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ABSTRACT

Objectives To investigate the effects aMediterranean type diet on patients with osteodishri

(OA). ParticipantsNinety-nine volunteers with OA (aged 31 - 90 yeawnpleted the study (83%
female). Setting: Southeast of England, .I¥sign Participants were randomly allocated to the
dietary intervention (DIETn = 50) or control (CONn = 49). The DIET group were asked to follaw
Mediterranean type diet for 16 weeks whereas the @Np were asked to follow their normal diet
Measurements: All participants completetArthritis Impact Measurement Scale (AIMS2) pre-
mid- and post- study period. A subset of participaattended a clinic at the start and end of tinyst
for assessment of joint range of motion, ROM (DHE33, CON = 28), and to provide blood samples
(DIET = 29, CON = 25) for biomarker analysis (inclagiserum cartilage oligomeric matrix protein
(sCOMP) (a marker of cartilage degradation) andreelpaf other relevant biomarkers including pro-
ard anti-inflammatory cytokines). ResulfEhere were no differences between groups in thmores

of any AIMS2 components and most biomarkers (p >)0®&ept the pro-inflammatory cytokine IL-
la, which decreased in the DIET group (~4%3%6; 0.010) sSCOMP decreased in the DIET group by 1
U/L (~8%,p = 0.014) There was a significant improvement in knee flexamd hip rotation ROM in
the DIET group (p < 0.05onclusionsThe average reduction in SCOMP in the DIET group{)

represents a meaningftithangebut the longer term effects require further study.

Key Words: Diet; sSCOMP; AIMS2L -1a; osteoarthritis (OA); Mediterranean diet.



INTRODUCTION

Often the first line of treatment for someone pngisg with OA is a combination of pharmacological
interventions, including non-steroidal anti-inflaratory drugs (NSAIDs) and analgesiép This can
provide initial short-term benefit through an impement in pain management and a delay to surgical
intervention f]. However, this does not prevent OA progressiaa as it progresses, reliance on
NSAIDs to control pain present additional compligas. Indeed, the long-term use of
pharmacological agents (particularly NSAIDs) iscessted with numerous side effects |
Consequently, such treatments are at most, moteedtective at reducing discomfort in the early
stages of the diseasg. [Therefore, there is a need for safe and effediternative treatments that not

only provide symptom relief but also slow the depshent of the disease.

It is now recognised that nutrition can play a Wiem role in some chronic diseasés Eating a diet
high in Trans and saturated fats can increase §kXactors, as well as exacerbate current
osteoarthritic symptoms][ Given the potential impact of diet on OA, emgaliresearch is required

to validate whether the compliance with basic dietalvice alone may improve OA symptoms
and/or relevant biomarkers. A Mediterranean typé (@ig. abundant in vegetables, fruits, beans,
whole grains, olive oil and fish, and less red ntleah typical Western diet§)] has been linked with
reductions in joint inflammation in patients witheumatoid arthritis’[, so further work is warranted
to examine this type of diet in patients with Olerde, the aim of the current study was to invetgiga
the effectsf a short-term (16 week) dietary interventiongagtordance with a Mediterranean type

diet) on perceptual, functional and serum biomarkeisubjects with OA.



METHODS

Participants
A total of 124 volunteers with a clinician diagresif Osteoarthritis (agell-90 years) were recruited

with 99 completing (83% female) the study

Participants were excluded if they had anothertheaindition or co-morbidity that would make them
unable to follow the dietary intervention; if paifiating in any other intervention based reseacli;
they had prior knowledge or involvement with thgamisation providing the dietary advice (Arthritis

Action, UK) to reduce the potential for control gpcontamination/loss of blinding.

Design

Participants were randomly allocated to one of gnaups: the dietary intervention (DIET) group (n =
50) or the control@QON) group (n = 49)From the 99 participants, a subset of 61 parti¢dgéDIET =

33, CON = 28) attended a research clinic locatemhatof 3 locations in the southeast of Englddid
(Medway, London, Eastbourne) at the start and agitigkeof the study. This subset was tested for their
range of motion at the knee and hip joints and tiglaf the index finger. Of these 61, blood sansple
were obtained fromd4 participants (DIE = 29, CON =25) for the assessment of biomarkers
(samples could not be obtained from 7), and (dwitopment failurgbody mass was measured for

39 of these participants (DIET = 22, CON = 17)

DIET group

Participants mean age was 66 + 11y (<40 y n=2; 4446613; 61-80 y n=29; >80 n=5) which
comprised of n=38 females and n=11 maMstritional information and dietary advice were yided
consistent with a Mediterranean diStpport was also offered from a registered Diati¢employed
by Arthritis Action), via telephone, which includediswering questions and providing guidance on
the diet. This intervention/advice is consisterthviieing member of Arthritis Actioand considered

advisable when implementing the Mediterranean digebple from non-Mediterranean countrigs [



CON group
Participants mean age was 60 £ 12 y (<40 y n=2; 4146€22; 61-80 y n=22; >80 n=4) which
comprised of n=44 females and n=6 maRarticipants in this group followed no interventiamd

were not aware of Arthritis Action

All participants were asked to complete a 7-daydfdiary (as a food frequency questionnaiagd an
Arthritis Impact Measurement Scale (AIMS2) questiarsat the start (pre-intervention), mid-point
(2 months) and end (4 months) of the study. Allsjioanaires were mailed to participants with
Freepost return. Interpretation of the food diagied AIMS2 questionnaires was completed by an
Arthritis Action staff member who was blinded t@throup allocation. A compliance score (from 0O-

100) was calculated for each food diary.

Analytical methods

Venous blood samples were obtained by venepun@titie minimal stasis) into untreated Vacutainer
tubes (Becton Dickinson, Oxford, UKAfter clotting, samples were centrifuged (1500 x°@;)}to
obtain serum. All samples were processed withio@ & Serum samples were aliquotted and stored
at - 80°C for later analysis of selected biomarkatssamples were thawed only once prior to
analysis. The primary biomarker was serum cartil@gg®meric matrix protein (sSCOMP), because of
previously reported relationships with OA and eatigge OA {]. sSCOMP was determined on one
serum aliquot using an enzyme-linked immunosorbesay (ELISA kitAN-14-100671, AnaMar

AB, Goteborg, Sweden). Secondary biomarkers incudgBammatory cytokines, chemokines and
growth factors because of established relationshifis OA [*°1]. These were performed using
multiplex panels, on a second serum aliquot, whlsb included some other markers (high-sensitivity
panel withIL-1pB, IL-1a, IL-2, IL-4, IL-6, IL-8, IL-10, IFN-Y, TNF-, VEGF and EGF; and panel

with soluble receptors IL-6sR, IL-2sR, TNF-sR1 didF-sR2, plus MCP-1, and MMP}2sing an

Evidence Investigator System and biochip (EV366d BW3623, Randox, County Antrim, UK)



Ethical Approval

This study was conducted according to the Dectamaif Helsinki (2008, including 2013
amendments) and all procedures were approvesidiyS Research Ethics Advisory Group,
University of Kent (Reference Number: Prop 56_2®@IP.3) Written informed consent was obtained

from all participants.

Data Analysis

All data are presented as Means + SD. Data wereketidor standard assumptions for each statistical
test prior to analysis. Where these were violatath @as either log or square root transformed prio
to analysis. Differences between groups for chaogestime (e.g. pre-, migpost-intervention)

were assessed using mixed ANOVA (timexgrolfpjata could not be normalised, non-parametric
tests were used. All analysis was completed usH§SS(IBM SPSS Statistics for Windows, Version

21.0, Armonk, NY: IBM Corp.), with significance agted when p < 0.05.

RESULTS

There was a significant difference between groophe proportion of subjects changing dietary
behaviour from low to high compliancg?(p < 0.001): 30 out of the 50 participants in th&DI

group and only 8 of the 49 participants in the CON grdomroved their compliance score from
below to above 65 (defined as the threshold foh lsigmpliance in this studyJ.his improvement in
compliance in the diet group, with no change intcmgroup was also evident for each of the subset
analyses described below (body maggy = 0.012; biomarkerg;? p = 0.014 range of motiony? p =
0.008). There was a significant group x time interastjp = 0.008) for body mass with post hoc
analysis revealing a significant reduction in tHEDgroup (70.4 + 13.1 to 68.9 + 12.6,kp=

0.012), but no change in ti@&ON group (71.6 + 17.4 to 72.4 + 164§, p = 0.210.



Biomarkers

There were no differences between groups in therese of any of the biomarkers measured, except
the pro-inflammatory cytokine IL«l(interaction p = 0.019), which decreased pre-td-pusrvention

in the DIET group compared to no change in CON [@4ab. For sCOMP a strong trend was evident
(interactionp = 0.057) and if explored further, at the group leaesignificant pre-to post-intervention

decrease was evident in the DIET group with no ghan the CON group (Table.1)

Table 1 Zsrum bicmerhers

ANOVA P values
Bazeline (Pre) Poor{d mowthr)  (Groop; Timer Intsracgion)
Mean = 5D Mean = 5D

WOOMP (TFL) DIET 131247 111£45% 003S; 0104 Q05T
CON lo9iI4 1maf1:

IL-lz{pz'ml) LDIET 0432038 QI3z0l9 0037 0130 aalst
OON 0I1i021 0¥ i0Ir

IL- 15 {px'md) LIET Lé3d 152 1564175 0465, 0.861; 0350
CoN LII% 116 141214

IL-I{pgml) DIET QT3 163 Q71160 0545, 0565, QLBOS
CON 091:1%0 0614138

L4 {ipz'md) LIET L7041 147 0EE: 117 Q.60 0054, 0127
OOM L6 4113 1492138

L6 {pz'mi) DIET 16713557 pll £33 B 0130 0193, 0334
CON 1914157 L6133

IL-8 {pg'ml) DIET 507 % 1613 T4 1673 QLOME0; 01 Q44T
OON 02697 17T3t198

IL-10 {px'md) LIET Liri10e 076 £ 087 0.031; 0.053; 0.051
CoN 0492040 0492047

IFE-y {pz'ml) DIET Q162026 0461057 0305, 0.075, 0309
CON Q161030 041030

THFe (ps'ml) LIET Mt inmiLne 0.I4; 0.334; 0167
OOM 1TT411Y Ier#23l

VEGF {pgml)y DIET 1075718 1068 £ &4 5 0560, 089, 0873
CON 11591747 15576

MCP-1{pgmly DIET V76 % 1ITT Q173 0565, 0704
OON 718389

EGF {pg'ml) LIET 11922663 QLOEQ; 0135, 099
OON Sl4£534

IL-1E {ogmiy DIET 00e £ 0086 008 £ 0086 QL6EL 0TTS OITI
CoN Q0T 20086 QUOE £ 0.086

IL-F {ozml) DIET 1932058 10020899 QLTEE; 0426 Q586
oM Ta 071 1061076

THF-sR1 {ag'mi) DIET 0491018 0452018 0002 0.793; 0445
CoN 0342010 0352011

THF-Rl {ngwml) DIET 037020 0362020 0036 0815 alTe
CON aI61010 arEioll

MMP-2 (og'ml) DIET TeT$X13 6532343 QD0 0.14%; QeI
OON F1iMI 46621

“sipnifiss sipnificant grovp = times interaction (p < 0.03) Senificant grovp
« time interactions were explored furtherby Post Hoe patrwise (within
erovp) comparison: Sienificantly different toPre (¥p< 0.03; 3% p=
0.013.



AIMS2

No significant interactions were found in any of IMS2 components across the study period

between groups (all ANOVA p > 0.05ee Table B

Table 2. Fangs of motion for most afected limb

New-parametric tess berwees growps om pre-pest chamge (lzon-Thinm: 17

Bazeline (Pre-) Poxt {4 mondhs)
Aflean = 3D Mesm = 5T
Finger movemen {0, 1, 1) DIET 04205 04204 p=0180
CON 03106 03106
Easa fladion ["ROM) DIET 11214 112218+ p=0072
COH 121216 116219
Hip sotasion ("ROM) DIET 526 JTxle+ =0.010
CON 47415 45114
Hip flaocion "ROM DIET 12210 17210 p=0512
(o)) 13211 4210

0= Full movement, 1 =Partial movement, 2 = limited'no movement; ROM: range of motion

MNeon-parametnic tests: “signifies significant difference between grovps (MWamn-Whitney U} :n pre- to post-changs; * signifies significant within grovp (Wileoxen test

batween pre- and post- times (p < 0.03).

Range of motion

ROM- could not be normalised so non-parametric test®wsed as detailed in Table 2.

Table 3. ATMAD satinzy

) difference

Bazeline (Pre-) Ai5d- (7 meomth) Poxr (4 momth)
Meam = 3D Aeam = 5D Mean = 3D
Componeat
Plhysical DIET L7213 L7217 16214
CoON azle 19219 19219
Social DIET 45118 45219 47217
oK nlzle 31:10 313l
Svmprom LIFT i5t: I4%IX 31413
[ 41318 16216 16217
Wark (rele) DIET -13214 -152 14 -192 13
CON -10211 -1.12210 089214
Affect DIET 17218 13219 16210
[ 14211 31211 19211

Thers wera oo Menificant msn effeds for amy component (2l AWOWVA p vates = 005)



DISCUSSION

The main findings of the present study were thatdietary intervention was successful at changing
eating behaviours in the DIET group, and this wesoaiated with weight loss. The inflammatory
cytokinelL-1a (which has been implicated in the pathogenesisAf€) was significantly reduced in
the DIET group (but not CON). However, lle: concentration was higher pre-intervention in the
DIET group (compared to CON). A similar, albeit reignificant (interaction P = 0.057) pattern was
evident for sSCOMP. When investigating groups sephraa decrease in SCOMP was evident only in
the DIET group. This biomarker is widely regardedaanarker of cartilage degradation but has also
recently been suggested to indicate severity af\ayis [°]. However, as withL-10, we also

observed a higher concentration of SCOMP at tharnteevention time in the DIET group, compared
to CON. Nevertheless, a decrease for both of thmes&ers in the DIET group can be interpreted as
beneficial, although further study is required stablish whether tlsedecreases would continue
further with a more prolonged intervention and thusvide long-term benefitt is worthy of note

that SCOMP has been identified as useful early-stayenarker {], so the reductions seen in the
DIET group in a relatively short intervention patimay be of more long-term, clinical, benefit.
Changes in this marker may precede subsequentetamghysiological, functional and/or
perceptual markers, which explain the lack of inweroent in the self-reported AIMS2 questionnaire
scores in the present study. Indeed, relativelMisthanges in biomarkers have been shown to
precede any radiographic evidence of joint destrndtd]. As such, benefits to perceptual markers
(e.g. AIMS2) may manifest after a more prolongedqake Significant improvements were seen in the
DIET group for ROM at the hip (rotation) and knelexXfon), which may represent a functional
benefit of the dietary intervention which has picaitrelevance. Taken together, these results stigge
potential further benefit if the dietary improvengmwere continued in the longer-term, although this
requires further study. Indeed, a longitudinal gt(@lyear follow-up) by Kumm et al*q

demonstrated that SCOMP concentrations were prediofigaibsequent progressive knee
osteophytosis over the first 3 years of the stuelyogl. In this study Kumm et al] demonstrated

thatanincrease of 1 U/L in sSCOMP concentration was assediwith a 33% higher risk of knee



osteophyte progression. Hence, the average reduotibie DIET group (1 U/L) represents a

meaningful difference in this marker, which coukldf long term clinical benefit.

Body mass reductions have been shown to improvegral function in those suffering from OA
[*56] andhave also been shown to parallel reductions in eaytildegradation biomarkers such as
sCOMP [9]. However, Riddle and Stratfordf] suggested thabody mass reduction in excess of
10% is requiredlt is noteworthy, therefore, that the reductios@OMP observed in the DIET group
(~8%) was comparable to the 10% reduction repdateBartels et al'f] despite the relatively small
parallel reduction in body mass (~2.2%) observetiéncurrent study. Whilst reductions in body
mass alone are likely significant contributors, pihesent findings suggest that other factors in the
DIET group also contribute to the reduction in sCQMBvertheless, body mass reduction is clearly
important and this study has demonstrated thatradbe to a Mediterranean type diet may have
practical and clinical benefit for individuals wi@®A. Hence, a longer intervention period, and the
addition of interventions that promote greater \weigss (e.g. physical activity) may be further
beneficial, and so further study is warranted tieaieine the effectiveness of such interventions.

In conclusion, the dietary intervention was sucitésg changing eating behaviours and this was
associated with weight loss. In addition, the agenseduction in sSCOMP in the DIET group (1 U/L)
represents a meaningful change in relation to &4, [but the longer term effects of this intervention

require further study.
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