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ABSTRACT 46 

Background:  A large body of epidemiological evidence suggests that higher levels of tea intake 47 

are associated with lower risks of cardiovascular disease incidence and mortality, but 48 

randomized controlled trials (RCTs) assessing effects of tea consumption on cardiovascular 49 

disease (CVD) risks are an emerging area of research.  50 

Methods:  A systematic review and meta-analysis was conducted to investigate the effects of 51 

green and/or black tea consumption (≥ 4 weeks) on systolic blood pressure, diastolic blood 52 

pressure, total cholesterol, low-density lipoprotein cholesterol (LDL), high-density lipoprotein 53 

cholesterol (HDL), and triglycerides (TG) in healthy populations and among at-risk adults 54 

(analyzed separately) with metabolic syndrome, prediabetes and hypercholesterolemia. The 55 

Grading of Recommendations, Assessment, Development and Evaluation (GRADE) approach 56 

was used to rate the strength of evidence (SoE). 57 

Results: A total of 14 unique RCTs which randomized 798 participants to either green tea, black 58 

tea, or placebo controls were included in our analyses. Intervention durations ranged from 4 to 59 

24 weeks (mean =  7.4 weeks). Individual studies were judged as moderate to high quality based 60 

on risk-of-bias assessments. SoE was low to moderate due to low sample sizes and insufficient 61 

power for most included studies to observe changes in the measured CVD biomarkers. Meta-62 

analyses showed no significant effects of tea consumptions on systolic blood pressure, diastolic 63 

blood pressure, total cholesterol, LDL cholesterol, HDL cholesterol, and TG in healthy and at-64 

risk adults (i.e. obesity, prediabetes, borderline hypercholesterolemia, and metabolic syndrome).  65 
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Conclusion:  Short-term (4 to 24 weeks) tea consumption does not appear to significantly impact 66 

blood pressure or lipids in healthy or at-risk adults, although the evidence is limited by 67 

insufficient power to detect changes in these CVD biomarkers. High-quality RCTs with longer 68 

durations and sufficient sample sizes are needed to fully elucidate the effect of tea.  This 69 

systematic review was registered on PROSPERO (CRD42020134513). 70 

Keywords: Camellia sinensis, tea, blood pressure, lipids, cardiovascular diseases 71 

 72 

 73 
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INTRODUCTION 75 

Tea (Camellia sinensis), with its >5,000 year history, is the most commonly consumed 76 

beverage worldwide aside from water (1, 2) and is a primary source of flavan-3-ols in the diet 77 

(2). Based on how the leaves are processed (i.e., with or without, and the degree of 78 

fermentation), tea can be categorized into black (fermented), oolong (partially fermented), or 79 

green (unfermented) (3). Flavan-3-ols (predominantly catechins, theaflavins, and thearubigins) 80 

are the main dietary bioactive compounds present in tea. Bioactive compounds are food 81 

constituents other than those needed to meet basic nutritional needs but which are responsible for 82 

changes in health status (4). It has been suggested that the health-promoting properties of tea 83 

flavan-3-ols are due to their ability to stimulate the endothelium by modulating endothelial nitric 84 

oxide and thus promoting flow-mediated dilation (FMD) and healthy blood flow. A substantial 85 

body of evidence also supports the role of flavan-3-ols in modulating enzymes involved with 86 

oxidative damage, inflammation, and platelet activation (5). The flavan-3-ol content of teas vary 87 

due to environmental growing conditions, leaf processing, and tea preparation methods (2, 3). 88 

Our group recently reported findings from a large systematic review and dose-response 89 

meta-analyses of 37 population-based studies. Daily tea intake was shown to be associated with 90 

lower risks of all-cause mortality, cardiovascular disease (CVD) mortality, CVD events, and 91 

stroke events, among generally healthy adults. A larger magnitude of effect was present in older 92 

adults aged ≥65 years (6). A 2013 Cochrane Collaboration systematic review examining 11 93 

randomized controlled trials (RCTs) with a total of 821 participants reported beneficial effects of 94 

tea on CVD-risk factors including low-density lipoprotein (LDL) cholesterol and blood pressure; 95 

and these effects seemed to be sustained over time (7). However, this systematic review was 96 

somewhat limited since it combined heterogenous populations (i.e., generally healthy and at-97 
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risk), encompassed studies of tea extracts, and included only those studies with a ≥3-month 98 

duration (7). Since the publication of the 2013 Cochrane systematic review, several new RCTs 99 

have become available in the peer-reviewed literature. Furthermore, many dietary interventions 100 

(most notably, the Dietary Approaches to Stop Hypertension diet) have shown significant effects 101 

on blood pressure and lipids within a 4-week duration (8, 9). Therefore, we sought to update the 102 

2013 Cochrane systematic review while including RCTs with a ≥4-week duration. 103 

METHODS 104 

We followed methods outlined in the Institute of Medicine’s Standards for Conducting 105 

Systematic Reviews (10) and the Cochrane Handbook for Systematic Reviews of Interventions 106 

(11). The prospectively developed study protocol was registered on PROSPERO 107 

(CRD42020134513).  108 

Data Sources 109 

This systematic review focused on the effects of tea consumption on CVD intermediate 110 

outcomes including hypertension, blood pressure, total cholesterol, low-density lipoproteins 111 

(LDL cholesterol), high-density lipoproteins (HDL cholesterol), TG, and dyslipidemia. It’s 112 

search strategy updates a 2013 Cochrane systematic review (search end date October 12, 2012) 113 

that examined primary preventive effects of green and black tea on CVD intermediate outcomes 114 

(7). Literature searches were updated using Cochrane CENTRAL, DARE, HTA, and HEE in the 115 

Cochrane Library, MEDLINE, EMBASE, and Web of Science databases from January 1, 2012 116 

to March 1, 2019. Search items included tea, green tea, black tea, and Camellia sinensis for tea 117 

interventions and blood pressure, low-density lipoprotein, high-density lipoprotein, TG, total 118 

cholesterol and blood lipids for cardiovascular outcomes. Searches were restricted to clinical 119 
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trials in humans and English-language publications. A detailed search strategy is provided in the 120 

Supplementary Digital Content File 1.  121 

Study Selection 122 

We included all parallel or crossover RCTs with an intervention duration greater than or 123 

equal to four weeks that assessed the effects of green and/or black tea on blood pressure and 124 

lipids (either as a primary or secondary objective) in general adult populations or in at-risk adult 125 

populations. Eligibility was restricted to peer-reviewed English-language studies in adults aged 126 

≥18 years and with intervention durations greater than or equal to four weeks. Studies conducted 127 

in general adult populations were included if less than 20% of study participants had 128 

cardiovascular disease or other chronic illnesses (an exception was made for hypertension). 129 

Studies conducted in the at-risk patient populations, which comprised patients with obesity, 130 

prediabetes, borderline hypercholesterolemia, and metabolic syndrome, were also included but 131 

analyzed separately from general adult populations. RCTs that administered tea extracts or 132 

dietary supplements as the intervention were excluded from the review and meta-analysis. 133 

Studies prior to 2012 were screened from those identified in the 2013 Cochrane systematic 134 

review (7). 135 

Data Extraction and Risk of Bias Assessment 136 

Two reviewers independently screened abstracts and full-text publications to identify 137 

RCTs meeting the study eligibility criteria. Disagreements were resolved by consensus following 138 

discussions with a third researcher. Standard data extraction forms were used to extract reported 139 

study characteristics (study design type, country of study, participant characteristics, intervention 140 

description, study duration, and comparator groups) and the reported CVD intermediate 141 

outcomes. Tea consumption was measured in number of cups consumed daily. A cup of tea was 142 
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found to be approximately 237 mL of green or black tea (6). The quantity, tea composition, and 143 

tea preparation methods varied between studies. Comparator groups included flavor-matched 144 

placebos, warm water, and no intervention. All outcomes included in this systematic review were 145 

extracted from intention-to-treat analyses reported in the included studies.  146 

A risk of bias (ROB) assessment was performed for each study using the Cochrane 147 

Collaboration’s ROB tool (11). Briefly, the Cochrane Collaboration Risk of Bias tool 148 

recommends the assessment of randomized controlled trials using six domains that describe 149 

various types of bias, namely, selection bias due to inadequate randomization sequence, selection 150 

bias due to inadequate allocation concealment prior to randomization, bias due to inadequate 151 

blinding, attrition bias, bias due to selective reporting of outcomes, detection bias for each 152 

studied outcome and “other biases” that cannot be categorized as the aforementioned.  Two 153 

researchers performed independent assessments and assigned a “low,” “unclear,” or “high” ROB 154 

rating to each ROB domain for all included studies. Disagreements were resolved through 155 

discussion and consensus between researchers. The Cochrane ROB tool does not provide 156 

guidance on how to derive an overall ROB rating (11); therefore, to facilitate the interpretation of 157 

an overall methodological quality for each study, we assigned an overall quality of “low,” 158 

“medium,” or “high” based on the frequency of “low” domain ratings in each article.  159 

All ROB domains were weighed equally; hence, the total number of “low” ROB domain 160 

ratings was used to determine the study’s overall methodological quality. An overall rating of 161 

high quality was assigned to studies if ≥5 domains were deemed to have low ROB. A score of 162 

medium quality was assigned if three to four domains were rated low ROB; and a low quality 163 

was assigned if ≤2 domains were rated low ROB. Overall quality rating criteria were discussed 164 
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by team members and reflect the level of confidence the team had in the rigorousness of methods 165 

used in each study. Details of the risk of bias assessment are presented in Supplementary Table 166 

1. 167 

Meta-Analyses 168 

In light of clinical heterogeneity (e.g., differences in tea consumption levels and study 169 

populations across studies), random-effects meta-analyses were conducted when ≥3 studies 170 

reported the same outcome of interest, including diastolic blood pressure (DBP), systolic blood 171 

pressure (SBP), HDL cholesterol, LDL cholesterol, total cholesterol, and TG. Separate meta-172 

analyses were performed for studies comprising healthy and at-risk populations. Only parallel 173 

RCTs were included in the meta-analyses. Results from crossover trials were summarized and 174 

synthesized qualitatively.  175 

One study (12) reported results stratified by sex. We included these data as separate 176 

entries in our meta-analyses. One other study conducted in the healthy population compared two 177 

tea intervention groups (black tea and green tea) with a single control group (13). To avoid 178 

double counting the control group, separate meta-analyses were performed: one including only 179 

the black tea comparator and a second including only the green tea comparator. 180 

For all meta-analyses, the effect size measure for each outcome of interest was the 181 

reported or calculated mean net change between the tea intervention arm and the control arm. 182 

Mean net change was defined as the difference in mean changes from baseline between the two 183 

groups. If a study did not report within-group changes from baseline, these were calculated as the 184 

difference between the reported follow-up and baseline means. Thus, a negative mean net change 185 

indicated the effect (e.g., reduced total cholesterol) favored the tea intervention group.  186 
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If the standard deviation (SD) of the mean net change was not reported, it was estimated 187 

by pooling the two SDs of mean changes from the intervention and control arms, using this 188 

formula: SDpooled = √{[(n1 − 1) × SD1 + (n2 − 1) × SD2]/(n1 + n2 − 2)}, where n1 and n2 are 189 

the final sample sizes and SD1 and SD2 are the SDs of the mean within-group changes of the 190 

intervention and control arms, respectively. Where final sample sizes were not reported, we used 191 

baseline sample sizes in our calculations. In studies that did not report SDs of the within-group 192 

changes, we imputed values using this formula: SDdiff = √SDB
2 + SDF

2 – 2 x Corr (0.5) x SDB 193 

x SDF, where SDB is the SD of baseline measure and SDF is the SD of the follow-up measure in 194 

the study (11). A correlation coefficient (Corr) value of 0.2 was used for these imputations.  195 

All calculations and meta-analyses were performed using Stata SE software (version 196 

15.1; Stata Corp., College Station, TX). Cochran’s Q statistic was used to determine 197 

heterogeneity across the studies (a p value ≤ 0.10 was considered significant), and the I2 index 198 

was used to quantify the extent of heterogeneity. I2 values of 25, 50, and 75% were considered 199 

low, moderate, and high heterogeneity, respectively.  200 

Sensitivity Analyses 201 

We conducted sensitivity analyses by running fixed-effects models for all outcomes 202 

where the random-effects meta-analysis resulted in an I2 value <50%. To determine how each 203 

individual study affected the meta-analyses, we performed leave-one-out meta-analyses for all 204 

outcomes. We also conducted sensitivity analyses by using correlation coefficients of 0.5 and 0.8 205 

rather than 0.2 when imputing SDs of the within-group changes. None of the overall conclusions 206 

changed as a result of any of these sensitivity analyses. Details are presented in Supplementary 207 

Digital Content File 2. 208 
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Qualitative Synthesis and Strength of Evidence 209 

All studies included in the systematic review were summarized in tables according to the 210 

following key features: study design, study population, sample size, age of participants, type of 211 

interventions, and intervention duration. We synthesized and analyzed at-risk populations 212 

separately from healthy participants because the potential effects of tea consumption may differ 213 

between the two population groups, and combining the two population groups would increase 214 

clinical heterogeneity and hamper the interpretations of the results. The Grading of 215 

Recommendations, Assessment, Development and Evaluation (GRADE) approach (14, 15) was 216 

used to  rate the strength of evidence (SoE) for each outcome. Briefly, SoE, also referred to as 217 

the “quality of evidence” by the GRADE working group, consists of the following domains: 218 

individual study’s ROB (i.e., methodological quality), directness of evidence, heterogeneity, and 219 

the precision of effect estimates. Based on the assessment across these domains, an overall SOE 220 

rating of very low, low, moderate, or high was assigned for each outcome. This process was 221 

executed by consensus among all investigators with input from the expert panel. 222 

RESULTS 223 

We screened 1,546 citations and 42 full-text articles identified from our database 224 

searches. Fourteen unique studies were identified as eligible for the systematic review and meta-225 

analysis based on predetermined inclusion criteria (Figure 1). 226 

Study Characteristics  227 

The 14 RCTs included in this systematic review randomized 798 participants to either 228 

green tea, black tea, or placebo controls (Table 1). Intervention durations ranged from 4 to 24 229 

weeks (mean =  7.4 weeks). Ten included studies were parallel randomized controlled trials (12, 230 

13, 16-23), and four were randomized crossover trials (24-27). Eight RCTs were conducted in at-231 
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risk populations (17-24), while six were conducted among generally healthy adults (12, 13, 16, 232 

25-27). At-risk populations included participants with metabolic syndrome (17, 23), obesity (17, 233 

18), mild hypercholesterolemia (19, 21, 24), and prediabetes (22). Four RCTs examined the 234 

effects of green tea consumption (17, 18, 22, 23), nine examined the effects of black tea 235 

consumption (12, 16, 19-21, 24-27), and one study examined the effects of  both green and black 236 

tea (13). Only six RCTs were powered to detect changes in either blood pressure (20, 25) or 237 

blood lipids (12, 21, 24, 26). Two studies reported power calculations but were not powered for 238 

blood pressure or lipid biomarkers (18, 19). Power calculations were not reported in the 239 

remaining six studies but the primary outcomes of these original RCTs included changes in 240 

inflammation biomarkers (13, 16, 17, 23), plasma homocysteine (27), and fasting plasma glucose 241 

(22). 242 

Study Quality 243 

Of the six RCTs conducted among generally healthy populations, five studies were rated 244 

as having medium overall quality based on the risk of bias assessment (12, 13, 16, 25, 26), and 245 

one study was rated as having high overall quality (27). Of the eight RCTs conducted among at-246 

risk populations, four parallel-arm RCTs were rated as high overall quality (17-20) and three 247 

were rated as medium overall quality (21-23). The one crossover study (24) was rated as having 248 

high overall quality. Details of the risk-of-bias (quality) assessment for individual RCTs are 249 

described in the Supplementary Table 1.  250 

Generally Healthy Populations 251 
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Six RCTs among generally healthy populations were included in the systematic review 252 

(12, 13, 16, 25-27). Of these, one study enrolled “healthy smokers” (13) (Table 1). Studies were 253 

synthesized outcome-by-outcome, as follows. 254 

Blood Pressure 255 

Three RCTs reported changes in blood pressure outcomes (25-27). All three were 256 

crossover trials and used black tea as the intervention component. Two of these studies used 257 

equal volume hot water consumption as the control group (25, 27), while the third used a 258 

caffeine, milk, sugar, and flavor-matched placebo as the control (26). Two of these studies had a 259 

duration of 4 weeks (26, 27), and the third had an intervention duration of 12 weeks (25). The 260 

amount of tea consumed by participants differed by study; study participants consumed three 261 

(25), five (27), or six (26) cups of tea daily as the study intervention. None of the three included 262 

RCTs reported significant or clinically important changes in SDP or DBP as a result of tea 263 

consumption over a period of 4–12 weeks (Table 2).  264 

Lipids 265 
Five RCTs reported changes in blood lipid outcomes (12, 13, 16, 26, 27). Three of these 266 

were parallel design RCTs (12, 13, 16); and two were crossover trials (26, 27). Four studies 267 

reported the effects of black tea on blood lipids (12, 16, 26, 27), whereas one reported effects for 268 

both black and green tea (13). The intervention duration was four weeks for four of these studies 269 

(13, 16, 26, 27) and twelve weeks for the fifth study (12). The studies varied in the amount of tea 270 

consumed daily, with participants consuming three (12), five (16, 27), or six (13, 26) cups of tea 271 

daily in the interventions.  272 

Control beverages were equivalent volumes of warm or hot water in four RCTs (12, 16, 273 

27), and a sugar, milk, and caffeine-matched placebo was used in the fifth study (26). This 274 
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caffeine-matched placebo study was not double blinded however, as the caffeine component of 275 

the placebo was given as a pill in addition to the control beverage. None of the included studies 276 

found significant differences in HDL cholesterol, LDL cholesterol, total cholesterol, or TG levels 277 

as a result of tea consumption over 4 to 12 weeks (Table 2). 278 

Random-effects meta-analyses of three parallel RCTs (12, 13, 16) in the healthy 279 

population group were conducted to examine the effect of tea consumption on HDL cholesterol, 280 

LDL cholesterol, total cholesterol, and TG. The studies included 124, 103, 125, and 127 281 

randomized healthy subjects respectively for the listed outcomes. No significant differences were 282 

observed in blood lipid mean net changes between the tea and control groups. Pooled mean net 283 

changes were as follows: HDL cholesterol: −1.0 mg/dL (95% CI: −5.7, 3.6), I2 = 19.1%; LDL 284 

cholesterol: 3.8 mg/dL (95% CI: −7.0, 14.6), I2 = 0.0%; total cholesterol: 6.8 mg/dL (95% CI: 285 

−2.7, 16.4), I2 = 0.0%; and TG: 17.5 mg/dL (95% CI: −1.4, 36.3), I2 = 0.0%. Since one study 286 

(13) compared both green and black tea subgroups with the same control group, we conducted 287 

two separate meta-analyses: one using only the black tea subgroup and the other using only the 288 

green tea subgroup. Similar results were obtained using either comparator in the meta-analyses. 289 

Strength of Evidence 290 

Details of SoE justifications are provided in Supplementary Tables 2 and 3. Briefly, 291 

SOE ratings were based on our confidence in reported outcomes according to the following 292 

criteria: study design problems, study limitations, inconsistency of results, and imprecision of 293 

estimated effects (14). A “low” SoE rating was assigned for HDL cholesterol, LDL cholesterol, 294 

and TG outcomes while a “moderate” SoE rating was assigned for total cholesterol outcome. 295 

Total cholesterol was assigned moderate SoE given that all five RCTs reported similar results 296 
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that were consistent in direction. The direction of effect estimates for HDL cholesterol, LDL 297 

cholesterol, and TG across the different studies was inconsistent. This lowered our confidence in 298 

the obtained effect estimate. Estimated effects also had very wide confidence intervals that failed 299 

to exclude benefit or harm. This influenced the low rating for the ‘imprecision’ category. Our 300 

confidence in estimated outcome effects was also impacted because of the variations in tea 301 

exposures (doses), duration of intervention, and variation in study controls. All studies reported 302 

statistically nonsignificant results for all outcomes, suggesting low likelihood of publication bias. 303 

We did not find any reason to upgrade the SoE ratings since no dose-response relationship was 304 

identified for any outcome and all reported results were not statistically significant (14, 15).  305 

At-Risk Populations 306 

Blood Pressure 307 

Five parallel RCTs (17, 19-21, 23) reported blood pressure outcomes in at-risk 308 

populations (Table 1). Two studies used green tea (17, 23), while three used black tea as the 309 

intervention (19-21). The controls varied such that two studies used a flavor- and caffeine-310 

matched placebo with no flavonoids (20, 21), two used plain water (17, 19), and one study 311 

simply had control subjects maintain their current dietary habits with no intervention (23). The 312 

quantities and durations of tea and placebo consumption were matched within each study but 313 

varied across studies. One study assigned 5 cups of tea daily for 4 weeks (19), one assigned 4 314 

cups of tea daily for 8 weeks , and two studies assigned 3 cups daily for 24 weeks (20) or for 8 315 

weeks (23). 316 

Of the five parallel-arm RCTs reporting blood pressure outcomes, only one RCT 317 

comparing tea to a placebo found a significant mean net change in DBP and SBP (20) (Figure 3; 318 
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Table 3). In this study (rated as high overall quality), subjects assigned to 3 cups of black tea 319 

daily showed lower 24-hour DBP (−2.1 mmHg (95% CI: −3.5, −0.7), p = 0.003) and lower 24-320 

hour SBP (−2.0 mmHg (95% CI: −4.0, −0.0), p = 0.05) compared to the placebo group at 6 321 

months. None of the other four studies found significant differences in mean net changes of DBP 322 

or SBP between the tea and control groups over 4–24 weeks (17, 20, 21, 23). The random-effects 323 

meta-analysis of these five RCTs with a total of 251 at-risk subjects also showed no significant 324 

differences in the mean net changes in DBP (pooled mean net change: 0.2 mmHg (95% CI: −3.0, 325 

3.4), I2 = 54.2%) or SBP (pooled mean net change: 0.4 mmHg (95% CI: −3.0, 3.85), I2 = 28.7%) 326 

between the tea and control groups. 327 

Lipids 328 
Seven parallel-arm RCTs examined the effect of tea versus a control on blood lipids 329 

(HDL, LDL, and total cholesterols) in the at-risk population groups (17-19, 21-23), and six of 330 

these further examined the effect on TG (17, 19, 21-23) (Table 1). Five studies used green tea as 331 

the intervention, while the other two used black tea (19, 21). One of the green tea studies used 332 

decaffeinated green tea (18). Controls varied across studies – one study used a flavor- and 333 

caffeine-matched placebo with no flavonoids (21), four studies used plain water (17, 19, 22), one 334 

study used strawberry lemonade (18), and one study had control subjects maintain their current 335 

dietary habits with no intervention (23). The quantities and durations of tea consumption were 336 

matched within each study but varied across studies. One study assigned 5 cups of tea daily for 4 337 

weeks (19). Two studies assigned 4 cups of tea daily for 8 weeks (17) or for 6 weeks (18). Three 338 

studies assigned 3 cups of tea daily for 14 weeks (22) or for 8 weeks (23). The last study 339 

assigned 2 cups daily for 4 weeks (21). 340 
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None of the seven included RCTs found significant differences in mean net changes in 341 

HDL cholesterol, total cholesterol, or TG between the tea and control groups over 4–14 weeks 342 

(Figure 4; Table 3). Only one study found a significant mean net change in LDL cholesterol 343 

(17) such that at-risk subjects consuming 4 cups of green tea daily showed lower LDL compared 344 

to the placebo group after 8 weeks (−10.4 mg/dL; 95% CI: −20.0, −0.8). The random-effects 345 

meta-analyses for HDL cholesterol, LDL cholesterol, and total cholesterol (17-19, 21-23) 346 

showed no significant differences in the mean net changes between the tea and control groups 347 

(pooled mean net change: HDL cholesterol: 1.2 mg/dL (95% CI: −0.3, 2.7), I2 = 0.0%; LDL 348 

cholesterol: 0.7 mg/dL (95% CI: −5.8, 7.2), I2 = 19.4%; and total cholesterol: 1.4 mg/dL (95% 349 

CI: −4.1, 6.8), I2 = 0.0%). The random-effects meta-analysis examining the effects on TG (17, 350 

19, 21-23) with a total of 269 at-risk subjects also found no significant differences in the mean 351 

net changes between the tea and control groups (pooled mean net change: −4.8 mg/dL (95% CI: 352 

−19.8, 10.2), I2 = 0.0%). 353 

Crossover Trial 354 

Separate from the parallel RCT studies included in the meta-analyses, this systematic 355 

review included one double-blind randomized crossover trial conducted in an at-risk population 356 

(24). This study examined the effects of 5 cups a day of black tea or a tea-like placebo on lipid 357 

outcomes. Similar to the results of the meta-analyses above, the crossover trial showed no 358 

significant changes in TG or total, HDL, or LDL cholesterol after consuming black tea versus a 359 

placebo for 4 weeks (Table 3)  360 

Strength of Evidence 361 
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The SoE for RCT studies conducted in at-risk populations was rated as “very low” for 362 

DBP and “low” for SBP outcomes (Supplementary Table 3). Although all five (17, 19-21, 23) 363 

studies examining the association between tea consumption and blood pressure (DBP and SBP) 364 

had few study design limitations, confidence in the estimated effects for DBP and SBP outcomes 365 

was lowered because of their small sample sizes and the lack of precision of the results as 366 

evidenced by wide confidence intervals in most of the studies. The strength of evidence rating 367 

was further lowered because of moderate and significant heterogeneity seen in the random-368 

effects meta-analyses. Publication bias for the DBP outcome was not suspected because all the 369 

studies reported nonsignificant findings for the blood pressure outcomes. 370 

SoE was rated as “low” for LDL cholesterol, total cholesterol, and TG outcomes and 371 

rated as “moderate” for HDL cholesterol outcomes in the at-risk studies (Supplementary Table 372 

3). While all included studies had no major study limitations and low statistical heterogeneity, a 373 

one-level reduction in SoE was made for all blood lipid outcomes because the sample sizes for 374 

the studies were small. The wide confidence intervals in the LDL cholesterol, total cholesterol, 375 

and TG results indicated less precision in effects estimation and resulted in an additional 376 

downgrade in SoE rating. Precision was much greater in the HDL outcomes as evidenced by the 377 

narrow confidence intervals across included studies. Publication bias was unlikely given the 378 

general lack of significant findings for the lipid outcomes.  379 

DISCUSSION 380 

This systematic review and meta-analysis failed to find significant effects of black or 381 

green tea consumption on blood pressure and blood lipids in healthy and at-risk adults. We 382 

previously identified a dose-response relationship between tea flavonoid intake and all-cause 383 

mortality, CVD mortality, CVD events and stroke events in a systematic review and meta-384 
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analysis of 39 prospective cohort studies (6). An older Cochrane review also found “limited 385 

evidence” that tea intake may have favorable effects on both blood pressure and lipids, although 386 

this study cautioned that a small number of trials contributed to each analysis (7).  Due to the 387 

universal acceptance of these risk factors in the primary prevention of CVD and larger amount of 388 

data present in the peer-reviewed literature, we chose to update the 2013 Cochrane review (7) as 389 

a potential biological explanation of our previous findings among prospective cohort studies (6). 390 

Our findings are not surprising given the differences in this current work and the older Cochrane 391 

review, which was largely driven by longer-duration RCTs of tea extracts administered in the 392 

form of supplements (7).  393 

Because many other risk factors are associated with the development of CVD, it is 394 

possible that tea flavonoids exert effects on other CVD risk factors and not blood pressure or 395 

lipids. For example, tea flavonoids have been shown to enhance peripheral vasculature, by 396 

creating greater bioavailability of endothelial nitric oxide, the presence of which improves blood 397 

flow. In one systematic review of nine RCTs with 15 relevant study arms, each 500 mL (i.e., 2-3 398 

cups) increase in daily tea intake was shown to be associated with a 2.6% increase in flow-399 

mediated dilation (FMD) (95% CI, 1.8% to 3.3%) (28). Just a 1% change in FMD has been 400 

suggested to reduce CVD risk by approximately 10% (29). Clinical research also suggests that 401 

flavonoids may positively influence CVD risk by acting on common cross-communicating 402 

proteins that modulate the anti-inflammatory Nrf2 and proinflammatory nuclear factor-β 403 

pathways (30). 404 

Our study had several strengths and limitations. The major strength of our study was the 405 

rigorous design, enabling a thorough review of the peer-reviewed English language literature.  406 
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Also, separate analysis of healthy and at-risk populations increases the accuracy of results due to 407 

heterogeneity between groups. Several major limitations were also apparent. The lack of 408 

statistical significance seen in our study is likely due to low statistical power (due to small effect 409 

sizes and small sample sizes) and short duration of included studies, or both. Variations (design 410 

and clinical heterogeneity) in primary outcome measures, dosage, study duration, and 411 

comparator groups seen across the various included studies may have also impacted our results. 412 

The number of included studies was too small to explore the potential impacts of this 413 

heterogeneity using meta-regression or subgroup meta-analysis techniques. Furthermore, the 414 

variation shown between individuals and studies may have been due to undocumented factors 415 

which were not captured in the meta-analysis. For example, an individual’s gut microbiome is 416 

known to play a crucial role in flavonoid metabolism and bioavailability (2, 29). The results 417 

presented in this systematic review need to be interpreted with this in mind. 418 

Flavonoids have been shown to influence multiple risk factors and biological pathways 419 

that impact CVD. Future intervention studies attempting to elucidate the effects of tea flavonoids 420 

on CVD need to be designed using a more systems-based approach, as the biological 421 

mechanisms are likely multifactorial and nonlinear. Large, adequately powered, and longer-422 

duration RCTs of tea consumption on intermediate outcomes of CVD are greatly needed for 423 

conclusive recommendations to be made. No adverse events attributable to tea consumption were 424 

identified within the included studies.  425 

In conclusion, short-term tea consumption does not appear to significantly impact blood 426 

pressure or lipids in healthy or at-risk adults, although the evidence is limited by insufficient 427 

power to detect changes in these biomarkers. High-quality randomized controlled trials with 428 

longer durations and sufficient sample sizes are needed to fully elucidate the effect of tea in this 429 
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regard. Intervention studies and systematic reviews that assess the effect of tea on other risk 430 

factors for CVD may provide further insight into the inverse dose-response relationships 431 

previously shown on all-cause mortality, CVD mortality, CVD events and stroke events in long-432 

term prospective cohort studies. 433 
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Figure titles and legends 

FIGURE 1. Search strategy and inclusion/exclusion results. RCT, randomized controlled trial. 

FIGURE 2. Random-effects model meta-analysis of the association between tea consumption and lipid 

outcomes in healthy populations. HDL, high-density lipoprotein; LDL, low-density lipoprotein. 

FIGURE 3. Random-effects model meta-analysis of the association between tea consumption and blood 

pressure outcomes in at-risk populations. DBP, diastolic blood pressure; SBP, systolic blood pressure. 

FIGURE 4. Random-effects model meta-analysis of the association between tea consumption and lipid 

outcomes in at-risk populations. HDL, high-density lipoprotein; LDL, low-density lipoprotein. 
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TABLE 1. Description and Characteristics of Studies Included in Systematic Review and Meta-Analysis 
Study (Year) 

Reference, 

Design 

Coun

try 

Sample 

size, n 

Populati

on 

Characte

ristics 

Age (y)2 % Female Mean BMI 

(kg/m2) 

Intervention 

Components 

(cups/day)* 

Intervention 

Duration 

(weeks) 

Control (cups/day) Primary Outcome 

Reported 

SR Outcomes 

Generally 

healthy 

populations 

           

 Ahmad et 

al. (2018) 

(25), 

crossover 

RCT 

Austr

alia 

19 Healthy, 

general 

populatio

n 

22.4 ± 3.0 30 24.1 3 cups black 

tea  

4 3 cups hot water  Vascular flow-mediated 

dilation 

SBP, DBP 

 Bahorun 

et al. (2012) 

(12), parallel 

RCT 

Maur

itius 

87 Healthy, 

general 

populatio

n 

NR (age 

range: 25–

60) 

35 NR 3 cups black 

tea 

12 3 cups hot water  Fasting blood glucose TC, LDL, HDL, TG 

 Bingham 

et al. (1997) 

(26), 

crossover 

RCT 

Unite

d 

King

dom 

65 Healthy, 

general 

populatio

n 

40 ± 15 52 24.21 6 cups black 

tea 

4 Placebo, matched for 

sugar, milk, and caffeine 

content 

TC SBP, DBP, TC, 

LDL, HDL, TG 



31 

 

 

 Hodgson 

et al. (2003) 

(27), 

crossover 

RCT 

Austr

alia 

22 Healthy 

adults, 

general 

populatio

n 

59 ± 1.6 38 27 5 cups black 

tea 

4 5 cups hot water  Total plasma 

homocysteine 

SBP, DBP, TC, TG 

 Ishikawa 

et al. (1997) 

(16), parallel 

RCT 

Japan 22 Healthy 

adults, 

general 

populatio

n 

22 ± 1 0 22.81 5 cups black 

tea 

4 5 cups water  LDL oxidation TC, LDL, HDL, TG 

 Princen et 

al. (1998) 

(13), parallel 

RCT 

Neth

erlan

ds 

64 Healthy 

smokers 

33.5 ± 12a 50 23.3a 6 cups black 

tea 

4 6 cups water  NR HDL, LDL, TG, TC 

At-risk 

populations 

           

 Basu et al. 

(2010) (17), 

parallel RCT 

Unite

d 

State

s 

41 Patients 

with 

obesity 

and 

metaboli

c 

42.5 ± 1.7 77 36.1 4 cups green 

tea 

8 4 cups water  Inflammatory 

biomarkers 

SBP, DBP, TC, 

LDL, HDL, TG 
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syndrom

e 

 Garcia et 

al. (2019) 

(18), parallel 

RCT 

Unite

d 

State

s 

50 Hispanic 

adults 

with 

obesity 

44.6 ± 10.2 78 35.9 4 cups 

decaffeinate

d green tea 

6 32 oz strawberry 

lemonade  

Adherence and 

acceptability of tea 

beverage 

TC, LDL, HDL 

 Hodgson 

et al. (2002) 

(19), parallel 

RCT 

Austr

alia 

21 Adults 

with 

mild 

hypercho

lesterole

mia  

 

59.8 ± 1.5 24 27.51 5 cups black 

tea 

4 5 cups water  Brachial artery 

vasodilation 

SBP, DBP, TC, 

LDL, HDL, TG 

 Hodgson 

et al. (2012) 

(20), parallel 

RCT 

Austr

alia 

111 Adults 

with 

SBP 

between 

115 and 

150 

mmHg 

57.2 ± 

10.6a 

65 25.01 3 cups black 

tea 

24 Placebo Blood pressure SBP, DBP 

 Orem et 

al. (2017) 

Turk

ey 

125 Adults 

with 

41.3 ± 11a 27 27.61 2 cups black 

tea 

4 Placebo LDL cholesterol SBP, DBP, TC, 

LDL, HDL, TG 
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(21), parallel 

RCT 

mild 

hypercho

lesterole

mia 

 Toolsee et 

al. (2013) 

(22), parallel 

RCT 

Maur

itius 

155 Adults 

diagnose

d as 

prediabet

ic 

48.5 ± 7.5a 49 25.51 3 cups green 

tea 

14 3 cups water  Fasting plasma glucose TC, LDL, HDL, TG 

 Troup et 

al. (2015) 

(24), 

crossover 

RCT 

Unite

d 

State

s 

57 Adults 

with 

mild 

hypercho

lesterole

mia 

52.4 44 30.51 5 cups black 

tea 

4 Placebo Serum lipids TC, LDL, HDL, TG 

 Vieira 

Senger et al. 

(2012) (23), 

parallel RCT 

Brazi

l 

45 Adults 

with 

metaboli

c 

syndrom

e 

NR 84 30.541 3 cups green 

tea 

8 None NR 

 

SBP, DBP, TC, 

LDL, HDL, TG 
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BMI, body mass index; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NR, not reported; SBP, systolic blood pressure; SR, systematic review; TC, total 

cholesterol; TG, triglyceride. 

*A cup of tea is approximately 237 mL of green or black tea 

1Mean of subgroup values is reported in the table.  

2Values are mean ± SD. 
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TABLE 2. Results of Randomized Controlled Trials in Generally Healthy Populations Organized by Study Outcomes 

Author (Year) 

(Reference 

Number) 

Design1 Intervention Participants Control Participants Net Mean Change  

(95% CI) 

p Value 

Baseline n / Final n  Baseline Mean ± 

(SD) 

Baseline n / Final n  Baseline Mean ± 

(SD) 

DBP, mmHg        

Ahmad et al. (2018) 

(25) 

Crossover 17 /17 63.7 ± 1.7 — — 0.6 (NR) 0.17 

Bingham et al. 

(1997) (26) 

Crossover 65/65 76.6 ± 7.8 — — NR 0.15 

Hodgson et al. 

(2003) (27) 

Crossover 22/22 74  ± 2.0 — — 0 (NR) NS 

SBP, mmHg        

Ahmad et al. (2018) 

(25) 

Crossover 17/17 116 ± 1.9 — — 0.6 (NR) 0.17 

Bingham et al. 

(1997) (26) 

Crossover 65/65 120 ± 14.0 — — NR 0.82 

Hodgson et al. 

(2003) (27) 

Crossover 22/22 125 ± 5.0 — — -1 (NR) NS 

HDL Cholesterol, 

mg/dL 
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Bingham et al. 

(1997) (26) 

Crossover 65/65 57.2 ±16.2 — — NR 0.19 

Bahorun et al. 

(2012) (12) 

       

   Females  Parallel 22/22 43.6 ±15.2 12/12 35.9 ± 13.2 7.3 (17.9, 3.3) NR 

   Males Parallel 29/29 42.6 ±15.0 8/8 57.9 ± 23.3 10.1 (9, 27.1) NR 

Ishikawa et al. 

(1997) (16) 

Parallel 14/14 64.1 ±13.1 8/8 64.1 ± 12.0 5.8 (20.1, 8.5) NR 

Princen et al. (1998) 

(13) 

       

   Black tea Parallel 16/16 40.2 ± 9.7 15/15 41.0 ± 12.0 0.0 (3.0, 3.0) NR 

   Green tea Parallel 15/15 48.7 ± 13.2 15/15 41.0 ± 12.0 2.32 (6.9, 2.2) NR 

LDL Cholesterol, 

mg/dL 

       

Bingham et al. 

(1997) (26) 

Crossover 65/65 135 ± 49.9 — — NR 0.2 

Bahorun et al. 

(2012) (12) 

       

  Females Parallel 22/22 96.0 ± 46.5 11/11 97.3 ± 29.7 2.8 (27.6, 33.2) NR 

  Males Parallel 31/31 108 ± 46.1 8/8 112 ± 48.3 14.3 (52.8, 24.2) NR 

Princen (1998) (13)        
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   Black tea Parallel 16/16 137 ±41.4 15/15 139 ± 45.2 5.8(6.3, 17.9) NR 

   Green tea Parallel 15/15 135 ±36.7 15/15 139 ± 45.2 0.8 (10.5, 12.15) NR 

TC, mg/dL        

Bingham et al. 

(1997) (26) 

Crossover 65/65 219 ± 40.6 — — NR 0.16 

Hodgson et al. 

(2003) (27) 

Crossover 21/65 224 ± 3.9 — — -3.9 (NR) NS 

Bahorun et al. 

(2012) (12) 

       

  Females Parallel 22/22 158 ± 33.6 12/12 172 ± 24.6 17.5 (12.0, 47.0) NR 

  Males Parallel 30/30 162 ± 30.6 8/8 162 ± 22.6 0.1 (27.5, 27.3) NR 

Ishikawa et al. 

(1997) (16) 

Parallel 14/14 180 ± 25.1 8/8 198 ± 30.2 8.1 (21.2, 37.4) NR 

Princen et al. (1998) 

(13) 

       

   Black tea Parallel 16/16 206 ±40.6 

 

15/15 210 ± 44.9 6.2 (5.6, 18.0) NR 

   Green tea Parallel 15/15 207 ± 44.1 15/15 210 ± 44.9 1.6 (11.5, 14.6) NR 

TG, mg/dL        

Bingham et al. 

(1997) (26) 

Crossover 65/65 113 ±54.0 — — NR 0.7 
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DBP, diastolic blood pressure; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; NR, not reported; NS, not statistically significant; SBP, 

systolic blood pressure; TC, total cholesterol; TG, triglyceride. 

NS = not significant (p>0.05) 

Means are reported as mean ± SD or mean (95%CI) 

1For crossover studies, the total baseline sample size, mean, and standard deviation are reported. 

2Standard error was reported in the study. 

 

  

Hodgson et al. 

(2003) (27) 

Crossover 21/21 97.4 ± 8.9 — — 8.9 (NR) NS 

Bahorun et al. 

(2012) (12) 

       

  Females Parallel 21/21 102 ± 65.5 12/12 130 ± 84.6 48.6 (9.1, 106.3) NR 

  Males Parallel 33/33 167 ± 138.3 8/8 130 ± 83.8 27.7 (102.4, 47.0) NR 

Ishikawa et al. 

(1997) (16) 

Parallel 14/14 80.6 ± 21.3 8/8 101 ± 38.1 11.5 (25.0, 48.1) NR 

Princen et al. (1998) 

(13) 

       

   Black tea Parallel 16/16 14 ± 70.0 15/15 151 ± 112.5 19.5 (5.7, 44.7) NR 

   Green tea Parallel 15/15 116 ± 58.5 15/15 151 ± 112.5 13.3 (14.3, 40.9) NR 
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TABLE 3. Results of Randomized Controlled Trials in At-Risk Populations Organized by Outcomes 

Author (Year) 

(Reference Number) 

Design1 Intervention Participants Control Participants Net Mean Change 

(95% CI) 

p Value 

Baseline n/ Final 

n 

Baseline Mean ± (SD) Baseline n/ Final n Baseline Mean ± (SD) 

DBP, mmHg        

 Basu et al. (2010) (17) Parallel 13/11 83.0 ± 7.9 12/12 80.0 ± 7.6 3.0 (9.5, 3.5) NR 

 Hodgson et al.  (2002) (19) Parallel 10/10 73.0 ± 6.3 11/11 75.0 ± 9.50 0.00 (-8.3,8.3) NR 

 Hodgson et al.  (2012) (20) Parallel 46/46 71.5 ± 7.2 49/49 72.9 ± 6.6 2.10 (-3.5,0.7) 0.003 

 Orem et al. (2017) (21) Parallel 34/34 78.0 ± 11.0 33/33 82.0 ± 8.0 3.97 (-0.8,8.7) NR 

 Vieira Senger et al. (2012) (23) Parallel 24/24 76.2 ± 9.2 21/21 82.9 ± 12.7 3.80 (-2.63, 10.2) 0.26 

SBP, mmHg        

 Basu et al. (2010) (17)  Parallel 13/11 132 ± 12.6 12/12 130 ± 9.4 0.40 (-9.2, 10.0) NR 

 Hodgson et al. (2002) (19) Parallel 10/10 123 ± 15.8 11/11 127 ± 15.8 1.00 (-15.4, 17.4) NR 

 Hodgson et al. (2012) (20) Parallel 46/46 121 ± 9.0 49/49 121 ± 9.7 2.00 (-4.0, 0.0) 0.05 

 Orem et al. (2017) (21) Parallel 34/34 117 ± 10.0 33/33 125 ± 11.0 6.0 (-0.8, 12.8) NR 

 Vieira Senger et al. (2012) (23) Parallel 24/24 127 ± 12.7 21/21 138 ± 11.8 1.9 (-6.11, 9.91)  0.654 

HDL Cholesterol, mg/dL        

 Basu et al. (2010) (17) Parallel 13/11 40.0 ± 7.6 12/12 42.0 ± 7.2 3.0 (-0.33, 6.33) NR 

 Garcia et al. (2019) (18) Parallel 19/16 49.6 ± 12.0 10/10 48.7 ± 9.3 2.9 (-2.3, 8.1) NR 

 Hodgson et al. (2002) (19) Parallel 10/10 51.0 ± 8.6 11/11 48.3 ± 12.2 0.77 (-9.95, 11.5) NR 
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 Orem et al. (2017) (21) Parallel 34/34 45.0 ± 11.0 33/33 46.0 ± 8.7 0.56 (-1.37, 2.49) NR 

 Toolsee (2013) (22)        

   Females  Parallel 31/31 50.3 ± 10.2 28/28 52.1 ± 15.3 0.77 (-7.3, 8.8) NR 

   Males Parallel 31/31 48.6 ± 10.9 28/28 45.5- ± 9.4 0.88 (-5.5, 7.3) NR 

 Troup et al. (2015) (24) Crossover 57/57 NR — — 0.58 (-2.98, 4.1) 0.3 

 Vieira Senger et al. (2012) (23) Parallel 24/24 96.7 ± 15.5 21/21 101 ± 23.2 3.09 (-12.2, 6.0) 0.306 

LDL Cholesterol, mg/dL        

 Basu et al. (2010) (17) Parallel 13/11 122 ± 37.5 12/12 144 ± 34.3 10.4 (-20.0, -0.8) NR 

 Garcia et al. (2019) (18) Parallel 19/16 123 ± 27.2 10/10 109 ± 24.5 10.3 (-9.0, 29.6) NR 

 Hodgson et al. (2002) (19) Parallel 10/10 155 ± 24.5 11/11 151 ± 12.2 3.87 (-20.4, 28.09) NR 

 Orem et al. (2017) (21) Parallel 34/34 142 ± 29.0 33/33 140 ± 23.0 2.44 (-5.3, 10.2) NR 

 Toolsee et al. (2013) (22)        

   Females  Parallel 30/30 140 ± 25.7 27/27 135 ± 38.6  7.52 (-13.92, 28.96) NR 

   Males Parallel 32/32 145 ± 33.72 27/27 148 ± 37.3 5.91 (-14.9, 26.7) NR 

 Troup et al. (2015) (24) Crossover 57/57 NR — — 1.02 (-11.34, 9.3) 0.7 

 Vieira Senger et al. (2012) (23) Parallel 24/24 251 ± 119.9 21/21 255 ± 61.9 15.5 (-24.1, 55.0) 0.544 

TC, mg/dL        

 Basu et al. (2010) (17) Parallel 13/11 193 ± 39.7 12/12 212 ± 37.9 0.70 (-10.9, 9.49) NR 

 Garcia et al. (2019) (18) Parallel 19/16 200 ±32.8 10/10 183 ±31.6 9.30 (-12.3, 30.9) NR 

 Hodgson et al. (2002) (19) Parallel 10/10 228 ± 24.5 11/11 220 ± 24.5 7.73 (-18.8, 34.2) NR 

 Orem et al. (2017) (21) Parallel 34/34 221 ± 30.0 33/33 215 ± 24.0 0.47 (-8.12, 7.18) NR 
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 Toolsee et al. (2013) (22)        

   Females  Parallel 31/31 210 ± 31.8 28/28 205 ± 47.5 6.43 (-19.34, 32.2) NR 

   Males Parallel 31/31 219 ± 40.4 29/29 215 ± 40.0 7.75 (-16.2, 31.7) NR 

 Troup et al. (2015) (24) Crossover 57/57 NR — — 3.43 (-7.08, 13.9) 0.2 

 Vieira Senger et al. (2012) (23) Parallel 24/24 429 ± 120 21/21 418 ± 73.5 11.6 (-29.1, 52.3) 0.53 

TG, mg/dL        

 Basu et al. (2010) (17) Parallel 13/11 175 ± 90.1 12/12 129 ± 75.7 14.8 (-82.0, 52.4) NR 

 Hodgson et al. (2002) (19) Parallel 10/10 97.4 ± 28.0 11/11 97.4 ± 28.0 0.00 (-30.3, 30.3) NR 

 Orem et al. (2017) (21) Parallel 34/34 171 ± 95.0 33/33 149 ±73.0 17.1 (-50.9, 16.7) NR 

 Toolsee et al. (2013) (22)        

   Females  Parallel 31/31 119 ± 50.7 25/25 93.7 ± 33.5 16.1 (-44.5, 12.4) NR 

   Males Parallel 31/31 125 ± 55.0 26/26 125 ± 47.7 11.7 (-21.1, 44.6) NR 

 Troup et al.  (2015) (24) Crossover 57/57 NR — — 15.2 (-40.9, 71.4) 0.1 

 Vieira Senger et al. (2012) (23) Parallel 24/24 895 ± 328 21/21 744  ± 239.1 70.9 (-37.9, 180) 0.2 

DBP, diastolic blood pressure; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; NR, not reported; SBP, systolic blood pressure; TC, total 

cholesterol; TG, triglyceride. 

Means are reported as mean ± SD or mean (95%CI) 

1For crossover studies, the total baseline sample size, mean, and standard deviation are reported
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