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A B S T R A C T

Introduction: Coffee is one of the most widely consumed beverages in the world and has a number of
potential health benefits. Coffee may influence energy expenditure and energy intake, which in turn may
affect body weight. However, the influence of coffee and its constituents – particularly caffeine and chlo-
rogenic acids – on appetite remains largely unexplored. Purpose: The objective of this study was to examine
the impact of coffee consumption (with and without caffeine) on appetite sensations, energy intake, gastric
emptying, and plasma glucose between breakfast and lunch meals. Methods: This study utilised a double-
blind, randomised crossover design. Participants (n = 12, 9 women; Mean ± SD age and BMI: 26.3 ± 6.3 y
and 22.7 ± 2.2 kg•m−2) completed 4 trials: placebo (PLA), decaffeinated coffee (DECAF), caffeine (CAF), and
caffeine with decaffeinated coffee (COF). Participants were given a standardised breakfast labelled with
13C-octanoic acid and 225 mL of treatment beverage and a capsule containing either caffeine or placebo.
Two hours later, another 225 mL of the treatment beverage and capsule was administered. Four and a
half hours after breakfast, participants were given access to an ad libitum meal for determination of energy
intake. Between meals, participants provided exhaled breath samples for determination of gastric emp-
tying every 15 min; venous blood (for examination of glucose) and appetite sensations (via visual analogue
scales) were collected every hour. Results: Energy intake was not significantly different between the trials
(Means ± SD, p > 0.05; Placebo: 2118 ± 663 kJ; Decaf: 2128 ± 739 kJ; Caffeine: 2287 ± 649 kJ; Coffee:
2016 ± 750 kJ); Other than main effects of time (p < 0.05), no significant differences were detected for
appetite sensations or plasma glucose between treatments (p > 0.05). Gastric emptying was not signifi-
cantly different across trials (p > 0.05). Conclusions: Utilising an ecologically valid design, no significant
effects of decaffeinated coffee, caffeine or their combination were detected on gastric emptying, appe-
tite sensations, glucose, and energy intake. However, the consumption of caffeine and/or coffee for regulation
of energy balance over longer periods of time warrant further investigation.

© 2014 Elsevier Ltd. All rights reserved.

Introduction

Energy balance is an important concept in weight and obesity
management, as understanding and manipulating energy balance
can lead to changes in body composition and/or body weight. Caf-
feine is the most widely consumed psychoactive substance in the

world, with a recent study reporting 85% of a sample population
(~38,000) consumed one or more caffeine-containing beverages a
day (Mitchell, Knight, Hockenberry, Teplansky, & Hartman, 2013).
Thus, it is important to examine the influence of caffeine on deter-
minants of energy balance, as coffee and caffeine consumption have
been found to have mild (but significant) associations with attenu-
ated weight gain. Greenberg and colleagues reported that as
caffeinated and decaffeinated coffee consumption increases, the like-
lihood of gaining weight decreases (Greenberg, Axen, Schnoll, &
Boozer, 2005). This is supported by evidence from large cohort
studies that reported increases in daily caffeine consumption led
to a lower weight gain in older adults (Lopez-Garcia et al., 2006)
and that increments of 1 cup of coffee per day were associated with
0.14 kg less weight gain per four-year period (Pan, et al., 2013).
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However, the mechanisms of the potential weight-reducing effects
of coffee and caffeine are not clearly known, although several have
been postulated including alterations in energy expenditure and
energy intake. There is strong evidence that caffeine can lead to mod-
erate increases in resting energy expenditure (~5% over 24 h) (Hursel
et al., 2011). The effects on appetite and energy intake are more vari-
able, with some studies reporting reductions in energy intake in
response to caffeine (Tremblay, Masson, Leduc, Houde, & Despres,
1988), while others do not report changes whether caffeine (Judice
et al., 2013a,b) or coffee (Gavrieli et al., 2011, 2013) are ingested.
Coffee’s effects on gastrointestinal function have also been exam-
ined, as alterations in gut hormones or gastric emptying (GE) could
influence appetite and energy intake (Horner, Byrne, Cleghorn,
Naslund, & King, 2011). As with appetite and energy intake, results
for GE responses to coffee ingestion remain equivocal, though
responses to caffeine have not been separately examined (Akimoto
et al., 2009; Franke, Harder, Orth, Zitzmann, & Singer, 2008).
Finally, coffee and caffeine potentiate postprandial blood glucose
responses (Gavrieli, Fragopoulou, Mantzoros, & Yannakoulia, 2013;),
and the postprandial glucose response may be linked with
subsequent energy intake (Flint et al., 2006).

The literature to date has some methodological issues that may
limit applications to larger populations; namely the use of one bolus
dose of coffee (Gavrieli et al., 2011, 2013; Greenberg & Geliebter,
2012) and GE assessment of coffee as a complete beverage (Akimoto
et al., 2009; Franke et al., 2008). A recent study that examined the
beverage consumption patterns of adults in the UK reported that
consumption of hot beverages (i.e. coffee, tea, cocoa, etc.) peaks in
the morning (0600–0800) with a second, smaller peak late morning
(1000–1200), in both men and women (Gibson & Shirreffs, 2013).
Thus, individuals may consume multiple beverages between meals,
and the influence of this multiple dosing pattern on appetite and
energy intake remains to be investigated.

Clearly, additional research is required to fully understand the
influence of caffeine and coffee intake on psychological and phys-
iological mediators of food consumption. Therefore, the aim of this
study was to explore various potential mechanisms of how a split
dose of caffeine and coffee may affect appetite sensations, energy
intake, and gastric emptying. It was hypothesized that caffeine would
independently, and in combination with coffee, acutely decrease
hunger, and attenuate gastric emptying, without alterations in energy
intake.

Methods

This study utilised a randomised, double-blind, placebo-controlled
crossover design. The study was approved (GU HREC PBH/18/12)
by the institutional ethics committee and conformed to the
Declaration of Helsinki.

Treatments

Four distinct treatments were utilised in this study (Table 1). The
control condition consisted of placebo capsules (Metamucil®) and
water. The decaf condition was placebo capsules and decaffein-
ated coffee (Nescafe® Instant Decaf). The caffeine condition provided
pure, encapsulated caffeine (PCCA, Matraville, NSW, Australia) with

water, and the coffee condition involved participants consuming caf-
feine capsules and decaffeinated coffee. All caffeine doses provided
a total dose of 4 mg•kg−1 BM in two equivalent doses. This dose was
chosen because it was between the doses used in prior studies
(Gavrieli et al., 2011; Greenberg & Geliebter, 2012) and similar to
the estimated daily consumption of our participants. Capsules were
used to mask the detection of the presence of caffeine dissolved in
water or subtle differences between regular and decaffeinated coffee.
The coffee was provided in two 5-g boluses dissolved in 225 mL of
water and served at ~50 °C. Equal volumes of cool tap water (~15
°C) were provided in the non-coffee conditions (beverage temper-
ature has been reported to have no influence on GI function
(McArthur & Feldman, 1989)). We utilised Metamucil as our placebo
as it has been previously used by our group (Desbrow, Barrett,
Minahan, Grant, & Leveritt, 2009) due to its similar texture to
anhydrous caffeine. While psyllium (Metamucil®) has been shown
to influence gastric emptying, appetite, and energy intake, this
requires significant amounts (10–20 g) (Bergmann et al., 1992;
Turnbull & Thomas, 1995). The ~250 mg that participants re-
ceived in the present study would have likely been insufficient to
cause any confounding effects.

We chose to utilise two bolus doses of coffee to mimic natural
consumption, i.e. a beverage with breakfast followed by a second
ingested mid-morning. Coffee consumption usually peaks in the
morning (0600–0800) with a second, smaller peak late morning
(1000–1200), during the week in both men and women (Gibson &
Shirreffs, 2013). Time-to-peak caffeine concentration was also con-
sidered during study design; though it is highly variable depending
on the individual (Skinner, Jenkins, Taaffe, Leveritt, & Coombes,
2013b), caffeine levels appear to peak around 2–2.5 h post-ingestion.
Thus, the timing of the coffee/caffeine doses were designed to main-
tain elevated plasma caffeine levels during the trial.

Metabolic activity of the capsules was not verified in this study;
however, the same capsules, prepared in the exact same manner
and with a similar dosing regimen (2 × 3 mg·kg−1 BM), were re-
cently used by us in a similarly designed study (Schubert et al., 2014).
In that study, samples for plasma caffeine were determined at base-
line (–30), +15 (45 min post), +60 (90 min post), 180 (30 min post-
2nd dose), and 240 min (90 min post-2nd dose). Caffeine levels
exhibited a ‘double-peak’ of ~20 μM•L−1 at 60 min and ~32 μM•L−1at
240 min (exercise was conducted from 60–120 min and a 2nd caf-
feine dose ingested at 150 min) (Schubert et al., 2014).

Because it was not possible to blind participants to coffee versus
water in the present design, they were aware of when they were
receiving coffee – but they and the investigators remained blind to
caffeine administration. As the true purpose of this study was to
assess energy intake as a primary outcome, and appetite percep-
tions as a secondary outcome, participants were blinded by informing
them that the aim of the study was to examine how encapsulated
caffeine and caffeine in coffee influenced gastric emptying and
markers of metabolism and oxidative stress. On completion of all
trials participants were debriefed and asked to try and identify the
order of their treatments and the associated certainty with their
choices (“no idea”, “somewhat certain”, “reasonably certain”, and
“absolutely certain”). Participants were randomised according to a
Latin Squares design and an individual not associated with the re-
search allocated caffeine and placebo capsules into envelopes
containing only a trial number and participant identification.

Participants, familiarisation and experimental controls

Participants provided written informed consent and com-
pleted questionnaires to assess health, physical activity habits, and
dietary habits (Stunkard & Messick, 1985) before enrolment. The
latter was used to ensure the exclusion of individuals with atypi-
cal or abnormal eating patterns which could have potentially

Table 1
Matrix of treatment conditions.

Condition Beverage Capsules

Placebo (PLA) Water Placebo (Metamucil®)
Caffeine (CAF) Water Caffeine
Coffee + CAF (COF) Decaffeinated coffee Caffeine
Decaffeinated coffee (DECAF) Decaffeinated coffee Placebo (Metamucil®)
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confounded the study outcomes. Participants also completed a
caffeine-consumption questionnaire to quantify daily caffeine con-
sumption (Desbrow, 2011). The inclusion criteria for the recruitment
of participants were as follows: non-smoking, non-obese men and
pre-menopausal women (BMI < 30 kg•m−2) between 18 and 45 years
of age; not taking any medicine known to influence lipid, carbo-
hydrate, or caffeine metabolism; not dieting and did not have any
extreme dietary behaviours (Three Factor Eating Questionnaire
(Stunkard & Messick, 1985): cut-off points <9 for inhibition, <12
for restraint, and <8 for hunger); weight stable in the previous 3
months (±5% by self-report); no history of any cardiovascular or met-
abolic diseases; no food allergies or intolerances; and no history of
gastrointestinal disorders.

Prior to commencing the study, all participants attended a
familiarisation session where body composition and anthropom-
etry were assessed using established criteria (Heyward, 2006).
Participants were also familiarised with the computer question-
naires to be completed during each trial.

A standard evening meal was provided for each participant for
each trial (Lean Cuisine®, Simplot Australia, Australia; Woolworth’s
Garlic Bread, Woolworth Supermarkets, Australia). The dinner meal,
comprising 3073 ± 506 kJ (109 ± 20 g carbohydrate, 25 ± 4 g protein,
21 ± 4 g fat), was equivalent to ~30% of each individual’s daily energy
needs, estimated using the Harris–Benedict equation, with adjust-
ments for activity levels and the thermic effect of food (Harris &
Benedict, 1918; Westerterp, Donkers, Fredrix, & Boekhoudt, 1995).
Participants were also required to standardise their food intake in
the 24 h prior to each trial using a comprehensive food record of
all items consumed during this period. The records were photo-
copied and subsequently returned to the participants so they could
replicate their intake for the remaining trials. Any of the dinner not
eaten was returned the next day. Also for 24 h prior to each trial,
participants were instructed to abstain from strenuous exercise,
alcohol, and foods naturally enriched in 13C (corn and corn-based
products, kiwi, pineapple, cane sugar). For 36 h before each trial,
participants were asked to refrain from consuming anything con-
taining caffeine or known to influence caffeine metabolism (i.e.
cruciferous vegetables, charcoal-broiled beef, aspirin, and cimetidine)
(Bouchard, Weber, & Geiger, 2002). Participants were given a list

of items to avoid and also had blood taken for determination of
plasma caffeine concentrations at the beginning of each trial.

Women were tested during the follicular phase of the menstru-
al cycle, as determined by self-report. Because a 3–4 day washout
period was required between conditions, only two conditions were
completed during each menstrual cycle, with the remaining two con-
ditions completed on identical days of the following month’s
menstrual cycle; women taking oral contraceptives (n = 5) were
tested at equivalent time points of their pill pack. Thus, in women,
testing conditions were completed over the course of two men-
strual cycles to ensure that testing outcomes were unaffected by
changes in sex hormones, energy expenditure, substrate oxida-
tion, and energy intake that may occur during different phases of
the menstrual cycle (McNeil & Doucet, 2012).

Experimental trials

Overview
An overview of the experimental trials is shown in Fig. 1. Briefly,

participants arrived in the morning between 0600 and 0900 after
an overnight fast, consuming nothing other than water after 2200.
Participants were then seated in a semi-supine position for 10 min
while providing perceived levels of appetite and food (FPQ) pref-
erences using computer-based visual analogue scales (VAS). A
cannula was subsequently inserted into an antecubital vein and a
baseline blood sample was taken. After the initial blood sample, par-
ticipants were provided with their first treatment and a 13C-
labelled breakfast and asked to consume it within 15 min. After
ingesting the first treatment bolus with breakfast, the FPQ was im-
mediately completed followed by appetite ratings and blood
sampling, which were subsequently obtained every 60 minutes
throughout the trial until 240 min. Breath samples, for 13C-isotopic
analysis, were obtained 25 and 10 minutes before breakfast, im-
mediately after, and every 15 min thereafter until 270 min. The
second treatment bolus was administered at 120 min. Water was
provided in two 125 mL boluses at 150 min and 210 min. At 270 min,
participants again completed the FPQ and were given access to an
ad libitum homogenous pasta meal and instructed to eat, over a
period of 30 minutes, until satisfied. Upon completion of the meal,

Fig. 1. Schematic of experimental trials.
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participants completed a final FPQ. Throughout the trials, partici-
pants were permitted to perform sedentary activities (reading,
studying, using a computer, watching movies) and use the toilet as
needed. Room temperature and humidity were controlled through-
out all trials (22 ± 3 °C; 54 ± 5%).

Assessment of appetite sensations
Hunger, fullness, satisfaction, prospective food consumption,

thirst, desire to eat something salty, and desire to eat something
sweet were assessed periodically using previously validated com-
puterised visual analogue scales (Adaptive VAS, San Antonio, USA)
(Flint, Raben, Blundell, & Astrup, 2000).

Assessment of gastric emptying
Gastric emptying was assessed by the 13C octanoic acid breath

test as previously described (Ghoos et al., 1993; Horner, Byrne,
Cleghorn, & King, 2013). A standardised breakfast (pancakes, butter,
and jam, providing 1676 kJ, 48 g CHO, 17 g FAT, 15 g PRO) was pro-
vided containing 100 mg of 13C-labelled octanoic acid (Cambridge
Isotope Laboratories, USA). Breath samples were collected 25 and
10 min before the test meal was administered and then for every
15 min from immediately post-meal for 4.5 hours (270 min). Breath
samples were collected into 10 mL test tubes (Exetainer, Labco
Limited, UK) as has been previously described, immediately capped,
and stored for later analysis (Ghoos et al., 1993; Hellmig et al., 2006;
Horner et al., 2013; Jackson, Bluck, & Coward, 2004). The 13C-
isotopic enrichment of the breath samples was measured using a
mass spectrometer (Hydra 20-20; Europa Scientific, UK) against a
calibrated reference gas (5% CO2, 75% N2, 20% O2) and changes in
the 13C/12C ratio from initial values and cumulative doses were mea-
sured (Horner et al., 2013). Data were fitted to established gastric
emptying regression models for the determination of lag time (tlag,
the time taken to reach maximal 13CO2 excretion) and half excre-
tion time (t1/2, time taken for half of the 13C dose to be excreted in
the breath) (Ghoos et al., 1993). In addition, the parameters of latency
time (tlat) and ascension time (tasc) were calculated according to
Schommartz and colleagues (Schommartz, Ziegler, & Schadewaldt,
1998). Latency time refers to the initial delay in the 13C excretion
curve, which is indicative of initial emptying, while ascension time
refers to the time course between tlag and t1/2 when high rates of
13C excretion occur (Horner et al., 2013; Schommartz et al., 1998).

Assessment of ad libitum energy intake
Participants were given access to an ad libitum homogenous pasta

meal (Beef lasagne, Sara Lee®, Australia) for a period of 30 min and
instructed to eat until satisfied. Food was provided in excess of ex-
pected consumption (~800 g; 5000 kJ). Calculations of total energy
intake involved weighing remaining food after the participant had
left the laboratory and subtracting these values from initial weight
values. Energy intake and macronutrient composition were deter-
mined using the manufacturers’ published nutritional values. The
test meal procedure has been verified as a reproducible method,
with a coefficient of variation (CV) of 9% when diet is standard-
ised beforehand (Gregersen et al., 2008). The homogenous meal was
chosen over a buffet-type meal for logistical reasons and to avoid
the “banquet effect”. Participants consumed their meals in thermo-
neutral conditions in the lab singly or in pairs with the investigator
in a separate room.

Blood sample collection and analysis
At baseline, 3 mL of venous blood was collected into lithium

heparin tubes (BD Vacutainer, North Ryde, Australia) for determi-
nation of plasma caffeine, while 1 mL of blood was collected into
fluoride oxalate tubes (BD Vacutainer, North Ryde, Australia) for
glucose analysis. Blood samples at subsequent time points were
utilised for measurement of glucose only. All blood samples were

centrifuged at 3000 rpm for 15 min at 4 °C with the plasma
aliquotted and stored at -80 °C for subsequent analysis.

Glucose was assayed on an automated Cobas Integra diagnos-
tic system (Roche Diagnostics, Switzerland) using a hexokinase
reagent kit (Glucose HK Gen.3, Roche Diagnostics, Switzerland).

Baseline plasma caffeine was analysed using an automated high
performance liquid chromatography (HPLC) system, as previously
described (Desbrow et al., 2009). The identity and purity of caf-
feine peaks were achieved by spectral purity analysis, and
comparison with pure caffeine verification samples.

All assays for each participant were performed in duplicate, with
intrassay coefficients of variation of 0.8 % for glucose and 1.7 % for
plasma caffeine.

Assessment of coffee beverages

Quantity of caffeine in the coffee beverages was determined using
HPLC as described above for analysis of plasma caffeine. Coffee bev-
erages were prepared by adding 10 g of coffee grounds to 450 mL
of boiling water and mixed vigorously. Ten 1.5 mL aliquots were then
obtained and immediately analysed in triplicate. For CGAs, total CGA
contents were determined as per the methods of Narita and Inouye,
with minor modifications (Narita & Inouye, 2013).

Statistical analysis

According to previous research (Gregersen et al., 2008), a sample
size of 17 participants would be necessary to detect a 500 kJ dif-
ference in energy intake, in a paired design with prior dietary
standardisation, at a power level of 80%. Although 18 participants
(15 women, 3 men) were initially recruited and screened, 12 (9
women, 3 men) completed the study. Six women withdrew at
various phases of testing; the primary reasons for drop-out were
illness, work/family commitments, and unwillingness to comply with
dietary standardisation.

Statistical analysis was conducted using SPSS version 21 (SPSS
Inc., Chicago, IL). All variables were examined for normality using
the Shapiro–Wilk test. Analyses included standard descriptive mea-
sures and 2-way (Treatment * Time) repeated-measures ANOVA for
time-related variables (appetite sensations, food preference, and bio-
chemical data). If a significant F ratio was detected, the Bonferroni
post hoc correction for multiple comparisons was used. Area under
the concentration-time curve (AUC) calculations were performed
using the trapezoidal method for hormonal and VAS measures. AUC
measures, gastric emptying parameters, energy intake and meal
weight were examined using a one-way repeated-measures ANOVA
with the Bonferroni correction for multiple comparisons utilised if
a significant F ratio was detected. The Pearson product moment cor-
relation coefficient was used to examine relationships between
energy intake and other variables. No corrections for multiple cor-
relations were applied. Data in text and tables are presented as
means ± SD whilst figures are presented as means ± SEM for clarity.
Statistical significance was accepted at p < 0.05.

Results

Twelve participants completed the study (9 women, 3 men). The
descriptive characteristics of the participants who completed all trials
are summarised in Table 2. Analysis of baseline blood samples for
plasma caffeine and glucose indicated no significant differences
between trials, confirming compliance with caffeine abstinence
(defined as plasma caffeine levels of < 1 μM•L−1) (Table 3).

While 5 participants correctly identified their order of treat-
ments, all participants (n = 12) rated their certainty of administered
treatments below “reasonably certain” levels. No participants
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indicated the primary aim of the study was to assess ad libitum
energy intake.

No effect of trial order was found for any variable examined; nor
was energy intake different in the 24 h preceding each trial (p > 0.5
for all). Additionally, removal of the 3 men from the analyses did
not cause any alterations in results; therefore, their results have been
retained.

Characteristics of coffee beverages

HPLC analysis of the coffee revealed small amounts of caffeine,
equal to 14.8 ± 3.3 mg per 450 mL serve; this is comparable to that
reported previously for the same brand of coffee (Hodgson, Randell,
& Jeukendrup, 2013). Total CGA content was also similar, equal to
248.9 ± 11.3 mg (1.56 mmol•L−1) per serve (Hodgson et al., 2013).

Energy intake

Mean results for ad libitum food (g) and energy intake (kJ) are
displayed in Table 3. Individual results for energy intake are dis-
played in Fig. 2. No differences between treatments for energy intake
were detected (F3,33 = 2.00; p = 0.133). Weight of food consumed was
significantly different between trials (F3,33 = 3.69; p = 0.021), with par-
ticipants consuming 51 g (13.2 %) less during the COF compared to
the CAF trial (p = 0.007).

Appetite perceptions and food preference

Results for hunger, satisfaction, fullness, and prospective food
consumption are shown in Fig. 3A–D. There was a main effect of time
for all appetite sensations (p < 0.001) but no effect of treatment
(p > 0.3 for all) or a time-by-treatment interaction (p > 0.4 for all).

There were no differences between treatments in AUC for hunger
(F3,33 = 1.379; p = 0.266). Satisfaction (F3,33 = 3.574; p = 0.024), full-
ness (F3,33 = 4.006; p = 0.015), and prospective food consumption
(F3,33 = 2.893; p = 0.05) revealed main effects of trial, but none of the
post-hoc comparisons were significant (p > 0.05 for all) (Table 3).

Post-meal palatability ratings for the ad libitum lunch were not
significantly different between the trials (CON: 75.3 ± 7.7, DECAF:
76.4 ± 9.0, CAF: 76.2 ± 5.4, COF: 78.9 ± 10.6; p = 0.513), indicating
the participants found the meal acceptable and that this was
consistent across trials.

Gastric emptying

Complete gastric emptying data were obtained from 9 partici-
pants for all four trials. The reasons for the three missing data sets
were that two necessitated exclusion as they did not meet the ac-
ceptance criteria for the regression models (r2 ≥ 0.9), whilst the third
was missing a number of data points that precluded accurate anal-
ysis. Results for gastric emptying parameters are shown in Table 3.
There was a main effect of trial for latency time (F3,24 = 3.871;
p = 0.022) and a trend for an effect for lag time (F3,24 = 2.955;
p = 0.053), but post-hoc comparisons were not significantly differ-
ent (p > 0.05). Half-time (F3,24 = 1.976; p = 0.145) and ascension time
(F3,24 = 1.527; p = 0.233) were not significantly different. These results
indicate that ingestion of caffeine, coffee, or decaffeinated coffee did
not influence gastric emptying when compared to placebo. However,
there was significant variability in GE responses during the coffee
trial as illustrated by the large standard deviation.

Glucose

Due to problems with cannulation of two participants, glucose
is reported for 10 participants. Baseline values for plasma glucose
and glucose AUC are summarised in Table 3.

There was a main effect of time for glucose (p < 0.001) but no
effect of treatment (p = 0.84) or a time-by-treatment interaction
(p = 0.77). Glucose levels peaked after breakfast, reached their nadir
one hour later, and returned to near baseline levels by 2 h, where

Table 2
Characteristics of participants (n = 12).

Measure Mean ± SD

Age (years) 26.3 ± 6.3
Height (cm) 169.6 ± 6.4
Mass (kg) 65.4 ± 8.3
BMI (kg•m−2) 22.7 ± 2.2
% Body fat 16.5 ± 4.2
Caffeine consumption (mg•d−1)a 240 (22 – 742)
Dietary restraint (<12) 8.0 ± 2.4
Dietary inhibition (<9) 4.25 ± 2.4
Hunger (<8) 4.75 ± 2.6
Caffeine dose (mg)b 262 ± 33
Coffee-caffeine dose (mg)c 278 ± 32

a Mean plus range.
b 4 mg•kg−1 BM.
c 4 mg•kg−1 BM plus trace amounts (text) in decaf coffee.

Table 3
Results for energy intake, meal weight, appetite sensation area under the concentration-time curves (AUCs), and gastric emptying parameters.

Variable Placebo Decaf Caffeine Coffee P-value

Baseline caffeine (μM•L−1)a 0.34 ± 0.46 0.15 ± 0.19 0.22 ± 0.21 0.41 ± 0.51 0.133
Baseline glucose (mmol•L−1)a 5.08 ± 0.3 5.09 ± 0.48 4.85 ± 0.61 4.75 ± 0.84 0.519
Energy Intake (kJ) 2118 ± 663 2128 ± 739 2287 ± 648 2016 ± 750 0.133
Weight of meal consumed (g) 355 ± 77 356 ± 86 385 ± 64 334 ± 94b 0.021
Hunger AUC (mm•4.5 h−1) 195 ± 92 218 ± 81 212 ± 89 189 ± 70 0.266
Satisfaction AUC (mm•4.5 h−1) 212 ± 85 233 ± 76 210 ± 85 237 ± 68 0.024
Fullness AUC (mm•4.5 h−1) 200 ± 86 229 ± 82 203 ± 85 234 ± 69 0.015
Prospective food consumption AUC (mm•4.5 h−1) 238 ± 93 253 ± 78 229 ± 88 212 ± 77 0.05
Glucose AUC

(mmol•L−1/4.5 h−1) (n = 10)
22.08 ± 1.76 22.25 ± 3.18 21.55 ± 2.67 21.40 ± 2.84 0.594

tlat (min) (n = 9) 39 ± 14 50 ± 27 34 ± 14 36 ± 18 0.022
tlag (min) (n = 9) 115 ± 29 120 ± 29 98 ± 23 110 ± 45 0.053
tasc (min) (n = 9) 141 ± 24 139 ± 23 125 ± 12 128 ± 18 0.233
t1/2 (min) (n = 9) 182 ± 34 177 ± 25 154 ± 18 179 ± 61 0.145

T1/2, half time; Tlag, lag time; Tasc, ascension time; Tlat, latency time.
All values Mean ± SD (n = 12).

a n = 10.
b Significantly different from caffeine, p < 0.05.
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they remained for the rest of the trial period. In accordance with
this, there were no differences between trials for glucose AUC
(F3,27 = 0.649; p = 0.594) (Table 3).

Correlates of energy intake

Pearson correlation analysis unveiled several relationships
between energy intake and other variables. BMI was inversely cor-
related with energy intake (r = –0.549, p < 0.001). Other correlates
of energy intake included hunger AUC (r = 0.33, p = 0.022), TFEQ Dis-
inhibition score (r = 0.42, p = 0.003), and TFEQ Hunger score (r = 0.438,
p = 0.002).

Discussion

The objective of this study was to investigate the independent
and combined effects of caffeine and coffee on acute ad libitum energy
intake. The results indicated that caffeine or coffee did not alter
energy intake, appetite perceptions, gastric emptying, or glucose
when provided with a modest-sized breakfast compared to decaf-
feinated coffee or a placebo.

Energy intake

This study found no changes in energy intake with caffeine, de-
caffeinated, or caffeinated coffee consumption. This is in agreement

with previous literature for caffeinated and decaffeinated coffee
(Gavrieli et al., 2011, 2013), but not caffeine (Tremblay et al., 1988).
It is possible that caffeine’s ability to influence dopamine levels could
in turn alter mood; and changes in mood can lead to alterations in
energy intake (Macht, 2008; Macht & Simons, 2000; Mela, 2006).
Furthermore, the only study showing a significant effect of caf-
feine on energy intake found a suppression of energy intake only
in men, not women, and the dose was administered 30 min before
a meal when participants were fasted (Tremblay et al., 1988). There-
fore, the temporal profile of the response could be important when
examining the potential appetite-suppressing effect of caffeine. If
the window is relatively short-lived (<60 min), this could explain
some of the differences in the results of Tremblay et al. (Tremblay
et al., 1988) and the present and other recent studies (Gavrieli et al.,
2011, 2013).

A paradox exists between acute and chronic studies on caf-
feine, coffee, and energy balance. The present and other acute studies
examining the influence of coffee on energy intake generally have
not observed decreases in energy consumption (Gavrieli et al., 2011,
2013). Additionally, two free-living studies that used split caffeine
dosing similar to the present study (2x 2.5 mg•kg−1) reported no
changes in energy intake or body weight over four days of supple-
mentation compared to a placebo period (Judice et al., 2013a,b).
However, the epidemiological literature suggests coffee and caf-
feine consumption are associated with attenuated weight gain
(Lopez-Garcia et al., 2006; Schubert et al., 2014). How can the

Fig. 2. Results for individual energy intake.
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Fig. 3. Appetite sensation profiles for hunger (top left), satisfaction (top right), fullness (bottom left), and prospective food consumption (bottom right). There were no significant differences between conditions. Time points
with different superscript letters are significantly different from each other (Bonferroni post hoc adjustment, p < 0.05). The grey rectangle represents the standard breakfast and first treatment ingestion while the black square
represents the second treatment ingestion. Values are means ± SEM.
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discrepancy be explained? While it is clear caffeine has thermo-
genic effects (Hursel et al., 2011), the consumption of 5 mg•kg−1 of
caffeine per day over four days did not significantly change
energy expenditure and voluntary activity as assessed by indirect
calorimetry, accelerometry, or doubly-labelled water (Judice et al.,
2013a,b). Long-term studies of caffeine supplementation for energy
balance, independent of manipulations to diet, have not yet been
conducted.

The influence of additives to coffee (milk, sugar, artificial sweet-
ener) has not been well described in the literature. In the present
study, participants had the option to add up to 1 teaspoon of arti-
ficial sweetener (<16 kJ) and two teaspoons of coffee whitener
(<20 kJ), and the amount they chose to add was kept consistent
between coffee conditions. Other studies (Gavrieli et al., 2011, 2013;
Greenberg & Geliebter, 2012) have not reported whether their par-
ticipants were allowed to use additives with their coffee, which is
interesting as it could be argued a significant portion of the pop-
ulation simply does not drink ‘black’ coffee (Bouchard, Ross, &
Janssen, 2010) and these factors may contribute to the subse-
quent food choices made by consumers. The influence of additives
on energy intake both in single and multiple meals remains to be
more thoroughly examined.

The finding of an inverse relationship between BMI and energy
intake in the present study is curious and in disagreement with other
research (Epstein, Lin, Carr, & Fletcher, 2012). However, it is worth
noting that while TFEQ Restraint score was not correlated with
energy intake in the present study, it was moderately and signifi-
cantly correlated with BMI (increased restraint correlated to
increased BMI; data not shown). Thus, it is possible that the lack
of differences in energy intake were influenced by participants’
dietary restraint and this may be related to their perceptions of body
composition (Davis, Durnin, Gurevich, Le Maire, & Dionne, 1993)
– even though there was no sign of an association between
restraint and energy intake in the present study.

Appetite sensations

In agreement with prior research (Gavrieli et al., 2011, 2013), we
found that caffeinated and decaffeinated coffee had minimal influ-
ences on appetite sensations. However, a separate study reported
decreased hunger ratings after decaffeinated coffee consumption
(Greenberg & Geliebter, 2012). Some potential differences between
study designs may explain some of the discrepancy, as this study
used an oral glucose load and relatively large single bolus of coffee
(500–600 mL) (Greenberg & Geliebter, 2012). It is possible that gastric
emptying rate may play a role in manipulating appetite percep-
tions, as we found that hunger, satisfaction, fullness, and prospective
food consumption AUCs were all correlated with gastric emptying
parameters. While caffeine and CGAs were not correlated with ap-
petite perceptions, both have the ability to influence mood (Camfield
et al., 2013; Smith, 2002), and it is possible a larger dose of these
coffee constituents could have had an effect on mood, which in turn
could have influenced appetite perceptions.

While our test meal was not designed to assess macronutrient
intake, a prior study reported that caffeine suppressed energy intake
in men (possibly mediated via a 50% decrease in fat consumption)
(Tremblay et al., 1988). However, two recent studies found no
evidence for altered macronutrient composition or preference at their
test meal (Gavrieli et al., 2011, 2013). Another pair of studies, con-
ducted in a free-living population, reported no differences in
macronutrient intake over 4 days of caffeine supplementation, al-
though in one of the studies, fat intake trended towards a reduction
(–13 g; p = 0.052) (Judice et al., 2013a,b). Whilst controlled studies
allow for the exploration of caffeine and coffee’s influence on ap-
petite, future research should examine the influence of coffee and
food selection at the point of purchase in a coffee shop-type setting

as this is a more “real-world” setting where factors such as cost, avail-
ability, and social influence may more strongly drive eating behaviour
(Collins, Freeman, & Palmer, 2012; Freeman, Collins, & Palmer, 2012).

Gastric emptying

This study found no significant differences in gastric emptying
parameters when coffee or caffeine was co-ingested with a meal.
This is agreement with some studies (Boekema, Lo, Samsom,
Akkermans, & Smout, 2000; Franke et al., 2008), but not others
(Akimoto et al., 2009; Lien, Chen, Chang, Kao, & Wang, 1995). Prior
studies reporting unaltered gastric emptying utilised 1675–
2500 kJ test meals (Boekema et al., 2000; Franke et al., 2008) while
studies reporting accelerated gastric emptying have utilised 400–
800 kJ liquid boluses (Akimoto et al., 2009; Lien et al., 1995). Thus,
it is probable that the energy content and form of the meal influ-
ences the impact of coffee on gastric emptying, with low-energy,
liquid boluses emptying faster than higher-energy, solid meals. Our
findings also illustrate that despite no mean differences, the SD was
increased by about 50% during the coffee trial, illustrating greater
variability in GE responses to coffee. Understanding the factors con-
tributing to this variability and the implications for appetite and EI
would be of interest for future study.

Glucose

Plasma glucose levels showed no influence of trial, which is in
agreement with previous research (Gavrieli et al., 2011). When caf-
feine is co-ingested with carbohydrates (22–150 g), the effect of
caffeine on immediate glucose responses appears to be minimal, al-
though it may result in an exacerbated glycaemic and insulinaemic
response at a later meal (Gavrieli et al., 2011; Hatonen et al., 2012;
Moisey, Robinson, & Graham, 2010). It has also been reported that
CGAs may inhibit proximal glucose absorption causing a shift to more
distal portions of the intestine, possibly mediated through altered
incretin hormone release (Sim, Wallman, Fairchild, & Guelfi, 2013).
Additionally, carbohydrates may attenuate caffeine metabolism
(Skinner et al., 2012), which may explain why studies that have ad-
ministered caffeine when participants are fasted have yielded
different results for energy intake than studies where participants
consumed a meal with caffeine (Belza, Toubro, & Astrup, 2009;
Tremblay et al., 1988). The dose of CGAs in the current study is less
than that reported to attenuate glucose absorption (Sim et al., 2013),
while the dose of caffeine is also less than that commonly associ-
ated with disturbed glucose homeostasis (Beaudoin & Graham, 2011).
Thus, a moderate dose of coffee or caffeine, when consumed with
a high carbohydrate meal, appears to exert little impact on glycaemic
control.

Strengths and limitations

We designed this study to attempt to address appetitive re-
sponses to the ingestion of a ‘typical’ pattern of coffee consumption.
The timing between the doses was selected to mimic typical con-
sumption and also to consider the time-to-peak and half-life of
caffeine. Caffeine levels typically peak 2–2.5 h after ingestion, though
caffeine begins exerting effects within 0.75–1.5 h (Skinner et al.,
2013a,b). Further, the half-life of caffeine is typically 4–6 h (Fredholm,
Battig, Holmen, Nehlig, & Zvartau, 1999). Though we did not measure
caffeine levels after baseline, this design should have ensured that
levels were still elevated by the time participants were offered their
test meal, as we observed in a separate study with a similar design
(Schubert et al., 2014). However, it is possible that caffeine con-
centration was not high enough to exert a noticeable effect due to
the dose selected.
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The comprehensive nature and number of variables collected pro-
vided multiple avenues to examine the influence of caffeine and
coffee on energy intake. This study, to our knowledge, is the first
to simultaneously determine appetite, energy intake, and gastric
emptying in response to separate and combined coffee and caf-
feine ingestion. The breakfast provided was similar in size and food
items presented to what individuals might habitually consume,
instead of the oral glucose load (Greenberg & Geliebter, 2012) or
white bread, butter, and sugar (Gavrieli et al., 2011, 2013) of prior
studies. The use of two doses of caffeine/coffee providing levels
similar to what participants habitually consumed can also be seen
as a strength of the study, as it improves ecological validity. Fur-
thermore, strict control of caffeine and energy intake leading up to
the trials was implemented. A final strength of this study is that it
was conducted primarily in women. A significant portion of the ex-
isting literature examining the influence of coffee and caffeine on
appetite has been conducted in men (Belza et al., 2009; Gavrieli et al.,
2011; Greenberg & Geliebter, 2012).

This study also has several limitations. The first is that the small
sample size may have limited the statistical power to detect sig-
nificant differences. This is possibly compounded by the relatively
high level of dietary restraint in our participants. While 12 is the
accepted cut-off point for clinical restraint, recent research has sug-
gested that 6 may be more appropriate (Aurelie et al., 2012). Thus,
there is a possibility that the lack of differences in energy intake
may be a consequence of the selected population exhibiting re-
straint at the test meal. The correlations between BMI and energy
intake and BMI and restraint also suggest that the participants may
have become aware that energy intake was being monitored during
the course of the study. Furthermore, our sampling interval may not
have been frequent enough to detect more subtle shifts in appe-
tite perceptions or glucose over time. Another limitation is the nature
of the blinding of participants, i.e. beverages versus capsules, so par-
ticipants may have been able to delineate differences in treatments.
However, post-trial feedback suggested this was likely not the
case.

Conclusions and implications

The results of this study demonstrated that caffeine, decaffein-
ated coffee, and their combination had no significant influence
on energy intake at a lunch meal and determinants of energy
intake when the treatment was consumed with and 2 h after a
moderately-sized breakfast. These results are in agreement with
the findings of previous studies (Gavrieli et al., 2011, 2013). On a
whole, data suggests that when coffee is taken with a meal, minimal
effects on energy intake at a subsequent meal are observed; this also
seems to hold true for caffeine. Future studies may wish to
track energy intake over several subsequent meals while simulta-
neously measuring caffeine and caffeine/coffee metabolite
concentrations (i.e. CGAs, paraxanthine) due to the half-lives of these
compounds.
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