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Coffee is one of the most popular and consumed beverages worldwide, and caffeine is
its best-known component, present also in many other beverages (tea, soft drinks, energy
drinks), foodstuffs (cocoa, chocolate, guarana), sport supplements and even medicines.
Besides caffeine, many other components, either beneficial for health (chlorogenic acids,
polyphenols, diterpenes, micronutrients, melanoidins, fiber) or not (lipids in unfiltered
coffee, or acrylamide resulting from coffee bean roasting), are present in coffee. Just to illus-
trate the scientific interest of coffee and caffeine, when these terms are combined in PubMed
(as “coffee OR caffeine”), almost 50,000 papers can be retrieved (as of 10 August 2021).
Furthermore, from 2000 to 2020, the number of manuscripts published per year has more
than doubled (from 972 to 2601). Within this context of increasing interest in the topic, the
Special Issue (SI) on “Coffee and Caffeine Consumption for Human Health” has collected
twenty-one manuscripts (five narrative reviews and sixteen original articles, including two
meta-analyses).

Most of the original reports obtained information on coffee or caffeine consumption in
humans through dietary surveys or interviews. These studies have the limitation of recall
bias. In addition, caffeine content needs to be estimated for most foods from packaging,
databases, scientific literature or extrapolated from similar foods, although in some cases
it was directly measured from samples of coffee or soft drinks. Rochat et al. found that,
in agreement with reports from other high-income countries, coffee is the main source of
caffeine consumption in Switzerland, mostly consumed early in the morning (6-9 am),
although some differences were found across age groups, smoking status, and linguistic
regions [1]. Cultural differences in coffee/caffeine consumption are important and may
contribute to the health effects observed in different geographic regions. Furthermore,
coffee/caffeine consumption may be likewise modulated by expectation (placebo) effects
and vice versa. Mendes et al. translated, adapted, and validated the Caffeine Expectancy
Questionnaire (CaffEQ), originally designed for the American population [2], to the Brazil-
ian culture (CaffEQ-BR), and confirmed that coffee is the main source of daily caffeine
intake in Brazil [3], the largest coffee producer and exporter in the world market.

Most studies tried to determine whether there is an association between coffee/ caffeine
intake and different health outcomes. Rodas et al. specifically evaluated the effect of caf-
feine intake, physical activity levels, and sedentary behavior on the inflammatory status in
healthy staff and students at the University of the Balearic Islands (Mallorca, Spain). In this
sample, sedentary behavior and body fat accumulation had clear pro-inflammatory effects,
whereas regular but relatively low caffeine consumption (whose main source was also
coffee) could not be demonstrated to exert robust anti-inflammatory effects [4]. Antwer-
pes et al., analyzed the relationship between regular coffee intake and neurocognitive
performance in patients coinfected with human immunodeficiency virus and hepatitis C
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virus, who experience an accelerated aging process and cognitive impairment. The authors
showed a positive association between elevated coffee intake (three or more cups per day)
and neurocognitive functioning parameters, even after adjusting for liver disease corre-
lates, suggesting that coffee intake may be neuroprotective in these patients [5]. Likewise,
Herden and Weissert studied the effect of coffee and caffeine consumption on patients with
multiple sclerosis (MS)-related fatigue. Importantly, the authors showed that coffee intake
did not cause severe side effects in MS patients and identified a specific set of patients
who might benefit from coffee consumption [6]. One meta-analysis evaluated the effect
of caffeine consumption on the risk and progression of Parkinson’s disease (PD). Individ-
uals consuming caffeine on a regular basis had a significantly lower risk of developing
PD during follow-up evaluation, and those that already had the disease and consumed
caffeine showed a significantly decelerated PD progression. However, Hong et al. could
not determine the optimal daily dosage or food source of caffeine [7]. According to the
review by Jee et al., coffee/caffeine neuroprotective effects seem to be broader and sex-
and age-specific. Indeed, they concluded that caffeine consumption reduces the risk of
stroke, dementia, and depression in women and that of PD in men. Nevertheless, it may
increase sleep disorders and anxiety disorders in adolescence in both men and women.
They suggested that caffeine use should be individualized according to sex (and age) in
the context of neurologic and psychiatric diseases [8]. Nowaczewska et al., on the other
hand, reviewed the ambiguous role of caffeine in migraine headache. They did not find any
scientific evidence showing that a single dose of caffeine may trigger migraine, although it
may influence migraines (i.e., through its vasoconstrictor actions during the premonitory
symptoms). Chronic caffeine overuse may lead to migraine chronification and sudden
caffeine cessation may trigger migraine attacks. Thus, as recommended by the authors,
migraine sufferers should avoid caffeine withdrawal headache by keeping a consistent
daily intake, not exceeding 200 mg [9].

Three studies evaluated the relationship of coffee consumption with the risk of
metabolic, endocrine, or cardiovascular diseases according to genetic polymorphisms.
Using data from the Korean Genome and Epidemiology Study (KGES), Jin et al. identified
five single nucleotide polymorphisms (SNPs) related with habitual coffee consumption
in this Korean population and showed the lowest risk of prediabetes and type 2 diabetes
among black-coffee consumers with minor alleles of these SNPs compared with those with
major alleles [10]. Using data from KGES too, Han et al. found that subsets of genetic
variants in the adenosine receptors (involved in caffeine signaling) gene family modulate
the effect of coffee intake on dyslipidemia risk in a sex-dependent manner [11]. In the third
study, Liu et al. found that consumption of coffee was significantly associated with a de-
creased risk of coronary heart disease among Taiwanese adults carrying the GG genotype of
TRIBI (tribbles pseudokinase 1, a gene involved in cholesterol metabolism and atheroscle-
rosis process) [12]. These three examples of genetic studies strongly suggest that dietary
guidelines for coffee intake in the prevention and management of metabolic, endocrine,
and cardiovascular disorders should consider the influence of genetic polymorphisms.

The main problem with the survey/interview-based studies is the lack of accurate
information regarding type (roasting) or brand of coffee, caffeine content (caffeinated,
decaffeinated), methods of preparation (boiled, filtered, brewed), and consumption of
other caffeine sources. Thus, quantification of daily consumption of caffeine (and other
compounds) is a real challenge in this kind of studies. Moua et al. tried to overcome
this limitation by using volume of coffee consumed (not number of cups) in a dose-
response meta-analysis of the association between coffee consumption and c-reactive
protein, a general biomarker of chronic inflammation. Unfortunately, heterogeneity of
study populations (differences in sample size; cultural differences in coffee composition;
relevant individual confounders such as age, sex, body mass index, smoking, alcohol
intake, diet, activity, comorbidities, etc.) produced inconsistent associations [13]. Thus,
in addition to collecting detailed information on coffee type and preparation method,
measuring biomarkers of coffee consumption such as urinary metabolites may be helpful to
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more precisely determine the amounts of bioactive compounds consumed and their effects.
In this sense, Wu and Chen explored the association between urine caffeine metabolites
and urine flow rate, using data from the US National Health and Nutrition Examination
Survey (NHANES) and metabolomics for urine analyses. The association was positive,
with more metabolites showing certain flow-dependency in males compared to females
and in young compared to elderly participants [14]. This factor is important to correctly
interpret urinary data regarding caffeine.

Intervention studies allow to establish more robust cause-effect associations. In this SI,
two original studies used a double-blind, placebo-controlled crossover design to evaluate
the ergogenic effects of caffeine. In 13 males and 17 females, Fuller et al. examined the
effects of trait (long-standing pre-disposition) mental and physical energy and fatigue
to changes in moods, cognitive and fine-motor task performance. The results suggest
that evaluating trait may be a practical, low-cost method to control for interindividual
differences in the ergogenic neurocognitive effects of caffeine, without the need for genetic
testing [15]. On the other hand, Wilk et al. demonstrated that a single moderate dose of
caffeine (3-6 mg/kg b.m.) increased mean power output and mean bar velocity during an
explosive bench press throw in 12 male athletes habituated to caffeine ingestion, meaning
that caffeine enhances performance in this context, although the long-term training effects
with caffeine need to be determined [16].

This SI includes three original studies showing new data in animal models using dif-
ferent beverages for different purposes, somehow representative of those also addressed in
humans. Ahmad et al. performed a classical toxicity study in rats of the beverage Tongkat
ali, widely used in Malaysia, made of coffee infused with the additive Eurycoma longifolia.
This study demonstrated a good safety profile for this beverage in male and female rats [17].
The other rat study, by Velazquez et al., investigated the effects of caffeine alone or as
part of a green coffee extract (GCE) in lean female rats with diet-induced hepatic steatosis,
as a preclinical model of non-alcoholic fatty liver disease, a highly prevalent condition
nowadays, without specific pharmacological treatment. Using different techniques, includ-
ing lipidomics on liver tissue, the GCE, but not caffeine alone, was found to reduce liver
triglyceride levels, through a combination of different molecular mechanisms of action [18].
Whether longer treatment duration and/or higher doses might be even more effective is
unknown. In the last preclinical study, a controlled laboratory trial performed in piglets,
Treml et al. showed that a high dose of Red Bull, a popular energy drink among athletes
containing caffeine, taurine and glucose among other compounds, increased heart rate at
near sea level. However, a high dose of this beverage did not worsen tachycardia during
acute short-term hypoxia (simulating high altitude conditions). The authors demonstrated
that this beverage significantly increased pulmonary shunt fraction without changing
distribution of pulmonary blood flow during hypoxia [19]. The specific contributions of
the different components of this beverage remain to be identified.

Ruta and Farcasanu reviewed the studies evaluating the molecular mechanisms of
action of caffeine in Saccharomyces cerevisiae as a simple model of eukaryotic cell. In addition
to its three well-known mechanisms, namely intracellular mobilization of calcium, inhibi-
tion of phosphodiesterases and antagonism of adenosine receptors, the studies performed
in this yeast model have confirmed that the pleiotropic effects of caffeine involve also
key molecular mechanisms related with DNA repair mechanisms, cancer, and aging [20].
In contrast, Kolb et al. reviewed the mechanisms that might contribute to explain the
beneficial effects of habitual coffee consumption on health. The authors excluded caffeine
content as well as radical scavenging properties, anti-inflammatory activity, and genetic
polymorphisms as major contributors to coffee healthy effects. Instead, they propose
that the mechanisms involve a combination of factors promoting cell protection, namely
upregulation of proteins with antioxidant, detoxifying and repair functions through coffee
phenolic phytochemicals, as well as modulation of the gut-microbiota, through the non-
digestible components of coffee (prebiotics), although this has been scarcely explored [21].
Since the gastrointestinal tract is the first body system that gets in contact with ingested cof-
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fee, Iriondo-DeHond et al. reviewed the effects produced by coffee and its components on
the different constituents of the gut wall (mucosa, muscle layers, enteric nervous system),
the different gastrointestinal organs, the gastrointestinal tract as a whole and the brain-gut
axis, only to find that the effects of coffee and its derivatives on the health of this axis (that
affect not only gastrointestinal motility, permeability and sensitivity but also a complete
spectrum of central nervous functions and disorders, from emotions to neurodegeneration)
have not been deeply investigated yet [22].

Altogether, the current view is that coffee/caffeine intake exerts multiple health
benefits in humans, at least in specific populations (with a particular genetic profile or
suffering from specific diseases), but the specific effects in the different organs and systems,
as well as the mechanisms involved are far from clear. Furthermore, within the current
context aiming to sustainable development, the coffee plant Coffee sp. and its so-far
relatively neglected by-products are expected to become soon a source of ingredients for
new functional foods whose properties will need to be precisely determined. We hope the
readers of this SI will find inspiration for new studies on the topic.

Funding: This research received no external funding.

Acknowledgments: The author research is funded by the following projects: “Novel Coffee by-
Product Beverages for an Optimal Health of the Brain-Gut Axis (COFFEE4BGA)”, by the Ministerio
de Ciencia e Innovacion (PID2019-111510RB-100); “N-acetilcisteina frente a la COVID-19 grave y
sus secuelas: estudio en un modelo preclinico de pseudoinfeccion y sepsis (NACfightsCOVID-19)”,
funded by URJC-Banco de Santander (2020 call). The author is grateful to all the researchers that
submitted their interesting reports to this SI.

Conflicts of Interest: The author declares no conflict of interest.

References

1. Rochat, C.; Eap, C.B.; Bochud, M.; Chatelan, A. Caffeine Consumption in Switzerland: Results from the First National Nutrition
Survey MenuCH. Nutrients 2019, 12, 28. [CrossRef]

2. Huntley, E.D.; Juliano, L.M. Caffeine Expectancy Questionnaire (CaffEQ): Construction, psychometric properties, and associations
with caffeine use, caffeine dependence, and other related variables. Psychol. Assess. 2012, 24, 592—-607. [CrossRef] [PubMed]

3. Mendes, G.F,; Reis, C.E.G.; Nakano, E.Y.; Da Costa, T.H.M.; Saunders, B.; Zandonadi, R.P. Translation and Validation of the
Caffeine Expectancy Questionnaire in Brazil (CaffEQ-BR). Nutrients 2020, 12, 2248. [CrossRef] [PubMed]

4. Rodas, L.; Riera-Sampol, A.; Aguilo, A.; Martinez, S.; Tauler, P. Effects of Habitual Caffeine Intake, Physical Activity Levels, and
Sedentary Behavior on the Inflammatory Status in a Healthy Population. Nutrients 2020, 12, 2325. [CrossRef] [PubMed]

5. Antwerpes, S.; Protopopescu, C.; Morlat, P.; Marcellin, E; Wittkop, L.; Di Beo, V.; Salmon-Céron, D.; Sogni, P.; Michel, L.; Carrieri,
M.P; et al. Coffee Intake and Neurocognitive Performance in HIV/HCV Coinfected Patients (ANRS CO13 HEPAVIH). Nutrients
2020, 12, 2532. [CrossRef] [PubMed]

6. Herden, L.; Weissert, R. The Effect of Coffee and Caffeine Consumption on Patients with Multiple Sclerosis-Related Fatigue.
Nutrients 2020, 12, 2262. [CrossRef]

7. Hong, C.T,; Chan, L.; Bai, C.-H. The Effect of Caffeine on the Risk and Progression of Parkinson’s Disease: A Meta-Analysis.
Nutrients 2020, 12, 1860. [CrossRef]

8. Jee, H].; Lee, S.G.; Bormate, K.J.; Jung, Y.-S. Effect of Caffeine Consumption on the Risk for Neurological and Psychiatric
Disorders: Sex Differences in Human. Nutrients 2020, 12, 3080. [CrossRef]

9.  Nowaczewska, M.; Wicinski, M.; Kazmierczak, W. The Ambiguous Role of Caffeine in Migraine Headache: From Trigger to
Treatment. Nutrients 2020, 12, 2259. [CrossRef]

10. Jin, T.; Youn, J.; Na Kim, A.; Kang, M.; Kim, K.; Sung, J.; Lee, J.E. Interactions of Habitual Coffee Consumption by Genetic
Polymorphisms with the Risk of Prediabetes and Type 2 Diabetes Combined. Nutrients 2020, 12, 2228. [CrossRef]

11. Han, J.; Shon, J.; Hwang, J.-Y.; Park, Y.J. Effects of Coffee Intake on Dyslipidemia Risk According to Genetic Variants in the
ADORA Gene Family among Korean Adults. Nutrients 2020, 12, 493. [CrossRef]

12.  Liu, Y.-T.; Tantoh, D.M.; Wang, L.; Nfor, O.N.; Hsu, S.-Y.; Ho, C.-C.; Lung, C.-C.; Chang, H.-R.; Liaw, Y.-P. Interaction between
Coffee Drinking and TRIB1 rs17321515 Single Nucleotide Polymorphism on Coronary Heart Disease in a Taiwanese Population.
Nutrients 2020, 12, 1301. [CrossRef]

13.  Moua, E.D.; Hu, C.; Day, N.; Hord, N.G; Takata, Y. Coffee Consumption and C-Reactive Protein Levels: A Systematic Review
and Meta-Analysis. Nutrients 2020, 12, 1349. [CrossRef] [PubMed]

14.  Wu, S.E.; Chen, W.-L. Exploring the Association between Urine Caffeine Metabolites and Urine Flow Rate: A Cross-Sectional

Study. Nutrients 2020, 12, 2803. [CrossRef] [PubMed]



Nutrients 2021, 13,2918

15.

16.

17.

18.

19.

20.

21.
22.

Fuller, D.; Smith, M.; Boolani, A. Trait Energy and Fatigue Modify the Effects of Caffeine on Mood, Cognitive and Fine-Motor
Task Performance: A Post-Hoc Study. Nutrients 2021, 13, 412. [CrossRef] [PubMed]

Wilk, M.; Filip, A.; Krzysztofik, M.; Gepfert, M.; Zajac, A.; Del Coso, J. Acute Caffeine Intake Enhances Mean Power Output and
Bar Velocity during the Bench Press Throw in Athletes Habituated to Caffeine. Nutrients 2020, 12, 406. [CrossRef] [PubMed]
Ahmad, N.; Teh, B.P,; Halim, S.Z.; Zolkifli, N.A; Ramli, N.; Muhammad, H. Eurycoma longifolia—Infused Coffee—An Oral
Toxicity Study. Nutrients 2020, 12, 3125. [CrossRef] [PubMed]

Veldzquez, A.M.; Roglans, N.; Bentanachs, R.; Gené, M.; Sala-Vila, A.; Lazaro, I.; Rodriguez-Morato, J.; Sdnchez, R M.; Laguna, J.C.;
Alegret, M. Effects of a low dose of caffeine alone or as part of a green coffee extract, in a rat dietary model of lean non-alcoholic
fatty liver disease without inflammation. Nutrients 2020, 12, 3240. [CrossRef] [PubMed]

Treml, B.; Schopf, E.; Geiger, R.; Niederwanger, C.; Lockinger, A.; Kleinsasser, A.; Bachler, M. Red Bull Increases Heart Rate at
Near Sea Level and Pulmonary Shunt Fraction at High Altitude in a Porcine Model. Nutrients 2020, 12, 1738. [CrossRef]

Ruta, L.L.; Farcasanu, I.C. Saccharomyces cerevisiae and Caffeine Implications on the Eukaryotic Cell. Nutrients 2020, 12, 2440.
[CrossRef]

Kolb, H.; Kempf, K.; Martin, S. Health Effects of Coffee: Mechanism Unraveled? Nutrients 2020, 12, 1842. [CrossRef] [PubMed]
Iriondo-DeHond, A.; Uranga, J.A.; Del Castillo, M.D.; Abalo, R. Effects of coffee and its components on the gastrointestinal tract
and the brain—-Gut axis. Nutrients 2020, 13, 88. [CrossRef] [PubMed]






8% nutrients MbPy

Atrticle
Caffeine Consumption in Switzerland: Results from
the First National Nutrition Survey MenuCH

Christéle Rochat !, Chin B. Eap 23, Murielle Bochud "* and Angeline Chatelan !

1 Center of Primary Care and Public Health (Unisanté), University of Lausanne, Route de la Corniche 10,

1010 Lausanne, Switzerland; christele.rochat@unil.ch (C.R.); angeline.chatelan@unisante.ch (A.C.)

Unit of Pharmacogenetics and Clinical Psychopharmacology, Centre for Psychiatric Neuroscience,
Department of Psychiatry, Lausanne University Hospital, University of Lausanne, 1008 Prilly-Lausanne,
Switzerland; chin.eap@chuv.ch

Institute of Pharmaceutical Sciences of Western Switzerland, 1205 Geneva, Switzerland

*  Correspondence: murielle.bochud@unisante.ch; Tel.: +41-21-314-0899

3

Received: 2 December 2019; Accepted: 17 December 2019; Published: 20 December 2019

Abstract: Caffeine is a natural psychostimulant with a potentially positive impact on health when
consumed in moderation and a negative impact at high dose (>400 mg/day). So far, no study has
examined self-reported caffeine consumption in Switzerland. Our objectives were to determine (1) the
caffeine consumption per adult, (2) the main sources of caffeine intake in the Swiss diet, and (3) the
timing of caffeine consumption during the day. We used data from the 2014-2015 national nutrition
survey menuCH (adults aged 18 to 75 years old, n = 2057, weighted n = 4,627,878), consisting of
two 24-h dietary recalls. Caffeine content in consumed foods was systematically assessed using
laboratory analyses in samples of Swiss caffeinated beverages, information from food composition
databases, and estimations from standard recipes. Mean (+SD) daily caffeine consumption per person
and percentile 95 were 191 mg/day (+129) and 426 mg/day, respectively. We observed differences in
mean caffeine consumption across age groups (18-34 y: 140 mg/day; 50-64 y: 228 mg/day), linguistic
regions (German-speaking: 204 mg/day; French-speaking: 170 mg/day, Italian-speaking: 136 mg/day),
and smoking status (never smokers: 171 mg/day; current smokers: 228 mg/day). The three main
sources of caffeine intake were 1) coffee (83% of total caffeine intake), 2) tea (9%) and 3) soft drinks
(4%). Caffeine consumption was highest between 06:00 and 09:00 (29%) and the circadian rhythm
slightly differed across linguistic regions and age groups. The mean caffeine consumption in the
Swiss adult population was similar to that reported in neighbouring countries.

Keywords: caffeine intake; Switzerland; national nutrition survey; coffee; tea; soft drinks

1. Introduction

Caffeine is a psychostimulant naturally present in coffee and cocoa beans, tea leaves, mate,
kola nuts and guarana berries [1-3]. Short-term effects of caffeine on health are well documented:
stimulation of the central nervous system [2,4], increased metabolism [4], acute elevation of blood
pressure [2,4-6], and diuresis [4]. Caffeine is particularly known and sought for its effects on alertness [7]
and cognitive performance [7]. However, in some individuals, it can have a negative impact on sleep in
a dose-dependent manner if consumed late in the day [2,7,8]. Longer-term effects of caffeine intake on
health are more debated. A meta-analysis of randomized controlled trials indicated that caffeine may
increase systolic blood pressure after several weeks of moderate to high caffeine intake [5,9]. On the
other hand, the umbrella review by Grosso et al. [5] showed that, based on data from observational
studies (i.e., cohorts and case-controls studies), caffeine probably decreases the risk of Parkinson’s
disease and type 2 diabetes, and possibly decreases the risk of cognitive disorders. In pregnant women,
observational and experimental studies have warned about a potential increased risk of pregnancy
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loss and of infants having a low birth weight [5]. In this context, the European Food Safety Authority
(EFSA) [2] and other authors [1,6,10] recommend a caffeine consumption of a maximum 400 mg per
day in healthy adults, and 200-300 mg during pregnancy.

Data from the 2007-2012 National Health and Nutrition Examination Survey (NHANES) informed
that consumption of caffeine in U.S. adults was on average of 169 mg/day [7] and had been relatively
stable for at least 10 years [7,11,12]. In Western Europe, the average daily intake of caffeine is similar as
in the U.S [2,7]. In Europe, the most important sources of caffeine are: (1) coffee, (2) cola-based soft
drinks and 3) tea [13]. Currently, little is known on the timing of caffeine consumption throughout the
day [14]. One study in the U.S., based on the 2007-2012 NHANES data, showed that caffeine is mainly
consumed before noon (70% of total daily intake) with a peak between 06:00 and 09:00 (40%) [7].

In Switzerland—a wealthy country whose population exhibits one of the highest life expectancies
worldwide [15] and where dietary habits highly vary between the three main linguistic regions
(German, French and Italian) [16]—information on caffeine consumption is lacking, although some
data on 24-h urinary caffeine and methylxanthine excretion in the general adult population have
been recently published [17]. Therefore, we quantified caffeine consumption in the Swiss population
aged 18 to 75 using data from the first national nutrition survey, menuCH. We calculated the average
consumption of caffeine per person, as well as the main sources of caffeine in the Swiss diet and the
timing of caffeine consumption during the day.

2. Methods

2.1. Study Design and Population

This study uses cross-sectional data from the first national population-based nutrition survey in
Switzerland, menuCH, conducted between January 2014 and February 2015 [16]. A stratified random
sample covering the three main linguistic regions and five categories of predefined age between 18 and
75 years was taken from the national sampling frame for surveys of persons and households by the
Federal Statistical Office [18]. Out of the 5496 eligible people invited and reachable by phone, 2086 took
part in the survey (response rate: 38%) [19]. Among them, 2057 participants had two complete 24-h
dietary recalls (24 HDR). This survey was conducted in accordance with the guidelines of the Helsinki
Declaration and all participants signed a written informed consent. The survey was registered in the
primary clinical trial registry (ID number: ISRCTN16778734). Further information about menuCH is
available in these references [16,19,20].

2.2. Dietary Assessment

Details on dietary assessment methods were described in a previous article [20]. In brief, dietary
intake was assessed by dietitians through two non-consecutive 24 HDR, spread across all days of the
week and all seasons. The 24 HDRs were multiple-pass automated using the GloboDiet®software
(International Agency for Research on Cancer, Lyon, France), which had been adapted to the Swiss
food market. To support survey participants in food intake quantification, dietitians used a set of
about 60 actual household measures (e.g., cups, glasses, spoons, plates) and a picture book with 119
series of six graduated portion-sizes and with the household measures [21]. The picture book was
particularly useful for the second 24 HDR conducted by phone. Detailed descriptions of all consumed
foods, beverages, and ingredients of recipes, including flavours and brand names, were collected.
For coffee-based beverages, information about caffeine content (i.e., decaffeinated vs. caffeinated
coffee) and the preparation method (i.e., prepared from instant powder vs. not) were available.
We had, however, no information regarding the brewing methods, such as made from branded
capsules, coffee maker brand, moka pot, etc. All foods were grouped into five groups: (1) beverages
made of coffee and/or coffee substitutes (e.g., chicory coffee), (2) tea and mate (e.g., white, green and
black tea, jasmine tea), (3) soft and energy drinks (e.g., Coca Cola®), iced teas, Red Bull®), (4) pure
chocolate and chocolate-based confectionary (e.g., chocolate bars, chocolate spread, chocolate powder,
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Easter Bunny) and (5) all other foods (e.g., mocha yogurt). These groups came from the pre-defined
GloboDiet®classification (18 food groups and 85 subgroups) and were selected based on the published
literature [2,12,13,22].

2.3. Estimated Caffeine Content (Most Foods)

We estimated the caffeine content for most foods reported by survey participants following
a systematic approach, described in Supplementary Figure S1: (1) contain caffeine (e.g., coffee),
(2) may contain caffeine depending on flavour, brand, etc. (e.g., soft drinks), (3) do not contain
caffeine (e.g., vegetables). Since the Swiss Food Composition Database [23] does not include caffeine,
the caffeine level reported on the packaging, when present, and the American (ndb.nal.usda.gov) and
Canadian (food-nutrition.canada.ca) food composition databases, were the main references to assign
caffeine value in consumed foods (see values in Supplementary Table S1). For some specific Swiss or
European foods or recipes manufactured locally (e.g., branded chocolate bars), we estimated caffeine
content based on the quantity of ingredients containing caffeine from standard recipes/compositions:
e.g., cocoa or chocolate powder, milk and dark chocolate. If no information was found in these
references, we used values published in a scientific article (e.g., white tea [24]). Finally, we relied
on www.caffeineinformer.com for Jasmin tea (reported 22 times out of a total of 121,047 reported
foods) and mate (8x), and www.frc.ch/yaourt-a-la-cafeine for mocha yogurt (122x) to estimate caffeine
content. For foods having “coffee extract” in their ingredient list (22x), we extrapolated their caffeine
content from similar foods because we could not find this item in food composition databases nor the
literature. When caffeine concentrations were estimated to be less than 1 mg/100 g of product (70x,
e.g., rocket ice cream with coated chocolate on the top), we assigned these foods a caffeine content
equal to zero for simplification.

2.4. Measured Caffeine Content (Coffee and Soft Drinks)

For coffee and a few soft drinks, we measured the caffeine content in Swiss samples. Several
reasons justify this decision: (1) coffees and soft drinks are the main providers of caffeine in Western
Europe [13], (2) we found large differences regarding their caffeine content in food composition
databases and literature, and (3) coffee preparation and soft drink recipes/compositions may vary
from country to country [25]. In total, we collected 8 samples of soft drinks and 42 samples of
coffees for laboratory analyses (Supplementary Table S2). For soft drinks, we measured caffeine
in five branded cola-based soft drinks (i.e., Coca Cola®and Pepsi®) and three branded iced teas.
As for coffee, we measured caffeine content in ristrettos (about 35 mL, according to menuCH data),
espressos (about 64 mL), and lungos (about 144 mL). In this study, we focused only on caffeinated coffees.
Decaffeinated coffees were assigned a caffeine concentration of 2 mg/100 mL based on previous analyses
conducted in the same Swiss laboratory (unpublished data). In addition, this value corresponded to
information found in the literature [26]. Ristrettos were divided into two categories: “self-made” (one
Nespresso®capsule) and “take-away/restaurant/vending machine” (four different places). Espressos
and lungos were each divided into three categories: "powder-based" (one Nescafé®instant powder),
“self-made” (three different Nespresso®capsules), and "take-away/restaurant/vending machine" (four
different places). For each type of coffee, two samples were collected, one directly after the other and
both results were averaged. Levels of caffeine, paraxanthine, theophylline and theobromine were
quantified by ultra-high-performance liquid chromatography (Waters ACQUITY UPLC system, Waters
Corporation, Milford, USA) coupled to a tandem quadrupole mass spectrometer (Waters TQD) with
electrospray ionization. The limit of quantification for all analytes was 5 ng/mL. The method was
validated according to international guidelines using a stable isotope-labelled internal standard for
each analyte (detailed method available on request). Because we only had information on whether the
coffee was prepared from instant powder or not (no information on brewing method), and because
there were important variations regarding caffeine content measured in “self-made” coffee (capsules)
and coffee prepared in “take-away/restaurant/vending machine”, we calculated an average caffeine
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concentration in ristrettos (265 mg/100 mL), espressos (119 mg/100 mL) and lungos (67 mg/100 mL) by
hypothesizing that 2/3 of coffees were “self-made” using branded capsules and 1/3 were bought in
"take-away/restaurant/vending machine" [27]. The contents of caffeine in coffee-based beverages (e.g.,
cappuccino, latte macchiato) were then calculated from these data using standard recipes/compositions.
For details on the estimated and measured caffeine content in the different foods, see Supplementary
Table S1.

2.5. Anthropometry and Other Parameters

Following the World Health Organization’s MONICA Manual [28], dietitians measured body
weight and height to the nearest 0.1 kg/cm with a calibrated Seca 701 scale, equipped with a Seca 220
telescopic measuring rod (Seca GmbH, Hamburg, Germany) [20]. For pregnant and lactating women,
or where measurements were impossible (e.g., disability, refusal), self-reported weight and/or height
were used (n = 34) [16,28]. Body mass index (BMI) was then calculated and categorised as follows:
normal weight (BMI < 25 kg/m?), overweight (25 < BMI < 30 kg/m?), and obesity (BMI > 30 kg/m?).
A standardized questionnaire was used to assess: (1) sex [men, women], (2) age [age groups: 18-34 years,
35-49 years, 50-64 years, 65-75 years], (3) the language region based on home address (German-,
French-, Italian-speaking parts of Switzerland), (4) nationality [Swiss, not Swiss], (5) education [lower
(max. 1-2 years after compulsory school), middle (34 years after compulsory school), higher (>5 years
after compulsory school)], (6) household income [lower (<5999 CHF), middle (6000-8999 CHF), higher
(>9000 CHF)] and (7) smoking status [never smokers (<100 cigarettes in life), ex-smokers (used to
smoke, >100 cigarettes in life), current smokers (occasional or daily smokers)].

2.6. Statistical Analyses

Usual daily consumption of caffeine intake was modelled out of the two 24 HDR (n = 2057)
using the Multiple Source Method (MSM, https://nugo.dife.de/msm) [29]. MSM has been developed
to predict typical consumption based on short-term measurements, such as 24 HDR, accounting for
day-to-day variations (within-person variations). In MSM, we assumed that all survey participants
were potential consumers of caffeine. We calculated the percentage of people with consumption of
caffeine potentially harmful for health based on thresholds defined by EFSA: i.e., 400 mg/day and
5.7 mg/kg/day [2]. The contribution of main food group sources of caffeine was estimated using the
mean intake of the two recorded days (no use of MSM). The timing of caffeine consumption was
assessed only in the first 24 HDR, as was the case in Lieberman et al. [7]. We estimated caffeine
intake per 3-hour period [7] and per hour [11], assuming that the time of meal/snack start reported by
survey participants was the time of consumption. Findings are presented by sex, age groups, linguistic
regions, and when appropriate, nationality, educational level, income, smoking status, and weight
status. All results were weighted for age, sex, marital status, administrative regions of Switzerland,
nationality and household size to take into account sampling design and non-response. Results were
also weighted to correct for the slightly uneven distribution of 24 HDR over seasons and weekdays.
The weighing strategy intends to provide results that are more representative of the Swiss population
aged 18 to 75 years old and of any day in the year. A detailed documentation about the weighting
strategy is available at https://menuch.iumsp.ch/index.php/home. All statistical analyses were carried
out using STATA version 13 (Stata Corp., College Station, TX, USA).

3. Results

Table 1 describes the daily caffeine consumption across selected strata. Mean (+ SD) of caffeine
for the entire Swiss population aged 18 to 75 years was 191 mg/day (+ 129) with a P95 estimated
at 426 mg/day. Mean caffeine intake was higher in men than in women, with 210 (+ 138) and 172
mg/day (+ 117), respectively. Pregnant women (1 = 14) had a much lower caffeine intake, with a mean
intake of 74 mg/day (+ 49) (data not shown). P95 for men and women were 445 and 388 mg/day,
respectively. The daily consumption of caffeine tended to increase with age with a peak in people aged
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50-64 years, then decreased in those aged 65 to 75 years. People aged 18-34 years had a mean intake of
140 mg/day (+ 111), 35-49 years of 202 mg/day (+ 134), 5064 years of 228 mg/day (+ 135) and 65-75
years of 202 mg/day (+ 111). We also found differences across linguistic regions: German-, French-
and Italian-speaking had a mean caffeine intake of 204 (+ 136), 170 (+ 112), 136 mg/day (+ 85) and P95
of 445, 399 and 270 mg/day, respectively. Smokers (228 mg/day + 152) appeared to be larger caffeine
consumers than ex-smokers (197 mg/day + 115), who themselves consumed more caffeine than never
smokers (171 mg/day =+ 121). Table 1 also highlights that P95 was above 500 mg/day in three groups of
the Swiss population: smokers, people with lower education, and obese people. No major differences
were found with respect to nationality and income.

Supplementary Table S3 describes the daily caffeine consumption per kilo of body weight. Mean
(+ SD) caffeine consumption in the entire population was 2.66 mg/kg/day (+ 1.78), with equivalent
values in men and women. Table 1 and Supplementary Table S3 also highlight that 6.6% and 5.6% of
the Swiss population consumed more than 400 mg/day or 5.7 mg/kg per day of caffeine. None of the 14
pregnant women had a caffeine intake above 200 mg/day (data not shown).

Figure 1 and Supplementary Figure S2 show the main food group sources of caffeine, in relative
values (percentage of total intake) and absolute values (mg/day), respectively. The three main sources
of caffeine intake at the population level were (1) coffee (83% of total caffeine intake), (2) tea (9%)
and (3) soft drinks (4%). Men consumed more caffeine from coffee and soft drinks than women: i.e.,
86% (184 mg/day) and 6% (12 mg/day) in men, compared to 81% (139 mg/day) and 3% (5 mg/day)
in women. In contrast, women consumed more caffeine from tea: 12% of total daily caffeine intake
(21 mg/day) compared to men with 6% (13 mg/day). Coffee was the main caffeine provider in diet
among all age groups, and relative values increased with age, from 73% to 87% of total caffeine intake.
Respectively, people aged 18-34 years consumed 73% (101 mg/day) of caffeine from coffee, 35-49 years
85% (174 mg/day), 50-64 years 87% (203 mg/day) and 65-75 years 87% (173 mg/day). The absolute
intake of caffeine from tea increased with age, with 16 mg/day in the youngest group (18-34 years) to
20 mg/day in the oldest group (65-75 years). Both absolute and relative values of caffeine intake from
soft drinks decreased with age, from 11% (15 mg/day) in 18-34 year olds to 1% (1 mg/day) in 65-75
year olds. Individuals residing in the German-speaking, French-speaking and Italian-speaking regions,
respectively, consumed caffeine mainly from coffee at 85%, 79% and 85%, and from tea at 7%, 14%
and 9%.

Table 2 shows the distribution of caffeine consumption during the day by sex, age group and
language region. Caffeine intake in the entire Swiss population was the highest between 06:00 and
09:00 (29%), then decreased gradually during the day: 26% (09:00-12:00), 16% (12:00-15:00), 14%
(15:00-18:00), 9% (18:00-21:00) and 3% (21:00—00:00). More than half of the caffeine (58%) was consumed
in the morning between 03:00 and 12:00. No major differences were found between men (57%) and
women (59%). The largest differences in caffeine consumption regarding age were observed between
06:00 and 12:00. From 06:00 to 09:00, caffeine intake was higher in older people: 22% in people aged
18-34 years and 37% in 65-75 year olds. The trend reversed in the second half of the morning (09:00 to
12:00) with the largest caffeine consumption among people aged 18-34 years (33% of total daily intake)
compared to those aged 65-75 years (19%). The German-speaking and French-speaking regions had
similar caffeine consumption trends over the day. However, the Italian-speaking region consumed
more caffeine in the early morning (40% from 06:00 to 09:00) compared to the other two regions: 28%
and 31% for German- and French-speaking, respectively. For more information on hourly caffeine
consumption, see Supplementary Figure S3.
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4. Discussion

The mean caffeine intake of the Swiss adult population was 191 mg/day, with higher intake in the
age group 50-64 years (228 mg/day), the German-speaking region (204 mg/day), smokers (228 mg/day),
and obese people (217 mg/day). In the Swiss population, the three main sources of caffeine consumption
were (1) coffee (83%), (2) tea (9%) and (3) soft drinks (4%). Caffeine was mostly consumed between
06:00 and 09:00, then its intake decreased during the day. The circadian rhythm of caffeine intake
slightly differed across linguistic regions and age groups.

4.1. Total Daily Caffeine Intake

Overall, the mean caffeine intake in the entire Swiss population (191 mg/day), was similar to that in
other Western European countries [2] and the U.S. (169 mg/day, NHANES data). Because Switzerland
has different food and caffeine consumption patterns across linguistic regions, we need to compare
our results found in the three different regions. Specifically, our results for the population aged 18-64
years (202, 170, and 133 mg/day for the German-, French- and Italian-speaking regions, respectively,
Supplementary Table S4) are very similar to values published in the corresponding neighbouring
countries for the same age group: i.e., 238 mg/day in Germany, 155 in France, and 139 in Italy [2].
According to our study, 6.6% of the Swiss population consumed more than 400 mg/day of caffeine,
the threshold below which it has been shown that caffeine consumption does not raise health issues
in healthy adults [1,2,6]. In this regard, we also found differences between the linguistic regions.
However, our observed percentages were lower than in the neighbouring countries (18-64 years old,
Supplementary Table S4): 8.5% for the German- (14.6% in Germany), 4.9% in the French- (5.8% in
France) and 0.3% for Italian-speaking part of Switzerland (2.1% in Italy) [2]. The comparison between
countries should, however, be done with caution because methods used in the different national
nutrition surveys were slightly different in terms of data collection years, dietary assessment methods,
and sampling design [2].

4.2. Differences Across Population Subgroups

Previous studies have shown similar results as our study with greater consumption of total
caffeine in men than in women [7,12,22,30,31]. However, this difference between sexes seemed to be
due to confounding factors, such as body weight, as shown in our study. Indeed, Mitchell et al. also
demonstrated that, when consumption is adjusted to the body weight, women consumed slightly more
caffeine than men [22]. Another study in the U.S. found no significant difference between sex after
adjusting for working hours or employment status [7]. The curvilinear association between caffeine
consumption and age observed in our study was also already documented in the literature [7,12,22,31].
Consumption increases with age, reaching a peak at around 51-70 years old and declines among
older people. Although our results suggest that people with lower education consumed more
caffeine, studies in the U.S. did not find a systematic association between caffeine consumption and
education [7,31], nor income [31]. Finally, as expected from the literature [32], our study found higher
caffeine consumption among smokers. This association might have several explanations: (1) smoking
causes the induction of cytochrome P450 1 A2 (CYP1AZ2), causing an acceleration of the elimination of
caffeine, which may lead to a better tolerance to caffeine [33], (2) genetic factors [34] and (3) behavioural
and environmental factors [35].

4.3. Main Sources of Caffeine

The large proportion of caffeine brought by coffee in Switzerland (83% of total daily intake) is
comparable to proportions in the U.S. [12,22] and European countries [2], with the exception of Ireland,
the United Kingdom and Latvia, for which a major source of caffeine was tea (between 52% and
60%) [2]. The main food sources of caffeine seemed to be specific to each culture, as the proportions
found in the three linguistic regions of Switzerland are, again, very similar to those published in their
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neighbouring countries [2]. In addition, we found that younger adults (18-34 years) consumed more
caffeine from soft drinks (including energy drinks) than older people. An Austrian study of young
adults showed similar results with a decreasing consumption of caffeine from soft and energy drinks
with age: 94 mg/day in 18-25 year olds vs. 74 mg/day in 26-39 year olds [36]. Mitchell et al. also
found a higher consumption of caffeine from energy drinks in younger than older U.S. adults [22].
This difference may be due to a preference for soft and energy drinks rather than coffee among young
people [37].

4.4. Timing of Caffeine Consumption

Our study showed a maximum consumption of caffeine in the morning (58%), with a decreasing
consumption throughout the day, as already demonstrated in several North-American studies [7,11,14].
For instance, Martyn et al. showed that 61% of caffeine was consumed in the morning, defined as
from before breakfast until lunch (not included), 21% between lunch and dinner (not included) and
18% in the evening (i.e., during and after dinner) [14]. Lieberman et al. found a much higher caffeine
consumption peak in the morning, with about 70% of caffeine consumed between 03:00 and 12:00 (58%
in our study) and 40% just between 06:00 and 09:00 (29% in our study) [7]. Our results have also shown
that caffeine intake in the younger population is slightly delayed in the morning (09:00-12:00 instead
of 06:00-09:00), afternoon (03:00-06:00 instead of 12:00-15:00), and evening (21:00-00:00 instead of
06:00-21:00), compared to the older population. However, it seems there are no major differences in
caffeine consumption among the four age groups, when grouping periods by two: i.e., 55%-57% of
caffeine consumed in the morning (06:00-12:00), 29%-30% in the afternoon (12:00-18:00) and 12%-13%
in the evening (18:00-00:00) (Table 2). In the U.S., Martyn et al. found a positive association between age
and caffeine intake in the morning: 18-24 year olds consumed 50% of their daily caffeine intake in the
morning, whereas those aged 65 consumed over 66% (and 23% vs. 16% in the evening, respectively) [14].
To our knowledge, no study has yet investigated the timing of caffeine consumption in Western Europe.

4.5. Strengths and Limitations of the Study

The strengths of our study were that we used data from a representative sample of the Swiss
population, we took into account all the different sources of caffeine, not only beverages, and we used
MSM to predict the usual consumption. However, since a menuCH project was not planned to assess
caffeine intake, we did not have a detailed description of the different types of coffee with their brand,
place of purchase and/or brewing method, even though this information highly influences caffeine
concentration in coffee, as shown in literature [38,39] and our measurements (Supplementary Table
S2). In this context, we lack precision in the assignment of caffeine concentration in different types of
coffees, and had to rely on averages.

5. Conclusions

To the best of our knowledge, this is the first study looking at self-reported caffeine intake in
Switzerland. The average consumption in the entire adult population was 191 mg/d, which was
consistent with data from other high-income countries, particularly neighbouring countries. Only a
small proportion of the Swiss adult population (6.6%) consumes above the maximum intake of
400 mg/day recommended by EFSA. Differences in caffeine consumption were observed across age
groups, linguistic regions and smoking status, but in all population subgroups, coffee was the main
source of caffeine intake, and caffeine was mostly consumed in the morning.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/1/28/s1,
Figure S1: Decision tree regarding food groups with or without caffeine, Table S1: Overview of caffeine
concentration in foods, by food groups, Table S2: Measurements of caffeine concentration in coffee and soft drinks,
Table S3: Daily caffeine consumption per kg of body weight (mg/kg/day), Figure S2: Main food groups sources
of caffeine (mg/day), Figure S3: Distribution of caffeine consumption per hour during the day (percentage/day),
Table S4: Daily caffeine consumption in the population aged 18-64 years old (mg/day).
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Abstract: Caffeine is the world’s most commonly used stimulant of the central nervous system.
Caffeine is present in coffee and other beverages such as tea, soft drinks, and cocoa-based foods.
The caffeine expectancy questionnaire was developed to investigate the effects of caffeine expectations
and thus contribute to knowledge about its usage and subjective effects (response expectancies).
This study aimed to evaluate caffeine expectation psychometrically in a sample of the Brazilian
population. The original version of the “Caffeine Expectancy Questionnaire (CaffEQ)” was translated
and validated into Brazilian-Portuguese and adapted to Brazilian culture to be used in the Brazilian
adult (19-59 y) population. After the translation and back-translation processes of the original
CaffEQ questionnaire, the content and semantic validation were performed by a group of experts.
The Brazilian-Portuguese version of the questionnaire consists of 47 items, in seven factors,
which assess subjective perceptions about the effects of caffeine. Interobserver reproducibility
and internal consistency of the questionnaire were tested with a convenience sample (1 = 50) of
Brazilian adult consumers of caffeine sources, who completed the Brazilian CaffEQ (CaffEQ-BR)
on two occasions separated by 24 h. All of the 47 questions were adequate regarding reliability,
clarity, and comprehension. Psychometric properties could be replicated consistently. Appropriate
internal consistency and validation were confirmed by Cronbach'’s alpha () 0.948, and an intraclass
correlation coefficient of 0.976 was observed. The CaffEQ-BR was applied using a web-based platform
to a convenience sample of Brazilian adults from all 27 Brazilian states (n = 4202 participants),
along with measures of sociodemographic and caffeine consumption data. Factor validity was
verified by confirmatory factor analysis. The seven factors presented a good fit for Root Mean Square
Error of Approximation—RMSEA = 0.0332 (95% CI: 0.0290-0.0375). By confirming the validity and
reliability of CaffEQ-BR, a useful tool is now available to assess caffeine expectations in the Brazilian
adult population.

Keywords: caffeine; subjective; expectancy; instrument; validation; Brazilian; Portuguese
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1. Introduction

Caffeine (1,3,7-trimethylxanthine) is the most widely consumed psychoactive substance in
the world [1,2] with several guidelines addressing the form of use, dosage, and limits for safe
consumption [3-5]. Worldwide, and in Brazil, caffeine intake occurs primarily through coffee
consumption [1]. The estimation of the Brazilian population’s average daily coffee intake is 163 mL [6],
being the most consumed non-alcoholic drink in Brazil [7,8]. In addition, caffeine is also widely
consumed in other foods and beverages such as cola, cocoa, chocolate, guarana, and in matte, black,
and green teas [9]. Furthermore, a range of energy drinks and sports supplements also contain caffeine
in their composition [5]. The differences in biological individuality and cultural factors can influence
the habits of caffeine consumption [10,11]. Therefore, the ingestion of products that contain caffeine is
not only associated with their sensorial characteristics and eating habits but also with caffeine effect
expectations [12].

It is well established that placebo effects are associated with caffeine supplementation, likely due
to an expectancy surrounding its effects. Double-blind studies have shown that participants receiving
a placebo treatment perceived to be caffeine improved exercise performance to a similar extent when
compared with caffeine ingestion [13,14]. Positive expectation associated with caffeine ingestion
appeared to drive this effect since individuals correctly believing that they had ingested caffeine
improved to a greater extent than the average effect of caffeine [13,15]. However, these results
were not observed in physiological variables, such as heart rate and blood pressure [16], further
reinforcing the notion that the expected effect of caffeine plays a subjective role in the belief around
its consumption [16,17]. Regarding expectancy, factors such as motivation and belief can influence
the ergogenic response of caffeine in adults [17]. Therefore, expectancies associated with caffeine
use/outcome may play an important role in the development, maintenance, and reinforcement of its
consumption patterns [12,18,19]. Studies have attempted to associate habitual caffeine consumption
with changes in mood, appetite, sleep/alertness, exercise performance, and other factors [19-21].
Based on these observations, standardized questionnaires were constructed using psychometric
techniques [22] to assess expectancy about caffeine consumption [19-21], or to evaluate the motives for
caffeine consumption [12].

In this regard, Heinz et al. (2009) [18] proposed a questionnaire with 37 items to examine
caffeine expectancy comprising four factors: ‘withdrawal symptoms’, ‘positive effects’, ‘acute negative
effects’, and ‘mood effects’. Subsequently, Huntley and Juliano (2012) [20] proposed the Caffeine
Expectancy Questionnaire (CaffEQ), a structured questionnaire based on a detailed review of the
literature and a series of preliminary studies for construction of the items. The final version of
the CaffEQ (originally in English, designed for the United States of America) includes 47 items,
evaluated using a six-point Likert scale, distributed across seven factors: ‘withdrawal/dependence’,
‘energy/work enhancement’, ‘appetite suppression’, ‘social/mood enhancement’, ‘physical performance
enhancement’, ‘anxiety/negative physical effects” and ‘sleep disturbance’. Besides its use in the English
language, the CaffEQ was also translated and validated for German-speaking countries (Germany,
Switzerland, and Austria) by the authors Schott et al. (2016) [21].

However, since the validation and standardization of the CaffEQ questionnaire were performed
only for English and German speaking populations [19-21], there are currently no studies with Latin
American countries using the CaffEQ due to linguistic barriers and cultural differences that cause
difficulties in using the original questionnaire. In this sense, there has been no study proposed to
evaluate caffeine expectations in the Brazilian population due to the lack of a valid questionnaire in the
Brazilian-Portuguese language. Therefore, this study aimed to translate, culturally adapt, and validate
the CaffEQ to the Brazilian population (CaffEQ-BR), and also to evaluate caffeine expectations in
Brazilian adult participants. We expect that this study can provide a questionnaire with internal and
external validity to characterize caffeine expectations in the Brazilian adult population and be an easy
questionnaire to incorporate into research and clinical contexts.
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2. Materials and Methods

The present study used the original CaffEQ and translated it from the English version to
Brazilian-Portuguese [20]. The CaffEQ is composed of 47 items, evaluated using a six-point Likert scale.
In order to create the CaffEQ for the Brazilian population (CaffEQ-BR), our study was conducted in four
stages: (1) Translation, Cultural Adaptation, and Semantic Evaluation; (2) Internal Consistency and
Reproducibility of CaffEQ-BR; (3) Brazilian nationwide CaffEQ-BR application; (4) Statistical analysis.
The study was approved by the Ethics Committee of the University Catodlica of Brasilia (Brasilia, Brazil)
(number: 23019319.3.0000.0029) and followed the guidelines established by the Declaration of Helsinki.
The volunteers were informed about the study protocol and provided web-based consent.

In the present study, the survey was carried out using Google Forms™ web-based platform [23].
The online form maintained the original CaffEQ version layout and content [20]. The expert panel
suggested inserting an explanation about the meaning of the word caffeine (as well as about its main
sources) in the questionnaire heading for a better understanding of the questionnaire by the general
public, since the term “caffeine” is not common to the Brazilian population.

2.1. Translation, Cultural Adaptation, and Semantic Assessment

The translation and cultural adaptation of the questionnaire was performed according to World
Health Organization (WHO) recommendations [24]. A bilingual researcher native in Portuguese
(T.H.M.d.C.) translated the original version (in English) of the CaffEQ into the Brazilian-Portuguese
language. Subsequently, another bilingual researcher, a native English speaker (resident in Brazil for
eight years) (B.S.), with no knowledge of the original work, back-translated the Brazilian-Portuguese
version (made by TH.M.d.C.) into English. After that, three collaborators (G.EM.; C.E.G.R.; RP.Z.)
compared the back-translated version (in English, made by B.S.) with the original questionnaire and
analyzed the Brazilian-Portuguese translation version to make adjustments in case of non-conformities.
The final version was agreed upon by the bilingual translators (T.H.M.d.C. and B.S.) as a final step in
the translation process.

The questionnaire was subsequently analyzed and revised by a panel of health professional experts
(n = 20) distributed across the following academic degrees: Master’s (1 = 7; 35%), Doctorate (1 = 9; 45%)
and Post-doctorate (1 = 4; 20%), all associated with universities and all residents in Brasilia Federal
District [22]. The experts individually analyzed the cultural adaptation and semantic assessment
using parameters of the ‘importance” and “clarity” of each question (1 = 47) on a Likert scale of 1 to 5,
where 1 indicates “I totally disagree with the item”; 2—*“I partially disagree with the item”; 3—"I
neither agree nor disagree with the item”; 4—"I partially agree with the item”; and 5—*I fully agree
with the item”. The objective was to achieve more than 80% agreement among the experts (mean > 3)
for each question [25,26]. Pending items were adjusted according to the experts” observations and
sent back to them for compliance analysis. This process occurred until all items achieved at least 80%
agreement (mean > 3). The degree of agreement among experts in the evaluation of the ‘importance’ and
“clarity” of the questions was performed by the Kendall correlation coefficient (W) ranging from 0 to 1.
A W-value > 0.66 indicates that the experts applied the same evaluation standards, and W-values < 0.66
suggest disagreement between experts. To approve an item, it was deemed necessary that at least 80%
agreement was achieved among the experts (W values > 0.8) [26].

2.2. Internal Consistency and Reproducibility of CaffEQ-BR

The reproducibility of the translated and adapted instrument CaffEQ-BR was analyzed before
nationwide application since, before application in a large sample, it is important to test the
reproducibility (reliability) and internal consistency with a small sample size [27]. Internal consistency
refers to the variation in measurements made under changing conditions and reproducibility evaluates
the agreement between any two measurements made on the same subject [27].
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For this purpose, the questionnaire was applied using the Google Forms™ platform to a
convenience sample (1 = 50) of Brazilian adults (>19-59 y) who were regular consumers of caffeine
from various sources. Participants were invited through pilot advertising on social media (for example,
Facebook™, Instagram™, and WhatsApp™). The questionnaire was answered twice (test-retest) by
each person. The second questionnaire was sent within 24 h and returned within the next 24 h.
The test-retest questionnaires evaluated reproducibility. It is important to note that the participants did
not previously know that they would have to answer the questionnaire a second time. The test-retest
reliability (reproducibility) analysis was performed using the intraclass correlation coefficient (ICC),
and the internal consistency of the factors was verified using Cronbach’s alpha («). The number of
individuals used in this step was considered sufficient once the results were statistically significant
(p < 0.05) and the effect size was significant (alpha > 0.9 and ICC > 0.6) [28,29].

2.3. Brazilian Nationwide Application of CaffEQ-BR

In order to validate the CaffEQ-BR in Brazil and also to evaluate the Brazilian adult population,
we used a questionnaire composed of three parts: (i) sociodemographic and health-related questions;
(ii) evaluation of caffeine consumption; and (iii) the CaffEQ-BR. According to Hair et al. (2010) [30],
the process of validating a questionnaire requires 20 respondents per item (20:1). In this sense,
the minimum sample size was estimated as 940 participants to validate this questionnaire composed
of 47 items. In addition, as this is a nationally external validation study, the sample size adopted for
calculation was in accordance with the last Brazilian national census [26], with adequacy greater than
or equal to 70% of the sample distribution, according to the various states of Brazil. In the example
of the state of Rio de Janeiro, the population of 17,264,943, represents 8.22% of the population of
Brazil. Therefore, the CaffEQ-BR sample, to obtain 100% adequacy, must have 8.22% of its total sample
composed of participants from the state of Rio de Janeiro. In this way, we balanced the sample among
the states of Brazil.

The questionnaire was applied using the Google Forms™ platform to a convenience sample
of Brazilian adults from all 27 Brazilian states. Participants were recruited by advertising on social
media (e.g., Facebook™, Instagram™, and WhatsApp™) [21]. The data collection period occurred
from December 2019 to April 2020.

The initial page of the online survey presented the informed consent form with details of the
inclusion criteria: (i) adults (>19-59 y) [31,32]) living in Brazil; (ii) regular consumer of caffeine
sources (at least three times per week [33]), later confirmed by the caffeine consumption questionnaire.
Those who did not agree to participate were directed to a page thanking them for their time,
while those who agreed were directed to the first page of the questionnaire with sociodemographic
and health-related questions, then caffeine consumption assessment and the 47-item CaffEQ-BR.

2.3.1. Sociodemographic and Health Data

Sociodemographic variables were gender; self-identification of ethnicity; state of the federation
of current residence; education level; and average monthly income (BRL/month/person or family).
The variables concerning health aspects were height (m) and weight (kg) (self-reported); >150 min weekly
physical exercise; and previous diagnosis of self-reported chronic diseases with current medication.

2.3.2. Caffeine Consumption

The caffeine consumption questionnaire [33,34] was used to assess the caffeine consumed over the
past two weeks prior to the completion of the questionnaire. Participants were asked to indicate the
number of servings of coffee, tea, soft drinks, energy drinks, and other caffeine-containing products
consumed. The questionnaire also includes a list categorized into eight groups of caffeine sources:
1. Filtered or espresso, hot or iced coffee; 2. Tea sources of caffeine like mate, green and black tea;
3. Pure chocolate with 50% cocoa; 4. Chocolate beverages with 50% cocoa; 5. Cola or guarana based
soft drinks; 6. Caffeinated drugs; 7. Commercial drink sources of anhydrous caffeine or guarana
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extract beverage; 8. Sports supplements sources of anhydrous caffeine. Standardized doses of coffee,
in homemade measures, were adopted according to the national reference study [35]. The typical
serving size and caffeine values were based on the products” manufacturer information and the food
composition table [36].

2.4. Statistical Analysis

A confirmatory factor analysis verified the factor validity. The factor validity was evaluated by
the Root Mean Square Error of Approximation (RMSEA). The RMSEA ranges from 0 to 1, where the
value 0 indicates a perfect model fit. A value of 0.05 or less is indicative of an acceptable model fit.
Caffeine intake was expressed as a mean + standard deviation (SD). Shapiro-Wilk test was used to
evaluate the normality of distribution. The independent samples t-test was used to compare means
between gender. All tests were conducted considering a significance level of 5%. The statistical
packages IBM SPSS (Statistical Package for Social Sciences) version 22 (IBM SPSS Statistics for Windows,
IBM Corp, Armonk, NY, USA) and IBM SPSS AMOS (Analysis of Moment Structures) version 22
(Amos, IBM SPSS, Chicago, IL, USA) were used for the analyses.

3. Results

3.1. Translation, Cultural Adaptation, Semantic Evaluation, and Content Validation

The CaffEQ-BR (available in Brazilian-Portuguese in Appendix A) was constructed considering
the translation/back-translation process and the suggestions made by the expert panel. Following the
translation/back-translation phase, the first stage of semantic evaluation and content validation was
carried out by the panel of 20 experts who decided to keep 47 items with cultural and semantic
adaptations, since we chose to follow the original CaffEQ questionnaire [20]. Throughout three rounds
of assessment, with modifications in the items regarding cultural and semantic aspects, the experts
reached agreement (>80%) on the evaluation of the 47 items in the questionnaire. After that, with a
convenience sample of 50 Brazilian adults (60% female, 36.4 + 12.4 y, 62.2% self-identification as white),
the internal consistency and reproducibility of CaffEQ-BR were verified. A summary of the translation,
cultural adaptation, semantic evaluation, and content validation processes for CaffEQ-BR is shown
in Figure 1.

3.2. Reproducibility and Internal Consistency of the CaffEQ-BR

All seven factors of the CaffEQ-BR showed no significant difference (ICC > 0.9) in the responses
from the same individual (1 = 50) (Table 1). As shown in Table 1, all seven factors indicated good
internal consistency (« > 0.8) [29,37].

Table 1. Reproducibility and internal consistency of the instrument and factors of the Caffeine
Expectancy Questionnaire in Brazil (CaffEQ-BR) *.

Internal Consistency Reproducibility
Factors N. Items Cronbach Alpha Intraclass Correlation
(95% CI) Coefficient (95% CI)

Withdrawal/dependence 12 0.948 (0.923-0.968) 0.983 (0.969-0.991)
Energy/work enhancement 8 0.926 (0.888-0.923) 0.953 (0.912-0.975)
Appetite suppression 5 0.872 (0.802-0.923) 0.951 (0.903-0.974)
Social/mood enhancement 6 0.889 (0.829-0.932) 0.949 (0.900-0.973)
Physical performance enhancement 3 0.924 (0.875-0.956) 0.965 (0.936-0.981)
Anxiety/negative physical effects 9 0.872 (0.807-0.921) 0.953 (0.907-0.976)
Sleep disturbance 4 0.941 (0.907-0.965) 0.970 (0.945-0.983)
Overall 47 0.948 (0.923-0.967) 0.976 (0.935-0.989)

* For reproducibility and internal consistency of items and factors of the CaffEQ-BR, conducted with a convenience
sample of 50 Brazilian adults: 60% female, 36.4 + 12.4 y, 62.2% of self- identification as white.
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Translation/Back-translation
* Brazilian-Portuguese translation (two
English original version CaffEQ: bilingual English-Portuguese translators). Version reviewed by a panel of
Huntley, E. D., & Juliano, L. M.  f——>]* 5:::;’:2‘!‘31 Brazilian-Portuguese versionby [ experts: Consensual Brazilian-
(012) 20, +Backetransiation o check. Portuguese version.
1st round: 2nd round:
Cultural adaption, s i * 42 of 47 questions presented >80% of * Experts received the modifications of
ultural adaption, semantic agreement by a panel of experts. questions 2, 11, 39, 42 and 44 which were not
evaluation and content validation > approved due to issues of clarity and/or
(20 experts used Likert-scale): 3 > importance. Only question 2 was not
approved at this stage.
rounds
3rd round: The bilingual translators compared Validation - internal consistency
« A new version of question 2 was presented the new Brazilian-Portuguese and reproducibility of CaffEQ:
to the experts and approved. version of the questionnaire « Convenience sample (n = 50) of Brazilian
——> | (approved by a panel of experts) to | ——5| adults consumers of caffeine sources,
the original English version: answered the Brazilian CaffEQ two times.
« All of the 47 questions were adequate
* The questionnaire was according to the regarding reliability, importance and clarity.
original version
CaffEQ-BR application:
« Nationwide online recruitment to participate
The internal consistency and « 4202 Brazlian adults regular consumers of
reproducibility of Brazilian CaffEQ > caffeine answered the CaffEQ-BR.
(CaffEQ-BR) was confirmed

Figure 1. Flowchart of translation, cultural adaptation, semantic evaluation, content validation
processes and application of the Caffeine Expectancy Questionnaire in Brazil (CaffEQ-BR).

3.3. Brazilian Nationwide Application of the CaffEQ-BR

3.3.1. Participants

From 4339 individuals who responded to the online CaffEQ-BR questionnaire, the final sample
was composed of 4202 participants, since some participants (n = 137) did not provide all the data
necessary for their inclusion in the survey. The nationwide distribution of the participants among
the Brazilian states is presented in Figure 2. Participants were mostly from the Southeast Brazilian
region (n = 1390; 33.08%), followed by the Northeast (1 = 1175; 27.96%), Midwest (n = 716; 17.04%),
South (n = 566; 13.47%) and North (n = 355; 8.45%). The state with the highest participation was
Sao Paulo-Southeast region (1 = 683; 16.25%), and the lowest was Acre-North region (1 = 18; 0.43%).
Figure 2 shows the methodological rigor of adequacy of 70% or more in the sample representation,
according to the last national census [38], since all Brazilian states achieved this goal. Figure 2 also
displays the mean of participants’ caffeine and coffee consumption by each Brazilian state.
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Brazilian Population (n) Participants (n)
l 45919049 I 683
605761 18

e Caffeine **

70%"

Brazilian population

Brazil states

Sao Paulo 45,919,049 21.85% 683 16.25% 74% 265.2 150.9
Minas Gerais 21,168,791 10.07% 328 7.81% 77% 274.8 165.3
Rio de Janeiro 17,264,943 8.22% 250 5.95% 72% 272.2 1785
Bahia 14,873,064 7.08% 249 5.93% 84% 264.3 150.3
Parana 11,433,957 5.44% 161 3.83% 70% 2711 169.4
Rio Grande do Sul 11,377,239 5.41% 229 5.45% 101% 263.3 158.5
Pernambuco 9,557,071 4.55% 195 4.64% 102% 252.8 141.5
Ceara 9,132,078 4.35% 180 4.28% 99% 260.0 172.3
Para 8,602,865 4.09% 135 3.21% 78% 2215 125.3
Santa Catarina 7,164,788 3.41% 176 4.19% 123% 292.9 167.9
Maranhao 7,075,181 3.37% 112 2.67% 79% 269.6 166.6
Goias 7,018,354 3.34% 188 4.47% 134% 289.4 164.9
Amazonas 4,144,597 1.97% 70 1.67% 84% 293.6 163.1
Espirito Santo 4,018,650 1.91% 129 3.07% 161% 254.3 133.9
Paraiba 4,018,127 1.91% 73 1.74% 91% 288.4 196.4
Rio Grande do Norte 3,506,853 1.67% 179 4.26% 255% 251.4 142.5
Mato Grosso 3,484,466 1.66% 64 1.52% 92% 303.1 200.8
Alagoas 3,337,357 1.59% 60 1.43% 90% 287.5 165.4
Piaui 3,273,227 1.56% 57 1.36% 87% 236.0 158.6
Distrito Federal 3,015,268 1.43% 298 7.09% 494% 234.6 149.7
Mato Grosso do Sul 2,778,986 1.32% 109 2.59% 196% 288.1 148.4
Sergipe 2,298,696 1.09% 70 1.67% 152% 276.4 157.1
Rondonia 1,777,225 0.85% 86 2.05% 242% 266.9 157.7
Tocantins 1,572,866 0.75% 57 1.36% 181% 289.5 171.6
Acre 881,935 0.42% 18 0.43% 102% 280.6 139.5
Amapa 845,731 0.40% 25 0.59% 148% 248.0 1571
Roraima 605,761 0.29% 21 0.50% 173% 247.6 189.4
OVERALL 210,147,125 100% 4,202 100% Allin 265.9 159.0
accordance

Figure 2. National distribution of participants and average caffeine consumption. * As this is an
external validation study of national scope, the sample calculation was performed according to the last
Brazilian national census [38], with adequacy greater than or equal to 70% of the sample distribution
according to the states of Brazil; ** caffeine in general sources. Northeast Region-Alagoas, Bahia,
Ceara, Maranhao, Paraiba, Pernambuco, Piaui, Rio Grande do Norte, Sergipe; North Region-Acre,
Amazonas, Amapa, Para, Rondonia, Roraima, Tocantins; Midwest Region-Distrito Federal, Goias,
Mato Grosso, Mato Grosso do Sul; South Region-Parand, Santa Catarina, Rio Grande do Sul; Southeast
Region-Espirito Santo, Minas Gerais, Rio de Janeiro, Sao Paulo.

Table 2 shows the balanced distribution of participants by gender, with the highest frequency of
participants aged between 31 and 59 y (n = 2625; 62.5%) and the majority of people of normal weight
(classified by BMI between 18.5-24.9 kg/m? [31]). More than half of the sample (1 = 2328; 55.4%) was
white, as well as physically active (n = 2278; 54.2%). Graduates and postgraduates were the most
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frequent educational level (n = 2477; 59%). A monthly income between 3000.01 and 5000.00 (BRL)
was the most frequent (1 = 865; 20.6%). A large part of the sample did not report having any chronic
disease (1 = 3397; 80.8%). More information on sociodemographic aspects is shown in Table 2.

Table 2. Sociodemographic data, sample profile of the CaffEQ-BR study (2019-2020).

Total (n = 4202)

Categories
n %
Gend Male 2063 49.1
ender Female 2139 50.9
19-24 822 195
Ace 25-30 755 18.0
8 31-40 1331 317
41-59 1294 30.8
<18.5 106 25
18.5-24.9 1751 41.7
* 2
Body Mass Index * (kg/m?) 25299 1498 35.6
=30 847 20.2
Asia descendants 114 2.7
White 2328 55.4
e . Indigenous 41 1.0
Self-Identified ethnicity Pardo 1330 316
Black 309 74
Without description 80 1.9
. . . No 1924 45.8
Physical Exercises > 150 min/week Yes 2078 540
No schooling 3 0.1
Incomplete elementary school 17 0.4
Completed elementary school 37 0.9
Incomplete high school 101 24
Educational Level Completed high school 596 14.2
Incomplete higher education 955 22.7
Higher education graduate 1162 27.6
Postgraduate studies 1315 31.3
Without description 16 0.4
1000.00 407 9.7
1000.01 to 2000.00 769 18.3
2000.01 to 3000.00 669 159
Monthly Income (BRL) ** 3000.01 to 5000.00 865 20.6
5000.01 to 10,000.00 796 189
Above 10,000.00 575 13.7
Without description 121 29
. No 3397 80.8
Self-Reported Chronic Diseases Yes 805 192

* Body mass index (BMI) followed the criteria adopted by the World Health Organization (WHO) [39] underweight
(BMI < 18.5 kg/mz), adequate (BMI between 18.5 and 24.9 kg/mz), overweight (BMI between 25 and 29.9 kg/mz) and
obesity (BMI > 30 kg/m2)4 **5.55 BRL = 1.00 USD on the last day of data collection, April 2020.

3.3.2. Caffeine Consumption

Based on weekly consumption of caffeine sources, the average daily intake observed was
265 + 159 mg (minimum 49 mg; maximum 1200 mg). The total caffeine intake for males (274 + 162 mg/day)
and for females (256 + 155 mg/day) was statistically different (t = 3703; df = 4200; p < 0.001). Figure 2
shows descriptive data of average caffeine consumption by Brazilian states. A very similar pattern
of consumption was observed between states. The average consumption by regions was as follows:
North (1 = 355; caffeine consumption: 253 + 150 mg/day); Northeast (n = 1175; caffeine consumption:
262 + 157 mg/day); Midwest (1 = 716; caffeine consumption: 267 + 162 mg/day); Southeast (n = 1390;
caffeine consumption: 267 + 158 mg/day); South (1 = 566; caffeine consumption: 274 + 164 mg/day).
Thus, the highest absolute consumption of caffeine was in the southern region. Table 3 shows the
distribution of consumption of caffeine sources and the time of the day that these were consumed.
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The participants” main source of caffeine was coffee, mostly consumed in the morning. In the
afternoon, soft drinks and chocolates were the primary sources of caffeine. In the evening,
the consumption of coffee, teas, chocolate, soft drinks, caffeine medications, and energy drinks
was more frequent. Chocolate beverages showed no difference in consumption during the day.
Caffeine-based sports supplements were most frequent in the morning. Coffee was the only source of
caffeine with a predominance (73.3%) of consumption of two or more servings daily.

3.3.3. Confirmatory Factor Analysis and Associations of the CaffEQ-BR

Based on the national sample (1 = 4202), the external factor validity of CaffEQ-BR was verified by
confirmatory factor analysis. The seven factors presented RMSEA = 0.0332 (95% CI: 0.0290-0.0375),
which shows satisfactory external validity.

Table 4 shows the results of the Pearson correlation coefficient between the CaffEQ-BR scores,
divided between the seven factors, and the consumption of caffeine. All correlation between caffeine
consumption and CaffEQ-BR factors (F1 to F6) were positive weak (r < 0.4) and significant (p < 0.001),
except for F7 (—0.074; p < 0.001). Therefore, the higher the consumption, the higher the score. Despite the
weak correlation (r < 0.4), the association between caffeine consumption and the CaffEQ-BR scores
were all significant (p < 0.001), due to the large sample size (n = 4202).

Table 4. Correlations Between Caffeine Expectancy Questionnaire in Brazil (CaffEQ-BR) Factors and
Caffeine-Related Variables (n = 4202).

Factors of the CaffEQ-BR *
F1 F2 F3 F4 F5 F6 F7
Caffeine ** (mg/day)  0.085***  0.102**  0.081***  0.141**  0.097**  0.095**  —0.074 ***

* Factors of the CaffEQ-BR: F1 Withdrawal/dependence; F2 Energy/work enhancement; F3 Appetite suppression;
F4 Social/mood enhancement; F5 Physical performance enhancement; F6 Anxiety/negative physical effects; F7 Sleep
disturbance; ** Caffeine in general sources (Tea, coffee, chocolate above 50% cocoa, chocolate beverages, cola nut or
guarana based soft drinks, caffeinated drugs, commercial drinks and sports supplements sources of anhydrous
caffeine or guarana extract beverage); Pearson correlation *** p < 0.001.

Sources

In Table 5, the region of Brazil with the highest average for F1 factor (withdrawal/dependence)
was the southeast. The F2 (energy/work) enhancement factor resulted in the highest average score
among all factors and was similar between regions in Brazil. The F3 factor (appetite suppression) was
below 3 on the six-point Likert scale for all regions of Brazil. The factors F4 (social/mood enhancement)
and F5 (physical performance enhancement) were above 3 on the Likert scale, with emphasis on the
upper average for F4 in the north region, and the lower average for F5 in the south region of Brazil.
The F6 factor (anxiety/negative physical effects) resulted in the lowest average score among all factors,
with a similarity between regions. The F7 factor (sleep disturbance) was also below 3 on the Likert
scale, with the lowest average for the south region of Brazil.
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Table 5. Mean and Standard Deviation (SD) of the scores on a six-point Likert scale of the seven factors
of the Caffeine Expectancy Questionnaire in Brazil (CaffEQ-BR) by regions of Brazil (n = 4202).

Factors of the CaffEQ-BR * Mean (SD)
F1 F2 F3 F4 F5 F6 F7

North 348 (149) 416(137) 221(1.15) 356(145) 349 (1.55) 1.78(0.69) 251 (1.60)
Northeast 344 (141)  4.15(1.31) 224(1.14) 344(1.38) 355(153) 1.81(0.77) 2.45(1.58)
Midwest 334 (1.39) 408(1.32) 213 (L14) 325(1.34) 350(153) 1.85(0.82) 2.62(1.69)
Southeast  3.60 (1.45)  4.17(1.33) 226 (1.18) 3.41(1.38) 347(149) 175(0.75) 2.44(1.62)
South 347 (1.43) 4.08(1.30) 2.36(1.24) 342(1.34) 324(148) 1.74(0.75)  2.36 (1.57)
Brazil 348 (143) 414(132) 224(1.17) 341(138) 347(151) 178(077) 247 (1.62)

* Factors of the CaffEQ-BR, range: 1.00-6.00: F1 Withdrawal/dependence; F2 Energy/work enhancement; F3 Appetite
suppression; F4 Social/mood enhancement; F5 Physical performance enhancement; F6 Anxiety/negative physical
effects; F7 Sleep disturbance. ** Regions of Brazil: North Region-Acre, Amazonas, Amapa, Para, Rondénia,
Roraima, Tocantins; Northeast Region-Alagoas, Bahia, Ceara, Maranhao, Paraiba, Pernambuco, Piaui, Rio Grande
do Norte, Sergipe; Midwest Region-Distrito Federal, Goias, Mato Grosso, Mato Grosso do Sul; South Region-Parand,
Santa Catarina, Rio Grande do Sul; Southeast Region-Espirito Santo, Minas Gerais, Rio de Janeiro, Sao Paulo.

Regions **

4. Discussion

In this original study, we developed and validated the Brazilian version of the CaffEQ. Until now,
there has been no adaptation of CaffEQ to Brazilian-Portuguese in the cultural context of Brazil, or in
Latin American countries. Its application may assist in observational studies for clinical trials that
assess caffeine consumption in Brazil. The selected questionnaire also allowed us to make comparisons
with data available from other countries that used the same questionnaire [19-21]. The CaffEQ-BR is a
questionnaire designed to identify the expectations that Brazilian individuals have about the subjective
effects of caffeine on the biopsychosocial aspects involved in its consumption [19-21].

In order to create the CaffEQ-BR, the translation and back-translation process (linguistic validation
of the instrument) was necessary, since the original questionnaire was developed in another language
and there was no translated and validated version in the target language [24]. Therefore, the first
step of this study was to translate/retranslate the original version of CaffEQ from English to
Brazilian-Portuguese to English following the scientific guidelines proposed by the WHO [12,24].
After this, the questionnaire was sent to experts for evaluation, since semantic evaluation is necessary to
ensure its clarity and comprehension [40,41]. In this sense, CaffEQ-BR presented cultural and semantic
adequacy according to the consensus of the experts (at least 80% of agreement). After this stage, the
test-retest with 50 individuals was used to assess the reliability of the CaffEQ-BR, which analyzes the
questionnaire’s ability to reproduce consistent results [29,41]. The internal consistency of CaffEQ-BR
was measured by Cronbach’s alpha coefficient (a = 0.94), considered acceptable when >0.8 [28,37].
This result was similar to the findings of Huntley and Juliano (2012) [20] (1 = 1046; o = 0.96), and
Schott et al. [21] (n = 352; « = 0.98) for the same questionnaire in English and German, respectively.
In addition, the CaffEQ-BR presented excellent measures of reproducibility ICC = 0.97). This result
confirms that the questionnaire is able to consistently measure the subjective effects of caffeine perceived
by the interviewed user. Every scale used to measure health results needs this reliability performed by
exploratory and confirmatory factor analysis [37].

After internal validation of the CaffEQ-BR, we conducted a national study in Brazil, using a
sample of all 27 Brazilian states (Figure 2) with uniform distribution of age and sex (Table 2), similar to
the last available national census (Brazil-IBGE (Instituto Brasileiro de Geografia e Estatistica) 2010) [42].
The national census is usually held every decade, and the 2020 edition is in progress. The first five
most populous Brazilian states (Figure 2) had two or more rounds of dissemination of the survey on
social networks, to achieve the established interview number goal. The Federal District had the highest
representation in percentage points because the research group is based in Brasilia, Federal District.
Naturally, in a convenience sample, there was greater participation in our hometown.

The sociodemographic data of the CaffEQ-BR participants are closer to the measures of the adult
Brazilian population on gender and age than the sample of the original study (CaffEQ) [20], which had
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a predominance of young female students. Although the CaffEQ-BR sample is representative of the
population distribution parameters in the Brazilian states [38], there is a selection bias in relation to the
respondents’ education and socioeconomic level, which was above the national average family income
(1439 BRL per month in 2019) [43] directly influencing educational status [44]. Another factor was
the use of social networks to disseminate the research questionnaire. Other nationwide surveys in
Brazil from our institution/research groups, released through web-base, also observed greater access
by higher economic classes compared to the national average [45,46]. Therefore, it is not possible to
extrapolate our results to the entire Brazilian adult population. This is not a national census or national
sample representation.

Regarding the self-reported categories for BMI > 25 and chronic disease being treated, our sample
data showed a lower incidence of these two variables (55.8%; 19.2%, respectively) compared to the
results of the Brazilian national study “Surveillance of risk and protective factors for chronic diseases
by telephone research” (VIGITEL 2019) (75.7%; 31.9%, respectively). However, our sample showed
a higher frequency of people who self-reported being physically active: 54.2%, compared to the last
VIGITEL (2019) which showed 39.5% [47]. The VIGITEL study used a representative random sample
only from the state capitals of Brazil, through phone interviews. Our survey did not cover capitals
only, with a convenience sample by invitation on social networks with predominant access via mobiles.
There was an inclination towards greater sample composition of middle-aged adults, with a higher
level of education and income for the CaffEQ-BR. There are studies that indicate a greater preference,
especially for coffee, in individuals with this sociodemographic profile [6-8]. The VIGITEL study in
different periods of time (2006 to 2019) showed that that part of the population that has more years of
schooling (>12 years) is less overweight, sedentary, and chronically ill. The reverse context, low income
and education level and high morbidity rate, are also observed [48]. The self-reported ethnicity
comparison between the National Household Sample Survey (2018/2019) [43] and that obtained in
the CaffEQ-BR was: 45.2-55.4% of Brazilians that declared themselves as white, 45.0-31.6% as pardo,
8.8-8% as black, 0.47-2.7% as Asian descendants and 0.38-1.0% as indigenous.

The average caffeine intake in our sample (265 + 159 mg/day) is above the published standards
for Brazil (115 + 96 mg/day) [49]. According to Sartori et al., the survey on caffeine consumption
in Brazil was based on food sources, extracted from data from the national survey of 2008 and
2009 [49]. In addition to the difference in the observation periods (2008/09 vs. 2019/20), our survey
included other sources of caffeine as supplements and medications. This fact is relevant according to
Arrais et al. (2016) [50], as self-medication is a recurrent practice in Brazil, including among young
adults, mainly associated with the use of non-prescription medications, such as analgesics and muscle
relaxants. In the national market, these drugs take in their composition, on average, 30 to 50 mg of
caffeine per serving. Our study also focused on individuals who are regular consumers of caffeine
(from different sources); therefore, we expect that the participants” average usual intake could be higher
than the general Brazilian population. These values were similar to those found by Schott et al. (from
Germany, Switzerland, and Austria: 236 + 235 mg/day) [21] but considerably below the consumption
found by Huntley and Juliano (from U.S.: 323 + 297 mg/day), which was based on the consumption of
a younger population, containing many college/university students [20]. Another point is that the
volume of coffee consumed in Brazil is not a standard variable to be compared with a North American
or European study, since Brazilians and inhabitants of other Latin American countries usually drink
small portions of stronger coffee (approx. 50 mL of small cups) compared to the American culture
of large cups (approx. 250 mL) of lighter coffee, a fact observed by De Paula and Farah (2019) [51].
Total caffeine intake in males (274 + 162 mg/day) was higher than in females (256 + 155 mg/day),
similar to the results observed by other studies [8,49,52]. Probably these gender differences are
related to cultural and behavioral factors in males as well as to the gender differences in physiological
responses to caffeine [53-56]. A study showed that males differ in cardiovascular responses to caffeine,
while females did not differ in their responses as a function of typical caffeine use [55]. Males also
presented greater decreases in heart rate in response to caffeine than did females, probably related
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to changes in circulating steroid hormone, in which increased circulating estradiol increases the
physiological and subjective effects associated with caffeine, influencing the high consumption of
caffeine on males [53].

Across previous CaffEQ studies, caffeine was consumed mainly in coffee, a habit also observed
in Brazil [6-8]. Globally, habitual coffee consumption ranges from about 1 to more than 5 cups per
day, which indicates that the daily dose is defined by several reasons, like lifestyle, gender, expectance
of caffeine effects, culture, genetics, health effects, among others [2,36,57]. Most of our sample (69%)
are used to consuming 2 or 3 portions of coffee daily (Table 3). The culture of coffee in Brazil has a
historical origin in its production capacity, as it is the largest coffee exporter in the world market [58].
Brazil accounts for one-third of the world’s coffee production, making it the world’s largest producer,
a position it has occupied for more than 150 years. In Brazil, at the beginning of the 19th century, coffee
was already treated as an investment. With the expansion of plantations in the country, there was also
an expansion of investment favoring urbanization, such as the construction of railroads responsible
for the national distribution and export of coffee, in addition to the arrival of immigrants. Thus,
in Brazil, coffee is considered one of those products responsible for the modernization, urbanization
and development of some cities [59], and it is still widely consumed and appreciated throughout
the country. Annual per capita Brazilian consumption is 6.02 kg, which represents 13% of world
demand [60]. Easy access to coffee naturally influences the consumption culture of Brazilians [8].
Coffee is the main drink consumed, with an average of 163 mL per day, and is also the second most
consumed food [6,7].

In Brazil, coffee consumption is widespread [6]. This reflects a very similar average consumption
between regions [6], as observed in the CaffEQ-BR survey. The differences are greater when other
eating habits are associated with the daily use of coffee. For example, the habit of consuming a hot mate
called “Chimarrao” in the south region, a cold mate called “Terere” in the Midwest region [61] and
guarana extract in the northern region of Brazil [62]. The fact that the Northeast region is the largest
consumer of coffee was also confirmed by the study of Sousa and Da Costa [6]. We also emphasize that
coffee and other caffeine sources are also sources of other bioactive compounds, including polyphenols
and chlorogenic acids [63]. However, the main substance with psychoactive properties is caffeine,
confirmed by several meta-analyses [4]. The construction of the original CaffEQ [20] takes into account
the estimated average consumption of caffeine in general (from all sources), without the intention of
associating it with other compounds present in food sources of caffeine.

The statistical correlations (r < 0.4) shown between CaffEQ factors, scores and caffeine consumption
were also observed in previous studies that used the original CaffEQ in the United States [20] and the
translated and validated version in German-speaking countries [21].

When observing the descriptive results of the CaffEQ-BR scores divided into seven factors using
the original questionnaire [20], it is possible to observe similarity in the factors Withdrawal/dependence
3.48 (1.43)-3.22 (1.45), Energy/work enhancement 4.14 (1.32)-3.92 (1.17), Appetite suppression
2.24 (1.17)-2.70 (1.20), Social/mood enhancement 3.41 (1.38)-2.98 (1.21), respectively. However,
there was a difference of approximately one point for the factors Physical performance enhancement
3.47 (1.51)-2.41 (1.07), Anxiety/negative physical effects 1.78 (0.77)-2.68 (1.04) and Sleep disturbance
2.47 (1.62)-3.20 (1.45). Differences in mean scores in the seven factors were also observed in the other
cultures where CaffEQ was studied [20,21].

Data from the latest survey published by the Brazilian Institute of Geography and Statistics
showed that three out of four Brazilians in metropolitan capitals (Belém (Pard), Fortaleza (Ceara),
Recife (Pernambuco), Salvador (Bahia), Belo Horizonte (Minas Gerais), Rio (Rio de Janeiro), Sao Paulo
(Sao Paulo), Curitiba (Parand) and Porto Alegre (Rio Grande do Sul)) have access to the Internet,
and the number of households with landlines dropped from 33.6 % to 31.5%, while ownership of
devices with mobile internet increased from 92.6% to 93.2% [64]. The smartphone was also the main
tool used to access the internet. Therefore, although web-based research may be limited because it is
not possible to reach every portion of the population, it can still be considered a viable strategy since
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our web search could be answered on any device with internet. There is also the limitation of memory
and intake bias, which is intrinsically related to frequency questionnaires [65].

There is no other scientifically validated Brazilian research questionnaire that evaluates
consumption related to caffeine. Therefore, there are no parameters for comparison except with
the original version of the CaffEQ [20] and the German version [21]. Another important factor is
the heterogeneity of the Brazilian-Portuguese language in the national territory. Certainly, there are
aspects of regionality, but despite these limitations, due to the construction process in several stages
and the wide statistical confirmation, the Brazilian version of CaffEQ represents a reliable and valid
questionnaire to assess expectations of caffeine intake. Analytical item analysis confirms the quality of
the translated items. Overall, the CaffEQ’s translation and validation for Portuguese and Brazilian
culture were successful.

5. Conclusions

The full version of the Caffeine Expectancy Questionnaire in Brazil (CaffEQ-BR) is available for
Brazilian adults, translated into Portuguese and adapted to Brazilian culture. This study confirmed
the validity and reliability of the CaffEQ-BR. Its internal and external consistency allows its use
throughout the national territory, if the sampling conditions are similar. The CaffEQ-BR observed the
pattern of consumption of caffeine sources by Brazilian adults, confirming the national preference for
coffee as the main source of daily caffeine. Future studies may validate the CaffEQ-BR in children,
adolescents and the elderly, since caffeine is widely consumed across the lifespan. The present study
contributes to a better understanding of the expectations of the most used psychoactive substance in
Brazil, systematizing several expectations in seven factors that can be explored and categorized. Thus,
the CaffEQ-BR can be used to facilitate our understanding of the use of caffeine. Other studies may
also replicate our results, pointing out the temporal stability of the CaffEQ-BR, monitoring changes in
expectations in longitudinal exposure to caffeine.
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Appendix A
Questionario de Expectativa de efeitos da Cafeina/café, versao brasileira (CaffEQ-BR)

Instrugdes: Estamos interessados em suas crencas sobre os efeitos que a cafeina tem sobre vocé.
Abaixo ha uma lista de possiveis efeitos da cafeina presentes nos produtos listados na tabela acima
preenchida. Usando a escala como guia, avalie cada afirmagio em termos de quanto é PROVAVEL
ou IMPROVAVEL para esses efeitos como consequéncias do consumo da cafeina. As possibilidades
de respostas sao: 1 = Muito improvével; 2 = Improvavel; 3 = Um pouco improvavel; 4 = Um pouco
provavel; 5 = Provavel; 6 = Muito provavel. Baseie suas respostas no produto com cafeina que escolheu.
Se vocé usa muitos tipos de produtos com cafeina, escolha o mais usual para basear suas respostas,
ou vocé pode optar por basear suas respostas em “cafeina/café”.
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Muito . Um Pouco Um Pouco . Muito
Itens . Improvavel L . Provavel .
Improvavel Improvavel Provavel Provavel

1. Cafeina/café me da animo quando
estou cansado [u] u} u} [u} o u}
2. Eu fico extrovertido quando tomo m] m] o o m] o
cafeina/café
3. Cafeina/café me ajuda a nao comer [m] [u] [u} [u} o [u}
mais do que deveria
4. Fico facilmente estressado depois de m] ] ] ] ] ]
tomar cafeina/café
5. Cafeina/café melhora meu o ] ] ] ] ]
desempenho fisico
6. Fico menos cansado depois de [m] o o o o [u}
tomar cafeina
7. A cafeina/café tira minha fome ] O ] ] O ]
8. Fico triste quando nao tomo [m] o u} u} O [u}
cafeina/café
9. Cafeina/café melhora meu humor o ] ] ] [u] ]
10. Eu fico ansioso quando nao tomo [u] [u] [u} [u} o [u}
cafeina/café
11. Eu me sinto angustiado quando [m] o o o ul [u}
tomo cafeina/café
12. Eu me exercito melhor depois de [m] [u} [u} [u} o [u}
tomar cafeina/café
13. Eu sinto muita falta de cafeina/café ] [m] [m] [m] [m] o
quando nao tomo
14. Eu nao gosto do jeito que eu me [m] u} u} u} O u}
sinto apds tomar cafeina/café
15. Eu me sinto mal se ficar sem [} o o o o o
cafeina/café
16. Cafeina/café aumenta minha O O O ] ] ]
motivagao para trabalhar
17. Eu me sinto mais confiante depois [m] [u} u} [u} [u} [u}
de tomar cafeina/café
18. Tomar cafeina/café a qualquer hora [u] [u} [u} [u} o o
do dia atrapalha o meu sono
19. Quando tomo cafeina/café fico o ] ] ] [u] ]
nervoso(a)
20. Quando tomo cafeina/café fico O O O O ] u]
mais alerta
21. Mesmo quando tomo uma pequena [m] [u} u} [u} o0 [u}
quantidade de cafeina/café fico ansioso
22. Cafeina/café melhora minha u] ] u] ] O O
concentragao
23. Quando tomo cafeina/café fico o ] ] ] ] ]
mais amigavel
24. Eu tenho que tomar cafeina/café m] o o o o [u]
todos os dias
25. Cafeina/café me faz suar o O ] ] [u] ]
26. Cafeina/café me faz pular refeicdes [u] [u} [u} [u} [ul [u}
27. Tenho muita vontade de tomar [m] [u} [u} [u} o [u}
cafeina/café se nao tiver tomado a
quantidade de sempre
28. Tomar cafeina/café na hora de O O O O O ]
dormir atrapalha meu sono
29. Cafeina/café me deixa irritado o ] ] ] ] ]
30. Eu desejo cafeina/café o tempo todo [m] [u} [u} [u} o [u}
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Muito . Um Pouco Um Pouco . Muito
Itens . Improvavel . . Provavel L
Improvavel Improvavel Provavel Provavel

31. Cafeina/café me ajuda a trabalhar [m] [u} [u} [u} o [u}
por mais tempo
32. Cafeina/café me faz sentir feliz o O ] ] ] ]
33. Eu nao funciono sem tomar [} o o o o o
cafeina/café
34. Quando tomo cafeina/café meu O O O O ] ]
coragao acelera
35. Eu tenho dificuldade em comegar o O o o o [u] o
dia sem tomar cafeina/café
36. Sinto dor de estomago quando
tomo cafeina/café O o [u] o o o
37. Eu nao conseguiria parar de tomar [m] [u} u} u} [u} [u}
cafeina/café
38. Tomar cafeina/café no final da O O O O u] ]
tarde atrapalha o meu sono
39. Cafeina/café me ajuda a regular [u] [u} [u} [u} [u} [u}
0 peso
40. Quanto nao tomo cafeina/café sinto m] O O O [u] ]
dor de cabeca
41. Cafeina/café melhora minha o ] ] ] [u] ]
atengao
42. Eu fico mais extrovertido(a) [u} u] o u] o u]
quando tomo cafeina/café
43. Cafeina/café me ajuda a me [m] [u} [u} [u} o [u}
exercitar por mais tempo
44. Sinto-me mais disposto quando o a o o o o
tomo cafeina/café
45. Cafeina/café me faz sentir com o ] ] ] [u] ]
mais energia
46. Cafeina/café diminui o meu apetite o ] ] ] o ]
47. Tomar cafeina/café no final do dia o ] ] ] ] ]

nao me deixa dormir

References

1. Reyes, C.M.; Cornelis, M.C. Caffeine in the diet: Country-level consumption and guidelines. Nutrients 2018,
10, 1772. [CrossRef] [PubMed]

2. Boolani, A.; Fuller, D.T.; Mondal, S.; Wilkinson, T.; Darie, C.C.; Gumpricht, E. Caffeine-Containing,
Adaptogenic-Rich Drink Modulates the Effects of Caffeine on Mental Performance and Cognitive Parameters:
A Double-Blinded, Placebo-Controlled, Randomized Trial. Nutrients 2020, 12, 1922. [CrossRef] [PubMed]

3. Wikoff, D.; Welsh, B.T.; Henderson, R.; Brorby, G.P,; Britt, J.; Myers, E.; Goldberger, J.; Lieberman, H.R.;
O’Brien, C.; Peck, J.; etal. Systematic review of the potential adverse effects of caffeine consumption in healthy
adults, pregnant women, adolescents, and children. Food Chem. Toxicol. 2017, 109, 585-648. [CrossRef]
[PubMed]

4. Poole, R.; Kennedy, O.].; Roderick, P; Fallowfield, ].A.; Hayes, P.C.; Parkes, J. Coffee consumption and health:
Umbrella review of meta-analyses of multiple health outcomes. BM] 2017. [CrossRef]

5. Maughan, R].; Burke, LM.; Dvorak, J.; Larson-Meyer, D.E.; Peeling, P.; Phillips, S.M.; Rawson, E.S.;
Walsh, N.P; Garthe, I.; Geyer, H.; et al. IOC consensus statement: Dietary supplements and the
high-performance athlete. Br. ]. Sports Med. 2018, 28, 104-105.

6.  Sousa, A.G.; Da Costa, TH.M. Usual coffee intake in Brazil: Results from the National Dietary Survey 2008-9.
Br. J. Nutr. 2015, 113, 1615-1620. [CrossRef]

7.  Pereira, R.A.; Souza, A.M.; Duffey, K.J.; Sichieri, R.; Popkin, B.M. Beverage consumption in Brazil: Results
from the first National Dietary Survey. Public Health Nutr. 2015, 18, 1164-1172. [CrossRef]

8. Souza, A.D.M.; Pereira, R.A.; Yokoo, E.M.; Levy, R.B.; Sichieri, R. Most consumed foods in Brazil: National

dietary survey 2008-2009. Rev. Saude Publica 2014, 18, 1164-1172. [CrossRef]

36



Nutrients 2020, 12, 2248

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

Heckman, M.A.; Weil, J.; de Mejia, E.G. Caffeine (1, 3, 7-trimethylxanthine) in foods: A comprehensive review
on consumption, functionality, safety, and regulatory matters. J. Food Sci. 2010, 75, R77-R87. [CrossRef]
Mahoney, C.R; Giles, G.E.; Marriott, B.P; Judelson, D.A_; Glickman, E.L.; Geiselman, PJ.; Lieberman, H.R.
Intake of caffeine from all sources and reasons for use by college students. Clin. Nutr. 2019, 38, 668—675.
[CrossRef]

Fulton, J.L.; Dinas, P.C.; Carrillo, A.E.; Edsall, ].R.; Ryan, E.J.; Ryan, E.]. Impact of genetic variability on
physiological responses to caffeine in humans: A systematic review. Nutrients 2018, 10, 1373. [CrossRef]
[PubMed]

Agoston, C.; Urban, R;; Kiraly, O.; Griffiths, M.D.; Rogers, PJ.; Demetrovics, Z. Why Do You Drink Caffeine?
The Development of the Motives for Caffeine Consumption Questionnaire (MCCQ) and Its Relationship
with Gender, Age and the Types of Caffeinated Beverages. Int. . Ment. Health Addict. 2017, 16, 981-999.
[CrossRef] [PubMed]

Saunders, B.; de Oliveira, L.F,; da Silva, R.P; de Salles Painelli, V.; Gongalves, L.S.; Yamaguchi, G.; Mutti, T.;
Maciel, E.; Roschel, H.; Artioli, G.G.; et al. Placebo in sports nutrition: A proof-of-principle study involving
caffeine supplementation. Scand. J. Med. Sci. Sport. 2016, 27, 1240-1247. [CrossRef] [PubMed]

Beedie, CJ.; Stuart, EIM.; Coleman, D.A.; Foad, A.]. Placebo effects of caffeine on cycling performance.
Med. Sci. Sports Exerc. 2006, 38, 2159-2164. [CrossRef]

Saunders, B.; Saito, T.; Klosterhoff, R.; de Oliveira, L.F.; Barreto, G.; Perim, P; Pinto, A.J.; Lima, E;
de Sa Pinto, A.L.; Gualano, B. “I put it in my head that the supplement would help me”: Open-placebo
improves exercise performance in female cyclists. PLoS ONE 2019, 14, e0222982. [CrossRef]

Domotor, Z.; Szemerszky, R.; Koteles, F. Subjective and objective effects of coffee consumption—Caffeine or
expectations? Acta Physiol. Hung. 2015, 102, 77-85. [CrossRef]

Shabir, A.; Hooton, A.; Tallis, J.; Higgins, M.F. The influence of caffeine expectancies on sport, exercise, and
cognitive performance. Nutrients 2018, 10, 1528. [CrossRef]

Heinz, AJ.; Kassel, ].D.; Smith, E.V. Caffeine Expectancy: Instrument Development in the Rasch Measurement
Framework. Psychol. Addict. Behav. 2009, 23, 500-511. [CrossRef]

Kearns, N.T.; Blumenthal, H.; Natesan, P.; Zamboanga, B.L.; Ham, L.S.; Cloutier, R.M. Development and
initial psychometric validation of the brief-caffeine expectancy questionnaire (B-CaffEQ). Psychol. Assess.
2018, 30, 1597-1611. [CrossRef]

Huntley, E.D.; Juliano, L.M. Caffeine Expectancy Questionnaire (CaffEQ): Construction, psychometric
properties, and associations with caffeine use, caffeine dependence, and other related variables. Psychol. Assess.
2012, 24, 592-607. [CrossRef]

Schott, M.; Beiglbock, W.; Neuendorff, R. Translation and Validation of the Caffeine Expectancy Questionnaire
(CaffEQ). Int. ]. Ment. Health Addict. 2016, 14, 514-525. [CrossRef]

Pasquali, L. Psicometria. Rev. Esc. Enferm. USP 2009, 43, 992-999. [CrossRef]

Knapp, H.; Kirk, S.A. Using pencil and paper, Internet and touch-tone phones for self-administered surveys:
Does methodology matter? Comput. Human Behav. 2003, 19, 117-134. [CrossRef]

World Health Organization. Process of Translation and Adaptation of Instruments. Available online:
https://www.who.int/substance_abuse/research_tools/translation/en/ (accessed on 26 May 2020).

Meijering, J.V.; Kampen, J.K.; Tobi, H. Quantifying the development of agreement among experts in Delphi
studies. Technol. Forecast. Soc. Chang. 2013, 80, 1607-1614. [CrossRef]

Watson, PE; Petrie, A. Method agreement analysis: A review of correct methodology. Theriogenology 2010,
73,1167-1179. [CrossRef]

Bartlett, J.W.; Chris, F. Reliability, repeatability and reproducibility: Analysis of measurement errors in
continuous variables. Ultrasound Obstet. Gynecol. 2008, 31, 466-475. [CrossRef]

Streiner, D.L.; Norman, G.R. Health Measurement Scales: A Practical Guide to Their Development and Use;
Oxford University Press: Oxford, UK, 2008; ISBN 9780191724015.

Streiner, D.L.; Streiner, D.L. Starting at the Beginning: An Introduction to Coefficient Alpha and Internal
Consistency. J. Pers. Assess. 2003, 80, 99-103. [CrossRef]

Hair, J.E; Black, W.C.; Babin, B.].; Anderson, R.E. Multivariate Data Analysis; Pearson new international
edition; Essex, Pearson Education Limited: London, UK, 2014. [CrossRef]

World Health Organization. WHO Guideline: Sugars Intake for Adults and Children; WHO: Geneva, Switzerland,
2015; ISBN 9789241549028.

37



Nutrients 2020, 12, 2248

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Institute of Medicine (IOM). DRI Dietary Reference Intakes: Applications in Dietary Assessment; National
Academies Press: Washington, DC, USA, 2000; ISBN 9780309502543.

Shohet, K.L.; Landrum, R.E. Caffeine consumption questionnaire: A standardized measure for caffeine
consumption in undergraduate students. Psychol. Rep. 2001, 89, 521-526. [CrossRef]

Irons, J.G.; Bassett, D.T.; Prendergast, C.O.; Landrum, R.E.; Heinz, A.J. Development and Initial Validation of
the Caffeine Consumption Questionnaire-Revised. J. Caffeine Res. 2016, 6, 20-25. [CrossRef]
IBGE—Instituto Brasileiro de Geografia e Estatistica. Pesquisa de Or¢amentos Familiares: 2008-2009.
Antropometria e Estado Nutricional de Criangas, Adolescentes e Adultos no Brasil. ISBN 978-85-240-4131-0.
Available online: https://biblioteca.ibge.gov.br/visualizacao/livros/liv50000.pdf (accessed on 7 July 2020).
Dharmasena, S.; Capps, O.; Clauson, A. Ascertaining the Impact of the 2000 USDA Dietary Guidelines for
Americans on the Intake of Calories, Caffeine, Calcium, and Vitamin C from At-Home Consumption of
Nonalcoholic Beverages. . Agric. Appl. Econ. 2011, 43, 13-27. [CrossRef]

Vogelzang, J.L. Health Measurement Scales: A Practical Guide to Their Development and Use. |. Nutr.
Educ. Behav. 2015, 47, 484.el. [CrossRef]

IBGE—Instituto Brasileiro de Geografia e Estatistica. IBGE Divulga As Estimativas da Populagao dos
Municipios para 2019. Estatisticas Sociais 2019. Available online: https://agenciadenoticias.ibge.gov.br/
media/com_mediaibge/arquivos/7d410669a4ae85faf4e8c3a0a0c649c7.pdf (accessed on 26 May 2020).

World Health Organization (WHO). Mean Body Mass Index (BMI). WHO 2017. Available online: https:
/[www.who.int/gho/ncd/risk_factors/bmi_text/en/ (accessed on 26 May 2020).

Baeza, F.L.C.; Caldieraro, M.A.K.; Pinheiro, D.O.; Fleck, M.P. Translation and cross-cultural adaptation
into Brazilian Portuguese of the Measure of Parental Style (MOPS)—A self-reported scale—According
to the International Society for Pharmacoeconomics and Outcomes Research (ISPOR) recommendations.
Rev. Bras. Psiquiatr. 2010, 32, 159-163. [CrossRef]

Santo, R.M.; Ribeiro-Ferreira, F.; Alves, M.R.; Epstein, J.; Novaes, P. Enhancing the cross-cultural adaptation
and validation process: Linguistic and psychometric testing of the Brazilian-Portuguese version of a
self-report measure for dry eye. J. Clin. Epidemiol. 2015, 68, 370-378. [CrossRef]

IBGE—Instituto Brasileiro de Geografia e Estatistica. Censo Demografico 2010. Caracteristicas da Populagao
e dos Domicilios. 2010. Available online: https://biblioteca.ibge.gov.br/visualizacao/periodicos/93/cd_2010_
caracteristicas_populacao_domicilios.pdf (accessed on 26 May 2020).

IBGE—Instituto Brasileiro de Geografia e Estatistica. Caracteristicas Gerais dos Domicilios e dos Moradores:
2018. Available online: https://biblioteca.ibge.gov.br/index.php/biblioteca-catalogo?view=detalhes&id=
2101654 (accessed on 26 May 2020).

Gori-Maia, A. Relative Income, Inequality and Subjective Wellbeing: Evidence for Brazil. Soc. Indic. Res.
2013, 113, 1193-1204. [CrossRef]

Pratesi, C.P.,; Hiuser, W.; Uenishi, R.H.; Selleski, N.; Nakano, E.Y.; Gandolfi, L.; Pratesi, R.; Zandonadi, R.P.
Quality of life of celiac patients in Brazil: Questionnaire translation, cultural adaptation and validation.
Nutrients 2018, 10, 1167. [CrossRef] [PubMed]

Hargreaves, S.M.; Aratjo, W.M.C.; Nakano, E.Y.; Zandonadi, R.P. Brazilian vegetarians diet quality markers
and comparison with the general population: A nationwide cross-sectional study. PLoS ONE 2020, 15,
€0232954. [CrossRef]

Ministério da Satide, Secretaria de Vigilancia em Satde, Departamento de Analise em Satide e Vigilancia de
Doengas Nao Transmissiveis. Vigitel Brasil 2019: Surveillance of Risk and Protective Factors for Chronic
Diseases by Telephone Survey: Estimates of Frequency and Sociodemographic Distribution of Risk and
Protective Factors for Chronic Diseases in the Capitals of the 26 Brasilian States. Available online: http://www.
crnl.org.br/wp-content/uploads/2020/04/vigitel-brasil-2019-vigilancia-fatores-risco.pdf?x53725 (accessed on
26 May 2020).

Sommer, I.; Griebler, U.; Mahlknecht, P.; Thaler, K.; Bouskill, K.; Gartlehner, G.; Mendis, S. Socioeconomic
inequalities in non-communicable diseases and their risk factors: An overview of systematic reviews.
BMC Public Health 2015, 15, 914. [CrossRef] [PubMed]

Giovanini de Oliveira Sartori, A.; Vieira da Silva, M. Caffeine in Brazil: Intake, socioeconomic and
demographic determinants, and major dietary sources. Nutrire 2016, 41, 147. [CrossRef]

38



Nutrients 2020, 12, 2248

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Dourado, P.;; Porto, M.; Dal Pizzol, T.; Ramos, L.; Serrate, S.; Luiza, V.; Ledo, N.; Rocha, M.; Oliveira, M.;
Damaso, A.; et al. Prevaléncia da automedicacgao no Brasil e fatores associados. Rev. Saiide Piiblica 2016, 50.
[CrossRef]

dePaula, J.; Farah, A. Caffeine Consumption through Coffee: Content in the Beverage, Metabolism, Health
Benefits and Risks. Beverages 2019, 5, 37. [CrossRef]

Choi, J. Motivations Influencing Caffeine Consumption Behaviors among College Students in Korea:
Associations with Sleep Quality. Nutrients 2020, 14, 953. [CrossRef] [PubMed]

Temple, J.L.; Ziegler, A.M. Gender Differences in Subjective and Physiological Responses to Caffeine and the
Role of Steroid Hormones. |. Caffeine Res. 2011, 1, 41-48. [CrossRef] [PubMed]

Temple, J.L.; Bulkley, A.M.; Briatico, L.; Dewey, A.M. Sex differences in reinforcing value of caffeinated
beverages in adolescents. Behav. Pharmacol. 2009, 20, 731-741. [CrossRef] [PubMed]

Temple, J.L.; Dewey, A.M.; Briatico, L.N. Effects of Acute Caffeine Administration on Adolescents.
Exp. Clin. Psychopharmacol. 2010, 18, 510-520. [CrossRef]

Dillon, P; Kelpin, S.; Kendler, K.; Thacker, L.; Dick, D.; Svikis, D. Gender Differences in Any-Source Caffeine
and Energy Drink Use and Associated Adverse Health Behaviors. J. Caffeine Adenosine Res. 2019, 9, 12-19.
[CrossRef]

Kolb, H.; Kempf, K.; Martin, S. Health Effects of Coffee: Mechanism Unraveled? Nutrients 2020, 12, 1842.
[CrossRef]

International Coffee Organization. Trade Statistics; International Coffee Organization (ICO), 2019. Available
online: http://www.ico.org/trade_statistics.asp (accessed on 26 May 2020).

Toledo, R.A. O ciclo do café e o processo de urbanizacao do Estado de Sao Paulo. Historien 2012, 6, 76-89.
[CrossRef]

Associacao Brasileira de Industria do Café—ABIC. Consoércio Pesquisa Café Brasil. Available online:
http://www.consorciopesquisacafe.com.br/index.php/publicacoes/637 (accessed on 26 May 2020).

Gebara, K.S.; Gasparotto-Junior, A.; Santiago, P.G.; Cardoso, C.A.L.; De Souza, L.M.; Morand, C.; Costa, T.A.;
Cardozo-Junior, E.L. Daily Intake of Chlorogenic Acids from Consumption of Maté (Ilex paraguariensis
A.St.-Hil.) Traditional Beverages. . Agric. Food Chem. 2017, 65, 10093-10110. [CrossRef] [PubMed]
Schimpl, E.C.; Da Silva, ].F,; Gongalves, ] ED.C.; Mazzafera, P. Guarana: Revisiting a highly caffeinated plant
from the Amazon. J. Ethnopharmacol. 2013, 150, 14-31. [CrossRef]

Liang, N.; Kitts, D.D. Role of chlorogenic acids in controlling oxidative and inflammatory stress conditions.
Nutrients 2016, 8, 16. [CrossRef]

IBGE—Instituto Brasileiro de Geografia e Estatistica. Acesso a Internet e a Televisao e Posse de Telefone Mével.
Available online: https://biblioteca.ibge.gov.br/index.php/biblioteca-catalogo?view=detalhes&id=2101543
(accessed on 26 May 2020).

Schatzkin, A.; Kipnis, V.; Carroll, R.J.; Midthune, D.; Subar, A F,; Bingham, S.; Schoeller, D.A_; Troiano, R.P;
Freedman, L.S. A comparison of a food frequency questionnaire with a 24-hour recall for use in an
epidemiological cohort study: Results from the biomarker-based Observing Protein and Energy Nutrition
(OPEN) study. Int. |. Epidemiol. 2003, 32, 1054-1062. [CrossRef] [PubMed]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution
[

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

39






B8 nutrients ﬁw\n\py

Atrticle

Effects of Habitual Caffeine Intake, Physical Activity
Levels, and Sedentary Behavior on the Inflammatory
Status in a Healthy Population

Lluis Rodas !, Aina Riera-Sampol 2 Antoni Aguilo 3 Sonia Martinez 3* and Pedro Tauler 4*

1 Research Group on Evidence, Lifestyles and Health, University of the Balearic Islands, 07122 Palma, Spain;

lluisrodas@hotmail.com

Research Group on Evidence, Lifestyles and Health, Department of Nursing and Physiotherapy,

University of the Balearic Islands, 07122 Palma, Spain; ana.riera@uib.es

Research Group on Evidence, Lifestyles and Health, Department of Nursing and Physiotherapy,

Health Research Institute of the Balearic Islands (IdISBa), University of the Balearic Islands, 07122 Palma,

Spain; aaguilo@uib.es

Research Group on Evidence, Lifestyles and Health, Department of Fundamental Biology and Health Sciences,

Health Research Institute of the Balearic Islands (IdISBa), University of the Balearic Islands, 07122 Palma, Spain

*  Correspondence: sonia.martinez@uib.es (5.M.); pedro.tauler@uib.es (P.T.); Tel.: +34-971-172-867 (5.M.);
+34-971-259-960 (P.T.)

Received: 24 June 2020; Accepted: 2 August 2020; Published: 3 August 2020

Abstract: Low-grade chronic inflammation is associated with many chronic diseases and pathological
conditions. The aim of the present study was to determine the effect of regular caffeine intake, physical
activity levels, and sedentary behavior on the inflammatory status in healthy participants. In total,
112 men and 132 women aged 18 to 55 years and belonging to the staff and student population of
the University of the Balearic Islands volunteered to participate in this descriptive cross-sectional
study. Plasma concentrations of pro-inflammatory and anti-inflammatory markers were measured.
Weight, height, and body composition (bioelectrical impedance) were determined. Caffeine intake,
physical activity levels and sitting time, and diet quality were determined using questionnaires.
Statistical regression analysis showed that caffeine intake was a negative predictor of C-reactive
protein (CRP) (p = 0.001). Body fat percentage was positively associated with CRP (p < 0.001) and
inversely associated with adiponectin (p = 0.032) and interleukin (IL)-10 levels (p = 0.001). Visceral fat
was the main predictor for IL-6 (p < 0.001) and tumor necrosis factor (TNF)-c (p < 0.001). Sitting time
was found to be the main, inverse, predictor for IL-10 (p < 0.001), and a positive predictor for TNF-«
(p < 0.001). In conclusion, regular caffeine consumption induced very limited anti-inflammatory
effects. Sedentary behavior and body fat accumulation induced significant pro-inflammatory effects.

Keywords: caffeine; coffee; physical activity; siting time; inflammation; body fat

1. Introduction

Low-grade chronic inflammation is characterized by chronically (two to three-fold) increased
concentrations of several cytokines such as interleukin (IL)-6 and tumor necrosis factor (TNF)-«, as well
as other pro-inflammatory substances such as C-reactive protein (CRP) [1]. Fat accumulation has
been suggested to be the main reason for increased levels of these pro-inflammatory markers [2,3].
Many chronic diseases such as arthritis, type-2 diabetes or cancer, and pathological conditions such
as insulin resistance or atherosclerosis have been found to be associated with low-grade systemic
inflammation [2-4].

Physical inactivity has also been linked to low-grade systemic inflammation and subsequent
increased risk for the development of chronic diseases [5]. On the other hand, regular exercise has
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been associated with an anti-inflammatory status, characterized by higher levels of anti-inflammatory
markers such as IL-10 and adiponectin, and lower levels of pro-inflammatory cytokines, including IL-6,
TNF-o, and IL-1p [2,4]. It has been pointed out that exercise-induced anti-inflammatory effects could
be produced by reduced fat accumulation [2]. Interestingly, sedentary behavior, commonly defined as
any sitting activity with a low energy expenditure, has been also linked to low-grade inflammation,
independently of physical activity levels or adiposity [6-9].

Caffeine, due to its widespread presence in foods such as coffee, tea, and chocolate, and its stimulant
effects, is highly consumed around the world. In vitro studies have suggested an anti-inflammatory
role for caffeine, mainly inhibiting TNF-o production [10]. Regarding in vivo studies, only a few have
addressed the effects of caffeine supplementation on blood inflammatory markers in humans [11].
These studies used a single dose of caffeine or used coffee as supplement when longer interventions
were tested, reporting slight anti-inflammatory effects from the supplementation [12,13]. However,
when coffee is used, many more components than caffeine alone are included in the supplement,
as coffee is rich in bioactive compounds with antioxidant and anti-inflammatory properties, mainly
chlorogenic acids [14,15]. In a similar way, when effects of habitual caffeine intake are analyzed it
is impossible not to consider coffee consumption and the contribution of other coffee components,
because in most countries, including Spain, coffee has been reported to be the main dietary source of
caffeine [16]. In this regard, it has been shown that regular coffee intake is associated with reduced
risk of type 2 diabetes [17,18] and metabolic syndrome [19] among other clinical conditions where
low-grade inflammation and oxidative stress is involved in their development [11]. Furthermore,
studies have shown anti-inflammatory effects of regular coffee consumption [20-23].

To our knowledge the effect of habitual caffeine intake on the inflammatory status of people
performing different levels of physical activity, while taking into consideration the amount of sitting
time, in a healthy young population has not yet been determined. Therefore, the aim of the present
study was to determine the effect of regular caffeine intake, physical activity levels and sedentary
behavior on the inflammatory status in healthy participants. Because physical activity and also caffeine,
or coffee, have been suggested to induce anti-inflammatory effects, it could be expected that physically
active participants consuming caffeine could present a more anti-inflammatory profile.

2. Materials and Methods

2.1. Study Design and Participants

Two hundred and forty-four participants (112 men and 132 women) volunteered to participate in
this descriptive cross-sectional study. Participants were recruited among healthy students, workers,
researchers and lecturers from the University of the Balearic Islands. All the participants were
informed of the purpose and demands of the study before giving their written consent to participate.
The protocol was in accordance with the Declaration of Helsinki for research of human participants
and was approved by the Balearic Islands Clinical Investigation Ethics Committee (IB 2399/14 PI).

Participants were enrolled after fulfilling all inclusion criteria and presenting none of the exclusion
criteria. Participants could be included if they were currently healthy, aged between 18 and 55 years
and to have maintained constant physical activity levels (regardless of how high or low the level of
activity) and sedentary behavior within the previous two months. Exclusion criteria were: smokers,
professional, elite and those athletes with a habitual participation in endurance and ultra-endurance
events, significant body weight fluctuations within the previous two months (+2 kg), regular alcohol or
drugs consumption, and habitual consumption, or consumption within the 2 weeks preceding the study,
of anti-inflammatory medication. Two hundred and forty-eight participants were recruited, but blood
samples could not be obtained from four, leading to the final number of participants indicated above.
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2.2. Laboratory Visit

Participants arrived at the laboratory between 08:00 and 10:00 h following an overnight fast of
approximately 12 h. They had been previously informed about the study demands and about the
inclusion and exclusion criteria. They had also been instructed to abstain from any moderate-vigorous
intensity exercise during the 24 h before coming to the laboratory. Information about the study was
given again to the participants, they completed an inclusion/exclusion criteria questionnaire and they
then signed an informed consent form. Each participant was asked to empty their bladder before
body mass, height and body composition were recorded. Participants then sat quietly for 10 min and
completed questionnaires to determine physical activity levels, caffeine intake and adherence to the
Mediterranean diet, before a blood sample was taken. The women were also asked about the date
of their last menstruation. Seated venous blood samples were collected in suitable vacutainers with
ethylenediaminetetraacetic acid (EDTA). Plasma was obtained from the blood samples within 30 min
after blood collection by centrifugation (15 min, 1000x g, 4 °C). Plasma aliquots were stored at —70 °C
until measurements were performed.

2.3. Anthropometrical Measurements

Height was measured to the nearest 0.5 cm using a stadiometer (Seca 220 (CM) Telescopic Height
Rod for Column Scales, Seca gmbh, Hamburg). Body weight, percentage of body fat mass, and rating
of visceral fat were measured using a Body Composition Analyzer (Bioelectrical Impedance Analysis,
TANITA MC-780MA, TANITA Europe BV, Amsterdam, The Netherlands). Body weight was measured
to the nearest 0.1 kg. The visceral fat measurement using this methodology provides a rating from
1 to 59, with values from 1 to 12 considered healthy (arbitrary units and information provided by
the manufacturer, https://tanita.eu/help-guides/products-manuals/). Body mass index (BMI) was
calculated as weight (kg) divided by height (m) squared (kg-m™2).

2.4. Questionnaires

Physical activity levels were determined using the standard short form of the validated
International Physical Activity Questionnaire (IPAQ), thus providing quantitative information on
physical activity levels in metabolic equivalents (MET)-h-week!. Total weekly physical activity time
and daily sitting time were also determined.

Diet quality was measured as the Adherence to the Mediterranean diet using a simplified
assessment of adherence to the Mediterranean Diet (14-item questionnaire), previously developed and
validated for the Spanish population [24]. Each item was scored as 0 or 1. A global score of 9 or higher
indicates a good adherence to the Mediterranean Diet.

Habitual caffeine intake was measured using a self-reported questionnaire previously developed
and used by our group [25,26]. The frequency intake of common products containing caffeine
was ascertained, and caffeine daily consumption determined by using the caffeine content of each
product [16]. Products included in the questionnaire were coffee preparations, including decaffeinated
coffee, instant coffee (as cups or spoons), tea, chocolate, cola drinks, energy or stimulant beverages,
and pharmaceutical caffeine supplements. Coffee intake was estimated from the intake of each coffee
preparation contained in the questionnaire. The most common preparations in Spain were considered:
espresso, “cortado” (espresso coffee, one serving, with a shot of milk), and “café con leche” (white
coffee, or espresso coffee, one serving, with the remaining half of a cup filled with milk or steamed
milk). Because a dose-response plasma appearance of the chlorogenic and phenolic acids contained in
coffee has been shown after instant coffee ingestion [27], and because of its caffeine content, instant
coffee was also considered as a coffee preparation. When applicable, the number of instant coffee
servings was determined considering the number of spoons indicated by participants and that each
serving contained 3.4 g of instant coffee [27]. Therefore, the total coffee intake, in number of servings,
was determined considering all preparations indicated above.
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2.5. Measurement of Inflammatory Markers

Plasma IL-10, IL-6, IL-1p, TNF-«, adiponectin, and CRP concentrations were determined to
describe the inflammatory status of participants. These inflammatory markers were measured using
commercially available solid-phase sandwich enzyme-linked immunosorbent assays and performed
according to the manufacturers’ instructions. Concentrations of IL-10, IL-6, and TNF-« were measured
using Invitrogen high sensitivity kits (ThermoFisher SCIENTIFIC, Waltham, MA, USA). IL-10 was
measured using the “IL-10 Human ELISA Kit, High Sensitivity” (BMS215HS); IL-6 was measured using
the “IL-6 Human ELISA Kit, High Sensitivity” (BMS213HS); and TNF-oc was measured using the “TNF
alpha Human ELISA Kit, High Sensitivity” (BMS223HS). IL-1$, adiponectin and CRP were measured
using RayBio® kits (RayBiotech, Norcross, GA, USA). IL-13 was measured using the “Human IL-1
beta ELISA” (ELH-IL1b); Adiponectin was measured using the “Human Adiponectin (Acrp30) ELISA”
(ELH-Adiponectin); and CRP was measured using the “Human CRP ELISA” (ELH-CRP). All kits
were exclusive for human samples (plasma, serum, and culture supernatants), and micro-plates were
supplied with wells pre-coated with the specific antibody. For all assays, the absorbance was measured
spectrophotometrically on a microplate reader (PowerWavei; BioTek, Winooski, VT, USA), and the
concentration of each cytokine was calculated by comparison with a calculation curve established in
the same measurement.

2.6. Statistical Analysis

Statistical analysis was carried out using IBM SPSS Statistics 22.0 software (SPSS/IBM, Chicago, IL,
USA). All the data were tested for their normal distribution (Kolmogorov—Smirnov test). The results
are expressed as means and standard deviations (SD), or median and interquartile ranges as specified.
Percentages were also used when required. Student’s t-test for unpaired data or the Mann-Whitney U
test were used to evaluate differences between sexes. Kruskal-Wallis one-way ANOVA was used to
determine the effect of the menstrual cycle on cytokine, adiponectin and CRP concentrations in women.
Because no effect of menstrual cycle was observed (results not shown), this variable was not included
in the following main analysis. The existence of significant bivariate correlations between the main
variables was ascertained by determining Pearson correlation coefficients. These correlations were
determined for the whole sample and for male and female participants separately. Multiple linear
regression analysis, using the stepwise procedure, was applied to determine the relation between
each dependent variable (logarithmic transformed IL-10, IL-6, IL-1f3, TNF-, adiponectin, and CRP
concentrations) and independent and control variables. Habitual caffeine intake, IPAQ score and
sitting time were included in the analysis as independent variables. Sex, body fat percentage, visceral
fat rating, and diet quality, measured as the Adherence to the Mediterranean diet, were included in
the analysis as control variables. Kruskal-Wallis one-way ANOVA was used to analyze IL-10 and
TNEF-« values depending on sitting time categorized in tertiles. A post-hoc power analysis calculation
was performed (G*Power 3.1.9.4. Universitit Kiel, Germany) for the regression analysis (n = 244,
eight predictors, « = 0.05). The power statistical calculation reported values higher than 90% for all
significant regression reported. Statistical significance was accepted at p < 0.05.

3. Results

3.1. General Characteristics of Participants in the Study

Table 1 shows the general characteristics of participants in the study stratified per sex. The study
population was, on average, young, with a BMI value within the normal weight range, a Mediterranean
diet score slightly under the threshold for a good adherence, and with a higher number of women.
Regarding anthropometrical characteristics, 20.5% of participants were overweight (BMI between
25 and 30 kg'-m~2), and 3.7% were obese (BMI higher than 30 kg:m~2). On the other hand, 2.2% of
participants showed an unhealthy visceral fat rating. Regarding caffeine intake, 4.9% of participants
did not take caffeine, and 17% of participants took more than 400 mg per day (which is considered
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the higher-end value for a throughout the day, not in a single dose, safe consumption in healthy
people [16]). Regarding coffee intake, 22.1% of participants reported no coffee intake, and 7% of
participants reported an intake greater than 3 servings. Men reported non-significantly higher physical
activity levels, both when expressed in METs and in hours. No significant differences between sexes
were observed in the sitting time.

Table 1. General characteristics of participants in the study.

All Men Women val

(n = 244) (n=112) (n=132) p value
Age (years) 32.1+10.8 33.4+10.8 31.1+10.8 0.098
Weight (kg) 66.9 +13.3 763 +11.4 589 +8.7 <0.001 *
Height (cm) 170.0 £ 9.0 177.0 £ 6.5 164.0 + 6.0 <0.001 *
BMI (kg-m~2) 23.0+3.4 243+33 22.0+3.2 <0.001 *
Fat mass (%) 233+79 183+ 6.3 27.6 + 6.5 <0.001 *
Visceral fat rating 4.01 £3.30 5.66 + 3.68 2,63 +2.12 <0.001 *
Mediterranean diet score 8.18 +1.91 8.22 +1.93 8.15+1.91 0.771
Caffeine intake (mg-day™!) 164.3 + 143.4 174.7 +152.4 155.5 + 135.3 0.298
Caffeine intake (mg-kg body weight™!-day~') 248 +2.18 233 +£2.18 2.60 +£2.18 0.346
Coffee intake (servings-day~!) 1.32 +£1.35 141 +147 124 +1.25 0.311
Physical activity levels (METs-hour-week ™) 43.8 £36.1 48.7 +£33.7 39.7 £37.5 0.054
Physical activity (hours-week™1) 9.18 + 8.50 9.90 +7.36 8.57 +9.35 0.224
Sitting time (hours~day'1) 6.96 +2.77 7.20 £ 3.09 6.77 + 2.46 0.235

Values are expressed as means + standard deviations. * indicates significant differences between sexes (with
p significant values also in bold) (p < 0.05), Student’s t-test for unpaired data. BMI: body mass index.

3.2. Sources of Caffeine Consumption

Among caffeine consumers, coffee was the main caffeine source for participants in the study
(Table 2). No significant differences were found between male and female participants.

Table 2. Sources of caffeine intake among those participants consuming caffeine.

All Men Women

Source (1 = 228) (1 = 105) (1 =123) p Value
Coffee (%) 67.5+37.1 69.6 +37.4 66.0 + 36.9 0.538
Tea (%) 10.1 +19.8 8.9 +19.4 11.0 £20.1 0.425
Cola drinks (%) 12.8 £24.7 14.0 £ 26.8 11.8 £22.9 0.506
Chocolate (%) 79+204 52+14.1 10.2 +24.2 0.054
Energetic drinks (%) 1.6+£7.6 22+9.0 1.0+6.1 0.241
Sport products (%) 01+07 01+1.0 n.d. 0.175

Values are expressed as means + standard deviations and represent the caffeine contribution in percentage of each
source with respect to total caffeine intake. No differences between men and women were found, Student’s t-test for
unpaired data. n.d.: non detected (no consumption reported).

3.3. Concentration of Inflammatory Markers

Table 3 shows cytokine concentrations of all participants and categorized by sex. Significant
differences were observed for IL-6, TNF-o, CRP, and adiponectin, with higher values in men for IL-6
(p = 0.003) and TNF-« (p = 0.005), and higher values in women for CRP (p < 0.001) and adiponectin
(p <0.001).

3.4. Bivariate Correlations between Dependent and Independent Variables

Table 4 shows bivariate correlations between all dependent and independent (continuous) variables.
Positive correlations were found for IL-6 (p = 0.001) and TNF-« (p = 0.014) with age. However, IL-10
was inversely correlated with age (p = 0.032). Caffeine intake was inversely correlated with CRP levels
(p = 0.044). Physical activity levels were correlated with IL-10 (p = 0.002). Sitting time showed a
positive correlation with TNF-« (p < 0.001) and an inverse correlation with IL-10 levels (p < 0.001).
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Percentage of body fat was correlated with CRP (p < 0.001), while it was inversely correlated with
IL-10 (p = 0.001) and adiponectin (p < 0.001). An inverse correlation was found between visceral fat
rating and IL-10 (p = 0.013). However, visceral fat showed positive correlations with IL-6 (p < 0.001)
and TNF-« (p < 0.001). IL-1p levels were correlated with the adherence to the Mediterranean diet
(p = 0.039).

Table 3. Cytokine concentrations of participants in the study.

All Men Women
Inflammatory Marker (1 = 244) n =112) (1 =132) p Value
IL-10 (ng-mL™") 0.65(0.54,0.77)  0.65 (0.55,0.83)  0.66 (0.54, 0.74) 0.333

IL-6 (ng-mL~1) 217 (1.44,3.04) 2.38(1.84,3.12)  1.89 (1.14,2.99)  0.003 *
TL-1B (pg-mL-1) 3.84(2.66,629) 4.02(2.88,640) 3.58 (2.43,6.00) 0.205
TNF-o (pg-mL-1) 1.98(1.52,2.68) 2.11(1.64,3.04) 1.76(1.49,2.51)  0.005*
CRP (ug-mL™) 350 (1.81,5.67) 246 (1.58,4.28) 4.26(242,634)  <0.001*
Adiponectin (ug-mL™) 578 (3.62,7.96) 459 (3.12,6.22) 6.72(4.77,8,78)  <0.001*

Values are expressed as median (25th, 75th percentile). * indicates significant differences between men and
women (with p values in bold) (p < 0.05), Mann Whitney U test. IL: interleukin; TNF: tumor necrosis factor; CRP:
C-reactive protein.

Table 4. Bivariate correlations between dependent and independent variables (all participants).

Age %Fat Vis Fat MD Caffeine PA Sit
IL-10 -0.138 -0.219 -0.159 -0.083 —0.094 0.195 -0.325
(0.032%  (0.001%) (0.013 *) (0.197) (0.142)  (0.002%)  (<0.001%)
L6 0.205 0.063 0.290 -0.032 0.089 -0.037 0.003
(0.001 %) (0.329) (<0.001 *) (0.615) (0.164) (0.561) (0.957)
IL-1p 0.006 0.071 0.052 0.132 —0.006 -0.009 -0.030
(0.932) (0.267) (0.417) (0.039 *) (0.930) (0.889) (0.639)
TNF-a 0.157 0.086 0.335 -0.023 0.067 -0.081 0.249
(0.014 %) (0.180) (<0.001 *) (0.717) (0.299) (0.208) (<0.001 *)
CRP 0.009 0.427 0.115 -0.109 -0.129 -0.037 -0.039
(0.889) (<0.001 *) (0.074) (0.088) (0.044 %) (0.563) (0.549)
Adiponectin —-0.107 -0.222 -0.117 -0.012 -0.087 -0.041 -0.003
P (0.095) (<0.001 *) (0.072) (0.429) (0.182) (0.520) (0.963)

Pearson correlation coefficient and (p value) is shown (1 = 244). * indicates significant correlations (with p values in
bold) (p < 0.05). % Fat: percentage of total body fat; Vis fat: visceral fat rating; MD: adherence to the Mediterranean
diet; Caffeine: caffeine intake; PA: physical activity levels. Sit: sitting daily time. Logarithmic transformations of
dependent variables were used. IL: interleukin; CRP: C-reactive protein; TNF: tumor necrosis factor.

Table 5 shows bivariate correlations between all dependent and independent variables in female
participants. An inverse correlation was found between IL-10 and age (p = 0.020). However, a positive
correlation was found for IL-6 with age (p = 0.023). Physical activity levels were correlated with
IL-10 (p = 0.033). Sitting time showed a positive correlation with TNF-« (p = 0.001) and an inverse
correlation with IL-10 levels (p = 0.001). Percentage of body fat showed a positive correlation with CRP
(p < 0.001). Positive correlations were found for IL-6 (p = 0.037) and TNF-o (p = 0.049) with visceral fat.
No correlation was found for adherence to the Mediterranean diet or caffeine intake with any of the
dependent variables.

Table 6 shows bivariate correlation between all dependent and independent variables in male
participants. A positive correlation was found between TNF-« and age (p = 0.042). Physical activity
levels were positively correlated with IL-10 (p = 0.010) and inversely correlated with TNF-« (p = 0.005).
Sitting time showed a positive correlation with TNF-« (p = 0.047) and an inverse correlation with IL-10
levels (p < 0.001). Percentage of body fat was correlated with IL-6 (p = 0.001), TNF-o (p < 0.001), and CRP
(p < 0.001), while it was inversely correlated with adiponectin (p < 0.001) and IL-10 (p = 0.002). Visceral
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fat was correlated with IL-6 (p = 0.002), TNF-« (p < 0.001), and CRP (p < 0.001), and it was inversely
correlated with IL-10 (p = 0.008). No correlation was found for adherence to the Mediterranean diet or
caffeine intake with any of the dependent variables.

Table 5. Bivariate correlations between dependent and independent variables in females.

Age %Fat Vis Fat MD Caffeine PA Sit

IL-10 -0.203 -0.133 -0.170 -0.045 —0.098 0.185 —0.281
(0.020 ) (0.128) (0.052) (0.605) (0.265) (0.033 %) (0.001 %)

L6 0.198 0.162 0.182 -0.046 0.054 -0.100 0.017
(0.023 *) (0.064) (0.037 *) (0.597) (0.539) (0.254) (0.844)

IL-1p -0.005 -0.011 0.048 0.157 -0.016 -0.028 —0.091
(0.959) (0.902) (0.588) (0.072) (0.854) (0.754) (0.300)

TNF-a 0.096 0.164 0.172 -0.062 —0.034 -0.016 0.297
(0.274) (0.060) (0.049 %) (0.479) (0.699) (0.856) (0.001 %)

CRP —0.066 0.330 0.158 -0.097 -0.155 0.030 0.048
(0.455) (<0.001 *) (0.070) (0.267) (0.077) (0.729) (0.582)

Adiponectin -0.111 0.063 -0.053 0.152 -0.027 -0.106 -0.062
P (0.243) (0.510) (0.579) (0.109) (0.773) (0.268) (0.513)

Pearson correlation coefficient and (p value) is shown (1 = 132). * indicates significant correlations (with p values in
bold) (p < 0.05). % Fat: percentage of total body fat; Vis fat: visceral fat rating; MD: adherence to the Mediterranean
diet; Caffeine: caffeine intake; PA: physical activity levels. Sit: sitting daily time. Logarithmic transformations of
dependent variables were used. IL: interleukin; CRP: C-reactive protein; TNF: tumor necrosis factor.

Table 6. Bivariate correlations between dependent and independent variables in males.

Age %Fat Vis Fat MD Caffeine PA Sit
IL-10 -0.100 —-0.295 -0.249 -0.120 -0.102 0.242 -0.369
(0.296) (0.002 *) (0.008 *) (0.207) (0.286)  (0.010%)  (<0.001 %)
L6 0.180 0.300 0.293 -0.024 0.130 -0.023 -0.042
(0.058) (0.001 %) (0.002 ) (0.803) (0.164) (0.806) (0.662)
IL-1p -0.002 —0.054 -0.011 0.094 -0.006 0.004 0.026
(0.980) (0.577) (0.913) (0.323) (0.953) (0.953) (0.784)
TNF-a 0.193 0.353 0.378 0.115 0.148 -0.262 0.188
(0.042%)  (<0.001%)  (<0.001 %) (0.226) (0.118) (0.005 *) (0.047 %)
CRP 0.166 0.366 0.381 -0.122 -0.074 -0.051 0.076
(0.079) (<0.001%)  (<0.001 %) (0.200) (0.440) (0.594) (0.424)
Adiponectin —-0.107 -0.222 -0.117 —-0.012 -0.087 -0.041 -0.003
P (0.095) (<0.001 *) (0.072) (0.429) (0.182) (0.520) (0.963)

Pearson correlation coefficient and (p value) is shown (1 = 112). * indicates significant correlations (with p values in
bold) (p < 0.05). % Fat: percentage of total body fat; Vis fat: visceral fat rating; MD: adherence to the Mediterranean
diet; Caffeine: caffeine intake; PA: physical activity levels. Sit: sitting daily time. Logarithmic transformations of
dependent variables were used. IL: interleukin; CRP: C-reactive protein; TNF: tumor necrosis factor.

3.5. Multivariable Linear Regression Analysis

Table 7 shows the results of the regression analysis for IL-10. Regression analysis revealed that
sitting time (p < 0.001) and the percentage of fat (p = 0.001) were negative predictors for IL-10 levels,
while physical activity was a positive predictor (p = 0.028). Sitting time was found to be the main
predictor (change in R? 0.106 vs. 0.040 for fat mass and 0.017 for physical activity).

Table 8 shows de-regression analysis results for adiponectin. Sex was revealed as the main predictor
for adiponectin (change in R? 0.097, p < 0.001), with higher values for females, as has been indicated above.
Percentage of fat mass was inversely associated with adiponectin (change in R? 0.017, p = 0.032).
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Table 7. Multiple linear regression for IL-10.

Variable B 95% CI B t p Value
Age -0.002 (-=0.006, 0.002) —-0.104 -1.706 0.089
Sex 0.010 (~0.060, 0.080) 0.042 0568 0.570
Fat mass -0.003 (=0.005,-0.001)  -0.189 -3.171 0.002 *
Visceral fat rating -0.002 (-0.014, 0.010) -0.066 —-1.346 0.180
Adherence to MD -0.005 (-0.013, 0.003) —-0.078 -1.324 0.187
Caffeine intake 0.000 (-0.001, 0.000) —0.080 -1.336 0.183
Physical activity 0.000 (0.000, 0.001) 0.136 2218 0.028 *
Sitting time -0.012 (-0.017,-0.007) ~ -0.281 —4.607 <0.001 *

Model: R: 0.405; R? 0.164; Adjusted R? 0.153; p < 0.001; * indicates significant predictors (with p values in bold)
(p < 0.05). IL: interleukin; MD: Mediterranean diet; CI: confidence intervals.

Table 8. Multiple linear regression for adiponectin.

Variable B 95% CI B t p Value
Age 0.000 (—0.004, 0.004) —-0.019 —-0.285 0.776
Sex 0.194 (0.124-0.265) 0.407 5.426 <0.001 *
Fat mass —-0.005 (=0.009, —0.001) —-0.162 -2.156 0.032 *
Visceral fat rating 0.004 (—0.004-0.012) 0.050 0.443 0.658
Adherence to MD 0.008 (=0.006, 0.022) 0.065 1.075 0.283
Caffeine intake 0.000 (=0.001, 0.000) —0.068 -1.092 0.276
Physical activity 0.000 (=0.001, 0.000) —-0.012 0.010 0.846
Sitting time 0.003 (=0.007, 0.013) 0.039 0.637 0.585

Model: R? 0.115; Adjusted R20.107; p < 0.001; * indicates significant predictors (with p values in bold) (p < 0.05).
MD: Mediterranean diet; CI: confidence intervals.

Table 9 shows the results of the regression analysis for IL-6. Visceral fat was revealed as the only
significant predictor for IL-6 (p < 0.001), with a positive association.

Table 9. Regression analysis for IL-6.

Variable B 95% CI B t p Value
Age 0.001 (=0.003, 0.005) 0.013 0.151 0.880
Sex —-0.035 (=0.075, 0.005) —-0.073 -1.055 0.292
Fat mass —-0.001 (=0.003, 0.001) —-0.028 —0.439 0.661
Visceral fat rating 0.021 (0.012, 0.030) 0.290 4.701 <0.001 *
Adherence to MD —0.005 (-0.017, 0.007) —-0.044 —-0.706 0.481
Caffeine intake 0.000 (0.000, 0.001) 0.039 0.579 0.563
Physical activity —-0.001 (-0.002, 0.001) —-0.059 —0.948 0.344
Sitting time —-0.003 (-0.011, 0.005) —-0.033 —-0.532 0.595

Model: R? 0.084; Adjusted R? 0.080; p < 0.001; * indicates significant predictors (with p values in bold) (p < 0.05). IL:
interleukin; MD: Mediterranean diet; CI: confidence intervals.

Sitting time (change in R2 0.044, p <0.001,) and visceral fat rating (change in R20.112, p < 0.001)
were found as positive predictors for TNF-« concentrations, with visceral fat as the main predictor
(Table 10).

Table 11 shows the results of the regression analysis for CRP. Percentage of fat mass was found as
the main predictor for CRP (change in R? 0.182, p < 0.001), showing a positive association. Caffeine
intake was shown to be a negative predictor for CRP (change in R? 0.037, p = 0.001). The regression
analysis did not report any significant predictor for IL-14.
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Table 10. Multiple linear regression for tumor necrosis factor (TNF) -«.

Variable B 95% CI B t p Value
Age —0.002 (—0.005, 0.001) -0.108 -1.327 0.186
Sex -0.014 (—0.128, 0.100) —0.041 —0.608 0.544
Fat mass —0.001 (—0.011, 0.010) —0.023 -0.367 0.714
Visceral fat rating 0.016 (0.010, 0.022) 0.309 5.166 <0.001 *
Adherence to MD 0.001 (—0.009, 0.012) 0.007 0.119 0.905
Caffeine intake 0.000 (—0.001, 0.000) —0.060 -0.936 0.350
Physical activity 0.000 (—0.001, 0.000) —-0.025 —0.984 0.326
Sitting time 0.013 (0.004, 0.019) 0.211 3.538 <0.001 *

Model: R? 0.156; Adjusted R? 0.149; p < 0.001; * indicates significant predictors (with p values in bold) (p < 0.05).
TNF: tumor necrosis factor; MD: Mediterranean diet; CI: confidence intervals.

Table 11. Multiple linear regression for C-reactive protein (CRP).

Variable B 95% CI B t p Value
Age —0.002 (—0.010, 0.006) —0.039 —-0.601 0.549
Sex —0.016 (—0.082, 0.050) —0.021 —0.288 0.774
Fat mass 0.018 (0.013, 0.022) 0.454 7.885 <0.001 *
Visceral fat rating 0.006 (—0.022, 0.034) 0.063 0.980 0.328
Adherence to MD -0.011 (—0.029, 0.007) —-0.070 -1.219 0.224
Caffeine intake —-0.002 (—0.003, —0.001) —-0.195 -3.379 0.001 *
Physical activity 0.000 (—0.004, 0.004) 0.023 0.407 0.684
Sitting time 0.000 (-0.013, 0.013) 0.011 0.187 0.852

Model: R? 0.219; Adjusted R? 0.213; p < 0.001; * indicates significant predictors (with p values in bold) (p < 0.05).
CRP: C-reactive protein; MD: Mediterranean diet; CI: confidence intervals.

3.6. Effects of Sitting Time on IL-10 and Tumor Necrosis Factor (TNF) -a Concentrations

Figure 1 shows values of IL-10 (a) and TNF-« (b) categorized by sitting time tertiles. A significant
effect of sitting time was found for both IL-10 (p = 0.001) and TNF-« (p < 0.001). IL-10 values in the
third tertile (longer sitting time, 9 to 15 h) were significantly lower (p = 0.001) than in the first tertile
(shortest sitting time, 1 to 5 h). TNF-« values in the third tertile were significantly higher than in the
second tertile (p = 0.004) and in the first tertile (p < 0.001).

IL-10 TNF-a
1.2 6 48
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0.8 4
¢ g
2 0.6 g) 3
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Tertile 1 Tertile 2 Tertile 3 Tertile 1 Tertile 2 Tertile 3
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(a) (b)

Figure 1. IL-10 (a) and TNF-« (b) plasma concentrations categorized by sitting time tertiles. Median,
25th, 75th percentile, and lowest and highest values are shown for IL-10 and TNF-« values. # indicates
significant differences to first tertile. & indicates significant differences to second tertile. IL: interleukin;
TNEF: tumor necrosis factor.
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4. Discussion

The main finding of the present study was that in a healthy population, low caffeine intake
could exert a slight anti-inflammatory effect characterized by lower CRP plasma levels. Body fat,
both total and visceral, and sedentary behavior have been shown to be important and independent
inflammatory predictors, inducing higher levels of pro-inflammatory markers, but also decreased
levels of anti-inflammatory markers.

Participants in the study population were, on average, young and with a higher number of
women. These characteristics reflect properly the university population, with higher figures for young
female students. Caffeine intake observed in the present study was similar to previous studies in
Spain, and similar, or slightly lower to the average value, when participants of a similar age from most
occidental countries were considered [16,28-30]. Concerning this consumption, coffee remains the
main source for caffeine intake, a common finding in most European countries, except for the UK and
Ireland [16]. As coffee preparations in Spain are quite different from the ones in other countries, it
becomes difficult to compare coffee intake observed in the present study with the habitual intake of
other countries. For these reasons, caffeine intake, rather than coffee intake, has been used as the main
variable for the analysis, and also as an indicator of coffee consumption.

Previous studies, both observational and clinical trials, have reported that coffee intake increases
adiponectin levels [13,20]. The mechanism involved seems to be the stimulatory effect of caffeine on
the expression of the peroxisome proliferator activated receptor y (PPARy), which positively elevates
the adiponectin concentration [31]. In fact, a previous study reported increased levels of adiponectin
after a supplementation with caffeinated coffee but no effect with decaffeinated coffee [13]. However,
a higher daily intake of coffee (four cups, or more than 600 mg of caffeine) than that observed in the
present study, seems to be required to increase adiponectin levels [20]. Therefore, and as suggested,
low amounts of coffee or caffeine consumption may be the reason for not observing a significant
effect of caffeine intake on adiponectin [32] but also on IL-10, TNF-«, and IL-6 concentrations in the
present study. It should also be considered that some studies reporting positive effects of regular
coffee consumption on adiponectin levels were performed in overweight participants [13], while in
the present study only ~24% of participants were overweight or obese; or in older populations [20].
Therefore, it is possible that the protective effect of coffee was emphasized in such conditions.

The association between CRP, which is considered an appropriate marker for low grade systemic
inflammation [33], and coffee intake has been recently reviewed [34]. Despite this review suggesting
that on average, coffee consumption is not associated with CRP levels, some studies have reported a
protective healthy effect because decreased levels of CRP have been observed in participants ingesting
at least a daily cup of coffee [20-23]. Results of the present study are in agreement with this observation
as it was observed that caffeine consumption is inversely associated with CRP levels. Therefore, it
seems that in contrast with the other inflammatory markers analyzed, low regular coffee intake could
be enough to prevent higher CRP levels. It is worth noting however, that decaffeinated coffee seems to
also be effective in decreasing CRP levels, therefore other components of coffee rather than caffeine
itself, could contribute to this effect [22]. It has been suggested that chlorogenic acid, the main phenolic
acid in coffee with antioxidant and anti-inflammatory properties [14], can play an important role in
the reduction of inflammatory factors such as CRP [35]. The low, on average, BMI of participants
in the present study could have been an important factor that influenced the inverse association
between coffee intake and CRP, as all studies reporting the protective anti-inflammatory effect of coffee
consumption were performed in populations with low BMIs [20-23]. In fact, it has been suggested
that the different BMI of populations considered in previous studies could be a key factor for the
inconsistent results found regarding this association [34]. Interestingly, in the present study, and in
agreement with previous reports [36,37], a positive association was found between body fat mass and
CRP. Therefore, our data indicates that, in the context of an average low BMI, caffeine consumption,
probably as a coffee consumption marker, presents an inverse association with CRP, inducing the
opposite effect of body fat mass accumulation.
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Inverse associations were found between percentage of body fat and anti-inflammatory markers
such as adiponectin and IL-10. Adiponectin is an anti-inflammatory adipokine secreted almost
exclusively from adipose tissue [38], and low adiponectin levels have been associated with body
fat accumulation and obesity, leading to increased risk of inflammation [3]. It is striking that in the
present study this potential negative effect was observed in young and healthy participants, with an
incidence of obesity as low as 3.7%. In addition, and despite the fact women present a relatively greater
percentage body fat, adiponectin levels were found to be higher in women, which is in agreement with
previous results, mainly when lean populations have been considered [39].

The anti-inflammatory IL-10 has not been commonly measured when associations between
fat mass and inflammation have been investigated. In the present study, and in the same line of
results indicated above, IL-10 was inversely associated with body fat mass. It has been reported
that fat accumulation is accompanied by adipose tissue infiltration by pro-inflammatory immune
cells (T2), increased release of pro-inflammatory markers such as TNF-«, decreased production of
anti-inflammatory markers, such as IL-10, and the development of the low-grade systemic inflammatory
state described above [3]. Within this picture, and regarding adipose tissue, visceral fat has been
suggested to play an important role [2]. In the present study positive associations were found between
visceral fat and TNF-« and also between visceral fat and IL-6. Previous studies, using different
approaches to measure visceral fat, have shown similar associations [40-42]. Whether TNF-o and
IL-6 levels are more dependent on total body fat or visceral fat remains to be elucidated, because
some studies have reported associations with both parameters [37,42,43]. However, taken together,
the opposite associations found for IL-10 and, on the other hand, TNF-o and IL-6 with regard to fat
content, total or visceral, could reflect the predominant anti-inflammatory production when fat content
is low as well as the predominant pro-inflammatory release when fat is accumulated.

In the present study only a small effect of physical activity levels on the IL-10 concentrations were
observed. However, more strong associations were found for sedentary time: a positive association
with TNF-« and an inverse association with IL-10, which, together, define a pro-inflammatory picture
induced by sedentary behavior and independent of physical activity levels. It is possible that the
average moderate levels reported could limit the effects of physical activity. However, previous
studies showed that sedentary behavior was linked to low-grade inflammation, independently of
physical activity levels or adiposity [6-9]. This observation is in agreement with results obtained in the
present study and suggests an independent link between sitting time and low-grade inflammation [7].
To our knowledge, the association between sedentary time and IL-10 has not been reported, as previous
studies focused on the pro-inflammatory markers. This novel result could indicate that sedentary
behavior, independent of fat mass and physical activity, influences levels of both pro-inflammatory
and anti-inflammatory compounds.

This study presents some limitations that should be acknowledged. In addition to the limitations
due to the observational nature, the current study was limited to cross-sectional data from a single
university population. However, the patterns of physical activity and sedentary behavior observed in
the present study could be applied to other populations, even outside the university. Both sedentary
time and physical activity levels, two of the main variables of the study, were self-reported. However,
the IPAQ, which is a widely used and validated questionnaire, was utilized to collect these data, as has
been done in previous studies using the same or similar questionnaires [6,9]. Regarding sedentary
time, an important limitation was that the number, duration, and frequency of sedentary breaks were
not recorded. In this regard, it has been reported that these breaks could modify to some extent
associations between sedentary time and inflammatory markers [8], at least when sitting time is not
too long [7]. Furthermore, methodology used to determine both percentage of fat mass and visceral fat
rating has been reported to present some limitations [44]. Finally, despite the statistical power analysis
revealed high power for most of the associations found, these associations could be considered weak.
However, there is a concordance between most of them, highlighting the pro-inflammatory role of
sedentary behavior and fat mass accumulation.
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5. Conclusions

The limited effects of caffeine or coffee intake observed in the present study could be explained by
relatively low caffeine and coffee intakes. However, this relatively low caffeine or coffee consumption
could slightly prevent CRP increases induced by increased fat mass. Sedentary behavior and body
fat accumulation, even within the young, healthy and, on average, normal weight participants in the
present study induced pro-inflammatory effects. However, only slight effects of physical activity levels
were observed. Interestingly, both sedentary behavior and fat accumulation induced lower levels
of the essential anti-inflammatory cytokine IL-10. Future studies should be performed to determine
coffee intake needed to observe greater health effects and, also, to determine the mechanism linking
sedentary behavior to inflammation.
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Abstract: Coffee is one of the most consumed beverages worldwide. Previous research
has demonstrated its neuroprotective effects in the elderly. People coinfected with human
immunodeficiency virus (HIV) and hepatitis C virus (HCV) experience an accelerated aging process
and cognitive impairment, which significantly impair quality of life and may affect disease-related
dimensions such as treatment adherence. This study aimed to analyse the relationship between
regular coffee intake and neurocognitive performance (NCP) in HIV-HCV coinfected people. We used
data from 139 coinfected patients who participated in both the ANRS CO13 HEPAVIH cohort
and the HEPAVIH-Psy cross-sectional survey. Linear regression models adjusting for potential
sociodemographic (age, gender, educational level), clinical (liver disease status, ongoing HCV
treatment, HIV viral load, major depressive disorder) and socio-behavioural (cannabis use) correlates
of NCP were used. Our results showed significant, positive associations between elevated coffee
intake (ECI) (three or more cups of coffee per day) and NCP in verbal fluency, psychomotor speed
(coding) and executive functioning. ECI might therefore preserve neurocognitive functioning in
people living with HIV and HCV.
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1. Introduction

Coffee is one of the most widely consumed drinks in the world, especially in high-resource
settings [1]. It is associated with better overall health and a reduced risk of both mortality [2] and
cancer [3] in the general population.

In people infected with hepatitis C virus (HCV), coffee consumption is associated with lower
liver stiffness [4] and with decreased rates of liver disease progression and severity [5]. Specifically,
an in vitro study showed that coffee extract and caffeic acid inhibit HCV viral propagation [6]. Elevated
coffee intake (ECI) (three or more cups per day) is an independent predictor of improved virological
response to peginterferon plus ribavirin therapy in patients with chronic HCV infection [7] and is
associated with improved treatment tolerance.

In people living with HIV and HCV, previous research has shown that ECI can reduce the risk of
mortality by 50% [8]. With regard to liver function, Yaya et al. pointed out that ECI is associated with a
significantly reduced risk of advanced liver fibrosis in HIV-HCV coinfected patients, even in those
with unhealthy alcohol use [9]. Furthermore, reduced levels of liver enzymes have been highlighted in
patients with ECI by Morisco et al. [5] and Carrieri et al. [10]. Other beneficial effects of ECI in this
population are its positive effects on insulin resistance [10], perceived toxicity and fatigue [11].

Apart from its beneficial effects on liver disease, coffee intake also significantly impacts cognition
because of its stimulating effects on the central nervous system (CNS). In a study performed in
1875 healthy adults, habitual caffeine consumption was significantly related to better long-term
memory performance and faster locomotor speed. No relationships were found between habitual
caffeine consumption and short-term memory, information processing, planning and attention [12].
A meta-analysis showed a J-shaped association between coffee intake and incident cognitive disorders,
with the lowest risk of incident cognitive disorders observed for a daily consumption level of 1-2 cups
of coffee [13]. In the elderly, Haller et al. (2018) demonstrated an association between moderate caffeine
consumption (from one to two cups of coffee/day) and better neurocognitive performance (NCP) and
between moderate to ECI and better white matter preservation and cerebral blood flow [14]. ECI has
also been associated with a reduced risk of Alzheimer’s disease [15]. Furthermore, people living with
HIV and HCV experience an accelerated aging process [16] and suffer from neurocognitive aging.

Cognitive impairment is prevalent in HIV-HCV coinfected people, with rates ranging from 40%
to 63% [17]. Compared with HIV mono-infected patients, coinfected patients have higher levels of
cognitive impairment, particularly in information processing speed [18]. Vivithanaporn et al. showed
that the presence of HCV coinfection in HIV-infected individuals is likely to increase the neurologic
disease burden and risk of death [19]. With regard to the underlying mechanisms, an HCV-encoded
protein, named Core, has been found to cause neuroinflammation and neuronal death by potentiating
HIV-associated neurotoxicity [20].

No study, to date, has examined the association between coffee consumption and neurocognitive
functioning in HIV-HCV coinfected patients. The present study aimed to analyse the relationship
between coffee consumption and neurocognitive performance (NCP) in a sample of HIV-HCV coinfected
patients, characterized by a high rate of HIV viral suppression.

2. Materials and Methods

We used data from 139 HIV-HCV coinfected patients who participated in both the ANRS CO13
HEPAVIH cohort [21] and the HEPAVIH-Psy cross-sectional survey [22]. The latter was nested in the
former and was designed to estimate the prevalence of mental health and substance use disorders in
HIV-HCV coinfected patients recruited in 10 French HIV services between 2012 and 2014. Exclusion
criteria for HEPAVIH-Psy were diagnosis of a current psychotic episode and neurological or medical
disorders that may affect NCP, such as cerebrovascular disease or head trauma.

HEPAVIH-Psy provided data about current major depressive disorder (MDD) and NCP, the
latter being assessed by measuring the following functions (with associated test/scale in brackets):
visuospatial abilities and visual memory (Rey-Osterrieth complex figure test (ROCF) [23], vocabulary

56



Nutrients 2020, 12, 2532

size or lexical access speed (verbal fluency task) [24], processing speed (coding task, a subtest of the
fourth version of the Wechsler Adult Intelligence Scale (WAIS-IV)) [25] and executive functioning (Trail
Making Test (TMT) part B minus A) [26]. The TMT B-A score was calculated as the difference between
TMT-A and TMT-B times and is considered a measure of cognitive flexibility relatively independent
of manual dexterity [27]. These cognitive functions, which have been shown to be sensitive enough
to detect a possible neurocognitive impairment in HIV-infected individuals [28], were considered
outcomes in our study. We tested coffee consumption in the previous six months and other factors,
including age, gender, educational level, liver disease status (presence of cirrhosis), ongoing HCV
treatment, HIV viral load and MDD, as potential correlates of neurocognitive performance. All of these
variables were included in the HEPAVIH cohort and measured at the closest visit to the date of the
HEPAVIH-Psy survey, except for MDD, which was documented in the HEPAVIH-Psy survey itself.

Our study outcomes were the five raw test scores measuring NCP (ROCF—direct copy and
delayed reproduction, verbal fluency, coding, TMT B-A), with higher scores indicating better results
for all tests/scales except TMT. Results for TMT are reported as the logarithm of the number of
seconds required to complete the given task. Therefore, higher scores reflect greater impairment.
Distributions of raw test scores are illustrated in Section 3.2. We used linear regression models to
study the association between coffee intake during the previous six months (>3 cups per day (ECI),
<2 cups per day, no consumption) and each of the five outcomes. First, we selected all variables
associated with the outcomes using a liberal p-value < 0.20 in the univariable analysis. We then built
the five multivariable models. Only variables associated with at least one out of the five outcomes
in univariable and multivariable analyses (using a p-value < 0.05) were included in order to have
comparable multivariable models. Educational level was forced into all models, as it is an important
cofactor of NCP.

3. Results

3.1. Study Population

Study patients were mostly men (66.9%), median (IQR) age was 50 (48-53) years, and 40.3% of
patients had an educational level above or equal to the French high school diploma. A total of 91.3% of
patients had an undetectable HIV viral load and 23.7% had cirrhosis. A total 28.8% reported ECI in the
previous six months (Table 1).

Table 1. Characteristics of HIV-HCV coinfected patients in the study population, the ANRS CO13
HEPAVIH cohort and the HEPAVIH-Psy cross-sectional survey (N = 139).

N (o/o)
Age, years
Median (IQR) 50 (48-53)
Gender
Male 93 (66.9)
Female 46 (33.1)
High school certificate *
No 83 (59.7)
Yes 56 (40.3)
Current MDD (N = 137)
No 107 (78.1)
Yes 30 (21.9)
HIV-related characteristics:
CD4 count, cells/mm? (N = 138)
Median (IQR) 522 (346-726)
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Table 1. Cont.

N (cyu)
Detectable HIV viral load (N = 138)
No 126 (91.3)
Yes 12 (8.7)
HCV-related characteristics:
Ongoing HCV-treatment
No 116 (83.5)
Yes 23 (16.6)
Presence of cirrhosis
No 106 (76.3)
Yes 33(23.7)
Cannabis use
No 81 (58.3)
Yes 58 (41.7)
Coffee intake
>3 cups/day 40 (28.8)
<2 cups/day 81 (58.3)
No consumption 18 (13.0)

* Educational level above or equal to the French Baccalaureate. Abbreviations: IQR—interquartile range;
MDD—major depressive disorder; HIV—human immunodeficiency virus; HCV—hepatitis C virus.

3.2. Outcomes

The distributions of the five raw test scores measuring NCP (ROCF—direct copy and delayed
reproduction, verbal fluency, coding, TMT B-A) are presented as boxplots. We stratified by coffee
consumption, comparing the distributions of test scores in the three groups: no consumption,
<2 cups/day and > 3 cups/day (Figure 1).
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Figure 1. Distribution of raw test scores of HIV-HCV coinfected patients in the study population,
the ANRS CO13 HEPAVIH cohort and the HEPAVIH-Psy cross-sectional survey (N = 139). Abbreviations:
ROCE: Rey-Osterrieth complex figure; TMT B-A: Trail Making Test part B minus A.

3.3. Coffee Consumption Associated with Neurocognitive Performance in HIV-HCV Coinfected People

Interestingly, we found that ECI was positively associated with four of the five outcomes,
as follows: ROCEF (copy score only), verbal fluency, coding and TMT B-A. This result was confirmed
after adjusting for clinical (presence of cirrhosis, ongoing HCV treatment, detectable HIV viral
load, MDD), sociodemographic (age, gender, educational level) and socio-behavioural (cannabis use)
correlates of the outcomes (Table 2).
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4. Discussion

This is the first study to explore the relationship between coffee intake and neurocognitive
performance in people coinfected with HIV and HCV. We showed that elevated coffee intake (ECI) (i.e.,
three cups or more per day) was associated with better NCP, as measured by the ROCF (direct copy
only), verbal fluency, coding and TMT B-A tests. These results are clinically relevant given that the
HIV-HCV coinfected population is doubly affected by their vulnerability to cognitive impairments
and the burden of their diseases [17,19]. A meta-analysis comparing cognitive performance between
HIV-HCV coinfected and HIV and HCV mono-infected patients showed significantly poorer information
processing speed in the coinfected group [18]. Our results showed significant, positive associations
between information processing speed (measured by the coding task test) and ECI.

Our findings are in line with previous research in people living with HIV [29], showing the
protective effects of moderate coffee intake on cognitive function. For example, Braganca and colleagues
showed that regularly drinking espresso was associated with better Global Deficit Scores (GDS) and
improved cognitive performance in five out of eight cognitive tests. They also found daily espresso
consumption to be a positive predictor for performance in attention, working memory, executive
functions and GDS.

Interestingly, our results remained valid after adjustment for known correlates of neurocognitive
impairment. We presume that this observed effect is not “acute” but attributable to prolonged exposure
to ECL

In particular, the positive relationship between ECI and NCP persisted even after adjusting
for known liver disease correlates (cirrhosis and ongoing HCV treatment), which suggests that the
beneficial influence of coffee intake on NCP may occur irrespective of liver disease related factors.
Accordingly, our results might be explained by a direct effect of caffeine on the CNS [30]. Caffeine targets
specific brain regions involved in executive and verbal working memory functions [31], explaining the
positive associations with NCP in verbal fluency observed in our study. In addition, caffeine enhances
information processing speed and attention, which are two cognitive functions mobilised during the
coding test [32].

With regard to the underlying mechanisms, our results may be explained, at least in part, by
the antioxidant properties of coffee [33], which are able to counter the harmful effects of HCV- and
HIV-induced neuro-inflammation. More specifically, chlorogenic acid, an important polyphenol
found in coffee, has been shown to improve the oxidative system [34] and, therefore, may counter
the inflammatory effects of HCV and HIV on the CNS. This is particularly relevant since HCV is
characterized by high oxidative stress, which is shown to promote liver fibrosis, cirrhosis and cancer, as
well as metabolic dysfunction [35]. This study’s strengths include rigorous control for several clinical
(HIV viral load, presence of cirrhosis, treatment status) and socio-behavioural (age, gender, educational
level) confounding factors. Moreover, MDD in the study population was diagnosed by psychiatrists
and taken into account in our analysis.

Our study also has limitations. First, because it was cross-sectional, we were not able to infer
causality for the associations found. Furthermore, we used raw scores as outcomes instead of a global
deficit score, which is frequently used in other studies [18,29]. However, not aggregating our results
into a single score enabled us to distinguish the cognitive functions assessed by the different tests
and to provide more detailed results. Furthermore, we did not have information about the type
of coffee consumed (caffeinated or decaffeinated, green or roasted), and we did not consider other
caffeine sources, such as energy drinks, tea, chocolate or cocoa, which are likely to affect cognitive
functioning [36]. Future research using consistent and comprehensive neuropsychological assessment
batteries is needed in order to clarify the effects of coffee intake (including the cumulative effect of
prolonged coffee consumption) on cognitive function and the mechanisms underlying these effects.
It may also be useful to disentangle the effects of the numerous coffee compounds and their potential
antioxidant activity on NCP and inflammation indicators in HIV-HCV coinfected patients to further
explore these effects in certain categories of patients (such as patients with metabolic syndrome)
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and to assess the potential dose-response pattern of coffee intake on neurocognitive functioning in
this population.

5. Conclusions

The strong relationship we found between coffee intake and NCP underlines the multiple benefits
of coffee consumption in HIV-HCV coinfected people, ranging from reduced inflammation and risk of
liver disease to reduced morbidity and mortality risk. Because cognitive deficits can have significant
functional consequences for patients” everyday lives—such as difficulties in remembering important
information, reduced quality of life, and poor adherence to treatments—our results may have important
implications for the planning of effective clinical management of these diseases. The effect of coffee
and other functional food on HIV-HCV-related outcomes should also be included in the clinical and
public health research agenda.
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A.Gervais, C.Lascoux-Combe, C.Goujard, K.Lacombe, C.Duvivier, D.Neau, P.Morlat, F.Bani-Sadr,
L.Meyer, F.Boufassa, B.Autran, A.M.Roque, C.Solas, H.Fontaine, D.Costagliola, L.Piroth, A.Simon,
D.Zucman, FBoué, P.Miailhes, E.Billaud, H.Aumaitre, D.Rey, G.Peytavin, V.Petrov-Sanchez,
D.Lebrasseur-Longuet. Clinical Centres (ward/participating physicians): APHP, Hopitaux Universitaires
Paris Centre, Paris (Médecine Interne et Maladies Infectieuses: D. Salmon, R.Usubillaga;
Hépato-gastro-entérologie: P.Sogni; Anatomo-pathologie: B.Terris; Virologie: P.Tremeaux); APHP
Pitié-Salpétriere, Paris (Maladies Infectieuses et Tropicales: C.Katlama, M.A.Valantin, H.Stitou;
Médecine Interne: A.Simon, P.Cacoub, S.Nafissa; Hépato-gastro-entérologie: Y.Benhamou;
Anatomo-pathologie: F.Charlotte; Virologie: S.Fourati); APHM Sainte-Marguerite, Marseille (Service
d’Immuno-Hématologie Clinique: I.Poizot-Martin, O.Zaegel, H.Laroche; Virologie: C.Tamalet); APHP
Tenon, Paris (Maladies Infectieuses et Tropicales: G.Pialoux, J.Chas; Anatomo-pathologie: P.Callard,
F.Bendjaballah; Virologie: C.Amiel, C.Le Pendeven); CHU Purpan, Toulouse (Maladies Infectieuses et
Tropicales: B. Marchou; Médecine interne: L.Alric; Hépato-gastro-entérologie: K.Barange, S.Metivier;
Anatomo-pathologie: ].Selves; Virologie: F.Larroquette); CHU Archet, Nice (Médecine Interne:
E.Rosenthal; Infectiologie: A.Naqvi, V.Rio; Anatomo-pathologie: J.Haudebourg, M.C.Saint-Paul;
Virologie: A. De Monte, V.Giordanengo, C.Partouche); APHP Avicenne, Bobigny (Médecine Interne —
Unité VIH: O.Bouchaud; Anatomo-pathologie: A.Martin, M.Ziol; Virologie: Y.Baazia, V.Iwaka-Bande,
A .Gerber); Hopital Joseph Ducuing, Toulouse (Médecine Interne: M.Uzan, A.Bicart-See, D.Garipuy,

63



Nutrients 2020, 12, 2532

M.].Ferro-Collados; Anatomo-pathologie: ].Selves; Virologie: F.Nicot); APHP Bichat — Claude-Bernard,
Paris (Maladies Infectieuses: A.Gervais, Y.Yazdanpanah; Anatomo-pathologie: H.Adle-Biassette;
Virologie: G.Alexandre, Pharmacologie: G.Peytavin); APHP Saint-Louis, Paris (Maladies infectieuses:
C.Lascoux-Combe, ].M.Molina; Anatomo-pathologie: P.Bertheau; Virologie: M.L.Chaix, C. Delaugerre,
S. Maylin); APHP Saint-Antoine (Maladies Infectieuses et Tropicales: K. Lacombe, J. Bottero; ]J.
Krause, PM. Girard, Anatomo-pathologie: D. Wendum, P. Cervera, ]. Adam; Virologie: C. Viala);
APHP, Hopitaux Paris Sud, Bicétre, Paris (Maladies Infectieuses et Tropicales: D. Vittecocq; Médecine
Interne: C. Goujard, Y. Quertainmont, E. Teicher; Virologie: C. Pallier); APHP Necker, Paris (Maladies
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Waldner-Combernoux, S. Mahy, A. Salmon Rousseau, C. Martins); CH Perpignan, Perpignan (Maladies
infectieuses et tropicales: H. Aumaitre, Virologie: S. Galim); CHU Robert Debré, Reims (Médecine
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Sicart-Payssan, E. Bedel, S. Anriamiandrisoa, C. Pomes, F. Touam, C. Louisin, M. Mole, C. Bolliot, P
Catalan, M. Mebarki, A. Adda-Lievin, P. Thilbaut, Y. Ousidhoum, F.Z. Makhoukhi, O. Braik, R. Bayoud,
C. Gatey, M.P. Pietri, V. Le Baut, R. Ben Rayana, D. Bornarel, C. Chesnel, D. Beniken, M. Pauchard, S.
Akel, S. Caldato, C. Lions, A. Ivanova, A-S. Ritleg, C. Debreux, L. Chalal, ]J.Zelie, H. Hue, A. Soria,
M. Cavellec, S. Breau, A. Joulie, P. Fisher, S. Gohier, D. Croisier-Bertin, S. Ogoudjobi, C. Brochier, V.
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L. Michel, M. Mora, C. Protopopescu, P. Roux, B. Spire, S. Tezkratt, T. Barré, M. Baudoin, M. Santos, V.
Di Beo, M.Nishimwe, L Wittkop.
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HEPAVIH-Psy clinical centres (ward): Centre hospitalo-universitaire (CHU) Cochin (Médecine

Interne et Maladies Infectieuses); CHU Pitié-Salpétriere (Maladies Infectieuses et Tropicales); CHU
Sainte-Marguerite, Marseille (Service d'Immuno-Hématologie Clinique/CISIH); CHU Purpan Toulouse
(Maladies Infectieuses et Tropicales); CHU Archet, Nice (Médecine Interne); CHU Saint-Louis (Médecine
Interne); CHU Saint Antoine (Maladies Infectieuses et Tropicales); CHU Necker (Maladies Infectieuses
et Tropicales); ANRS CO3 Aquitaine cohort (Hopital Saint André and Hopital Pellegrin).
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Abstract: Background: Coffee and caffeine are considered to have beneficial effects in patients with
multiple sclerosis (MS), an autoimmune disease of the central nervous system (CNS) that can lead to
disability and chronic fatigue. Methods: In the present study the preference in terms of coffee and
caffeine consumption in patients with MS was assessed. In total the opinions of 124 MS patients
were explored with a questionnaire, which was developed to investigate the consumption behavior
and associated beneficial and harmful effects of coffee and caffeine concerning symptoms of fatigue.
Results: Our study showed that 37.1% of the included patients experience severe symptoms of fatigue.
In our cohort, fatigue was not related to age, type of diagnosis or duration of the disease. The effects
of coffee did not differ between MS patients with and without fatigue. Very few side effects linked
to coffee consumption were reported, and we could demonstrate that coffee consumption had no
negative impact on quality of sleep. A positive effect on everyday life was observed particularly
among patients with a mid-level expanded disability status scale (EDSS). The strongest effects of
coffee consumption were observed regarding a better ability to concentrate while fulfilling tasks,
an expanded attention span and a better structured daily routine. Conclusions: Since coffee showed
no severe side effects and in the absence of an effective fatigue therapy, coffee consumption might be
a therapeutic approach for selected patients with MS-related fatigue.

Keywords: coffee; caffeine; multiple sclerosis; fatigue

1. Introduction

Multiple sclerosis (MS) is considered a chronic inflammatory and degenerating disease of the
central nervous system (CNS), which often first manifests in early adulthood. What is known so far
is that MS is most likely an autoimmune disease with demyelinating processes, which occur in the
white and grey matter of the CNS [1]. These lesions, which are visible on nuclear magnetic resonance
(NMR) imaging, lead to reduced nerve conductivity in the course of the disease. It is assumed that
auto-reactive, myelin-specific T cells are activated in the periphery due to faulty tolerance development.
They enter the brain and trigger an immune response by binding to “their” antigen, which leads to an
inflammatory process [2]. MS is not a curable disease, but its course can be very positively influenced
by medication. MS can manifest in a variety of disease courses. About 85% of patients first develop
relapsing-remitting MS (RRMS), which can evolve into secondary progressive MS (SPMS) over a longer
period [3]. The other 15% of patients initially develop primary progressive MS (PPMS). The respective
diagnosis is made based on the McDonald Criteria [4]. The variety of possible symptoms of MS differs
depending on the location and size of the lesions. Common symptoms include visual disturbances,
paresis, bladder dysfunction, gait disturbances, as well as paresthesia and hypoesthesia. Another
common symptom of MS is fatigue. Fatigue is an extreme exhaustion that usually occurs very suddenly
and cannot be compared to being tired [5]. In 2007, the symptoms of patients with MS-related fatigue
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were examined in detail and a standardized definition was formulated. They summarized that “fatigue
is defined as a reversible motor and cognitive impairment, with reduced motivation and the desire to
rest. It either occurs spontaneously, or is triggered by mental or physical stress, infection or after eating.
Improvement can be achieved by sleeping or resting without sleep. Fatigue can occur at any time but
is usually worse in the afternoon. In MS, fatigue symptoms can occur daily, are usually present for
years, and are much more severe compared to fatigue caused by other diseases” [6]. More than 70% of
people with MS report symptoms of fatigue [7]. Different studies have shown that 14% of patients
perceive fatigue as their worst symptom, 55% of patients report it as one of the symptoms that affects
them most [8]. Patients suffering from fatigue often do not manage to get through a whole day without
taking breaks. As a result, their ability to work is particularly severely affected [5]. Fatigue is also one
of the main causes of unemployment or early retirement in people with MS [9-12]. As therapy, some
substances have been tested for their effectiveness. Even a meta-analysis of many pharmacotherapeutic
approaches could not define clear therapeutic recommendations [13]. Accordingly, non-drug therapy
and comprehensive education about a healthy lifestyle as a therapeutic approach is becoming important,
such as the impact of sport and regular physical activity as a preventive measure [13,14]. Therefore,
it should be considered whether and to what extent simple therapy approaches, such as coffee or
especially caffeine might be an interesting subject for further research. Coffee consists of more than 1000
ingredients, of which caffeine is by far the best studied one. The effect of caffeine is not restricted to a
stimulation of the CNS; a short-term improvement of attention, as well as a positive effect on cognition
and memory have also been observed [15]. Caffeine reaches its maximum plasma concentration after
20-30 min after intake [16], and caffeine from coffee in particular is absorbed faster as compared to other
sources [17]. Due to its hydrophobic structure, caffeine can pass the blood-brain barrier and thus also act
on receptors in the brain [16,18]. Its main effect, as a psychostimulant of the CNS, is based on its ability
to lower adenosine secretion as an adenosine antagonist on adenosine receptors in certain areas of the
brain [19]. Adenosine signals the body that much energy is consumed and causes self-regulation of the
body, by having a calming and inhibitory effect via various neurotransmitter-induced pathways [20].
By blocking the adenosine receptors, caffeine prevents adenosine from acting and conversely has
a stimulating effect on the CNS. It improves cognitive function, reaction time, concentration, and
alertness, as well as motor coordination [21]. The negative reputation of coffee has been reversed in
recent years, a coffee consumption of up to four cups per day (a 150 mL, i.e., a total of about 400-500 mg
of caffeine) can be considered harmless to human health [22]. Since coffee and caffeine have already
shown a positive effect on daytime sleepiness in Parkinson’s disease [23], the question is whether this
effect can also alleviate the symptoms of fatigue in MS patients. The connection between caffeine and
MS-related fatigue has not been investigated yet. The present study intends to evaluate the possible
effect of coffee or caffeine on fatigue as well as on the everyday life of the patients. The aim of this
work is to better understand the effect of coffee by means of patient interviews and evaluation of
further clinical data. Of interest is the possibility of characterizing a specific group of patients for
whom consumption of coffee or caffeine could be indicated as a therapeutic approach.

2. Methods

2.1. Participants

Questionnaires were distributed to the patients during the weekly consultation hours for MS
patients at the Department of Neurology of the University of Regensburg Hospital between March
2018 and September 2018. Inclusion criteria were a confirmed diagnosis of MS and age of majority
(18 years). Patients with initial diagnoses, who presented themselves for the first time, were also
included. All patients who presented during this period were properly informed about the study
and asked to participate. Those who signed the informed consent form were included in the study.
The responsible ethics committee of the University of Regensburg approved this retrospective study
by data collection in February 2018 (file number 18-890-101).
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2.2. Data Collection

A short, retrospective questionnaire was prepared to provide an overview of coffee consumption
habits in patients with MS. A five-page, simply structured questionnaire was designed, asking about
the respective preferences of coffee intake. It focuses on fatigue and behavior concerning coffee
consumption. To better classify the patients’ fatigue, we used the Fatigue Severity Score (FSS) [11],
as well as the Epworth sleepiness scale (ESS) [24]. Furthermore, patients were specifically asked about
problems falling asleep and/or sleeping through the night. The number of hours awake, as well as the
frequency of waking up at night were recorded. In addition, the patients were asked to assess whether
they felt fit and well rested in the morning or not. Regarding the behavior of coffee consumption,
we focused on the reasons why patients do not drink coffee and the possible associated side effects.
They were asked what kind of coffee they prefer or which other caffeinated drinks they consume.
This, together with the average number of cups consumed per day, as well as the average time of their
coffee consumption should provide a better overview. The times of coffee intake were marked on
a timeline. Finally, patients should indicate whether, and if so, what subjective effect of coffee they
perceive, on what occasions or for what reasons they primarily consumed coffee and what relevance
coffee has in their everyday life. Additionally, all patients were neurologically examined and further
clinical data, such as the Expanded Disability Status Score (EDSS) [25] were collected. Data about the
course of the disease were supplemented from the files.

2.3. Data Analysis

Data were coded using SPSS version 25.0.0.1, IBM corporation (Armonk, NY, USA), 2019.
Descriptive statistics included the calculation, the distribution, the median and the mean with
standard deviation. Differences between groups were presented in cross tables and analyzed by
the chi-square-test for categorical variables or t-test for all metric variables. A p-value of <0.05 was
considered significant. Concerning the presence of fatigue, we decided to set the cut-of score as > four
points in the FSS, as originally defined by the authors [26].

3. Results

3.1. Characteristics of Patients with MS

126 (84.6%) of the 149 questionnaires distributed in the period from March to September 2018
were completed. Two of the 126 questionnaires were filled out incompletely, resulting in a total of
124 (83.2%) completed questionnaires. There was no significant difference between the groups in terms
of age, sex, disease duration, diagnosis, or behavior in coffee consumption (Table 1).

71



Nutrients 2020, 12, 2262

Table 1. Patient characteristics.

All (n =124) Fatigue (1 = 46) No Fatigue (n = 78) p-Value

Age (y)

Median (r) 46 (18-80) 49 (20-80) 45 (18-64) 0.116
Sex

Female (%) 79 (63.7) 29 (63.0) 50 (64.1) 0.906

Male (%) 45 (36.3) 17 (37.0) 28 (35.9) .
Diagnosis

RRMS (%) 85 (68.5) 29 (63.0) 56 (71.8)

PPMS (%) 12(9.7) 8(17.4) 4(5.1)

SPMS (%) 14 (11.3) 6 (13.0) 8(10.3) 0.177

Initial diagnosis (%) 6 (4.8) 2(4.3) 5(6.4)

Unspecified (%) 7 (5.6) 1(2.2) 5(6.4)
Duration of disease

Mean (y) + SD 1045+9.3 11.28 +94 10.15+9.6 0.532
EDSS (1 = 120)

Median (r) 2.5 (0-8.5) 2.0 (0-8.5) 3.0 (0-8.5) 0.003
Working status

Working (%) 81 (65.3) 20 (43.5) 61(78.2) 0.001

Not Working (%) 43 (34.7) 26 (56.5) 17 (21.8) <0
Coffee consumption (cups/day)

0 cups (%) 14 (11.3) 7(15.2) 7(9.0)

<2 cups (%) 48 (38.7) 15 (32.6) 33 (42.3) 0.606

2 to 4 cups (%) 48 (38.7) 19 (41.3) 29(37.2) .

>4 cups (%) 14 (11.3) 5(10.9) 9(11.5)

p, statistical significance; n, number; PPMS, primary progressive multiple sclerosis; r, range; RRMS, relapsing
remitting multiple sclerosis; SD, standard deviation; SPMS, secondary progressive multiple sclerosis; y, year.

Nevertheless, the rate of unemployment was significantly higher in patients experiencing fatigue
(p <0.001). In total 34.7% (n = 43) were not working anymore at the time of filling out the questionnaire.
Out of these 43 patients 67.4% (n = 29) stated to not be able to work due to their disease. This was
accompanied by an increased EDSS value in the group of patients with fatigue (Table 1).

3.2. EDSS

The clinical classification of patients using the standardized EDSS resulted in a median of 2.5
(n =124). For further analysis, we defined three groups based on the EDSS value (Table 2). The EDSS
describes the severity of the disease and is correspondingly higher in more severely affected patients.
Group-wise a significant difference in mean age could be seen. The duration of the disease since initial
diagnosis also showed clear differences in the groups. There was a significant positive correlation
between a higher EDSS value and the mean duration of the illness of the patients (r = 0.493, p < 0.001).
Coffee consumption did not differ significantly between the groups.

Table 2. EDSS distribution of patients with MS.

Frequency, n (%) Mean Age (y) Duration of Disease (y)
EDSS =0 37 (29.8) 34.8 +£10.2 59+6.1
Groups (n/%) EDSS < 4 54 (43.6) 44.7 £ 11.6 9177
P ’ EDSS > 4 33 (26.6) 534 +115 174 +11.1
Total 124 (100.0) 441 +13.1 10.6 +9.5
EDSS, expanded disability status scale, n, number; y, year.
3.3. Fatigue

As previously described, we formed two groups “fatigue” and “no fatigue”, based on the FSS-Score.
In comparison, a higher mean EDSS score in patients affected by fatigue could be shown. The group
“fatigue” contained 39.1% with an EDSS score of at least four, in contrast to group “no fatigue” with
19.2% (p = 0.003). As described above (Table 1), the groups presented themselves as homogeneous
regarding most characteristics. Based on this assumption, we compared the different effects and side
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effects of coffee and caffeine consumption. As presented in Table 3, the perceived effects of coffee were
remarkably similar regarding fatigue.

Table 3. Effects of coffee consumption of MS patients without and with fatigue.

No Fatigue (n = 78) Fatigue (n = 46)

“Ineed the coffee to start the day fitter in the morning”

Yes 36 (46.2%) 22 (47.8%)

No 42 (53.8%) 24 (52.2%)
“I am taking deliberate breaks”

Yes 37 (47.4%) 19 (41.3%)

No 41 (52.6%) 27 (58.7%)
“I feel more active, so I get a little more exercise in my day”

Yes 22 (28.2%) 9 (19.6%)

No 56 (71.8%) 37 (80.4%)

“I' have more strength to assert myself in difficult situations and feel more competent in

everyday life as well”

Yes 4 (5.1%) 4(8.7%)

No 74 (94.9%) 42 (91.3%)
“I can concentrate better and thus fulfill my tasks”

Yes 13 (16.7%) 11 (23.9%)

No 65 (83.3%) 35 (76.1%)
“I can lengthen my attention span and listen more attentively to conversations”

Yes 10 (12.8%) 7 (15.2%)

No 68 (87.2%) 39 (84.8%)

“I drink coffee from the “custom” of going out for coffee with someone, e.g., to get to know

someone or meet a friend again”

Yes 29 (37.2%) 13 (28.3%)

No 49 (62.8%) 33 (71.7%)
“It stimulates my digestion and I notice that I have to go to the toilet more often and more
regularly”

Yes 22 (28.2%) 11 (23.9%)

No 56 (71.8%) 35 (76.1%)
“I feel my heart beating faster or I'm shaking or sweating afterwards”

Yes 3 (3.8%) 4(8.7%)

No 75 (96.2%) 42 (91.3%)
“I get heartburn or stomachache”

Yes 3 (3.8%) 1(2.2%)

No 75 (96.2%) 45 (97.8%)
“I feel no effect”

Yes 21 (26.9%) 11 (23.9%)

No 57 (73.1%) 35 (76.1%)

MS, multiple sclerosis; n, number.

3.4. Sleep Characteristics

In total, 34 of 124 participants (27.4%) stated that they had problems falling asleep. No significant
difference in the amount of coffee consumption could be observed in those patients (Table 4).
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Table 4. Characteristics of patients with MS regarding sleep.

All Problem No Problem p-Value

Problems with falling asleep n=124 n=34 n =90
Lay awake (h) 0.5+ 0.94 1.86 +0.93 04+0.17 <0.001
Coffee consumption (mean in cups) 2.67 +2.08 298 +2.13 2.55+2.06 0.316
ESS (median + range) 7 (0-18) 8.5 (0-18) 6 (0-18) 0.013

Problems with sleeping through the night n=124 n =66 n =58
Frequency of waking up (median + range) 1(0-4) 2 (0-4) 0(0-1) <0.001
Regular coffee consumption (%) 83.9 80.3 87.9 0.249
Coffee consumption (mean in cups) 2.67 +2.08 3.02+233 2.28 +1.69 0.051

ESS, Epworth sleepiness scale; h, hours; n, number; p, statistical significance.

Furthermore, 66 of the 124 patients (53.2%) surveyed, said that they regularly woke up more than
once during the night. Here as well, no significant correlation with regular coffee consumption could
be found. More MS patients laid awake at night who had problems with falling asleep (p < 0.001) and
had a higher ESS (p = 0.013). The frequency of waking up at night was higher in MS patients who had
problems with sleeping through the night (p < 0.001) (Table 4). Patients with fatigue more frequently
replied with “sometimes” or “no” when asked whether they felt fit and well rested in the morning
(Figure 1). In contrast no impact of coffee consumption was observed (Figure 2).

p <0.001

60 — p=0253 M no fatigue
M fatigue

p <0.001

Percentage

Yes Sometimes No

Do you feel fit and well rested in the morning?

Figure 1. Distribution of sleep quality data in the two groups “fatigue” and “no fatigue”. Patients with
fatigue (n = 46) stated to feel less active and well rested in the morning (p < 0.001), whereas patients
without fatigue (n = 78) felt more fit in the morning (p < 0.001; p, statistical significance).
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60 p 0661 M regular coffee (RC)

M no coffee (NC)

Percentage

Yes Sometimes No

Do you feel fit and well rested in the morning?

Figure 2. Distribution of sleep quality data in the groups “regular coffee” (RC) and “no coffee” (NC).
In the group with RC consumption, patients with an average daily coffee intake of more than 0.5 cups
(n = 104) are shown. In the group of NC, patients with an average daily coffee intake of lower than
0.5 cups (1 = 20) are shown. There was no difference in sleep quality regarding coffee consumption
(p, statistical significance).

3.5. Coffee Habits

The amount of coffee consumed per day varied from a minimum of one cup to a maximum of
12 cups (mean = 2.67 + 2.08) among the patients. For further analysis we built four groups, according
to their average coffee intake per day (Table 1). Only fourteen patients stated no coffee consumption at
all, most of the patients have reported to consume up to four cups per day.

The small group of patients with no regular coffee consumption indicated different reasons for this.
By far the most prevalent reason for not drinking coffee was a dislike for the taste of coffee (Figure 3).

I do not like the taste
My stomach hurts afer drinking coffee
I have to go to the toilet more often

I feel the need to urinate more often

My restricted movement is making toilet visits
more difficult

I have an increased urge to defecate and my
igestion is stimulated

I feel heart palpitations or increased sweating

I am afraid of losing control

0 10 20 30 40 50 60

Percentage

Figure 3. Reasons for patients not to drink coffee indicated in percentages.
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We evaluated the average time of coffee intake in all participants (Table 5). In total 79.9% of all
patients consume their coffee until 6 p.m. Only 8.1% of patients declared to consume coffee after 6 p.m.
(7.3% whole day [in the morning, afternoon, and evening]; 0.8% in the morning and evening [until
12 p.m. and after 6 p.m.]). Patients with late coffee consumption showed a higher mean coffee intake
of 6.6 + 2.94 cups per day, compared to 2.3 + 1.59 cups per day (p = 0.001).

Table 5. Time of coffee consumption.

Time of Coffee Consumption n %
In the morning (until 12 p.m.) 24 19.4
In the afternoon (12 p.m. to 6 p.m.) 5 4
In the evening (after 6 p.m.) 0 0
In the morning and afternoon (until 6 p.m.) 70 56.5
In the morning and evening (until 12 p.m. and after 6 p.m.) 1 0.8
Whole day (in the morning, afternoon, and evening) 9 7.3
Never 15 12.0

n, number; p.m., post meridiem (afternoon).

The evaluation of a possible correlation between late coffee consumption and the occurrence of
sleep problem, showed no significant effect of coffee intake after 6 p.m. (p = 0.849).

In the questionnaire, the patients were asked to state their reasons for drinking coffee and the
effects they perceived from it. The most frequently selected answer was “I need coffee in the morning
so that I can start the day fitter” 46.8% (n = 58). While 25.8% (n = 32) said that they did not feel any
effect from coffee consumption. The effects and side effects did not differ significantly between the
groups with different amount of daily coffee intake. The least common reported effect of coffee was
stomach problems, such as heartburn (3.2%, n = 4). The effects were examined regarding the duration
of the illness, for which none of the statements showed a significant difference. Especially the patients
of the group “EDSS between 0 and 4” noticed positive effects regarding concentration and attention
span (Table 6).
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Table 6. Effects of coffee consumption categorized based on the EDSS value.

EDSS =0 EDSS <4 EDSS >4

(n=37) (n=54) (n=33) p-Value

“Ineed the coffee to start the day fitter in the morning”
Yes 12 (32.4) 31(57.4%) 15 (45.5%) 0.079
No 25 (67.6%) 23 (42.6%) 18 (54.5%) )

“I am taking deliberate breaks”
Yes 18 (48.6%) 29 (53.7%) 9 (27.3%) 0.049
No 19 (51.4%) 25 (46.3%) 24 (72.7%) )

“I feel more active, so I get a little more exercise in my day.”
Yes 6 (16.2%) 13 (24.1%) 12 (36.4%) 0.151
No 31 (83.8%) 41 (75.9%) 21 (63.6%) :

“I' have more strength to assert myself in difficult situations and feel more competent in everyday life as well”
Yes 2 (5.4%) 3 (5.6%) 3(9.1%) 0771
No 35 (94.6%) 51 (94.4%) 30 (90.0%) :

“I can concentrate better and thus fulfill my tasks”
Yes 2 (5.4%) 18 (33.3%) 4 (12.1%) 0.002
No 35 (94.6%) 36 (66.7%) 29 (87.9%) )

“I can lengthen my attention span and listen more attentive in conversations”
Yes 3(8.1%) 13 (24.1%) 1(3.0%) 0,011
No 34 (91.9%) 41 (75.9%) 32 (97.0%) .

“I drink coffee from the ‘custom’ of going out for coffee with someone, e.g., to get to know someone or meet a
friend again”

Yes 12 (32.4%) 18 (33.3%) 12 (36.4%) 0936
No 25 (67.6%) 36 (66.7%) 21 (63.6%) :

“It stimulates my digestion and I notice that I have to go to the toilet more often and more regularly”
Yes 7 (18.9%) 19 (35.2%) 7 (21.2%) 0162
No 30 (81.1%) 35 (64.8%) 26 (78.8%) ’

“I feel my heart beating faster or I'm shaking or sweating afterwards”
Yes 3(8.1%) 3 (5.6%) 1(3.0%) 0,671
No 34 (91.9%) 51 (94.4%) 32 (97.0%) :

“I get heartburn or stomachache”
Yes 3(8.1%) 0(0.0%) 1(3.0%) 0101
No 34 (91.9%) 54 (100.0%) 32 (97.0%) !

“I feel no effect”
Yes 8 (21.6%) 14 (25.9%) 10 (30.3%) 0.661
No 29 (78.4%) 40 (74.1%) 23 (69.7%) :

EDSS, expanded disability status scale; 1, number; p, statistical significance.

Comparing the four groups with different daily coffee intake there were no significant differences
in the EDSS values, or in ESS and FSS values. No significant correlations to age or gender of the
patients could be found. No correlation was observed between the amount of coffee intake per day and
the presence of a bladder voiding disorder (p = 0.514). The information on the current occupation in all
groups was like the distribution of the entire patient collective (p = 0.205). Furthermore, no differences
could be seen in sleep quality or distribution of difficulties falling asleep.

4. Discussion

The purpose of this study was to determine the characteristics of patients, for whom coffee
consumption might have a beneficial effect on fatigue. This retrospective cohort demonstrated that
46 (37.1%) of the included patients experience severe symptoms of fatigue. The results of this study
indicated that fatigue is not related to age, type of diagnosis or duration of the disease. This is different
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from previous studies in which fatigue was more common in progressive MS forms [27]. Fatigue had
a significant impact on the patients’ ability to work with 56.5% of all patients suffering from fatigue
stating that they were currently not able to work. 67.4% of these were no longer working due to their
disease. This is consistent with previous studies, which identified fatigue as one of the most relevant
causes for unemployment in MS [10,12]. Along with this, a significant correlation between a higher
EDSS value and a present fatigue could be found.

Looking at sleep quality 27.4% of all patients reported problems with falling asleep. In comparing
these patients with those who state no problems, no difference in the behavior of coffee consumption
could be found. Even regular late coffee consumption, after 6 p.m. showed no effect on sleep quality
and most importantly on the ability to fall asleep. Analyses of the relationship between the ESS
value, i.e., the daytime sleepiness and fatigue, showed a positive correlation Other studies found that
prevalence of sleeping disorders in MS patients ranged from 25-54% [28-30]. Better objective sleep
was not related to self-reported scores of sleep-disordered breathing and fatigue [31]. We investigated
which criteria had an influence on whether patients felt fit in the morning. Interestingly in our cohort,
it could not be observed that coffee consumption had any effect. Furthermore, it could be demonstrated
that coffee consumption, regardless of the amount consumed had no negative influence on sleep quality.
There was no association either with daytime sleepiness (ESS value) or fatigue (FSS value). This was
in contradiction to the frequent assumption that coffee consumption has a negative effect on sleep.
Patients with a higher FSS value showed significantly more problems with sleeping.

Coffee and especially caffeine have beneficial effects on various neurological diseases as
demonstrated in different studies [32]. Caffeine has also been investigated in in vitro experiments, where
it showed a significant positive effect on rodents with experimental autoimmune encephalomyelitis
(EAE) [33,34]. In previous research, coffee could lead to various beneficial effects regarding cognition.
The overall mood of the patients who consumed coffee was better, and they showed lower fatigue
levels. Tiredness and headaches also occurred less frequently among these patients [35].

In this study it was not possible to measure the exact amount of caffeine intake of patients, due to
the retrospective nature of the data collection. We evaluated the amount of consumed coffee, measured
in cups per day. However, while present studies have shown that an average caffeine content of
about 30-175 mg caffeine per cup (defined as 150 mL) can be assumed [36], most studies including a
prospective study on the effect of espresso in daytime-sleepiness in patients with Parkinson disease [23]
indicate an amount of 90-100 mg per 150 mL. Since the average coffee consumption in our cohort
amounted two to three cups per day, an estimated amount of 250 to 300 mg caffeine intake can be
presumed. Previous studies demonstrated that an intake of caffeine up to 400 mg can be considered
safe and harmless regarding side effects on human health [22]. In total, only 20 of the patients (16.1%)
stated not to drink coffee regularly, 14 of them never consume coffee. The reason most indicated for not
drinking coffee was simply a dislike for the taste of coffee. The possible perceived side effects tended
to play a rather minor role. No differences could be found in terms of sleeping behavior in the small
group of patients reporting side effects linked to coffee consumption.

In contrast, significant differences in the perceived effects of coffee consumption depending on
disease severity were observed. Especially in patients with an EDSS higher than 0, but below 4, positive
effects on everyday life could be identified. These beneficial effects included an increased ability to
concentrate for performing tasks, a more focused attention, and a better structure in everyday life.
It can be hypothesized that these patients are able to benefit from the effects of coffee consumption due
to their still preserved cognitive reserves. The important influence of the cognitive reserve in MS has
been demonstrated [37-39]. There is also data, which states that this protective role is mostly restricted
to memory function and does not refer to the development of the disease in general [40].

Patients with an EDSS score of more than 4 points tended to have a higher quantity of CNS
lesions [41,42]. The number of lesions has been shown to be associated with cognitive dysfunction in
patients with MS [43]. Lesion load, as defined by conventional NMR imaging techniques, does not
correlate with fatigue [44]. However, data show a possible contribution of the gray matter on fatigue
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development [45]. A recent pilot study demonstrated that patients with MS may link neural resources
less efficiently than healthy people, which might result in higher levels of mental fatigue [46]. Even
though many studies exist on fatigue and its therapy, treatment options remain extremely limited.
The most promising therapy so far has been modafinil. Unfortunately, robust positive effects of
modafinil could not be reproducibly shown in every published study [47-49]. On the contrary, it has
even been shown that physical activity and a well-executed fatigue management in patients with
MS have the same, if not a better effect on fatigue than pharmacological therapy [50]. It must be
assumed, that various factors, such as diet, activity, and the pharmacological management of MS play
an important role regarding fatigue experience [1,51].

A limitation of this study is the fact that the sample size is quite small. Possibly, similar studies
could be performed with larger numbers of patients with multicenter recruitment. It is further not
excluded that the effects of coffee drinking are not necessarily only due to the consumption of caffeine.
Coffee contains high concentrations of other potentially bioactive natural products such as trigonelline
and chlorogenic acids with partly undefined effects on the human body [32]. In addition, some
beverages like tea and soft drinks often contain caffeine which could influence the obtained results to
some degree [32].

5. Conclusions

The lack of therapeutic options of fatigue in patients with MS is the reason why we initiated
this study with the aim to evaluate a simple and maybe helpful approach for fatigue intervention in
patients with MS. In our cohort, no negative impact of coffee or caffeine consumption on sleep quality
could be found and no serious side effects were observed. Especially MS patients with an EDSS score
higher than 0, but lower than 4, noted the strongest effect of coffee consumption on their cognitive
abilities, mainly regarding a higher mental capacity and a more structured daily routine.
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Abstract: Coffee and caffeine are speculated to be associated with the reduced risk of Parkinson’s
disease (PD). The present study aimed to investigate the disease-modifying potential of caffeine
on PD, either for healthy people or patients, through a meta-analysis. The electronic databases
were searched using terms related to PD and coffee and caffeinated food products. Articles were
included only upon fulfillment of clear diagnostic criteria for PD and details regarding their
caffeine content. Reference lists of relevant articles were reviewed to identify eligible studies not
shortlisted using these terms. In total, the present study enrolled 13 studies, nine were categorized
into a healthy cohort and the rest into a PD cohort. The individuals in the healthy cohort with
regular caffeine consumption had a significantly lower risk of PD during follow-up evaluation
(hazard ratio (HR) = 0.797, 95% CI = 0.748-0.849, p < 0.001). The outcomes of disease progression
in PD cohorts included dyskinesia, motor fluctuation, symptom onset, and levodopa initiation.
Individuals consuming caffeine presented a significantly lower rate of PD progression (HR = 0.834,
95% CI = 0.707-0.984, p = 0.03). In conclusion, caffeine modified disease risk and progression in PD,
among both healthy individuals or those with PD. Potential biological benefits, such as those obtained
from adenosine 2A receptor antagonism, may require further investigation for designing new drugs.

Keywords: caffeine; Parkinson’s disease; risk; progression; meta-analysis

1. Introduction

Parkinson’s disease (PD) is one of the most common neurodegenerative diseases, second only to
Alzheimer’s disease (AD). Risk factors for PD include genetic mutations, environmental toxins, and
lifestyle [1]. An epidemiological study reported some protective factors for PD worldwide, such as
female sex, physical activity, and smoking [2]. The consumption of coffee or caffeinated food is
associated with the reduction of the risk of PD. Patients with PD are less frequent habitual consumers of
caffeinated food [3,4]. The consumption of either tea or coffee exhibited similar effects on the reduction
of the risk of PD [5]. In a similar manner, the protective effect of coffee was also noted in dementia and
AD [6], whereby caffeine reversed the cognitive impairment and decreased the amyloid burden in
transgenic AD mice model [7].
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Caffeine is an adenosine A2A receptor antagonist [8]. Different types of adenosine receptors (A1,
A2A, A2B, and A3) are widely distributed in the brain. Adenosine A2A receptors are coupled with
G-proteins and exclusively expressed in dopaminergic neurons. The activation of adenosine A2A
receptors causes an increase in intracellular cAMP levels and the extracellular release of glutamate,
resulting in neural excitotoxicity [9]. The neuroprotective effects of caffeine involved the antagonism
of the adenosine A2A receptor, down-regulating the down streaming phosphatidylinositol 3-kinase
(PI3K)/protein kinase B (AKT) signaling pathway, and avoiding excessive calcium releasing-related
neurotoxicity and neuroinflammation [10], which has been experimentally demonstrated in several
in vivo models of PD [11-14].

Whether caffeine can reduce the risk and halt the progression of PD remains unclear. In large-scale
cohort studies, caffeine consumption was inconsistently associated with a low risk of PD during
follow-up [15-18]. However, among patients diagnosed with PD, the administration of caffeine tablets
did not modify the disease course [19]. Furthermore, caffeine metabolism varies among patients
with PD [20], thus potentially resulting in inconsistent protective effects. This study investigated
the association between caffeine and PD progression. Considering disease progression was the
primary temporal outcome, only cohort studies rather than case—control studies were included herein,
because case—control studies cannot delineate this temporal association.

2. Methods

2.1. Literature Search Strategy

All relevant articles published in English between 1 January 1990, and 31 December 2019 were
identified by searching PubMed, BioMed Central, Medline, and Google Scholar. Details regarding
search terms are provided in supplementary data. Moreover, the reference lists of relevant articles
were reviewed to identify eligible studies not derived using these search terms.

2.2. Inclusion and Exclusion of the Literature

Inclusion criteria were as follows: (1) clear definition of PD diagnosis; (2) clear definition regarding
the quantity of caffeine, coffee, or tea consumption; (3) cohort study published as an original article,
case series, or letter to the editor; (4) sample size of >50 individuals; and (5) published in English.
After excluding nonqualified studies, 19 studies were entered the full-article assessment process and
another 6 studies were excluded due to the lack of hazard ratio. Finally, 13 studies were included into
qualitative synthesis. We further segregated the remaining 13 studies into two categories: the healthy
cohort including studies (1 = 9) that recruited individuals without previous diagnosis of PD, wherein
PD diagnosis was performed during follow-up evaluation, and the PD cohort including studies (1 = 4)
on individuals with PD already presenting motor symptoms, wherein PD progression was monitored.
The selection process is illustrated in Figure 1.

2.3. Data Extraction

The following data were extracted: name of the first author; year of publication; country and
location; study design; the original cohort or clinical trial; the starting time of cohort; diagnostic criteria
for PD; the assessment of caffeine consumption; the amount of coffee or caffeine consumption; mean
follow-up period of time; the outcome assessment time; and the outcome of the PD progression. All data
were independently reviewed by three investigators (BAI CH, Hong CT, and Chan L), and conflicts
were resolved through a consensus. Assessing of quality of all studies were done by three investigators
(BAI CH, Hong CT, and Chan L) based on the Newcastle-Ottawa Scale. The study was recommended
(>7) by at least 2 investigators into this study as candidate. Data from these 13 candidate studies were
independently extracted by two investigators (BAI CH and FAN YC).
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Figure 1. A schematic representation of the literature search.

2.4. Statistical Analysis

The hazard ratio (HR) was determined, and 95% Cls were calculated on the basis of a binomial
assumption. I? was used to assess heterogeneity across studies. All statistical analyses were performed
using SAS software (version 9.3; Statistical Analysis System, SAS.com, USA). All reported probability
(p) values were two-sided, with p < 0.05 considered statistically significant.
2.5. Data Availability

The present study was a meta-analysis and all the studies enrolled into analysis can be found
through the provided searching strategy.
3. Results

Among the nine studies included in the healthy cohort (Table 1) [15-18,21-25], five were conducted
in the United States, three in Scandinavia, and one in Singapore. Some studies were large-scale,
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long-term, population-based epidemiological cohort studies, and the others were specific for individuals
with certain characteristics (nurses, healthcare professions, twins, and ancestry of migrants). Caffeine
consumption was evaluated using questionnaires, either detailed and comprehensive or simple ones.
Five of them investigated overall dietary habits, including coffee, tea, cola, and chocolate consumption,
by using the transforming formula. The rest of them only recorded the daily consumption of coffee
or tea. PD was diagnosed through either self-report and confirmation of medical records or from
the national health care database. Two studies separately reported the results for men and women,
and another study reported data only for women.

Most of the included studies categorized caffeine consumption as degree 4-5 based on the amount
of caffeine or the number of cups of coffee per day. Only one study simply provided options of “yes”
and “no” with regard to regular coffee consumption. Considering the difficulty in transforming the
actual caffeine consumption among studies, this study considered results of all individuals consuming
coffee at all degrees and considered the no-exposure group as a reference group to determine the
HR. Overall, 43 results extracted from nine studies were analyzed herein. Caffeine consumption was
significantly associated with a lower risk of developing remarkable symptoms for the diagnosis of PD
during the follow-up period of time (HR = 0.797, 95% CI: 0.748-0.849, p < 0.001; Figure 2).

This study analyzed the effect of caffeine on patients with PD (Table 2). [26-29] Among the
four studies in the PD cohort, three were conducted in European countries and one in the United
States. Patients with PD were in the early stage of the disease. Similar to the healthy cohort, levels of
caffeine consumption were assessed through either comprehensive questionnaires or simple questions.
The four studies set different parameters for PD progression, including the initiation of levodopa,
levodopa-induced motor complications, and the transition to Hoehn and Yahr stage III. The average
follow-up duration ranged 4 to 10.3 years. Finally, 10 results were extracted from these 4 studies.
Caffeine composition among patients at an early stage of PD significantly decelerated PD progression
(HR = 0.834, 95% CI = 0.707-0.984, p = 0.03; Figure 3).
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4. Discussion

The results of this study showed that among both healthy individuals and patients with PD,
caffeine consumption was significantly associated with a lower HR for the risk or progression of PD,
respectively. Considering that steady neurodegeneration in PD precedes the onset of motor symptoms
for decades and persists thereafter [30], caffeine was speculated to have disease-modifying potential
throughout the course of the disease in this study. Compared with data obtained from case—control
studies, data obtained from a combination of multiple cohorts were more likely to demonstrate the
beneficial causal relationship between caffeine consumption and the risk of PD.

The potential neuroprotective effect of caffeine consumption against PD was noted on the
basis of case—control epidemiological studies. Although another component in coffee, that is,
eicosanoyl-5-hydroxytryptamide, is believed to protect against neurodegeneration [31], a similar
association found for tea consumption further corroborated the finding that caffeine is the key protective
agent in coffee [32]. Instead of psychostimulation, caffeine antagonizes the adenosine A2A receptor.
In the central nervous system, the adenosine A2A receptor is exclusively expressed in dopaminergic
neurons, and the activation of the adenosine A2A receptor triggers the cAMP-protein kinase
A-dependent elevation of intracellular calcium and release of glutamate [33]. Excessive intracellular
calcium and glutamate levels are responsible for excitotoxicity in neurodegenerative diseases, including
PD [34]. The adenosine A2A receptor is also involved in neuroinflammation-mediated neuronal
dysfunction and degeneration [35]. Istradefylline, an FDA-approved adenosine A2A receptor antagonist
currently used for treating PD, reduces off time and improves the motor symptoms of patients with PD
albeit with complications including the exacerbation of dyskinesia [36]. The neuroprotective effect of
istradefylline has been further described in in vivo studies [37-39] but not in clinical.

However, large-scale cohort studies focused on the healthy population, did not consistently
demonstrate the risk-reduction effect of caffeine on PD. Studies investigating the effect of caffeine on PD
progression among PD patients were also not fruitful. The quantification of daily caffeine consumption
is most challenging for studies intending to investigate disease-modifying effects. Except caffeine
tablets, the assessment of the daily intake of caffeinated beverages and food products requires a formula
for transformation. A structured dietary interview is usually necessary to obtain semi-quantitative data
regarding daily caffeine intake. Considering that adults usually adhere to their dietary preferences,
the interview would yield reliable data regarding long-term levels of caffeine consumption. However,
coffee, tea, cola, and chocolate in different styles, brands, or countries (even areas) have different
caffeine contents. Moreover, genetic polymorphism, sex, and heterogeneity in caffeine metabolism
also influence the effects of caffeine [20,40,41]. Herein, most studies segregated their participants on
the basis of caffeine consumption by relative gradients, thus introducing a slight variation among
the enrolled studies. This relative but not absolute grouping deters inter-study comparisons and the
obtainment of consistent findings.

Defining PD progression is challenging and problematic. Among healthy individuals, tremors
may be visible and can be recognized early. However, the remaining cardinal motor symptoms,
including rigidity, bradykinesia, and postural instability, are ambiguous. Most individuals with
PD were either misdiagnosed or underwent unnecessary treatment years before reaching a final
diagnosis [42]. This delay deters the assessment of disease progression for the cohort study recruiting
healthy participants. Regarding disease progression among patients with PD, off-status motor function
is the major parameter among clinical trials. However, responses to one-night washout are variable,
and the effect of levodopa may last for 2 weeks [43]. Moreover, if the intervention itself causes
certain symptomatic effects in conjunction, similar to rasagiline or caffeine, it would be challenging to
distinguish between disease modification and symptomatic effect [44]. However, the onset of motor
fluctuation and dyskinesia have been considered markers of disease progression among patients with
PD. Nevertheless, the degeneration of dopaminergic neurons is not the only underlying factor [45].
The dosage of levodopa, the prescription of dopamine agonists, or amantadine in the early stage
of the disease also influences the onset of motor complications [46—48]. One study included herein
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considered the initiation of levodopa treatment as a marker for disease progression, which was highly
influenced by the subjective and objective conditions of patients with PD [49]. Young or old; employed,
self-employed, or retired individuals and the self-expectation had an influence on levodopa initiation.
These aforementioned issues deter the accurate assessment of disease progression, thus yielding
inconsistent disease-modifying effects of caffeine or any other interventions.

The strength of this study is the delineation of the disease-modifying effect of caffeine on PD.
The inclusion of exclusive cohort studies was superior to case—control studies owing to the potential
temporal association between caffeine and PD, and the prevention of recall bias on the dietary habit.
Furthermore, this study pooled all the HR of PD from moderate-to-high levels of caffeine consumption
together and determined the lower limit as reference, thus eliminating the ambiguous cut-off level of
daily caffeine intake in numerous studies. This blurred “beneficial dosage of caffeine” varied among
studies and confounded clinicians and the population. Moreover, no remarkable J-shaped curve was
previously obtained for the risk of PD and caffeine consumption, thus yielding an upper limit of
permissible caffeine consumption. The present results indicate that caffeine consumption potentially
alters the PD risk and progression among both healthy individuals and those with PD, and this concept
is easier to pick up by general population and health professions.

This study has some limitations. First, considering the diagnosis of PD heavily relying on the
development of the motor symptoms, which may be delayed for decades after the beginning of the
neurodegeneration, the utilization of the diagnosis of PD as outcome assessment in the healthy cohorts
may bias by either under or overvaluation. Second, variations in the levels of caffeine consumption
among studies undoubtedly introduced heterogeneity among studies. Certain studies focused on
caffeinated food products, and another study focused only on coffee or tea. The effect of some promising
ingredients in coffee, such as eicosanoyl-5-hydroxytryptamide [31] or methylxanthine [50] had not
been investigated in the present study due to the lack of standard assessment, such as the dietary
questionnaires for the amount of daily intake. None of the studies included in this research focused
on the effect of pure caffeine tablets, which would directly demonstrate the effects of caffeine rather
than the mixed effects of caffeinated food products. Based on this information provided from the
dietary questionnaires, it was not possible to define the optimal daily dosage of caffeine and the food
source of caffeine. Third, instead of coffee or caffeine, some factors are known to affect the risk of PD,
such as diabetes, pesticide exposure and the well-water drinking [51]. Female is well-known for the
lower risk of PD, and the protective role of sex hormone is speculated [52]. However, in the present
study, two cohorts separated the results between men and women, which revealed no significant
heterogenicity. Meanwhile, one study also sub-grouped female participants based on the hormone
replacement therapy, and there was no remarkable heterogenicity either. Moreover, several genetic and
environmental factors interact with caffeine, and life style, socioeconomic status, exercise, high-fat diet
and alcohol consumption may also be associated with the habitual coffee drinking. There was no clear
information about those environmental factors from the included studies for the authors to adjust those
possible confounding factors. Lastly, genetic polymorphism may affect the metabolism of caffeine,
but to the best of our knowledge, only case-control studies were found to investigate the gene—caffeine
interaction in PD [53-55], which did not fit into the inclusion criteria of the present meta-analysis.

In conclusion, this meta-analysis shows that caffeine is associated with a low risk of developing
PD in healthy individuals and the deceleration in the progression of motor symptoms in patients with
PD. Additional studies are required to investigate not only the optimal daily dosage and food source
of caffeine for PD, but also the possible mechanisms underlying the bioprotective effects of caffeine on
PD. Among individuals with PD, caffeine intake should be encouraged if adverse effects are tolerable.
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Abstract: Caffeine occurs naturally in various foods, such as coffee, tea, and cocoa, and it has been
used safely as a mild stimulant for a long time. However, excessive caffeine consumption (1~1.5 g/day)
can cause caffeine poisoning (caffeinism), which includes symptoms such as anxiety, agitation,
insomnia, and gastrointestinal disorders. Recently, there has been increasing interest in the effect of
caffeine consumption as a protective factor or risk factor for neurological and psychiatric disorders.
Currently, the importance of personalized medicine is being emphasized, and research on sex/gender
differences needs to be conducted. Our review focuses on the effect of caffeine consumption on
several neurological and psychiatric disorders with respect to sex differences to provide a better
understanding of caffeine use as a risk or protective factor for those disorders. The findings may help
establish new strategies for developing sex-specific caffeine therapies.

Keywords: caffeine; neurological and psychiatric disorders; sleep disorder; stroke; dementia;
depression; sex differences

1. Introduction

Caffeine (1,3,7-trimethylxanthine), a type of methylxanthine series alkaloid [1], is commonly
found in coffee, tea, and soft drinks, and also exists in cocoa, chocolate, and a number of dietary
supplements [2]. Caffeine is commonly taken orally in the form of coffee or tea, and 99% of it is
absorbed into the bloodstream from the gastrointestinal tract, reaching peak concentrations 30-60 min
after ingestion and circulation throughout the body [3]. In the USA, adults consume an average
of 179 mg of caffeine daily, which is equivalent to 2 cups (100 mg/240 mL) of ground coffee [4].
Caffeine action is thought to be mediated via several mechanisms: the antagonism of adenosine
receptors, the inhibition of phosphodiesterase, the release of calcium from intracellular stores, and the
antagonism of benzodiazepine receptors [5]. There are also reports that caffeine changes estrogen levels
in women [6]. Since estrogen has a neuroprotective or neurotrophic effect and regulates the dopamine
system of the black striatum [7], estrogen regulates the effect of caffeine on the dopamine system and
suggests that a complex interaction between caffeine, estrogen, and dopamine exists in the basal ganglia
system [8]. Furthermore, caffeine is a stimulant for the central nervous system that can penetrate
biological membranes, including the blood-brain barrier and placental barrier, and it maintains arousal
function in the brain as a nonspecific potent inhibitor of the A1 and A2A adenosine receptors that
promote drowsiness [9]. Caffeine also has psychostimulant effects via modulation of the dopaminergic
neuron [10], contributing to an attenuated risk for depression in coffee drinkers [7]. Many people
consume caffeine to overcome headaches, owing to its vasoconstrictive properties restricting blood flow
in the brain [11]. However, excessive caffeine consumption (1~1.5 g/day) can cause caffeine poisoning
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(caffeinism), which includes symptoms such as anxiety, agitation, insomnia, gastrointestinal disorders,
tremors, and mental disorders [12]. Furthermore, depending on the sensitivity, in rare cases, it can also
cause death [13]. Caffeine resistance and the rate of caffeine metabolism vary greatly from person to
person, especially depending on the activity of the cytochrome P450 1A2 (CYP1A2) gene, encoding an
enzyme that breaks down caffeine [6]. CYP1A2 is a major enzyme responsible for the metabolism of
purine alkaloid (1,3,7-trimethylxanthine), a caffeine that occurs naturally in coffee beans, and plays an
important role in the metabolism of estrogen and coffee [14]. Additionally, depending on endogenous
and exogenous factors, the half-life of caffeine is 2 to 10 h (average 3.7 h), and is mainly excreted by
urine after being metabolized in the liver [7]. Accumulating evidence has shown sex-specific differences
in the activity and expression of many CYP isoforms [15-17]. Recent studies demonstrate that CYP1A2
and CYP2EL1 activities are higher in men than in women, while the activity of CYP3A, one of the most
clinically relevant CYP isoforms, is greater in women [15]. The activity of several other CYP (CYP2C16,
CYP2C19, and CYP2D6) isozymes and the conjugation (glucuronidation) activity involved in drug
metabolism are higher in men than in women [17]. According to the World Health Organization
(WHO), about 6.8 million people worldwide die each year from various neurological and psychiatric
disorders, including stroke, Alzheimer’s disease (AD), Parkinson’s disease (PD), and depression.
Neurological and psychiatric disorders are not only expensive to treat, but patients have experienced
serious stigma, social exclusion, and poor quality of life as a result of their affliction [18]. Over the years,
caffeine has been investigated as a potential risk or protective factor for neurological and psychiatric
disorders [19]. Some studies have shown that by drinking more than three cups of coffee a day,
caffeine reduces the risk of developing AD and PD [20]. Meanwhile, the risk of developing anxiety
and panic disorder has been reported to increase after consumption of more than six cups of coffee a
day [21]. Interestingly, there are significant sex/gender differences in the prevalence or incidence of
neurological and psychiatric disorders. Moreover, a recent study found that individuals with reduced
CYP2D6 activity due to the mutated CYP2D6 * 4A (allelic variants of CYP2D6) genotype had a 2.5 times
higher risk of PD than those with wild type, which was higher in men [22]. In addition, the presence
of high-risk alleles in both CYP17 and CYP19 increased the risk of AD in menopausal women by
almost four times [23,24]. From these studies, it has been suggested that the effects of caffeine on the
prevalence/incidence of neurological and psychiatric disorders may vary depending on sex, but it is still
not thoroughly understood. In the present review, we first review the sex differences in the prevalence
and/or incidence of several neurological and psychiatric disorders. Further, this review summarizes
the effect of caffeine intake as a risk or protection factor for these disorders in men and women.

2. Sex Differences in the Prevalence/Incidence of Neurological and Psychiatric Disorders

Millions of people worldwide are affected by neurological and psychiatric disorders. More than
six million people die each year from stroke, and there are 7.7 million new cases of dementia each
year [25]. The prevalence/incidence of several neurological and psychiatric disorders in men and
women are discussed in the following sections and summarized in Table 1.

2.1. Stroke

Stroke is a disease in which the vessels that supply blood to the brain develop abnormalities
and suddenly cause local brain dysfunction, accompanied by various neurological deficits such as
consciousness disorders, unilateral paralysis, and/or speech disorders [26]. There are two main types
of stroke: ischemic stroke, due to lack of blood flow (85%), and hemorrhagic stroke, due to bleeding
(15%) [27-30]. It has been identified that the symptoms of stroke are different between men and women.
Fatigue (women vs. men = 31.2% vs. 21.1%), disorientation (44.4% vs. 34.7%), and fever (12.1% vs.
5.3%) appear predominantly in women, while paresthesia (24.2% vs. 37.9%) and ataxia (61.4% vs.
74.7%) are more common in men [31]. In a systematic review by Appelros et. al, it was shown that
there was high variance between age groups and countries, but on average, both the incidence and the
prevalence of stroke were higher in men than in women [32]. On the other hand, mortality from stroke
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was greater in women (24.7%) than in men (19.7%). A prospective study from the USA conducted
on 505 patients with first ischemic stroke (ischemic stroke genetics study) found that 270 patients
(55%) were men and 229 (45%) were women [33]. In their study, no sex differences were found in
stroke severity, stroke subtype, or infarct size and location, but a higher percentage of mortality was
shown in women [27-30,33]. In 2009, a study conducted by the Beth Israel Deaconess Medical Center
in the USA analyzed 1107 inpatients aged 21 and older who were diagnosed with neuro-ischemic
stroke [28]. This study revealed no difference in the prevalence of stroke between men and women, but
when comparing the age of patients, women were older than men and were more likely to have heart
embolism [28]. Taken together, at most ages, women have a lower or similar risk of stroke than men.
However, possibly due to the longer lifespan of women, the incidence of stroke in women gradually
increases with age, and as a result, mortality rates in women are higher.
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2.2. Sleep Disorder

Sleep mediates changes in various physiological functions, including brain activity, breathing,
and heart rate, and sufficient sleep improves attention, creativity, memory, and learning [55]. Insufficient
sleep or poor sleep quality can act as a risk factor for a variety of diseases, including dementia, psychosis,
and diabetes [56,57]. Prevalence of sleep disorders is high, with about 25-30% of population worldwide
having some form of inadequate sleep. Sleep disorders degrade the quality of life due to secondary
psychological stress as well as promoting physical illness [58]. A recent study found that there was a
difference in the prevalence of sleep disorders between sexes. Insomnia, the most common type of
sleep disorder, is defined as a condition where it is difficult to initiate and maintain sleeping, resulting
in difficulty in early rising [59]. Regarding sex differences in the prevalence of insomnia, many studies
have reported that insomnia occurs more frequently in women [37]. In the USA, insomnia diagnosis is
double in women compared with that in men, and insomnia symptoms for two nights or more per
week have been reported to occur in 30.5% of women and 24.5% of men. In the case of chronic insomnia,
the incidence rate was higher in women (12.9%) than in men (6.2%) [36]. In particular, women over 65
have the highest risk for insomnia and have been reported to have an increasing risk with age [35,38].
One of the reasons that women are more susceptible to insomnia than men is the changes in body
hormones due to menstruation and menopause [60]. This is because estrogen, an important female
hormone, decreases and body symptoms such as hot flashes and sweating are caused by an imbalance
of hormones in the body.

2.3. Dementia

Dementia is a pathological neurodegenerative process characterized by a gradual decrease in
cognitive, memory, and functional capacity that is severe enough to affect daily functioning [61]. Other
symptoms include emotional problems, speech problems, and decreased motivation [62]. AD is the
most common form of dementia and most studies do not distinguish AD from all-cause dementia [63].
Global estimates on the prevalence of dementia are up to 7% of the population aged 65 and over,
and in developed countries with a longer lifespan, the prevalence is slightly higher still (8-10%) [64].
According to the World Alzheimer’s Report 2015, there are currently 46.8 million people with dementia
worldwide, with an estimated increase to 74.7 million by 2030 and 131.5 million by 2050 [65]. Age is a
major risk factor for AD, and on average, women live longer than men. However, the difference in
lifespan between men and women does not fully explain why two-thirds of Alzheimer’s patients are
women. Even after accounting for differences in longevity, some studies have found that women are
still at a higher risk [66]. Recently, sex-related differences in neuroanatomy and function are being
considered in patient diagnostics, and sex can be an important factor in stratified and personalized
treatment in AD patients [39]. Consistent with this finding, analysis of longitudinal data from the
Alzheimer’s Disease Neuroimaging Initiative cohort showed that women had greater hippocampal
atrophy and faster cognitive decline in the presence of AD biomarkers (Cerebrospinal fluid levels
ApB1-42 and total tau) compared to men [67]. Similarly, a study published in 2017 showed that in
dementia patients who were classified as fast progressors, there was a faster rate of dementia in
women than men, even when the diagnostic biomarker levels were similar [68]. Sex-related differences
and treatment responses related to disease progression after AD diagnosis were also reported [40].
According to a Mayo Clinic study on aging, the progression from mild cognitive impairment (MCI)
to AD was similar in men and women in the ages of 70-79, but higher in women than men after
80 years of age. This is likely due to the difference in brain anatomy between men and women,
and it is reported that men are expected to withstand more pathologies because their heads are about
10% larger and have more brain volume compared to women, a hypothesis that was supported by
autopsy. At the same level of pathology, the probability of clinical diagnosis of AD was found to be
significantly higher in women than in men [69]. In the Framingham Study cohort, a study conducted
in individuals aged between 65 and 100 years old, incidence of AD in women was twice as high as
men [41], and another study reported that two-thirds of AD patients are women [42]. Overall, women
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showed higher incidence and prevalence of dementia than men, possibly due to various factors, such as
longer life expectancy of women and different neuroanatomical function [42].

2.4. PD

PD is one of the neurodegenerative disorders with characteristic features, such as hand
tremor, muscle stiffness, and postural instability [70]. PD is the second most frequent age-related
neurodegenerative disorder, affecting about three percent of people over 65 and five percent over
85 years old [71]. The formation of the Lewy body («-synuclein accumulation in neurons) in the stromal
nigra pars compacta leads to basal ganglion circuit degeneration [46]. Patients under 40 years of age
are rare, and prevalence increases with age, approaching three percent of the population over the age
of 80 [72]. Increasing evidence has suggested that sex is an important factor in the development of PD.
In PD, the onset age, severity, and type of symptoms vary by sex. According to several studies, the onset
of PD in men occurs, on average, two years earlier than in women, and the incidence rate in men is twice
as high as that in women [73]. It has also been reported that sex differences in PD are determined by
the nigrostriatal dopamine system arising from genetic, environmental, and hormonal effects. Sex itself
is a variable that can affect the manifestation of non-motor symptoms in PD patients [46]. Women have
better cognitive performance than men in two measures: the Symbol Digit Modalities Test, a screening
test for cognitive impairment, and Scales for Outcomes of Parkinson’s disease-cognition, a measure of
memory and learning, attention, executive function, and virtual space function [45]. Despite the higher
incidence of PD in men at all ages, the difference in PD risk between men and women is reduced with
age. In those aged 65 to 69, the incidence of PD was shown to be similar between men and women [44].
The reason is likely that women have a longer lifespan than men, and men are at greater risk of dying
at a younger age [43]. In addition, motor improvement after deep brain stimulation is similar in men
and women, but women are likely to show better improvement in daily living activities compared to
men [74]. One of the reasons why the onset of PD is higher in men than in women may be due to the
effect of estrogen on dopaminergic neurons and pathways in the brain [75].

2.5. Depression

Depression is a common and serious mental disorder that can have long-term consequences
and affects all aspects of life. People with depression tend to feel sad, anxious, hopeless, irritable,
and ashamed [76]. Severe cases of depression can lead to loss of appetite, sudden weight loss, sleeping
problems, and frequent thoughts of death or suicide [77]. It is commonly comorbid with other chronic
illnesses and/or mood disorders that make it a complicated disorder difficult to properly diagnose and
treat [78]. Depression is more frequently experienced by women compared to men, with a peak in
prevalence occurring in middle age. Gender differences in depression are known to be affected by
several factors, such as biological, psychological, and environmental factors [79]. In 2018, in Canada,
the THINC-integrated tool (THINC-it), a newly developed cognitive tool, was used to evaluate
cognitive impairment in patients suffering from major depressive disorder (MDD). It was reported that
women had a higher rate of severe depression than men [47]. Additionally, patients with chronic liver
disease have a higher incidence of depression than the general population and depression is a common
psychiatric comorbidity among individuals with hepatitis C virus (HCV) [80]. Studies have shown
that 23% of women, but only 4.1% of men, with chronic HCV have depression. In conclusion, in those
with chronic HCV infection, anxiety and depression were more common in women than in men [48].
The University of Michigan’s survey center conducted a community-based study named “American
Changing Lives (ACL)” that included two sets of data collected in 1986 and 1989. These data revealed
that stressed women were more prone to depression than stressed men [49]. Recent evidence suggests
that changes in ovarian hormone levels, especially biological factors such as decreased estrogen, may
contribute to increased risk for depression in women [81].
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2.6. Anxiety

Anxiety, which manifests as a sudden increase in alertness, excessive fear, and worry, is the most
common mental health disorder and 1 in 9 individuals have experienced anxiety for a year. It is also
known that women have a higher prevalence of anxiety than men [82,83]. Results of the State Trait
Anxiety Inventory (STAT) score, a psychological inventory that determines individual anxiety and trait
anxiety among healthy men and women volunteers at Utretch University Campus, confirmed that
women have a high level of trait anxiety [50]. In 2017, a research team at Yale University in the USA
conducted an experiment on stress-induced anxiety disorder in healthy adults between the ages of 19
and 50. Their results show that women are more susceptible to stress-induced anxiety [51]. That is,
as a result of various anxiety measurement experiments, the incidence of anxiety was found likely to
be higher in women than in men. Women have a higher incidence of anxiety disorders not only because
they are more sensitive to the lower levels of hormones that make up the stress response, but also
because women experience residual anxiety from sexual abuse/violence more often than men [84].

2.7. Neuromuscular Disease

Neuromuscular diseases are a broadly defined group of disorders that involve injury or dysfunction
of the peripheral nerve or muscle and include wide variety of disorders, such as multiple sclerosis (MS),
Charcot-Marie-Tooth (CMT) disease, amyotrophic lateral sclerosis (ALS), myasthenia gravis (MG),
and neuropathic pain [85]. The most common of these diseases is MG, which is an autoimmune disease
where the immune system produces antibodies that attach themselves to the neuromuscular junction
and prevent transmission of the nerve impulse to the muscle [86]. The onset of MG occurs at any age,
but significantly earlier in women than men. The incidence of MG has been reported to be significantly
higher in women under age 40, but higher in men over age 50 [52]. CMT disease encompasses a group of
disorders called hereditary sensory and motor neuropathies, which damage the peripheral nerves [87].
The highest prevalence of CMT disease occurs at ages 50—-64, with men having a higher prevalence
than women [53,88]. A study by Nivedita U. Jerath et al. reviewed the results of electrodiagnostic
retrospectively in 45 women and 31 men. As a result, women with CMT1X have less severe outcomes
for almost all parameters of motor nerve conduction studies (MNCS) (compound motor action potential
amplitude, delay time on exercise, and conduction rate) compared to men with CMT1X [53]. ALS
is a highly debilitating disease caused by progressive degeneration of motoneurons [89]. Both the
incidence and the prevalence of ALS are greater in men than women. The reasons for the difference in
the incidence of ALS between men and women is known as the differences in biological responses to
exogenous toxins, various exposures to environmental toxins, and fundamental differences between
male and female nervous systems and their ability to repair damage [54]. The prevalence/incidence of
neuromuscular disease varies according to the age of men and women, but in most cases, it is higher in
men than women. The difference in the incidence of ALS between men and women may be explained
by differences in the biological response to exogenous toxins.

3. Effect of Caffeine Consumption on the Risk for Neurological and Psychiatric Disorders in Men
and Women

According to a paper published in British Medical Journal (BM]) in 2017, drinking 3—4 cups of
coffee per day is associated with a reduced risk of various neurological disorders, including AD, PD,
and depression [90]. However, few studies have been reported on sex differences in the effects of
caffeine on neurological and psychiatric disorders. This review investigates the differential effects of
caffeine on the incidence of symptoms of several neurological and psychiatric disorders in men and
women (summarized in Table 2).
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3.1. Stroke

According to the WHO, 15 million people worldwide suffer from stroke each year, five million of
these people die, and another five million are permanently disabled [91]. The causative or protective
effect of caffeine on stroke onset has been controversial, and moreover, sex differences have not been
studied. In 2015, the National Health and Nutrition Examination Survey in the USA examined the
association between coffee consumption and stroke in 19,994 participants (men 9374; women 10,620)
over the age of 17. Multivariate analysis found that higher coffee consumption (>3 cups/day) reduced
the incidence of stroke [92]. In 2017, data from the Health Examinees study, a large, prospective,
community-based cohort study, were used to analyze the association between coffee consumption and
stroke. A survey of about 15,000 men and women between 40 and 69 years of age did not show any
significant association between coffee consumption and stroke risk among men. However, in the case
of young women, the inverse relationship between coffee consumption and stroke risk was prominent.
In other words, higher coffee consumption was found to be inversely proportional to the incidence
rate of stroke in women [93]. Some studies show that coffee consumption temporarily increases the
risk of ischemic stroke. Mostofsky’s study showed that the incidence of stroke temporarily doubled
in those who drank seven or more cups of coffee per week compared with non-drinkers, but there
were no gender differences [94]. In summary, the effect of coffee intake on the risk for stroke showed
controversial results, but more studies have shown that women have a lower risk of stroke incidence
by caffeine intake, than men. As indirect evidence of the preventive effect of coffee consumption on
stroke occurrence, there are papers reporting the preventive effect of coffee consumption on the onset of
diabetes by maximizing insulin sensitivity, which is a risk factor for stroke, but no differences between
sexes were revealed [95].

102



Nutrients 2020, 12, 3080

*S1S019]0s Texaje] dnydonjoAure ‘G Ty ‘SISOI[ds d[dnNu ‘Al OSLISIP S,U0SUBIR ] ‘(] ‘dSLISIP S, IWIYZ[Y
‘av “uauiredwr 9Anu0d priu ‘IOIA Juatuasow 943 prder ‘Y O0UdIaJaI “Joy JULdYTUSIS JOU 'G'N] “JUI)XD 12313 B 0] 9SLAIIIP - - ‘DSLAIIIP :- ‘JUI)XD 1213 © 0} ISLAIOUT i+ + ‘dSLIIIUT :+

18 ¢ 993300 UL 10U 0p oM o[doad o) paredwon

tortl Aep/dno < teor 7692 - - STV JO 51 35M0] & AR SUFUOU 9 35e3] 3¢ 05 Aep 35 Sageo o dn> suo e Mo P oym idoed asvasip
[811] Aep/sdno> g0 85T ST “USWOM DJTUM UT GJA JO SSLI A3 199JJE JOU SI0P DNBIUT JUTTLD) TenasnwomaN
[z11] Aep/sdno g 0291 69-81 - - ‘SN Surdogeaap ur aseamap e yiim pajenosse Apuedyrudis st ayejur surajyed YSTE
[et1] Spam/Sw 0T < L0ST LI~11 + ++ “saeway ur uey safew ur 1ySny st AJ2IXUe U0 SUIDFED JO 19950 AU} ‘USIP[IYD [00dS A1epuodas uf Kenxuy
[ot1] Aep/Bur pg1< 66 1€~81 + “3UIAJJL) JO SISOP SUISLAIOUT YHIM PISEIIOU UBW Ul AJRIXUY
[et1] Spam/Suw 0ppT< LOET LI~11 ++ + “USUIL UT UBYy} UsWoMm Ut 1YSTY ST uorssardap Uo aumajjed Jo 103JJ9 aYj ‘s, UdIP[Iyd [0S ATepuodas up
[F11] Kep/Sw ggp~60€ €965 ~8T - ‘swoydwids aa1ssardap pue axeIUT SUISJFED USIMII] UOTRIDOSSE ISIDAU] uorssardaq
[er1] Kep/sdno < 6€L/0S S6~0€ - *saseanur uopdumsuod auragzed e Sasearap uorssardap Jo si ay L
[z11] Kep/sdnd gz 9/56 ~61 ‘passardap aw02aq 03 A[AYI] SSI AT SUISJFELD SWNSUOD OYM S}[NPe ULIIOY]
[t11] AKep/zo g7 $008 89~Gh - ‘U U (] JO 2IUSPIDU AU} JOMO] AU} ‘DBIUT UL Y} 1YSTY A
“99JJ00 PaWNSUOD

Kep/sdno o . . - I9ABU AABY OYM USW UeY} (I JO JSH 1omO] AppuedyruSis e aaey 29500 2}LIdPOW SWNSUOD OYM UDJA!
{oel St olesel v -+ “UBWIOM UT (] PUE SYBJUI durRjjed usamyaq sysixe drysuonerar padeys-n v dseasIp
[e01] ypam/sdno gr< 0129 6L~0§ - - “d Jo ¥su1 ) seanpar uondumsuod 2ajod 5, uosuDIE ]
[s0t] Lep/sdno 061781 ~69 - -- ‘USWOM PUE USWI Up SH (1] PAONPaI [Im pajerosse st uondumnsuod aajj0)
p fep/sdno ‘uondumsuod 29530 jo Aep/sdnd
leotl p/sdno g aies = ¢ 1o1e Afersorew s8ueyp jou prp 31 seasoym Aep/sdnd ¢ a10joq ApuesyIuGis poseaap st (I L.

. _ . “udw Aap[e Ut Jou g
loc] Aepjsdn> = 8eel ~08 - ‘uawom Aprapyd ur aduewioyrad aanuSod yim pajenosse Apanisod sem uonduwnsuod 3ajjod awnayIy
[901] Kep/sdno g< L10L ~c9 - -sa8e 1oySy je A[[enadss ‘ustwom ur surpap aARIuS0d 2dnpar 0 readde auragye
- Kep/Bw _ Juaunrredut eruawWa(]
tsotl pEu 19z 49%9 g 2ARIUS0 10 eruaAp dAeY 03 A[YI] s3] axe uondumsuod auragyed Y31y yim uswom A[1ap[g
[Fo1] Aep/sdno ¢—¢ 6071 64~59 - - “(1V/enuawap Jo YSLI amyny adnpar Aew s[enprarput pade ajpprur ur uogdunsuod 33jj0d a}eIdpo
[eot] Kep/Bu 00z 186 ~g9 “RIJUSWAP JO SSLI A PUB DIEJUT SUIDJED Uaam3aq sisixa dIysuone|ar asiaaur uy
[zo1] Kep/dno z—1 GHPL $8~G9 TDIA U0 1339 aanaj01domau e aaey ued uondwnsuod 2ajjod 1e[n3ai 3jeIPOIN
I 1eak/sdnd 09z ~ + + -doas Jo Ayenb pue Lousioyge o SaSEAIAP Y LIUT 20JJOD [ENIqE]

[1ot] 4/sdno 09 218 76~09 daats jo Kyrenb pue Louaryo ay P OYPIUI 92jJ0D [enIqeE

Kep/Bu g . . -ourayyEs ar0w Sumsuod Ajrenb
{oot] P 6791 08 v661 doors 200d Y sy ey Sunsoins ‘uondumsuos ouroges zow M paerosse st doos 045
[66] Aep/Bw /76 161 SI~T1 *saoueqiystp doays 19y 31y patapns suragyed Y1y pawnsuod oym SJUSPNIS JUNDSI[OPY Japiostp daalg

fepfBw 09~5F -doays A19A0001
[s6] p/3ut S0T~591 i 05-02 oo o Surmp dools N pue ‘doals orem-Mofs ‘owy doos ‘Kousrgge dodls posearsop LS
[26] Kep/sdno ¢z LL WMHMM\. ‘sympe SunoA uey 28esop auTaFEd PASLAIdUT 0} ATYISUDS 210w ST doa]s paSe-aTppIA
8 = i - _ {S11 9xons 0} predax
(eol Aepjsdnd e2 LeEeLl 69~0V ym sjgauaq 2andaj01d aaey Aewr uswom ueaioy pade-s[pprur Suowe uondumsuod 2300 12y S
[96] Aep/sdno pz 0081 ~c6 - “01$ JO s aonpai Asapowr Kew uondumsuod 3aj50) aong
[z6] Kep/sdnd ¢z $66'61 ~/1 - - ‘saxons woiy uondajord renusiod pue uondumsuod sajod Arep 1ySr
[#6] Soam/sdnd £ 06€ U~FS “uondwmsuod 9aj50d 19}je INOY UE 10§ SaSLAIOUT 30S drwaydst Arezodwa) jo st ay ],
uawo, )

Jou uondumsuoy oquiny ases 28y M W 210N aseasiq

235300

Topi0s1Q [eo130]0MaN 103 ST

“USWIOM PUB USW UT SIdPIOSTp drrerydAsd pue [esr3ojomau pajos[as 105 Jsi oy uo uondunsuod autajyed jo 109J79 T d[qeL

103



Nutrients 2020, 12, 3080

3.2. Sleep Disorder

Caffeine overdose can delay sleep onset, reduce total sleep time, change normal sleep stages,
and reduce sleep quality. Caffeine-induced sleep disorder is known as a psychiatric disorder caused
by excessive caffeine consumption [120]. A double-blind cross-design study of 22 young participants
(10 men, 12 women; 20-30 years old) and 25 middle-aged participants (12 men, 13 women; 40-60 years
old) showed that in terms of sleep volume and efficiency, middle-aged participants in good health were
more susceptible to increased caffeine doses compared to young adults [97]. In a study of 12 young and
12 middle-aged subjects who consumed one to three cups of coffee per day, caffeine intake was found
to reduce sleep efficiency, sleep time, slow-wave sleep (SWS), and rapid eye movement (REM) sleep in
both age groups. However, during the weekly recovery, middle-aged participants had significantly
reduced sleep time and sleep efficiency compared to younger participants [98]. In addition, for 66 boys
and 125 girls who consumed similar amounts of caffeine, the average sleep time decreased from
528.8 min (8.8 h) on Saturday nights, to 448.5 min on Sunday nights (7.5 h). Perhaps not surprisingly,
teenagers who consumed large quantities of caffeine experienced interfered sleep [99]. Furthermore,
a survey on the quality of sleep in 26 adult men and 54 women with an average daily caffeine intake of
164.9 mg, showed that 80% of respondents suffered from sleep disturbances once a week [100]. Finally,
among 162 cognitively healthy Koreans aged 60-94 (85 men, 77 women), people who consumed more
than 60 cups of coffee per year had a 20% lower volume of pineal parenchyma, a melatonin-producing
region, than those who consumed less than 60 cups of coffee per year [101]. In summary, caffeine
intake negatively affected the quality of sleep and the amount of sleep with age, with no differences
seen between men and women.

3.3. Dementia

A number of studies report that caffeine consumption tends to decrease the incidence of dementia.
Increased caffeine intake in white women aged 65-80 has been reported to lower the likelihood
of dementia or cognitive impairment [105]. In addition, drinking a moderate amount of coffee
(3~5 cups/day) lowers the incidence of dementia compared with not drinking coffee, and among
coffee-drinkers, the incidence of dementia is lower in women than in men. Moreover, a later-life
survey found that low consumers of coffee were more likely to develop depression (based on the Beck
depression scale) compared to moderate coffee consumers [104]. According to a study by Vincenzo etal.,
individuals who habitually consumed moderate amounts of coffee (one to two cups of coffee a day)
had a lower incidence of MCI than those who did not drink coffee [102]. A study of 587 people in a
California retiree community found that those who consumed more than 200 mg of caffeine per day at
the age of 90 and took extra vitamin C significantly reduced their risk for dementia [103]. Some studies
have reported neuroprotective effects of caffeine by showing that women with high caffeine intake
(more than three cups per day) have fewer speech retrieval and decreased spatiotemporal memory
problems than women who consumed less than one cup of coffee per day [106]. The psycho-stimulating
component of caffeine appears to reduce cognitive decline in women without dementia, especially in
the elderly [106]. Retrospective observational studies have shown that lifetime coffee consumption
tends to increase cognitive performance in aged women, but this is not the case in aged men [20].
Taken together, these studies show that caffeine intake did not help improve cognitive abilities in either
men or women, although steady caffeine intake seems to reduce the risk of developing dementia for
both men and women, with a greater effect in women.

3.4. PD

The possible relationship between caffeine intake and PD risk has attracted considerable
attention since the early 1970s, and more and more observational studies have been conducted
on this [107]. An inverse association between coffee consumption and PD risk has been found in several
epidemiological studies [110,121-123]. Even though the evidence is increasing that caffeine intake can
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reduce the risk of PD, the number of cohort studies is still relatively small and is almost exclusively
limited to the USA [109]. A meta-analysis of the Hui Qi research team found that consuming less
than three cups of coffee per day significantly reduced the risk of PD, while consuming more than
three cups of coffee per day did not significantly alter the risk for PD [107]. The link between caffeine
consumption and the risk of developing PD was more pronounced in men than women. A study by
Ascherio et al. reported that men who consumed a moderate amount of coffee had a significantly lower
risk of PD than men who did not drink coffee at all [110]. For women, there is a U-shaped relationship
between coffee consumption and Parkinson’s disease risk, with women drinking 1-3 cups of coffee per
day having the lowest risk. These results support the protective effect of moderate amounts of caffeine
on Parkinson’s disease risk. A cohort study conducted in the USA in 1992 found that in men, regular
coffee consumption was associated with a reduced risk of PD [108]. In the case of women, the risk of
PD was significantly reduced in the group with the highest caffeine intake (four or more cups per day)
compared to the group with the lowest caffeine intake (less than one drink per day), but the decrease
was lower than in men. According to a study published in 2000 by Ross et al., the incidence of PD
observed among Japanese men participants aged 45 to 68 was two to three times higher in non-coffee
drinkers than in coffee drinkers [111]. In summary, high caffeine intake is associated with a protective
effect that suppresses PD incidence in men and women, significantly reduces the risk of PD in men,
and only slightly reduces the risk in women. These results suggest that men and women respond
differently to caffeine administration and that these gender differences may be mediated by changes in
circulating steroid hormones [124].

3.5. Depression

Adequate caffeine intake has a positive effect on depression, but excessive caffeine intake can
exacerbate depression by stimulating sympathetic nerves [125]. Moderate amounts of caffeine also
help prevent an imbalance in brain neurotransmitters, such as serotonin and dopamine, that cause
depression. The effect of caffeine intake on depression was investigated in students aged 11 to 17 years
old (a total of 2307 students). As a result, consuming less than 1000 mg of caffeine per week increased
the incidence of depression in girls compared to boys [115]. Unlike the above results, according to a
survey conducted by the Centers for Disease Control and Prevention, the prevalence of depression
decreased as caffeine intake increased. The incidence of depression among participants who drank
more than two cups of coffee per day was reduced by 24% compared to those who didn’t drink
coffee [112]. In addition, as a result of analysis of data from the National Health and Nutrition
Examination Survey conducted in 2019, it was found that the incidence of depression decreased as the
amount of caffeine intake increased, but gender differences were not analyzed [114]. A 2011 cohort
result from the US Nurses’ Health Study found an inverse age-adjusted dose-response relationship
between caffeine-containing coffee and depression risk in women. Compared with the group with
the lowest caffeine consumption (<100 mg/d), the relative risk for depression was lower in the group
with the highest caffeine consumption (=550 mg/d). In other words, women who consumed more
caffeine had a lower risk of depression than women who consumed less caffeine [113]. In summary,
the risk of developing depression was decreased by caffeine intake to a greater extent in women than
in men, and the effect of caffeine intake on depression incidence was different according to the age of
women. In particular, in adolescence, caffeine decomposition ability is lower than that of adults, so the
staying time in the body is relatively long and it can increase the risk of depression by inducing sleep
disorders [126].

3.6. Anxiety

Generalized anxiety disorder is a serious mental illness that affects up to 6% of population in the
world. Symptoms are complicated by the consequences of accompaniment with other mental disorders,
such as MDD, panic disorder, and alcohol/substance abuse, resulting in worsening of symptoms and
poor treatment responses [127]. Excessive caffeine can cause symptoms ranging from general anxiety

105



Nutrients 2020, 12, 3080

to compulsive disorders [120]. However, few studies have been conducted on the incidence of anxiety
in men and women, by caffeine. As a result from a cohort study of 3323 students aged 11-17 years
(boys 48.5%, girl 51.5%), the effect of caffeine on anxiety was not significant in girls, but in boys, anxiety
increased with caffeine intake [115]. Consistent with the above results, at the University of Valencia,
Spain, a STAT test of 39 men and 60 women between 18 and 31 years of age showed that men had
higher state anxiety than women [116]. As shown above, the effects of caffeine on anxiety were more
pronounced in men than in women. However, very little research has been conducted to assess the
association between caffeine intake and anxiety.

3.7. Neuromuscular Disease

There are only a few studies about the effect of caffeine on neuromuscular diseases, and little is
known about its sex differences and mechanisms. A case-controlled study from the European ALS
Consortium (EURALS Group) reported that people who drink more than one cup of coffee per day for
at least six months have a lower risk of ALS than those who didn’t drink coffee at all [119]. Similar
findings of caffeine’s impact on the risk of developing MS were found in two cohort studies conducted
in the USA and Sweden in 2016 [117]. Compared to those who never had coffee, those with high
coffee intakes in excess of six cups per day had a significantly reduced risk of MS in both men and
women. However, a recent meta-analysis of five large cohort studies conducted in the USA showed
no association between coffee consumption and ALS risk, in both males and female. Another large
prospective study conducted by Massa et al. also reported no association between caffeine consumption
and MS risk in white women [118].

4. Conclusions

This review has shown that the beneficial and/or risky effects of caffeine on several neurological
and psychiatric disorders may vary depending on sex. In the case of stroke, caffeine intake has a greater
protective effect in women than in men, and for sleep disorders, caffeine intake tends to increase the
risk to a similar extent in both men and women. This review also shows that the risk for developing
dementia is reduced to a greater extent in women than in men. In contrast, the protective effect of
caffeine against PD was found to be greater in men than in women. Notably, in the case of anxiety
and depression, the effect of caffeine on the risk for their incidence tends to be age dependent. In fact,
the risk of depression has shown to decrease in adult women but not in men, while in adolescence,
women have a much higher risk of depression than men. For anxiety, the risk seems to be increased
primarily in adult men but not in women, while during adolescence, the risk increases in both men
and women, but to a much greater extent in men. In other words, caffeine consumption not only has a
positive effect of reducing the risk of stroke, dementia, and depression in women and reducing the
risk of PD in men, but also has a negative effect of increasing sleep disorders and anxiety disorders in
adolescence in both men and women. Moreover, there are not many research articles that analyzed
individual sex/gender differences in the effect of caffeine on neurological disorders. Therefore, further
studies focusing on sex/gender differences are needed to fully understand the positive and negative
effects of coffee intake on neurological and psychiatric disorders in men and women, and to develop
new strategies for sex-specific caffeine use.
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Abstract: Migraine is a chronic disorder, and caffeine has been linked with migraine for many years,
on the one hand as a trigger, and on the other hand as a cure. As most of the population, including
migraineurs, consume a considerable amount of caffeine daily, a question arises as to whether it
influences their headaches. Indeed, drinking coffee before a migraine attack may not be a real
headache trigger, but a consequence of premonitory symptoms, including yawning, diminished
energy levels, and sleepiness that may herald a headache. Here, we aim to summarize the available
evidence on the relationship between caffeine and migraines. Articles concerning this topic published
up to June 2020 were retrieved by searching clinical databases, and all types of studies were included.
We identified 21 studies investigating the prevalence of caffeine/caffeine withdrawal as a migraine
trigger and 7 studies evaluating caffeine in acute migraine treatment. Among them, in 17 studies,
caffeine/caffeine withdrawal was found to be a migraine trigger in a small percentage of participants
(ranging from 2% to 30%), while all treatment studies found caffeine to be safe and effective in acute
migraine treatment, mostly in combination with other analgesics. Overall, based on our review of
the current literature, there is insufficient evidence to recommend caffeine cessation to all migraine
patients, but it should be highlighted that caffeine overuse may lead to migraine chronification,
and sudden caffeine withdrawal may trigger migraine attacks. Migraine sufferers should be aware
of the amount of caffeine they consume and not exceed 200 mg daily. If they wish to continue
drinking caffeinated beverages, they should keep their daily intake as consistent as possible to avoid
withdrawal headache.

Keywords: migraine; headache; caffeine; coffee; trigger; withdrawal headache; adenosine;
vasoconstriction; cerebral blood flow

1. Introduction

Migraine has emerged as a great public health concern, and the World Health Organization (WHO)
has classified it as the third most common disease worldwide, with over a billion people estimated
to suffer from it [1,2]. This type of primary headache usually presents with recurrent, typically
unilateral and pulsating attacks of severe headaches, lasting from 4 to 72 h, with accompanying
symptoms including photophobia, phonophobia, nausea, and vomiting [3]. Caffeine has been linked
with migraine for many years, on the one hand as a trigger, and on the other as a cure [4-8]. As most
of the population, including migraine sufferers, consume a considerable amount of coffee and other
caffeinated drinks and foods daily, a question arises as to whether it influences their headaches. Besides,
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some migraine sufferers ask their doctors about dietary recommendations regarding their intake of
caffeinated beverages. They demand specific information regarding whether they are allowed to drink
coffee or should avoid it, and whether it will be beneficial for their migraine if they stop drinking it.
The aim of this review is to examine the relationship between caffeine and migraine, and to check
whether caffeine is a migraine trigger and avoiding it may be of benefit to certain patients, and to find
out if caffeine may be helpful in migraine treatment.

1.1. Caffeine

Caffeine is the most popular and widely used active food ingredient, with up to 80% of the
population consuming a caffeinated product every day [9]. One of the most popular caffeine drinks is
coffee, and many people start their day with a cup of coffee. Caffeine also occurs in tea leaves, guarana,
cocoa, chocolate, cola nuts, and wide variety of medications, dietary supplements, soft drinks, and
energy drinks [10]. As the structure of caffeine is similar to adenosine, it works through nonselective
antagonism of adenosine Al and A2A receptors, causing their inhibition. It is important to note
that adenosine is an inhibitor of neuronal activity in the nervous system; its receptors have been
reported to be involved in antinociception, and enhancing them may lead to arousal, concentration,
and vigilance [11]. However, caffeine has no influence on dopamine release, thus has no potential for
abuse [12]. In humans, after oral intake, caffeine is rapidly and completely absorbed (max t 30-120 min)
and freely crosses the blood-brain barrier [10]. Although a main component of coffee is caffeine, it
should be pointed out that it is a complex drink including over 1000 compounds, most of them not yet
identified. Haskell-Ramsay compared the effects of regular coffee, decaffeinated coffee, and placebo on
mood and cognition, and discovered that decaffeinated coffee also increased alertness when compared
to placebo. Thus, the behavioral activity of coffee seems to expand beyond its caffeine content, and
the use of decaffeinated coffee as a placebo may be controversial [13]. It is reported that moderate
daily caffeine intake (300-400 mg, around 4-5 cups of coffee) is safe and does not raise any health
concerns (except in pregnant women and children) [14]. Nevertheless, higher doses may induce
anxiety, nervousness, headache, drowsiness, nausea, insomnia, tremor, tachycardia, and increased
blood pressure [10]. Interestingly, there is evidence that response to caffeine consumption may be
genetically determined [12]. Besides, the amount of caffeine that produces adverse effects can vary
and is influenced by the person’s weight and sex, the presence of hypertension and hepatic disease,
and metabolic induction and inhibition of cytochrome P-450 [15]. It is noteworthy that people who
consume caffeine habitually have a lower risk of experiencing the adverse effects than those who do
not frequently consume caffeine [10].

1.2. Caffeine’s Influence on Health

Coffee consumption is associated with a number of health benefits in men and women. In an
umbrella review, Grosso et al. demonstrated that caffeine was associated with a decreased risk of
cancer, diabetes, cardiovascular disease and mortality, and Parkinson’s disease but an increased risk
of pregnancy loss [16]. On the other hand, coffee was linked with a rise in serum lipids and blood
pressure. Overall, they concluded that coffee (moderate daily intake) can be part of a healthful diet [16].
A number of epidemiological studies confirmed a link between higher coffee consumption and better
performance on cognitive tests in older adults, and an inverse relationship exists between coffee
consumption and the risk of developing Parkinson’s or Alzheimer’s disease and a lower risk of stroke.
Interestingly, regular coffee consumption does not affect patients with epilepsy [17]. It is reported
thatcaffeine can enhance awareness, attention, and reaction time by stimulating wakefulness, increasing
concentration, and decreasing the sensation of fatigue, but also may disturb sleep quality [14,17,18].
Moreover, caffeine in low doses (150-200 mg) can improve mood states and decreases the risk of
depression and suicide [17].
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1.3. Caffeine and Cerebral Blood Flow

The effect of caffeine on blood flow and arteries remains controversial. On the one hand, there is
evidence that caffeine decreases the production of nitric oxide (NO, responsible for vasodilation) from
the endothelial cells, and on the other hand, a number of studies showed increased NO production
after caffeine administration [19,20]. Several studies investigated the direct effects of caffeine on
endothelial function and concluded that caffeine augmented and improved endothelium-dependent
but not endothelium-independent vasodilatation, suggesting that it has no effect on vascular smooth
muscle function [21,22]. The reason for this ambiguous effect, called by Higashi the “coffee paradox,”
may be a different action of caffeine on endothelium and smooth muscles [21]. It is known that
caffeine is an adenosine receptor antagonist. Interestingly, adenosine via the adenosine A2A receptor
stimulates the production of NO with further vasodilatation, but contrary to this, via the adenosine
Al receptor, adenosine decreases NO release and produces vasoconstriction. Thus, depending on
caffeine binding affinity and dose, it can cause either vasoconstriction or vasodilatation and sometimes
even no change in vascular function [21]. It is important to note that methylxanthines such as caffeine
usually induce vasodilatation except in the central nervous system, where they raise cerebrovascular
resistance (CVR) and reduce cerebral blood flow (CBF) [23]. A number of studies demonstrated
that by inducing vasoconstriction, caffeine reduces CBF in healthy people, but also in pathological
conditions. Vidyasagar at al. discovered a global 20% reduction in gray matter CBF with caffeine and
tea but not decaffeinated tea, which indicates that only caffeine change CBF. Moreover, the effect of
caffeine was regionally specific. Interestingly, none of the interventions had an effect on CVR [24].
Haanes et al. investigated the effect of adenosine A2A receptor antagonists on the vasodilation of
the middle meningeal artery. They found that antagonists did not influence neurogenic vasodilation,
butblocked the vasodilation produced by A2A receptor agonists, suggesting that selective A2A receptor
antagonists might be useful in migraine treatment by preventing meningeal arterial dilation [25].
Another study, using vascular information extracted from the blood-oxygen-level-dependent (BOLD)
signal in functional MRI (fMRI) showed that shorter time delays and smaller standard deviations
were detected in scans of caffeinated areas. This means that caffeine increased blood flow velocity
by vasoconstriction [26]. The spatial distribution of adenosine receptors may be one reason for the
region-dependent changes in brain activity induced by caffeine, thus, the average brain metabolic rate
stays unchanged. Besides, caffeine’s effects on arteries may be region-specific [27]. Blaha et al., in a
transcranial Doppler (TCD) study, investigated the effects of caffeine on an already dilated cerebral
circulation and found a significant decrease in CBF velocity after caffeine ingestion in a normal
cerebrovascular bed as well as in peripheral vasodilatation. This means that caffeine may regulate
CBF under various pathological conditions, with possible therapeutic effects in vasoparalysis [28].
Lunt et al., using two methods of cerebral blood flow measurement (transcranial Doppler and xenon
clearance), demonstrated that 250 mg caffeine reduced CBF by an average of 22% in healthy volunteers
as well as in patients recovering from stroke. Caffeine caused a smaller change in middle cerebral artery
(MCA) blood flow velocity than in CBF, which indicates that caffeine reduces the MCA diameter [29].
Addicott et al. used perfusion magnetic resonance imaging to check the effect of caffeine on CBF in
chronic users of low, moderate, and high amounts in an abstained state and the normal use (native)
state. In each state, participants received either caffeine (250 mg) or placebo. It was found that in
both states, caffeine reduced CBF by an average of 27%, but in the native placebo condition, users
of high amounts of caffeine trended toward less CBF than those who consumed low and moderate
amounts. These results suggest a limited ability of the cerebrovascular adenosine system to compensate
for high amounts of daily caffeine [30]. Another TCD study examined whether controlled caffeine
cessation would produce headache and changes in CBF velocity. After 24 h of caffeine abstinence,
10 individuals developed headache with an accompanying increase in CBF velocity. One hour after
caffeine intake, the headache resolved and CBF velocity decreased. The study indicates a link between
caffeine withdrawal, headache, and CBF [31]. Sigmon et al., in a double-blind study, demonstrated
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that acute caffeine abstinence increased mean, systolic, and diastolic velocity in the MCA and anterior
cerebral artery (ACA) and decreased the pulsatility index in the MCA measured by TCD [32].

1.4. Caffeine’s Effects on Pain and Non-Migraine Headache

There is evidence that caffeine may reduce pain sensation through its effects on adenosine
receptors [12]. The antinociceptive effects of caffeine may be explained by an inhibition of
cyclooxygenase activity as well as adenosine receptor antagonism. Caffeine acts not only by central
blocking of adenosine receptors, which affects pain signaling, but also by blocking peripheral adenosine
receptors on sensory afferents [12]. It was demonstrated that a 200 mg caffeine dose can inhibit the
analgesic effects of transcutaneous electrical nerve stimulation [33]. Caffeine (>100 mg) combined with
a standard dose of analgesics led to an increased proportion of individuals with a satisfactory level of
pain relief [34]. Laska et al. found that, in combination with paracetamol or aspirin, caffeine reduced
the amount of analgesic needed to reach the same effect by approximately 40% [35]. Other clinical
effects in these patients may be linked with the promotion of the absorption of analgesics by rapid
lowering of gastric pH. Nevertheless, meta-analyses of caffeine combined with ibuprofen, paracetamol,
or acetylic acid found only weak adjuvant effects in patients with postoperative pain [34].

It has been proved that caffeine and caffeine-containing analgesics are effective in the treatment
of several types of primary and secondary headaches. For example, it is known to terminate hypnic
headache, a sleep-related headache disorder that wakes people from sleep at a consistent time [36].
Based on observational studies, the most effective acute and prophylactic treatment of this rare disease is
caffeine [37]. Another type of headache that may benefit from caffeine is post-dural puncture headache
(PDPH), the most common complication of lumbar puncture and spinal anesthesia. A Cochrane review
published in 2015 revealed that treatment with caffeine reduced PDPH in a number of participants and
decreased the need for supplementary interventions compared to placebo [38]. This effect is probably
due to increased production of cerebrospinal fluid (CSF), as one study demonstrated that long-term
consumption of caffeine induced ventriculomegaly, and adenosine receptor signaling can regulate the
production of CSF [39]. It has been reported that caffeine withdrawal can often produce headaches.
According to the International Classification of Headache Disorders (ICHD-3), a withdrawal headache
is a headache experienced by individuals who frequently consume caffeine (>200 mg/d for >2 weeks)
and suddenly stop. They develop a headache within 24 h after their last caffeine intake, which is
relieved within 1 h by ingesting caffeine (100 mg) or resolves within 7 days after caffeine withdrawal [3].
The higher the baseline level of caffeine ingestion, the greater the likelihood of withdrawal headache.
The cause of this type of headache is probably increased CBF due to vasoconstriction [31]. It is
important to note that caffeine withdrawal has been described as the cause of reversible cerebral
vasoconstriction syndrome in several cases of this rare sudden thunderclap headache [40,41]. Ward etal.,
in a double-blind placebo-controlled trial, examined whether caffeine alone has independent analgesic
effects on non-migraine headaches, and found equivalent effects to acetaminophen [8]. According
to Mazzoni et al., overuse of caffeine was found in 36.6% of patients with chronic cluster headaches,
compared to only 6.9% of patients with episodic headaches [42]. Interestingly, patients with chronic
daily headaches were more likely to overuse caffeine before the onset of the headache, compared with
controls with episodic headaches. Nevertheless, no association was found regarding present caffeine
consumption [43]. Medication overuse headache (MOH) is a rebound headache that usually occurs
with frequent use of analgesics to relieve headaches (more than 10-15 days a month). Kluonaitis et al.
revealed that caffeine-containing combination analgesics were overused among 35.8% of patients with
migraines [44]. Another study showed that combination analgesics were the most frequently overused
medications by MOH patients, and caffeine was a component of 89.9% of these [45]. A randomized
double-blind study conducted in patients with tension-type headache revealed that treatment with
ibuprofen and caffeine provided significantly greater analgesic effect than ibuprofen alone, caffeine
alone, or placebo. Notably, no analgesic effect of caffeine alone (200 mg) compared with placebo was
found [46].
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1.5. Caffeine and Migraine

1.5.1. Caffeine as Migraine Treatment: Potential Mechanism of Action 1

Although caffeine has been used for migraine headaches for many years, at the beginning its
efficiency was linked with vascular properties. As caffeine produces cerebral vasoconstriction, it was
thought that by this mechanism it may stop migraine attack. However, the role of vasodilatation
in migraines is unclear, and recent findings challenge its necessity [47]. Nowadays, it is known
that migraine is a neurological, not vascular, disorder, so the therapeutic effect of caffeine seems
to be beyond its vascular effects. It is reported that adenosine is one of the neuromodulators
that contribute to migraine pathophysiology. First of all, adenosine plasma levels increase during
migraine attacks and exogenous adenosine may start migraine headaches [48]. Besides, an adenosine
uptake inhibitor (dipyridamole) may increase the frequency of migraine attacks. Finally, as caffeine
competitively antagonizes adenosine’s effects by binding to some of the same receptors, it may be
effective in migraine treatment [36]. On the other hand, it is important to note that regular use of
caffeine-containing analgesics is associated with medication-overuse headaches. It was demonstrated
that migraine sufferers have gastric stasis not only during, but also outside of acute migraine attacks [49].
This reduction in gastric motility slows the absorption of acute medications and diminishes their
effectiveness [50]. As caffeine increases gastric motility, this may have important clinical implications
for migraine patients, and may contribute to its effectiveness when combined with analgesics [34].
Caffeine, by inhibiting phosphodiesterases and blocking adenosine receptors, can potentially alter
nitric oxide (NO) production. Bruce et al. demonstrated that caffeine diminished exhaled NO, probably
by adenosine receptor antagonism or by altering levels of cGMP [19]. As NO levels increase in jugular
venous plasma during a migraine attack and NO synthase inhibitors are effective in migraine treatment,
it is possible that caffeine as a biologically active compound may decrease the frequency of migraine
attacks by inhibiting NO synthase production [51]. Recently Gonzalez at al. found that regular coffee
consumption may be associated with changes in some intestinal microbiota groups [52]. As there is a
relationship between migraine and the gut-brain axis and probiotics were found to be beneficial in
migraine treatment, this can be another mechanism by which caffeine may influence migraines [53,54].

1.5.2. Caffeine as a Migraine Trigger: Potential Mechanism of Action

Trigger factors are events or exposures that increase the probability of an attack over a short
period of time [55]. The 10 most frequent migraine triggers are stress; fatigue; fasting; auditory,
visual, and olfactory triggers; hormonal triggers; sleep; weather; and alcohol [56]. Dietary triggers
are less frequent, and include chocolate, coffee, red wine, nuts, cheeses, citrus fruits, processed meats,
monosodium glutamate, and aspartame [57]. It is possible that an isolated trigger is insufficient to
precipitate a migraine attack, thus, migraine sufferers usually recognize multiple dietary triggers [58].
Caffeine may act as a trigger in two possible ways: drinking coffee or other caffeinated beverages may
start a migraine attack, and caffeine withdrawal is an even more frequent migraine trigger [59,60].
The prevalence of coffee as a migraine trigger in the reported literature ranges from 6.3% to 14.5% [36].
Moreover, caffeine overuse is one of the risk factors of migraine chronification, thus promoting the
transformation of episodic migraine into its chronic form (when headaches persist for >15 days/month
for >3 months) [61,62]. It is important to note that caffeine consumption was not significantly connected
to medication overuse in chronic migraine patients [63]. A question arises: What is the exact mechanism
by which caffeine can induce migraine headache? First, caffeine induces urinary loss of magnesium,
probably by reducing its reabsorption [64]. As magnesium affects neuromuscular conduction and
nerve transmission and plays a beneficial role in chronic pain conditions and migraines, caffeine,
by decreasing the magnesium level, may induce headache [65]. Dehydration is one possible migraine
trigger [66]. Caffeinated coffee in higher doses induces an acute diuretic effect, and subsequently may
lead to dehydration [67]. Courturier et al. linked weekend migraine attacks to caffeine withdrawal.
In their study, patients with high daily caffeine consumption on workdays and reduced or delayed
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intake on weekends (because of prolonged sleep) had an increased risk of weekend headache [68].
Thus, the observed higher frequency of migraines during weekends may be linked with caffeine
withdrawal [68].

On the other hand, the methodological difficulties of investigating the influence of trigger factors
on migraine are highlighted by many authors [58]. Premonitory features are defined as symptoms
associated with an increased probability of aura or headache [55]. It is known that certain trigger factors
can overlap with corresponding premonitory symptoms; for example, food craving in the premonitory
phase may be responsible for eating chocolate or other foods, thus, they may be misinterpreted as
migraine triggers [69]. Itis possible that premonitory symptoms, including yawning, diminished energy
levels, and sleepiness, may force migraineurs to drink coffee or caffeinated beverages, leading to the
wrong conclusion that they triggered a migraine, while it was just a consequence of starting a migraine
attack. On the other hand, premonitory sleepiness makes migraineurs prone to caffeine overuse,
with further migraine chronification. Interestingly, according to Alstadhaug et al., the prodromal
phase of migraine and caffeine withdrawal syndrome share the same or similar pathophysiological
pathways [4].

A question arises as to whether caffeine may induce cortical spreading depression (CSD) in
migraine aura sufferers. Yalcin at al. demonstrated that neither acute/chronic administration nor
withdrawal of caffeine affected CSD susceptibility or related cortical blood flow changes in mice. Thus,
they concluded that the influence of caffeine on headache is not linked with CSD pathophysiology,
which may explain the non-migrainous presentation of caffeine-related headache [70].

Thus, should migraine patients strictly avoid all potential triggers, including caffeine? First of
all, trigger avoidance create frustration, which may limit the beneficial effects or make the situation
worse. Moreover, migraine is a disorder of the habituation of the CNS to sensory signals, thus, the
brain should be trained to habituate to, not avoid triggers [71]. It is reported that short exposure to a
headache trigger may increase sensitivity, while chronic exposure results in diminished sensitivity
(leading to desensitization). According to Martin et al., patients with migraines should cope with
triggers rather than avoid them [72].

If caffeine is a migraine trigger, does its cessation influence migraine attack frequency? Mikulec etal.
demonstrated that only 14% of vestibular migraine patients reported an improvement in symptoms
upon caffeine cessation [73]. Lee et al. evaluated the effect of caffeine cessation on the acute treatment
of migraine. After controlling for covariates, caffeine cessation was independently connected with
excellent efficacy of acute treatment. Indeed, 72.2% of those in the abstinence group reported excellent
efficacy of triptans compared with only 40.3% in the non-abstinence group (p = 0.002). Besides, the
abstinence group trended toward a greater reduction in headache impact test-6 (HIT-6) scores [74].
On the other hand, Mostofsky et al. revealed no association between one to two servings of caffeinated
beverage intake and the odds of headaches on that day; only three or more servings were linked with
higher odds of headache [75]. As caffeine dose per serving varies by type of drink and preparation
method it may be difficult to assess the amount with increased risk. The average caffeine content of an
8 oz cup of coffee is around 100 mg [10]. It means that migraineurs may consume up to 200 mg caffeine
without increased attacks risk.

All possible mechanisms regarding the influence of caffeine on migraine headache are summarized
in Figure 1.
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Figure 1. Possible mechanisms by which caffeine may trigger or stop migraine attacks (based on
our literature review). Abbreviations: CBF—Cerebral blood flow, CVR—Cerebrovascular resistance,
CSF—Cerebrospinal fluid, NO—Nitric oxide, Mg—Magnesium.

2. Materials and Methods

This review includes all articles concerning the association between migraines and caffeine/coffee
published up to June 2020. The list was obtained by searching clinical databases, including the PubMed,
MEDLINE, Google Scholar, and Cochrane Library databases. Papers regarding any connection between
caffeine/coffee and migraine were identified through a literature search. The applied terminology and

i i i

keywords included “caffeine”, “coffee”, “caffeine withdrawal”, “adenosine”, “migraine”, “headache”,
“trigger factors”, “treatment”, and “pain”. Each article was then cross-referenced to identify relevant
studies. Only English language studies were eligible for inclusion. All types of articles, including
clinical trials, observational, cross-sectional, and case-control studies, were involved and reviewed.

Two independent investigators extracted data from each article.
3. Results and Discussion

3.1. Prevalence of Caffeine as a Migraine Trigger Factor

All studies investigating the prevalence of caffeine/coffee or caffeine withdrawal as a trigger factor
in patients with migraines are summarized in Table 1.
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Twenty-one studies evaluated the prevalence of caffeine as a migraine trigger. Among them,
four studies failed to find any participant who reported caffeine as a trigger. In other studies, caffeine
was reported to be a migraine trigger in a small percentage of participants (ranging from 2.4% to
30%). Only two studies examined caffeine withdrawal as a trigger factor, both with a relatively high
percentage of patients (ranging from 10% to 30%) [60,86]. However, it is worth noting that in most
of the studies, patients were asked retrospectively to recall their usual headache triggers using a
predetermined list, thus they mostly assessed beliefs about triggers rather than facts. Only one study
used an electronic diary (supposedly one of the best trigger factor study designs) and found coffee as a
trigger in a very small percentage of migraineurs. Unfortunately, we found no provocative studies
evaluating whether caffeine can provoke migraine attacks. It is reported that a high level of caffeinated
beverage intake may induce a migraine attack on that day. Mostofsky et al., in a prospective cohort
study, found that although consuming one or two caffeinated beverages was not associated with
the odds of having a migraine on that day, >3 beverages was connected to higher odds of having a
headache, even after accounting for potential confounding by other triggers. Moreover, a nonlinear
association between caffeine intake and the odds of migraine occurrence on that day was found [75].
Taheri et al. examined the effects of dietary exclusion on the course of primary headache including
migraine in a group of children. Interestingly, caffeine was reported as the most common trigger
in this group (28%). After excluding one to three of the identified food triggers, 87% of patients
achieved complete resolution of their headaches, meaning that the cumulative effect of food rather
than a single ingestion influences headaches [78]. In the Head-HUNT study, chronic headaches were
more prevalent among individuals with low caffeine intake compared to those with moderate or
high intake. Besides, a significant association was found between high caffeine consumption and the
prevalence of infrequent headache (OR = 1.16, 95% CI 1.09-1.23). The authors concluded that high
caffeine intake may change chronic headache into episodic headache due to the analgesic properties of
caffeine. Another explanation is that chronic headache sufferers tend to avoid caffeine so as to not
aggravate their headaches [94]. Couturier et al. revealed that weekend headaches are linked to caffeine
withdrawal. They examined 151 patients with migraine or tension-type headache (TTH) and found
that 21.9% of them had weekend headaches. Weekend headache sufferers consumed significantly more
caffeine daily (mean 734 mg/day) and slept longer on weekends compared with those without weekend
headaches. Prolonged weekend sleep delayed the usual cup of coffee, thus produced headache [68].
Camboim Rockett et al., in a very interesting study, found that coffee withdrawal was more frequently
reported as a migraine trigger than coffee intake. Besides, participants reported that coffee intake
produced migraine attack occasionally, but coffee withdrawal did so frequently. Moreover, coffee
withdrawal was a more prevalent trigger in migraines with aura, and coffee intake was a common
trigger in migraines without aura [60].

3.2. Caffeine as Acute Migraine Treatment

Only one prospective study evaluated separate doses of caffeine in the treatment of acute migraine
attack. Baratloo et al. compared the effectiveness of either 60 mg intravenous caffeine or 2 g intravenous
magnesium sulfate in migraine attacks. Although both treatment options diminished pain scores
significantly, after one hour magnesium was more effective than caffeine [95]. A number of studies
examined the usefulness of caffeine in combination with other analgesics. In a double-blind randomized
placebo-controlled study, a combination of acetaminophen, acetylsalicylic acid, and caffeine (130 mg)
was compared with ibuprofen and placebo for treatment of acute migraine in patients with severe
baseline migraine pain. The combination of drugs relieved the pain and associated symptoms of
severe migraine significantly better and faster than ibuprofen (p < 0.05) [96]. Another randomized
double-blind study compared the efficacy and tolerability of the combination of paracetamol and
caffeine (130 mg) with sumatriptan (50 mg) for migraine attacks. Surprisingly, both treatments were
equally effective and safe with respect to the baseline, with no differences between the two [97]. In a
different double-blind randomized trial, patients treated two migraine attacks, one with almotriptan
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12.5 mg and one with ergotamine plus caffeine (200 mg). Almotriptan was associated with significantly
greater efficacy in treating migraine compared to the combined drug, and moreover was well tolerated
and associated with greater treatment satisfaction [98]. The effectiveness of a combination analgesic
containing acetaminophen, aspirin, and caffeine (65 mg) was compared with ibuprofen and placebo for
migraine attacks. Although both active treatments were significantly better than placebo in relieving
the pain and associated symptoms of migraine, the combination product provided superior efficacy
and speed of onset compared with ibuprofen [99]. Another study compared the combination of
acetaminophen, aspirin, and caffeine (130 mg) with sumatriptan (50 mg) for treatment of migraine
attacks. The combination product was significantly more effective (p > 0.05) than sumatriptan in the
early treatment of migraine [100]. A randomized double-blind study evaluated the efficacy of 100 mg
diclofenac sodium softgel with or without 100 mg caffeine versus placebo during migraine attacks.
Headache relief at 60 min was reported by 14% of the placebo group versus 27% of the diclofenac group
and 41% of the diclofenac plus caffeine group. Diclofenac softgel plus caffeine produced statistically
significant benefits when compared to placebo at 60 min, while diclofenac softgel alone did not differ
significantly from placebo. Nonsignificant trends support the analgesic adjuvant benefit of caffeine
when added to diclofenac softgels [101].

3.3. Recommendations for Migraine Patients Regarding Caffeine Use

1. Individuals with migraines must be aware of the amount of caffeine they consume daily.
They should carefully identify all caffeine products consumed daily, including coffee, tea, soft
drinks, energy drinks, and medications.

2. Migraine sufferers who are regular caffeine consumers and wish to continue drinking caffeinated
beverages, should keep their daily caffeine intake as consistent as possible. They should also
choose coffee as a preferable caffeine source because of the additional health benefit. Those who
wish to cease caffeine consumption should gradually taper their intake over several weeks.

3. Dailyintake of caffeine should be limited to less than 200 mg/day (about two servings of caffeinated
beverage).

4. Patients should continue to consume caffeine regularly every day, preferably at a consistent
time, and should not discontinue it during the weekend. They should avoid sleeping longer on
weekends to prevent caffeine withdrawal headache.

5.  Caffeine-containing analgesics are safe and effective in treating migraine attacks, but their
consumption should be limited to two days during the week to avoid medication overuse headache.

4. Conclusions

Although caffeine has been connected to migraine for many years, its effect on headache is
ambiguous. Caffeine or coffee consumption as well as caffeine withdrawal were found to be migraine
trigger factors in a small proportion of migraine patients. However, it may be challenging to distinguish
between migraine triggers and premonitory symptoms, as drinking coffee or an energy drink before an
attack may be due to yawning, diminished energy levels, and sleepiness that may herald a headache.
Besides, no provocative studies have been conducted to confirm that caffeine can trigger migraines.
On the other hand, caffeine alone or as a drug compound was found to be safe and effective in treating
acute migraines. Caffeine may influence migraines through many possible mechanisms, mostly by
adenosine receptor antagonism with further vasoconstriction and reduced CBF. Although there is a
link between caffeine and migraines, a larger prospective study based on electronic diaries should be
performed to assess the connection. Based on our review of the current literature, there is insufficient
evidence to show that a single dose of caffeine is a migraine trigger; however, it should be emphasized
that chronic caffeine overuse may lead to migraine chronification and sudden caffeine cessation may
trigger migraine attacks. Migraine sufferers should be aware of the amount of caffeine they consume
so that they do not exceed 200 mg daily. If they wish to continue drinking caffeinated beverages, they
should keep their daily intake as consistent as possible to avoid withdrawal headache.

125



Nutrients 2020, 12, 2259

Author Contributions: M.N. contributed to data analysis, interpretation of the findings, and drafting of the
article. M.N. and M.W. participated in data collection. M.W. and W.K. participated in the critical revision and final
approval. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Steiner, T.J.; Stovner, L.J.; Birbeck, G.L. Migraine: The seventh disabler. Headache 2013, 53, 227-229. [CrossRef]
[PubMed]

2. Collaborators, G.H. Global, regional, and national burden of migraine and tension-type headache, 1990-2016:
A systematic analysis for the Global Burden of Disease Study 2016. Lancet Neurol. 2018, 17, 954-976.

3. Headache Classification Committee of the International Headache Society (IHS). The International
Classification of Headache Disorders 3rd edition. Cephalalgia 2018, 38, 1-211. [CrossRef] [PubMed]

4. Alstadhaug, K.B.; Andreou, A.P. Caffeine and Primary (Migraine) Headaches-Friend or Foe? Front. Neurol.
2019, 10, 1275. [CrossRef] [PubMed]

5. Hindiyeh, N.A.; Zhang, N.; Farrar, M.; Banerjee, P.; Lombard, L.; Aurora, S.K. The Role of Diet and Nutrition
in Migraine Triggers and Treatment: A Systematic Literature Review. Headache 2020. [CrossRef]

6.  Lipton, R.B.; Diener, H.C.; Robbins, M.S.; Garas, S.Y.; Patel, K. Caffeine in the management of patients with
headache. J. Headache Pain 2017, 18, 107. [CrossRef]

7. Spencer, B. Caffeine withdrawal: A model for migraine? Headache 2002, 42, 561-562. [CrossRef]

8. Ward, N.; Whitney, C.; Avery, D.; Dunner, D. The analgesic effects of caffeine in headache. Pain 1991, 44,
151-155. [CrossRef]

9.  Ogawa, N.; Ueki, H. Clinical importance of caffeine dependence and abuse. Psychiatry Clin. Neurosci. 2007,
61, 263-268. [CrossRef]

10. Heckman, M.A.; Weil, ].; Gonzalez de Mejia, E. Caffeine (1, 3, 7-trimethylxanthine) in foods: A comprehensive
review on consumption, functionality, safety, and regulatory matters. ]. Food Sci. 2010, 75, R77-R87.
[CrossRef]

11.  Fried, N.T.; Elliott, M.B.; Oshinsky, M.L. The Role of Adenosine Signaling in Headache: A Review. Brain Sci.
2017, 7, 30. [CrossRef]

12.  Baratloo, A.; Rouhipour, A.; Forouzanfar, M.M.; Safari, S.; Amiri, M.; Negida, A. The Role of Caffeine in Pain
Management: A Brief Literature Review. Anesth Pain Med. 2016, 6, €33193. [CrossRef] [PubMed]

13. Haskell-Ramsay, C.E; Jackson, P.A.; Forster, ].S.; Dodd, EL.; Bowerbank, S.L.; Kennedy, D.O. The Acute
Effects of Caffeinated Black Coffee on Cognition and Mood in Healthy Young and Older Adults. Nutrients
2018, 10, 1386. [CrossRef]

14. Nawrot, P; Jordan, S.; Eastwood, J.; Rotstein, J.; Hugenholtz, A.; Feeley, M. Effects of caffeine on human
health. Food Addit. Contam. 2003, 20, 1-30. [CrossRef]

15.  Miners, J.O.; Birkett, D.J. The use of caffeine as a metabolic probe for human drug metabolizing enzymes.
Gen. Pharmacol. 1996, 27, 245-249. [CrossRef]

16. Grosso, G.; Godos, J.; Galvano, F.; Giovannucci, E.L. Coffee, Caffeine, and Health Outcomes: An Umbrella
Review. Annu. Rev. Nutr. 2017, 37, 131-156. [CrossRef] [PubMed]

17.  Nehlig, A. Effects of coffee/caffeine on brain health and disease: What should I tell my patients? Pract. Neurol.
2016, 16, 89-95. [CrossRef] [PubMed]

18. Cornelis, M.C. The Impact of Caffeine and Coffee on Human Health. Nutrients 2019, 11, 416. [CrossRef]

19. Bruce, C.; Yates, D.H.; Thomas, P.S. Caffeine decreases exhaled nitric oxide. Thorax 2002, 57, 361-363.
[CrossRef]

20. Umemura, T.; Ueda, K.; Nishioka, K.; Hidaka, T.; Takemoto, H.; Nakamura, S.; Jitsuiki, D.; Soga, J.; Goto, C.;
Chayama, K_; et al. Effects of acute administration of caffeine on vascular function. Am. J. Cardiol. 2006, 98,
1538-1541. [CrossRef]

21. Higashi, Y. Coffee and Endothelial Function: A Coffee Paradox? Nutrients 2019, 11, 2104. [CrossRef]
[PubMed]

22. Joris, PJ.; Mensink, R.P; Adam, T.C.; Liu, T.T. Cerebral Blood Flow Measurements in Adults: A Review on

the Effects of Dietary Factors and Exercise. Nutrients 2018, 10, 530. [CrossRef] [PubMed]

126



Nutrients 2020, 12, 2259

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Gererd, D. Coffee and Health; John Libbey Eurotext: Esher, UK, 1994.

Vidyasagar, R.; Greyling, A.; Draijer, R.; Corfield, D.R.; Parkes, L.M. The effect of black tea and caffeine
on regional cerebral blood flow measured with arterial spin labeling. J. Cereb. Blood Flow Metab. 2013, 33,
963-968. [CrossRef] [PubMed]

Haanes, K.A.; Labastida-Ramirez, A.; Chan, K.Y.; de Vries, R; Shook, B.; Jackson, P.; Zhang, J.; Flores, C.M.;
Danser, A.H.J.; Villalon, C.M.; et al. Characterization of the trigeminovascular actions of several adenosine A.
J. Headache Pain 2018, 19, 41. [CrossRef]

Yang, H.S,; Liang, Z.; Yao, ].E; Shen, X.; Frederick, B.D.; Tong, Y. Vascular effects of caffeine found in BOLD
fMRI. J. Neurosci. Res. 2019, 97, 456-466. [CrossRef] [PubMed]

Xu, E; Liu, P; Pekar, ].J.; Lu, H. Does acute caffeine ingestion alter brain metabolism in young adults?
Neuroimage 2015, 110, 39-47. [CrossRef]

Blaha, M.; Benes, V.; Douville, C.M.; Newell, D.W. The effect of caffeine on dilated cerebral circulation and on
diagnostic CO2 reactivity testing. J. Clin. Neurosci. 2007, 14, 464—467. [CrossRef]

Lunt, M.J.; Ragab, S.; Birch, A.A_; Schley, D.; Jenkinson, D.F. Comparison of caffeine-induced changes in
cerebral blood flow and middle cerebral artery blood velocity shows that caffeine reduces middle cerebral
artery diameter. Physiol. Meas. 2004, 25, 467-474. [CrossRef]

Addicott, M.A ; Yang, L.L.; Peiffer, A.M.; Burnett, L.R.; Burdette, ]. H.; Chen, M.Y.; Hayasaka, S.; Kraft, R.A.;
Maldjian, J.A.; Laurienti, P.J. The effect of daily caffeine use on cerebral blood flow: How much caffeine can
we tolerate? Hum. Brain Mapp. 2009, 30, 3102-3114. [CrossRef]

Couturier, E.G.; Laman, D.M.; van Duijn, M.A_; van Duijn, H. Influence of caffeine and caffeine withdrawal
on headache and cerebral blood flow velocities. Cephalalgia 1997, 17, 188-190. [CrossRef]

Sigmon, S.C.; Herning, R.I; Better, W.; Cadet, J.L.; Griffiths, R.R. Caffeine withdrawal, acute effects, tolerance,
and absence of net beneficial effects of chronic administration: Cerebral blood flow velocity, quantitative
EEG, and subjective effects. Psychopharmacology (Berl.) 2009, 204, 573-585. [CrossRef] [PubMed]

Marchand, S.; Li, J.; Charest, J. Effects of caffeine on analgesia from transcutaneous electrical nerve stimulation.
N. Engl. ]. Med. 1995, 333, 325-326. [CrossRef] [PubMed]

Derry, C.J.; Derry, S.; Moore, R.A. Caffeine as an analgesic adjuvant for acute pain in adults. Cochrane Database
Syst. Rev. 2014. [CrossRef]

Laska, E.M.; Sunshine, A.; Mueller, E; Elvers, W.B.; Siegel, C.; Rubin, A. Caffeine as an analgesic adjuvant.
JAMA 1984, 251, 1711-1718. [CrossRef]

Zaeem, Z.; Zhou, L.; Dilli, E. Headaches: A Review of the Role of Dietary Factors. Curr. Neurol. Neurosci. Rep.
2016, 16, 101. [CrossRef] [PubMed]

Liang, J.E; Wang, S.J. Hypnic headache: A review of clinical features, therapeutic options and outcomes.
Cephalalgia 2014, 34, 795-805. [CrossRef]

Basurto Ona, X.; Osorio, D.; Bonfill Cosp, X. Drug therapy for treating post-dural puncture headache.
Cochrane Database Syst. Rev. 2015. [CrossRef] [PubMed]

Han, ML.E.; Kim, H.J.; Lee, Y.S.; Kim, D.H.; Choi, ].T.; Pan, C.S.; Yoon, S.; Baek, S.Y.; Kim, B.S.; Kim, J.B.; et al.
Regulation of cerebrospinal fluid production by caffeine consumption. BMC Neurosci. 2009, 10, 110.
[CrossRef]

Kalladka, D.; Siddiqui, A.; Tyagi, A.; Newman, E. Reversible cerebral vasoconstriction syndrome secondary
to caffeine withdrawal. Scott. Med. J. 2018, 63, 22-24. [CrossRef] [PubMed]

Chattha, N.; Webb, T.; Hargroves, D.; Balogun, I.; Bertoni, M. Reversible cerebral vasoconstriction syndrome
after sudden caffeine withdrawal. Br. |. Hosp. Med. (Lond.) 2019, 80, 730-731. [CrossRef]

Manzoni, G.C. Cluster headache and lifestyle: Remarks on a population of 374 male patients. Cephalalgia
1999, 19, 88-94. [CrossRef] [PubMed]

Scher, A.I; Stewart, W.E,; Lipton, R.B. Caffeine as a risk factor for chronic daily headache: A population-based
study. Neurology 2004, 63, 2022-2027. [CrossRef]

Kluonaitis, K.; Petrauskiene, E.; Ryliskiene, K. Clinical characteristics and overuse patterns of medication
overuse headache: Retrospective case-series study. Clin. Neurol. Neurosurg. 2017, 163, 124-127. [CrossRef]
[PubMed]

Dong, Z.; Chen, X.; Steiner, T.J.; Hou, L.; Di, H.; He, M.; Dai, W.; Pan, M.; Zhang, M.; Liu, R.; et al.
Medication-overuse headache in China: Clinical profile, and an evaluation of the ICHD-3 beta diagnostic
criteria. Cephalalgia 2015, 35, 644—651. [CrossRef] [PubMed]

127



Nutrients 2020, 12, 2259

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.
58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Diamond, S.; Balm, T.K.; Freitag, E.G. Ibuprofen plus caffeine in the treatment of tension-type headache.
Clin. Pharmacol. Ther. 2000, 68, 312-319. [CrossRef]

Jacobs, B.; Dussor, G. Neurovascular contributions to migraine: Moving beyond vasodilation. Neuroscience
2016, 338, 130-144. [CrossRef]

Guieu, R;; Devaux, C.; Henry, H.; Bechis, G.; Pouget, J.; Mallet, D.; Sampieri, F,; Juin, M.; Gola, R.; Rochat, H.
Adenosine and migraine. Can. J. Neurol. Sci. 1998, 25, 55-58. [CrossRef]

Aurora, S.K.; Kori, S.H.; Barrodale, P.; McDonald, S.A.; Haseley, D. Gastric stasis in migraine: More than just
a paroxysmal abnormality during a migraine attack. Headache 2006, 46, 57-63. [CrossRef]

Silberstein, S. Gastrointestinal manifestations of migraine: Meeting the treatment challenges. Headache 2013,
53, 1-3. [CrossRef]

Messlinger, K.; Lennerz, ].K.; Eberhardt, M.; Fischer, M.]. CGRP and NO in the trigeminal system: Mechanisms
and role in headache generation. Headache 2012, 52, 1411-1427. [CrossRef]

Gonzalez, S.; Salazar, N.; Ruiz-Saavedra, S.; Gomez-Martin, M.; de Los Reyes-Gavilan, C.G.; Gueimonde, M.
Long-Term Coffee Consumption is Associated with Fecal Microbial Composition in Humans. Nutrients 2020,
12,1287. [CrossRef]

Arzani, M.; Jahromi, S.R.; Ghorbani, Z.; Vahabizad, F.; Martelletti, P.; Ghaemi, A.; Sacco, S.; Togha, M.; On
behalf of the School of Advanced Studies of the European Headache Federation (EHF-SAS). Gut-brain Axis
and migraine headache: A comprehensive review. . Headache Pain 2020, 21, 15. [CrossRef] [PubMed]
Martami, F.; Togha, M.; Seifishahpar, M.; Ghorbani, Z.; Ansari, H.; Karimi, T.; Jahromi, S.R. The effects
of a multispecies probiotic supplement on inflammatory markers and episodic and chronic migraine
characteristics: A randomized double-blind controlled trial. Cephalalgia 2019, 39, 841-853. [CrossRef]
Lipton, R.B.; Pavlovic, ].M.; Haut, S.R.; Grosberg, B.M.; Buse, D.C. Methodological issues in studying trigger
factors and premonitory features of migraine. Headache 2014, 54, 1661-1669. [CrossRef] [PubMed]
Peroutka, S.J. What turns on a migraine? A systematic review of migraine precipitating factors. Curr. Pain
Headache Rep. 2014, 18, 454. [CrossRef] [PubMed]

Mollaoglu, M. Trigger factors in migraine patients. J. Health Psychol. 2013, 18, 984-994. [CrossRef] [PubMed]
Hoffmann, J.; Recober, A. Migraine and triggers: Post hoc ergo propter hoc? Curr. Pain Headache Rep. 2013,
17, 370. [CrossRef]

Wober, C.; Wober-Bingol, C. Triggers of migraine and tension-type headache. Handb. Clin. Neurol. 2010, 97,
161-172.

Rockett, EC.; Castro, K.; de Oliveira, V.R.; da Silveira, P.A.; Chaves, M.L.E; Perry, LD.S. Perceived migraine
triggers: Do dietary factors play a role? Nutr. Hosp. 2012, 27, 483-489.

Aguggia, M.; Saracco, M.G. Pathophysiology of migraine chronification. Neurol. Sci. 2010, 31, S15-517.
[CrossRef]

Bigal, M.E.; Lipton, R.B. Modifiable risk factors for migraine progression. Headache 2006, 46, 1334-1343.
[CrossRef]

Guendler, V.Z.; Mercante, J.P.; Ribeiro, R.T.; Zukerman, E.; Peres, M.F. Factors associated with acute
medication overuse in chronic migraine patients. Einstein (Sao Paulo) 2012, 10, 312-317. [CrossRef]
Bergman, E.A.; Massey, L.K.; Wise, K.J.; Sherrard, D.J. Effects of dietary caffeine on renal handling of minerals
in adult women. Life Sci. 1990, 47, 557-564. [CrossRef]

Kirkland, A.E.; Sarlo, G.L.; Holton, K.E. The Role of Magnesium in Neurological Disorders. Nutrients 2018,
10, 730. [CrossRef] [PubMed]

Wober, C.; Brannath, W.; Schmidt, K.; Kapitan, M.; Rudel, E.; Wessely, P.; Wober-Bingol, C.; Group, P.S.
Prospective analysis of factors related to migraine attacks: The PAMINA study. Cephalalgia 2007, 27, 304-314.
[CrossRef] [PubMed]

Seal, A.D.; Bardis, C.N.; Gavrieli, A.; Grigorakis, P; Adams, ].D.; Arnaoutis, G.; Yannakoulia, M.;
Kavouras, S.A. Coffee with High but Not Low Caffeine Content Augments Fluid and Electrolyte Excretion at
Rest. Front. Nutr. 2017, 4, 40. [CrossRef]

Couturier, E.G.; Hering, R.; Steiner, T.]. Weekend attacks in migraine patients: Caused by caffeine withdrawal?
Cephalalgia 1992, 12, 99-100. [CrossRef]

Schulte, L.H.; Jirgens, T.P.; May, A. Photo-, osmo- and phonophobia in the premonitory phase of migraine:
Mistaking symptoms for triggers? J. Headache Pain 2015, 16, 14. [CrossRef]

128



Nutrients 2020, 12, 2259

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Yalcin, N.; Chen, S.P;; Yu, E.S.; Liu, T.T,; Yen, ].C.; Atalay, Y.B.; Qin, T.; Celik, E; van den Maagdenberg, A.M.;
Moskowitz, M.A.; et al. Caffeine does not affect susceptibility to cortical spreading depolarization in mice.
J. Cereb. Blood Flow Metab. 2019, 39, 740-750. [CrossRef]

Goadsby, PJ.; Silberstein, S.D. Migraine triggers: Harnessing the messages of clinical practice. Neurology
2013, 80, 424-425. [CrossRef]

Martin, PR. Managing headache triggers: Think ‘coping’ not ‘avoidance’. Cephalalgia 2010, 30, 634-637.
[CrossRef] [PubMed]

Mikulec, A.A.; Faraji, F; Kinsella, L.J. Evaluation of the efficacy of caffeine cessation, nortriptyline, and
topiramate therapy in vestibular migraine and complex dizziness of unknown etiology. Am. J. Otolaryngol.
2012, 33, 121-127. [CrossRef] [PubMed]

Lee, M.J.; Choi, H.A.; Choi, H.; Chung, C.S. Caffeine discontinuation improves acute migraine treatment:
A prospective clinic-based study. |. Headache Pain 2016, 17, 71. [CrossRef] [PubMed]

Mostofsky, E.; Mittleman, M.A.; Buettner, C.; Li, W.; Bertisch, S.M. Prospective Cohort Study of Caffeinated
Beverage Intake as a Potential Trigger of Headaches among Migraineurs. Am. |. Med. 2019, 132, 984-991.
[CrossRef] [PubMed]

Beh, S.C.; Masrour, S.; Smith, S.V.; Friedman, D.I. The Spectrum of Vestibular Migraine: Clinical Features,
Triggers, and Examination Findings. Headache 2019, 59, 727-740. [CrossRef] [PubMed]

Tai, M.S.; Yap, J.E; Goh, C.B. Dietary trigger factors of migraine and tension-type headache in a South East
Asian country. . Pain Res. 2018, 11, 1255-1261. [CrossRef]

Taheri, S. Effect of exclusion of frequently consumed dietary triggers in a cohort of children with chronic
primary headache. Nutr. Health 2017, 23, 47-50. [CrossRef]

Park, J.W.; Chu, M.K; Kim, ].M.; Park, S.G.; Cho, S.J. Analysis of Trigger Factors in Episodic Migraineurs
Using a Smartphone Headache Diary Applications. PLoS ONE 2016, 11, e0149577. [CrossRef]

Peris, F; Donoghue, S.; Torres, F.; Mian, A.; Wober, C. Towards improved migraine management: Determining
potential trigger factors in individual patients. Cephalalgia 2017, 37, 452-463. [CrossRef]

Rist, PM.; Buring, J.E.; Kurth, T. Dietary patterns according to headache and migraine status: A cross-sectional
study. Cephalalgia 2015, 35, 767-775. [CrossRef]

Fraga, M.D.; Pinho, R.S.; Andreoni, S.; Vitalle, M.S.; Fisberg, M.; Peres, M.F,; Vilanova, L.C.; Masruha, M.R.
Trigger factors mainly from the environmental type are reported by adolescents with migraine.
Arq. Neuropsiquiatr. 2013, 71, 290-293. [CrossRef] [PubMed]

Neut, D.; Fily, A.; Cuvellier, ].C.; Vallée, L. The prevalence of triggers in paediatric migraine: A questionnaire
study in 102 children and adolescents. . Headache Pain 2012, 13, 61-65. [CrossRef] [PubMed]

Schiirks, M.; Buring, J.E.; Kurth, T. Migraine features, associated symptoms and triggers: A principal
component analysis in the Women’s Health Study. Cephalalgia 2011, 31, 861-869. [CrossRef]

Yadav, RK.; Kalita, J.; Misra, U.K. A study of triggers of migraine in India. Pain Med. 2010, 11, 44-47.
[CrossRef] [PubMed]

Hauge, A.W.; Kirchmann, M.; Olesen, ]. Trigger factors in migraine with aura. Cephalalgia 2010, 30, 346-353.
[CrossRef]

Andress-Rothrock, D.; King, W.; Rothrock, J. An analysis of migraine triggers in a clinic-based population.
Headache 2010, 50, 1366-1370. [CrossRef]

Chakravarty, A.; Mukherjee, A.; Roy, D. Trigger factors in childhood migraine: A clinic-based study from
eastern India. . Headache Pain 2009, 10, 375-380. [CrossRef]

Fukui, P.T.; Gongalves, T.R.; Strabelli, C.G.; Lucchino, N.M.; Matos, EC.; Santos, J.P.; Zukerman, E,;
Zukerman-Guendler, V.; Mercante, J.P.; Masruha, M.R.; et al. Trigger factors in migraine patients.
Arq. Neuropsiquiatr. 2008, 66, 494-499. [CrossRef]

Woéber, C.; Holzhammer, J.; Zeitlhofer, J.; Wessely, P.; Wober-Bingol, C. Trigger factors of migraine and
tension-type headache: Experience and knowledge of the patients. ]. Headache Pain 2006, 7, 188-195.
[CrossRef]

Takeshima, T.; Ishizaki, K.; Fukuhara, Y.; Jjiri, T.; Kusumi, M.; Wakutani, Y.; Mori, M.; Kawashima, M.;
Kowa, H.; Adachi, Y.; et al. Population-based door-to-door survey of migraine in Japan: The Daisen study.
Headache 2004, 44, 8-19. [CrossRef]

Bank, J.; Marton, S. Hungarian migraine epidemiology. Headache 2000, 40, 164-169. [CrossRef] [PubMed]

129



Nutrients 2020, 12, 2259

93.

94.

95.

96.

97.

98.

99.

100.

101.

Van den Bergh, V.; Amery, W.K.; Waelkens, J. Trigger factors in migraine: A study conducted by the Belgian
Migraine Society. Headache 1987, 27, 191-196. [CrossRef] [PubMed]

Hagen, K.; Thoresen, K.; Stovner, L.J.; Zwart, ].A. High dietary caffeine consumption is associated with a
modest increase in headache prevalence: Results from the Head-HUNT Study. ]. Headache Pain 2009, 10,
153-159. [CrossRef] [PubMed]

Baratloo, A.; Mirbaha, S.; Delavar Kasmaei, H.; Payandemehr, P.; Elmaraezy, A.; Negida, A. Intravenous
caffeine citrate vs. magnesium sulfate for reducing pain in patients with acute migraine headache; a
prospective quasi-experimental study. Korean . Pain 2017, 30, 176-182. [CrossRef] [PubMed]

Goldstein, J.; Hagen, M.; Gold, M. Results of a multicenter, double-blind, randomized, parallel-group,
placebo-controlled, single-dose study comparing the fixed combination of acetaminophen, acetylsalicylic
acid, and caffeine with ibuprofen for acute treatment of patients with severe migraine. Cephalalgia 2014, 34,
1070-1078.

Pini, L.A.; Guerzoni, S.; Cainazzo, M.; Ciccarese, M.; Prudenzano, M.P.; Livrea, P. Comparison of tolerability
and efficacy of a combination of paracetamol + caffeine and sumatriptan in the treatment of migraine attack:
A randomized, double-blind, double-dummy, cross-over study. J. Headache Pain 2012, 13, 669—675. [CrossRef]
Lainez, M.].; Galvan, J.; Heras, J.; Vila, C. Crossover, double-blind clinical trial comparing almotriptan and
ergotamine plus caffeine for acute migraine therapy. Eur. J. Neurol. 2007, 14, 269-275. [CrossRef]
Goldstein, J.; Silberstein, S.D.; Saper, ].R.; Ryan, R.E.; Lipton, R.B. Acetaminophen, aspirin, and caffeine in
combination versus ibuprofen for acute migraine: Results from a multicenter, double-blind, randomized,
parallel-group, single-dose, placebo-controlled study. Headache 2006, 46, 444-453. [CrossRef]

Goldstein, J.; Silberstein, S.D.; Saper, ].R.; Elkind, A.H.; Smith, T.R.; Gallagher, R.M.; Battikha, J.P.; Hoffman, H.;
Baggish, J. Acetaminophen, aspirin, and caffeine versus sumatriptan succinate in the early treatment of
migraine: Results from the ASSET trial. Headache 2005, 45, 973-982. [CrossRef]

Peroutka, S.J.; Lyon, J.A.; Swarbrick, J.; Lipton, R.B.; Kolodner, K.; Goldstein, ]. Efficacy of diclofenac sodium
softgel 100 mg with or without caffeine 100 mg in migraine without aura: A randomized, double-blind,
crossover study. Headache 2004, 44, 136-141. [CrossRef] [PubMed]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution
BY

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

130



nutrients ﬁw\n\py

Atrticle

Interactions of Habitual Coffee Consumption by
Genetic Polymorphisms with the Risk of Prediabetes
and Type 2 Diabetes Combined

Taiyue Jin !, Jiyoung Youn !, An Na Kim !, Moonil Kang ?, Kyunga Kim 3, Joohon Sung > and
Jung Eun Lee /6%

1 Department of Food and Nutrition, College of Human Ecology, Seoul National University,

Seoul 08826, Korea; taewol@snu.ac.kr (T.].); ji0youn@snu.ac.kr (J.Y.); ank1101@snu.ac.kr (A.N.K.)
Institute of Health and Environment, Graduate School of Public Health, Seoul National University,
Seoul 08826, Korea; kmihohol@snu.ac.kr

Statistics and Data Center, Research Institute for Future Medicine, Samsung Medical Center,
Seoul 03181, Korea; kyunga.j kim@samsung.com

Department of Digital Health, Samsung Advanced Institute for Health Sciences & Technology,
Sungkyunkwan University, Seoul 06351, Korea

Department of Epidemiology, Graduate School of Public Health, Seoul National University,
Seoul 08826, Korea; jsung@snu.ac.kr

The Research Institute of Human Ecology, Seoul National University, Seoul 08826, Korea

*  Correspondence: jungelee@snu.ac.kr; Tel.: +82-2-880-6834

6

Received: 2 July 2020; Accepted: 23 July 2020; Published: 26 July 2020

Abstract: Habitual coffee consumption and its association with health outcomes may be modified by
genetic variation. Adults aged 40 to 69 years who participated in the Korea Association Resource
(KARE) study were included in this study. We conducted a genome-wide association study (GWAS)
on coffee consumption in 7868 Korean adults, and examined whether the association between coffee
consumption and the risk of prediabetes and type 2 diabetes combined was modified by the genetic
variations in 4054 adults. In the GWAS for coffee consumption, a total of five single nucleotide
polymorphisms (SNPs) located in 12q24.11-13 (rs2074356, rs11066015, rs12229654, rs11065828, and
rs79105258) were selected and used to calculate weighted genetic risk scores. Individuals who had
a larger number of minor alleles for these five SNPs had higher genetic risk scores. Multivariate
logistic regression models were used to estimate the odds ratios (ORs) and 95% confidence intervals
(95% Cls) to examine the association. During the 12 years of follow-up, a total of 2468 (60.9%) and
480 (11.8%) participants were diagnosed as prediabetes or type 2 diabetes, respectively. Compared
with non-black-coffee consumers, the OR (95% CI) for >2 cups/day by black-coffee consumers was
0.61 (0.38-0.95; p for trend = 0.023). Similarly, sugared coffee showed an inverse association. We found
a potential interaction by the genetic variations related to black-coffee consumption, suggesting a
stronger association among individuals with higher genetic risk scores compared to those with lower
scores; the ORs (95% Cls) were 0.36 (0.15-0.88) for individuals with 5 to 10 points and 0.87 (0.46-1.66)
for those with 0 points. Our study suggests that habitual coffee consumption was related to genetic
polymorphisms and modified the risk of prediabetes and type 2 diabetes combined in a sample of
the Korean population. The mechanisms between coffee-related genetic variation and the risk of
prediabetes and type 2 diabetes combined warrant further investigation.

Keywords: coffee consumption; type 2 diabetes; prediabetes; genome-wide association analysis
(GWAS); single nucleotide polymorphism (SNP)
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1. Introduction

The incidence rate and prevalence of type 2 diabetes have steadily increased in Asian populations.
The International Diabetes Federation (IDF) estimated that 163 million people (35.2% of global diabetic
population) in the Western Pacific region had prevalent type 2 diabetes in 2019 [1], contributing the
most to type 2 diabetes in the world. In Korea, the prevalence of type 2 diabetes has increased from
6.9% in 1998 to 10.8% in 2017 [2,3]. Additionally, type 2 diabetes contributed to 17.1% of the total
deaths in Korea in 2018 [4].

Coffee consumption has been suggested to lower several chronic diseases, including type 2
diabetes [5], metabolic syndrome [6], coronary heart disease [7], liver disorders [8], and several types
of cancers [9]. The bioactive compounds in coffee, such as caffeine and chlorogenic acids, have been
investigated as potential compounds that lower the risk of type 2 diabetes. Caffeine has been shown to
stimulate the metabolic rate [10,11], and its thermogenic effect has been hypothesized to decrease the
risk of metabolic disease development. Antioxidants, including chlorogenic acids, commonly found in
coffee, have also been highlighted as a preventing factor for type 2 diabetes by inhibiting the generation
of free radicals and removing hyperglycemia-induced oxidative stress [12-14].

A heritability study on caffeine [15] and genome-wide association studies (GWASs) have suggested
that coffee consumption behavior may be linked to genetic polymorphisms. The first genome-wide
meta-analysis of coffee consumption was conducted in a European population and identified two
independent loci, rs4410790 nears AHR and rs2470893 between CYP1A1 and CYP1A2, which are
caffeine metabolism-related genes [16]. Additional European/Caucasian GWASs also discovered single
nucleotide polymorphisms (SNPs) located in AHR, CYP1A1 and CYP1A2 as well as ABCG2, POR,
BDNF, SLC6A4, GCKR and MLXIPL [17], near NRCAM or ULK3 [18]. A Japanese GWAS, the first
GWAS of coffee consumption in Asia, identified 24 SNPs on chromosome 12, showing rs2074356 in
HECTD#4 as the strongest significant SNP [19]. Another Japanese GWAS found two loci located in
CUX2 (rs7910258) and AHR (rs10251701) [20]. The few GWASs in Asia warrant further investigation of
the coffee-related genetic polymorphisms in Asian populations because there has been an increase
in coffee consumption and type 2 diabetes in Asia. Because coffee consumption has the potential to
prevent type 2 diabetes [21], it is important to investigate whether coffee consumption is linked to a
lower risk of type 2 diabetes and whether this association is modified by genetic variations common in
Asian populations.

The objective of this study was to identify genetic polymorphisms associated with habitual
coffee consumption and examine whether the association between coffee consumption and the risk of
prediabetes and type 2 diabetes combined was modified by these genetic variants in Korean population.

2. Materials and Methods

2.1. Study Population

Participants were recruited from the Korea Association Resource (KARE) study, which is part
of the Korean Genome and Epidemiology Study (KoGES), a community-based cohort study. A total
of 5012 and 5018 participants aged 40—69 years were enrolled from Ansan and Ansung, respectively,
between 2001 and 2002. Socio-demographic status, anthropometric indices, dietary lifestyle, physical
activity, and disease history were examined at baseline and follow-up phase every 2 years. In this
study, we included data from baseline to the 6th follow-up (2001-2014). The details of the KoGES
project have been described elsewhere [22].

Among the 10,030 participants of this study, DNA samples from a total of 8840 participants were
genotyped at baseline. We excluded participants who did not have genetic information (1 = 1190);
those who were diagnosed with a type 2 diabetes by physicians or had been treated with oral
hypoglycemic medication or insulin therapy at baseline (1 = 619); those who had a history of
cardiovascular disease including myocardial infarction and stroke (1 = 150) or cancer (n = 20) at
baseline; and those who did not provide daily coffee consumption frequency (n = 129) or amount
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(n = 54). In summary, 7868 participants (3685 men and 4183 women) were included in the GWAS
(Table S1).

When we examined the association between habitual coffee consumption and the incident risk of
prediabetes and type 2 diabetes combined, we further excluded participants who had prevalent type 2
diabetes (1 = 666) or prediabetes (1 = 2099) determined by the fasting plasma glucose (FPG) test, a 2-h
oral glucose tolerance test (OGTT) and a hemoglobin Alc (HbAlc) test at baseline. We also excluded
those who attended neither fifth nor sixth follow-up examination (1 = 1049). As a result, a total of 4054
participants (1904 men and 2150 women) were included in the association analysis. This study was
approved by the Institutional Review Board of Seoul National University (IRB No. E1911/003-011).

2.2. Dietary Assessment

A 103-item semi-quantitative food frequency questionnaire (FFQ) for the KoGES was used to
assess the habitual coffee consumption at baseline. The validity of the FFQ was evaluated by 3-day diet
records [23,24]. Participants were asked to answer the frequency of coffee consumption over the last
year (almost none, 1 time/month, 2-3 times/month, 1-2 times/week, 3—4 times/week, 5-6 times/week,
1 time/day, 2 times/day or 3 times/day) as well as the amount of coffee (0.5, 1 or 2 cups per time).
The amount of sugar added in coffee was also investigated (1, 2 or 3 teaspoons per time). We multiplied
the frequency and the amount of the daily consumption of coffee to obtain the number of cups
consumed per day. Coffee consumption was categorized into non-coffee consumers, <1 cup/day,
1 to <2 cups/day and >2 cups/day. Among coffee consumers, participants who consumed coffee
without sugar were defined as black-coffee consumers and those who consumed coffee with sugar as
sugared-coffee consumers.

We calculated the amount of caffeine consumption of each participant by using the caffeine
database published by the Korea Ministry of Food and Drug Safety (MFDS) [25] or the United States
Department of Agriculture (USDA) [26] or by contacting the product companies. The foods considered
to contain caffeine were as follows: beverages (coffee, tea and soft drinks) and foods made with cocoa
(chocolate, chocolate candies, chocolate ice cream, chocolate milk, chocolate pies, and chocolate cakes).

2.3. Ascertainment of Cases

Participants underwent a 2-h 75 g OGTT and HbAlc test at baseline and each follow-up.
The concentrations of FPG and 2-h plasma glucose were measured by the hexokinase method (ADVIA
1650; Bayer, Berkley, MI, USA). Incident cases of prediabetes and type 2 diabetes were defined according
to the American Diabetes Association (ADA) criteria [27]. Incident type 2 diabetes was ascertained if a
participant had one of the following during the follow-up examination: had been diagnosed with a type
2 diabetes by physicians or had been treated with oral hypoglycemic medication or insulin therapy;
had an FPG > 126 mg/dL (>7.0 mmol/L); had a 2-h plasma glucose > 200 mg/dL (>11.1 mmol/L); or had
a HbAlc > 6.5%. Prediabetes incidence was defined as an FPG > 100 mg/dL (>5.6 mmol/L) or 2-h
plasma glucose > 140 mg/dL (>7.8 mmol/L) or HbAlc > 6.0%.

2.4. Genotyping and Quality Control

DNA samples were genotyped using the Affymetrix Genome-Wide Human SNP Array 5.0
(Affymetrix, Santa Clara, CA, USA). The Bayesian Robust Linear Modeling using Mahalanobis Distance
(BRLMM) Genotyping Algorithm was used for the genotype calling of 500,568 SNPs [28]. After quality
control filtering, a total of 352,228 SNPs remained for analysis. Details about quality control criteria
have been described elsewhere [29].

2.5. GWAS on Coffee Consumption

We identified SNPs related to habitual coffee consumption in the GWAS. Participants were grouped
into non-coffee consumers and coffee consumers, and this group information was used as a binary
outcome variable in a logistic regression model for each SNP. We adjusted for age (years, continuous),
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sex, and alcohol consumption (g/day, continuous) in the GWAS. We also adjusted for baseline BMI
in the secondary GWAS. In addition, we replicated a GWAS using a continuous variable of coffee
consumption. A GWAS on continuous caffeine intake was also conducted. A box-cox transformed
coffee or caffeine intake and a linear regression model were used for continuous analysis. A Manhattan
plot and quantile-quantile (Q-Q) plot were generated, and the inflation factor (A) was calculated.
The GWAS was performed using PLINK version 1.07, and SNPs with a p-value < 1 x 10~° were
considered suggestive significant. A regional association plot of the significant SNPs was generated
using the LocusZoom program (http://locuszoom.org). The linkage disequilibrium (LD) between the
significant SNPs was examined using the HaploView program [30].

2.6. Statistical Analysis

To calculate the genetic risk scores, each coffee-related SNP identified from the GWAS was
assigned 0, 1, or 2 according to the number of minor alleles and then weighted by its relative effective
size (P coefficient obtained from the GWAS). The genetic risk scores were calculated as following the
equation: 5% (1 X SNPy + B2 X SNP; + 3 X SNP3 + 4 X SNPy + 5 X SNP5)/(1 + B2 + B3 + Ps
+ Bs5) [31]. The genetic risk scores ranged from 0 to 10 points, and the median value was 5 points
among those with at least one minor allele. Participants were categorized into 3 groups: 0 point,
0.1 to <5 points, and 5 to 10 points. We examined the association between coffee consumption and
the risk of prediabetes and type 2 diabetes combined in black coffee and sugared coffee. Non-coffee
consumers and sugared-coffee consumers combined were regarded as reference group for black-coffee
consumers. For sugared-coffee consumers, non-coffee consumers and black-coffee consumers combined
were regarded as a reference group. Odds ratios (ORs) and 95% confidence intervals (CIs) for the
association between coffee consumption and the risk of prediabetes and type 2 diabetes combined
were calculated using multivariate logistic regression models among men and women combined or
separately. The median cups of coffee consumed per day were assigned to each coffee group and
used to test the linear trends. We also examined whether the association varied by genetic risk scores.
The interaction analysis was performed by comparing the models with or without interaction term
using a likelihood ratio test. All of the analyses were adjusted for age (years, continuous), sex (for men
and women combined), body mass index (BMI, <23, 23 to <25, 25 to <30 and >30 kg/mz), smoking
status (never smokers, <10 and >10 pack-years for black-coffee consumers; never smokers, <10, 10.1 to
<20, 20.1 to <30 and >30 pack-years for sugared-coffee consumers), alcohol consumption (non-drinkers,
<5, 5.1 to <10 and >10 g/day for black-coffee consumers; non-drinkers, <5, 5.1 to <10, 10.1 to <20
and >20 g/day for sugared-coffee consumers), family history of type 2 diabetes (yes or no), and total
energy intake (kcal/day, continuous). Additionally, we also adjusted for the amount of sugar added in
coffee when analyzing the association between black coffee consumption and the risk of prediabetes
and type 2 diabetes combined (0, <5, 5.1 to <10, 10.1 to <15 and >15 g/day). SAS version 9.4 (SAS
Institute, Cary, NC, USA) was used for all analyses, and p-value < 0.05 in two-sided tests was defined
as a significant difference.

3. Results

3.1. Baseline Characteristics

Of the 4054 participants in the association analysis, a total of 480 (11.8%) and 2468 (60.9%)
participants developed type 2 diabetes and prediabetes during the 12-year follow-up period, respectively.
Table 1 shows the baseline characteristics of the study population according to habitual coffee
consumption. Compared with non-coffee consumers, participants who consumed either black coffee
or sugared coffee were more likely to be younger, smoke, drink alcohol, and have a higher BML
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Table 1. Baseline characteristics of study population according to habitual coffee consumption.

Non-Coffee Black-Coffee Consumers
Consumers <1 Cup/Day 1 to <2 Cups/Day >2 Cups/Day
(n = 864) (n = 100) (n =70) (n =105)
Age, mean =+ SD (years) 533 +£8.7 497 +75 474+69 469 +£5.7
Sex, 1 (%)
Men 299 (34.6) 32 (32.0) 21 (30.0) 47 (44.8)
Women 565 (65.4) 68 (68.0) 49 (70.0) 58 (55.2)
BMI, mean + SD (kg/mz) 23.8+£3.0 243+28 246 +£3.1 247 +3.1
Smoking status, 1 (%)
Never smokers 638 (73.8) 76 (76.0) 49 (70.0) 57 (54.3)
Past smokers 103 (11.9) 9(9.0) 11 (15.7) 14 (13.3)
Current smokers 123 (14.2) 15 (15.0) 10 (14.3) 34 (32.4)
Alcohol consumption, 7 (%)
Never drinkers 588 (68.1) 55 (55.0) 44 (62.9) 46 (43.8)
<5 g/day 104 (12.0) 15 (15.0) 12 (17.1) 23 (21.9)
5 to <10 g/day 36 (4.2) 8 (8.0) 4(5.7) 8 (7.6)
10 to <20 g/day 46 (5.3) 10 (10.0) 6 (8.6) 11 (10.5)
>20 g/day 90 (10.4) 12 (12.0) 4(5.7) 17 (16.2)
Family history of type 2 diabetes, n (%)
Yes 65 (7.5) 11 (11.0) 5(7.1) 14 (13.3)
No 799 (92.5) 89 (89.0) 65 (92.9) 91 (86.7)
Sugar added in coffee, mean + SD (g/day) 01+09 0+0 0+0 0+0
Total energy intake, mean + SD (kcal/day)  1882.1 +762.5 1981.1 + 747.6 1863.9 + 718.0 2143.7 £ 1121.4
Non-Coffee Sugared-coffee Consumers
Consumers <1 Cup/Day 1 to <2 Cups/Day >2 Cups/Day
(n = 864) (1= 892) (1 = 986) (n =1037)
Age, mean + SD (years) 53.3+8.7 514 +85 50.0 + 8.4 492 +£8.0
Sex, 1 (%)
Men 299 (34.6) 442 (49.6) 425 (43.1) 638 (61.5)
Women 565 (65.4) 450 (50.5) 561 (56.9) 399 (38.5)
BMI, mean + SD (kg/mz) 23.8+3.0 244429 243+29 243 +3.0
Smoking status, 1 (%)
Never smokers 638 (73.8) 555 (62.2) 626 (63.5) 458 (44.2)
Past smokers 103 (11.9) 147 (16.5) 129 (13.1) 188 (18.1)
Current smokers 123 (14.2) 190 (21.3) 231 (23.4) 391 (37.7)
Alcohol consumption, 1 (%)
Never drinkers 588 (68.1) 435 (48.8) 488 (49.5) 459 (44.3)
<5 g/day 104 (12.0) 166 (18.6) 196 (19.9) 204 (19.7)
5to <10 g/day 36 (4.2) 77 (8.6) 59 (6.0) 85 (8.2)
10 to <20 g/day 46 (5.3) 90 (10.1) 88 (8.9) 91 (8.8)
>20 g/day 90 (10.4) 124 (13.9) 155 (15.7) 198 (19.1)
Family history of type 2 diabetes, 1 (%)
Yes 65 (7.5) 104 (11.7) 91 (9.2) 96 (9.3)
No 799 (92.5) 788 (88.3) 895 (90.8) 941 (90.7)
Sugar added in coffee, mean + SD (g/day) 01+09 16+15 49+12 119+ 4.4
Total energy intake, mean =+ SD (kcal/day) 1882.1 +762.5 1881.2 +638.6 1969.5 + 596.2 2115.8 +749.4

Abbreviations: SD, standard deviation; BMI, body mass index.

3.2. Genetic Polymorphisms Associated with Coffee Consumption

In the GWAS of habitual coffee consumption, a total of 18 SNPs located in 12q24 achieved a
suggestive significance (p < 1 X 1075) (Table S2). When we additionally adjusted for baseline BMI,
the same 18 significant SNPs were identified as well (Table S3). SNPs identified based on habitual coffee
consumption were the same when we additionally conducted a GWAS for continuous caffeine intake.
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Figures 1 and 2 show the Manhattan plot and regional association plot, respectively. Figure 3
shows the Q-Q plot, and the genomic inflation factor (A) of the GWAS was 1.0103, suggesting that the
study population structure was well-adjusted [32]. Among the SNPs achieved suggestive significance
atp <1 x 1072, we selected SNPs as follows, which were used later for calculating the genetic risk
scores. First, pairwise correlations were examined and high correlation was declared when 12 > 0.8
(Figure 4). Then, we excluded all imputed SNPs having a high correlation with any genotyped SNP,
and selected the SNPs among highly-correlated genotyped SNPs. As a result, three genotyped SNPs
(rs2074356, 1511066015, and rs12229654) and two imputed SNPs (rs11065828 and rs79105258) were
considered as coffee-related SNPs and used for calculating the genetic risk scores. Table 2 presents
the information on these five SNPs related to coffee consumption. The SNPs were located in genes
HECTD4, ACAD10, MYL2, and CUX2, and the minor allele frequency ranged from 0.143 to 0.172 in
our population.
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Figure 1. Manhattan plot of the genome-wide association study (GWAS) on coffee consumption.
Each color represents a different chromosome. The strongest significant SNP was rs2074356 in
chromosome 12 (p-value = 6.62 x 1078).
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Figure 2. Regional association plot of the 18 significant single nucleotide polymorphisms (SNPs)
discovered from the GWAS on coffee consumption. The strongest significant SNP, rs2074356, was shown
in purple, and the gray dots represent chromosomal positions of other SNPs near the rs2074356.
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Figure 3. Quantile-quantile (Q-Q) plot of the GWAS on coffee consumption.
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Figure 4. Linkage disequilibrium (LD) plot of the 18 significant SNPs discovered from the GWAS on
coffee consumption. Values shown in the red boxes represent the LD (r?) between the SNPs.

Table 2. SNPs related to coffee consumption (p-value < 1 x 1075).

Chr SNP Position Gene Alleles’ MAF2? MAF3® Beta?  p-Value®
12 rs2074356 112,645,401 HECTD4 A/G 0.149 0129 03185 6.62x 1078
12 111066015 112,168,009 ACADI0 A/G 0.172 0176 02469  7.79x107°
12 rs12229654 111,414,461  MYL2 G/T 0.143 0.159 02867 1.49x107°
12 rs11065828 111,629,389  CUX2 A/C 0.172 0214 02654 1.26x10°°
12 1s79105258 111,718,231  CUX2 A/C 0.156 0216 02912 3.89x1077

Abbreviations: Chr, chromosome; SNP, single nucleotide polymorphism; MAF, minor allele frequency. 1 Alleles are
presented as minor allele/major allele; 2 minor allele frequency in this study population; 3 minor allele frequency in
the 1000Genomes, East Asian; # the beta (B) coefficient was obtained from the GWAS; ® the p-value was calculated
using a Wald test from logistic regression model adjusted for age (years; continuous), sex, and alcohol consumption
(g/day; continuous).

3.3. Coffee Consumption and the Risk of Prediabetes and Type 2 Diabetes Combined

We examined the association between black coffee consumption and the risk of prediabetes
and type 2 diabetes combined (Table 3). Compared with non-black-coffee consumers, participants
who consumed >2 cups/day of black coffee had a 39% lower risk of prediabetes and type 2 diabetes
combined among men and women combined (95% CI = 0.38-0.95; p for trend = 0.023). When we
separated men and women, compared with non-black-coffee consumers, participants who consumed
>2 cups/day of black coffee had a 54% lower risk of prediabetes and type 2 diabetes combined among
men (95% CI = 0.23-0.94; p for trend = 0.026). Although the association was not statistically significant
among women, an inverse trend was observed (OR = 0.74; 95% CI = 0.41-1.34).
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Table 3. Multivariate-adjusted ORs and 95% CIs for the risk of prediabetes and type 2 diabetes
combined according to black coffee consumption.

Non-Black-Coffee Black-Coffee Consumers p for
Consumers ! <1 Cup/Day 1 to <2 Cups/Day >2 Cups/Day Trend
Men and women combined 0.023
Case/total 2759/3779 73/100 47/70 69/105
ORs (95% CIs) 2 Reference 0.96(0.59,1.55)  0.75(0.44,1.28)  0.61(0.38, 0.95)
Men 0.026
Case/total 1394/1804 26/32 15/21 32/47
ORs (95% CIs) 2 Reference 1.18(045,3.15)  0.69(0.25,1.93)  0.46 (0.23,0.94)
Women 0.271
Case/total 1365/1975 47/68 32/49 37/58
ORs (95% CIs) 2 Reference 091(052,1.59)  078(0.41,147)  0.74(0.41,1.34)

Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval. ! For black-coffee consumers, non-coffee consumers
and sugared—coffee consumers combined were regarded as reference group; 2 the ORs (95% Cls) were adjusted for
age (years, continuous), sex (for men and women combined), body mass index (BMI, <23, 23 to <25, 25 to <30 and
>30 kg/mz), smoking status (never smokers, <10 and >10 pack-years), alcohol consumption (non-drinkers, <5, 5.1 to
<10 and >10 g/day), family history of type 2 diabetes (yes or no), total energy intake (kcal/day, continuous), and the
amount of sugar added in coffee (0, <5, 5.1 to <10, 10.1 to <15 and >15 g/day).

Table 4 presents the association between sugared coffee consumption and the risk of prediabetes
and type 2 diabetes combined. The ORs (95% Cls) of prediabetes and type 2 diabetes combined
comparing sugared-coffee consumers with non-sugared-coffee consumers were 0.73 (0.60-0.89; p for
trend = 0.005) for men and women combined, 0.71 (0.52-0.97; p for trend = 0.015) for men, and 0.75
(0.57-0.99; p for trend = 0.080) for women.

Table 4. Multivariate-adjusted ORs and 95% ClIs for the risk of prediabetes and type 2 diabetes
combined according to sugared coffee consumption.

Non-Sugared-Coffee Sugared-Coffee Consumers p for
Consumers ! <1Cup/Day  1to <2 Cups/Day  >2Cups/Day Trend
Men and women combined 0.005
Case/total 834/1139 644/892 749/986 721/1037
ORs (95% Cls) 2 Reference 0.84 (0.68, 1.03) 1.11 (0.90, 1.35) 0.73 (0.60, 0.89)
Men 0.015
Case/total 310/399 335/442 357/425 465/638
ORs (95% Cls) 2 Reference 0.83 (0.59, 1.15) 1.45 (1.01, 2.08) 0.71 (0.52, 0.97)
Women 0.080
Case/total 524/740 309/450 392/561 256/399
ORs (95% Cls) 2 Reference 0.84 (0.64, 1.09) 0.96 (0.75,1.23) 0.75 (0.57,0.99)

Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval. ! For sugared-coffee consumers, non-coffee
consumers and black-coffee consumers combined were regarded as reference group; ? the ORs (95% Cls) were
adjusted for age (years, continuous), sex (for men and women combined), body mass index (BMI, <23, 23 to <25,
25 to <30 and >30 kg/mz), smoking status (never smokers, <10, 10.1 to <20, 20.1 to <30 and >30 pack-years), alcohol
consumption (non-drinkers, <5, 5.1 to <10, 10.1 to <20 and >20 g/day), family history of type 2 diabetes (yes or no),
and total energy intake (kcal/day, continuous).

3.4. Associations Modified by Genetic Risk Scores

We analyzed whether the association between habitual coffee consumption and the risk of
prediabetes and type 2 diabetes combined varied by genetic polymorphisms. For black-coffee consumers,
we found that an inverse association was more pronounced among individuals with high genetic risk
scores, but the interaction was not statistically significant (p for interaction = 0.261) (Table 5). The ORs
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(95% Cls) for >2 cups/day of black coffee vs. non-black-coffee consumers were 0.87 (0.46-1.66) for
participants with 0 points, 0.49 (0.17-1.44) for those with 0.1 to <5 points, and 0.36 (0.15-0.88) for
those with 5 to 10 points for their genetic risk scores. For sugared coffee consumption, the associations
with the risk of prediabetes and type 2 diabetes combined were similar across genetic risk scores
(p for interaction = 0.608) (Table 6). When we conducted an interaction analysis for each coffee-related
SNP for black coffee consumption, the association between black coffee consumption and the risk of
prediabetes and type 2 diabetes combined was inverse for the minor allele of each SNP (Table 7).

Table 5. Multivariate-adjusted ORs and 95% ClIs for the risk of prediabetes and type 2 diabetes
combined by genetic risk scores according to black coffee consumption.

Genetic Risk Non-Black-Coffee Black-Coffee Consumers p for
Scores ! Consumers 2 <1Cup/Day  1to<2Cups/Day >2Cups/Day Interaction
0 point
Case/total 1639/2204 47/61 25/39 46/61
ORs (95% Cls) 3 Reference 1.03 (0.54,1.97) 0.67 (0.33, 1.35) 0.87 (0.46, 1.66)
0.1 to <5 points 0.261
Case/total 524/721 12/18 8/11 9/17
ORs (95% Cls) 3 Reference 1.00(0.33,3.06) 090 (0.21,3.94)  0.49 (0.17, 1.44)
5 to 10 points
Case/total 596/854 14/21 14/20 14/27
ORs (95% CIs) 3 Reference 0.78 (0.28, 2.15) 0.89 (0.31, 2.58) 0.36 (0.15, 0.88)

Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval. ! Genetic risk scores were calculated by 5 SNPs
related to coffee consumption weighted by relative effect size ( coefficient); 2 for black-coffee consumers, non-coffee
consumers and sugared-coffee consumers combined were regarded as reference group; 3 the ORs (95% Cls) were
adjusted for age (years, continuous), sex (for men and women combined), body mass index (BMI, <23, 23 to <25, 25 to
<30 and >30 kg/m?), smoking status (never smokers, <10 and >10 pack-years), alcohol consumption (non-drinkers,
<5,5.1 to <10 and >10 g/day), family history of type 2 diabetes (yes or no), total energy intake (kcal/day, continuous),
and the amount of sugar added in coffee (0, <5, 5.1 to <10, 10.1 to <15 and >15 g/day).

Table 6. Multivariate-adjusted ORs and 95% ClIs for the risk of prediabetes and type 2 diabetes
combined by genetic risk scores according to sugared coffee consumption.

Genetic Risk ~ Non-Sugared-Coffee Sugared-Coffee Consumers p for
Scores ! Consumers 2 <1 Cup/Day 1 to <2 Cups/Day >2 Cups/Day Interaction
0 point
Case/total 521/698 397/544 442/571 397/552
ORs (95% ClIs) 3 Reference 0.79 (0.61, 1.04) 1.11 (0.85, 1.46) 0.74 (0.56, 0.97)
0.1 to <5 points 0.608
Case/total 139/196 121/162 151/196 142/213
ORs (95% CIs) 3 Reference 1.02 (0.62, 1.67) 1.28 (0.79, 2.07) 0.71 (0.45,1.12)
5 to 10 points
Case/total 174/245 126/186 156/219 182/272
ORs (95% CIs) 3 Reference 0.79 (0.51,1.22) 1.03 (0.68, 1.57) 0.74 (0.49, 1.12)

Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval. ! Genetic risk scores were calculated by 5 SNPs
related to coffee consumption weighted by relative effect size (B coefficient); 2 for sugared-coffee consumers,
non-coffee consumers and black-coffee consumers combined were regarded as reference group; 3 the ORs (95% Cls)
were adjusted for age (years, continuous), sex (for men and women combined), body mass index (BMI, <23, 23 to
<25, 25 to <30 and >30 kg/mz), smoking status (never smokers, <10, 10.1 to <20, 20.1 to <30 and >30 pack-years),
alcohol consumption (non-drinkers, <5, 5.1 to <10, 10.1 to <20 and >20 g/day), family history of type 2 diabetes (yes
or no), and total energy intake (kcal/day, continuous).
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Table 7. Multivariate-adjusted ORs and 95% CIs for the risk of prediabetes and type 2 diabetes
combined by 5 coffee-related SNPs according to black coffee consumption.

Non-Black-Coffee Black-Coffee Consumers p for
Consumers <1Cup/Day  1to<2Cups/Day >2Cups/Day Interaction
rs2074356 0.171
GG
Case/total 1989/2694 54/71 33/48 52/73
ORs (95% Cls) 2 Reference 1.07 (0.59, 1.94) 0.83 (0.43, 1.61) 0.77 (0.44, 1.35)
GA+AA
Case/total 770/1085 19/29 14/22 17/32
ORs (95% Cls) 2 Reference 0.72(0.31,1.71)  0.65(0.25,1.70)  0.37 (0.16, 0.84)
1511066015 0.143
GG
Case/total 1894/2557 54/69 29/43 51/70
ORs (95% ClIs) Reference 124 (0.67,230)  0.81(041,1.62)  0.84 (0.47, 1.51)
GA+AA
Case/total 865/1222 19/31 18/27 18/35
ORs (95% ClIs) 2 Reference 056(025,127)  0.68(0.28,1.65)  0.35(0.16,0.75)
rs12229654 0.366
TT
Case/total 2049/2765 55/73 31/47 52/72
ORs (95% Cls) 2 Reference 1.02(0.57,1.83)  0.69(0.36,1.32)  0.75(0.42, 1.33)
TG+GG
Case/total 710/1014 18/27 16/23 17/33
ORs (95% Cls) 2 Reference 0.82(0.33,2.01)  0.94(0.35,2.52)  0.42(0.19, 0.93)
1511065828 0.460
CC
Case/total 1909/2575 51/70 26/42 52/71
ORs (95% ClIs) Reference 0.88(0.49,1.56)  0.60(0.31,1.18)  0.81 (0.45, 1.45)
CA+AA
Case/total 850/1204 22/30 21/28 17/34
ORs (95% CIs) 2 Reference 1.17 (0.48, 2.87) 1.19 (0.46, 3.06) 0.36 (0.17, 0.80)
1r$79105258 0.395
CC
Case/total 1986/2672 52/70 31/48 51/70
ORs (95% Cls) 2 Reference 0.98(0.55,1.77)  0.66(0.35,1.25)  0.79 (0.4, 1.42)
CA+AA
Case/total 773/1107 21/30 16/22 18/35
ORs (95% Cls) 2 Reference 0.91 (0.38, 2.17) 1.04 (0.37,2.92) 0.40 (0.18, 0.87)

Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval. ! For black-coffee consumers, non-coffee consumers
and sugared—coffee consumers combined were regarded as reference group; 2 the ORs (95% Cls) were adjusted for
age (years, continuous), sex (for men and women combined), body mass index (BMI, <23, 23 to <25, 25 to <30 and
>30 kg/m?), smoking status (never smokers, <10 and >10 pack-years), alcohol consumption (non-drinkers, <5, 5.1 to
<10 and >10 g/day), family history of type 2 diabetes (yes or no), total energy intake (kcal/day, continuous), and the

amount of sugar added in coffee (0, <5, 5.1 to <10, 10.1 to <15 and >15 g/day.

4. Discussion

Our first GWAS of coffee consumption in the Korean population identified five SNPs (rs2074356 in
HECTD4, rs11066015 in ACAD10, rs12229654 in MYL2, rs11065828 and rs79105258 in CUX?2) related to
habitual coffee consumption. Compared with non-coffee consumers, the risk of prediabetes and type
2 diabetes being combined was inversely associated with habitual coffee consumption, either black
coffee or sugared coffee. Individuals with black coffee consumption had a lower risk of prediabetes
and type 2 diabetes combined compared with non-black-coffee consumers among those with multiple
minor alleles for these five SNPs.

The significant SNPs discovered to be related to habitual coffee consumption in our GWAS were
all introns. Although the introns were noncoding regions of genes, they may affect the transcription
rate and translation efficiency, further regulating gene expression [33]. Recent GWASs have identified
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several loci on the AHR, CYP1A1, and CYP1A2 genes associated with coffee consumption [16,17].
However, most of the GWASs on coffee consumption were conducted in European populations, only
two GWASs, to our knowledge, reported SNPs related to coffee consumption in Asian populations.
A GWAS in the Japan Multi-Institutional Collaborative Cohort (J-MICC) study, the first GWAS on coffee
consumption in Asia, found that rs2074356 located in 12q24 was most strongly associated with habitual
coffee consumption (p =2.2 X 1076) [19]. Similarly, in our GWAS, a total of 18 SNPs were associated with
coffee consumption at p < 1 x 1072, all of which were found to be related to habitual coffee consumption
in the ]-MICC study, and the strongest significant variant was rs2074356 as well. Another Japanese
coffee GWAS identified two independent loci (rs79105258 in 12q24 and rs10252701 in 7p21) that were
associated with coffee consumption [20]. 1579105258 was also selected as a coffee-related variant in our
study. In addition to the association with habitual coffee consumption, these SNPs were associated
with type 2 diabetes [34], blood glucose levels [35], blood pressure levels [36], and obesity [37].
rs2074356 in HECTD4 was associated with prevalent type 2 diabetes and blood glucose level in a
Korean population [34,35]. Three SNPs (rs12229654, rs11066015 and rs2074356) were also identified to
be linked with both systolic and diastolic blood pressure in a Japanese GWAS [36].

Previous epidemiologic studies have shown that coffee consumption was inversely associated
with the risk of type 2 diabetes. A meta-analysis of 28 cohort and nested case-control studies reported
that participants who consumed 5 cups/day of coffee had a 30% lower risk of type 2 diabetes compared
with almost non-consumers, and the associations were similar between men and women [5]. Although
we found a stronger inverse association among men than among women, further investigation is
needed to explore a larger amount of coffee consumption, e.g., 3 or more cups/day, and whether the
inverse association holds for women.

The lower risk of type 2 diabetes linked to coffee consumption could be linked to several biological
mechanisms. As a main polyphenolic compound in coffee, chlorogenic acids have been shown
as inhibitors of hepatic glucose-6-phosphatase, the rate-limiting enzyme of glucose hydrolysis [38].
Reduced hepatic glucose-6-phosphatase may affect the glucose output and thus decrease the blood
glucose concentration. In addition, chlorogenic acids act as antioxidants to lower oxidative stress
shown in both in vitro and in vivo studies [39]. Additionally, caffeine and magnesium, both of which
are commonly found in coffee, have been suggested to have roles in type 2 diabetes prevention by
improving insulin resistance. Previous studies suggested that caffeine could improve insulin resistance
by stimulating insulin secretion from pancreatic {3 cells [40]. In addition to insulin secretion, caffeine
increases thermogenesis, lipolysis, and 3-oxidation [41]. Magnesium supplementation has reduced the
development of type 2 diabetes and improved glucose disposal in experimental studies [42,43], and
cohort studies have reported a significant inverse association between magnesium intake and type 2
diabetes risk [44].

In this study, we observed that both black coffee and sugared coffee decreased the risk of
prediabetes and type 2 diabetes combined for individuals who consumed more than 2 cups of coffee
per day. But participants who consumed 1 to <2 cups/day of sugared coffee had a 45% higher risk
of prediabetes and type 2 diabetes combined among men alone, but not among women. Although
sugar-sweetened beverage intake including carbonated beverages has been positively associated with
the risk of type 2 diabetes [45,46], the results of coffee with sugar remained equivocal. In a French
cohort study, compared to non-coffee consumers, the incident type 2 diabetes decreased by 40% and
31% among participants consuming more than 1.1 cups of coffee per lunch with or without sugar,
respectively [47]. In a small clinical trial, where eight lean, young and healthy adults drank six types of
beverages or water 1 h before a potato-based meal, postprandial hyperglycemia, an early abnormality
of type 2 diabetes [48], was significantly reduced when they drank sweetened coffee before their
meals [49]. Further studies are needed to examine whether the benefit of coffee remains even after
adding a small amount of sugar.

To our knowledge, this study is the first GWAS of habitual coffee consumption in a Korean
population. The strengths of this study include good ascertainment of prediabetes and type 2 diabetes,
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adjustment for potential confounding factors, and a 12-year follow-up. The incidence of prediabetes and
type 2 diabetes were identified based on the circulating levels of FPG, 2-h plasma glucose, and HbAlc,
which could minimize the misclassification. Adjustment for potential confounding factors, including
smoking status and alcohol consumption, may enable us to remove the effect of the confounding
factors. However, we cannot rule out the possibility that residual confounding factors remained.
There are several limitations to our study. First, the rate of revisits to the clinic for the blood draw
decreased to 60% in the last sixth follow-up. Therefore, our study may not be representative of the full
cohort of KARE study. However, the internal validity may not be impaired as we obtained relatively
accurate information on the incidence of prediabetes and type 2 diabetes during the 12-year follow-up.
Second, we could not distinguish caffeinated and decaffeinated coffee or boiled and filtered coffee.
However, previous studies have shown that the associations between coffee and type 2 diabetes were
similar by the amount of caffeine [5] or preparation methods [50]. Third, we were not able to examine
high coffee consumption (e.g., 3 or more cups/day) because only a few participants consumed more
than 3 cups/day. Fourth, we did not consider medicinal caffeine intake when we performed a GWAS.
However, beverages may mainly contribute to daily caffeine intake in Korea.

5. Conclusions

In our study, we conducted a GWAS and discovered five SNPs (rs2074356 in HECTD4, rs11066015
in ACAD10, rs12229654 in MYL2, rs11065828 and rs79105258 in CUX?2) associated with habitual coffee
consumption in a Korean population. We observed that moderate black coffee and sugared coffee
consumption reduced the risk of prediabetes and type 2 diabetes combined. We found that an inverse
association was stronger among black-coffee consumers with minor alleles of five SNPs related to coffee
consumption compared to those with major alleles. Further Asian GWASs and epidemiological studies
are needed to elucidate the effects of coffee-related genetic variation and high coffee consumption on
chronic disease risk.
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Abstract: Current evidence on the effects of coffee intake on cardiovascular diseases is not consistent,
in part contributed by the genetic variability of the study subjects. While adenosine receptors
(ADORAS) are involved in caffeine signaling, it remains unknown how genetic variations at the
ADORA loci correlate the coffee intake with cardiovascular diseases. The present study examined the
associations of coffee intake with dyslipidemia risk depending on genetic variants in the ADORA
gene family. The study involved a population-based cohort of 4898 Korean subjects. Consumption
of more than or equal to a cup of coffee per day was associated with lower dyslipidemia risk in
females carrying the ADORA2B minor allele rs2779212 (OR: 0.645, 95% CI: 0.506-0.823), but not in
those with the major allele. At the ADORA2A locus, male subjects with the minor allele of rs5760423
showed instead an increased risk of dyslipidemia when consuming more than or equal to a cup of
coffee per day (OR: 1.352, 95% CI: 1.014-1.802). The effect of coffee intake on dyslipidemia risk differs
depending on genetic variants at the ADORA loci in a sex-specific manner. Our study suggests that
a dietary guideline for coffee intake in the prevention and management of dyslipidemia ought to
consider ADORA-related biomarkers carefully.

Keywords: Adenosine receptors; genetic variants; coffee; dyslipidemia; Korean Genome and
Epidemiology Study (KoGES)

1. Introduction

While coffee consumption has increased globally, the research on biological function and effects
of coffee intake remain controversial [1]. A meta-analysis of randomized controlled trials stated that
coffee intake changed blood lipid profiles, including increase of cholesterol and triglyceride (TG) [2],
which are clinical indicators for cardiovascular disease risk. On the contrary, other meta-analysis on
observational and interventional studies suggested that high coffee consumption was associated with
reduced risks of cardiovascular disease and mortality [3-5].

Genetic variation has been suggested as one of the main reasons why individuals respond differently
to coffee intake [6]. Focused studies have been conducted on the ADORA locus and its genetic variants
because their expression is antagonized by caffeine and, in turn, play a role in transmitting the effects
of coffee intake throughout the body [7].

Studies investigating the association between coffee intake and the ADORA gene family have
focused on neuronal effects such as habitual coffee intake [8], arousal [9], sleep disorders [10], and
anxiety [11], or on blood pressure [6]. The ADORA gene family, composed of ADORAI, ADORA2A,
ADORA2B, and ADORA3, are differently expressed in a tissue-specific manner and show unique
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properties in regulating multiple physiological statuses [7]. A recent review highlighted that the
ADORA gene members are modulators of lipid availability [12]. The physiological role of the ADORAs
has been reported to be associated with lipid-related diseases, including cardiovascular disease [13],
coronary blood flow [14], chronic heart failure [15], atherosclerosis, and dyslipidemia [16].

While the association of the ADORA gene family between coffee intake and multiple lipid-related
diseases have been investigated in several studies, we hypothesized that the discrepancies in the
findings of coffee intake with regard to dyslipidemia might be explained by genetic variants, which
henceforth motivated this study.

2. Materials and Methods

2.1. Study Population

This study was conducted with a local community-based cohort emanating from the Korean
population-based cohorts of the Korean Genome and Epidemiology Study [17]. The local
community-based cohort included residents living in rural Ansung and urban Ansan since 2001.
All subjects provided informed consent at baseline. The cohort was examined by follow-up surveys
every two years, and the eighth follow-up survey was performed in 2018. This study used data from
the second follow-up survey conducted from 2005 to 2006.

From a total of 7515 subjects, aged 43-74 years, we excluded 2617 subjects with missing data,
those with daily energy consumption <500 kcal or >4500 kcal, those with previous history and
presence of diabetes, renal disease, thyroid disease, cardiovascular disease, cancer, hysterectomy, and
ovariectomy, and those who received medications for those diseases. Finally, 2527 male and 2371
female subjects were included in this study (Figure 1).

’ Subjects tobe followed upin 3rd ‘

N=7515

Exclude those without genotypedata
(N=840)

[ N= 6675 |

Exclude those with missing data
(N=872)

‘ N-=5803

Exclude those with medical history
(N=877)

‘ N-=4926 |

Exclude those with daily energy
consumption<500kcal or >4500 keal
(N=28)

‘ N- 4898 |

N

Male Female
N=2527 N=2371

Figure 1. A flow chart of subject selection.

Dyslipidemia was defined as dyslipidemia diagnosis, related drug use, and abnormal lipid profile
(low-density lipoprotein-cholesterol > 160 mg/dL, TG > 200 mg/dL, total cholesterol (TC) > 240 mg/dL,
and high-density lipoprotein-cholesterol <40 mg/dL). Blood pressure was the average of three
measurements with five minutes interval, taken in the morning after 10 min of rest in sitting position.
Coffee intake was assessed using the food-frequency questionnaire. Depending on the amounts of
coffee intake per week, the subjects were divided into those who consumed less than one cup of coffee
per day (low coffee intake group) and those who consumed more than or equal to one cup of coffee per
day (high coffee intake group). A cup was estimated as much as 150 mL. This study was approved by
the Institutional Review Board of Ewha Womans University, Seoul, Korea (IRB No. 129-17).
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2.2. Genotyping and Analysis of Single Nucleotide Polymorphisms

Genomic DNA was collected from peripheral blood samples of the subjects and genotyped on
Affymetrix Genome-Wide Human SNP Array 5.0, as previously described [18]. Among SNPs in four
loci encoding ADORAs, 79 SNPs were included in the platform. The missing call rate (>5%), deviation
from Hardy-Weinberg equilibrium (HWE) (p < 1 x 10°), or minor allele frequency (p < 0.05) was used
to eliminate 38 inadequate SNPs in the sample population. Among the remaining 38 SNPs, 30 SNPs
were removed due to high levels of pairwise linkage disequilibrium (LD) (Figure 2). Finally, eight of

the 79 SNPs were used for further analysis (Table 1).
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Figure 2. Linkage Disequilibrium (LD) block of genetic variants in the Adenosine Receptor (ADORA) gene
family. The LD blocks are for variants in (a) ADORA1, (b) ADORA2A, (¢) ADORA2B, and (d) ADORA3
loci, respectively. Square boxes indicate SNPs used for further analysis.

Table 1. The list of selected SNPs in the Adenosine Receptor (ADORA) gene family.

Gene SNPID  Chr Dvsicl -y tion Regulatory Alleles! MAF HWE
Position Element
ADORA1  1s10800899 1 203081125 intron A/G 01607 02697
156701725 203102728 intron A/G 01735 0.1381
rs10800901 203111304 intron G/A 0.4486 0.7471
ADORA2A  rs5760423 22 24840118 intron T/G 04439 0.2536
ADORA2B  1s17715109 17 15869557  intron  H3K4mel,Dnasel ~ T/G 00517 0.5145
152779212 15876655  intron  H3K4mel, eQTL CT 02287 04510
ADORA3 1s3393 1 112042149 UTR-3 Dnasel T/IC 04457 0.7306
152786967 112075948 intron G/A 08891 08767

1 Alleles are presented as minor/major alleles. SNP, single nucleotide polymorphism; Chr, chromosome; MAF, minor
allele frequency; HWE, Hardy—Weinberg equilibrium.
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2.3. Statistical Analysis

Statistical analyses were performed using the SAS program (SAS 9.4, 2016, SAS Institute, Cary,
NC, USA). Data are presented as mean with standard deviation (SD). The numbers in brackets are
percentages in the column. To compare differences between groups, we used Student’s t-test for
numeric variables after log transformation and the chi-square test for categorical variables. Odds ratio
(OR) and 95% confidence interval (CI) were calculated to evaluate te associations among variables by
using logistic regression analysis. OR and 95% CI were adjusted with the following confounders: age,
marital status, income, education, smoking behavior, energy intake, systolic blood pressure, and body
mass index (BMI) in male subjects and age, income, education, drinking behavior, smoking behavior,
energy intake, BMI, menopause, female hormone treatment, and hypertension in female subjects.
The p-value for the interaction between genetics and coffee intake was calculated. Findings were
considered significant at p < 0.05. Calculation of allele frequencies and HWE and variant pruning based
on LD were conducted using the software package PLINK v1.09 [19]. Pairwise LD blocks of genetic
variants in the ADORA gene family were produced by Haploview 4.2 [20]. After testing different
genetic models, including dominant, recessive, and additive models, the recessive model was selected
for this study.

3. Results

3.1. Basic Characteristics Depending on Coffee Consumption

Table 2 shows the basic characteristics of the subjects according to sex and the amount of coffee
intake. In both male and female subjects, those in the high coffee intake group were younger, had a
higher income, had a longer duration of education, and were more frequently current smokers when
compared with the findings in the low coffee intake group. Energy consumption was higher in the
high coffee intake group than in the low coffee intake group. Additionally, the high coffee intake group
showed a significantly lower consumption of sugar and the proportion of carbohydrates in energy
distribution when compared with the findings in the low coffee intake group.

Table 2. Basic Characteristics depending on the amount of coffee intake in male and female !

Male Female
Coffee <1 cup/d 21 cup/d 2 <1 cup/d 21 cup/d p?
(n = 837) (n =1690) (n=1112) (n =1259)
Age (year) 56.62 + 8.90 5395+8.13  <0.0001 57.28 +8.75 5455+8.73  <0.0001
Marriage 3
Married 798 (95.34) 1639 (96.98) 0.0361 939 (84.44) 1071 (85.07) 0.6725
Monthly income (x10* KRW)
Low (<100) 251 (29.99) 351 (20.77) <0.0001 524 (47.12) 468 (37.17) <0.0001
Medium (100-199) 199 (23.78) 356 (21.07) 268 (24.10) 254 (20.17)
High (>200) 387 (46.24) 983 (58.17) 320 (28.78) 537 (42.65)
Education (year)
Low (0-6) 217 (25.93) 313 (18.52) <0.0001 619 (55.67) 508 (40.35) <0.0001
Medium ((7-9) 171 (20.43) 348 (20.59) 222 (19.96) 264 (20.97)
High (>10) 449 (53.64) 1029 (60.89) 271 (24.37) 487 (36.68)
Alcohol drinking behavior
Never 154 (18.40) 335(19.82) 0.6875 869 (78.15) 817 (64.89) <0.0001
Former 70 (8.36) 136 (8.05) 22 (1.98) 19 (1.51)
Current 613 (73.24) 1219 (72.13) 221 (19.87) 423 (33.60)
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Table 2. Cont.

Male Female
Coffee <1 cup/d >1 cup/d p? <1 cup/d >1 cup/d p?
(n = 837) (n =1690) (n =1112) (n =1259)

Alcohol intake (g/day) 4 25.77 £ 36.07 25.00 +31.27 0.5934 3.99 £ 8.89 4.88 £11.01 <0.0001
Smoking behavior

Never 287 (34.29) 346 (2047)  <0.0001 1094 (98.38) 1219 (96.82)  0.0489

Former 304 (36.32) 642 (37.99) 5(0.45) 12 (0.95)

Current 246 (29.39) 702 (41.54) 13 (1.17) 28 (2.22)
Tobacco consumption 16.61 £1457  2025+1842  <0.0001  7.38 +6.04 7424831 00289
(pack/years)
Nutrient intakes

1,772.21 + 1984.88 + 1594.52 + 1753.07 +

Energy (Keal) 510.35 527.16 <0.0001 497.34 532.77 <0.0001

Sugar (g/per 1000 Kcal) 180.35 +16.89  177.75+14.54 <0.0001 186.28 +16.97 182.06 +15.48  <0.0001

Fat (g/per 1000 Kcal) 14.72 + 5.89 16.44 +5.13 <0.0001 12.68 + 5.89 14.85 + 5.44 <0.0001

Protein (g/per 1000 Kcal) 32.52 +5.93 3248 +5.13 0.8755 31.88 +£5.30 32.44 £ 597 0.0269
Energy distribution (%)

Carbohydrate 73.35+7.20 7193 +6.13 <0.0001 75.56 +7.32 73.47 + 6.63 <0.0001

Fat 13.44 +5.31 14.94 + 4.61 <0.0001 11.53 +5.29 13.45 + 4.85 <0.0001

Protein 13.21 £2.35 13.13 £ 2.03 0.4204 1291 +245 13.07 +2.33 0.0946
SBP (mmHg) 117.73 +15.80 116.12 +14.87 0.0147 116.00 +17.26 113.95+16.84  0.0030
DBP (mmHg) 79.74 £ 10.11 79.18 + 10.10 0.1838 76.61 +10.37 75.58 +10.53 0.0131
Waist circumference (cm) 8422 +7.76 84.77 +7.46 0.0692 83.98 + 9.68 82.76 £ 9.45 0.0022
Hip circumference (cm) 90.90 + 5.23 9232 +5.21 <0.0001 91.13 £5.35 92.18 £5.25 <0.0001
Height (cm) 166.32 + 5.95 167.15 + 5.83 0.0008 153.23 + 5.84 153.94 + 5.63 0.0026
Weight (kg) 65.71 £9.27 68.04+£9.57  <0.0001  57.55+845 58.76 + 8.03 0.0004
BMI (kg/m?) ©

Underweight (<18.5) 26 (3.11) 29 (1.72) 0.0003 18 (1.62) 15 (1.19) 0.0739

Normal (18.5-22.9) 290 (34.65) 502 (29.70) 364 (32.73) 356 (28.28)

Overweight (23-24.9) 253 (30.23) 485 (28.70) 284 (25.54) 356 (28.28)

Obese (>25) 268 (32.02) 674 (39.88) 446 (40.11) 532 (42.26)
HbA1C (%) 541 +0.41 5.41+0.39 0.9575 5.47 + 0.40 5.44 +0.40 0.0628
Total cholesterol (mg/dL) 183.12 £ 3442  191.06 £32.64 <0.0001 193.01 +34.56 196.65 +33.53  0.0060
HDL-Cholesterol (mg/dL) 43.90 + 10.86 43.04 +10.24 0.0614 44.83 £9.77 46.75+10.16  <0.0001
Triglyceride (mg/dL) 144.81 +£107.99 1509 +117.12  0.0385  124.89 +69.71 116.24 +66.91  0.0001
Menopause 789 (70.95) 712 (56.55) <0.0001
Female hormone treatment 25 (2.25) 34 (2.70) 0.4804
Hypertension 7 259 (30.94) 482 (28.52) 0.2079 367 (33.00) 333 (26.45) 0.0005

! Data are presented as the means + SDs or n (%). ? Statistical significance was calculated with Student’s t-tests for
continuous variables after log transformation and chi-square tests for categorical variables. 3> Married included
married and cohabitation. 4 Data were collected from current alcohol consumers without missing responders;
n =610, 1216 in male and 220, 421 in female, respectively. 5 Data were collected from former and current smokers
without missing responders; n = 189, 372 in male and 13, 24 in female, respectively. ® Degree of obesity was
categorized into four stages according to the criterion of World Health Organization (WHO) Asia-Pacific Area [21].
7 Subjects with diagnosis in medical history.

In contrast, the mean intake of fat was higher in the high coffee intake group than in the low

coffee intake group, and the finding was in accordance with an increased ratio of energy distribution.
Systolic blood pressure was lower in the high coffee intake group than in the low coffee intake group.

However, hip circumference, height, and weight were higher in the high coffee intake group than in
the low coffee intake group. Among both male and female subjects, the TC level was higher in the
high coffee intake group than in the low coffee intake group. However, the TG level was higher among
male subjects and lower among female subjects in the high coffee intake group than in the low coffee

151



Nutrients 2020, 12, 493

intake group. Among female subjects, the prevalence of hypertension and menopause were lower in
the high coffee intake group than in the low coffee intake group.

3.2. Association of Coffee Intake with the Risk of Dyslipidemia

We next examined the effect of coffee intake on dyslipidemia risk. There was an inverse correlation
between coffee intake and the prevalence of dyslipidemia in female subjects (OR: 0.768, 95% CI:
0.645-0.914, p = 0.0030) but not in male subjects (p = 0.2635) after adjusting for confounders (Table 3).

Table 3. Associations between coffee intake and the risk of dyslipidemia.

Male Female
Coffee Healthy DLP Adjusted Model ! Healthy DLP Adjusted Model 2
(n=1215) (1=1312) OR (95% CI) p3 (n=13300 (=1041) OR(95%CH p3
<lcup/d 427 (35.14) 410 (31.25) 1 571 (42.93) 541 (51.97) 1
>1cup/d 788 (64.86) 902 (68.75) 1.107 0.2635 759 (57.07) 500 (48.03) 0.768 0.0030
(0.926-1.323) (0.645-0.914)

1 Adjusted for age, marital status, income, education, smoking behavior, energy intake, systolic blood pressure,
and BMI. 2 Adjusted for age, income, education, drinking and smoking behavior, energy intake, BMI, menopause,
treatment of female hormone, and hypertension. 3 Odds ratio (OR), 95% confidence interval (95% CI), and statistical
significance were calculated with logistic regression analysis. DLP, dyslipidemia.

3.3. Effects of Coffee Intake on the Risk of Dyslipidemia Depending on ADORA Gene Family

Finally, we performed a logistic regression analysis to confirm the genetic effect of the ADORA gene
family on the association between coffee intake and dyslipidemia risk (Tables 4 and 5). Interestingly,
among female subjects, a favorable effect of consuming more coffee on dyslipidemia risk showed only
those with the minor alleles of ADORA1T rs10800901 (OR: 0.727, 95% CI: 0.560-0.944, p = 0.0168), and
ADORA2B rs2779212 (OR: 0.645, 95% CI: 0.506-0.823, p = 0.0004) and the major alleles of ADORA3
rs2786967 (OR: 0.818, 95% CI: 0.676-0.989, p = 0.0384), but not in those with alternative alleles. Among
male subjects, there was instead an increased dyslipidemia risk on consuming more coffee carrying
the minor alleles of ADORA2A rs57604223 (OR: 1.352, 95% CI: 1.014-1.802, p = 0.0402). Male subjects
with the minor allele of ADORA3A rs3393 also showed lower risk on dyslipidemia (Table S1), and the
favorable effects did not occur when they consumed more coffee. Overall, these results indicate that
the effect of coffee intake on dyslipidemia risk depends on genetic variants in the ADORA gene family
in a sex-specific manner.

Table 4. Risk of dyslipidemia depending on the coffee intake and genotype in ADORA gene family

in male.
Genes Alleles Coffee Healthy  Dyslipidemia Adjusted Model !
SNPs Intake ', _1315) (=1312) Odds Ratios (95% CI) P p?
ADORA1
1510800899 GG <lcup/d 299 (24.61) 274 (20.88) 1 0.8839

>lcup/d 541 (44.53) 641 (48.86) 1.176 (0.952-1.453) 0.1327
AG/AA  <lcup/d 128(10.53) 136 (10.37) 1.103 (0.816-1.493) 0.5231
>lcup/d 247 (20.33) 261 (19.89) 1.064 (0.828-1.368) 0.6267

156701725 GG <lcup/d 294 (24.20) 277(21.11) 1 0.3714

>lcup/d 534 (43.95) 625 (47.64) 1.127 (0.911-1.394) 0.2723
AG/AA  <lcup/d 133(10.95) 133 (10.14) 0.991 (0.733-1.341) 0.9542
>lcup/d 254(2091) 277 (21.11) 1.056 (0.823-1.355) 0.6691

1510800901 AA <lcup/d 131(10.78)  118(8.99) 1 0.6906

>1cup/d 246 (20.25) 265 (20.20) 1.115 (0.812-1.532) 0.5003
GA/GG  <lcup/d 296 (24.36) 292 (22.26) 1.132 (0.833-1.540) 0.4277
>1cup/d 542 (44.61) 637 (48.55) 1.250 (0.938-1.665) 0.1276
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Table 4. Cont.

Genes Alleles Coffee Healthy  Dyslipidemia Adjusted Model !

SNPs Intake (,=1215 (x=1312) Odds Ratios (95% CI)  p p?
ADORA2A
15760423 GG <lcup/d 138 (1136) 111 (8.46) 1 0.8317

>lcup/d 264 (21.73) 283 (21.57) 1.246 (0.910-1.706) 0.1699
TG/TT <lcup/d 289 (23.79) 299 (22.79) 1.282 (0.942-1.744) 0.1139
>lcup/d 524 (43.13) 619 (47.18) 1.352 (1.014-1.802) 0.0402

ADORA2B
1517715100 GG <lcup/d 381 (31.36) 360 (27.4) 1 0.8732
>lcup/d 712 (58.60) 817 (62.27) 1.130 (0.936-1.365) 0.2020
TGTT <lcup/d 46379  50(3.81) 1.149 (0.738-1.786) 0.5389
>lcup/d  76(626) 85 (6.48) 1.076 (0.753-1.536) 0.6878
152779212 TT  <lcup/d 252(20.74) 226(17.23) 1 0.0336

>lcup/d 494 (40.66) 555 (42.30) 1.187 (0.943-1.494) 0.1433
CT/CC  <lcup/d 175 (14.40) 184 (14.02) 1.155 (0.870-1.534) 03182
>lcup/d 294 (24.20) 347 (26.45) 1.165 (0.906-1.497) 0.2345

ADORA3
1s3393 CC  <lcup/d 122(10.04) 147 (11.20) 1 05917
>lcup/d 228(18.77) 284 (21.65) 0.990 (0.725-1.350) 0.9477
TC/TT  <lcup/d  305(25.10) 263 (20.05)  0.731 (0.541-0.989) 0.0423
>Tcup/d 560 (46.09) 618 (47.10) 0.856 (0.647-1.133) 02767
rs2786967  AA  <lcup/d 361(29.71) 357 (27.21) 1 0.2144
>lcup/d 676 (55.64) 752(57.32)  1.036 (0.856- 1.255) 0.7152
GA/GG <lcup/d  66(543) 53 (4.04) 0.771 (0.514- 1.155) 0.2066

>leup/d  112(9.22) 150 (11.43) 1.257 (0.933-1.694) 0.1324

1 Adjusted for age, marital status, income, education, smoking behavior, energy intake, systolic blood pressure,
and BMI. 2 p for interaction.

Table 5. Risk of dyslipidemia depending on the coffee intake and genotype in ADORA gene family

in female.
Genes Alleles  Coffee Healthy  Dyslipidemia Adjusted Model !
SNPs Intake (, =1215) (n=1312)  Odds ratios (95% CI) p p?
ADORA1
1510800899 GG <lcup/d 392(29.47) 374(35.93) 1 0.2012

>1 cup/d 537 (40.38) 366 (35.16) 0.789 (0.643-0.968) 0.0233
AG/AA  <lcup/d 179 (13.46) 167 (16.04) 0.989 (0.761-1.286) 0.9356
>lcup/d 222(16.69) 134 (12.87) 0.705 (0.537-0.924) 0.0115

(
(
(
(
rs6701725 GG <lcup/d 393 (29.55) 367 (35.25) 1 0.3393
>lcup/d 520 (37.10) 346 (33.24) 0.784 (0.636-0.966) 0.0225

(

(

(

(

(

(

AG/AA  <lcup/d 178(13.38) 174 (16.71) 1.031 (0.794-1.339) 0.8196
>1cup/d 239 (17.97) 154 (14.79) 0.758 (0.585-0.982) 0.0356

rs10800901 AA <lcup/d 180 (13.53) 172(16.52) 1 0.3401

>1cup/d 210 (15.79) 160 (15.37) 0.891 (0.656-1.210) 0.4956
GA/GG  <lcup/d 391(29.40) 369 (35.45) 1.008 (0.777-1.309) 0.9504
>1 cup/d 549 (41.28) 340 (32.66) 0.727 (0.560-0.944) 0.0168

ADORA2A
155760423 GG <lcup/d 194 (14.59) 173 (16.62) 1 0.3188

(
>lcup/d 224 (16.84) 149 (14.31) 0.836 (0.617-1.134) 0.2497
TG/TT <lcup/d 377(28.35) 368 (35.35) 1.124 (0.869-1.456) 0.3736
>1cup/d  535(40.23) 351 (33.72) 0.829 (0.641-1.073) 0.1539
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Table 5. Cont.

Genes Alleles Coffee Healthy Dyslipidemia Adjusted Model 1
SNPs Intake (, —1215) (n=1312)  Odds ratios (95% CI) » p?
ADORA2B
rs17715109 GG <lcup/d 508 (38.20) 486 (46.69) 1 0.7766
>1 cup/d 671 (50.45) 461 (44.28) 0.795 (0.662-0.956) 0.0146
TG/TT <1 cup/d 63 (4.74) 55 (5.28) 0.903 (0.608-1.339) 0.6107
>lcup/d  88(6.62) 39 (3.75) 0.500 (0.332-0.754) 0.0009
rs2779212 TT <lcup/d 343 (25.79) 335(32.18) 1 0.8210
>lcup/d 421 (31.65 301 (28.91) 0.839 (0.671-1.049) 0.1226
CT/CC <lcup/d 228(17.14) 206 (19.79) 0.943 (0.735-1.210) 0.6469
>lcup/d 338 (25.41) 199 (19.12) 0.645 (0.506-0.823) 0.0004
ADORA3
rs3393 CcC <lcup/d 179 (13.46) 163 (15.66) 1 0.9277
>1cup/d 247 (18.57) 157 (15.08) 0.776 (0.572-1.053) 0.1035
TC/TT  <lcup/d 392(29.47) 378 (36.31) 1.053 (0.809-1.370) 0.7011
>lcup/d 512 (3850) 343 (32.95) 0.806 (0.618-1.051) 0.1109
152786967 AA <lcup/d 486 (36.54) 444 (42.65) 1 0.0308
>1 cup/d 617 (46.39) 411 (39.48) 0.818 (0.676-0.989) 0.0384
GA/GG <lcup/d  85(6.39) 97 (9.32) 1.306 (0.939-1.816) 0.1125
>lcup/d 142 (10.68) 89 (8.55) 0.737 (0.542-1.002) 0.0515

1 Adjusted for age, income, education, drinking and smoking behavior, energy intake, BMI, menopause, treatment
of female hormone, Hypertension. 2 p for interaction.

4. Discussion

The present study aimed to investigate whether genetic variants in the ADORA gene family
influence the effect of coffee intake on dyslipidemia risk. Coffee intake was associated with decreased
dyslipidemia risk in female subjects but not in male subjects. Furthermore, with regard to the genetic
effect on the association, the favorable effect of coffee intake among female subjects depends on a
subset of genetic variants in ADORA gene family. The risk of dyslipidemia was also increased among
male subjects in the high coffee intake group based on genetic variation of the ADORA gene family,
indicating that a subset of genetic variants in the ADORA gene family modulates the effect of coffee
intake on dyslipidemia risk in a sex-specific manner.

The ADORA gene family has been reported to play a role in regulating the lipid profile [12].
For instance, ADORA1 deficiency in ApoE KO mice was associated with increased plasma lipid
levels [22], and ADORA2B knockout mice showed increased TG and TC levels compared to the
wildtype [23]. Disturbed lipid levels via modulation of ADORAZ2B also influenced the development of
dyslipidemia and atherosclerosis, known risk factors of cardiovascular mortality [16]. ADORA2B also
showed a close relationship with cholesterol regulation by formation of foam cells and inflammation,
which are mediator of cardiovascular disease [13,16]. In addition to the functional relevance of the
ADORAs in blood lipid profiles and lipid-related chronic diseases, a genetic variant of ADORA2A
showed association with the severity of chronic heart failure in Asians [15]. The evidence proposed
that variations in the ADORA gene family might influence lipid regulation and cardiovascular disease.
We also observed a subset of genetic variants in the ADORA gene family associated with the risk of
dyslipidemia (Table S1).

Despite the interesting finding of an association between the ADORA gene family and dyslipidemia
itself, the novelty here is that the ADORAs modulates the effect of coffee intake on dyslipidemia.
A meta-analysis showed coffee intake increase blood lipid level [2], but not all of the included studies
satisfied the result [3-5]. We identified different effects of coffee intake in the risk of dyslipidemia
linked to their genetic variants in the ADORA gene family. Even though there was no association
between coffee intake and dyslipidemia in male, we confirmed the increased risk of dyslipidemia
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when subjects with the minor allele of rs5760423 in ADORA2A consumed more than one cup of coffee.
While we did not experimentally examine the association, instead only focusing on the association of
genetic variants in ADORA gene family with coffee intake in dyslipidemia, we identified a subset of
genetic variants in the ADORA gene family located at regulatory elements which could play a role as
eQTLs influencing gene expression in various tissues [24] (Table 1). Indeed, a recent study suggested
that genetic variation could contribute to altered gene expression by changing epigenetic enhancer
activity, which, in turn, is linked to five different vascular diseases [25]. Given the previous reports,
genetic variants in ADORA gene family might modify gene expression through epigenetic regulation,
possibly modulating the lipid profile and the effect of coffee intake in dyslipidemia pathogenesis.
Further studies are needed to elucidate their possible functional mechanisms.

We also observed a favorable association between coffee intake and the prevalence of dyslipidemia
in female subjects but not in male subjects. Inconsistent results of coffee intake between male and
female individuals [26,27], including a Korean population [28], obscure the view. Female individuals
responded favorably to coffee concerning cardiovascular health. It has been proposed that the female
sex hormone estrogen plays a role in the sensitivity of female individuals to the effects of coffee
intake [29]. Estrogen is synthesized from cholesterol in the ovary, and it influences lipid metabolism
by increasing lipoprotein lipase activity and is directly interacting with specific estrogen receptors in
the adipose tissue. Thus, susceptibility to cardiovascular diseases is lower in premenopausal women
than in men of the same age and postmenopausal women [30]. A previous finding that coffee intake
increases the concentration of estrogen in Asian female individuals could explain the sex-specific
differences in the effect of coffee intake on dyslipidemia [29].

The most interesting of our findings is that increased coffee intake had beneficial effects in female
subjects but harmful effects in male subjects significantly associated with a subset of genetic variants in
the ADORA gene family. This could suggest that the response to environmental factors of the ADORAs
differs according to sex. Several previous studies showed different influences of environmental factors
related to the ADORA genotypes depending on sex. Treatment with the ADORA antagonist ATL444
was shown to have a preventive effect on cocaine addiction in male individuals but not in female
individuals [31]. Additionally, locomotor activity in response to administration of caffeine was higher in
male WT mice than in male ADORA2A knockout mice, however, this difference was not noted in female
mice. Although the reason why the ADORA genotype causes a difference in the environmental response
depending on sex is not known, a possible explanation may be that dopamine receptor 2 (D2) and the
ADORAZ2A system are more sensitive in female than in male individuals [32,33]. Dopamine signaling
has been suggested as a therapeutic target of dyslipidemia, showing cardioprotective effects [32].
Caffeine treatment has been shown to increase the expression of D2 protein in female but not in male
individuals [33]. Based on our data, we suggest that not only do D2 but also the ADORAs modulate
the environmental response of the sex-specific physiological mechanism.

We found a novel gene-environment interaction of the ADORA genetic variants and coffee intake
on dyslipidemia in a Korean population. However, further, larger studies are warranted to replicate
the findings. In addition, while our study did not consider how subjects consumed coffee and how
much caffeine was present owing to the limited information in the original cohort, we appreciate the
importance of further studies including those parameters. Although it has been reported that the
addition of milk, the type of coffee bean, and the type of roasting method do not alter antioxidant
activity [34], it may be important to consider these factors to perform an in-depth analysis. Lastly,
our analysis did not consider physical activity as a confounding factor, although it has been shown
to influence blood lipid profiles [35,36]. Additional confounding factors, such as physical activity,
may need to be considered for further analysis.

5. Conclusions

This study demonstrated that a subset of genetic variants in the ADORA gene family influences
the association between coffee intake and dyslipidemia risk in a sex-specific manner. As a first study to
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elucidate the effect of coffee intake on dyslipidemia risk in terms of genetic variability in the ADORA
gene family, important avenues of detailed research are available. This includes deep understanding
of the functional mechanisms on the genetic variants in the ADORA gene family in response to coffee
intake, potentially aiding prevention and management of dyslipidemia among individuals vulnerable
to the disease.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/2/493/s1,
Table S1. Association between genetic variants in ADORA gene family and the risk of dyslipidemia.
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Abstract: A complex interplay of several genetic and lifestyle factors influence coronary heart disease
(CHD). We determined the interaction between coffee consumption and the tribbles pseudokinase 1
(TRIB1) rs17321515 variant on coronary heart disease (CHD). Data on CHD were obtained from the
National Health Insurance Research Database (NHIRD) while genotype data were collected from the
Taiwan Biobank (TWB) Database. From the linked electronic health record data, 1116 individuals
were identified with CHD while 7853 were control individuals. Coffee consumption was associated
with a lower risk of CHD. The multivariate-adjusted odds ratio (OR) and 95% confidence interval
(CI) was 0.84 (0.72-0.99). Association of CHD with the TRIBI rs17321515 variant was not significant.
The OR (95% CI) was 1.01 (0.72-0.99). There was an interaction between TRIBI rs17321515 and coffee
consumption on CHD risk (p for interaction = 0.0330). After stratification by rs17321515 genotypes,
coffee drinking remained significantly associated with a lower risk of CHD only among participants
with GG genotype (OR, 0.62; 95% CI, 0.45-0.85). In conclusion, consumption of coffee was significantly
associated with a decreased risk of CHD among Taiwanese adults with the TRIB1 GG genotype.

Keywords: coffee drinking; TRIB1; rs17321515; CHD; Taiwan Biobank

1. Introduction

Coronary heart disease, also known as ischemic heart disease (IHD) or coronary artery disease
(CAD) is the top cause of global mortality [1,2]. It remains the second leading cause of death in
Taiwan [3]. The global coronary heart disease (CHD) mortality is projected to grow from 7.594 million
in 2016 to about 9.245 million in 2030 [4].

A complex interplay of numerous genetic and lifestyle factors influence the onset of CHD [5-7].
Genotypes are nonmodifiable factors, so they cannot be confounded by other factors. As such, they are
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capable of playing direct causal roles in disease development [8,9]. Identification of genetic variants
associated with diseases and the underlying pathophysiological mechanisms is an important step in
the development of potential drug targets [8].

Genetic predisposition accounts for about 30%-60% of CHD [10,11]. Despite this, most underlying
genes and molecular pathways are yet to be fully explored and therefore a significant portion of
CHD heritability is not clearly understood [2]. For instance, SNPs account for just a minute fraction
(approximately 10-15%) of CHD heritability [1,2,5,12,13]. The TRIB1 is among the top genes having
genome-wide significant single nucleotide polymorphisms (SNPs) for CHD [14]. It is located on
chromosome 8q24 and is greatly involved in cholesterol metabolism and atherosclerosis process [15].
One of its variants, rs17321515, has been associated with variations in plasma lipid levels and
CHD [14,16-18].

Coffee is a popular beverage that is widely consumed in the world [19]. In Taiwan, coffee
consumption has grown rapidly in recent years. So far, the local coffee industry has expanded
significantly [20]. Several studies have investigated the effects of coffee consumption on CHD.
However, results have been controversial. For instance, in one of the studies, excessive consumption
was significantly associated with a moderate increase in the risk of CHD [21]. However, in another
study, CHD risk was higher among moderate than for excessive coffee consumers [22]. Cardioprotective
effects of coffee may stem from its richness in bioactive compounds like polyphenols that
possess hypocholesterolemic, antihypertensive, anti-inflammatory, and antioxidant properties [23,24].
The antioxidant content in coffee was found to be higher than that in tea, vegetables, and fruits [25].

It is well known that interactions between genes and the environment influence disease
outcomes [26]. So far, there is substantial information on genetic variation and dietary patterns
(including but not limited to coffee consumption) and the risk of CHD. Results from a previous study
indicated that a variant in the cytochrome P450 1A2 gene (CYP1A2) modifies the association between
caffeinated coffee consumption and the risk of myocardial infection [27]. Nevertheless, pinpointing
a specific polymorphic variant is challenging considering that individual differences may exist in
response to coffee or caffeine. To our knowledge, no prior study has discussed specific genotypes
that can modify the association between coffee intake and the risk of CHD in Taiwan. In light of this,
we determined the interaction between coffee consumption and the TRIB1 rs17321515 variant on CHD.

2. Materials and Methods

2.1. Data Source and Participants

We used electronic data of Taiwan Biobank (TWB) participants recruited between 2008 and 2015.
Participants provided blood samples for DNA extraction and completed questionnaires covering
a wide range of medical, social, and lifestyle information. All participants provided informed consent.
Genotyping was done using the Axiom™ Genome-Wide TWB 2.0 Array plate (Santa Clara, CA,
USA). Data on CHD between 1998 and 2015 were obtained from the National Health Insurance
Research Database (NHIRD). The TWB database was linked to the NHIRD using encrypted personal
identification numbers. This study was approved by the Institutional Review Board of Chung Shan
Medical University (CS2-16114).

In total, 9001 biobank participants were recruited. After excluding persons with incomplete
questionnaires (1 = 13) and genotype information (n = 19), 1116 coronary heart disease patients and
7853 controls were included in the study.

2.2. Assessment of Variables

Coronary heart disease was identified based on either two outpatient visits or one admission with
reported International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)
code 410-414. Participants were classified as regular coffee drinkers if they drank coffee at least three
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days per week in the last 6 months. Details of the covariates and physical measures used in the text
have been described in our recent publication [28].

2.3. Selection of the Polymorphic Variant

The rs17321515 variant in the TRIBI gene was selected based on the literature search. This variant
was selected because of its previous associations with CHD and dyslipidemia, especially in Han
Chinese populations [16,17]. We also searched Google Scholar and selected rs762551 variant in the
CYP1A2 gene which has been associated with caffeine metabolism and increased risk of myocardial
infarction. We followed a standard quality control procedure and excluded SNPs with (1) a low call
rate (<95%), (2) p-value of <1.0 x 1073 for the Hardy—Weinberg equilibrium test, and (3) minor allele
frequency of <0.05. Moreover, we removed one individual from the pair of related samples based on
pairwise identity-by-descent (IBD).

2.4. Statistical Analysis

We used the statistical analysis system (SAS) software (version 9.4, SAS Institute, Cary,
NC, USA) and PLINK (v1.09, http://pngu.mgh.harvard.edu/purcell/plink/) to perform analyses.
Differences between groups were compared using the chi-square test. Associations of coffee and the
rs17321515 variant with CHD were determined using logistic regression analysis. Adjusted variables
included sex, age, educational level, smoking, alcohol intake, tea consumption, vegetarian diet,
body mass index (BMI), diabetes, hypertension, hyperlipidemia, atrial fibrillation, and CYP1A2
rs762551 variant. Odds ratios with their 95% confidence intervals were estimated.

3. Results

The descriptive data of 1116 participants with CHD and 7863 control individuals are shown
in Table 1. Significant differences existed between patients and controls for coffee drinking, sex,
age, educational level, cigarette smoking, exercise, body mass index (BMI), diabetes, hypertension,
hyperlipidemia, atrial fibrillation, and vegetarian diet (p < 0.05). However, there were no significant
differences between patients and controls for the TRIBI rs17321515 and CYP1A?2 rs762551 genotypes,
alcohol, and tea consumption. Differences in coffee consumption habits between men and women as
well as between those in different age groups are shown in Table 2.

Table 1. Descriptive data of the study participants.

Controls (n = 7853) CHD Patients (n = 1116)

Variable p-Value
1 (%) n (%)

Coffee drinking <0.0001
No 5269 (67.10) 824 (73.84)
Yes 2584 (32.90) 292 (26.16)

TRIB1 rs17321515 0.9920
GG 2362 (30.08) 335 (30.02)
GA+AA 5491 (69.92) 781 (69.98)

CYP1A2 rs762551 0.1490
AA 3326 (42.35) 500 (44.80)
AC+CC 4527 (57.65) 616 (55.20)

Sex <0.0001
Women 4275 (54.44) 520 (46.59)
Men 3578 (45.56) 596 (53.41)

Age (years) <0.0001

30-39 2042 (26.00) 46 (4.12)

40-49 2337 (29.76) 111 (9.95)
50-59 2217 (28.23) 415 (37.19)
60-70 1257 (16.01) 544 (48.75)
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Table 1. Cont.

Controls (n = 7853) CHD Patients (n = 1116)

Variable p-Value
1 (%) n (%)
Educational level <0.0001
Elementary school 493 (6.28) 170 (15.23)
Junior and senior high school 3258 (41.49) 498 (44.62)
University and above 4102 (52.23) 448 (40.14)
Cigarette smoking 0.0060
No 6117 (77.89) 828 (74.19)
Yes 1736 (22.11) 288 (25.81)
Alcohol drinking 0.3540
No 7031 (89.53) 989 (88.62)
Yes 822 (10.47) 127 (11.38)
Exercise <0.0001
No 4702 (59.88) 474 (42.47)
Yes 3151 (40.12) 642 (57.53)
BMI (kg/m?) <0.0001
BMI < 18.5 (Underweight) 215 (2.74) 11 (0.99)
18.5 < BMI < 24 (Normal 3870 (49.28) 396 (35.48)
weight)
24 < BMI < 27 (Overweight) 2283 (29.07) 415 (37.19)
BMI > 27 (Obesity) 1485 (18.91) 294 (26.34)
Diabetes <0.0001
No 6943 (88.41) 738 (66.13)
Yes 910 (11.59) 378 (33.87)
Hypertension <0.0001
No 6424 (81.80) 391 (35.04)
Yes 1429 (18.20) 725 (64.96)
Hyperlipidemia <0.0001
No 5828 (74.21) 372 (33.33)
Yes 2025 (25.79) 744 (66.67)
Atrial fibrillation <0.0001
No 7833 (99.75) 1089 (97.58)
Yes 20 (0.25) 27 (2.42)
Tea consumption 0.1110
No 4894 (62.30) 723 (64.78)
Yes 2959 (37.68) 393 (35.22)
Vegetarian diet 0.0090
No 7011 (89.28) 1025 (91.85)
Yes 842 (10.72) 91 (8.15)

CHD: Coronary heart disease, BMI: Body mass index, TRIB1: tribbles pseudokinase 1; CYP1A2: cytochrome P450
1A2. GG, GA, and AA represent genotypes in the TRIB1 rs17321515 variant while AA, AC, and CC represent
genotypes in the CYP1A2 rs762551 variant.
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Table 2. Characteristics of study participants based on coffee consumption.

No Coffee Drinking Coffee Drinking
Controls CHD Patients Controls CHD Patients  p-Value
n % n % n % n %
TRIB1 rs17321515 0.4130
GG 1574 29.87 261 31.67 788 30.50 74 25.34
GA 2564 48.66 396 48.06 1272 49.23 148 50.68
AA 1131 2147 167 20.27 524 20.28 70 23.97
CYP1A2 rs762551 0.5160
AA 2229 42.30 361 43.81 1097 4245 139 47.60
AC 2411 45.76 375 45,51 1176 4551 126 43.15
CcC 629 11.94 88 10.68 311 12.04 27 9.25
Sex <0.0001
Women 2785 52.86 391 47.45 1490 57.66 129 44.18
Men 2484 47.14 433 52.55 1094 42.34 163 55.82
Age <0.0001
30-39 1340 25.43 31 3.76 702 27.17 15 5.14
40-49 1485 28.18 77 9.34 852 3297 34 11.64
50-59 1521 28.87 310 37.62 696 26.93 105 35.96
60-70 923 17.52 406 49.27 334 12.93 138 47.26
Education <0.0001
Elementary school 379 7.19 143 17.35 114 4.41 27 9.25
Junior and Senior high school 2259 42.87 375 45.51 999 38.66 123 42.12
University and above 2631 49.93 306 37.14 1471 56.93 142 48.63
Cigarette smoking <0.0001
No 4174 79.22 628 76.21 1943 75.19 200 68.49
Yes 1095 20.78 196 23.79 641 24.81 92 31.51
Alcohol drinking 0.1890
No 4734 89.85 737 89.44 2297 88.89 252 86.30
Yes 535 10.15 87 10.56 287 11.11 40 13.70
Physical activity <0.0001
No 3142 59.63 353 42.84 1560 60.37 121 41.44
Yes 2127 40.37 471 57.16 1024 39.63 171 58.56
BMI (kg/m?) <0.0001
BMI < 18.5 156 2.96 9 1.09 59 2.28 2 0.68
18.5 <BMI < 24 2629 49.90 308 37.38 1241 48.03 88 30.14
24 <BMI <27 1491 28.30 294 35.68 792 30.65 121 41.44
BMI > 27 993 18.85 213 25.85 492 19.04 81 27.74
Diabetes <0.0001
No 4631 87.89 538 65.29 2312 89.47 200 68.49
Yes 638 12.11 286 34.71 272 10.53 92 31.51
Hypertension <0.0001
No 4237 80.41 280 33.98 2187 84.64 111 38.01
Yes 1032 19.59 544 66.02 397 15.36 181 61.99
Hyperlipidemia <0.0001
No 3873 73.51 285 34.59 1955 75.66 87 29.79
Yes 1396 26.49 539 65.41 629 24.34 205 70.21
Atrial fibrillation <0.0001
No 5255 99.73 804 97.57 2578 99.77 285 97.60
Yes 14 0.27 20 243 6 0.23 7 240
Tea consumption <0.0001
No 3518 66.77 571 69.3 1376 53.25 152 52.05
Yes 1751 33.23 253 30.7 1208 46.75 140 47.95
Vegetarian diet <0.0001
No 4646 88.18 761 92.35 2365 91.52 264 90.41
Yes 623 11.82 63 7.65 219 8.48 28 9.59

CHD: Coronary heart disease, BMI: Body mass index, TRIBI: tribbles pseudokinase 1, CYP1A2: cytochrome P450 1A2.

Coffee drinking was associated with a lower risk of CHD (OR, 0.84; 95% CI, 0.72-0.99), as shown
in Table 3. Association with the TRIBI rs17321515 variant was not significant; the OR was 1.01,
95% CI = 0.87-1.18. However, for the CYP1A2 rs762551 variant, the OR was 0.86 with a 95% CI
of 0.74-0.99 for AC+CC, compared to the AA genotype. Corresponding ORs (95% CI) for CHD
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were 1.53 (1.07-2.19) for ages 4049 years, 3.92 (2.82-5.46) for ages 50-59 years, 6.46 (4.59-9.09) for
ages 60-70 years, 1.23 (1.04-1.46) for overweight, 1.35 (1.11-1.63) for obesity, 1.19 (1.01-1.41) for
diabetes, 3.40 (2.91-3.98) for hypertension, 2.25 (1.91-2.63) for hyperlipidemia, and 4.09 (2.14-7.82) for
atrial fibrillation.

Table 3. Association of CHD with associated variables.

Variable OR 95% CI
Coffee drinking (ref: No)
Yes 0.84 0.72-0.99
TRIB1 rs17321515 (ref: GG)
GA+AA 1.01 0.87-1.18
CYP1A2 rs762551 (ref: AA)
AC+CC 0.86 0.74-0.99
Sex (ref: Women)
Men 1.17 0.98-1.39
Age (ref: 30-39)
40-49 1.53 1.07-2.19
50-59 3.92 2.82-5.46
60-70 6.46 4.59-9.09
Educational level (ref: Elementary school)
Junior and senior high school 0.97 0.77-1.21
University and above 1.01 0.80-1.28
Cigarette smoking (ref: No)
Yes 1.07 0.88-1.30
Alcohol drinking (ref: No)
Yes 0.79 0.62-1.01
Exercise (ref: No)
Yes 1.07 0.92-1.24
BMI (ref: 18.5 < BMI < 24)
BMI < 18.5 0.78 0.40-1.51
24 <BMI < 27 1.23 1.04-1.46
BMI > 27 1.35 1.11-1.63
Diabetes (ref: No)
Yes 1.19 1.01-1.41
Hypertension (ref: No)
Yes 3.40 2.91-3.98
Hyperlipidemia (ref: No)
Yes 2.25 1.91-2.63
Atrial fibrillation (ref: No)
Yes 4.09 2.14-7.82
Tea consumption (ref: No)
Yes 0.97 0.83-1.13
Vegetarian diet (ref: No)
Yes 0.96 0.75-1.24

Ref: reference, CHD: Coronary heart disease, BMI: Body mass index, OR: odds ratio, CI: confidence interval,
TRIBI: tribbles pseudokinase 1, CYP1A2: cytochrome P450 1A2.

There was a significant interaction (p = 0.0330) between TRIBI rs17321515 and coffee drinking on
CHD risk (Table 4). After stratification by rs17321515 genotypes, coffee drinking remained significantly
associated with a lower risk of CHD only among those with the GG genotype (OR, 0.62; 95% CI,
0.45-0.85). There was no interaction between the CYP1A2 rs762551 variant and coffee consumption.
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Table 4. Association of CHD with coffee drinking stratified by rs17321515 genotypes.

TRIB1 rs17321515 (GG) TRIB1 rs17321515 (GA+AA)

Variable

OR 95% CI OR 95% CI
Coffee drinking (ref: No)
Yes 0.62 0.45-0.85 0.95 0.79-1.15
CYP1A2 rs762551 (ref: AA)
AC+CC 0.83 0.64-1.08 0.86 0.72-1.02
Sex (ref: Women)
Men 1.26 0.91-1.74 1.13 0.92-1.38
Age (ref: 30-39)
40-49 0.79 0.41-1.54 2.01 1.30-3.10
50-59 3.46 1.96-6.12 421 2.79-6.35
60-70 5.52 3.05-10.00 7.10 4.66-10.84
Educational level (ref: Elementary school)
Junior and senior high school 1.16 0.76-1.77 0.91 0.69-1.18
University and above 1.22 0.78-1.89 0.94 0.71-1.25
Cigarette smoking (ref: No)
Yes 0.90 0.63-1.30 1.15 0.91-1.45
Alcohol drinking (ref: No)
Yes 0.74 047-1.17 0.81 0.61-1.08
Exercise (ref: No)
Yes 1.04 0.79-1.36 1.08 0.90-1.29
BMI (ref: 18.5 < BMI < 24)
BMI < 18.5 191 0.68-5.40 0.51 0.21-1.21
24 <BMI < 27 1.49 1.09-2.05 1.15 0.94-1.40
BMI > 27 2.03 1.43-2.88 1.14 0.90-1.43
Diabetes (ref: No)
Yes 1.12 0.82-1.53 1.22 1.00-1.49
Hypertension (ref: No)
Yes 3.84 2.87-5.12 3.28 2.72-3.96
Hyperlipidemia (ref: No)
Yes 1.94 1.44-2.60 2.40 1.99-2.90
Atrial fibrillation (ref: No)
Yes 8.13 2.44-27.09 3.10 1.42-6.77
Tea consumption (ref: No)
Yes 1.14 0.86-1.52 0.91 0.75-1.09
Vegetarian diet (ref: No)
Yes 0.88 0.54-1.42 0.99 0.74-1.33
rs17321515*coffee p =0.0330

Ref: reference, CHD: Coronary heart disease, BMI: Body mass index, OR: odds ratio, CI: confidence interval,
TRIBI: tribbles pseudokinase 1, CYP1A2: cytochrome P450 1A2.

4. Discussion

In the current study, we determined whether an interactive association exists between coffee intake
and the TRIBI rs17321515 variant with the risk of CHD. Our findings offered unique evidence that coffee
intake might have a protective effect on CHD. We also found that contrary to previous findings [17,29],
rs17321515 was not associated with CHD. Importantly, we found evidence of an interaction between
rs17321515 and coffee intake. After stratification by rs17321515 genotypes, we found that CHD
risk was significantly lower among those with GG genotype who consumed coffee relative to their
non-coffee-drinking counterparts. However, there was no association among those with the GA+AA
genotype, indicating that the genotype may not have any effect on CHD. TRIB1 rs17321515 has been
associated with a decreased risk of CAD among Europeans, Malays, and Asian Indians [15,30,31].
However, their analyses were not performed based on coffee intake.

So far, several studies have investigated the independent effects of coffee intake and TRIB1
rs17321515 on cardiovascular disease risk. Of the studies, those investigating coffee consumption and
cardiovascular disease risk have shown conflicting results. Contrary to findings from case—control
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studies which suggested that coffee intake was detrimental to coronary arteries [32], umbrella reviews
of observational and intervention studies have found it to be beneficial even in little amounts [33,34].
An increased risk of CHD previously reported among heavy coffee drinkers was attributed to
smoking [35]. In light of this, we included smoking in our analysis.

Regarding the rs17321515 polymorphism, its AA+GA genotypes were previously associated with
an increased risk of CHD among Han Chinese [36]. In a Singapore Malay Eye study of 3280 adults
aged 40-79 years old, the odds ratio for CHD among carriers of this variant was 1.23 for each copy of
the A allele [31]. Even though the rs17321515 variant has been assessed in Asian populations as noted
above, attempts have not been made to replicate it in Taiwan. This was the motivation behind the
selection of this variant for the current study.

As stated earlier, lifestyle changes and genetic factors play a substantial role in the development
of cardiovascular diseases. Of note, the interactive associations of both factors with CHD have not
been widely reported. When coffee intake and the TRIBI rs17321515 variant were included in our
model with adjustments for smoking and other lifestyle variables, we found that the GG genotype
was significantly protective against CHD disease in individuals who consumed coffee compared to
those who did not. The underlying mechanisms of interaction between coffee drinking and TRIB1
rs17321515 SNP on CHD are not completely understood. However, metabolites in coffee are believed
to influence protective endogenous pathways by modulation of gene expression [37].

One of the main variables included in our model was the rs762551 variant in the CYP1A2 gene.
We chose this variant based on its previous association with caffeine metabolism and its role in
modifying the association between caffeinated coffee and the risk of heart disease [27]. Contrary to
expectation, we found that AC+CC, compared to the AA genotype was protective against CHD in
both the adjusted (OR, 0.86; 95% CI (0.74-0.99) and the separate model (Supplementary Table S1).
By performing stratified analyses, we found that associations of CYP1A2 rs762551 genotypes with
CHD were not significant (Supplementary Table S2). Besides, there was no interaction between the
variant and coffee consumption. Given that our findings are based on a limited number of coffee
consumers, further investigations would be needed to clarify these associations.

In this study, we also observed that coffee consumption habits between cases and controls differed
significantly based on gender and different age groups. However, differences in consumption based on
gender and age are yet to be adequately determined, particularly in Taiwan.

We believe that these results will help to enhance the knowledge on the role of coffee in the
association between rs17321515 variant and CHD among Taiwanese adults. However, the current study
is just a first step to examine this association, which remains a fundamental issue for future research.

This study was limited in several ways. First, about 70% of the population studied did not
consume any coffee. Such a limited number of coffee drinkers may preclude the possibility of observing
meaningful associations between coffee and CHD. Next, our questionnaire did not have information
on the type of coffee, caffeine content (that is, caffeinated or decaffeinated), methods of preparation,
and the daily amount of consumption. We understand that these attributes may have different effects
on CHD. Therefore, we recommend further research in this area. Second, well-established risk factors
such as smoking, exercise, education, male sex, diabetes, tea-drinking, and vegetarian diet were
not associated with the risk of CHD in the current population. This is an indication that our study
population might not be representative of typical CHD study populations. Third, there is a possibility
of nondifferential misclassification bias as information on coffee intake was based on self-report Lastly,
even though the TWB is representative of the general population, only individuals who are 30-70 years
old were recruited in the project. Therefore, we could not analyze data of adults under 30 or over
70 years of age.

5. Conclusions

In conclusion, our findings highlight the interactive association of coffee drinking and TRIB1
rs17321515 polymorphism on coronary heart disease in Taiwanese adults. Taken together, we found that
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the risk of CHD was significantly lower among those with GG genotype who consumed coffee compared
to their non-coffee-drinking counterparts. These results have provided considerable knowledge on
gene—nutrient interaction in relation to cardiovascular disease.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/5/1301/s1.
Table S1: Association of CHD with rs762551 variant and associated factors, Table S2: Association of CHD with
coffee drinking stratified by rs762551 genotypes.
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Abstract: Coffee contains bioactive compounds with anti-inflammatory properties, and its consumption
may reduce c-reactive protein (CRP) levels, a biomarker of chronic inflammation. A previous
meta-analysis reported no overall association between blood CRP level and coffee consumption
by modeling the coffee consumption in categories, with substantial heterogeneity. However, the
coffee cup volume was not considered. We conducted a systematic review and dose-response
meta-analysis investigating the association between coffee consumption and CRP levels reported
in previous observational studies. A dose-response meta-analysis was conducted by mixed-effects
meta-regression models using the volume of coffee consumed as metric. Eleven studies from three
continents were identified using the PubMed database, totaling 61,047 participants. Three studies
with the largest sample sizes observed a statistically significant association between coffee and
CRP levels, which was inverse among European and United States (US) women and Japanese men
(1.3-5.5% decrease in CRP per 100 mL of coffee consumed) and positive among European men
(2.2% increase). Other studies showed no statistically significant associations. When all studies
were combined in the dose-response meta-analysis, no statistically significant associations were
observed among all participants or when stratified by gender or geographic location, reflecting the
conflicting associations reported in the included studies. Further studies are warranted to explore
these inconsistent associations.

Keywords: coffee consumption; c-reactive protein; cross-sectional studies; systematic review and
meta-analysis

1. Introduction

Coffee is a well-known beverage around the world and the most popular caffeinated drink
choice [1,2]. A recent meta-analysis of 31 cohort studies reported that coffee consumption is associated
with decreased risk of total mortality and cause-specific mortality from cardiovascular disease (CVD)
and cancer [3]. C-reactive protein (CRP) is considered a biomarker of chronic inflammation [4] and
of disease risk and progression [5], including for CVD. The association between coffee and mortality
reported in the meta-analysis may be mediated through CRP.

Coffee contains many bioactive components such as chlorogenic acids, polyphenols, diterpenes,
micronutrients and caffeine [2,6-8], which may exert beneficial health effects through antioxidant and
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anti-inflammatory properties [6-8]. There are also bioactive compounds that may negatively affect
health; for instance, the high amount of lipids in unfiltered coffee may increase blood cholesterol [9,10].

In this analysis, we investigated the associations between coffee consumption and CRP levels
among adults in observational studies by conducting a systematic literature review and a dose-response
meta-analysis. A previous meta-analysis of 24,863 participants from nine studies modeled coffee
consumption by categories and reported no overall statistically significant association with CRP
level, but there was evidence of substantial heterogeneity [11]. The cup volume varied by geographic
location, which affects the amount of bioactive compounds consumed and, consequently, their biological
effects [7,8,12-14]. Hence, we modeled the volume of coffee consumed and hypothesized that higher
coffee consumption is associated with lower levels of CRP.

2. Materials and Methods

2.1. Registration

This study was reported according to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) [15] and is registered with the PROSPERO International Prospective Register
of Systematic Reviews (CRD42018108351).

2.2. Literature Search

A systematic literature review was conducted using the electronic database PubMed to collect data
from published studies. The following search terms were used: (“coffee” [MeSH Terms] OR “coffee”[All
Fields]) AND (“c-reactive protein”[MeSH Terms] OR (“c-reactive”[All Fields] AND “protein”[All
Fields]) OR “c-reactive protein”[All Fields] OR “c reactive protein”[All Fields]). The last search was
conducted in March 2020, and a total of 61 abstracts were identified and reviewed independently by two
authors (E.D.M. and Y.T.). A full-text article was not obtained if the title and/or abstract met one or more
of the following exclusion criteria: (1) animal study; (2) study among children; (3) no mention of coffee
or other beverages, or of associations between food or beverage intake other than coffee and CRP or
other inflammatory biomarkers; (4) no mention of CRP or other inflammatory markers/biomarkers, or
of associations between beverage consumption and outcome variables other than CRP; (5) non-original
study such as review or commentary. After removing abstracts that met those exclusions, the full-text
articles of the remaining abstracts were obtained, reviewed, and excluded if they met one of the
following additional exclusion criteria: (1) not reporting the association between coffee consumption
and CRP level; (2) overlapping study populations; (3) not reporting enough data, such as coffee
consumption categories (at least three) and levels of CRP within those categories; (4) meeting any of the
previous exclusion criteria that could not be determined from the abstract alone, but was determined
based on the full-text article. A total of 10 articles that did not meet any of the exclusion criteria were
included in the systematic literature review. We found three meta-analysis/systematic review articles in
our PubMed search [4,11,16] and compared the list of original research studies included in the article,
finding no additional studies to the 10 articles we identified that met our inclusion criteria. Data were
extracted independently by two authors (E.D.M. and Y.T.) and inconsistencies were discussed and
brought to consensus.

The following information was extracted, compiled and summarized for each study: first
author; year of publication; study name; country; study design; calendar years when the study was
conducted and questionnaire information and blood samples were collected; number of participants;
age; gender; coffee consumption assessment (questionnaire validated or not) and methods of
questionnaire administration (interview or self-administered); cup volume conversion and/or frequency
of consumption; study results such as CRP levels (mean and standard deviations/error or 95% confidence
intervals (CI)) by coffee consumption categories.

Not all of the information described above could be extracted from each of the 10 articles. In such
cases, articles that might provide missing information were examined by examining references cited
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by the studies, searching for articles about the study or questionnaire through PubMed, or contacting
the corresponding author of the articles. For instance, information on cup volume conversion was
available for nine studies [17-24], but not for the Kyushu University cohort and the Dose-Response
to Exercise in Women (DREW) trial [25,26]. When we contacted the corresponding authors of these
two studies, we either received confirmation of the lack of information [26] or no response [25]; hence,
we estimated the cup conversion based on the other studies conducted in similar location and calendar
years, such as the Aichi Workers’ study [20] and Nurses” Health Study (NHS) [18], respectively. Data on
high-sensitivity CRP levels were obtained from all studies, but two studies needed to be converted to
milligram per liter [20,22]. For all 11 studies, high-sensitivity CRP was measured using blood samples
collected throughout each study.

The risk of bias for each study was assessed by both authors (E.D.M. and Y.T.) independently
using the modified Newcastle-Ottawa Scale for cross-sectional studies [27]; any discrepancies were
discussed and a consensus reached.

2.3. Meta-Analysis

A meta-analysis of associations between coffee consumption volume and CRP level was conducted
through the Metafor package from R. Based on the cup conversion information we collected and the
range of cups of coffee consumed in each category reported in each article, we estimated the mid-point
volume (in mL) of coffee consumption in each category; we then re-calculated the p-trend to test a
linear association between coffee consumption and CRP level by treating coffee volume as continuous
in a model.

The estimated weighted mean changes in CRP level (per 100 mL of coffee) and 95% CI were
calculated through a mixed-effects meta-regression model. We used log-transformed CRP levels in our
meta-analysis. Due to incomparability of the reported values, the ATTICA study was excluded from
the meta-analysis. The heterogeneity across studies was assessed by I? statistics [28]. To explore the
source of heterogeneity, we pre-specified and stratified analyses by gender and geographic location.

3. Results

Our study identified 61 abstracts published in March 2020 or earlier with search terms identified
previously. After reviewing articles based on the title and abstract (Figure 1), 47 were selected
to obtain full-text articles. Among them, 37 of the published studies were excluded: 26 for not
reporting the association between coffee consumption and CRP level, four for using the same study
population [29-32], five for not providing enough data [33-37], and two for being a non-original
article [38,39]. In total, 10 published articles reporting associations between coffee consumption and
CRP levels in 11 study populations (one article reported results from two cohorts [18]) were selected
and included in the current systematic review and meta-analysis.

The 11 studies were conducted between 1976 and 2007 in various locations: three in the United
States (US) [18,26], three in Asia [19,20,25], and the rest in Europe [17,21-24] (Table 1). These 11 studies
involved a total of 61,047 participants. Most studies had over 500 participants each [17-20,22,23,25],
with the exception of two studies which had 344 and 61 participants, respectively [21,26]. Among
the 11 studies, six included both men and women [17,19,20,22,23,25]. Of the other five studies, two
included only women [18,26] and three included only men [18,21,24].
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61 abstracts identified through PubMed search

Articles excluded on basis of title/abstract:
*  Animal study: 1
*  Examining children: 2

> *  No mention of any combinations of keywords and key
associations: 2*

¢ Studies without an abstract: 2

*  Non-original article: 7

A4

47 articles met inclusion criteria and full texts were obtained

Articles excluded:

*  Studies that did not report the association between coffee
consumption and CRP: 26

> *  Studies that overlap the same study population: 4

¢ Studies that did not provide enough data: 5

*  Any of the previous exclusion criteria that could not be
determined from the abstract alone, but was determined
based on the full- text article: 2

v

10 articles were included in systematic literature review

Figure 1. Flow chart of systematic literature review. * no mention of coffee or other beverages, or
of associations between food or beverage intake other than coffee and c-reactive protein (CRP) or
other inflammatory biomarkers; no mention of CRP or other inflammatory markers/biomarkers, or of
associations between beverage consumption and outcome variables other than CRP.

The age of study participants varied from 18 to 87 years old. The mean body mass index
(BMI) of each study was between 22.8 kg/m? and 36.1 kg/m?, with the exception of one that did
not report BMI values, but reported instead that 17.7% of participants were obese [17]. Six studies
reported that the mean alcohol consumption ranged from 1.7-27.3 g/day [18,20-24,26], while four
studies reported that 18.6-72.7% of participants drank alcohol [19,25]. One study did not provide
information on alcohol consumption [17]. As for smoking, one study of women and one study of
men consisted of only non-smokers [21,26]. Hence, the percentage of current smokers ranged from
0% (due to recruitment criterion) in the DREW trial and United Kingdom (UK) study [21,26] to 53.3%
in the ATTICA study [17]. Of the three studies that included postmenopausal women and reported
hormone therapy use [18,22,26], the proportion of users ranged from 25.9% in the European Prospective
Investigation into Cancer and Nutrition (EPIC) study [22] to 46.5% in the DREW trial [26].

All studies used questionnaires to assess coffee consumption, through self-administration,
interview, or both. Each study had 3-5 coffee consumption categories including “no”, “low”,
“medium”, “high”, and “very high” coffee consumption. The consumption amount considered “low”
or “high” varied across studies, ranging from 1 cup/month to <6 cups/week for low consumption and
2 to 26 cups/day for high consumption. Two studies included the fifth (“very high”) consumption
category as high as >7 cups/day [22,25]. As the studies were conducted in various locations, the volume
of a cup for each region ranged from 150 mL in the Aichi Workers’ cohort in Japan [20] and the Finnish
Diabetic Nephropathy (FinnDiane) study in Finland [23] to 237 mL in NHS and Health Professional
Follow-Up Study (HPFS) studies in the US [18] and EPIC and UK studies in Europe [21,22].
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When the linear association was assessed taking the volume of coffee consumed into account,
three of the 11 studies observed statistically significant inverse or positive associations between coffee
consumption and CRP levels, although the rest reported no significant association (Table 2). These
three studies examined associations separately by gender, and different associations were observed
by gender and study [18,22,25]. Among women, the EPIC and NHS included 10,520 and 15,551
women, respectively, and they had a statistically significant inverse association (EPIC: p-trend = 0.002,
2.7% decrease in CRP per 100 mL of coffee consumption; NHS: p-trend = 0.02, 5.5% decrease in
CRP) [18,22]. Among men, the Kyushu University cohort included 4407 men and also showed a
statistically significant inverse association (p-trend = 0.03, 1.3% decrease in CRP) [25]. In contrast, the
EPIC study had 4280 men and showed a statistically significant positive association between coffee
consumption and CRP levels (p-trend = 0.01, 2.2% increase in CRP) [22].

When the 10 studies that reported compatible CRP levels were combined through the
dose-response meta-analysis, no statistically significant association was observed among all participants
(mean change in CRP level: —2.4%; 95% CI: —8.7% to 4.4%; p = 0.49) with no evidence of heterogeneity
(I? < 0.01%). Similarly, no significant associations (mean change in CRP level; 95% CI; p-value) were
observed when we stratified by gender (men: 0.9%; —9.7% to 8.8%; p = 0.85; women: —6.3%; —16.4% to
5.0%; p = 0.26), or geographic location (US: —6.7%; —6.5% to 8.3%; p = 0.54; Europe: 0.6%; —6.5% to
8.3%; p = 0.83; Asia: —1.6%; —12.1% to 10.2%; p = 0.78) with no evidence of heterogeneity (I? < 0.01%).
Given that BELSTRESS study [24] was based on crude estimates, we repeated the analyses without the
BELSTRESS study, which did not materially change the results (data not shown).

Regarding risk of bias, assessed through the modified Newcastle-Ottawa Scale for cross-sectional
studies [27], all studies had scores of six or higher (Supplementary Table S1). Five studies [20-23,25]
scored seven, which is considered good quality. Two studies [24,26] scored six (satisfactory quality),
three [18,19] scored eight (good quality), and another [17] scored 10 (very good quality).
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4. Discussion

To our knowledge, this is the first dose-response meta-analysis of the association between coffee
consumption and CRP level in cross-sectional analyses that considered the volume of coffee consumed
instead of categorical data, as employed in a previous meta-analysis [11]. Hence, our analysis is more
robust in assessing the effects of volume of coffee consumed, which reflects the amount of bioactive
compounds in coffee better than considering categories alone [12-14]. This is important as cup volume
varied across studies (150 to 237 mL). When studies were combined through the dose-response
meta-analysis, no statistically significant associations were observed between coffee consumption and
CRP levels among all studies or after stratifying by gender or geographic location. To further elucidate
this finding, we examined associations of CRP level with coffee consumption by modeling the volume
of coffee and re-calculating the p-value for linear associations for each study. We found that the three
studies with the largest sample sizes, NHS, EPIC study, and Kyushu University cohort, had statistically
significant inverse or positive associations between coffee consumption and CRP levels, while others
reported no statistically significant association. These inconsistent associations across studies may be
explained by differences in study populations as discussed below.

The characteristics related to coffee preference and preparation methods common in each study
population may have affected the associations between coffee consumption and CRP level due
to variation in the amount of bioactive compounds [12,13,47,48]. Around the time when coffee
consumption was assessed in the included countries, instant coffees were popular in all countries.
Unfiltered coffee was more commonly consumed in European countries than in the United States, Japan,
and Singapore, where filtered coffee was more common [49]. Among the 11 included studies, three
investigated associations separately by coffee preparation methods or types—filtered and unfiltered
coffees in the ATTICA study [17] and decaffeinated and caffeinated coffees in the NHS and HPFS [18].
However, all studies found similar associations for either method [17,18]. Moreover, previous coffee
intervention trials reported no difference in CRP levels by different types or preparation methods
of coffee [34,50,51]. Nevertheless, a previous animal study provided evidence of anti-inflammatory
effects of caffeine, given that a three-week caffeine administration (7.5 to 15 mg/kg of body weight)
resulted in decreased CRP level in rats [7]. Therefore, previous human studies [34,50,51] may not have
had a sufficiently large variation in coffee consumption (due to small sample sizes or homogeneous
coffee consumption within a single study population) to observe differences in CRP levels comparable
to the animal study [7]. Our meta-analysis had a limited ability to further explore associations by
coffee preparation methods or types given that only three of the included studies conducted separate
analyses [17,18]. In addition to caffeine, chlorogenic acid was reported to decrease inflammation
in vitro, and its content varies by roasting levels [52]. To provide greater insight, future human
studies may need to assess type, preparation methods and roasting types, along with the volume of
coffee consumed.

In addition, discrepant results between studies could be due to participants’ characteristics
common in groups defined by gender and geographic location. These characteristics might have
contributed to their interactions with coffee consumption or have confounded the observed associations.
Firstly, BMI may have affected the inconsistent results between European men and women and Japanese
men. Given the pro-inflammatory nature of CRP, a positive association of CRP levels with BMI and
body fat composition was reported previously [53]. The EPIC study, with a positive association,
had a higher average BMI (26.3 kg/m2) [44] than the Kyushu University cohort (23.5 kg/mz) [25],
which reported an inverse association. Similarly, within the same EPIC study population, opposing
associations (a positive association for men and an inverse association for women) were reported,
which suggests that BMI (26.3 kg/m? for men and 24.2 kg/m? for women on average) [44] might have
played a role rather than other factors such as coffee type. Hence, it is possible that BMI or body fat
mass may have contributed to conflicting associations of coffee consumption with CRP levels in the
EPIC and Kyushu University cohort studies. To further elucidate potential involvement of body fat
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mass, future studies need to use other anthropometric measures that are more reflective of body fat
mass than BMI and stratify results by these anthropometric factors.

Secondly, smoking might have contributed to discrepant results. CRP levels were higher among
smokers than non-smokers [54], and smoking tends to be more common among men than women,
especially in Japan [25,55] and Singapore [56]. In addition, confounding effects of smoking in the
association between coffee and CRP level are possible as previously reported for coronary artery disease
or CVD mortality [3,57], which were closely linked to CRP levels. For the studies with statistically
significant associations, the proportion of current smokers was 32% for men in the Kyushu University
cohort [25], 30% for men and 17% for women in the EPIC study [45], and 13% in the NHS [18]. Hence,
the relatively low proportion of current smokers might partially explain the inverse association for
European and US women. However, other factors may play a role in conflicting associations between
European and Japanese men, which warrants further investigations.

Alcohol intake may have also been an influential variable in gender differences with regard to the
association between coffee consumption and CRP level. Among women, studies with a significant
inverse association tended to have a higher alcohol consumption (6.0 g/day in NHS [18] and 4.2 g/day
in EPIC women [22]) than studies with a non-significant association (1.7 g/day in DREW trial [26] and
27.1% as alcohol consumers in women in Kyushu University Cohort [25]). Among men, however, this
trend was not clearly observed; EPIC men with a significant positive association reported consumption
of 14.5 g/day [22]; Kyushu University Cohort men with a significant inverse association reported
72.7% of current alcohol consumers [25]; other studies with non-significant associations reported
consumption in the range of 11.8 g/day in HPFS [18] and 27.3 g/day in BELSTRESS [24]. Among men in
the Kyushu University Cohort, the inverse association between coffee and CRP was strongest among
high current alcohol consumers [25], which might have driven the overall inverse association when
all men in this study were combined. In the EPIC study, the association between coffee and CRP
was not reported by alcohol consumption level. Biological effects may be influenced by consumption
differences between genders, suggesting that the inverse association may be stronger for drinkers
than non-drinkers. The positive association observed in EPIC men [22] may be partially explained
by a previously reported U-shaped association between alcohol consumption and CRP [58], which
warrants further investigation. The stronger inverse association between coffee and CRP in high
alcohol consumers among Japanese men [25] is not consistent with the reported U-shaped association;
however, relatively lower BMI in Japanese men than European men might have contributed to this
difference. Additionally, the proportion of smokers was similar between Japanese and European men,
which may not explain the opposing associations reported. Taken together, other potential factors
(e.g., types of alcoholic beverages) that may explain the discrepant associations between European and
Japanese men need to be explored in future studies.

Strengths of this current analysis include the large number of participants (a total of 61,047), with
a majority of the included studies comprising over 500 participants. This analysis included a diverse
population of apparently healthy men and women, overweight and postmenopausal women, and
men and women with known diabetes or metabolic syndrome. Additionally, this analysis obtained
results from over 15 different countries in Europe, North America, and Asia. This diversity in study
populations allowed us to cover a wide range of coffee consumption levels (the estimated median
volume of coffee consumed ranged from 150 mL in Aichi Workers’ cohort [20] to 570 mL in the
FinnDiane study [23]) that could not be achieved within a single study, and it allowed us to conduct
a thorough examination of the association between coffee consumption and CRP levels. We also
estimated the volume of coffee consumed in our analysis, instead of the pre-defined category or
number of cups consumed, which better reflects the amount of hypothesized bioactive compounds in
coffee. In addition, the comparability of CRP values across studies is a strength as all studies measured
high-sensitivity CRP. The duration of blood sample storage varied by study; however, CRP values
were reported to be highly stable over time (spanning several years) when blood samples were stored
under the well-kept conditions [59] that all included studies followed. There may be slight variations
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in blood collection and handling procedures (such as temperature or time between blood collection
and storage), which were also reported not to affect CRP values [60].

A limitation of this analysis is that the sample size ranged from 61 to 15,551, although a majority
of the studies had over 500 participants. This may have affected the number of coffee consumption
categories and statistical power within a single study. Hence, we conducted a dose-response
meta-analysis including all eligible studies. Secondly, regarding CRP levels, two studies of women
in the United States (i.e., DREW trial and NHS) had relatively higher levels than the rest of the
studies. Previously, obesity and hormone therapy use were reported as determinants of high CRP
level [38,53,61]. Both studies [18,26] had the two highest proportions of hormone therapy users
(46.5% and 41.3% for the DREW trial and NHS, respectively), and the DREW trial included only
overweight and obese women, while the NHS had a higher average BMI than other studies; these
two characteristics may explain their high CRP levels. Thirdly, except for sex, we had limited ability
to explore effects of potential confounding factors such as smoking and BMI. This is due to the fact
that we did not have participant-level data and we relied on the reported associations adjusted for
a set of confounding variables chosen by study investigators. Moreover, our study was limited in
exploring the confounding effect of age because age ranges of study participants overlapped among the
included studies and no study conducted analyses stratified by age group. Fourthly, all studies were
based on cross-sectional analyses, which cannot infer temporal association, and future prospective
analyses are warranted. Fifthly, our analysis only included one biomarker of chronic inflammation,
CRP. Thus, other biomarkers such as interleukin-6 and tumor necrosis factor-alpha need to be explored
in future studies. These biomarkers were linked to coffee extracts in previous in vitro [52] and human
studies [17,18]. Furthermore, there is recent development in isoforms of CRP, such as pentameric and
monomeric isoforms, linked to cardiovascular diseases and inflammatory conditions [62], which need
to be considered in future studies. Sixthly, all the included studies used a food frequency questionnaire
(FFQ) to assess coffee consumption. Although most were previously validated and reported correlation
coefficients of coffee intake between FFQ and other dietary assessment instruments as high as 0.78 [31],
the use of FFQs may have impacted the coffee consumption data due to inherent self-reporting errors [63].
Nonetheless, it is an efficient way to assess dietary intake in a large sample size. Future studies could
use biomarkers of coffee consumption (e.g., urinary furoylglycine [64,65], N-methylpyridinium, and
trigonelline [66]) to overcome limitations in self-reporting methods. Additionally, these biomarker
studies would address the potential difference in the amount of bioactive compounds resulting from
differences in coffee preparation, brew strength, roasting and beans, which cannot be construed solely
by the volume of coffee consumed. Future studies measuring biomarkers of coffee consumption or
collecting detailed information on coffee type and preparation method are warranted.

5. Conclusions

Our results from the dose-response meta-analysis suggest no statistically significant association
between coffee consumption and CRP level among all studies combined or after stratification by
gender and geographic location. The three individual studies with the largest sample sizes among
the 11 included studies support an inverse or positive association between coffee consumption and
CRP levels among European men and women, US women, and Japanese men. Given these conflicting
associations, factors such as smoking and BMI may be attributable to these variations, and the potential
interaction with gender needs to be explored further.
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Abstract: Examination of urine excretion of caffeine metabolites has been a simple but common way
to determine the metabolism and effect of caffeine, but the relationship between urinary metabolites
and urine flow rate is less discussed. To explore the association between urinary caffeine metabolite
levels and urine flow rate, 1571 participants from the National Health and Nutrition Examination
Survey (NHANES) 2011-2012 were enrolled in this study. We examined the association between
urinary caffeine metabolites and urine flow rate with linear regression models. Separate models
were constructed for males and females and for participants aged <60 and >60 years old. A positive
association was found between concentrations of several urinary caffeine metabolites and urine flow
rate. Three main metabolites, namely, paraxanthine, theobromine, and caffeine, showed significance
across all subgroups. The number of caffeine metabolites that revealed flow-dependency was greater
in males than in females and was also greater in the young than in the elderly. Nevertheless,
the general weakness of NHANES data, a cross-sectional study, is that the collection is made at one
single time point rather than a long-term study. In summary, urinary concentrations of several caffeine
metabolites showed a positive relationship with the urine flow rate. The trend is more noticeable in
males and in young subgroups.

Keywords: urine caffeine metabolites; urine flow rate

1. Introduction

Caffeine is a common psychoactive stimulant that can be found in daily beverages such as coffee,
tea, and cocoa. Its impact on various aspects has aroused the interest of researchers from different fields.
In the field of physiology, the impact of caffeine on the central nervous system and peripheral organs has
been widely discussed [1]. The most noticeable one is the antagonism of adenosine receptors Al and
A2 [2], which play a famous role in arousal, vigilance, and anxiety [3]. In regard to neurotransmitters,
caffeine seems to affect norepinephrine, dopamine, and serotonin, which contribute to alertness [4].
In the cardiovascular system, caffeine increases heart rate and affects blood pressure, cardiac rhythm,
and various cardiac diseases [5,6]. In kidneys, caffeine induces diuresis and natriuresis [7]. In the field
of psychology, sleep disturbance, learning and memory, addiction, and withdrawal are popular topics
related to caffeine [8-10].

In the field of pharmacology, enzyme assays, including CYP1A2, N-acetyltransferase, and xanthine
oxidase, utilize caffeine and its urinary metabolites as the means of evaluation [11,12]. There are
various ways of evaluating caffeine metabolism. Urine levels, serum levels, and metabolite ratios of
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caffeine act as biomarkers for diseases [13], targets for drugs [14], and probes for enzyme activity [15].
Factors that may confound the results of examinations should be taken into account when interpreting
related data. Urine flow rate is undoubtedly a crucial factor when interpreting data regarding urinary
caffeine metabolism, and thus the association between urinary caffeine metabolite concentrations and
urine flow rate deserves attention. Previous literature discussing flow-dependency put more focus on
theophylline, one of the caffeine metabolites that is well known for its therapeutic effects on asthma and
chronic obstructive pulmonary disease (COPD) [16-18]. However, comprehensive studies about other
caffeine metabolites are lacking. Therefore, the purpose of our study is to investigate the relationship
between 14 main urinary caffeine metabolites and the urine flow rate.

2. Materials and Methods

2.1. Design and Participants

The NHANES study, a nationally representative study of population in the United States, is a
cross-sectional survey based on a national sample of randomly-selected residents in the USA. It is
administered by the National Center for Health Statistics (NCHS) of the Centers for Disease Control
and Prevention (CDC). The survey combines three main parts. Initial screening questions determine
qualified participants. Afterward, an extensive interview is held at home, which includes information
such as age, gender, race, medical history, and health status. Further physical examination or clinical
evaluations are performed at specially designed mobile examination centers (MECs). All interviewers
received training programs and met the required standards. NHANES started in 1999 and remains
a continuous annual survey, with data released every 2 years. Detailed questionnaire instruments,
procedure manuals, brochures, and consent documents for the 2011-2012 NHANES are described
on the NHANES website. This study gained Institutional Review Board (IRB; project identification
code protocol #2011-17) approval by the National Center for Health Statistics (NCHS) in line with the
revised Helsinki Declaration. Informed consents were collected from all research participants before
the data-gathering procedure and examinations were carried out.

There were 9756 participants in the NHANES dataset from 2011-2012. Data from 2009-2010
also performed urinary caffeine analysis but was abandoned due to the instrument used not being
suitable for analyzing both positive and negative ions simultaneously, so each urine specimen was
analyzed twice. Data from 2011-2012 was from an improved instrument so that the measurement
of each specimen was done in a single analysis. After excluding those under 18 years old and those
with missing data such as urine flow rate, urinary caffeine analysis, and those taking medication of
benign prostatic hyperplasia and diuretics, 1410 eligible participants were involved in our analysis.
Figure 1 shows a scheme of the flow chart of participant recruitment. We performed our analyses in
three stages: categorizing participants as a whole population, by gender (male and female), and by age
(cutoff value set at 60 years old to refer to the elderly population [19,20]).

2.2. Measurement of Caffeine Metabolites in Urine

Spot urine samples were collected by experienced operators at the MECs. Recorded documents
included the date and time of sampling and the volume of urine collection. Samples were stored
at <-70 °C based on the Laboratory Procedures Manual before transportation to the National
Center for Environmental Health (Centers for Disease Control and Prevention, Atlanta, GA, USA)
for testing. Urinary metabolite quantification was determined by ultra-high performance liquid
chromatography-electrospray ionization-tandem quadrupole mass spectrometry (UHPLC-ESI-MS/MS)
(Agilent Technologies, Palo Alta, CA, USA) with stable isotope-labeled internal standards. More detailed
methods are reported on the NHANES website.
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Participants involved in the program
NHANES 2011-2012 (N=9756)

Exclusion criteria (N= 8346): Participants
under 18 years old, lacked urine flow rate
data, lacked urinary caffeine and 14 of its
metabolites data, took medication of

benign prostatic hyperplasia and diuretics.

Eligible participants (N=1410) were calculated in total, and
further categorized into groups based on gender and age.

Total Sorted by gender Sorted by gender

ota

(N= 1410) (Male, N=685 (Age<60,N=1140
Female, N=725) Age>60,N=270 )

Figure 1. Flow chart of participant recruitment.

Caffeine and 14 of its urinary metabolites, 15 in total, were examined, including
1-methyluric acid, 3-methyluric acid, 7-methyluric acid, 1,3-dimethyluric acid, 1,7-dimethyluric acid,
3,7-dimethyluric acid, 1,3,7-trimethyluric acid, 1-methylxanthine, 3-methylxanthine, 7-methylxanthine,
1,3-dimethylxanthine (theophylline), 1,7-dimethylxanthine (paraxanthine), 3,7-dimethylxanthine
(theobromine), 1,3,7-trimethylxanthine (caffeine), and 5-acetylamino-6-amino-3-methyluracil
(AAMU). AAMU is the decomposition product of the relatively unstable caffeine metabolite
5-acetylamino-6-formylamino-3-methyluracil (AFMU). Samples were allowed to incubate for at least
30 min at room temperature so that conversion of all AFMU to the more stable AAMU was ensured.

The lower limit of detection (LLOD in umol/L) for caffeine and caffeine metabolites can be obtained
from the NHANES website. For analytes with results below the lower limit of detection, the value
is the lower limit of detection divided by the square root of 2 (LLOD/sqrt [2]). All presented data
satisfied quality control (QC) procedures, which were performed by a multirule quality control system.
Samples examined were collected from 3 QC pools (low-, medium-, and high-quality control pools).
Urine analyte concentrations were adjusted to urinary creatinine (uCr) by dividing urine concentration
of metabolites by uCr values.

2.3. Measurement of Urine Flow Rate

Urinary flow rate was not a regular examined item in every cycle of NHANES. We collected our
data from NHANES 2011-2012. Upon visiting MECs, participants reported the time of the last urinary
void at home. At the center, the urinary volume was measured, and the time of sample collection was
recorded. Up to three voids could be collected if the initial two voiding volumes were insufficient for
the clinical and laboratory analyses. Conceptually, the calculation of urine flow rate is by dividing the
volume of the present urine sample by the time duration between the former urination and the present
urine collection, i.e., (total urine volume)/(total time duration).

2.4. Covariates

The self-reported demographic details of all subjects comprise gender, age, race/ethnicity, smoking
history, and medical history. Race was sorted into groups including Mexican American, other Hispanic,
non-Hispanic whites and blacks, and other races. Both former and current smokers were defined as
having a habit of smoking. The formula of body mass index (BMI) is weight in kilograms divided by
height in meters squared (kg/m?). Heart disease was defined as ever been diagnosed with congestive
heart failure, coronary heart disease, angina, or heart attack. Biochemical data are measured as follows:
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aspartate aminotransferase (AST) were detected by the Beckman Coulter UniCel DxC 800 Synchron
Clinical System; fasting plasma glucose (FPG) levels and urine creatinine (Cr) were measured by
Roche/Hitachi Modular P Chemistry Analyzer. Further details about collection procedures are available
on the NHANES website.

2.5. Statistical Analysis

We conducted a statistical analysis using SPSS (IBM SPSS Statistics for Windows, version
22.0, released 2013; IBM Corp., Armonk, NY). Qualitative data and quantitative variables were
reported in percentages and medians and interquartile ranges (IQRs), respectively. A p-value of
<0.05 was considered statistically significant. The urine flow rates deviated from normality, and,
thus, log-transformation was performed to achieve normalization. Subsequently, we applied linear
regression models to investigate the relationship between urine levels of caffeine metabolite levels and
the log-transformed urine flow rate.

Four models were provided in each analytic group to adjust for relevant covariates. The unadjusted
model was numbered Model 1; Model 2 was adjusted for age, gender, and race; Model 3 was further
adjusted for BMI, serum fasting glucose, AST, and urine creatinine; Model 4 was further adjusted for
experiences of heart disease, smoking status, water intake, and caffeine intake.

3. Results

3.1. Characteristics of the Study Population

The demographic information of the eligible subjects in the study is shown in Table 1. The mean
age of the participants was 47.7 + 17.79 years old, and 49.8% of participants were male and 43.5%
were ever-smokers. Median of baseline variables is as follows: BMI 28.89 kg/mz, AST 25.54 U/L,
uCr 0.89 mg/dL, and FPG 102.92 mg/dL.

3.2. Urinary Caffeine Metabolite Concentrations and Urine Flow Rate

Associations between urinary caffeine metabolite concentrations and urine flow rate are
demonstrated in Table 2. Positive correlations were discovered by linear regression analysis
in caffeine and several of its metabolites: 1-methyluric acid (f coefficient = 0.068, p < 0.001),
1,7-dimethyluric acid ( coefficient = 0.091, p = 0.047), 1,3,7-trimethyluric acid ( coefficient
= 1.806, p=0.007), 1-methylxanthine (3 coefficient = 0.152, p < 0.001), 7-methylxanthine
(B coefficient = 0.07, p = 0.005), 1,3-dimethylxanthine (theophylline, 5 coefficient = 1.177, p < 0.001),
1,7-dimethylxanthine (paraxanthine, (3 coefficient = 0.587, p < 0.001), 3,7-dimethylxanthine
(theobromine,  coefficient = 0.316, p < 0.001), 1,3,7-trimethylxanthine (caffeine, (3 coefficient =
1.102, p < 0.001), and 5-acetylamino-6-amino-3-methyluracil (3 coefficient = 0.053, p = 0.004). Notably,
additional adjustments for all covariates did not affect the statistical significance in the aforementioned
metabolites. We further categorized our participants into subgroups by gender in Table 3 and by age
in Table 4. Paraxanthine (p < 0.001 in total population, male, female, under and over 60 years old),
theobromine (p < 0.001 in total population, male, female, under 60 years old; p = 0.011 over 60 years
old), and caffeine (p < 0.001 in total population, male, female, under and over 60 years old) were the
three showing significant positive correlations in all subgroups.
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Table 1. Characteristics of participants.

Variables Median (IQR) or Percent (%)
Continuous variables
Age (years) 47.70 £ 17.79
BMI (kg/m?) 28.89 + 6.85
Aspartate aminotransferase (AST)(U/L) 25.54 + 14.01
urine creatinine (mg/dL) 0.89 +0.29
serum fasting glucose (mg/dL) 102.92 + 41.51
1-methyluric acid (umol/L) 091 +1.19
3-methyluric acid (umol/L) 0.01 +0.02
7-methyluric acid (umol/L) 0.22 +0.34
1,3-dimethyluric acid (umol/L) 0.11 £ 0.26
1,7-dimethyluric acid (umol/L) 0.42 +0.49
3,7-dimethyluric acid (umol/L) 0.01 +0.02
1,3,7-trimethyluric acid (umol/L) 0.03 £ 0.03
1-methylxanthine (umol/L) 0.48 + 0.68
3-methylxanthine (umol/L) 0.42 +0.61
7-methylxanthine (umol/L) 0.67 +0.92
1,3-dimethylxanthine (theophylline) (umol/L) 0.03 = 0.07
1,7-dimethylxanthine (paraxanthine) (umol/L) 0.29 £ 0.40
3,7-dimethylxanthine (theobromine) (umol/L) 0.28 +0.44
1,3,7-trimethylxanthine (caffeine) (umol/L) 0.09 £0.18
5-acetylamino-6-amino-3-methyluracil (uM/L) 0.96 +1.25
Caffeine intake on the exam day (mg) 142.74 +£192.73
Total plain water drank the day before exam (mg) 1130.95 + 1213.59
Categorical variables
Gender
Male 49.8
Female 50.2
Race
Mexican American 9.5
Other Hispanic 10.5
Non-Hispanic White 36.9
Non-Hispanic Black 26.8
Other Race—including Multi-Racial 16.4
Heart disease—ever had a diagnosis
Congestive heart failure 3.5
Coronary heart disease 4
Angina 2.6
Heart attack 3.8
Smoking 43.5

interquartile range (IQR).
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Table 2. Association between urinary caffeine metabolites and urine flow rate.

Model 1 Model 2 Model 3 Model 4
Variables B(95% p Value B(95% p Value B(95% p Value 3(95% p Value
(@l)] CD Ccn CD
0.072 0.074 0.083 0.055
1-methyluric acid (0.035, <0.001 (0.037, <0.001 (0.045, <0.001 0.011, 0.015
0.110) 0.112) 0.121) 0.099)
1.472 2.048 2.651 1.281
3-methyluric acid (-1373, 0310 (-0.833,  0.163 (-0.244,  0.073 (-1.698, 039
4.318) 4.930) 5.546) 4.260)
0.083 0.114 0.125 0.042
7-methyluric acid (-0.061, 0260 (0032, 0126 (—0021, 0092  (—0108, 0582
0.228) 0.260) 0.271) 0.192)
0.048 0.046 0.055 —0.012
1,3-dimethyluric acid (-0.116, 0.565 (-0.118, 0.585 (—0.109, 0.510 (=0.177, 0.885
0.213) 0.210) 0.219) 0.153)
0.108 0.135 0.147 0.054
1,7-dimethyluric acid (0.017, 0.020 (0.041, 0.005 (0.053, 0.002 (-0.053, 0.322
0.200) 0.228) 0.240) 0.161)
2291 2.825 2.720 1.802
37-dimethyluricacid ~ (_g0pp, 0052 (0527, 0.016 (0.427, 0.02 (<0507, 0126
4.604) 5.123) 5.013) 4.110)
1.936 2.400 2.637 1.508
1,3,7-trimethyluric acid (0.598, 0.005 (1.049, 0.001 (1.287, <0.001 (0.029, 0.046
3.274) 3.751) 3.988) 2.987)
0.164 0.170 0.170 0.130
1-methylxanthine (0.100, <0.001 (0.105, <0.001 (0.105, <0.001 (0.056, 0.001
0.229) 0.234) 0.235) 0.204)
0.098 0.125 0.120 0.078
3-methylxanthine (0.013, 0.024 (0.040, 0.004 (0.035, 0.006 (-0.010, ~ 0.081
0.183) 0.211) 0.206) 0.165)
0.080 0.091 0.087 0.063
7-methylxanthine (0.029, 0.002 (0.040, <0.001 (0.035, 0.001 (0.010, 0.019
0.131) 0.141) 0.138) 0.115)
13-dimethylxanthi 1.146 1.187 1.173 0.941
,3-dimethylxanthine —— — _ _
(theophylline) (0.549, <0.001 (0.594, <0.001 (0.579, <0.001 (0.343, 0.002
1.743) 1.780) 1.766) 1.540)
17-dimethylxanthi 0.590 0.607 0.609 0.607
,7-dimethylxanthine —— — _ _—
(paraxanthine) (0.483, <0.001 (0.500, <0.001 (0.502, <0.001 (0.488, <0.001
0.697) 0.713) 0.717) 0.725)
3 7-dimethvlxanthi 0.368 0.398 0.386 0.347
,7-dimethylxanthine ———— —_—— —_— —_——
(theobrimine) (0.256, <0.001 (0.287, <0.001 (0.275, <0.001 (0.235, <0.001
0.479) 0.509) 0.498) 0.459)
137 trimethvixanthi 1.091 1177 1.186 1.097
o rl(rcnaeffei)llqz)an me (0.855, <0.001 (0.942, <0.001 (0.950, <0.001 (0.845, <0.001
1.327) 1.413) 1.422) 1.348)
5-acetvlamino-6-ami 0.061 0.064 0.065 0.029
aczymaerg:;ﬁm::? T 002s, 0001 0028, 0001 (0029,  <0.001  (—go14, 0188
0.097) 0.100) 0.102) 0.073)

Model 1 = unadjusted. Model 2 = Model 1 + age, gender, and race/ethnicity. Model 3 = Model 2 + BMI, serum fasting
glucose, aspartate aminotransferase (AST), and urine creatinine. Model 4 = Model 3 + congestive heart failure,
coronary heart disease, angina, heart attack, smoking, caffeine intake, and water intake. CI, confidence interval.
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