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Effects of coffee and tea on postprandial
cardiometabolic risk factors in healthy individuals: a
randomized crossover trial
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Background and Objectives: The effect of different coffee and tea consumption on postprandial glucose and li-
pid metabolism has never been reported previously. The aim of the present study was to investigate the effect of
different coffee or tea consumption at breakfast on postprandial cardiometabolic risk factors in healthy individu-
als. Methods and Study Design: Eighteen healthy young subjects completed the trial. After 8-hour overnight
fast, volunteers either ingested water, freeze-dried coffee, spray-dried coffee, green tea, black tea or oolong tea
together with a breakfast consisting of an egg and 180g deep-fried dough sticks. Blood was drawn at Oh, 0.5h, 1h,
2h, and 3h. Results: The differences in triglyceride (TG) values relative to the baseline levels at 2h and 3h of
green tea was significantly decreased compared with black tea and oolong tea (p<0.05). Compared with black tea,
green tea and oolong tea significantly reduced postprandial total cholesterol (TC) levels (p<0.05, p<0.01), respec-
tively. Furthermore, the serum concentrations of high-density lipoprotein cholesterol (HDL-C) and low-density
lipoprotein cholesterol (LDL-C) were substantially decreased after oolong tea consumption compared with black
tea (p<0.05, p<0.01). Conclusions: Green tea ingestion can lower the elevation of serum TG and TC levels after
high-fat or high-cholesterol diets. Our findings have far-reaching implications given the widespread use of coffee
and tea and the current concern over cardiometabolic risk factors.
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INTRODUCTION
Coffee is one of the most frequently consumed beverages
worldwide. Drinking three to five cups of coffee a day (a
cup of regular coffee contains about 70 to 150mg of caf-
feine) is associated with a reduced risk of cardiovascular
disease (CVD) and type 2 diabetes (T2D). Coffee, brewed
and drunk in myriad ways, has attracted special attention
regarding its effects on certain diseases. Previous epide-
miological studies have shown that coffee consumption
largely reduces the risk of T2D.! Cohort studies from
Dutch,? US,® Sweden,* and Finland®® have reported that
the risk of T2D is lowered with increased coffee con-
sumption. Habitual coffee consumption was also reported
to delay the manifestations of metabolic syndrome.” Cof-
fee contains substantial amounts of caffeine, chlorogenic
acid, magnesium, and other micronutrients that may pro-
mote glucose metabolism.2 Coffee consumption reduces
waist circumference, blood pressure, triglycerides, and
fasting plasma glucose levels.! The latest research indi-
cated that higher caffeine concentrations in plasma may
reduce the risk of obesity and T2D, and 43% of the ef-
fects of caffeine on susceptibility to T2D were achieved
by reduced body mass index (BMI).°®

In 2020, the global tea consumption is about 6.3 billion
kg, and about 3 billion people like drinking tea. Tea from
Camellia sinensis is the second most commonly con-

sumed beverage worldwide after water, and different pro-
cessing methods produce different types of tea. Tea is
produced worldwide. Approximately 78% is black tea,
which is favored by Europeans and North Americans;
20% is green tea, which is commonly consumed in Asian
countries; and < 2% is oolong tea, popular in South Chi-
na.® Various degrees of processing and fermentation lead
to differences among the three tea types. Specifically,
black tea is fully fermented, oolong tea is partially fer-
mented, and green tea is processed without fermentation.
Tea contains more than 4000 phytochemicals, some of
which have health benefits.’® Unlike green tea, black tea
and oolong tea contain a mixture of catechins, which are
good sources of oxidized polymeric substances such as
thearubigins and theaflavins.!!

The polyphenolic compounds catechins are thought to
contribute to the health-promoting effects of green tea.*?
These catechins have the potential to prevent CVD and
cancer owing to their antioxidant properties.’® Green tea
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may also have beneficial effects on fasting glucose, insu-
lin levels, glucose metabolism, or insulin sensitivity.
However, Josic et al. reported no benefit of green tea on
insulin sensitivity or glucose levels.** Flavonoids found in
black tea are associated with a reduced risk of CVD mor-
tality. In older women, greater habitual dietary flavonoids
intake was associated with reduced abdominal aortic cal-
cification (AAC). AAC is a predictor of cardiovascular
risk such as heart attack and stroke, while it was also
found to be a reliable predictor of senile dementia. Those
who drank two, four, and six cups of black tea were 16%,
30%, 42% less likely to develop extensive AAC than
those who drank zero cups of black tea per day.'® Some
randomized trials have reported significant hypocholes-
terolemic effects of black tea consumption,'>*6 whereas
others have reported no effect on lipid profiles.'”*® Re-
search on the biological activity of oolong tea is limited,
but the hypolipidemic effects of oolong tea have been
demonstrated both in humans®® and animal models.?® Oo-
long tea has also been found to improve lipid metabo-
lism?! and decrease body weight.t*22

However, in vitro and in vivo studies on the mecha-
nisms underlying the effects of coffee consumption on the
development of T2D and insulin resistance have yielded
inconsistent results. Moreover, well-controlled human
studies are lacking. A traditional Chinese breakfast in-
cludes high-fat items such as egg and deep-fried dough
sticks. The acute effects of coffee or tea on glucose, insu-
lin, or lipid profile when ingested along with such high-
fat foods have not been studied before. We hypothesized
that coffee or tea consumption may reduce postprandial
cardiometabolic risk factors.

Therefore, the aim of this trial was to assess the effects
of freeze-dried coffee, spray-dried coffee, green tea, black
tea, and oolong tea on serum glucose, insulin, and lipid
levels after consumption of Chinese deep-fried dough
sticks and an egg in healthy individuals.

METHODS

Study design and participants

This trial employed a randomized, placebo-controlled,
crossover design to evaluate the effects of five different
beverages. The protocol was approved by the Ethics
Committee of Beijing Luhe Hospital affiliated with Capi-
tal Medical University and registered in the Chinese Clin-
ical Trial Registry (ChiCTR1900025675).

Eligible participants included healthy adults, aged 18-
45 years, restricted to a BMI of 18-28kg/m?. Criteria for
inclusion required participants to be non-smokers and
non-drinkers and not be diagnosed with diabetes mellitus,
hyperglycemia, hyperlipemia, and hyperuricemia. Preg-
nant and lactating women and individuals with intoler-
ance toward eggs, wheat, tea, coffee were excluded from
the study. Individuals with heart and liver disease or other
acute digestive tract diseases, respiratory diseases, and
systemic disorders such as blood, endocrine, neurological
and mental disorders were also excluded.

All participants were selected from among students at
Capital Medical University or workers at Beijing Luhe
Hospital. A total of 26 healthy individuals met the inclu-
sion criteria. Two women were excluded on the first oc-
casion due to the difficulties in drawing blood, two wom-

en were excluded due to an inability to adhere to the diet,
and one man was excluded due to fainting during blood
withdrawal. The rest were excluded mainly due to loss to
follow-up, work, or personal reasons. Thus, 18 individu-
als (9 women and 9 men) were included in this study.
Data were thus collected from nine men and nine women
[(mean + SE): age 25.8 + 1.9 years (range 18-44 years);
BMI 23.1 + 0.5kg/m? (range 19.2-26.4kg/m?)].

The trial was conducted at Beijing Luhe Hospital, Cap-
ital Medical University. A questionnaire was completed
by each participant, which included health history, diet,
and physical activity. All eligible participants signed an
informed consent form before any study procedures be-
gan and were informed about the study protocol. In addi-
tion, all participants were asked to maintain their physical
activity and normal dietary intake during the washout
period of one week.

Randomization

After screening for age and BMI of the enrolled subjects,
18 participants who met the inclusion criteria were ran-
domized by a computer-generated random number se-
quence into one of the test beverage groups. CMZ was
responsible for preparing and providing the beverages for
the participants.

Treatments

Participants were required to abstain from caffeine con-
sumption, and medication in the morning prior to and
during the test. After an 8-hour overnight fast, venous
blood was collected from each participant. Subsequently,
the participants were randomly assigned to either the wa-
ter group (200mL), freeze-dried coffee group (150mL,
containing 2g coffee solids), spray-dried coffee group
(150mL, containing 2g coffee solids), green tea group
(250mL, contain 2g tea solids), black tea group (250mL,
containing 2g tea solids), or oolong tea group (250mL,
containing 2g tea solids). Participants were asked to wait
in a quiet and comfortable room during the morning (8:00
am-11:00 am). The assigned beverage was consumed
together with breakfast consisting of an egg and 180g
deep-fried dough sticks. The meal was to be finished
within 25min. Then, blood samples were taken at 0.5h,
1h, 2h, and 3h from each participant after the meal. At
4°C, all blood samples were centrifuged at 3000xg for 10
min. Then, the serum was instantly stored at -80°C until
subsequent analysis. After a washout period, participants
were crossed over to another group to receive the test
protocol repeated until every participant had finished each
beverage.

Anthropometric measurements

Anthropometric measurements of all participants were
performed by an interviewer at entry, including height,
body weight, blood pressure, waist circumference, and
hip circumference.

Laboratory measurements

Serum uric acid (UA), glucose, total cholesterol (TC),
triglycerides (TG), high-density lipoprotein cholesterol
(HDL-C), and low-density lipoprotein cholesterol (LDL-
C) were analyzed using enzyme-based colorimetric test
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kits on a Beckman AU5800 fully automatic biochemical
analyzer (Beckman Coulter Commercial Enterprise Co.,
Ltd, Shanghai, China). Insulin was analyzed by chemilu-
minescence immunoassay (Cobas E601 automatic ana-
lyzer, Roche Diagnostics Ltd, Shanghai, China).

Statistical analysis

Sample size was determined based on previous random-
ized controlled trials with green tea.** The trial was de-
signed to detect a difference of 1.5mg/dL in serum glu-
cose and 0.5 mmol/L in TG. We assumed a dropout rate
of 25% and a standard error (SE) of 0.7mg/dL for serum
glucose and 0.4mmol/L for TG. Thus, according to these
assumptions, 18 participants were enrolled into the study
to have a power of 80% for a two-sided test with a
significance level of 0.05.

All data were examined for normal distribution using
the Shapiro-Wilk test before analysis. One-way analysis
of variance (ANOVA) was used to evaluate baseline
characteristics to ensure that important covariates were
equally distributed among random groups. The effects of
the different treatments and at different timepoints on all
parameters were analyzed using one-way repeated
measures ANOVA. Within-group differences were exam-
ined using ANOVA and post hoc multiple comparisons.
The results for baseline characteristics and measured val-
ues are shown as the mean + SE. Area under the curve
(AUC) was evaluated using the trapezoidal rule

(GraphPad Prism 5, San Diego, CA, USA) for changes in
different parameters. Differences were considered
significant if p<0.05. All statistical calculations were per-
formed using SPSS version 22.0 (SPSS Inc., Chicago, IL,
USA).

RESULTS

Figure 1 shows participant flow through the study. 18
participants were randomly assigned to one of six bever-
age orders, with three subjects per beverage order. Table
1 shows the baseline characteristics of the participants.
There was no statistically significant difference between
the groups. We observed no significant change in parame-
ters related to liver and kidney functions (data not
shown). Changes within 3h in all measured parameters
after consuming the different beverages are shown in
Figure 2 and Figure 3.

There were no significant differences in glucose, insu-
lin, TG, and UA levels among the five beverages (Figure
2). However, considering the varying baseline levels of
these indices, we analyzed the differences in TG values
relative to the baseline levels at different time points. The
results indicated a significant reduction in TG levels for
green tea compared to black tea and oolong tea (p<0.05)
(Figure 3). This finding suggests that green tea consump-
tion led to an improvement in serum TG levels. Mean-
while, ingestion of green tea and oolong tea resulted in
significant lower TC level than black tea consumption

Assessed for eligibility (n=26)

Excluded (n=8)

* %\Tot 1)neeting inclusion criteria
n=3

A

# Declined to participate (n=2)
4 Other reasons (n=3)

Randomized

Beverages:

A-—water
B-fieeze-dried coffee
C—spray-dried coffee

D—green tea
E—black tea
F—oolong tea

Beverage Order 1
ABCDEF
(n=3)

Beverage Order 2
BCDEFA
n=3)

Beverage Order 3
CDEFAB
(n=3)

Beverage Order 4
DEFABC
(n=3)

Beverage Order 5
EFABCD
(n=3)

Beverage Order 6
FABCDE
(n=3)

Analysed (n=18)

¢ Excluded from analysis (give reasons) (n=0)

Figure 1. Flow chart of study participants
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Table 1. Baseline characteristics of study participants

Characteristic Value

Age (year) 25.8+1.90
BMI (kg/m?) 23.1+0.50
Body weight (kg) 65.7+2.20
TG (mmol/L) 1.12+0.14
TC (mmol/L) 3.99+0.15
HDL-C (mmol/L) 1.22+0.05
LDL-C (mmol/L) 2.41+0.13
Systolic blood pressure (mmHg) 121+2.50
Diastolic blood pressure (mmHg) 71.2+1.60
Waist circumference (cm) 82.7+1.80
Hip circumference (cm) 97.6+1.30
Glucose (mmol/L) 5.27+0.12
UA (umol/L) 347+24.7
Insulin (mmol/L) 11.442.25

BMI: body mass index; TG: triglyceride; TC: total cholesterol; HDL-C: high-density lipoprotein cholestero; LDL-C: low-density lipopro-

tein cholesterol; UA: uric acid
All values are presented as the mean + SE

(p<0.05, p<0.01), respectively. Moreover, compared with
black tea, the concentrations of serum HDL-C and LDL-
C were substantially decreased after oolong tea ingestion
(p<0.05, p<0.01), respectively (Figure 3). No significant
differences were observed in the 3-hour AUC of all pa-
rameters after ingestion of any one of these six beverages
with the traditional high-fat breakfast.

DISCUSSION
The primary outcome in this study was the effects of six
beverages on postprandial glucose, insulin levels, and
lipid profile after consumption of a high-fat diet. Our re-
sults showed that no significant improvement with inges-
tion of coffee or tea on serum glucose, insulin and UA.
One interpretation may be that the beneficial effect of tea
or coffee occurs only with long-term intervention or in
individuals with glucose or lipid metabolism problems.
Unlike black tea and oolong tea, intake of green tea was
inversely associated with TG differences (2h-Oh, 3h-0h),
which revealed that green tea are beneficial for healthy
individuals in improving the postprandial cardiometabolic
outcomes. Furthermore, consumption of green tea or oo-
long tea were associated with significant reduced serum
TC, LDL-C and HDL-C levels compared with black tea.
Tea (Camellia sinensis L.) is the second most widely
consumed therapeutic and flavored non-alcoholic bever-
age in the world next to water.?® Considering the exten-
sive intake of tea worldwide, the important health impli-
cations couldn't be ignored even its small metabolic ef-
fects. In vitro and in vivo studies have shown that tea and
its components may improve the pathogenesis of diabetes
and glucose metabolism through several mechanisms,
such as enhancing insulin sensitivity.? Tea and its com-
ponents have been found to have beneficial effects on
both glucoregulatory control and endothelial function in
the clinical setting.”® Striegel et al. identified that both
black tea pomace and black tea water extract reduce post-
prandial hyperglycemia linked to T2D.%* However,
Gauvrieli et al. reported no hypoglycemic effect of green
and black tea extracts in adults with T2D.?” Moreover, no
significant effect of green and black tea extracts was
found on glucose control in adults with T2D in a double-

blind randomized study.?® Consumption of green tea and
oolong tea was associated with a reduced risk of mortality
from CVD.?° In brief, the results obtained from different
animal or human studies of glucose regulation are incon-
sistent.

Green tea extract (GTE) and the major component epi-
gallocatechin-3-gallate has been reported to improve hy-
pertriglyceridemia and related lipid dysregulation®
through the inhibition of pancreatic lipase, regulation of
AMP-activated protein kinase,* modulation of gut mi-
crobiota and bile acid metabolism,* or inflammatory con-
trol in hypothalamus and liver.* In a randomized, sin-
gle-blind, parallel-group clinical trial including 40
healthy young women, after the ingestion of 200mL of
green tea beverage, postprandial blood TG level at 4h was
significantly lower compared to the control group,
which suggest that green tea ingestion can lower the ele-
vation of blood TG level after a high-fat meal in young
women.®® Similarly, in the present study, we observed
decreased TG concentration after green tea intake, which
indicated that green tea improved the postprandial serum
TG level in healthy individuals.

Green tea consumption was associated with a lower
risk of total cardiovascular mortality. For women, the
total CVD mortality risk was decreased by 23%, 19%,
38% respectively from drinking 1-2 cups, 3-5 cups, and
>6 cups of green tea per day compared with those who
did not drink green tea (<1 cup/week) . Drinking >1 cup
of oolong tea per day was associated with a reduced risk
of total CVD mortality. This association was more pro-
nounced in men and was associated with a 61% decrease
in the overall risk of CVD mortality. However, the
amount of black tea consumed was not associated with
coronary heart disease, stroke, or all-cause CVD in either
men or women.36 In conclusion, there was a negative
correlation between the consumption of green tea, oolong
tea and the risk of cardiovascular death, but not with
black tea. We speculated that the antioxidant properties
were reduced in fully fermented black tea compared with
medium fermented oolong tea and unfermented green tea.

In an animal study, dietary epigallocatechin gallate-the
main component of green tea polyphenols decreased the
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Figure 2. Changes in serum glucose, insulin, triglycerides (TG) and uric acid (UA) within 3 h after consuming different beverages. All values are shown as the mean + SE.
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108 C Zhang, J Zhang, D Liand X Hu

plasma TC and non-HDL-C levels in a dose-dependent
manner by inhibiting cholesterol absorption associated
with mild fat malabsorption.®” In another animal study,
metabolic changes induced by green tea intake activated
AMP-activated protein kinase and modulated the expres-
sion of genes involved in metabolism, particularly in the
adipose tissue, thus showing its therapeutic potential
against obesity, insulin resistance, and dyslipidemia in
rats.®® Green tea is an easily accessible and popular drink
and it may indirectly lead to lower morbidity and mortali-
ty rates due to CVD by ameliorating hyperlipidemia. In a
human trial, administration of GTE for 12 months signifi-
cantly reduced the TC, LDL-C, and non-HDL-C levels in
postmenopausal women. The same trial suggested that
GTE may be recommended for reducing cholesterol lev-
els, particularly in individuals with high cholesterol con-
centrations.®® Current meta-analyses of clinical trials of
the effect of short-term (3-24 weeks) green tea consump-
tion on lipid profile showed that green tea or GTE
significantly decreased both TC (by 5mg/dL) and LDL-C
(by 2mg/dL) across different populations.*®** Similar
conclusions were also obtained in this study that green tea
intake reduced the TC concentrations in healthy individu-
als, which showed the beneficial improvement effects
from green tea on postprandial cardiometabolic risk fac-
tors.

Habitual coffee consumption is associated with a lower
incidence of glucose intolerance,?® and it influences post-
prandial glucose metabolism rather than fasting glucose
metabolism. However, caffeine is reported to negatively
affect postprandial glucose homeostasis and lipid pro-
file.*? High caffeine intake might lower the risk of diseas-
es related to adiposity, such as CVD through reducing
weight, BMI, and fat mass.®” There were similar reports
that consumption of coffee and total caffeine intake was
associated with a reduced risk of mortality from CVD,
coronary heart disease and metabolic syndrome 36 43 44
There were no strong associations were reported between
genetically predicted plasma caffeine concentrations and
cardiometabolic risk factors.*® In the present study,
freeze-dried coffee and spray-dried coffee were not asso-
ciated with improvements on glucose and lipid profile,
which may be owing to the acute and short-term interven-
tion or the small amount of caffeine.

A limitation of our study was that the diets of the par-
ticipants differed before the test. Some participants failed
to maintain a light diet. For example, some participants
consumed barbecue, hot pot, and other heavy meals on
the day before the test. In addition, some participants had
dinner too late resulting in the absence of an effect on the
lipid profile or UA levels.

Conclusion

Concerns about the correct choice of beverage seem to
exist. The present results suggest that it may be better to
drink green tea when consuming high-fat or high-
cholesterol diets. These findings emphasized the potential
role of healthy choices of beverages in managing the car-
diometabolic risk factors. Well-controlled studies with a
larger sample size may further enhance our understanding
of the acute effects and mechanisms of coffee or tea con-

sumption on the levels of serum glucose and blood lipids
in healthy individuals.
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