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Foot symptoms and knee OA

ABSTRACT

Objective To investigate whether foot and/or ankle symptomesdase the risk of developing (i)
knee symptoms and (ii) symptomatic radiographicckosteoarthritis (OA).

Design1020 Osteoarthritis Initiative participants who @eait-risk of knee OA, but were without
knee symptoms or radiographic knee OA, were ingattd. Participants indicated the presence
and laterality of foot/ankle symptoms at baselifflee main outcome was development of knee
symptoms (pain, aching or stiffness in and aroinedknee on most days of the month for at least
one month in the past year). A secondary outcontedgaelopment of symptomatic
radiographic knee OA (symptoms plus Kellgren andiresce [KL] grade >2), over the
subsequent four years. Associations between fddd@ymptoms and study outcomes were
assessed by logistic regression models.

ResultsFoot/ankle symptoms in either or both feet sigaifitly increased the odds of
developing knee symptoms (adjusted odds ratio (DB, 95% confidence interval (Cl) 1.10 to
2.19), and developing symptomatic radiographic Kdée(adjusted OR 3.28, 95% CI1 1.69 to
6.37). Based on laterality, contralateral foot/@dymptoms were associated with developing
both knee symptoms (adjusted OR 1.68, 95% C| 1h(@5a8) and symptomatic radiographic
knee OA (adjusted OR 3.08, 95% CI 1.06 to 8.98)|swhilateral foot/ankle symptoms were
associated with developing symptomatic radiograghee OA (adjusted OR 4.02, 95% CI 1.76
t0 9.17).

Conclusion|In individuals at-risk of knee OA, the presenceoftralateral foot/ankle symptoms
in particular increases risk of developing both&ksgmptoms and symptomatic radiographic

knee OA.
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Foot symptoms and knee OA

INTRODUCTION

Knee osteoarthritis (OA) is a leading cause oftjpain™ and disability in middle- and older-
aged individuals, and is one of the most commorayaged conditions in primary car®ecent
incidence rates suggest around 6% of people agadddvyears develop knee symptoms each
year, whilst 2% develop symptomatic radiographie&k@®A'. Knee OA symptoms and
radiographic change that worsen over time canteadstly surgical intervention. Thus
understanding risk factors associated with the toofSknee symptoms alone or in combination

with structural change is a major research focus.

Symptoms in the foot and/or ankle is a potentglt factor for knee pain and OA that has
received limited attention to date. Like knee Odgtfankle symptoms are very common in
middle- and older-aged adults. They affect appraxaly 24% of people aged over 45 y&ars
and account for a substantial number of primarg cansultations in this populatidrFoot pain
is highly disabling, reduces quality of Iffeadversely affects walking and other daily funeéb
abilities’ and increases the risk of f&ll§o date, the majority of studies investigatingypyoms
at the foot/ankle and knee have examined thesdgmashin isolation. However, isolated joint
pain is rar& and concurrent symptoms at the foot/ankle ane kséhe most common multi-
joint presentatiot?, occurring far greater than expected by chanaeealm a recent cross-
sectional study using data from the Osteoarthnitgative (OAI), we found that people with
both symptomatic radiographic knee OA and foot/arsfimptoms reported significantly worse

general and knee OA specific health outcomes, aodep physical function, than those with
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Foot symptoms and knee OA

knee OA but without foot/ankle symptomsDespite the strong association between probléms a

these two sites, their temporal sequence has ndtepn evaluated.

Investigating foot/ankle symptoms as a candidatefactor for knee OA is attractive as it is
simple to assess, and there is some evidence @fifpdtmodifiability using simple low-cost
interventions such as off-the-shelf footw8aFurthermore, there are a number of plausible
biological mechanisms linking foot/ankle symptorm&hee OA development. For example,
there may be shared biomechanical risk factorhi®two problems, such as a pronated foot
type™ or inappropriate footweHt Alternatively, people with foot/ankle symptomsymaalk
differently to offload their painful fodt™*’, altering knee function and increasing the riskrde
OA development. Finally, symptoms at these twaossit@y represent a widespread pain

phenotype or an oligo- or polyarticular form of &A

The primary aim of this study was to use longitadlicata from the OAI to examine whether
foot/ankle symptoms predict the development of ksygaptoms over four years in people
without knee symptoms or radiographic knee OA  diuisk of knee OA, at baseline. A
secondary aim was to examine whether foot/anklgpgyms also predict the development of
symptomatic radiographic knee OA over four yearaids hypothesized that foot/ankle
symptoms would increase the odds of developing kgegptoms and symptomatic radiographic

knee OA in people at risk of knee OA.

METHODS
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97  Study population

98

99 The OAl is an ongoing prospective multicentre colstudy designed to evaluate and identify
100 biomarkers for the onset and/or progression of Kb&en people aged between 45-79 years.
101  The study enrolled 4796 men and women from fo@ssit the United States, including
102  Baltimore, Maryland; Columbus, Ohio; PittsburghnRsylvania; and Pawtucket, Rhode Island.
103  All protocols and procedures were approved by tisétutional review board at each Sitand
104  all participants provided informed consent. Detegigarding general exclusion criteria and the

105  wider study protocols are available online for publkcess_(http://www.oai.ucsf.edu/). In the

106  current study, we analyzed OAI participants whoenarrisk of knee OA, defined as the

107  presence of two or more established characterisiobsding: overweight, identified using age-
108 and sex-specific criteria; a history of knee injogausing walking difficulties; any knee surgery;
109 an immediate family history of a total knee replaeat for OA; Heberden’s nodes; repetitive
110 knee bending during occupational or recreatiorvdigs; or aged between 70-79 years. From
111  this subcohort, we only included people who didmte frequent knee symptoms (defined as
112  pain, aching or stiffness in and around the knemost days of the month for at least one month
113  in the past year) or radiographic evidence of KDAg(Kellgren and Lawrence [KL] grade >2) in
114  either knee at baseline. We excluded people (ratiaer knees) with these outcomes because the
115 presence of symptomatic knee OA in one knee gr@athgases the risk of developing

116  contralateral knee OA which may confound reélifts Demographic, clinical and radiographic
117  characteristics of both knees for all participamése evaluated at baseline and at 12, 24, 36 and
118  48-month follow-up visits.

119
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Demographic characteristics and covariates

Demographic data collected included age, sex arel (M hite, Black/African American or
Asian/other non-white). Covariates included bodgsiadex (BMI), , comorbidities and
depression. As well as recording BMI values, we alassified participants as obese (>30
kg/m?), overweight $25 and<30 kg/nf) or normal weight (<25 kg/fin Comorbidities were
assessed using the questionnaire version of thesBhacomorbidity index (CCi§, and we
dichotomized the cohort into those with ‘no comdities’ and those with ‘one or more
comorbidities’. Depression was measured using #@&r€ for Epidemiological Studies
Depression Scale (CES-D). Scores were summed acora of> 16 was used to indicate

significant depressive symptoffis

Risk factor

The primary risk factor was self-reported foot/ankymptoms at baseline, defined as pain,
aching or stiffness in the foot and/or ankle on entbvan half of the days during the past 30 days,
consistent with definitions used in previous stgtii€ In addition to classifying participants
based on the presence or absence of symptom#$ier @bt/ankle, we further stratified

foot/ankle symptoms as ipsilateral, contralaterdditateral relative to each knee.

Incidence outcomes
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Knee symptoms

Participants were asked about the presence ofdymptoms at baseline, and at the 12, 24, 36
and 48 month follow-up visits for each knee. Inatkenee symptoms was defined as
development of pain, aching or stiffness in andiadbthe knee on most days of the month for at
least one month in the previous year, reporteshabathe follow up visits, consistent with the

OA\ definition and based on American College of Rhatology criteria for clinical knee GA

Symptomatic radiographic knee osteoarthritis

Weightbearing fixed-flexion posteroanterior radigins of both knees were taken at baseline
and at the 12, 24, 36 and 48 month follow-up vigadiographs were evaluated using the KL
grading system (grades range 0-4) by two centrdl €2Aior musculoskeletal experts blinded to
all other participant data and to each other’siregsd Incident symptomatic radiographic knee
OA was defined as knee symptoms (as per definghmve) and the presence of KL grade >2

based on the central OAI reading, at any of thiefolp visits.

Statistical analysis

Baseline characteristics of participants with anmh@ut foot/ankle symptoms were summarised
as number (%) for categorical variables and as @By or median (interquartile range) for
continuous variables, as appropriate. Groups wemgared using-squared tests, analysis of

variance, Wilcoxon rank-sum or Kruskal-Wallis raekts respectively.
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To investigate the primary aim (development of keg@ptoms), we analysed the association
between any foot/ankle symptoms (i.e. symptomstheeor both feet/ankle) at baseline and the
development of knee symptoms at any point witheftur year follow-up period. For both
aims, analyses were knee-specific (i.e. condudtéteaknee level rather than at the participant
level). Since most participants contributed twodsE8 participants with missing data
contributed one knee only for the primary aim, 8muhrticipants with missing data contributed
one knee only for the secondary aim), logistic @sgion models were fitted using generalized
estimating equations to account for the correlatietween left and right knees within
participants. Two models were fitted, adjustinggets of baseline covariates determiaed
priori. In the first model, only baseline foot/ankle syorps were included to obtain unadjusted
associations between baseline foot/ankle symptomdhee development of outcomes. The
second model also included age, sex, race, BMIrl&raComorbidity index (dichotomised)

and depression to adjust for variables known tasseciated with both foot paifiand knee OA

27

In addition to considering whether any foot/anklenptoms were associated with the outcome
(i.e. at the participant level), we also investighthe association with ipsilateral, contralateral
bilateral foot/ankle symptoms (i.e. at the limbdiwo see if the association differed by
laterality. Logistic regression models were adaiad using generalized estimating equations to
adjust for clustering of knees within participar@svariates were adjusted for in the same way
as in the primary analysis. Similar analyses werelacted to address the secondary aim (the
development of symptomatic radiographic knee OAY the set of baseline variables was

adjusted as per for the primary aim.

10
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190

191 To assess the potential influence of confoundesth(measured and unmeasured by the OAI)
192 that were not accounted for in our analyses, wibpaed sensitivity analyses. More

193  specifically, a causal inference-based approachtaddrom Kasza et @was used. This

194  approach varies a sensitivity parameter that giiesthe differences between participants with
195 and without foot/ankle symptoms, had those witHoat/ankle symptoms instead had

196 symptoms. The sensitivity parameter compares thebmes between two groups with the same
197  exposure (where the exposure is hypothetical isdhlwathout foot/ankle symptoms), but with
198 the possibility of differences that were unaccodrftg in our analyses leading to differences in
199 the development of knee symptoms and/or symptomeadiographic knee OA. Values of the
200 sensitivity parameter greater than 1 suggest thatecounted confounders in those participants
201  who actually had foot/ankle symptoms, such as vpickssd pain or generalised OA, contributed
202  to the greater likelihood of those participantsaleping the outcome. Values of the sensitivity
203  parameter equal to 1 suggest that there is no ingbamaccounted-for confounding on the

204  results. Statistical significance was ascribed-aalpe< 0.05. Stata v12 (Stata Corporation,
205 College Station, TX, USA) was used for all analyses

206

207 RESULTS

208

209  Sample characteristics

210

211  This study used OAI participants who did not haymgtomatic radiographic knee OA

212  (n=3306). Patients with knee symptoms (as defimedipusly) or radiographic knee OA (KL>2)

11
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in one or both knees at baseline were excluded2862(Figure 1). Demographic data are
presented in Table 1. Of the 1020 participantsaaeline, 13% (n=133) reported symptoms in at
least one foot/ankle. Those with foot/ankle symmamere more likely to be female (p=0.014),
younger (p=0.029), Black/African American (p<0.0@hd have a higher BMI (p=0.003) at
baseline. There were no differences in baselinesarea of worst KL grade, comorbidities,
depressive symptoms, shoulder pain, Heberden’'sspadg@revious knee injury or surgery

between those with and without foot/ankle symptoms.

Insert Figure 1 near here

Insert Table 1 near here

Development of knee symptoms

Table 2 shows the odds of developing knee symptmuosrding to the presence and laterality of
foot/ankle symptoms. After excluding knees with smg data, there were 1990 knees from 999
participants available for analysis. Baseline syon in any foot/ankle was associated with a
significantly increased risk of developing knee gyoms in the subsequent four years (adjusted
OR 1.55, 95% CI 1.10 to 2.19). Additional analyséfot/ankle and knee symptom laterality
showed that contralateral foot/ankle symptoms mseased the odds for developing knee

symptoms (adjusted OR 1.68, 95% CI 1.05 to 2.68).

Insert Table 2 near here

12
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Development of symptomatic radiographic knee OA

Table 3 shows the odds of developing symptomatimgraphic knee OA according to the
presence and laterality of foot/ankle symptomseA&xcluding knees with missing data, there
were 1983 knees from 993 people available for amalBaseline symptoms in any foot/ankle
was associated with a significantly increased ofséteveloping symptomatic radiographic knee
OA at any time in the follow up period (adjusted GR8, 95% CI 1.69 to 6.37). Subgroup
analyses based on foot/ankle symptom lateralitgssigd bilateral foot/ankle symptoms had the
highest odds for developing symptomatic radiograjghiee OA (adjusted OR 4.02, 95% CI 1.76
to 9.17), and that foot/ankle symptoms that werdredateral to the affected knee also increased

the risk of this outcome (adjusted OR 3.08, 95%4 60 to 8.98).

Insert Table 3 near here

Sensitivity analyses

The results of our sensitivity analyses suggestithis highly unlikely that any confounder not
included in our analyses would have explained theeosed association between foot/ankle
symptoms and the development of knee symptomsyangtematic radiographic knee OA.
Specifically, the sensitivity analysis for develogiknee symptoms (Figure 2) indicates that
when the sensitivity parameter is about 1.3, th#sadtio reduces to 1. Hence, for the

association to be entirely explained by unaccoufdedonfounding, those with foot/ankle

13
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symptoms would need to be 30% more likely to dgvéh@ outcome than those without
symptoms would be had they also had foot/ankle $gmg. The sensitivity parameter required
to explain the association between foot/ankle sgmgtand symptomatic radiographic knee OA
is even greater (Figure 3): those with foot/anki@gtoms need to be more than twice as likely
to develop the outcome than those without symptemsdd be had they also had foot/ankle
symptoms. Figures 2 and 3 indicate as the valdleeo$ensitivity parameter gets greater
(corresponding to the greater tendency to devéleptitcome among those with foot/ankle

symptoms), the sensitivity parameter-adjusted ORrtber reduced.

Insert Figures 2 and 3 near here

DISCUSSION

This is the first study to investigate whether faokle symptoms are a risk factor for the
development of knee symptoms and symptomatic raapdgc knee OA in people at-risk of the
disease. Foot/ankle symptoms in either or bothssickre found to increase the risk of
developing knee symptoms over the subsequent fansywith contralateral foot/ankle
symptoms the only side to show an association ke symptom development in the laterality
analysis. Foot/ankle symptoms in either or botlesmere also found to increase the risk of
developing symptomatic radiographic knee OA, withtbral and contralateral foot/ankle
symptoms both associated, however there were feesoaho developed this outcome and
confidence intervals were wide. These findings @dorevious cross-sectional studies

demonstrating strong associations between sympaoithe foot/ankle and kn¥e'* and they

14
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provide the first longitudinal evidence that fooltee symptoms are a risk factor for the

development of knee symptoms, and symptomatic gadphic knee OA.

Few studies have investigated risk factors foraihget of knee symptoms. A large prospective
cohort study previously identified previous knejliy as the strongest predictor of onset of
future knee pain with similar odds ratios to our$9 compared t0 1.68) Furthermore,
although a number of other risk factors for theedepment of symptomatic radiographic knee
OA have been previously reported, such as agethmitty, few are modifiable. Currently, the
strongest known modifiable risk factors for devéhgpknee OA are obesity and previous knee
injury®. Our odds of around 3.3 for developing symptom@téiographic knee OA are also
comparable to these other potentially modifiabtides (pooled OR 2.6 for BMI and 3.9 for
knee injuryf®. However, some caution should be used when irgéng the outcomes of our
symptomatic radiographic model. Firstly, despite lange cohort with several years' follow-up
and our use of knee-level data, few cases develsyragtomatic radiographic knee OA. This
reduces the precision of the odds ratio for thisiehoas seen by the wide confidence intervals.
With so few cases, and adjustment for six covasjdteere is also some risk of over-fitting our
regression models. However, our number of eventsgréable in the model (including
covariates) was within recommendatitnginally, our four year follow up may be too shumt
appropriately evaluate symptomatic radiographicannes. However, the OAI only has biennial
radiographic data available after four years, aedeilt that it would overly complicate our
outcome definition to have annual outcomes up tw y@ars and biennial data thereafter.
Notwithstanding these points, the results for athar models were broadly consistent which

suggests that it is likely that there is some aasion between foot/ankle symptoms and

15
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symptomatic radiographic knee OA. The findingsas® reasonably robust given our sensitivity
analyses showed that it is unlikely that our cosidos would be changed had we adjusted for

other confounders not included in our analyses.

There are several plausible mechanisms by whichgaio could be linked to the subsequent
onset of knee symptoms in people at-risk of knee EWt, people with foot/ankle symptoms
alter their walking pattefrand these biomechanical changes may increaseskhef developing
knee OA. To date, the effects of foot/ankle sym@amn biomechanics relevant to knee OA have
not been explored, however our findings of an d@atioa between contralateral but not
ipsilateral foot symptoms suggest people with fagkle symptoms may shift weight away from
the painful foot and increase load on the conteaddtknee. Second, it has been suggested that a
more pronated or “flatter” foot, which is assocéhteith many painful foot conditiods** may
increase rotational stress on the tibiofemoralt{dimiue in part to the tight coupling between
movement at the rearfoot and tibiaOver time, this abnormal stress may damage tie lo
bearing tissues in the knee joint leading to paih structural damagé However, whilst some
cross-sectional studies show increased foot promati people with knee O& and that a more
pronated foot is associated with an increased peeea of knee pain and medial tibiofemoral
cartilage damad@ other research suggests increased pronationmteail be a compensatory
mechanism designed to reduce knee load and’painird, footwear may be a shared risk factor
for both foot/ankle symptoms and knee OA. For exapappropriate footwear is a risk factor
for foot/ankle symptoms, and some types of footvgemh as high heels may also alter knee
biomechanics in a detrimental mantief® Other researchers have suggested that pain in

multiple joints in people with knee OA may reflectnore generalized (e.g. oligo- or
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Foot symptoms and knee OA

polyarticular)OA presentatioft or a widespread pain phenotyheartly due to changes in
central pain processifig** These central changes may lead to a generaligegtsensitivity to
pain and therefore a greater likelihood of deveigmain at multiple sites such as the knee and
foot. However this does not appear to be explagatoour findings given our conclusions
remained unchanged after we performed sensitiiyyses to account for unaccounted-for

confounders.

There is evidence that foot foot/ankle symptoms tmaynodifiable given studies have shown
simple and relatively inexpensive conservativerirgations are effective at treating common
causes of foot foot/ankle symptoms. For exampletha-shelf footwear was reported to
improve general foot pain in older pediiland foot pain due to gddt whilst foot orthoses have
been shown to improve pain and function in peopth plantar fasciiti&’, pes cavi and
rheumatoid arthritis, amongst others. If the mechanism underpinningseciation between
foot/ankle symptoms and the development of knegpsyms is due to shifting weight to the
contralateral limb to unload the painful foot/anklgen simple analgesic interventions may also
be helpful in reducing the need for this avoidasitategy. Further studies are now required to
determine whether treating foot foot/ankle symptarsieg conservative interventions also helps
to reduce the incidence of knee pain and symptaemadiiographic knee OA in people at risk of

the disease.

There are some limitations to our study. Firstlth@gh we found a relationship between
foot/ankle symptoms and the development of sympteraad radiographic knee OA, it cannot

be determined whether this is an independent oglsliip to structural or radiographic knee OA
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as these participants are a subset of those whalapmd knee symptoms. The relationship
between foot/ankle symptoms and the developmeradibgraphic knee OA alone was not
explored given that radiographic OA without sympsosinot clinically relevant. Second,
participants were required to have reported kneggsyms at only one of the follow up visits
similar to previous researththus it is possible our analyses included peaiese knee
symptoms were not sustained over time. We feeltthatwvas appropriate given OAIl data have
shown knee pain profiles are stable over 6 yéarowever, future studies may wish to examine
whether foot/ankle symptoms are associated withersostained knee pain. Third, we
dichotomised BMI and the Charlson comorbidity inaehich can leave residual confoundifg
However, we found no strong evidence of this whernrgvran the analyses using fractional
polynomials to model the continuous scores forales/ariates (see Table 1 in the
supplementary analyses). It is also possible thatesults were biased due to the exclusion of
participants because of missing x-rays. Howevemmnhe compared demographic characteristics
and covariates between those with missing and nisaing x-rays, our results showed those
with missing x-rays were more similar to OAI paipents with KL>2 at baseline than to those
with KL grade 0 and 1 (see Table 2 in the suppldargranalyses). Since those with X2 were
excluded from the study, it is possible that theip@ants with missing data would have been
excluded regardless. Thus the impact of missing datour outcomes is likely to be minimal.
Finally, we tested a cohort who was already ahareased risk of developing knee OA and thus
our results should not be generalised to the wadeulation. Further research is needed to
determine whether foot/ankle symptoms also incréaseisk of developing knee symptoms in a

population that does not possess other knee OAacthrs.
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In conclusion, our study showed that people witht/fmkle symptoms were at an increased risk
of developing knee OA symptoms and symptomaticogm@diphic knee OA compared to those
without foot/ankle symptoms. These findings havpontant clinical and research implications.
Although it is unclear whether foot/ankle symptodirgctly causes knee symptoms and
radiographic changes, or whether its presence isdarect clinical marker for another variable,
our results have identified a potentially modifebisk factor for knee OA in people at-risk of
the disease. Future studies should now determim¢hehaddressing foot/ankle symptoms using
conservative interventions reduces the incidendaneé pain and symptomatic radiographic

knee OA.
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FIGURE LEGENDS

Figure 1. Participants from the Osteoarthritisiftiive included in analysis.

Figure 2. Results of the sensitivity analysis feveloping knee symptoms.

Figure 3. Results of the sensitivity analysis feveloping symptomatic radiographic knee OA.
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563 TABLES
564 Table 1. Baseline characteristics of Osteoarthnitgative participants without knee pain classifibased on the presence and side of

565 foot/ankle symptoms. One participant had missirgd/&mkle symptom status at baseline. Values afNufless otherwise indicated.

Characteristic Missing (n) No foot/ankle symptoms (n=887) Any foot/ankle symptoms (n=133) P value'
Mean (SD) age (years) 0 60.9 (9.1) 59.0 (9.3) 0.029
Sex 0 0.014
Male 387 (43.6) 43 (32.3)
Female 500 (56.4) 90 (67.7)
Race: 0 <0.001
Asian and other non-white 14 (1.6) 10 (7.5)
White/Caucasian 793 (89.4) 107 (80.5)
Black/African American 80 (9.0) 16 (12.0)
Median (IQR) BMI kg/nj 1 26.4 (23.7, 30.0) 27.7 (24.8, 32.0) 0.003
BMI categories: 1 0.018
Normal
317 (35.7) 34 (25.6)

(BMI <25 kg/nt)
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Overweight

(BMI 25-30 kg/n?

Obese

(BMI >30 kg/n?
Worst KL grade

0

1

2

3

4
Comorbidities:

0

>1
Depression

No

Yes

347 (39.1)

223 (25.1)

568 (64.0)
319 (36.0)
0 (0)
0(0)

0 (0)

692 (78.0)

195 (22.0)

827 (93.7)

56 (6.3)

52 (39.1)

47 (35.3)

0.937
84 (63.2)
49 (36.8)

0 (0)

0 (0)

0 (0)

0.134
96 (72.2)
37 (27.8)
0.351

118 (91.5)

11 (8.5)

566
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567

568

569

570

571

SD, standard deviation; IQR, interquartile rangktlBoody mass index; KL, Kellgren Lawrence.

" Baseline values

Foot symptoms and knee OA

" p-values from chi-squared test for binary andgmieal variables, Wilcoxon rank-sum or Kruskal-Wigatank tests for variables

presented as median (IQR), and analysis of variteste for variables presented as mean (SD).
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572  Table 2. Logistic regression analyses for the oiséteveloping knee symptoms during the four yedowoup period. GEEs fit to

573 account for the clustering of knees within partaifs. 50 knees from 29 participants were excludedtd missing data.

574
Total Risk for knee symptoms
Laterality of No knee Knee
number of
foot/ankle symptoms symptoms Unadjusted Adjusted"
knees P value P value
symptoms N (%) N (%) OR (95% CI) OR (95% CI)
(participants)
No symptoms (ref) 1742 (874) 1135 (89.7) 607 (83.8) 1 1
Any side 248 (125) 131 (10.3) 117 (16.2) 1.63 (1dl@.27) 0.004 155(1.10t02.19) 0.012
Ipsilateral 70 (70) 40 (3.2) 30 (4.1) 1.34 (0.821b7) 0.238 1.30(0.80t0 2.12) 0.294
Contralateral 72 (72) 37 (2.9) 35 (4.8) 1.77 (1d.2.84) 0.017 1.68(1.05t02.68) 0.030
Bilateral 106 (53) 54 (4.3) 52 (7.2) 1.74 (1.062t86) 0.029 1.65(0.98t02.78) 0.060
575

576 OR, odds ratios; Cl, confidence intervals.

577 T Adjusted for age, sex, race, BMI, Charlson Contitpindex (dichotomised) and depression.

578
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579 Table 3. Logistic regression analyses for the oiséteveloping symptomatic and radiographic knee @&ing the four year follow
580 up period. GEEs fit to account for the clusterifiggrmees within participants. 57 knees from 30 pgtints were excluded due to

581 missing data.

582
Laterality of Total number No symptomatic Symptomatic Risk for symptomatic knee ROA
foot/ankle of knees knee ROA Knee ROA Unadjusted Adjusted’
P value P value

symptoms (participants) N (%) N (%) OR (95% CI) OR (95% CI)
No symptoms (ref) 1736 (869) 1707 (88.1) 29 (64.4) 1 1
Any side 247 (124) 231 (11.9) 16 (35.6) 4.26 (228.12) <0.001 3.28 (1.69t06.37)  0.0004
Ipsilateral 70 (70) 67 (3.5) 3(6.7) 257 (0.78t34) 0.131 2.28(0.70t07.37) 0.171
Contralateral 71 (71) 67 (3.5) 4 (8.9) 4.35(1611.74) 0.004 3.08 (1.06 to 8.98) 0.039
Bilateral 106 (53) 97 (5.0) 9 (20.0) 5.38 (2.50f055) <0.001 4.02(1.76t09.17) 0.001
583

584  OA, osteoarthritis; ROA, radiographic osteoartBri®R, odds ratios; Cl, confidence intervals.
585 T Adjusted for age, sex, race, BMI, Charlson Contitpindex (dichotomised) and depression.

586
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Osteoarthritis Initiative (OAI)
participants at baseline (n=4796)

Excluded:
* Healthy control participants without

risk factors for knee OA (n=122)

* Participants with symptomatic

radiographic knee OA (n=1368)

OAI participants without symptomatic
knee OA (n=3306 participants)

Excluded:

Participants who reported knee symptoms
or had missing knee symptoms at baseline
(or both) (n=1061 participants)
Participants with KL > 2 or missing KL
grade at baseline (n=1225)

Eligible sample = 1020 participants (2040 knees)
Aim 1. Development of knee symptoms

Aim 2: Development of symptomatic radiographic knee OA
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