'.) Check for updates

Phytotherapy Research W I L E Y

| REVIEW

Efficacy of Olive Leaf Extract in Improving Blood Pressure
in Pre-Hypertensive and Hypertensive Individuals:
A Systematic Review and Meta-Analysis

Rebeca Lachovicz | Vera Ferro-Lebres | Juliana Almeida-de-Souza | José Alberto Pereira

CIMO, LA SusTEC, Instituto Politécnico de Braganca, Braganca, Portugal

Correspondence: Rebeca Lachovicz (rebeca.candido@ipb.pt)
Received: 2 July 2024 | Revised: 21 January 2025 | Accepted: 25 March 2025

Funding: This work was supported by national funds through Foundation for Science and Technology [in EN] or Fundaco para a Ciéncia e a Tecnologia
[in PT] (FCT), Ministry of Science, Technology and Higher Education (MCTES) Funded by national funds (PIDDAC): CIMO, UIDB/00690/2020 (DOI:
10.54499/UIDB/00690/2020) and UIDP/00690/2020 (DOI: 10.54499/UIDP/00690/2020); and SusTEC, LA/P/0007/2020 (DOI: 10.54499/LA/P/0007/2020).

Keywords: blood pressure | Olea europaea L. | oleuropein | phytotherapy | pre-hypertension

ABSTRACT

Annually, approximately 10 million deaths are attributed to hypertension, highlighting the critical need for effective treatments
beyond conventional medications due to their limitations. Therefore, the aim of this study was to evaluate the impact of Olea
europaea L. on blood pressure in adults with prehypertension and hypertension. The search, conducted from November/2022-
October/2024 was performed on EBSCO, CABI, CNKI, Cochrane Library, DOAJ, PUBMED, SCOPUS, and WEB OF SCIENCE
databases using Hypertension AND Olea europaea L. Eligible studies included those evaluating the effect of Olea europaea L. on
systolic/diastolic blood pressure in hypertensive or pre-hypertensive adults. Exclusion criteria were multi-preparation interven-
tions. Data on reference, country, sample, intervention/control details, duration, and differences in systolic and diastolic blood
pressure, adverse effects, and medication use were extracted manually. The mean differences, heterogeneity (I?) and quality of
the studies were assessed using Review Manager (version 5.4). From 211 found studies, 3 met the eligibility criteria, considering
248 participants analysed. An antihypertensive effect was observed on systolic and diastolic blood pressure in the pre- vs. post-
intervention in the global analysis (systolic —6.03 mmHg, 95% CI: [-11.60, —0.46], I?=82%, p=0.03; diastolic —2.38 mmHg, 95%
CI: [-4.96, 0.20], I’=50%, p=0.07) and in the sub-analysis that included the studies with the highest dose (1000 mg/day) (systolic
—11.45mmHg, 95% CIL:[-13.99, —8.91], I*=0%, p <0.001; diastolic —4.65mmHg, 95% CI: [-6.56, —2.74], I>*=0%, p <0.001). Olive
leaf extract (1000 mg/day) may reduce systolic and diastolic blood pressure by —11.45 and —4.65mmHg, respectively. However,
limitations include variable trial quality and exclusion of studies not written in English. Additional comprehensive clinical stud-
ies are essential to confirm its efficacy and safety.

1 | Introduction by systolic blood pressure (SBP) surpassing 140mmHg or dia-
stolic blood pressure (DBP) exceeding 90 mmHg, it represents a
A condition of global concern, arterial hypertension poses sig-  widespread health challenge (Unger et al. 2020). Furthermore,

nificant health risks with far-reaching consequences. Defined = pre-hypertension, characterized by SBP ranging from 130 to

Abbreviations: ABPM, ambulatory blood pressure monitoring; ACEISs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor blockers; BP, blood
pressure; CCBs, calcium channel blockers; CVD, cardiovascular disease; DBP, diastolic blood pressure; mmHg, millimeter of mercury; RCTs, randomized controlled
trials; SBP, systolic blood pressure.
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FIGURE1 | Component of the research question—PICO methodology.

139mmHg and/or DBP between 85 and 89 mmHg, signals in-
dividuals at elevated risk of progressing to full-blown hyperten-
sion (Unger et al. 2020).

Hypertension has a profound impact on global health, affect-
ing almost 1.3 billion individuals worldwide and contributing
to approximately 10 million deaths annually (World Health
Organization 2023; Zhou et al. 2021). Alarmingly, a significant
proportion of those affected remain unaware of their condition,
while only 21% of diagnosed individuals consistently adhere to
treatment regimens (Global Health Observatory (GHO) 2023).
When uncontrolled, hypertension significantly increases the
risk of cardiovascular morbidity and mortality, including stroke,
coronary heart disease, heart failure, atrial fibrillation, periph-
eral arterial disease, and kidney dysfunction (Liu et al. 2024;
Mensah et al. 2023). The World Health Organization estimates
that improving the global hypertension control rate to 50% could
prevent approximately 76 million deaths between 2023 and 2050
(World Health Organization 2023).

In the realm of treatment, pharmacological interventions play a
pivotal role. Initial therapy often includes diuretics, long-acting
calcium channel blockers (CCBs), angiotensin-converting en-
zyme inhibitors (ACEIs), angiotensin II receptor blockers
(ARBs), and beta blockers (Joint Committee for Guideline
Revision 2019). However, achieving optimal blood pressure con-
trol can be challenging, as a substantial proportion of hyperten-
sive patients (~70%) require multiple medications to reach target
levels. This not only increases the likelihood of experiencing ad-
verse effects but also escalates treatment costs (Guerrero-Garcia
and Rubio-Guerra 2018).

Compounding the issue, a significant subset of hypertensive
individuals proves resistant to traditional pharmacotherapy,
with approximately 14.7% exhibiting poor response rates
(Noubiap et al. 2019; Winner et al. 2024). Consequently, there
is a pressing need to explore alternative treatment avenues
to effectively manage this chronic condition and mitigate its
associated risks (Champaneria et al. 2023). Whether through
novel pharmacological agents, lifestyle modifications, or in-
novative therapeutic approaches, the pursuit of effective hy-
pertension management remains a critical priority in modern
healthcare.

Phytotherapy is an area of medicine that uses plants to
treat diseases or as health-promoting agents (Falzon and

Balabanova 2017). Studies indicate that some plants have an-
tihypertensive properties (Ajebli and Eddouks 2020; Jénicke
et al. 2003; Verma et al. 2021). The olive (Olea europaea L.)
leaf has been used to treat hypertension, atherosclerosis, and
diabetes since ancient times (Janicke et al. 2003; de Oliveira
et al. 2024). Recent research has confirmed that the concen-
tration of phenolic compounds varies widely between leaves,
fruits, and extra virgin olive oil, highlighting that leaves are the
main source of phenols, justifying their use in nutraceutical and
therapeutic applications, such as in the management of cardio-
vascular and metabolic conditions (Lopez-Salas et al. 2024; de
Oliveira et al. 2024). The phenolic compounds present in the
olive leaf are part of the Mediterranean diet, notably through
olive oil. Adherence to this diet has been associated with the
prevention of cardiovascular disease (CVD) (Garcia-Gavilan
et al. 2023; Martinez-Gonzalez et al. 2022). However, this herbal
medicine is not the most widely used for the treatment of hy-
pertension and, consequently, is not the most studied in relation
to other medicinal species (Ajebli and Eddouks 2020; Jdnicke
et al. 2003; Verma et al. 2021).

For this reason, the aim of this systematic review and meta-
analysis was to gather and synthesize data from experimental
trials that explored this phytotherapeutic intervention in order
to analyse its impact on blood pressure (BP) in pre-hypertensive
and hypertensive adults.

2 | Methods

This systematic review adhered to the PRISMA guidelines
(Page et al. 2020) and aimed to address the research question
formulated according to the PICO criteria (Huang et al. 2006)
(Figure 1): Is olive leaf supplementation effective in reduc-
ing blood pressure among individuals with pre-hypertension
and hypertension compared to alternative treatments or no
treatment?

Population: Individuals with pre-hypertension or hypertension,
aged at least 18years, with no restrictions on sex or ethnicity.

Intervention: Use of phytotherapy with Olea europaea L., in
any dosage, pharmaceutical form, or administration time.

Comparator: Antihypertensive drugs, dietary adjustments,
lifestyle, placebo, or no treatment.
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Outcome: Changes in systolic and/or diastolic blood pressure.

Eligible for inclusion in this review were intervention studies in-
volving human subjects diagnosed with pre-hypertension or hy-
pertension who underwent phytotherapy with olive leaf. Studies
involving normotensive individuals were excluded, as no signifi-
cant blood pressure-lowering effect was observed in this popula-
tion (Ismail et al. 2021; Razmpoosh et al. 2022; Stevens et al. 2021).

The protocol for this systematic review was not formally regis-
tered. The lack of registration was due to the limited timeframe
for the study and the exploratory nature of the research.

2.1 | Search Strategy

The bibliographic search encompassed electronic databases
such as EBSCO, CABI, CNKI, Cochrane Library, DOAJ,
PUBMED, SCOPUS, WEB OF SCIENCE. The search terms
used were “Hypertension AND Olea europaea L.”. This search
was conducted between November 2022 and October 2024,
without any time constraints for article inclusion. The data from
the retrieved studies was compiled in a Microsoft Excel data-
base (2019). Duplicate studies were eliminated, and each title
and abstract were meticulously reviewed against the predefined
eligibility criteria, this process was carried out by two research-
ers (RL and JAS), reaching a consensus in all cases, and a third
researcher (VFL) checked and confirmed the information ex-
tracted from the articles. Articles failing to meet these criteria
were excluded from further consideration.

2.2 | Study Selection
2.2.1 | Participants

We included experimental studies, written in English, conducted
on individuals with pre-hypertension and/or hypertension, eval-
uating the impact of Olea europaea L. leaf supplementation on
blood pressure. There were no restrictions based on sex or eth-
nicity, and the minimum age parameter set was 18years, with
no maximum limits intentionally set.

2.2.2 | Intervention

The focus of this study is on Olea europaea L. leaf herbal med-
icine, regardless of dosage, pharmaceutical form, administra-
tion time, or whether it is administered alongside conventional
drugs or alone. Experimental studies involving animals, in vivo
or in vitro, as well as studies in which the intervention involved
other medicinal plants (multi-preparations) were excluded.

2.2.3 | Control Group

The intervention was compared with control groups who re-
ceived antihypertensive drug therapy, the same herbal medi-
cation but in varying doses, dietary modifications, adoption of
healthy lifestyle practices, or a combination of these interven-
tions, with or without placebo.

2.2.4 | Result Measurement

We included studies that measured the effect of the intervention
on systolic and/or diastolic blood pressure.

2.3 | Extraction of Results

The data extracted included the bibliographic reference of the
article, the country where the study was conducted, the study
design, sample characteristics (degree of hypertension, sample
size, distribution by sex in intervention and control groups),
details of the intervention and control groups (including doses,
pharmaceutical forms, type of extract and chemical composi-
tion), treatment duration, wash-out period, average blood pres-
sure values before and after treatment, and between groups
when applicable. Additionally, any reported adverse effects and
the use of antihypertensive medication were recorded when
available.

2.4 | Statistical Analysis

Statistical analyses were carried out using Review Manage 5.4
(The Cochrane Collaboration 2020). Mean differences between
groups were calculated using the Inverse Variance statistical
method with 95% confidence intervals; heterogeneity was as-
sessed using the I? statistic (I>>50% indicating significant het-
erogeneity) and the random effect model was used to determine
the effect.

2.5 | Quality Assessment

The systematic quality of the included studies was assessed using
the Review Manage 5.4 (The Cochrane Collaboration 2020).

3 | Results
3.1 | Study Selection

Out of 211 studies initially identified, 90 duplicates were elimi-
nated, leaving 121 articles for manual selection by the authors.
Of these, 113 were excluded for not meeting the eligibility crite-
ria. After reviewing the full text of the remaining 8 studies, 2 es-
says were excluded because it was not written in English (Saberi
et al. 2008; Yaghoobzadeh et al. 2019), 2 with multi-preparation
interventions (Elkafrawy et al. 2020; Wong et al. 2014) and 1
without pressure parameters (SBP/DBP) (Javadi et al. 2019).
Ultimately, 3 articles were deemed suitable for inclusion in this
review. The detailed process of study selection is depicted in
Figure 2 for better visualization.

3.2 | Characteristics of the Studies

A total of 3 studies analysing the effects of Olea europaea L.
on BP were included (Table 1), published between 2008 and
2017, carried out in the following countries: Indonesia (Susalit
et al. 2011), New Zealand (Lockyer et al. 2017) and the third study
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FIGURE2 | PRISMA 2020 diagram and study selection.

did not provide clear information on the location (Perrinjaquet-
Moccetti et al. 2008). All study designs were RCTs, with double
blinding (Lockyer et al. 2017; Susalit et al. 2011) and one open
study (Perrinjaquet-Moccetti et al. 2008). Overall, the analysis in-
volved a total of 248 participants, with sample sizes ranging from
40 to 148. The age range was between 33 and 51years, covering
both sexes, with the exception of one investigation which in-
cluded only male participants (Lockyer et al. 2017). Two studies
investigated pre-hypertensive individuals (Lockyer et al. 2017;
Perrinjaquet-Moccetti et al. 2008), while another focused exclu-
sively on hypertensive individuals (Susalit et al. 2011).

The dosages and galenic forms used in the interventions varied
considerably, 1000 mg daily in capsules, 500 and 1000 mg daily
in pill, and 20mL daily in oil, with total intake after treatment
being 56g; 28-56g and 840mL, respectively. Two studies used
the 80% m/m ethanol extraction method (Perrinjaquet-Moccetti

Identification of studies through databases and registries ]
MY
Records removed before screening:
= .
g Duplicate records removed
8 Records identified from: (n=90)
= Databases (n = 211) —> Records marked as ineligible by
€ Records (n = 211) automation tools (n = 0)
S Records removed for other
reasons (n = 0)
-~
M)
A
Records in screening Deleted records
(n=121) (n=113)
A\ )
Reports wanted for recovery »| Reports not retrieved
=y (n =08) (n=0)
i
@ A
o Deleted reports:
Reports evaluated for eligibility > Reason 1 Not written in English
(n=08) (n=02)
Reason 2 Multi-preparation
(n=02)
Reason 3 No pressure parameters
(n=01)
~—
A
3 Studies included in the review
] (n=083)
° Included study reports
= (n=083)

et al. 2008; Susalit et al. 2011), while the third study did not
reveal any information about the extraction procedure used
(Lockyer et al. 2017) and the Oleuropein value ranged from
19.9% to 20.8% m/m (Perrinjaquet-Moccetti et al. 2008; Susalit
etal. 2011) and 6.81 mg/mL (Lockyer et al. 2017). Only one study
compared the intervention to placebo (Lockyer et al. 2017); the
others compared to other treatments.

Adverse effects were reported in two articles (Lockyer et al. 2017;
Susalit et al. 2011), namely: acne, mild stomach pain, cough, diz-
ziness, headaches, fatigue, myalgia, and muscle cramps.

The methods used to measure SBP and DBP results were the
digital sphygmomanometer (Perrinjaquet-Moccetti et al. 2008)
and the 24-h ambulatory blood pressure monitoring (ABPM)
(Lockyer et al. 2017); one study did not clarify the method used
to measure BP (Susalit et al. 2011).
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Others
(Measuring
device/Use
of antihyper
tensive drugs)
Not clear/No

antihypertensive
treatment

Adverse
effects
Cough (5%)
Vertigo
discomfort,
headache,
fatigue,
malaise,
myalgia
and muscle
cramps
(<5%)

(mmHg)
No significant
differences
between groups (6%) Muscle
No significant
differences
between groups

Mean+SD

4. 8%H%

IGpost
IGpost -1IGpre IGpost- CGpost

Results
(mmHg) (mmHg)
133.5+10.4 —11.5%**

Mean +SD
86.6+6.9

IGpre
(mmHg)

91.3+5.1

145.0£5.0

Parameters

Wash-
out

8W

CG: Captopril
250r 50mg

composition Comparison Duration

Chemical
19.9% m/m
oleuropein

extract

Ethanol
80%
m/m

OLE/ Galenical Type of
form

1000mg Capsules

Dose of
day

51yo
CG:

X~ 50
yo

148 1G:x~

1G:
72

=76
(13%)

(%
male) Age

Sample
CG:

n
n
n=

Participants
patients
(SBP between 140
DBP <90mmHg
or between 90
and 99mmHg)

3QHypertensive
and 159mmHgand  (17%)

Study
Blind
Parallel

(Continued)
Country design
Indonesia RCT D.

Abbreviations: ANOVA, analysis of variance; CG, control group; D., double; DBP, diastolic blood pressure; IG, intervention group; mmHg, millimeter of mercury; OLE, Olive Leaf Extract; RCTs, randomized controlled trials; S.,

Note: Age and results expressed as average. *p <0.05, **p <0.01, and ***p <0.001 represent significant difference. Values in bold denote statistical significance.
simple; SBP, systolic blood pressure; SD, Standard deviation; T., triple; W, week; YO, years old.

Reference
(Susalit
etal. 2011)

TABLE 1

None of the randomized clinical trials included participants tak-
ing conventional antihypertensive drugs.

In addition to administering the herbal medicine, participants
were instructed to avoid using creams enriched with plant ste-
rols/stanols and any product containing olives, such as olives,
olive oil, olive margarine, and tapenade, throughout the study
(Lockyer et al. 2017). Another study provided participants with
dietary guidelines to maintain low saturated and total fat in-
take, reduce cholesterol intake, and limit sodium intake to less
than 2.4g per day (Susalit et al. 2011). Only the control group
in one study received healthy lifestyle advice for lowering BP
(Perrinjaquet-Moccetti et al. 2008).

3.3 | Statistical Analysis

The analysis of the effects of olive leaf extract consumption on
hypertension, pre- and post-intervention, included the three
studies selected according to the initial eligibility criteria.
However, for the study carried out on monozygotic twins, it was
split into three, since two daily doses of 500 mg were analysed
for two different groups of the herbal medicine and one daily
dose of 1000mg for another group. The total population was
162 participants, whose average systolic blood pressure before
and after the intervention was —6.03mmHg, 95% CI: [—-11.60,
—0.46] (Figure 3) and diastolic blood pressure —2.38 mmHg, 95%
CIL: [-4.96, 0.20] (Figure 4). The effect of olive leaf extract con-
sumption was statistically different in reducing SBP (z=2.12;
p=0.03) and DBP (z=1.81; p=0.07) (Figures 3 and 4, respec-
tively). Heterogeneity was reported as “high” for systolic I>=82%
(chi?=22.82, df=4; p<0.001) and “moderate” for diastolic
PP=50% (chi?=7.95, df =4; p=0.09).

With the effect of the herbal medicine determined, and evi-
dence of high heterogeneity, the subgroup analysis, which
separated according to the dose administered, <500 or 1000g,
showed an I? considered “low” for SBP of 1000/<500mg=0%
(chi?=0.01, df=1; p=0.91) (Figure 5)/0% (chi?=0.65,
df=2; p=0.72) (Figure 6) and for DBP 1000/<500mg=0%
(chi?=0.03, df=1; p=0.85) (Figure 7)/0% (chi*=0.92, df=2;
p=0.63) (Figure 8). Efficacy was maintained for the highest
dose, SBP (z=8.84; p<0.001) and DBP (z=4.77; p<0.001)
(Figures 5 and 7), while no statistical difference was observed
for the lowest dose, SBP (z=1.14; p=0.25) and DBP (z=0.39;
p=0.69) (Figures 6 and 8).

For the analysis of the intervention and control groups, we ex-
cluded the studies that compared olive leaf extract with itself
and with the drug captopril, since the clinical heterogeneity of
the studies could be high, so we compared it with placebo and
untreated groups. The total population analysed was 70 partic-
ipants, for the intervention and control group, whose average
systolic blood pressure was —1.49mmHg, 95% CI: [—4.86, 1.88]
(Figure 9) and diastolic blood pressure —1.40mmHg, 95% CIL:
[-4.12, 1.33] (Figure 10). The effect of olive leaf extract con-
sumption was not statistically different in reducing SBP (z=0.87;
p=0.39) and DBP (z=1.00; p=0.32) (Figures 9 and 10, respec-
tively). Heterogeneity was reported as “low” in the analysis for
systolic I>=0% (chi®?=0.58, df =1; p=0.45) and diastolic >=0%
(chi?=0.33,df=1; p=0.57).
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Post Intervention Pre Inverntion Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI ABCDETFG®G
Lockyer etal. 2017 1333 94 B0 1347 117 60 235%  -1.40[5.20,2.40] —a [TTEXT T
Pertinjaguet-Moccetti et al. 2008 136 9 10 137 7 10 185%  -1.00[8.07,6.07] —— 200?®@®
Pertinjaguet-Moccetti et al. 2008 130 11 10 135 8 10 165%  -5.00[13.43,3.43] —_—— 200728®
Perrinjaquet-Moccetti et al. 2008 126 9 10 137 10 10 16.6% -11.00[-19.34,-2.66) — ? .. 2882
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FIGURE3 | Mean pre and post intervention (SBP) and risk of bias.
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FIGURE4 | Mean pre and post intervention (DBP) and risk of bias.
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FIGURES5 | Sub-group analysis mean pre- and post-intervention SBP (1000 mg).
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FIGURE 6 | Sub-group analysis mean pre- and post-intervention SBP (<500 mg).
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FIGURE 7 | Sub-group analysis mean pre- and post-intervention DBP (1000 mg).
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FIGURE 8 | Sub-group analysis mean pre- and post-intervention DBP (<500 mg).
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FIGURE9 | Mean post intervention and control (SBP).
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FIGURE 10 | Mean post intervention and control (DBP).

3.4 | The Methodological Quality
of the Included Trials

The studies included in this meta-analysis presented a low
(Lockyer et al. 2017), moderate (Susalit et al. 2011) and high
(Perrinjaquet-Moccetti et al. 2008) risk of bias (Figures 3 and 5).
This last study was an open design which did not clearly present
the randomization applied and, in particular, the intervention
administered to the groups and administrators was not blinded.
The categorization of risk of bias was based on the categories
“blinding” of both participants and evaluator and allocation
(Figure 11). Publication bias was not assessed because the num-
ber of studies was less than 10 (Dalton et al. 2016).

4 | Discussion
The aim of this systematic review was to gather and synthe-

size data from experimental trials that analysed the impact of
the medicinal plant Olea europaea L. leaf on blood pressure

-1.00 [-4.05, 2.05]
-3.00[9.14,3.14]

-1.40 [-4.12, 1.33]

' : l : '
-10 0 10

-20 20

Favours [experimental] Favours [control]

in pre-hypertensive and hypertensive adults. It was possible
to observe a hypotensive effect in the herbal medicines stud-
ied, which ranged from —11.60 to —0.46 mmHg for SBP and
—4.96 to 0.20mmHg for DBP. The hypotensive effect was also
found when the intervention group was compared to placebo.
These findings emphasize the use of herbal medicines, since
each decrease of 10 mmHg in SBP and 5-6 mmHg in DBP sub-
stantially reduces the risk of CVD (Fuchs and Whelton 2020).
To our knowledge, this systematic review is the first to carry
out a meta-analysis of information covering only the herbal
medicine Olea europaea L. for the treatment of hypertensive
and pre-hypertensive patients. Previous studies have car-
ried out this analysis in the general population (Razmpoosh
et al. 2022), and others have included studies that analysed
olive leaf extract together with other active compounds in the
same group (Ismail et al. 2021).

The bioactive compounds present in Olea europaea L. leaf (oleu-
ropein, oleacein, tyrosol, and hydroxytyrosol) may be responsi-
ble for the actions that bring benefits in terms of hypertension
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FIGURE 11 | Risk of bias graph.

control and cardiovascular protection. A review focused on stud-
ies exploring the molecular mechanisms underlying the cardi-
oprotective properties of different olive oils, in vitro in rodent
models and in human clinical trials, concluded that hydroxyty-
rosol and oleuropein have been identified as the main bioactive
compounds responsible for antioxidant, anti-inflammatory, anti-
platelet aggregation, and anti-atherogenic activities (Dabravolski
et al. 2024). The ability of the compound tyrosol to eliminate ox-
ygen radical species has also been clearly demonstrated (in vitro)
(Cuffaro et al. 2023). With regard to olive leaf extract, the active
constituents oleuropein and oleacein reduced the vascular stiff-
ness index in humans and attenuated it after a meal (Lockyer
et al. 2015), may be associated with angiotensin inhibition and
appear to be responsible for the antihypertensive effect (in vivo)
(Asghari et al. 2022; Hansen et al. 1996), as well as the reduc-
tion in the production of inflammatory cytokines (IL-6 and IL-8)
and tumor necrosis factor alpha (TNF-a) both in hypertensive
patients and in ex vivo (IL-8) studies (Javadi et al. 2019; Lockyer
et al. 2015).

Of the three studies included, only one investigated this herbal
medicine in its oil pharmaceutical form (Lockyer et al. 2017), re-
vealing neutral values for blood pressure parameters. However, it
is important to note that the oil form showed superior bioavail-
ability compared to capsules and tablets (de Bock et al. 2013).
However, this study provided a daily dose of oleuropein of
136.2mg, while another study in this meta-analysis administered
100mg daily of oleuropein in capsules, obtaining the same re-
sults (Perrinjaquet-Moccetti et al. 2008). Nonetheless, when the
daily dose was increased to 200 mg, statistically significant differ-
ences were observed (Perrinjaquet-Moccetti et al. 2008; Susalit
et al. 2011), which can be confirmed by the analysis conducted
in this article (Figures 5 and 7) and the results of previous arti-
cles (Ismail et al. 2021; Razmpoosh et al. 2022). In addition, it
is important to note that this was the only study that assessed
participants’ BP using 24-h ABPM, which could provide more ac-
curate results (Lockyer et al. 2015). Using 24-h ABPM is the most
accurate method for analysing BP, compared to isolated mea-
surements made using sphygmomanometers (Green et al. 2021).
This method is able to-can differentiate hypertension from the
white coat, which is individuals who have elevated BP in the doc-
tor's office and normal daytime BP measured by ABPM (Kario
et al. 2019; Unger et al. 2020).

Another factor that can be considered in studies of oleuro-
pein’s daily dose of ~100mg is its pre-hypertensive population

(Lockyer et al. 2017; Perrinjaquet-Moccetti et al. 2008). Evidence
has shown that herbal medicines may have no effect on partic-
ipants with BP values close to normotensive levels, so it may be
safe for these groups to include these herbal medicines in their
diet and not develop hypotension (Ismail et al. 2021; Razmpoosh
et al. 2022).

As for the comparisons, the lack of association between the
herbal medicine and the control and untreated groups can be
attributed to the small number of studies and the high het-
erogeneity between them and in relation to the comparison
with Captopril, similar reductions to the intervention were ob-
served, that is, the reduction in BP caused by the herbal med-
icine was almost similar to that caused by the drug Captopril.
The study carried out with monozygotic twins found effec-
tiveness in reducing BP for the average of the pre- and post-
intervention groups in relation to the highest dose; however,
when comparing pairs of twins, there was no statistically
significant reduction for the intervention groups vs. control
(Perrinjaquet-Moccetti et al. 2008). This last analysis allowed
greater control of environmental factors and the detection of
effects at a sensitive level.

Regarding adverse effects, no serious symptoms were identi-
fied in general. However, only an exhaustive analysis of all
available clinical data, including randomized clinical trials,
case reports, post-marketing surveillance studies, and spon-
taneous reports through systematic reviews, can provide
reliable information on the safety of herbal medicines (Izzo
et al. 2016).

Due to the lack of strict regulation in the nutraceutical sec-
tor, the manufacturer's obligation to demonstrate the efficacy,
safety, and quality of products is less enforced compared to the
pharmaceutical sector. As a result, many products available
on the market may be ineffective, which reinforces the need
for critical and rigorous evaluations. In this context, it stands
out that systematic reviews and meta-analyses are at the top of
the clinical evidence documentation, offering a solid and reli-
able basis for making informed health decisions (Williamson
et al. 2020).

The results found in this systematic review provide evidence
to support the use of Olea europaea L. leaf extract in the treat-
ment of blood pressure, particularly in hypertensive individuals.
Despite the small number of studies included, the meta-analysis

9o0f12

85U0| 7 SUOWILIOD 3AIERID 3|l dde auj Aq paueob a1e Sae VO ‘8SN J0 S3IN 104 AXRIq 1T 3UIIUO AB|IM UO (SUORIPUD-pUR-SWBH IO A8 | IM"AeIq 1[eul UO//SA1L) SUORIPUOD Pue SWiB | 34} 83S *[5202/90/90] Uo A%iqiTauljuo A8|im eouebeig 8@ 983 iod 1ul-d Ad 6058"11d/200T OT/I0p/w0o A 1M Axeaqjeuuo//Sdiy wouy papeojumoq ‘0 ‘€.ST660T



carried out contributes to a preliminary understanding of the
efficacy of Olea europaea L. leaf offering a basis for future re-
search. It should be noted that the variations in formulations,
dosages, and populations studied indicate the need for standard-
ized protocols in future research, exploring long-term effects
and employing robust methodologies, such as 24-h ABPM, to
confirm these results.

4.1 | Limitations

Our meta-analysis recorded the efficacy of the herbal medi-
cine on blood pressure, but some parameters must be taken
into account, such as the low number of studies carried out and
the often poor quality and notable variation between studies
included.

Regarding the study with the highest risk of bias assessment
(Perrinjaquet-Moccetti et al. 2008), true randomization was not
clearly mentioned, there was no blinding of participants as to
treatment allocation and assignment, and treatment adminis-
trators were aware of the different treatments and allocations,
making the placebo effect and observer bias possible. In another
article (Susalit et al. 2011), selection bias was an increased risk for
internal validity, as there was no similarity at baseline between
participants. The quality of outcome measurement has not been
reported for BP assessment, nor has the exclusivity and training
of the assessors. The feasibility of 24-h ABPM has already been
mentioned in this review, but only 1 article used this method
(Lockyer et al. 2017). Blinding of outcome assessors was not re-
ported in 2 studies, increasing the risk of measurement bias in
the results (Perrinjaquet-Moccetti et al. 2008; Susalit et al. 2011).
None of the studies included in this review reported information
on the blinding or lack of blinding of outcome assessors, which
may introduce an increased risk of measurement bias.

In carrying out this review, we faced some limitations, such
as the exclusion of articles published in languages other than
English, despite our fluency in Portuguese, Spanish, Italian,
French, and English. This choice aims to ensure the accu-
racy and feasibility of the work, since most of the literature
is available in English. In addition, we identified only three
potential studies that evaluated the use of the herbal medi-
cine Olea Europaea L. leaf in the treatment of blood pressure
in pre-hypertensive and hypertensive individuals. Although
the trials included have some methodological limitations, the
meta-analysis carried out contributes to a preliminary under-
standing of the efficacy of the herbal medicine, offering a basis
for future research. As such, research into this herbal medi-
cine is still limited, and more studies need to be conducted to
strengthen the available evidence.

5 | Conclusion

The use of olive leaf extract at a dose of 1000 mg/day demon-
strated an average reduction in high blood pressure levels of
—11.45mmHg in systolic pressure and —4.65mmHg in diastolic
pressure. However, these data must be analysed with caution
due to the varying quality of studies and differences between
treatments. There is a clear need to conduct more comprehensive

human clinical studies to accurately assess the efficacy and
safety of olive leaf extract on blood pressure.
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