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Abstract

The aim of this study was to determine the effects of a polyphenolic-rich olive extract on pain,
inflammation, loss of mobility, and patients’ general quality of life associated with osteoarthritis
(OA) and rheumatoid arthritis (RA). In this double-blind, randomized, placebo-controlled study, the
efficacy of freeze-dried olive vegetation water (OVW) on subjects with a diagnosis of OA or RA was
evaluated. The treatment group received 400 mg of freeze-dried OVW per day for 8 weeks. Subjects
were assessed using the Health Assessment Questionnaire—Disability Index. In addition, the Disease
Activity Score With 28-Joint Count was used to evaluate joint pain and inflammation, and the Profile
of Moods State questionnaire for overall well-being. During the same time intervals, serum samples
were taken for clinical and biochemical tests. The RA subjects in the OVW treatment group showed
significant decreases in serum homocysteine levels after 8 weeks of treatment. There was no
significant change in any other clinical marker, including markers of kidney and liver function, at
any time during the study, suggesting that the supplement was safe. There was significant
improvement by treatment group for the Health Assessment Questionnaire—Disability Index.
Subjects with OA in the OVW treatment group showed significant improvement in the Disease
Activity Score With 28-Joint Count index. Thus, after a relatively short treatment with OVW,
subjects with OA and RA reported decreased pain and improvement in activities of daily living. In
addition, subjects with RA had a statistically significant decrease in serum homocysteine. High
homocysteine levels in patients with RA have been associated with higher rates of mortality from
cardiovascular events.
© 2007 Elsevier Inc. All rights reserved.
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1. Introduction oldest of human diseases and impacts more than 38 million
individuals in the United States, or 1 of 7 Americans [1].
Rheumatoid arthritis (RA), a systemic disease that results in
inflammation of the lining of the joints, and osteoarthritis
(OA), a degeneration of cartilage in the joints, are associated

with chronic pain, swelling, stiffness, and fatigue. As a

Arthritis, an inflammatory disorder of the joints, is the
most common chronic illness in older adults. It is one of the
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result, muscles, ligaments, and tendons may weaken,
resulting in coordination and posture deterioration. A person
with arthritis is less active; and as exercise level declines, the
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risks of cardiovascular disease (CVD) and fractures increase.
There is no known treatment that can reverse this degenera-
tion process.

Inflammation is thought to be the catalyst for the
resulting cartilage and bone damage in both OA and RA
[2-4]. Tt is well documented that inflammation triggers
the overexpression of many proteolytic enzymes includ-
ing the matrix metalloproteinases (MMPs) whose sub-
strates include many of the structural proteins of cartilage
including collagen, proteoglycan, and other noncollagen-
ous proteins that make up the extracellular matrix of joint
cartilage. Patients with OA and RA have increased
levels of a variety of MMPs and proinflammatory cyto-
kines in plasma and in the synovial fluid of affected
joints [5-8].

The most effective medications on the market today are
for RA and include the cyclooxygenase-2 inhibitors and
nonsteroidal anti-inflammatory drugs; however, negative
side effects have resulted in the recall of some of these types
of medications by the Food and Drug Administration and
discontinued use. In addition, the first generation of MMP
inhibitors showed poor bioavailability, caused musculoske-
letal inflammation and pain, and lacked efficacy [9]. This has
created an unfulfilled need for a safe and effective
medication capable of attenuating inflammation, decreasing
pain, and preventing degeneration of cartilage, particularly
as in OA.

Interestingly, diet and moderate exercise have been shown
to decrease the pain and improve the quality of life for some
arthritis patients. Case controlled studies have shown that
consumption of foods of the Mediterranean diet, particularly
fish, fresh vegetables, olives, and olive oil, may indepen-
dently protect against or diminish the effects of RA [10,11].
Patients with RA subjected to a Mediterranean intervention
diet showed a reduction in inflammation, an increase in
physical activity, and improved vitality [12]. Follow-up
studies have shown that compounds unique to foods of this
type of diet are responsible for the disease modification,
specifically, fatty acids in the fish and olive oil, and
polyphenols in the fruits and olives.

Recently, a natural supplement derived from the aqueous
fraction of the olive (olive vegetation water, OVW) was
shown to have potent antioxidant and anti-inflammatory
activities [13,14]. The olive supplement, rich in simple and
polyphenolics, was demonstrated to be safe at concentrations
as high as 5 g/kg [13].

The objective of this study was to determine whether
OVW may be effective in decreasing pain and inflam-
mation in patients with OA or RA, thereby improving
quality of life. The present trial was an 8-week study
conducted to evaluate the efficacy and safety of an OVW
nutritional supplement administered daily to patients with
active OA or RA. The primary end point was improve-
ment in function of daily activities as measured by
the Health Assessment Questionnaire—Disability Index
(HAQ-DI; [15]).

2. Methods and materials
2.1. Subjects and study design

Male and female volunteers with a diagnosis of OA or RA
were recruited for this study. The experimental design was a
randomized, double-blind, placebo-controlled trial. Upon
entry into the study, subjects were randomly assigned to
either group A or group B. The treatment code was not
broken during the course of the study. Group A received
placebo, and group B received the polyphenol-rich OVW
nutritional supplement. The capsules were prepared by a
third party, so that all personnel involved in the project were
blinded to the treatment groups until after completion of the
statistical analysis. Capsules were an opaque white to
prevent distinction of placebo from supplement.

Subjects were instructed to take 2 capsules twice per
day and were instructed to return the supplement bottles
after 1 month, at which time they were given 2 additional
bottles for the remainder of the study. All subjects were
given a supplement log sheet and were instructed to record
the number of pills taken each day and to record any
missed doses.

For the baseline visit, subjects were asked to bring their
current medications and other supplements so that a record
could be made of concomitant drugs and supplements taken
during the study. The subjects were instructed to contact the
laboratory if there were any changes in their medications or
in their disease activity during the study.

Measurements, as described below, were obtained at
baseline (visit [V] 1), at 1 week (V2), and at 2 weeks (V3) to
examine acute effects, and at 4 weeks (V4) and at 8 weeks
(V5) to examine more chronic effects. All procedures were
approved by the Arizona State University’s Institutional
Review Board.

The primary end point was the HAQ-DI, considered the
most sensitive device for measuring the effect of a sup-
plement or treatment [15]. The HAQ determines, through
questionnaires, the degree of difficulty the patient experi-
ences in performing physical functions of daily living. A
score showing an improvement of 20% or greater was
considered significant. Secondary efficacy end points were
disease activity as measured by the Physician Assessment
and the Disease Activity Score With 28-Joint Count (DAS-
28). The DAS-28 measurement combines the Physician
Assessment of disease; joint size, tenderness, and inflamma-
tion; patient assessment of disease; and plasma C-reactive
protein (CRP) levels (measure of systemic inflammation).
Safety was assessed by clinical and biochemical tests,
physical examinations, and any adverse events reported
by patients.

2.2. Study subjects

2.2.1. Disposition of the subjects
Three hundred two OA and RA patients were screened,
with 105 patients able to meet the entry criteria. The patients
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were randomized into 2 treatment groups: placebo (n = 54)
and 400 mg olive pulp nutritional supplement per day (n =
51). Of the 105 patients enrolled, 90 completed the 60-day
study. The 90 subjects that completed the study were
distributed as follows: group A (placebo), 14 RAs and 33
OAs; group B (supplement treatment), 13 RAs and 30 OAs.

2.2.2. Demographics and characteristics of the patients

There were no statistically significant differences in the
demographic and baseline characteristics between patients in
the 2 treatment groups (Table 1). The age range of the study
patients was 55 to 75 years. All subjects had been diagnosed
with active disease OA or RA, and were currently on
medications. Subjects were excluded from participating in
the study if they had renal or hepatic disease, severe CVD,
fibromyalgia, or cancer, or if they were being medicated with
high-dose steroids or any experimental therapeutics.

All subjects were thoroughly informed of the details of
the study, had an opportunity to ask questions, and signed an
informed consent form. All subjects had the opportunity to
voluntarily withdraw from the study at any time without
prejudicing treatment.

2.3. Study compound

Manzanilla olive fruit were de-pitted; and the pit-less
olive pulp was pressed to yield a liquid phase mixture
composed of olive oil, vegetation water, and solids by a
mechanical device. Solids were removed from the liquid
phase mixture by centrifugation. The oil and aqueous
fractions were separated by centrifugation, and the aqueous
phase was collected. The aqueous olive fraction was treated
with citric acid (1%) for 6 months. The olive water fraction
was freeze dried, yielding a golden brown crystalline
product containing at least 6% simple phenols and
polyphenols. The freeze-dried product was processed into
vegetarian-based capsules, each containing 100 mg of
freeze-dried product. The capsules were given to the
OVW treatment group.

Table 1
Description of subjects by treatment group

Description Placebo control OVW treatment
(n =47), mean (SEM) (n = 43), mean (SEM)

Weight (1b) 161.2 +4.6 181.8+5.5
Body mass index 26.1 +0.6 29.6 +£0.9

% Fat 37.1+1.3 414+13
Heart rate 712+ 1.4 69.8 £ 1.8
Blood pressure (systolic) 129.6 + 2.5 132+2.8
Blood pressure (diastolic)  76.2 + 1.3 78.0 + 1.7
Hematocrit (%) 40.5£0.6 40.7 £0.5
Hemoglobin (g/dL) 13.8+0.2 14.0+0.2
Smokers 4 4
Glucosamine users 19 18

Control and treatment subjects were compared using an independent 7 test.
The 2 groups were not statistically different for any of the tests, nor were
they statistically different by glucosamine or tobacco use.

2.4. Assessment of disease

2.4.1. Health Assessment Questionnaire—Disability Index

Quality-of-life changes were measured using the HAQ-
DI, a self-reporting questionnaire that evaluates 9 categories
of functional activity [16]. Patients were questioned on
difficulty experienced in performing specific activities of
daily living on a scale of 0 to 3, with 0 = no difficulty and 3 =
extreme difficulty. Scoring of the HAQ-DI also takes into
consideration the use of aids or devices to assist in these
activities. The HAQ-DI includes the Visual Analog Scale, in
which patients rate their level of disability using a scale from
0 to 100.

2.4.2. Physician Assessment

The Physician Assessment consists of grading joints (in
motion) for tenderness and pain, swelling of joints, and the
physician’s assessment of arthritis severity. Standard ques-
tionnaires are designed to determine the degree of disease-
associated inflammation and were administered by a board-
certified physician. Questions included the number of tender
and swollen joints, patient’s rating of disease activity, and
physician’s assessment of disease activity.

2.4.3. Profile of Moods State

The emotional state of the individual was determined by
use of the Profile of Moods State (POMS), a questionnaire
that measures 6 specific mood states including anger,
confusion, depression, fatigue, vigor, and tension [17].
Subjects were asked to rate their feelings from 0 to 4 when
presented with each of 60 words associated with one of the 6
mood states. For accuracy, each questionnaire was graded
twice by 2 different technicians. The final score for each
evaluation was determined by summing the scores for each
mood, with the one positive mood, vigor, added as a
negative. A high score translates to a more negative mood.

2.4.4. Disease Activity Score With 28-Joint Count

The DAS-28 is a composite index that includes the scores
from 28-joint counts for tenderness and swelling, the Visual
Analog Scale from the HAQ-DI, and the plasma levels of
CRP or the erythrocyte sedimentation rate (ESR) [18]. The
current literature suggests that CRP elevation reflects disease
progression more closely than ESR [19,20]; thus, the DAS-
28 was calculated using CRP values.

2.5. Laboratory methods

2.5.1. Clinical and biochemical tests

Blood was drawn from each participant (4 vacutainer
tubes) at each visit by a qualified phlebotomist or research
nurse. One tube of plasma and 2 tubes of blood were sent to
Sonora Quest Laboratory (Tempe, Ariz) for biochemical and
clinical testing that included analysis of lipids, liver and
kidney functions, ESR, and homocysteine. The remaining
plasma tube was centrifuged at 3000 rpm for 15 minutes at
10°C. Plasma samples were aliquotted into microcentrifuge
tubes and stored at —80°C until assayed. Samples were
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distributed into measured aliquots to avoid multiple freeze-
thaw cycles. Samples used for measurements were thawed
only once.

2.5.2. CRP and salivary cortisol assays

Plasma levels of CRP were measured using a high-
sensitivity ELISA assay (MP Biomedical, Orangeburg, NY).
The manufacturer’s protocol was adjusted by diluting all
samples at 1:500. The detectable range of the assay
is approximately 0.01 to 100 mg/mL. The intraassay
and interassay coefficients of variation were <15% and
<10%, respectively.

Salivary cortisol levels were analyzed using a coated-
tube radioimmunoassay from a commercial kit ([21]; ICN
Pharmaceuticals, Costa Mesa, Calif). All participants were
given 9 salivettes (Sarstedt Inc, Rommelsdorf, Germany)
together with verbal and written instructions for the
sampling procedure. Sampling was done at baseline (time
0) and at the end of the trial (week 8). Participants were
instructed to refrigerate the salivettes after the sample was
collected. The salivettes were returned to the laboratory at
the next visit, at which time they were centrifuged at
3000 rpm for 30 minutes at 4°C; and the saliva sample was
transferred to a microcentrifuge tube and stored at —80°C
until analysis.

2.5.3. Measurement of serum metalloproteinases
and cytokines

Plasma levels of MMP-1, MMP-2, MMP-3, MMP-9,
and MMP-13 and the cytokines interleukin (IL) 1, IL-6,
IL-8, tumor necrosis factor o, granulocyte-macrophage
colony-stimulating factor, and IL-17 were measured using
multianalyte profiling kits (R&D Systems, Minneapolis
Minn; BioSource International, Camarillo Calif) in con-
junction with the Luminex 100 analyzer (Luminex Corp,
Austin, Tex). Matrix metalloproteinases have been shown
to degrade a variety of matrix proteins and have been
implicated in the pathogenesis of RA [22,23]. Elevated
levels of MMP-3 and MMP-1 were demonstrated in
synovial fluid and serum of RAs [8]. For the present
studies, MMP-2, MMP-3, and MMP-9 levels were
determined by ELISA.

2.6. Statistical analysis

Statistical analyses on results were conducted using SPSS
for Windows (Chicago, IlI) or GraphPad Prism, version 4
(San Diego, Calif) software programs. Patient changes over
time were compared using analysis of variance or paired
t tests (2 visits; ie, V1 vs V5) for biochemical markers
(homocysteine and CRP) or Mann-Whitney for POMS
(GraphPad Prism, version 4). Regression models were used
to determine the impact of disease on improvement and the
percentage improvement in placebo control and OVW
treatment groups as measured by the HAQ-DI and DAS-28
assessment devices (SPSS for Windows). Significance of
statistical tests was P <.05.

3. Results

Descriptive characteristics of the subjects in each
treatment group (placebo control and OVW treatment) are
given in Table 1. Group A was determined to be the placebo
group, and Group B was determined to be the OVW
supplement group.

3.1. Safety and tolerance

Subjects were in the age range of 55 to 75 years and
were taking a variety of medications; therefore, function
tests represent safety of olive pulp extract combined with
the patient’s other medications. Overall, the participants
tolerated placebo and supplement well, with only 2
participants, one from each group (placebo and supple-
ment), complaining of heartburn at V2. This problem was
alleviated when the participants took the placebo or
supplement with food.

All subjects underwent kidney and liver function tests at
baseline (before starting trial) and after 8 weeks on placebo
or supplement. These tests included serum blood urea
nitrogen and creatinine for kidney function, and aspartate
aminotransferase, alanine aminotransferase, alkaline phos-
phatase, and total bilirubin for liver function. No adverse
changes were reported; and in fact, some subjects with
abnormal levels before the study showed improvement
with time.

3.2. Health Assessment Questionnaire—Disability Index

After 8 weeks of treatment, there were statistically
significant improvements over baseline as measured by 9
specific activities of daily living in the supplement group
(OVW) vs the placebo group (Table 2). Although not as
significant as the OVW group, the placebo group also
showed improvement over time. The OVW supplement—

Table 2
Comparison in OA patients of HAQ-DI activities of daily living results for
the placebo control and OVW treatment groups

Activity Greater improvement in Greater improvement in
treated vs placebo groups placebo vs treated groups
Dressing 4 0
Arising 3 1
Eating 1 3
Walking 3 1
Hygiene 4 0
Reach 3 1
Grip 4 0
Activity 3 1
Length 3 1

Values represent improvement for each of the follow-up visits (1 week, 2
weeks, 4 weeks, and 8 weeks); for example, “4” signifies improvement at 4
of the 4 follow-up visits. Patient scored each of the daily living activities on a
scale of 1 to 4; the lower the score, the better the general feeling. Each of the
follow-up visits was compared with V1 (baseline). If the patient registered a
lower score on a follow-up visit relative to their baseline score, it was
counted as an improvement. The OVW and placebo groups were analyzed
by Student 7 test; n = 31 (OVW treated) and n = 28 (placebo).
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treated group showed greater improvement in 8 of the 9
activities when compared with placebo (Table 2). In
addition, when subjects were compared using disease
diagnosis as the variable, those with OA showed statistically
significant improvement in their HAQ-DI score after 8
weeks of treatment (Table 3), whereas in the RA group,
although there was statistically significant improvement in
the treatment group (comparing week 0 with week 8), it
was not statistically greater than that observed in the
placebo group.

Changes in HAQ-DI score of >20% are notable, bearing
in mind that an absolute change of 0.22 or more in the
HAQ-DI represents a change in disability that physicians
note as clinically relevant and patients with RA perceive as
a difference in functional status” For the patients in this
clinical trial, >75% of patients with >20% improvement
had an absolute change in their HAQ-DI score of 0.25 or
more; and for most of those patients, their HAQ-DI score
was >0.5.

3.3. Physician assessment of disease

After 8 weeks of treatment, there was a significant
improvement in both the placebo and supplement-treated
groups. However, the improvement in the OVW supple-
ment—treated group was not significantly different from that
in the placebo group; and there was no difference in disease
diagnosis (OA vs RA).

3.4. Profile of moods state

The POMS scores were seen to decrease over the 8-week
period for both the OVW supplement and placebo groups,
with no significant difference between groups (Fig. 1).

3.5. Disease Activity Score With 28-Joint Count

After 8 weeks of treatment, there was a significant
improvement (>20%) in OVW supplement—treated OA
patients vs placebo-treated OA patients (Table 3). Interest-
ingly, for the RA group, placebo-treated patients reported
greater improvement than OVW-treated patients (Table 3),
suggesting a strong placebo effect that may or may not be
masking the efficacy of the treatment.
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Fig. 1. Comparison of disturbance index for all subjects (OA and RA,
placebo and OVW) from visit to visit: baseline (V1), week 1 (V2), week 2
(V3), week 4 (V4), and week 8 (V5). Higher scores indicate greater mood
disturbance. Patient responses suggest a better mood profile on the last visit
compared with the first visit (baseline). Data from nonparametric Mann-
Whitney test are presented as means = SEM; P <.05 for V1 vs V5.

3.6. Biochemical markers

Changes in the hormones cortisol and prolactin,
hormones that have been shown in our earlier studies to
change with disease activity, were evaluated. The results
show no significant change in plasma levels of cortisol, nor
were there changes in the ratio of cortisol to prolactin as had
been hypothesized. In addition, there was no significant
change in diurnal salivary cortisol levels as indicated by an
analysis of values across time and by an analysis of the areas
under the curve.

There was a statistically significant decrease in plasma
homocysteine levels in OVW supplement—treated RA
patients vs placebo-treated RAs, as seen by comparison of
values, from V1 to V5 (Fig. 2, P <.015).

Significant changes in CRP from V1 to V5 were detected,
and there was a diagnosis by time interaction. Upon further
analysis of the subgroups, OA and RA, the data indicate that
the significant difference in CRP levels is attributed to a
decrease in CRP in the RA group between V1 and V5
(Fig. 3). C-reactive protein was highest in RA patients (vs
OA patients) and in individuals with CVD (based on their
medical records and their disease history).

Table 3

Comparison of self-reported improvement (HAQ-DI) or physician-evaluated improvement (DAS-28) in placebo control and OVW-treated OA and RA patients
Diagnosis OA OA RA RA OA OA RA RA
Treatment Placebo OovVw Placebo OovVw Placebo OovVw Placebo ovw
Test HAQ-DI HAQ-DI HAQ-DI HAQ-DI DAS-28 DAS-28 DAS-28 DAS-28
No improvement (frequency) 58% (19) 24% (7) 23% (3) 15% (3) 30% (10) 7% (2) 8% (1) 31% (4)
0%-20% improvement (frequency) 3% (1) 7% (2) 15% (2) 8% (1) 24% (8) 21% (6) 23% (3) 23% (3)
>20% improvement (frequency) 39% (13) 69% (20) 62% (18) 77% (10) 45% (15) 72% (21) 69% (9) 46% (6)
P <.05 24 .058 117

Control and OVW interventions were compared using a logistic regression model. Improvement by HAQ-DI and DAS-28 was disease dependent; thus,
improvement was calculated independently for OA and RA patients. For each measurement, the score for week 8 was subtracted from the baseline score.
Baseline HAQ-DI scores ranged from 0.125 to 2.75; baseline DAS-28 scores ranged from 1.03 to 6.27.
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Fig. 2. Comparison of homocysteine levels in placebo (A) and OVW-treated (B) RA subjects at baseline (V1) and week 8 (V5). Data from paired 7 test are
presented as means + SEM; n = 14 (placebo) and n = 13 (OVW); P <.01 for OVW treated at V1 vs V5.

Cytokines were evaluated initially to determine whether
there were changes in the balance of pro- and anti-
inflammatory cytokines. The values for the cytokines in
the plasma were relatively low, but were higher in RA
patients, as reflective of their underlying autoimmune
disease. There were no significant changes in the cytokines
when comparing baseline with week 8 using analysis of
variance and as determined by paired ¢ test analysis. The
inability to detect changes in cytokines could be due to low
levels in the plasma and/or to sensitivity limits of the assays.

There was a slight increase in both MMP-2 and MMP-3
levels in the placebo-treated group that was not observed in
the OVW treatment group; however, for all of the MMPs
measured, there was no statistically significant differences
between placebo- and OVW supplement—treated subjects.

4. Discussion

In the current study, an olive extract supplement given to
patients with OA and RA decreased pain and inflammation
associated with OA, improved quality of life, and decreased
biochemical markers of systemic inflammation in patients
with RA.

Previous studies had shown that diet can positively effect
patients with RA; specifically, an intervention diet rich in
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foods common to the Mediterranean diet reduced pain and
increased physical activity [12]. In the current study, diet
intervention with an olive extract had a similar effect in OA
patients. The OVW supplement—treated OA group achieved
statistically greater improvement as measured by HAQ-DI
than the supplement-treated RA patient group. Similar
decreases in HAQ-DI have been shown in other studies to
be a measure of significant improvement in health-related
quality of life and disability [24,25].

The differential improvement between OA and RA
patients may be related to the difference in mechanism of
the 2 diseases or may be related to the number of RA patients
participating in the trial; that is, increasing the number of RA
patients may have increased the statistical significance of
improvement. If the difference is related to the difference in
disease, the greater effectiveness of the OVW in OA patients
suggests a mechanism of action related to pathways
associated with localized joint inflammation rather than
systemic inflammation (as in RA). These changes are
important given that the dose of supplement was moderate
(4 capsules per day) and that the study itself was relatively
short in duration (8 weeks).

The placebo-treated group also showed considerable
improvement at 8 weeks relative to baseline. The placebo
effect is not unexpected and is well documented in the
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Fig. 3. Comparison of CRP levels in placebo (A) and OVW-treated (B) RA subjects at baseline (V1) and week 8 (V5). Data from paired ¢ test are presented as
means = SEM; n = 14 (placebo) and n = 13 (OVW); P = .1995 for OVW at V1 vs V5.
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literature. Factors contributing to the placebo effect include
patient’s expectations of improved health; patient’s interac-
tion with laboratory staff and other participants, which many
subjects do not have because of lack of activity secondary to
their arthritic disease; and patient’s general anxiousness or
anxiety at the start of the study. In fact, the latter effect was
documented in changes observed in the patient’s mood as
reported in their POMS. It has been reported by several other
laboratories that there is a significant inverse correlation of
pain state and positive mood [26].

C-reactive protein was significantly decreased by OVW
supplement, and this effect was most notable in patients with
RA. C-reactive protein has long been a measure of
inflammation in patients with RA, and studies have shown
a correlation in CRP levels to disease activity [27]. Recent
studies have shown activation of the complement system in
the pathogenesis of RA [28]; thus, a reduction in CRP levels
supports a reduction in RA disease activity.

In addition to CRP, OVW supplement—treated patients
had lowered levels of homocysteine relative to placebo-
treated patients. This effect was statistically significant in RA
patients. High levels of homocysteine are often found in
patients with RA and are thought to account, in part, for the
high rate of cardiovascular mortality [29-31]. The mechan-
isms responsible for high homocysteine levels in RA are not
clear; however, vitamin B supplementation has been shown
to decrease homocysteine levels in RA patients [32].
Regression analysis showed that the reduction in homo-
cysteine resulted in a concomitant decrease in inflammatory
variables. And in another study, RA patients had accelerated
catabolism of vitamin B6 [33].

Moreover, a correlation between CRP and homocysteine
has been shown [32]. This correlation however is not a cause
and effect relation; but rather, both are independent risk
factors for CVD [34]. It is thought that homocysteine has an
oxidant stress effect on the vasculature that involves auto-
oxidation of its sulfhydryl group generating superoxide
radicals, which in turn consume nitrous oxide to form
peroxynitrite. A reduction in both CRP and homocysteine
would, in theory, be beneficial to the cardiovascular health of
those taking the OVW supplement.

To begin to dissect the mechanism of action of OVW, we
evaluated levels of specific cytokines during the treatment
course. We began by evaluating plasma samples of study
participants who had the most improved HAQ-DI scores.
These patients were designated “responders,” and samples
from these subjects were used to explore changes in pro- and
anti- inflammatory cytokine markers as a measure of
supplement action. Olive polyphenols have been reported
to provide protection against oxidative stress—related
damage, particularly reactive oxygen species—induced
damage; and reactive oxygen species have been shown to
regulate MMP gene expression. A decrease in plasma MMP
levels was found in OVW supplement—treated responders;
however, the decrease was not significantly different from
that in placebo-treated subjects. Thus, although we did not

observe any relationship between plasma cytokine levels and
OVW treatment, diminishment of pain and improved
mobility suggest a beneficial reduction in inflammation
inducers, possibly more localized to the site of inflammation,
perhaps in the synovial fluid.

In summary, an 8-week treatment with olive extract
improved daily living activities in patients with OA and
significantly reduced plasma CRP and homocysteine levels
in patients with RA. Thus, introducing a natural and safe
food extract into the diet may have the same or better
beneficial effects as an intervention diet. Unlike current
medications that have been found to place users at risk for
CVD, OVW acts both as an anti-inflammatory and
cardioprotective agent.
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