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Purpose: A bulk of observational studies have revealed the protective role of
green tea supplementation in cardiovascular diseases. The current systematic
review and meta-analysis study aimed to establish the effects of green tea
supplementation on cardiovascular risk factors including lipid profile, blood
pressure, glycemic control markers and CRP.

Methods: A systematic literature search of randomized clinical trials (RCTs)
that investigated the effects of green tea supplementation and cardiovascular
risk factors was undertaken in online databases including PubMed/Medline,
Scopus, Web of Science, and Embase using a combination of green tea
and cardiovascular risk factors search terms. Meta-analyses were carried
out using a random-effects model. The 12 index was used to assess the
heterogeneity of RCTs.

Results: Among the initial 11,286 studies that were identified from electronic
databases search, 55 eligible RCTs with 63 effect sizes were eligible. Results
from the random effects meta-analysis showed that GTE supplementation
significantly reduced TC (WMD = —7.62; 95% CI: —10.51, —4.73; P = < 0.001),
LDL-C (WMD = —5.80; 95% ClI: —8.30, —3.30; P = < 0.001), FBS (WMD = —1.67;
95% Cl: —2.58, —0.75; P = < 0.001), HbAlc (WMD = —0.15; 95% CI: —0.26,
—0.04; P = 0.008), DBP (WMD = —0.87; 95% CI: —1.45, —0.29; P = 0.003),

01 frontiersin.org


https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://doi.org/10.3389/fnut.2022.1084455
http://crossmark.crossref.org/dialog/?doi=10.3389/fnut.2022.1084455&domain=pdf&date_stamp=2023-01-10
https://doi.org/10.3389/fnut.2022.1084455
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fnut.2022.1084455/full
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Zamani et al.

10.3389/fnut.2022.1084455

while increasing HDL-C (WMD = 1.85; 95% Cl: 0.87, 2.84; P = 0.010). Subgroup
analyses based on the duration of supplementation (> 12 vs. < 12 weeks),
dose of green tea extract (GTE) (>1,000 vs. < 1,000 mg/d), sex (male, female,
and both), baseline serum levels of lipid profile, and glycemic control factors
demonstrated different results for some risk factors.

Conclusion: The current study suggests improvements in the lipid and
glycemic profiles following green tea supplementation. These findings
support previous evidence showing the health benefits of green tea
supplementation on cardiometabolic risk factors.

green tea supplementation, cardiovascular risk factors, systematic review, meta-

analysis, lipid profile, glycemic control, blood pressure

Introduction

Many people have considered green tea as a drink with
health-promotion properties ranging from weight management
to cancer prevention (1). Green tea extract (GTE) is a dietary
supplement derived from Camellia sinensis leaves (2). To stop
the fermentation process which reduces the polyphenols content
of tea, freshly green tea leaves are steamed immediately upon
harvest (3). The fact that GTE contains a large number of
concentrated components, including non-oxidized polyphenols,
vitamins, and antioxidants, is the basis for their current rise
in popularity. The major phenolic compounds found in green
tea are flavonoids accounting for nearly 70% of its total
polyphenols (4). Catechins and their derivatives especially
epigallocatechin-3-gallate (EGCG) are the most abundant
flavonoids in green tea which are responsible for potential
preventive effects of green tea on oxidative stress-caused
diseases such as cancer, cardiovascular and neurodegenerative
diseases (5).

Globally, cardiovascular diseases (CVD) continue to be
the leading cause of death (6). Observational studies have
suggested the primary preventive role of green tea against
CVD such as stroke, coronary heart disease, and coronary
atherosclerosis (7-9). In this regard, results from a large cohort
study showed that daily consumption of 2 cups of green
tea was associated with a 22-33% reduction in CVD-cause
mortality among the Japanese population (10). Accumulating
evidence has examined the effects of green tea products
on traditional and novel cardiovascular risk factors such
as hypertension, lipid disorders, diabetes, oxidative stress,
endothelial dysfunction, and inflammation (11). Among lifestyle
modification strategies for controlling CVD risk factors, regular
consumption of functional foods rich in antioxidants and
polyphenols such as coffee (12), dark chocolate (13), nuts
(14) and green tea (12) have been proposed to promote
cardiometabolic risk factors.
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Although many factors play a pathogenic role, increased
oxidative stress is a common potential cause of various CVD
(15). The bulk of evidence has shown that the cardio-protective
activity of green tea is mainly attributed to the antioxidant
properties of its catechins which act by inducing anti-oxidant
enzymes, inhibiting pro-oxidant enzymes, and scavenging free
radicals (16, 17). In line with animal studies where green
tea catechins had lowering effects on cholesterol (18, 19),
the administration of green tea catechins has been reported
to reduce total cholesterol (TC) and low-density lipoprotein
(LDL) in human clinical trial studies (20). Although the exact
mechanism of action of green tea to reduce cholesterol is
not fully understood, an increase in thermogenesis, enhance
gene expression of enzymes involved in bile acid production
and appetite suppression has been proposed as potential
mechanisms (21). Also, the supplementation with GTE with a
high amount of catechins exerted favorable effects on glycemic
control (22) and blood pressure (23). However, inconsistency
between the results of recent studies has been identified
regarding the effects of green tea supplementation on some
CVD risk factors. For instance, 3-week high doses of green
tea polyphenols supplementation failed to improve CVD risk
factors except for TC: high-density lipoprotein (HDL) ratio
among healthy men (24). Likewise, Mousavi et al. (25) did not
report a significant reduction in TG, triglyceride (TG), LDL, or
glycemic control markers in diabetic patients following the 8-
week drinking of four cups of green tea compared to the control
group. Owing to this consistency across clinical trial studies,
the main objective of this systematic review and meta-analysis
was to summarize the effects of green tea supplementation
on cardiovascular risk factors including glycemic control
markers (fasting blood sugar (FBS), hemoglobin A1C (HbAlc),
homeostatic model assessment for insulin resistance (HOMA-
IR), fasting insulin), blood pressure (systolic blood pressure
[SBP] and diastolic blood pressure [DBP]) lipid profile (TG, TC,
LDL, HDL) and C-reactive protein (CRP).
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Materials and methods

Search strategy

Guidelines of the Preferred Reporting Items for Systematic
Reviews and Meta-analysis (PRISMA) were considered in the
current review. Data were searched in PubMed/MEDLINE,
Scopus, Web of Science, and Cochrane library from inception
up to 27 August 2022 for all relevant published articles. The
search was applied using the following MESH and non-MESH
terms: (“green tea” OR “green tea extract” OR “catechin”
OR “catechins” OR “Camellia sinensis” OR “Thea sinensis”)
AND (Intervention OR “Intervention Study” OR “Intervention
Studies” OR “controlled trial” OR randomized OR randomized
OR random OR randomly OR placebo OR “clinical trial” OR
Trial OR “randomized controlled trial” OR “randomized clinical
trial” OR RCT OR blinded OR “double blind” OR “double
blinded” OR trial OR “clinical trial” OR trials OR “Pragmatic
Clinical Trial” OR “Cross-Over Studies” OR “Cross-Over” OR
“Cross-Over Study” OR parallel OR “parallel study” OR “parallel
trial”) (Supplementary File 1). No restriction was considered on
time and language of publications. Reference lists of the related
papers were also manually checked to prevent missing any
pertinent papers. In addition, duplicate citations were removed
after including all searched articles in the Endnote software.

Inclusion criteria and exclusion criteria

The inclusion criteria for the present review are listed as
follows: (a) randomized clinical trials (RCT) (either parallel
or cross-over design), (b) investigations on adult population
(age > 18y), (c) studies that administered any types of green
tea supplement, (d) clinical trials with at least one week’s of
the follow-up period, and (e) articles that provided sufficient
information on the baseline and final levels of cardiovascular
risk factors or represented required information for calculation
of those effect sizes. In the case of more than one published
article for one dataset, we included the most complete one.
If there were clinical studies with an extra intervention
group, we considered them as two separate investigations. The
following criteria were also considered to exclude studies: (a)
experimental, (b) those studies with a cohort, cross-sectional,
and case-control design, (c) review articles, (d) ecological
investigations, (e) clinical trials with no random allocation and
no control group, and (f) investigations carried out on children
and adolescents.

Data extraction

Data extraction including author’s name, publication year
and the country where the study was performed, participants’
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health condition, age, sex, body mass index (BMI), study
design (parallel/cross-over), number of contributors in each
study group, dose, and duration of prune administration,
post-intervention mean and standard deviation (SD) of
cardiovascular risk factors in both prune and control groups,
post-intervention mean (SD) changes in cardiovascular risk
factors in both study groups, and confounders adjusted in the
analysis was completed by two researchers independently. If
standard errors (SEs) or interquartile ranges were reported, we
converted them to SDs. In addition, a chief researcher settled
any controversies.

Quality assessment

We systematically evaluated the bias in the included trials
by using the Cochrane Collaboration’s tool risk of bias criteria
(26). Two independent investigators assessed the quality details
of the studies in seven domains including random sequence
generation, allocation concealment, reporting bias, performance
bias, detection bias, attrition bias, and other sources of bias based
on the Cochrane Handbook for Systematic Reviews. To assess
each domain, the terms “Low”, “High”, or “Unclear” was applied
(Table 2).

Statistical analysis

The overall effect sizes were computed as mean differences
and SDs of glycemic markers and CRP between prune and
control groups. All data were inserted as means % SD. It should
be noted that in studies where findings have been reported
as SEs and interquartile ranges, means £ SD was calculated
by statistical computations. The effect sizes were indicated
as standardized mean difference (SMD) and 95% confidence
interval (CI). The random-effects model considering between-
study variations was chosen to acquire the overall effect sizes.
Heterogeneity between studies was evaluated by I-square (I?)
index and I> > 50% was assumed as considerable between-
study heterogeneity (27). Subgroup analysis was performed
to find any probable sources of heterogeneity based on the
predefined variables including duration of supplementation
(> 12 wvs. < 12 weeks), the dose of GTE (> 1,000
vs. < 1,000 mg/d), sex (male, female, and both), baseline TG
(> 150 vs. < 150 mg/dl), TC (> 200 vs. < 200 mg/dl), LDL
100 vs. < 100 mg/dl), HDL (> 50 vs. < 50 mg/dl), FBS
100 vs. < 100 mg/dl), and HbAlc (> 6.5 vs. < 6.5%),
past medical history of type 2 diabetes mellitus (T2DM; Non-
T2DM patients and T2DM patients), and baseline values of BMI
(normal, overweight, and obese), DBP (> 80 vs. < 80 mmHg)

(=
(=

and SBP (> 130 vs. < 130 mmHg). Fractional polynomial
modeling was applied to detect the non-linear effects of green tea
dosage (g/d) on each variable level. We performed a sensitivity
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analysis to identify the impact of one single study removal on
the overall effect size. Publication bias evaluation was carried
out through visual inspection of funnel plot for each variable
and statistical tests including Begg’s adjusted rank correlation
and Egger’s regression asymmetry tests (28, 29). All statistical
analysis was accomplished by STATA®version 14.0 (StataCorp,
College Station, Lakeway, TX, USA) and P-value less than 0.05
was assumed statistically significant.

Certainty assessment

We graded the overall certainty of evidence across the
studies based on the guidelines of the GRADE (Grading of
Recommendations Assessment, Development, and Evaluation)
Working Group. According to the corresponding evaluation
criteria, four categories of high, moderate, low, and very low
represented the quality of evidence.

Results

Study selection

As disclosed in Figure 1, our initial search found a total of
11,286 relevant papers, of which 68 remained after duplicates
removing (n = 3,529), and a wide range of screening of the
titles and abstracts (n = 7,689). The entire of suitable articles
were carefully checked and 13 irrelevant studies were excluded.
Finally, 55 eligible clinical trials with 63 effect sizes were
included in the present quantitative review based on the research
topic.

Characteristics of the included studies

Table 1 represented the characteristics of all included
studies. Overall, clinical trials with a total of 4,874 participants
were included (2,487 participants in the green tea group and
2,387 in the placebo group), participants’ mean age ranged
between 18 and 68.7 years, and the period of intervention ranged
between two to 48 weeks. Some of the studies enrolled only
males or females and some of them included both genders.
In addition, participants with various health conditions were
enrolled in included clinical trials. Twenty-nine studies involved
healthy participants (24, 30-58), 15 recruited diabetic patients
(59-72), two enrolled patients with hypercholesterolemia (73,
74), two included polycystic ovarian syndrome (PCOS) patients
(75, 76), two recruited obese patients with hypertension (77,
78), three recruited patients with liver disorders (79-81), one
involved obese patients with metabolic syndrome (82), and
another study investigated the effect of GTE supplementation on
patients with chronic stable angina (83). In addition, mentioned

Frontiers in Nutrition

04

10.3389/fnut.2022.1084455

clinical trials were executed in different countries including
Australia, USA, Iran, Brazil, UK, China, Spain, Japan, Taiwan,
Lithuania, Poland, Netherlands, Finland, Pakistan, and Mexico.

Meta-analysis results

Effects of green tea supplementation on TG
green tea supplementation had a non-significant effect on
TG (WMD = —5.31; 95% CI: —12.32, 1.68; P = 0.137) based
on our analysis of 40 arms of clinical trials (Figure 2A).
Moreover, remarkable heterogeneity was observed between
studies (P = < 0.001, I2 = 89.0%). Subgroup analysis was carried
out according to the duration and dosage of supplementation,
baseline values of BMI and TG, past medical history of T2DM,
and sex (Table 3). The findings of subgroup analysis suggested
that green tea supplementation contributed to a significant
reduction in TG if both males and females were included and
the duration of intervention was more than 12 weeks. However,
there was no significant effect of green tea supplementation on
TG after subgroup analysis by a dose of intervention, baseline
values of BMI and TG, past medical history of T2DM, and sex.

Effects of green tea supplementation on TC

The effect of green tea supplementation on TC was
examined in 36 arms of clinical trials. Pooled mean difference
from the inverse variance method demonstrated a significant
decrease in TC (WMD = —-7.62; 95% CI: —10.51, —4.73;
P = < 0.001) (Figure 2B). In addition, considerable between-
study heterogeneity was disclosed (P = < 0.001, I> = 90.9%).
Subgroup analysis was accomplished based on duration and
dosage of supplementation, baseline values of BMI and TC,
past medical history of T2DM, and sex (Table 3). According
to the results of subgroup analysis, green tea supplementation
significantly decreased TC when females or both males and
females were included, the dosage of supplementation was less
than 1,000 mg/d, the baseline BMI was between 25-29.9 kg.m_z,
and the baseline value of TC was more than 200 mg/dl.

Effects of green tea supplementation on LDL

The overall finding of our meta-analysis on 34 arms of
clinical trials demonstrated that green tea supplementation
had a significant decreasing effect on LDL (WMD = —5.80;
95% CI. —830, —3.30; P = < 0.001) (Figure 2C). In
addition, considerable between-study heterogeneity was found
(P < 0.001, I = 90.5%). Subgroup analysis was performed
according to the duration and dosage of supplementation,
baseline values of BMI and LDL, past medical history of T2DM,
and sex (Table 3). The findings of subgroup analysis suggested
that green tea supplementation contributed to a significant
reduction in LDL if males or both males and females were
included, the baseline BMI was between 25-29.9 kg.m~2 and
participants were not affected by T2DM.
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FIGURE 1

Flow chart of study selection for inclusion trials in the systematic review.

Effects of green tea supplementation on HDL

The overall finding of our meta-analysis on 34 arms
of clinical trials exhibited that green tea supplementation
significantly increased HDL (WMD = 1.85; 95% CI: 0.87,
2.84; P = 0.010) (Figure 2D). Also, there was heterogeneity
among studies (P = < 0.001, I = 94.4%). Subgroup analysis
was performed according to the duration and dosage of
supplementation, baseline values of BMI and HDL, past medical
history of T2DM, and sex (Table 3). The results of subgroup
analysis revealed a significant elevation in HDL if females were
included, the baseline BMI was lower more than 30 kg.m_z,
there was no past medical history of T2DM, the duration
of intervention was more than 12 weeks, the dosage of
supplementation was less than 1000 mg/d, and baseline values
of HDL were more than 50 mg/dl.

Effects of green tea supplementation on FBS

Combining effect sizes from 44 arms of clinical trials
significantly decreased FBS after green tea supplementation
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(WMD = —167; 95% CL —2.58, —0.75 P = < 0.001)
(Figure 2E). In addition, considerable heterogeneity was
found among studies (P = < 0.001, I> = 72.2%). Subgroup
analysis was conducted based on the duration and dosage
of supplementation, baseline values of BMI and FBS, past
medical history of T2DM, and sex (Table 3). The findings
of subgroup analysis indicated a significant decrease in
FBS when the baseline BMI of participants was between
25-29.9 kg.m_z, female or both male and female were
included, the than
12 weeks, the dosage of supplementation was less than
1000 mg/d, and baseline values of FBS were less than
100 mg/dl.

duration of intervention was more

Effects of green tea supplementation on HbAlc

Our preliminary analysis on 17 arms of clinical trials
proposed a significant decrease in HbAlc following green
tea supplementation (WMD = —0.15; 95% CIL: —0.26, —0.04;
P = 0.008) (Figure 2G). Also, there was heterogeneity
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TABLE 1 Characteristics of the included studies.

Studies Country Participant Sex |Sample size Trial Means age Means BMI Intervention
i duration (Year) (kg/m?)
(Week)
(€] CG (€] CG (€ CG GT type GT dose |EGCG dose
(mg/day) | (mg/day)

Freese et al. (52) Finland DB/R/PL Healthy females 32.8 34.3 223 22.8 GTE 3000
Maron et al. (74) China DB/R/PL Subjects with mild to F/M 114 106 8 54.4 55 24 24.4 capsule containing 375

moderate theaflavin-enriched

hypercholesterolemia GTE
Kovacs et al. (36) Netherlands RCT Overweight and F/IM 70 34 13 18-60 18-60 25-35 25-35 GTE 2700 323

moderately obese male

and female subjects
Fukino et al. (59) Japan RCT T2DM patients F/IM 33 33 8 53.5 53.5 25.5 259 mixture of GTE and 544

green tea powder

Westerterp- Netherlands DB/R/PL Overweight and F/M 19 19 13 18-60 18-61 29.6 29.5 GT caffeine mixture 270 270
Plantenga et al. (51) moderately obese
(A) subjects
Westerterp- Netherlands DB/R/PL Overweight and F/M 19 19 13 18-60 18-61 29.6 29.5 GT caffeine mixture 271 271
Plantenga et al. (51) moderately obese
(B) subjects
Chan et al. (75) China RCT Obese patients with F 17 17 12 34.8 34.8 30.9 30.9 GTE 540 540

PCOS
Diepvens et al. (33) Netherlands DB/R/PL Overweight female F 23 23 8 41.7 41.6 27.7 27.7 GTE 310

subjects
Hill et al. (26) Australia RCT Overweight or obese F 19 19 12 45-70 45-70 25-39.9 | 25-39.9 EGCG 300 300

postmenopausal women
Nagao et al. (40) Japan DB/R/PL ‘Women and men with F/M 123 117 12 41.7 41.7 26.8 26.8 GTE 583

visceral fat-type obesity
Fukino et al. (60) Japan RCT/cross-over | T2DM patients F/M 60 60 8 53.9 534 254 26 mixture of GTE and 544

GT powder

Hsu et al. (34) Taiwan DB/R/PL Obese women F 41 37 12 43 43.9 31.2 30.5 GTE 1200
Brown et al. (30) UK DB/R/PL Overweight or obese M 46 42 8 52.15 50.57 31.21 30.96 EGCG 800 800

male subjects
Nagao et al. (61) Japan DB/R T2DM patients F/M 23 20 12 64.9 62.8 NA NA mixture of GTE and 582.8

brewed green tea
Hursel and Netherlands DB/R/PL Overweight and F/M 40 40 13 44 44 29.6 29.6 GT caffeine mixture 270 270
Westerterp- moderately obese
Plantenga, (50) subjects
(A)
(Continued)
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TABLE 1 (Continued)

Studies Country Study Participant Sample size Trial Means age Means BMI Intervention
design duration (Year) (kg/m?)
(WWEEL

IG | CG IG | CG | IG | CG | GTtype | GTdose |EGCG dose’ EGCG dose

Hursel and Netherlands DB/R/PL Overweight and GT- caffeme mixture 271 271
Westerterp- moderately obese
Plantenga, (50) subjects
(B)
Frank et al. (24) UK RCT Healthy men M 17 16 3 41 40 26.7 25.4 GTE 2304
Nantz et al. (49) USA DB/R/PL Healthy adult F/IM 61 63 3 289 30 25.4 243 decaffeinated GTE 400
Mohammadi et al. Iran DB/R/PL T2DM patients F/M 29 29 8 55.14 55.14 28.64 29.37 GTE 1500
(62)
Sone et al. (44) Japan RCT Those who participated F/M 25 26 9 43.2 48.2 24.6 24.5 catechin-enriched 400
in a weight loss program GT
at Sendai Health
Promotion Center
Hsu etal. (63) Taiwan DB/R/PL T2DM patients F/M 35 33 16 50.5 52.2 NA NA Decaffeinated GTE 1500 856.8
Brown et al. (31) UK DB/R/PL Overweight and obese M 67 70 6 49.5 49.4 317 314 GTE 1060 800
cross-over | men
Basu et al. (82) USA SB/R/PL Obese subjects with F/IM 10 12 8 39.5 44.6 36.1 36.1 GTE 500 250
metabolic syndrome
Bogdanski et al. (77) Poland DB/R/PL Obese, hypertensive F/M 28 28 12 429 51.5 325 339 GTE 379 208
patients
Suliburska et al. (41) Poland DB/R/PL Obese Patients F/M 23 23 12 48.56 52.26 32.7 33.45 GTE 379 208
Wuetal. (43) (A) USA DB/R/PL Healthy postmenopausal F 37 16 8 59.6 57.7 29.9 29.1 GTE 400
women
Wu etal. (43) (B) USA DB/R/PL Healthy postmenopausal F 34 16 8 62 57.7 28 29.1 GTE 800
women
Miyazaki et al. (39) Japan RCT Active older people F/M 25 25 14 68.7 68.7 223 23 GTE 630.9 228
Fukuzawa et al. (79) Japan RCT NASH patients F/M 26 12 24 539 48.4 30.3 30.2 GTE 750 315.6
Lasaite et al. (64) Lithuania DB/R/PL T2DM patients F/IM 17 14 36 57.2 56.8 NA NA GTE 400
Mielgo-Ayuso et al. Spain DB/R/PL Obese women F 43 40 12 19-49 19-49 33.7 343 GTE 300 300
(38)
(Continued)
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TABLE1 (Continued)

Studies Country Study Participant Sex |Sample size Trial Means age Means BMI Intervention
design duration (Year) (kg/m?)
(Week)

[€] CG [€] CG [€ CG GT type GT dose |EGCG dose
(mg/day) | (mg/day)

Liu et al. (65) Taiwan DB/R/PL T2DM patients 55.06 53.56 26.2 26.4 decaffeinated GTE 500 856.8
Mirzaei et al. (72) Iran DB/R/PL T2DM patients F/M 26 46 8 54.56 54.56 30.5 29.78 GTE 1500
Chen et al. (32) Taiwan DB/R/PL Women with central F 39 38 12 44.1 44.9 31 30 GTE 500 856.8
obesity
Dostal et al. (45) USA DB/R/PL Overweight and obese F 117 120 48 60.9 60.6 28.5 27.9 GTE 1315 843
postmenopausal women
Dostal et al. (46) USA DB/R/PL Overweight and obese F 61 60 48 60.7 60 279 27.6 GTE 1315 843
postmenopausal women
Borges et al. (66) Brazil DB/R/PL T2DM patients F/M 23 24 12 63 59 30.6 32.7 GTE 800 800
Lee et al. (83) China DB/R/PL Patients with chronic F/IM 38 39 6 62.6 61.5 25.3 259 GTE 750
stable angina
Lu and Hsu, (37) Taiwan DB/R/PL Post-adolescent women F 33 31 4 28 30.2 20.7 21.7 decaffeinated GTE 1500 858.6
Samavat et al. (53) USA DB/R/PL Postmenopausal women F 463 473 48 60.02 59.65 25.16 25.01 GTE 1315 843
Nogueira et al. (78) Brazil DB/R/PL Obese prehypertensive F 20 20 4 41.1 41.1 33.56 33.56 GTE 1500
cross-over | 'women
Mombaini et al. (76) Iran DB/R/PL Women with PCOS F 22 23 6 23.22 24.17 28.96 289 GT 500
cross-over
Kafeshani et al. (47) Iran DB/R/PL Healthy adult men M 16 16 6 20.94 21.19 22.6 22.82 GTE 450
Tabatabaee et al. Iran DB/R/PL Non-alcoholic fatty liver | F/M 21 24 12 41 39.5 NA NA GT 550
(80) disease
Rostamian et al. Iran RCT Sedentary F 14 14 2 54 54 28.8 28.8 GTE 1200
(55) postmenopausal women
Hussain et al. (81) Pakistan RCT Non-alcoholic fatty liver F/M 40 40 12 25 28 29.5 28.6 GTE 1000
disease
de Amorim et al. Brazil DB/R/PL T2DM patients F/M 16 19 20 > 18 >18 NA NA green tea extract 1120 > 97% pure
(70) years old | years old EGCG
Amozadeh et al. Iran RCT Overweight and obese F 13 13 8 28.14 27.12 33.44 32.7 GTE 100
(54) females

(Continued)
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TABLE 1 (Continued)

Studies Country Study Participant Sex |Sample size Trial Means age Means BMI Intervention
design duration (Year) (kg/m?)
(Week)

(€] (e(€] (€] GT type T dose |EGCG dose
(mg/day) | (mg/day)

Tadayon et al. (42) Iran DB/R/PL Postmenopausal women F 39 40 53.7 52.9 26.9 30.1 GTE 800

Zandi Dareh Iran RCT T2DM patients F 12 10 10 50.66 55.9 32.6 34.61 GTE 1500

Gharibi et al. (67)

Hosseini et al. (71) Iran DB/R/PL T2DM patients F/M 20 10 8 52.25 55.25 29.48 28.35 EGCG 300 300

(A)

Hosseini et al. (71) Iran DB/R/PL T2DM patients F/IM 20 10 8 53.6 55.25 29.59 28.35 EGCG 300 300

(B)

Maeda-Yamamoto Japan DB/R/PL Healthy adults F/M 38 37 12 49.8 48.5 239 23.3 GTE 322.2 322.2

etal. (48) (A)

Maeda-Yamamoto Japan DB/R/PL Healthy adults F/M 39 37 12 49.5 48.5 233 233 GTE 323.6 323.6

etal. (48) (B)

Huang et al. (73) Taiwan DB/R/PL Overweight and obese F 36 37 6 53.1 56.8 29.1 27.9 GTE 856.8 856.8

cross-over women with high levels

of LDL-C

Azizbeigi et al. (129) Iran RCT Obese men M 10 10 8 23.9 22.8 31.8 30.8 GTE 500

Sobhani et al. (68) Iran DB/R/PL T2DM patients F 11 11 8 62.52 60.82 26.82 26.88 GT 1500

(A)

Sobhani et al. (68) Iran DB/R/PL T2DM patients F 11 11 8 60.91 62.75 27.7 27.6 GT + excercise 1500

(B)

Quezada-Fernandez Mexico DB/R/PL T2DM patients F/M 10 10 12 50.2 56.1 29.8 30.4 Decaffeinated GTE 400

etal. (69)

Bagheri et al. (57) Iran DB/R/PL Overweight middle-aged M 15 15 8 44.6 43.8 27.3 27.2 GTE 500 45%
men

Bagheri et al. (58) Iran DB/R/PL Overweight female F 10 10 8 37.6 39.5 27.49 26.7 GTE 500 45%

Zhang et al. (56) Japan DB/R/PL Overweight and obese M 12 12 12 42.5 37.2 284 27.7 GTE 300 300
men

Bazyar et al. (130) Iran DB/R/PL T2DM patients F/M 22 22 8 51.75 52.61 29.46 29.28 GTE 60

R, randomized; PL, placebo-controlled; DB, double blind; RCT, randomized clinical trials; M, male; F, female; IG, intervention group; CG, control group; NA, not available; BMI, body mass index; GT, green tea; GTE, green tea extract, T2DM, type 2
diabetes mellitus; LDL-C, low-density cholesterol; PCOS, polycystic ovarian syndrome; NASH, non-alcoholic steatohepatitis; EGCG, epigallocatechin gallate.
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TABLE 2 Risk of bias assessment.

10.3389/fnut.2022.1084455

Studies Random Allocation | Selective Blinding Blinding |Incomplete| *General
sequence | concealment | reporting | sources of | (participants | (outcome | outcome | risk of bias
generation and assessment) data
personnel)

Freese et al. (52) L L H L L U L L
Maron et al. (74) L L L L L U L L
Kovacs et al. (36) L L H L 19] U L L
Fukino et al. (59) U U H H U U L U
Westerterp- 1) U H H L 18] H U
Plantenga et al.

(51) (A)

Westerterp- U U H H 18 H U
Plantenga et al.

(51) (B)

Chan et al. (75) U H L U U L L
Diepvens et al. U U H L L U L U
(33)

Hill et al. (35) U L H L U U L U
Nagao et al. (40) L L H L L L L L
Fukino et al. (60) 18] U H L H H L U
Hsu etal. (34) L L H L L U L L
Brown et al. (30) L L H L L U L L
Nagao et al. (61) U L H L L U L 19)
Hursel and U L H L L 1) L U
Westerterp-

Plantenga, (50)

(A)

Hursel et al. (50) 1§) L H L L U L U
(B)

Frank et al. (24) L L H H L U L
Nantz et al. (49) U H H L H U
Mohammadi U L H L L U L U
etal. (62)

Sone et al. (44) L L H L L U L L
Hsu etal. (63) L L H H L U L L
Brown et al. (31) L L H L L U H L
Basu et al. (82) L L H H H U H L
Bogdanski et al. L L H H L U L L
(77)

Suliburska et al. L U H H L U H L
(41)

Wuetal. (43) (A) L L L U L L
Wuetal. (43) (B) L L H H U L L
Miyazaki et al. L U H U U L L
(39)

Fukuzawa et al. L U H H U U H L
(79)

Lasaite et al. (64) U L H L U L U
Mielgo-Ayuso L H L L L
etal. (38)

Liu etal. (65) L H H L L U
Mirzaei et al. (72) U U H H L U L U
Chen et al. (32) L H L L L

(Continued)
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TABLE 2 (Continued)

Studies Random Allocation | Selective Other Blinding Blinding |Incomplete| *General
sequence | concealment | reporting | sources of | (participants | (outcome | outcome | risk of bias
generation bias and assessment) data

personnel)

Dostal et al. (45) L L H L L U L L

Dostal et al. (46) L L H L L U L L

Borges et al. (66) L L H H L U H L

Leeetal. (83) L L H L L U H L

Lu and Hsu, (37) L L H H L H L L

Samavat et al. L L H L L L H L

(53)

Nogueira et al. L U H H L U H L

(78)

Mombaini et al. U U H L L U L U

(76)

Kafeshani et al. U L H L L U H U

(47)

Tabatabaee et al. L U H H L U L L

(80)

Rostamian and U U H H U U L U

Bijeh, (55)

Hussain et al. L U H H H H H L

(81)

de Amorim et al. L L H L L L L L

(70)

Amozadeh et al. U L H L H U L 1)

(54)

Tadayon et al. L H H H L U H L

(42)

Zandi Dareh U U H H H U L U

Gharibi et al. (67)

Hosseini et al. L L H L L U L L

(71) (A)

Hosseini et al. L L H L L U L L

(71) (B)

Maeda- L L H H L L H L

Yamamoto et al.

(48) (A)

Maeda- L L H H L L H L

Yamamoto et al.

(48) (B)

Huang et al. (73) L L H H L U L

Azizbeigi et al. U U H L U U H 1)

(129)

Sobhani et al. L L H L L U L L

(68) (A)

Sobhani et al. L L H L L U L L

(68) (B)

Quezada- L L L H L U L L

Fernandez et al.

(69)

Bagheri et al. (57) U L H L L 19) L U

Bagheri et al. (58) U L H L L 19] L U

Zhang et al. (56) L L H H L 19) H L

Bazyar et al. L U H L L U L L

(130)

L, low risk of bias; H, high risk of bias; U, unclear risk of bias.
*General low risk < 2 high risk, General moderate risk = 2 high risk, General high risk > 2 high risk.
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A % Duration Dose
Author Effect (95% CI) Weight (week) (mg/d)
Freese ct al. 1999 - 0.01 (-11.41, 11.39) 325 4 3000
Maron et al. 2003 — -4.89 (-17.96, 8.19) 3.16 8 375
Kovacs et al. 2004 *> 58.41 (-84.23,201.05) 022 13 2700
Westerterp-Plantenga et al. 2005 (A) —_— -30.09 (-53.49, -6.69) 253 13 270
‘Westerterp-Plantenga et al. 2005 (B) —+'— -5.40 (-26.72, 15.92) 2.66 = 27
Chan ct al. 2006 — -4.35 (-15.80, 7.10) 325 12 540
Diepvens et al. 2006 — -10.21 (-24.58, 4.15) 3.09 3 310
Nagao et al. 2007 : —— 16.82 (145, 32.19) 3.03 12 583
Fukino et al. 2008 - 36.88 (-11.91, 85.67) 1.28 8 544
Hsu et al. 2008 | [ p—— 26.90 (0.92, 52.88) 237 12 1200
Brown et al. 2008 ! - 25.22 (20.58, 29.86) 3.51 8 800
Nagao et al. 2009 - : -17.00 (-24.09,-9.91) 3.43 12 582.8
Hursel et al. 2009 (A) —— 0.00 (-12.27, 12.27) 320 13 270
Hursel ct al. 2009 (B) —— -0.01 (-12.28, 12.26) 320 13 271
Frank et al. 2009 —.+— -12.39 (-36.18, 11.40) 251 3 2304
Mohammadi et al. 2010 —_— -3.52 (-27.66, 20.62) 248 8 1500
Sone etal. 2011 —— 27.92 (-21.56, 77.40) 1.26 9 400
Hsuetal. 2011 : 11.50 (-86.61, 109.61) 0.44 16 1500
Brown ctal. 2011 -T— 7.96 (-10.17, 26.09) 286 6 1060
Basu etal. 2011 —— -11.41 (-55.78, 32.96) 1.44 8 500
Bogdanski et al. 2012 —_—— -33.62 (-51.70, -15.54) 286 12 379
Wa etal. 2012 (A) —?— -4.00 (-19.18, 11.18) 3.04 8 400
Wu etal. 2012 (B) T 7.00 (-7.64, 21.64) 3.07 8 800
Miyazaki et al. 2013 —_— -20.40 (-45.71,4.91) 241 14 6309
Fukuzawa et al. 2014 —_— -64.00 (-110.46, -17.54) 137 24 750
Mielgo-Ayuso et al. 2014 : -25.32 (-58.98,8.34) 193 12 300
Liu ctal. 2014 — -28.80 (-57.97,037) 218 16 500
Chen et al. 2016 —_—— -24.60 (-49.17,-0.03) 246 12 500
Luetal. 2016 — -6.40 (-24.32, 11.52) 287 4 1500
Samavat et al. 2016 : \d 5.91(1.59,10.23) 3.51 48 1315
Kafeshani et al. 2017 —— -0.88 (-18.61, 16.85) 2.89 6 450
Tabatabace et al. 2017 — -6.97 (-25.30, 11.36) 285 12 550
Rostamian et al. 2017 : —_—— 30.60 (7.69, 53.51) 2.56 2 1200
Hussain et al. 2017 - -32.00 (-37.98,-26.02) 347 12 1000
‘Amozadeh et al. 2018 1| - 16.03 (8.54,23.52) 342 8 100
Tadayon et al. 2018 —_— -22.00 (-37.51,-6.49) 3.02 4 800
Huang et al. 2018 —b— -2.90 (-20.58, 14.78) 2.89 6 856.8
Quezada-Fernandez et al. 2019 —_—— 1 -103.10 (-176.21, -29.99) 0.72 12 400
Zhang et al. 2020 — -8.84 (-56.29, 38.61) 133 12 300
Bazyar et al. 2021 —_—l -17.85 (-50.85, 15.15) 1.97 8 60
Overall, DL (I" = 89.0%, p = 0.000) ¢ -5.29 (-12.21, 1.63) 100.00

T T
-200 0 200

B % Duration Dose
Author Effect (95% C1) Weight (week) (mgid)
Freese ctal. 1999 —_——— 115.43(:37.07,6.21) 126 4 3000
Maron et al. 2003 - ! 25,17 (:29.04, -21.29) 403 8 315
Cranatal 200 t e Ssec22000 ws -
Diepvens etal. 2006 ——r— -3.85(-1521,7.51) 2,60 8 310
aggo 2007 [N 70E881,54D i " "
Fukino et al. 2008 — 871 (-16.66,-0.76) 327 8 544
Hsu etal. 2008 —l— 560 (-15.04,3.84) 297 12 1200
Brown etal. 2008 : * 015 (-1.85,1.55) 42 8 800
Nagao et al. 2009 - | -15.20 (-18.04,-12.36) 417 12 5828
P 069 —_— 2 sy o s
Nantz et al. 2009 14 3.00(-5.78,022) 418 3 400
Mohammadi et al. 2010 +— 020(-13.52,13.12) 226 8 1500
Sone etal. 2011 | =T 463 (-535,14.61) 286 9 400
Hsu etal. 2011 | ——— 657 (-4.61,17.75) 263 16 1500
Basuctal. 2011 R 191 (-251,-1.31) 434 8 500
Bogdanski et al. 2012 —o—e- -15.83 (27,79, 3.87) 249 12 379
Wuetal. 2012 (4) —_—— 11,00 (2264, 0.64) 255 8 400
W etal. 2012 (B) — ~6.00(-17.70,5.70) 254 8 300
Miyazaki et al. 2013 — 1220(26.32,192) 21 " 609
Fukuzawa et al. 2014 —_— 23,00 (38.85,-7.15) 188 2% 250
Mielgo-Ayuso et al. 2014 : I — 7.73 (:0.84, 16.30) 314 12 300
Livetal. 2014 ——— 260 (-1461,9.41) 248 16 500
Chen etal. 2016 —_— -18.30 (-28.98, -7.62) 27 12 500
Luetal. 2006 — 1090 (18:4,-296) 327 s 1500
Samavat etal. 2016 > -5.78 (-8.57,-2.99) 418 48 1315
Kafeshani et al. 2017 —:0-— 319 (14,83, 8.45) 255 6 450
Tabatabaee et al. 2017 —_—— 14,09 (-36.43,8.25) 121 12 550
Rostamian et al. 2017 —_—— 440 (14.30,23.10) 154 2 1200
Hussain etal. 2017 —— } 3110 (37.21,-24.99) 364 12 1000
Amozadeh et al. 2018 | ——— 450 (447, 13.47) 306 8 100
Tadayon et al. 2018 —0—: -13.10(-20.95, -5.25) 329 4 800
Huang et al. 2018 ——— 210(1257,837) 27 6 8568
Quezada-Femandez et al. 2019 —_— ' -55.90 (-79.11, -32.69) 114 12 400

Zhang et al. 2020 - -41.50 (-90.06, 7.06) 033 12 300
Bazyar ctal. 2021 —_— 1132 (-25.50, 2.86) 212 8 &
Overall, DL (I' = 90.9%, p = 0.000) Q 763 (-10.51,-4.74) 100.00
T T
-100 0 100
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C % Duration Dose

Author Effect (95% CI) Weight (week) (mg/d)
Chan et al. 2006 i - 15.40 (10,65, 20.15) 3.96 2 540
Diepvens et al. 2006 +— 0.02(-10.28, 10.32) 259 H 310
Nagao et al, 2007 —— -5.42 (-10.73,-0.11) 3.83 12 583
Fukino et al. 2008 -;-‘— 072 (-7.62, 6.18) 342 8 544
Hsu et al. 2008 — -10.50 (-19.96, -1.04) 278 12 1200
Brown etal. 2008 : * 5.06(3.69, 6.43) 456 H 800
Nantz et al. 2009 - -5.60 (-8.18,-3.02) 441 3 400
Mohammadi et al. 2010 —:0-— 329 (-11.90, 5.32) 299 8 1500
Sone etal. 2011 —— 277 (-7.00, 12.54) 27 9 400
Hsu etal. 2011 —+—— -5.49 (-14.93,3.95) 279 16 1500
Brown et al. 2011 —— -6.94 (-12.96,0.92) 3.65 6 1060
Basu etal. 2011 : < -0.78 (-1.19,-0.37) 462 8 500
Bogdanski etal. 2012 —_—— -13.87 (:25.93, -1.81) 223 12 379
Suliburska et al. 2012 —0:—- -12.74 (28.02,2.54) 170 12 379
Wauetal. 2012 (A) — -11.00 (-22.52,0.52) 233 8 400
Wu et al. 2012 (B) —O-e—- -9.00(-20.53, 2.53) 233 H 800
Miyazaki et al. 2013 — -7.50 (-19.10,4.10) 232 i 630.9
Fukuzawa etal. 2014 —0—: -23.00 (-40.12, -5.88) 1.46 24 750
Mielgo-Ayuso et al. 2014 | 1—— 5.41(-1.96, 12.78) 330 2 300
Livetal. 2014 :——0— 5.40 (3.6, 14.46) 2.88 16 500
Chen et al. 2016 — -14.90 (23.83, -5.97) 291 12 500
Lee etal. 2016 —?—- 5.86 (-14.44,2.72) 3.00 6 750
Luetal. 2016 - 340 (-9.61,2.81) 3.60 4 1500
Samavat et al. 2016 + 5,64 (-8.13,-3.15) 442 48 1315
Kafeshani et al. 2017 —q'—- 726 (-17.15,2.63) 2.68 6 450
Tabatabace et al. 2017 —_— -3.02(-19.10, 13.06) 159 12 550
Rostamian et al. 2017 ro— 2,10 (-16.69, 12.49) 1.80 1200
Hussain et al. 2017 - ! -17.00 (-20.91,-13.09) 415 12 1000
Amozadeh et al. 2018 + -7.59 (-14.13, -1.05) 351 8 100
Tadayon et al. 2018 —— -12.00 (-19.14, -4.86) 336 4 800
Huang etal. 2018 —;-0-— 4350 (-12.79,5.79) 282 6 856.8
Quezada-Fernandez et al. 2019 —_— 27.30 (-50.15, -4.45) 0.95 12 400
Zhang et al. 2020 —_—— : -61.40 (-75.65, -47.15) 185 12 300
Bazyar et al. 2021 ——— -4.31(-15.05, 6.43) 250 8 60
Overall, DL (I' = 90.5%, p = 0.000) O -5.80 (-8.31,-3.30) 100.00
T T
-100 0 100

D % Duration Dose
Author Effect (95% CI) Weight (week) (mgid)
Maron et al. 2003 L —_—— 1211(9.58,14.65) 337 8
Chan et al. 2006 -:—0— 2.74(1.69,3.79) 413 12
Diepvens et al. 2006 —— 3.86(-0.22,7.94) 248 8 310
Nagao et al. 2007 —_—— : -LL16(-3.26,094) 3.62 12 583
Fukino et al. 2008 —_—— -1.30 (-3.96, 1.36) 329 8 44
Hsu et al. 2008 —+ 2,00 (-0.97,4.97) a1 12 1200
Brown ct al. 2008 - 1 -1.42 (-1.78, -1.06) 431 8 800
Frank et al. 2009 —0:— 155 (-3.69, 6.79) 1.94 3 2304
Mohammadi et al. 2010 —_—— 041 (4.07,3.25) 271 8 1500
Sone et al. 2011 ——0:— 151(:3.39,6.41) 2,09 9 400
Hsu et al. 2011 —_—— 0.77(-3.85,231) 3.04 16 1500
Brown etal. 2011 ——: 0.00 (-2.07,2.07) 363 6 1060
Basu etal. 2011 * 1 144 (-1.61,-1.27) 433 8 500
Bogdanski et al. 2012 :—0— 4.63 (0.58, 8.68) 2.50 12 379
Suliburska et al. 2012 —_——— 386 0.41.7.31) 282 12 379
Wuetal. 2012 (A) _—e— 0.00 (-4.70, 4.70) 218 8 400
W ctal. 2012 (B) —_— -1.00 (-5.50, 3.50) 227 8 800
Miyazaki et al. 2013 —-o—e— 0.80 (-3.69,5.29) 228 14 630.9
Fukuzawa et al. 2014 T +- 8.00 (129, 14.71) 144 24 750
Mielgo-Ayuso etal. 2014 : —_— 6.18 (2.28. 10.08) 258 12 300
Liuetal. 2014 —_— 2.60 (-0.85, 6.05) 283 16 500
Chen ctal. 2016 : —— 820(5.19,11.21) 308 12 500
Luetal. 2016 —_— -0.40 (-3.80,3.00) 2386 4 1500
Samavat et al. 2016 — i 095 (-2.02,0.12) 412 48 1315
Kafeshani et al. 2017 —;—0— 3.88(0.05,7.71) 262 6 450
Tabatabace et al. 2017 —_—T 0.98 (-3.74,5.70) 217 12 550
Rostamian et al. 2017 ——Ip_ 2,00 (-2.43,6.43) 231 2 1200
Hussain etal. 2017 ! ———  13.00(11.12,14388) 374 12 1000
Amozadeh e al. 2018 —_— : -0.18 (-1.48, 1.12) 403 8 100
‘Tadayon et al. 2018 —_—— 040 (-2.06, 2.86) 341 4 800
Huang etal. 2018 —0-—;— -0.60 (-4.40,3.20) 263 6 856.8
Quezada-Fernandez et al. 2019 —_— 2.40/(-2.16,6.96) 225 12 400
Zhang et al. 2020 —_—— : 3.90 (-6.97, 0.83) 3.05 12 300
Bazyar etal. 2021 —_— 0.31(-3.18,3.80) 281 8 60
Overall, DL (' = 93.4%, p = 0.000) 0 186 (087, 2.84) 10000

T T
-10 0 10

FIGURE 2
(Continued)
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E % Duration Dose
Author Effect (95% CT) Weight (week) (mg/d)
Kovacs et al. 2004 - 0.00 (-4.03, 4.03) 290 13 2700
Fukino et al. 2005 —_—— 420 (-11.14,19.54) 034 8 544
‘Westerterp-Plantenga ct al. 2005 (A) —4 -5.48 (-10.96, -0.00) 196 3 270
Westerterp-Plantenga et al. 2005 (B) :-O- 171(:2.35,5.77) 287 13 271
Chan etal. 2006 -, -11.60 (-16.43, -6.77) 233 12 540
Diepvens et al. 2006 - -1.80 (-4.63, 1.03) 406 8 310
Hill etal. 2007 - -1.44 (-2.38, -0.50) 621 12 300
Nagao et al. 2007 -+ 234 (635, 1.67) 291 2 583
Fukino et al. 2008 —1--0— 3.06 (6.6, 12.78) 078 8 544
Hsu et al. 2008 — 310 (1233, 6.13) 035 12 1200
Brown et al. 2008 4 0.1 (-0.25,0.47) 658 8 800
Nagao et al. 2009 - -12.90 (-16.05, -9.75) 371 12 582.8
Hursel et al. 2009 (A) - -5.40 (-8.90, -1.90) 336 13 270
Hursel et al. 2009 (B) i d -3.60 (-6.00, -1.20) 456 13 271
Frank et al. 2009 —+— 187 (:9.17,5.43) 127 3 2304
Mohammadi et al. 2010 —_— 291 (-22.40, 16.58) 021 8 1500
Sone etal. 2011 ro- 320(-0.70,7.10) 301 9 400
Hsuetal. 2011 ——— -3.98 (2152, 13.56) 026 16 1500
Brown et al. 2011 - 090 (:3.61, 1.81) 420 6 1060
Basu etal. 2011 [ 3 -0.00 (-0.59, 0.59) 647 8 500
Bogdanski et al. 2012 -1.26 (:3.90, 1.38) 428 12 379
Suliburska et al. 2012 -143 (4.25,139) 407 12 379
Wu etal. 2012 (A) —.T -3.00 (-7.97. 1.97) 224 8 400
Wu etal. 2012 (B) —o1 -4.00 (-9.36, 1.36) 202 8 800
Miyazaki et al. 2013 - 120(:3.32,5.72) 253 14 630.9
Fukuzawa et al. 2014 —— : -39.00 (-62.27, -15.73) 0.15 24 750
Miclgo-Ayuso et al. 2014 b d 032 (-1.88,2.52) 479 12 300
Liuetal. 2014 T 9.60 (-4.15,23.35) 041 16 500
Mirzaci et al. 2015 —— -3.25(-24.18, 17.68) 0.19 8 1500
Chen etal. 2016 —— 150 (-5.61, 8.61) 132 2 500
Dostal etal. 2016 > 030 (-1.77,237) 496 48 1315
Dostal et al. 2016 -+- -130 (-4.49, 1.89) 367 48 1315
Luetal. 2016 - 340 (-7.63, 0.83) 275 4 1500
Tabatabace etal. 2017 —_—— 124 (2605, 11.57) 023 12 550
Amorim etal. 2018 g 4484 (-1.38,91.06) 004 20 1120
Amozadeh etal. 2018 - 026 (-4.21,4.73) 257 8 100
Tadayon etal. 2018 o- 240 (-1.74,6.54) 282 4 800
Gharibi etal. 2018 : -26.15 (-68.09, 15.79) 005 10 1500
Hosseini et al. 2018 (A) — 030 (-25.44, 26.04) 012 8 300
Hosseini et al. 2018 (B) —_——— 9,65 (-35.29, 15.99) 012 8 300
Huang et al. 2018 ——— 610 (-5.00, 17.20) 0.62 6 856.8
Sobhani et al. 2019 (A) —_—— 1.66 (-11.39, 14.71) 0.46 8 1500
Sobhani et al. 2019 (B) s 8.71(-19.27, 1.85) 0.67 8 1500
Quezada-Femandez et al. 2019 _— -26.00 (-62.93, 10.93) 0.06 2 400
Overall, DL (I' = 72.2%, p = 0.000) 6 -1.67 (2,59, -0.76) 100.00

T T
-100 0 100
% Duration Dose
F sutor Effect (95% CI) Weight (week) (mg/d)
'
Kovacs et al. 2004 T 0.90 (-0.30,2.10) 4.76 13 2700
Fukino et al. 2005 e . o 2.10 (-0.67, 4.87) 2.40 8 544
1
‘Westerterp-Plantenga et al. 2005 (A) ——rt -1.90 (-4.04,0.24) 319 13 270
‘Westerterp-Plantenga et al. 2005 (B) —0—,—- -1.90 (-4.04,0.24) 319 13 271
Chan et al. 2006 1 _— 4.80 (190, 7.70) 227 12 540
Hill etal. 2007 — : -2.65 (-3.42,-1.88) 5.50 12 300
Fukino ct al. 2008 —_—— 0.4 (-1.18, 2.06) 4.01 8 544
Hsu et al. 2008 _0—:— -1.70 (-5.05, 1.65) 187 12 1200
Brown et al. 2008 —_— 0.07 (-1.10, 1.25) 4.80 8 800
1
Nagao et al. 2009 | ——— 2.33(0.51,4.15) 3.67 12 582.8
Hursel et al. 2009 (A) ——— 0.50 (-037,137) 533 13 270
1
Hursel et al. 2009 (B) | T—— 0.70 (-0.25, 1.65) 520 13 271
Mohammadi et al. 2010 —t—— 0.96 (-1.10,3.02) 330 8 1500
Hsu etal. 2011 —_—— 210 (-5.23,1.03) 2.06 16 1500
Brown etal. 2011 -—Ib— 023 (-1.70, 1.24) 427 6 1060
Bogdanski et al. 2012 —_—— -2.65 (-4.60, -0.70) 346 12 379
!
Wuetal. 2012 (A) —_— -1.80 (-3.67, 0.07) 3.60 8 400
‘Wu etal. 2012 (B) —_—— -2.10 (-4.13,-0.07) 335 8 800
!
Mielgo-Ayuso et al. 2014 —r— -0.34(-1.59,0.91) 4.66 12 300
Liuetal. 2014 —0—:—— -1.60 (-5.18, 1.98) 171 16 500
Mirzaci et al. 2015 —r— -0.66 (-3.09, 1.77) 279 8 1500
Chen etal. 2016 —f—b— 0.10(-3.15,3.35) 1.96 12 500
Dostal etal. 2016 - -0.08 (-0.64, 0.48) 578 48 1315
Dostal etal. 2016 :—0— 0.20 (-0.59, 0.99) 545 48 1315
Tabatabace et al. 2017 -1.20 (-6.53, 4.13) 091 12 550
!
Amorim etal. 2018 T 0.02(-8.28,8.32) 041 20 1120
Gharibi etal. 2018 0,69 (-4.73,3.35) 142 10 1500
1
Hosseini et al. 2018 (A) T 2,52 (-825.3.21) 0.80 8 300
Hosseini et al. 2018 (B) ‘: -0.58 (-6.11,4.95) 085 8 300
Huang et al. 2018 —_———— -3.30 (-7.18,0.58) 152 6 856.8
Sobhani etal. 2019 (A) —0—,—— 2,08 (-4.84, 0.68) 242 8 1500
Sobhani et al. 2019 (B) ——— 0.50 (271, 1.71) 3.09 8 1500
Overall, DL (I" = 68.2%. p = 0.000) c» 0,39 (-0.94, 0.16) 100.00
T T
-10 0 10

FIGURE 2
(Continued)

Frontiers in Nutrition 14 frontiersin.org


https://doi.org/10.3389/fnut.2022.1084455
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Zamani et al. 10.3389/fnut.2022.1084455

G % Duration Dose
Author Effect (95% CI)  Weight (week) (mg/d)
Fukino et al. 2005 —_— -0.20 (-0.70, 0.30) 3.89 8 544

1
Fukino et al. 2008 —_— 019 (-0.54,0.16) 6.35 8 544
Brown et al. 2008 TS 0.07 (-0.09,-0.05)  16.16 8 800
'
Nagao et al. 2009 - 036 (-0.45,-027) 1479 12 582.8
Mohammadi et al. 2010 —_— E 0.92(-1.51,-033)  3.07 8 1500
Hsu etal. 2011 —_— -0.20 (-0.79, 0.39) 3.05 16 1500
1
Basu et al. 2011 - 0.00 (-0.17,0.17) 11.87 8 500
Wuetal. 2012 (A) o -0.10 (-1.99, 1.79) 035 8 400
1
Wu etal. 2012 (B) + 0.10 (-2.12, 1.92) 031 8 800
Miyazaki et al. 2013 —05—— -0.20 (0.66, 0.26) 4.49 14 630.9
Lasaite et al. 2014 _— 030 (-047,1.07) 1.91 36 400
|
Liuetal. 2014 T 0.20 (-0.24, 0.64) 473 16 500
Mirzaei et al. 2015 —o—i—- -0.52 (-1.10, 0.06) 3.16 8 1500
Chen etal. 2016 —— 010 (-0.33, 0.13) 9.67 12 500
Borges ctal. 2016 E—(»— 0.01(0.14,0.12) 1331 12 800
Amorim et al. 2018 —_— -0.35 (-1.06, 0.36) 222 20 1120
1
Quezada-Fernandez et al. 2019 L -0.90 (-2.27,0.47) 0.66 12 400
Overall, DL (I' = 71.3%, p = 0.000) 0 -0.15 (-0.27,-0.04)  100.00
T !
2 0 2

H % Duration Dose
Author Effect (95% CI) Weight (week) (mg/d)
Fukino et al. 2005 ro— 0.90 (-0.32,2.12) 292 8 544
Fukino et al. 2008 > 0.24 (036, 0.84) 7.16 3 544

Hsu et al. 2008 o -0.80 (-2.24, 0.64) 225 12 1200

Brown et al. 2008 4 0.00 (-0.30, 0.30) 11.03 8 800
Mohammadi et al. 2010 ' 4 0.40 (-0.11,0.91) 8.23 8 1500
Hsuetal. 2011 0.00 (-1.42, 1.42) 230 16 1500
Bogdanski et al. 2012 -0.80 (-1.38,-0.22) 7.44 12 379
Fukuzawa et al. 2014 _—— -19.70 (-28.79, -10.61) 0.07 24 750

Miclgo-Ayuso ct al. 2014

-0.00 (-0.29, 0.29) 11.18 12 300
Liuetal. 2014 -0.70 (-1.78, 0.38) 351 16 500
Chen et al. 2016 - 0.20 (-0.88, 1.28) 3.55 12 500

Dostal et al. 2016

-0.01 (-0.15,0.13) 12.89 48 1315

Dostal et al. 2016

—o!
1
—4
*
1
-
-1
4
4
Tabatabaee et al. 2017 —4— -0.26 (-5.72, 5.20) 0.18 12 550
*
—e
—de
—
——
—
4

\g

0.02 (-0.18,0.22) 1232 48 1315
Hussain et al. 2017 -1.42 (:2.07,-0.77) 6.69 12 1000
Gharibi ct al. 2018 — -0.62 (-2.62, 1.38) 127 10 1500
Hosseini et al. 2018 (A) — 014 (:3.21,2.93) 057 8 300

Hosseini et al. 2018 (B) — -0.05 (-2.89,2.79) 0.66 g 300

T

Huang ctal. 2018 -0.90 (-2.44, 0.64) 2.00 6 856.8

Sobhani et al. 2019 (A) -1.50 (-3.26, 0.26) 158 8 1500
Sobhani et al. 2019 (B) - -0.43 (-1.89, 1.03) 2.20 g 1500

Overall, DL (]‘ =64.1%, p = 0.000) -0.19 (-0.42, 0.05) 100.00

[
3
£

20

FIGURE 2
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1 % Duration Dose
Author Effect (95% CI) (week) (mg/d)
Fukino et al. 2005 —:—0— 1.70 (-4.15, 7.55) 2.09 8 544
Diepvens et al. 2006 — -0.70 (-3.80, 2.40) 4.01 8 310
Hill et al. 2007 — -0.75 (-1.92,0.42) 578 12 300
Nagao et al. 2007 —0—:- -2.70 (-5.04, -0.36) 473 12 583
Fukino et al. 2008 B L — 0.63 (-3.42, 4.68) 319 8 544
Hsu et al. 2008 — -0.70 (-5.59, 4.19) 261 12 1200
Brown et al. 2008 * ! -2.59 (-3.04, -2.14) 617 8 800
Nagao ct al. 2009 — -2.00 (-3.81,-0.19) 524 12 582.8
Frank et al. 2009 D — E— -1.00 (-6.95, 4.95) 204 3 2304
Nantz et al. 2009 —— : -5.00 (-6.42, -3.58) 5.59 3 400
Sone etal. 2011 —— 0.00 (-5.80, 5.80) 211 9 400
Hsu ctal. 2011 : —_— 7.00 (112, 12.88) 207 16 1500
Brown et al. 2011 —:0— 030 (-2.53,3.13) 425 6 1060
Basu etal. 2011 —:——0— 2.60 (-2.54,7.74) 246 8 500
Bogdanski et al. 2012 —_—— 410 (-6.31,-1.89) 4.86 12 379
Suliburska et al. 2012 — -1.31(-3.94,1.32) 445 12 379
Miyazaki et al. 2013 *> - -5.00 (-16.09, 6.09) 0.76 14 630.9
Liu etal. 2014 :——0— 3.60 (-0.85, 8.05) 290 16 500
Chen et al. 2016 —_— -2.40 (-8.68, 3.88) 1.89 12 500
Borges etal. 2016 : * 0.00 (-0.01,0.01) 624 12 800
Luetal. 2016 :——0— 320(-139,7.79) 280 4 1500
Nogueira et al. 2017 - : -4.66 (-5.46, -3.86) 6.02 4 1500
Kafeshani et al. 2017 —_— -2.82 (-6.57,0.93) 343 6 450
Amozadeh et al. 2018 :——0— 241 (-0.79,5.61) 391 8 100
Maeda-Yamamoto et al. 2018 (A) —_—— 0.40 (-3.06, 3.86) 368 12 3222
Maeda-Yamamoto et al. 2018 (B) 1| —,— 420 (0.68,7.72) 362 12 323.6
Quezada-Fenandez et al. 2019 —:—0— 030 (-6.44,7.04) 171 12 400
Bazyar et al. 2021 _ e -0.63 (-8.31,7.05) 141 8 60
Overall, DL (I = 92.3%, p = 0.000) c» -0.77 (-1.81,0.26) 100.00

T T
-20 0 20

J % Duration Dose
Author Effect (95% CI) Weight (weck) (mg/d)
Fukino et al. 2005 * : -4.60 (-8.68, -0.52) 161 8 544
Diepvens et al. 2006 —_—t 070 (-2.22, 3.62) 262 8 310
Hill et al. 2007 —— -0.60 (-1.39, 0.19) 678 12 300
Nagao et al. 2007 —— -0.30/(-1.88, 1.28) 4.94 12 583
Fukino et al. 2008 —0—: 341 (-6.12,-0.70) 288 8 544
Hsu et al. 2008 —f——o— 1.00 (-1.90,3.90) 264 12 1200
Brown et al. 2008 - 1 2.62(-2.93,-231) 7.58 8 800
Nagao ct al. 2009 — -2.10/(-3.18, -1.02) 6.12 12 582.8
Frank et al. 2009 . 3.00 (-1.03,7.03) 164 3 2304
Nantz et al. 2009 —_—— : -3.00 (-3.88,-2.12) 6.57 3 400
Sone et al. 2011 —_— -1.00 (4.73,2.73) 185 9 400
Hsu ctal. 2011 : *> 1.10 (-2.83, 5.03) 171 16 1500
Brown etal. 2011 —_—t— 0.42 (-1.24, 2.08) 476 6 1060
Basu et al. 2011 : *> 0.40 (-3.67, 4.47) 161 8 500
Bogdanski et al. 2012 —_—— ! -4.10(-5.94,-2.26) 4.36 12 379
Suliburska etal. 2012 _0-;—— -1.33 (-4.67,2.01) 218 12 379
Miyazaki et al. 2013 :v -0.60 (-6.89, 5.69) 077 14 630.9
Liuetal. 2014 T 320 (-0.25, 6.65) 208 16 500
Chen etal. 2016 —_——— 0.80 (-2.73,4.33) 201 12 500
Borges etal. 2016 4 -0.02 (-0.13, 0.09) 772 12 800
Luctal. 2016 —0:—— -1.30/(-4.96,2.36) 1.90 4 1500
Nogueira et al. 2017 —_—— : 2.1 (:3.13,-1.09) 626 4 1500
Kafeshani et al. 2017 —_—— -1.25 (-4.96, 2.46) 1.86 6 450
Amozadeh et al. 2018 +— 0.00 (-1.69, 1.69) 4.69 8 100
Maeda-Yamamoto et al. 2018 (A) —_—— -0.50(-3.91,2.91) 212 12 3222
Maeda-Yamamoto et al. 2018 (B) —-— 2.10 (-1.30, 5.50) 213 12 323.6
Azizbeigi et al. 2019 S 0.02(-0.15,0.19) 7.70 8 500
Quezada-Fernandez et al. 2019 : g 3.60 (-2.14,9.34) 091 12 400
Overall, DL (I' = 92.4%, p = 0.000) 0 -0.88(-146,-0.29)  100.00

T T
-10 0 10

FIGURE 2
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K % Duration Dose
Author Effect (95% CI)  Weight (week) (mg/d)
Fukino et al. 2005 —— 0.50 (-0.07, 1.07) 1.60 8 544
Fukino ct al. 2008 —_— 0.12(-062,0.86) 0.95 8 544
Mohammadi ct al. 2010 —_— 0.12(-1.19, 1.43) 031 8 1500
Sone et al. 2011 LIL(464,242) 004 9 400
Basu etal. 2011 0.02(-3.64,3.60) 004 8 500
Mielgo-Ayuso etal. 2014 —— 0.70 (:0.03, 1.43) 098 12 300
Liuetal. 2014 < .07 (-0.17,003) 1792 16 500
Lee etal. 2016 —_— 030(-185,125) 023 6 750
Nogueira ct al. 2017 o 0,10 (-0.15,-0.05)  23.57 4 1500
Mombaini et al. 2017 1.09 (-1.42, 3.60) 0.09 6 500
Hussain et al. 2017 — 0.05(-:035,025)  5.04 12 1000
Azizbeigi et al. 2019 3 0.06 (0.02,0.10) 24.04 8 500
Bagheri et al. 2020 —_— 0.20 (-1.13, 1.53) 031 3 500
Bagheri et al, 2020 » 0.05 (0.01,0.09) 24.88 3 500
Overall, DL (I° = 66.7%, p = 0.000) 0.00 (-0.07,0.08)  100.00

T T
5 0 5
FIGURE 2

Forest plot detailing weighted mean difference and 95% confidence intervals (Cls) for the effects of green tea extract supplementation on (A) TG
(mg/dL); (B) TC (mg/dL); (C) LDL (mg/dL); (D) HDL (mg/dL); (E) FBS (mg/dL); (F) fasting insulin (wlU/ml); (G) HbAlc (%); (H) HOMA-IR; (1) SBP

(mmHg), (J) DBP (mmHg); (K) CRP (mg/dL).

among included studies (P = < 0.001, I? = 71.3%).
Subgroup analysis was carried out based on the duration
and dosage of intervention, baseline values of BMI and
HbAlc, past medical history of T2DM, and sex (Table 3).
A significant decrease in HbAlc was found if the duration of
intervention was < 12 weeks, the dosage of supplementation
was > 1,000 mg/d, baseline values of HbAlc were less than
6.5%, male or both genders were involved, and the baseline
value of BMI was > 30 kg.m 2.

Effects of green tea supplementation on
fasting insulin

Non-significant effect on fasting insulin was observed
following green tea supplementation (WMD = —0.39; 95% CI:
—0.94, 0.16; P = 0.165) according to our analysis of 32 arms
of clinical trials (Figure 2F). Also, there was heterogeneity
among studies (P = < 0.001, I? = 68.2%). Subgroup analysis
was done based on the duration and dosage of supplementation,
baseline values of BMI, past medical history of T2DM, and
sex (Table 3). The results of the subgroup analysis indicated
that green tea supplementation had non-significant effects on
fasting insulin after subgroup analysis by all aforementioned
factors.

Effects of green tea supplementation on
HOMA-IR

Non-significant effect on HOMA-IR was observed following
green tea supplementation (WMD = —0.18; 95% CI: —0.42,
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0.05; P = 0.122) according to our analysis of 21 arms of clinical
trials (Figure 2H). Also, there was heterogeneity among studies
(P = < 0.001, I? = 64.1%). Subgroup analysis was carried out
based on the duration and dosage of supplementation, baseline
values of BMI, past medical history of T2DM, and sex (Table 3).
The results of the subgroup analysis suggested that green tea
supplementation had non-significant effects on HOMA-IR after
subgroup analysis by all aforementioned factors.

Effects of green tea supplementation on SBP
The overall finding of our meta-analysis on 28 arms of
clinical trials demonstrated that green tea supplementation
had no significant effect on SBP (WMD = —0.77; 95% CI:
—1.80, 0.26; P = 0.144) (Figure 2I). In addition, considerable
< 0.001,
I? = 92.3%). Subgroup analysis was accomplished based on

heterogeneity was found among studies (P =

duration and dosage of supplementation, baseline values of BMI
and SBP, past medical history of T2DM, and sex (Table 3). The
results of subgroup analysis reported a significant decreasing
effect of green tea supplementation on SBP if the male was only
included and participants were not affected by T2DM. However,
there was no significant effect of green tea on SBP after subgroup
analysis by the dosage and duration of intervention and baseline
values of BMI and SBP.

Effects of green tea supplementation on DBP

A significant decreasing effect on DBP was observed
following green tea supplementation (WMD = —0.87; 95%
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TABLE 3 Subgroup analyses of green tea extract supplementation on some cardiovascular risk factors in adults.

Number of studies WMD (95% ClI) Heterogeneity
P heterogeneity 12
Subgroup analyses of green tea extract supplementation on TG (mg/dL)
Overall effect ‘ 40 ‘ —5.31 (—12.32, 1.68) ‘ 0.137 ‘ <0.001 ‘ 89.0%
Baseline BMI (kg.m™2)
Normal weight (18.5-24.9) 6 —3.29 (—10.06, 3.47) 0.340 0.572 0.0%
Overweight (25-29.9) 20 —6.29 (—15.86, 3.26) 0.197 <0.001 87.0%
Obese (>30) 11 —3.38 (—17.53, 10.76) 0.639 <0.001 88.5%
Trial duration (week)
<12 19 2.23 (—6.11, 10.57) 0.600 <0.001 81.0%
>12 21 —12.61 (—22.03, —3.19) 0.009 <0.001 87.4%
Intervention dose (mg/day)
<1,000 29 —7.76 (—15.98, 0.44) 0.064 <0.001 86.8%
>1,000 11 1.63 (—13.14, 16.41) 0.828 <0.001 91.8%
Sex
Female 14 0.15 (—6.86, 7.18) 0.965 <0.001 71.9%
Both 21 —12.33 (—21.23, —3.43) 0.007 <0.001 77.3%
Male 5 5.50 (—11.93, 22.95) 0.536 <0.001 80.1%
T2DM status
Non-T2DM 33 —3.92 (—11.42,3.57) 0.305 <0.001 89.7%
T2DM patients 7 —14.83 (—31.27, 1.60) 0.077 0.059 50.5%
Baseline TG
<150 26 —2.55 (—9.58, 4.47) 0.476 <0.001 86.8%
>150 13 —12.33 (—28.07, 3.40) 0.125 <0.001 82.7%
Subgroup analyses of green tea extract supplementation on TC (mg/dL)
Overall effect 36 —7.62 (—10.51, —4.73) <0.001 <0.001 90.9%
Baseline BMI (kg.m~2)
Normal weight (18.5-24.9) 6 —10.44 (—21.67, 0.77) 0.068 <0.001 88.3%
Overweight (25-29.9) 17 —9.27 (—14.12, —4.41) <0.001 <0.001 83.4%
Obese (>30) 10 —2.28 (—5.11,0.54) 0.113 <0.001 75.1%
Trial duration (week)
<12 20 —5.80 (—9.06, —2.54) <0.001 <0.001 88.6%
>12 16 —10.90 (—16.78, —5.02) <0.001 <0.001 89.5%
Intervention dose (mg/day)
<1000 26 —7.48 (—10.77, —4.19) <0.001 <0.001 91.4%
>1000 10 —7.43 (—14.90, 0.04) 0.051 <0.001 87.0%
Sex
Female 14 —4.69 (—8.60, —0.78) 0.019 <0.001 64.5%
Both 17 —11.17 (~16.61, —5.74) <0.001 <0.001 95.2%
Male 5 —1.39 (—4.53, 1.75) 0.387 0.328 13.6%
T2DM status
Non-T2DM 29 —7.20 (—10.22, —4.18) <0.001 <0.001 90.2%
T2DM patients 7 —9.90 (—18.70, —1.10) 0.027 <0.001 82.8%
(Continued)
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TABLE 3 (Continued)

Number of studies WMD (95% ClI) Heterogeneity

P heterogeneity
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Baseline TC (mg/dL)

<200 14 —2.64 (—5.36, 0.07) 0.057 0.010 53.2%

>200 22 —10.64 (—15.53, —5.75) <0.001 <0.001 92.6%

Subgroup analyses of green tea extract supplementation on LDL (mg/dL)

Overall effect 34 —5.80 (—8.30, —3.30) <0.001 <0.001 90.5%

Baseline BMI (kg.m~2)

Normal weight (18.5-24.9) 4 —3.49 (=7.79, 0.80) 0.111 0.458 0.0%

Overweight (25-29.9) 17 —8.40 (—12.45, —4.34) <0.001 <0.001 84.5%

Obese (>30) 11 —2.91 (—6.84, 1.00) 0.145 <0.001 93.2%

Trial duration (week)

<12 18 —3.59 (—6.08, —1.10) 0.005 <0.001 84.5%

>12 16 —10.05 (—16.61, —3.49) 0.003 <0.001 92.4%

Intervention dose (mg/day)

<1000 26 —5.21 (—8.08, —2.34) <0.001 <0.001 90.2%

>1000 8 —7.41 (—11.74, —3.08) 0.001 <0.001 75.3%

Sex

Female 13 —4.22 (—9.41,0.97) 0.112 <0.001 86.3%

Both 17 —5.99 (=9.51, —2.47) 0.001 <0.001 84.6%

Male 4 —16.25 (—34.21, 1.70) 0.076 <0.001 97.0%

T2DM status

Non-T2DM 28 —6.32 (—9.09, —3.56) <0.001 <0.001 92.0%

T2DM patients 6 —2.66 (—7.78, 2.44) 0.307 0.146 39.0%

Baseline LDL (mg/dL)

<100 3 —5.38 (=7.70, —3.07) <0.001 0.757 0.0%

>100 30 —6.01 (—8.80, —3.21) <0.001 <0.001 91.3%

Subgroup analyses of green tea extract supplementation on HDL (mg/dL)

Overall effect 34 1.85 (0.87, 2.84) 0.010 <0.001 94.4%

Baseline BMI (kg.m~2)

Normal weight (18.5-24.9) 5 3.70 (—1.81,9.22) 0.188 <0.001 91.2%

Overweight (25-29.9) 16 1.07 (—1.44, 3.59) 0.405 <0.001 92.2%

Obese (>30) 11 1.66 (0.53, 2.78) 0.004 <0.001 93.1%

Trial duration (week)

<12 18 0.73 (—0.02, 1.68) 0.126 <0.001 87.7%

>12 16 2.96 (0.61, 5.30) 0.013 <0.001 93.0%

Intervention dose (mg/day)

<1000 25 1.72 (0.73, 2.70) 0.001 <0.001 91.3%

>1000 9 1.82 (—1.98, 4.62) 0.348 <0.001 95.3%

Sex

Female 13 1.63 (0.15,3.11) 0.030 <0.001 80.1%

Both 16 2.79 (=0.09, 5.67) 0.058 <0.001 95.9%

Male 5 —0.48 (—2.37,1.39) 0.611 0.012 68.7%
(Continued)
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TABLE 3 (Continued)

Number of studies

10.3389/fnut.2022.1084455

WMD (95% CI)

Heterogeneity

‘ ’ P heterogeneity ’ 12
T2DM status
Non-T2DM 28 2.16 (1.07, 3.26) <0.001 <0.001 94.5%
T2DM patients 6 0.11 (—1.24, 1.48) 0.866 0.486 0.0%
Baseline HDL (mg/dL)
>50 18 2.40 (1.14, 3.67) <0.001 <0.001 95.3%
>50 15 1.30 (—0.89, 3.49) 0.246 <0.001 87.8%
Subgroup analyses of green tea extract supplementation on FBS (mg/dL)
Overall effect 44 —1.67 (—2.58, —0.75) <0.001 <0.001 72.2%
Baseline BMI (kg.m~2)
Normal weight (18.5-24.9) 3 0.37 (—3.54, 4.29) 0.851 0.074 61.6%
Overweight (25-29.9) 22 —1.61 (—2.95, —0.28) 0.018 0.099 29.2%
Obese (>30) 15 —0.90 (—1.85, 0.04) 0.060 <0.001 69.5%
Trial duration (week)
<12 21 0.03 (—0.26, 0.33) 0.831 0.510 0.0%
>12 23 —2.64 (—4.39, —0.89) 0.003 <0.001 78.9%
Intervention dose (mg/day)
<1000 30 —1.80 (—2.88, —0.72) 0.001 <0.001 79.8%
>1000 14 —0.83 (—2.07, 0.41) 0.193 0.629 0.0%
Sex
Female 17 —1.52(-2.91, —0.13) 0.031 0.006 52.7%
Both 24 —2.10 (—4.20, —0.01) 0.049 <0.001 78.3%
Male 3 0.08 (—0.26, 0.44) 0.630 0.670 0.0%
T2DM status
Non-T2DM 30 —1.13 (—1.90, —0.37) 0.004 <0.001 63.8%
T2DM patients 14 —2.72 (=9.05, 3.60) 0.399 0.002 59.9%
Baseline FBS (mg/dL)
<100 19 —1.22 (—2.09, —0.35) 0.006 <0.001 71.3%
>100 24 —2.26 (—5.00, 0.47) 0.106 <0.001 69.2%
Subgroup analyses of green tea extract supplementation on fasting insulin (xlU/ml)
Overall effect 32 —0.39 (—0.94, 0.16) 0.165 <0.001 68.2%
Baseline BMI (kg.m~=2)
Overweight (25-29.9) 17 —0.27 (—0.80, 0.24) 0.300 0.038 41.5%
Obese (>30) 11 —0.37 (=1.52,0.77) 0.521 <0.001 80.5%
Trial duration (week)
<12 14 —0.45 (—1.09, 0.19) 0.170 0.276 16.3%
>12 18 —0.30 (—1.07, 0.47) 0.447 <0.001 79.2%
Intervention dose (mg/day)
<1000 20 —0.47 (—1.33,0.38) 0.278 <0.001 77.4%
>1000 12 —0.01 (—0.39, 0.36) 0.947 0.632 0.0%
Sex
Female 13 —0.78 (—1.71,0.14) 0.099 <0.001 78.2%

(Continued)
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TABLE 3 (Continued)

Number of studies

WMD (95% Cl)

10.3389/fnut.2022.1084455

Heterogeneity

P heterogeneity
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Both 17 —0.04 (—0.74, 0.66) 0.911 0.015 47.9%

Male 2 —0.04 (—0.96, 0.87) 0.923 0.754 0.0%

T2DM status

Non-T2DM 19 —0.54 (—1.22,0.12) 0.111 <0.001 77.5%

T2DM patients 13 0.08 (—0.78, 0.95) 0.843 0.224 21.7%

Subgroup analyses of green tea extract supplementation on HbAlc (%)

Overall effect 17 —0.15 (—0.26, —0.04) 0.008 <0.001 71.3%

Baseline BMI (kg.m=2)

Normal weight (18.5-24.9) 1 —0.20 (—0.65, 0.25) 0.391 - -

Overweight (25-29.9) 7 —0.26 (—0.58, 0.06) 0.117 0.126 39.9%

Obese (>30) 5 —0.06 (—0.09, —0.04) <0.001 0.433 0.0%

Trial duration (week)

<12 8 —0.14 (—0.28, —0.00) 0.049 0.109 40.5%

>12 9 —0.13 (—0.32, 0.05) 0.154 0.001 69.6%

Intervention dose (mg/day)

<1000 13 —0.10 (—0.22, 0.00) 0.063 <0.001 73.4%

>1000 4 —0.51 (—0.82, —0.19) 0.001 0.370 4.6%

Sex

Female 3 —0.10 (=0.33,0.13) 0.394 1.000 0.0%

Both 13 —0.19 (—0.35, —0.02) 0.021 <0.001 68.5%

Male 1 —0.07 (—0.09, —0.04) <0.001 - -

T2DM status

Non-T2DM 6 —0.06 (—0.09, —0.04) <0.001 0.962 0.0%

T2DM patients 11 —0.22 (—0.41, —0.03) 0.019 0.001 68.0%

Baseline HbAlc (%)

<65 8 —0.07 (—0.09, —0.04) <0.001 0.974 0.0%

>6.5 8 —0.23 (—0.47,0.01) 0.061 <0.001 77.4%

Subgroup analyses of green tea extract supplementation on HOMA-IR

Overall effect 21 —0.18 (—0.42, 0.05) 0.122 <0.001 64.1%

Baseline BMI (kg.m~2)

Overweight (25-29.9) 12 —0.14 (—0.43, 0.14) 0.320 0.002

Obese (>30) 7 —0.32 (—0.87,0.22) 0.249 62.5% 76.7%

Trial duration (week)

<12 10 0.08 (—0.16, 0.32) 0.519 0.406 3.7%

>12 11 —0.35 (—0.68, —0.01) 0.040 <0.001 77.8%

Intervention dose (mg/day)

<1000 12 —0.15 (—0.57, 0.26) 0.472 0.001 64.0%

>1000 9 —0.23 (—0.55, 0.09) 0.161 0.002 68.1%

Sex

Female 9 —0.01 (—0.12, 0.08) 0.769 0.638 0.0%

Both 11 —0.33 (—1.04,0.37) 0.358 <0.001 78.5%
(Continued)
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TABLE 3 (Continued)

Number of studies

10.3389/fnut.2022.1084455

WMD (95% CI)

Heterogeneity

‘ ’ P heterogeneity ’ 12
T2DM status
Male 1 0.00 (—0.30, 0.30) 1.000 - -
Non-T2DM 11 —0.29 (—0.59, 0.00) 0.053 <0.001 77.8%
T2DM patients 10 0.11 (—0.22, 0.45) 0.514 0.399 4.5%
Subgroup analyses of green tea extract supplementation on SBP (mmHg)
Overall effect 28 —0.77 (—1.80, 0.26) 0.144 <0.001 92.3%
Baseline BMI (kg.m™2)
Normal weight (18.5-24.9) 6 0.73 (—1.82, 3.30) 0.571 0.095 46.7%
Overweight (25-29.9) 9 —0.91 (—3.14, 1.30) 0.417 0.001 68.6%
Obese (>30) 11 —1.30 (—2.78,0.17) 0.083 <0.001 96.4%
Trial duration (week)
<12 14 —1.28 (—2.61,0.04) 0.059 <0.001 79.8%
>12 14 —0.59 (—1.69, 0.50) 0.287 <0.001 67.8%
Intervention dose (mg/day)
<1000 22 —0.94 (—1.98, 0.09) 0.075 <0.001 90.2%
>1000 6 0.31 (—3.41, 4.04) 0.868 <0.001 86.4%
Sex
Female 7 —0.70 (—3.18, 1.78) 0.580 <0.001 88.4%
Both 17 —0.42 (—1.86, 1.01) 0.563 <0.001 81.7%
Male 4 —2.02 (—3.40, —0.64) 0.004 0.244 28.0%
T2DM status
Non-T2DM 20 —1.38 (—2.45, —0.32) 0.011 <0.001 79.5%
T2DM patients 8 0.36 (—1.13, 1.86) 0.633 0.069 46.7%
Baseline SBP (mmHg)
<130 12 0.12 (—1.17, 1.42) 0.855 0.059 42.4%
>130 14 —1.42 (—2.86, 0.00) 0.051 <0.001 95.8%
Subgroup analyses of green tea extract supplementation on DBP (mmHg)
Overall effect 28 —0.87 (—1.45, —0.29) 0.003 <0.001 92.4%
Baseline BMI (kg.m~2)
Normal weight (18.5-24.9) 6 —0.32(—1.87,1.22) 0.680 0.759 0.0%
Overweight (25-29.9) 8 —0.49 (—2.41, 1.43) 0.618 <0.001 79.1%
Obese (>30) 12 —0.88 (—1.61, —0.15) 0.018 <0.001 96.2%
Trial duration (week)
<12 14 —1.16 (—2.28, —0.04) 0.042 <0.001 95.2%
>12 14 —0.45 (—1.28,0.38) 0.287 <0.001 69.7%
Intervention dose (mg/day)
<1,000 21 —0.99 (—1.90, —0.09) 0.031 <0.001 93.8%
>1,000 6 —0.02 (—1.68, 1.63) 0.977 0.015 64.6%
Sex
Female 7 —0.62 (—1.54,0.29) 0.183 0.095 44.4%
Both 16 —1.03 (—2.13,0.07) 0.067 <0.001 83.9%

(Continued)
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TABLE 3 (Continued)

Number of studies

WMD (95% Cl)

10.3389/fnut.2022.1084455

Heterogeneity

P heterogeneity

T2DM status

Male 5 —0.40 (—2.25, 1.44) 0.667 <0.001 98.2%
Non-T2DM 21 —0.74 (—1.62,0.12) 0.094 <0.001 92.9%
T2DM patients 7 —0.72 (=2.31,0.85) 0.368 <0.001 80.1%
Baseline TG

<80 12 —0.28 (—0.97, 0.39) 0.410 0.011 54.8%
>80 15 —1.60 (—2.43, —0.78) <0.001 <0.001 66.7%
Subgroup analyses of green tea extract supplementation on CRP (mg/dL).

Overall effect 16 —0.03 (—0.14, 0.08) 0.619 <0.001 90.2%
Baseline BMI (kg.m~2)

Normal weight (18.5-24.9) 1 —1.09 (—3.27, 1.09) 0.329 - -
Overweight (25-29.9) 9 0.05 (—0.42, 0.54) 0.816 <0.001 93.5%
Obese (>30) 5 0.13 (—0.05, 0.33) 0.155 0.002 75.9%
Trial duration (week)

<12 11 —0.00 (—0.05, 0.05) 0.953 0.018 53.3%
>12 5 —0.03 (—0.83, 0.75) 0.928 <0.001 96.8%
Intervention dose (mg/day)

<1000 13 0.08 (—0.02, 0.18) 0.113 <0.001 68.8%
>1000 3 —0.24 (—1.06, 0.58) 0.565 <0.001 98.2%
Sex

Female 4 0.00 (—0.07, 0.08) 0.928 0.001 81.1%
Both 10 0.05 (—0.49, 0.60) 0.851 <0.001 93.1%
Male 2 —0.24 (—0.89, 0.41) 0.468 0.073 68.8%

CI, confidence interval; WMD, weighted mean differences; BMI, body mass index; FBS, fasting blood sugar; HbAlc, hemoglobin A1C; HOMA-IR, homeostatic model assessment for
insulin resistance; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglyceride; LDL-C, low-density cholesterol; HDL-C, high-density cholesterol; and

CRP, C-reactive protein.

CI: —145, —0.29; P = 0.003) according to our analysis
of 28 arms of clinical trials (Figure 2J). Also, remarkable
heterogeneity was observed between studies (P < 0.001,
I = 92.4%). Subgroup analysis was performed based on
duration and dosage of supplementation, baseline values of
BMI and DBP, past medical history of T2DM, and sex
(Table 3). A significant decrease in DBP was observed if
the duration of intervention was < 12 weeks, the dosage of
supplementation was less than 1,000 mg/d, baseline values of
DBP were more than 80 mmHg, and the baseline value of BMI
was > 30 kg.m ™2,

Effects of green tea supplementation on CRP
Non-significant effect on CRP was found following
green tea supplementation (WMD = —0.03; 95% CI: —0.14,
0.08; P = 0.619) according to our analysis of 16 arms of
clinical trials (Figure 2K). Also, there was heterogeneity
among included clinical trials (P = < 0.001, I* = 90.2%).
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Subgroup analysis was done based on the duration and
dosage of intervention, baseline values of BMI, and sex
(Table 3). The results of the subgroup analysis disclosed
non-significant  effects of green tea supplementation
on CRP after subgroup analysis by all aforementioned

factors.

Publication bias

Visual inspection of the funnel plot (Supplementary
Figure 1) and the results of Egger’s test did not find any
publication bias in clinical trials investigating the effects of
green tea supplementation on TG (Egger’s test, P = 0.131),
fasting insulin (Egger’s test, P = 0.645), HbAlc (Egger’s test,
P =0.223), HOMA-IR (Egger’s test, P = 0.057), SBP (Egger’s test,
P =0.086), DBP (Eggers test, P = 0.238), and CRP (Egger’s test,
P =0.902). However, there was publication bias for TC (Egger’s
test, P = 0.021), LDL (Egger’s test, P = 0.024), HDL (Egger’s test,
P =0.001), and FBS (Egger’s test, P = 0.019).
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Linear and non-linear dose responses between
dose and duration of green tea
supplementation and cardiovascular risk
factors

To assess the potential association between alterations in
TG, TC, LDL, HDL, FBS, fasting insulin, HbAlc, HOMA-
IR, SBP, DBP, and CRP and dose and duration of green tea
supplementation, meta-regression analysis using the random-
effects model was applied (Supplementary Figures 2, 3, 4, 5).
Based on the findings of meta-regression analysis, there was
no linear association between absolute alterations in TC, LDL,
HDL, FBS, fasting insulin, HbAlc, SBP, DBP, and CRP, and dose
of intervention. However there is a significant linear relationship
between absolute alterations in TG and dose (Coefficient: 7.60,
P-value = 0.049).

Also, non-linear association between absolute changes in
TC, LDL, HDL, FBS, fasting insulin, HbA1lc, SBP and CRP, and
duration of intervention was observed. However, there was a
linear association between absolute changes in TG (Coefficient:
—9.43, P-value = 0.017), HOMA-IR (Coefficient: —2.74,
P-value < 0.001) and DBP (Coefhicient: 0.90, P-value = 0.037)
and the duration of the intervention. In addition, a linear
association between absolute changes in TG (Coeflicient: 15.88,
P-value = 0.042) and HDL (Coefficient: —3.21, P-value = 0.044)
and the dose of intervention was found.

Grading of evidence

To assess the certainty of the evidence, the GRADE protocol
was applied (Table 4) and obtained findings revealed that
TC, LDL, HDL, FBS, HbAlc, and DBP-related evidence had
moderate quality due to the serious inconsistency reasons.
Additionally, it was shown that evidence regarding TG, fasting
insulin, SBP, and CRP had low quality due to serious imprecision
and inconsistency reasons. The evidence relating to HOMA-IR
was also downgraded to very low quality because of the serious
inconsistency, imprecision, and publication bias.

Sensitivity analysis

Based on the sensitivity analysis findings, for all considered
cardiovascular risk factors including lipid profiles, glycemic
indices, SBP and DBP, and CRP, there was no significant
difference in results with removing one single study.

Discussion

In the present meta-analysis, we weighed the effects of
green tea supplementation on cardiovascular risk factors,
including lipid (TG, TC, HDL, and LDL) and glycemic profiles
(FBS, fasting insulin, HbAlc, and HOMA-IR), BP (SBP and
DBP), and CRP as the marker of systemic inflammation.
According to the findings, green tea supplementation was
associated with small but significant improvements in the
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lipid profile by decreasing TC and LDL. Interestingly,
green tea supplementation resulted in increases in HDL.
In terms of TG, subgroup analyses showed that green tea
supplementation had significantly favorable effects on TG
in long-term interventions. green tea also showed favorable
effects on the glycemic profile by decreasing FBS and
HbAlc without any changes in fasting insulin and HOMA-
IR. Moreover, our results demonstrated a small decline
in DBP, highlighting the possible hypotensive effects of
green tea supplementation. However, green tea had no
significant effects on CRP.

Primary observations from in vitro and animal studies
indicate that green tea supplementation inhibits CVD processes,
which suggested the possible protective role of green tea against
this disease (16). Moreover, previous epidemiological studies
showed the significance of drinking green tea in the prevention
of CVD (84, 85). For example, Kuriyama et al. reported that
green tea consumption is associated with reduced mortality
due to CVD in a population-based, prospective cohort study
initiated among 40,530 Japanese adults aged 40 to 79 years (10).
Furthermore, in another cohort of 165,000 adult men, Liu et al.
showed that regular green tea consumption is associated with
a significantly reduced risk of death from all-cause, and CVD
among Chinese adults (86).

Our finding on the possible favorable effects of green tea
supplementation on lipid profile is similar to the previous
meta-analysis. A meta-analysis by Onakpoya et al. revealed
a significant reduction in TC and LDL without any changes
in HDL and TG (87). These results were repeated in the
more recent systematic review and meta-analysis studies (88—
90). However, our findings underlined that green tea also can
have positive effects on lipid profile by increasing HDL which
was not seen in the previous meta-analyses. Moreover, we
showed that green tea supplementation can decrease TG if
intervention lasts more than 12 weeks. The possible mechanisms
underlying the positive effects of green tea on lipid profile.
The hypolipidemic effects of GTE can be attributed to the high
content of flavonoids, especially catechins, which are potent
antioxidants (91). One of these catechins high in green tea is
epigallocatechin (57). It is well-known that dietary supplements
with antioxidant properties may have hypolipidemic effects (92-
95). In terms of green tea antioxidants, previous in vitro studies
showed that epigallocatechin can inhibit lipoprotein oxidation,
namely, against LDL oxidation (96). The GTE can improve lipid
profile by reducing micellar solubility and intestinal absorption
of cholesterol, and reducing hepatic cholesterol concentration
(97, 98). It should be noted that another possible mechanism
involved in the favorable effects of green tea consumption
on lipid profile is its anti-obesity property. Previous studies
indicated that weight reduction can improve lipid profiles (99,
100). Previous studies reported anti-obesity effects of green
tea by a small but significant effect of green tea on body
mass (101).
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TABLE 4 GRADE profile of green tea extract supplementation for some cardiovascular risk factors in adults.

Outcomes | Risk of bias | Inconsistency | Indirectness | Imprecision | Publication Number of
intervention/control| of evidence
TG No serious Serious limitation’ No serious Serious No serious 3,548 (1,825/1,723) PPOO
limitation limitation limitation? limitation Low
TC No serious Serious limitation! No serious No serious No serious 3,332 (1,698/1,634) SPPb O
limitation limitation limitation limitation Moderate
LDL-C No serious Serious limitation! No serious No serious No serious 3,139 (1,595/1,544) DDOD O
limitation limitation limitation limitation Moderate
HDL-C No serious Serious limitation! No serious No serious No serious 3,191 (1,627/1,564) DDOD O
limitation limitation limitation limitation Moderate
FBS No serious Serious limitation! No serious No serious No serious 2,905 (1,503/1,402) DPPb O
limitation limitation limitation limitation Moderate
Fasting insulin No serious Serious limitation! No serious Serious No serious 2,190 (1,136/1,054) PPpOO
limitation limitation limitation? limitation Low
HbAlc No serious Serious limitation! No serious No serious No serious 992 (509/483) DOD O
limitation limitation limitation limitation Moderate
HOMA-IR No serious Serious limitation! No serious Serious Serious 1,506 (775/731) DOOO
limitation limitation limitation? limitation® Very Low
SBP No serious Serious limitation! No serious Serious No serious 1,899 (958/941) DD OO
limitation limitation limitation? limitation Low
DBP No serious Serious limitation! No serious No serious No serious 1,875 (946/929) PPPb O
limitation limitation limitation limitation Moderate
CRP No serious Serious limitation! No serious Serious No serious 907 (452/455) PO O
limitation limitation limitation® limitation Low

FBS, fasting blood sugar; HbAlc, hemoglobin A1C; HOMA-IR, homeostatic model assessment for insulin resistance; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total
cholesterol; TG, triglyceride; LDL-C, low-density cholesterol; HDL-C, high-density cholesterol; and CRP, C-reactive protein.

!There is significant heterogeneity.

2There is no evidence of significant effects of green tea extract supplementation.

3There is significant publication bias.

Large population cohort studies reported that regular green tea (which is discussed above) are involved in the favorable
tea intake may decrease the risk of T2DM. For example, a cohort effects of GTE on glycemic profile, (99, 106-108) in our study,
study of 0.5 million adults aged 30-79 years suggested that some other possible mechanisms can contribute. It has been
daily green tea consumption was associated with a lower risk shown that green tea can increase circulating adiponectin (91).
of incident T2DM and a lower risk of all-cause mortality in It is well-documented that adiponectin is the most abundant
patients with diabetes (102). A more recent prospective cohort peptide secreted by adipocytes, whose increases are considered
study among the 27 841 rural community residents in Deqing a therapeutic target in obesity-related diseases, including insulin
County revealed that drinking green tea may reduce the risk resistance and T2DM (109, 110). Therefore, the adiponectin-
of T2DM among the adult population in rural China (103). increasing effects of green tea can be a possible mechanism for
Regarding the hypoglycemic of green tea and its effects on its hypoglycemic effects.
glycemic profile, although most systematic reviews and meta- Hypertension is one of the chief risk factors for CVD
analyses underlined the favorable effects of green tea, there (111). There are meta-analyses studies conducted to evaluate
are some inconsistencies between them. For example, Xu et al. the effects of green tea consumption on BP. Increasingly,
reported that GTE supplementation significantly reduced FBS these studies reported inconsistent findings. For example, a
without any changes in other glycemic indices (104). These primary meta-analysis published in 2014 showed that GTE
findings were repeated in a more recent meta-analysis (89). supplementation resulted in significant reductions in SBP
In contrast, the results of our previous systematic review and but not DBP (87). Xu et al. showed that even short-term
meta-analysis indicated that the green tea supplementation GTE supplementation significantly reduced SBP and DBP
had no significant effect on FBS, fasting insulin, HbAlc, and (112) which is consistent with Igho-Osagie et al. study which
HOMA-IR in patients with T2DM (105). However, our findings revealed that short-term tea and green tea consumption is not
revealed that green tea supplementation has favorable effects associated with a reduction in blood pressure (113). In another
on the glycemic profile by decreasing both FBS and HbAlc. systematic review and meta-analysis, Mahdavi-Roshan et al.
Although the antioxidant content and anti-obesity of green suggested the positive effects of regular green tea consumption
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on BP in participants with elevated BP or hypertension by
decreasing both SBP and DBP (114). Recently, an umbrella
review and meta meta-analysis study showed that regular
consumption of green tea significantly decreases SBP and DBP
(89). However, our analysis demonstrated a small decline in
DBP without any changes in SBP. It should be noted that
the hypotensive effects of green tea were small and may not
reach clinical importance. The small hypotensive effects of green
tea may be the cause of its antioxidant contents. Previous
studies underlined the significant role of antioxidant agents
as a hypotensive treatment (115-117). Furthermore, green tea
catechin cleanses reactive oxygen and nitrogen species; it also
enhances antioxidant enzymes such as catalase and superoxide
dismutase, thereby protecting endothelial cells from oxidative
damage and regulating BP (118, 119). Moreover, green tea
has been shown to increase circulating adiponectin. Evidence
suggests that adiponectin has a potent role in regulating blood
pressure. Adiponectin reduces blood presure through anti-
atherogenic and insulin sensitivity effects and reversed salt-
induced hypertenstion (120).

A large volume of clinical data indicates that the
detection of CRP is of predictive value in CVD (121,
122). Tt has been hypothesized that green tea has CRP-
inhibition of the Nuclear
factor of activated B
(NF-kB) pathway and stimulation of nitric oxide (NO)
production (123-125). This hypothesis underlined in some

lowering  effects through

kappa-light-chain-enhancer cells

previous studies. For example, in our previous systematic
review and meta-analysis study, we indicated that GTE
supplementation significantly reduced CRP in patients with
T2DM (126). However, these favorable effects were not
seen in other systematic reviews and meta-analyses (127,
128). Our finding also underlined that green tea had no
significant effects on CRP.

This meta-analysis contains some strengths and limitations.
The main strength of this study is the relatively acceptable
number of studies and high sample size. Moreover, we analyzed
a wide range of biomarkers that are linked to CVD. Another
advantage is performing a dose-response meta-regression
analysis to evaluate the association between pooled effect
size, dosage, and duration of green tea supplementation.
Another strength of this meta-analysis relates to the inclusion
of several long-term studies, which certainly has the advantage
of documenting the long-term effects of GTE on CVD markers
and allowing comparisons to shorter-duration designs (e.g.,
TG was shown to decrease to a greater extent in studies of
longer duration). Finally, we graded the overall certainty
of evidence across the studies according to the GRADE
guidelines. Regarding limitations, statistical heterogeneity
is apparent in our analysis. This may be attributed to
methodological diversity (different study designs) and/or
differences in treatment regimens (doses/durations) or the
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intervention type (different types of green tea which is
mentioned in Table 1). In addition, there was publication
bias for some biomarkers is another limitation of our

study.

Conclusion

green tea supplementation was associated with a small
but significant improvement in the lipid profile by decreasing
TC and LDL while increasing HDL. Moreover, green tea
supplementation had significantly favorable effects on TG in
long-term interventions. green tea also showed favorable effects
on the glycemic profile by decreasing FBS and HbA1lc without
any changes in fasting insulin and HOMA-IR. Moreover, our
results demonstrated a small but significant decline in DBP.
Moreover, green tea had no significant effects on CRP.

Author contributions

OA contributed to the conception and design of the
study, data analysis, and supervised the study. DA-L and MK
contributed to the data extraction. MZ and MK screened
article for inclusion criteria. MG and DA-L contributed to
the manuscript drafting. RB, KG, NA, and IT revised the
manuscript. All authors approved the final version of the
manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fnut.2022.1084455/full#supplementary- material

frontiersin.org


https://doi.org/10.3389/fnut.2022.1084455
https://www.frontiersin.org/articles/10.3389/fnut.2022.1084455/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2022.1084455/full#supplementary-material
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Zamani et al.

References

1. Abe S, Inoue M. Green tea and cancer and cardiometabolic diseases: a review
of the current epidemiological evidence. Eur J Clin Nutr. (2021) 75:865-76. doi:
10.1038/s41430-020-00710-7

2. Khan N, Mukhtar H. Tea polyphenols for health promotion. Life Sci. (2007)
81:519-33. doi: 10.1016/j.1£5.2007.06.011

3. Chacko S, Thambi P, Kuttan R, Nishigaki I. Beneficial effects of green tea: a
literature review. Chin Med. (2010) 5:13. doi: 10.1186/1749-8546-5-13

4. Lorenzo J, Munekata P. Phenolic compounds of green tea: health benefits
and technological application in food. Asian Pac ] Trop Biomed. (2016) 6:709-19.
doi: 10.1016/j.foodres.2017.11.047

5. Musial C, Kuban-Jankowska A, Gorska-Ponikowska M. Beneficial properties
of green tea catechins. Int | Mol Sci. (2020) 21:1744. doi: 10.3390/ijms210
51744

6. Roth Gregory A, Mensah George A, Johnson Catherine O, Addolorato G,
Ammirati E, Baddour Larry M, et al. Global burden of cardiovascular diseases
and risk factors, 1990-2019. ] Am Coll Cardiol. (2020) 76:2982-3021.

7. Kokubo Y, Iso H, Saito I, Yamagishi K, Yatsuya H, Ishihara J, et al. The impact
of green tea and coffee consumption on the reduced risk of stroke incidence in
Japanese population. Stroke. (2013) 44:1369-74. doi: 10.1161/STROKEAHA.111.
677500

8. Tian C, Huang Q, Yang L, Légaré S, Angileri F Yang H, et al. Green tea
consumption is associated with reduced incident CHD and improved CHD-
related biomarkers in the Dongfeng-Tongji cohort. Sci Rep. (2016) 6:24353. doi:
10.1038/srep24353

9. Kishimoto Y, Saita E, Taguchi C, Aoyama M, Ikegami Y, Ohmori R, et al.
Associations between green tea consumption and coffee consumption and the
prevalence of coronary artery disease. ] Nutr Sci Vitaminol. (2020) 66:237-45.
doi: 10.3177/jnsv.66.237

10. Kuriyama S, Shimazu T, Ohmori K, Kikuchi N, Nakaya N, Nishino Y, et al.
Green tea consumption and mortality due to cardiovascular disease, cancer, and
all causes in Japan: the Ohsaki study. JAMA. (2006) 296:1255-65. doi: 10.1001/
jama.296.10.1255

11. Alexopoulos N, Vlachopoulos C, Stefanadis C. Role of green tea in reduction
of cardiovascular risk factors. Nutr Diet Suppl. (2010) 2:85-95. doi: 10.2147/NDS.
$6025

12. Ding F, Ma B, Nazary-Vannani A, Kord-Varkaneh H, Fatahi S, Papageorgiou
M, et al. The effects of green coffee bean extract supplementation on lipid profile
in humans: a systematic review and meta-analysis of randomized controlled
trials. Nutr Metab Cardiovasc Dis. (2020) 30:1-10. doi: 10.1016/j.numecd.2019.
10.002

13. Tokede O, Gaziano J, Djoussé L. Effects of cocoa products/dark chocolate on
serum lipids: a meta-analysis. Eur J Clin Nutr. (2011) 65:879-86. doi: 10.1038/ejcn.
2011.64

14. Ghanavati M, Rahmani J, Clark C, Hosseinabadi S, Rahimlou M. Pistachios
and cardiometabolic risk factors: a systematic review and meta-analysis of
randomized controlled clinical trials. Complement Ther Med. (2020) 52:102513.
doi: 10.1016/j.ctim.2020.102513

15. Dubois-Deruy E, Peugnet V, Turkieh A, Pinet F. Oxidative stress in
cardiovascular diseases. Antioxidants. (2020) 9:864. doi: 10.3390/antiox90
90864

16. Frei B, Higdon J. Antioxidant activity of tea polyphenols in vivo: evidence
from animal studies. ] Nutr. (2003) 133:3275s-84s. doi: 10.1093/jn/133.10.3275S

17. Zheng J, Lee H, Bin Sattar M, Huang Y, Bian J. Cardioprotective effects of
epigallocatechin-3-gallate against doxorubicin-induced cardiomyocyte injury. Eur
J Pharmacol. (2011) 652:82-8. doi: 10.1016/j.ejphar.2010.10.082

18. Alkhafaji N, Latif A. Effects of green tea extract on prevention and treatment
of Dyslipidemia in cholesterol-fed male rabbits. Kufa Med J. (2012) 15:175-82.

19. Muramatsu K, Fukuyo M, Hara Y. Effect of green tea catechins on plasma
cholesterol level in cholesterol-fed rats. ] Nutr Sci Vitaminol. (1986) 32:613-22.
doi: 10.3177/jnsv.32.613

20. Kim A, Chiu A, Barone M, Avino D, Wang F, Coleman C, et al. Green
tea catechins decrease total and low-density lipoprotein cholesterol: a systematic
review and meta-analysis. ] Am Diet Assoc. (2011) 111:1720-9. doi: 10.1016/j.jada.
2011.08.009

21. Rains T, Agarwal S, Maki K. Antiobesity effects of green tea catechins: a
mechanistic review. ] Nutr Biochem. (2011) 22:1-7. doi: 10.1016/j.jnutbio.2010.
06.006

Frontiers in Nutrition

27

10.3389/fnut.2022.1084455

22. Liu K, Zhou R, Wang B, Chen K, Shi L, Zhu J, et al. Effect of green tea
on glucose control and insulin sensitivity: a meta-analysis of 17 randomized
controlled trials. Am J Clin Nutr. (2013) 98:340-8.

23.Li G, Zhang Y, Thabane L, Mbuagbaw L, Liu A, Levine M, et al. Effect
of green tea supplementation on blood pressure among overweight and obese
adults: a systematic review and meta-analysis. ] Hypertens. (2015) 33:243-54.
doi: 10.1097/HJH.0000000000000426

24. Frank ], George T, Lodge J, Rodriguez-Mateos A, Spencer ], Minihane A, et al.
Daily consumption of an aqueous green tea extract supplement does not impair
liver function or alter cardiovascular disease risk biomarkers in healthy men. J
Nutr. (2009) 139:58-62. doi: 10.3945/jn.108.096412

25. Mousavi A, Vafa M, Neyestani T, Khamseh M, Hoseini F. The effects of green
tea consumption on metabolic and anthropometric indices in patients with type 2
diabetes. ] Res Med Sci. (2013) 18:1080-6.

26. Higgins J, Altman D, Gotzsche P, Juni P, Moher D, Oxman A, et al. The
cochrane collaboration’s tool for assessing risk of bias in randomised trials. BMJ.
(2011) 343:d5928. doi: 10.1136/bmj.d5928

27. Akl E, Altman D, Aluko P, Askie L, Beaton D, Berlin J, et al. Cochrane
Handbook for Systematic Reviews of Interventions. New York, NY: John Wiley &
Sons (2019).

28. Begg C, Mazumdar M. Operating characteristics of a rank correlation test for
publication bias. Biometrics. (1994) 50:1088-101. doi: 10.2307/2533446

29. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BMJ. (1997) 315:629-34. doi: 10.1136/bmj.
315.7109.629

30. Brown A, Lane ], Coverly J, Stocks ], Jackson S, Stephen A, et al. Effects
of dietary supplementation with the green tea polyphenol epigallocatechin-3-
gallate on insulin resistance and associated metabolic risk factors: randomized
controlled trial. Br ] Nutr. (2009) 101:886-94. doi: 10.1017/S00071145080
47727

31. Brown A, Lane J, Holyoak C, Nicol B, Mayes A, Dadd T. Health effects
of green tea catechins in overweight and obese men: a randomised controlled
cross-over trial. Br J Nutr. (2011) 106:1880-9. doi: 10.1017/S00071145110
02376

32. Chen I, Liu C, Chiu J, Hsu C. Therapeutic effect of high-dose green tea extract
on weight reduction: a randomized, double-blind, placebo-controlled clinical trial.
Clin Nutr. (2016) 35:592-9. doi: 10.1016/j.cInu.2015.05.003

33. Diepvens K, Kovacs E, Vogels N, Westerterp-Plantenga M. Metabolic effects
of green tea and of phases of weight loss. Physiol Behav. (2006) 87:185-91. doi:
10.1016/j.physbeh.2005.09.013

34. Hsu C, Tsai T, Kao Y, Hwang K, Tseng T, Chou P. Effect of green tea extract on
obese women: a randomized, double-blind, placebo-controlled clinical trial. Clin
Nutr. (2008) 27:363-70. doi: 10.1016/j.clnu.2008.03.007

35. Hill A, Coates A, Buckley J, Ross R, Thielecke F, Howe P. Can EGCG reduce
abdominal fat in obese subjects? J Am Coll Nutr. (2007) 26:3965-402s.

36. Kovacs E, Lejeune M, Nijs I, Westerterp-Plantenga M. Effects of green tea on
weight maintenance after body-weight loss. Br ] Nutr. (2004) 91:431-7.

37.Lu P, Hsu C. Does supplementation with green tea extract improve acne
in post-adolescent women? A randomized, double-blind, and placebo-controlled
clinical trial. Complement Ther Med. (2016) 25:159-63. doi: 10.1016/j.ctim.2016.
03.004

38. Mielgo-Ayuso ], Barrenechea L, Alcorta P, Larrarte E, Margareto J,
Labayen I. Effects of dietary supplementation with epigallocatechin-3-gallate
on weight loss, energy homeostasis, cardiometabolic risk factors and liver
function in obese women: randomised, double-blind, placebo-controlled
clinical trial. Br ] Nutr. (2014) 111:1263-71. doi: 10.1017/S000711451300
3784

39. Miyazaki R, Kotani K, Ayabe M, Tsuzaki K, Shimada ], Sakane N, et al.

Minor effects of green tea catechin supplementation on cardiovascular
risk markers in active older people: a randomized controlled trial.
Geriatr  Gerontol Int. (2013) 13:622-9. doi: 10.1111/j.1447-0594.2012.0
0952.x

40. Nagao T, Hase T, Tokimitsu I. A green tea extract high in catechins reduces
body fat and cardiovascular risks in humans. Obesity. (2007) 15:1473-83. doi:
10.1038/0by.2007.176

41. Suliburska J, Bogdanski P, Szulinska M, Stepien M, Pupek-Musialik D,
Jablecka A. Effects of green tea supplementation on elements, total antioxidants,

frontiersin.org


https://doi.org/10.3389/fnut.2022.1084455
https://doi.org/10.1038/s41430-020-00710-7
https://doi.org/10.1038/s41430-020-00710-7
https://doi.org/10.1016/j.lfs.2007.06.011
https://doi.org/10.1186/1749-8546-5-13
https://doi.org/10.1016/j.foodres.2017.11.047
https://doi.org/10.3390/ijms21051744
https://doi.org/10.3390/ijms21051744
https://doi.org/10.1161/STROKEAHA.111.677500
https://doi.org/10.1161/STROKEAHA.111.677500
https://doi.org/10.1038/srep24353
https://doi.org/10.1038/srep24353
https://doi.org/10.3177/jnsv.66.237
https://doi.org/10.1001/jama.296.10.1255
https://doi.org/10.1001/jama.296.10.1255
https://doi.org/10.2147/NDS.S6025
https://doi.org/10.2147/NDS.S6025
https://doi.org/10.1016/j.numecd.2019.10.002
https://doi.org/10.1016/j.numecd.2019.10.002
https://doi.org/10.1038/ejcn.2011.64
https://doi.org/10.1038/ejcn.2011.64
https://doi.org/10.1016/j.ctim.2020.102513
https://doi.org/10.3390/antiox9090864
https://doi.org/10.3390/antiox9090864
https://doi.org/10.1093/jn/133.10.3275S
https://doi.org/10.1016/j.ejphar.2010.10.082
https://doi.org/10.3177/jnsv.32.613
https://doi.org/10.1016/j.jada.2011.08.009
https://doi.org/10.1016/j.jada.2011.08.009
https://doi.org/10.1016/j.jnutbio.2010.06.006
https://doi.org/10.1016/j.jnutbio.2010.06.006
https://doi.org/10.1097/HJH.0000000000000426
https://doi.org/10.3945/jn.108.096412
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.2307/2533446
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1017/S0007114508047727
https://doi.org/10.1017/S0007114508047727
https://doi.org/10.1017/S0007114511002376
https://doi.org/10.1017/S0007114511002376
https://doi.org/10.1016/j.clnu.2015.05.003
https://doi.org/10.1016/j.physbeh.2005.09.013
https://doi.org/10.1016/j.physbeh.2005.09.013
https://doi.org/10.1016/j.clnu.2008.03.007
https://doi.org/10.1016/j.ctim.2016.03.004
https://doi.org/10.1016/j.ctim.2016.03.004
https://doi.org/10.1017/S0007114513003784
https://doi.org/10.1017/S0007114513003784
https://doi.org/10.1111/j.1447-0594.2012.00952.x
https://doi.org/10.1111/j.1447-0594.2012.00952.x
https://doi.org/10.1038/oby.2007.176
https://doi.org/10.1038/oby.2007.176
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Zamani et al.

lipids, and glucose values in the serum of obese patients. Biol Trace Elem Res.
(2012) 149:315-22. doi: 10.1007/s12011-012-9448-z

42. Tadayon M, Movahedi S, Abedi P, Syahpoosh A. Impact of green tea extract
on serum lipid of postmenopausal women: a randomized controlled trial. J Tradit
Complement Med. (2018) 8:391-5.

43. Wu A, Spicer D, Stanczyk E Tseng C, Yang C, Pike M. Effect of 2-
month controlled green tea intervention on lipoprotein cholesterol, glucose, and
hormone levels in healthy postmenopausal women. Cancer Prev Res. (2012)
5:393-402. doi: 10.1158/1940-6207.CAPR-11-0407

44. Sone T, Kuriyama S, Nakaya N, Hozawa A, Shimazu T, Nomura K, et
al. Randomized controlled trial for an effect of catechin-enriched green tea
consumption on adiponectin and cardiovascular disease risk factors. Food Nutr
Res. (2011) 55:55-64. doi: 10.3402/fnr.v55i0.8326

45. Dostal A, Samavat H, Espejo L, Arikawa A, Stendell-Hollis N, Kurzer M.
Green tea extract and catechol-O-methyltransferase genotype modify fasting
serum insulin and plasma adiponectin concentrations in a randomized controlled
trial of overweight and obese postmenopausal women. J Nutr. (2016) 146:38-45.
doi: 10.3945/jn.115.222414

46. Dostal A, Arikawa A, Espejo L, Kurzer M. Long-term supplementation
of green tea extract does not modify adiposity or bone mineral density in a
randomized trial of overweight and obese postmenopausal women. J Nutr. (2016)
146:256-64.

47. Kafeshani M, Entezari M, Karimian J, Pourmasoumi M, Maracy M, Amini M,
etal. A comparative study of the effect of green tea and sour tea on blood pressure
and lipid profile in healthy adult men. ARYA Atheroscler. (2017) 13:109-16.

48. Maeda-Yamamoto M, Nishimura M, Kitaichi N, Nesumi A, Monobe M,
Nomura S, et al. Randomized, placebo-controlled study on the safety and efficacy
of daily ingestion of green tea (Camellia sinensis L.) cv. “Yabukita” and “Sunrouge”
on eyestrain and blood pressure in healthy adults. Nutrients. (2018) 10:569. doi:
10.3390/nu10050569

49. Nantz M, Rowe C, Bukowski ], Percival S. Standardized capsule of Camellia
sinensis lowers cardiovascular risk factors in a randomized, double-blind, placebo-
controlled study. Nutrition. (2009) 25:147-54. doi: 10.1016/j.nut.2008.07.018

50. Hursel R, Westerterp-Plantenga M. Green tea catechin plus caffeine
supplementation to a high-protein diet has no additional effect on body weight
maintenance after weight loss. Am J Clin Nutr. (2009) 89:822-30. doi: 10.3945/
ajcn.2008.27043

51. Westerterp-Plantenga M, Lejeune M, Kovacs E. Body weight loss and weight
maintenance in relation to habitual caffeine intake and green tea supplementation.
Obes Res. (2005) 13:1195-204. doi: 10.1038/0by.2005.142

52. Freese R, Basu S, Hietanen E, Nair ], Nakachi K, Bartsch H, et al. Green tea
extract decreases plasma malondialdehyde concentration but does not affect other
indicators of oxidative stress, nitric oxide production, or hemostatic factors during
a high-linoleic acid diet in healthy females. Eur ] Nutr. (1999) 38:149-57.

53. Samavat H, Newman A, Wang R, Yuan J, Wu A, Kurzer M. Effects of green
tea catechin extract on serum lipids in postmenopausal women: a randomized,
placebo-controlled clinical trial. Am J Clin Nutr. (2016) 104:1671-82.

54. Amozadeh H, Shabani R, Nazari M. The effect of aerobic training and green
tea supplementation on cardio metabolic risk factors in overweight and obese
females: a randomized trial. Int ] Endocrinol Metab. (2018) 16:¢60738. doi: 10.
5812/ijem.60738

55. Rostamian M, Bijeh N. The Effect of short-term aerobic exercise and green tea
consumption on MFO, 1Fatmax, body composition and lipid profile in sedentary
postmenopausal 1zwomen. Int ] Appl Exerc Physiol. (2017) 6:21-31.

56. Zhang T, Li N, Chen S, Hou Z, Saito A. Effects of green tea extract combined
with brisk walking on lipid profiles and the liver function in overweight and obese
men: a randomized, double-blinded, placebo-control trial. An Acad Bras Cienc.
(2020) 92:€20191594. doi: 10.1590/0001-3765202020191594

57. Bagheri R, Rashidlamir A, Ashtary-Larky D, Wong A, Grubbs B, Motevalli
M, et al. Effects of green tea extract supplementation and endurance training on
irisin, pro-inflammatory cytokines, and adiponectin concentrations in overweight
middle-aged men. Eur J Appl Physiol. (2020) 120:915-23. doi: 10.1007/s00421-
020-04332-6

58. Bagheri R, Rashidlamir A, Ashtary-Larky D, Wong A, Alipour M, Motevalli
M, et al. Does green tea extract enhance the anti-inflammatory effects of
exercise on fat loss? Br J Clin Pharmacol. (2020) 86:753-62. doi: 10.1111/bcp.
14176

59. Fukino Y, Shimbo M, Aoki N, Okubo T, Iso H. Randomized controlled trial
for an effect of green tea consumption on insulin resistance and inflammation
markers. ] Nutr Sci Vitaminol. (2005) 51:335-42.

Frontiers in Nutrition

28

10.3389/fnut.2022.1084455

60. Fukino Y, Ikeda A, Maruyama K, Aoki N, Okubo T, Iso H. Randomized
controlled trial for an effect of green tea-extract powder supplementation on
glucose abnormalities. Eur ] Clin Nutr. (2008) 62:953-60. doi: 10.1038/sj.ejcn.
1602806

61. Nagao T, Meguro S, Hase T, Otsuka K, Komikado M, Tokimitsu I,
et al. A catechin-rich beverage improves obesity and blood glucose control
in patients with type 2 diabetes. Obesity. (2009) 17:310-7. doi: 10.1038/0by.20
08.505

62. Mohammadi S, Hasseinzadeh Attar M, Karimi M, Hossainnezhad A,
Eshraghian M, Hosseini S, et al. The effects of green tea extract on serum
adiponectin concentration and insulin resistance in patients with type 2 diabetes
mellitus. ] Adv Med Biomed Res. (2010) 18:44-57.

63. Hsu C, Liao Y, Lin S, Tsai T, Huang C, Chou P. Does supplementation
with green tea extract improve insulin resistance in obese type 2 diabetics? A
randomized, double-blind, and placebo-controlled clinical trial. Altern Med Rev.
(2011) 16:157-63.

64. Lasaite L, Spadiene A, Savickiene N, Skesters A, Silova A. The effect of
Ginkgo biloba and Camellia sinensis extracts on psychological state and glycemic
control in patients with type 2 diabetes mellitus. Nat Prod Commun. (2014) 9:
1345-50.

65. Liu C, Huang C, Huang L, Chen I, Chiu J, Hsu C. Effects of green tea extract
on insulin resistance and glucagon-like peptide 1 in patients with type 2 diabetes
and lipid abnormalities: a randomized, double-blinded, and placebo-controlled
trial. PLoS One. (2014) 9:¢91163. doi: 10.1371/journal.pone.0091163

66. Borges C, Papadimitriou A, Duarte D, Lopes de Faria ], Lopes de Faria J.
The use of green tea polyphenols for treating residual albuminuria in diabetic
nephropathy: a double-blind randomised clinical trial. Sci Rep. (2016) 6:28282.
doi: 10.1038/srep28282

67. Zandi Dareh Gharibi Z, Faramarzi M, Banitalebi E. The effect of rhythmic
aerobic exercise and green tea supplementation on visfatin levels and metabolic
risk factors in obese diabetic women. JMPIR. (2018) 17:145-56.

68. Sobhani F, Haghshenas R, Rahimi M. Effect of eight weeks aerobic training
and supplementation of green tea on apelin plasma levels and insulin resistance
in elderly women with type 2 diabetes. ] Mazand Univ Med Sci. (2019) 28:
84-93.

69. Quezada-Fernandez P, Trujillo-Quiros J, Pascoe-Gonzélez S, Trujillo-Rangel
W, Cardona-Miiller D, Ramos-Becerra C, et al. Effect of green tea extract on
arterial stiffness, lipid profile and sSRAGE in patients with type 2 diabetes mellitus:
a randomised, double-blind, placebo-controlled trial. Int J Food Sci Nutr. (2019)
70:977-85. doi: 10.1080/09637486.2019.1589430

70. de Amorim L, Vaz S, Cesario G, Coelho A, Botelho P. Effect of green tea
extract on bone mass and body composition in individuals with diabetes. ] Funct
Foods. (2018) 40:589-94.

71. Hosseini S, Alipour M, Zakerkish M, Cheraghian B, Ghandil P. The
gene-treatment interaction of FTO-RS9939609 gene polymorphism and
epigallocatechin-gallate intervention on anthropometric indices, fasting blood
sugar and insulin resistance/sensitivity in patients with type 2 diabetes mellitus.
Iran Red Crescent Med J. (2018) 20:12-8.

72. Mirzaei K, Hossein-Nezhad A, Karimi M, Hosseinzadeh-Attar M, Jafari N,
Najmafshar A, et al. Effect of green tea extract on bone turnover markers in type 2
diabetic patients; a double- blind, placebo-controlled clinical trial study. DARU J
Pharm Sci. (2015) 2015:7.

73. Huang L, Liu C, Wang L, Huang C, Hsu C. Effects of green tea extract
on overweight and obese women with high levels of low density-lipoprotein-
cholesterol (LDL): a randomised, double-blind, and cross-over placebo-controlled
clinical trial. BMC Complement Altern Med. (2018) 18:294. doi: 10.1186/5s12906-
018-2355-x

74. Maron D, Lu G, Cai N, Wu Z, Li Y, Chen H, et al. Cholesterol-lowering effect
of a theaflavin-enriched green tea extract: a randomized controlled trial. Arch
Intern Med. (2003) 163:1448-53. doi: 10.1001/archinte.163.12.1448

75. Chan C, Koo M, Ng E, Tang O, Yeung W, Ho P. Effects of Chinese green
tea on weight, and hormonal and biochemical profiles in obese patients with
polycystic ovary syndrome-a randomized placebo-controlled trial. J Socr Gynecol
Invest. (2006) 13:63-8. doi: 10.1016/j.jsgi.2005.10.006

76. Mombaini E, Jafarirad S, Husain D, Haghighizadeh M, Padfar P. The impact

of green tea supplementation on anthropometric indices and inflammatory
cytokines in women with polycystic ovary syndrome. Phytother Res. (2017)
31:747-54. doi: 10.1002/ptr.5795

77. Bogdanski P, Suliburska J, Szulinska M, Stepien M, Pupek-Musialik D,
Jablecka A. Green tea extract reduces blood pressure, inflammatory biomarkers,
and oxidative stress and improves parameters associated with insulin resistance

frontiersin.org


https://doi.org/10.3389/fnut.2022.1084455
https://doi.org/10.1007/s12011-012-9448-z
https://doi.org/10.1158/1940-6207.CAPR-11-0407
https://doi.org/10.3402/fnr.v55i0.8326
https://doi.org/10.3945/jn.115.222414
https://doi.org/10.3390/nu10050569
https://doi.org/10.3390/nu10050569
https://doi.org/10.1016/j.nut.2008.07.018
https://doi.org/10.3945/ajcn.2008.27043
https://doi.org/10.3945/ajcn.2008.27043
https://doi.org/10.1038/oby.2005.142
https://doi.org/10.5812/ijem.60738
https://doi.org/10.5812/ijem.60738
https://doi.org/10.1590/0001-3765202020191594
https://doi.org/10.1007/s00421-020-04332-6
https://doi.org/10.1007/s00421-020-04332-6
https://doi.org/10.1111/bcp.14176
https://doi.org/10.1111/bcp.14176
https://doi.org/10.1038/sj.ejcn.1602806
https://doi.org/10.1038/sj.ejcn.1602806
https://doi.org/10.1038/oby.2008.505
https://doi.org/10.1038/oby.2008.505
https://doi.org/10.1371/journal.pone.0091163
https://doi.org/10.1038/srep28282
https://doi.org/10.1080/09637486.2019.1589430
https://doi.org/10.1186/s12906-018-2355-x
https://doi.org/10.1186/s12906-018-2355-x
https://doi.org/10.1001/archinte.163.12.1448
https://doi.org/10.1016/j.jsgi.2005.10.006
https://doi.org/10.1002/ptr.5795
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Zamani et al.

in obese, hypertensive patients. Nutr Res. (2012) 32:421-7. doi: 10.1016/j.nutres.
2012.05.007

78. Nogueira L, Nogueira Neto J, Klein M, Sanjuliani A. Short-term effects of
green tea on blood pressure, endothelial function, and metabolic profile in obese
prehypertensive women: a crossover randomized clinical trial. ] Am Coll Nutr.
(2017) 36:108-15. doi: 10.1080/07315724.2016.1194236

79. Fukuzawa Y, Kapoor M, Yamasaki K, Okubo T, Hotta Y, Juneja L. Effects of
green tea catechins on nonalcoholic steatohepatitis (NASH) patients. ] Funct Food.
(2014) 9:48-59.

80. Tabatabaee S, Alavian S, Ghalichi L, Miryounesi M, Mousavizadeh K, Jazayeri
S, et al. Green tea in non-alcoholic fatty liver disease; a double blind randomized
clinical trial. Hepat Mon. (2017) 17:e14993.

81. Hussain M, Habib Ur R, Akhtar L. Therapeutic benefits of green tea extract
on various parameters in non-alcoholic fatty liver disease patients. Pak ] Med Sci.
(2017) 33:931-6. doi: 10.12669/pjms.334.12571

82. Basu A, Du M, Sanchez K, Leyva M, Betts N, Blevins S, et al. Green tea
minimally affects biomarkers of inflammation in obese subjects with metabolic
syndrome. Nutrition. (2011) 27:206-13. doi: 10.1016/j.nut.2010.01.015

83. Lee T, Charng M, Tseng C, Lai L. A double-blind, randomized, placebo-

controlled study to evaluate the efficacy and safety of STA-2 (green tea
polyphenols) in patients with chronic stable angina. Acta Cardiol Sin. (2016)
32:439-49. doi: 10.6515/acs20150708d

84. Kuriyama S. The relation between green tea consumption and cardiovascular
disease as evidenced by epidemiological studies. ] Nutr. (2008) 138:15485-53S.
doi: 10.1093/jn/138.8.1548S

85. Nakachi K, Matsuyama S, Miyake S, Suganuma M, Imai K. Preventive effects
of drinking green tea on cancer and cardiovascular disease: epidemiological
evidence for multiple targeting prevention. Biofactors. (2000) 13:49-54. doi: 10.
1002/biof.5520130109

86. Liu J, Liu S, Zhou H, Hanson T, Yang L, Chen Z, et al. Association of green
tea consumption with mortality from all-cause, cardiovascular disease and cancer
in a Chinese cohort of 165,000 adult men. Eur ] Epidemiol. (2016) 31:853-65.
doi: 10.1007/s10654-016-0173-3

87. Onakpoya I, Spencer E, Heneghan C, Thompson M. The effect of green tea
on blood pressure and lipid profile: a systematic review and meta-analysis of
randomized clinical trials. Nutr Metab Cardiovasc Dis. (2014) 24:823-36.

88. Asbaghi O, Fouladvand F, Moradi S, Ashtary-Larky D, Choghakhori R,
Abbasnezhad A, et al. Effect of green tea extract on lipid profile in patients with
type 2 diabetes mellitus: a systematic review and meta-analysis. Diabetes Metab
Syndr. (2020) 14:293-301.

89. Neyestani T, Nikooyeh B. A comprehensive overview on the effects of green
tea on anthropometric measures, blood pressure, glycemic and lipidemic status:
an umbrella review and meta meta-analysis study. Nutr Metab Cardiovasc Dis.
(2022) 32:2026-40. doi: 10.1016/j.numecd.2022.05.021

90. Xu R, Yang K, Li S, Dai M, Chen G. Effect of green tea consumption on blood
lipids: a systematic review and meta-analysis of randomized controlled trials. Nutr
J. (2020) 19:1-15.

91. Asbaghi, O, Fouladvand F Ashtary-Larky D, Bagheri R, Choghakhori R,
Wong A, et al. Effects of green tea supplementation on serum concentrations
of adiponectin in patients with type 2 diabetes mellitus: a systematic review
and meta-analysis. Arch Physiol Biochem. (2020):1-8. doi: 10.1080/13813455.2020.
1846202

92. Asbaghi O, Ashtary-Larky D, Bagheri R, Nazarian B, Pourmirzaei Olyaei
H, Rezaei Kelishadi M, et al. Beneficial effects of folic acid supplementation on
lipid markers in adults: a GRADE-assessed systematic review and dose-response
meta-analysis of data from 21,787 participants in 34 randomized controlled
trials. Crit Rev Food Sci Nutr. (2021) 62:8435-53. doi: 10.1080/10408398.2021.19
28598

93. Asbaghi O, Naeini E Ashtary-Larky D, Moradi S, Zakeri N, Eslampour E,
et al. Effects of chromium supplementation on lipid profile in patients with type
2 diabetes: a systematic review and dose-response meta-analysis of randomized
controlled trials. J Trace Elem Med Biol. (2021) 66:126741. doi: 10.1016/j.jtemb.
2021.126741

94. Kelishadi M, Ashtary-Larky D, Davoodi S, Clark C, Asbaghi O. The effects
of selenium supplementation on blood lipids and blood pressure in adults: a
systematic review and dose-response meta-analysis of randomized control trials. /
Trace Elem Med Biol. (2022) 74:127046. doi: 10.1016/j.jtemb.2022.127046

95. Namkhah Z, Ashtary-Larky D, Naeini F, Clark C, Asbaghi O. Does vitamin
C supplementation exert profitable effects on serum lipid profile in patients with
type 2 diabetes? A systematic review and dose-response meta-analysis. Pharmacol
Res. (2021) 169:105665.

Frontiers in Nutrition

29

10.3389/fnut.2022.1084455

96. Coimbra S, Santos-Silva A, Rocha-Pereira P, Rocha S, Castro E. Green tea
consumption improves plasma lipid profiles in adults. Nutr Res. (2006) 26:604-7.

97. Raederstorff D, Schlachter M, Elste V, Weber P. Effect of EGCG on lipid
absorption and plasma lipid levels in rats. ] Nutr Biochem. (2003) 14:326-32.

98. Haidari F, Shahi M, Zarei M, Rafiei H, Omidian K. Effect of green tea extract
on body weight, serum glucose and lipid profile in streptozotocin-induced diabetic
rats. A dose response study. Saudi Med J. (2012) 33:128-33.

99. Ashtary-Larky D, Ghanavati M, Lamuchi-Deli N, Payami S, Alavi-Rad S,
Boustaninejad M, et al. Rapid weight loss vs. Slow weight loss: which is more
effective on body composition and metabolic risk factors? Int ] Endocrinol Metab.
(2017) 15:e13249. doi: 10.5812/ijem.13249

100. Aucott L, Gray D, Rothnie H, Thapa M, Waweru C. Effects of lifestyle
interventions and long-term weight loss on lipid outcomes-a systematic review.
Obes Rev. (2011) 12:e412-25. doi: 10.1111/j.1467-789X.2010.00819.x

101. Asbaghi O, Fouladvand F, Gonzalez M, Aghamohammadi V, Choghakhori
R, Abbasnezhad A. Effect of green tea on anthropometric indices and body
composition in patients with type 2 diabetes mellitus: a systematic review and
meta-analysis. Complement Med Res. (2021) 28:244-51. doi: 10.1159/000511665

102. Nie ], Yu C, Guo Y, Pei P, Chen L, Pang Y, et al. Tea consumption and long-
term risk of type 2 diabetes and diabetic complications: a cohort study of 0.5
million Chinese adults. Am J Clin Nutr. (2021) 114:194-202. doi: 10.1093/ajcn/
nqab006

103. Zhu B, Dong X, Zhu J, Wang N, Chen Y, Jiang Q, et al. Association between
tea drinking and the risk of type 2 diabetes mellitus among rural adults in
Deqing County: a prospective cohort study. Wei Sheng Yan Jiu. (2022) 51:12-7.
doi: 10.19813/j.cnki.weishengyan;jiu.2022.01.003

104. Xu R, Bai Y, Yang K, Chen G. Effects of green tea consumption on glycemic
control: a systematic review and meta-analysis of randomized controlled trials.
Nutr Metab. (2020) 17:56.

105. Asbaghi O, Fouladvand F, Gonzalez M, Ashtary-Larky D, Choghakhori R,
Abbasnezhad A, et al. Effect of green tea on glycemic control in patients with type
2 diabetes mellitus: a systematic review and meta-analysis. Diabetes Metab Syndr.
(2021) 15:23-31.

106. Hosseini S, Ghaedi E, Zakerkish M, Ghadiri A, Ashtary-larky D, Safari M,
et al. Effects of ginseng extract on chemerin, apelin and glycemic biomarkers in
type 2 diabetic patients. Indian ] Physiol Pharmacol. (2017) 61:152-8.

107. Asbaghi O, Fatemeh N, Mahnaz R, Ehsan G, Elham E, Behzad N, et al.
Effects of chromium supplementation on glycemic control in patients with type
2 diabetes: a systematic review and meta-analysis of randomized controlled trials.
Pharmacol Res. (2020) 161:105098.

108. Asbaghi O, Ashtary-Larky D, Bagheri R, Moosavian S, Olyaei H, Nazarian
B, et al. Folic acid supplementation improves glycemic control for diabetes
prevention and management: a systematic review and dose-response meta-
analysis of randomized controlled trials. Nutrients. (2021) 13:2355. doi: 10.3390/
nul3072355

109. Achari A, Jain S. Adiponectin, a therapeutic target for obesity, diabetes, and
endothelial dysfunction. Int ] Mol Sci. (2017) 18:1321. doi: 10.3390/ijms18061321

110. Fisman E, Tenenbaum A. Adiponectin: a manifold therapeutic target for
metabolic syndrome, diabetes, and coronary disease? Cardiovasc Diabetol. (2014)
13:103. doi: 10.1186/1475-2840-13-103

111. Ashtary-Larky D, Rezaei Kelishadi M, Bagheri R, Moosavian S, Wong
A, Davoodi S, et al. The effects of nano-curcumin supplementation on risk
factors for cardiovascular disease: a GRADE-assessed systematic review and meta-
analysis of clinical trials. Antioxidants. (2021) 10:1015. doi: 10.3390/antiox100
71015

112. Xu R, Yang K, Ding J, Chen G. Effect of green tea supplementation on blood
pressure: a systematic review and meta-analysis of randomized controlled trials.
Medicine. (2020) 99:€19047. doi: 10.1097/MD.0000000000019047

113. Igho-Osagie E, Cara K, Wang D, Yao Q, Penkert L, Cassidy A, et al. Short-
term tea consumption is not associated with a reduction in blood lipids or
pressure: a systematic review and meta-analysis of randomized controlled trials.
J Nutr. (2020) 150:3269-79. doi: 10.1093/jn/nxaa295

114. Mahdavi-Roshan M, Salari A, Ghorbani Z, Ashouri A. The effects of
regular consumption of green or black tea beverage on blood pressure in those
with elevated blood pressure or hypertension: a systematic review and meta-
analysis. Complement Ther Med. (2020) 51:102430. doi: 10.1016/j.ctim.2020.1
02430

115. Asbaghi O, Naeini F, Ashtary-Larky D, Kaviani M, Kelishadi M, Eslampour
E, et al. Effects of chromium supplementation on blood pressure, body mass
index, liver function enzymes and malondialdehyde in patients with type 2

frontiersin.org


https://doi.org/10.3389/fnut.2022.1084455
https://doi.org/10.1016/j.nutres.2012.05.007
https://doi.org/10.1016/j.nutres.2012.05.007
https://doi.org/10.1080/07315724.2016.1194236
https://doi.org/10.12669/pjms.334.12571
https://doi.org/10.1016/j.nut.2010.01.015
https://doi.org/10.6515/acs20150708d
https://doi.org/10.1093/jn/138.8.1548S
https://doi.org/10.1002/biof.5520130109
https://doi.org/10.1002/biof.5520130109
https://doi.org/10.1007/s10654-016-0173-3
https://doi.org/10.1016/j.numecd.2022.05.021
https://doi.org/10.1080/13813455.2020.1846202
https://doi.org/10.1080/13813455.2020.1846202
https://doi.org/10.1080/10408398.2021.1928598
https://doi.org/10.1080/10408398.2021.1928598
https://doi.org/10.1016/j.jtemb.2021.126741
https://doi.org/10.1016/j.jtemb.2021.126741
https://doi.org/10.1016/j.jtemb.2022.127046
https://doi.org/10.5812/ijem.13249
https://doi.org/10.1111/j.1467-789X.2010.00819.x
https://doi.org/10.1159/000511665
https://doi.org/10.1093/ajcn/nqab006
https://doi.org/10.1093/ajcn/nqab006
https://doi.org/10.19813/j.cnki.weishengyanjiu.2022.01.003
https://doi.org/10.3390/nu13072355
https://doi.org/10.3390/nu13072355
https://doi.org/10.3390/ijms18061321
https://doi.org/10.1186/1475-2840-13-103
https://doi.org/10.3390/antiox10071015
https://doi.org/10.3390/antiox10071015
https://doi.org/10.1097/MD.0000000000019047
https://doi.org/10.1093/jn/nxaa295
https://doi.org/10.1016/j.ctim.2020.102430
https://doi.org/10.1016/j.ctim.2020.102430
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

Zamani et al.

diabetes: a systematic review and dose-response meta-analysis of randomized
controlled trials. Complement Ther Med. (2021) 60:102755. doi: 10.1016/j.ctim.2
021.102755

116. Asbaghi O, Nazarian B, Naeini F Kaviani M, Moradi S, Askari G, et al.
Lycopene supplementation and blood pressure: systematic review and meta-
analyses of randomized trials. ] Herb Med. (2022) 31:100521. doi: 10.1016/j.
hermed.2021.100521

117. Asbaghi O, Salehpour S, Rezaei Kelishadi M, Bagheri R, Ashtary-Larky
D, Nazarian B, et al. Folic acid supplementation and blood pressure: a
GRADE-assessed systematic review and dose-response meta-analysis of 41,633
participants. Crit Rev Food Sci Nutr. (2021):1-16. doi: 10.1080/10408398.2021.
1968787

118. Babu P, Sabitha K, Shyamaladevi C. Therapeutic effect of green tea
extract on oxidative stress in aorta and heart of streptozotocin diabetic
rats. Chem Biol Interact. (2006) 162:114-20. doi: 10.1016/j.cbi.2006.
04.009

119. Simos Y, Verginadis I, Toliopoulos I, Velalopoulou A, Karagounis I,
Karkabounas S. Effects of catechin and epicatechin on superoxide dismutase and
glutathione peroxidase activity, in vivo. Redox Rep. (2012) 17:181-6. doi: 10.1179/
1351000212Y.0000000020

120. Yiannikouris F, Gupte M, Putnam K, Cassis L. Adipokines and blood
pressure control. Curr Opin Nephrol Hypertens. (2010) 19:195-200. doi: 10.1097/
MNH.0b013e3283366cd0

121. Tian R, Tian M, Wang L, Qian H, Zhang S, Pang H, et al. C-reactive protein
for predicting cardiovascular and all-cause mortality in type 2 diabetic patients: a
meta-analysis. Cytokine. (2019) 117:59-64.

122. Hermans M, Ahn S, Rousseau M. Increased CRP: an extended biomarker
of microvascular risk in men with type 2 diabetes, complications I. Increased
CRP: an extended biomarker of microvascular risk in men with type 2 diabetes.
] Diabetes Complications. (2019) 33:107413. doi: 10.1016/j.jdiacomp.2019.
107413

Frontiers in Nutrition

30

10.3389/fnut.2022.1084455

123. Wahyudi S, Sargowo D. Green tea polyphenols inhibit oxidized LDL-
induced NF-KB activation in human umbilical vein endothelial cells. Acta Med
Indones. (2007) 39:66-70.

124. Yang F, De Villiers W, McClain C, Varilek G. Green tea polyphenols block
endotoxin-induced tumor necrosis factor-production and lethality in a murine
model. J Nutr. (1998) 128:2334-40. doi: 10.1093/jn/128.12.2334

125. Chan M, Fong D, Ho C, Huang H. Inhibition of inducible nitric oxide
synthase gene expression and enzyme activity by epigallocatechin gallate, a natural
product from green tea. Biochem Pharmacol. (1997) 54:1281-6. doi: 10.1016/
$0006-2952(97)00504-2

126. Asbaghi O, Fouladvand F, Gonzalez M, Aghamohammadi V, Choghakhori
R, Abbasnezhad A. The effect of green tea on C-reactive protein and biomarkers of
oxidative stress in patients with type 2 diabetes mellitus: a systematic review and
meta-analysis. Complement Ther Med. (2019) 46:210-6. doi: 10.1016/j.ctim.2019.
08.019

127. Haghighatdoost F, Hariri M. The effect of green tea on inflammatory
mediators: a systematic review and meta-analysis of randomized clinical trials.
Phytother Res. (2019) 33:2274-87. doi: 10.1002/ptr.6432

128. Serban C, Sahebkar A, Antal D, Ursoniu S, Banach M. Effects of
supplementation with green tea catechins on plasma C-reactive protein
concentrations: a systematic review and meta-analysis of randomized controlled
trials. Nutrition. (2015) 31:1061-71. doi: 10.1016/j.nut.2015.02.004

129. Azizbeigi K, Stannard SR, Atashak S. Green tea supplementation during
resistance training minimally affects systemic inflammation and oxidative stress
indices in obese men. Jundishapur ] Nat Pharm Prod. (2019) 14:e61419. doi:
10.5812/jjnpp.61419

130. Bazyar H, Hosseini SA, Saradar S, Mombaini D, Allivand M, Labibzadeh
M, et al. Effects of epigallocatechin-3-gallate of Camellia sinensis leaves on blood
pressure, lipid profile, atherogenic index of plasma and some inflammatory
and antioxidant markers in type 2 diabetes mellitus patients: a clinical trial. J
Complement Integr Med. (2021) 18:405-11.

frontiersin.org


https://doi.org/10.3389/fnut.2022.1084455
https://doi.org/10.1016/j.ctim.2021.102755
https://doi.org/10.1016/j.ctim.2021.102755
https://doi.org/10.1016/j.hermed.2021.100521
https://doi.org/10.1016/j.hermed.2021.100521
https://doi.org/10.1080/10408398.2021.1968787
https://doi.org/10.1080/10408398.2021.1968787
https://doi.org/10.1016/j.cbi.2006.04.009
https://doi.org/10.1016/j.cbi.2006.04.009
https://doi.org/10.1179/1351000212Y.0000000020
https://doi.org/10.1179/1351000212Y.0000000020
https://doi.org/10.1097/MNH.0b013e3283366cd0
https://doi.org/10.1097/MNH.0b013e3283366cd0
https://doi.org/10.1016/j.jdiacomp.2019.107413
https://doi.org/10.1016/j.jdiacomp.2019.107413
https://doi.org/10.1093/jn/128.12.2334
https://doi.org/10.1016/S0006-2952(97)00504-2
https://doi.org/10.1016/S0006-2952(97)00504-2
https://doi.org/10.1016/j.ctim.2019.08.019
https://doi.org/10.1016/j.ctim.2019.08.019
https://doi.org/10.1002/ptr.6432
https://doi.org/10.1016/j.nut.2015.02.004
https://doi.org/10.5812/jjnpp.61419
https://doi.org/10.5812/jjnpp.61419
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/

	The effects of green tea supplementation on cardiovascular risk factors: A systematic review and meta-analysis
	Introduction
	Materials and methods
	Search strategy
	Inclusion criteria and exclusion criteria
	Data extraction
	Quality assessment
	Statistical analysis
	Certainty assessment

	Results
	Study selection
	Characteristics of the included studies
	Meta-analysis results
	Effects of green tea supplementation on TG
	Effects of green tea supplementation on TC
	Effects of green tea supplementation on LDL
	Effects of green tea supplementation on HDL
	Effects of green tea supplementation on FBS
	Effects of green tea supplementation on HbA1c
	Effects of green tea supplementation on fasting insulin
	Effects of green tea supplementation on HOMA-IR
	Effects of green tea supplementation on SBP
	Effects of green tea supplementation on DBP
	Effects of green tea supplementation on CRP
	Publication bias
	Linear and non-linear dose responses between dose and duration of green tea supplementation and cardiovascular risk factors
	Grading of evidence
	Sensitivity analysis


	Discussion
	Conclusion
	Author contributions
	Conflict of interest
	Publisher's note
	Supplementary material
	References


