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A systematic review and meta-analysis of the effects of Hibiscus
sabdariffa on blood pressure and cardiometabolic markers

Lucy R. Ellis , Sadia Zulfiqar , Mel Holmes , Lisa Marshall , Louise Dye , and Christine Boesch

Context: Hibiscus sabdariffa (hibiscus) has been proposed to affect cardiovascular
risk factors. Objective: To review the evidence for the effectiveness of hibiscus
in modulating cardiovascular disease risk markers, compared with pharmacologic,
nutritional, or placebo treatments. Data Sources: A systematic search of the
Web of Science, Cochrane, Ovid (MEDLINE, Embase, AMED), and Scopus databases
identified reports published up to June 2021 on randomized controlled trials using
hibiscus as an intervention for lipid profiles, blood pressure (BP), and fasting plasma
glucose levels in adult populations. Data Extraction: Seventeen chronic trials
were included. Quantitative data were examined using a random effects meta-
analysis and meta-regression with trial sequential analysis to account for type I
and type II errors. Data Analysis: Hibiscus exerted stronger effects on systolic BP
(�7.10 mmHg [95%CI, �13.00, �1.20]; I2 ¼ 95%; P¼ 0.02) than placebo, with the
magnitude of reduction greatest in those with elevated BP at baseline. Hibiscus in-
duced reductions to BP similar to that resulting from medication (systolic BP reduc-
tion, 2.13 mmHg [95%CI, �2.81, 7.06], I2 ¼ 91%, P¼ 0.40; diastolic BP reduction,
1.10 mmHg [95%CI, �1.55, 3.74], I2 ¼ 91%, P¼ 0.42). Hibiscus also significantly
lowered levels of low-density lipoprotein compared with other teas and placebo
(�6.76 mg/dL [95%CI, �13.45, �0.07]; I2 ¼ 64%; P¼ 0.05). Conclusions: Regular
consumption of hibiscus could confer reduced cardiovascular disease risk. More stud-
ies are warranted to establish an effective dose response and treatment duration.
Systematic Review Registration: PROSPERO registration no. CRD42020167295

INTRODUCTION

High blood pressure (BP) is one of the strongest predic-
tors of cardiovascular diseases (CVDs), neurovascular

conditions, and ischemic events.1 Dyslipidemia, insulin
resistance,2 inflammation,3 and oxidative stress4 are all

factors contributing to CVD development that may be

caused by a combination of genetics, lifestyle factors,

and/or diet quality.5 According to the World Health
Organization, CVD is the number 1 cause of death

worldwide, with an estimated 17.7 million people dying
of CVD and its related conditions each year.6,7

Lowering of blood cholesterol levels and improvement
of endothelial function (eg, through reducing BP) are
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important to reduce the risk of systemic hypertension

and CVD.8 Although pharmaceuticals are effective,
many produce considerable side effects, such as altered

electrolyte balance, dizziness, and chronic fatigue. It is
well documented that lifestyle and dietary changes can

be adopted as effective therapies to lower BP and cho-
lesterol.9 However, adherence to lifestyle recommenda-
tions, such as change of diet type and reduction of

alcohol consumption and smoking, is poor.10–12

Focused interventions such as increasing the intake of

anthocyanins, mainly present in fruit and vegetables, is
associated with a decreased risk of all-cause mortality,13

with recent evidence demonstrating their effectiveness
in reducing high BP, hypertension and lipids.14,15

Hibiscus sabdariffa (hibiscus), also known as ro-
selle or sour tea, is an annual bushy plant in the

Malvaceae family. It is widely grown in many African
and southeast Asian countries, where it is typically con-

sumed as a tea beverage or used in traditional medi-
cine.16 Tea is the second most consumed beverage

across the globe and consumption continues to rise,
with health benefits being a key driver of intake.17 The

global hibiscus flower market was expected to reach
$119.4 million in 2020. Hibiscus is a source of bioactive

compounds such as polyphenols, carotenoids, ascorbic
acid, and tannins; however, the composition varies

depending on the part of the plant used, climatic fac-
tors, maturity of the plant, and differences in geno-

types.18 The calyces of hibiscus are a rich source of
anthocyanins, mainly delphinidin 3-sambubioside and

cyanidin 3-sambubioside, with delphinidin 3-glucoside
and cyanidin 3-glucoside reported as minor anthocya-

nins.19 It is thought that the bioactive compounds in
hibiscus exert antioxidant and anti-inflammatory

effects that contribute to the reduction of CVD risk
markers.20

Mechanistic explanations of hibiscus-induced re-
duction of BP are mainly derived from animal models.

Some studies propose these effects are due to improved
vasodilation21,22 through inhibiting calcium influx into
vascular smooth muscle cells23,24 or by acting as a di-

uretic through increased excretion of sodium and chlo-
ride and increased kidney filtration.25 In tandem with

these previous studies, delphinidin 3-sambubioside and
cyanidin 3-sambubioside have been shown to compete

with the substrate at the active site of the angiotensin-
converting enzyme (ACE) in an in vitro enzyme inhibi-

tion model,26 suggesting that hibiscus may act as a com-
petitive inhibitor of ACE, preventing the production

of angiotensin II. Moreover, antihypertensive effects
of the anthocyanins cyanidin and delphinidin have

been shown via direct inhibition of the renin-
angiotensin system in vitro,27 through upregulation of

endothelial nitric oxide synthase28 and inhibition of

inflammation,29 all contributing toward a multifaceted

approach to BP management.
Data from human trials support the use of hibiscus

on moderating blood lipids. In a randomized crossover
study of 42 patients, Lin et al30 demonstrated that an

aqueous extract of hibiscus consumed as a capsule for 1
month reduced total cholesterol (TC) and low-density
lipoprotein (LDL) levels in patients with hypercholes-

terolemia. The authors also demonstrated that serum
cholesterol levels were reduced by 8.3%–14.4% in vol-

unteers consuming 2 capsules (1000 mg) of hibiscus, 3
times a day with a meal, compared with patients con-

suming 0.5 g/day or 1.5 g/day. Sabzghabaee et al31

reported modest beneficial effects of hibiscus on levels

of TC, serum triglycerides (TGs), and LDL in obese
adolescents. Several mechanisms that could explain the

cholesterol- and lipid-modulating effects of hibiscus
have been proposed, for example, inhibition of HMG-

CoA reductase32 or inhibition of triacylglycerol synthe-
sis by hibiscus acid racemization.33

The antidiabetic effect of hibiscus is a lesser studied
topic. Oral administration of hibiscus at doses of 72 mg/

200 g body weight and 288 mg/200 g body weight for
21 days decreased blood glucose levels in rats with

chronic diabetes.34 Because insulin has a key role in reg-
ulating blood glucose levels, it is hypothesized that the

antihyperglycemic effects of hibiscus may be attributed
to increases in insulin excretion.35

How the vehicle of administration influences the
absorption and peak concentration of bioactives derived

from hibiscus is currently unknown. Data from in vivo
studies demonstrate that the vehicle of administration

may be important to determine pharmacokinetics of tea
flavanols. Henning et al36 delivered the same quantity

of epigallocatechin-3-galate in either green tea, black
tea, or a green tea supplement to healthy participants.

Flavanol concentration and antioxidant activity were
highest after consumption of the green tea supplement.

Additional evidence from Sch€ar et al37 supports the hy-
pothesis that bioactives and their metabolites are readily
available in a beverage. Consumption of orange juice

significantly increased mean plasma concentration of
8 flavanone and 15 phenolic metabolites, compared

with a supplement control. However, this increase in
phenolic concentration was in the absence of any

improvements in CVD risk markers. More empirical re-
search needs to be conducted to determine the magni-

tude of effect of vehicle of administration on
concentrations of bioactive compounds.

Previous systematic reviews and meta-analyses
have analyzed the effects of hibiscus preparations on

cardiometabolic markers.38–42 However, these do not
permit clear conclusions, because of the limited num-

bers of comparable studies, erroneous data inclusion
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and extraction,38 and inconsistent disaggregation of

subgroups, which limits comparison of the outcomes.
The purpose of the present systematic review and meta-

analysis is to provide an up-to-date, critical evaluation
of current evidence with a robust assessment of hibiscus

supplementation on BP, blood lipids, and blood glucose
CVD risk biomarkers.

METHODS

The Recommendations of Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)

statement was adopted to conduct this systematic re-
view,43 as documented in the PRISMA checklist (see

Table S1 in the Supporting Information online). The
protocol was registered at PROSPERO (registration no.

CRD42020167295).

Databases and search terms

An electronic search of articles published up to June
2021 was conducted using the Ovid (Embase,
MEDLINE, AMED), Web of Science, Scopus (natural

sciences), and Cochrane Library databases. Search
terms were (Hibiscus sabdariffa OR roselle OR sour tea)

AND (hyperten$OR blood pressure) OR (lipid$) OR
(glucose OR sugar). Search criteria were limited to ran-

domized controlled trials of adults >18 years of age.
Filters were applied to only include human studies pub-

lished in English. A manual search was conducted by
reviewing reference lists of included studies.

Inclusion and exclusion criteria

After the database searches, results were exported into

EndNote X9, duplicates removed, and remaining stud-
ies evaluated in a stepwise manner. Full-text papers

were included after review of their eligibility by 2
authors separately if they satisfied the criteria listed in

Table 1. Eligible studies were included if data pre- and
postintervention were included. Primary outcomes of

interest were the following CVD risk factors: systolic
blood pressure (SBP), diastolic blood pressure (DBP),

pulse pressure, LDL, high-density lipoprotein (HDL),

TC, TGs, and FPG levels. Eligible study populations in-

cluded healthy adults as well as patients diagnosed with
comorbid conditions such as stage I hypertension.

Any participants receiving medication were ineligi-
ble for inclusion (unless this medication was included

as the control group treatment). Animal or cell-culture
studies were excluded, as were studies that were narra-
tive reviews, case reports, or retrospective studies.

There were no restrictions on the dates of publication,
with any study conducted prior to the search dates eligi-

ble for inclusion. In studies in which interventions were
used in different arms (eg, 2 different health conditions

compared within 1 study), relevant data were included
if the inclusion criteria were met.

Data extraction

Data were extracted into a Microsoft Excel document

and categorized using the following criteria: first author
and year of publication; journal; participant characteris-

tics (sample size, sex, age, health status); and methodol-
ogy (study design, duration, dose of hibiscus, and

controls). Outcomes of interest we extracted were base-
line and postintervention mean values and standard

deviations (SDs) of the following: SBP, DBP, pulse pres-
sure, FPG, LDL, HDL, TC, and TG. Mean change from

baseline and standard deviation (SD) were also
extracted where included, and if SD values were miss-

ing, they were computed using the following correlation
coefficient (corr) formula44:

SDE;change¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
SD2

E;baselineþSD2
E;final�ð2�Corr�SDE;baseline�SDE;finalÞ

q

Assessment of bias

The Cochrane risk-of-bias tool for randomized con-

trolled trials was used to detect the potential risk of bias
for the included studies.44 The following methodologi-

cal assessment criteria were considered: adequacy of se-
quence generation, allocation concealment, blinding,

drop-out rates (incomplete outcome data), addressing
incomplete outcome data, selective outcome reporting,

and other potential sources of bias. Risk of bias was

Table 1 PICOS criteria for inclusion of studies
Parameter Description

Population Adult participants >18 years old (healthy or otherwise)
Intervention Hibiscus sabdariffa as a stand-alone intervention
Comparator Placebo, diet, other tea beverage, pharmaceutical medication
Outcomes Outcomes regarding both systolic blood pressure and diastolic blood pressure (and pulse pressure, where included)

and/or the following: levels of low-density lipoprotein, high-density lipoprotein, total cholesterol, triglycerides,
fasting plasma glucose

Study design Randomized controlled trial with parallel design
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coded as “yellow,” indicating an unclear risk; “red,” in-

dicating a high risk of bias; or “green,” indicating a low
risk of bias.

Statistical analysis

Data were analyzed using Review Manager, version

5.3.5 (Cochrane Collaboration). Statistical significance
was conferred when P < 0.05. The effect size in the

meta-analysis was recorded as mean difference and
95%CI. Effect size was computed by pooling mean

change from baseline and SDs of results. Heterogeneity
of effect sizes was assessed primarily with the I2 statis-

tic45 and s2.46 Subgroup analyses were conducted
according to the control group of the included studies,

dosage of hibiscus, and by duration of study to explore
heterogeneity. Publication bias was evaluated visually

using a funnel plot and quantitatively by Egger’s linear
regression test and Begg’s correlation rank.47,48 A tradi-

tional sensitivity analysis was also conducted using the
leave¼one¼out method to determine the impact of

each study on the overall effects.45

Meta-regression

Meta-regression was conducted using Comprehensive

Meta-Analysis software (Biostat Inc) to evaluate if mag-
nitude of effect size by hibiscus treatment was predicted

by the baseline levels of the outcome being assessed.

Trial sequential analysis

Meta-analyses may result in type I and type II errors

due to heterogeneity within the included studies and to
overestimation of an effect size based on low participant

numbers in the included studies.49 The risk of overesti-
mation of effect size decreases exponentially with the

number of participants and outcomes. Trial sequential
analysis (TSA) is a method of analysis that aims to ad-
dress this by calculating the required information size

(RIS), which in terms of the meta-analysis is the sample
size. Reaching the RIS and the corresponding number

of trials ensures control of type I and type II errors.
Furthermore, reaching the RIS can provide a good level

of protection against overestimation. In TSA, the sam-
ple size, required for a single randomized clinical trial

to have conclusive evidence for an intervention effect, is
adjusted by measurement of statistical heterogeneity in

the meta-analysis in order to reach the RIS. The z values
are shown on the y-axis and represent the statistical

summary of the accrued data. TSA is based on the
O’Brien-Fleming B-spending function, which displays a

cumulative Z-curve graph using a type I error of 5%

and a type II error of 20% (80% power). TSA was car-

ried out using TSA, version 0.9, beta software.50

RESULTS

As shown in the PRISMA flow diagram (Figure 1), in

total, 648 references were found. After removal of dupli-
cates and exclusion of irrelevant papers on the basis of

titles and abstracts, 33 articles were retained for full-text
review. Sixteen articles were excluded after full-text re-

view with the reasons for removal of these studies de-
tailed in Figure 1. Finally, 17 randomized controlled

studies with 18 arms were included in the review.

Study characteristics

Characteristics of all included studies are outlined in
Table 2.51–67 Data on SBP and DBP were reported by

12 randomized controlled trials,51–61 data on LDL,
HDL, TC, and TG were reported by 9 studies54,58,62–67

and data on FPG were reported by 6 studies.54,56,58,63–65

The populations in the studies by Mozaffari et al53,62

were the same; however, the authors separated the
results to be published in 2 separate papers. For BP out-

comes across all studies, a total of 415 participants were
allocated to the hibiscus group and 404 participants

were allocated to the control group. For lipid outcomes
across all studies, cumulatively, a total of 246 partici-

pants were randomized to hibiscus and 238 to control
treatments. For studies in which FPG was assessed, a to-

tal of 197 participants were randomized to hibiscus and
207 to control treatments. In the study by Izadi et al,67

the reported BP values are implausible and likely erro-
neous; therefore, only the lipid values from that study

were included in our analyses.
In summary, across all outcomes, 6 studies com-

pared effects of hibiscus with those of a pla-
cebo,55,57,58,63,65,67 2 studies compared hibiscus with a

preventive diet,54,61 5 compared hibiscus with another
tea beverage,53,56,59,64,66 and 4 compared hibiscus with a
known pharmaceutical medication.51,52,57,60 Participant

health conditions were different across the studies. In
total, 6 studies enrolled participants with hypertension

(n¼ 522), 3 included healthy adults (n¼ 119), 2
assessed patients with metabolic syndrome (MeSy;

n¼ 90), 1 recruited obese adults with fatty liver
(n¼ 36), 2 recruited patients with type 2 diabetes

(n¼ 147), 1 recruited adults with nonalcoholic fatty
liver disease (n¼ 61), and 1 study enrolled patients with

polygenic dyslipidemia (n¼ 43). Of the studies, 10 ad-
ministered hibiscus as a capsule and 7 as a tea beverage.

Doses of hibiscus ranged from 15 mg to 9 g/day, and
duration of studies ranged from 15 to 90 days. In total,

polyphenol and/or anthocyanin amount was quantified
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in 9 studies.51,52,54,55,57–59,65,67 Anthocyanin content

ranged from 3 mg to 250 mg/day.

Bias assessment

All the studies included in this review examined partici-

pants randomized to treatment, but the methodology
surrounding allocation concealment was only provided

in 6 studies.52,57–61,68 In 9 of the 17 studies, researchers
used a clearly specified blinding method of the partici-

pants and/or personnel.52,53,55,57–59,63,65,67,68 All trials
were defined as having a low risk of selective outcome

reporting, as specified in the Methods section. The bias

assessment risk score can be found in Figure S1 in the

Supporting Information online.

Quantitative data analysis

Overall outcomes of each cardiometabolic risk marker

were pooled to calculate an effect size. Trials with the
same control were grouped together for subgroup analy-

sis. Control groups compared hibiscus with: 1) a known
pharmaceutical medication, 2) another tea beverage (black

tea or green tea), 3) a placebo, or 4) a prescribed diet.
Figure 2 summarizes the results of the meta-

analysis using a random effects model, which compared

Figure 1 PRISMA flow diagram of the literature search process
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hibiscus with another tea beverage, a placebo, or a pre-
scribed diet.53–56,58,59,61,69 Hibiscus resulted in a signifi-

cant reduction of SBP (27.10 mmHg; 95%CI, 213.00,
21.20; I2¼ 95%; P¼ 0.02). The results for DBP favored
hibiscus but did not reach statistical significance

(23.26 mmHg; 95%CI, 27.05, 0.52; I2¼ 94%; P¼ 0.09).
There was a significant effect of hibiscus, compared

with placebo, on SBP (210.05 mmHg; 95%CI, 217.58,
22.51; I2¼ 81%; P¼ 0.009). However, no significant ef-

fect was observed comparing hibiscus with other tea
beverages (213.17 mmHg; 95%CI, 231.39, 5.05;

I2¼ 96%; P¼ 0.16) or with a dietary intervention
(1.10 mmHg; 95%CI, 27.31, 9.51; I2¼ 90%; P¼ 0.80) in

SBP subgroup analysis.
Compared to other tea beverages, hibiscus exerted

a statistically significant effect on DBP (22.89 mmHg;
95%CI, 25.71, 20.06; I2¼ 0%; P¼ 0.05). DBP was non-

significantly lowered in the hibiscus group compared
with participants receiving placebo interventions

(25.60 mmHg; 95%CI, 213.05, 1.85; I2¼ 94%;
P¼ 0.14) or compared with dietary interventions

(20.92 mmHg; 95%CI, 24.00, 2.17; I2¼ 62%; P¼ 0.56).
No significant difference was detected for pulse pres-

sure (27.59 mmHg; 95%CI, 221.46, 6.28; I2¼ 96%;
P¼ 0.28).

In terms of lipids, only a significant reduction of
LDL was observed after hibiscus consumption

(26.76 mg/dL; 95%CI, 213.45, 20.07; I2¼ 64%;
P¼ 0.05). No significant effect was found for TC

(27.08 mg/dL; 95%CI, 215.62, 1.47; I2¼ 59%;
P¼ 0.10), for TG (0.21 mg/dL; 95%CI, 26.87, 7.30;

I2¼ 0%; P¼ 0.95), or for HDL (0.21 mg/dL; 95%CI, –
1.55, 1.97; I2¼ 49%; P¼ 0.82). Subgroup analysis

revealed that hibiscus had a significant TC-lowering ef-
fect compared with other tea beverages (211.07 mg/dL;

95%CI, 220.29, 21.85; I2¼ 39%; P¼ 0.02). For HDL,

subgroup analyses demonstrated a significant effect fa-
voring other tea beverages (21.92 mg/dL; 95%CI,

23.23, 20.62; I2¼ 11%; P¼ 0.004). Forest plots sum-
marizing the effect of hibiscus on lipid profiles can be
seen in Figure 3.54,58,59,62–67

Results of the meta-analysis on FPG did not reveal
any significant effect of hibiscus intervention (21.48 mg/

dL; 95%CI, 24.21, 1.25; I2¼ 0%; P¼ 0.29). No signifi-
cant effects were observed during subgroup analysis

(Figure S2 in the Supporting Information online).
Forest plots summarizing the effect of hibiscus

compared with a pharmaceutical intervention are
depicted in Figure 4.51,52,57,60 Hibiscus had similar BP-

lowering effects as pharmaceutical intervention, with a
nonsignificant difference observed between the 2 treat-

ments: SBP (2.13 mmHg; 95%CI, 22.81, 7.06; I2¼ 91%;
P¼ 0.40) and DBP (1.10 mmHg; 95%CI, 21.55, 3.74;

I2¼ 91%; P¼ 0.42).

Dose and duration effects

Subgroup analyses were performed to investigate the
impact of hibiscus dose and study duration on BP, lipid

profiles, and FPG levels. Studies in which the effects of
hibiscus were compared with those of a pharmaceutical

medication were omitted from this analysis.
Studies in which SBP and DBP were examined and

that lasted > 4 weeks showed a significant lowering ef-
fect of hibiscus (P¼ 0.0001 and P¼ 0.04, respectively).

Within the dose-response subgroup, ingestion of hibis-
cus with a dose �1 g/day was not significant for either

SBP (P¼ 0.96) or DBP (P¼ 0.63).
Hibiscus supplementation markedly decreased TC

level when the duration of supplementation was
>4 weeks or when dose was > 500 mg (P¼ 0.008 and

P¼ 0.02, respectively). Hibiscus significantly lowered

Figure 2 Meta-analysis of the effects of hibiscus supplementation on A) systolic blood pressure and B) diastolic blood pressure.
Superscript denotes population of the Gurrola-Diaz study (a, healthy; b, metabolic syndrome) and the Nwachukwu study comparing hibiscus
and placebo
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LDL level when duration of supplementation was

> 4 weeks and when dose was> 500mg (P¼ 0.04 and
P¼ 0.0001, respectively). No effect of duration or dose

was detected for FPG level. The findings of subgroup

analyses for dose and duration of BP, lipids, and FPG
levels are shown in Tables S2–S4 in the Supporting

Figure 3 Meta-analysis on the effects of hibiscus supplementation on lipid profiles. A) low-density lipoprotein; B) high-density lipopro-
tein (HDL); C) total cholesterol; and D) triglycerides. Superscript denotes population of the Gurrola-Diaz study (a, healthy; b, metabolic syn-
drome). Note in A, C and D the left side of the figure shows effects which favour hibiscus and are beneficial for health. In 3B the right side of
the figure favours hibiscus because an increase in HDL is deemed beneficial.

Figure 4 Meta-analysis on the effects of hibiscus supplementation on A) systolic blood pressure and B) diastolic blood pressure com-
pared with pharmaceutical medications
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Information online. However, the small number of

studies included limits the conclusions that can be
drawn, such that it is not possible to propose a dose or

duration for hibiscus treatment to affect lipids, BP, or
FPG.

Meta-regression

Meta-regression was conducted to evaluate whether BP,

lipid profiles, and FPG levels were related to baseline
(ie, pretreatment values). As shown in Figure S3 in
the Supporting Information online, random-effects

meta-regression indicated a significant inverse associa-
tion between baseline SBP and SBP reduction (coef-

ficient¼20.11; P¼ 0.03) and baseline DBP and DBP

reduction (coefficient¼20.13; P¼ 0.007). Conversely,

lipid parameter results were independent of baseline
values (LDL coefficient¼20.06, P¼ 0.69; HDL coef-

ficient¼20.14, P¼ 0.49; TC coefficient¼20.27,
P¼ 0.20; TG coefficient¼ 0.07, P¼ 0.75). The effect of

hibiscus supplementation on FPG was independent of
baseline values (coefficient¼20.08; P¼ 0.54).

Trial sequential analysis

Comparisons with pharmaceutical groups were omitted
and only studies with a diet, placebo, or other tea con-

trol group were included in TSA. Results indicated that
only SBP and DBP (Figure 5) reached the RIS of 246

and 242, respectively, and passed the conventional test

Figure 5 Outcomes from random effects trial sequential analysis of A) systolic blood pressure (SBP) and B) diastolic blood pressure
(DBP). Both SBP and DBP achieved the required information size (246 and 242) and crossed the conventional test boundary for significance.
TSA, trial sequential analysis
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boundary of P< 0.05. However, SBP did not reach the

TSA monitoring boundary. Within lipid analyses, the
results for LDL crossed the conventional boundary for

significance; however, none of the outcomes crossed the
RIS boundaries. Within FPG analysis, the cumulative Z

curve did not reach the RIS of 2212 nor did it cross the
conventional test boundary for significance. For many
of these analyses (Figures S4 and S5 in the Supporting

Information online), TSA shows that the RIS was not
reached to detect or reject the anticipated effects with

certainty.

Publication bias

Visual inspection of funnel plots showed no evidence of

publication bias for any parameter (Figure S6 in the
Supporting Information online). Furthermore, no evi-

dence of publication bias was deducted using quantita-
tive evaluation for the parameters, as follows (reported

as Egger’s linear regression test and Begg’s correlation
rank values, respectively): SBP (0.68; 0.70), DBP (0.85;

0.47), LDL (0.78; 0.47), HDL (0.41; 0.65), TC (0.06;
0.92), TG (0.37; 0.40), and FPG (0.27; 0.65).

Sensitivity analysis

Sensitivity analysis was performed by removing the data
from each study one at a time and examining the im-
pact of removal on the overall effect. With respect to

lipid analyses, removing the MeSy patient arm of the
study by Gurrola-Diaz et al54 rendered the effect of hi-

biscus on LDL nonsignificant (P¼ 0.15). Excluding the
healthy participant arm of the same study resulted in a

significant effect of hibiscus on TC (P¼ 0.005). The
study by Hajifaraji et al66 was a source of uncertainty.

Removal of this study reduced the I2 of TC from 59% to
38% and of HDL from 49% to 0%, and resulted in a

nonsignificant effect of hibiscus on LDL (P¼ 0.13).
With respect to BP outcomes, removing the data from

the Nwachukwu et al57 study, which compared hibiscus
with a placebo, reduced the I2 of the DBP analysis from

96% to 3% and modified the result to a significant effect
(P< 0.001).

DISCUSSION

The present systematic review and meta-analysis of 17

studies suggests that consumption of H. sabdariffa may
prevent or alleviate individual risk factors for CVD.

There is evidence from the chronic studies in the review
that high doses (>1 g/day) affect BP and doses between

500 and 1000 mg/day affect lipids. Typically, clinical
studies have examined the effects of hibiscus on 1 or 2

biomarkers, with few studies considering multiple CVD

markers simultaneously. Overall, hibiscus exerts stron-

ger BP-lowering effects in individuals who have higher
BP at baseline.

Effectiveness of hibiscus on BP

Our meta-analysis indicated that hibiscus significantly
lowered SBP (27.92% from baseline) and showed a

nonsignificant trend to lower DBP (26.84% from base-
line). These findings are in line with animal trials

that have consistently demonstrated the beneficial
effects of hibiscus administration on both SBP and

DBP. In the only acute study published to date,
Abubakar et al68 provided 7.5 g of hibiscus to healthy

adults and found no significant effect on SBP or DBP
up to 4 hours after consumption. In contrast, Bell and

Williams70 reported significantly lower DBP 1.5 hours
postprandially after Haskap berry ingestion. The differ-

ence in results of these acute studies may be correlated
with the different anthocyanin profile present in differ-

ent foods.
There is limited evidence of a dose- or time-dependent

response to hibiscus supplementation based on the studies
included in this meta-analysis. Early evidence using rat

models of hypertension indicate more positive effects of
hibiscus at lower doses24 but not at high doses.71

Nwachukwu et al69 showed that 150 mg/kg hibiscus
was more effective in reducing BP than 300 mg/kg for

both SBP (150 mg/kg: 217.08 6 4.25 (SEM) mmHg;
300 mg/kg: 210.56 6 3.39 mmHg) and DBP (150 mg/kg

211.13 6 3.92 mmHg; 300 mg/kg 27.36 6 2.54 mmHg),
although the researchers did not include a control group

and, therefore, did not meet our inclusion criteria. Meta-
regression results indicated that participants with higher

baseline BP had a greater response to hibiscus treatment,
offering the possibility that hibiscus may confer antihyper-

tensive benefits. A decrease of 2 mmHg or 5 mmHg in SBP
has been estimated to reduce mortality risk of coronary

heart disease by 4% and 9%, respectively.72 At a population
level, the average reduction in SBP of 8.8 mmHg observed
in this meta-analysis by hibiscus could substantially reduce

CVD risk.

Effectiveness of hibiscus on lipid parameters

Evidence from the 8 included studies in which lipid
parameters were assessed indicated that hibiscus signifi-

cantly lowered LDL (26.9% from baseline). Although
hibiscus ingestion lowered TC (23.5% from baseline)

and TG (210.31% from baseline) levels and increased
HDL (þ11.14% from baseline) level, these effects were

not significant.
The effects of other tea beverages compared with

hibiscus were comparable in their ability to lower LDL
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and TG levels. However, an increase in HDL was more

apparent in studies using green or black tea. Both green
and black tea have been reported in previous studies to

reduce TC and impact HDL in adults with mild hyper-
cholesterolemia.73,74 Catechins present in green tea con-

stitute 80%–90% of the total flavonoids, whereas black
tea may only contain 20%–30% catechins,75 and cate-
chins in hibiscus amount to only 3%–4% of the total fla-

vonoid content.76 Animal data suggest that catechins
can inhibit cholesterol absorption77 and reduce liver

cholesterol concentrations by inhibiting the activity of
squalene epoxidase (an enzyme important in sterol bio-

synthesis).78 Thus, if catechins exert a favorable effect
on cholesterol and lipids, this may explain the results of

the subgroup analyses of HDL whereby “other tea” con-
trols showed stronger effects than hibiscus. Consistent

with animal studies, epidemiological data indicate that
tea consumption is associated with a decrease in rate of

HDL lowering with age and a decrease in LDL indepen-
dent of age.79

Despite no observed dose response in subgroup analy-
sis, interestingly, a low dose (100 mg hibiscus, 19.24 mg

anthocyanins54) of hibiscus had a greater effect on lipid
parameters including HDL than a high dose (500 mg hibis-

cus, 83 mg anthocyanins58) in participants with MeSy.
HDL is a protective factor for heart disease; therefore, the

potential for hibiscus to increase HDL, as seen in patients
with MeSy and to reduce LDL could indicate a particularly

beneficial impact in those with elevated CVD risk or
MeSy.

Effectiveness of hibiscus on blood glucose

The current meta-analysis of chronic trials showed no
significant effect of hibiscus on FPG level (21.48 mg/

dL; P¼ 0.29). This contrasts with the findings of a re-
cent meta-analysis by Bule et al40 in which the authors

reported a significant reduction (23.96 mg/dL;
P¼ 0.001) in FPG with hibiscus consumption.

However, the Bule et al40 analysis included both acute
and chronic trials. Combining acute and chronic stud-

ies could obscure potentially different temporal mecha-
nisms of action. In the chronic studies considered in

our meta-analysis, there did not seem to be a clear
dose-response or treatment-duration effect. Rodent

studies in which high-fat feeding regimens80 or induced
diabetes81 were used have shown hibiscus consumption

to reduce blood glucose level. Furthermore, the acute
inhibitory effect of hibiscus on starch digestion and

postprandial blood glucose response has recently been
demonstrated in our laboratory (unpublished work).

Whether this is relevant to longer-term effects on glu-
cose metabolism remains to be established.

Effect of hibiscus compared with dietary interventions

Only 2 intervention diets were compared with hibiscus.

The Dietary Approaches to Stop Hypertension (DASH)
diet is supported by substantial evidence in terms of its

efficacy to lower BP.82 It is recommended for individu-
als with MeSy to follow a low-cholesterol diet according

to guidelines from the National Cholesterol Education
Program ATP-III reports.83

Results from this meta-analysis demonstrated a
more favorable effect on LDL, TC, TG, and HDL levels

of participants who consumed hibiscus compared with
those following the National Cholesterol Education

Program ATP-III diet alone.54 Interestingly, in BP anal-
ysis, a combination of hibiscus and the DASH diet was

more effective than the DASH diet alone in lowering
both SBP and DBP.61 A major limitation of dietary in-

tervention studies is lack of adherence to the prescribed
diet.84,85 Therefore, hibiscus could provide adjuvant

therapy to well-studied diets for both lipid and BP
management.

Effectiveness of hibiscus vs pharmaceuticals

Importantly, the effects of hibiscus on BP were not dis-

cernible from those of commonly used pharmaceuticals
used to lower BP in participants with stage 1 hyperten-

sion (mean change from baseline: hibiscus SBP,
211.39%, combined pharmaceuticals SBP, 210.46%;

hibiscus DBP, 211.66%, combined pharmaceuticals
DBP, 210.75%). Individuals who consumed 10 g of hi-

biscus had similar reductions in SBP and DBP as taking
50 mg of captopril.51 However, 250 mg of hibiscus was

not as effective as 10 mg of lisinopril.52 In patients with
noncomplicated hypertension, 640 mg of hibiscus was

less effective than 5 mg of ramipril for SBP, although
the effects on DBP were similar.60 Notably, 150 mg/kg

hibiscus had superior BP-lowering effects compared
with 25 mg of hydrochlorothiazide.57 Bourqui et al86 re-

cently reported hibiscus to be as effective as captopril in
a 6-month study of patients with hypertension, a find-

ing consistent with the results of our meta-analysis.
However, Bourqui et al86 combined the hibiscus tea or

capsule treatments with the corresponding kinkeliba
(Combretum micranthum) treatment if either treatment

did not produce a clinical response, rendering this study
ineligible for inclusion in this meta-analysis.

The effect of hibiscus compared with other cardio-
metabolic pharmaceuticals has mainly been studied in

animals. Hibiscus was equally effective as gilbenclamide
(a drug therapy for type 2 diabetes) in reducing blood

glucose levels in rats with induced diabetes.87 In addi-
tion, hibiscus mitigated increases in cholesterol and

Nutrition ReviewsVR Vol. 00(0):1–15 11

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/advance-article/doi/10.1093/nutrit/nuab104/6470525 by guest on 03 February 2022



LDL levels in alloxan-induced diabetes in mice by 29%

and 40%, respectively, which was comparable to the
effects of the cholesterol-lowering drug lovastatin.88

The effect of hibiscus on HDL was similar to that of
pravastatin in the only human study to have examined

effects in adults with hypercholesterolemia.
Thus, hibiscus treatment of BP could be considered

a viable alternative to pharmaceutical treatment of hy-

pertension with diuretics or ACE inhibitors, though the
effects on lipids and blood glucose require additional

research.

Adverse reactions

Hibiscus is considered safe for consumption, with no

evidence of toxicity in rodent studies up to 5000 mg/kg
in an acute dose89 or chronic feeding up to 200 mg/kg

over 3 months.90 In the studies included in this meta-
analysis, authors of 1 study reported mild gastrointesti-

nal symptoms using 1 g of hibiscus extract after the first
week of supplementation; however, these symptoms

subsided within 1 week.63 No other adverse effects of
hibiscus were reported across the included studies in
this analysis at doses up to 10 g/day.

Another important factor to consider is the possi-
bility of herb–drug interactions. Concomitant intake of

hibiscus (20–40 mg/kg body weight) with the diuretic
drug hydrochlorothiazide (10 mg/kg) significantly in-

creased urine volume in experimental rats over a 24-
hour sampling period, which increases risk of dehydra-

tion.90 However, the dose of the drug used in that study
does not translate to a physiological dose for human

consumption. The interaction of hibiscus with ACE
inhibitors (eg, ramipril) needs to be established because

hibiscus has been identified as an ACE inhibitor.26

Thus, additional investigations are warranted on the

safety of hibiscus–drug interactions.

Attrition and confounding effects

Overall, in studies that provided participant dropout
rates, compliance was measured or calculated at �86%

except for in the study by Herrera et al,51 in which 26%
of patients withdrew from the hibiscus experimental

group because they did not like the bitter taste of the
beverage. Confounding factors influence the validity of

inferences made about cause and effect, particularly in
food-based research.91 Modest reductions in body

weight of 5%–10% can confer improvements in CVD
risk factors.92 In this meta-analysis, few studies reported

any confounding effects that could have influenced the
outcome of the study. Body weight and BMI were re-

duced over the course of some studies, but these

reductions were independent of any changes to out-

comes measured.56,63,65

Strengths and limitations

To date, to our knowledge, this is the most comprehen-
sive review of the available literature that includes stud-

ies assessing the effect of hibiscus on lipid parameters,
BP, and FPG, and that used TSA to account for type I

and type II errors in the included studies. Results from
TSA support the significant effect of hibiscus on SBP

and DBP. Subgroup analysis and meta-regression were
unable to explain heterogeneity among the limited

number of included studies.
In this review, we identified several limitations of

the available literature on nutritional interventions.

Overall, the included studies have a moderate risk of
bias, particularly with regard to allocation concealment

and blinding. There is evidence that inadequate alloca-
tion concealment can lead to overestimation or under-

estimation of treatment effects.93 Ineffective blinding
also influences participant response but is particularly

challenging in nutritional intervention studies. Double
blinding reduces the risk of bias within intervention

studies. In some of the tea intervention studies in this
meta-analysis, double blinding was achieved in various

ways, for example, by adding flavor and color to match
the hibiscus tea or providing treatments in blinded

packaging.
Finally, lacking or inconsistent characterization of

hibiscus intervention products renders comparisons be-
tween studies difficult.94 Variations in the content and

composition of bioactive compounds in different
extracts may account for some of the disparity in the

effects observed and contribute to heterogeneity in the
results of the meta-analysis reported. More research is

required to characterize the active constituent of this
plant responsible for the various beneficial effects on

CVD risk markers.

CONCLUSION

Th findings from this systematic review and meta-

analysis, summarizing the most recent evidence from
randomized intervention studies, suggest hibiscus con-

sumption could affect CVD risk markers beneficially.
Individuals should be encouraged to consume hibiscus

when they have chronically elevated BP. Overall, hibis-
cus is considered safe and well tolerated, and can be

consumed regularly as part of a balanced diet. In view
of the discussed limitations, the findings of this meta-

analysis emphasize the need for more well-designed
and controlled randomized controlled trials, especially

with duration >8 weeks, to confirm these findings and
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elucidate a dose and duration response of hibiscus con-

sumption on CVD risk biomarkers.
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