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Abstract

Aims. Cardiometabolic diseases (CMDs) are major contributors to global morbidity and mortality, and
dietary bioactives such as polyphenols may modulate key risk factors. Olive by-products, particularly
olive leaves (OL) and olive pomace (OP), are rich in phenolic compounds with antioxidant, anti-
inflammatory, and cardiometabolic effects demonstrated across in vitro, preclinical, and clinical studies.

Data synthesis: This GRADE-assessed systematic review and meta-analysis included 30 randomized
controlled trials (n = 1,726) evaluating OL or OP supplementation on 21 standardized biomarkers,
encompassing inflammatory markers, lipid profile, glycemic control, insulin sensitivity, anthropometric
measures, and blood pressure. Meta-analyses were conducted using random-effects models, with effect
sizes calculated as mean differences (or standardized mean differences for oxLDL). Between-study
heterogeneity was assessed with I? statistics, and sensitivity and subgroup analyses explored potential
sources of variability. Publication bias was evaluated using Begg’s test and funnel plots where
appropriate. OL supplementation significantly improved lipid parameters (total cholesterol, triglycerides,
LDL-C, ApoB, oxLLDL) and increased ApoA1, while reducing TNF-a, systolic and diastolic blood
pressure, body weight, and BMI. No significant effects were observed on glycemic markers. OP
supplementation showed no consistent cardiometabolic benefits and was associated with an increase in
IL-8. Certainty of evidence ranged from very low to high, with several outcomes downgraded due to
imprecision, heterogeneity, or limited study numbers.

Conclusion: These findings support the targeted use of OL as an adjunctive strategy for cardiometabolic
risk management. Evidence for OP supplementation remains limited, underscoring the need for well-
powered, high-quality RCTs to clarify its clinical effects.

Keywords
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Introduction

Cardiometabolic diseases (CMDs) remain leading causes of global morbidity and mortality [1-3]. These
disorders share overlapping pathophysiological features, including chronic low-grade inflammation [4—6],
oxidative stress [7], dyslipidemia, impaired glucose metabolism, and increased adiposity [8,9]. Such
alterations are reflected in changes in diverse biomarkers, including inflammatory markers (e.g., C-
reactive protein [CRP], interleukins), lipid fractions, fasting glucose, insulin resistance indices, and
anthropometric measures. Among the foundational determinants of cardiometabolic health, diet and
nutritional supplementation play pivotal roles [10]. Specifically, dietary patterns rich in plant-derived
foods and bioactive compounds, including Mediterranean and other predominantly plant-based dietary
patterns, are consistently associated with reduced CMD risk and improved metabolic profiles [11-15].

Polyphenols, a heterogeneous class of plant secondary metabolites abundant in fruits, vegetables, and
herbs, are recognized for their antioxidant, anti-inflammatory, and cardioprotective properties [16—18].
Diets rich in polyphenols, such as the Mediterranean diet [11], have been linked to lower cardiovascular
disease incidence, improved lipid profiles, enhanced glycemic control, reduced inflammatory markers,
and favorable effects on body composition [11,19]. Consequently, growing attention has been directed
toward polyphenol-rich diets and supplementation as adjunctive strategies for improving cardiometabolic
biomarkers in both clinical and at-risk populations.

In parallel, the concept of sustainable diets—which promote human health while minimizing
environmental impact—has gained prominence in public health nutrition research. Sustainable diets
emphasize whole food consumption, reduction of food waste, and valorization of agricultural by-products
as strategies to enhance nutritional outcomes and environmental stewardship [20-23]. Valorizing food
waste not only mitigates environmental burden but also offers opportunities to recover bioactive
compounds for functional food and nutraceutical applications [24].

The olive tree (Olea europaea L.), a cornerstone of Mediterranean agriculture and diet, produces olive
oil—a staple associated with cardiometabolic benefits [11,25]. Olive cultivation, however, generates
substantial by-products, primarily olive leaves (OL) and olive pomace (OP, the solid residue of oil
extraction). These by-products are rich in phenolic compounds, including oleuropein, hydroxytyrosol, and
flavonoids, which exhibit potent antioxidant and anti-inflammatory activities across in vitro and
preclinical studies [26-28].

Olive leaves have traditionally been utilized and increasingly investigated in vitro and in vivo [29-34], as
well as in clinical studies [34-58], for their potential to improve blood pressure, lipid metabolism,
glucose homeostasis, inflammatory status, and anthropometric measures [29-58]. Olive pomace,
historically regarded as waste, similarly contains residual phenolics and dietary fibers with demonstrated
bioactivity in vitro and in vivo [59-65], as well as in clinical trials [66—70], including modulation of
oxidative stress, metabolic pathways, and cardiovascular health parameters [59-70]. Despite growing
evidence supporting the benefits of these by-products, findings remain heterogeneous, and study quality
varies. While most studies suggest favorable effects—particularly for olive leaves [29-34,37—42,44,47—
51,53-58] —some trials report no significant improvements in certain biomarkers [35,36,43,45,46,52].
Moreover, few randomized controlled trials (RCTs) have evaluated olive pomace supplementation in
humans [66—70], limiting definitive conclusions regarding its clinical efficacy.

Several systematic reviews [71] and meta-analyses have assessed olive leaf supplementation [72—76]. For
instance, Frumuzachi et al. reported that OL extract and hydroxytyrosol supplementation may improve
cardiometabolic outcomes as well as bone, joint, and cognitive health [71]. Razmpoosh et al. found that
OL extract supplementation benefited blood pressure and lipid profiles, particularly in hypertensive
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adults, though evidence quality for glycemic, hepatic, renal, and inflammatory markers was low-to-very
low, highlighting the need for higher-quality RCTs [72]. Similarly, Alvares et al. noted that low-dose OL
extract did not significantly affect fasting glycemia [73], while other meta-analyses reported reductions in
systolic and diastolic blood pressure, cholesterol, triglycerides, and LDL-C [76], or selective
improvements in blood pressure and inflammatory markers in prehypertensive and hypertensive
populations [74,75]. To date, no systematic review or meta-analysis of RCTs has comprehensively
evaluated the effects of olive pomace supplementation on cardiometabolic outcomes or assessed these
interventions across a broad range of standardized biomarkers using evidence grading frameworks.

Current study evaluated the effects of OL or OP supplementation on key cardiometabolic biomarkers—
including inflammatory markers, lipid profile, glycemic control, insulin sensitivity, anthropometric, and
clinical parameters—through a Grading of Recommendations Assessment, Development, and Evaluation
(GRADE)-assessed systematic review and meta-analysis of RCTs. Unlike previous studies, this analysis
integrates a broader spectrum of 21 markers, offering an updated and more rigorous synthesis of the
clinical evidence. By systematically grading and consolidating available data, this work aims to clarify the
impact of olive by-products on cardiometabolic health and inform future research, clinical practice, and
sustainable utilization of olive industry by-products. Importantly, the valorization of OL and OP also
aligns with circular economy principles, as their use as bioactive-rich ingredients represents an upcycling
strategy that contributes to waste reduction and adds value to the olive oil production chain.

2. Methods
2.1. Search strategy

A comprehensive systematic search was conducted between June 15 and August 11, 2025, across
PubMed, EMBASE, MEDLINE, Scopus, Web of Science, and Cochrane CENTRAL to identify RCTs. In
addition, a manual search of related literature was performed, including screening reference lists,
bibliographies, and databases of relevant articles, to capture studies potentially missed by automated
searches. Two independent reviewers performed the search to minimize selection bias. Searches were
conducted without restrictions on language or publication date, and all retrieved records were imported
into EndNote 21.2 [77] for citation management, duplicate removal, and streamlined workflow. To ensure
inclusion of recently published studies, automated keyword alerts were maintained throughout the review
process, and the database search was updated between November 10 and December 15, 2025.

The search strategy incorporated an exhaustive set of keywords and MeSH terms covering olive by-
products and anthropometric markers, and all keywords were carefully adapted to the indexing and search
syntax of each database. The full search strategies used to identify relevant studies across all databases are
provided in Supplementary Table 1.

This systematic review and meta-analysis were conducted in strict accordance with Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [78], and the study protocol was
prospectively registered in PROSPERO (CRD42024543845).

2.2. Inclusion and exclusion criteria

RCTs investigating the effects of olive by-products—specifically OL or OP—or foods containing these
ingredients—on anthropometric and cardiovascular health markers in humans were considered for
inclusion. Eligible populations comprised healthy adults and individuals with cardiometabolic risk
factors, including overweight or obesity, hypertension, dyslipidemia, type 2 diabetes, and metabolic
syndrome, as these groups are directly relevant to the outcomes of interest.
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Trials were excluded if participants had active COVID-19 infection, cancer, or were undergoing
chemotherapy, since disease- and treatment-related factors could independently influence cardiometabolic
and anthropometric outcomes, introducing potential confounding [79]. Studies were excluded if the
intervention involved olive oil or whole olive fruit (including extracts or powders). Trials were also
excluded when the comparator was an active pharmaceutical agent rather than a placebo, usual diet, or
non-drug control, or if the intervention duration was shorter than one week. Additionally, studies were
excluded if participants consumed products from animals fed with olive by-products.

Interventions consisting of OL or OP alone, or dietary supplements in which these by-products were
among the primary active ingredients, were considered eligible. Studies were excluded if the control
group received olive leaf or pomace, or if final results were not publicly available and data could not be
obtained from the authors. These criteria ensured that included trials directly assessed the effects of olive
by-products on anthropometric, cardiovascular, inflammatory, metabolic, and lipid outcomes, without
confounding from other treatments or diseases.

2.3. Article Screening and Selection

Two reviewers (F.M. and C.R.) independently screened all retrieved records and assessed each report for
eligibility. In cases of disagreement regarding study selection, a third reviewer (M.M.) was consulted to
reach a consensus.

2.4. Data extraction

A standardized data extraction form developed in Microsoft Excel was used to systematically collect and
organize relevant data from the included studies. Data extraction was performed independently by two
reviewers, and any discrepancies were resolved through discussion or, when necessary, by consultation
with a third reviewer.

The following information was extracted from each eligible study: first author’s surname, country of
origin, year of publication, study design (parallel [34,36-44,46—54,56-58,66,67] or crossover
[35,45,55,68—-70]), study duration, sample size, sex distribution, mean age with corresponding standard
deviation (SD) [34-41,43-53,55-58,66—69] or standard error (SE) [42,70], details of the dietary
intervention and control conditions, participants’ health status, smoking and alcohol consumption, and
medication use. Additionally, mean values with SD [34,37-41,43-54,56-58,66—69], SE [35,36,42,70],
95% confidence intervals (CIs)[55] or medians and interquartile ranges [53,66] for all relevant outcome
measures were extracted for both the intervention and control groups at baseline and post-intervention.
When required data were missing or unclear, the corresponding authors were contacted to obtain
additional information.

2.5. Quality assessment and risk of bias

The study quality was assessed using version 2 of the Cochrane risk of bias tool for RCTs (RoB2.0)
[80].The following methodological domains were considered: Risk of bias arising from the randomization
process, Risk of bias arising from period and carryover effects (crossover RCTs), Risk of bias due to
deviations from the intended interventions, risk of bias due to missing outcome data, Risk of bias in
measurement of the outcome, Risk of bias in selection of the reported result. Each item was scored as a
low, some concerns or high regarding risk of bias. Two authors (F.M. and M.M.) independently assessed
the studies. The final evaluations were determined through agreement between authors.

2.6. Statistical analysis
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Meta-analyses were conducted for 21 outcomes across four categories: (1) inflammatory biomarkers (IL-
6, IL-8, TNF-a, CRP, adiponectin); (2) lipid profile markers (TC, TG, HDL, LDL, ApoA1l, ApoB,
oxLDL); (3) glycemic control/insulin sensitivity markers (FPG, FPI, HOMAIR); and (4)
anthropometric/clinical parameters (BMI, weight, WC, HC, SBP, DBP). Separate meta-analyses were
performed for each outcome following supplementation with foods containing OL or OP when at least
two independent RCTs were available [80]. This meta-analysis was conducted using the dplyr, meta, and
metafor packages in RStudio (version 2023.12.1+402[81]. For 20 of the outcomes, effect sizes were
reported as mean difference (MD). For oxLDL, standardized mean difference (SMD) was used because
the data across studies were reported in different units, making it infeasible to convert them to a common
unit for MD calculation. Data were collected as mean (SD) of change before and after the intervention for
both the experimental and control groups. When mean changes were not reported, they were calculated by
subtracting the baseline mean from the post-intervention mean. The SD for these calculated means was
determined following the method described in the Cochrane guidelines [82]. Data in the RCTs were
reported as mean with SD [34,37-41,43-54,56-58,66—69], mean with SE [35,36,42,70], mean with 95%
CI [55] or median with interquartile range [53,66]When SDs were unavailable, they were derived from
95% Cls or SE [82], and when only the median with interquartile range was reported, both the mean and
SD were calculated according to the method specified in the Cochrane guideline [82].

To account for heterogeneity in study methodologies, random-effects models with the restricted maximum
likelihood (REML) estimator were used to calculate pooled effect sizes. The REML approach was
selected because it provides unbiased estimates of variance components, particularly in models
incorporating random effects. Study weights were assigned using inverse-variance weighting, so that each
study’s contribution to the pooled estimate was inversely proportional to the variance of its effect size,
thereby giving greater influence to studies with more precise (lower variance) estimates [82]. Thirteen
studies [36,40,41,44,46,48,51,53,54,57,66,69,70]were included multiple times in the meta-analysis for
certain outcomes due to variations in the intervention and control groups, as well as the evaluation of
outcomes at multiple time points. Crossover trials [35,45,55,68—70] were incorporated into the meta-
analysis alongside parallel trials by comparing outcomes from the intervention periods with those from
the control periods. While this approach may introduce a unit-of-analysis error, it is considered a
conservative method [82]. Additionally, sensitivity analyses were conducted on the crossover trials using
paired analyses with different correlation coefficients (0.25, 0.5, and 0.75) to assess the potential
underweighting of these studies.

Sensitivity and subgroup analyses were performed to explore potential sources of heterogeneity.
Sensitivity analyses included a leave-one-out approach, in which each study was sequentially excluded to
evaluate its impact on the overall pooled effect, applied when at least five RCTs were available for a
given outcome [82]. Additional sensitivity analyses were conducted by excluding studies with a high risk
of bias, where appropriate. Subgroup analyses were performed based on study duration (<8 vs. >8 weeks),
study design (parallel vs. crossover), participants’ health status (healthy vs. unhealthy), intervention
characteristics (olive leaves or olive pomace alone vs. combined with other bioactive compounds),
participants’ use of medications (yes vs. no), mean age (<60 vs. >60 years), sex (male only, female only,
or both), and geographical location (Europe, North and South America, Asia, Oceania/Australasia), when
applicable. Between-study heterogeneity was evaluated using the I? statistic and categorized according to
Cochrane guidelines: low (0-40%), moderate (30—-60%), substantial (50-90%), and considerable (75—
100%) [82]. Given the exploratory nature of assessing multiple outcomes (n = 21), no formal adjustment
for multiple comparisons was applied; therefore, the possibility of type I error inflation should be
considered when interpreting statistically significant findings.
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To assess potential publication bias in the meta-analysis, Begg’s test, a rank-based method that evaluates
the correlation between effect estimates and their variances, was used when applicable. Begg’s test was
chosen over Egger’s test because some outcomes were based on small datasets; it is more robust for
smaller samples and does not rely on the linear regression assumptions required by Egger’s test [82—85].
Nevertheless, results should be interpreted with caution due to the limited number of studies and the
resulting low statistical power [82—84]. For outcomes with at least 10 independent studies, funnel plots
were also generated [82]. For outcomes with only two or three RCTs, publication bias tests were not
performed because they are considered unreliable [82]. A significance threshold of P < 0.05 was applied
throughout the study.

2.7. Certainty Assessment

The overall certainty of evidence across studies was assessed following the guidelines of the GRADE
working group [86,87](https://www.gradeworkinggroup.org/). Based on this evaluation, the quality of
evidence was classified into four levels: high, moderate, low, and very low [88].

3. Results
3.1. Study selection

Figure 1 illustrates the PRISMA flow diagram [78], outlining the systematic search and study selection
process. A total of 604 records were initially identified through database searches. After removing 255
duplicate records, 349 studies remained for title and abstract screening. Of these, 284 were excluded due
to irrelevance to the research topic or because the study design was not a RCT.

Full-text assessments were conducted for the remaining 65 articles, resulting in the exclusion of 35
studies that did not meet the predefined eligibility criteria. Additionally, seven records were identified
through manual searches, of which two were retrieved for full-text review; however, none met the
inclusion criteria. In total, 30 RCTs [34-58,66—70] met the eligibility criteria and were included in this
systematic review and meta-analysis.

3.2. Study characteristics

Table 1 provides a comprehensive overview of the specific characteristics of the trials included in this
study. The 30 studies included in this systematic review and meta-analysis were conducted across 13
countries, with the highest representation in Spain [38,39,53,69,70](16.7%) and Iran
[42,47,49,50,58](16.7%), followed by Greece [52,57,66](10.0%), Italy [54,67,68](10.0%), and the
Netherlands [36,43,48](10.0%). Other countries included New Zealand [45,55](6.7%), Israel
[34,40](6.7%), Australia [35,46] (6.7%), and Japan [56], Poland [51], Switzerland [44], the United
Kingdom [41], and France [37](each 3.3%). The studies were published between 2008 and 2025. Six
studies employed a crossover design [35,45,55,68—70] while the remaining studies used a parallel
design[34,36-44,46-54,56-58,66,67]. Regarding blinding, 24 studies were double-blind [34—43,45—
49,51-53,55,56,58,66—68], three were partially blinded [50,69,70], and three were not blinded [44,54,57].
The duration of the included trials ranged from 4 to 48 weeks; however, one study did not report
information regarding trial duration [42] Five RCTs evaluated the effects of foods or supplements
containing OP [66—70], whereas the remaining 25 RCTs investigated OL [34-58].

Regarding the evaluated outcomes, 1L-6 [38,45,47,51,53,66,68—70] and CRP
[38,45,51,53,54,66,67,69,70]were each assessed in 9 RCTs, IL-8 in 5 RCTs [45,47,68-70], TNF-a in 6
RCTs [38,45,47,68-70], and adiponectin in 4 RCTs [45,49,66,70]. For lipid profile markers, TC [35—
39,41,43-45,48,49,51-55,57,58,66-70] and TG [35-39,41,43,45,48,49,51-58,66—70] were each
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evaluated in 23 RCTs, HDL and LDL in 24 RCTs [35-39,41,43-45,48,49,51-58,66-70], ApoAl and
ApoB in 5 RCTs [39,53,67,69,70], and oxLDL in 8 RCTs [36,38,39,45,54,55,67,70]. In terms of glycemic
control and insulin sensitivity, FPG was assessed in 17 RCTs [35-37,41,43,45,47,49,50,52—-54,56,66—
68,70], FPI in 16 RCTs [34-37,41,43,45,47,49,50,52,54,66—68,70], and HOMAIR in 11 RCTs
[35,37,41,45-47,49,52,54,68,70]. Regarding anthropometric and clinical parameters, BMI was evaluated
in 14 RCTs [35-41,45,49,54,57,66,67,70], body weight in 11 RCTs [36-40,45,49,54,56,67,70], WC in 7
RCTs [37,41,49,54,56,67,70], HC in 4 RCTs [37,54,67,70], and SBP and DBP in 15 RCTs [35-38,41—
45,55,58,66,67,69,70]. Detailed information regarding the distribution of RCTs evaluating olive pomace
and olive leaf interventions is presented in Table 1.

3.3. Participant characteristics

The analysis included 25 studies [34-58] comprising a total of 1,425 participants that examined the
effects of foods or supplements containing OL, and 5 RCTs [66—70] involving 301 participants that
evaluated the effects of OP on the outcomes of interest. Among the included studies, three enrolled
exclusively male participants [43,45,55], while four enrolled exclusively female participants [48—51]. The
mean age of randomly assigned participants ranged from 30 + 2 [70]to 64.7 & 3.46 [S0]years; however,
one study did not report participants’ age [54]. Sample sizes varied across studies, ranging from 19 [68] to
148 participants [54].

In five RCTs [44,56,67-69], participants were within the normal BMI range, whereas in the remaining
studies, some or all participants were classified as overweight or obese [34-43,45-55,57,66,70]. One
study did not report BMI information [58]. Participants across the included studies exhibited a range of
health conditions. Some had cardiometabolic risk factors, including dyslipidemia (mild or primary
hypercholesterolemia, elevated cholesterol) [36,39,53,57,67], impaired glucose metabolism or prediabetes
[37,52,54] and type 2 diabetes mellitus [34,46]. Others presented with blood pressure—related conditions,
including pre-hypertension, mild-to-moderate hypertension, essential hypertension, or untreated
borderline blood pressure [35,41,42,44,45,47,58]. Additional conditions included osteopenia [51] and
participants with stable cardiometabolic conditions under medication [40]. The remaining participants
were healthy adults with no reported chronic conditions [38,43,48-50,55,56,66,68—70] (Table 1).

3.4. Quality assessment and risk of bias

The methodological quality and risk of bias of the eligible trials were assessed using the Cochrane Risk of
Bias tool (RoB 2) [80]. The results are summarized in Table 2 and Supplementary Table 2. Seventeen
RCTs were judged to be at low risk of bias [34-38,41-43,45,46,48-50,53,68-70], twelve RCTs were
assessed as having some concerns [39,40,47,51,52,54-58,66,67], and one study was rated as high risk of
bias [44]. Overall, the risk of bias among the included studies ranged from low to high. Detailed
assessments and the specific reasons for judgments are presented in Table 2 and Supplementary Table 2.

3.5. Meta-analyses results
3.5.1 Effect of OL or OP supplementation on inflammatory biomarkers

The meta-analysis results for the effects of OL and OP on five inflammatory markers (IL-6, IL-8, TNF-a,
CRP, Adiponectin) are presented in Table 3, with forest plots shown in Supplementary Figure 1. Based on
three studies (216 observations; 141 intervention and 135 control subjects), TNF-a levels significantly
decreased following OL supplementation (MD = —0.43; 95% CI —0.68 to —0.18; P = 0.0006), with
substantial between-study heterogeneity (I> = 70.2%; 95% CI 0.0% to 91.3%; P = 0.035). The meta-
analysis of three studies (151 observations; 151 intervention and 151 control subjects) indicated that IL-8
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levels significantly increased after OP supplementation (MD = 1.7; 95% CI 0.24 to 3.16; P = 0.02), with
no between-study heterogeneity (I> = 0.0%; 95% CI 0.0% to 79.2%; P = 0.85), indicating a statistically
significant increase in IL-8 following OP supplementation. No significant changes were observed for the
other biomarkers after either supplementation (Table 3, Supplementary Figure 1).

For TNF-a, heterogeneity remained unresolved.

3.5.2 Effect of OL or OP supplementation on lipid profile markers

The meta-analysis results for the effects of OL and OP on lipid profile markers (TC, TG, HDL, LDL,
ApoAl, ApoB, oxLDL) are summarized in Table 4, with forest plots in Supplementary Figure 2. OL
supplementation significantly decreased TC (eighteen studies, 1103 observations; 665 intervention and
605 control subjects; MD = —9.72; 95% CI —13.73 to —5.72; P < 0.0001) with substantial heterogeneity (1>
=62.5%; 95% CI 42.8% to 75.5%; P < 0.0001), TG (eighteen studies, 1122 observations; 675
intervention and 589 control subjects; MD = —=5.97; 95% CI —9.11 to —2.83; P = 0.0002) with no
heterogeneity (I> = 0.0%; 95% CI 0.0% to 43.9%; P = 0.8), LDL (nineteen studies, 1142 observations; 680
intervention and 599 control subjects; MD = —8.44; 95% CI —12.92 to —3.96; P = 0.0002) with substantial
heterogeneity (I> = 67.1%; 95% CI 50.9% to 78%; P < 0.0001), ApoB (two studies, 63 observations; 34
intervention and 29 control subjects; MD = —11.43; 95% CI —14.81 to —8.05; P < 0.0001) with low
heterogeneity (I = 33.4%; 95% CI 0.0% to 78.0%; P =0.2), and oxLDL (six studies, 449 observations;
283 intervention and 271 control subjects; MD = —0.34; 95% CI —0.57 to —0.11; P = 0.0034) with
substantial heterogeneity (I* = 60.7%; 95% CI 14.6% to 81.9%; P =0.01). ApoA1 increased significantly
(two studies, 63 observations; 34 intervention and 29 control subjects; MD = 5.98; 95% CI 0.9 to 11.06; P
= 0.02) with no heterogeneity (I> = 0.0%; 95% CI 0.0% to 89.6%; P = 0.8), indicating potential
improvement in lipid profile. OP supplementation did not significantly affect any of these markers (Table
4, Supplementary Figure 2).

Subgroup analysis revealed that for TC and LDL, studies using OL extract alone (without other
bioactives) showed reduced heterogeneity while maintaining a significant effect. Subgroup analysis by
trial duration resolved heterogeneity for LDL, with the reducing effect remaining significant
(Supplementary Table 3). For oxLDL, removing individual trials solved heterogeneity, indicating strong
influence of each study.

3.5.3 Effect of OL or OP supplementation on glycemic control / insulin sensitivity biomarkers

The effects on glycemic control and insulin sensitivity markers (FPG, FPI, HOMAIR) are presented in
Table 5, with forest plots in Supplementary Figure 3. Neither OL nor OP supplementation produced
significant changes in these markers (Table 5, Supplementary Figure 3).

3.5.4 Effect of OL or OP supplementation on clinical / anthropometric parameters

The meta-analysis results for six clinical/anthropometric parameters (SBP, DBP, BMI, body weight, WC,
HC) are presented in Table 6, with forest plots shown in Supplementary Figure 4. OL supplementation
significantly decreased SBP (eleven studies, 581 observations; 408 intervention and 375 control subjects;
MD =-3.72; 95% CI —5.94 to —1.51; P = 0.001) with substantial heterogeneity (1> = 57.4%; 95% CI
24.3% to 76%; P =0.003), DBP (MD = —1.52; 95% CI —2.64 to —0.4; P = 0.008) with low heterogeneity
(I =12%; 95% CI 0.0% to 49.9%; P = 0.32), BMI (eleven studies, 721 observations; 450 intervention
and 353 control subjects; MD = —0.26; 95% CI —0.5 to —0.02; P = 0.035) with substantial heterogeneity
(I = 54.4%; 95% CI 21.0% to 73.6%; P = 0.004), and body weight (nine studies, 593 observations; 347
intervention and 306 control subjects; MD =—0.71; 95% CI —1.21 to —0.21; P = 0.0055) with substantial
heterogeneity (I = 54%; 95% CI 13.9% to 75.4%; P =0.01). Olive leaf supplementation did not
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significantly affect the remaining markers, and OP showed no significant effects on any parameter (Table
6, Supplementary Figure 4).

Subgroup analyses indicated that for SBP, heterogeneity among studies conducted in healthy participants
was resolved while the reducing effect remained significant. For BMI, studies with trial duration <8
weeks, healthy participants, no medication use, and conducted in Europe showed reduced heterogeneity;
however, the effect became non-significant. For body weight, in studies including healthy participants not
taking medication, heterogeneity was resolved and the reducing effect remained significant
(Supplementary Table 3).

3.6. Subgroup and sensitivity analysis

Subgroup analyses were conducted based on study duration, study design, participants’ health status,
intervention characteristics, medication use, mean age, sex, and geographical location, where applicable.
The results are presented in Supplementary Table 3 and supplementary Table 4.

To determine whether the outcomes may have been underestimated in crossover trials, paired analyses of
crossover RCTs were conducted using correlation coefficients of 0.25, 0.5, and 0.75 (Supplementary
Table 5 and Supplementary Table 6). The inclusion of correlation coefficients suggested that the overall
results for CRP levels after OL supplementation may differ from the primary analyses and reach statistical
significance (Supplementary Table 5). In contrast, incorporating correlation coefficients for OP
supplementation did not reveal any significant differences (Supplementary Table 6).

Sensitivity analyses using the leave-one-out method were further performed to identify studies that may
have inflated the effect sizes. For CRP and oxLLDL following OL supplementation, heterogeneity was
resolved after sequential removal of individual trials, indicating that each study had a strong influence on
overall heterogeneity. For all other outcomes, leave-one-out analyses did not eliminate heterogeneity;
similarly, excluding studies with a high risk of bias had no impact on heterogeneity (data not shown).

3.7 Publication bias

The results of Begg’s tests and the corresponding funnel plots for the 10 markers following OL
supplementation are presented in Supplementary Figure 5. Visual inspection of the funnel plots suggested
slight asymmetry, with a few studies falling outside the funnel boundaries. However, Begg’s rank
correlation tests did not indicate statistically significant publication bias for any of the markers (all p >
0.05). For HOMAIR, WC, oxLDL, CRP, and IL-6 following OL supplementation, only Begg’s test was
conducted, and no significant publication bias was detected.

For IL-6, CRP, TC, TG, HDL, LDL, FPG, FPI, SBP, DBP, and BMI following OP supplementation,
funnel plots were not feasible due to the limited number of included RCTs; only Begg’s test was
performed. Among these, CRP showed a significant result (Begg’s 1 = 0.6482, p = 0.0186), suggesting
potential publication bias.

For IL-8, TNF-a, adiponectin, ApoAl, ApoB, and HC (after OL and OP supplementation), as well as
oxLDL, HOMA-IR, and body weight (only after OP supplementation), publication bias was not assessed
due to the small number of RCTs and the unreliability of statistical tests under these conditions.

3.8. Certainty Assessment Results

The certainty of the evidence was evaluated using the GRADE approach (Table 7). The quality of
evidence was downgraded for several markers due to serious imprecision, with the exception of TC, TG,
HDL, LDL, oxLDL, SBP, DBP, BMI, and weight under OL supplementation. Inconsistency resulted in
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downgrading for all inflammatory markers, as well as for TC, oxLDL, and WC under OL
supplementation.

Additionally, Risk of bias led to downgrading only for SBP and DBP under OL supplementation.
Publication bias resulted in downgrading for CRP under OP supplementation, and for Apo A1, Apo B, and
weight under OL supplementation. Overall, the certainty of the evidence ranged from very low to high, as
summarized in Table 7.

4. Discussion

In this GRADE-assessed systematic review and meta-analysis of 30 RCTs (n = 1,726 adult participants),
the effects of olive by-products—OL or OP—on 21 cardiometabolic, inflammatory, glycemic, lipid,
anthropometric, and clinical markers were evaluated. Findings demonstrate that OL extract
supplementation significantly improved several lipid parameters (TC, TG, LDL, ApoB, oxLDL),
increased ApoAl, reduced TNF-a, and lowered SBP, DBP, BMI, and body weight. In contrast, OL did not
significantly affect glycemic indices (FPG, FPI, HOMAIR) or most inflammatory markers. Notably, OP
supplementation showed no beneficial effects across cardiometabolic outcomes and was associated with a
significant increase in IL-8; however, this finding should be interpreted cautiously given the very limited
number of contributing RCTs and the resulting imprecision of the estimate, and may not necessarily
reflect a consistent pro-inflammatory response.

Subgroup analyses by baseline health status suggested that the blood pressure—lowering effects of OL
supplementation were more pronounced in participants with pre-existing cardiometabolic risk conditions
than in healthy individuals. No clear subgroup differences were observed for the remaining outcomes.
However, given the limited number of studies in several strata and the resulting low statistical power,
these findings should be interpreted as exploratory.

The certainty of evidence varied across outcomes. High-certainty evidence was limited to triglycerides
(TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and
body mass index (BMI) under OL supplementation. Moderate-certainty evidence was observed for most
lipid profile outcomes (including total cholesterol, TG, HDL-C, LDL-C, oxLDL, and ApoA1 under OP),
glycemic control markers (FPG, FPI, and HOMA-IR), and several clinical parameters (SBP, DBP, BMI,
weight, waist circumference, and hip circumference under OP). Inflammatory markers generally showed
lower certainty, with moderate certainty for IL-6, TNF-a, CRP, and adiponectin under OP, but low to very
low certainty for IL-6, TNF-a, CRP, adiponectin, and IL-8 under OL supplementation. Very low-certainty
evidence was observed for IL-8, ApoAl, and ApoB under OL supplementation, reflecting substantial
imprecision and inconsistency, while ApoB under OP and weight and waist circumference under OL
supplementation were also supported by low-certainty evidence.

Importantly, beyond statistical significance, the magnitude of the observed effects should be interpreted in
a clinical context. The reductions in systolic blood pressure (—3.72 mmHg) and diastolic blood pressure
(—1.52 mmHg) associated with OL supplementation, although modest at the individual level, may be
epidemiologically relevant at the population level, as small reductions in blood pressure have been
associated with meaningful reductions in cardiovascular risk; for example, a 2-5 mmHg reduction in
systolic blood pressure has been associated with an approximately 10% lower risk of major
cardiovascular events, while earlier population-based estimates suggested that even small reductions in
blood pressure could reduce coronary heart disease and stroke risk [89—91].



446
447
448
449
450
451
452
453
454

455
456
457
458
459
460

461
462
463
464
465
466
467

468
469
470

471
472
473
474
475
476
477

478
479
480
481
482
483

484
485
486

12

Similarly, the observed reductions in LDL-C (—8.44 mg/dL) and total cholesterol (—9.72 mg/dL) are
consistent with modest lipid-lowering effects expected from dietary or nutraceutical interventions rather
than pharmacological therapy [92-94]. When compared with established dietary interventions, these
effects appear broadly comparable to those reported for plant sterols and stanols, which typically reduce
LDL-C by approximately 8—10% at intakes of about 2 g/day [95-97], and are lower than the lipid-
lowering magnitude observed with red yeast rice preparations containing monacolin K, which can reduce
LDL-C by approximately 15-25% [92,98]. Therefore, OL supplementation should be considered a
supportive adjunctive strategy within a broader cardiometabolic risk reduction approach rather than a
stand-alone therapeutic alternative.

These health benefits of OL have been reported in numerous clinical studies, including lipid-lowering
effects [39,45,51,55], reductions in systolic and diastolic blood pressure [37,38,42,45], and body weight
management [40,49]. However, the effects on glycemic control and inflammatory biomarkers remain
inconsistent. While some clinical trials have demonstrated beneficial effects on glucose metabolism or
inflammatory status [34,37,47,54,55]others have reported no significant changes [35,46,52], and in some
cases, even pro-inflammatory responses, such as increased IL-6 levels, have been observed [55].

Regarding OP, clinical evidence evaluating its effects on inflammatory markers, lipid profile, glycemic
parameters, blood pressure, and anthropometric outcomes remains limited, as only a few RCTs have been
conducted [66—70] Moreover, the available findings are inconsistent, even within different participant
subgroups of the same study. For example, glucose levels increased following OP oil consumption and
decreased after sunflower oil intake in normocholesterolemic subjects, whereas hypercholesterolemic
individuals showed different or inconsistent responses [70]. These discrepancies highlight the need for
larger, well-designed RCTs to clarify the metabolic and clinical effects of OP.

Overall, clinical studies investigating olive by-products have reported heterogeneous outcomes, likely
influenced by differences in participant characteristics, health status, study design, intervention diversities
such as dosage and formulation.

The present findings are largely consistent with previously published systematic reviews and meta-
analyses evaluating OL extract supplementation. Razmpoosh et al. [72] reported significant reductions in
triglycerides and systolic blood pressure, with subgroup improvements in LDL-C and TC, particularly
among hypertensive individuals. Similarly, Alvares et al. [73] demonstrated favorable effects of OL
extract on lipid profile and blood pressure, while glycemic outcomes were reported to be inconsistent—an
observation aligned with the absence of significant pooled effects on FPG, fasting insulin, and HOMAIR
in the current synthesis.

Evidence derived from hypertensive and prehypertensive populations further corroborates these findings.
Ismail et al. [74] and Lachovicz et al. [75] documented clinically meaningful reductions in systolic blood
pressure, particularly at higher doses (e.g., 1000 mg/day). Likewise, Fatahian et al. [76] reported
significant reductions in SBP, DBP, total cholesterol, LDL-C, and triglycerides. The magnitude of blood
pressure and lipid reductions observed across these analyses closely parallels the pooled estimates
identified here, suggesting consistency of effect across different populations and study designs.

With respect to inflammatory markers, Ismail et al. [74] described reductions in IL-6, IL-8, and TNF-a
following OL extract supplementation. A reduction in TNF-a was similarly observed in the present
analysis, although broader inflammatory outcomes did not demonstrate consistent improvements across
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markers. Furthermore, the systematic review by Frumuzachi et al. [71], focusing on oleuropein and
hydroxytyrosol supplementation, reported heterogeneous yet generally favorable effects on body weight,
lipid metabolism, and glucose regulation. These findings mirror the overall cardiometabolic profile
observed in this synthesis, characterized by more robust lipid and blood pressure effects compared with
glycemic outcomes.

Consistent with prior pooled analyses [72,73], no robust improvements in glycemic indices were detected.
Although individual trials have suggested enhanced insulin sensitivity in specific subgroups, aggregated
evidence indicates that glycemic benefits are less consistent than lipid-lowering and antihypertensive
effects.

The results of the present study reinforce these conclusions while expanding the evidence base through
the inclusion of additional recent RCTs and the application of the GRADE framework to evaluate the
certainty of evidence. Furthermore, this analysis incorporated outcomes not previously assessed in earlier
systematic reviews and meta-analyses providing a more comprehensive evaluation of the cardiometabolic
effects of OL supplementation. For example, improvements in Apo B and oxLDL (newly found in this
study) strengthen the cardioprotective profile of OL extract, as ApoB-containing lipoproteins and oxidized
LDL are considered more robust predictors of atherogenic risk than LDL-C alone [99,100]. Reductions in
oxLDL are particularly relevant, given its central role in endothelial dysfunction and plaque formation
[101].

Importantly, to the best of current knowledge, no previous systematic review has comprehensively
synthesized RCTs assessing OP supplementation across such a wide range of cardiometabolic markers
using the GRADE framework. The lack of significant cardiometabolic effects associated with OP thus
provides novel evidence and highlights the biological and compositional differences between olive-
derived by-products.

The cardiometabolic benefits of olive by-products, OL, are biologically plausible and supported by
mechanistic evidence. OL is notably rich in oleuropein, hydroxytyrosol, and other phenolic secoiridoids
[26—28,102]. These compounds exert potent antioxidant effects through both direct scavenging of reactive
oxygen species and activation of endogenous antioxidant defense pathways. Specifically, they promote
nuclear translocation and activation of nuclear factor erythroid-2-related factor 2 (Nrf2), resulting in
upregulation of phase II detoxifying and antioxidant enzymes, including glutathione-related enzymes,
heme oxygenase-1, and NAD(P)H quinone oxidoreductase 1 [103—-107].

Reduced oxidative stress may underlie the observed decreases in oxidized LDL and improvements in lipid
profiles, as well as some of the anti-inflammatory effects associated with OL. Olive polyphenols have
been shown to limit lipid peroxidation, enhance anti-inflammatory capacity, and improve lipid
metabolism [108—110]. Furthermore, OL exerts anti-inflammatory effects by inhibiting NF-«xB activation
and suppressing pro-inflammatory cytokine production [111].

Regarding hypotensive effects, polyphenols such as oleuropein can lower blood pressure through
inhibition of angiotensin-converting enzyme (ACE), reducing angiotensin II levels and vascular resistance
[112]. Additionally, these compounds enhance endothelial function by increasing nitric oxide
bioavailability, promoting vasodilation, and improving arterial compliance [113,114]. Their antioxidant
activity further protects endothelial cells from oxidative stress, contributing to blood pressure regulation
[103—107].
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Modest reductions in body weight and BMI may reflect secondary metabolic effects, potentially mediated
by improved lipid metabolism. Oleuropein and hydroxytyrosol have also been shown to modulate
adipokine secretion and enhance mitochondrial efficiency, thereby influencing adipogenesis and key
energy metabolism pathways [115,116].

Although some clinical studies have reported hypoglycemic effects of OL, for example via inhibition of
starch digestion in diabetic patients [34]current study did not detect significant effects on glycemic
markers. This may be attributable to the limited number of RCTs and the predominance of
normoglycemic participants, which likely reduced the capacity to observe measurable improvements.

Considering OP effects, while it contains residual phenolics and dietary fiber, industrial processing—
particularly high-temperature oil extraction—may degrade sensitive polyphenols or reduce their
bioaccessibility, limiting biological efficacy[117-120]Moreover, the small number of OP trials
substantially reduces statistical power, increases imprecision, and limits the reliability of pooled
estimates. Consequently, these findings should be interpreted cautiously, and additional high-quality
RCTs are needed to clarify the potential effects of OP supplementation.

As strengths, this review provides a comprehensive synthesis of both OL and OP supplementation,
evaluating 21 standardized cardiometabolic and anthropometric markers. A rigorous methodology was
applied, including the use of the GRADE framework, which enhances transparency and strengthens the
reliability of evidence assessment.

Limitations include the small number of RCTs evaluating OP supplementation for all outcomes and OL
for certain biomarkers, leading to imprecision that may affect pooled estimates and limiting the
assessment of publication bias due to low statistical power. The imbalance between OL and OP trials
further restricts direct comparability. Twelve included RCTs were rated as “some concerns” and one as
high risk of bias, potentially influencing effect estimates. Substantial heterogeneity persisted for certain
outcomes, which was partially addressed through subgroup and sensitivity analyses. Several outcomes
were downgraded in GRADE due to imprecision and inconsistency. In addition, the heterogeneity of the
included interventions and doses did not allow for a meaningful dose-response analysis. In several RCTs,
dose information was incompletely reported or expressed as total product rather than standardized olive-
derived bioactive content, and in some multi-ingredient formulations the specific contribution of olive
products could not be isolated. Moreover, due to the limited number of studies available for several
outcomes, dose—response modelling was not statistically feasible in the present meta-analysis.

Furthermore, variability in the standardization and characterization of bioactive compounds, such as
oleuropein, hydroxytyrosol, due to differences in extraction methods, processing conditions, formulation
type, and reporting practices limited the feasibility of performing subgroup analyses based on supplement
standardization, such as high-oleuropein extracts versus general phenolic extracts. This variability should
be considered when interpreting the clinical applicability of the findings, particularly because inconsistent
reporting of individual phenolic compounds prevents precise recommendations regarding specific
bioactive doses.

Future research should focus on well-powered, longer-duration RCTs using standardized OP preparations,
direct head-to-head comparisons between OL and OP, standardized and transparent reporting of olive-
derived bioactive composition and extraction methods, dose-response investigations, assessment of
bioavailability and mechanistic biomarkers, and studies in well-characterized high-risk populations. Trials
conducted with rigorous methodology and minimal risk of bias are essential to strengthen certainty of
evidence and clarify clinical applicability.



571
572
573
574
575
576
577

578
579

580

581
582

583
584

585
586
587

588

589
590
591
592
593

594
595
596

597
598
599
600
601
602
603
604
605
606
607
608
609
610

15

In conclusion, this GRADE-assessed systematic review and meta-analysis of RCTs indicates that OL
supplementation improves cardiometabolic outcomes, particularly lipid profile, blood pressure, and select
inflammatory markers. Evidence for OP supplementation remains limited and inconclusive, underscoring
the need for well-designed trials to clarify its potential benefits. Although findings support the targeted
use of OL as an adjunctive strategy in cardiometabolic risk management, they should be interpreted with
caution due to variability in the certainty of evidence across outcomes, which was often limited by
imprecision and inconsistency.
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1082  Table 1. Characteristics of the included studies in the systematic review and meta-analysis evaluating the
1083  effects of OL or OP extracts on cardiometabolic and anthropometric health markers
First Country N*? Study Duration Intervention groups Sex Age (year) Outcomes Note about participants
author, design (week) included in SR
year and MA
Angelopoul | Greece Group P 8 Group A: LM + high- 13m/84f | Group A: BMI (kg/m?), Healthy, mild
0s, 2023 A: 39 dose monacolin ® K (10 56.89+9 HDL, hypercholesterolemia; no
[57] Group mg/d) Group B: LDL, TC, TG statins; smoking not
B: 31 Group B: LM + low-dose 55.83+£9.25 (mg/dL) reported; controlled
Group C monacolin K (3 mg/d) Group alcohol
(control) Group C: LM only C:5742+ BMI (kg/m?): 25.39 +3.23
127 12.3 (A), 24.76 £ 3.53 (B), 27.1
+3.31 (0).
Antonopoul | Greece Group P 8 Group A (control): no 45m/43f | Group A: 49.4 | BMI (kg/m?), Healthy overweight; no
ou, 2022 A: 30 intervention + 8.8 Group HDL, medications; some
[66] Group Group B: 150 g/d of plain B:48.8£8.9 LDL, TC, smokers; alcohol not
B: 28 yogurt daily Group C: 46.8 | Triacylglycerols, reported.
Group Group C: 150 g/d of +8.3 Glucose, CRP BMI (kg/m?)
C:30 yogurt enriched with (mg/dL), Insulin =277+64(A),28.6+
OOPLE daily (wU/mL), SBPand | 3.8 (B),27.5+3.9 (C)
DBP (mmHg),
Adiponectin,
(png/mL), IL-6
(pg/mL)
Araki, 2018 | Japan Intervent | P 12 Intervention: 1000 mL/d 8m/31f Intervention Body weight (kg), | Healthy; no medications;
[56] ion:20 of OL tea (~ 424 mg/d :53.4+£7.7, WC (cm), smoking and alcohol not
Control: oleuropein + ~ 6.4 mg/d Control: 55.2 HDL, LDL, TG, reported. BMI (kg/m?) =
19 hydroxytyrosol), control: +79 FPG (mg/dL) t:21.6 +£3.3 (intervention),
1000 mL/d of green tea 22.542.7 (control)
Conterno, Italy Intervent | P 8 Intervention: 90 g/d of 30m/32f | The female SBP and DBP Healthy, elevated
2019 [67] ion:34 OP—enriched bakery group =48 (mmHg), WC, HC | cholesterol; no lipid
Control: product + 8.5, the (cm), weight (kg), | medications; non-smokers;
28 Control: 90 g/d of male group = BMI (kg/m?), TC, moderate alcohol.
matched bakery product 49+9.6 HDL, LDL, TG, BMI (kg/m?) =24 +3.4
with negligible Apo Al, Apo B, (intervention), 24 + 3
polyphenol content FPG (mg/dL), (control)
plasma insulin
(mcU/mL), CRP
(mg/L), OxXLDL
(U/L)
de Bock, New Zealad 45 C 12 Intervention: OL extract 45m 46.5+5.5 SBP and DBP Overweight; stable
2013 [55] capsules (51.1 mg/d (mmHg), TC, TG, antihypertensive/lipid
oleuropein + 9.7 mg/d LDL, HDL medications allowed; non-
hydroxytyrosol), control: (mmol/l), Ox-LDL | smokers; alcohol not
placebo capsules (mU/ml) reported. BMI (kg/m?) =
28 +£2
Derosa, Italy Intervent | P 12 Intervention: hypocaloric | 71m/77f | NI TC, TG, LDL, Impaired fasting glucose;
2022 [54] ion: 74 diet + 70 mL/d of Olife ® HDL, FPG no medications; smoking
Control: (OL and marigold (mg/dl), OxLDL and alcohol not reported.
74 extract), control: (ng/ml), FPI BMI (kg/m*) =273+ 1.5
hypocaloric diet. (uU/ml), HOMA (intervention), 27.2 + 1.4
index, weight (kg), | (control)
BMI (kg/m?), WC
(cm), HC (cm),
Hs-CRP (mg/1)
Dinu, 2020 Italy 19 C 8 Intervention: Pate (OP 6m/13f 38.1+6.4 TC, TG, LDL, Healthy; no medications;
[68] paste) tablets (3.2 g/d), HDL, Glucose smoking and alcohol not
control: placebo (mg/dl), Insulin reported.
(mU/L), BMI (kg/m?) = 24.1 +2.4
HOMAIR, TNF-a,
IL-6, IL-8 (pg/mL)
Domenech, Spain Intervent | P 12 Intervention: 1 stick/d of 13m/27f | Intervention: TC, TG, LDL, Primary
2019 [53] ion: 20 Nutraceutical 59.3+9.5, HDL, Glucose hypercholesterolemia;
Control: (phytosterols, monacolin control: 63.5+ | (mmol/L), Apo drug-free; smoking and
20 K, 5 mg/d of OL extract, 12.3 Al, Apo B, hs- alcohol not reported. BMI
and vitamin E), control: CRP (mg/dL), IL- (kg/m?) =26.9 +3.8
placebo 6 (pg/mL)
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(intervention), 27.3 + 4.4
(control)

Filip, 2015 Poland after 6 48 Intervention: 250 mg/d of | 48f Intervention: TC, TG, LDL, Healthy postmenopausal
[51] months OL extract plus 1 g/d of 59.72 £ 4.39, HDL (mg/dL), hs- | women (osteopenia); no
by end calcium, control: placebo control: 59.35 | CRP (mg/L), IL-6 medications; smoking and
of study: plus 1 g calcium +5.55 (pg/mL) alcohol not reported. BMI
t:27, (kg/m?) =
c:21 1:25.90 £ 4.25
(9ntervention), 27.52 £ 4
(control)
Florentin, Greece Intervent 24 Intervention: active agent | 49m/51f | 577 TC, TG, LDL, Prediabetes; some
2019 [52] ion: 50 containing fenugreek, OL HDL, FPG medications; some
Control: polyphenols and (mg/dl), FPI smokers; alcohol not
50 bergamot extract, control: (pU/ml), HOMA reported. BMI (kg/m?) =
Placebo IR index 29 + 3 (intervention), 30.4
+ 5.8 (control)
Ghiyami, Iran Intervent 8 Intervention: OL extract 20f Intervention:6 | FPG (mg/dl), Obese elderly women; no
2024 [50] ion: 10 capsules (125 mg/d), 4.4+343, Insulin (nUI/mL) medications; non-smokers;
Control: control: placebo capsules control: 64.7 + no alcohol. BMI (kg/m?) =
10°¢ 3.46 31.69 + 1.1 (intervention),
32.65 + 1.21 (control)
Gonzélez-R | Spain Normoc 4 Intervention: 45 g/d of 27m/41f | Normocholest | TC, TG, LDL, Healthy /
amila, 2022 holestero OP oil, control: erolemic HDL, hypercholesterolemia risk;
[70] lemic 45 g/d of high-oleic acid participants: Apo Al, Apo B, medications, smoking, and
participa sunflower oil 30+2 Glucose, CRP alcohol not reported. BMI
nts: Hypercholeste | (mg/dL), Insulin (kg/m?) =23 +2
31 rolemic (pUI/mL), (Normocholesterolemic),
Hyperch participants: HOMAIR, 26+ 1
olesterol 41+2 Weight (kg), BMI (Hypercholesterolemic)
emic (kg/m?), WC (cm),
participa HC (cm), IL-6, IL-
nts: 8, TNF-a (pg/mL),
37 Adiponectin(ng/m
L)
Gonzalez-R | Spain Normoc 4 Intervention: 45 g/d of 30m/34f | Normocholest | SBP and DBP Healthy /
amila, 2023 holestero OP oil, control: erolemic (mmHg), TC, TG, hypercholesterolemia risk;
[69] lemic 45 g/d of high-oleic acid participants: LDL, HDL, medications, smoking, and
participa sunflower oil 35+7 Apo Al, Apo B, alcohol not reported. BMI
nts: Hypercholeste | CRP (mg/dL), IL- | (kg/m?)=24+1.7
34 rolemic 6, IL-8, TNF-a. (Normocholesterolemic
Hyperch participants: (pg/mL) and
olesterol 44+52 Hypercholesterolemic),
emic
participa
nts:
30
Haidari, Iran Intervent 8 Intervention: hypocaloric 70f Intervention: TC, TG, LDL, Obese premenopausal
2021 [49] ion: 35 diet + 250 mg/d of OL 357+9.1, HDL, FBS women; no medications;
Control: extract, control: Control: 34.9 (mg/dL), Insulin smoking and alcohol not
35 hypocaloric diet + +10.6 (pUI/mL), reported. BMI (kg/m?) =
Placebo HOMAIR, Weight | 34.97 + 3.4 (intervention),
(kg), BMI (kg/m?), | 34.7 + 3.1 (control)
WC (cm),
Adiponectin(ng/m
L)
Imperatrice | The Intervent 12 Intervention: OL extract 60f Intervention: TC, TG, LDL, Healthy postmenopausal
, 2024 [48] Netherlands ion: 29 capsule (~100 mg 58.4+6.2, HDL (mmol/L) women; no medications;
Control: oleuropein/d), control: Control: 59.8 non-smokers; no alcohol
31 placebo capsule +54 abuse. BMI (kg/m?) = 24.9
+ 2.1 (intervention), 25.9 +
3.4 (control)
Javadi, Iran Intervent 12 Intervention: OL extract 27m/33f | Intervention: FBS (mg/dL), Hypertension; stable
2019 [47] ion: 30 tablets (500 mg/d), 53.8£8, Insulin (pUI/mL), medications; smoking and
Control: control: placebo tablets Control: 55.6 HOMA IR, IL-6, alcohol not reported. BMI
30 +8.8 IL-8, TNF-a (kg/m?) =28.3 +£4.3
(ng/mL) (intervention), 27.5 + 4.5

(control)
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Leach, Australia Intervent 24 Intervention: OL extract 22m/81/1 | Intervention: HOMAIR Type 2 diabetes; oral
2025 [46] ion: 16 capsules (1466.68 mg/d), | other 63.4+10.3, medications; mostly non-
Control: control: placebo capsules Control: 63.2 smokers; mixed alcohol
15 +7 intake. BMI (kg/m?) = 27.2
+ 7.2 (intervention), 27.7 +
3.8 (control)
Lockyer, New Zealand | 60 6 Intervention: liquid OL 60m 453+ 12.7 SBP and DBP Pre-hypertensive; no
2017 [45] extract (136.2 mg/d of (mmHg), TC, medications; non-smokers;
oleuropein and 6.4 mg/d TAG, HDL, LDL, moderate alcohol. BMI
of Hydroxytyrosol), Glucose (mmol/L), | (kg/m?)=27.0+3.4
control: placebo oxLDL (U/L),
Insulin (mU/L),
HOMAIR, IL-6,
IL-8, TNF-a
(pg/mL),
Adiponectin, CRP
(ug/mL)
Perrinjaque | Switzerland Intervent 8 Intervention: 500 mg/d of | 6m/14f Intervention: SBP and DBP Borderline hypertension;
t-Moccetti, ion: 10 OL extract, control: 357+ 14.8, (mmHg), TC, no medications; smoking
2008 [44] Control: advice on a favorable Control: 38.1 HDL, LDL and alcohol not reported.
10¢ lifestyle +14.7 (mmol/L) BMI (kg/m?) =23 + 4
(intervention), 23 + 3
(control)
Pinckaers, The Intervent 5+ lday Intervention: 250 mg/d of | 40m Intervention: SBP and DBP Healthy; no medications;
2025 [43] Netherlands ion: 20 (36 days) OL extract, control: 60 £ 6, (mmHg), TC, smoking and alcohol not
Control: placebo Control: 60 + TAG, HDL, LDL, reported.
20 4 Glucose BMI (kg/m?) =24.7+2.3
(mmol/L), Insulin | (intervention), 26 + 2.4
(pmol/L) (control)
Saberi, Iran Intervent NI Intervention: 1000 mg/d 31m/33f | Intervention: SBP and DBP Resistant hypertension;
2008 [42] ion: 32 of OL powder, control: 52.25+ 15.3, (mmHg) antihypertensive
Control: placebo Control: 53.54 medications; smoking and
32 +17.9 alcohol not reported. BMI
(kg/m?) = Normal range
Saibandith, | United Intervent 12 Intervention: olea 14m/17f | Intervention: SBP and DBP Overweight, pre-
2016 [41] Kingdom ion: 16 europea leaf extract (132 46.4 £ 14.6, (mmHg), TC, TG, | hypertensive; no
Control: mg/d of oleuropein), Control: 49.6 HDL, LDL, FPG medications; non-smokers;
15¢ control: placebo +13.4 (mmol/L), insulin | no alcohol misuse. BMI
(mU/L), HOMA (kg/m?) =26.1+8.2
IR, BMI (kg/m?), (intervention), 28.8 £ 5.2
WC (cm) (control).
Said, 2010 Israel Intervent 12 Intervention: capsule 14m/15f | Intervention: BMI (kg/m?), Overweight/obese; stable
[40] ion: 16 made of OL (150 mg/d), 33.44 +7.43, weight (kg) medications; non-smokers;
Control: Alchemilla vulgaris, Control: 37.5 no alcohol misuse. BMI
13 Mentha longifolia L +99 (kg/m?) =31.03 £2
extract and Cuminum (intervention), 31.7 £ 2.8
cyminum seeds, control: (control).
placebo
Sanchez Spain Intervent 8 Intervention: 1000 mg/d 53m/43f | Intervention: SBP and DBP Healthy; no medications;
Macarro, ion: 51 of Citroven (OL, 473+ 11.2, (mmHg), TC, TG, non-smokers; no alcohol
2020 [38] Control: immature grapefruit, and Control: 51.3 HDL, LDL abuse. BMI (kg/m?) = 27.2
45 bitter orange extract), +10.8 (mg/dL), CRP + 4.2 (intervention), 26.5 +
control: Placebo. (mg/L), IL-6, 3.9 (control)
TNF-0, oxLDL
(pg/mL), BMI
(kg/m?), weight
(ke)
Sirvent, France Intervent 24 Intervention: =~ 5 g/d of 16m/35f | Intervention: SBP and DBP Prediabetes/mild T2D;
2022 [37] ion: 38 TOTUM-63 (blend of 57.4+9.3, (mmHg), TC, TG, medications NR; some
Control: OL, Chrysanthellum, Control: 56.2 HDL, LDL, FPG smokers; limited alcohol.
13 artichoke, bilberry, black +12.9 (mmol/L), FPI BMI (kg/m*) =30.6 + 5
pepper extract). control: (mU/L), (intervention), 33.3 + 6.1
Placebo. HOMAIR, BMI (control)
(kg/m?), weight
(kg), WC, HC
(cm)
Stevens, The Intervent 8 Intervention: 500 mg/d of | 35m/42f | Intervention: SBP and DBP Healthy, elevated
2021 [36] Netherlands ion: 39 OL extract with 56+ 11, (mmHg), TC, TG, cholesterol; no

HDL, LDL,

medications; non-smokers;
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Control: maltodextrin, control: Control: 57 + Glucose (mmol/L), | no alcohol abuse. BMI
38 Placebo 9 OxLDL (U/L), (kg/m?) =28.5+2.6
insulin (pmol/L), (intervention), 29.6 + 2.8
BMI (kg/m?), (control)
weight (kg)
Victoria- Spain Intervent 12 Intervention: 1000 mg/d 16m/7f Intervention: TC, TG, HDL, Overweight, mild
Montesinos ion: 14 of Citrolive (OL and 42.7+9.7, LDL, Apo Al, hypercholesterolemia;
,2021 [39] Control: Bitter orange extract), Control: 40.6 Apo B (mg/dL), medications and smoking
9 control: placebo +94 oxLDL (U/L), not reported; no alcohol
BMI (kg/m?), abuse. BMI (kg/m?) = 26.4
weight (kg) +4.5 (intervention), 28.9 +
4.6 (control)
Wainstein, Israel Intervent 14 Intervention: 500 mg/d of | 51m/28f | 61+8 FPI (IU) Stable T2D; oral
2012 [34] ion: 41 OL extract, control: medications; smoking not
Control: placebo reported; no alcohol abuse.
38 BMI (kg/m?): mixed (<25
and >25).
Wong, Australia 37 12 Intervention: active 20m/17f | 58.5+10.7 SBP and DBP Elevated blood pressure;
2014 [35] tablets (1000 mg/d of OL, (mmHg), TC, TG, | no antihypertensive
200 mg/d of green coffee HDL, LDL, medications; non-smokers;
bean extract, and 300 Glucose, insulin alcohol not reported. BMI
mg/d of beetroot (mmol/L), HOMA | (kg/m?)=27.2+3.7
powder), control: placebo IR, BMI (kg/m?)
Yaghoobza | Iran Intervent 12 Intervention: 500 mg/d of | 30m/30f | Intervention: SBP and DBP Essential hypertension;
deh, 2019 ion: 30 OL extract, control: 52.9+10.3, (mmHg), TC, TG, other details not reported
[58] Control: placebo Control: 57.9 HDL, LDL
30 +10.8 (mg/dL)
1084 Abbreviations: SR and MA; systematic review and meta-analysis, OL; olive leaf, OP; olive pomace, LM; lifestyle
1085 modification, LDL; low-density lipoprotein, HDL; high-density lipoprotein, TC; total cholesterol, TG; triglycerides,
1086 BMI; body mass index, OOPLE; polar lipid extract of olive pomace, SBP; systolic blood pressure, DBP; diastolic
1087 blood pressure, CRP; C-reactive protein, IL-6; interleukin-6, FPG; fasting plasma glucose, WC; waist
1088  circumference, HC; hip circumference, oxLDL; oxidized low-density lipoprotein, Apo A1; apolipoprotein A1, Apo
1089 B; apolipoprotein B, FPI; fasting plasma insulin, HOMA-IR; homeostatic model assessment of insulin resistance,
1090 IL-8; interleukin-8, TNF-a; tumor necrosis factor-alpha, FBS; fasting blood sugar, TAG; triacylglycerols.
1091 2 Number of participants who finished the study and analyses.
1092 ® A dietary supplement containing red yeast rice-derived monacolin K combined with coenzyme Q10, grape seed
1093 extract, and OL extract.
1094 ¢ This study has 4 parallel experimental groups (Placebo, intervention, exercise, and exercise plus intervention) but
1095 we only consider two of them (placebo and intervention).
1096 4 This study has two experiments (experiment 1: control and 500 mg of EFLA and experiment 2: 500 mg of EFLA
1097  and 1000 mg of EFLA), we only considered experiment 1.
1098  ©This study has 4 parallel experimental groups (Placebo, intervention, increased physical activity (PA), and PA plus
1099 intervention) but we only consider two of them (placebo and intervention).
1100
1101
1102
1103
1104
1105

1106
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1107  Table 2. Summary of risk of bias assessments for each RCT included in the meta-analysis evaluating the
1108  effects of OL or OP extracts on 21 cardiometabolic and anthropometric health markers (RoB 2.0
1109  domains).
Period and
carryover Deviations from the Selection of Overall
Randomization Missing outcome Measurement of
Study references effects intended the reported Quality Reasons for concern
process data the outcome
(crossover interventions result Score
design)
Angelopoulos et al, 2023 Open-label design with potential
[5 7] deviations from intended
interventions, outcome assessor
Some Some o .
Low - Some concerns Low Some concerns blinding not reported, multiple
concerns concerns
eligible outcomes and analyses
with no pre-specified analysis
plan.
Antonopoulou et al, 2022 Allocation concealment and
[66] potential selective reporting raise
concerns, but the trial is
Some Some
Some concerns - Low Low Low otherwise well-conducted,
concerns concerns
double-blind, with minimal
missing data and objective
outcome measures.
Araki et al, 2018 [56] Randomization concealment not
Some Some reported, some multiple
Some concerns - Low Low Low . . )
concerns concerns outcomes/time points without
pre-specified analysis plan.
Conterno et al, 2019 Lack of a publicly available pre-
[67] specified statistical analysis plan
Some Some )
Low - Low Low Low and multiple reported outcomes,
concerns concerns
creating potential for selective
reporting.
de Bock et al, 2013 [5 5] Due to potential selective
Some Some o
Low Low Low Low Low reporting in the context of
concerns concerns
multiple outcomes and analyses.
Derosa et al, 2022 [54] Some Some Due to open-label design and
Some concerns - Some concerns Low Low
concerns concerns unclear allocation concealment.
Dinu et al, 2020 [68] Low Low Low Low Low Low Low No concerns
Domenech et al, 2019
[ 5 3] Low - Low Low Low Low Low No concerns
Missing data may not have been
5 1 Some .
Filip et al, 2015 [ ] Low - Low Some concerns Low Low fully addressed, potentially
concerns
biasing the results.
Florentin et al, 2019 Some Some Missing outcome data are
2 Low - Low Some concerns Low
[5 ] concerns concerns unclear.
Ghiyami et al, 2024
Low - Low Low Low Low Low No concerns

[50]
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Gonzalez-Ramila et al,

Low Low Low Low Low Low Low No concerns
2022[70]
Gonzalez-Ramila et al,
69 Low Low Low Low Low Low Low No concerns
2023 [ ]
Haidari et al, 2021 [49] Low - Low Low Low Low Low No concerns
Imperatrice et al, 2024
[ 48] Low - Low Low Low Low Low No concerns
Javadi et al, 2019 [47] Multiple outcomes measured
Some Some without a fully pre-specified
Low - Low Low Low . .
concerns concerns analysis plan, which could allow
selective reporting.
Leach et al, 2025 [46] Low - Low Low Low Low Low No concerns
Lockyer et al, 2017 [45] Low
Low Low Low Low Low Low No concerns
Perrinjaquet-Moccetti et al, Open-label design with no
2008 [44] Some blinding, no placebo control,
Some concerns - High Low Some concerns High .
concerns unclear allocation concealment,
and no pre-registered protocol.
Pinckaers et al, 2025
[ 43] Low - Low Low Low Low Low No concerns
Saberi et al, 2008 [42] Low - Low Low Low Low Low No concerns
Saibandith et al, 2016
[ 4 1 ] Low - Low Low Low Low Low No concerns
Said et al, 2010 [40] Limited reporting on allocation
Some Some
Low - Some concerns Some concerns Low concealment and analysis of only
concerns concerns
completers
Sanchez Macarro et al,
3 8 Low - Low Low Low Low Low No concerns
2020 [38]
Sirvent et al, 2022 [3 7] Low - Low Low Low Low Low No concerns
Stevens et al, 2021 [3 6] Low - Low Low Low Low Low No concerns
Victoria-Montesinos et al, per-protocol analysis, which may
2021 [3 9] introduce bias from excluding
Some .
Low Some concerns Some concerns Low Low non-completers, along with some
concerns
concerns related to incomplete
outcome data.
Wainstein et al, 2012
[3 4] Low - Low Low Low Low Low No concerns
Wong et al, 2014 [35] Low Low Low Low Low Low Low No concerns
Yaghoobzadeh et al, 2019 Insufficient information
58 Some Some ) .
[ ] Some concerns - Some concerns Low Low regarding allocation concealment
concerns concerns

and analysis approach.

1110

1111
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1113
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1114  Table 3. Results of the pooled meta-analysis of RCTs the effects of OL or OP extracts on Inflammatory
1115  markers.
Marker Intervention Number Number of participants Effect estimate (MD) 12 [95% CI], P
of RCTs [95% CI], P
Intervention Control
IL-6 Olive leaves 5 188 176 -0.2 [-0.7; 0.3], 0.425 84.7% [65.9%; 93.1%)],
<0.0001
Olive Pomace 4 181 209 -0.04 [-0.17; 0.1], 0.59 0.0% [0.0%; 64.8%],
0.7
IL-8 Olive leaves 2 90 90 -3.43 [-10.54; 3.67], 0.34 | 72.4% [0.0%); 93.8%],
0.057
Olive Pomace 3 151 151 1.7 [0.24; 3.16], 0.02 0.0% [0.0%; 79.2%],
0.85
TNF-a Olive leaves 3 141 135 -0.43 [-0.68; -0.18], 70.2% [0.0%; 91.3%],
0.0006 0.035
Olive Pomace 3 151 151 0.53[-0.9; 1.96], 0.47 0.0% [0.0%; 79.2%],
0.9
CRP Olive leaves 5 232 220 -0.01 [-0.04; 0.02], 0.59 66.9% [21%; 86.1%],
0.01
Olive Pomace 4 196 218 0.0 [-0.03; 0.04], 0.83 0.0% [0.0%; 64.8%],
0.9
Adiponectin Olive leaves 2 95 95 0.07 [-0.18; 0.32], 0.57 45.7%.0.17
Olive Pomace 2 98 126 0.01 [-0.02; 0.04], 0.46 10.9% [0.0%; 77.4%],
0.3
1116 Abbreviations: OL; olive leaf, OP; olive pomace, MD; mean difference, CI; confidence interval, CRP; C-reactive
1117 protein, IL-6; interleukin-6, IL-8; interleukin-8, TNF-a; tumor necrosis factor-alpha.
1118
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1131  Table 4. Results of the pooled meta-analysis of RCTs the effects of OL or OP extracts on Lipid profile
1132 markers.
Marker Intervention Number of Number of participants Effect estimate (MD or SMD) * | I? [95% CI], P
RCTs [95% CI], P
Intervention Control
TC Olive leaves 18 665 605 -9.72 [-13.73; -5.72], < 0.0001 62.5% [42.8%; 75.5%], <
0.0001
Olive Pomace 5 215 237 -2.63 [-7.61; 2.36], 0.3 0.0% [0.0%; 62.4%], 0.98
TG Olive leaves 18 675 589 -5.97 [-9.11; -2.83], 0.0002 0.0% [0.0%; 43.9%], 0.8
Olive Pomace 5 215 237 -1.76 [-9.57; 6.04], 0.66 0.0% [0.0%; 62.4%], 0.9
HDL Olive leaves 19 680 599 0.25[-0.69; 1.19], 0.6 20.9% [0.0%; 50.9%],
0.16
Olive Pomace 5 215 237 1.02 [-1.1; 3.13], 0.34 0.0% [0.0%; 62.4%], 0.99
LDL Olive leaves 19 680 599 -8.44 [-12.92; -3.96], 0.0002 67.1% [50.9%; 78%], <
0.0001
Olive Pomace 5 215 237 -3.26 [-7.79; 1.27], 0.16 0.0% [0.0%; 62.4%], 0.9
ApoAl Olive leaves 2 34 29 5.98 [0.9; 11.06], 0.02 0.0% [0.0%; 89.6%], 0.8
Olive Pomace 3 166 160 0.56 [-3.11; 4.23], 0.76 37% [0.0%; 76.5%], 0.17
ApoB Olive leaves 2 34 29 -11.43 [-14.81; -8.05], < 0.0001 33.4% [0.0%; 78.0%], 0.2
Olive Pomace 3 166 160 -1.83 [-4.12; 0.46], 0.11 0.0% [0.0%; 79.2%], 0.67
oxLDL Olive leaves 6 283 271 -0.34 [-0.57; -0.11], 0.0034 60.7% [14.6%; 81.9%],
0.01
Olive Pomace 2 102 96 -0.11 [-0.39; 0.17], 0.43 0.0% [0.0%; 89.6%], 0.65
1133 Abbreviations: OL; olive leaf, OP; olive pomace, MD; mean difference, SMD; standardized mean difference, CI;
1134 confidence interval, LDL; low-density lipoprotein, HDL; high-density lipoprotein, TC; total cholesterol, TG;
1135 triglycerides, oxLDL; oxidized low-density lipoprotein, Apo A1; apolipoprotein A1, Apo B; apolipoprotein B.
1136 2 The effect estimate for oxLDL was expressed as standardized mean difference (SMD), whereas for the other
1137 markers it was expressed as mean difference (MD).
1138
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1146  Table 5. Results of the pooled meta-analysis of RCTs the effects of OL or OP extracts on glycemic
1147  control / insulin sensitivity markers.

Marker Intervention Number Number of participants Effect estimate 12 [95% CI], P
of RCTs (MD) [95% C1], P
Intervention Control
FPG Olive leaves 13 449 421 -1.08 [-2.23; 0.07], 23% [0.0%; 57.7%], 0.2
0.06
Olive Pomace 4 151 173 -0.33 [-2.19; 1.53], 17.9% [0.0%; 60.8%], 0.3
0.7
FPI Olive leaves 12 450 420 -0.51 [-1.23; 0.21], 44.4% [0.0%; 69.7%], 0.03
0.16
Olive Pomace 4 151 173 -0.22 [-1.12; 0.69], 0.0% [0.0%; 67.6%], 0.8
0.6
HOMA-IR Olive leaves 9 356 329 0.01 [-0.07; 0.09], 0.0% [0.0%; 58.3%], 0.7
0.74
Olive Pomace 2 87 87 -0.01 [-0.37; 0.35], 37.9% [0.0%; 80.5%], 0.2
0.9

1148 Abbreviations: OL; olive leaf, OP; olive pomace, MD; mean difference, CI; confidence interval, FPG; fasting
1149 plasma glucose, FPI; fasting plasma insulin, HOMA-IR; homeostatic model assessment of insulin resistance.

1150
1151
1152
1153
1154
1155
1156
1157
1158
1159
1160
1161
1162
1163
1164
1165
1166




37

1167  Table 6. Results of the pooled meta-analysis of RCTs the effects of OL or OP extracts on clinical /
1168  anthropometric parameters.
Marker Intervention Number of Number of participants Effect estimate (MD) [95% | 1% [95% CI], P
RCTs CI), P
Intervention Control
SBP Olive leaves 11 408 375 -3.72 [-5.94; -1.51], 0.001 57.4% [24.3%; 76%], 0.003
Olive Pomace 4 196 218 1.79 [-0.7; 4.28], 0.16 0.0% [0.0%; 64.8%], 0.99
DBP Olive leaves 11 408 375 -1.52 [-2.64; -0.4], 0.008 12.0% [0.0%; 49.9%], 0.32
Olive Pomace 4 196 218 0.25 [-1.38; 1.88], 0.76 0.0% [0.0%; 64.8%], 0.56
BMI Olive leaves 11 450 353 -0.26 [-0.5; -0.02], 0.035 54.4% [21.0%; 73.6%],
Olive Pomace 3 132 154 -0.03 [-0.63; 0.56], 0.9 8800/04 [0.0%; 70.8%], 0.99
Weight Olive leaves 347 306 -0.71 [-1.21; -0.21], 0.0055 54.0% [13.9%; 75.4%], 0.01
Olive Pomace 2 102 96 0.29 [-2.51; 3.1], 0.8 0.0% [0.0%; 89.6%], 0.9
wC Olive leaves 5 183 156 -0.5[-2.29; 1.29], 0.6 75.3% [47.7%:; 88.3%],
Olive Pomace 2 102 96 -0.01 [-2.62; 2.59], 0.99 8800/5 [0.0%; 89.6%], 0.8
HC Olive leaves 2 112 87 -0.2 [-1.08; 0.67], 0.6 0.0% [0.0%; 89.6%], 0.86
Olive Pomace 2 102 96 0.22 [-1.42; 1.86], 0.8 0.0% [0.0%; 89.6%], 0.9
1169 Abbreviations: OL; olive leaf, OP; olive pomace, MD; mean difference, CI; confidence interval, BMI; body mass
1170 index, SBP; systolic blood pressure, DBP; diastolic blood pressure, WC; waist circumference, HC; hip
1171 circumference.
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1184  Table 7. GRADE profile of RCTs evaluating the effects of OL or OP extracts on 21 cardiometabolic
1185 and anthropometric health markers.
Sample size . .
Biomarkers Outcome Intervention Numb'er (interventio Efff ct snze; Risk of bias Inconsistency Indirectness Imprecision Publl.catlon Quality of evidence °
of studies a (95% CI) bias
n/control)
304 -0.2 (-0.7; No serious Serious No serious Serious No serious BBOQ def
Olive leaves 3 (188/176) 0.3) limitations limitations limitations limitations limitations Low
Inflammatory
markers IL-6
Olive 4 239 -0.04 (- No serious No serious No serious Serious No serious BBBQ e
Pomace (181/209) 0.17; 0.1) limitations limitations limitations limitations limitations Moderate
. Very serious . . .
. -3.43 (- No serious A No serious Serious No serious BOOQ det
Olive leaves 2 120 (50/50) 10.54; 3.67) | limitations limitations limitations limitations limitations Very Low
IL-8 N -
Olive 3 151 1.7 (0.24; No serious lir(r)ﬁst;ilgﬁz No serious Serious No serious DPEPO e
Pomace (151/151) 3.16) limitations limitations limitations limitations Moderate
. Serious . . .
. 216 -0.43 (- No serious e No serious Serious No serious HROQO def
Oliveleaves | 3 (141/135) 0.68;-0.18) | limitations limitations limitations limitations limitations Low
TNF-a N -
Olive 3 151 0.53 (-0.9; No serious lir?]ist:ilgrl:: No serious Serious No serious BRPO
Pomace (151/151) 1.96) limitations limitations limitations limitations Moderate
. Serious . . . def
Olive leaves s 392 -0.01 (- No serious limitations No serious Serious No serious BPROO de
(232/220) 0.04; 0.02) limitations limitations limitations limitations Low
CRP > -
Olive 4 282 0.0 (-0.03; No serious lir(rJliiZggE: No serious Serious Very serious BAOOO -
Pomace (196/218) 0.04) limitations limitations limitations limitations Very Low
0.07 (-0.18; | No serious Serious No serious Very serious No serious BOOQO def
Olive leaves 2 130 (95/95) : TR PP limitations Lo very se Lo
. 0.32) limitations limitations limitations limitations Very Low
Adiponect
in i
Olive ) 156 (98/126) 0.01 (-0.02; | No serious Elr(r)list;ilg;l: No serious Serious No serious BRBQ e
Pomace 0.04) limitations limitations limitations limitations Moderate
Olive leaves 18 1103 _1937723 (__ No serious E:r::?attlisons No serious No serious No serious [leTaIek
. (665/605) 7 limitations limitations limitations limitations Moderate
Lipid profile TC 5.72)
markers i
Olive 5 301 -2.63 (- No serious i\ilr(r)listzgg;z No serious Serious No serious DODBQ ef
Pomace (215/237) 7.61;2.36) limitations limitations limitations limitations Moderate
Olive leaves 18 1122 -5.97 (- No serious Eﬂ?};z:sg: No serious No serious No serious POEDD
(675/589) 9.11; -2.83) limitations limitations limitations limitations High
TG N -
Olive 5 301 -1.76 (- No serious li;;z;gﬁ: No serious Serious No serious DPRPO o
Pomace (215/237) 9.57; 6.04) limitations limitations limitations limitations Moderate
1142 No seri
. (680/599) 0.25 (-0.69; | No serious o serious No serious No serious No serious DEDRD
Olive leaves 19 A limitations Lo A Lo X
1.19) limitations limitations limitations limitations High
HDL
301 No serious
Olive 5 (215/237) 1.02 (-1.1; No serious limitations No serious Serious No serious DODBQ ef
Pomace 3.13) limitations limitations limitations limitations Moderate
1142 -8.44 (- No serious
Olive leaves 19 (680/599) 12.92; - NO senous limitations NO serious No serious NO serous %‘@‘@
3.96) limitations limitations limitations limitations High
LDL-C )
Olive 5 301 -3.26 (- No serious i\iiiistzgg:: No serious Serious No serious BBBQ
Pomace (215/237) 7.79; 1.27) limitations limitations limitations limitations Moderate
449 -0.34 (- No serious Serious No serious No serious No serious [SYS1SIOk
Ox-LDL | Olive leaves | 6 (283271) 0.57;-0.11) | limitations | limitations limitations | limitations | limitaions | Moderate
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Olive ) 130 (102/96) -0.11 (- No serious Eﬂ?};z:sﬁ: No serious Serious No serious DPRPO ef
Pomace 0.39;0.17) limitations limitations limitations limitations Moderate
. No serious . . .
. 5.98 (0.9; No serious S No serious Very serious Serious BDOOQO ¢
Olive leaves 2 63 (34/29) 11.06) limitations limitations limitations limitations limitations Very Low
ApoAl N -
Olive 3 194 0.56 (-3.11; No serious li:;];zggg: No serious Serious No serious DPEDO
Pomace (166/160) 4.23) limitations limitations limitations limitations Moderate
-11.43 (- . No serious . . . "
Olive leaves 2 63 (34/29) 14.81; - NO senous limitations NO senous Ycr}/ serious S'cr}ou's ©O00 =
8.05) limitations limitations limitations limitations Very Low
ApoB . -
Olive 3 194 (166/160) -1.83 (- No serious E;;Zggﬁ: No serious Serious Serious DPROO e
Pomace 4.12; 0.46) limitations limitations limitations limitations Low
773 . No serious . . .
Glycemic . -1.08 (- No serious D No serious Serious No serious [SISISIOkS
control / Olive leaves 13 (a49/421) 2.23;0.07) limitations limitations limitations limitations limitations Moderate
insulin FPG N -
sensitivity Olive 4 237 -0.33 (- No serious liriistzggﬁz No serious Serious No serious DOBQ ef
markers Pomace (151/173) 2.19; 1.53) limitations limitations limitations limitations Moderate
773 No serious
Olive leaves 1 (450/420) -0.51 (- No serious limitations No serious Serious No serious DOBQO ef
1.23;0.21) limitations limitations limitations limitations Moderate
FPI
Olive 4 237 -0.22 (- No serious Eﬂ?}fgﬂgﬁ: No serious Serious No serious DOBQO ef
Pomace (151/173) 1.12; 0.69) limitations limitations limitations limitations Moderate
588 No serious
Olive leaves 9 (356/329) 0.01 (-0.07; | No serious limitations No serious Serious No serious BRBQ e
0.09) limitations limitations limitations limitations Moderate
HOMA-
R N -
Olive ) 87 (87/87) -0.01 (- No serious li;izggﬁ: No serious Very serious No serious DROQ et
Pomace 0.37; 0.35) limitations limitations limitations limitations Low
581 -3.72 (- Serious No serious No serious No serious No serious HeeOn
N Ofiveleaves | 11 (408/375) 5.94;-151) | limitations | mitations limitations | limitations | limitations | Moderate
Clinical /
anthropometr | SBP 282 N .
ic parameters Olive 4 (196/218) 1.79 (-0.7; No serious lilf‘)listzglg:: No serious Serious No serious DOHBQ ef
Pomace 4.28) limitations limitations limitations limitations Moderate
Olive leaves 1 581 -1.52 (- Serious i\iiiist;ilg:: No serious No serious No serious HeeOn
(408/375) 2.64;-0.4) limitations limitations limitations limitations Moderate
DBP o
Olive 4 282 0.25 (-1.38; No serious Iir?]istzlt-ilg:: No serious Serious No serious DPRPO ef
Pomace (196/218) 1.88) limitations limitations limitations limitations Moderate
71 No serious
Olive leaves 1 (450/353) -0.26 (-0.5; No serious limitations No serious No serious No serious [SISTS1S)
-0.02) limitations limitations limitations limitations High
BMI
Olive 3 218 -0.03 (- No serious i\iiiist;ilg:: No serious Serious No serious DRRO e
Pomace (132/154) 0.63; 0.56) limitations limitations limitations limitations Moderate
Olive leaves 9 593 -0.71 (- No serious %\ilr?]istzlt-ilg:: No serious No serious Very serious [$131OIOF;
(347/306) 1.21;-0.21) | limitations limitations limitations limitations Low
Weight 130 (102/96 N i
Olive 5 ( ) | 029 (-2.51; | No serious Iir(r)ﬁstzlt-ilg:: No serious Serious No serious BRDBQO ef
Pomace 3.0 limitations limitations limitations limitations Moderate
. . Serious . . . def
Olive leaves 5 339 -0.5(-229; | No serious limitations No serious Serious No serious [$131010X
(183/156) 1.29) limitations limitations limitations limitations Low
wC
Olive 2 130 (102/96) -0.01 (- No serious No serious No serious Serious No serious DPRPO o
Pomace 2.62;2.59) limitations limitations limitations limitations limitations Moderate
HC Olive leaves 5 199 (112/87) -0.2 (-1.08; No serious No serious No serious Serious E;izggz: DOEDO
0.67) limitations limitations limitations limitations Moderate
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Olive
Pomace

2

130 (102/96)

0.22 (-1.42;
1.86)

No serious
limitations

No serious
limitations

No serious
limitations

Serious
limitations

No serious
limitations

DOBO

Moderate

1186
1187
1188
1189
1190
1191
1192
1193

1194
1195

1196
1197

1198
1199
1200
1201
1202
1203

1204

1205
1206

1207
1208

1209
1210

1211
1212

1213

1214

Abbreviations: GRADE; Grading of Recommendations Assessment, Development, and Evaluation, OL;
Olive Leaf, OP; Olive Pomace, CI; Confidence Interval, IL-6; Interleukin-6, IL-8; Interleukin-8, TNF-q;
Tumor Necrosis Factor-a, CRP; C-Reactive Protein, TC; Total Cholesterol, TG; Triglycerides, HDL;
High-Density Lipoprotein Cholesterol, LDL; Low-Density Lipoprotein Cholesterol, ox-LDL; Oxidized
Low-Density Lipoprotein, Apo Al; Apolipoprotein Al, Apo B; Apolipoprotein B, FPG; Fasting Plasma
Glucose, FPI; Fasting Plasma Insulin, HOMA-IR; Homeostatic Model Assessment of Insulin Resistance,
SBP; Systolic Blood Pressure, DBP; Diastolic Blood Pressure, BMI; Body Mass Index, WC; Waist

Circumference, HC; Hip Circumference.

* Numbers in parentheses represent participants contributing data to each arm; crossover trial participants

contributed to both intervention and control groups.

® The effect estimate for ox-LDL was expressed as standardized mean difference (SMD), whereas for the

other markers it was expressed as mean difference (MD).

‘PDPPD (high quality): there is a strong belief that the true effect lies close to estimated effect;
DPDDO (moderate quality): there is a reasonable degree of certainty that the actual effect is near the
estimated effect while, there exists a chance of significant difference; @D OO (low quality): the
confidence in the estimated effect is restricted and there is a possibility of substantial disparity between
the actual and estimated effects; @OOO (very low quality): there is a minimal confidence in the

estimated effect and The actual effect is probable to vary from the estimated one considerably.
4 Heterogeneity was moderate to substantial (I?) and remained largely unexplained (inconsistency)

°Wide CI crossing the line of no effect and clinical decision thresholds, leading to uncertainty in the

estimate (imprecision).

"The total number of participants was limited, falling below the commonly accepted threshold of 400 for

adequate precision. (imprecision)

¢ Evidence suggests the presence of publication bias, contributing to uncertainty in the estimate.

(publication bias)

"One RCT judged at high risk of bias contributed multiple time-point outcomes to the meta-analysis,

increasing its influence on the pooled estimate.




Records identified through
database searching (n = 604)

Records screened (n = 349)

Records identified through
manual search (n=7)

4’| Duplicate records excluded (n = 255)

Reports sought for retrieval
(n=65)

Records excluded (n = 284):

Unrelated topic (n = 190), study design other
than RCTs (94)

Reports sought for retrieval
m=7)

Reports assessed for
eligibility (n = 65)

Final number of included

Reports excluded (n = 35):

Trials not applying randomization (n = 2)
Trials not evaluating outcomes of interest (n =
5)

Trials without a suitable intervention (n = 7)
Trials including participants with Coved-19
(n=2)

Trials shorter than one week (n=7)

Trials with olive-leaf extract in the control
group (n=1)

Trials with a medicine in the control group (n
=3)

Contact with author without reply (n = 8)

Reports not retrieved
m=5)

Reports assessed for
eligibility (n =2)

Reports excluded (n = 2):

Trials including

studies (n = 30)

participants with cancer (n
=1)
Trials feeding fish with

olive by-products (n= 1)
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Highlights

e Olive leaf supplementation improved lipid profile markers: TC, TG, LDL, ApoB, oxLDL,
ApoAl

e Olive leaf supplementation had no significant effects on glycemic control markers

e Olive pomace supplementation showed no cardiometabolic or anthropometric benefits
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