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Abstract

Caffeine supplementation by athletes in small to moderate doses has been shown to be an effective ergogenic aid. Studies have
recognized that caffeine supplementation decreases perceived exertion, delays fatigue, and improves time trial performance. This
study aims to investigate the effect of timing of caffeine and meal intake on metabolic parameters in healthy individuals. Eight
active males were randomly given 3 mg/kg caffeine, followed by a standardized meal 2 hours later (C2M) and vice versa (M2C)
before being required to cycle for 5 minutes at 20W, 35W, 50W, 65W, and 80W. Caffeine (C), meal + caffeine (M+C), and meal (M)
only were tested separately. Mean changes in energy expenditure differed significantly for C vs M+C and M+C vs M: 3.971+0.653 vs
4.205+0.637 kcal/min; p < 0.05 and 4.205+0.637 vs 3.938+0.617; p < 0.05). Delta efficiency was significantly greater in C2M than in
M2C (25.5£1.2 vs 23.6+0.8 %; p < 0.05). Mean changes in respiratory quotient were significant (C2M vs M2C, 0.012+0.004; p < 0.05,
and M vs C, M+C vs C,and M+C vs M, 0.062+0.008 (p < 0.001),-0.024+0.009 (p < 0.01),-0.038+0.015 (p < 0.01). The timing of meals
and caffeine intake resulted in metabolic alterations in a non-dependent manner. This makes it difficult to explain the relationship
between muscular efficiency and substrate use; however, it does require more research to target exercise performance, as well as

body composition regulation.
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Introduction

Caffeine is a naturally occurring stimulant typically found
in coffee, tea, and chocolate (cacao) [1]. It has been proven to be
protective against non-communicable diseases such as type II
diabetes[2]. However, caffeine’simpact on the individual’s metabolic
rate and substrate use remains controversial. A study conducted
by Jarrar and Obeid [3] found that rats that ingested caffeine
alongside or after a meal had higher insulin levels than control
rats. However, no alterations in postprandial plasma glucose were
witnessed, suggesting that caffeine may decrease insulin sensitivity.

Interestingly, caffeine decreased postprandial triglycerides,
which may be due to a decrease in fat absorption. However, pre-
meal caffeine ingestion decreased hepatic glycogen synthesis in
comparison to co-meal and post-meal ingestion, which lacked
this inhibitory effect. The authors suggest that gluconeogenesis
might have been triggered in the pre-meal caffeine intake protocol.
Another study done by Acheson et al. [1] has demonstrated that
ingesting caffeine without a meal increased metabolic rate and fat
oxidation in comparison to the control groups. Furthermore, when

ingested with a meal, caffeine was found to decrease carbohydrate
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utilization more rapidly than the control group and to increase fat
oxidation as well. After caffeine ingestion, a rise in metabolic rate
was observed in both obese and lean groups. However, fat oxidation

only increased in the lean group.

In sport-related activities, it is established that caffeine intake
exerts an ergogenic effect [4]. Ingesting caffeine in doses of 6 mg
per kg of body mass [5-7] and even in lower doses (1-3 mg/kg)
[8,9] one hour before exercise provides a significant enhancement
of endurance performance. High caffeine doses (>6mg/kg) offer
no additional benefit and increase the risk and magnitude of side
effects [10]. They are linked to performance impairment, jitters, and
increased heart rate. On the other hand, some subjects are simply
non-responders to caffeine [10, 11]. Inter-individual variations in
ergogenicity do exist [12], due to different genes that dictate the
body’s response to caffeine [13]. The two major genes responsible
for this response are CYP1A2 and ADORA2A [14]. The former
determines how fast caffeine is metabolized, while the latter is more
related to its sensitivity [13-15]. In the recovery period, especially
after a glycogen-depleting exercise, issues regarding caffeine and
glucose disposal have been covered extensively. Glycogen synthesis
during the 5 hours following exercise was not affected by doses of
6mg/kg of caffeine before and during exercise when carbohydrates
were ingested [11].

Other studies have suggested that there is an enhancement
in glycogen re-synthesis in trained participants [12]. Although,
both caffeine and non-caffeine users benefit from caffeine intake
prior to exercise, it is not advised for caffeine users to withdraw.
Withdrawal (24-48h) might lead to negative outcomes (headaches,
irritability, fatigue...) [13]. People who exercise few hours after
caffeine intake still receive some benefits. These benefits can apply
to athletes who train or compete twice per day [16]. The effect
of caffeine on sleep should be examined individually, especially
because sleep deprivation might impair exercise performance
[17,18]. Caffeine intake among athletes became a popular trend.
Its inclusion in combination with other ingredients claimed to
improve exercise performance and made it a staple ingredient in
the sport industry. The timing of caffeine intake- whether before,
during, or at the end of the event- does not alter its beneficial effects
on exercise performance [9,19]. This study aims to investigate the
effect of caffeine intake during normal life situations (pre-, post, or
during a meal) on energy expenditure, substrate use, and muscle
efficiency in healthy male individuals.

Materials and Methods
Research Design and Methods

Nine healthy physically active males were initially recruited
for the study. One participant dropped out because of the long
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test period duration. The remaining eight (n = 8) took part in a
single-blinded randomized crossover study. The participants were
between 20 and 31 years old (mean 23.3+4.3). They had a mean
height of 181.3+ 5.0 cm, mean weight of 76.1+9.3 kg, and mean body
mass index (BMI) of 23.1+2.3 kg/m?2. Participants were included
if they were healthy males, covered by health insurance, and not
taking supplements or medicine that might affect their metabolic
rate. During the preliminary visit, participants were informed
about the experiment protocol, signed a written consent form, and
filled out a lifestyle questionnaire. Their anthropometric and body
composition measurements were taken. The study protocol was
approved by the Institutional Review Board (IRB) at the American
University of Beirut. This trial was registered at clinicaltrials.gov
under the number of NCT04106752.

Experimental Trials

On the day of testing, participants came to the laboratory
at 08:00 following a 12-hour overnight fast. All participants
were requested to avoid physical activity, caffeine, and dietary
supplements for the 24 hours before testing. Energy expenditure
was measured by indirect calorimetry (Cosmed Quark CPET,
Cosmed srl, Rome, Italy). Participants briefly sat in a comfortable
seat for calorimetric monitoring using a high-end Hans Rudolph
facemask (FM) that was conducted until stabilization of the energy
expenditure (EE) for at least 15 minutes after half an hour of rest
[20]. During this period, participants were instructed to relax
and avoid movements. Heart rate (HR) was monitored using a
Cosmed heart rate belt. Participants then completed the following
protocols on five separate days, separated by at least 48 hours, in a
randomized order. The protocol numbers were placed inside a bowl
on small papers and chosen randomly.

The five protocols are displayed in Figure 1. In Protocol 1
(M2CQ), participants were fed a standardized meal of two slices of
toast bread, organic peanut butter, and jam (providing 440 kcal,
51% carbohydrates, 13% protein, and 36% fat). A small meal
was chosen because it reflects what older adults often eat on a
regular basis [21,22]. Two hours later, the participant ingested a
caffeinated drink [3 mg per kg of body weight of caffeine powder
(AnalaR, BDH laboratories, Poole, UK) dissolved in water]. After
1 hour, resting EE was measured using FM for 15 minutes while
the participant was seated on a comfortable seat, and then for 5
minutes while the participant was seated on a cycle ergometer
(Cosmed E100 P). Ninety minutes after ingestion, a cycling exercise
was performed. Participants were asked to pedal at 60 revolutions
per minute (rpm) for 5 minutes per load at 20W, 35W, 50W, 65W,
80 W respectively. During cycling, EE was measured using the FM,
HR was monitored, and the rating of perceived exertion (RPE) was
recorded (Borg- RPE 6 -20 scale) [23] in the last minute of every
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load cycle (Figure 1A). In Protocol 2 (C2M), Caffeine was given to
the participant. Two hours later, the standardized meal was given,
followed by the same exercise protocol mentioned above at ninety
minutes after ingestion (Figure 1A & 1B displays Protocols 3, 4 and
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5, where the participant was given Caffeine (C), a standardized meal
(M) and a combination of both (M+C), respectively. Ninety minutes
later, the same exercise protocol mentioned above was applied.

M
c M Pedalingat 60 rpm for 5 min per load at:
| | | I | 20W | 35w | s0wW | 65W I BOwW
Ti .
e 2 L9 2?0 215 min 225 min
min min min min
210 min 220 min 230 min
- >
BMR REE EEE
(A
c
M
M+C Pedaling atE0rpmfor 5§ min per load at
| ‘ | 20W | 35w | 50w | 65W | sow
Time .
3,5 D BFI 95 min 105 min
min min min
90 min 100 min 110 min
-« >
BMR REE EEE
(B)
Figure 1: The Five Protocols (M2C, C2M, C, M, M+C) Adopted in the Study. Measurements: Basal Metabolic Rate (BMR); Resting Energy
Expenditure (REE); Exercise Energy Expenditure (EEE).

Statistical Analysis

All values are reported as means+SE, except for participant’s
characteristics (age, height, weight, BMI). Statistical analysis was
performed by Paired t tests (M2C vs C2M) and repeated measures
ANOVA with time and treatment (caffeine and/or meal treatment
- C vs M vs M+(C) followed by Tukey’s post-hoc tests. Analysis of
participant factors were conducted using statistical software
(GraphPad Prism). The level of statistical significance is set as P <
0.05. Sample size calculations were done using the online sample
size calculator (http://hedwig.mgh.harvard.edu/sample_size/js/
js_parallel_quant.html). A total number of 8 is required to obtain
a power of approximately 80% (a=0.05) for a 2.4 difference in
means and a 0.8 difference in SD of muscular efficiency [24].

Results

Effect of Meal Timing and Caffeine Intake on Energy
Expenditure and Delta efficiency

The results of varying meal and caffeine timing according to
protocol 1-5 on EE are presented in Figure 2A and B. Mean changes
in EE across workloads reached significance for sub-group 2 (C vs
M+C and M+C vs M, 3.971 + 0.653 vs 4.205 * 0.637; p < 0.01 and
4.205 + 0.637 vs 3.938 = 0.617; p < 0.01) but not for sub-group 1
(M2C vs C2M, 4.187 £ 0.637 vs 4.201 = 0.589 kcal/min, p > 0.05).
Delta efficiency (DE) values (Figure 3A and 3B) were significantly
different in sub-group 1 (C2M vs M2C, 25.5+1.2 vs 23.6+0.8; p
<0.05) but not in sub-group 2 (M+C vs Cvs M, 24.9+1.7 vs 23.2+0.8
vs 23.2+0.6; p > 0.05).
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Figure 2: The Effect of Various Protocols on Energy Expenditure.
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Figure 3: The Effect of Various Protocols on Delta Efficiency.

Effect of Meal Timing and Caffeine Intake on Respiratory
Quotient

Changes in RQ (ARQ) values for the two sub-groups are
compared in Figure 4A and $B. ARQ significantly increased across
the different loads during C2M vs M2C with a mean difference of
0.012 * 0.004 (p < 0.01), and 0.062 * 0.008 (p < 0.001), -0.024 +
0.009 (p < 0.01),-0.038 £ 0.015 (p < 0.05) during M vs C, M+C vs C,
and M+C vs M respectively.

Effect of Meal Timing and Caffeine Intake on Perception
of Effort

Within the range of cycling (20-80 W), the perceived exertion
evaluated on the Borg scale ranged from “extremely light” to
“somewhat hard,” as depicted in Figure 5 (panel A and B). Perceived
exertion ratings did not reach statistical significance between M2C
and C2M (p > 0.05). However, values were higher in M vs C (p =
0.0717) and in M+C vs C (p = 0.0529) when tested separately.
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Figure 5: The Effect of Various Protocols on Perception of Effort.

Discussion

Most research studies have underestimated light to moderate
intensity exercise in comparison to vigorous physical activities.
Light intensity exercise does not go beyond three times the resting
metabolic rate, 3 METs, and moderate intensity exercise ranged
between 3.0-5.9 METs [25]. Our participants reached 5.2 METs at
80W, which is still considered in the range of moderate intensity
activity. Few studies have utilized protocols that involve cycling
at light intensities, and fewer still have calculated DE. It is not yet
well known whether the timing of caffeine consumption influences
EE, exercise efficiency, and substrate oxidation at these intensities
energetically comparable with those of daily life [26].

Controversies do exist regarding caffeine and glycogen sparing
[27]. Caffeine stimulates the sympathetic nervous system and
causes the release of catecholamines, which in turn activates the

breakdown of glycogen [28,29]. However, other studies have

reported opposite results; caffeine apparently inhibits skeletal
muscle glycogen phosphorylase and thus glycogenolysis [30]. It has
been demonstrated that a dose-response between caffeine intake
and exercise performance exists but plateaus at 3 mg per kg of body
weight. A switch in substrate oxidation favoring fat usage might be
the reason for increased performance, according to several studies
[31-33]. However, more recent studies demonstrated no effect at
all [34,35]. Jarrar and Obeid [3] investigated the timing of caffeine
ingestion on postprandial metabolism in rats. Insulin sensitivity
decreased following caffeine ingestion, and a retarded postprandial
triglyceride absorption arose. Furthermore, they found a biphasic
role of caffeine on glycogen synthesis, which was accelerated in the
first 60 minutes and inhibited later. Acute caffeine supplementation
in the range of 2-6 mg per kilogram of body weight enhanced
exercise performance by 2-16% in different types of sports (team,
racquet, endurance, and high intensity sports) [4,18]. Greater motor
recruitment patterns in addition to altering neurotransmitter

functions explain this performance enhancement [9].
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In this study, caffeine increased the change of mean energy
expenditure by 6.8% and 5.9% in M+C vs M and C. These findings
are compatible with those of Acheson et al. who demonstrated an
increase in the metabolic rate after consuming a meal with caffeine.
On the other hand, differences in DE (3.5%) were only seen in M2C
vs C2M, which favors C2M [1]. The addition of caffeine with a meal
regardless of timing induced a lower perception of effort (- 7%)
in comparison to having a meal only during the exercise test. This
effect has been demonstrated elsewhere [9, 17, 36] and was a result
of caffeine binding to adenosine receptors and overriding fatigue
signals during the test [4, 9]. In fact, trained individuals respond
better than untrained ones due to an increased adenosine A2a
receptor density. However, this speculation remains to be verified
since it was not in agreement with other studies [4,37]. According
to our results, substrate oxidation differed between the different
protocols, and higher values of RQ were found when a meal was
consumed. Caffeine attenuated this increase but failed to explain
the increase in exercise efficiency. Different studies have yielded
contradictory findings. Some could not explain the increase in
exercise performance by a shift in substrate oxidation favoring fat
usage [38]. Other studies found positive results [1] or individual
variability, especially during the first 15 minutes of exercise [39].
Limitations related to this study include the small sample size
(n=8). In the future, research protocols should be tailored to be less
time consuming to accommodate the busy participants’ schedule.
In addition, this study was conducted exclusively on males; it would
be interesting to see if females respond differently.

Conclusion

In conclusion, meal timing and caffeine intake modestly
manipulate changes in energy expenditure and have a greater
effect on muscular efficiency. The effect of caffeine timing on
other metabolic and cardiovascular parameters requires further
exploration. Research is needed to clarify the underlying genetic
and inter-individual variations and draw comparisons between
different populations and genders. A greater understanding of
these factors will assist in the provision of personalized sports
nutrition recommendations in the future.
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