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Purpose: This real-world observational study was conducted to evaluate decrease in pain after 30-day administration of a new oral
cetylated fatty acids (CFA) food supplement, assess if decreased pain resulted in a lower consumption of oral non-steroidal anti-
inflammatory drugs (NSAIDs), and improvement in related gastric side effects. It was the first study of this food supplement in a real-
world setting.

Patients and Methods: A hundred and twenty Italian primary care physicians recruited 562 patients who were prescribed oral CFA.
Patients completed the Brief Pain Inventory (BPI) questionnaire at baseline and after 30 days of dosing. Their CFA intake adherence
and use of NSAIDs were recorded. All analyses were done using R statistical software; p-value < 0.005 was considered statistically
significant.

Results: We analyzed data of 196 males and 366 females aged in an average 49.2 years. After 30 days of CFA intake, we observed
a statistically significant reduction (38.84%) in the overall pain score, 44.53% reduction in the interference score in daily activities,
relief from pain within the previous 24 hours 47.16 (£ 11.44%) at baseline and 62.14 (£ 27.93%) after 30 days, and progressive
reduction in NSAID intake frequency and total dose over time. More than half of participants (55.2%) reported improvement in gastric
side effects typically associated with NSAID use.

Conclusion: Data analyses indicated that using the new oral CFA food supplement decreased pain, which helped improve the quality
of life, better perform daily activities (interference reduced by 44.5%), and reduce painkiller consumption by 19.7% in terms of both
dose and frequency. Half of participants (55.2%) rated NSAID-related hyperchlorhydria and heartburn as improved. Although placebo
effect might have contributed, the results suggest that CFA may have a positive effect in patients with sub-acute and chronic
musculoskeletal pain and can enhance therapies typically used in this population.
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Introduction
Chronic musculoskeletal pain in the back, neck, shoulder, knee, and generalized pain is prevalent in the elderly (>65
years), but increasingly affects younger adults due to sedentary lifestyle or injuries sustained during exercising and
sports. This pain is associated with a significant disability as it reduces mobility and is often accompanied by depression,
anxiety, family and social dysfunction. Therapeutic options include non-pharmacological treatments (e.g., self-
management counseling and education, physical therapy, manual therapy, and psychosocial interventions), complemen-
tary therapies (e.g. acupuncture) and pharmacological interventions (e.g. analgesics, non-steroidal anti-inflammatory
drugs (NSAIDs), corticosteroid injections).' If symptoms persist despite therapy, surgical interventions are considered.
In the elderly, complex medical conditions present a high risk of being poly-treated and possible multiple drug-drug
interactions. General practitioners, geriatricians, and pain specialists need to work together and develop a patient-specific
health plan to improve quality of life while minimizing the risk of adverse events and side effects.” Data collected in the
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US in 2015-2018° showed that almost 15.1% of adults older than 60 years were using one or more prescribed painkillers,
compared to only 5.4% of adults aged 20-39. These drugs can result in comorbidities due to adverse drug reactions
(ADRs), often related to impaired renal function in the elderly.

To reduce medication intake, various food supplements have been proposed to decrease musculoskeletal pain in
osteoarthritis, rheumatic diseases, and spine degeneration, such as avocado and soybean unsaponifiables, capsaicin,
turmeric, glucosamine, melatonin, polyunsaturated fatty acids, and vitamin D. While the risks are rather low, the true
benefit of these substances remains uncertain,* which warrants further research of food supplement intake in patients with
musculoskeletal pain.

Cetylated fatty acids (CFAs) are a group of compounds based on fatty acids derived from plants or animals esterified
with cetyl alcohol. Different CFA formulations have been shown to reduce inflammation in vitro by significantly
decreasing the expression of IL-6, monocyte chemoattractant protein-1 (MCP-1), and TNF-a in stimulated RAW264.7
mouse macrophage cells. Additionally, these compounds promote the chondrogenic differentiation of human adipose-
derived stem cells by enhancing the expression of chondrogenic markers under chondrogenic induction conditions.’

A new food supplement containing plant-based cetylated fatty acids (CFAs) has been marketed in Italy since 2022
and appears to be a promising nutritional strategy for managing musculoskeletal pain of various origin. The same active
substance has already been successfully applied topically in many conditions, including knee arthrosis,® athletic
pubalgia,” shoulder tendinopathies,® and myofascial pain syndrome of the neck.” In all these cases, the administration
of CFA improved muscle strength and mobility and decreased pain. A recently published study showed that a four-week
oral administration of CFA in patients with axial discogenic lumbar pain decreased disability and pain with minimal
adverse effects.'”

Our study was the first one using the new oral CFA supplement in a real-world setting. We aimed to collect real-world
data (RWD) related to patient outcomes after using this CFA formulation in normal clinical practice. We hypothesized
that it may reduce musculoskeletal pain, potentially decrease consumption of NSAIDs, and improve related gastric side
effects.

Population, Materials, and Methods

Study Design

This was a prospective observational single-arm non-controlled study conducted in 120 sites in Italy in 2022. The
protocol did not define a CFA intake compliance threshold for continuing the study and did not require exclusion of non-
compliant participants.

Study Objectives

The primary objective was to evaluate pain reduction after 30 days of CFA intake compared to baseline.
The secondary objective was to evaluate if pain decrease resulted in a lower consumption of oral NSAIDs.
The exploratory objective was to evaluate whether the CFA intake influenced NSAID gastric side effects.

Population
To be eligible for the study, participants had to be older than 18 years, experience sub-acute or chronic muscular, osteo-
articular, or tendinous pain, willing to complete the Brief Pain Inventory (BPI) questionnaire before administration of the
CFA and after 30 days of intake, and willing to sign informed consent.

Potential participants who used corticosteroids chronically, cancer patients undergoing active treatment or whose pain
was related to their cancer therapy, and participants who had undergone surgery (osteo-articular and non-articular) in the
3 months preceding the study as well as participants not willing to sign the informed consent were to be excluded.

Data Collection
We planned to collect data from patients prescribed the oral CFA supplement by their primary care physicians. Before
collecting their data, all patients were to be duly informed about and consent to their personal data processing. All
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procedures were to be performed per normal clinical practice. The study duration for eligible participants was planned to
last 30 days. The choice of follow-up after 30 days was based on clinical practice as Italian clinicians typically check on
patients after 1 month. Based on the study of Pelak et al,'® we considered 30 days a sufficient time to observe results with
oral intake of CFA. The average use of systemic painkillers over the previous 30 days was to be recorded by investigators
who asked the participants about painkiller name, dose, and time of intake as well as any gastric complaints at the
baseline and at the 30-day follow-up. Adverse events and CFA intake compliance were to be recorded as well.

Treatment

Participants were to be instructed to take 1.6 g CFA a day equivalent to 2 sachets of Cetilar™ ORO for 10 days and 0.8
g CFA a day equivalent to 1 sachet of Cetilar® ORO (Pharmanutra SPA, Italy) for 20 consecutive days. This dosing
corresponds to Cetilar™ ORO label approved by the Italian regulatory authority. All participants were to complete a short
version of the Brief Pain Inventory questionnaire (BPI) at baseline before starting the CFA intake (T0) and after 30 days
of intake (T1). The question related to pain relief assessment within the previous 24 hours was formulated to prompt
a “yes” or “no” answer.

Brief Pain Inventory Questionnaire
The BPI (a sample BPI questionnaire in English, The University of Texas, MD Anderson Cancer Center®) is a brief and
easy-to-use tool for assessment of pain in both clinical and research settings. It uses easy-to-understand, simple numeric
rating scales (NRS) from 0 to 10. The Italian version was validated by Bonezzi et al.'’

The BPI scale defines pain as follows:

e Worst Pain Score: 1-4, Mild Pain.
o Worst Pain Score: 5-6, Moderate Pain.
e Worst Pain Score: 7-10, Severe Pain.

Since pain can vary considerably over a day, the BPI asks respondents to rate their pain at the time of completing the
questionnaire. In addition, the questionnaire also asks them to specify the pain at its worst, least, and average over the
previous 24 hours. A score of 0 means no pain, while a score of 10 indicates the worst pain imaginable. A total Pain
Severity Score is calculated as the average of these four ratings. Question 8 assesses the percentage of pain relief from
medications in the past 24 hours. The last question aims to assess how much pain has interfered with seven daily
activities, including general activity, mood, walking ability, normal work, relation with other people, and sleep. A score
of 0 indicates that the pain did not interfere, while a score of 10 indicates that it completely interfered with the indicated
activity. A total Interference BPI Score is calculated as the average of these seven ratings. The short form of this
assessment tool was used which generally takes about five minutes to complete.

Statistical Analysis
Five hundred (500) participants were expected to be enrolled in the study. No sample size and power calculations were
done, the number was estimated based on the number of study sites and their expected recruitment.

Depending on their distributions, the variables were to be represented as mean =+ standard deviation, median and
interquartile interval, or count and percentage. The normality of distributions was to be assessed by evaluating the Q-Q
plots. Paired comparisons were to be performed with paired sample ¢-test, Wilcoxon test, or McNemar’s test, as appropriate.
The linear trend of proportions was to be analyzed using the chi-square test for trend, and 2x2 contingency tables were to be
analyzed by chi-square test with continuity correction. Principal component analysis was to be applied to the 11 items of
BPI,'" extracting a Pain Score and an Interference Score;'? the number of principal components to be extracted was to be
determined applying the Kaiser-Guttman rule to the screen plot; correlation circles were to be plotted, displaying how much
the original variables correlated with the first two principal components; the goodness of representation of the original
variables on the extracted principal components was to be represented by cos2 plots, and the loading coefficients were to
interpret the meaning of principal components. Repeated measures two-way analysis of variance was to be performed to assess
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the impact of time (ie, CFA intake) and gender (or age) on the BPI Pain and Interference Scores. The Pearson correlation
coefficient was used to assess how compliance and adverse events are related. All analyses were to be done using R statistical
software.”® Any p-value < 0.05 was to be considered statistically significant.

Results

Demographic Characteristics at Baseline

After screening and eligibility assessment, 562 participants were enrolled, their average age was 49.2 (+ 15.7) years.
Potential participants, who were screened but found non-eligible, were not recorded. More women (366, 65.24%) were
recruited than men (196, 34.88%). The age distribution was even between older than 60 years (274, 48.75%) and younger
than 60 years (288, 51.25%). Main causes of pain included arthrosis (244, 41.36%), tendinopathies (92, 15.59%), and
postural overload (74, 12.54%). Other causes (63, 10.68%) included those not listed in the data collection form, such as
fibromyalgia and discopathies. Forty-two (7.5%) participants indicated more than one cause; however, most reported
a single cause. Participants were also asked about the main location of pain, and each participant could specify more than
one area. Most frequently reported areas were the spine (302, 33.26%), namely, cervical (103, 11.34%) and lumbar (199,
21.92%), followed by the knee (128, 14.1%) and the shoulder (103, 11.34%) (Supplementary Table 1).

Pain Analyses

We analyzed data reported by participants in BPI questionnaires at TO and T1. We observed a statistically significant reduction of
38.84% (from 5.69 £ 1.56 to 3.48 + 1.79 points, p < 0.001) in the overall Pain BPI Score after 30 days of CFA intake; a reduction
of 44.53% (from 5.48 + 2.01 to 3.04 = 1.99, p <0.001) was also observed in the Interference BPI Score (Figure 1).

Analyses of Subgroups

We analyzed subgroups to assess whether gender, age, or presence/absence of arthrosis-influenced pain and interference
scores. We observed that more females experienced improvement compared to males; however, the improvement over
time was comparable between males and females. This indicated that the higher percentage of females reporting
improvement was merely due to their higher proportion in recruited participants. Based on reported increased in
painkiller consumption after 60 years of age by Kakatkar et al,> we decided to divide the sample into under 60s and
over 60s to explore the effect between the younger and older patients. We did not observe any statistically significant
difference related to age, both younger and older patients showed the same trend. The subgroup of patients with arthrosis
(n = 318, 41.36%) showed higher baseline values regarding both pain and interference in daily activities; however, the

two groups improved equally over the time (Figure 2A—C).
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Figure | y-axis shows respectively Pain BPI score and Interference BPI score. x-axis represents timepoints: TO = baseline (before starting CFA assumption), T| = 30 days
after CFA assumption. *** means p < 0.001 (TO vs T1).
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Figure 2 (A-C) y-axis shows respectively Pain BPI score and Interference BPI score. x-axis represents timepoints: TO = baseline (before starting CFA assumption), T| = 30
days after CFA assumption. *** means p <0.001 (TO vs T1I). Interaction between groups in Pain BPI Score: Men vs Women p <0.001; Under 60 vs Over 60 p = 0.465 (ns);
Arthrosis vs Non arthrosis p = 0.011. Interactions between groups in Interference BPI Score: Men vs Women p <0.001; Under 60 vs Over 60 p = 0.697 (ns); Arthrosis vs
Non arthrosis p = 0.012.

Analysis of Pain Assessment Within Previous 24 hours
The percentage of pain relief achieved within the previous 24 hours was 47.16% + 11.44% at the first interview (T0) and
62.14% + 27.93% at the end of CFA administration (T1); the observed difference was statistically significant (p <0.001).

Consumption of NSAIDs

The number of participants taking NSAIDs during the previous month was 419 (74.55%) at TO and 308 (54.80%) at T1,
the difference was statistically significant (p <0.001). Participants who used NSAIDs during the previous month reported
when and how often they used them. We observed a progressive reduction in intake frequency and a statistically
significant reduction in intake over time (p <0.001) (Figure 3, Table 1).
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Figure 3 Percentage of participants taking NSAIDs each week.

NSAID Gastric Side Effects

At the end of the study (T1), 290 (51.60%) participants reported typical NSAID-related gastrointestinal side effects, such
as hyperchlorhydria or heartburn. When they were asked if they experienced any change in symptoms during CFA
consumption, 55.2% of participants reported improvement with 14% of participants reporting their condition as much
improved, 21% of participants as improved, and 21% of participants as slightly improved. Forty-three percent (43%) of
participants reported no change, 1% of participants rated their condition as slightly worse, and 1% of participants as
worse (Figure 4).

Compliance and Side Effects
We observed good adherence to CFA intake during the study period; 336 (61.8%) participants reported 100% adherence,
134 (24.6%) more than 90%, 54 (9.9%) 75%-90%, 14 (2.6%) 50%-75%; only 6 (1.1%) reported adherence less
than 50%.

As for side effects attributed to CFA intake, 31 (5.5%) participants reported gastrointestinal disorder and 5 (0.9%)
other types of disorders. The correlation between side effects and compliance was analyzed and none was found (r =
—0.046; CI —0.13-0.04; p = 0.3207).

Discussion

We aimed to evaluate if CFA can benefit patients with chronic musculoskeletal pain who take systemic painkillers for
pain relief. The results of analyses suggest positive effects, including reduction in pain, lower interference with daily
activities, and a reduced consumption of NSAIDs. These outcomes did not depend on age. We observed a higher
percentage of females who reported improvements; however, this was attributed to the double number of females than
males participating in the study. Participants reported improvement in NSAID-related gastric side effects; however, we

Table | Duration of NSAID intake within the previous month

Duration of NSAID intake | Baseline TO (n=417) | End of study Tl (n=306) | p-value
< 3 days 85 (20.38%) 124 (40.52%) <0.001
3-5 days 127 (30.46%) 95 (31.05%) 0.929
5-7 days 89 (21.34%) 39 (12.74%) 0.004
7-10 days 55 (13.19%) 25 (8.17%) 0.045
> 10 days 61 (14.63%) 23 (7.52%) 0.005
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Change in gastric side effects
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Figure 4 Proportion of patients observing changes (%) in NSAID-related gastric side effects at T|. No change 42.8%; Slightly improved 20.7%; Improved 20.7%; Much
improved |3.8%; Slightly worse 1.0%; Worse 1.0%.

could not determine if this was due to the CFA or solely due to reduction of NSAID intake. The tolerability was good
with minimal adverse events the participants attributed to CFA.

Publications about CFA are generally sparse. CFA for topical or systemic use have been studied to investigate their
activity."* In 2020, Hudita et al published an article about a different CFA formulation than ours. The authors concluded
that CFAs facilitated the chondrogenic differentiation process of human adipose-derived stem cells by stimulating the
expression of chondrogenic markers under chondrogenic induction conditions.'> In 2022, Izzo et al published results of
topical CFA in breast cancer survivors with chronic neck pain and reported a statistically significant decrease in pain as
well as improved mobility.® In 2023, Pelak et al published results of oral CFA effects on axial discogenic low back pain
leading to reduced pain and disability.” The precise mechanism of action of oral CFA has not yet been identified. The
main mechanism of action likely involves cell membrane fluidity and function; CFA are known to incorporate into the
phospholipid bilayer of cell membranes. This incorporation can modify the physical and functional properties of cell
membranes, potentially enhancing membrane fluidity, which is altered in case of inflammation as reported by Calder.'®
This mechanism might help improve the body’s endogenous response to osteoarthritis, joint or tendon disease, or
muscular injuries, leading to a rapid improvement in pain and a reduced use of systemic painkillers. Our results related
to observed decrease in pain and reduced painkiller consumption concur with these publications.

Mohebi at al. studied a different CFA-based oral formulation administered for 30 days. It was compared to a 10-day
administration of NSAID (meloxicam) in patients with knee osteoarthritis.'” Results demonstrated no significant
differences in functionality index and an improvement in pain in the CFA group. Rescue pain medication was used by
patients in CFA group during the first two weeks only. Although the study was conducted with a different CFA
formulation used in a different dosage and in patients with knee osteoarthritis only, there are some similarities with
our study. In both studies, more females were recruited than males, patients using CFA reported decrease in pain,
reduction in NSAIDs consumption, and good tolerability.

Limitations

This was a single-arm study; hence, we did not make any comparisons with active control or placebo and any potential
placebo effect could not be accounted for. Since pain assessment is inherently subjective, it could have been affected by
unconscious bias at the time the BPI questionnaire completion. The study could have included functional tests to assess
improvement more objectively. The sample size was relatively small precluding generalization of results. Some data
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related to adherence and side effects were missing, limiting the reliability of safety results and precluding analysis of
compliance effect. Safety data collected during the study could have been influenced by asking about participants’
opinion regarding relatedness to CFA, while no evaluation by physicians was performed. Larger randomized clinical
trials are needed to generate data and provide insights regarding the CFA effectiveness as well as to determine if
hyperchlorhydria and heartburn reduction is an effect of CFA intake or merely results from reduced NSAID
consumption.

Conclusions
Data analyses indicated that using the new oral CFA food supplement resulted in an average pain decrease of 38.8%.
Decreased pain helped improve the quality of life, better perform daily activities (interference reduced by 44.5%), and
reduce painkiller consumption by 19.75% in terms of both dose and frequency. Half of participants (55.2%) rated
NSAID-related hyperchlorhydria and heartburn as improved.

Although placebo effect might have contributed, the results suggest that CFA may have a positive effect in patients
with sub-acute and chronic musculoskeletal pain and can enhance therapies typically used in this population.

Data Sharing Statement

A unique participant identification code was used that allowed identification of all data reported for each participant.
Study data may be made available to third parties (eg, in case of request by journal reviewers) provided the data are
treated confidentially and the participants’ privacy and confidentiality is guaranteed. Data were obtained and preserved
according to current local regulations to ensure all data protection requirements are satisfied. Documentation that
identifies the study participants has been kept confidential and will not be publicly available according to current local
regulations.

Ethical Statement
The study was conducted in compliance with the Declaration of Helsinki.

Ethical aspects were carefully considered. Since this study was observational, performed by primary care physicians
all over Italy, thus, in different regions, and, since the CFA had already been approved by the Italian Ministry of Health,
the authors, after discussions with bioethicists, decided to have the study evaluated post hoc. The study was assessed and
retrospectively approved by the ethics committee at Politecnico Milano with registration number 50/2024.
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