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Abstract: Metabolic syndrome is a complex and multifactorial disorder associated with increased risk
of cardiovascular disease and type 2 diabetes, exacerbated by a sedentary lifestyle and situations such
as the COVID-19 pandemic. Recent studies have shown that consumption of fruits and vegetables
high in polyphenols has a protective effect, reducing cardiovascular risk. Hibiscus sabdariffa (HS) in
combination with other plant extracts has recently attracted scientists” attention due to its potential
use in the treatment of metabolic syndrome. This systematic review and meta-analysis examines
the effects of HS in combination with other plant extracts on the prevention of metabolic syndrome,
exploring their synergistic effects and potential as therapeutic agents. For this purpose, a systematic
search of randomized clinical trials (RCTs) was conducted in four different databases and the data
obtained were then used for a meta-analysis. Initially, the titles and abstracts of 1368 studies were
read. From these, 16 studies were examined closely for their eligibility, and finally, seven RCTs with
332 participants were included in both the meta-analysis and the qualitative analysis. Our results
show that HS in combination with other plant extracts improved anthropometric parameters, blood
pressure, and lipid profile (low density lipoprotein cholesterol and total cholesterol) compared to
a placebo control group. It is important to note that although this meta-analysis suggests that HS
in combination with other plant extracts may have a beneficial effect on cardiovascular parameters,
further research is needed to determine the optimal dose and intake duration.

Keywords: metabolic syndrome; obesity; hypertension; dyslipidemia; polyphenols

1. Introduction

Metabolic syndrome (MetS) is a complex and multifactorial disorder characterized by
a cluster of interrelated metabolic risk factors that predispose individuals to an increased
risk of developing cardiovascular disease (CVD) and type 2 diabetes mellitus (T2DM) [1].
With the rising prevalence of obesity and sedentary lifestyles, MetS has become a significant
global health concern, affecting up to one-third of the adult population in some regions [2,3].
The syndrome comprises a number of factors, including abdominal obesity, hyperglycemia,
dyslipidemia, and hypertension [4]. Given the detrimental impact of MetS on public health
and its increasing socioeconomic burden, to understand the underlying mechanisms and
the develop of effective prevention strategies are of paramount importance.

MetS has a substantial impact on the quality of life of affected individuals, as it often
leads to a decline in physical and mental health, reduced functional ability, and increased
healthcare utilization [5]. Furthermore, the COVID-19 pandemic has contributed to a higher
prevalence of MetS by exacerbating risk factors such as sedentary behavior, unhealthy
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eating patterns, stress, and disrupted sleep [6,7]. Consequently, the pandemic has further
emphasized the urgency to address MetS and its associated health complications.

Lifestyle modifications, such as dietary changes, increased physical activity, and
weight loss, have been identified as critical factors in preventing and managing MetS [8].
In addition, numerous studies have shown an association between fruit and vegetable
consumption, and a reduction in mortality rates related to CVDs. The main hypothesized
cause for such an improvement has been linked to the high concentration of polyphenols,
such as flavonoids and carotenoids, which are present in those foods [9]. In fact, polyphe-
nols are known antioxidants that are usually present in the human diet, found mainly in
fruits, vegetables, tea, coffee, chocolate, and mushrooms. Nutraceuticals are considered as
another important source of antioxidants, widely used as nutritional complements and rep-
resented by traditional medicinal herbs [10]. Despite that fact, the mechanism underlying
polyphenols’ cardioprotective effect is not yet fully understood.

Focusing on polyphenols, it is worth exploring the effects of plants that are enriched
with these compounds, such as Hibiscus sabdariffa (HS), in the context of MetS. This is why
we decided to focus on HS, due to its well-documented high polyphenol content and its
widespread use in traditional medicine. Studies developed by Alarcon-Aguilar et al. [11]
and Lin et al. [12] have shown that the polyphenol concentration in HS is considerably
higher than in other plants. Therefore, the scientific interest in HS has increased due to its
potential use in the treatment of metabolic syndrome [13,14].

Besides the study of HS, our analysis explores the effects of other plant extracts that
have also shown potential in managing MetS, such as Lippia citriodora (LC) or Passiflora
edulis, commonly known as passion fruit (PF). The synergistic effects of HS when combined
with other plant extracts have been shown to enhance its therapeutic potential in managing
metabolic syndrome [15-18]. Haidari et al. [19] have investigated the combination of HS
with Carum Carvi L., also known as caraway, and they observed that the hydro-alcoholic
extracts of these two plants led to a significant decrease in fasting blood glucose levels.
Interestingly, this study showed that while the combination of these two extracts had a
hypoglycemic effect, the effect of HS was much more potent, even normalizing the blood
glucose levels in some cases. Furthermore, Moyano et al. [20] have examined the anti-
obesity potential of dietary fiber from HS and Agave tequilana, as an additive in the feed of
animals subjected to a high-fat diet. The results of Moyano et al.’s studies revealed that sup-
plementation with HS and Agave tequilana was associated with a reduction in body weight,
adiposity, total plasma cholesterol, and glucose levels. Recently, numerous meta-analyses
have been conducted to investigate how HS can decrease blood pressure levels [21-23],
regulate dyslipidemia [24-26], and reduce other cardiovascular risk factors [21]. However,
to the best of our knowledge, no meta-analyses have been conducted yet to examine the
synergistic effects of HS when combined with other plant extracts.

The choice to investigate HS combined with other plant extracts is further justified by
a potential for broader therapeutic benefits. The mix of polyphenols and other bioactive
compounds in these plants might act together to provide a more comprehensive approach
to MetS management.

Therefore, this systematic review and meta-analysis aim to investigate the com-
bined effects of HS with other plant extracts on the prevention of MetS. Recent studies
have shown the potential benefits of these botanicals individually in the context of MetS
prevention [27-29]. By conducting a comprehensive analysis of the available literature,
this review seeks to shed light on the combined efficacy of these plant extracts in mitigat-
ing MetS risk factors and to provide insight into their potential as therapeutic agents in
MetS prevention.

2. Materials and Methods

This systematic review was carried out following the preferred reporting items for
systematic review and meta-analyses (PRISMA) recommendations [30]. The random-
ized clinical trials (RCTs) included in this study were those in which the efficacy of the
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combination of HS with other plant extracts in reducing markers related to cardiovas-
cular risk was estimated. This systematic review and meta-analysis was submitted to
the international prospective register of systematic reviews (PROSPERO) (registration
number: CRD42023396404).

2.1. Eligibility Criteria

The following criteria were established for study selection based on the PICOS framework:

P (participants): healthy individuals or patients diagnosed with concomitant illnesses,
such as stage I hypertension; I (intervention): consumption of HS in combination with
other plant extracts; C (comparison): control groups receiving a placebo or no treatment; O
(outcomes): markers related to cardiovascular risk (i.e., anthropometric parameters, blood
pressure, lipid metabolism, and blood glucose); S (study type): randomized controlled
trials. Searching was restricted to articles written in the English or Spanish languages which
were published in peer-reviewed journals.

The exclusion criteria were: (a) studies that compared the effects of HS combined
with other plant extracts while simultaneously incorporating different drug interventions;
(b) studies that lacked necessary quantitative data which were required for the meta-
analysis, such as means and standard deviations of the measured outcomes; (c) non-placebo-
controlled studies; (d) studies using common database sources from surveys/studies, in
order to no obtain redundant results; (e) case reports, editorials, opinion pieces, and reviews;
and (f) duplicated studies, which refers to multiple publications reporting on the same
study or patient cohort.

2.2. Information Sources and Search Strategy

A systematic search was performed by two researchers across PubMed, Scopus, Web
of Science, and the Cochrane Database, with a defined date range spanning from January
2010 to May 2023. The study selection was guided by a structured search strategy that
utilized a combination of specific keywords and Boolean operators. These keywords were
grouped into five categories and each one represents a unique concept: (a) the plant Hibiscus
sabdariffa, (b) the plant Lippia citriodora, (c) the general concept of plant extracts, (d) the
health conditions related to metabolic syndrome, and (e) the types of studies we were
interested in. The actual search query was as follows: (“Hibiscus sabdariffa” OR “roselle”
OR “sorrel” OR “karkade” OR “flor de Jamaica”) AND ((“Lippia citriodora” OR “Aloysia
citrodora” OR “lemon verbena” OR “vervain”) OR “plant extracts” OR “herbal extracts”
OR “phytotherapy” OR “herbal medicine” OR “medicinal plants”) AND (“cardiovascular
risk” OR “metabolic syndrome” OR diabetes OR “type 2 diabetes” OR “type II diabetes”
OR “T2D” OR hypertension OR “high blood pressure” OR “elevated blood pressure” OR
dyslipidemia OR lipidemia OR “lipid profile” OR “lipid disorder” OR “cholesterol levels”
OR weight OR obesity OR “body mass index” OR “BMI” OR “body weight” OR “body
composition” OR “insulin resistance” OR “glucose intolerance” OR “waist circumference”
OR “triglycerides” OR “HDL cholesterol” OR “LDL cholesterol”) AND (“clinical trial” OR
“randomized controlled trial” OR “RCT” OR “intervention study” OR “controlled trial”).

2.3. Selection Process

After identifying eligible studies, Mendeley (version for Windows 10; Elsevier, Am-
sterdam, The Netherlands) was used to remove duplicate publications. The following
selection process was carried out independently by two members of the research team,
who looked over each title and abstract to find possible publications that needed to be read
again in the full-text phase. A third researcher was in charge of resolving discrepancies
between authors.

2.4. Data Items and Quality Assessment

A comprehensive extraction of relevant variables was conducted. This included
cardiovascular risk factors, study type, sample characteristics, selection criteria, and details
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of the intervention (i.e., active compounds, administration method, and duration). The
extraction was performed by one researcher (D.V.-M.), and independently checked for
accuracy by a second researcher (A.M.G.-M.). In cases of discrepancy, a third researcher
(A.I.G.-G.) provided a final review.

The Cochrane risk-of-bias tool (RoB 2.0) [31] was employed to evaluate the risk of
bias in the included studies. The tool examines five domains: (1) bias arising from the ran-
domization process; (2) deviations from intended interventions; (3) missing outcome data;
(4) measurement of the outcome; and (5) selection of the reported result. The risk of bias
was independently assessed by two researchers (D.V.-M. and A.M.G.-M.), with the selection
of the appropriate RoB 2.0 tool based on the type of study (parallel or crossover). [32].

The presence of publication bias was evaluated both visually and statistically. The
visual assessment was conducted using a funnel plot, which allows the identification of
potential bias in the meta-analysis. In addition, a more rigorous statistical evaluation was
performed using Egger’s test [33], with the significance level set at 0.10.

2.5. Synthesis Methods

In order to analyze the effects of HS in combination with other plant extracts on
markers associated with a reduction in cardiovascular risk, we conducted a set of meta-
analyses using either the DerSimonian and Laird method or the inverse of the variance,
depending on the chosen methodology (fixed or random effects) [34]. These analyses
compared the combination treatment of HS and other plant extracts with a control group
receiving either a placebo, a substance resembling the combination treatment but lacking
the active ingredients, or no treatment at all.

To graphically depict the results, forest plots were generated along with the associated
95% confidence intervals (CI). Standardized mean difference (SMD) and 95% CI were
computed for each study, classifying the SMD as small (0-0.20), medium (>0.20 to 0.50),
or large (>0.50). Negative values for anthropometric variables such as body mass index
(BMI), body weight, and body fat mass percentage, blood pressure variables including
systolic blood pressure (SBP) and diastolic blood pressure (DBP), lipid metabolism markers
including low-density lipoprotein cholesterol (LDL), total cholesterol (TC), and triglycerides
(TG), and blood glucose were considered as indicators of a reduction in cardiovascular risk.
Conversely, positive values for the high-density lipoprotein cholesterol (HDL-c) variable
indicate a similar beneficial effect.

Heterogeneity among those clinical trials included in this meta-analysis was evaluated
utilizing the 12 statistic, which was classified as not significant (<40%), moderate (40-60%),
substantial (60-75%), and considerable (75-100%) [35]. If I? was not statistically significant
(p > 0.05), the fixed effects model was used for statistical analysis. On the other hand, if I
was statistically significant, the random effects model was used instead.

From studies that show the treatment outcomes divided into different groups, a com-
bination of them was perfomed, obtaining a unique group of results. In addition, standard
deviations were obtained from standard errors when necessary. Such a combination of
results was performed following specifications from the Cochrane handbook [36].

Statistical analyses were conducted using Stata (version 16.1; StataCorp, College
Station, TX, USA). The statistical significance level was set at p < 0.05.

3. Results
3.1. Study Selection

A total of 1453 records were identified through database queries (Figure 1). After
removing the duplicates, 1368 records remained, and a further screening led to the exclusion
of 1352 publications. This substantial exclusion was based on the titles and abstracts, which
upon careful review were determined to be unrelated to the specific objective of this review.
For the evaluation, 16 studies were selected, from which 7 were excluded. Three of the
identified studies were excluded because they did not combine HS extract with other plant
extracts [37-39], and another three were excluded due to the lack of a control group [40-42].
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One of them [43] was excluded as duplicate, and the other one [44] because it was an
abstract. A total of seven studies [15-18,45-47] were finally included in this systematic
review and meta-analysis.

Identification of ies via and regi
—
= Records identified from database
= searching (n = 1453): Records removed before screening:
o PUBMED (n = 28) o Duplicate records removed (n = 85)
£ Cochrane (n = 25) g Records marked as ineligible by automation tools (n = 0)
S Web of Science (n = 10) Records removed for other reasons (n = 0)
z SCOPUS (n = 1390)
!
—
Rec?r:dj f;gegf)ened —— | Records excluded: (n = 1352)
]
=
=
o
[
3
Reports excluded (n = 8)
Reports assessed for eligibility »
(n=15) Poster (n = 1)
Duplicated (n = 1)
— No control group (1 =3
No combination of HS with other
exiracts (n = 3)
A
3 Studies included in systematic
% review and meta-analysis
2 =7

-

Figure 1. Flowchart showing study selection process.

3.2. Study Characteristic

Table 1 summarizes the main characteristics of the seven studies included in the
systematic review and meta-analysis. All of them consisted of randomized clinical trials.
Six of the included studies were developed following a parallel design [15,17,18,45-47]
and the seventh study following a crossover design [16]. A total of 332 participants (59%
women), with a mean age of 41.2 & 10.3 years old (18-75 years old), were considered for
this systematic review and meta-analysis. In terms of geographical regions, five of the
studies were conducted in Spain [15,16,45-47] and the two remaining studies were carried
out in Asia [17,18]. Data on BMI were reported in all of the consulted studies [15-18,45-47].
The information on blood pressure measurements, specifically SBP and DBP, was extracted
from six different studies [15-18,45-47]. In relation to lipid profile details, TC and LDL-c
were also available in six independent studies [16-18,45-47]. Furthermore, data on HDL-
¢, TG, and blood glucose were provided in five different studies [16,17,45-47]. Lastly,
weight measurements were found in five of the included studies [15,18,45-47]. Data on
body fat mass percentage were reported in three of the seven studies included in our
research [15,45,46]. In three of the clinical trials, two capsules of HS-LC extracts, at a weight
ratio (w/w) of 35:65, were administered daily [16,45,46], Marhuenda et al. [47] administered
a capsule of the same weight proportion per day, and Boix-Castejon et al. [15] administered
a capsule composed of a combination of 65% HS and 35% LC daily. However, in the study
by Lee et al. [18], the form of administration was the consumption of tea for 8 weeks, which
was composed not only of HS but also included other plant extracts such as Perilla frutescens,
Crataegi fructus, Prunus mume, Dolichos lablab, and Vigna umbellate at a ratio of 5:6:10:2:4:4,
respectively. The dosing regimen was a 3 g sachet of powder per administration, 3 times
per day. On the other hand, in the study by Khongrum et al. [17], the extract was consumed
through a jelly drink that contained HS and PF. The yield from the HS aqueous extraction
process was 44.53% (w/w) of the dry powder, a concentration which was incorporated into
the jelly drink.
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Table 1. Characteristics of the studies included in the systematic review and meta-analysis.

Reference Year N Woom en Age BMI Design RCT Part1c1panfs. Health Active Ingredients: Content Duration Outcome
(%) Condition and Dose
Anthropometric parameters,
. L . o o/, . vital signs, appetite
Boix-Castejon 2018 47 100 51 29.7 Double blind, Overweight/obesewomen LC (35%), HC (65%); 500 mg; 8 weeks assessment, health-related
etal. [15] Parallel 1 capsule per day . . .
quality of life, and peptides
and hormones
. . . o o/, . Anthropometric parameters,
Boix-Castejon 2021 51 NR NR 30 Double blind, Stage 1 hypertensive patients LC (65%), HC (35%); 250 mg; 6 weeks blood analysis, blood
et al. [45] Parallel 2 capsules per day
pressure
Herranz- Anthropometric parameters,
Lopez 2019 46 100 51.5 30.1 Double blind, Overweight/obesewomen LC (65%), HC (35%); 250 mg; 8 weeks vital signs, :cappetlt('e
et al. [46] Parallel 2 capsules per day assessment, biochemical
' parameters
. o o/, . Anthropometric parameters,
Marhuenda 2021 76 22.5 34.8 29.6 Double blind, Overweight/obese subjects LC (65%), HC (35%); 500 mg; 12 weeks blood analysis, blood
etal. [47] Parallel 1 capsule per day
pressure
. o o/, . Anthropometric parameters,
Serna 2022 33 48.48 33.8 28.1 Double blind, Overweight/obese subjects LC (65%), HC (35%); 250 mg; 8 weeks blood analysis, appetite
etal. [16] Crossover 2 capsules per day
assessment
PFR, CE, PM, DL, VU, and .
Double blind, ) - . HS at Anthropometrlc .parameters,
Leeetal. [18] 2015 39 51.3 49.5 11.7 Parallel Adults with dyslipidemia a ratio of 6:10:2:4:4:5, 8 weeks blood analysis, blood
. pressure
respectively
. . . Anthropometric parameters
Khongrum Double blind, . . . 300 mL jelly drink (44.53% ; !
etal. [17] 2022 40 72.5 36.5 49 Parallel Adults with dyslipidemia w/w HS and 12.12% w/w PF) 8 weeks blood }a:)?:izlslisé blood

BMI: body mass index, CF: Crataegi fructus, DL: Dolichos lablab, HS: Hibiscus sabdariffa, LC: Lippia citriodora, NR: not reported, PF: passion fruit, PFR: Perilla frutescens, PM: Prunus mume,
RCT: randomized clinical trial, VU: Vigna umbellate.
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3.3. Risk of Bias in Included Studies

The evaluation of all of the included studies revealed that the overall risk of bias was
uncertain. A notably persistent issue arose in domain 5, ‘selection of the reported result’,
where ‘some concerns” were identified in six out of the seven studies. This prevalence
is not simply high, it might suggest a substantial risk of bias in this domain. The study
of Lee et al. [18] also exhibited “some concerns” in domain 2, “deviations from the in-

tended interventions”. Analyzing the rest of the domains, a low risk of bias was observed
(Figures 2-4).

Study

=
=t

Boix Castejon et al. 2018

. Low risk

Boix Castejon et al. 2021 ! Some concerns

Herranz-Lopez et al. 2019

Marhuenda et al. 2021

- 9000:
0000:
0000:

Lee et al. 2015

D1 Randomisation process

D2 Deviations from the intended interventions
D3 Missing outcome data

D4 Measurement of the outcome

D5 Selection of the reported result

Figure 2. Graph of RoB 2.0, showing the analysis of the risk of bias for the parallel per protocol studies
included in the systematic review [15,18,45-47].

Study Overall

Khongrum et al. 2022 . . . . . . . Low risk

Randomisation process

D2 Deviations from the intended interventions
D3 Missing outcome data

D4 Measurement of the outcome

D5 Selection of the reported result

Figure 3. Graph of RoB 2.0, showing the analysis of the risk of bias for the parallel intention to treat
studies included in the systematic review [17].

Study D2

Serna et al. 2022 . .

5  Overall

D3 Da
00 (O @.-

! Some concerns

D1 Randomisation process

DS Bias arising from period and carryover effects
D2 Deviations from the intended interventions
D3 Missing outcome data

D4 Measurement of the outcome

D5 Selection of the reported result

Figure 4. Graph of RoB 2.0, showing the analysis of the risk of bias for the crossover per protocol
studies included in the systematic review [16].
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3.4. Effects of the Intervention

This review assessed the effects of HS combined with other plant extracts on various
parameters associated with MetS. These parameters included BMI, body weight, body fat
percentage, blood pressure, lipid profile, and blood glucose levels.

3.4.1. Anthropometric Parameters

The analysis included in this review, encompassed all studies assessing the impact of
HS combined with other plant extracts on BMI [15-18,45-47]. While a significant decrease
in BMI was noted in several studies [15,17,18,46,47], no significant effect was observed in
two particular ones [16,45]. The meta-analysis further substantiated these observations,
showing a significant reduction in BMI (SMD —0.52; 95% CI: —0.72 to —0.31; I? = 41.51%;
p = 0.00).

On the other hand, five studies [15,18,45-47] also investigated the effect on body
weight and, similar to BMI, a significant decrease was reported. The meta-analysis con-
firmed this decrease (SMD —0.90; 95% CI: —1.74 to —0.05; I? = 90.30%; p = 0.04).

Finally, three studies assessed the impact on body fat mass percentage [15,45,46] and a
significant decrease was observed. The meta-analysis validated these findings (SMD —1.08;
95% CI: —1.42 to —0.73; I? = 0.00%; p = 0.00) (Figure 5).

BMI Forest Plot

Treatment Control Effect size Weight
Study N Mean SD N Mean SD with 95% CI (%)
Boix-Castejon etal. 2018 25 -1.37 0.8 22 -0.83 0.56 —— -0.76 [ -1.34, -0.18] 12.61
Boix-Castejon etal. 2021 26 -0.2 0.19 25 -0.03 0.1 —W— -1.10[-1.68, -0.52] 12.75
Herranz-Lépez etal. 2019 26 -161 08 20 -0.81 096 —W— -0.90 [ -1.50, -0.30] 11.88
Marhuenda et al. 2021 40 -04 175 36 -0.1 207 —l— -0.16[-0.60, 0.29] 21.59
Serna et al. 2021 33 -0.28 0.82 33 0.09 081 —— -0.45[-0.93, 0.03] 18.44
Lee etal. 2015 18 -04 26 21 00 27 —— -0.15[-0.77, 047] 11.28
Khongrum et al. 2022 20 -0.35 263 20 066 281 —@—— -0.36[-0.98, 0.25] 11.46
Overall - -0.52[-0.72, -0.31]
Heterogeneity: I = 41.51%, H’ = 1.71
Test of 8, = 6;: Q(6) = 10.26, p = 0.11
Testof 8 =0:z=-4.89, p=0.00

15 -1 05 0 05
Favours experimental ~ Favours control

Weight Forest Plot

Treatment Control Effect size Weight
Study N Mean SD N Mean SD with 95% CI (%)
Boix-Castejon etal. 2018 25 -3.48 2.0 22 -2.08 141 - -0.79[-1.37, -0.20] 20.18
Boix-Castejon etal. 2021 26 -0.98 0.33 25 -0.07 025 —{ll— -3.05[-3.85, -2.25] 18.61

Herranz-Lopez etal. 2019 26 -4.07 1.74 20 207 58 —+  -049[-1.07, 0.09] 20.21
Marhuenda et al. 2021 40 -12 348 36 -02 4.94 -l -023[-068 021] 21.03
Lee et al. 2015 18 04 2621 -01 27 —— -011[-073, 051 19.97
Overall o = -0.90 [-1.74, -0.05)
Heterogeneity: T = 0.83, I” = 90.30%, H’ = 10.31

Test of 8 = 6;: Q(4) = 41.24, p = 0.00

Testof 6 =0:z=-2.08, p=0.04

4 3 -2 -4 0 1
Favours experimental Favours control
Body Fat (%) Forest Plot

Treatment Control Effect size Weight
Study N Mean SD N Mean SD with 95% CI (%)
Boix-Castejon etal. 2018 25 -0.83 0.4 22 -045 0.33 . -1.01[-1.61, -0.41] 33.42
Boix-Castejon etal. 2021 26 -1.26 041 25 -06 053 —l—— -1.38[-1.98, -0.77] 33.04
Herranz-Lépez etal. 2019 26 -1.32 0.72 20 -0.74 0.61 —l—— -0.84[-1.44, -0.25] 3353
Overall — -1.08[-1.42, -0.73]

Heterogeneity: I = 0.00%, H’ = 1.00
Test of 6 = 6;: Q(2) = 1.56, p = 0.46
Testof 8 =0:z=-6.09, p=0.00

2 45 1 05 0

Favours experimental
Figure 5. Forest plot comparisons of effects of HS in combination with other plant extracts versus a
placebo on anthropometric parameters [15-18,45-47].
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3.4.2. Blood Pressure

The effect on blood pressure after consumption of HS in combination with other plant
extracts in comparison with the placebo intake was developed in six of the seven articles in-
cluded in this systematic review [15,17,18,45-47]. In five of the studies [15,17,45-47], it was
observed that the participants experienced a decrease in the blood pressure measurement
after consumption of the plant extract. Furthermore, this meta-analysis shows a significant
decrease in SBP (SMD —1.18; 95% CI: —2.11 to —0.25; I? = 92.55%; p = 0.01) and DBP (SMD
—0.83; 95% CI: —1.49 to —0.18; I? = 86.37%; p = 0.01). The data are represented in Figure 6.

SBP Forest Plot

Treatment Control Effect size Weight
Study N Mean SD N Mean SD with 95% CI (%)
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Lee at al. 2015 18 25 132 21 -06 146 0.22[-0.40, 0.84] 16.86
Khongrum et al. 2022 20 -7.37 1393 20 -295 2277 : -0.23[-0.84, 0.38] 16.90
Overall ~ -1.18[-2.11, -0.25]
Heterogeneity: T = 1.24, ' = 92.55%, H' = 13.43
Test of 8 = 8;: Q(5) = 67.14, p = 0.00
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DBP Forest Plot

Treatment Control Effect size Weight

Study N Mean SD N Mean SD with 95% ClI (%)
Boix-Castejon etal. 2018 25 -3.92 3.15 22 00 235 —— -1.37 [-2.00, -0.75] 16.46
Boix-Castejon et al. 2021 26 92 29 25 -304 245 —l— -2.26 [-2.95, -1.56] 15.92
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Marhuenda et al. 2021 40 -36 3.07 36 -03 291 —E— -1.09[-1.57, -0.61] 17.58
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Khongrum et al. 2022 20 841 1433 20 841 10.82 1 0.00[-0.61, 0.61] 16.62
Overall g -0.83[-1.49, -0.18]

Heterogeneity: T = 0.58, |° = 86.37%, H’ = 7.34
Test of 6 = 8: Q(5) = 36.69, p = 0.00
Testof 8 =0:z=-249,p=0.01
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Figure 6. Forest plot comparisons of effects of HS in combination with other plant extracts versus a
placebo on systolic and diastolic blood pressure [15,17,18,45-47].

3.4.3. Lipid Profile

Six studies were evaluated for the effect of HS with other plant extracts on the lipid pro-
file [16-18,45-47].  Four studies noted a significant decrease in LDL-c post-
consumption [16,17,45,46]. Additionally, one study reported a significant decrease in
TC [46], and other studies noted a significant increase in HDL-c [16].

The meta-analysis corroborated these results, showing a significant decrease in TC
(SMD —0.36; 95% CI: —0.58 to —0.14; I? = 38.84%; p = 0.00) and LDL-c (SMD —0.44; 95% CI:
—0.81 to —0.07; I? = 62.71%; p = 0.02). However, our results demonstrate that there was not
a significant effect from the plant intake on triglyceride and HDL-c levels (Figure 7).



Foods 2023, 12, 2269

10 of 17

Total Cholesterol Forest Plot

HDL Cholesterol Forest Plot

Treatment Control Effect size Weight Treatment Control Effect size Weight
Study N Mean SD N Mean SD with 95% CI (%) Study N Mean SD N Mean SD with 95% CI (%)
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LDL Cholesterol Forest Plot Total Cholesterol Forest Plot
Treatment Control Effect size Weight Treatment Control Effect size Weight
Study N Mean SD N Mean SD with 95% CI (%) Study N Mean SD N Mean SD with 95% CI (%)
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Figure 7. Forest plot comparisons of effects of HS in combination with other plant extracts versus a
placebo on lipid profile [16-18,45-47].

3.4.4. Glycemia (Blood Glucose Level)

Statistically significant results were not obtained in any of the studies consulted for
the evaluation of the effects of HS in combination with other plant extracts on blood
glucose [16,17,45-47]. Therefore, the meta-analysis shows no significant changes to the
glycemic level from before to after the extract intake (SMD —0.08; 95% CI: —0.31 to 0.16;
2 = 0%; p = 0.53) (Figure 8).

Glucose Forest Plot

Treatment Control Effect size Weight
Study N Mean SD N Mean SD with 95% CI (%)
Boix-Castejon etal. 2021 26 -05 578 25 21 9.92 L -0.32[-0.86, 0.23] 18.23
Herranz-Loépez etal. 2019 26 -3.96 1093 20 -192 79 L -0.21[-0.78, 0.37] 16.35
Marhuenda et al. 2021 40 -16 641 36 -26 7.27 —l—— 0.14[-0.30, 0.59] 27.09
Serna et al. 2021 33 152 444 33 20 691 -0.08 [-0.56, 0.40] 23.71
Khongrum et al. 2022 20 208 922 20 24 150 -0.03[-0.63, 0.58] 14.62
Overall -0.08 [-0.31, 0.16]
Heterogeneity: I = 0.00%, H’ = 1.00
Testof 6i=6;: Q(4)=1.92, p=0.75
Testof 8 =0:z=-0.63, p =0.53

-1 -05 0 0.5

Favours experimental  Favours control

Figure 8. Forest plot comparisons of effects of HS in combination with other plant extract versus a
placebo on glycemic profile [16,17,45-47].

3.5. Publication Bias

The funnel plot of standard error versus effect size (weighted mean difference) for
BMI, body fat mass percentage, TC, and glycemic level showed no evidence of publication
bias; however, body weight, SBP, DBP, HDL-c, LDL-c, and triglycerides appeared outside
the funnel plot (Figures S1-54). In addition, after the application of Egger’s test, the
results indicated no potential publication bias for BMI (p = 0.14), body fat mass percentage
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(p=0.21), HDL-c (p = 0.76), LDL-c (p = 0.61), DBP (p = 0.47), and glycemic level (p = 0.41), but
it showed a statistically significant publication bias regarding the body weight (p = 0.005),
SBP (p = 0.003), TC (p = 0.07), and triglycerides (p = 0.011).

4. Discussion

This systematic review and meta-analysis summarizes the effects of HS in combination
with other plant extracts on cardiovascular risk parameters, which are closely related
to metabolic syndrome. These parameters include anthropometric parameters, blood
pressure, lipid profile, and blood glucose levels in subjects presenting as overweight or
obese. The results show that HS in combination with other plant extracts significantly
reduced anthropometric profiles and blood pressure (SBP and DBP), and improved the
lipid profile as well (TC and LDL-c). Nevertheless, there were no significant improvements
in the HDL-c, triglyceride, and blood glucose levels.

4.1. Effect of HS in Combination with Other Plant Extracts on Anthropometric Parameters

The comprehensive analysis conducted on the available literature during the devel-
opment of this study indicates that, HS in combination with other plant extracts had a
statistically significant impact on the improvement of anthropometric parameters. How-
ever, the mechanisms by which HS in combination with other plant extract polyphenols,
such as PF or LC extract, could lead to weight loss and fat tissue reduction are still not well
understood. Several proposed mechanisms of some polyphenols such as, e.g., quercetin,
verbascoside, rosmarinic acid, etc., match with the generally accepted therapeutic approach
towards MetS management.

First, they may modulate the expression of enzymes involved in lipid metabolism,
such as lipases and fatty acid synthase, thus decreasing fat storage and increasing fatty
acid oxidation [48,49]. This action supports the holistic approach to MetS prevention.
Secondly, their anti-inflammatory properties and capacity to reduce the oxidative stress
in adipose tissue, could also lead to an improvement of the insulin sensitivity and a more
effective glucose metabolism [50,51]. These pathways are essential in maintaining metabolic
homeostasis, a crucial aspect of MetS prevention. Ultimately, the polyphenols” effects seem
to reduce cell division in adipose tissue [52,53].

Bioactive compounds found in HS, LC, PF, and other plant extracts have also shown
the capacity to reduce oxysterols in bile acid metabolism as well as the ability to inhibit
lipid deposition in the liver [29,54]. Finally, these compounds also play a role in regulating
fat absorption by increasing fecal excretion of palmitic acid [54], contributing, through a
potential reduction in the obesity, to the overall aim of MetS prevention.

4.2. Effect of HS in Combination with Other Plant Extracts on BP

In this systematic review and meta-analysis, a statistically significant decrease in the
systolic and diastolic blood pressure has been shown after intake of HS combined with other
plant extracts. Some in vitro and in vivo studies have demonstrated the antihypertensive
effect of HC in combination with other plant extracts and attempted to explain its mecha-
nism of action. Ojeda et al. [55] suggest that the antihypertensive effect of HS may be due
to the action of its polyphenols on the renin-angiotensin-2-aldosterone system. In particu-
lar, delfinidin-3-O-sambubiosides and cyanidin-3-O-sambubiosides anthocyanins would
inhibit angiotensin-converting enzyme (ACE), leading to a reduction in blood pressure.
In addition, Sarr et al. [56] reported that HS extract can induce endothelium-dependent
vasodilation through the activation of the phosphatidylinositol 3-kinase/Akt pathway;,
leading to phosphorylation of endothelial nitric oxide synthase (eNOS).

Regarding other plant extracts, Lewis et al. [57] found that the administration of Passi-
flora edulis extract reduced blood pressure in spontaneously hypertensive rats, highlighting
the potential efficacy of the combination of these plant extracts in mitigating MetS risk
factors. Among flavonoids involved in lowering blood pressure, phenolic acids (espe-
cially protocatechuic acid) [58], flavonols (quercetin) [59], organic acid (hydroxycitric acid
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and hibiscus acid) [60], and anthocyanins (delphinidin-3-sambubioside and cyanidin-3-
sambubioside) [56] are the most active ones.

Focusing on the action of LC extract, the phenylpropanoids verbascoside, isoverbasco-
side, and rosmarinic acid are among the most abundant polyphenols in this extract [61],
showing a similar mechanism of action (by inhibiting ACE activity) to those included in
HS extract [62,63]. LC extract could be involved in the nitric oxide (NO) pathway [64]. LC
phenolic compounds increase NO production, a potent vasodilator which produces an
improvement in blood flow and a decrease in blood pressure [65].

The findings presented in this study coincide with several meta-analyses that have
evaluated the effect of HS intake on blood pressure showing promising results. For exam-
ple, a recent meta-analysis explains that the intake of HS tea or extract can significantly
reduce systolic and diastolic blood pressure [66]. In addition, a systematic review and
meta-analysis of 13 clinical trials comparing HS with antihypertensive drugs, found that
the extract was effective in lowering SBP and DBP in patients with mild to moderate
hypertension. However, this effect was not greater than the one obtained using other kinds
of antihypertensive drugs [67]. These findings further support the potential role of HS
combined with other plant extracts as therapeutic agents in MetS prevention.

4.3. Effect of HS in Combination with Other Plant Extracts on Lipid Profile

This systematic review and meta-analysis shows significant results regarding the
impact of HS in combination with other plant extracts on the lipid profile. A statistically
significant decrease in the total cholesterol and LDL-c parameters was observed, which is
consistent with the potential benefits of these botanicals individually in the context of MetS
prevention. However, there were no significant improvements in HDL-c and triglyceride
levels. As previously commented, the findings of this study agree with other studies
in the literature, highlighting the combined efficacy of these plant extracts in mitigating
MetS risk factors. Zhang et al. [24] showed that the consumption of HS by subjects with
MetS significantly reduced serum total cholesterol levels, by an average of 14.66 mg/dL,
and LDL-c levels, by an average of 9.46 mg/dL. Similarly, Yoo et al. [68] investigated
the effects of hawthorn (Crataegus pinnatifida) extract on lipid profiles and its antioxidant
properties in ovariectomized rats. The group of subjects consuming hawthorn fruit extract
showed a significant decrease in total serum and LDL cholesterol levels compared to the
control group.

Although the exact mechanism of action of these two extracts on the lipid profile
is unknown, after the development of some in vitro and in vivo models, the inhibition
of the enzyme 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase and the
stimulation of LDL-c receptor expression are considered as possible explanations. These
two effects produce a decrease in the cholesterol synthesis rate and an increase in the
cholesterol clearance from the body, respectively [69,70]. These findings further support
the potential of HS combined with other plant extracts as a therapeutic agent in MetS
prevention, providing valuable insights into its mechanisms of action.

4.4. Effect of HS in Combination with Other Plant Extracts on Blood Glucose

Despite the fact that this meta-analysis does not support the idea of a decrease in blood
glucose in overweight and obese individuals after the consumption of HS in combination
with other plant extracts, in many other studies, the role of phenolic compounds in the
regulation of glucose levels through various mechanisms of action has been observed.

To illustrate, Bule et al. [25] conducted a systematic review and meta-analysis of
eight randomized clinical trials, and showed a reduction in fasting blood glucose levels
and TC levels, demonstrating a positive effect of HS on blood sugar levels and lipid
metabolism. Likewise, Boushehri et al. [66] showed that HS sour tea consumption is
associated with a significant reduction in fasting plasma glucose. Therefore, both the
anthocyanins of HS, as well as verbascoside, isoverbascoside, and rosmarinic acid of
LC, seem to have hypoglycemic effects [71-74]. One of the accepted mechanisms of
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action of these extracts is the improvement of insulin sensitivity, which is crucial for
maintaining healthy blood glucose levels. Several studies have shown that anthocyanins
can enhance insulin sensitivity and glucose uptake by stimulating the activation of the
insulin signaling pathway in pancreatic cells [50,51]. Another mechanism involved in this
action is the inhibition of alpha-glucosidase and alpha-amylase, two enzymes that play
an important role in the digestion and intestinal absorption of carbohydrates [75]. Some
studies have shown that anthocyanins can inhibit these enzymes, producing a reduction
in the postprandial glucose spike and an improvement of glucose metabolism [71,76].
Furthermore, the antioxidant effect of polyphenols, which can protect against oxidative
stress and inflammatory effects in the complete body [77,78], is also considered as a key
mechanism of action of these compounds. As is observed in our study, these processes
show the therapeutic potential of the extracts in MetS prevention.

4.5. Limitations

This systematic review and meta-analysis contains several limitations which should be
recognized. Firstly, the specific mechanisms through which HS in combination with other
plant extracts induce weight loss and fat tissue reduction are not fully understood. As a
result, providing a comprehensive explanation of the effects on anthropometric parameters,
blood pressure, lipid profile, and blood glucose levels poses a significant challenge. Sec-
ondly, the sample size for the meta-analysis is relatively small, which may introduce bias
to the obtained results. Moreover, there is a potential heterogeneity among the included
studies, such as differences in populations, interventions, and outcome measures, which
may limit the generalizability of the findings. Due to all of this, future research should
focus on gaining a better understanding of the mechanisms underlying the effects of HS in
combination with other plant extracts” polyphenols on anthropometric parameters, blood
pressure, lipid profile, and blood glucose levels in overweight and obese individuals. To
reach this goal, more in-depth investigations into the molecular pathways involved, as well
as examining the impact of individual polyphenols or their combinations should be per-
formed. Additionally, larger and more homogeneous sample sizes should be employed to
reduce the potential for bias and improve the reliability of the results. Lastly, comparisons
with other interventions or therapies, such as antihypertensive drugs or dietary approaches,
could also provide valuable insights into the effectiveness of HS in combination with other
plant extracts in managing cardiovascular risk factors.

5. Conclusions

This systematic review and meta-analysis suggests that HS in combination with other
plant extracts may have potential benefits by improving anthropometric parameters (weight
loss and fat tissue reduction), blood pressure levels, and lipid profiles (total cholesterol
and LDL-c) in individuals, whether they are healthy or have certain conditions such as
hypertension or obesity.

Beyond the scope of these specific conditions, the potential health benefits of HS and
other plant extracts may have broader implications for the general population’s health. The
demonstrated improvements in metabolic health markers coincide with the global health
goals of reducing non-communicable diseases, such as cardiovascular diseases and type
2 diabetes. Furthermore, the potential weight loss benefits could be an important tool in
combating the global obesity epidemic. Importantly, these benefits could be particularly
relevant in the current context of the COVID-19 pandemic, as both obesity and hypertension
have emerged as significant risk factors for severe outcomes in patients with COVID-19.
Thus, the potential of these plant extracts to ameliorate these conditions could contribute,
indirectly, to improved prognoses in such individuals.

However, given the current limited scope of available studies, these findings should be
interpreted as preliminary. Therefore, additional, more extensive clinical trials are needed
to strengthen these evidence-based conclusions and further evaluate the role of these plant
extracts in MetS prevention and management.
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