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Abstract
The present study aimed to compare the effects of drinking different types of coffee before a high-glycaemic index (GI) meal on postprandial
glucosemetabolism and to assess the effects of addingmilk and sugar into coffee. In this randomised, crossover, acute feeding study, apparently
healthy adults (n 21) consumed the test drink followed by a high-GI meal in each session. Different types of coffee (espresso, instant, boiled and
decaffeinated, all with milk and sugar) and plain water were tested in separate sessions, while a subset of the participants (n 10) completed extra
sessions using black coffees. Postprandial levels of glucose, insulin, active glucagon-like peptide 1 (GLP-1) and nitrotyrosine between different
test drinks were compared using linear mixed models. Results showed that only preloading decaffeinated coffee with milk and sugar led to
significantly lower glucose incremental AUC (iAUC; 14 % lower, P= 0·001) than water. Preloading black coffees led to greater postprandial
glucose iAUC than preloading coffees with milk and sugar added (12–35 % smaller, P< 0·05 for all coffee types). Active GLP-1 and nitrotyrosine
levels were not significantly different between test drinks. To conclude, preloading decaffeinated coffee with milk and sugar led to a blunted
postprandial glycaemic response after a subsequent high-GI meal, while adding milk and sugar into coffee could mitigate the impairment effect
of black coffee towards postprandial glucose responses. These findings may partly explain the positive effects of coffee consumption on glucose
metabolism.
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Epidemiological studies have found that habitual coffee drinkers
had a lower risk of type 2 diabetes (T2D)(1,2) when compared
with non-habitual drinkers. Nonetheless, several acute feeding
studies found that caffeine or coffee consumption immediately
worsened glucose tolerance(3,4). This contradiction between
the results of epidemiological and acute feeding studies
remained to be elucidated.

One possible factor contributing to this contradiction is the
potential variations in the effects on blood glucose metabolism
brought about by drinking different types of coffee. It is impor-
tant to recognise that the brewing method used directly affects
the content of the bioactive compounds in coffee(5), such
as caffeine and chlorogenic acid. It is well recognised that
caffeine acutely impairs glucose intolerance by decreasing
the glucose uptake of skeletal muscles(6). On the other hand,
chlorogenic acid, a polyphenol and an antioxidant, was found
to improve insulin sensitivity(3) and reduce tissue oxidative
stress(7). As a result, the health effects of consuming coffees
that are brewed or manufactured differently (e.g. espresso,

instant coffee and decaffeinated) could vary. Nonetheless,
direct comparisons in the effects on blood glucose levels after
consuming different types of coffee were currently limited.

Adding milk and sugar into coffee may alter the effect of its
consumption on glucose metabolism. Preloading milk (i.e.
consuming milk before a meal) was found to lower the post-
prandial glucose excursion after a subsequent meal when
compared with preloading water(8). Similarly, while sugar con-
sumption directly increases blood glucose level, one previous
study found that when compared with preloading either water
or black coffee, consuming sugar-sweetened instant coffee
before a high-glycaemic index (GI) meal led to a smaller
postprandial blood glucose excursion(9). These findings are
important as reducing postprandial glucose excursion was
found to lower oxidative stress(10), thereby lowering the risk
of insulin resistance and T2D(10,11). In addition, while the ben-
eficial effect of consuming coffee before meals was shown in
preloading instant coffee(9), other types of coffee have not
been tested before. Hence, the present study aimed at assessing

Abbreviations: GI, glycaemic index; GLP-1, glucagon-like peptide 1; iAUC, incremental AUC; T2D, type 2 diabetes.

* Corresponding author: Dr Jimmy C. Y. Louie, email jimmyl@hku.hk

British Journal of Nutrition (2020), 124, 785–796 doi:10.1017/S0007114520001750
© The Authors 2020

https://doi.org/10.1017/S0007114520001750  Published online by Cam
bridge U

niversity Press

mailto:jimmyl@hku.hk
https://doi.org/10.1017/S0007114520001750
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S0007114520001750&domain=pdf
https://doi.org/10.1017/S0007114520001750


the effect of preloading different types of coffee on postprandial
glycaemic metabolism, as well as the effect of adding milk and
sugar into coffee.

Experimental methods

Study design

This randomised, single-blind, crossover acute feeding study
was conducted between August 2016 and September 2017 at
the University of Hong Kong. Ethics approval was obtained from
theHuman Research Ethics Committee of the University of Hong
Kong (approval no. EA1604004). The study was conducted
according to the guidelines laid down in the Declaration
of Helsinki. This trial was registered at anzctr.org.au (ID:
ACTRN12617000201370). All participants provided written
consent before the commencement of the study.

Participant recruitment

Participants were recruited from the staff and students of
University of Hong Kong through emails and face-to-face
recruitment. The inclusion criteria were aged between 18 and
40 years, having a BMI between 18·0 and 23·0 kg/m2, consumed
at least three cups of coffee per week in the past 3 months, have
never smoked before, able to tolerate cow’s milk and coffee with
an empty stomach and not on regular medication (except oral
contraceptives). All participants were enrolled by the first author
and provided written consent before committing to any experi-
mental procedure.

Study protocol

In each experiment session, participants tested the effect of one
single test drink. After a washout period of at least 3 d, they came
back for another session with another test drink. This process
was repeated until they conducted experiments for all test drinks
(Fig. 1). The sequence of the test drink administration was

randomly generated for each participant using the Rand function
in Microsoft Excel (2016) by the first author. This was done by
first generating a row of random numbers. The random numbers
were then ranked, and the resulted rank numbers became the
sequence of treatment administration, with water always being
tested in the first session. Participants remained blinded during
the experiment, that is, they did not know the drinks that they
would receive in each session, except for plain water which is
distinctly different from other test drinks.

The procedure of an experiment session is illustrated in
online Supplementary Fig. S1. Overnight-fasted participants
(n 21) came to the laboratory in the morning, and a fasting
blood sample was first taken. Then, each participant consumed
one of the following test drinks: espresso (35 ml); instant
(140 ml), boiled (140 ml) or decaffeinated coffee (140 ml; all
drinks were served with 50 ml low-fat cow’s milk drink and
7·5 g white sugar added); plain water or water with milk
and sugar added. The composition of the test drinks is shown
in Table 1. After 60 min, another blood sample was collected,
which was the baseline measurement. They were then given
the high-GI standard breakfast, which was made by adding
30 g puffed rice cereal and 10 g glucose powder into 150 ml
rice milk. One serve of the standard breakfast provides 40 g
of total carbohydrate and has a GI of 88. Participants were
asked to finish it in 10 min. After that, blood samples were
taken at 15, 30, 45, 60, 90 and 120 min after breakfast.

One drink was tested in each session, and each drink was
tested twice. With a total of six test drinks, each participant went
through a total of twelve sessions in this phase. The time of com-
pletion ranged from 14 to 24 weeks. To test the effect of adding
milk and sugar into coffee on postprandial glycaemic excursions,
further experiment sessions were carried out 3 months later in
a subgroup of the participants from the first phase (n 10). The
same protocol was used, and the following four drinks were
tested: espresso, instant, boiled and decaffeinated coffee, all
without milk and sugar added. One drink was tested in each
session, and each drink was tested once; thus, each participant
went through a total of four sessions in this phase. The time of
completion of this phase ranged from 4 to 10 weeks.

Session 1 Session 2 Session 12

Washout (≥ 3 d)

…

Phase 1

Session 1 Session 2 Session 4

Washout (≥ 3 d)

Phase 2

Session 3

Time of completion: 14–24 weeks

Time of completion: 4–10
weeks

Fig. 1. Illustration of study design. One drink was tested in each session. After a
session was completed, participants had to wait for a minimum of 3 d until the
next experiment could be carried out, in which another drink would be tested.
This process was repeated in each participant until all six test drinks were tested
twice in phase 1, thus resulting in a total of twelve sessions. The same design
was used in phase 2, in which all participants tested the effect of each of the
four test drinks once, thus resulting in a total of four sessions.

Table 1. Composition of test drinks used in the present study*

Coffee powder (g) Milk (g)† Sugar (g)‡ Water (g)

Phase 1
Plain water – – – 140·0
Espresso 7·0 50·0 7·5 35·0§
Instant 2·0 50·0 7·5 140·0
Boiled 7·0 50·0 7·5 140·0
Decaffeinated 2·0 50·0 7·5 140·0
Milk with sugar – 50·0 7·5 140·0

Phase 2
Espresso 7·0 – – 35·0§
Instant 2·0 – – 140·0
Boiled 7·0 – – 140·0
Decaffeinated 2·0 – – 140·0

* The following types of coffee powder were used for each test drink: ground coffee
powder for espresso and boiled coffee, instant coffee granules for instant coffee
and decaffeinated instant coffee granules for decaffeinated coffee.

† Low-fat cow’s milk drink was used throughout the experiment.
‡White table sugar was used throughout the experiment.
§ Value depicts the amount of resultant coffee liquid.
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All participants reported their usual coffee consumption data
(in cups per week) when they were enrolled in the study. They
were also instructed to refrain from consuming these food items,
as well as not to take part in any vigorous physical activity, for
48 h before each experiment session. On the day before the
experiment, participants were provided with one standard din-
ner package (spaghetti with bacon and mushroom in cream
sauce). Theywere instructed to finish the dinner pack and refrain
from consuming any other food and drink before the experi-
ment, fast for at least 10 h and sleep for at least 7 h before
the experiment. Female participants were advised not to do
the experiment within a week before the commencement
of the menstrual period and during that to avoid variation in
results due to hormonal fluctuation. Adherence to these require-
ments was checked by a short screening and a dietary recall
immediately before the start of each experiment session.

Test drinks preparation

Espresso coffee was made using an espresso machine (Dedica
EC680M. Delonghi Ltd). Ground coffee powder (7 g) (Lavazza
caffè espresso, pure Coffea arabica v.) was used to produce
35 ml of coffee liquid. Boiled coffee was made by adding 9 g
of ground coffee (Lavazza caffè espresso, pure Coffea arabica
v.) into 180ml boiling water in a saucepan and simmer for
10 min, and then 140ml of the liquid was poured into a cup.
Instant coffee and decaffeinated coffee were made by adding
2 g of the corresponding coffee granules into 140ml of 90°C
water from an electric kettle. In the first phase, all coffee bever-
ages were servedwith 50 ml of low-fat cow’smilk drink and 7·5 g
of white sugar. Sugar-sweetened milk was produced by adding
50 ml of low-fat cow’s milk drink and 7·5 g white sugar to 140ml
of 90°C water from an electric kettle. In the second phase, the
four types of coffee were made by the same methods as those
in the first phase, but all drinks were served without the milk
drink and sugar added.

Bioactive compound measurement of test drinks

The following compounds were quantified in each serve of
test drinks using HPLC: caffeine, 3-, 4- and 5-caffeoylquinic
acid, as well as cafestol. The full protocol is detailed in the
online Supplementary material.

Plasma sample collection

Blood samples were collected by finger pricking using dispos-
able, single-use lancing devices (Accu-Chek; Roche) and were
collected into Eppendorfs coated with heparin. A total of 1 ml
of whole blood was collected at each time-point. All samples
were stored on ice and centrifuged (3000 g, 2 min) within 1 h
after collection. Plasma was collected and stored in aliquot
at −80°C until analysis. To gain further insight into the possible
factor affecting insulin excursion, active GLP-1 measurement
was carried out in a subset of the participants in phase 1 (n 12)
and phase 2 (n 8). For these participants, 5 μl dipeptidyl
peptidase-4 inhibitor was added into the heparinised tube
with 500 μl whole blood immediately after the sample collec-
tion at each time-point, while the remaining blood sample was

collected into a separate, heparin-coated Eppendorf. The
samples were stored on ice and centrifuged (3000 g, 2 min)
within 1 hour after collection. Plasmawas collected and stored
in aliquot at −80°C until analysis.

Anthropometry measurement

Height and weight were measured to the nearest 0·1 cm and
0·1 kg, respectively, both using the Seca 769 electronic column
scale (Seca). BMI was calculated by body weight (kg)/height2

(m). Body fat was measured using the BIA 101 bioimpedance
measuring device (Akern Bioresearch Srl) and was presented
as a percentage relative to the total body mass.

Biochemical measurement

Concentrations of plasma glucose were measured by the glu-
cose oxidase method (Stanbio Glucose LiquiColor; Stanbio
Laboratory). Concentrations of plasma insulin, active GLP-1
and nitrotyrosine were measured by ELISA (insulin: Immuno-
Diagnostics Ltd; active GLP-1: Invitrogen; nitrotyrosine: Cell
Biolabs Inc.). The homeostatic model assessment of insulin re-
sistance(12) was also calculated for each participant to serve as
an indirect measurement of insulin resistance, using the fasting
glucose and insulin obtained in their first experiment sessions.

Primary and secondary outcomes

The primary outcomes of the present study included the peak
postprandial levels of glucose and insulin. The secondary out-
comes included differences in glucose, insulin, active GLP-1
and nitrotyrosine in individual time-points after meals, as well
as the incremental AUC (iAUC) of glucose, insulin and active
GLP-1.

Sample size calculation

Based on the data of a previous trial(9), power calculation
(G* Power version 3.1.9.2; Heinrich-Heine-Universität Düsseldorf)
indicated that with a randomised crossover design, a sample
size of 19 could provide>80 % statistical power (α = 0·05, two-
tailed) to detect differences of approximately 0·65 mmol/l
(control group: mean 9·06 (SD 0·42) mmol/l; coffee group:
mean 9·41 (SD 1·04) mmol/l, correlation: 0·5) in peak glucose
level and 4·2 μU/ml (control group: mean 52·1(SD 6·2) μU/ml;
coffee group: mean 56·3(SD 6·0) μU/ml, correlation: 0·5) in peak
insulin level. To account for possible dropouts, twenty-five partic-
ipants were recruited.

Statistical analysis

Statistical analyses were performed using SPSS (version 23·0;
SPSS Inc.). Results from the data of the participants who com-
pleted all sessions (complete case) were presented in the main
result, while results including those who were randomised but
did not complete the whole protocol (available case) were pre-
sented as a sensitivity analysis. This was done as recommended
in the proposed extension of the CONsolidated Standards Of
Reporting Trials (CONSORT) statement to randomised crossover
trials(13).
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Glucose and insulin data were analysed in absolute values,
while active GLP-1 and nitrotyrosine data were analysed in
differences from baseline, which were calculated by subtracting
the time-point measurements from those made immediately
before meal (i.e. T= 0 min). The iAUC, which equal total AUC
subtracting the area under the baseline level (i.e. at T= 0), of glu-
cose, insulin and active GLP-1 were calculated using the trap-
ezoidal rule. The baseline was set at T= 0 because the
outcome of interest is the excursion of the biomarkers beyond
baseline associated with the test meal; thus, the measurements
taken immediately before meal consumption was used as base-
line. While blood glucose levels would increase after consuming
the test drinks, it is likely to have gone back to baseline after
60 min. A previous study showed that the increase in blood glu-
cose levels in human subjects after consuming a test drink with
15 g maltodextrin disappeared after 60 min(14).

The time-point measurements of all biomarkers in all test
drink sessions were estimated by two-factor mixed-effect linear
models using the MIXED procedure. Time and test drinks were
specified as the main effects, while fasting measurements and
usual coffee consumption frequency were included as cova-
riates. Participants were specified as a random factor, and
time-points were specified to have a first-order auto-regressive
covariance structure. The fasting measurements were esti-
mated using the same method, with the baseline coffee con-
sumption frequency as the covariate. The postprandial iAUC
of all biomarkers in all test drinks were also estimated by
mixed-effect linear models using the MIXED procedure.
Test drinks were specified as the main effect, while fasting
measurements and usual coffee consumption frequency were
specified as covariates. Participants were specified as a ran-
dom factor, and the treatments were specified to have a
covariance structure of compound symmetry.

Post hoc comparisons were carried out to determine
differences in time-point measurements after T = 15 min and
all iAUC measurements between the test drinks, as well as
the differences in glucose and insulin measurements between
T =−60 min and T = 0 min within each test drink. Results were
reported as estimated marginal means and SEM. As previously
suggested(15), both results with and without correction for
multiple comparisons were presented. Post hoc comparisons
without correction were done using the Fisher’s least significant
difference method, and the correction for multiple comparisons
was done using the Bonferroni procedure. For all statistical tests,
P < 0·05 was considered statistically significant.

Results

Participants characteristics

The recruitment flow chart is shown in online Supplementary
Fig. S2. A total of twenty-one participants completed the first
phase, while a subgroup (n 10) further completed the second
phase. The anthropometric and biochemical characteristics
of study participants are shown in Table 2. The differences in
age, BMI, fasting glucose, fasting insulin and homeostatic model
assessment of insulin resistance measurement between partici-
pants in phase 1 and phase 2 were similar. All participants

had normal glucose tolerance as indicated by homeostaticmodel
assessment of insulin resistance lower than 1·0.

Content of caffeine, caffeoylquinic acid and cafestol in all
test drinks

The amount of bioactive compounds in each serve of the test
drinks is shown in Table 3. Boiled coffee had the highest amount
of caffeine, caffeoylquinic acids and cafestol among all test
drinks, while espresso coffee had more caffeoylquinic acid than
instant and decaffeinated coffee. The amount of caffeine was
similar between espresso and instant coffee, and decaffeinated
coffee only had a trace amount of it.

Postprandial glucose levels after preloading coffees with
milk and sugar

Fasting and pre-meal glucose levels are shown in Table 4.
Glucose levels measured at T= 0min were significantly lower
than fasting levels for all test drinks except for boiled coffee,
but the differences were minute (range of differences 0·03–
0·18 mmol/l). Postprandial glycaemic excursions in the sessions
of water and the caffeinated coffees with milk and sugar added
(n 21) are shown in Fig. 2(A). Preloading instant and boiled
coffees both led to significantly higher postprandial glucose
peaks than water (water: mean 7·9 (SEM 0·1) mmol/l; instant:
mean 8·3 (SEM 0·1) mmol/l, P= 0·006 v. water; boiled: mean
8·3 (SEM 0·1) mmol/l, P= 0·005 v. water). At T= 60 and 90min,
preloading water showed 3–6 % significantly higher glucose lev-
els than preloading all caffeinated coffees. Glucose levels of all
test drinks went down to near baseline levels at T= 120min.
Results remained statistically significant for preloading espresso
and instant coffee at T= 60 min after adjusting for multiple com-
parisons (online Supplementary Fig. S3(A)). Preloading decaf-
feinated coffee and water with milk and sugar (Fig. 2(B) led to
similar glucose peaks with water at T= 30 min. However, the
glucose levels of preloading water at T= 45, 60 and 90min were
7–10 % higher than preloading either decaffeinated coffee or
water with milk and sugar (P< 0·05 for both test drinks at all
three time-points). Results remained statistically significant for
both coffees at all three time-points after adjusting for multiple
comparisons. Moreover, preloading the following test drinks
led to significantly lower glucose iAUC (Fig. 2(C)) than preload-
ing water: decaffeinated coffee (14 % lower, P= 0·001) and

Table 2. Characteristics of participants in both phases of the present study
(Mean values and standard deviations; numbers)

Variables

Phase 1 Phase 2

Mean SD Mean SD

n 21 10
Male (n) 12 5
Age (years) 23·2 5·4 24·5 6·8
BMI (kg/m2) 20·7 1·5 21·4 1·1
Fasting glucose (mmol/l) 5·2 0·3 5·3 0·4
Fasting insulin (μU/ml) 5·0 2·4 4·7 2·2
Percentage body fat (%) 17·0 6·7 18·7 5·3
HOMA-IR 0·7 0·1 0·7 0·1

HOMA-IR, homeostatic model assessment of insulin resistance.
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water with milk and sugar (23 % lower, P< 0·001). Similarly, pre-
loading boiled and instant coffee also led to significantly higher
glucose iAUC than both decaffeinated and water with milk and
sugar added. The glucose iAUC of preloading decaffeinated

coffee and water with milk and sugar remained significantly
lower than preloading water after adjusting for multiple com-
parisons (online Supplementary Fig. S3(B)).

Postprandial insulin levels after preloading coffees with
milk and sugar

Fasting and pre-meal insulin levels are shown in Table 4, and
measurements taken at the two time-points were not signifi-
cantly different. At T = 15 min, all caffeinated coffees had sig-
nificantly higher postprandial insulin levels than water (n 21,
Fig. 2(D)). Peak postprandial insulin levels appeared at
T = 30 min for all test drinks, and all caffeinated test drinks
had a higher peak than water (water: mean 27·0 (SEM 2·4) μU/ml;
espresso: mean 35·8 (SEM 2·4) μU/ml, P< 0·001 v. water; instant:
mean 33·5 (SEM 2·4) μU/ml, P= 0·001 v. water; boiled: mean 33·3
(SEM 2·4) μU/ml, P= 0·001 v. water). No significant difference
between test drinks was observed after T= 60 min. On the other
hand, postprandial insulin levels after preloading decaffeinated
coffee and water with milk and sugar added were significantly
different from those after preloading water only at T= 15 and
90min (Fig. 2(E)). After adjusting for multiple comparisons (on-
line Supplementary Fig. S3(D)), insulin levels after preloading
instant and boiled coffee remained significantly higher than
preloading water at T= 15 and 30min, while no significant
differences were observed for other test drinks. For postprandial
insulin iAUC (Fig. 2(F)), preloading boiled coffee led to a signifi-
cantly higher insulin iAUC than both decaffeinated coffee and
water with milk and sugar added. These differences were no
longer significant after adjusting for multiple comparisons
(online Supplementary Fig. S3(F)).

Postprandial glucose and insulin levels after preloading
black coffees

Fasting and pre-meal glucose and insulin levels are shown in
Table 4. Glucose levels at the two time-points were not signifi-
cantly different between any test drinks, while pre-meal insulin
levels after preloading black boiled and black decaffeinated
coffee were both significantly lower than the fasting levels,
yet the differences were minute (0·64 μU/ml for black boiled
coffee and 0·91 μU/ml for black decaffeinated coffee). The
postprandial glucose excursions of preloading black coffees
(i.e. coffees without milk and sugar) and water (n 10) are
shown in Fig. 3(A). Peak postprandial glucose levels for water,
black instant and black decaffeinated coffee appeared at

Table 3. Amount of bioactive compounds present in each cup of test drink*
(Mean values and standard deviations)

Bioactives (mg/serve)

Espresso Instant Boiled Decaffeinated

Mean SD Mean SD Mean SD Mean SD

Caffeine 111·5 9·6 116·4 31·1 167·6 29·2 2·8 0·3
3-CQA 35·8 2·6 15·1 4·3 60·8 10·5 17·6 2·3
4-CQA 51·3 4·4 18·8 5·4 83·6 14·8 21·7 2·9
5-CQA 82·5 5·3 20·4 5·8 155·6 40·9 23·2 3·2
Cafestol 1·0 0·1 0·2 0·0 4·7 1·2 0·3 0·1

CQA, caffeoylquinic acid.
* All samples were analysed in triplicate. Serve size of the test drinks is as follows: espresso: 35ml; instant, boiled and decaffeinated: 140ml.

Table 4. Comparison of glucose and insulin measured among all test
drinks at fasting (T =−60min) and immediately before meal (T= 0min)
(Estimated marginal mean values with their standard errors)

Fasting
(T=−60min)

Immediately
before meal
(T = 0min)

Mean SEM Mean SEM

Phase 1 (n 21)*
Glucose (mmol/l)

Water 5·16 0·06 5·08‡ 0·06
Espresso 5·14 0·06 5·06‡ 0·06
Instant 5·21 0·06 5·11‡ 0·06
Boiled 5·16 0·06 5·13 0·06
Decaffeinated 5·14 0·06 4·96‡ 0·06
Water with milk and sugar 5·20 0·06 5·04‡ 0·06

Insulin (μU/ml)
Water 4·95 0·55 4·60 0·55
Espresso 4·52 0·55 4·70 0·55
Instant 5·03 0·55 5·15 0·55
Boiled 5·63 0·55 5·92 0·55
Decaffeinated 4·80 0·55 4·87 0·55
Water with milk and sugar 5·24 0·55 5·50 0·55

Phase 2 (n 10)†
Glucose (mmol/l)

Water 5·30 0·12 5·22 0·12
Espresso 5·24 0·12 5·20 0·12
Instant 5·36 0·12 5·24 0·12
Boiled 5·27 0·12 5·23 0·12
Decaffeinated 5·17 0·12 5·04 0·12
Black espresso 5·06 0·12 5·17 0·12
Black instant 5·03 0·12 5·14 0·12
Black boiled 5·22 0·12 5·17 0·12
Black decaffeinated 5·14 0·12 5·19 0·12

Insulin (μU/ml)
Water 4·02 0·79 4·03 0·79
Espresso 4·70 0·79 4·46 0·79
Instant 5·20 0·79 5·27 0·79
Boiled 4·94 0·79 5·29 0·79
Decaffeinated 4·42 0·79 4·52 0·79
Black espresso 5·57 0·79 5·35 0·79
Black instant 5·88 0·79 5·57 0·79
Black boiled 6·66 0·79 5·94‡ 0·79
Black decaffeinated 6·31 0·79 5·40‡ 0·79

* All coffees were consumed with milk and sugar.
† Phase 2was completed by a subset of participants who completed phase 1, and thus
they provided data on preloading coffees both with and without milk and sugar.

‡Measurements at T= −60min and T= 0min are significantly different (P< 0·05).
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T = 30 min, while those of black espresso and boiled coffee
appeared at T= 45 min. Preloading black coffees led to 8–16 %
higher glucose levels at either T= 30 or 45 min than water (all
P< 0·05), and the differences remained significant for espresso,
instant and boiled coffee after adjusting for multiple compar-
isons (online Supplementary Fig. S4(A)). Then, the glucose
levels of all test drinks started decreasing, reaching similar lev-
els at T = 120 min. Preloading black instant and boiled coffees
both led to significantly higher postprandial glucose iAUC
(Fig. 3(B)) than preloading water (26 and 35 % higher, respec-
tively, both P < 0·001), yet the differences were no longer sig-
nificant after adjusting for multiple comparisons (online
Supplementary Fig. S4(B)). For postprandial insulin results
(Fig. 3(C)), preloading black espresso and boiled coffee
led to significantly higher insulin levels than water at
T = 30, 45 and 60 min, while no significant differences were
observed for other test drinks and at other time-points. After
adjusting for multiple comparisons (online Supplementary
Fig. S4(C)), only boiled coffee led to significantly higher post-
prandial insulin levels than water at T= 45min. Postprandial insu-
lin iAUC between preloading water and preloading black coffees
(Fig. 3(D)) were not significantly different without adjusting for
multiple comparisons.

Comparison of postprandial glucose and insulin levels
between preloading black coffees and coffees with milk
and sugar

Postprandial glucose levels from T = 30 min onwards were
higher in all black coffee sessions than the white coffee (i.e.
coffees with milk and sugar) sessions (n 10, Fig. 4(A)–(D)) –
the peak glucose levels of black coffees were 10–18 % higher
and were all statistically significant (all P < 0·05). The glucose
iAUC (Fig. 4(E)) of black coffees were also 26–53 % higher than
those of white coffees (all P < 0·05). Differences in peak glu-
cose levels between black and white coffees remained after
adjusting for multiple comparisons, while differences in glu-
cose iAUC remained only between black and white boiled
coffees (online Supplementary Fig. S5(A)–(E)). Postprandial
insulin levels between black and white coffees (Fig. 4(F)–(I))
were similar in instant and boiled coffee. For expresso and
decaffeinated coffees, insulin levels of black coffee were sig-
nificantly higher at T = 45 min than white coffees but not at
other time-points. All insulin iAUC between black and white
coffees were NS without adjusting for multiple comparisons
(Fig. 4(J)). After adjusting for multiple comparisons (online
Supplementary Fig. S5(F)–(I)), no significant differences were
found in any time-point.
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Fig. 2. Postprandial glucose and insulin results of all test drinks with milk and sugar added. (A) Postprandial glucose levels of plain water, espresso, instant and boiled
coffee. (B) Postprandial glucose levels of plain water, decaffeinated coffee (Decaf) and water with milk and sugar (Milk w/ sugar). (C) Glucose incremental AUC (iAUC) of
all test drinks. (D) Postprandial insulin levels of plain water, espresso, instant and boiled coffee. (E) Postprandial insulin levels of plain water, decaffeinated coffee and
water withmilk and sugar. (F) Insulin iAUC of all test drinks. For all figures, values are estimatedmarginal means adjusted for fasting levels and usual coffee consumption
frequency (n 21). Error bars depict standard errors. Statistical significance is set at P< 0·05, and results of all statistical tests are not adjusted for multiple comparisons.
For (A), (B), (D) and (E), statistically significant differences in time-point measurements between test drinks are indicated by the following symbols: *, instant coffee and
plain water; †, boiled coffee and plain water; ‡, espresso coffee and plain water; §, decaffeinated coffee and plain water; ‖, water with milk and sugar and plain water. For
(C) and (F), bars with unlike letters are significantly different. (A) and (D) , water; , espresso; , instant; , boiled. (B) and (E) , water; , decaf; , milk w/
sugar.
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Postprandial active glucagon-like peptide 1 after
preloading coffees

Peak postprandial active GLP-1 (n 12) of preloading all caffein-
ated and decaffeinated coffees with milk and sugar appeared at
T= 30 min, while that of preloading plain water and water with
milk and sugar appeared at T= 45 min (Fig. 5(A) and (B)).
Preloading boiled coffee led to a significantly lower measure-
ment at T= 30 min than water, while preloading water with milk
and sugar led to a significantly higher active GLP-1 level at
T= 15 min. Preloading water with milk and sugar also led to sig-
nificantly higher active GLP-1 levels than instant, boiled and
decaffeinated coffee (all with milk and sugar added) at T= 45min
(not shown in figure). Active GLP-1 iAUC of preloading water
with milk and sugar was the highest among all test drinks, yet
only the difference with boiled coffee with milk and sugar
added achieved statistical significance (Fig. 5(C)). After adjusting
for multiple comparisons, all differences were no longer sta-
tistically significant (online Supplementary Fig. S6). Comparison
in active GLP-1 levels between preloading black and white

coffees did not yield any statistically significant results (online
Supplementary Fig. S7).

Comparison in postprandial nitrotyrosine levels after
preloading all test drinks

Differences in nitrotyrosine measurements between all test
drinks (online Supplementary Fig. S8) were not statistically sig-
nificant at any time-point.

Sensitivity analysis

Results of the sensitivity analysis were not substantially different
from the main analysis (online Supplementary Figs. S9–S10).

Discussions

Our results showed that when compared with preloading water
before a high-GI meal, preloading coffees with milk and sugar
added led to greater rises in postprandial glucose and insulin lev-
els, yet the overall glucose and insulin excursions, as reflected by
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Fig. 3. Postprandial glucose and insulin results of test drinks without milk and sugar added (i.e. black coffees). (A) Postprandial glucose levels of all test drinks.
(B) Glucose incremental AUC (iAUC) of all test drinks. (C) Postprandial insulin levels of all test drinks. (D) Insulin iAUC of all test drinks. For all figures, values are
estimated marginal means adjusted for fasting levels and usual coffee consumption frequency (n 10). Error bars depict standard errors. Statistical significance is
set atP< 0·05, and results of all statistical tests are not adjusted for multiple comparisons. For (A) and (C), statistically significant differences in time-point measurements
between test drinks are indicated by the following symbols: *, instant coffee and plain water; †, boiled coffee and plain water; ‡, espresso coffee and plain water;
§, decaffeinated coffee and plain water. For (B), bars with unlike letters are significantly different. No significant difference in insulin iAUC was found between different
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iAUC, were not different from those of preloading water. Among
all test drinks, preloading decaffeinated coffee with milk and
sugar showed the greatest reduction in glucose and insulin
excursions after the test meal when compared with preloading
water. Furthermore, preloading black coffees led to significantly
greater postprandial glucose and insulin excursions after the sub-
sequent high-GI meal when compared with water. However, no
remarkable differences in active GLP-1 and nitrotyrosine levels
were observed between preloading different types of coffees
and between coffees with and without milk and sugar added.

The observation that adding sugar into coffee led to a blunted
postprandial glucose response was also made by Louie et al.(9)

previously. They found that adults who consumed a cup of
instant coffee with 10 g white table sugar added 60min before
a subsequent meal led to a smaller glycaemic response after
when compared with preloading black instant coffee. The
authors speculated that the initial sugar load ‘primed’ the body
for better glycaemic response, leading to the subsequent
increase in baseline insulin level and more rapid insulin
response after the subsequent meal, which was also observed
in the present study. In another experiment analogous to the
present study, Bonuccelli et al.(16) administered two consecu-
tive oral glucose tolerance tests on healthy subjects with 3 h

apart. They found that the overall insulin sensitivity and β-cell
sensitivity measured during the second oral glucose tolerance
test were both greater than the first one, while the insulin
excursion was reduced by 12 %. They attributed the findings
to the priming effect exerted on β-cells by the hyperglycaemia
during the first oral glucose tolerance test. Our findings went
further by showing that the priming effect existedwhen consum-
ing coffee with much less sugar (75 g glucose in oral glucose
tolerance test v. 7·5 g sucrose in white sugar þ 10 g lactose in
milk in the present study) before a meal.

At the same time, milk added into coffee may also contribute
to the diminished glucose excursion. In the trial conducted by
Sun et al.(8) on healthy adults, participants preloaded a cup of
low-fat milk 30 min before consuming a piece of white bread
providing 50 g carbohydrate. The glucose iAUC of the bread
meal was reduced by 50 %, and insulin iAUC was reduced by
27 % when compared with not eating anything beforehand.
Similarly, Meng et al.(17) found that consuming a high-protein
breakfast 4 h before the nextmeal led to diminished postprandial
glucose and insulin responses after the subsequent meal. The
possible mechanism behind this was proposed to be the
extended gastric delay due to protein ingestion(8), and thus
glucose from the subsequent meal entered the small intestine,
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as well as the circulation, slower than not consuming anything
beforehand.

The results of our study supported the utilisation of the
priming effect (also known as the Staub–Traugott effect(18,19))
in managing postprandial glycaemia in adults without diabetes.
In line with this idea, several researchers(20,21) previously raised
the possibility of improving glycaemic responses by increasing
meal frequency, yet the evidence was mixed in this regard(22)

due to the small sample size of past trials and inconsistent
analysis methods. Furthermore, our results provided a possible
explanation for the contradicting findings in previous studies, in
which coffee was found to be protective against T2D(1,2) while
capable of inducing acute glucose intolerance(3,4,23) at the same
time. This is especially the case when milk and sugar consumption
with coffee is a common practice – it was estimated that more than
80% of participants in a nationally representative Australian cohort
added either milk or sugar, or both, into their coffee(24), while this
habit was also observed in more than 50% of the participants in
an American National Health Examination(25). In order to validate
the findings of the present study in large-scale population surveys,
data on milk and sugar usage together with coffee consumption
should also be collected in future studies.

Among all the coffee test drinks, preloading decaffeinated
coffee led to the smallest postprandial glycaemic and insuli-
naemic responses among the four coffee test drinks, thereby
supporting the acute detrimental effect of caffeine on glucose
intolerance previously observed(3). Interestingly, preloading
the three caffeinated coffees (i.e. espresso, instant and boiled
coffee) led to similar postprandial glycaemic and insulinaemic
responses, despite the marked difference in caffeoylquinic
acid content, which made up 80 % of the total chlorogenic acid
content in coffee(26). This did not support the findings in pre-
vious studies, which stated that the positive effect of coffee
consumption on glycaemic metabolism was due to the pres-
ence of polyphenols in coffee(3,27). Nonetheless, it is possible
that the beneficial effect of polyphenol on glycaemic excursion is
counteracted by caffeine. Addingmilk into coffeemay hinder the
bioavailability of polyphenols(28), yet the evidence on this is
inconsistent(29,30). The interaction of different chemical constitu-
ents in coffee and the effect of this on glucose metabolism still
require further investigation in future human trials.

A postprandial surge of GLP-1 has been suggested to benefit
the management of postprandial glycaemia(31,32). We observed
that preloading water with milk and sugar led to higher post-
prandial active GLP-1 levels, as well as a higher iAUC, than pre-
loading other test drinks, although only the difference with
preloading boiled coffee achieved statistical significance. This
finding is similar to a previous report that consuming 10 g whey
protein 30 min prior to a pizza meal led to significantly higher
postprandial GLP-1 levels(33), yet the results of the present
study showed the surge in GLP-1 levels could occur in a much
smaller protein preload – there was only 5 g protein in the test
drinks used in the present study. Nonetheless, active GLP-1
levels between preloading plain water and preloading coffee
with milk and sugar were not substantially different during
the postprandial period. Moreover, no significant difference
was observed between preloading coffee with and without
milk and sugar. These findings are in contrast with those made

by Reis et al.(34), who observed that preloading coffee with 30 g
sugars added led to significantly higher GLP-1 levels after con-
suming 75 g glucose. One reason behind this discrepancy could
be that the present study was not powered to detect differences
in active GLP-1 levels. In addition, the amount of sugar used in
the present study is much smaller (7·5 g) and table sugar was
used, which is mainly sucrose. Hence, our findings regarding
the postprandial changes in active GLP-1 levels after coffee
preloads would need to be validated in future studies with
adequate power.

The lack of difference in postprandial nitrotyrosine levels
between preloading different test drinks was unexpected. It
could be due to the small amount of carbohydrates ingested
in the present study and the relatively short monitoring period.
In previous studies that measured nitrotyrosine with postpran-
dial glycaemia, participants consumed 50–75 g of carbohydrates
and the nitrotyrosine was monitored for at least 3 h(35,36). Future
studies might need to monitor oxidative stress markers for a
longer time to confirmwhether there is a change in nitrotyrosine.

Health effects of tea and coffee consumption were often
compared against each other as both were the main sources
of caffeine and polyphenols in the human diet(5,37). In contrast
to the frequently observed inverse association between coffee
consumption and T2D, both positive(38–40) and negative find-
ings(41) were previously published regarding the association
between tea and T2D. The antidiabetic effect of tea consump-
tion was usually attributed to catechins, which is the main
group of polyphenols in tea was found to reduce fasting
glucose in a previous meta-analysis of randomised controlled
trials(42). It is worth mentioning that same as coffee, tea was
also frequently consumed with milk and sugar added –

Bouchard et al.(25) found that more than 60 % of American
tea drinkers added milk or sugar into their tea. Nonetheless,
studies looking at the effects of milk and sugar added into
tea are scarce. In vitro studies suggested that adding milk into
tea would reduce its antioxidant capacity(43,44), but in vivo
evidence is inconsistent(45,46). Hence, the association between
tea consumption and T2D will need to be validated in future
observational studies.

Since the present work is a crossover study, considerations
were given whether to include carryover effect, period effect
and session effect in the statistical models used in the pre-
sent study, as suggested by the CONSORT statement exten-
sion to randomised crossover studies(13). The carryover effect
was not modelled in the present work as it was expected to be
minimised by the 3-d washout period. The period effect was
also not modelled as the time, venue and condition of each
session were uniform for all participants. Furthermore, it is
unlikely for postprandial responses in human subjects to
change in different periods or seasons of the year, while the
fasting levels of each treatment were included as a covariate
in the model. The session effect was also not modelled
because given the large number of sessions involved (twelve
sessions for each subject in phase 1), all participants received
treatments in a different sequence after randomisation.

The strengths of the present study include the different types
of coffee tested in the same group of participants, thus enabling a
comparison of several commonly available coffee types in the
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same analysis. Furthermore, the present study is the first one to
assess the effect of adding milk and sugar into coffee in an acute
feeding study setting. In addition, the postprandial measure-
ments of the biomarkers were adjusted for baseline levels, thus
minimising the bias in treatment estimates(47). Limitations of the
present study include the small sample size for the active GLP-1
measurement and the testing of the black coffee beverages,
thereby limiting the power of these results. Furthermore, since
only habitual coffee drinkers were included in the present study,
the effect of pre-meal coffee consumption on postprandial gly-
caemic excursions in non-habitual coffee drinkers will have to be
further investigated.

Conclusions

Consuming coffee with milk and sugar added before a high-GI
meal led to bigger initial rises in postprandial glucose and insulin,
while preloading decaffeinated coffee with milk and sugar led
to significant reductions in both postprandial glucose and
insulin responses. These results could be due to a priming
effect brought by the coffee preload, thus suggesting a pos-
sible explanation for the protective effect of coffee consump-
tion towards T2D. Future studies should confirm the findings
of the present study in a long-term consumption trial and
investigate the role played by adding milk and sugar into cof-
fee on a habitual consumption basis.
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