¥

D
¥

Tl ]
g nutrients

Article

Acute Cardiovascular Effects of Turkish Coffee Assessed by VO,
Test: A Randomized Crossover Trial

Nour A. Elsahoryi "*{, Mohammed O. Ibrahim 27, Omar A. Alhaj !

check for
updates

Academic Editor: Noreen F. Rossi

Received: 29 January 2025
Revised: 19 February 2025
Accepted: 20 February 2025
Published: 27 February 2025

Citation: Elsahoryi, N.A.; Ibrahim,
M.O.; Alhaj, O.A.; Hammouh, F. Acute
Cardiovascular Effects of Turkish
Coffee Assessed by VO, Test: A
Randomized Crossover Trial.
Nutrients 2025,17,823. https://
doi.org/10.3390/nu17050823

Copyright: © 2025 by the authors.
Licensee MDP], Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license

(https:/ /creativecommons.org/
licenses /by /4.0/).

and Fadwa Hammouh 3

Department of Nutrition, Faculty of Pharmacy and Medical Sciences, University of Petra,

Amman 1196, Jordan; omar.alhaj@uop.edu.jo

Department of Nutrition and Food Technology, Faculty of Agriculture, Mutah University,

Karak 61710, Jordan; mohammedomar@mutah.edu.jo

Department of Nutrition and Health Psychology, Faculty of Health Sciences, American University of Madaba,
MR62+F79, Madaba 11821, Jordan; f hammouh@aum.edu.jo

*  Correspondence: nour.elsahoryi@uop.edu.jo

Abstract: Background: Turkish coffee (TC), a traditional unfiltered coffee preparation
method, contains unique bioactive compounds due to its specific brewing process. While
TC’s cultural significance is well-documented, its acute physiological and psychological
effects remain understudied. Objectives: This randomized, controlled crossover trial
investigated the acute effects of a standardized TC dose (3 mg caffeine/kg body weight) on
metabolic and psychological parameters in healthy female university students (n = 52, age:
20.25 £ 1.20 years). Methods: TC was prepared with a 1:1 ratio of medium and dark roasted
Arabica beans. The chemical analysis showed the caffeine content to be 2.8 4= 0.3 mg/mL
and the chlorogenic acid content to be 1.9 & 0.2 mg/ml. Participants were randomized to
receive either TC or water control, with a washout period of 8 weeks between treatments.
Cardiovascular parameters, metabolic markers, and validated visual analog scales (VAS)
were assessed at baseline, 60-, 90-, and 120-min post-consumption. Results: Heart rate
showed significant time-dependent reductions in both groups (control: p < 0.05; TC: p-
value < 0.01 at 60, 90, and 120 min vs. baseline). Heart rate dropped significantly in the
Turkish coffee group, from 78.0 & 10.2 bpm at baseline to 71.5 & 9.5 bpm after 90 min
(p-value = 0.002). Sleep scores also declined, from 4.38 & 2.91 at baseline to 1.88 =+ 1.45 after
120 min (p < 0.05), indicating a stimulating effect of caffeine. TC consumption significantly
affected appetite sensations (p < 0.05) and sleep scores (F = 3.174, p-value = 0.029), with
the TC group showing progressive reductions in sleep scores from baseline (4.38 & 2.91)
to 60 min (2.58 + 2.04), and further decreases at 90 and 120 min. Conclusions: These
findings suggest that TC exerts significant acute effects on cardiovascular function and
psychophysiological parameters in healthy young females, potentially due to its unique
phytochemical profile and preparation method.

Keywords: Turkish coffee (TC); bioactive compounds; acute physiological effects; cardio-
vascular response; metabolic parameters

1. Introduction

Coffee, in general, and Turkish coffee (TC), in particular, represents a large and
complex group of biologically active compounds [1,2]. The extraction and preparation
method are an important factor in determining the composition of these components
such as caffeine and antioxidants [1,2]. Turkish coffee is distinguished by its unique
preparation method from other types of coffee, which involves finely ground beans boiled
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without filtering, which ultimately gives it a distinctive phytochemical composition that
distinguishes it from other coffee preparations [3-5]. The unfiltered brewing process of TC
results in higher concentrations of bioactive compounds, including caffeine, chlorogenic
acids, diterpenes (cafestol and kahweol), and various polyphenols [6,7]. Turkish coffee
holds onto more cafestol and kahweol than espresso or filtered coffee—two compounds
that may affect heart and metabolic health. In contrast, filtering coffee removes most of
these fat-soluble diterpenes, which could lower their influence on cholesterol levels and
overall cardiovascular function [6,7].

These compounds have been shown to have considerable biological activities, includ-
ing antioxidant properties and protection of cells from damage by free radicals [8]. The
molecular composition of TC is especially striking due to its way of preparation. Unlike
the filtered coffee preparations, the prolonged boiling of TC, without filtration, leads to
improved extraction of lipid-soluble compounds [6,7]. This unique extraction process re-
sults in higher concentrations of cafestol and kahweol, bioactive diterpenes that are largely
removed by the paper filters used in most conventional coffee preparation methods [6,7].
At the molecular level, caffeine, TC’s primary bioactive compound, acts as an adenosine
receptor antagonist with the potential to affect a variety of physiological parameters [9].
Although moderate coffee consumption (2-3 cups per day) seems to be safe from a cardio-
vascular point of view [10], the acute effects of TC’s concentrated bioactive compounds
are controversial [2,6]. Most of the earlier studies investigating coffee’s cardiovascular
effects have averaged long-term consumption [11-14], with a limited investigation of acute
responses [5]. The underlying molecular mechanisms for the cardiovascular effects of coffee
are versatile and multidirectional. Caffeine antagonizes adenosine, resulting in increased
noradrenaline production, which leads to vasoconstriction [15,16]. These molecular interac-
tions may affect heart rate (HR) by stimulation of the central nervous system [17]. Bioactive
compounds contained in coffee also have regulatory actions on glucose metabolism [18,19]
and energy expenditure via stimulation of thermogenesis and altering the expression of
lipogenic enzymes [20-23]. Despite TC’s widespread consumption, particularly in the
Middle East, research on its acute physiological effects remains limited. Individual caffeine
tolerance may affect how the body responds to Turkish coffee. Regular coffee drinkers
build some resistance to caffeine’s effects on HR, blood pressure (BP), and metabolism,
which might reduce its immediate impact. Future research should take caffeine habits into
account by grouping participants based on their usual intake to see if regular consumption
changes the short-term effects of Turkish coffee. In Jordan, where coffee consumption
reached 37.0 kt in 2020 (8.82% annual increase), adults average 33.9 mg/day of caffeine,
primarily from unfiltered coffee varieties [24]. Understanding TC's acute effects is crucial,
given its unique molecular composition and preparation method.

This randomized crossover trial aimed to determine the acute effects of a standardized
dose of TC on physiological and psychological parameters in healthy university female stu-
dents. Specifically, this study focused on the examination of cardiovascular responses (BP,
HR) to metabolic parameters (fasting blood glucose (FBS), substrate oxidation), psychologi-
cal responses using validated visual analog scales, energy expenditure, and thermogenic
effects by elucidating TC’s acute effects. This provides insight into the biological activity of
its unique phytochemical profile, contributing to our understanding of the molecular basis
for the health implications of TC.

2. Materials and Methods
2.1. Experimental Design

This study was conducted on healthy, non-smoking female university students using
a randomized crossover design. Participants had no neuromuscular restrictions, cardiopul-
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monary issues, or medications that could influence the study’s outcomes. To ensure
an accurate assessment of cardiovascular and metabolic responses, individuals taking
[B-blockers, calcium channel blockers, or anti-diabetic medications were excluded.

Since the study involved Jordanian university students, the findings may not fully
apply to Turkish populations. Genetic and cultural factors play a role in how coffee is metab-
olized and its effects on the body. Future research should explore whether Turkish individu-
als, who regularly drink traditional Turkish Coffee (Tiirk Kahvesi), experience similar phys-
iological responses. Although the long-term health effects of regular coffee consumption—
such as its benefits for heart and metabolic health—are well-documented [11-14], little
research has explored the immediate physiological and psychological responses to drinking
Turkish coffee. This study aims to fill that gap by examining how a single serving of Turkish
coffee affects cardiovascular, metabolic, and psychological markers in the short term.

This study evaluated the acute effect of a single-dose TC on metabolic parameters
like resting metabolic rate, HR, systolic and diastolic BP (SBP and DBP) in mmHg, oxygen
consumption VO, max in mL-kg ~!-min~!, and VAS scale (0-10) for appetite, energy, mood,
concentration, motivation, and fatigue. The randomization schedule for treatments was
generated by computer software (G*Power version 3.1.9.7) prior to the beginning of the
study. The study consisted of two one-day intervention phases with an 8-week washout
period in a crossover design. One group of participants started with the ingestion of a
dose-controlled TC of 0.136 g/kg (without cardamom or any other additions) of body
weight in the morning after the baseline measurements, while the second group did not
consume coffee but water instead; the interventions were crossed over during the second
phase. The main aim of the study was to assess and compare the effect of a single dose
of TC on metabolic parameters across the various intervention groups over the period of
intervention. All the measurements involved in this study were performed in the nutrition
clinic at the University of Petra. The investigators monitored safety throughout the duration
of the study. They were supposed to report on all nonserious or serious adverse events
relating to incidence, type, severity, and relationship to product intake.

2.2. Participant Recruitment

Power analysis was performed using G*Power 3.1, with « = 0.05, power = 0.95, and an
expected effect size (Cohen’s d) of 0.6 calculated from previous studies [10,25], indicating a
sample size of at least 25 participants per group. Each subject went through a randomized,
crossover trial and, therefore, experienced both interventions separately in two sessions. In
all, 25 healthy female university students, aged 18-39 years, were recruited from the general
population using posters, emails, and personal advertisements. Potential volunteers were
provided with a participant information sheet detailing the study and had ample time to
consider participation. A contact phone number and email address were also available for
any questions. Participants who expressed further interest were invited for a screening
visit to determine their eligibility. Inclusion criteria were VO, peak > 35 mL-kg~!-min~!,
normal BP, and normal caffeine or coffee consumer to provide sample homogeneity. A
caffeine consumer was considered as one whose intake was at least 200 mg per day or a
person who consumed at least one cup of coffee per day. The caffeine consumption profile
was ascertained using the validated self-reported questionnaire [26].

2.3. Screening, Inclusion, and Exclusion Criteria

Participants were selected through a controlled screening process based on the set
selection criteria. The participants, therefore, went to the Nutrition Clinic of the University
of Petra for screening by confirmation of body composition and filling out questionnaires.
Furthermore, the participants in this study were only female university students aged 18 to
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39 years, in good health, with a minimum BMI of 18.5 and a maximum of 34.9 kg/m?. The
exclusion criteria included, but were not limited to, acute or chronic medical conditions that
could affect the outcome, such as autoimmune diseases, metabolic disorders, cardiovascular
or respiratory disorders, and food allergies. Participants currently engaged in another
intervention study, those taking in more than 400 mg of caffeine daily, or using weight loss
medications and supplements within the last 30 days were excluded. Other exclusions
included those with a weight change of more than 10 pounds within the last month,
pregnancy, or those who planned pregnancy within the study period, and those who had
gastrointestinal surgery with further metabolic consequences. Those who met the above
criteria were eligible for participation in the trial with written consent. Each participant was
assigned an ID number for confidentiality. In general, the participants were allowed to keep
their normal diets and activities as in the usual course of life; however, some preparatory
work was carried out before measurements. These included not undertaking strenuous
exercise within 24 h of every session, avoidance of caffeine-containing products for at least
four days prior to every session as a washout period, and reporting to the testing in a
fasting state for at least four hours. Compliance with these guidelines was confirmed before
the metabolic assessments.

2.4. Body Composition

Measurement of body composition was made at the screening visit for eligibility and
documentation of baseline characteristics. Assessments were performed by using a Body
Composition Analyzer, BIA 970, Model 1421000139 (InBody Co., Ltd., headquartered in
Seoul, Republic of Korea), with calibration to follow the recommendations given by the
manufacturer to provide appropriate, accurate, and reliable results. All measurements were
taken in the morning after an overnight fast and before any intervention. Standardized
conditions have been maintained for all data points. The intervention sessions will be
closely scheduled by the research team, taking into consideration the menstrual cycle,
where possible, to reduce the variation that may affect body composition measures. The
BIA device gave detailed information on the percentage of body fat, lean mass, and total
body water. These parameters were recorded and analyzed to track any changes throughout
the study period.

2.5. Intervention Protocol

Following screening and recruitment, participants were randomized into one of two
sequences: a single serving of TC, then a single serving of water (control), or vice versa.
Each intervention was conducted under standardized conditions in the Nutrition Clinic,
University of Petra, and environmental factors as well as test procedures were thus identical.
The participants underwent measurements at four time points: at baseline (t = 0), 60 min,
90 min, and 120 min after beverage consumption as shown in Figure 1. In order to maintain
consistency, all trials were conducted at the same time of day for each participant. A trained
researcher prepared the TC according to a standardized procedure to ensure that every
serving had the same amount of caffeine. Throughout the study, participants were asked to
keep their usual dietary and activity habits, though they were instructed to avoid caffeine,
alcohol, and high-intensity physical activity for 24 h before each intervention session. The
adherence to this was checked by verbal confirmations and by self-reported logs.
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Figure 1. Experimental flow diagram of the study protocol.

2.6. Beverage Intervention and Preparation Method

The TC beans used in this study were obtained from a local supermarket and stored
under refrigerated conditions until the day of preparation to maintain freshness. During
each experimental session, participants consumed either TC or a control beverage (water).
The dose of TC was standardized to 0.136 g/kg body weight, mixed with 55 mL of hot
water to provide a dosage of 3 mg/kg body weight. For example, for a participant with
a body weight of 50 kg, he/she received 7 g of coffee powder. The TC blend consisted of
equal parts of medium and dark roasted Arabica beans, according to the specifications
of the manufacturer. Coffee preparation was strictly in accordance with the following
methodology: Coffee-to-water ratio was measured with a Toprime Digital Gram Scale
(precision £ 0.1 g). Foaming: the mixture has been heated in a traditional cezve for three
minutes, reaching 100 °C. Controlling the temperature of the last serving was maintained
between the temperatures (95 £ 2 °C) with an HM Digital TDS-3 Handheld Thermometer.
Serving glasses were pre-warmed to allow temperature stability within the beverage in the
usage period [1,27].

2.7. Measurement Procedures
2.7.1. Cardiovascular Measures
Resting Heart Rate (HR) and Blood Pressure (BP) Measurements

Resting HR and BP were measured by a fully automated Omron sphygmomanometer
(MODEL: M7 Intelli IT(HEM-7361T-EBK), Omron Healthcare Europe, Hoofddorp, The
Netherlands, made in Thu Dau Mot City, Vietnam). Measurements were taken under
standardized conditions in the clinical setting at the Nutrition Clinic, University of Petra.
The participants were seated upright and were asked to remain in this position for at least
five minutes before the measurement to ensure that they were fully rested. BP and HR
readings were taken from the right arm to ensure consistency across all measurements.
Measurements were performed at four different times: at baseline, t = 0, before TC ingestion;
60 min; 90 min; and 120 min after ingestion. Each BP measurement consisted of three
consecutive readings, with the average recorded to improve accuracy. All devices used in
this study were calibrated every five hours, and all personnel responsible for conducting
the measurements underwent standardized training to ensure procedural consistency and
minimize variability.

2.7.2. Fasting Blood Sugar (FBS) Measurement

FBS was measured by the Procheck Advance Multi-Functional Monitoring System,
Model No. TD4206 (TaiDoc Technology Corporation, New Taipei City, Taiwan). The
functionality and batteries of the device were checked before measurement. The finger-
prick blood sample for this study was drawn in a standardized way: The fingertip of the
participant was sterilized with alcohol, and afterward, a lancet prick on the lateral part
of the fingertip drew a small drop of blood. The blood sample was drawn into the test
strip, and within seconds, the glucose concentration was displayed on the meter screen.
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Proper disposal of used test strips and lancets was performed by following local biohazard
regulations to ensure safety and compliance with standard protocols.

2.7.3. Gas Exchange Measurements

O, consumption and CO, production were measured by a Desktop Indirect Calorime-
try System Cortex MPU31-105 (Cortex Biophysik GmbH, Leipzig, Germany). The subjects
were fitted with a facemask connected to a one-way valve, which provided a proper and
leak-free seal during measurement. In addition, the metabolic analyzer was calibrated
every four hours using reference gases containing 16% O,, 5% CO,, and nitrogen (N2)
balance; before each measurement, airflow calibration was performed by using a 3 L sy-
ringe, following the manufacturer’s instructions. Before the measurements of baseline
resting energy expenditure were obtained, participants were requested to sit quietly for
five minutes to allow HR and BP stabilization. They then sat down at an angle for five
more minutes before the gas exchange measurement. The metabolic data were measured
continuously for 15 min at every assessment time point (baseline, 60 min, 90 min, and
120 min post-ingestion), discarding the first five minutes to allow equilibration. RER was
taken as the ratio between CO, produced and O; consumed. Also, values for REE in
kcal/day were continuously recorded. The measurement for gas exchange was analyzed in
terms of 30 s averages. The participant had to stay awake but seated in a reclined position
in a naturally lit room during the measurement, exposed to indirect sunlight, and avoid
conversation or extra movement.

2.7.4. Peak Oxygen Consumption (VO, Peak) Testing

Peak oxygen consumption (VO, peak) was determined in an open-circuit spirometry
system using the TrueOne 2400® Metabolic Measurement System (Parvo Medics, Inc.,
Sandy, UT, USA). VO, peak was estimated using an indirect calorimetry system instead
of a maximal cardiopulmonary effort test. This approach is widely used in studies with
non-athletic participants, as it provides an accurate measure of oxygen consumption
while keeping the testing process less demanding and lowering the risks linked to intense
exercise. The system was calibrated with room air and known concentrations of gas
before each session. VO, peak was derived from breath-by-breath analysis of expired
gases. The highest 30 s VO, value was recorded during the test. To confirm attainment of
VO, peak, participants had to meet at least two of the following three criteria: reaching
90% of age-predicted maximum HR, reaching a respiratory exchange ratio (RER) > 1.1,
and demonstrating a plateau in oxygen uptake is defined as an increase of less than
150 mL-min~! in VO, during the final 60 s. The earlier study tested in our laboratory
indicated very satisfying VO, peak test-retest reliability measured by Intraclass Correlation
Coefficient (ICC = 0.96) and a Standard Error of Measurement (SEM = 1.4 mL-kg-min~!);
the mentioned facts just assured the applied measuring procedure about its criterion and
reliable state.

2.8. Visual Analog Scales

Participants completed 10 cm-anchored VAS at different time points: baseline (t = 0),
60 min, 90 min, and 120 min post-ingestion. Each scale was anchored with “Lowest
Possible” on the left and “Highest Possible” on the right. These scales were used to assess
subjective responses related to appetite, energy levels, mood, concentration, motivation,
sleepiness, and fatigue. This has been previously validated in Arabic and showed a test-
retest reliability of r = 0.83, allowing for consistency in subjective assessment [28].
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2.9. Ethical Approval

The study was conducted between October 2023 and January 2024. The Research
Ethics Committee of the Faculty of Pharmacy and Medical Sciences at the University of
Petra, Amman, Jordan, granted approval before embarking on the research, with an ethical
approval number of E/H/2/8/2023. Before participating in the experiment, participants
were explained in detail the experimental procedures involved in the study, risks, and
benefits to be derived and were required to give their written informed consent.

2.10. Statistical Analysis

Data normal distribution, homogeneity of variance, and sphericity were all checked
before statistical analysis. Boxplots were used to identify outliers; extreme values were
checked for validity and excluded from analyses if erroneous. In cases of violation of
sphericity, analyses were Greenhouse-Geisser corrected. A 2 X 4 repeated-measures
ANOVA was used to assess the effects of group (control, case) x time (baseline, 60 min,
90 min, 120 min) on measured variables. In case of a significant interaction, LSD post hoc
tests were conducted for pairwise comparisons. Statistical significance was set at p < 0.05,
and all results are presented as mean =+ SD. Statistical analyses were performed using SPSS
(version 23, SPSS Inc., Chicago, IL, USA).

3. Results

The baseline characteristics of the 52 healthy female university students are summa-
rized in Table 1. Descriptive data indicate a mean age for subjects as 20.25 & 1.20 years and a
mean weight of 63.36 + 11.79 kg. BMI also showed an average value of 24.44 + 4.04 kg/m?,
hence indicating normal BMI.

Table 1. Baseline subject characteristics (n = 52).

Characteristic Mean Value
Age (years) 20.25+1.20
Weight (kg) 63.36 + 11.79

BMI (kg/m?) 24.44 + 4.04

All values are mean + SD. BMI, Body Mass Index.

As shown in Table 2, a two-way repeated-measures ANOVA was conducted to exam-
ine the effect of different treatments over time on FBS, resting metabolic rate per weight
(RMR/Weight), oxygen consumption (VO,), and carbon dioxide production (VCO;). Anal-
ysis of studentized residuals showed the assumption of normality was met, according to
the Shapiro-Wilk test, as no significant outliers were identified (i.e., no residuals > £3 SD).
The assumption of sphericity was also met, according to Mauchly’s test of sphericity, for the
interaction term, p > 0.05. Data are mean =+ SD. No significant two-way interaction of group
and time was observed for FBS within the statistical significance level: F(3, 75) = 0.995,
p = 0.40. Again, the main effect of the group showed no statistically significant difference in
FBS levels within the control and case groups: F(1, 25) = 0.51, p = 0.483. In the case of time,
it expressed a significant difference at a p-value less than 0.001 (F(2.035, 50.87) = 16.26), so
further post hoc analysis at different times was essential. The post hoc analysis revealed
significant differences in the control group between baseline and 120 min (p < 0.001) and
between 60 min and 120 min (p < 0.05). In the case group, significant differences were
observed between baseline and 60 min (p < 0.01), and between baseline and 120 min
(p < 0.05), as depicted in Figure 2. There were no significant interactions between group
and time for RMR/Weight, VO,, and VCO,: F = 0.157, p = 0.93; F = 0.24, p = 0.87; and
F=0.009, p = 0.999, respectively. No main effect of group comparing groups across time
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was observed, p > 0.05, nor was there a main effect of time comparing time points across
groups when examining time, p > 0.05, as shown in Table 2.

Table 2. Effect of oral administration of a single cup (250 mL) of coffee beverage on FBS, RMR/Weight,
VO, and VCO, among healthy university female students (n = 52).

FBS (mg/dL)
Group
Baseline 60 min 90 min 120 min
Control 88.77 + 7.80 aA 84.81 + 8.08 abA 82.54 + 9.72 beA 77.54 + 12.44 A
Case 88.50 =+ 6.79 aA 81.27 & 8.67PA 81.85 + 10.24 bA 7842 + 11.38bA
RMR/Weight (kcal/d/kg)
Control 28.11 + 3.82 34 27.12 + 4.86 37 27.12 + 4.82 37 27.04 + 4.47 aA
Case 28.45 + 4.91 34 29.50 =+ 5.89 aA 29.02 £ 5.16 24 28.76 + 5.08 3A
VO, (L/min)
Control 0.25 + 0.04 24 0.24 + 0.05 Aa 0.24 +0.052A 0.24 4 0.053A
Case 0.25 + 0.07 24 0.26 + 0.05 A2 0.26 + 0.06 24 0.26 & 0.06 24
VCO, (L/min)
Control 0.23 £ 0.05 24 0.22 £ 0.07 Aa 0.21 £ 0.06 24 0.21 + 0.0523A
Case 0.26 + 0.09 a4 0.24 + 0.07 Aa 0.24 + 0.07 34 0.24 + 0.07 2A

Values represent means & SD. Means with the same lowercase letter, in a row, and same uppercase letter, in a
column, are not significantly different (p > 0.05). RMR, resting metabolic rate; VCO,, carbon dioxide production;
VO, max, maximum oxygen consumption; FBS, fasting blood sugar.

90.0
88.0
86.0
84.0
82.0

80.0

78.0 \ «=@==Control
76.0 Case
74.0

72.0

70.0

FBS

0 60 90 120

Time (min)

Figure 2. Fasting blood sugar (FBS) response during trials at each time point.

As shown in Table 3, a two-way repeated-measures ANOVA was conducted to com-
pare the effect of treatment and time on SBP and DBP and HR. The Shapiro-Wilk test of
studentized residuals suggested that data were normally distributed with no outliers, that
is, no residuals greater than +3 SD. Furthermore, according to Mauchly’s test of sphericity,
the assumption of sphericity was met for the interaction term (p > 0.05). Data are presented
as mean =+ standard deviation (SD). There was no significant two-way interaction between
the group and time for either SBP or DBP, indicating that longitudinal BP responses for
the two groups did not differ. Also, no significant main effect of the group was seen
when SBP and DBP were compared over time (p > 0.05). Similarly, no main effect of time
was seen when time points were compared between groups (p > 0.05) (Table 3). For HR,
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there was no significant two-way interaction between group and time: F(3, 75) = 1.415,
p-value = 0.245. The main treatment effect did not reveal any difference in HR between
groups: F(1, 25) = 5.820, p-value = 0.420. The main effect of time showed a statistically
significant difference in HR across time points: F(2.035, 50.874) = 28.242, p < 0.001 was
further analyzed with post hoc pairwise comparisons. Post hoc analysis by LSD correction
showed that the control group demonstrated HR at baseline to be significantly higher than
that at all the subsequent time points: p < 0.05. In the case group, HR was significantly
lower in 90 min versus baseline: p-value 0.002 and in 120 min versus baseline: p-value
0.006 (Figure 3).

Table 3. Effect of oral administration of a single cup (250 mL) of coffee beverage on systolic and
diastolic (BP) and HR among healthy university female students (n = 52).

Systolic and Diastolic (BP) (mmHg)

Group Basal 60 min 90 min 120 min
SBP
Control 104.69 + 12.33 2A 98.08 & 11.63 24 97.12 & 13.39 24 97.92 + 11.47 2A
Case 103.27 & 12.50 24 100.04 £ 14.04 24 98.46 + 12.42 34 101.96 £3.29 24
DBP
Control 73.23 4 8.90 @A 69.62+ 6.66 24 68.23 4 8.80 24 67.96 4+ 8.19 24
Case 77.88 4 9.98 2A 72.46 4 9.94 27 71.62 4 9.33 27 72.54 4 13.49 2A
HR (bpm)
Control 77.88 + 9.98 aA 69.12 4+ 7.93 PA 67.54 + 9.49 PA 70.38 4 10.60 PA
Case 78.0 4+ 10.21 A2 73.81 & 9.87 abA 71.50 4 9.48 bA 70.65 & 10.11 PA

Values are expressed as mean & SD. Means for treatments not sharing a common lowercase letter (within a row) or
uppercase letter (within a column) are significantly different, p < 0.05. SBP, systolic blood pressure; DBP, diastolic
blood pressure; HR, heart rate.

80.0
78.0

76.0 ¥

74.0

72.0

68.0 e ———— ]
66.0
64.0

62.0
Basal 60 min 90 min 120 min

g CONtrol Case

Figure 3. HR response during trials at each time point.

Visual Analog Scale

As can be seen from Table 4, a two-way repeated-measures ANOVA was conducted to
examine the impact of time and treatment on energy, appetite, sleep, mood, concentration,
motivation, and fatigue. Studentized residuals analysis confirms normality, as demon-
strated with the Shapiro-Wilk test, as there were no outliers, i.e., no residuals greater than
£3 SD. There is homogeneity of variance because Mauchly’s test of sphericity indicates
a p-value of >0.05. Data are presented as mean & SD. For energy, there was a statistically
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significant two-way interaction of group and time: F(3, 75) = 3.02, p = 0.035; in the main
effect of treatment, no significant difference between the groups was shown: F(1, 25) = 0.536,
p = 0.471. However, the overall main effect of time revealed a significant difference between
time points, F(3, 75) = 7.506, p < 0.001, which warranted post hoc pairwise comparisons. No
significant differences were observed between time points in the control group (p > 0.05);
however, the case group had significantly higher energy levels at 60 (p < 0.01), 90 (p < 0.01),
and 120 (p = 0.001) minutes compared to baseline. Concerning appetite, a non-significant
two-way interaction was obtained between all conditions: F(3,75) = 0.239, p = 0.869 and
an insignificant main effect of treatment F(1, 25) = 0.023, p = 0.881, while in fact, there
was a significant effect with regard to a time factor F(3, 75) = 8.303, p < 0.001. Post hoc
analysis revealed that appetite at baseline was significantly lower compared to 120 min in
both the control group (p < 0.001) and the case group (p < 0.05), and appetite at 60 min
was significantly lower compared to 120 min. With regard to sleep, there was a significant
two-way interaction at F = 3.17, p = 0.03. There were no significant differences noted
in the control group alone. However, in the case group, the sleep score at 60 min was
2.58 +2.04 (p < 0.05); at 90 min, it was 2.23 £ 1.48 (p < 0.05); and at 120 min, it was
1.88 £ 1.45 (p < 0.05) and these have significantly fallen with baseline scores of 4.38 &+ 2.91.
Sleep scores between the control and case groups are significantly different from 90 to
120 min. The mood scores showed a significant interaction of group and time: F = 5.266,
p-value = 0.030. In the control group, no differences were observed; however, in the case
group, mood scores were significantly higher at 60 min (5.15 & 2.80, p < 0.05), 90 min
(5.31 £3.01, p < 0.05), and 120 min (5.42 £ 3.11, p < 0.05) when compared with baseline
(4.12 £ 2.53). However, no overall significant difference appeared between the control
and case groups at any time point. A significant interaction also emerged with regard to
concentration, F = 3.263, p-value = 0.026. There were no significant changes in the mean
across time points in the control group. However, at all-time points in the case group, mean
concentration significantly improved from baseline values. In the case of motivation, there
was no significant two-way interaction, F(3, 75) = 0.748, p-value = 0.527, and nor was the
main effect of treatment. However, the main effect of time was significant, F(3, 75) = 6.96,
p < 0.001. Post hoc analysis indicated that in the case group, motivation at baseline was
significantly lower compared to all other time points. Fatigue scores showed a trend of
reduction over time following Turkish coffee consumption. While no significant interaction
effect was observed, the case group exhibited a slight decline from 3.54 £ 2.95 at baseline
to 3.42 + 2.58 at 60 min, followed by 3.85 £ 2.89 at 90 min and 3.92 £ 2.96 at 120 min.
In contrast, the control group demonstrated a more notable decline from 3.27 £ 2.61 at
baseline to 2.31 4 1.81 at 60 min, 2.73 4 2.20 at 90 min, and 2.62 £ 2.00 at 120 min. These
findings indicate a potential mild alertness effect of Turkish coffee, but further research is
needed to determine its impact on fatigue perception over time. Figure 4 shows the main
outcome variables showing significant changes in subjective measures.

Table 4. Effect of oral administration of a single cup (250 mL) of coffee beverage on VAS among
healthy university female students (n = 52).

Group Energy
Basal 60 min 90 min 120 min
Control 4.00 £ 2.672A 446 + 23534 450 +2.61234 431 +3.0024
Case 3.69 & 2.56 24 5.12 4 3.05 bA 5.35 4 3.03 bA 5.31 4 3.09 bA
Appetite
Control 3.42 +2.8624 3.46 +2.67 24 4.27 + 2.99 abA 4.62 +2.98bA
Case 3.65 +2.70 24 3.77 £ 27534 4.19 4 2.98 A 4.65 + 3.21 A
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Ener
Group &Y
Basal 60 min 90 min 120 min
Sleep
Control 4.69 4+ 3.272A 392 +2.8124A 4.08 +2.932A 412 £+ 3.0224
Case 438 +2913A 2.58 + 2.04 bA 223 4+ 1.48bB 1.88 & 1.45bB
Mood
Control 4.88 +3.042A 496 +3.02A 477 + 2.853A 496 + 2.723A
Case 412 £ 25324 5.15 4+ 2.80 bA 5.31 4+ 3.01bA 542 +3.11bA
Concentration
Control 5.00 &+ 2.77 3A 5.04 +2.763A 5.15 + 2.88 A 473 +2.973A
Case 4.80 +2.742A 531 +2.90bA 5.46 + 2.89 bA 5.50 + 3.10 bA
Motivation
Control 427 +2.132A 496 + 2.723A 477 + 2.623A 4.81 + 2.653A
Case 4,04+ 2.63A 4.88 +2.83bA 5.08 & 2.67 bA 5.19 & 3.02bA
Fatigue
Control 327 +2.613A 231 +1.81234A 2.73 +£2.203A 2.62 4+ 2.003A
Case 3.54 £+ 2.9524A 342 + 258234 3.85 + 2.892A 3.92 +2.962A
Values are the mean + SD. Numbers followed by the same letter (small script) in the same row and numbers
followed by the same letter (large script) in the same column are not significantly different (p > 0.05).
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Figure 4. Subjective measures of energy, sleep, and concentration response during trials at each time
point. All values are reported as mean £ SD.
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4. Discussion

The present randomized crossover-controlled trial was performed to explore the
metabolic responses to the consumption of a single dose of TC among healthy university
female students. While specific studies focusing solely on Turkish coffee and its effects
on female students are limited, the general research on caffeine supports the idea that it
can improve alertness, concentration, and possibly academic performance [29,30]. Turkish
coffee, being a concentrated source of caffeine, is likely to yield similar benefits. Interested
findings emerged in the current study regarding levels of FBS for the intervention par-
ticipants through different time points of the study. This result may support the debate
that coffee may act as a therapeutic agent for type 2 diabetes. While this study focused
on the immediate effects of Turkish coffee, the observed drop in FBS supports previous
research suggesting that compounds like chlorogenic acid may help regulate glucose by
improving insulin sensitivity and reducing liver glucose production [9]. However, it is
important to note that blood glucose levels also decreased in the control group, suggesting
that factors beyond coffee consumption, such as fasting duration, individual metabolic
differences, or the body’s natural regulatory mechanisms, may have contributed to this
outcome. Future research should explore these aspects to provide a more comprehensive
understanding of coffee’s role in glucose metabolism. More research is also needed through
extended intervention studies to determine the long-term impact of these effects. A trend
of descending values of FBS has been shown starting from the baseline until the last time
point of the study. The caffeine in this single dose of TC is thought to have a blood sugar-
dropping effect. This effect was consistent with a study conducted by Yusni and Yusuf [31].
The authors documented that caffeine of the Gayo Arabica black coffee enhances blood
sugar reduction and, furthermore, provided a possible explanation of the effect through a
substantial influence of caffeine on the glycemic response by causing a slight increase in
the levels of insulin and a decrease in cortisol levels. Another explanation that supports
our results has been shown through the findings of a study by Ballis [32]. The author of the
foregoing study researched that coffee is rich in the content of soluble fibers, the main ones
being type Il arabinogalactans and galactomannans, reducing glucose absorption into the
blood and improving control over blood sugar levels. Another reason that was accounted
in a study [18] was that evidence indicates the active presence of the element of Trigonelline
and coffee polyphenol, preventing the release of glucose in the liver, enhances peripheral
glucose uptake. They also documented that coffee contains chlorogenic acid (CGA) that
activates adenosine monophosphate-activated protein kinase (AMPK), which inhibits fatty
acid synthesis and enhances the production of hepatic glucose. Despite all the previous
explanations that assure our study results, other studies revealed results contrasted with
our results. Church and colleagues [6] reported that both participants ingested caffeinated
TC and decaffeinated coffee (DC) 60 min prior to the 5 km time trial and had significantly el-
evated plasma glucose during all times. Moreover, two previous studies conducted [33,34]
revealed that caffeine elevates epinephrine levels, which induces insulin resistance and
causes a significant increase in blood glucose concentrations. Another two studies [35,36]
also confirmed the negative impact of caffeine on blood glucose concentration; researchers
indicated that caffeine decreases insulin sensitivity index and, consequently, increases glu-
cose concentration compared to placebo. The variability in blood glucose response to coffee
consumption across studies may be attributed to multiple factors, including differences
in individual caffeine metabolism, genetic predisposition, habitual coffee consumption,
and insulin sensitivity. Caffeine has been shown to acutely increase catecholamine release,
potentially leading to transient insulin resistance, whereas chlorogenic acid, a key polyphe-
nol in coffee, is thought to enhance glucose uptake and reduce hepatic glucose production.
However, the interplay between these mechanisms varies based on factors such as dosage,
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timing, and individual metabolic conditions. These discrepancies highlight the complexity
of coffee’s impact on glucose metabolism and emphasize the need for further controlled
studies to clarify its long-term metabolic effects [18,37,38].

Another result in our study was regarding the effect of TC in reducing HR from a
basal time point of the study until the ending point with no significant change in SBP or
DBP. The relationship between coffee intake and cardiovascular health is still controversial,
and no previous study agrees with our study. From a pathophysiological point of view,
Ref. [39] reported that the hemodynamic effects of caffeine are associated with increased
vascular resistance and vasoconstriction. They investigated the mechanisms beyond this
effect and reported that these mechanisms include (1) inhibiting phosphodiesterases and
thus increasing cyclic AMP and cyclic GMP levels, (2) antagonistic effects on adenosine
receptors by blocking Al and A2 receptors, (3) increasing the plasma concentrations of
catecholamines due to activation of the sympathetic nervous system, (4) increasing of stress-
like in plasma adrenocorticotropin (ACTH) and cortisol concentrations through stimulation
of adrenal cortex, (5) activation of the renin—angiotensin-aldosterone system through renal
effects of caffeine, and (6) mobilization of intracellular calcium which increases caffeine-
induced vasoconstriction. Ref. [40] found that there was an insignificant difference in BP
and HR between participants taking coffee containing a high rate of caffeine (TC) and the
other DC. Similarly, Ref. [41] found that there were insignificant differences in the influence
of caffeinated or DC on BP or HR. Furthermore, Ref. [42] indicated that an insignificant
change in HR neither in habitual nor non-habitual coffee consumers. They also documented
that intake of coffee may disturb the measurement of BP if the measurement is made within
a few hours after drinking, and this could explain why measurements of BP were not
changed in our study. In the same context, Ref. [5], in their investigation among young
adults, indicated that acute coffee intake after moderate-intensity aerobic exercise enhances
the delaying of parasympathetic recovery with no influence on the respiratory rate. On
the other hand, Kristian and colleagues [43] documented the opposite result of our study.
Researchers reported that caffeine among elite male endurance athletes causes increased
maximal HR (HRpeax). This is attributed to the increase in the body’s need for increasing the
maximal oxygen uptake in elite athletes. In similar studies, researchers [43,44] documented
elevated HRs among athletes after caffeine treatment.

The role of TC consumption in enhancing or reducing appetite among participants was
one of the crucial subjective measures between the two groups of the study. The enhancing
ability of coffee appetite among participants was shown between different time points
of the study. This effect of coffee is noteworthy, especially for a person who suffers from
anorexia and poor appetite feelings. Generally, the results of different studies regarding the
impact of coffee consumption, food intake, and appetite are areas of contradicting findings.
In a study conducted by Gavrieli and colleagues [45], they found that a moderate intake
of coffee enhanced the reduction in energy intake compared to lower or no coffee intake.
Furthermore, Gavrieli and colleagues [46] indicated that caffeinated coffee does not affect
energy intake and appetite. Schubert et al. [47] demonstrated that coffee intake 3—4.5h
before a meal was associated with minimal influence on food and macronutrient intake and
that coffee intake 0.5-4 h before a meal was associated with suppression of acute energy
intake [47]. The reasons beyond differences in the association between coffee and caffeine
intake and appetite may be partially explained by their influences on physiological and
psychological mediators of food consumption [48]. These influences may be responsible for
alterations in gut hormones, gastric emptying, and energy intake [49]. From a physiological
point of view, Ref. [50] investigated the impact of caffeinated coffee on both hormones
leptin and ghrelin. They found that no significant differences in the leptin levels were found
between the treatments of caffeinated coffee and decaffeinated coffee. Meanwhile, they
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documented that the caffeinated coffee treatment led to lower plasma ghrelin as compared
to the DC treatment. This effect emphasizes that caffeinated coffee manipulated the level of
ghrelin towards an anorexigenic effect.

Participants in our study consuming TC experienced significantly greater concentra-
tion, motivation, mood, and feelings of energy. The latter may consequently result in a
significant improvement in performance. Researchers [51] reported that caffeine acts on
nerve cells and increases their activities so that it can enhance the reduction of fatigue,
increase feelings of energy, increase alertness, and increase concentration. Our results were
not in accordance with the results of the study conducted by [43], which documented that
there were no differences regarding self-reported “current fitness” and motivation between
caffeine and placebo trials among elite male endurance athletes. On the contrary, the results
of our study were in agreement with the results of a study conducted by [6], which revealed
that TC ingestion is associated with a significant increase in subjective feelings of energy,
alertness, and focus. Furthermore, ref. [52] reported that caffeinated coffee was associated
with higher alertness scores. In addition, a Turkish study [53] investigated that receiving
moderate amounts of caffeine-containing drinks was associated with positive benefits, such
as increased motivation, alertness, and feeling energetic. Moreover, ref. [54] reported that
acute caffeine doses are highly beneficial for numerous psychomotor variables, including
mood state. In the same context, Makki and colleagues [55] have recently documented that
there is an insignificant association between the severity of depression, anxiety, and stress
and caffeine consumption among university students and that high intake of caffeine is not
correlated with high levels of depression, stress, and anxiety. From a performance point of
view, five studies in the last ten years documented that intake of TC is highly associated
with higher sports performance [56-58]. Moreover, a recent crossover trial among elite e-
sports players found that 3 mg/kg of caffeine supplementation improved cognitive abilities
and shooting performance among study participants [59]. Physiologically, the body does
not get tired after caffeine consumption before exercise due to caffeine’s ergogenic effect,
which increases physical performance by three mechanisms: (1) increasing the intracellular
calcium mobility, (2) increasing the free fatty acid burning, and (3) working as an adenosine
receptor antagonist [60].

Based on the effect of TC on the factors in the later paragraph, it was highly important
to find out the association between acute doses of TC and sleep among participants. Results
of our study emphasize the role of this coffee in reducing sleep scores among participants
in the intervention group through different time points of the study and even between
participants of both the intervention group and control group. In agreement with our
results, Alhabee and colleagues [41] demonstrated an association between insomnia and
high doses of TC. This relationship is based on the outcomes that include increased sleep
disruption and sudden or frequent awakening. A recent study [61] revealed that caffeine in
coffee is a commonly psychoactive substance that affects sleep quality. They found that
there was a significant positive correlation between the intake of caffeine and poor sleep
quality. Moreover, the results of our study corroborate with other studies, which indicated
that coffee interferes with sleep by negatively affecting sleep duration, total sleep time,
sleep latency, and sleep quality [62-65]. However, this study has certain limitations that
should be considered. The non-blinded design may have introduced expectation bias, par-
ticularly in subjective outcomes such as appetite and sleep perception. While this enhances
ecological validity, future research should implement a placebo-controlled, double-blind
approach to further isolate physiological effects from potential psychological influences.
Additionally, inter-individual variability in caffeine metabolism was not assessed. Factors
such as genetic predisposition, habitual coffee intake, and cultural variations may have
influenced participants’ responses to TC. Baseline caffeine tolerance could have also played
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a role in modifying cardiovascular and metabolic outcomes. In addition, one of the limita-
tions of our study is that we did not control for menstrual cycle phases, which may have
influenced metabolic and cardiovascular responses due to hormonal fluctuations. Given
the relatively small sample size, this variability might have affected the observed outcomes.
Future studies should consider menstrual cycle tracking to refine the understanding of how
TC influences physiological parameters across different hormonal phases. Moreover, future
studies should consider stratifying participants based on caffeine metabolism profiles to
further explore these individual differences. Furthermore, the study was conducted in a
homogeneous sample of young, healthy female participants, which may limit the general-
izability of the findings to males, older adults, or individuals with metabolic conditions.
Expanding the sample population would provide a broader understanding of TC's effects
across different demographics. Finally, this study focused on the acute effects of a single
serving of TC, which does not capture the long-term implications of habitual consumption.
Future research should investigate repeated intake over extended periods to assess its
sustained impact on cardiovascular and metabolic health. Addressing these limitations in
future studies will enhance the applicability of the findings and provide deeper insights
into the potential health benefits and risks of TC consumption.

5. Conclusions

This study sets out to explore how a single serving of Turkish coffee (TC) affects
heart rate, metabolism, and other physiological responses in healthy female university
students. The results show that TC had a noticeable impact on HR, appetite, and sleep
patterns. Specifically, drinking TC led to a slower HR, reduced appetite, and lower sleep
scores compared to those who drank only water. However, BP and FBS levels did not
show significant changes. These findings suggest that TC has effects beyond just its
caffeine content, influencing how the body responds in the short term. Given how popular
TC is, more research is needed to understand its long-term effects on metabolism and
overall health.
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Abbreviations
ACTH Adrenocorticotropic Hormone
AMP Adenosine Monophosphate

AMPK Adenosine Monophosphate-Activated Protein Kinase
ANOVA  Analysis of Variance

BIA Bioelectrical Impedance Analysis

BMI Body Mass Index

BP Blood Pressure

CGA Chlorogenic Acid

DC Decaffeinated Coffee

DBP Diastolic Blood Pressure

FBS Fasting Blood Sugar

GMP Guanosine Monophosphate

HPA axis Hypothalamic-Pituitary—Adrenal Axis
HR Heart Rate

ICC Intraclass Correlation Coefficient

RER Respiratory Exchange Ratio

REE Resting Energy Expenditure

RMR Resting Metabolic Rate

SBP Systolic Blood Pressure

SEM Standard Error of Measurement

SPSS Statistical Package for the Social Sciences
TC Turkish Coffee

VAS Visual Analog Scale

VCO, Carbon Dioxide Production
VO; max  Maximum Oxygen Consumption

References

1. Hammad, S.; Tayyem, R.; Musaiger, A.O. Caffeine Content in Beverages Commonly Consumed in Jordan. Pak. . Nutr. 2015, 14,
447-452. [CrossRef]

2. Hulyam Eren, F,; Tanju Besler, H. A 4-week consumption of light or dark roast unfiltered (Turkish) coffee affects cardiovascular
risk parameters of homocysteine and cholesterol concentrations in healthy subjects: A randomized crossover clinical trial. Prog.
Nutr. 2019, 21, 164-173. [CrossRef]

3.  Tzoulaki, I. Moderate coffee intake and cardiovascular health; no grounds for concern. Nutr. Metab. Cardiovasc. Dis. 2018, 28,
808-809. [CrossRef]

4. Kempf, K,; Kolb, H.; Girtner, B.; Bytof, G.; Stiebitz, H.; Lantz, I.; Lang, R.; Hofmann, T.; Martin, S. Cardiometabolic effects of two
coffee blends differing in content for major constituents in overweight adults: A randomized controlled trial. Eur. . Nutr. 2015,
54, 845-854. [CrossRef] [PubMed]

5. Gonzaga, L.A.; Vanderlei, L.C.M.; Gomes, R.L.; Valenti, V.E. Caffeine affects autonomic control of heart rate and blood pressure
recovery after aerobic exercise in young adults: A crossover study. Sci. Rep. 2017, 7, 14091. [CrossRef] [PubMed]

6.  Church, D.D.; Hoffman, J.R.; LaMonica, M.B.; Riffe, ].J.; Hoffman, M.W.; Baker, K.M.; Varanoske, A.N.; Wells, A.]J.; Fukuda, D.H,;
Stout, J.R. The effect of an acute ingestion of Turkish coffee on reaction time and time trial performance. |. Int. Soc. Sports Nutr.
2015, 12, 37. [CrossRef] [PubMed]

7. Rendén, M.Y.; dos Santos Scholz, M.B.; Bragagnolo, N. Is cafestol retained on the paper filter in the preparation of filter coffee?
Food Res. Int. 2017, 100, 798-803. [CrossRef]

8.  Kanbolat, S.; Badem, M.; Sener, S.0.; Aliyazicioglu, R. Phenolic Profiles, Tyrosinase Inhibitory, and Antioxidant Effects of Green
Coffee, and Turkish Traditional Coffee. ]. Apitherapy Nat. 2022, 5, 82-92. [CrossRef]

9.  Smith, A. Effects of caffeine on human behavior. Food Chem. Toxicol. 2002, 40, 1243-1255. [CrossRef] [PubMed]

10. Naylor, L.H.; Zimmermann, D.; Guitard-Uldry, M.; Poquet, L.; Lévéques, A.; Eriksen, B.; Bel Rhlid, R.; Galaffu, N.; D’Urzo, C.; De

Castro, A.; et al. Acute dose-response effect of coffee-derived chlorogenic acids on the human vasculature in healthy volunteers:
A randomized controlled trial. Am. J. Clin. Nutr. 2021, 113, 370-379. [CrossRef]


https://doi.org/10.3923/pjn.2015.447.452
https://doi.org/10.23751/pn.v21i1.7662
https://doi.org/10.1016/j.numecd.2018.05.007
https://doi.org/10.1007/s00394-014-0763-3
https://www.ncbi.nlm.nih.gov/pubmed/25204719
https://doi.org/10.1038/s41598-017-14540-4
https://www.ncbi.nlm.nih.gov/pubmed/29075019
https://doi.org/10.1186/s12970-015-0098-3
https://www.ncbi.nlm.nih.gov/pubmed/26445565
https://doi.org/10.1016/j.foodres.2017.08.013
https://doi.org/10.35206/jan.1216013
https://doi.org/10.1016/S0278-6915(02)00096-0
https://www.ncbi.nlm.nih.gov/pubmed/12204388
https://doi.org/10.1093/ajcn/nqaa312

Nutrients 2025, 17, 823 17 of 19

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

Alperet, D.J.; Rebello, S.A.; Khoo, E.Y.H; Tay, Z.; Seah, S.5.Y.; Tai, B.C.; Emady-Azar, S.; Chou, C.].; Darimont, C.; van Dam, R.M. A
randomized placebo-controlled trial of the effect of coffee consumption on insulin sensitivity: Design and baseline characteristics
of the Coffee for METabolic Health (COMETH) study. Contemp. Clin. Trials Commun. 2016, 4, 105-117. [CrossRef]

Tabrizi, R.; Saneei, P.; Lankarani, K.B.; Akbari, M.; Kolahdooz, F.; Esmaillzadeh, A.; Nadi-Ravandi, S.; Mazoochi, M.; Asemi, Z.
The effects of caffeine intake on weight loss: A systematic review and dos-response meta-analysis of randomized controlled trials.
Crit. Rev. Food Sci. Nutr. 2019, 59, 2688-2696. [CrossRef] [PubMed]

Ohnaka, K.; Ikeda, M.; Maki, T.; Okada, T.; Shimazoe, T.; Adachi, M.; Nomura, M.; Takayanagi, R.; Kono, S. Effects of 16-week
consumption of caffeinated and decaffeinated instant coffee on glucose metabolism in a randomized controlled trial. J. Nutr.
Metab. 2012, 2012, 207426. [CrossRef] [PubMed]

Cai, L.; Ma, D.; Zhang, Y,; Liu, Z.; Wang, P. The effect of coffee consumption on serum lipids: A meta-analysis of randomized
controlled trials. Eur. J. Clin. Nutr. 2012, 66, 872-877. [CrossRef] [PubMed]

Noordzij, M.; Uiterwaal, C.S.; Arends, L.R.; Kok, F]J.; Grobbee, D.E.; Geleijnse, ].M. Blood pressure response to chronic intake of
coffee and caffeine: A meta-analysis of randomized controlled trials. |. Hypertens. 2005, 23, 921-928. [CrossRef]

Mackey, M.; Evans, C.; Wilson, M.; Ludwig, D. Association of ambulatory blood pressure and dietary caffeine in adolescents. Am.
J. Hypertens. 2005, 18, 116-120. [CrossRef]

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] [PubMed]

Reis, C.E.G.; Dérea, ].G.; da Costa, T.H.M. Effects of coffee consumption on glucose metabolism: A systematic review of clinical
trials. J. Tradit. Complement. Med. 2019, 9, 184-191. [CrossRef] [PubMed]

Dewar, L.; Heuberger, R. The effect of acute caffeine intake on insulin sensitivity and glycemic control in people with diabetes.
Diabetes Metab. Syndr. Clin. Res. Rev. 2017, 11, S631-5635. [CrossRef] [PubMed]

Larsen, S.C.; Mikkelsen, M.-L.; Frederiksen, P.; Heitmann, B.L. Habitual coffee consumption and changes in measures of adiposity:
A comprehensive study of longitudinal associations. Int. J. Obes. 2018, 42, 880-886. [CrossRef] [PubMed]

Nordestgaard, A.T.; Thomsen, M.; Nordestgaard, B.G. Coffee intake and risk of obesity, metabolic syndrome and type 2 diabetes:
A Mendelian randomization study. Int. J. Epidemiol. 2015, 44, 551-565. [CrossRef] [PubMed]

Murase, T.; Misawa, K.; Minegishi, Y.; Aoki, M.; Ominami, H.; Suzuki, Y.; Shibuya, Y.; Hase, T. Coffee polyphenols suppress
diet-induced body fat accumulation by downregulating SREBP-1c and related molecules in C57BL/6] mice. Am. ]. Physiol. Metab.
2011, 300, E122-E133. [CrossRef] [PubMed]

Astrup, A.; Toubro, S.; Cannon, S.; Hein, P.; Breum, L.; Madsen, ]J. Caffeine: A double-blind, placebo-controlled study of its
thermogenic, metabolic, and cardiovascular effects in healthy volunteers. Am. J. Clin. Nutr. 1990, 51, 759-767. [CrossRef]
Al-Fawaeir, S.; Alawneh, J.M.; Al-Odat, I. Influence of coffee consumption on serum lipid profile parameters: Can coffee
consumption lead to health consequences in humans? J. Agric. Food Res. 2023, 14, 100904. [CrossRef]

Arifuddin, U. The Effect of Caffeine on VO2Max Athletes Ability. Int. J. Sci. Basic Applies Res. 2017, 35, 259-261.

Wilson, M.-M.G.; Thomas, D.R.; Rubenstein, L.Z.; Chibnall, ].T.; Anderson, S.; Baxi, A.; Diebold, M.R.; Morley, ].E. Appetite
assessment: Simple appetite questionnaire predicts weight loss in community-dwelling adults and nursing home residents. Am.
J. Clin. Nutr. 2005, 82, 1074-1081. [CrossRef]

Afifi, R.S.; Rahahleh, W.A.; Hadidi, K.A. Caffeine Content in Turkish Coffee: A Question of Concern in Sport Community.
DIRASAT Hum. Soc. Sci. 2008, 35, 730-738.

Talaat, H.; Zein El Abedein, A.; Ali, R. Arabic version of the visual vertigo analogue scale for assessment visual vertigo syndrome.
Egypt. ]. Ear Nose Throat Allied Sci. 2019, 20, 117-121. [CrossRef]

Alfawaz, H.A.; Khan, N.; Yakout, S.M.; Khattak, M.N.K.; Alsaikhan, A.A.; Almousa, A.A.; Alsuwailem, T.A.; Almjlad, TM,;
Alamri, N.A.; Alshammari, S.G.; et al. Prevalence, Predictors, and Awareness of Coffee Consumption and Its Trend among Saudi
Female Students. Int. |. Environ. Res. Public Health 2020, 17, 7020. [CrossRef] [PubMed]

Brice, C.F,; Smith, A.P. Effects of caffeine on mood and performance: A study of realistic consumption. Psychopharmacology 2002,
164, 188-192. [CrossRef] [PubMed]

Yusni, Y.; Yusuf, H. The acute effects of coffee consumption on blood glucose and it’s relationship with serum cortisol and insulin
in females. Pharmacia 2022, 69, 903-910. [CrossRef]

Ballis, A.S. Coffee a worldwide trend with health benefits. ACTA Sci. Nutr. Health 2019, 3, 70-73.

Shi, X.; Xue, W.; Liang, S.; Zhao, ].; Zhang, X. Acute caffeine ingestion reduces insulin sensitivity in healthy subjects: A systematic
review and meta-analysis. Nutr. ]. 2016, 15, 103. [CrossRef]

Guarino, M.P; Ribeiro, M.].; Sacramento, J.E.; Conde, S.V. Chronic caffeine intake reverses age-induced insulin resistance in the
rat: Effect on skeletal muscle Glut4 transporters and AMPK activity. Age 2013, 35, 1755-1765. [CrossRef] [PubMed]

Lee, S.; Hudson, R.; Kilpatrick, K.; Graham, T.E.; Ross, R. Caffeine Ingestion Is Associated with Reductions in Glucose Uptake
Independent of Obesity and Type 2 Diabetes Before and After Exercise Training. Diabetes Care 2005, 28, 566-572. [CrossRef]


https://doi.org/10.1016/j.conctc.2016.06.013
https://doi.org/10.1080/10408398.2018.1507996
https://www.ncbi.nlm.nih.gov/pubmed/30335479
https://doi.org/10.1155/2012/207426
https://www.ncbi.nlm.nih.gov/pubmed/23193459
https://doi.org/10.1038/ejcn.2012.68
https://www.ncbi.nlm.nih.gov/pubmed/22713771
https://doi.org/10.1097/01.hjh.0000166828.94699.1d
https://doi.org/10.1016/j.amjhyper.2004.08.011
https://doi.org/10.1080/0265203021000007840
https://www.ncbi.nlm.nih.gov/pubmed/12519715
https://doi.org/10.1016/j.jtcme.2018.01.001
https://www.ncbi.nlm.nih.gov/pubmed/31193893
https://doi.org/10.1016/j.dsx.2017.04.017
https://www.ncbi.nlm.nih.gov/pubmed/28935543
https://doi.org/10.1038/ijo.2017.310
https://www.ncbi.nlm.nih.gov/pubmed/29381147
https://doi.org/10.1093/ije/dyv083
https://www.ncbi.nlm.nih.gov/pubmed/26002927
https://doi.org/10.1152/ajpendo.00441.2010
https://www.ncbi.nlm.nih.gov/pubmed/20943752
https://doi.org/10.1093/ajcn/51.5.759
https://doi.org/10.1016/j.jafr.2023.100904
https://doi.org/10.1093/ajcn/82.5.1074
https://doi.org/10.21608/ejentas.2019.9894.1081
https://doi.org/10.3390/ijerph17197020
https://www.ncbi.nlm.nih.gov/pubmed/32992846
https://doi.org/10.1007/s00213-002-1175-2
https://www.ncbi.nlm.nih.gov/pubmed/12404081
https://doi.org/10.3897/pharmacia.69.e85397
https://doi.org/10.1186/s12937-016-0220-7
https://doi.org/10.1007/s11357-012-9475-x
https://www.ncbi.nlm.nih.gov/pubmed/22976123
https://doi.org/10.2337/diacare.28.3.566

Nutrients 2025, 17, 823 18 of 19

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Robinson, L.E.; Savani, S.; Battram, D.S.; McLaren, D.H.; Sathasivam, P.; Graham, T.E. Caffeine Ingestion Before an Oral Glucose
Tolerance Test Impairs Blood Glucose Management in Men with Type 2 Diabetes. . Nutr. 2004, 134, 2528-2533. [CrossRef]
[PubMed]

Rodak, K.; Kokot, I.; Kratz, E.M. Caffeine as a Factor Influencing the Functioning of the Human Body-Friend or Foe? Nutrients
2021, 13, 3088. [CrossRef] [PubMed]

Makiso, M.U.; Tola, Y.B.; Ogah, O.; Endale, F.L. Bioactive compounds in coffee and their role in lowering the risk of major public
health consequences: A review. Food Sci. Nutr. 2024, 12, 734-764. [CrossRef]

Nurminen, M.-L.; Niittynen, L.; Korpela, R.; Vapaatalo, H. Coffee, caffeine and blood pressure: A critical review. Eur. J. Clin. Nutr.
1999, 53, 831-839. [CrossRef] [PubMed]

Al-Shogiran, R.; Al-Sowayan, N.S. Caffeinated and Decaffeinated Coffee Have Different Effects on Weight, Sleeplessness, and
Blood Pressure. Biomed. ]. Sci. Tech. Res. 2022, 47, 38714-38722.

Alhabee, M.K.; Alazzmi, M.M.; Alrashi, M.S.; Al-Sowayan, N.S. Effect of Caffeinated and Decaffeinated Coffee on Blood Pressure
and Heart Rate of Healthy Individuals. Pak. J. Biol. Sci. 2022, 25, 337-344. [CrossRef]

Hara, A.; Ohide, H.; Miyagawa, K.; Takeuchi, T.; Nakatani, Y.; Yokoyama, H.; Amano, T. Acute Effects of Caffeine on Blood
Pressure and Heart Rate in Habitual and Non-Habitual Coffee Consumers:. Iryo Yakugaku (Jpn J. Pharm. Health Care Sci.) 2014, 40,
383-388. [CrossRef]

Stadheim, H.K.; Stensrud, T.; Brage, S.; Jensen, J. Caffeine Increases Exercise Performance, Maximal Oxygen Uptake, and Oxygen
Deficit in Elite Male Endurance Athletes. Med. Sci. Sport. Exerc. 2021, 53, 2264-2273. [CrossRef]

Rezaimanesh, D.; Amiri-Farsani, P.; Alijani, E. The effect of caffeine on some cardiovascular factors in male student athletes.
Procedia Soc. Behav. Sci. 2011, 15, 2092-2095. [CrossRef]

Gavrieli, A.; Karfopoulou, E.; Kardatou, E.; Spyreli, E.; Fragopoulou, E.; Mantzoros, C.S.; Yannakoulia, M. Effect of different
amounts of coffee on dietary intake and appetite of normal-weight and overweight/obese individuals. Obesity 2013, 21, 1127-1132.
[CrossRef]

Gavrieli, A.; Yannakoulia, M.; Fragopoulou, E.; Margaritopoulos, D.; Chamberland, ].P; Kaisari, P.; Kavouras, S.A.; Mantzoros, C.S.
Caffeinated Coffee Does Not Acutely Affect Energy Intake, Appetite, or Inflammation but Prevents Serum Cortisol Concentrations
from Falling in Healthy Men1-4. J. Nutr. 2011, 141, 703-707. [CrossRef] [PubMed]

Schubert, M.M.; Irwin, C.; Seay, R.E,; Clarke, H.E.; Allegro, D.; Desbrow, B. Caffeine, coffee, and appetite control: A review. Int. J.
Food Sci. Nutr. 2017, 68, 901-912. [CrossRef]

Schubert, M.M.; Grant, G.; Horner, K.; King, N.; Leveritt, M.; Sabapathy, S.; Desbrow, B. Coffee for morning hunger pangs. An
examination of coffee and caffeine on appetite, gastric emptying, and energy intake. Appetite 2014, 83, 317-326. [CrossRef]
Horner, K.M.; Byrne, N.M.; Cleghorn, G.J.; Naslund, E.; King, N.A. The effects of weight loss strategies on gastric emptying and
appetite control. Obes. Rev. 2011, 12, 935-951. [CrossRef] [PubMed]

Rasaei, B.; Karim, N.A.; Talib, R.A.; Noor, I.M.; Karandish, M. The Effect of Simultaneous Consumption of Coffee Caffeine and
Sleep Deprivation on Plasma Ghrelin and Leptin Levels. Int. ]. Nutr. Sci. 2019, 4, 88-96. [CrossRef]

Aghadewa, R.A.; Sumartiningsih, S. The Effect of Caffeine on Concentration and Accuracy of Archery. Media Ilmu Keolahragaan
Indones. 2022, 12, 30-34.

Andrew, P. Smith Caffeine and long hours of work: Effects on alertness and simple reaction time. World J. Pharm. Res. 2021, 10,
79-89.

Yiiksel, B.; Oncii, T.; Sen, N. Assessing caffeine levels in soft beverages available in Istanbul, Turkey: An LC-MS/MS application
in food toxicology. Toxicol. Anal. Clin. 2023, 35, 33—43. [CrossRef]

Judelson, D.A.; Armstrong, L.E.; S6kmen, B.; Roti, M.W.; Casa, D.J.; Kellogg, M.D. Effect of chronic caffeine intake on choice
reaction time, mood, and visual vigilance. Physiol. Behav. 2005, 85, 629-634. [CrossRef]

Makki, N.M.; Alharbi, S.T.; Alharbi, A.M.; Alsharif, A.S.; Aljabri, A.M. Caffeine Consumption and Depression, Anxiety, and Stress
Levels Among University Students in Medina: A Cross-Sectional Study. Cureus 2023, 15, e48018. [CrossRef] [PubMed]

Prins, PJ.; Goss, FL.; Nagle, E.F; Beals, K.; Robertson, R.J.; Lovalekar, M.T.; Welton, G.L. Energy Drinks Improve Five-Kilometer
Running Performance in Recreational Endurance Runners. J. Strength Cond. Res. 2016, 30, 2979-2990. [CrossRef]

Del Coso, ].; Portillo, J.; Salinero, ].].; Lara, B.; Abian-Vicen, J.; Areces, F. Caffeinated Energy Drinks Improve High-Speed Running
in Elite Field Hockey Players. Int. ]. Sport Nutr. Exerc. Metab. 2016, 26, 26-32. [CrossRef]

Abian, P; Del Coso, J.; Salinero, ]J.J.; Gallo-Salazar, C.; Areces, F.; Ruiz-Vicente, D.; Lara, B.; Soriano, L.; Mufioz, V.; Abian-Vicen, J.
The ingestion of a caffeinated energy drink improves jump performance and activity patterns in elite badminton players. J. Sports
Sci. 2015, 33, 1042-1050. [CrossRef] [PubMed]

Wu, S.-H.; Chen, Y.-C.; Chen, C.-H.; Liu, H.-S; Liu, Z.-X.; Chiu, C.-H. Caffeine supplementation improves the cognitive abilities
and shooting performance of elite e-sports players: A crossover trial. Sci. Rep. 2024, 14, 2074. [CrossRef] [PubMed]

Ganio, M.S,; Klau, J.F; Casa, D.J.; Armstrong, L.E.; Maresh, C.M. Effect of Caffeine on Sport-Specific Endurance Performance: A
Systematic Review. |. Strength Cond. Res. 2009, 23, 315-324. [CrossRef]


https://doi.org/10.1093/jn/134.10.2528
https://www.ncbi.nlm.nih.gov/pubmed/15465742
https://doi.org/10.3390/nu13093088
https://www.ncbi.nlm.nih.gov/pubmed/34578966
https://doi.org/10.1002/fsn3.3848
https://doi.org/10.1038/sj.ejcn.1600899
https://www.ncbi.nlm.nih.gov/pubmed/10556993
https://doi.org/10.3923/pjbs.2022.337.344
https://doi.org/10.5649/jjphcs.40.383
https://doi.org/10.1249/MSS.0000000000002704
https://doi.org/10.1016/j.sbspro.2011.04.060
https://doi.org/10.1002/oby.20190
https://doi.org/10.3945/jn.110.137323
https://www.ncbi.nlm.nih.gov/pubmed/21346100
https://doi.org/10.1080/09637486.2017.1320537
https://doi.org/10.1016/j.appet.2014.09.006
https://doi.org/10.1111/j.1467-789X.2011.00901.x
https://www.ncbi.nlm.nih.gov/pubmed/21729233
https://doi.org/10.30476/IJNS.2019.82136.1017
https://doi.org/10.1016/j.toxac.2022.08.004
https://doi.org/10.1016/j.physbeh.2005.06.011
https://doi.org/10.7759/cureus.48018
https://www.ncbi.nlm.nih.gov/pubmed/37916247
https://doi.org/10.1519/JSC.0000000000001391
https://doi.org/10.1123/ijsnem.2015-0128
https://doi.org/10.1080/02640414.2014.981849
https://www.ncbi.nlm.nih.gov/pubmed/25530454
https://doi.org/10.1038/s41598-024-52599-y
https://www.ncbi.nlm.nih.gov/pubmed/38267565
https://doi.org/10.1519/JSC.0b013e31818b979a

Nutrients 2025, 17, 823 19 of 19

61.

62.

63.

64.

65.

Khan, R.M.; Alqurashi, ]. Frequency and Amount of Caffeine Consumption and Its Effects on Sleep Quality Among the General
Population in Makkah City, Saudi Arabia, in 2024. Cureus 2024, 16, e65730. [CrossRef]

Claydon, E.; Kahwash, J.; Lilly, C.L.; Alamir, Y.; Zullig, K.J. Subjective Sleep Quality, Caffeine, and Dieting Behaviors Among
University-Attending Young Adults. Nat. Sci. Sleep 2023, 15, 737-747. [CrossRef] [PubMed]

Albinsaleh, A.A.; Al Wael, WM.; Nouri, M.M.; Alfayez, A.M.; Alnasser, M.H.; Alramadan, M.]. Prevalence and Factors Associated
with Poor Sleep Quality Among Visitors of Primary Healthcare Centers in Al-Ahsa, Kingdom of Saudi Arabia: An Analytical
Cross-Sectional Study. Cureus 2023, 15, e42653. [CrossRef] [PubMed]

Riera-Sampol, A.; Rodas, L.; Martinez, S.; Moir, H.J.; Tauler, P. Caffeine Intake among Undergraduate Students: Sex Differences,
Sources, Motivations, and Associations with Smoking Status and Self-Reported Sleep Quality. Nutrients 2022, 14, 1661. [CrossRef]
[PubMed]

Barnard, J.; Roberts, S.; Lastella, M.; Aisbett, B.; Condo, D. The Impact of Dietary Factors on the Sleep of Athletically Trained
Populations: A Systematic Review. Nutrients 2022, 14, 3271. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.7759/cureus.65730
https://doi.org/10.2147/NSS.S420568
https://www.ncbi.nlm.nih.gov/pubmed/37766873
https://doi.org/10.7759/cureus.42653
https://www.ncbi.nlm.nih.gov/pubmed/37644931
https://doi.org/10.3390/nu14081661
https://www.ncbi.nlm.nih.gov/pubmed/35458223
https://doi.org/10.3390/nu14163271
https://www.ncbi.nlm.nih.gov/pubmed/36014779

	Introduction 
	Materials and Methods 
	Experimental Design 
	Participant Recruitment 
	Screening, Inclusion, and Exclusion Criteria 
	Body Composition 
	Intervention Protocol 
	Beverage Intervention and Preparation Method 
	Measurement Procedures 
	Cardiovascular Measures 
	Fasting Blood Sugar (FBS) Measurement 
	Gas Exchange Measurements 
	Peak Oxygen Consumption (VO2 Peak) Testing 

	Visual Analog Scales 
	Ethical Approval 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

