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ABSTRACT
Objectives
1) To determine the prevalence of lower limb osteoarthritis (OA) and pain in retired Olympians; 2) identify factors

associated with their occurrence; and 3) compare with a sample of the general population.

Methods

3357 retired Olympians (median 44.7 yrs) and 1735 general population controls (40.5 yrs) completed a cross-sectional
survey. The survey captured demographics, general health, self-reported physician-diagnosed OA, current joint/region
pain and injury history (lasting >1 month). Adjusted odds ratio (aOR) compared retired Olympians with the general

population.

Results

The prevalence of (any joint) OA in retired Olympians was 23.2% with the knee most affected (7.4%). Injury was
associated with increased odds (aOR, 95% Cl) of OA and pain in retired Olympians at the knee (OA =9.40,6.90 to 12.79;
pain =7.32,5.77 t0 9.28), hip (OA = 14.30, 8.25 to 24.79; pain =9.76, 6.39 to 14.93) and ankle (OA =9.90, 5.05 to 19.41;
pain = 5.99, 3.84 to 9.34). Increasing age and obesity were also associated with knee OA and pain. While the odds of
OA did not differ between Olympians and the general population, Olympians with prior knee and prior hip injury were
more likely than controls with prior injury to experience knee (1.51, 1.03 to 2.21 (Olympians 22.0% vs controls 14.5%))
and hip OA (4.03, 1.10 to 14.85 (Olympians 19.1% vs Controls 11.5%,)), respectively.

Conclusions

One in four retired Olympians reported physician-diagnosed OA, with injury associated with knee, hip and ankle OA
and pain. Although overall OA odds did not differ, after adjustment for recognised risk factors Olympians were more
likely to have knee and hip OA after injury than the general population, suggesting injury is an occupational risk factor

for retired Olympians.



What is already known on this topic
Elite sport participation can lead to an increased risk of injury, and there is emerging evidence from retired athlete

studies of an association between injury, on-going pain and osteoarthritis.

What this study adds
One in four retired Olympians reported physician-diagnosed OA, and injury was associated with an increased risk of OA
and pain at the knee, hip and ankle. The odds of knee and hip OA after prior injury were significantly greater for

Olympians compared with the general population.

How this study might affect research, practice or policy

Primary injury prevention should be a continued focus for elite athlete medical and coaching teams with particular
focus on the prevention of significant knee and hip injuries. Approaches to athlete injuries should ensure full and
complete rehabilitation of injuries, with a biopsychosocial approach and discussion of long-term risks to inform athlete

behaviours during and after injury.



INTRODUCTION
Elite sport participation can lead to an increased risk of injury, with injuries to the knee, lumbar spine, shoulder and
ankle reported to be most frequent and also amongst the most severe in Olympic athletes.[1-4] Even after acute

symptoms have resolved athletes frequently report ongoing pain and dysfunction for years after an initial injury.[4]

Significant joint injury is a risk factor for future osteoarthritis (OA), and there is an emerging body of evidence in retired
athletes from football (soccer),[5-7] Rugby Union,[8] and from Olympic sports [9-11] reporting an association between
joint injury and ongoing pain, and the development and progression of OA. In order to truly understand the magnitude
of the problem it is important to understand if and how Olympians differ compared with the general population.[12]
To date, few retired-athlete studies have included these comparisons, and where comparisons to a general population

control are made, they are limited to a single sex, specific sport or geographical region.[5,7-10]

In addition, many studies focus on isolated body joints such as the hip or knee,[7,10,11] however the natural history of
OA varies, with factors contributing to disease occurrence and progression appearing to be joint specific.[13-17] For
example, around 8% of hip and 12% of knee OA are reported to be post-traumatic (due to injury),[13,15] compared
with almost 80% for ankle OA.[18,19] Hip OA has been shown to progress more rapidly in men than in women but with
no gender effect observed on progression of knee OA.[20,21] Hence, it is important that we understand the joint-
specific response to different stimuli including injury, across multiple body sites. Therefore, we aimed to 1) determine
the prevalence of lower limb self-reported physician-diagnosed OA and pain in retired Olympians, 2) identify factors
associated with lower limb OA and pain in retired Olympians and 3) make comparisons with a sample of the general
population. A similar detailed study describing the factors associated with spine and upper limb OA and pain are

reported separately in part 2.

METHODS

This cross-sectional study collected self-report data from retired Olympians and general population controls using an
online questionnaire available in eight languages (English, French, German, Spanish, Russian, Chinese, Japanese and
Korean). Data collection was conducted between April 2018 and June 2019. Retired Olympians were those who had
competed in at least one summer and/or winter Olympic Games, who were aged 16 years of age or older, and
considered themselves retired from Olympic level training and competition. General population controls in the present
study were any individuals who had not competed at a summer and/or winter Olympic Games, who were 16 years of

age or older.

Recruitment
The survey was promoted to retired Olympians Globally through World Olympians Association (WOA) and International
Olympic Committee (I0OC) communication platforms. Those wishing to participate were asked to register with the WOA

OLY database. A survey link was then emailed to all Olympians on the database. Additionally, the WOA engaged with



National Olympians Associations (NOA) who direct emailed the survey to their countries Olympians.[4] The researchers
are unaware how many Olympians NOA promotions reached, it is also unknown how many of the 14,300 Olympians
on the OLY database were active and how many were retired, hence it is not possible to calculate a retired Olympian
response rate. The general population control group recruitment was conducted in three phases: 1) through study
promotion globally through WOA and I0C communication platforms; 2) by members of the research group through
their own academic and industry organisations and their local regional public leisure, medical and community centres
(the latter via posters), and 3) using Olympian ‘buddies’ where at the end of their survey Olympians were asked to

recruit a non-Olympian friend.

Detailed study information, including information on data handling and confidentiality, was provided at the start of the
survey. We explicitly outlined that by completing and submitting the questionnaire, participants were consenting to

their information being used anonymously for the study.

Questionnaire survey

The questionnaire was an online web-based survey hosted by SurveyMonkey. The Olympian survey was password
protected while the general population survey open.[4] The survey contained four main sections: (1) baseline
demographics, (2) sport participation and self-reported injury history details, (3) self-reported current musculoskeletal

health, and (4) current general health, and quality of life.

Baseline questions requested demographics including age (years), sex, country of residence, and current height (cm)
and weight (kg) which were used to calculate body mass index (BMI kg/m?). Injury history questions asked participants
to recall all significant injuries (lasting >1 month) occurring at any time during sport, exercise, or other activities,
including the injury anatomical location, mechanism (e.g. recurrence) and treatment. Significant ‘injury’ was defined as

‘any injury causing significant pain and/or dysfunction for a period of 1 month (or more)’.[4]

The questionnaire captured information on participants current musculoskeletal health. The presence of joint pain was
established using a validated question ‘Do you currently experience pain, for most days of the last month, in this
joint’,[22] which was also modified to record joint stiffness. Self-reported physician-diagnosed osteoarthritis (OA) was
ascertained by asking ‘Have you ever been diagnosed with OA in any of your joints by a medical professional. If yes,
please complete details by joint’.[11] History of joint surgery including type of surgery e.g. joint replacement, was also
recorded. Constitutional (in their 20s — if aged over 30) and current knee alighment were assessed using a validated
drawing,[22] and classified as either normal, varus or valgus (mild and severe combined). The presence of nodal OA
was determined using a validated diagram.[23] Nodal OA was present if finger nodes were reported in at least 2 rays
of both hands. Additional questions on general health asked about the presence of co-morbidities e.g. heart disease or

diabetes.



Patient and public involvement
A patient advisory group of nine retired Olympians provided input in the face validation of the questionnaire content
and design, focusing on question understanding and clarity and overall questionnaire length and acceptability.

Comments from the patient advisory group were incorporated into the final version of the survey.

Ethics and confidentiality
Ethical approval for the study was obtained from the Edinburgh Napier University ethics committee (SAS/00011). No
identifying parameters were recorded, and individuals were not identifiable at any stage of the research. All data were

treated confidentially, ensuring participant anonymity at all times.

Statistical analysis

Descriptive statistics were presented as frequencies (proportion) for categorical variable, and mean and SD for
continuous variables. Prevalence was calculated dividing the number of participants with the outcome of interest by
the total number of participants and presented as percentage (%) with 95% Cls. To determine if distributions of
variables were statistically different between Olympians and the general population continuous variables were
analysed by independent t-tests, or Mann-Whitney, and categorical variables by the x2 test as appropriate. Significance
was accepted at p<0.05. The prevalence of the primary outcome variables OA and pain were calculated for each lower
limb joint (hip, knee, ankle). If bilateral, the most severe joint was selected as the index joint for analysis. Logistic
regression was used to estimate odd ratios (with 95% Cl) of each primary outcome for each independent variable,
adjusted (aOR) in a multivariable model for a priori age, BMI, sex and injury, for Olympians. A separate model was used
to assess putative risk factors for each primary outcome comparing Olympians versus general population controls
followed by stage adjustment for age, BMI, sex; and age, BMI, sex and injury. Independent variables with fewer than 5
events per variable were excluded.[25,26] Age and BMI were non-linear and so were categorised according to previous
research.[7,11,22] Significant injuries were matched according to the index joint and included if they preceded OA
diagnosis or episode of pain in that joint. Where there was co-linearity (e.g. adjusted ORs for OA associated with injury)
variables were removed. Imputation was not undertaken for occasional missing values. Analysis was conducted using

Stata ICv16.

A power calculation was conducted based on an estimated prevalence of 7% knee OA in a similar aged general
population (median 45 yrs).[27] With a 2:1 ratio of exposed (Olympians) and unexposed (general population), this study
had at least 80% power at 0.05 to detect an odds ratio of 1.32 or greater based on a total sample of 5062 (calculation

conducted using GPower v3.1.9.7).[7,11]



RESULTS

Descriptive characteristics

At the close of the survey there were 4,745 Olympian and 2,462 general population entries. 1,388 Olympian and 727
general population ineligible (i.e., blank, incomplete, duplicate) entries were removed leaving 3,357 Olympian (from
131 countries) and 1,735 general population (73 countries) completed questionnaires for data analysis.

The median age of Olympians was 44.7 yrs (range 16 to 97) with 45% female (and 55% male) while the comparison
general population controls were aged 40.5 yrs (range 16 to 88) with 58% female (and 42% male) (Table 1). Retired
Olympians reported a higher prevalence of injury (68.5% vs 60.5%), recurrent injury (41.5% vs 30.7%), and OA (in any
joint) (23.2% vs 15.7%) and pain (41.3% vs 37.8%) compared with the general population.

Table 1. Anthropometric, injury, joint health and constitutional factors for Olympians and general population controls.

Olympians n=3357 Controls n=1735 p value
Anthropometrics
Female/male, n (%) 1488/1840 (45%/55%) 998/723 (58/42%) <0.001
Age (years), median (range) 44.7 (16 to 97) 40.5 (16-88) <0.001
Height (cm), mean (SD) 174.1 (11.9) 171.4 (11.1) <0.001
Weight (kgs), mean (SD) 78.2 (18.0) 75.1 (16.8) <0.001
BMI (kg/m2), mean (SD) 25.7 (5.4) 25.7 (6.3) 0.937
Right hand dominance, n (%) 2933 (87.6) 1499 (86.5) 0.272
Right lower limb dominance, n (%) 494 (75.2) 1320 (76.6) 0.272
Injury (any injury)
Injury prevalence, n (%) 2300 (68.5) 1050 (60.5) <0.001
Total injuries , n (per individual) 4761 (1.42) 2041 (1.18) <0.001
Recurrent injury, n (%) 1393 (41.5) 533 (30.7) <0.001

Joint injection, n (%) 752/2875 (26.1) 175/1547 (11.3) <0.001
Joint health

Physician-diagnosed OA (at any joint), n (%) 599/2587 (23.2) 217/1380 (15.7) <0.001
Current pain (any joint) >1 month, n (%) 1422 (41.3) 655 (37.8) 0.002
Current stiffness (any joint) >1month, n (%) 1720 (51.2) 777 (44.8) <0.001
Current painkiller use, n (%) 521 (15.5) 223 (12.8) 0.011
Joint surgery, n (%) 764/2844 (26.9) 284/1484 (19.1) <0.001
Knee arthroplasty, n (%) 48 (1.43) 8 (0.46) 0.002
Hip arthroplasty, n (%) 54 (1.61) 25 (1.44) 0.646
Constitutional

Constitutional knee malalignment, n (%) 333/2537 (13.1) 128/1187 (10.8) 0.019
Current knee malalignment, n (%) 404/2749 (14.7) 174/1446 (12.0) <0.001
Finger nodes, n (%) 198 (5.9) 59 (3.4) <0.001
Comorbidities, n (%) 978 (29.1) 472 (27.2) 0.352
Family history of OA, n (%) 417 (12.4) 335 (19.3) <0.001

(BMI = body mass index. Joint injection included any injection into an injured body joint as treatment for the injury e.g.
steroid, painkiller. Pain or stiffness (any joint) reported for most days of the last month. Knee malalignment = varus and

valgus combined)



Prevalence of OA by body joint/region

The prevalence of self-reported physician-diagnosed OA was highest for the knee (Olympians 7.4% vs controls 5.5%;

p=0.011), followed by the lumbar spine (5.7% vs 3.8%; p=0.004), hip (3.3% vs 2.1%; p=0.011), shoulder (2.4% vs 1.3%;

p=0.008) and cervical spine (2.3% vs 1.4%; p=0.04) but similar for the ankle (1.1% vs 1.1%; p=0.982) (Figure 1). Among

the most common sites for OA data from this point forwards are presented for the lower limb.

**insert figure 1**

Lower limb OA in Olympians

Table 2 presents the prevalence and adjusted odds for factors associated with self-reported knee, hip and ankle OA in

Olympians. The odds of OA were associated with increasing age at the knee (40-59 yrs aOR 2.44 (95% Cl 1.66 to 3.60)

and >60 yrs aOR 5.67 (95% Cl 3.66 to 8.79) and hip (40-59 yrs aOR 2.41 (95% CI 1.35 to 4.32) and >60 yrs aOR 6.75 (95%

Cl 3.64 to 12.53)). Female sex (aOR 1.88 (95% Cl 1.37 to 2.58)) and obesity (aOR 1.67 (95% CI 1.05 to 2.63)) were also

associated with greater odds of knee OA. Prior knee injury was significantly associated with greater odds of knee OA

(aOR 9.40 (95% CI 6.90 to 12.79)), and the same was observed for prior hip injury and hip OA, and for the ankle.

Recurrent knee injury was also associated with knee OA (aOR 2.40 (95% Cl 1.63 to 3.53)). Factors associated with knee,

hip and ankle OA in the general population are presented in online supplementary appendix 1, 2 and 3, respectively.

Table 2. Factors associated with lower limb OA in Olympians.

Knee OA Hip OA Ankle OA
Prevalence aOR (95% Cl) Prevalence aOR (95% Cl) Prevalence aOR (95% Cl)
n (%) adjusted a, s, b, i n (%) adjusted a, s, b, i n (%) adjusted a, s, b, i

Age
20-39
40-59
>60
Sex
male
female
BMI
normal
overweight
obese
Injury
no
yes
Recurrent injury
Finger nodes
Comorbidities
none
1
2 or more
Knee alignment
normal
valgus
varus

40/1194 (3.35)
114/1359 (8.39)
78/580 (13.45)

113/1840 (6.14)
133/1488 (8.94)

112/1774 (6.31)
84/1063 (7.90)
36/342 (10.53)

83/2613 (3.18)
164/744 (22.04)
80/236 (33.90)
35/198 (17.68)

120/2379 (5.04)
75/696 (10.78)
52/282 (18.44)

184/2345 (7.85)
24/131 (18.32)
31/273 (11.36)

1.00 (reference)
2.44 (1.66 to 3.60)
5.67 (3.66 to 8.79)

1.00 (reference)
1.88 (1.37 to 2.58)

1.00 (reference)
1.23 (0.87 to 1.73)
1.67 (1.05 to 2.63)

1.00 (reference)
9.40 (6.90 to 12.79)
2.40 (1.63 to 3.53)
1.83 (1.13 to 2.95)

1.00 (reference)
1.79 (1.27 to 2.51)
2.71 (1.75 to 4.19)

1.00 (reference)
2.65 (1.51 to 4.64)
1.30 (0.82 to 2.08)

19/1194 (1.59)
42/1359 (3.09)
42/580 (7.24)

62/1840 (3.37)
49/1488 (3.29)

51/1774 (2.87)
41/1063 (3.86)
14/342 (4.09)

86/3221 (2.67)
26/136 (19.12)
19/72 (26.39)
9/198 (4.55)

43/2379 (1.81)
39/696 (5.60)
30/282 (10.64)

1.00 (reference)
2.41 (1.35 to 4.32)
6.75 (3.64 to 12.53)

1.00 (reference)
0.78 (0.50 to 1.24)

1.00 (reference)
1.33(0.83t02.13)
1.34 (0.69 to 2.60)

1.00 (reference)
14.30 (8.25 to 24.79)
1.14 (0.44 to 2.95)
1.02 (0.43 to 2.42)

1.00 (reference)
2.87 (1.75 to 4.70)
5.18 (2.96 to 9.09)

11/1194 (0.92)
16/1359 (1.18)
9/580 (1.55)

19/1840 (1.03)
18/1488 (1.21)

16/1774 (0.90)
15/1063 (1.41)
4/342 (1.17)

20/3070 (0.65)
17/287 (5.92)
12/119 (10.08)
3/198 (1.51)

15/2379 (0.63)
15/696 (2.16)
7/282 (2.48)

1.00 (reference)
1.32 (0.60 to 2.91)
2.18 (0.86 to 5.50)

1.00 (reference)
1.34 (0.66 t0 2.72)

1.00 (reference)
1.99 (0.91 to 4.34)

1.00 (reference)
9.90 (5.05 to 19.41)
2.24 (0.80 to 6.26)

1.00 (reference)
2.93 (1.40 to 6.17)
2.71(0.97 to 7.52)

(Values are presented as count (n) and prevalence (%). aOR adjusted a, s, b, | = odds ratio adjusted for covariates age,

sex, BMI and injury. BMI = body mass index. Bold denotes statistical significance. — analysis not performed due to small

number of events (<5))



Lower limb pain in Olympians

Table 3 presents the prevalence of and adjusted odd ratios for factors associated with self-reported pain at the knee,

hip and ankle in Olympians. Pain was associated with increasing age for the knee (>60 yrs aOR 1.99 (95% Cl 1.41 to

2.80)) and hip (aOR 1.78 (95% Cl 1.13 to 2.82)). For the ankle the odds of pain did not change by age. Overweight (aOR

1.48 (95% ClI 1.12 to 1.95)) and obesity (aOR 2.34 (95% Cl 1.63 to 3.37)) were associated with increased odds of pain at

the knee. Prior knee injury was significantly associated with knee pain (aOR 7.32 (95% ClI 5.77 to 9.28)), and the same

was observed for the hip and ankle. Recurrent knee injury and recurrent ankle injury were also associated with greater

odds of pain at the knee (2.33 aOR (95% Cl 1.67 to 3.26)) and ankle (3.88 aOR (95% Cl 1.75 to 8.61)). The prevalence

and odds for factors associated with knee, hip and ankle pain in the general population are presented in online

supplementary appendix 4, 5 and 6, respectively.

Table 3. Factors associated with lower limb pain in Olympians.

Knee pain Hip pain Ankle pain
Prevalence aOR (95% Cl) Prevalence aOR (95% Cl) Prevalence aOR (95% Cl)
n (%) adjusted a, s, b, i n (%) adjusted a, s, b, i n (%) adjusted a, s, b, i
Age
20-39 101/1194 (8.46) 1.00 (reference) 63/1194 (5.28) 1.00 (reference) 41/1194 (3.43)  1.00 (reference)
40-59 185/1359 (13.61)  1.52 (1.15 to 2.00) 80/1359 (5.89) 1.36 (0.04 to 1.96) 45/1359 (3.31)  0.90 (0.57 to 1.41)
>60 85/580 (14.66) 1.99 (1.41 to 2.80) 37/580 (6.38) 1.78 (1.13 t0 2.82) 14/580 (2.41)  0.72 (0.38 to 1.39)
Sex
male 208/1840(11.30)  1.00 (reference) 84/1840 (4.57) 1.00 (reference) 57/1840 (3.10)  1.00 (reference)
female 184/1488 (12.37)  1.18(0.92 to 1.51) 102/1488 (6.85)  1.65 (1.18 to 2.31) 47/1488 (3.16)  0.88 (0.57 to 1.36)
BMI
normal 163/1774 (9.19) 1.00 (reference) 94/1774 (5.3) 1.00 (reference) 50/1774 (2.82)  1.00 (reference)
overweight 142/1063 (13.36)  1.48 (1.12 to 1.95) 65/1063 (6.11) 1.34 (0.93 to 1.93) 36/1063 (3.39)  1.28 (0.79 to 2.06)
obese 66/342 (19.30) 2.34 (1.63 t0 3.37) 19/342 (5.56) 1.26 (0.74 to 2.16) 11/342 (3.22)  1.14 (0.55 to 2.34)
Injury
no 157/2613 (6.01) 1.00 (reference) 145/3221 (4.50) 1.00 (reference) 69/3070 (2.25)  1.00 (reference)
ves 236/744 (31.72)  7.32(5.77 t0 9.28) 42/136 (30.88) 9.76 (6.39 to 14.93) 35/287(12.20)  5.99 (3.84 to 9.34)

Recurrent injury
Finger nodes
Comorbidities

none

1

2 or more
Knee alignment

normal

valgus

varus

141/343 (41.11)
43/198 (21.71)

227/2379 (9.54)
105/696 (15.09)
61/282 (21.63)

305/2345 (13.00)
27/131 (20.61)
54/273 (19.78)

2.33 (1.67 to 3.26)
1.38 (0.91 t0 2.11)

1.00 (reference)
1.35 (1.02 to 1.79)
1.97 (1.35 to 2.87)

1.00 (reference)
1.54 (0.02 to 2.55)
1.40 (0.96 to 2.03)

27/72 (37.5)
20/198 (10.10)

109/2379 (4.58)
55/696 (7.9)
23/282 (8.16)

1.98 (0.90 to 4.38)
2.30 (1.37 to 3.84)

1.00 (reference)
1.49 (1.03 to 2.15)
1.71 (1.02 to 2.88)

25/119 (21.01)
12/198 (6.06)

63/2379 (2.65)
32/696 (4.60)
9/282 (3.19)

3.88(1.75 to 8.61)

1.00 (reference)
1.71 (1.07 to 2.74)
1.28 (0.58 to 2.81)

(Values are presented as count (n) and prevalence (%). aOR adjusted a, s, b, | = odds ratio adjusted for covariates age,

sex, BMI and injury. BMI = body mass index. Bold denotes statistical significance.)



Lower limb OA in Olympians versus Controls

Overall, after adjusting for covariates the odds of knee OA (aOR 1.17 (95% Cl 0.88 to 1.54) and hip OA (aOR 1.43 (95% Cl 0.93 to 2.20) were not significantly different in
retired Olympians compared with general population controls (Table 4). However the odds of experiencing knee OA were greater for Olympians compared with the general
population after prior knee injury (prevalence 22.0% vs 14.5%, aOR 1.51 (95% Cl 1.03 to 2.21)) and after recurrent knee injury (30.6% vs 17.4%, aOR 1.86 (95% CI 1.06 to

3.26)). The odds of self-reported hip OA after hip injury were also greater for Olympians compared with the general population controls (prevalence 19.1% vs 11.5%, aOR

4.03 (95% Cl 1.10 to 14.85)). There were no differences observed between Olympians and the general population for ankle OA (online supplementary appendix 7).

Table 4. Odds of lower limb OA for Olympians versus a general population control.

Knee OA Olympians versus Controls Hip OA Olympians versus Controls
Olympians Controls OR (95% Cl) aOR (95% Cl) aOR (95% Cl) Olympians  Controls  OR (95% Cl) aOR (95% Cl) aOR (95% Cl)
n (%) n (%) crude adjusted a, s, b adjusted a, s, b, i n (%) n (%) crude adjusted a, s, b adjusted a, s, b, i
OA 247 (7.36) 95 (5.48) 1.37 (1.07to 1.75)  1.33(1.02t01.73) 1.17 (0.88 to 1.54) 112 (3.34) 36(2.07) 1.63(1.11t02.38)  1.46 (0.96 to 2.23) 1.43 (0.93 to 2.20)
Age
20-39 40 (3.35) 17 (2.19) 1.38(0.98t02.40) 1.60(0.90t02.86) 1.32(0.71to 2.42) 19 (1.59)  3(0.39) c
40-59 114 (8.39)  48(7.43) 1.14 (0.80t0 1.62)  1.29(0.89t0 1.87)  1.09 (0.74 to 1.60) 42(3.09) 11(1.70) 1.84(0.94t03.60) 1.97 (1.00 to 3.91) 1.88 (0.93 to 3.78)
>60 78 (13.45)  26(12.26) 1.11(0.69t01.79) 1.42(0.83t02.40)  1.29 (0.74 to 2.23) 42(7.24)  19(8.96) 0.79 (0.45t01.40) 0.77 (0.42 to 1.41) 0.80 (0.43 to 1.48)
Sex
male 113 (6.14) 33 (4.56) 1.37(0.92t02.04) 1.14(0.75t01.74)  1.11(0.72to 1.72) 62(3.37) 15(2.07) 1.65(0.93t02.91) 1.37(0.73 to 2.54) 1.42 (0.75 to 2.69)
female 133(8.94)  61(6.11) 1.51(1.10t02.06) 1.56(1.10t02.20)  1.29 (0.90 to 1.86) 49(3.29) 20(2.00) 1.66(0.98t02.82) 1.61(0.90to 2.86) 1.55 (0.86 to 2.82)
BMI
normal 112(6.31)  38(3.87) 1.67 (1.15t02.44)  1.59 (1.07t02.36)  1.42 (0.95 to 2.15) 51(2.87) 11(1.12) 2.61(1.35t05.03) 2.83(1.32to 6.06) 2.73 (1.26 to 5.88)
overweight 84 (7.90) 28 (6.13) 1.31(0.84t02.05) 1.37(0.85t02.20)  1.24 (0.75 to 2.03) 41(3.86) 14(3.06) 1.27(0.69t02.35) 1.11(0.58to02.12) 0.97 (0.50 to 1.86)
obese 36(10.53) 22(11.58) 0.90(0.51t01.58) 0.75(0.40t01.39)  0.59 (0.31to0 1.13) 14 (4.09) 9(4.74)  0.86(0.36t02.02)  0.64 (0.23t0 1.78) 0.88 (0.29 to 2.71)
Injury 164 (22.04) 50(14.53) 1.66(1.17t02.35) 1.51 (1.03 to 2.21) 26(19.12) 7(11.48) 1.82(0.74t04.47) 4.03(1.10 to 14.85)
Recurrentinjury  105(30.61) 21(17.36) 2.10(1.25t03.55) 1.86 (1.06 to 3.26) 19(26.39) 3 (15.00)

(Values are presented as count (n) and prevalence (%), with comparisons made between Olympians and controls. Controls are the reference value (1.00). OR adjusted a,

s, b = odds ratios adjusted for covariates age, sex and BMI. OR adjusted a, s, b, | = odds ratios are adjusted for age, sex, BMI and injury. Bold denotes statistical significance.

—analysis not performed due to small number of events (<5). Comparison between Olympians and controls for the ankle presented in Appendix 7 due to the small number

of events in control data)



Lower limb pain in Olympians versus Controls
The odds of knee and hip pain when adjusting for covariates (age, sex and BMI and injury), were not significantly different in retired Olympians in comparison to the general
population controls (Table 5). While the prevalence of knee and hip pain associated with injury was higher for Olympians compared with the general population (31.7% vs

24.4% and 30.9% vs 19.7%, respectively) the odds were not significant (Knee aOR 1.34 (95% Cl1 0.98 to 1.83); Hip aOR 1.63 (95% Cl 0.77 to 3.49)). There were no differences

observed between Olympians and the general population for ankle pain (online supplementary appendix 8).

Table 5. Odds of lower limb pain for Olympians versus a general population control.

Knee pain Olympians versus Controls Hip pain Olympians versus Controls
Olympians Controls OR (95% Cl) aOR (95% Cl) aOR (95% Cl) Olympians  Controls OR (95% Cl) aOR (95% Cl) aOR (95% Cl)
n (%) n (%) crude adjusted a, s, b adjusted a, s, b, i n (%) n (%) crude adjusted a, s, b adjusted a, s, b, i
Pain 393 (11.7) 160(9.22) 1.31(1.08t01.58) 1.26 (1.02t01.55) 1.17 (0.94 to 1.45) 187 (5.57) 79 (4.55) 1.24(0.94t01.62) 1.36(1.02t01.81) 1.28(0.96to 1.71)
Age
20-39 101 (8.46) 63 (8.12) 1.05(0.75t0 1.45)  1.06 (0.76to 1.49)  1.06 (0.75 to 1.50) 63(5.28) 30(3.87) 1.39(0.89t02.16) 1.50(0.95t02.36)  1.36(0.85 to 2.16)
40-59 185(13.61)  66(10.22) 1.38(1.03t01.87) 1.45(1.06t01.97) 1.29(0.93to 1.78) 80(5.89) 32(4.95) 1.20(0.79t01.83) 1.47(0.94t02.29)  1.39(0.88 to 2.20)
>60 85 (14.66) 25(11.79) 1.28(0.80t02.07) 1.37(0.82t02.30)  1.25(0.73 to 2.15) 37(6.38) 15(7.08) 0.89(0.48to1.67) 0.97(0.49t01.91)  1.02 (0.51to 2.04)
Sex
male 208 (11.30)  72(9.96) 1.15(0.77t0 1.36)  1.10(0.81to 1.47)  1.10(0.81to 1.51) 84 (4.57)  26(3.6) 1.28 (0.82t02.01) 1.30(0.80t02.10)  1.35(0.83 to 2.21)
female 184 (12.37)  88(8.82) 1.46 (1.27t02.15)  1.45(1.10t01.93)  1.27 (0.94to 1.71) 102 (6.85) 52(5.21) 1.34(0.95t01.89)  1.40(0.98t02.00) 1.27 (0.88to 1.83)
BMI
normal 163 (9.19) 70 (7.14) 1.31(0.98t01.76)  1.29(0.96to 1.74)  1.22(0.90 to 1.67) 94 (5.3) 36(3.67) 1.47(0.99t02.17) 1.47(0.98t02.19)  1.37(0.91to 2.06)
overweight 142 (13.36)  56(12.25) 1.10(0.79to 1.54) 1.13(0.80to1.59)  1.04 (0.72to 1.51) 65(6.11)  24(5.25) 1.18(0.73t01.90) 1.25(0.76t02.07)  1.15(0.70to 1.91)
obese 66 (19.30) 26(13.68) 1.51(0.92t02.47) 1.27(0.75t02.15)  1.15(0.66 to 1.99) 19(5.56)  11(5.79) 0.96 (0.45t02.06)  1.36 (0.60t03.06)  1.46 (0.64 to 3.35)
Injury 236(31.72) 84 (24.42) 1.44(1.08t01.92) 1.34(0.98to 1.83) 42 (30.88) 12(19.67) 1.82(0.88t03.78)  1.63(0.77 to 3.49)
Recurrentinjury 141 (41.11)  38(31.4) 1.52(0.98t02.37)  1.41(0.89t0 2.24) 27(37.5)  4(20) -

(Values are presented as count (n) and prevalence (%), with comparisons made between Olympians and controls. Controls are the reference value (1.00). OR adjusted a,
s, b = odds ratios adjusted for covariates age, sex and BMI. OR adjusted a, s, b, | = odds ratios are adjusted for age, sex, BMI and injury. Bold denotes statistical significance.
— analysis not performed due to small number of events (<5). Comparison between Olympians and controls for the ankle presented in Appendix 8 due to the small number

of events in control data)



DISCUSSION

This is the first worldwide study comparing the factors associated with self-reported lower limb OA and pain in retired
Olympians, with comparison to the general population. The main findings were: (1) one in four retired Olympians
reported having physician-diagnosed OA in any joint, with the knee, hip, and ankle among the most common sites for
OA; (2) injury was associated with increased odds of self-reported OA and pain in the knee, hip, and ankle in Olympians;
(3) the odds of lower limb OA and pain did not differ between Olympians and controls; (4) however after significant

injury the odds of knee and hip OA were higher for Olympians compared with the general population.

OA and pain

The prevalence of knee OA (7.5%) among our global cohort of retired Olympians was lower compared with previous
retired athlete studies in footballers (28%), cricketers (22%) and GB Olympians (14%). The prevalence of hip OA
(cricketers 8%, GB Olympians 11%) and ankle OA (cricketers 4.0%) were also lower.[7,11,28] A similar pattern was
observed for lower limb pain where knee, hip and ankle pain were lower compared with previous reported
rates.[7,11,28] Some of the differences observed are likely influenced by the multisport nature of the current cohort
and inclusion of a large proportion of athletes from sports characterised by few contact events and acute traumatic
injuries - known risk factors for OA - such as swimming, rowing, sailing and shooting.[4,29] In addition the current
cohort was younger (45 yrs) compared to other retired athlete studies (59-64 yrs),[7,11,28] and increasing age is known
to be associated with higher rates of pain and OA,[27] a finding also present in our study. OA rates may also be
influenced by the instrument of measurement, for example, rates of radiographic established knee OA such as that
used by Fernandes et al [7] may be higher than self-reported physician-diagnosed OA due to the discordance between

radiographic findings and symptomatic disease.[30]

When comparing Olympians with the general population in the present study the prevalence of OA and pain at the hip
and knee were higher, similar to previous retired athlete study findings.[5,7,9,29] However, when adjusting for
covariates between the groups there was no difference in the odds of experiencing OA and pain. This is in contrast to
findings reported previously in retired footballers who found higher odds of knee pain and OA when compared with
the general population.[5,7] For the ankle there was no difference in pain and OA between Olympians and controls in

agreement with findings observed for ankle pain and OA in former Greek footballers (versus controls).[31]

Factors associated with lower limb OA

Across the lower limb the odds of self-reported OA in retired Olympians were higher after significant joint injury (lasting
one month or more). For example 22% of Olympians in the present study who reported having a significant prior knee
injury reported knee OA compared to just 3.1% reporting knee OA with no prior knee injury (aOR 9.40). A similar pattern
was also observed for the hip and ankle. Previous retired athlete studies have shown injury is a risk factor for
osteoarthritis at the hip, knee [6,7,11,32,33] and ankle [6] and the present study adds weight to this association.
Overall, the risk of injury-related OA in the present study is greater than previously reported in retired elite German

female footballers (knee aOR 1.32; ankle 1.13),[6] English male professional footballers (knee aOR 2.88),[33] and Great



Britain Olympians (knee aOR 4.40 and hip 1.61).[11] The reasons for the differences observed are unclear, but may be
due to geographical and/or sport (type, and single vs multi) related factors,[11,33] and level and intensity of sport
participation.[12,34,35] Of concern, the present study cohort were younger than the English footballer and Great
Britain Olympian cohorts, and so the magnitude of this injury-related risk may increase further as this population ages.
[36,37] Recurrent injury was also associated with greater odds of knee OA in retired Olympians, which supports findings
by Parekh et al [33] who identified an injury dose response for radiographic knee OA in ex professional footballers

whereby subsequent injuries after the index injury increased the odds of knee OA.[33)

The association between injury and OA in retired Olympians in the present study may be unsurprising given previous
injury is also a known risk factor for OA at the knee,[38-40] hip [13,38] and ankle [16,18] in the general population.
While the overall odds of lower limb OA did not differ when comparing retired Olympians with the general population
in the present study, Olympians were one and a half times more likely to have knee OA after knee injury, and two times
more likely to have knee OA after recurrent knee injury. They were also four times more likely to have hip OA after hip
injury. Meaning knee and hip injuries, and recurrent knee injuries, in Olympians may have greater consequences with
respect to the onset of self-reported OA in those joints, compared with similar injuries occurring in the general
population. Few retired athlete studies reporting knee and hip OA have used comparisons with a general population
control [7,9,29,34] and none have directly compared the influence of injury on OA between these groups. Fernandes
et al [7] reported higher prevalence and odds of knee OA in male retired footballers compared with men in the general

population with the authors stating that knee injury was the main attributable risk factor.[7,33]

The nature and intensity of sport participation may influence the frequency and severity of injuries in elite athletes,
when compared with the general population, and in the present study the prevalence of significant injury (lasting 30
days or more) was higher for retired Olympians. The type of injury may also be a contributing factor. For example,
injuries that directly damage articular cartilage or lead to instability (e.g. ACL injuries) are known to precipitate OA
onset and injuries of greater severity known to accelerate the onset and progression of OA;[19,41-44] Knee lesion of
meniscus/cartilage and knee ligament rupture injuries were among the most common injuries reported by Olympians
in the present study.[4] In addition, athlete behaviours and treatments during injury where there is pressure to return
quickly from injury may be influencing outcomes. For example, three quarters of Olympians in the present study
indicated that they put pressure on themselves to return to sport, with a quarter continuing all training/competition
activities, when experiencing injury.[4] Continuing to compete while injured likely delays recovery,[45] and the higher
prevalence of recurrent injury in Olympians compared with the general population, and the greater odds of OA after
recurrent injury, may be indicators of poor or incomplete rehabilitation and may also add weight to early findings of an

injury-dose response for OA.[33]

Factors associated with lower limb pain
Similar to previous retired athlete studies, the odds of knee (aOR 7.72), hip (aOR9.76) and ankle (aOR 5.99) pain were

significantly higher after prior injury in retired Olympians. This also confirms anecdotal findings from the present study



where Olympians attributed ongoing pain and functional limitation to sport-related injuries they had sustained.[4] In a
comparable study in retired GB Olympians the odds of joint pain were also reported to be higher after joint injury at
the knee and hip.[11] Injury was also the strongest risk factor reported for knee pain in retired professional
footballers.[7,33] Recurrent knee and ankle injuries in the present study were associated with a 2 and 4 fold increase
in knee and ankle pain, respectively, in retired Olympians. Similar to OA, pointing to a potential injury-dose pain

response previously reported in retired footballers.[33]

When comparing retired Olympians with the general population in the present study, overall there were no differences
observed between the groups for knee, hip or ankle pain. This was similar to findings for lower limb OA in the present
study and again in contrast to previous retired athlete studies who report higher rates of lower limb pain in retired
athletes versus controls.[5,7,29] While these findings are positive, interpretation should be made with caution. With
the comparative young age of the present cohort, it will be important to understand if the magnitude of any current

differences between retired Olympians and the controls changes over time.

Clinical implications

To be able to prevent long-term health complaints such as pain and OA in retired athlete populations, it is important
to understand the different factors associated with joint specific responses. While some findings within the present
study are not significant it does not mean that they are not clinically meaningful. Results from this study indicate that
current athlete injury management should allow wherever possible full and complete rehabilitation from significant
index injuries athletes sustained during their careers, in particular injuries to the knee and hip. A multidisciplinary
approach should include addressing athlete behaviours and treatments during injury, e.g. pressure to return,
depression, pain killer use and joint injections.[4] Post-retirement, targeted tertiary prevention strategies should also
be employed. Female sex, and overweight and obesity are risk factors for OA; they have been linked to higher rates of
knee OA and knee pain in the general population, and knee (and hip) disability in former athletes,[29] and were factors
associated with knee pain and OA for Olympians in the present study. Body weight is a potential modifiable risk factor,
and numerous studies have shown reductions in BMI attenuate knee pain in patients with obesity and those with both
obesity and knee OA.[46,47] Greater weight loss can also precipitate greater reductions in pain.[48] In the present
cohort BMI increased significantly from the time Olympians competed to post athletic career.[4] Hence, targeted
weight management advice and interventions for those with a prior history of significant knee and/or hip injury, may

have the potential to reduce both symptomatic OA and pain in later life.[47]

Strengths and limitations

Previous retired athlete studies have focussed on single sport, joint and sex, with few including comparisons to the
general population.[5,7-10] For the first time, the current study presents factors associated with OA and pain across
multiple joints of the lower limb in both male and female retired athletes globally, with comparison to the general
population. While the present study includes Olympian data across 42 summer and 15 winter Olympic sports as one

homogenous group, there is limited understanding of the influence individual Olympic sports may have on these risks.



However, with pain and OA clearly associated with prior injury, and the wealth of previous research reporting the
aetiology of injury for different sports,[2-4] it can be anticipated that athletes participating in those sports with known
higher prevalence of significant injuries to the knee, hip and ankle, including recurrent injuries, may be at increased

risk.

There are several limitations to this study. It is recognised that this cross-sectional study may be limited by recall bias,
given the range of ages. To mitigate some recall bias a significant, one month, injury definition was used.[4] Results
presented in some categories may be affected by sparse data bias.[49] While the authors were able to include known
risk factors for OA and pain there may be unmeasured or unknown confounders influencing these outcomes, hence
causal inferences should be made with caution. We cannot provide an accurate survey response rate as it was not
possible to know how many retired Olympians study promotion reached.[4] There are an estimated 100000 Olympians
worldwide today and around 20000 current Olympians.[2,3,4] Therefore the present sample represents around 4% of
the total retired Olympian population and our conclusions are limited to this sample. Finally, it is not clear if the control
sample in this study are truly representative of the general population. Given that the control cohort were recruited
from WOA and I0C social media, and via ‘Olympian buddies’ it is not unlikely that this general population group were
more interested in sport and consequently more active in sport and exercise than other comparison general population
controls. If the current control cohort were more active in sport they may also have reported higher rates of injury,
which may explain some of the lack of difference observed between our two groups, when compared to significant

differences found in other retired athlete studies.

CONCLUSIONS

In summary, injury was associated with an increased risk of OA and pain in the knee, hip and ankle in retired Olympians.
Overall, the odds of OA and pain did not differ between Olympians and controls, however the odds of knee and hip OA
after prior injury were significantly higher for Olympians. These findings may be used to inform prevention strategies

to reduce the risk of knee, hip and ankle OA and pain in Olympians after retirement from sport.
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