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A B S T R A C T   

Introduction: Hibiscus sabdariffa is a common ingredient in herbal tea blends. Several properties such as anti
hypertensive and antioxidant activities have been attributed to this plant. The aim of this systematic review and 
meta-analysis was to synthesize the knowledge about the effect of Hibiscus sabdariffa (sour tea) compared to 
other herbal teas and antihypertensive drugs on cardiometabolic risk factors. 
Methods: PubMed, Web of Sciences (ISI), Embase, and Scopus (Elsevier) databases were searched to identify 
related articles published up to 12 December 2019. All clinical trials which investigated the effect of Hibiscus 
sabdariffa (sour tea) consumption on systolic blood pressure (SBS), diastolic blood pressure (DBP), LDL-C (low- 
density lipoprotein cholesterol), HDL-C (high-density lipoprotein cholesterol), TC (total cholesterol), TG (tri
glyceride), FBS (fasting blood sugar), BW (body weight) and BMI (body mass index) for more than one week were 
included. Twenty-two studies (24 effect sizes) were included in the analysis; weighted mean differences for each 
were estimated using random-effects models. 
Results: The pooled data suggested that however Hibiscus sabdariffa consumption reduced the SBP levels 
(weighted mean difference [WMD]: − 7.14, 95 % CI: − 11.16, − 3.12, p < 0.001), and DBP levels (WMD: − 3.54, 
95 % CI: − 5.02, − 2.06, p < 0.001), the changes in lipid profiles, FBS, BMI and BW were not significant. 
Conclusion: In conclusion, this meta-analysis indicated that Hibiscus sabdariffa consumption could efficiently 
reduce SBP and DBP levels.   

1. Introduction 

Tea is one of the most popular beverages in the world. There are 
many different types of tea such as black, white, green and sour that are 
used in different parts of the world (Mozaffari-Khosravi et al., 2014). 
Sour tea with the scientific name of Hibiscus sabdariffa is known as 
sudan tea, karkade, bissap, roselle and red sorrel (Mahadevan and 

Kamboj, 2009). 
Hibiscus sabdariffa is a hardy herbaceous shrub which grows well in 

tropical countries and is used as a common ingredient in herbal tea 
blends, jam, ice cream, chocolates and in the food industry as a flavoring 
agent (Mahadevan and Kamboj, 2009; McKay et al., 2009; Wahabi et al., 
2010). It contains various ingredients including organic acids (such as 
citric, ascorbic, oxalic, malic, tartaric, Hibiscus, and hydroxycitric acid), 
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anthocyanins (such as anthocyanidin, gossypicyanin, and hibiscin), 
polysaccharides (such as glucose, arabinose, galactose, and rhamnose) 
and flavonoids (such as quercetin, luteolin, hibiscitrin, sabdaritrin, 
gossypitrin, and gossytrin) (Sindi et al., 2014). Several properties have 
been attributed to sour tea such as antihypertensive (Serban et al., 
2015), hepatoprotective, antihyperlipidemic (Chen et al., 2003), anti
cancer and antioxidant activities (Mahadevan and Kamboj, 2009; Riaz 
and Chopra, 2018). 

The tea is a rich antioxidant source (Riaz and Chopra, 2018), and 
various studies have been conducted to evaluate the effect of sour tea 
consumption on cardiometabolic risk factors. Hypertension, is a serious 
public health concern (https://www.who.int/news-room/fact-sheets/ 
detail/hypertension) as is dyslipidemia (Kelishadi et al., 2012), dia
betes (Mancia, 2005) and obesity (Franks et al., 2010). These are the 
most important concerns that increase the risk of cardiovascular diseases 
(CVD). Several studies have assessed the effect of Hibiscus sabdariffa 
consumption on systolic and diastolic blood pressure (Asgary et al., 
2016; Gurrola-Diaz et al., 2010; Jalalyazdi et al., 2019; Kafeshani et al., 
2017; Nwachukwu et al., 2015), LDL-C (low-density lipoprotein 
cholesterol) (Kafeshani et al., 2017; Mohagheghi et al., 2011; Sabz
ghabaee et al., 2013), HDL-C (high-density lipoprotein cholesterol) 
(Kafeshani et al., 2017; Mohagheghi et al., 2011; Mozaffari-Khosravi 
et al., 2014), TC (Total cholesterol) (Kafeshani et al., 2017; Lin et al., 
2007; Mohagheghi et al., 2011; Sabzghabaee et al., 2013), TG (Tri
glyceride) (Mohagheghi et al., 2011; Sabzghabaee et al., 2013), FBS 
(fasting blood sugar) (Asgary et al., 2016; Chang et al., 2014; Gurro
la-Diaz et al., 2010), BW (body weight) (Chang et al., 2014; Moral
es-Luna et al., 2019) and BMI (body mass index) (Chang et al., 2014; 
Morales-Luna et al., 2019) but their results are inconsistent. 

The authors designed and implemented the present meta-analysis to 
review and scrutinize the published clinical evidence that assessed the 
effect of Hibiscus sabdariffa (sour tea) compared to other herbal teas and 
antihypertensive drugs on cardiometabolic risk factors. 

2. Materials and methods 

The present study was conducted in accordance with the recom
mendations outlined in the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) statement (Moher et al., 2015). 

2.1. Study selection 

Studies were included by following criteria: 1) the clinical trials 
(parallel or crossover design); 2) Studies with controlled and placebo 
design 3) the desired parameters before and after the intervention with 
standard deviations(SDs), standard error (SE), or 95 % confidence in
terval (CIs) were available for each group in the study; 4) individuals 
consumed sour tea for at least 1 weeks; and 5) subjects were adults (age 
≥18 years). Lack of sufficient information at baseline or endpoint was 
considered as an excluding criterion. 

2.2. Search strategy 

All articles were searched in the following databases: PubMed, Web 
of Sciences (ISI), Embase, and Scopus (Elsevier) up to 12 December 
2019, using the following terms in every possible combination: (Hibis
cus [MeSH Terms]) OR Hibiscus[Title/Abstract]) OR "Hibiscus sabdar
iffa"[Title/Abstract]) OR Roselle[Title/Abstract]) OR Roselles[Title/ 
Abstract]) OR "Hibiscus cannabinus"[Title/Abstract]) OR Kenaf[Title/ 
Abstract]) OR "red tea"[Title/Abstract]) OR "sour tea"[Title/Abstract])). 
The reference lists of included articles and also review articles published 
previously were searched by hand evaluating the effect of sour tea on 
blood pressure and considered additional articles. Each article was 
assessed separately by two reviewers (VM and AK). 

2.3. Quality assessment 

The Cochrane tool was used for assessing the methodological quality 
of included articles, which includes the following items: random 
description, allocation concealment, blinding, incomplete data outcome 
and protocol registration. (Table 2). In the case of all criteria being met 
or one criteria unclear the quality was judged as good, one criterion not 
met or two criteria unclear was fair quality, and two or more criteria not 
met or more than two unclear poor quality. 

2.4. Data extraction 

Eligible studies were assessed by two reviewers (VM and AK). Any 
discrepancies were resolved via consensus-based discussions between 
the reviewers. The following information was extracted: first author’s 
name, publication year, sample size, type and dose of intervention and 
placebo, study design, duration of the intervention, patient’s status and 
other data including age and sex. Mean and SD of systolic and diastolic 
blood pressure levels at before and after intervention were recorded. 

2.5. Data items 

All variables for which the data were assessed included the 
following: systolic blood pressure (SBP, mmHg), diastolic blood pressure 
(DBP, mmHg), low-density lipoprotein cholesterol (LDL-C, mg/dl), high- 
density lipoprotein cholesterol (HDL-C, mg/dl), total cholesterol (TC, 
mg/dl), triglyceride (TG, mg/dl), fasting blood sugar (FBS, mg/dl), body 
weight (BW, kg) and body mass index (BMI, kg/m2). 

2.6. Quantitative data synthesis and statistical analysis 

Statistical analysis of data was carried out using Stata software 
version 13 (Stata Corp LP, College Station, TX, USA). The effect of sour 
tea was evaluated on the changes in the following outcomes: (i) SBP 
(mmHg), (ii) DBP (mmHg), LDL-C (mg/dl), HDL-C (mg/dl), TC (mg/dl), 
TG(mg/dl), FBS (mg/dl), BW (kg) and BMI (kg/m2). The WMD and 
corresponding 95 % CIs were calculated using the DerSimonian and 
Laird method (DerSimonian and Laird, 1986) random effects model, 
which takes the between-study variation into account. The mean and SD 
of the mentioned parameters were extracted before and after interven
tion. The mean change was computed as follows: (amount at end of the 
follow-up in the treatment group – amount at baseline in the treatment 
group) - (amount at end of the follow-up in the control group – amount 
at baseline in the control group). If SD of the mean difference was not 
reported, it was computed as follows: SD = square root [(SD pre-treat
ment)2 + (SD post-treatment)2 - (2 R–SD pre-treatment - SD 
post-treatment)], assuming a correlation coefficient of 0.5, as a conser
vative estimate for R which ranges between 0 and 1 (Higgins et al., 
2008). In the case of the median and range or 95 % CIs being reported, 
mean and SD values were estimated using Hozo et al.’s procedure (Hozo 
et al., 2005). Plot digitizer software was used to extract the data when 
the outcome variable was demonstrated only in the graphic form. 
Cochran’s Q-test was used for assessing the heterogeneity (with signif
icance set at p < 0.1) and for computing the percentage of heterogeneity 
(I2 value ≥50 % indicating significant heterogeneity) the I2 test and a 
random effect model was used. The leave-one-out method (i.e. removing 
a single trial each time and repeating the analysis) was used for sensi
tivity analysis to determine the effect of each study on the overall effect 
size (Sahebkar, 2014). For evaluating the association between the effect 
size and potential adjuster variables including duration of the inter
vention and dose of Hibiscus sabdariffa meta-regression was carried out. 
The funnel plot and also Begg’s rank correlation and Egger’s weighted 
regression tests were used for recognizing any possible publication bias. 
Subgroup analysis was conducted based on the duration of intervention, 
age, type of control group, duration of intervention and quality of 
studies for all mentioned factors. Meta-regression was conducted for 
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participants’ age, duration of the intervention and dose of Hibiscus 
sabdariffa. Moreover, sensitivity analysis for the small study effect was 
carried out. 

The meta-analysis was caried out using STATA software version 13 
(Stata Corp LP, College Station, TX, USA). We considered probability 
value (p value) < 0.05 as statistically significant. 

2.7. Studies identified and selection process 

Fig. 1 indicates the flowchart of the selection process in the meta- 
analysis. A total of 412 reports were firstly identified; after elimi
nating the duplicates (n = 72), 340 articles remained. Of the 340 arti
cles, 309 were excluded because they were either not human clinical 
trials or didn’t meet the inclusion criteria, after an accurate review of the 
titles and abstracts. 31 potentially pertinent articles were chosen for full 
text assessment and detailed examination. Furthermore 9 articles were 
excluded for one or more of the following reasons: not randomized 
placebo-controlled studies (n = 3) (Al-Shafei and El-Gendy, 2013; 
Harrison et al., 2009; Lin et al., 2007), conference paper (n = 1) (Camille 
et al., 2018), duplicate report (n = 1) (Nwachukwu et al., 2017), use of 
sour tea in combination with other components without an appropriate 
control group (n = 2) (Boix-Castejón et al., 2018; Herranz-López et al., 
2019), participants younger than 18 years old (n = 1) (Sabzghabaee 
et al., 2013), and intervention duration less than 1 week (n = 1) (Abu
bakar et al., 2019). After ultimate evaluation, 22 eligible studies satis
fied the inclusion criteria and were qualified for the final meta-analysis. 
Quality assessment of studies are presented in Table 2. Nine studies 

reported the method used for random sequence generation to put par
ticipants in the intervention and control groups (Herrera-Arellano et al., 
2007; Kafeshani et al., 2017; McKay et al., 2009, 2010; Mozaffar
i-Khosravi et al., 2013, 2014; Mozaffari-Khosravi et al., 2009; Nwa
chukwu et al., 2015; Seck et al., 2018; Soleimani et al., 2015) while the 
other studies didn’t report any explanation in this regard. Only three 
studies reported allocation concealment (Asgary et al., 2016; Nwa
chukwu et al., 2015; Seck et al., 2018). However, eight trials were not 
blind (Faraji and Tarkhani, 1999; Gurrola-Diaz et al., 2010; Hajifaraji 
et al., 2018; Herrera-Arellano et al., 2007; Lin et al., 2014; Mohagheghi 
et al., 2011; Sari et al., 2018; Soleimani et al., 2015), the other studies 
clarified the blindness. None of the studies revealed attrition bias. All of 
the studies were judged at low risk for selective reporting. Finally, five 
studies were judged as having good quality (Asgary et al., 2016; Kafe
shani et al., 2017; McKay et al., 2010; Nwachukwu et al., 2015; Seck 
et al., 2018), twelve poor quality (Chang et al., 2014; Faraji and Tar
khani, 1999; Gurrola-Diaz et al., 2010; Hajifaraji et al., 2018; Herrer
a-Arellano et al., 2004, 2007; Jalalyazdi et al., 2019; Kuriyan et al., 
2010; Lin et al., 2014; Mohagheghi et al., 2011; Sari et al., 2018; Sol
eimani et al., 2015) and three fair quality (Mozaffari-Khosravi et al., 
2013, 2014; Mozaffari-Khosravi et al., 2009). 

2.8. Features of included studies 

The features of the eligible studies are shown in Table 1. Data was 
obtained from 22 eligible studies with 24 effect sizes with 724 and 733 
participants in the control and intervention group respectively. The 

Fig. 1. Flow diagram.  
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Table 1 
Characteristic of studies that evaluated the effect of sour tea on the mentioned parameters.  

Study, Year location gender Age 
(years) 

study Population Participants 
(control group, 
intervention 
group) 

Duration 
(weeks) 

Sour tea 
group 

Control group Hibiscus 
sabdariffa 
dose (gr/d) 

Outcome 

Gurrola-Diaz et al., 
2010 

Mexico Both 49 metabolic 
syndrome 

27, 20 4 Extract 
powder +
Diet 

Diet 0.1 SBP, DBP, 
LDL-C, 
HDL-C, TC, 
TG, FBS 

Chang et al., 2014 Taiwan Both 37.32 Obese with liver 
steatosis 

17, 19 12 Extract 
capsule 

Starch 2.7 BW, BMI, 
WC, LDL- 
C, HDL-C, 
TC, TG, 
FBS 

McKay et al., 2010 Nigeria Both 54.2 mild to moderate 
hypertension 

30, 35 6 tea placebo 3.75 SBP, DBP 

Hajifaraji et al., 
2018, (a) 

Iran Both 47.76 polygenic 
dyslipidemia 

22, 21 6 tea lifestyle 
modifications 

4 LDL-C, 
HDL-C, TC, 
TG, 

Hajifaraji et al., 
2018, (b) 

Iran Both 47.76 polygenic 
dyslipidemia 

21, 20 12 tea lifestyle 
modifications 

4 LDL-C, 
HDL-C, TC, 
TG, 

Jalalyazdi et al., 
2019 

Iran Both 49.87 stage 1 
hypertension 

23, 23 4 tea nonmedical 
treatment advices 

2.5 SBP, DBP 

Kafeshani et al., 
2017, (a) 

Iran Men 20.71 healthy adult 
men 

16, 17 6 tea maltodextrin 0.45 SBP, DBP, 
LDL-C, 
HDL-C, TC, 
TG 

Kafeshani et al., 
2017, (b) 

Iran Men 20.71 healthy adult 
men 

16, 17 6 tablet Green tea 0.45 SBP,DBP 
LDL-C, 
HDL-C, TC, 
TG 

Kuriyan et al., 2010, 
(a) 

India Both 45.7 hyperlipidemic 
Indians 

29, 28 6.4 extract maltodextrin 1 BW, BMI, 
WC, LDL- 
C, HDL-C, 
TC, TG, 
FBS 

Kuriyan et al., 2010, 
(b) 

India Both 45.7 hyperlipidemic 
Indians 

29, 28 12 extract maltodextrin 1 BW, BMI, 
WC, LDL- 
C, HDL-C, 
TC, TG, 
FBS 

Asgary et al., 2016 Iran Both 47.66 metabolic 
syndrome 

17, 18 4 powder starch 0.5 BMI, SBP, 
DBP LDL- 
C, HDL-C, 
TC, TG, 
FBS 

Lin et al., 2014 Taiwan Both NR Patients with 
Long-term 
Urinary 
Catheterization 

17, 10 24 tea placebo 3 TC, TG, 
FBS 

DC Nwachukwu 
et al., 2015, (a) 

Nigeria Both 49.92 mild to moderate 
hypertension 

25, 25 4 beverage placebo 10.5 SBP,DBP 

DC Nwachukwu 
et al., 2015, (b) 

Nigeria Both 49.92 mild to moderate 
hypertension 

25, 25 5 beverage placebo 10.5 SBP,DBP 

DC Nwachukwu 
et al., 2015, (c) 

Nigeria Both 49.92 mild to moderate 
hypertensive 

25, 25 4 beverage Hydrochlorothiazide 10.5 SBP,DBP 

DC Nwachukwu 
et al., 2015, (d) 

Nigeria Both 49.92 mild to moderate 
hypertensive 

25, 25 5 beverage Hydrochlorothiazide 10.5 SBP,DBP 

Sari et al., 2018 India Men 42.6 Obese Adult Men 11, 14 6 beverage placebo 1 BW, BMI, 
WC, LDL- 
C, HDL-C, 
TC, TG 

Mozaffari-Khosravi 
et al., 2013 

Iran Both 45 mildly 
hypertensive 
patients with 
diabetes 

48, 46 4 Tea bag Green tea 3 BW, BMI, 
SBP,DBP, 
FBS 

Mozaffari-Khosravi 
et al., 2009, 

Iran Both 55.37 diabetic patients 26, 27 4 Tea bag Black tea 2 LDL-C, 
HDL-C, TC, 
TG 

Mozaffari-Khosravi 
et al., 2009, (a) 

Iran Both 55.37 diabetic patients 26, 27 4 sachet Black tea 2 BW, BMI, 
SBP,DBP 

Mozaffari-Khosravi 
et al., 2009, (b) 

Iran Both 55.37 diabetic patients 26, 27 2 sachet Black tea 2 BW, BMI, 
SBP,DBP 

Mozaffari-Khosravi 
et al., 2014 

Iran Both 45 type 2 diabetes 
patients 

48, 46 4 Tea bag Green tea 3 

(continued on next page) 

M. Shafiee et al.                                                                                                                                                                                                                                 



Journal of Herbal Medicine 29 (2021) 100471

5

number of participants in these trials ranged from 20.7 (Kafeshani et al., 
2017) to 55.3 (Mozaffari-Khosravi et al., 2009). The included studies 
were published between 1999 and 2019 and conducted in Iran (Nine 
studies) (Asgary et al., 2016; Faraji and Tarkhani, 1999; Hajifaraji et al., 
2018; Jalalyazdi et al., 2019; Kafeshani et al., 2017; Mohagheghi et al., 
2011; Mozaffari-Khosravi et al., 2013, 2009; Soleimani et al., 2015), 
Nigeria (two studies) (McKay et al., 2010; Nwachukwu et al., 2015), 

Mexico (three studies) (Gurrola-Diaz et al., 2010; Herrera-Arellano 
et al., 2004, 2007), Taiwan (two studies) (Chang et al., 2014; Lin et al., 
2014), India (two studies) (Kuriyan et al., 2010; Sari et al., 2018) and 
Africa (one study) (Seck et al., 2018). The participants mean age alter
nated from 20.71 to 55.37 years. Only two studies were carried out 
particularly on men (Kafeshani et al., 2017; Sari et al., 2018), and the 
remaining trials were performed on both sexes. The duration of the 

Table 1 (continued ) 

Study, Year location gender Age 
(years) 

study Population Participants 
(control group, 
intervention 
group) 

Duration 
(weeks) 

Sour tea 
group 

Control group Hibiscus 
sabdariffa 
dose (gr/d) 

Outcome 

LDL-C, 
HDL-C, TC, 
TG 

Mohagheghi et al., 
2011 

Iran Both 50 hypertensive 
patients 

45, 45 2 Tea bag Black tea 0.5 LDL-C, 
HDL-C, TC, 
TG, FBS 

M. Faraji and 
Tarkhani, 1999 

Iran both 52.6 essential 
hypertension 
patient 

23, 31 2 powder Black tea 150 SBP,DBP 

Sidy Mohamed Seck 
et al., 2017, (a) 

Africa both 53.2 hypertension 
paitient 

41, 42 4 powder Ramipril 0.65 SBP,DBP, 
TC, FBS 

Sidy Mohamed Seck 
et al., 2017, (b) 

Africa both 53.2 hypertension 
paitient 

41, 42 2 powder Ramipril 0.65 SBP,DBP 

Sidy Mohamed Seck 
et al., 2017, (c) 

Africa both 53.2 hypertension 
paitient 

42, 42 4 powder Kinkeliba 0.65 SBP,DBP, 
TC, FBS 

Sidy Mohamed Seck 
et al., 2017, (d) 

Africa both 53.2 hypertension 
paitient 

42, 42 2 powder Kinkeliba 0.65 SBP,DBP 

Soleimani et al., 
2015 

Iran Both 53.3 hypertension 
paitient 

20, 20 6 pill captopril 1 SBP,DBP 

Herrera-Arellano 
et al., 2004 

Mexico both 51.13 hypertension 
paitient 

37, 53 4 solution captopril 10 SBP,DBP 

Herrera-Arellano 
et al., 2007, (a) 

Mexico both 43 hypertension 
paitient 

93, 100 1 envelope lisinopril 0.25 SBP,DBP 

Herrera-Arellano 
et al., 2007, (b) 

Mexico both 43 hypertension 
paitient 

93, 100 2 envelope lisinopril 0.25 SBP,DBP 

Herrera-Arellano 
et al., 2007,(c) 

Mexico both 43 hypertension 
paitient 

93, 100 3 envelope lisinopril 0.25 SBP,DBP 

Herrera-Arellano 
et al., 2007, (d) 

Mexico both 43 hypertension 
paitient 

93, 100 4 envelope lisinopril 0.25 SBP,DBP  

Table 2 
Quality assessment of the studies according to Cochrane tool.  

Study Sequence 
generation 

Allocation 
concealment 

Blinding of participants 
or personnel 

Blinding of outcome 
assessment 

Incomplete 
outcome data 

Selective outcome 
reporting 

Quality 

Gurrola-Diaz et al., 2010 ? ? ? ? ✓ ✓ Poor 
Chang et al., 2014 ? ? ✓ ? ✓ ✓ Poor 
L. McKay et al., 2010 ✓ ? ✓ ✓ ✓ ✓ Good 
Hajifaraji et al., 2018 ? ? ? ? ✓ ✓ Poor 
Jalalyazdi et al., 2019 ? ? ✓ ? ✓ ✓ Poor 
Kafeshani et al., 2017 ✓ ? ✓ ✓ ✓ ✓ Good 
Kuriyan et al., 2010 ? ? ✓ ? ✓ ✓ Poor 
Asgary et al., 2016 ? ✓ ✓ ✓ ✓ ✓ Good 
Lin et al., 2014 ? ? ? ? ✓ ✓ Poor 
Nwachukwu et al., 2015 ✓ ✓ ✓ ? ✓ ✓ Good 
Sari et al., 2018 ? ? ? ? ✓ ✓ Poor 
Mozaffari-Khosravi et al., 

2013 
✓ ? ✓ ? ✓ ✓ Fair 

Mozaffari-Khosravi et al., 
2009 

✓ ? ✓ ? ✓ ✓ Fair 

Mozaffari-Khosravi et al., 
2014 

✓ ? ✓ ? ✓ ✓ Fair 

Mohagheghi et al., 2011 ? ? ? ? ✓ ✓ Poor 
Faraji and Tarkhani, 1999 ? ? ? ? ? ✓ Poor 
Sidy Mohamed Seck et al., 

2017 
✓ ✓ ✓ ? ✓ ✓ Good 

Soleimani et al., 2015 ✓ ? ? ? ✓ ✓ Poor 
Herrera-Arellano et al., 

2004 
✓ ? ? ? ✓ ✓ Poor 

Herrera-Arellano et al., 
2007 

? ? ✓ ? ✓ ✓ Poor  
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Table 3 
Results of subgroup analysis of included randomized controlled trials in meta- 
analysis of sour tea and cardiometabolic risk factors.  

Dietary 
Factors 

No of 
studies 

WMD 95 % CI I2 

(%) 
Test for Subgroup 
difference 

SBP 
age 

0.005 
<50 years 7 − 4.34 − 7.07, 

-1.60 
32.1 

≥50 years 4 − 11.62 
− 21.61, 
-1.60 93.8 

Type of control group 

0.03 
Placebo 6 − 4.92 

− 7.88, 
-1.95 

37 

Tea 5 − 9.44 − 18.32, 
-0.56 

92.5  

duration of intervention 

<4 weeks 7 − 7.39 − 13.31, 
-1.47 

90.6 
0.98 

≥4 weeks 4 − 6.10 
− 9.32, 
-2.88 0  

Dose of sour tea 

< 2 g/d 5 − 2.68 
− 6.30, 
0.92 34.3 

0.007 
≥ 2 g/d 6 − 10.67 

− 17.02, - 
4.32 

90.4  

Quality of studies 
Poor or 

Fair 
5 − 8.74 − 16.40, 

-1.08 
93.3 

0.21 
Good 6 − 4.59 − 7.18, -2 0  

DBP 
age 

0.94 <50 years 7 − 3.36 
− 4.92, 
-1.80 21.3 

≥50 years 4 − 3.59 
− 6.85, 
-0.33 74.9 

Type of control group 

0.99 
Placebo 6 − 3.39 − 4.99, 

-1.78 
19.6 

Tea 5 − 3.54 − 6.38, 
-0.70 

70 

duration of intervention 

0.31 <4 weeks 7 − 3.34 
− 5.21, 
-1.47 63.7 

≥4 weeks 4 − 4.15 − 6.63, 
-1.67 

0 

Dose of sour tea 

0.66 < 2 g/d 5 − 3.72 
− 6.68, 
-0.76 57.7 

≥ 2 g/d 6 − 3.63 
− 5.52, 
-1.75 49.6  

Quality of studies 
Poor or 

Fair 5 − 4.31 
− 6.69, 
-1.94 66.7 

0.27 
Good 6 − 2.57 − 4.57, 

-0.60 
21.4  

LDL-C 
age 

0.21 
≥ 45years 7 − 5.41 − 14.36, 

3.55 
75 

<45 years 4 − 5.13 
− 13.47, 
3.19 0 

Type of control group 

<0.001 
Placebo 7 − 11.88 

− 16.42, 
-7.33 

12.4 

Tea 4 2.30 − 4.32, 
8.92 

0 

duration of intervention 
<0.001 

≥ 6week 7 − 10.92 20.7  

Table 3 (continued ) 

Dietary 
Factors 

No of 
studies 

WMD 95 % CI I2 

(%) 
Test for Subgroup 
difference 

− 15.89, 
-5.95 

< 6week 4 2.70 − 4.18, 
9.58 

0  

Dose of sour tea 
< 2 g/d 7 − 5.27 − 10.90, 

0.36 
0 

0.47 
≥ 2 g/d 4 − 6.27 − 20.89, 

8.29 
85  

0.27  

HDL-C 
age 

0.05 
≥ 45years 7 − 1.11 

− 2.50, 
0.26 17.5 

<45 years 4 1.42 
− 2.45, 
5.31 

45.4  

Type of control group 

0.15 
Placebo 7 0.40 − 2.09, 

2.91 
57.1 

Tea 4 − 0.11 
− 2.36, 
2.15 0 

duration of intervention 

0.08 
≥ 6week 7 0.06 − 2.3, 2.43 54 

< 6week 4 0.24 − 2.05, 
2.55 

0  

Dose of sour tea 

< 2 g/d 7 0.86 − 1.03, 
2.75 

0 
0.004 

≥ 2 g/d 4 − 2.09 
− 3.12, 
-1.07 2.6  

0.06  

TG 
age 

0.37 ≥ 45years 7 − 0.93 
− 10.44, 
8.56 6.7 

<45 years 4 − 7.82 − 23.98, 
8.34 

0 

Type of control group 

0.76 Placebo 8 − 0.51 
− 8.54, 
7.52 0.2 

Tea 4 − 3.08 
− 18.33, 
12.17 0  

duration of intervention 

≥ 6week 8 0.08 
− 7.60, 
7.77 

0 
0.47 

< 6week 4 − 10.94 − 35.04, 
13.15 

31.7  

Dose of sour tea 

< 2 g/d 7 − 7.64 − 19.64, 
4.36 

0 
0.18 

≥ 2 g/d 5 − 1.01 
− 8.07, 
6.04 0  

0.49  

TC 
age 

0.17 
≥ 45years 8 − 4.10 

− 16.86, 
8.64 

75.8 

<45 years 4 − 5.65 − 15.65, 
4.33 

0 

Type of control group 

<0.001 Placebo 7 − 11.55 
− 18.01, 
-5.10 20.6 

Tea 5 1.22 
− 14.43, 
16.89 57.5 

duration of intervention 
<0.001 

≥ 6week 7 − 10.87 26.3 

(continued on next page) 
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intervention differed from 4 (Asgary et al., 2016; Gurrola-Diaz et al., 
2010; Herrera-Arellano et al., 2004; Jalalyazdi et al., 2019; Mozaffar
i-Khosravi et al., 2013, 2014; Mozaffari-Khosravi et al., 2009; Seck et al., 
2018) to 24 (Lin et al., 2014) weeks. 

2.9. Publication bias 

Begg’s test was conducted for assessing publication bias of sour tea 
consumption on SBP, DBP, LDL-C, HDL-C, TC, TG, FBS, BW and BMI, 
there was no significant of publication bias with respect to SBP (Begg’s 
test: P = 0.53), DBP (Begg’s test: P = 0.11), LDL-C (Begg’s test: P =
0.64), HDL-C (Begg’s test: P = 06), TC (Begg’s test: P = 0.83), TG (Begg’s 
test: P = 0.21), FBS (Begg’s test: P = 1) levels; BW (Begg’s test: P = 0.22, 
Egger’s test: P = 0.30) and BMI (Begg’s test: P = 0.70). Funnel plot for all 
variables are shown in Fig. 11 (panel A –I). 

3. Results 

3.1. Meta-analysis and subgroup results 

Results of the subgroup analysis are demonstrated in Table 3. Sub
group analysis was conducted based on the duration of intervention, 
age, type of control group, duration of intervention and quality of 
studies for all mentioned factors. 

A total of 15 studies compared the effect of sour tea with placebo, 
tea, and antihypertensive drug on SBP and DBP. The studies with pla
cebo or tea as a comparator (ten studies with 11 effect size and 284 
patients) were pooled together and the studies in which antihyperten
sive drug was the comparator (five studies with 240 patients) were 
analyzed separately. 

Fig. 2 panel A and B indicates the pooled outcomes from random- 
effect model combining the WMD for the impact of Hibiscus sabdariffa 
on SBP in the study population, revealing that the diminution in SBP 
levels was significant after consuming Hibiscus sabdariffa compared 
with the placebo or tea as control group, (WMD: − 7.14, 95 % CI: 
− 11.16, − 3.12, p < 0.001), with significant heterogeneity (I2 = 84.7 %, 
p < 0.001), while its effect was not significant after consuming Hibiscus 
sabdariffa compared to the drugs as control group (WMD: − 4.05, 95 % 
CI: − 9.64, 1.53, p = 0.15), with significant heterogeneity (I2 = 82 %, p <
0.001). 

The results for DBP were the same as SBP; Hibiscus sabdariffa 
compared with placebo or tea as the control group, led to a significant 
reduction in the DBP (WMD: − 3.54, 95 % CI: − 5.02, − 2.06, p < 0.001), 
without significant heterogeneity (I2 = 48.9 %, p = 0.34), however, 
reduction in the DBP levels was not significant when compared with 
drugs as control group (WMD: − 0.22, 95 % CI: − 2.01, 1.56, p = 0.8), 
without significant heterogeneity (I2 = 48=%, p = 0.1) (Fig. 2 panel C 
and D). 

Significant reduction was observed in the subgroup with dose of ≥ 2 
g and <2 g; the changes in the subgroup with duration of intervention 
(<4 and ≥4 week) was significant as well. Age of the participants (<50 
and ≥50) and type of control group (tea and placebo) didn’t affect the 
result as the change in both of the subgroups were similar. Quality of the 
studies didn’t affect the result since the change in both of the subgroups 
(poor or fail and good). 

Ten studies (11effect sizes) with 254 subjects investigated the effect 
of Hibiscus sabdariffa on LDL-C and HDL-C compared to placebo or tea 
as the control group, Fig. 2 panel E indicates a non-significant decrease 
of LDL-C in Hibiscus sabdariffa group compared with placebo or tea 
(WMD: − 5.32, 95 % CI: − 11.76, 1.13, p = 0.1), with significant het
erogeneity (I2 = 62 %, p = 0.003). The result for HDL_C was also non- 
significant (WMD: − 0.07, 95 % CI: − 1.7, 1.56, p = 0.93), without sig
nificant heterogeneity (I2 = 40 %, p = 0.08), (Fig. 2 panel F). 

Table 3 (continued ) 

Dietary 
Factors 

No of 
studies 

WMD 95 % CI I2 

(%) 
Test for Subgroup 
difference 

− 17.38, - 
4.35 

< 6week 5 2.42 − 14.51, 
19.35 

53 

Dose of sour tea 

0.008 < 2 g/d 8 − 3.43 − 10.78, 
3.91 

0 

≥ 2 g/d 4 − 4.71 − 13.42, 4 85.9  
0.18  

FBS 
age 

0.53 ≥ 46 years 4 3.14 
− 11.76, 
18.05 83.9 

<46 years 4 − 2.69 − 7.06, 
1.69 

0 

Type of control group 

0.01 Placebo 5 − 4.75 
− 11.96, 
2.44 41.4 

Tea 3 8.79 
− 7.19, 
24.77 75.9 

duration of intervention 

0.005 
≥ 6week 5 − 5.77 − 10.68, 

-0.85 
35.9 

< 6week 4 8.61 − 4.87, 
22.09 

64.5 

Dose of sour tea 

0.34 < 2 g/d 5 0.007 
− 8.83, 
8.85 79.6 

≥ 2 g/d 3 2.94 − 7.13, 
13.02 

0  

BMI 
age 

0.82 ≥ 45 years 4 − 0.05 − 1, 0.9 0 

<45 years 2 − 0.25 − 1.78, 
1.28 

0 

Type of control group 

0.97 Placebo 4 − 0.09 
− 1.07, 
0.87 0 

Tea 2 − 0.12 − 1.57, 
1.32 

0 

duration of intervention 

0.95 
≥ 6week 4 − 0.08 − 0.1, 0.82 0 

< 6week 4 − 0.12 
− 1.17, 
0.92 0 

Dose of sour tea 

0.95 
< 2 g/d 3 − 0.08 

− 1.14, 
0.96 

0 

≥ 2 g/d 3 − 0.13 − 1.39, 
1.12 

0  

Body weight 
age 

0.84 ≥ 45 years 3 − 0.14 
− 3.12, 
2.83 0 

<45 years 2 − 0.73 
− 5.77, 
4.29 0 

Type of control group 

0.96 
Placebo 3 − 0.34 − 3.79, 

3.10 
0 

Tea 2 − 0.24 − 4.06, 
3.59 

0 

duration of intervention 

0.96 ≥ 6week 3 − 0.34 
− 3.79, 
3.10 35.9 

< 6week 2 − 0.24 − 4.06, 
3.59 

64.5 

Dose of sour tea 

0.99 < 2 g/d 2 − 0.31 − 4, 3.38 0 

≥ 2 g/d 3 − 0.28 
− 3.83, 
3.26 0 

Abbreviations: WMD: weighted mean difference, SBP: systolic blood pressure, 
DBP: diastolic blood pressure, LDL-C: low-density lipoprotein cholesterol, HDL- 

C: high-density lipoprotein cholesterol, TG: Triglyceride, TC: Total cholesterol, 
FBS: fasting blood sugar, BMI: body mass index, BW: body weight. 
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In LDL-C case, subgroup analysis by both of sour tea dose (<2 g and 
≥2 g) and participants’ age (≥ 45 and <45years) indicated a non- 
significant reduction. In subgroup analysis by type of control group 
and study duration, a significant reduction was observed in the placebo 

as control group and duration of study (≥ 6week), however, subgroup 
analysis by the tea as control group and duration of intervention (<
6week) indicated non–significant increase. 

In subgroup analysis by type of participants’ age for HDL-C, 

Fig. 2. Panel A. Forest plot displaying weighted mean difference and 95 % confidence intervals for the impact of Hibiscus sabdariffa on SBP levels compared with 
placebo and tea as control group. Panel B. Forest plot displaying weighted mean difference and 95 % confidence intervals for the impact of Hibiscus sabdariffa on 
SBP levels compared with drugs as control group. Panel C. Forest plot displaying weighted mean difference and 95 % confidence intervals for the impact of Hibiscus 
sabdariffa on DBP levels compared with placebo and tea as control group. Panel D. Forest plot displaying weighted mean difference and 95 % confidence intervals 
for the impact of Hibiscus sabdariffa on DBP levels compared with drugs as control group. Panel E. Forest plot displaying weighted mean difference and 95 % 
confidence intervals for the impact of Hibiscus sabdariffa on LDL_C levels compared with placebo and tea as control group. Panel F. Forest plot displaying weighted 
mean difference and 95 % confidence intervals for the impact of Hibiscus sabdariffa on HDL_C levels compared with placebo and tea as control group. Panel G. Forest 
plot displaying weighted mean difference and 95 % confidence intervals for the impact of Hibiscus sabdariffa on TG levels compared with placebo and tea as control 
group. Panel H. Forest plot displaying weighted mean difference and 95 % confidence intervals for the impact of Hibiscus sabdariffa on TC levels compared with 
placebo and tea as control group. Panel I. Forest plot displaying weighted mean difference and 95 % confidence intervals for the impact of Hibiscus sabdariffa on FBS 
levels compared with placebo and tea as control group. Panel J. Forest plot displaying weighted mean difference and 95 % confidence intervals for the impact of 
Hibiscus sabdariffa on BMI levels compared with placebo and tea as control group. Panel K. Forest plot displaying weighted mean difference and 95 % confidence 
intervals for the impact of Hibiscus sabdariffa on BW compared with placebo and tea as control group. 
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reduction in ≥ 45years and increase in <45 years was observed, 
although the changes were not significant. Non-significant increase and 
decrease was revealed for subgroup by placebo and tea, respectively. In 
subgroup analysis by duration of intervention, although a non- 
significant raise was observed in the both of the subgroups, the in
crease in duration of < 6 week was greater than the studies with dura
tion of ≥ 6week. However, in subgroup by dose ≥ 2 g the significant 
reduction was observed, increase in subgroup by dose < 2 g was not 
significant. 

For TG and TC, the results obtained from 12 studies (13 effect size) 
with 336 patients which compared the effect of Hibiscus sabdariffa with 
placebo or tea. The effect on TG was non-significant (WMD: − 1.01, 95 % 
CI: − 8.07, 6.04, p = 0.77), without heterogeneity (I2 = 0%), (Fig. 2 
panel G). As well the effect of Hibiscus sabdariffa on TC was non- 
significant too. (WMD: − 4.42, 95 % CI: − 12.96, 4.11, p = 0.31), with 
significant heterogeneity (I2 = 62 %, p = 0.002) (Fig. 2 panel H). 

Subgroup analysis by dose of sour tea for TG and TC indicated a non- 
significant reduction in the subgroup with dose of ≥ 2 g and < 2 g. 

In subgroup analysis by age for TG and TC, although a non- 
significant reduction was observed in both of the subgroups. The 
reduction in patient with <45 years of age for both of TG and TC was 
greater than the patient with ≥ 45years. The subgroup analysis by type 
of control group for TG indicated non-significant reduction in both of the 
subgroups, However, for TC, the significant reduction was observed in 
the subgroup using placebo. For the dose of sour tea, non-significant 
reduction was shown in both of the subgroups (<2 g and ≥2 g) for TG 
and TC. Subgroup analysis by duration of the studies indicated a sig
nificant reduction in the subgroup with ≥ 6week and non-significant 
increase in the subgroup with <6week for TC, however, the reduction 
in subgroup by < 6week and increase in subgroup by ≥ 6week was not 
significant. 

In subgroup analysis by quality of study for lipid profiles in both of 

Fig. 2. (continued). 
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Fig. 3. Meta-regression plots of the association between mean changes in SBP levels with treatment duration (A), dose of sour tea (B) and mean age of partici
pants (C). 
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Fig. 4. Meta-regression plots of the association between mean changes in DBP levels with treatment duration (A), dose of sour tea (B) and mean age of partici
pants (C). 
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Fig. 5. Meta-regression plots of the association between mean changes in LDL-C levels with treatment duration (A), dose of sour tea (B) and mean age of partici
pants (C). 
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Fig. 6. Meta-regression plots of the association between mean changes in HDL-C levels with treatment duration (A), dose of sour tea (B) and mean age of participants 
(C). Meta-regression plots of the association between mean changes in TG levels with treatment duration (A), dose of sour tea (B) and mean age of participants (C). 
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the subgroups (poor or fair and good) none of the changes were signif
icant for lipid profiles. 

The FBS data was obtained from 8 studies with 228 subjects. No 

significant change in FBS level was observed in sour tea group when 
compared to the placebo or tea (WMD: 0.28, 95 % CI: − 6.5, 7.08, p =
0.93), with significant heterogeneity (I2 = 66 %, p = 0.004), (Fig. 2 

Fig. 6. (continued). 
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Fig. 7. Meta-regression plots of the association between mean changes in TC levels with treatment duration (A), dose of sour tea (B) and mean age of participants (C).  
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Fig. 8. Meta-regression plots of the association between mean changes in FBS 
levels with treatment duration (A), dose of sour tea (B) and mean age of par
ticipants (C). 

Fig. 9. Meta-regression plots of the association between mean changes in BMI 
levels with treatment duration (A), dose of sour tea (B) and mean age of par
ticipants (C). 
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panel I). 
Subgroup analysis by dose of sour tea indicated a non-significant 

increase in the both of subgroups with dose of ≥ 2 g and < 2 g. 
In subgroup analysis by age, although a non-significant reduction 

was observed in the subgroup with<46 years, the non-significant in
creases was revealed in subgroup with ≥46 years. Also for the type of 
control group in spite of non-significant reduction in the subgroup with 
placebo, a non-significant increase was observed in the subgroup with 
tea as a control group. 

Subgroup analysis by duration of intervention indicated a significant 
reduction in the subgroup with duration of ≥ 6week while the increase 
in the subgroup with duration lower than 6week was not significant. 

The effect of sour tea on BMI was reported by 6 studies including 152 
subjects. Hibiscus sabdariffa compared to the placebo or tea, induced no 
change on BMI (WMD: − 0.1, 95 % CI: − 0.91, 0.70, p = 0.77), without 
heterogeneity (I2 = 0%), (Fig. 2 panel J). Similarly, for the body weight, 
no significant change was seen (WMD: − 0.30, 95 % CI: − 2.85, 2.26, p =
0.82), without significant heterogeneity (I2 = 0%), (Fig. 2 panel K). The 
result for the weight gathered from 5 studies with 134 subjects. 

In subgroup analysis by all, including age (<45 and ≥ 45 years), 
Type of control group (placebo and tea), duration of intervention (< 6 
and ≥ 6week) and dose of sour tea (< 2 and ≥ 2 g) for BMI and BW, a 
non-significant reduction was observed. 

3.2. Sensitivity analysis 

Sensitivity analysis for the small study effect was not significant for 
any of the results. 

3.3. Meta-regression 

Meta-regression was conducted for participants’ age, duration of the 
intervention and dose of Hibiscus sabdariffa. None of the three factors 
had significant impact on the effect of Hibiscus sabdariffa on SBP, DBP, 
LDL-C, HDL-C, TC, TG, FBS levels; BW and BMI. (Figs. 3–10, panel A–C). 

4. Discussion 

The current systematic review and meta-analysis of twenty-two 
clinical trials investigated the effect of Hibiscus sabdariffa consump
tion compared to other herbal teas and antihypertension drugs on SBP 
and DBP, LDL-C, HDL-C, TC, TG, FBS, BW and BMI as cardiometabolic 
risk factors. The results indicated that Hibiscus sabdariffa consumption 
when compared to the placebo or other tea could efficiently reduce SBP 
and DBP levels, but the changes in lipid profiles, FBS, BMI and BW as 
cardiometabolic risk factors were not significant. Moreover, Hibiscus 
sabdariffa was as effective as blood pressure lowering drugs in reducing 
of hypertension. 

Hibiscus sabdariffa belonging to the Malvaceae family is a plant, 
which often used in traditional medicine. It is rich in phytochemicals 
like polyphenols especially anthocyanins, organic acids, and poly
saccharides. As an antioxidant source, it has an enormous prospective in 
modern therapeutic uses (Riaz and Chopra, 2018). Several studies have 
investigated the effect of this plant in the prevention and treatment of 
chronic and degenerative diseases that are associated with oxidative 
stress, like hypertension, hyperlipidemia, cancer and other inflamma
tory diseases of kidney and liver (Asgary et al., 2016; Mahadevan and 
Kamboj, 2009; Malacrida et al., 2019; McKay et al., 2009; Riaz and 
Chopra, 2018; Wahabi et al., 2010). Management of hypertension, 
dyslipidemia and obesity, as the most common risk factors, is an 
important therapeutic strategy against CVD (Hashemipour et al., 2011; 
Kafeshani et al., 2017). Indeed, subgroup analysis by dose (dose ≤ 2 g vs. 
> 2 g) indicated a significant reduction of SBP in the doses > 2 g while 
the effect in the ≤2 g subgroup was not significant. For DBP the result 
was not different in subgroup analysis. 

The results indicated that Hibiscus sabdariffa was effective in 
reducing of hypertension compared to the placebo and other tea. In 
addition, it was as efficient as hypertension medication in alleviating of 
blood pressure. For SBP, this effect was dose dependent; so that in the 
dose of >2 g a greater reduction was seen compared to the dose of ≤2 g. 

The precise mechanism of blood pressure lowering effects of Hibiscus 
sabdariffa has not yet been determined but several mechanisms have 
been proposed. As the authors mentioned previously, Hibiscus sabdar
iffa contains various anthocyanins and flavonoids (Sindi et al., 2014), 
both of which have antioxidant properties resulting in cardioprotective 

Fig. 10. Meta-regression plots of the association between mean changes in BW 
levels with treatment duration (A), dose of sour tea (B) and mean age of par
ticipants (C). 
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Fig. 11. Funnel plot displaying publication bias in the studies reporting the impact of sour tea on SBP (A) and DBP levels (B); LDL-C(C), HDL-C(D), TG(E), TC(F) and 
FBS(G) concentration; BMI(H) and BW(I). 
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effects. Also the anthocyanins can inhibit angiotensin I and angiotensin 
II converting enzyme (Herrera-Arellano et al., 2004). 

In another study, researchers observed that polyphenols from Hi
biscus sabdariffa calyces could display potent anti-inflammatory and 
antioxidant activities, and significantly decrease blood pressure in both 
humans and rats. In addition to the antioxidant, anti-inflammatory, and 
endothelium-dependent effects of polyphenols from Hibiscus sabdariffa, 
they found diuresis and inhibition of the angiotensin -converting 
enzyme I (ACE I) as less important mechanisms for blood pressure- 
lowering effect of this plant. Improving nitric oxide production was 
one of the important mechanisms observed in this study (Joven et al., 
2014). 

The blood pressure lowering effects of consuming hibiscus sabdariffa 
observed in our meta-analysis are near to those reported in the Dietary 
Approaches to Stop Hypertension (DASH) as a large dietary interven
tion. In a systematic review and meta-analysis of seventeen randomized 
clinical trials with 2561 participants, they reported that the DASH diet 
significantly reduced SBP by 6.74 mmHg and DBP by 3.54 mmHg 
(Saneei et al., 2014). It seems these findings are important for public 
health because previous studies reported that, a 5-mm Hg decrease in 
SBP would result in a 14 % overall reduction in mortality due to stroke, a 
9% reduction in mortality due to coronary heart disease, and a 7% 
reduction in all-cause mortality (Chobanian et al., 2003). The dash diet 
is hard to follow especially for a long time (Kwan et al., 2013), however 
adding hibiscus sabdariffa to each meal seems simple. Maybe future 
studies would reveal a greater reduction in blood pressure for a com
bination of daily hibiscus sabdariffa consumption and DASH diet than 
either approach alone. 

These results did not show any significant effect for 1–12 weeks sour 
tea consumption on lipid profile, FBS, BW and BMI. Due to the antiox
idant properties of sour tea, various studies have examined the effects of 
its consumption on lipid profile, FBS and obesity but there is no specific 
proposed mechanism for it (Kafeshani et al., 2017; Mozaffari-Khosravi 
et al., 2009). However, it was suggested that phenolic and flavonoid 
components of sour tea may improve glycemic status through alteration 
of ß cells performance (Shi et al., 2014). 

In addition, sour tea can inhibit 3-hydroxy-3-methylglutar
ylcoenzyme A (HMG-CoA) reductase so reduce cholesterol biosynthesis 
(Sharma et al., 2011). Moreover, antioxidant components of sour tea can 
inhibit LDL-C oxidation that reduce atherosclerosis and CVDs, subse
quently (Chen et al., 2003). 

However, it was suggested that phenolic and flavonoid components 
of sour tea may improve glycemic status through alteration of ß cells 
performance (Shi et al., 2014). A most recent met-analysis has investi
gated the effect of sour tea compared to the placebo on blood pressure, 
lipid profile and fasting plasma glucose (Najafpour Boushehri et al., 
2020). 

The novelty of this study for the blood pressure outcome is 
comparing the effect of sour tea with other tea as well as blood pressure 
lowering drugs beside the placebo. For the lipid profile outcome, more 
studies were included in this analysis for the effect of sour tea compared 
to the placebo which provide more robustness in the results. Finally, the 
effect of sour tea was assessed on body weight and BMI which has not 
been assessed previously. 

The strength of the current study is the comparison of sour tea with 
other tea and also with blood pressure lowering drugs. The main limi
tations of this meta-analysis was the few number of included studies 
with maximum duration of 12 weeks. Next, the protocol of the study was 
not registered in the International Prospective Register of Systematic 
Reviews (PROSPERO) database. Further studies with longer durations 
are encouraged to warrant the beneficial effect of Hibiscus sabdariffa on 
cardiometabolic risk factors with greater certainty. 

5. Conclusion 

In conclusion, this meta-analysis of twenty-two clinical trials 

indicated that Hibiscus sabdariffa consumption could efficiently 
decrease SBP and DBP levels and the reduction in SBP was obviously 
greater in dose of more than 2 g but the changes in lipid profiles, FBS, 
BMI and BW were not significant. 
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