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The metabolic syndrome (MetS) is one of the major health hazards and an epidemic

worldwide. There is no known best remedy has been defined yet. In the current

investigation, we designed a meta-analysis of randomized clinical trials (RCTs) to eval-

uate the beneficial effects of tea consumption in alleviating metabolic syndromes.

Herein, we accumulated the relevant literature available on PubMed and EMBASE

databases from January, 2000 to August, 2019. RCTs bearing impact factor of at

least 1 or more were studied for the effect of tea consumption on MetS. This meta-

analysis suggested that tea consumption has beneficial effects on diastolic blood

pressure (DBP), and this finding was characterized of all types of tea in the current

study and also for body mass index (BMI) value. Furthermore, this analysis also found

that black tea consumption has protective effects on systolic SBP, green tea reduces

the incidence of diabetes and lower the level of low-density lipoprotein (LDL) choles-

terol. These functions required BMI value at least 28 or higher. The meta data led us

to conclude that tea consumption have protective effects on MetS, however, differ-

ent types of tea might have different protective mechanisms on MetS, but, exact

mechanisms are not yet clear and needs to be explored.
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1 | INTRODUCTION

Recently, metabolic syndrome (MetS) is being recognized as an impor-

tant cardiovascular risk factor, and its incidence is expected to hit 53%

by 2035 (Amiot, Riva, and Vinet (2016); (Engin, 2017; Rochlani,

Pothineni, Kovelamudi, & Mehta, 2017). It represents a cluster of multi-

ple but interrelated metabolic features including high blood pressure

(BP), dyslipidemia, raised fasting glycemia and obesity (Payab

et al., 2019). All these are accounted for higher morbidity and mortalities

in non-alcoholic fatty liver disease, cardiovascular issues, type 2 diabetes

mellitus, (T2DM) and certain human cancers (Costa-Vieira, Monteiro, &

Martins, 2019). Therefore, more potential therapies are a dire need for

the growing population suffering from metabolic syndromes.

Tea is one of the widely consumed beverages next to water, contains

a blend of polyphenols, caffeine, minerals, vitamins, amino acids, and

carbohydrates (Prasanth, Sivamaruthi, Chaiyasut, & Tencomnao, 2019). It

is because tea contains plenty of pharmacologically active molecules that

is why it has been used for various health benefits. For instance, these

bioactive constituents in green tea were proved to alleviate the risk of

nonalcoholic fatty liver disease (Zhou et al., 2019). Tea catechins pose

beneficial effects in the prevention of carcinogenesis and cardiometabolic

diseases, have been well documented (Yang & Zhang, 2019). Consump-

tion of tea extract supplementation had shown some promises on partial

improving in lipid and glucose metabolism, but also facilitating the weight

reduction (Li et al., 2019).Wei Liu and Chunpeng Wan contributed equally to this work.
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Among these recent studies, tea has a role in the prevention and

treatment of the metabolic syndromes is noteworthy, because find-

ings are intermingled in this perspective. Based on pooled (Hibi,

Takase, Iwasaki, Osaki, & Katsuragi, 2018) and experimental analyses

(Gao et al., 2018), studies suggested that tea can reduce the risk of

metabolic syndromes. Several recent reviews detailed the effects and

mechanisms of tea for the prevention of diabetes and cardiovascular

diseases (Cao et al., 2019; Meng et al., 2019; Tang et al., 2019),

although hypertension, HDL, and obesity were not discussed, and the

adverse effects of tea on MetS were not mentioned. On contrary, cer-

tain studies did not show such beneficial effects (Grosso et al., 2015;

Micek et al., 2018). A study comprising 66 participants, found that

daily consumption of green tea have no clear effects on MetS and

inflammation markers (Fukino, Shimbo, Aoki, Okubo, & Iso, 2005).

Hence, a comprehensive understanding of tea's benefits in alleviating

MS, especially in high BP, HDL, and T2DM, still needs investigation,

especially for the tea constituents. A recent study by Li and colleague

identified that green tea has beneficial effects in MetS in obese

populations (Li et al., 2019). However, this study lacks in elucidation

of tea's effect on the population without meeting obesity criterion,

nor the effect of teas other than green and black tea. Moreover, dif-

ferent teas might have different mechanisms on the metabolic disor-

ders and that have been speculated herein. Therefore, we performed

this analysis to explore the effects of different teas in diabetes, hyper-

tension, and hyperlipidemia for their bioactive constituents.

2 | METHODS

2.1 | Materials and methods

This investigation was performed abided by the Quality of Reporting

of Meta-analyses (QUORUM) guideline and the recommendations of

the Cochrane Collaboration (Moher et al., 1999; Moher et al., 2000).

2.2 | Search strategy and data extraction

The detailed search strategy was shown in Table S1. The extracted

information included authors, publication year, country of origin,

study design, patient demographics, body mass index (BMI), sample

size, type of intervention, and outcomes. Our research adhered to the

following inclusion criteria (Basu et al., 2011; Bogdanski et al., 2012;

Bøhn et al., 2014; Fukino et al., 2005; Grassi, Draijer, Desideri, Mul-

der, & Ferri, 2015; Grassi et al., 2016; Kuriyan, Kumar, Ramaswamy, &

Kurpad, 2010; Liu et al., 2014; Mukamal et al., 2007; Troup

et al., 2015; Tsai, Chiu, Yang, Ouyang, & Yen, 2009): (a) Consumption

of any kind of tea or their extracts; (b) Randomized clinical trials

(RCTs) limited to humans with science citation index (SCI) impact fac-

tor ≥1 and (c) revealed at least one of the primary or secondary out-

comes, such as hyperlipidemia, hypertension, diabetes, or diagnosed

with metabolic syndrome, were screened. The exclusion criteria were:

(a) Not RCTs study; (b) SCI impact factor <1; (c) not human study;

(d) the primary or secondary outcomes are not correlated with meta-

bolic syndrome.

2.3 | Study selection

The databases searched in this investigation were PubMed and

EMBASE from January, 2000 up to August, 2019. Searches were per-

formed for all languages, publication time, and publication type. To

review the potentially eligible articles, two authors began with inde-

pendently screening the titles and abstracts. Then other authors sepa-

rately examined the full text to determine whether the eligible studies

met the predetermined inclusion criteria.

2.4 | Outcome measures

Based on the outcome measurements mentioned in the RCTs as well

as the international diagnostic standards of MetS, we stratified BMI,

blood glucose, insulin level, HbA1c level, HOMA-IR index, systolic and

diastolic blood pressure, total cholesterol, triglyceride, and low-

density lipoprotein and high-density lipoprotein as primary outcomes.

The stratified analysis was performed as secondary outcomes.

2.5 | Study quality assessment

Two authors evaluated the quality of 10 included studies according

to a 5-point Jadad score. The quality of the included RCTs was

assessed according to the methodological criteria of the Cochrane

Handbook for Systematic Reviews of Interventions. The main cate-

gories consisted of seven domains, including random sequence gen-

eration, allocation concealment, blinding of participants and

personnel, blinding of outcome assessment, incomplete outcome

data, and selective reporting and other potential sources of bias.

Each domain was assessed to “high risk” “low risk” or “unclear risk”

with different colors.

2.6 | Heterogeneity and publication bias
assessment

In this investigation, all studies with the same outcomes were pooled

together. The heterogeneity of the intervention effects in studies was

investigated using the heterogeneity test and the I2 statistic. When I 2

was 50% or lower, a low heterogeneity was rated, and the data were

pooled with a fixed-effect model. When I 2 was more than 50%, sig-

nificant heterogeneity was assessed, and the data were pooled with a

random-effects model. The sources that may result in clinical hetero-

geneity were listed a priori, such as types of tea (green tea, black tea,

and oolong tea), BMI (<28 and over 28), mean age (<50 years and over

50 years), length of study (<3 m and over 3 m), some results were not

shown. In further discussion and subgroup analysis, these were also
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examined as effect modifiers. Besides, to assess possible biases, we

conducted a sensitivity analysis.

2.7 | Statistical analysis

Considering that most outcomes were depicted as continuous data,

we figured the standardized mean differences (SMDs) and their 95%

confidence intervals (CIs) for each outcome. RStudio and RevMan

(5.0) softwares were used to analyze data according to the Cochrane

Handbook for Systematic Reviews of Interventions. Herein p-values

<.05 were considered statistically significant.

3 | RESULTS

3.1 | Search results and included studies

Through a literature search, the preliminary results yielded 1,125 cita-

tions. Firstly, 226 reviews were excluded because of duplicate publi-

cation. Then additional 879 papers were removed for the following

excluded criteria: animal experiments, not RCT design, coffee and tea,

comments, case reports, reviews, and data unavailable. Eight papers

were then further excluded because of not SCI articles or impact fac-

tor <1. Finally, 10 studies with available data totally met the pre-

defined criteria and were included in the meta-analysis. In Figure 1,

the flow diagram of the study selection was presented.

3.2 | Effect of tea on BMI and BP

Figure 2A showed the effect of tea consumption on BMI. The result

revealed that tea consumption was not associated with BMI change

(SMD: -0.10; 95%CI: −0.32 to 0.13; p = .1063) without heterogeneity

(I2 = 0). Figure 2B summarized the effect of tea consumption on sys-

tolic blood pressure (SBP). Judging from the result, there seemly was

an association between tea consumption and SBP (SMD: -0.83; 95%

CI: −1.75 to 0.09; p = .0769) with high heterogeneity (I2 = 93%).

Figure 2C revealed tea consumption significantly lowered diastolic

blood pressure (DBP) level (SMD: -0.89; 95%CI: −1.73 to −0.05;

p = .0388).

3.3 | Effect of tea on cholesterol metabolism

As presented in Figure 3, our overall pooled analysis did not reveal

the association between tea consumption and total cholesterol (SMD:

−0.37, 95%CI: −1.01 to 0.26; p = .290, Figure 3A). Figure 3B,D

respectively summarizes that no association existed between tea con-

sumption and HDL-cholesterol (SMD: 0.13; 95% CI: −0.27 to 0.53;

p = .3629), nor between tea consumption and triglyceride (SMD:

−0.03; 95%CI: −0.42 to 0.36, p = .995). However, our analysis rev-

ealed the potential benefits of tea consumption for reducing low-

density lipoprotein (LDL)-cholesterol (SMD: -0.63; 95%CI: −1.06 to

−0.20; p = .0057; Figure 3C).

3.4 | Effect of tea on glucose, insulin, HbA1c and
HOMA-IR index

Figure 4 revealed that no association existed between tea consump-

tion and blood glucose (SMD: -0.05; 95%CI: −0.24 to 0.14; p = .5009;

Figure 4A) and HbA1c (SMD: 0.21; 95% CI: −0.46 to 0.89; p = .5520;

Figure 4C) and HOMA-IR index (SMD: −0.17; 95%CI: −0.50 to 0.16;

p = .1487; Figure 4D) and insulin (SMD: −0.18; 95%CI: −0.45 to 0.09;

p = .1074，Figure 4B) with less heterogeneity (I2 = 45%).

F IGURE 1 Flow diagram of the
different phases of the systematic review.
The electronic databases searched were
PubMed and EMBASE. In the end,
10 papers were included and analyzed. IF,
impact factor; RCT, randomized
controlled trial; SCI, science citation index
[Colour figure can be viewed at
wileyonlinelibrary.com]
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3.5 | Subgroup analysis

Figure 5A demonstrated that tea affects the insulin level when BMI is

more than or equal to 28 (SMD: -0.65; 95%CI: −1.18 to −0.11;

p < .05). Figure 5B revealed that black tea has an effect on SBP (SMD:

-16.64; 95%CI: −20.65 to −12.64; p < .001), while green tea did not

have (SMD: -0.15; 95%CI: −0.49 to 0.19; p > .05).Figure 5C,D showed

that tea could reduce LDL on the condition of BMI more than or equal

to 28 (SMD: -0.63; 95%CI: −1.06 to −0.20; p < .05) and only green

tea (SMD: -0.63; 95%CI: −1.06 to −0.20; p < .05) can decrease LDL.

The other subgroup analysis was showed in Figure S1.

3.6 | Publication bias

The Cochrane risk of bias analysis demonstrated that random

sequence generation, blinding of participants and personnel, and

incomplete outcome data had a high risk of 33.3%. Allocation conceal-

ment and a selective report had an unclear risk of 66.7%. Details

regarding the risk of biases are shown in Figure 6.

4 | DISCUSSION

Herein, the results revealed the potential benefits of tea consumption

for hypertension, hyperlipidemia, and diabetes. Exactly, black tea

could lower the risk of SBP, and green tea could increase insulin,

decrease LDL, SBP and DBP incidence. Interestingly, the effect of tea

on MetS is more significant during BMI more than or equal to 28.

Facing epidemics of MetS, it is suggested for an urgent need to

explore more effective methods to find the potential health benefits.

The Diabetes Prevention Program regimen was published in 2002,

which elaborates how therapeutic lifestyle changes (TLCs) have been

identified to have a more significant impact than pharmacologic

F IGURE 2 Effects of tea extract supplementation on BMI and blood pressure. (a) Tea consumption group versus control group comparison
tea consumption on BMI. (b) Tea consumption group versus control group comparison tea consumption on systolic blood pressure. (c) Tea
consumption group versus control group comparison tea consumption on diastolic blood pressure [Colour figure can be viewed at
wileyonlinelibrary.com]
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F IGURE 3 Effects of tea extract supplementation on cholesterol metabolism. (A) Tea consumption group versus control group comparison
tea consumption on total cholesterol. (B) Tea consumption group versus control group comparison tea consumption on HDL-cholesterol. (C) Tea
consumption group versus control group comparison tea consumption on LDL-cholesterol. (d) Tea consumption group versus control group
comparison tea consumption on triglyceride [Colour figure can be viewed at wileyonlinelibrary.com]
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options (Sherling, Perumareddi, & Hennekens, 2017). Today experts

still hold the opinion that the current trend of MetS is not sustainable

unless a novel cure is found (unlikely) or efforts are made to change

the community lifestyles that are promoting these issues

(Saklayen, 2018). Since tea has been used for medicinal purposes his-

torically, there are an immense scientific and public interests in its

potential health effects on metabolic syndromes (Yang, Wang, &

Sheridan, 2018). Meanwhile, there are still certain disputes in this

regard, such as the different results demonstrated on animal models

and humans (Brown, Poudyal, & Panchal, 2015), the weak evidence

was provided by subjects with the single phenolic compound or spe-

cific food/beverage/extract in certain studies (Amiot et al., 2016),

F IGURE 4 Effects of tea consumption on glucose, insulin, HbA1c and HOMA-IR index. (A) Tea consumption group versus control group
comparison tea consumption on glucose. (B) Tea consumption group versus control group comparison tea consumption on insulin. (C) Tea
consumption group versus control group comparison tea consumption on HbA1c. (D) Tea consumption group versus control group comparison
tea consumption on HOMA-IR index [Colour figure can be viewed at wileyonlinelibrary.com]
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along with the problems caused by high doses of tea extracts for dis-

ease prevention (Yang et al., 2018). Current meta-analysis provides

useful information, which comprehensively evaluated the effects of

tea on metabolic metabolism.

Keeping in mind that MetS coexists with obesity, diabetes, hyper-

tension, and hyperlipidemia, the association between tea consumption

and the population with obesity, diabetes, hypertension, and hyperlip-

idemia were also evaluated. In the latest meta-analysis on the tea

F IGURE 5 Subgroup analysis of tea
consumption on metabolic syndrome. (A) The
effect of tea on insulin in different BMI values.
(B) The effect of tea on SBP in different tea types.
(C) The effect of tea on DBP in different BMI
values. (D) The effect of tea on DBP in different
tea types. BMI, body mass index; DBP, diastolic
blood pressure; SBP, systolic blood pressure;
p < .05 was considered significant [Colour figure

can be viewed at wileyonlinelibrary.com]
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supplement and obesity, the effect of tea on the reduction of BMI

was demonstrated (Li et al., 2019), while Li with co-workers has no

observation on the effects of tea on MetS according to different BMI

populations. Furthermore, it was found that tea's benefits on insulin

was more obvious for the population with BMI value higher than

28, rather than the counterparts having less BMI value. Since associa-

tion of MetS with diabetes has been examined in a larger population

samples (Li et al., 2019), and the influence of this association at base-

line and future incident diabetes have been extensively reported (Huh

et al., 2019; Moore, Chaudhary, & Akinyemiju, 2017). Herein, the

focus was also paid on the benefits of tea consumption on BP, insulin,

HOMA-IR index, HbA1C, glucose, cholesterol, HDL-cholesterol, LDL-

cholesterol, SBP, and DBP, so as to fully figure out tea's effect

on MetS.

The results explained the benefits of tea consumption on total

cholesterol，HDL-cholesterol，glucose, HbA1C，and HOMA-IR

index have failed to make sense. It is important to mention that tea is

beneficial for SBP, DBP, LDL-cholesterol, and insulin level. Catechins

are the predominant active compounds of tea and can inhibit

catechol-O-methyltransferase, an enzyme to degrade noradrenalin

(Samavat et al., 2016), and promotes the expression of peroxisome

proliferator activated receptor/phosphatidylinositol 3-kinase pathway

to reduce insulin resistance and free fatty acid level by activating the

expression of protein kinase A in its downstream. Another mechanism

of cardiovascular protection is to modulate T cell differentiation and

altered gut microbiota (Pei, Liu, & Bolling, 2020; Zheng, Zeng, Chen,

Peng, & Su, 2020). Besides, Yamagata and colleagues illustrated that

epigallocatechin gallate (EGCG) found in green tea acts as an antioxi-

dant, inducing nitric oxide release and preventing the production of

reactive oxygen species (ROS) to inhibit inflammation

(Yamagata, 2019). The potential protective mechanisms are to

improve insulin resistance, inhibition of carbohydrate absorption,

reduction in gluconeogenesis, increased insulin secretion and sensitiv-

ity, and accelerated glucose utilization by skeletal muscle cells (Huang

et al., 2018; Kim, Keogh, & Clifton, 2016).

The current meta-analysis provides useful information, compre-

hensively evaluating the effects of tea on metabolic pathways, how-

ever, some potential limitations led for further consideration. Initially,

the analysis of oolong tea was not included because no related ran-

domized studies met our inclusion criteria for this meta-date study. To

make the study more comprehensive, we observed the effect of tea

on each component of metabolic syndrome. Moreover, our analyses

relied on published results rather than individual patients' data.

Though, best efforts are made to minimize the potential bias by con-

ducting an extensive research, this limitation may preclude the possi-

bility of exploring relevant issues. For example, younger patients with

MS needs to be investigated since the disease has a tendency of

affecting younger age at present. However, we did not observe the

difference between tea consumption and MetS in the different age

groups.

5 | CONCLUSION

In conclusion, this meta-analysis demonstrated that tea consump-

tion had a protective effect on MetS, however, different teas might

have different protective mechanisms for MetS. Black tea consump-

tion has protective effects on SBP and DBP, while green tea could

increase insulin level, decrease LDL, SBP, and DBP incidence. These

functions might acquire a better effect when BMI level is higher

than or equal to 28, among which the exact mechanisms need to be

further studied.
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