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Abstract

Objective: To determine the incidence and progression of ankle osteoarthritis (OA) and
associated risk factors in a community-based cohort of African Americans and whites. Methods:
Data were from 541 participants who had standardized lateral and mortise radiography of the
ankles in weight bearing at baseline (2013-2015) and follow-up (2017-2018). Incident
radiographic ankle OA (rAOA) was defined as a Kellgren-Lawrence grade (KLG) =1 at follow-up
among ankles with baseline KLG<1; progressive rAOA was a 21 KLG increase at follow-up
among ankles with KLG=1 at baseline. Symptoms were assessed using self-reported pain, aching,
and stiffness (PAS) on most days and the Foot and Ankle Outcome Score (FAOS) symptoms
subscale. Ankle-level logistic regression models were used to assess associations of ankle
outcomes with covariates (age, sex, race, body mass index [BMI], smoking, number of
symptomatic joints, comorbidities, prior ankle injury, and knee or foot OA).

Results: Among ankles without rAOA at baseline, 28% developed incident rAOA, 37% had
worsening FAOS symptoms, and 7% had worsening PAS. Incident rAOA and worsening ankle
symptoms were associated with higher BMI and symptoms in other joints. Among ankles with
baseline rAOA, 4% had progressive rAOA, 35% had worsening of FAOS symptoms, and 9% had
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worsening PAS. rAOA progression was associated with ankle injury and concomitant knee or foot
OA; worsening of symptoms was associated with higher BMI and other symptomatic joints.

Conclusions: Not all ankle OA is post-traumatic. Smoking prevention/cessation, a healthy
weight, and injury prevention may be methods for reducing the incidence and progression of
rAOA.
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Introduction

Osteoarthritis (OA) is a debilitating chronic disease which is associated with pain,
dysfunction and is a leading cause of disability (1). Ankle OA in particular has been
estimated to affect approximately 1% of the population (2), although a systematic review in
2018 highlights the lack of high quality epidemiology to support this figure (3). The mental
and physical disability associated with end-stage ankle disease is at least as severe as that
associated with end-stage hip arthrosis and hence there is a high burden of disease (4).
However, in comparison to the relatively large number of studies focused on hip and knee
OA, research related to ankle OA is quite limited. Additionally, most studies of ankle OA are
of clinical populations with end stage ankle disease that is mainly post traumatic and not
reflective of the burden in the general population (2, 5). For example, a study of 79 patients
presenting to University of lowa Hospitals and Clinics' Orthopedic department with a
primary diagnosis of ankle OA (2001 to 2003) found that 79% had a history of trauma (6).
Another study of 639 patients who presented to a tertiary care center between 1991 and 2004
with evidence of moderate to severe ankle arthritis found that only 46 (7%) of these patients
had primary ankle OA (7).

In part due to the perception that the majority of ankle OA is post-traumatic, there has been
minimal investigation into other possible contributors to ankle OA, and there is a lack of
community-based epidemiological studies. Our prior work reported on the cross-sectional
prevalence of radiographic ankle OA (rAOA) in the Johnston County OA Project (JoCo OA)
(8). In the current analysis, we include longitudinal data to allow assessment of the incidence
and progression of ankle rAOA and pertinent risk factors over a mean of 3.5 years in this
large community-based cohort.

Participants and Methods

The JoCo OA is a prospective, longitudinal cohort study in African American and white men
and women aged at least 45 years, who were residents of 1 of 6 Johnston County townships
for at least 1 year and capable of completing the study protocol, which has been previously
described (9). The JoCo OA has been continuously approved by the Institutional Review
Board of the University of North Carolina at Chapel Hill (92-0583). For these analyses, all
participants in the third (T3, baseline, 2013-2015, (8)) to the fourth (T4, follow-up,
2017-18) time point of the JoCo OA were included as these time points included ankle
radiography (added to the study protocol at T3). All participants provided demographic and
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anthropometric information, completed standardized questionnaires and underwent
examinations and radiographs with trained personnel.

Standardized lateral and mortise views of the ankle were obtained in weight-bearing at the
two most recent data collections of the JoCo OA (2013-2018) as previously described (10),
utilizing positioning guides and quality control; the tibiotalar joints were graded by an expert
musculoskeletal radiologist (JBR) with excellent inter-rater reliability for ankle Kellgren-
Lawrence grades (KLG; k =0.91) (10). The KLG scale was modified for this purpose, such
that grade 0 indicated no radiographic findings of OA, grade 1 indicated “minute
osteophytes of doubtful clinical significance,” grade 2 included definite osteophytes and
mild joint space narrowing (JSN), grade 3 reflected the presence of definite osteophytes and
moderate JSN, and grade 4 was the combination of definite osteophytes and severe JSN (10).
Incident radiographic ankle OA (rAQA, specifically tibiotalar OA) was defined for these
analyses as a KLG = 1 at follow-up among ankles with baseline KLG<1, based on our prior
work (8) showing similar patterns but much higher prevalence of KLG = 1 compared with
KLG = 2 disease. Progression of rAOA was defined as an increase of 21 KLG at follow-up
among ankles with KLG = 1 at baseline.

We also assessed the presence of pain, aching, and stiffness (PAS (11)) in the ankles, as well
as the Foot and Ankle Outcome Score (FAOS) symptoms subscale (12). Participants self-
reported PAS in the ankles on most days of any month in the past 12 months ranging from 0
(none) to 10 (as bad as you can imagine). The FAOS symptoms subscale includes seven
items regarding symptoms and joint stiffness of the foot or ankle during the last week. Items

are self-scored ranging from 0 (never/none) to 4 (always/extreme) and total scores are

(Iteml + -+ + ItemT) X 100
4x7

problems). Worsening from baseine to follow-up was defined as any increase in the PAS
scale or any decrease in the FAOS symptoms subscale. The four other FAOS subscales were
also assessed: pain, activity of daily living, sports and recreation, and quality of life.

calculated as 100 — and range from 100 (no problems) to O (extreme

Person-level covariates that were evaluated included baseline age, sex (male or female), race
(African American or white), baseline body mass index (BMI, measured in clinic), weight
gain (defined as a 5% or greater increase in BMI from baseline to follow-up), smoking
history (current, past, never), current alcohol use, history of falls in the past 12 months, a
count of other joints with PAS in the past 12 months (including shoulders, elbows, wrists,
hands, hips, knees, and feet, range 0-14) and the Charlson comorbidity index (a score of 2 or
higher vs less than 2, (13)). Ankle-level or side-level covariates included baseline history of
ankle injury (defined as an affirmative response to: “have you ever injured your right/left
ankle badly enough that it limited your ability to walk for at least 2 days?””) and knee or foot
OA. Weight-bearing radiographs of the knees (posteroanterior in fixed flexion (14)) and feet
(anteroposterior and lateral (15)) were read by the same radiologist although without
information about other sites, and OA was defined as a KLG = 2 at the knee, or a score of 2
or more for osteophytes or joint space narrowing in at least one of 5 foot joints per the La
Trobe radiographic atlas (16).
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Statistical analysis

Results

Ankle-level logistic regression models using generalized estimating equations with an
exchangeable working correlation structure were used to examine associations of rAOA
incidence or progression and covariates of interest. Models were stratified by baseline rAOA
status so that estimated adjusted odds ratios and 95% confidence intervals (aOR [95% CI])
are separate for incidence or progression. Missing covariate information for at least one
measure accounted for less than 5% (1.7%) and was assumed to be missing at random.
Multiple imputation using logistic regression was used to impute missing binary covariates
(knee or foot OA, ankle injury, history of falls, and Charlson comorbidity index) and linear
regression was used to impute missing continuous covariates (count of other joints with
PAS). These methods use fully conditional specification. Models were averaged over 10
imputed datasets. A sensitivity analysis was conducted excluding individuals with diabetes
at baseline who may (or may not) have concomitant neuropathy.

A total of 541 participants (1076 ankles) with data from baseline (T3) to follow-up (T4,
mean + standard deviation [SD] 3.5 £ 0.7 years, range 2-5 years between time points) were
included in this analysis (Figure 1). There were 128 participants that had no evidence of OA
(KLG=0) in both ankles and 413 participants that had KLG = 1 in at least one ankle at
baseline, with the majority having bilateral ankle OA (255 participants) as opposed to
unilateral ankle OA (158 participants). The mean + standard deviation (SD) age of the
sample was 69 + 7 years, the mean BMI was 31.2 + 6 kg/m?, 71% of the participants were
women and 35% were African American. Forty-three (7.9%) participants were current
smokers at baseline, and 134 (24.8%) had a Charlson comorbidity index score > 2 (Table 1).

Unadjusted/descriptive results

Incident rAOA, defined as development of KLG = 1 in an ankle without evidence of baseline
rAOA, was present in 115/408 (28.2%) of ankles. However, incident rAOA with symptoms
present at follow-up was observed in only 14/408 (3.4%) of ankles. Ankle PAS was self-
reported for 7.4% of ankles without rAOA at baseline, with 6.9% of these 408 ankles having
an increase (worsening) of PAS from baseline to follow-up. The median (interquartile range)
for the FAOS Symptoms subscale among ankles without rAOA was 96.4 (85.7-100) with
61% having some symptoms at baseline (score<100) and 36.5% having a decrease
(worsening) in the FAOS Symptoms subscale from baseline to follow-up (Table 2).

Progression of rAOA (defined by an increase in KLG) was noted in 27/668 (4%) of ankles
with KLG =1 (those with rAOA) at baseline. However, progression of rAOA with symptoms
present at follow-up was observed in only 8 (1.2%) of these ankles. PAS was reported for
16.3% of ankles with rAOA at baseline, with 9.4% of these 668 ankles having an increase
(worsening) of PAS from baseline to follow-up. The median (interquartile range) for the
FAQOS Symptoms subscale among ankles with rAOA was 92.9 (82.1-100) with 68% having
some symptoms (score<100) at baseline and 35.3% having a decrease (worsening) in the
FAOS Symptoms subscale from baseline to follow-up (Table 2).
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Adjusted analyses

In adjusted analyses (Table 3), among ankles without rAOA at baseline, the odds of
developing incident rAOA increased by almost 50% with more symptomatic joints and more
than doubled due to current smoking. Women, compared with men, had 50% lower odds of
incident rAOA, while a non-significant, but strong, association was also noted for higher
BMI.

Among ankles with rAOA at baseline, previous ankle injury more than tripled the odds of
progression of rAOA, and presence of concomitant foot or knee rOA also tripled the odds of
progressive rAOA. African Americans, compared with whites, had over 60% lower odds of
progression of rAOA (Table 3).

As shown in Table 4, in ankles without rAOA at baseline, the odds of reporting worsening
FAOS symptoms increased by 40-60% with older age, higher BMI, and additional
symptomatic joints. Only reporting other additional joints with symptoms was associated
with worsening ankle PAS.

Among ankles with rAOA at baseline, currently versus never smoking was associated with
over 3 times the odds of worsening FAOS symptoms ( Table 4). Additionally, higher BMI
and additional symptomatic joints were associated with 30-40% higher odds of worsening
FAOS symptoms. Women (compared with men) and past smokers (compared with never
smokers) had 40-50% higher odds of worsening FAOS symptoms, although not statistically
significant. However, past smoking and being female more than doubled the odds of
reporting worsening PAS. Additionally, higher BMI and additional symptomatic joints were
independently associated with worsening PAS at follow-up in ankles with rAOA (Table 4).
Other FAOS subscales (data not shown) showed similar patterns, particularly for higher BMI
or additional symptomatic joints, both of which increased the odds of worsening for all
scales by 15-48%. Results considering individual progression of osteophytes or joint space
narrowing (each graded 0-3) were similar to those for KLG (data not shown). Results were
consistent, although the strata within some models did not converge, when individuals with
diabetes at baseline were excluded (n without baseline rAOA=313; n with baseline
rAOA=451, data not shown).

Discussion

In the current analysis, we found that among the ankles without rAOA at baseline, more than
1in 4 (28%) developed incident rAOA, with symptomatic worsening noted by 37%
according to the FAOS symptoms subscale and 7% by the PAS scale. The development of
incident rAOA was associated with male sex, higher BMI, current smoking and the presence
of other joint symptoms. Progression of rAOA over 3-4 years of follow-up was relatively
infrequent, occurring in 4% of ankles with baseline rAOA, and associated with prior ankle
injury and concomitant foot or knee OA. Among ankles with baseline rAOA, symptomatic
worsening at follow-up was noted in about a third by the FAOS symptoms subscale and 10%
by PAS, associated with smoking, higher BMI, and additional symptomatic joints. Our prior
cross-sectional analysis at baseline (T3) also identified associations between higher age and
BMI, prior injury, and joint symptoms and prevalent rAOA (8). This is somewhat in contrast
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to another cross-sectional study of rAOA among individuals with foot and ankle pain that
identified female sex, age 50-64, and manual occupations as risk factors for symptomatic
rAOA (3).

We found that smoking was associated with increased risk of incident rAOA and of
worsening symptoms. In general, an inverse relationship between smoking and knee rOA
has been reported (17), although this is dependent on OA site, definition, and population
studied (18). Smoking is associated with more musculoskeletal pain and painful OA (19).
However, some studies have found a negative effect of smoking on cartilage, such that being
a current or former smoker was associated with increased annual loss of medial knee
cartilage volume, with a dose—response relationship between ‘pack-years' smoked and
increased cartilage volume loss (20). Smoking also produces a chronic inflammatory state
(21), and has been associated with elevated levels of C-reactive protein (a marker of
inflammation) (22). There is a complex relationship between smoking, BMI, and OA that
may explain some of the inconsistencies in association (23).

Elevated BMI was independently associated with increased odds of developing rAOA and
symptomatic worsening. There is a clear association between elevated BMI and OA,
particularly in weight-bearing joints, although more prominent in the knee (24) than in the
hip (25). Our previous cross-sectional study also demonstrated that obese participants had
twice the odds of ankle OA compared with nonobese individuals (8). This was consistent
with the study done by Frey et al, where the odds of having ankle or foot OA were increased
by 50% in overweight/obese versus normal weight individuals (though this association was
not statistically significant) (26).

Another significant association was noted with the presence of symptoms in other joints. We
have previously noted stronger associations between multiple joint symptoms, rather than
radiographic OA at multiple sites, and functional outcomes (27), and many groups have
commented on the high frequency of multiple joint pain in patients with OA (28, 29), which
may represent multiple joint OA (30), a centralized pain process, shared risk factors, or other
potential mechanisms. Interestingly, we did not find statistically significant associations
between incident rAOA and prevalent radiographically defined knee or foot OA despite their
biomechanical interconnection (31).

Although not associated with incident rAOA, prior ankle injury was a strong risk factor for
progression of rAOA, increasing the odds more than 3 times compared to no injury. In this
older cohort, this may indicate that those with prior injury already had rAOA by the mean
age of 70 (and therefore could not develop new disease), although continued worsening was
still influenced by prior injury. Similarly, Kraus et al, identified rAOA in 15% of individuals
with symptomatic knee OA although less than 5% of these individuals reported any prior
ankle injury or surgery (32). This also argues that, as we found in our initial cross-sectional
association study (8), not all ankle rAQA is post-traumatic, a belief that is based on studies
of individuals with end-stage ankle OA (2, 5) rather than more general community-based
epidemiology studies such as this one which were previously lacking in the literature.

Semin Arthritis Rheum. Author manuscript; available in PMC 2022 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jaleel et al.

Page 7

Our study had a few limitations. The mean age of the patients was 69 and the majority of our
cohort was female, so results may not be generalizable to populations with substantially
different age or sex distributions. To make the rAOA definition most useful, we included
ankles with a KLG of 1 or more, as a KLG of 2 or more was infrequent in prior work from
our group and others. As this is a large, longitudinal epidemiologic study, we did not collect
exhaustive data specific to the ankle, so other etiologies/contributors for the observed
associations (e.g., neuropathic conditions, tendinopathy) cannot be excluded. Similarly,
information on ankle injuries was limited to the available questionnaire data (i.e., “have you
ever injured your right/left ankle badly enough that it limited your ability to walk for at least
2 days?), and we did not have more specific data regarding acute injuries, instability,
alignment, or specific surgical procedures. Ankle radiographs were not obtained until the
third follow-up of the parent cohort, and not all of these participants returned for the fourth
follow-up to allow longitudinal assessments; however, our sample size of more than 500
community-based participants makes this one of the largest studies of ankle OA available.
Other strengths of this analysis include that it is in a large and well-characterized,
community-based cohort including African American and white men and women, and
utilized standardized, weight-bearing ankle radiographs read with high reliability by a single
musculoskeletal radiologist with decades of experience. We assessed ankle symptoms in two
ways, using self-reported pain, aching, and stiffness as well as a validated symptoms score
(FAOS symptoms scale), and considered a variety of potentially relevant risk factors.

Conclusion

About a quarter of ankles with KLG=0 at baseline developed KLG = 1 over approximately 3
years of follow up in this cohort of older community-living adults, although most of these
were asymptomatic. An increase in KLG was seen in a small minority of ankles, and few of
these had symptoms. However, an increase in symptoms over time by PAS was reported in
7% of ankles without baseline rAOA and 9% of those with rAOA at baseline; worsening of
FAOS symptoms was reported for over a third of ankles (regardless of rAOA status). Key
modifiable risk factors for developing or worsening radiographic OA and/or symptoms
included smoking (current or former versus never), prior ankle injury, number of additional
symptomatic joints, and higher BMI.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Baseline (T3) and Follow-
up (T4) clinic visit data
P,=582
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Figure 1.
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Flowchart of participants and ankles included in the analysis
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Table 1.

Descriptive statistics of person-level and ankle/side-level variables.

Page 12

Person-level variables

Baseline (T3) values of Predictors and Covariates | Overall (n=541) | No rAOA KLG=0; (n=128) | Baseline rAOA KLG 21; (n=413)
mean (SD) or % or median (Q1-Q3)

Age, mean (SD) years 69.4 (6.9) 69.3 (7.1) 69.5 (6.9)

Male, % 29.4 18.8 32.7

African American, % 35.1 414 33.2

BMI, mean (SD) kg/m? 32.1(6.4) 28.9 (5.8) 31.9(6.4)

>5% weight gain, % 18.7 20.3 18.2

Charlson Index score = 2, % 24.8 27.1

Non-smoker, % 47.0 53.1 45.0

Past smoker, % 451 34.4 48.4

Current Smoker, % 7.9 125 6.5

Current alcohol drinker, % 14.8 17.2 271

Falls in the past 12 months 26.2 22.7 27.4

Count of other joints wiith PAS 2 (0-4) 1(0-3) 2 (0-5)

Ankle-level variables

Baseline (T3) values of Predictors and Covariates | Overall n=1076 | no rAOA KLG=0; (n=408) | Baseline rAOA KLG 21; (n=668)

History of ankle injury, % 6.2 3.4 7.9

Either foot OA or knee OA, % 49.8 42.2 54.5

OA (osteoarthritis), BMI (body mass index), KLG (Kellgren-Lawrence grade), T3 (baseline time period (2013-2015), SD (standard deviation), Q1

(first quartile), Q3 (third quartile)

Semin Arthritis Rheum. Author manuscript; available in PMC 2022 February 01.
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Table 2:
Ankle/Side-level Characteristics for outcomes

Ankles without : :
Outcomes All ankles baseline rAOA AAOnI'B(\IeKsll/\gtI;lb_asellggg

KLG=0; (n=408) | " 2L; (n=668)
Radiographic %
Incidence (KLG=1) of OA or progression (increase) of KLG 13.2% 28.2% 4.0%
Incidence (KLG=1) of OA or progression (increase) of KLG with pain/
aching/stiffness symptoms present at follow-up 2.0% 3.4% 1.2%
Symptomatic
PAS any worsening (increase) 8.5% 6.9% 9.4%
FAOS Symptoms subscale worsening (decrease) 35.8% 36.5% 35.3%

OA (osteoarthritis), rAOA (radiographic ankle OA), BMI (body mass index), KLG (Kellgren-Lawrence grade) JSN (joint space narrowing);
baseline time period (T3: 2013-2015); follow-up time (T4: 2017-2018)

Semin Arthritis Rheum. Author manuscript; available in PMC 2022 February 01.
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Table 3.

Adjusted odds ratios with 95% confidence intervals, aOR (95% ClI), for risk factors of interest and incident
and progressive rAOA outcomes

Risk factors Incident rACA Progressive rAOA

In ankles without ankle OA In ankles with ankle OA (KLG=>1) at
(KLG=0) at baseline (n=408) baseline (n=668)

aOR (95% Cl)

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Age: 5 years older
Women vs Men
Black vs White

BMI: 5 kg/m? higher

5% or more weight gain vs no 5% weight gain
Charlson comorbidity index, =2 vs <2

Past smoker vs never smoker

Current smoker vs never smoker

Alcohol use vs no alcohol use

History of falls vs no falls

Other joints with symptoms: 2 additional joints with

symptoms

Ankle injury vs no ankle injury

Either foot or knee OA vs neither

1.10 (0.92, 1.32)
0.49 (0.28, 0.83)
0.99 (0.61, 1.62)
1.23 (0.97, 1.54)
0.88 (0.48, 1.61)
0.93 (0.54, 1.60)
0.90 (0.55, 1.48)
2.21 (1.05, 4.65)
1.07 (0.57, 2.02)
0.70 (0.40, 1.24)

1.46 (1.06, 2.02)

0.94 (0.25, 3.49)
1.24 (0.76, 2.04)

0.92 (0.64, 1.33)
3.08 (0.90, 10.6)
0.32 (0.11, 0.91)
1.25 (0.91, 1.71)
0.79 (0.21, 2.97)
1.18 (0.47, 2.97)
1.43 (0.57, 3.61)
0.99 (0.16, 5.97)
2.83(0.82, 9.76)
0.84 (0.32, 2.20)

1.96 (0.94, 4.08)

3.41(1.13,10.3)
2.91 (113, 7.49)

Semin Arthritis Rheum. Author manuscript; available in PMC 2022 February 01.

OA (osteoarthritis), rAOA (radiographic ankle OA), BMI (body mass index), KLG (Kellgren-Lawrence grade), aOR (adjusted odds ratio), CI
(confidence interval); Bold indicates statistically significant result
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Table 4.

Adjusted odds ratios with 95% confidence intervals, aOR (95% ClI), for risk factors of interest and worsening
of symptoms by FAOS Symptoms subscale or foot PAS
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Risk factors

No rAOA at baseline (n=408)

With rAOA at baseline (n=668)

Worsening FAOS

Worsening PAS

Worsening FAOS

Worsening PAS

aOR (95% Cl)

aOR (95% Cl)

Age: 5 years older

1.41 (112, 1.77)

1.10 (0.80, 1.52)

1.13(0.97, 1.33)

0.86 (0.64, 1.17)

Women vs Men

153 (0.71, 3.29)

0.94 (0.25, 3.49)

1.54 (0.92, 2.58)

2.25 (1.01, 5.03)

Black vs White

1.41 (0.76, 2.61)

1.73 (0.54, 5.54)

0.95 (0.58, 1.56)

0.82 (0.38, 1.77)

BMI: 5 kg/m? higher

1.65 (1.2, 2.24)

0.90 (0.60, 1.36)

1.36 (1.13, 1.64)

1.27 (0.98, 1.63)

5% or more weight gain vs no 5% weight gain

1.16 (0.60, 2.27)

2.03 (0.67, 6.11)

1.33(0.78, 2.28)

1.03 (0.4, 2.43)

Charlson comorbidity index, 22 vs <2

0.60 (0.29, 1.25)

1.34 (0.46, 3.94)

0.97 (0.59, 1.60)

0.45 (0.19, 1.05)

Past smoker vs never smoker

1.05 (0.55, 2.01)

0.93 (0.32, 2.73)

1.4 (0.89, 2.33)

2.20 (1.11, 4.34)

Current smoker vs never smoker

2.25 (0.76, 6.65)

0.26 (0.04, 1.66)

3.56 (1.29, 9.82)

1.27 (0.29, 5.60)

Alcohol use vs no alcohol use

1.49 (0.63, 3.51)

1.84 (0.55, 6.13)

0.92 (0.47, 1.78)

1.19 (0.42, 3.34)

History of falls vs no falls

0.79 (0.39, 1.63)

1.92 (0.62, 5.93)

1.22 (0.73, 2.02)

0.62 (0.31, 1.25)

Other joints with symptoms: 2 additional joints with

symptoms

1.49 (1.20, 1.86)

1.59 (1.23, 2.04)

1.27 (1.08, 1.50)

1.45 (1.23, 1.71)

Ankle injury vs no ankle injury

0.65 (0.29, 1.45)

1.27 (0.68, 2.38)

1.2 0 (0.56, 2.61)

1.91 (0.81, 4.50)

Either foot or knee OA vs neither

1.14 (0.72, 1.80)

n/a

1.06 (0.78, 1.45)

1.06 (0.63, 1.78)

FAOS (foot and ankle outcome score), PAS (pain, aching, and stiffness score), OA (osteoarthritis), rAOA (radiographic ankle OA), BMI (body
mass index), KLG (Kellgren-Lawrence grade), aOR (adjusted odds ratio), CI (confidence interval); Bold indicates statistically significant result;
n/a, model did not converge
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