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Abstract 

Background: Muscle function determines overall health and is often impaired in metabolic 
syndrome, largely due to oxidative stress and inflammation. Olive mill wastewater (OMWW) is rich 
in bioactive polyphenols (e.g., hydroxytyrosol, oleuperine and verbascoside) that may hinder these 
pro-sarcopenic mechanisms, representing a potential nutraceutical to maintain muscle health. 
Objective: To evaluate the effects of short-term supplementation with an OMWW-derived 
polyphenol extract (Oliphenolia®, OMWW-OL) on muscle-related parameters and antioxidant 
biomarkers in adults at metabolic risk, while maintaining dietary habits. Methods: This exploratory, 
hypothesis-driven secondary analysis was based on a single-arm longitudinal pilot study assessing 
patients at baseline (T0), after 30 days of supplementation (T1), and 30 days post-discontinuation (T2). 
Anthropometry, bioelectrical impedance, and biochemical assessments were performed. Results: 
Supplementation was associated with modest increases in skeletal muscle mass, muscle mass 
percentage, and wrist, arm, and calf circumferences. Fat mass decreased progressively, while total 
body water percentage and hydration status improved. Ferritin levels rose at T2, alongside increases 
in protein thiols (PSH) and Trolox equivalent antioxidant capacity (TEAC), suggesting improved iron 
status and reduced oxidative stress. Body weight and BMI decreased, as expected in a dietary 
intervention for metabolic syndrome, while muscle health showed a tendency to improve. 
Conclusions: Although findings require cautious interpretation, short-term Oliphenolia® 
supplementation was associated with modest but consistent directional changes across muscle-
related and metabolic indicators in adults at metabolic risk. The results support hypothesis 
generation and the need for larger studies aimed at investigating the potential preventive role of 
OMWW-OL in the context of cancer-associated sarcopenia. 

Keywords: olive mill wastewater; polyphenols; body composition; muscle mass; metabolic 
syndrome; muscle; prevention; sarcopenia; olive oil; hydroxytyrosol; nutraceutical 
 

Introduction 

An expanding body of evidence indicates that muscular health is inversely and independently 
associated with both all-cause and cardiovascular mortality, even after adjustment for 
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cardiorespiratory fitness and other confounding factors, including age, adiposity, and smoking 
status. Multiple studies have demonstrated that greater muscular performance is associated with a 
lower risk of several chronic conditions, including cardiovascular disease and stroke [Silventoinen, 
2009; Åberg, 2015], hypertension [Maslow, 2010], metabolic syndrome and hyperinsulinemia 
[Churilla, 2012; Jurca, 2005], and type 2 diabetes [Grøntved, 2014]. Conversely, metabolic syndrome 
has been consistently associated with declines in muscle function and it represents a significant 
contributor to the development of sarcopenia [Jung, 2023], a progressive condition characterized by 
reductions in muscle mass, strength, and physical performance [Cruz-Jentoft, 2019]. Notably, 
dyslipidemia has also been associated with reduced muscle strength and impaired physical 
performance [Kawamoto, 2015]. Pathophysiological mechanisms linking metabolic dysfunction to 
muscle deterioration include insulin resistance, chronic low-grade inflammation, oxidative stress, 
and ectopic fat deposition, all of which impair protein synthesis and mitochondrial function, thereby 
accelerating muscle mass and functional decline [Kim, 2021; Nishikawa, 2021; Li, 2024]. In particular, 
oxidative stress plays is a major driver of muscle mass loss as reactive oxygen species (ROS) regulate 
key signaling pathways involved in muscle metabolism, adaptation, and regeneration. Consequently, 
when redox balance is disrupted, such as in metabolic syndrome, excess ROS triggers inflammation, 
creating an environment that promotes protein degradation, impairs mitochondrial function, and 
reduces regenerative capacity. This leads to muscle dysfunction and decline [Duranti, 2023], which 
is especially pronounced in metabolic syndrome [Jiang, 2026]. Declines in muscle function also 
frequently occur secondary to malnutrition, physical inactivity, cancer, or prolonged immobilization 
[Lewandowicz, 2019] and represents a major clinical concern, as it is associated with an increased risk 
of mortality [Zhou, 2023; Cui, 2025]. Therefore, strategies aimed at preserving muscle mass and 
function are essential [Albini, 2025]. Nutritional deficiencies, including inadequate protein intake, 
vitamin D deficiency, and low antioxidant consumption, further compromise muscle regeneration 
and metabolism [Barone, 2025; Aminianfar, 2024], while low serum albumin levels may serve as an 
early biomarker of muscle wasting risk [Erdoğan, 2025]. Although resistance exercise, adequate 
nutrition, and hormonal modulation can partially restore muscle function [Damanti, 2024], effective 
pharmacological therapies for sarcopenia remain limited [Kim, 2025; Evans, 2024]. 

Preserving muscle function, particularly strength and physical performance, is therefore crucial. 
Early preventive strategies targeting metabolic dysfunction, oxidative stress, and inflammation may 
play a key role in maintaining muscle integrity, functional independence, and long-term health in at-
risk populations. 

In this context, increasing attention has focused on nutraceutical approaches [Li, 2025], among 
which olives and olive oil stand out due to their content in polyphenols [Accardi, 2016; Aiello, 2016]. 
Interestingly, olive mill wastewater (OMWW), a byproduct of olive oil extraction, also contains 
bioactive polyphenols such as hydroxytyrosol, verbascoside, and oleuropein, which exhibit well-
documented antioxidant and anti-inflammatory properties [Albini, 2023; Aiello, 2024; Achour 2025]. 
These characteristics make OMWW-derived extracts promising candidates for supporting muscle 
health, and a potential anti-sarcopenic effect has been suggested [Cuffaro, 2023]. Consistently, 
preclinical evidence indicates that hydroxytyrosol may enhance mitochondrial function and protect 
against muscle atrophy [Dong, 2022; Yonezawa, 2018; Wang, 2014]. In addition, in vitro studies have 
reported reductions in intestinal cell inflammation and modulation of immune responses [Ferlisi, 
2024], while in vivo experiments suggest that OMWW-derived extracts may reduce chemotherapy-
induced cardiotoxicity [Benedetto, 2022]. Taken together, these findings indicate that OMWW 
polyphenols may provide systemic benefits, supporting muscle health, intestinal and immune 
function, and cardiovascular protection. These effects may be particularly relevant not only for the 
general population but also for individuals at risk of metabolic syndrome and for patients 
undergoing cancer treatment. 

The present study represents a secondary, hypothesis-driven re-analysis of data generated 
within a single-arm longitudinal interventional pilot trial originally designed to investigate the 
metabolic and anti-inflammatory effects of an olive mill wastewater–derived polyphenol extract 
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(Oliphenolia®, OMWW-OL) [Aiello, 2024]. Although the primary analysis focused on 
cardiometabolic outcomes, the original dataset included repeated anthropometric, bioelectrical 
impedance, and functional measurements relevant to muscle strength and body composition. This 
re-analysis therefore specifically evaluated the effects of standardized OMWW-OL supplementation 
on muscle-related parameters in adults at risk of developing metabolic syndrome, with the aim of 
exploring potential associations with muscle function and body composition over time. 

Methods 

Study Design and Participants 

The original study was a single-arm, longitudinal, interventional pilot study conducted in 
western Sicily within the research programme Nutraceutical Effects of Olive Products: Role in the 
Achievement of Longevity to evaluate the effects of an olive-mill wastewater–derived polyphenol 
extract (Oliphenolia®, OMWW-OL) on anthropometric and hematological, parameters. In this design, 
each participant served as his/her own control. Adults presenting with at least one metabolic 
syndrome–related characteristic were enrolled. Inclusion criteria comprised mild dyslipidaemia 
(total cholesterol 190–240 mg/dL or triglycerides ≥150 mg/dL), increased waist circumference (≥102 
cm in men or ≥88 cm in women), or impaired fasting glucose (≥100 mg/dL). Exclusion criteria 
included chronic systemic disease, ongoing pharmacological treatment for metabolic disorders (e.g., 
statins or hypoglycaemic agents), adherence to restrictive diets, or prior use of polyphenol 
supplements [Aiello, 2024]. 

Objectives and Analytical Hierarchy 

This study represents a secondary, hypothesis-driven re-analysis of data derived from a 
previously conducted single-arm pilot trial. The present analysis was exploratory and was not 
formally pre-specified in the original study protocol. However, muscle-related outcomes were 
selected a priori based on the availability of repeated measures and their clinical relevance to muscle 
mass. The primary exploratory endpoints of this secondary analysis included changes in body 
composition parameters, such as Skeletal muscle mass (SMM), skeletal muscle index (SMI), fat mass 
(FM) and muscle mass (MM), changes in anthropometric measures, hydration indices, and 
biochemical markers over time (T0, T1, T2). Given the exploratory nature of this pilot re-analysis, no 
formal adjustment for multiplicity was applied. Therefore, all statistical findings should be 
interpreted as hypothesis-generating. 

Ethical Aspects 

All participants were thoroughly informed beforehand about the study’s objectives and 
procedures and provided written informed consent prior to enrollment. To ensure confidentiality, 
personal identifiers were replaced with coded alphanumeric labels in compliance with the European 
General Data Protection Regulation (GDPR, EU 2016/679). The study was carried out according to 
the principles of the Declaration of Helsinki (1964) and subsequent revisions. Ethical approval was 
granted by the Institutional Review Board of the Policlinico Paolo Giaccone University Hospital 
(study title: Role of olive products in the prevention of age-related diseases), on 18 February 2019, 
under number 02/2019. 

Intervention 

Following a 7-day washout period during which participants abstained from extra virgin olive 
oil and polyphenol-containing diet or supplements, subjects consumed 25 mL of OMWW extract 
(Oliphenolia®) twice daily for 30 days. 
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Assessments 

Muscular function and sarcopenia related variables were selected a priori based on international 
consensus frameworks, principally the European Working Group on Sarcopenia in Older People 
(EWGSOP2) [Cruz-Jentoft, 2019], with consideration of complementary guidance from the 
Sarcopenia Definitions and Outcomes Consortium (SDOC) [Kirk, 2021] and the Asian Working 
Group for Sarcopenia (AWGS) [Chen, 2020]. 

Calf circumference was included as a complementary anthropometric proxy of lower-limb 
muscle mass and muscle strength. Arm and wrist circumferences were also measured. Measurements 
were obtained at the point of maximal girth with participants standing and muscles relaxed. These 
parameters are recommended in community and field settings where imaging or performance-based 
assessments are not feasible, and they have demonstrated strong correlations with appendicular 
muscle mass and strength. Muscle quantity and body composition were evaluated using bioelectrical 
impedance analysis (BIA), a validated, non-invasive, and reproducible method suitable for 
longitudinal and nutraceutical studies when hydration status and standardized testing conditions 
are controlled. SMM, FM, MM), and SMI were assessed. Hydration-related parameters derived from 
BIA, including total body water and hydration status, were also examined, as they reflect cellular 
integrity and may influence muscle function and bioimpedance-based estimates. In addition, 
biochemical parameters were measured in blood samples [Aiello, 2024]. 

Data Collection 

All measurements were obtained at three predefined time points: baseline (T0), after 30 days of 
OMWW supplementation (T1), and 30 days after discontinuation of supplementation (T2). This 
design enabled evaluation of both short-term intervention effects and persistence following washout. 
Anthropometric, clinical, and BIA analyses were conducted under standardized conditions by 
trained biologists and physicians. Fasting blood samples were collected at each time point for the 
assessment of hematochemical parameters. 

BIA (Akern 101), which has been validated as a practical and reliable tool for sarcopenia 
assessment [Gonzalez, 2018], was used to estimate SMM (kg), SMI, (kg/m2), MM (kg), FM (kg), total 
body water (TBW) and the hydration status. Anthropometric measurements and BIA analysis were 
performed with participants wearing light clothing and barefoot. Body weight was measured using 
a calibrated electronic scale (in kilograms), while height was assessed in the supine position using a 
stadiometer. BIA measurements also included resistance. Body composition parameters, expressed 
both as percentages of body weight and in kg/m2, were estimated using regression equations 
implemented in Bodygram®Plus 1.1.4.4 software (BIA-101, RJL Systems, Akern, Pisa, Italy). Blood 
samples were collected in the morning, after an overnight fast, into additive-free tubes for serum 
separation and subsequent measurement of ferritin, renal and hepatic function parameters, and 
inflammatory markers. Samples were subsequently centrifuged at 2500 rpm for 15 minutes at 4 °C, 
and the isolated serum was frozen and stored at −80 °C. Standard biochemical assays were used to 
assess all hematochemical parameters. For protein thiols (PSH) and for the Trolox equivalent 
antioxidant capacity (TEAC) measurements, blood samples were collected in heparinized gel-
separation vacutainer tubes and centrifuged at 3000 rpm (500 × g) for 5 minutes. Plasma was carefully 
separated and stored at −18 °C. PSH concentrations were measured using a standardized Ellman’s 
assay, with calibration and absorbance readings obtained at 412 nm [Chianeh, 2014]. TEAC was 
measured according to a previously reported protocol [Re, 1999]. Clinical and biochemical safety 
parameters and adverse events were monitored throughout the study period. 

Statistics 

The present analysis was conducted on a per-protocol basis, including only participants who 
completed all three assessment time points (T0, T1, T2) [Aiello 2024]. An intention-to-treat approach 
was not applied due to the exploratory nature of the study and the limited sample size. No 
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imputation of missing data was performed. Statistical evaluation focused on within-participant 
longitudinal comparisons across time points (T0, T1, T2). Calculations of mean values, standard 
deviation (SD), and average percentage changes between time points (T0–T1, T1–T2, T0–T2) were 
performed using Excel. 

Statistical analyses were performed using GraphPad Prism version 10.0.2 (GraphPad Software, 
San Diego, CA, USA). Changes across timepoints (T0, T1, and T2) were analyzed using one-way 
repeated-measures analysis of variance (ANOVA), with time as the within-subject factor. When 
appropriate, Tukey’s multiple comparisons post hoc test was applied to assess pairwise differences 
between timepoints (T0 vs. T1, T0 vs. T2, and T1 vs. T2), and adjusted p-values are reported. Results 
are presented as mean ± SD. A two-sided p value < 0.05 was considered statistically significant. Non-
significant variations were descriptively reported as percentages of change. Given the number of 
endpoints assessed and the absence of correction for multiple comparisons, reported p-values should 
be considered nominal and interpreted cautiously. 

Results 

Baseline Characteristics of Enrolled Participants 

Twenty-nine adults (17 men, 12 women) with at least one metabolic syndrome–related 
characteristic were enrolled in the study, 23 (15 men and 8 women) completed all three assessment 
time points: baseline (T0), after 30 days of OMWW supplementation (T1), and 30 days after 
discontinuation (T2). Six participants withdrew for personal reasons unrelated to adverse events. The 
study cohort consisted of middle-aged to older adults with a mean age of 59 years at baseline. 
Anthropometric and muscle parameters indicated a population with characteristics potentially 
associated with metabolic and muscle-related alterations. Mean weight was 76.55 kg and BMI was 
27.46 kg/m2. Body composition analysis revealed FM of 23.31 kg, MM of 24.71 kg, SMM of 24.71 kg, 
SMI of 8.77 kg/m2. Relative composition showed FM% 30.03% and MM% 32.41%. Mean resistance 
was 548.26 Ohms. Physical assessment indicated calf circumference of was 34.70 cm, wrist 16.46 cm 
and arm of 29.00 cm. TBW was 39.09 L, TBW% was 51.36% and the hydration status was 73.40%. 
Ferritin level was 108.48 ng/mL, PSH was 4.79 µmol/L and TEAC was 4380.09 mmol/L. Biochemical 
parameters were largely within normal or near-reference ranges. Alanine aminotransferase (ALT) 
was 21.57 U/L, and aspartate aminotransferase (AST) was 18.39 U/L. Gamma-glutamyl transferase 
(GGT) levels averaged 25.52 U/L, while kidney function markers included urea 34.60 mg/dL and 
creatinine 0.84 mg/dL. 

Overall, participants presented baseline characteristics consistent with older adults at risk of 
metabolic alterations, with generally preserved muscle mass and moderate metabolic risk factors. 

Longitudinal Changes in Body Composition: Lean Mass Preservation with Progressive Fat Mass Reduction 

BIA analysis revealed modest but broadly consistent directional changes in body composition 
following supplementation over the study period. Overall, body composition parameters remained 
largely stable, with slight shifts toward lean mass proportions. FM showed consistent reductions over 
time, decreasing by 4.3% from T0 to T2. FM% showed a progressive decline over time. Mean values 
decreased from T0 to T1 and further to at T2 (−3.5% compared with baseline). Similar trends were 
observed for FMI, which declined by 4.2% at T2. In contrast, the proportional measures of lean tissue 
showed slight increases. MM% showed a modest increase over time. Mean values increased slightly 
from T0 to T1 and further at T2 (+2% compared with baseline, p=0.0417). Between T1 and T2, MM% 
increased by an additional 1.5%, possibly suggesting a long-lasting effect. SMM remained largely 
stable across time points. A minimal increase was observed at T2 (+1.0% compared with baseline). 
Between T1 and T2, SMM increased by approximately 1.2%. SMI showed minimal variation over 
time. A slight increase was observed at T2 (+1.0% vs. T0). Between T1 and T2, SMI increased by 
approximately 1.5%. These findings indicate overall stability, with a slight upward trend by the end 
of follow-up. Resistance showed a slight reduction from T0 to T1 (−0.7%), followed by a more 
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pronounced decline at T2 (−2.9% vs. T0). Between T1 and T2, resistance decreased by an additional 
−2.2%. Overall, resistance showed a downward trend over time (Figure 1). 

 

Figure 1. Longitudinal changes in body composition parameters assessed by bioelectrical impedance analysis 
(BIA). BIA–derived body composition parameters measured at baseline (T0), post-supplementation (T1), and 30 
days after cessation (T2). (A) Skeletal muscle mass (SMM). (B) Skeletal muscle index (SMI). (C) Muscle mass % 
(MM%). (D) Fat mass percentage (FM%). (E) Resistance. Data are presented as mean ± SD. Statistical significance 
was assessed using repeated-measures ANOVA with Tukey’s post hoc test. 

Longitudinal Changes in Peripheral Anthropometric Parameters 

Arm circumference showed a slight decrease suggesting overall stability. Calf circumference 
showed a progressive increase over time. Compared with baseline, values increased slightly at T1 
(+0.3%) and more substantially at T2 (+3.6%). Between T1 and T2, an additional 3.3% increase was 
observed. Wrist circumference increased modestly from T0 to T1 (+0.9%) and remained stable 
thereafter, with no further change at T2 (Figure 2). 
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Figure 2. Changes in anthropometric circumferences. Anthropometric parameters evaluated at T0, T1, and T2. 
(A) Wrist circumference, (B) arm circumference, (C) calf circumference. Values are expressed as mean ± SD. 
Comparisons across timepoints were performed using repeated-measures ANOVA with Tukey’s correction. 

Longitudinal Changes in Total Body Water and Hydration Status 

TBW remained stable throughout the study period. A modest increase was observed at T2 
(+1,0% vs. baseline). Between T1 and T2, TBW increased by approximately 1.1%, suggesting an 
overall stability of hydration status. TBW% showed a progressive increase over time. Compared with 
baseline, TBW% rose by 0.4% at T1 and 1.7% at T2. Between T1 and T2, a further increase of 1.3% was 
observed. These findings are consistent with a modest directional change in body composition 
parameters. Hydration values showed a small but progressive increase over time. A slight, non-
significant rise was observed from T0 to T1 (+0.16%). Hydration increased further at T2, and the 
difference between T0 and T2 reached statistical significance (p=0.0002) indicating a subtle yet 
consistent improvement in hydration status across the study period. (Figure 3). 
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Figure 3. Hydration and total body water parameters. Hydration-related parameters derived from BIA 
measured at T0, T1, and T2. (A) Total body water (TBW, L). (B) Total body water percentage (TBW%). (C) 
Hydration status (%). Data are shown as mean ± SD. Statistical analysis was performed using repeated-measures 
ANOVA with Tukey’s multiple comparisons test. 

Longitudinal Changes in Ferritin and Protein Thiols (PSH), and Antioxidant Capacity 

Ferritin levels showed a progressive increase over time. A moderate, non-significant rise was 
observed from T0 to T1 (+7.7%). Ferritin increased further at T2, reaching a +16.2% change compared 
with baseline, and the difference between T0 and T2 was statistically significant (p=0.0007). Between 
T1 and T2, a further 7.9% increase was observed. PSH levels also showed a progressive increase over 
time. Compared with baseline, PSH increased by 7.7% at T1 and 9.0% at T2. Between T1 and T2, a 
smaller additional increase of 1.2% was observed. TEAC showed variable changes over time. Mean 
values increased from T0 to T1 and decreased at T2. No significant differences were observed 
between T0 and T1 or between T0 and T2, while a statistically significant difference was observed 
between T1 and T2 (p=0.0221). These findings may reflect a directional change in antioxidant-related 
parameters (Figure 4). 
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Figure 4. Iron stores and antioxidant biomarkers. Longitudinal changes in biochemical markers related to iron 
metabolism, redox balance and antioxidant capacity. (A) Ferritin (ng/mL). (B) Protein thiols (PSH, µmol/L). (C) 
Trolox equivalent antioxidant capacity (TEAC). Measurements were obtained at T0, T1, and T2. Data are 
presented as mean ± SD. Statistical significance was assessed using repeated-measures ANOVA with Tukey’s 
post hoc analysis. 

Longitudinal Changes in Weight and BMI 

Body weight showed a modest reduction over time. A slight decrease was observed from T0 to 
T1 (−0.7%). Weight declined further at T2 (−0.9% vs. baseline), and the difference between T0 and T2 
reached statistical significance (p=0.0097). BMI decreased progressively from T0 to T1 (–0.7%) and T2 
(–0.9%), indicating a small but statistically significant steady reduction in body weight relative to 
height (p=0.0097; Figure 5). 
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Figure 5. Body weight and body mass index. Changes in anthropometric measures over time. (A) Body weight 
(kg). (B) Body mass index (BMI, kg/m2). Values are expressed as mean ± SD at T0, T1, and T2. Statistical 
comparisons were conducted using repeated-measures ANOVA with Tukey’s multiple comparisons test. 

Discussion 

As the global population ages [Owusu, 2023], the prevalence and clinical burden of muscle-
wasting syndromes are expected to increase [Ogawa, 2016]. Muscle mass and strength are key 
predictors of functional capacity and adverse outcomes [Xue, 2011; Martin, 2020; Cruz-Jentoft, 2019]. 
Consequently, there is a growing need for preventive, multidisciplinary strategies. Oxidative stress 
represents a key therapeutic target, as it triggers inflammation, which is a major driver of muscle 
decline, particularly in the context of metabolic syndrome, which has been consistently associated 
with declines in muscle function [Duranti, 2023; Jiang, 2026]. Therefore, early interventions targeting 
metabolic dysfunction, oxidative stress, and inflammation may help preserve muscle integrity, 
functional independence, and long-term health in at-risk populations. To date, no interventional 
strategy has demonstrated sufficient and consistent clinical benefit to warrant routine use in this 
setting [Morley, 2016; Rolland, 2023]. Consequently, attention has increasingly shifted toward 
nutraceutical approaches with antioxidant and anti-inflammatory properties, including polyphenol-
rich extracts such as hydroxytyrosol derived from OMWW [Bagherniya, 2022]. However, clinical 
evidence supporting their efficacy remains limited. 

In this context, the present secondary analysis represents an exploratory, hypothesis-generating 
re-evaluation of muscle-related outcomes following short-term supplementation with an OMWW–
derived polyphenol extract (Oliphenolia®, OMWW-OL) in adults at risk of metabolic alterations. 
Although originally designed to assess cardiometabolic parameters, the dataset provided a valuable 
opportunity to evaluate the effects on skeletal muscle mass, body composition, hydration status, and 
oxidative biomarkers. While most changes did not reach statistical significance, likely due to the pilot 
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design and limited sample size, overall, the results showed some consistent directional trends across 
several parameters. 

The principal finding of this re-analysis is the consistent directional trend toward preservation, 
and improvement, of muscle composition over the study period, with several effects persisting even 
after a 30-day washout period. The internal coherence across anthropometric, bioimpedance, and 
biochemical parameters supports a biologically plausible effect. BIA-derived body composition 
parameters remained largely stable over time. Small directional reductions in fat mass and minimal 
increases in relative lean mass indices were observed. These changes should be interpreted cautiously 
but are indicative. Importantly, improvements in muscle indices were accompanied by reductions in 
body weight and BMI. In people with pre-metabolic syndrome (often overlapping with metabolic 
syndrome risk factors), a reduction in body weight and BMI is desirable, when evaluating a dietary 
supplementation. However, how you phrase it depends on the scientific context. Weight and BMI 
reduction are typically associated with improved insulin sensitivity, lower fasting glucose, and a 
better lipid profile (decrease in triglycerides and increase in high-density lipoprotein [HDL]), all of 
which parameters were assessed and described in the primary analysis [Aiello, 2024], as well as lower 
cardiovascular risk. If a supplement contributes to weight/BMI reduction, that is usually interpreted 
as a beneficial metabolic outcome. 

Resistance showed a progressive decrease, which in BIA models is usually interpreted as being 
consistent with improved lean tissue conductivity. Lower muscle resistance post-supplementation is 
generally associated with improved muscle function, including a better ability to contract and relax 
efficiently, reduced internal friction, and more coordinated movement. This translates into improved 
performance and less fatigue [Francisco, 2020]. 

Hydration-related measures showed modest but indicative changes over time, which may 
provide some contextual support for this interpretation. Total body water remained stable, while its 
percentage increased modestly over time. 

The preservation of muscle-related parameters observed with OMWW-OL supplementation 
may suggest a potentially favorable metabolic profile. Maintaining skeletal muscle mass is crucial not 
only for preventing physical frailty and disability but also for improving metabolic outcomes and 
reducing mortality risk [Kim, 2020]. 

Biochemical findings provide additional context. The increase in PSH and antioxidant capacity 
(TEAC) suggests enhanced antioxidant defenses, while the rise in ferritin within physiological ranges 
may reflect improved iron availability and metabolic homeostasis. Together, these changes are 
consistent with a systemic environment more conducive to muscle maintenance. Mechanistically, this 
aligns with the known antioxidant and anti-inflammatory properties of OMWW-derived 
polyphenols [Albini, 2023; Aiello, 2024], which may modulate pathways implicated in muscle 
degradation. From a clinical perspective, maintaining skeletal muscle mass is essential for preventing 
frailty, improving metabolic outcomes, and reducing mortality risk [Kim, 2020]. These preliminary 
findings suggest that OMWW-derived polyphenols may support early preventive strategies, given 
the central role of oxidative stress and inflammation in muscle degradation and mitochondrial 
dysfunction [Duranti, 2023; Jiang, 2026]. Although not supporting clinical application at this stage, 
these results may provide a mechanistic rationale consistent with their known antioxidant and anti-
inflammatory properties [Albini, 2023; Aiello, 2024], warranting further investigation. 

This study has several limitations. The single-arm design precludes causal inference, and the 
absence of a placebo control limits interpretation of temporal trends. The sample size was small and 
follow-up duration relatively short. The use of a per-protocol analysis without imputation of missing 
data may introduce attrition bias and limit generalizability. Additionally, bioelectrical impedance 
analysis is sensitive to hydration status and measurement variability. Therefore, all findings should 
be considered exploratory and hypothesis-generating. 

Nonetheless, the consistency of trends across multiple interrelated domains, including muscle 
mass indices, fat mass reduction, hydration status, and oxidative biomarkers, provides a coherent 
signal that warrants further investigation. Future studies should incorporate randomized controlled 
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designs, larger sample sizes, longer follow-up, and standardized measurement conditions, as well as 
functional endpoints to determine clinical relevance. Further exploration in populations with 
established muscle impairment may also be warranted, although extrapolation to conditions such as 
cancer-associated sarcopenia should be approached cautiously. 

Conclusions 

In this secondary, hypothesis-driven re-analysis, short-term supplementation with a 
standardized olive mill wastewater (OMWW) polyphenol extract (Oliphenolia®, OMWW-OL) was 
associated with consistent, directional trends toward preservation maintenance of skeletal muscle 
mass indices, reduction in fat mass, improved hydration status, and enhanced antioxidant reserve in 
adults at risk of metabolic syndrome. Although the observed effects were modest and not uniformly 
statistically significant, the overall directional consistency may suggest a biologically plausible, 
supportive role, which requires confirmation in controlled studies. Notably, improvements in 
muscle-related parameters were accompanied by reductions in body weight and BMI highly 
aupsicable in nutraceutical supplementation in pre-metabolic syndrome. These changes were 
observed alongside improved hydration metrics, although these findings should be interpreted 
cautiously given the influence of hydration on BIA-derived measures, suggesting a possible favorable 
metabolic adaptation rather than lean tissue loss. These effects are consistent with the known 
antioxidant and anti-inflammatory properties of OMWW-derived polyphenols, which may 
contribute to modulating key pathways involved in muscle decline. 

Overall, these findings support further investigation of OMWW-derived polyphenols, rather 
than establishing efficacy, as a nutraceutical strategy for the early prevention of muscle mass decline, 
particularly in populations at risk of metabolic syndrome. Any extension of these findings to other 
clinical contexts, including cancer- or cardiovascular-associated sarcopenia, remains speculative and 
should be addressed in specifically designed studies. Larger and adequately powered trials are 
needed to confirm efficacy, elucidate underlying mechanisms, and determine long-term clinical 
relevance in metabolic syndrome and other conditions characterized by muscle vulnerability. 
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