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Abstract: Osteoarthritis is the most common inflammation-based joint disease. Polyphenols are
plant secondary metabolites with established antioxidant and anti-inflammatory properties.
Recognizing the need for holistic approaches in the management of knee osteoarthritis, we designed
a two-arm, randomised clinical trial to evaluate the efficacy of a supplement rich in phenolic
compounds in OA. Primary outcomes included changes in Visual Analog Scale (VAS) and Western
Ontario and McMaster Universities Osteoarthritis (WOMAC) pain subscale. Secondary outcome
measures were the changes in WOMAC stiffness and functionality subscales. Patients were
randomised (1:1) to receive a mixture of phenolic compounds and ascorbic acid (PhAA,) or ascorbic
acid (AA). Medical history, biochemical profile and anthropometric measurements were obtained.
Eighty-six patients were screened and 25 were randomly allocated in a pilot study to receive a
mixture of phenolic compounds and ascorbic acid (PhAA,) or ascorbic acid (AA) adjunct to stable
medical treatment. The nutraceutical supplements were well tolerated and no adverse events were
reported. VAS decreased in the PhAA group (p < 0.001). Additionally, WOMAC composite score
decreased significantly only in the PhAA group (p < 0.05). The WOMAC subscale of pain decreased
in both treatment groups (p = 0.001 for the PhAA group, p < 0.05 for the AA group). The decrease in
the subscales of stiffness and physical function was not significant for either group. A possible
improvement in the quality of life of these patients using nutraceutical supplements is apparent.
Although preliminary, our positive results support the hypothesis that treatment with
nutraceuticals may be effective for pain relief in osteoarthritis. ClinicalTrials.gov Identifier:
NCT04783792.
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1. Introduction

Osteoarthritis (OA) is the most common joint malady and one of the major
debilitating diseases, with an increasing social burden for most countries owing to the
aging of the population. The global prevalence increased 9.3% from 1990 to 2017 with
greater affliction on the female sex [1]. A comprehensive understanding of the risk factors
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and the long-term advantages of the management of OA, while abolishing social
disparities that may inhibit proper access to health services, is of paramount importance.

OA affects the whole joint and is strongly mediated by age-related cellular
senescence [2], genetics, and injury/malalignment [3], and is possibly exacerbated and/or
induced by obesity and metabolic syndrome [4,5]. A stress stimulus can trigger innate
immunity [6] and is partly due to the unique physiology of the articular cartilage
inflammation that is sustained [7] in a catabolic, oxidative environment [8]. The activation
of detrimental molecular cascades creates feedback loops that further contribute to the
degradation and ossification of the cartilage, the inflammation of the synovium, and the
formation of osteophytes.

In the non-pharmacological realm, the management of OA consists of changes to the
patient’s lifestyle i.e., exercise, loss of weight and bracings for knee OA [9]. On the other
hand, the current pharmacological treatment of OA cardinal symptoms, such as pain,
stiffness and oedema, includes an array of slow-acting drugs [10], including glucosamine
sulfate, chondroitin sulfate, avocado soybean unsaponifiables, and rapid-acting drugs;
non-steroidal anti-inflammatory drugs (NSAIDs). Morbidities such as gastrointestinal
disorders, cardiovascular diseases and frailty are a common finding in OA, and even
though non-selective NSAIDs, adjunct to proton pump inhibitors, and COX-2 inhibitors
are a first-line treatment, revised recommendations by OARSI propose an approach that
takes into account concomitant pathologies by using intra-articular injections of
corticosteroids for acute pain relief and hyaluronic acid for a longer treatment effect as
monotherapies [11].

In the context of new therapeutic approaches emerging in the health system owing
to the COVID-19 pandemic [12], and considering the increased burden of OA, existing
promising treatments need to be refined and thoroughly elucidated in order to be adopted
by the guidelines into the clinical practice. To this end, disease-modifying OA drugs [13-
15], monoclonal antibodies [16,17] and autologous treatments such as chondrocyte
implantation, mesenchymal stem cells and platelet-rich plasma comprise some alternative
options [18]. However, since OA is a multifactorial disease with progressive development,
it renders the aforementioned treatments limited in regards to the times that they can be
employed [19] and the therapeutic impact that they may have. The quest for more effective
and side effect-free treatment for OA has rendered nutraceutical and pharmaceutical
supplements as an auxiliary treatment for OA [20].

Plant-derived polyphenols are a class of phytochemicals that have been extensively
evaluated as potent antioxidant and anti-inflammatory agents in OA [21] in preclinical
models [22] and to some extent in clinical trials. Notably, RCTs in patients with OA have
investigated the polyphenol intake from different food items and extracts [23-34]. For
example, pain and serum levels of inflammatory markers were decreased in knee OA
patients receiving 500 mg of resveratrol as adjunct to their therapy for 12 weeks [35]. In a
pilot randomized double-blind placebo-controlled clinical trial, patients with knee OA
receiving curcuminoids for 6 weeks experienced significantly greater reductions in pain
scores compared to those receiving placebo [28]. The consumption of a high-rosmarinic
acid spearmint tea for 16 weeks significantly decreased pain scores in patients with knee
OA compared to the consumption of a commercially available spearmint tea [26].

The combination of polyphenols, which have established beneficial anti-
inflammatory and antioxidant properties, in a supplement with optimal characteristics in
regard to their concentration and bioavailability, represents a promising and novel
approach in the dietary management of OA. From this perspective, and recognizing the
need for more RCTs, we designed a two-arm, parallel-design, double-blind, randomized
controlled trial of the efficacy of an innovative phytochemical-rich supplement relative to
ascorbic acid (AA) that was already on the market and is considered an analgesic against
musculoskeletal pain. Herein, we present the first evidence comparator study with the
objective of assessing the results in the changes of pain as assessed by Visual Analog Scale
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(VAS) and Western Ontario and McMaster Universities Osteoarthritis (WOMAC) pain
subscale.

2. Materials and Methods
2.1. Supplements

The nutraceutical supplement tested herein (Patent number: 20210100519/30-07-
2021) contained a combination of plant phytoconstituents, mainly natural phenols and
ascorbic acid (PhAA), curcuma phospholipids (148.4 mg), rosemary extract (51.9 mg),
resveratrol extract 95% (51.9 mg), ascorbic acid (29.7 mg), VIVAPHARM® HPMC E50 -
Hypromellose, and magnesium stearate. The comparator was ascorbic acid (AA, 29.7 mg).
The polyphenols employed in this novel supplement have extensively been evaluated
with regard to the management of OA [22,26-29] and their structures are presented in
Figure 1. Curcumin is the main curcuminoid of the plant Curcuma longa, of the
Zingiberaceae family. The therapeutic activities of curcumin are hindered by its unstable
nature and low bioavailability. To maximize the potency of this polyphenol, we
encapsulated it in phytosomes, a promising technology for the development of new drugs.
Resveratrol, mainly present in the skin of the grapes, is a stilbene, a non-flavonoid
polyphenol that is a multi-potent molecule with anti-inflammatory, antioxidant and anti-
aging properties. Finally, rosmarinic acid is an ester of caffeic and 3,4-
dihydroxyphenyllactic acid and can be found in herbs such as rosemary, basil and
oregano. Its pharmacological activities include antiviral, antibacterial and neuroprotective
effects.
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Figure 1. Chemical structures of the phenolic compounds in the tested supplement.

2.2. Ethics

Harokopio University Ethics Committee (13/21-2-2020) and Evgenidio Hospital
Scientific Board (29/19-02-2019) approved the study design and protocol, which was
designed according to the principles of the Declaration of Helsinki and the Data Protection
Act 1998.

2.3. Study Design

Patients were invited to participate in the trial in the orthopaedic outpatient clinic of
Evgenidio Hospital in Athens from November 2020 to February 2021. After clinical
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evaluation of the patients from the orthopaedic doctor of the study and upon confirmation
that they met the inclusion/exclusion criteria, the patients were thoroughly informed
about the study protocol and those who were interested in participating signed informed
consent, knowing that it was not by any means binding.

The inclusion criteria were male or female patients above the age of 35 with
monolateral or bilateral knee OA confirmed by radiographic measurements (stage II, III
or IV according to Kellgren-Lawrence, K&L), with at least moderate symptoms in the
target knee that translated as intermittent or constant pain above 4 in the WOMAC pain
subscale and in VAS, that were able to walk without a medical or other support device
(such as a walking stick, crutches, or a kneecap). In bilateral knee OA, the target knee was
determined as the knee with highest VAS pain score.

The exclusion criteria were patients undergoing physical therapy or transcutaneous
electrical nerve stimulation (TENS), with rheumatoid arthritis, fibromyalgia, spinal
disorders or any other musculoskeletal disorders that according to the physician was a
bias, with a scheduled knee surgery or any other programmed surgery during the trial,
those with a diagnosis of kidney or liver disease, coagulation disorders, any form of
cancer, HIV infection, type I diabetes, those with unregulated type II diabetes, those using
illicit substances or with a history of substance or alcohol abuse over the past 2 years (or
those who consume more than 2 typical alcoholic beverages/day at present), those using
corticosteroids within 2 months prior to randomisation and during the trial, those who
changed their diet or supplementation 1 month prior or during the recruitment/trial, those
using AA supplement or any phytochemical-rich supplement, women on oestrogen-
replacement therapy, pregnant or lactating and those judged by the researcher as unable
to perceive and comply with the obligations laid down in the protocol for which consent
and voluntary participation was sought.

On intense pain, patients were allowed to use rescue medication, either analgesics or
non-steroidal anti-inflammatory drugs (NSAIDs), as prescribed by the study physician.

The study has been registered with the ClinicalTrials.gov Identifier: NCT04783792.

2.4. Baseline Assessment & Outcome Measures

A complete medical history with information about the demographic characteristics
of the patients, habits that affected their general health (smoking, alcohol), heredity data,
age at diagnosis, the cause of the onset of the disease, current medication/supplementation
and surgeries was collected.

Anthropometric measurements, such as height (cm), body weight (kg), as well as
waist circumference (cm), measured with a flexible non-stretch tape halfway between the
lower ribs and the iliac crest, and hip circumference (cm), measured at the level of the
widest circumference over the great trochanters, for the calculation of waist-hip ratio
(WHR), were obtained. Estimation of body composition (fat%, fat mass and lean mass)
was performed through bioelectrical impedance analysis (BIA). Body weight was
measured to the nearest 0.1 kg. Height was measured to the nearest millimetre and body
mass index (BMI) was computed as weight (kg)/height (m)2.

For the assessment of pain, the validated pain VAS, a numeric scale from 0 (no pain)
to 10 cm (worst pain), was used to depict the worst feeling of pain the patient had the day
before the interview or in the last week. Additionally, the Greek-validated WOMAC
questionnaire was also employed as its three dimensions, pain (5 items), stiffness (2 items)
and functional limitations (17 items), reflect the severity of the cardinal symptoms of OA.
Higher scores indicate worse symptoms [36].

After completing the baseline assessment, the patients were randomly assigned to
one of the following arms: a mixture of phenolic compounds and ascorbic acid (PhAA),
or AA. Sample 1:1 randomisation was performed using an algorithm that allocated
subjects to the two arms of the intervention based on their gender and age. The per os
administration dosage was two capsules daily, taken approximately 20 min before meals.
In order to mitigate biases, blinding of the involved researchers, as well as the volunteers,



Dietetics 2021, 1, 2

was ensured through the identical containers and organoleptic characteristics of the
capsules.

Changes in lifestyle or medication, general health status and possible occurrence of
adverse effects were monitored biweekly via telephone calls. The participants’ compliance
with the protocol was based on subject self-reporting and pill count. After 8 weeks, VAS
and WOMAC were re-evaluated. The primary outcome measures were the changes in
WOMALC pain subscale and VAS. The secondary outcome measures were the changes in
WOMAC stiffness and functionality subscales.

2.5. Statistical Analysis

Quantitative variables were expressed as mean values (SD), while qualitative
variables were expressed as absolute and relative frequencies. Quantitative variables were
tested for normality using the Kolmogorov-Smirnov criterion. For the comparison of
proportions, Fisher’s exact tests were used. For the comparison of means between two
groups, Student’s t-tests were used. Repeated measurements analysis of variance
(ANOVA) was adopted to evaluate the changes observed in VAS and WOMAC scales
between the two treatment groups over the follow-up period. All reported p values are
two-tailed. Statistical significance was set at p <0.05. Analyses were conducted using SPSS
statistical software (version 22.0).

The primary outcome of the trial was a significant reduction in pain in OA patients.
Pain measure is a patient-reported outcome, particularly common for treatments
developed for conditions where intentions are to ameliorate symptoms, facilitate
functioning and improve quality of life. The data derived can be used to measure the
benefit and risk of a treatment, such as any side effects or inconvenience. Furthermore, we
aimed to determine the population size of our ongoing prospective randomised controlled
trial based on the preliminary outcomes of measures of pain.

3. Results
3.1. Allocation & Demographics

Initially, from the 86 patients that were assessed for eligibility, 35 were excluded in
accordance with the inclusion/exclusion criteria. The remaining 51 patients gave an
informed consent, but 26 declined to participate, mostly owing to the pandemic. Finally,
25 patients were randomised to receive the allocated intervention, either AA (N = 12) or
PhAA (N = 13). Since 2 patients were lost to follow-up and 1 patient did not start the
allocated intervention for personal reasons, data from 22 patients were analysed (Figure
2). Sample characteristics of the 25 participants with a mean age of 60.5 years (SD = 11.1)
are presented in Table 1. The two study groups were similar in terms of demographics
and clinical characteristics.
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Figure 2. Flow diagram of the study.

Table 1. Demographics, anthropometrics and clinical characteristics of OA patients that participated
in the study. The results are given as N (%) of the total number or mean (SD).

Treatment
AA PhAA
N=12 N=13 p
N (%) N (%)

Sex

Men 4 (33.3) 5(38.5) 1.000 ++

Women 8 (66.7) 8 (61.5)
Age (years), mean (SD) 60.6 (11.9) 60.4 (10.9) 0.966 +
Marital status

Married, divorced 11 (91.7) 10 (76.9) 0.593 ++

Unmarried 1(8.3) 3(23.1)
Education

1-9 years 4 (33.3) 3(23.1) 0.358 ++

10-12 years 3(25.0) 1(7.7)

>12 years 5(41.7) 9 (69.2)
Smoking

No 7 (58.3) 11 (84.6) 0.202 ++

Yes 5(41.7) 2 (15.4)
Fat %, mean (SD) 38.2(9.1) 30.5 (10.5) 0.096 +
BMI (kg/m?), mean (SD) 32.2(6.1) 28.7 (4.7) 0.119 +
WHR, mean (SD) 0.91 (0.08) 0.92 (0.06) 0.731 +
K&L (disease severity)

2 1(8.3) 4(30.8) 0.119 ++

3 5(41.7) 7 (53.8)

4 6 (50.0) 2 (15.4)

+ Student’s t-test; ++ Fisher’s exact test, AA: ascorbic acid, PhAA: polyphenols + AA, BMI: body
mass index, WHR: waist-hip ratio, K&L: Kellgren & Lawrence.
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3.2. Adverse Events and Use of Rescue Medication

Generally, the two interventions were well-tolerated and the occurrence of adverse
events was not attributed to the treatment. Specifically, one volunteer from the PhAA
group suffered from a fracture of the left ankle and two volunteers from the AA group
reported a mild rash on the left arm and forehead that subsided after 3 days and a heart
attack, respectively. With the exception of the heart attack patient who discontinued the
supplementation at two months owing to hospitalization, the other two patients followed
the protocol normally. Herein, 72.7% of the patients who received the nutraceutical
supplement reported a decrease in use of rescue medication compared with 54.4% of the
patients receiving the comparator supplement, indicative of the pain relief effect of the
phenolic compounds in OA.

3.3. WOMAC

As presented in Table 2, there were no significant differences in composite WOMAC
and its subscales between the two groups at baseline. At follow-up, scores of pain
decreased significantly in both groups (p = 0.001 for group PhAA, p =0.027 for group AA),
but patients in the PhAA group had significantly lower levels of pain at follow-up as
compared to patients in the AA group (p =0.039). Stiffness and physical function were not
significantly changed, but score in the composite dimension was decreased significantly
only in the PhAA group (p = 0.033).

Table 2. Changes in WOMAC scales during the follow-up for the two study groups. Values are
expressed as the mean (SD).

Treatment Baseline Follow-up pe
Mean SD Mean SD
WOMAC (pain)
AA 8.92 3.09 6.30 3.08 0.027
PhAA 7.31 3.84 3.60 3.09 0.001
p! 0.263 0.039
WOMAC (stiffness)
AA 2.08 1.83 1.45 1.51 0.071
PhAA 1.54 1.66 1.30 1.34 0.278
p! 0.549 0.807
WOMAC (physical function)
AA 27.08 13.72 21.18 9.21 0.335
PhAA 17.15 10.55 15.30 12.97 0.182
p! 0.395 0.242
WOMAC (composite)
AA 39.66 17.83 29.35 12.83 0.100
PhAA 26.84 15.58 19.22 15.40 0.033
p! 0.283 0.109

1 p-value for group effect;?p-value for time effect; significant values in bold; AA: ascorbic acid,
PhAA: polyphenols + ascorbic acid, WOMAC: Western Ontario McMaster Osteoarthritis Index.

3.4. VAS

Changes in pain as measured with VAS are shown in Table 3. Subjects in the PhAA
group reported a significant decrease in pain (p < 0.001), while pain remained stable for
patients in the AA group (p > 0.999), resulting in a significant interaction effect in repeated
measurements analysis of variance (p <0.001) (data not shown). In addition, at follow up,
patients in the PhAA group reported significantly lower levels of pain as compared to
those in the AA group (p =0.017).
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Table 3. VAS at baseline and at follow-up for the two study groups. Values are expressed as the
mean (SD).

VAS
Treatment Baseline Follow-up p?
Mean SD Mean SD
AA 6.13 1.94 6.00 1.57 >0.999
PhAA 7.04 2.02 3.92 2.24 <0.001

pl 0.261 0.017
! p-value for group effect;? p-value for time effect; ; significant values in bold; AA: ascorbic acid
PhAA: polyphenols + ascorbic acid, VAS: visual analogue scale.

3.5. Sample Size

Based on the above, we conducted power analysis with two levels of the between-
subject factor of two study groups and two levels of the within-subjects factor of time.
Based on our data herein, a repeated-measures ANOVA power analysis was conducted.
The power analysis was conducted for a single, two-group between-subjects factor, and a
single within-subjects factor assessed over two time points. For our design, 52 participants
(26 per group) achieved a power of 0.95 for the within-subjects main effect at an effect size
of 0.26, a power of 0.85 for the between-subjects main effect at an effect size of 0.38 and a
power of 0.95 for the interaction effect at an effect size of 0.26. Taking into account a
dropout of 20-25% for any reason, the required sample size for the design of the main
RCT was estimated at 72 patients.

4. Discussion

During a recruitment period of 3 months, we were able to randomise 25 patients to
either PhAA or comparator, with 22 (88%) of them eligible for a per protocol analysis.
Furthermore, based on the results of this initial design, we performed a sample size
calculation that estimated a final RCT sample of 72 patients. Our trial provided new
evidence for the efficacy of a PhAA supplement on pain, the main debilitating symptom
of OA. However, the changes in WOMAC dimensions and total score showed no
difference; the pain VAS that was applied as a subjective measure of pain intensity was
significantly decreased in PhAA but remained unchanged in AA.

The selection of clinically important outcomes in an OA trial is challenging given the
fact that its pathophysiology, presented as joint space narrowing, osteophytes and bone
cysts, does not correlate well with the clinical manifestation of its symptoms such as pain
[37]. The major two entities implicated in OA pain are bone marrow lesions and synovitis,
inflammation of the synovial membrane [38]. Changes in the perception of pain are
frequently used as first-line indicators of the course of an intervention. However, there is
great heterogeneity in pain sensitivity that can be attributed to person-level factors i.e.,
psychological and the individual’s pain thresholds, and systemic-level factors summed
up in the delicate balance between nociceptive pain, neuropathic pain and the affected
joint [39,40]. Carlesso et al. [41] proposed the identification of a pain susceptibility
phenotype to shed light to the transition from acute pain to chronic as a new means of
managing more efficiently pain in symptomatic OA in the context of pre-emptive therapy.

The available data support the intake of polyphenols for the management of pain in
OA, not only as they have anti-inflammatory and antioxidant properties but also anti-
catabolic effects, attributes that render them ideal to be used combined in the form of
nutraceuticals [42]. However, polyphenol-rich supplements that have been evaluated in
clinical trials in OA are limited.

Pycnogenol, a flavonoid-rich extract from the bark of Pinus maritime, has been
evaluated in three knee OA randomised trials controlled with placebo. Farid et al. [30]
demonstrated that patients receiving pycnogenol for three months showed significant
improvement in composite WOMAC score and its subscales and the use of NSAIDs or
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cyclooxygenase-2 (COX-2) inhibitors was significantly reduced compared to placebo.
Similarly, in larger cohorts Cisar et al. [43] reported a significant decrease in WOMAC
scores and VAS compared to placebo, and Belcaro et al. [44] showed a decrease in plasma
C-reactive protein in patients treated with pycnogenol. Mechanistically, the anti-
inflammatory action of pycnogenol may be achieved by the inhibition of nuclear factor
kappa-B (NF-kB)-mediated pro-inflammatory cascades and of COX enzymes [45,46].

Another supplement, rich in the flavonoids catechin and baicalin from the extracts of
Scutellaria baicalensis and Acacia catechu, named flavocoxid, was as effective as naproxen
in two clinical trials [33,47] that evaluated pain and functionality through WOMAC and
VAS. The beneficial effect was attained by the inhibition of inflammatory enzymes such
as COX-1, COX-2 and 5-lipoxygenase (5-LOX) [48,49].

A recent clinical trial [29] investigated the effect of the combination of curcumin
(turmeric), gingerol (ginger) and pyrene (black pepper) against naproxen in moderate
knee OA. Serum levels of the inflammatory mediator prostaglandin E2 (PGE2) were
determined before and after the 8-week treatment and the results showed a significant
decrease for both groups.

AA is a water-soluble vitamin that induces the synthesis of the basic molecules of the
cartilage, as shown in vitro. Collagen, aggrecan [50,51] and optimal vitamin C intake are
thought to be protective against OA initiation [52]. Furthermore, knee pain in bone
marrow lesions [53] had a negative correlation with higher vitamin C intake in a
prospective cohort of healthy subjects [54]. Despite the regulatory role that AA seems to
play in bone and cartilage metabolism and its analgesic properties against
musculoskeletal pain [55], its antioxidant capacity may be responsible for the conflicting
results in regard to the positive correlation between higher intake of AA and radiographic
knee OA [56,57]. AA was also chosen to be added in this supplement as it is known for its
antioxidant activity and its addition may have a positive influence on the quality, stability
and antioxidant capacity of some polyphenols [58]. For example, the antioxidant activity
of curcumin in vitro seems to be increased by the addition of ascorbic acid [59].

In this study, AA was chosen as the reference intervention to the active comparator
PhAA in order to provide benefit to the patients and to avoid ethical implications that
would arise from not treating a painful debilitating disease such as OA [60]. AA was also
used in a 2008 RCT that evaluated Garcinia kola seeds, high in bioflavonoid compounds,
in knee OA [61]. After a 6-week intervention with Garcinia kola, WOMAC pain and VAS
score were significantly decreased compared to placebo (p < 0.001). Furthermore, intake
of the supplement caused a faster onset of pain relief and longer duration of the beneficial
effect when compared to placebo. These findings of the superiority of a flavonoid-rich
supplement against AA are corroborated by our preliminary results.

There are some limitations to this trial. Firstly, owing to the nature of the preliminary
results, the sample size is small and does not allow for extrapolation of the findings.
Furthermore, the self-reported compliance to the study protocol, the ad libitum intake of
analgesics and the concomitant intake of health supplements are possible confounding
factors.

These promising findings may be due to the synergistic and/or additive attributes of
the polyphenols. Such relationships between the constituents are hard to define and
quantify, but indications of their existence, mostly in pre-clinical models, are a driving
force towards more research in that field. The results presented herein support the
hypothesis that treatment with nutraceuticals may be effective, particularly as related to
the feeling of pain. Our data depict the effect of the combination of nutraceuticals with
established anti-catabolic, anti-inflammatory and antioxidant mechanisms of action
against knee OA pain.

5. Conclusions

The preliminary results of this study support the hypothesis that treatment with the
newly introduced multi-compound supplement was effective, as reflected by the self-
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