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Abstract

Background—Physical activity is recommended to mitigate functional limitations associated

with knee osteoarthritis (OA). However, it is unclear whether walking on its own protects against

the development of functional limitation.

Methods—Walking over 7 days was objectively measured as steps/day within a cohort of people

with or at risk of knee OA from the Multicenter Osteoarthritis Study. Incident functional limitation

over two years was defined by performance-based (gait speed ≤ 1.0 m/s) and self-report

(WOMAC physical function ≥ 28/68) measures. We evaluated the association of steps/day at

baseline with developing functional limitation two years later by calculating risk ratios adjusted

for potential confounders. The number of steps/day that best distinguished risk for developing

functional limitation was estimated from the maximum distance from chance on Receiver

Operator Characteristic curves.

Results—Among 1788 participants (mean age 67, mean BMI 31 kg/m2, female 60%), each

additional 1000 steps/day was associated with a 16% and 18% reduction in incident functional

limitation by performance-based and self-report measures, respectively. Walking < 6000 and <

5900 steps/day were the best thresholds to distinguish incident functional limitation by

performance-based (67.3%/71.8% [sensitivity/specificity]) and self-report (58.7%/68.9%)

measures, respectively.
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Conclusions—More walking was associated with less risk of functional limitation over two

years. Walking ≥ 6000 steps/day provides a preliminary estimate of the level of walking activity to

protect against developing functional limitation in people with or at risk of knee OA.

Keywords

Physical Activity; Arthritis; Physical Function

INTRODUCTION

Knee osteoarthritis (OA) is the leading cause of functional limitation, such as difficulty

walking and climbing stairs, among older adults. (1, 2) As such, there is a critical need to

improve intervention strategies to address decline in physical functioning in knee OA. The

2014 OA Research Society International (OARSI) guidelines recommend non-

pharmacological modalities, e.g., exercise, for knee OA. (3) Unfortunately, less than one-

third of primary-care physicians recommend exercise to their patients with OA. (4) Further,

for those who do exercise, most abandon training following the conclusion of their

structured program effectively negating any exercise-related health gains. (5)

Adopting a physically active lifestyle in addition to exercising may offer additional

therapeutic opportunities to people with knee OA. Exercise is a subset of physical activity

(PA) and both refer to energy expenditure above a basal level. (6) However, exercise is

planned, structured, and recurring, such as weight-lifting or aerobic exercise, typically

performed at a particular intensity for a set duration of time, whereas PA incudes

unstructured activities, such as energy expenditure from with getting to work, preparing

meals, and raking leaves. (6) While there is support that strength training and aerobic

exercise improve physical function in knee OA, (3, 7) it is not known whether there are

added benefits from unstructured PA.

Walking is one of the most common types of unstructured PA older adults with knee OA

employ on a daily basis, (8) but two-thirds of US adults with arthritis report walking less

than 90 minutes/week, (9) and whether walking has an effect on function is not known. If

unstructured PA through walking, regardless of continuous duration or intensity, reduces the

risk of functional limitation in knee OA, it would be necessary to additionally study how

much daily walking is needed to achieve this risk reduction. Such an understanding would

enable development of recommendations regarding daily walking and its benefits.

Specifically, whether there are any minimum values of walking activity to initially

recommend or to target as an ultimate goal for walking on an ongoing basis to best protect

against the development of functional limitation is presently not known. This is an important

gap given that the ability to measure daily walking and progress towards step goals has

greatly improved in recent years. Currently, accelerometer-enable devices worn on the wrist

or waist are widely available, as are smart phone apps that record daily walking. To

optimally take advantage of such off-the-shelf technology to promote walking activity as a

therapeutic strategy, general guidance regarding daily step goals for people with knee OA is

needed.
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Therefore, the purpose of this study was to examine the association of step-defined daily

walking with incident functional limitation two years later in people with or at risk of knee

OA. We investigated preliminary estimates of a starting level and an ideal amount of

ongoing daily walking to protect against the development of functional limitation.

METHODS

Study Sample: The Multicenter Osteoarthritis (MOST) Study

A detailed description of the MOST Study has been published in detail elsewhere. (10) In

brief, MOST is a large multi-center longitudinal cohort study of community-dwelling

participants who have or are at high risk of knee OA. (10) The MOST study cohort at

baseline included adults aged 50 – 79 years who were recruited from communities in and

surrounding Birmingham, Alabama and Iowa City, Iowa starting in 2003. Study criteria,

focused on risk for knee OA, included the presence of known risk factors, such as being ≥

50 years of age, female, reporting a previous knee injury or operation, and having a body

weight in excess of the median weight for each age- and sex-specific group based on data

from the Framingham OA Study. (11) The MOST Study protocol was approved by the

institutional review boards at the University of Iowa in Iowa City, University of California

in San Francisco, University of Alabama in Birmingham, and Boston University Medical

Center. All participants in the MOST Study provided informed consent.

This particular study focused on a subset of the MOST cohort. We included data from the

60-month follow-up exam conducted between May of 2009 and January of 2011 and the 84-

month follow-up exam conducted between September of 2011 and January of 2013. The 60-

month visit was the first study visit in which objectively measured PA was collected. For

purposes of the present analysis of these data, the 60-month visit was considered ‘baseline’

and the 84-month visit was the ‘two-year follow-up’.

Incident functional limitation

Our primary outcome was incident functional limitation at the two-year follow-up. We

defined functional limitation using both performance-based and self-report measures since

both provide distinct information about the underlying construct of physical function. (12)

• The performance-based measure of functional limitation was defined as walking

with a gait speed < 1.0 m/s since walking slower than this threshold is a risk factor

for persistent limitations in physical functioning, hospitalization, and mortality in

older adults. (13, 14) Gait speed was determined from the average of two trials of

walking along a marked 20-meter course in an unobstructed corridor. Timing

started when the first foot crossed the start line and ended after the last foot crossed

the finish line. Participants were allowed to use walking aids during the test if

needed, such as a cane.

• The self-reported measure of functional limitation was defined as scores of ≥ 28 out

of 68 on the Western Ontario and McMasters University Osteoarthritis Index

(WOMAC) physical function subscale (0–68; higher scores are worse). (15) This is

consistent with a previous definition of poor functional outcome for persons with
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knee OA (16), and within a range of scores reported for persons awaiting total knee

replacement (17). Persons with a score of 28/68 report having at least slight to

moderate difficulty in all 17 tasks from the WOMAC physical function scale, or

severe to extreme difficulty in 7 to 9 tasks.

Both gait speed and WOMAC physical function have high test-retest reliability in people

with knee OA (Gait speed ICC= 0.94 and WOMAC ICC=0.68) (15, 18) and older adults

(Gait speed ICC=0.90). (19)

Daily walking

Daily walking was assessed at baseline as steps/day using a StepWatch Activity Monitor

(Orthocare Innovations, Mountlake Terrace, WA). This is a small (70 × 50 × 20 mm; 38 g),

waterproof, self-contained accelerometer-based device that attaches to the ankle and records

the number of strides taken every minute without providing any feedback to the user. To

calculate the number of steps, the stride output is doubled. The StepWatch has high

concurrent validity in comparison with a visual count of step frequency in older adults (20)

and high convergent validity in comparison with SF-36 scores among participants with OA.

(21)

Each study participant was fitted with the StepWatch and given written and verbal

instructions for attaching the monitor each morning and removing it at bedtime for up to 7

consecutive days. To determine whether participants wore the monitor long enough to be

considered a valid day, we adopted a published method for processing accelerometer data

(22) and defined 10 hours of monitoring as the minimum amount of wearing time. The 10-

hour requirement represents more than 66% of waking hours and has been utilized as a

threshold in studies of PA in the general adult population (23) and people with knee OA.

(22) Time worn was determined from the first step recorded in the morning to the last step

recorded in the evening. To exclude times that participants may have taken the StepWatch

off during the day, we omitted minutes when the monitor registered no steps for 180

consecutive minutes during the day. (24) Finally, we restricted our sample to those

participants who wore the instrument for at least 3 valid days, considered a minimum

standard to establish a reliable estimate of PA. (25)

We calculated average steps/day by totaling the number of steps taken each valid day of

monitoring divided by the number of valid days. Waist-mounted pedometers are known to

count fewer steps when compared with an ankle-mounted StepWatch activity monitor. (26)

Since pedometers are inexpensive, readily accessible, and likely to be used in clinical and

public health applications, we converted steps/day from Stepwatch data to what would be

expected from a waist-mounted piezoelectric pedometer using previously reported methods.

(27) Specifically, we reduced the number of steps/day from Stepwatch data by 25%.

Radiographic knee OA

Radiographic knee OA (ROA) at baseline was defined from weight-bearing posteroanterior

and lateral fixed flexion radiographic evaluations of both knees. (28) Three expert readers

(two rheumatologists and a musculoskeletal radiologist) blinded to clinical data graded joint

space narrowing (JSN) and osteophytes using the OARSI atlas (29) in both tibiofemoral
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(TF) and patellofemoral (PF) joints (both graded 0–3). The presence of JSN and osteophytes

in the TF joint was also graded according to Kellgren and Lawrence (K/L) criteria (0–4).

Any disagreements between readers were adjudicated by 3 readers to reach consensus. We

defined ROA based on radiographic findings in either TF or PF joints. Participants were

classified as having ROA with the presence of ROA in one or both knees. For the TF joint

this was a KL grade ≥ 2, and for the PF joint an osteophyte score ≥ 2, or any joint space

narrowing score ≥ 2 with any osteophyte, sclerosis, or cyst score of ≥ 1 on a lateral plain

view film. (30, 31) The inter-rater reliability weighted kappa for the KL grade at baseline

was 0.80.

Symptomatic knee OA

Symptomatic knee OA was defined by the presence of ROA and consistent frequent knee

pain in the same knee. Frequent knee pain was assessed at two time points by the following

the knee-specific question “During the past 30 days, have you had pain, aching, or stiffness

on most days?” Participants were asked this question at a telephone screen approximately

30-days before the 60-month clinic visit, and again during the clinic visit. Positive responses

to this question at both time points indicated the presence of consistent frequent knee pain.

We classified participants as having symptomatic knee OA based on the status of his/her

worst knee. For example, a person with symptomatic knee OA in one knee and frequent pain

only in the contralateral knee was classified as having symptomatic knee OA, whereas a

person with radiographic OA only in one knee and frequent knee pain only in the

contralateral knee was classified as not having symptomatic knee OA.

Potential Confounders

The following factors were considered as potential confounders (based on their association

with function and PA in previous studies (16, 32, 33)) and ascertained by interview,

questionnaire, and/or direct measurement as appropriate, at baseline: age, sex, race (Non-

White vs. White), education (<some college vs. ≥college), body mass index (BMI)

computed from standardized weight and height assessments classified into World Health

Organization categories (34), ROA, knee pain (0–100) from a Visual Analogue Scale (VAS)

of the average knee pain in the past 30 days, self-reported comorbidities based on the

modified Charlson comorbidity index (35) (≥1 vs. none), depressive symptoms measured

with the Center for Epidemiologic Studies Depression Scale (CES-D)(36) (≥ 16 vs. < 16),

and widespread pain (present vs. absent), as pain above and below the waist, pain on the

right and left sides of the body, and axial pain based upon a standard homunculus. (37)

Statistical Analysis

We computed means and standard deviations for continuous variables and proportions for

categorical variables to describe the study sample. To examine the association of steps/day

with the incidence of functional limitation at the two-year follow-up, we used regression

methods with a log-link function and robust standard errors to obtain risk ratios adjusted for

potential confounders including ROA and knee pain. (38) We included study participants

without functional limitation at baseline. For the performance-based measure of functional

limitation we included study participants with a gait speed > 1.0 m/s at baseline, and for the

self-reported measure of functional limitation we included those with WOMAC physical
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function < 28 (out of 68) at baseline. We did not adjust for baseline levels of gait speed or

WOMAC function since the bias introduced by such an adjustment may exceed the bias

eliminated. (39) Converted steps/day were used for all analyses.

Analyses were conducted separately for steps/day as a continuous measure with incident

function limitation, and as steps/day as a categorical measure based on Tudor-Locke and

Bassett’s 2004 pedometer-determined PA cut-points for healthy adults: < 5000 (sedentary),

5000 to 7499 (low active), and ≥ 7500 steps/day (somewhat to highly active). (40) We did

not include the ≥ 10,000 steps/day category as only 14% of our study participants had this

level of PA.

Next, we used separate logistic regression models to identify steps/day values protective

against the development of functional limitation. To identify a recommended amount of

ongoing daily walking, we used the Youden index to calculate the number of steps/day that

best distinguishes between subjects with and without incident functional limitation. (41)

This is the point on a Receiver Operating Characteristic (ROC) curve that is the maximum

distance from the chance line, or positive diagonal, i.e., is the farthest from chance. (41)

Sensitivity was calculated as the proportion of study participants whose steps/day count was

less than an identified threshold and who had incident functional limitation divided by all

who had incident functional limitation. Specificity refers to the proportion of study

participants whose steps/day was greater than an identified threshold and who did not

develop functional limitation divided by all who did not have incident functional limitation.

Next, to identify a minimum steps/day value that may be a reasonable first goal of PA, we

identified steps/day values on the ROC curve that corresponded to 80% and 95% specificity,

i.e., the proportion of people who walk above a given threshold of steps/day and did not

develop functional limitation. We calculated the area under the curve (AUC) in separate

models to assess the overall ability of steps/day to discriminate those with and without

incident functional limitation defined by performance and self-report measures, respectively.

(42) To specifically examine the effects of daily walking on incident functional limitation

among people with knee OA, we repeated all analyses by restricting our sample to those

with ROA (i.e., regardless of symptoms) followed by further restricting to those with

symptomatic knee OA to assess whether the effects differed by OA status.

RESULTS

The 2,330 MOST study participants attending the 60-month follow-up visit have been

described previously. (43) In brief, 16% (377) did not agree to wear the StepWatch monitor,

and 2% (58) had monitor malfunctions. Of the remaining 1,895 participants, 94% (1,788)

wore the monitor for necessary duration and therefore comprise the present study’s sample.

The average (sd) age of the study sample was 67.2 (7.7) years and the average BMI was

30.7 (6.0) kg/m2. A majority of the participants were women (60%) and white (90%). Table

1.

Of those without functional limitation at baseline, 8% (113/1381) and 4% (63/1422)

developed functional limitation defined by performance and self-report, respectively, at the
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two-year follow-up. Higher steps/day were associated with lower risk of incident functional

limitation. Table 2 Specifically, those who walked 5000 – 7499 steps/day had 0.50 and 0.51

times the adjusted risk by the performance-based and self-report measures, respectively,

compared with those walking < 5000 steps/day. Those who walked ≥ 7500 steps/day, had

0.31 and 0.41 times the risk by performance-based and self-report measures, respectively,

compared with those walking < 5000 steps/day. Each additional 1000 steps/day was

associated with a 16% and 18% reduction in incident functional limitation by the

performance-based and self-report measures, respectively.

The PA cut-point with the best balance of sensitivity and specificity for functional limitation

defined by performance was 6000 steps/day; for self-report it was 5900 steps/day. Figure 1

The sensitivity / specificity was 67.3% / 71.8% for performance, and 58.7% / 68.9% for self-

report. The PA cut-point for 80% specificity for functional limitation defined by

performance was 5300 steps/day. Among study participants who did not develop slow

walking at the two-year follow-up (< 1.0 m/s), 80% walked at least 5300 steps/day. The PA

cut-point for 80% specificity for functional limitation defined by self-report was 5100 steps/

day. For 95% specificity, the PA cut-point was 3700 for performance and 3250 for self-

report defined functional limitation. The AUC for steps/day associated with functional

limitation by performance and self-report was fair with values of 0.73 and 0.67, respectively.

ROA and Symptomatic knee OA

To determine whether the effects of daily walking on the incident functional limitation may

differ based upon the presence of ROA or symptomatic knee OA, we restricted our sample

to study participants with ROA (n=1003) followed by those with symptomatic knee OA

(n=390) to perform additional analyses. Subject characteristics of these samples are

described in Table 1. In general, those with ROA and those with symptomatic knee OA had

a higher BMI, less education, more knee pain, more comorbidity and depressive symptoms,

poorer physical function and fewer steps/day as compared with the entire study sample of

those with or at risk of knee OA. Functional limitation by performance-based and self-report

measures developed in a higher proportion of those with ROA (10% and 6%, respectively)

and symptomatic knee OA (13% and 10%, respectively) compared with the entire study

sample (8% and 4%, respectively).

In general, the protective effects of more steps/day were similar for those with ROA and

symptomatic knee OA as for the entire study sample, although the precision was somewhat

limited with functional limitation as measured by self-report for those with ROA and

symptomatic knee OA. Table 3. We also found similar PA cut-points and AUC values for

those with ROA and symptomatic knee OA as the entire study sample by both outcome

measures (performance-based and self-reported). Figure 1

DISCUSSION

In this large prospective cohort study of people with or at risk of knee OA, those who

walked more on a daily basis were less likely to develop functional limitation two years

later. Based on our data, we discerned preliminary values of PA associated with maintaining

physical functioning that may be considered as preliminary clinical recommendations for
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therapeutic PA targets for people with or at risk of knee OA. Specifically, walking ≥ 3000

steps/day may be an initial minimum daily walking goal to recommend as few people

meeting this benchmark developed functional limitation two years later. Increasing this

amount to walking ≥ 6000 steps/day may be an ideal amount on an ongoing basis as this

threshold best discriminated those who developed functional limitation from those who did

not. Further, we found that each additional 1000 steps/day study participants walked at

baseline was associated with 16% to 18% less risk of developing functional limitation two

years later. Lastly, the effects of walking on incidence of functional limitations were similar

regardless of presence of ROA or symptomatic knee OA, suggesting that all older adults

with or at risk of knee OA can be similarly counseled regarding targets for their daily

walking activity. In addition, the magnitudes of effect were similar between performance-

based and self-reported ascertainment of function, indicating that both metrics were

assessing similar constructs.

The threshold of ≥ 3000 steps/day as a minimum initial goal is consistent with previous

studies. Walking < 2500 steps/day fits within a ‘sedentary’ or ‘basal’ pedometer-determined

PA category for healthy adults between 18 and 65 years of age. (45) Further, Fisher et al.

reported walking < 2000 steps/day to be a strong predictor of 30-day readmission for older

adults hospitalized with an acute medical illness. (46) Our findings extend these previous

studies by providing empirical evidence that few people with or at risk of knee OA who

walked ≥ 3000 steps/day developed poor functioning two years later. Moreover, walking ≥

6000 steps/day as an ideal level of daily walking to ultimately adopt is also consistent with

previous studies. Healthy older adults typically walk 6000 – 8500 steps/day, which is in

contrast to people with a broad range of disabilities and chronic diseases, who walk 3500 –

5000 steps/day. (47) Additionally, walking ≥ 6000 steps/day fits within the ‘low active’

pedometer-determined PA category for healthy adults between 18 and 65 years of age, (40,

45) and is associated with a lower prevalence of adverse cardiometabolic health indicators.

(48) Thus, the thresholds for functional limitation noted in our study are consistent with the

findings for other clinical outcomes. Additionally, the benchmark of ≥ 6000 steps/day is a

more attainable goal for people with knee OA compared to the popular recommendation to

walk 10,000 steps/day. (40, 49) Walking 10,000 steps/day may be unrealistic for many

people with knee OA; <14% of our study sample met this threshold. Rather than promoting

potentially difficult-to-achieve walking activity goals that could further discourage people

with knee OA, our study results suggest that lower targets may still provide therapeutic

benefits.

In contrast to prior intervention studies assessing the effect of structured aerobic walking on

function, (7) our current study largely provides data on unstructured daily walking, i.e., non-

exercise steps that are not necessarily performed for a particular continuous duration, or at a

particular intensity. We have previously reported that around two-thirds of MOST study

participants did not have any sustained bouts of walking at moderate intensity for ≥ 10

minutes, (50) which would be expected if they were walking for exercise. Hence, our current

study adds to the existing exercise literature by demonstrating that non-exercise-related PA

through walking is associated with less risk of functional limitation two years later in knee

OA.
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Our findings of a dose-response relationship between PA and functional limitation is

consistent with the 2008 Physical Activity Guidelines for American’s message that “some is

good; more is better”. (44) This relationship has been shown in people with other

musculoskeletal conditions, such as low back pain. (51) However, the dose-response

relationship has not been widely studied in arthritis, except for one study with people with

radiographic knee OA. (52)

There are limitations to our study that should be acknowledged. First, our thresholds should

ideally be tested in clinical trials to truly determine effectiveness in reducing the risk of

functional limitation. However, the incidence of functional limitation was low in our sample,

between 4–13%, and studies of older men and women ≥ 70 years of age have reported

incidence rates of 7.1/100 person-years and 10.6/100 person-years, respectively. (53) Thus,

the necessary sample size and follow-up duration for a clinical trial may make it impractical

to properly test the effectiveness of these thresholds. Nonetheless, until such trials are done

(or in lieu of such trial data in the interim), these data at least provide guidance regarding

reasonable thresholds that are likely to have benefits on physical function. Second, our

findings should be interpreted carefully since different monitors and methods of estimating

pedometer steps have been previously employed across studies. We believe our pedometer-

step counts were a reasonable estimate since our average steps/day values were similar to

previously published pedometer-determined steps/day in comparable samples. (54) Third,

we did not examine the association of moderate intensity steps with our study outcomes, but

instead focused on total steps/day as a simple indicator of PA. Given the well-known health

benefits of moderate intensity PA with health outcomes, (44) it is possible that more time

walking at a higher intensity is associated with less functional limitation. However, an

approach focusing on total step counts is more clinically and practically relevant,

particularly to engage older adults in increasing their walking activity for health benefits.

Fourth, physical function can fluctuate over time dependent on underlying impairment, such

as knee pain. A limitation is that our outcome of incident functional limitation does not

discriminate between those who truly have a first instance of functional limitation at two

years from those who have fluctuating physical function over time. This is an inherent

challenge in any observational cohort study with fixed time-point visits; we have followed

the standard approach used to assess this type of outcome. Fifth, it is possible that

participants engaged in physical activity with no steps, such as cycling or swimming, or

minimal steps, such as gardening. However, MOST study participants were unlikely to

participate in these non-stepping activities with any regularity based upon data collected

about other physical activities. Study participants completed the Physical Activities Scale of

the Elderly at the MOST baseline visit five years earlier and only 9% of men and 7% of

women reported engaging in strenuous non-ambulatory activities ‘often’. Given that time

spent participating in physical activities decreases with age, (55) the prevalence of non-

ambulatory activities is likely to continue to be low at the 60-month visit.

Our study also has several strengths. First, we used a longitudinal study design to investigate

the association of steps/day with the development of functional limitation two years later,

which is an advance over previous cross-sectional studies. (56, 57) Second, our study

provides preliminary pedometer-equivalent step thresholds associated with the development
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of functional limitation in people with or at risk of knee OA; a paucity of studies currently

exist for what number of steps/day to recommend for this patient population.

CONCLUSIONS

In summary, we found a greater number of steps/day was increasingly protective against the

development of functional limitation, both measured by self-report and performance, in

people with or at high risk of knee OA. A starting goal may be to walk > 3000 steps/day, as

few study participants meeting this level of PA developed functional limitation. Ultimately,

walking ≥ 6000 steps/day may be the ideal goal, as this threshold best discriminating ability

to identify those who developed functional limitation. Clinicians and policy makers can

consider these goals as preliminary levels of physical activity to recommend to people with

or at high risk of knee OA. These steps/day thresholds merit further evaluation as improving

daily walking may be an inexpensive means of minimizing functional limitations in knee

OA.
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SIGNIFICANCE AND INNOVATION

• While physical activity through structured exercise may improve function, it is

not known whether daily walking is associated with lower risk of developing

functional limitation among people with or at risk of knee osteoarthritis (OA).

• Walking 1000 more steps/day was associated with 16% to 18% less risk of

developing functional limitation two years later.

• A starting goal for physical activity may be to walk ≥ 3000 steps/day and

progress to ultimately walking ≥ 6000 steps/day on an ongoing basis to reduce

the risk of developing functional limitation. These thresholds require testing in

clinical trials.
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Figure 1. Receiver operating characteristic curves of steps/day with incident functional
limitation by A) performance (slow gait speed) and B) self report (WOMAC physical function)
The Youden index represents the best combination of sensitivity and specificity by being the

point farthest away from chance. The area under the curve was 0.73 and 0.67 for

performance and self-report, respectively.
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Table 1

Characteristics of study participants

All Study
Participants
(N = 1788)

ROA*
(n=1003)

Symptomatic
OA†

(n=390)

Age [Mean (sd)] 67.2 (7.7) 67.8 (7.8) 66.9 (7.9)

Women [%] 59.8 59.3 63.6

BMI [kg/m] [Mean (sd)] 30.7 (6.0) 31.4 (6.2) 32.1 (6.7)

Education [% ≥ college] 46.9 44.4 41.5

Race [% white] 90.3 88.4 87.2

Knee pain (VAS: 0–100) [Mean (sd)] 18.8 (20.9) 22.8 (22.2) 36.9 (23.0)

Comorbidity [%] 40.8 43.0 45.9

Study Site [% Alabama] 38.0 38.1 39.0

Depressive Symptoms [% CES-D ≥16] 9.0 9.7 13.1

Gait speed at baseline [meters/second] [Mean (sd)] 1.22 (0.21) 1.19 (0.21) 1.16 (0.21)

WOMAC Physical Function at baseline [Mean (sd)] 11.8 (11.1) 14.2 (11.4) 21.9 (11.0)

Steps/day [Mean (sd)] 7073 (2912) 6823 (2868) 6476 (2613)

Abbreviations: MOST=Multicenter Osteoarthritis Study; BMI = Body Mass Index; VAS=Visual Analogue Scale; OA= Osteoarthritis; CES-D=
Center for Epidemiologic Studies Depression Scale; WOMAC = Western Ontario and McMasters Universities Osteoarthritis Index

*
Of those with ROA, 6% had patellofemoral OA, 61% had tibiofemoral OA, and the remainder had both patellofemoral and tibiofemoral OA.

†
Of those with symptomatic OA, 5% had patellofemoral OA, 54% had tibiofemoral OA, and the remainder had both patellofemoral and

tibiofemoral OA.
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Table 2

Risk Ratio (RR) of incident functional limitation at the two-year follow-up as measured by gait speed during

the 20-meter walk and WOMAC physical function among all study participants (n=1788).

Steps/day Baseline
[Mean (sd)]

Incident functional
limitation‡/Total

% Adj RR§ [95% CI]

Gait Speed (m/s)

< 5000 1.19 (0.13) 55/257 21.4 1.00 [Reference]

5000 – 7499 1.26 (0.16) 39/495 7.9 0.50 [0.33, 0.76]

≥ 7500 1.32 (0.17) 19/631 3.0 0.31 [0.18, 0.56]

Increase by 1000 steps/day 0.84 [0.76, 0.93]

WOMAC Physical Function (0–68)

< 5000 10.9 (8.6) 27/293 9.2 1.0 [Reference]

5000 – 7499 9.1 (7.9) 20/500 4.0 0.51 [0.29, 0.92]

≥ 7500 7.9 (7.6) 16/629 2.5 0.41 [0.20, 0.86]

Increase by 1000 steps/day 0.82 [0.72, 0.94]

‡
Incident functional limitation defined as gait speed < 1.0 m/s or WOMAC Physical Function > 28

§
Adjusted for age, sex, race, education, Body Mass Index, comorbidity, depressive symptoms, widespread pain, knee pain severity, radiographic

knee OA, and study site
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Table 3

Risk ratios (RR) of incident functional limitation among study participants with A) ROA (n=1003) and B)

Symptomatic ROA (n=390).

A

Steps/day Incident functional
limitation**/Total

% Adj RR†† [95% CI]

Functional Limitation measured by Performance (Slow Gait Speed)

< 5000 39/163 23.9 1.00 [Reference]

5000 – 7499 25/291 8.6 0.52 [0.32, 0.84]

≥ 7500 13/315 4.1 0.34 [0.18, 0.65]

Increase by 1000 steps/day 0.84 [0.75, 0.95]

Functional Limitation measured by Self-Report (WOMAC Physical Function)

< 5000 18/179 10.0 1.00 [Reference]

5000 – 7499 17/282 6.0 0.70 [0.37, 1.34]

≥ 7500 12/307 3.9 0.54 [0.22, 1.31]

Increase by 1000 steps/day 0.87 [0.75, 1.00]

B

Steps/day Incident functional
limitation1/Total

% Adj RR2 [95% CI]

Functional Limitation measured by Performance (Slow Gait Speed)

< 5000 17/62 27.4 1.00 [Reference]

5000 – 7499 15/119 12.6 0.57 [0.30, 1.09]

≥ 7500 5/107 4.7 0.26 [0.10, 0.70]

Increase by 1000 steps/day 0.80 [0.67, 0.95]

Functional Limitation measured by Self-Report (WOMAC Physical Function)

< 5000 8/52 15.4 1.00 [Reference]

5000 – 7499 10/97 10.3 0.95 [0.35, 2.59]

≥ 7500 7/91 7.7 0.80 [0.24, 2.71]

Increase by 1000 steps/day 0.97 [0.80, 1.18]

**
Incident functional limitation defined as gait speed < 1.0 m/s or WOMAC Physical Function > 28

††
Adjusted for age, sex, race, education, Body Mass Index, comorbidity, depressive symptoms, widespread pain, knee pain severity, radiographic

knee OA, and study site
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