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Abstract

Background: Both catechin polyphenols and caffeine have been shown to have beneficial effects on weight control in the adult
population. However, the influence of tea or coffee supplementation on body weight in adolescents has never been tested. The aim of the
present study was to investigate the effect of tea and coffee consumption on body weight and body fat in adolescents with obesity.

Methods: Randomized clinical trial comparing three weight-loss interventions composed of similar family-based counseling
sessions on nutritional education with coffee (2 cups per day, total amount 160 mg caffeine), green tea (3 cups per day, total amount
252 mg catechin and 96 mg caffeine), or herbal tea (as placebo, 3 cups per day). Nutritional intake, BMI, and fat percentage, as
measured by bioelectrical impedance, were compared between the groups at 3 and 6 months.

Results: Forty-eight children were included in the final analysis: 18 in the coffee arm, 17 in the green tea arm, and 13 in the
placebo arm. Nineteen (39.6%) children were males, with a median (interquartile range) age of 13 (11-14) years. There were no
significant group differences in age, sex, and BMI (absolute number and percent of the 95th percentile) upon study entry. Com-
parison between the three interventions in total change in BMI from baseline revealed a significant advantage for coffee consumption
compared with green tea and placebo (—9.2% change in BMI in the coffee group compared with —2.3% and 0.76% in the green tea
and placebo group, respectively, p=0.002).

Conclusions: Dietary recommendations combined with coffee intake and, to a lesser extent, tea catechins may be associated with
reduced weight and adiposity among adolescents.

Clinical trial registration number: NCT05181176
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ing undesired weight regain,? thus calling for alternative

weight reduction strategies. Tea and coffee are the most
popular beverages worldwide. Tea has been categorized

Infroduction

besity has become a major public health problem
Oof global significance.! The adverse effects of
excess adiposity on health outcomes are widely
recognized; however, conventional weight management
(dietary intervention, physical activity, and behavioral

modification) has shown limited long-term effectiveness,
with most studies on weight maintenance demonstrat-

into three main types on the basis of processing during
manufacturing. While most of the tea produced worldwide
is black tea extracts, 20% is green tea.® Green tea contains
two major active ingredients. One is catechin polyphenol
(epicatechin, epicatechin gallate, epigallocatechin, and the
most pharmacologically active, epigallocatechin gallate
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[EGCG]), which inhibits the action of catechol-o-methyl-
transferase, resulting in a prolonged action of catecholamines.
The other is caffeine, which inhibits the phosphodiesterase-
induced degradation of intracellular cyclic adenosine
monophosphate (cAMP), leading to an increase in norepi-
nephrine release.” The net result is an elevated cellular
concentration of cAMP, a critical intracellular mediator for
the action of catecholamines on thermogenesis.”” Fur-
thermore, brain catecholamines may play a major role in
energy intake and satiety.'?

Both catechin polyphenols and caffeine (in coffee or in
green tea) may be effective promoters of thermogenesis
and fat oxidation, resulting in the reduction of body
weight.”2! Indeed, several observational and interven-
tional studies in adults demonstrated a significant effect
of tea or coffee consumption on body weight.'' !¢ Chantre
and Lairon demonstrated a decrease of 4.6% of body
weight and a 4.6% decrease in waist circumference after
3 months of consumption of green tea extract (containing
270 mg EGCG and 150 mg caffeine).!' In a randomized
controlled trial involving 60 adults with obesity, con-
sumption of green tea capsules induced a significant
weight reduction by the 8th and 12th weeks of the study,
which was accompanied by a significant increase in resting
energy expenditure.'? In their interventional study of 10
healthy men, Dulloo et al. reported a 3.5% increase in
energy expenditure and a 27 gram/24 hour increase in fat
oxidation with green tea consumption.” Rudelle et al. re-
ported a 4%—6% increase in 24-hour energy expenditure
following consumption of green tea extract and caffeine.'
Gregersen et al. examined 15 normal weight males who
received capsules containing placebo, caffeine (150 mg), or
caffeine plus catechin (600 mg). Those authors documented
an increase of 250 kJ (about 2%) in energy expenditure in the
caffeine plus catechin group compared with the placebo and
caffeine groups.!® Other studies have also demonstrated a
reduction in energy intake during the consumption of tea
catechin, caffeine, or a combination of both. In a recent
review by Schubert et al., caffeine consumption was found to
decrease single-meal energy intake by 430 kJ.'® Westerterp-
Plantenga et al. observed a lower energy intake after 300 mg
of caffeine administration in adult males.'” Conversely, in
the study by Wan et al.,”! frequent tea drinkers wound up
having a higher BMI, elevated triglyceride (TG) levels, and
elevated fasting glucose levels. As far as we know, there
have been no interventional studies that aimed to examine
the influence of tea or coffee supplementation on body
weight in the pediatric population. Therefore, the aim of the
present study was to investigate the effect of tea and coffee
consumption on body weight and body fat in a population of
adolescents with obesity.

Materials and Methods

Patient Population
The participants were recruited at the Obesity Clinic of
the Pediatric Gastroenterology Institute, “Dana Dwek”
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Children’s Hospital, from January 2018 to December
2020. No participant was recruited during the COVID
pandemic.

The Obesity Clinic is a tertiary referral center for chil-
dren and adolescents with obesity and related complica-
tions. Patients were recruited for the study during the initial
clinic session. All adolescents aged 12—17 years with a
BMI in the 95th percentile or higher were eligible for
study participation. Excluded from the study were ado-
lescents with major medical conditions that could affect
body composition (such as neurological conditions or in-
flammatory diseases), who chronically used medications
that could affect study outcomes and body composition
(such as corticosteroids and insulin), and who consumed
tea or coffee on a regular basis. Adolescents with obesity-
derived comorbidities were not excluded.

Study Design

This randomized clinical trial compared three weight-
loss interventions composed of the consumption of coffee
(coffee group), green tea (tea group), or herbal tea (control
group). The randomization was performed using a com-
puter software (Random.org). The study consisted of a
2-week run-in period, followed by a 24-week period of
consumption of the assigned beverage.

Intervention

The three groups received similar weight-reducing
interventions composed of diets that differed only with
regard to the recommended coffee, green tea, or herbal tea
consumption. The intervention included twice weekly
family-based counseling sessions on nutritional education
(low glycemic index diet), behavioral counseling, and
recommendation for physical activity. The coffee group
was instructed to consume two cups of coffee daily, which
is the amount that had been described as beneficial in ep-
idemiological studies and as being safe for children and
adolescents.?® Each 250mL cup of coffee contained
~80mg of caffeine. The participants were instructed to
drink the coffee in the morning and shortly after lunch to
avoid sleep disturbance at night. The green tea group was
instructed to drink three cups (230 mL) of Chinese green
tea (Wissotzky Tea, Israel Ltd.). Each tea bag contained
500 grams of fine dried herb parts, and each cup contained
84 mg total catechin and 32 mg caffeine. The members of
this group were instructed to leave the teabag in the hot
water for 2 minutes before drinking. The control group was
instructed to consume three daily cups of the Wissotzky
Kid Drink. The Wissotzky Kid Drink (Wissotzky Tea,
Israel Ltd.) is a beverage that contains an infusion of fruits
and plants, with each bag containing 2.7 grams of plant
parts free of polyphenols and caffeine. The subjects were
allowed to add milk and sweeten the drinks with artificial
sweeteners. All the tea products were provided to the
participants. Adherence to all products was monitored by a
3-day dietary questionnaire, filled before each visit and by
collecting empty boxes at each monthly visit.
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Clinical and Demographic Variables
Information retrieved from the medical files of the study
participants included:

1. Sociodemographic characteristics: age, sex.

2. Medical history: perinatal characteristics (birth weight,
gestational age), medications, and family history of
cardiometabolic diseases (diabetes, hypertension, dys-
lipidemia, cardiovascular disease, and cerebrovascular
episodes) among first- and second-degree relatives.

3. Physical examination: systolic and diastolic blood pres-
sure (BP) and anthropometric measurements (height,
weight, calculated BMI, and body fat).

4. Screening for obesity-related comorbidities: laboratory
metabolic workup, abdominal ultrasonography (steato-
hepatitis) findings, and polysomnographic findings (ob-
structive sleep apnea).

Outcomes

The primary outcomes of the study were a decrease in
the BMI, BMI percent of the 95th percentile, and body
fat at 3 and 6 months into the intervention. Weight and
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height were assessed at baseline, monthly for the ensuing 3
months, and again after 6 months since the baseline. Body
weight and fat percentage were measured indirectly by a
Tanita Body Composition Analyzer (BIA; Tanita DC-360
S and GMON Professional Software), which has been
clinically verified to be accurate and reliable and to provide
highly reproducible results.?! The GMON software pro-
vides the BIA data adjusted for sex, age, height, and race
(Caucasian and Asian) according to reference ranges.?
The BMI Z score and the BMI percentile were calculated
by reference data for sex and age.>* Metabolic parameters
documented at study entry included glucose, insulin, high-
density lipoprotein cholesterol (HDL-c), low-density li-
poprotein cholesterol, TG, alanine transaminase, aspartate
transaminase, and C reactive protein levels. Fatty liver and
fibrosis were assessed by ultrasonography.

Definition of Study Variables

Anthropometric data (at baseline and after the die-
tary intervention) were reported in accordance to the
recent editorial by Ryder et al.?* BMI and percent of the
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Figure 1. Determination study participants.
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95th percentile were calculated with PediTools Electronic
Growth Chart Calculators based on CDC growth charts.??

Glucose intolerance was defined as fasting glucose
>100mg/dL (5.5 mmol/L); elevated BP was defined as
systolic and/or diastolic BP >90th percentile for sex, age,
and height®; hypertriglyceridemia was defined as TG
levels 2110 mg/dL (1.24 mmol/L) and HDL-¢c <40 mg/dL
(1.03 mmol/L).?®

Obesity-related comorbidities were compiled as fol-
lows. Insulin resistance was the calculated by Homeostatic
Model Assessment of Insulin Resistance (HOMA-IR).?7-?
A provisional diagnosis of nonalcoholic fatty liver dis-
ease was made by excluding other causes of liver dis-
ease through a focused history, physical examination,
laboratory evaluation, and an abdominal ultrasound
showing increased echogenicity suggestive of fatty liver.?
Obstructive sleep apnea was defined by recurrent events of
partial or complete upper airway obstruction during
sleep as detected by polysomnography performed in pa-
tients with a history of persistent snoring and/or recurrent
awakenings.’® Pseudotumor cerebri was diagnosed ac-
cording to the modified Dandy criteria: symptoms and
signs of increased intracranial pressure (e.g., headache,
transient visual obscurations, papilledema, loss of vision),
no other neurological abnormalities, elevated intracranial
pressure with normal cerebrospinal fluid composition, and
a neuroimaging study that showed no etiology for intra-
cranial hypertension.!
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Statistical Analyses

SPSS (IBM Corp. Released 2016; IBM SPSS Statistics
for Windows, Version 27.0; IBM Corp., Armonk, NY,
USA) was used for all statistical analyses. All statistical
tests were two-sided. The Kolmogorov—Smirnov test and
the Shapiro—Wilk test were applied to assess the normality
of continuous data. The data are expressed as meansz
standard deviations for normally distributed variables, and
as medians and interquartile ranges (IQR) for skewed
distribution. Pearson’s chi-square test was performed to
compare the distribution of categorical variables between
the three intervention groups. To evaluate the effect of diet
on the four measures (BMI, Z score, percentile, and fat) for
each measure, the percent change from baseline was cal-
culated at 3 and 6 months. The Kruskal-Wallis test fol-
lowed by Dunn’s post hoc test was used to compare the
differences between coffee, tea, and placebo for continu-
ous variables. Paired sample 7 test was used to compare
nutritional intake at baseline and after dietary intervention
in the three intervention groups. The changes in BMI over
time were compared for each arm separately by means of
Friedman’s test for paired data, followed by Dunn’s post
hoc test. A p-value of <0.05 was considered significant.

Ethical Considerations

The study was approved by the institutional review
board of Tel Aviv Medical Center (TLV-18-0166). All

Table |I. Demographic and Clinical Characteristics of the Study Cohort

Variable Coffee (N = 18)
Age, years 12 (12, 15.5)
Sex, male 5 (27.8)

BMI 34.86 (30—45.5)
Percent of the 95th percentile 121.5 (99.2, 151.2)
Fat percentage 37.4 (32.6, 42.9)
LDL-c, mg/dL 116 (84, 118)
TGs, mg/dL 164 (114, 176.5)

TG:HDL-c ratio
Glucose, mg/dL

Hemoglobin Alc, % 5.5 (3.5, 5.5)
HOMA-IR 9.20 (7.40, 9.70)
NAFLD 8 (66.7)
OSA 2 (7.7)

PTC 0

PCOS 3 (20)

3.78 (2.33, 5.67)
88.5 (81.5, 93.5)

Green tea (N=17) Herbal tea (N = 13) P

15 (12, I5) 14 (12, 14) 0.45

7 (41.2) 6 (46.1) 0.45
38.33 31-6l) 35.72 (30-52.8)

153 (124, 175) 140.5 (99, 156.2) 0.33

45 (36.2, 54.6) 44.2 (40.9, 46) 0.30

121.7 (85, 171.5) 99 (88.5, 117) 0.74

123 (86, 261) 81 (63.2, 134) 0.04

3.05 (2.09, 7.94) 1.46 (1.35, 2.6) 0.11

89 (88, 92.5) 93 (88, 96) 0.45

5.3 (4.5, 5.6) 5.5 (5.5, 5.7) 0.4l

7.30 (6.85, 8.50) 7.90 (7.30, 9.32) 0.10

13 (86.7) 3 (42.9) 0.23

2 (11.8) 2 (15) 0.24

I (5.9 0 0.48

0 I (7) 0.34

Values are given as median (interquartile range) or n (%). Bold values denote statistical significance at p <0.05.

HDL-c, high-density lipoprotein cholesterol; HOMA-IR, Homeostatic Model Assessment of Insulin Resistance; LDL-c, low-density lipoprotein
cholesterol; NAFLD, nonalcoholic fatty liver disease; OSA, obstructive sleep apnea; PCOS, polycystic ovary syndrome; PTC, pseudotumor

cerebri; TG, triglyceride.
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parents provided written informed consent before enroll-
ment (MOH_2018-06-10_002438).

Results

Study Population

The final study sample is displayed in Figure 1. Overall,
80 adolescents with obesity were assessed for eligibil-
ity. Five were excluded (1 due to chronic kidney disease,
1 due to celiac disease, and 3 due to regular consumption
of coffee), and 12 adolescent and their parents declined
to participate. Sixty-three adolescents were randomized
to the study, of whom 22 were assigned to the coffee
arm, 22 to the green tea arm, and 16 to the herbal tea
(control) arm. Twelve of them withdrew from the study
due to difficulty in maintaining dietary recommendations
regardless of their beverage assignment, and 3 were
excluded due to missing data, leaving 48 adolescents in
the final analysis: 18 in the coffee arm, 17 in the green
tea arm, and 13 in the placebo arm. The study cohort
consisted of 19 (39.6%) males and 29 (60.4%) females,
with a median (IQR) age of 13 (12-14) years at re-
cruitment. There were no significant group differences
in the parameters of age, sex, BMI, fat percentage, and
metabolic complications. There was a significant dif-
ference in the TG serum level between the placebo group
and the two other groups. The demographic and clinical
data of the patients are presented in Table 1

Table 2 shows the average of the participants’ self-
reported dietary intake before the nutritional interven-
tion and at the 3-month midpoint of the intervention. The
average preintervention caloric consumption was 1752+
388.43 kcal/day, of which 48% was derived from carbo-
hydrates, 20% from proteins, and 32% from fat. At the
3-month midpoint of the intervention, the average caloric
consumption was 1356.67+294.33 kcal/day, and it con-
sisted of 39% energy from carbohydrates, 25% from
proteins, and 35% from fat. All groups demonstrated sig-
nificant decrease in total calories and carbohydrates, with
no significant differences in energy and dietary intake
between the groups.

Effect of Tea or Coffee Consumption

on Weight Reduction

A significant decrease in the BMI was noted after 3 and
6 months of green tea consumption (from a BMI of 38.33
to 37.76 at 3 months and to 37.45 at 6 months, p=0.03).
A significant reduction was also noted in the BMI after 3
and 6 months of coffee consumption (from a BMI of 34.86
to 33.47 at 3 months and to 31.73 at 6 months, p=0.02),
accompanied by a significant reduction in fat percentage
(from 37.4% to 32.5%, p=0.02). There was no signifi-
cant weight reduction after herbal tea consumption (from
a BMI of 35.72 to 35.67 at 3 months and 35.92 at
6 months).
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Table 3. Comparison of Percent Changes from Baseline

Green tea Herbal tea (placebo) P
—1.51 (-5.36, 0.32) —0.14 (-1.93, 1.89) 0.003*
—4.64 (-5.55, -2.12) —0.22 (—0.45, 0.00) 0.002*
—2.90 (-3.23, —0.68) —-1.03 (-2.21, 0.71) 0.03*
—2.32 (-5.36, 0.49) 0.76 (—4.23, 8.17) 0.02%*
—2.43 (—4.91, —1.68) —6.21 (-7.43, -5.00) NS
-3.19 (-3.42, —-0.31) 0.51 (-0.54, 7.7¢) NS

Variable Coffee

3 Months BMI —4.58 (—6.24, —3.33)
Body fat —7.98 (-9.82, —4.37)
BMI percent of the —-3.09 (491, —1.78)
95th percentile

6 Months BMI —9.26 (-10.92, -2.77)
Body fat —13.64 (—15.46, —11.82)
BMI percent of the —5.02 (-11.38, —2.35)
95th percentile

Values are given as median (interquartile range); bold values denote statistical significance at p <0.05.

*Significant change between coffee and placebo.

*#Significant change between coffee and both green tea and placebo.

Comparison Between the Three Interventions

Table 3 and Figure 2 depict the percent change from
baseline in BMI and fat over 3 and 6 months of dietary
interventions. At 3 months, a significant advantage of
coffee consumption compared with placebo was docu-
mented in weight and fat reduction. The median change in
BMI was —4.58% (—6.24, —3.33) for the coffee group,
—1.51% (-5.36, 0.32) for the green tea group, and —0.14%
(—1.93, 1.89) for the herbal tea (control) group (p=0.003).
The weight reduction was accompanied by a significant
reduction in fat percentage in the coffee group compared
with placebo. The median change in fat was —7.98% in the
coffee group compared with —4.6% and —0.2% in the green
tea and placebo, respectively (p=0.002). The percent
change in BMI at 6 months compared with baseline dem-
onstrated a significant advantage for coffee compared with
both tea and control. The median change in BMI was

3 Months
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* ¥k

-9.26% (-10.9, -2.7) for the coffee group, —2.32% (-5.36,
0.49) for the green tea group, and 0.76 (—4.23, 8.17) for the
control group (p=0.02).

Discussion

We conducted a randomized clinical trial to evaluate the
addition of coffee, green tea, or herbal tea consumption to
standard dietary recommendations for weight loss among
adolescents with obesity. The results of this 6-month trial
demonstrated a significant decrease in the BMI Z score for
both coffee and green tea consumption compared with
placebo consumption. A comparison between the three
interventions revealed a significant advantage for coffee
over both tea and placebo.

Despite growing recognition of the problem, the obesity
epidemic continues to rise, and obesity rates are increasing

BMI Z-Score FAT Percentile

Figure 2. Change from baseline in BMI and body fat over 3 and 6 months of coffee, tea, and placebo interventions. *Significant change
between coffee and placebo. **Significant change between coffee and both green tea and placebo. Percentile, percent of the 95th percentile.
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worldwide.! The epidemic of obesity arose gradually over
time, apparently from a small consistent degree of positive
energy balance, which in itself may be very small but can
amount to several kilograms of fat over the course of
months to years.>> Moreover, any reduction of weight
elicits a physiological increase in hunger and a decrease in
energy expenditure.’* These changes lead to the common
phenomenon of weight regain with its accompanying
deleterious metabolic effects.>>-*?33 Therefore, any tool
that will help lower appetite or balance energy expenditure
may be beneficial in the process of weight loss over time.

Both caffeine (found in both coffee and tea) and cate-
chins (found in green tea) have been suggested as being
capable of eliciting an increase in diet-induced thermo-
genesis, fat oxidation (and thereby daily energy expendi-
ture), and increased satiety.” 2!

Interestingly, Gavrieli et al.’s study on 33 adults (16
normal weight and 17 obese) who consumed a standard
breakfast along with 200mL of either coffee (with 3 or
6mg caffeine/kg body weight) or water demonstrated
lower energy intake after the high-dose caffeine con-
sumption only in the overweight/obese individuals.** EGCG
was also found to control appetite and to decrease volun-
tary food intake, feeding frequency, and meal size in high-
fat diet-fed mice by regulating the expression of key
appetite-related neuropeptide genes and key circadian
genes in the hypothalamus.*> The caffeine group in our
human study consumed 160 mg of caffeine daily, whereas
the green tea group consumed 252 mg of catechins and
96 mg of caffeine. Although all the groups demonstrated
reductions in energy and carbohydrates intake, no signifi-
cant differences in those parameters were noted between
the groups. As such, the significant weight loss that was
demonstrated in the green tea and caffeine groups may be
related to an increase in energy expenditure and not to
energy intake. The significant decrease in fat mass that was
demonstrated in the coffee group may imply the involve-
ment of fat oxidation in the increase in energy expenditure.

Of note, although a large body of evidence demonstrated
antiobesity properties for tea or coffee consumption, those
studies varied both in the dose of caffeine, catechins, or
their combinations, as well as in the volume of the treat-
ment beverages. Such large discrepancies between the
studies precluded our discerning any clear pattern of dose
response. In the present study, both coffee and tea con-
sumption showed significant effects on weight reduction in
an adolescent population. A comparison between the three
interventions revealed a significant advantage for coffee
over tea and placebo, which may imply that the effect of a
higher dose of caffeine is more beneficial the addition of
tea catechins. Similarly, Gavrieli et al. also demonstrated
an advantage for a higher dose of caffeine intake (6 mg/kg
body weight) compared with a lower dose (3 mg/kg body
weight) in reducing energy intake.** Westerterp-Plantenga
et al. examined the effect of a green tea: caffeine mixture
on weight maintenance after body weight loss in adults
with obesity and observed that green tea reduced body
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weight and increased energy expenditure among individuals
with habitual low caffeine intake. However, no added value
was demonstrated with the consumption of the mixture
among individuals with habitual high caffeine intake.'”

A large body of evidence suggests that consumption of
caffeinated coffee does not increase the risk of cardio-
vascular diseases and cancers as had been believed in the
past.!63637 Moreover, the daily consumption of three to
five standard cups of coffee has been consistently associ-
ated with numerous health benefits for adults, such as de-
creased risk of heart disease, lower levels of inflammation
and endothelial dysfunction, reduced incidence of diabe-
tes, and improved mental health and well-being.>¥ ! In the
present study, we used a total amount of 3.0 mg/kg of body
weight, which had been described as safe for children and
adolescents,'® and no adverse events, including sleep dis-
turbance, were noted throughout the study period.

As far as we know this is the first study to assess the
effect of tea and caffeine consumption in adolescents with
obesity and to suggest that coffee can be introduced to
them as a means of maintaining weight loss over time. The
strengths of this study include its randomized design and
the inclusion of a body composition analysis. The limita-
tions of the study are its small sample size and reliance
upon self-reporting for dietary assessment, recognizing the
well-documented potential biases associated with recall
and social acceptability. Moreover, our results may be
influenced by other biologically active ingredients that are
found in coffee, such as chlorogenic acid and lignans,
that were also shown to modulate glucose and fat metab-
olism,*' and by artificial sweeteners that were used to
increase adherence, that was demonstrated to increase
adiposity.** Therefore, any research findings for coffee
and other dietary sources of caffeine should be interpreted
with some caution since effects may not be due solely to
caffeine.

In conclusion, the findings of the present study demon-
strated that the consumption of caffeine or green tea in the
context of a weight-reducing diet may have a small but
beneficial effect on body weight reduction among adoles-
cents with obesity. Future larger scale investigations to
test feasibility and effectiveness over the long term are
warranted.
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