus. We
excluded papers that were not written in English, review articles and meta-analyses, animal studies,
in vitro studies and studies assessing drug-interactions. Furthermore, studies were also excluded
when they were not related to coffee (e.g. tea), or examined health outcomes other than cancer and
cardiometabolic diseases. After further evaluation, a total of 74 papers describing 8 intervention
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studies and 66 observational studies were eligible for inclusion in the qualitative analysis. Of these,

24 studies were related to cancer (Table 1),

2).[41—90]

and 50 studies to cardiometabolic diseases (Table

Extracted data included determinants of variability, study design and duration, study population,
country of study population, the exposure, assessment of exposure, outcome of interest, findings
and p-values of interaction terms between coffee/caffeine consumption and the determinant of

variability.

The likelihood of existing variability in response was considered as follows:

‘probable’: when for any one health/disease outcome and determinant of variability, at least one
study reports a Pinteraction<0.05, and all studies report significant differential responses between
determinant subgroups;

- ‘possible’: when for any one health/disease outcome and determent of variability, at least one
study reports a Pinteraction <0.05, and/or at least one study reports a significant differential
response between determinant subgroups;

- ‘unlikely’: when for any one health/disease outcome and determinant of variability, no single

study reports a Pinteraction<0.05, and no single study reports significant differential responses

between determinant subgroups.

3. Results

3.1 Probable determinants for the variability in cancer outcomes in response to coffee
consumption

Both sex and smoking were probable determinants for colon cancer risk in response to coffee
consumption (Table 1, Figure 2). In men and in male smokers, consumption of caffeinated coffee

[29,30]

lowered the risk of colon cancer, whereas in women and in female smokers, a positive

association between coffee intake and colon cancer was found in one study,[29] but not in another

study.[al]

Smoking was a probable determinant for bladder cancer risk in response to coffee consumption in
two studies, albeit that both studies found opposing results - one study reported that coffee
consumption increased the risk of bladder cancer in male non-smokers, but not in smokers,™”
whereas a second study reported that coffee consumption increased this risk in smokers.™® BMI was

a probable determinant for endometrial and prostate cancer in response to coffee consumption.
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Coffee consumption lowered the risk for both cancers in overweight but not in normal weight
subjects.?3%3¢]

Lastly, history of breast disease was a probable determinant for breast cancer risk in response to
caffeine intake. Caffeine intake increased breast cancer risk in those with a history in breast disease,
but there was no association between caffeine intake and breast cancer risk in those without a
disease history (Table 1).2%

3.2 Probable determinants for the variability in cardiometabolic outcomes in response
to coffee consumption

Sex, alcohol consumption, diet, BMI, heart rate variability and genetic polymorphisms were probable
determinants for risk of hypertension in response to coffee and caffeine consumption (Table 2,
Figure 2). In women generally, in women with a low adherence to the Mediterranean diet, or in
carriers of the CYP1A2 A-allele (rs762551), an increased coffee consumption was associated with a

lowered risk of hypertension, > *¥

whereas in those with a high alcohol intake, a genetic risk of high
blood pressure, or carriers of the CYP1A2 C-allele (rs762551), coffee consumption was associated
with an increased incidence of hypertension.*?**# |n normal weight men, increased coffee
consumption was associated with a decrease in systolic blood pressure whereas in overweight men,
increased coffee consumption was associated with an increase in systolic blood pressure.*!
Furthermore, in those with a high heart rate variability, caffeine ingestion was associated with an

increase in acute blood pressure.!*”

Sex was also a probable determinant of variability for cholesterol levels in response to coffee
consumption. In women only, high coffee intake was associated with increased levels of HDL-
cholesterol.®® Cholesterol levels itself were also a probable determinant of cardiovascular health. In
subjects with hypercholesterolemia, daily consumption of a green/roasted coffee blend for 8 weeks
increased the levels of total-, LDL- and VLDL-cholesterol and triglycerides.lso] Such an effect was not
seen in subjects with normal cholesterol levels.

Sex, BMI, GGT levels and a genetic risk of insulin resistance were probable determinants for risk of
type 2 diabetes and insulin resistance in response to coffee consumption (Table 2). In females, in

overweight men and women, and in those with high GGT levels or a high genetic risk, an increased

[65, 66, 69]

coffee consumption was associated with a decreased risk in type 2 diabetes, or a lower risk of

insulin resistance.® % %82 | females with diabetes, high coffee consumption reduced the risk of

all-cause mortality, which was not shown in diabetic men. 58
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Age, physical activity, BMI, smoking and genetic risk were probable determinants for risk of weight
gain or BMI in response to coffee consumption (Table 2). In men under 50, or in women who smoke,
have low physical activity or are overweight, increased caffeine intake is associated with reduced
weight gain.”® In those with a high genetic risk of obesity, increased coffee consumption was linked
to a lower BMI, whereas in those with a low genetic risk of obesity, increased coffee consumption
was linked to a higher BMI.®°!

Both age and smoking were probable determinants of serum GGT levels in response to coffee
consumption (Table 2). In those aged 46-60 years, and in smokers, daily or increased coffee
consumption was associated with lower serum GGT levels.”> ! In those with a normal weight,

increased coffee consumption was associated with decreased serum ALT levels.”®

Both family history and genetic polymorphisms are probable determinants for risk myocardial
infarction (Ml) and heart failure in response to coffee consumption (Table 2). In those with a family
history, or those carrying the CYP1A2 rs762551 C-allele, increased coffee consumption was
associated with increased Ml risk,'”® *? whereas in those without a family history, increased coffee
consumption was associated with a decreased risk in M. However, in male carriers of the CYP1A2
rs762551 C-allele, increased consumption of coffee and caffeine was probable with a decreased risk

of heart failure.™

Both serum GGT levels and insulin resistance were probable determinants of inflammation and liver
fibrosis, respectively. In men with high serum GGT levels, increased coffee consumption was
associated with decreased concentrations of CRP."? In those with low insulin resistance, increased
coffee consumption was associated with a decreased risk of advanced fibrosis.” Alcohol
consumption was a probable determinant of variability in response to coffee, with regard to liver
disease mortality. In those with a high alcohol intake, the risk of liver disease mortality was higher with

a low coffee consumption.®

4. Discussion

This critical review identified main determinants of inter-individual variability in response to coffee
and caffeine consumption, including sex, BMI, smoking, alcohol, menopausal status, CYP1A2 activity,
and GGT levels. However, most studies had insufficient statistical power to detect an interaction
between coffee consumption and these risk modifying factors, which may explain why such factors
modified the association between coffee consumption and cancer and cardiometabolic health
outcomes in some studies, but not in others. This is the first time that the available evidence of
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heterogeneity in health outcomes due to coffee consumption has been systematically summarized,
with the purpose to generate new research goals.

The role of these determinants can often be linked to mechanisms involved in the disease
development process. For example, circulating estrogens are an important risk factor of both
endometrial and breast cancer.®** Caffeine lowers estrogen levels via up-regulation of the sex
hormone-binding globulin, which may explain the inverse relationship between coffee consumption
and these cancers.”>°> % Furthermore, hyperinsulinemia is associated with increased estrogen
levels and endometrial cancer risk.*% 33 As coffee has been demonstrated to reduce insulin levels,
this may explain why overweight and obese women had the greatest reduction in endometrial
cancer risk as a result of coffee intake.?® Coffee also contains phytoestrogens which have been

[32] [20]

suggested to reduce the risk of endometrial cancer,” postmenopausal breast cancer,”" and

possibly the risk of estrogen receptor negative breast cancers, as these phytoestrogens may interact

with the estrogen receptor.!?% 2% %%

The variation in response can also be attributed to alterations in the efficacy of coffee bioactives.
CYP1A2 is the key enzyme catalyzing the metabolism of caffeine (Supporting Information, Figure S1)
and is responsible for more than 90% of caffeine clearance.'®”). Caffeine is demethylated by the
hepatic enzyme CYP1A2 into paraxanthine, theobromine and theophylline.”**”! These metabolites
are then broken down by further demethylation and oxidation reactions to dimethyl and
monomethyl uric acids. Genetic polymorphisms in the CYP1A2 gene region can affect the enzyme
activity, for example an C to A substitution at position -163 (rs762551) results in an increased
enzyme activity.®® ° Carriers of the C-allele will have a slower caffeine metabolism rate, compared
to homozygotes of the A-allele. The inverse association between coffee consumption and breast
cancer risk in C-allele carriers can be attributed to a prolonged exposure of caffeine, as caffeine
might inhibit cell proliferation and can induce apoptosis.’””**' However, the prolonged exposure to
caffeine may have detrimental effects on cardiovascular health, as was shown for the risk of

myocardial infarction and hypertension.*> *!

The health benefits of coffee consumption may be more pronounced in high-risk subgroups. For
example, increased GGT levels are a biomarker of oxidative stress and have been associated with
alcohol-induced hepatic steatosis.”% . The health benefits of coffee consumption for this group
may be due to the antioxidant capacity of some of the bioactive compounds in coffee such as

caffeine, chlorogenic acids, melanoidins and trigonelline,[ml]

which may protect against the
detrimental effects of oxidative stress and inflammation. A number of studies showed that coffee
consumption lowered the risk of type 2 diabetes and the inflammatory marker C-reactive protein in
subjects with high GGT levels.!®> ¢ 72 Since overweight individuals are also more prone to
inflammation and oxidative stress, this subgroup may also benefit more from the beneficial effects

of coffee than normal-weight persons.”
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Although a systematic search strategy was performed, certain papers that satisfied the scope of this
study, might have been overlooked. Most studies evaluated as part of this critical review were not
designed to detect variation in response between subgroups using stratified analysis, and the
majority of studies lacked statistical power to detect robust interactions between coffee
consumption and determinants that modulate health responses. In addition, the majority of studies
had an observational study design, which makes them more prone to exposure misclassification and
confounding. Therefore, we need further prospective studies with sufficient statistical power to
further elucidate inter-individual variability in health outcomes in response to coffee consumption.
Another limitation of most studies is an accurate assessment of coffee intake, or exposure to its
bioactive compounds. Most studies employed food-frequency questionnaires to assess coffee
consumption. Recall bias and the inability to capture differences in coffee cup sizes or preparation
methods may have affected the accuracy to determine the level of coffee and caffeine
consumption.>*° Moreover, because of inter-individual variation in the absorption and
metabolism of coffee bioactives, the internal exposure to coffee metabolites may not always
accurately reflect coffee intake.™ Other studies have proposed that future research complement
dietary assessment methodology with the use of genetic and metabolic biomarkers that reflect

exposure to, rather than intake of, coffee bioactives.!** 1°% 1%

Mendelian randomization studies use genetic variants associated with an exposure to indirectly
estimate health effects in observational studies. As genetic variance is inherited randomly, this
method lowers the risk of reverse causation and confounding."® An overview of fifteen Mendelian
randomization studies of coffee and caffeine consumption has recently been published.™*!
Alternatively, metabolomics approaches that measure levels of coffee metabolites in biofluids have
provided valuable insights in exposure to coffee constituents in relation to individual health
outcomes.’®® Examining differences in metabolic profiles between various subgroups will contribute

to our knowledge of inter-individual variability in response to coffee consumption.

We found three studies that examined heterogeneity in health responses to the chlorogenic acid
fraction of coffee.”*® A recent review on the inter-individual variability of chlorogenic acids in
cardiometabolic biomarkers evaluated seven studies addressing this topic, however, they also
included studies with a dietary source other than coffee, e.g. artichokes.""*® Chlorogenic acids exert
favorable effects on human health, as they show anti-inflammatory, antioxidant, anti-carcinogenic,
anti-diabetic and anti-atherogenic properties.[m] Because of the large inter-individual variation in
the bioavailability of chlorogenic acids, this is an area of increasing interest."®'% Approximately
70% of the ingested chlorogenic acids are metabolized and absorbed in the colon by microbial
esterases.™ % The large-size chlorogenic acids, which are poorly absorbed, are converted to small-
size microbial metabolites (Supporting Information, Figure S2), which increases the
bioavailability.”“l In vitro studies have monitored the microbial degradation of chlorogenic acids and
the formation of colonic metabolites, by incubating human fecal samples with either chlorogenic
acids or coffee.™ ™" These studies show a wide heterogeneity in the time to and quantity of the
microbial catabolites of chlorogenic acids. This could be explained by determinants such as gender,
age, disease, physical activity and genetic polymorphisms, but also by the composition of the gut
This article is protected by copyright. All rights reserved.
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microbiota and the enzymatic capacity of these microbes.™® The microbiota composition could
therefore be an emerging factor of inter-individual variability in the health response to coffee
consumption.

5. Conclusion

We found evidence for inter-individual variation in response to coffee consumption, indicating that
some people could have more health benefits from drinking coffee than others. However, thus far,
most studies have insufficient statistical power to detect variation between subgroups, and findings
have often not been replicated in more than one study. Possible variability in response, caused by
factors such as sex, age, BMI, alcohol, menopausal status and genetic polymorphisms should be
further examined in well-designed intervention studies that prospectively recruit based on such
factors, or in larger cohorts with sufficient statistical power to perform subgroup analysis. This will
allow the development of more precise and personalized dietary advice regarding coffee
consumption for individuals or groups of people that share similar health, genotype and phenotype,
or lifestyle characteristics.
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Figure 2. Percentage and number of studies in which each of the determinants is probably,

possibly or unlikely to be a determinant of variability in cancer or cardiometabolic outcomes in

response to coffee consumption.
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Table 1. Overview of studies demonstrating inter-individual variability in various types of cancer, in
response to coffee or caffeine consumption, based on the following determinants of variability:

sex, body mass index, smoking, menopausal status, hormone receptor status, hormone therapy,

diabetes, family history and genetic polymorphisms.
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< ’ Premenopausal
: no assocation
o
335 Postmenopaus Bhoo-
Breast cancer PC 060 Coffee al: b NR Pathy®!
H None to FFQ .
11y women high caffeinated 2015
H 25-710y coffee, \ Europe
breast cancer
risk
38 432 Caffeine No variation in Ishitani®®
Breast cancer PC <68.0 to 0.53
10y women >486.3 FFQ response 2008
>45y mg/d USA
Premenopausal
: M decaf
coffee, T
@ Coffee .breast density
<1to 24 n Yaghjyan,
H Breast cancer Ezcs al:z?en CUpS/Fi FFQ prenr:\e:opausal <0.001 Colditz?®
y 2555y Caffeine wome 2018
<74 to 2552 USA
Q mg/d Postmenopaus
al: 1 total and
decaf coffee, {,
@ breast density
Hormone
‘ ) receptor
status
< ) Receptor
negative: 1
caffeinated
coffee, | ER-
< Breast cancer 3062 ca Coffee b.reast cancer Lowcock?®!
CC 3427co 0to=5 FFQ risk 2013
25-74y  cups/d Receptor Canada
positive: no Possible
association with
ER+ breast
cancer
335 Coffee S: C:t?\t/g 1 Bhoo-
Breast cancer PC 060 9 o 0.711 Pathy?!
11y  women None to FFQ caffeinated 2015
25-70y high coffee, | ER- Europe
PR- breast
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Receptor
O positive: no
association with
P M ER+PR+ breast
cancer
H Hormone
therapy
H Current
hormone user:
2636 ca Coffee no association Yaghj%/gln,
Breast cancer PC 123 <7 cups/w 0.24 Rich
6y 546 co  to >4 P FFQ Past hormone 2018
40-69y  cups/d user: T coffee, UK
 breast
@ cancer risk
Srenct concer pC 38432 S::‘;'rtf Novariationin - Ishitani®”
@ 10y women oo n FFQ response 2008
>45y USA
mg/d
H Breast cancer PC 4113481 Coffee No variation in 50.10 bossible Gierach®®
11y  women Oto 24 FFQ response 2012
50-71y cups/d USA
Current
hormone user:
N regular
Coffee coffee and
< ) PG 4130 <1to=4 fli‘ft:ilenaitmtakel Yaghjyag,g]
Breast cancer 525 women cups/g FFQ densit NS Colditz
y 2555y Caffeine ensity 2018
c ) <74 to 2552 percentage USA
mg/d
Never and past
hormone user:
No association
Ever hormone
user: no
association
Endometrial PC iig Coffee 0.03 Possible Friberg[32]
ca 9.7 women 0to >3 FFQ Never hormone ’ 2009
y 50-71y cups/d user: P coffee, Sweden

{ endometrial
cancer risk
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Endometrial PC 60 634 Coffee No variation in 0.38 Gunter™!
ca 17.6 women Oto=24 FFQ response ’ 2012
y 40-76y  cups/d USA
Diabetes
477
071 . . [31]
Colorectal PC men Coffee No variation in 0.38 Unlikel Dik
cancer 11.6 and None to FFQ response ’ nitkely 2014
high E
y women [o] urope
25-70y
Family history
No variation in
B PC 4113481 Coffee respc;nse'lbased 0.10 Unlikel GieraCh[26]
reast cancer » S 0to >4 FFQ o.n a family >0. nlikely 2012
y cups/d history of USA
50-71y breast cancer
History of
breast disease;
/N caffeine
. intake,
Caffeine intake, o
38432 breast cancer Probabl ISh|tan|[25]
Breast cancer PC <68.0 to 0.05
women FFQ risk e 2008
10y 2486.3
>45y USA
mg/d
No history of
breast disease:
no association
Genetic
polymorphis
ms
1136 No variation in
Bladder ) Coffee . response based . Villanueval'®
cC ca; 0to 24 Interview & NAT2 NS Unlikely 2009
cancer 1138 co y FFQ on _ Soai
20-80 y cups/d polymorphism pain
No variation in
1136 based ]
Bladder ca: Coffee Interview & res?:s:izase NS Villanueva'™®
cancer CcC ’ Oto=>4 on 2009
1138 co FFQ rs762551 ;
cups/d Spain
20-80y polymorphism: Unlikely
185 No variation in
Bladder male ca  Coffee response based  0-09rssesi1 Pavanello!'!
CcC 0to =25 FF 2010
cancer 80male - 0 Q on CYP1A2 %
cups/d Italy
co rs35694136

This article is protected by copyright. All rights reserved.

28



Accepted Article

www.mnf-journal.com Page 29 Molecular Nutrition & Food Research
Likelihoo
Determinant  Study ¢, dy dof Reference
X Assessment p-value of  existing
. populatio Exposure Result . . Lo Year
Type of desig of exposure interaction variabilit
a .
cancer n yin Country
response
63y polymorphism 0.06,¢762551
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response based
on CYP1A2
rs762551
polymorphism
1136 No variation in
Bladder ca: Coffee Interview &  "esPonse based NS Unlikel Villanueval™®
; nlike
cancer CC  iageo Ot024 FFQ on CYP1A1 Y 2009
20-80y cups/d polymorphism Spain
1136 No variation in
Bladder ca: Coffee Interview &  "esPonse based NS Unlikel Villanueva!™®
; i
cancer CC 1138 co Oto=4 FFQ on CYP2E1 Y 2009
20-80y cups/d polymorphism Spain
No variation in
Breast 3062 ca Coffee reszzr;sleAtZ)ased 0.85 Lowcock?”
reastcancer oo 3427co 0to25 FFQ on ' 2013
25-74y  cups/d rs762551 Canada
polymorphism
CYP1A2
rs2069514: |,
breast cancer
risk among the
A-allele
compared to
the G-allele, T 0.045,42069514
breast cancer .[21]
Coffee Face-to-face Possible Avyari
125 ca . . riski .
Breast cancer 43 co 0 or =1 questionnair sk in coffee 0-11Lrsss60a13 2013
servings/wk e drinkers with 0.32 Tunesia
the A-allele *= €rs762551
No variation in
response based
on other
CYP1A2
polymorphisms
170ca  Coffes cYPiA2 Kotsopoulos®
241co  intake prior _ rs762551C- 5 P
Breast cancer Questionnair . 0.04
CC Al to age 35 allele: history of 2007
BRCA1 Evervs coffee intake, Canada
carriers  never { breast
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cancer risk
No variation in
response based
on CYP1A2
rs762551 A/A
polymorphism
CYP1A2
rs762551 C-
allele: ™
269 at- coffee, |
risk Coffee _ breastvolume Jernstrom®!
Breast cancer PC Questionnair 0.02
10 women 0o 26 No variation in 2008
y Median  cups/d Sweden
29y response based
on CYP1A2
rs762551 A/A
polymorphism
No variation in
Colorectal 1252 ca Coffee response based 0.63 Unlikel Dik"
cancer CC 2175co Noneto  FFQ on NAT2 : MIKEY 2014
2570y  high polymorphism Europe
No variation in
based .
Colorectal 1252 ca Coffee res;():?(;slizase 0.2 Unlikel DikP"
cancer CC 2175co Noneto  FFQ on : MK 2014
2570y high rs762551 Europe
polymorphism
Coffee No variation in
Ovarlan 1354 ca <or=z2.5 response based Kotsopoulos[3
vari . 4]
cups/d on CYP1A2 >0.17 Unlikely
CC 1851co ) FFQ
cancer 2555y Caffeine rs762551 2009
<or2409.5 polymorphism USA
mg/d
Coffee No variation in
<or=225 Kotsopoulos®®
Ovarian 1354 ca cups/d response based 50.17 Unlikel 4] P
cancer CC  181co ob> FFQ on CYP1AL ' niikely
2555 Caffeine ) 2009
"oy or 24095 polymorphism USA
mg/d
Coffee N
<or=z2.5 No variation in Kotsopoulos[3
Ovarian 1354 ca cups/d ' response based 50.17 Uniikel 4]
cancer CC 1851co ps FFQ on CYP2A6 ' mikely
2555 Caffeine ) 2009
"y L or 2409.5 polymorphism USA
mg/d
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CYP19011,
CYP19018 and
CYP19034: 1
Coffee caffeine/coffee, 3 out of 21
<or=z2.5 ™ ovarian cancer SNPs: Kotsopoulos.[3
Ovarian 1354 ca cups/d risk in one allele; Possible 4]
cancer cC 1851 co \ FFQ no variation in <0.054ffei
2 Caffeine caffeine 2009
598y 14095 response based o5 USA
mg/d onafurther 18  <U-+>coffee
CYP19 alleles
CYP1A2 rs762551
C-allele: 1
411 coffee,
ion-free
rostate progression
Prostate P Coffee survival ) Gregg"”
PC  cancer NR Possible
cancer Oto=24 FFQ 2018
3y cases
Mean cups/d CYP1A2 rs762551 USA
64y A/A:  coffee, I

progression-free
survival
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% Including follow-up time for prospective cohort studies; ° Sample size and participant’s age.

Abbreviations: BMI, body mass index; CC, case-control; CYP, cytochrome P450; ER, estrogen receptor; FFQ, food-frequency
questionnaire; IGF1R, insulin-like growth factor receptor 1; NAT, N-acetyltransferase; NS, not significant; NR, not reported;
PC, prospective cohort; PR, progesterone receptor; SNP, single nucleotide polymorphism; ca, cases; co, controls
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Table 2. Overview of studies demonstrating inter-individual variability in cardiometabolic health
outcomes, in response to coffee or caffeine consumption, based on the following determinants of
variability: sex, age, ethnicity, physical activity, body mass index, smoking, alcohol, bilirubin levels,
GGT levels, insulin resistance, hyperlipidemia, heart rate, family history, diet, genetic
polymorphisms and genetic risk.
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Male: no (58]
PC Caffeine association Neves
All-cause 3948 Interview Probab
o . . roba
mortality in 11 diabetic men 0o 200 based 24 Female: 4 coffee, 0.015 le 2018
diabetes and women hour recall .
y mg/d { risk of all-cause USA
mortality
Male: 1 coffee, I
risk of coronary van
ificati Woudenber
Coronary 1570 men Coffee calcification Possibl 57] g
Icificati PC and women <3to >4 FFQ & NR h
calcification 7 y R interview Female: 1 coffee, € 2008
=255y cups/d .
J risk of coronary The
calcification Netherlands
Male: no
association
HDL 9075 men Coffee Questionn 0.045 Probab  Hsu®
cholesterol CS andwomen <orz23 aire Female: P coffee, ' le 2019
30-70y times/w ‘I HCL cholesterol Taiwan
levels
Male: no
association
13 374
H tensi PC men and Coffee Female: 1 0.024 Probab  Navarro™!
ypertension o 0to =2 FEQ o : le 2018
y women cups/d caffeinated coffee, Spain
28-47y J risk of
hypertension
Male: 1 coffee, |
10 325 i .
Inflammati menand  Conee Questionn P concentratior N Possibl  Maki™
nflammation cg Neverto27 e 2010
women cups/d aire Female: no Japan
49-76 y association
. 12 020 Coffee Male: 1 coffee, & o Possibl  Ikeda™
Ve ENZYMES " cS men and Oto>4 FFQ ALT levels e 2010
women cups/d Japan
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49-76 y Female: no
association
Male: no
association
75140 Coffee
Type 2 PC . Probab  Doo®®
’ 14 ~men and Almost FFQ Female: 1 total <0.0001 | 2014
diabetes women never to =23 and caffeinated € Hawai
y 45-75y cups/d coffee, { risk of
type 2 diabetes
Age
Hvoertension PC 13374 men Coffee No variation in \R Navarro™"
ypertension 9.1 and women 0 to =2 FFQ response 2018
Y 0847 y cups/d Spain
<70y: no
association
>70y: 1 coffee Possibl
(non-linear), ™ ossl
) PC 2442 men Coffee . change in systolic 0.02men @ Giggey[45]
Hypertension Questionn )
Oto andwomen O0to>6 aire blood pressure in NR 2011
41y 1897y cups/d men only women USA
No variation in
response by age in
women
+35-46y: no
association
Liver Coffee Probab  Nakanishil”
1353 men . . 0.003
enzymes CS 35.59 0to=3 Interview +46-60 y: daily le 2000
y cups/d coffee, { serum Japan
GGT levels
<50y: 1 caffeine,
{ weight gain in
Change in men only
caffeine <0.001 Lopez-
> . men
Weight gain PC 58 157 men intake FEQ 250 y:no IProbab Garcig®®®
12y and women Every2-4y association 0.68,0men € 2006
since . USA
. No variation in
baseline

response by age in
women
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Ethnicity
Coffee
Type 2 75 140 men No variation in 0.20men Unlikel  Doo®®
diab PC and women Almost FFQ 2014
labetes 14y never to 23 response 0.880men .
45-75y Hawaii
cups/d
Physical
activity
Low physical
Change in activity: 1 1
caffeine caffeine, | weigh <0.001wo Probab Lopez-
Weightgain PC 58 157 men intake FFQ gain in women men | roba Garcia®™
12y andwomen Every2-4y only 074 € 2006
since High physical homen USA
baseline activity: no
association
BMI
Normal weight: D
coffee, { systolic
blood pressure in
men only
Overweight: ™ 0.04 - [45]
Blood PC 2442men  Coffee . ) men  probab  Giggey
Questionn  coffee, 1 systolic
pressure Oto andwomen 0to>6 aire | ) NR le 2011
41y 1897y cups/d blood pressure in women USA
men only
No variation in
response by BMI
in women
. 10 325 men Coffee . No variation in Unlikel  Makit"™?
Inflammation Questionn NS
CS and women Never to 27 aire response y 2010
49-76 y cups/d Japan
Normal weight:
. no association 60]
Coffee . . Otake
Insfﬂm cs 1542 men A to24 Questionn  Overweight: 1 0.53 2014
resistance 46-58 y N aire coffee, | risk of
cups/d ) . Japan
insulin Probab
resistance le
Normal weight:
Insulin 1440 men Coffee Questionn no association 0.08 Pham'®"!
resistance CS andwomen <1to=24 aire Overweight: 1 ’ 2014
18-69y cups/d coffee, | insulin Japan
resistance
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Acute
effects of a
meal with
200 mL Normal weight:
Insulin water or no effect
resistance 33 menand instant Overweight: NR Gavrieli®
CO women coffee, FFQ coffee intake, 2013
(acute) 27.3+7.2y containing post-prandial rise Greece
either 3 or 6 of insulin
mg
caffeine/kg
body
weight.
N T
Liver 12 687 men Coffee Questionn © variation Ic?GT o1 Tanaka!™
enzymes CS andwomen O0to=5 aire response on ’ 1998
40-69 y cups/d levels Japan
N iation i L
Liver 1353 men Coffee © variation I(:GT 0.674 Unlikel  Nakanishi”®
enzymes  CS oo 0to>3 Interview ~ 'ooPenseon ' y 2000
y cups/d levels Japan
Liver Coffee No variation in Honjo""!
PC 6095 men Questionn  response on GGT 0.43 )
enzymes 8y 4859y <1to25 aire level 1999
cups/d evels Japan
Normal weight: 1
ff ALT
Liver 12020 men Coffee o ! o3 Probab tkeda™
enzymes CS andwomen O0to=24 FFQ o ohi: ’ le 2010
49-76 y cups/d Verv_ve'_g $ne Japan
association
Normal weight: no
association
Change in Overweight: P
. . . <0.001,,
caffeine caffeine, | weight Probab Lopez-
Weight gain PC 58 157 men intake gain in women men roba Garcia®
FFQ le
12y and women Every2-4y only 2006
) 0.641en
since USA
baseline No variation in
response by BMI
in men
Smoking
Coronar PC 127 212 Coffee Questionn Smokers: T Possibl  Klatsky™™"
y men and Neverto 26 . coffee, 1 risk of NR e 2008
artery 20y aire
women cups/d coronary artery USA
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association
H Coronary 4426 men Coffee Non-smokers: 7 0.028 Miranda®®
calcification CS and women Neverto>3 FFQ coffee. 4 risk. of ' 2018
35-74y cups/d ’ Brazil
coronary
calcification
Smokers: no
association in men
only
Possibl
Non-smokers: T e
coffee, 1 risk of
coronary van
Woudenber
Coronary 1570 men Coffee calcification in 57] g
H Icificati PC and women <3to>4 FFQ & | NR h
calcification 7y = interview men only 2008
255y cups/d
N coffee, { risk The
! Netherlands
of coronary
calcification in
women, both
smokers and non-
smokers
O Smokers: no
association
Caffeinated Guessous”
Hypertension 16 719 men beverages Questionn  Non-smokers: T 0.19
CS ) . ) 2012
and women 0 to >6 aire caffeine intake, {, Possibl
. Europe
cups/d risk of e
hypertension
N ) PC 13374 men Coffee No variation in NR Navarro
ypertension 91 and women 0 to =2 FFQ response 2018
Y 2847 y cups/d Spain
. 10 325 men Coffee . No variation in Unlikel  Maki""
Inflammation Questionn NS
CS and women Never to 27 aire response y 2010
49-76 y cups/d Japan
Smokers: dail L
Liver Coffee mokers: datly Probab  Nakanishil”
1353 men . coffee, {, serum 0.022
enzymes CS 35.59 0to =3 Interview le 2000
y cups/d GGT levels Japan

This article is protected by copyright. All rights reserved.

36



Accepted Article

www.mnf-journal.com Page 37 Molecular Nutrition & Food Research
Likeliho
d
Determinant Stud p-value © _Of Reference
X y existing
Cardiometab Study Assessment of L
) . p Exposure Result . . variabili  Year
olic health . population of exposure interactio .
tcome desig n tyin
ou n? respons Country
e
Non-smokers: no
association
Smokers: T
coffee, {, serum
. Coff . Honiol”"!
Liver PC 6095 men oree Questionn  ©CT levels 0.03 one
enzymes <1to =25 ) 1999
8y 4859y aire
cups/d Non-smokers: no Japan
association
Caffeinated .
Myocardial 2014 ca coffee No variation in NR Unlikel  Cornelis™®
infarction CC 2014 co FFQ response y 2006
Median 59 <Tto=4 Europe
y cups/d P
Smokers: T
caffeine, | weight
gain in female only 1
Change in <0.001wo
caffeine Non-smokers: no men Probab Lopez-
Weightgain PC 58 157 men intake FFQ association o2 Garcia™
12y andwomen Every2-4y 0.33men e 2006
since No variation in USA
baseline response by
smoking status in
men
Alcohol
High alcohol
A.Icoholic liver 219 279 Coffee . intgke: ! coﬁeg, probab  Tverdal®
disease PC  menand 01029 Questionn 1 risk of mortality  0.01 | 2018
mortality 19y women U s7d aire No or low alcohol € Norwa
30-67 y P intake: no y
association
Coffee drinkers: T
incidence of
1107 men Pypertension with
and women, Caffeinated igh alcohol intake . .43]
. . Probab  Palatini
Hypertension PC  stage 1 coffee Questionn 0.005
. ) No coffee le 2007
6.4y hypertensio 0to>3 aire .
drinkers: {, Italy
n cups/d i cid ‘
18-45y incidence o
hypertension with
high alcohol intake
o i 10325 men Coffee Questionn High alcohol ogqg  Possbl Maki"™
ntlammation o5 and women  Never to =7 aire intake: 1 coffee, ’ e 2010
49-76 y cups/d | CRP Japan
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concentration
No or low alcohol
intake: no
association
Alcohol
consumers: P
coffee, 4, serum
Liver 12 687 men Coffee Questionn GGT levels in men <0.0001 Tanaka™
enzymes CS andwomen O0to=25 aire only : 1998
40-69y cups/d Japan
No alcohol
consumers: no
association
. No variation in . L [75]
Liver 1353 men Coffee GGt 0.618 Nakanishi
enzymes CS  s5s0y 0to 23 Interview :’eSpl"”se on : 2000
cups/d evels Japan
ALT:
0.54,
™" Possibl
High alcohol 0.02uomen
intake: 1 coffee,
LALT,ASTand ST e
Liver 12 020 men Coffee GGT levels men Ikeda
enzymes CS andwomen O0to=24 FFQ 2010
No or low alcohol
49-76 y cups/d ) .05y 0men Japan
intake: less strong
associations GGT:
0.02,1en
O-O?’women
High alcohol
intake: 1 coffee, . 77
i Coffee . Honjo
Liver PC 6095 men “to>5 Questionn | GGT levels 0.09 199:9
enzymes 8y 48-59y N aire No or low alcohol
cups/d . Japan
intake: no
association
Change in
caffeine o 0.82men . Lopez-
Weightgain PC 58 157 men intake FFQ No variation in Unlikel =~ ial58
12y and women Every2-4y response 0.19%,0men 2006
since USA
baseline
Bilirubin
levels
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Low bilirubin
levels: 1 coffee, |
HbA1
- . 10 734 men Coffee c:nce(;trations in 0-37women  possib Wang"®
yeemia cs  andwomen <1to24  FFQ e 2012
49-76 cups/d women only 0-43men Japan
y P High bilirubin P
levels: no
association
- y 10 397 men Coffee :\lo varr]latlon N 08men  yulikel  Pham™
nflammation o5 and women 0 to 24 FFQ esponse 039 y 2011
49-76 y cups/d T women Japan
GGT levels
e 0.64en . [62]
al . 10 734 men Coffee No variation in Unlikel ~ Wang
ycemia CS and women <1to 24 FFQ response 0.86 y 2012
49-76 y cups/d rwomen Japan
High GGT levels: T
coffee, {, CRP
Inf . 10 397 men Coffee concentration in 0.03men Probab  Pham!™
nflammation o5 and women 0 to 24 FFQ men only le 2011
0~56women
49-76 y cups/d Japan
Low GGT levels: nc
association
High GGT levels: 1
coffee, { risk of
. f [65]
Type 2 5320 men Coffee Questionn  tYPe 2 diabetes 0.38 Hiramatsu
diabetes CS <1to=5 ) 2013
40-60 y aire
cups/d Low GGT levels: nc Japan
association Probab
High GGT levels: T le
coffee, { incident 66
21 82 ff . i Bidel
Type 2 PC 826 men  Coffee Questionn  type 2 diabetes 0.02 ide
diabetes 20 and women 0-2 to 27 aire 2008
y 35-74y cups/d Low GGT levels: nc Finland
association
Beta-cell
function
Af(f;Ut? ¢ Low insulinogenic
effects o i
Glycemia 19 men 355 m index: I coffee Possibl  Jokural™
(acute) CO 2453y Coﬁeeg NA polyphenols, 1 e 2015
active GLP-1levels, Japan
polyphenols ]
ora { postprandial

This article is protected by copyright. All rights reserved.

39



Accepted Article

www.mnf-journal.com Page 40 Molecular Nutrition & Food Research
Likeliho
od o,
Determinant Y9 p-value ) f Reference
; y existing
Cardiometab Study Assessment of L
. . p Exposure Result . . variabili  Year
olic health population of exposure interactio .
" deSIg ty in
outcome ne n respons  Country
e
placebo, blood glucose
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polyphenol
beverage
Insulin
resistance
Low insulin
resistance: T
coffee, { risk of 78]
! Bambha
e 782 NAFLD Coffee advanced fibrosis Probab
Liver fibrosis . 0.001 2014
CS patients 0to =2 FFQ le
S USA
48+ 12y cups/d High insulin
resistance: no
association
Hyperlipidae
mia
Consumptio
n of 6 g/day Hypercholesterole
ofa mic subjects: P
green/roast coffee, | total-,
25 normo-
ed coffee LDL-, VLDL
Biomarkers of cholesterole blend or a Martinez
gi I mic subjects control ChOIeSte_rOI and <003 Probab L ez
cardiovascula o7 hyper- NA triglycerides . le p
r health beverage 2019
cholesterole ) .
. . without Normocholesterol Spain
mic subjects .
caffeine emic subjects: no
1845y
and effect of coffee on
polyphenols these biomarkers
, for 8
weeks
Consumptio Hypercholesterole
25 ROMMO- n of 6 g/day mic subjects: T
ofa coffee, ¢
cholesterole reen/roast Clvceride lovel
Metabolic mic subjects gd coffeo triglyceride levels NS Possibl  Sarria®!
CO 27 hyper- 2018
syndrome yp blend or a Normocholesterol € .
cholesterole . . Spain
. : control emic subjects: no
mic subjects
beverage effect of coffee on
1845y .
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? Including follow-up time for prospective cohort studies; ° Sample size and participant’s age.

Abbreviations: ADORA, adenosine receptor; ADRA, a-adrenergic receptor; ALT, alanine aminotransferase; AST, aspartate

aminotransferase; BMI, body mass index; BP, blood pressure; CO, cross-over study; COMT, catechol-O-methyltransferase;

CC, case-control; CS, cross-sectional; CYP, cytochrome P450; FFQ, food-frequency questionnaire; GGT, gamma

glutamyltransferase; HbA1C, haemoglobin A1C; IR, insulin resistance; LDL, low density lipoprotein; MI, myocardial

infarction; NA, not applicable; NAFLD, non-alcohol fatty liver disease; NS, not significant; NR, not reported; PC, prospective

cohort; Pl, parallel intervention study; SNP, single nucleotide polymorphism; UCP2, uncoupling protein 2; VLDL, very low

density lipoprotein; ca, cases; co, controls
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Coffee is associated with a reduced risk of cancer, cardiovascular disease and type 2 diabetes.

However, individual susceptibility to the effects of coffee consumption may cause heterogeneity in

health responses between individuals. In this critical review, several genetic and non-genetic

determinants of inter-individual variability in cancer and cardiometabolic health outcomes in response

to coffee consumption were identified and evaluated, which indicated that some health benefits of

coffee may only occur in a subgroup of subjects.
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