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Abstract

Introduction—Higher levels of moderate to vigorous physical activity improve all-cause 

mortality and cardiovascular events. However, the effect of running, a moderate to vigorous 

activity, in those with knee osteoarthritis (OA), a common arthritis that occurs with aging, a high 

risk group for mortality and cardiovascular events, is unclear. Therefore, we aimed to evaluate the 

association of self-selected running on OA symptom and structure progression in people with knee 

OA.

Methods—This nested cohort study within the Osteoarthritis Initiative (OAI) (2004–2014) 

included those over 50 years old with OA in at least one knee. Runners were defined using a self-

administered questionnaire at the 96-month visit. At baseline and 48-months, symptoms were 

assessed and radiographs were scored for Kellgren-Lawrence (KL) grade (2–4) and medial Joint 

Space Narrowing (JSN) score (0–3). We evaluated the association of self-selected running with 

outcomes: KL worsening, medial JSN worsening, new knee pain, and improved knee pain over 48 

months, adjusting for baseline age, sex, body mass index (BMI), KL score, contralateral KL score, 

contralateral knee pain, and injury. If data were not available at the 48 month visit, then they were 

imputed from the 36 month visit.

Results—1,203 participants had a mean age of 63.2 (7.9) years, BMI of 29.5 (4.6) kg/m2, 45.3% 

male, and 11.5% runners. Data from 8% of participants required imputation. Adjusted odds ratios 

for KL grade worsening and new frequent knee pain were 0.9 (0.6 – 1.3) and 0.9 (0.6 – 1.6) 

respectively. Adjusted odds ratio for frequent knee pain resolution was 1.7 (1.0 – 2.8).

Conclusions—Among individuals over 50 years old with knee OA, self-selected running is 

associated with improved knee pain and not with worsening knee pain or radiographically defined 

structural progression. Therefore, self-selected running, which is likely influenced by knee 

symptoms and may result in lower intensity and shorter duration sessions of exercise, need not be 

discouraged in people with knee OA.

Introduction

Aerobic physical activity, particularly moderate to vigorous intensity aerobic activity, has 

been recommended by the World Health Organization, for people of all ages [1] because 

there is clear evidence that moderate to vigorous intensity aerobic activity such as running 

improves overall mortality and cardiovascular events [2–4]. The groups at risk for these 

outcomes are the same as those for osteoarthritis (OA), the most common form of arthritis, 

with an age standardized global prevalence for symptomatic knee OA of 3.8% [5], 

contributing to more than 17.1 million years of life lived with disability annually [5]. Hence, 

many of the people who are recommended to participate in moderate to vigorous physical 

activity are also likely to have OA.

Running is a common activity included in the gamut of aerobic moderate to vigorous 

physical activity [6]. To our knowledge, the effect of running in those with knee OA has 

never been systematically addressed. Although there has been substantial effort made to 

determine whether running is harmful to a healthy knee joint [7–17], there has been little 

research focused on the effect of running to those with knee OA. Potential benefits of 

running in this population includes a lower body mass index (BMI), better proprioception 
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and greater strength. Alternatively, it is possible that running might be harmful to those with 

knee OA as they may be at greater risk for incurring damage from excess loading from 

running. The purpose of this study was to evaluate whether running is harmful in those with 

knee OA using data from the Osteoarthritis Initiative (OAI), a multi-center observational 

study.

Methods

Study Design

This is an observational nested cohort study within the OAI inclusive of the 4 clinical sites, 

Memorial Hospital of Rhode Island (Pawtucket, RI,) Ohio State University (Columbus, 

Ohio), University of Pittsburgh (Pittsburgh, PA), and University of Maryland / Johns 

Hopkins University (Baltimore, MD). We obtained institutional review board approval at 

Baylor College of Medicine and all clinical sites. Written informed consent was obtained 

from all participants.

All publicly available data were accessed from OAI website (http://oai.epi-ucsf.org/

datarelease/).

Study Timeline

The activity questionnaire was administered at the OAI 96 month visit, while the 

radiographs and knee pain questions were ascertained at the OAI baseline and 48 month 

visits.

Inclusion criteria

We included OAI participants who were ≥ 50 years old at OAI baseline, who had complete 

data on knee-specific pain and knee radiographs at the baseline and 36- or 48-month visits, 

and a modified version of the historical physical activity survey instrument at the 96-month 

visit. Participants were required to have radiographic OA (Kellgren-Lawrence (KL) grade ≥ 

2) in at least one native knee at the time of OAI enrollment. Those knees with total 

arthroplasty at OAI baseline were excluded.

Historical Physical Activity Survey Instrument

The modified version of the historical physical activity survey instrument [18] was 

distributed to the participants prior to their 96 month visit, returned between September 12, 

2012 and October 31, 2014. We adapted this questionnaire so that it could be administered 

as a take-home survey, similar to what has been done in the past by Chasan-Taber [19]. The 

questionnaire asked about 37 different leisure physical activities. One of these activities was 

“running or jogging”. The structure of the survey was that participants were asked to think 

about different age ranges in their life. During each age range, participants were asked to 

identify the top 3 activities they most frequently performed during each age range. For this 

study, we were interested in the age range of ≥ 50 years old. Participants who identified 

“running or jogging” as a top 3 most frequently performed physical activities was 

considered a runner. Participants were only asked to consider activities that were performed 

at least 10 times for at least 20 minutes each time. For each activity identified as a top 3 
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activity, the participants provided information on the number of years participated in the 

activity, months per year, and times per month. They were also asked whether they 

performed the activity on a competitive level.

Knee Radiographs

The largest number of funded radiographic readings with the longest follow-up occurred at 

the OAI baseline and 48-month visits. Thus we selected the baseline and 48-month follow 

up visits as the time points of interest for this study. If radiographs were missing from the 

48-month visit, we used radiographs from the 36-month visit instead. At these visits, weight-

bearing, posterior-anterior semi-flexed views of bilateral knees were obtained [20]. The 

radiographs were centrally scored [21] for KL grade (0–4) using the Osteoarthritis Research 

Society International Atlas [22], as well as for medial Joint Space Narrowing (JSN) OARSI 

grade (0–3). Only knees that had radiographic OA (KL grade ≥ 2) at the OAI baseline visit 

were included in this study. The reliability for these readings (read-reread) was good 

(weighted kappa for intra-rater reliability = 0.70 – 0.80 for KL grade and 0.74 – 0.75 for 

medial JSN) [21].

Knee Pain Assessment

At the OAI baseline and 48 month visits, participants were asked the following dichotomous 

questions to ascertain knee pain symptoms,: “During the last 12 months, have you had pain, 

aching, or stiffness in or around your right knee on most days for at least one month? By 

most days, we mean more than half the days of a month”[23]. The identical question was 

also asked regarding the left knee. If a response was missing from the 48 month visit, we 

used the response from the 36 month visit instead.

Total Knee Arthroplasty

A series of questions were administered to identify whether people had total knee 

replacements (TKRs) at the baseline, 12, 24, 36, and 48 month visits.

Covariates

Participants’ ages were calculated using their dates of birth as well as their baseline visit 

dates. BMI was calculated using weight and height measured at the baseline visit. 

Participants’ sex was self-reported. Participants were questioned about any history of knee 

injury during the prior year at the 12, 24, 36, and 48 month visits. Participants were asked 

about “injuries in the knee that limited ability to walk for at least two days.”[24] If an injury 

was reported at any of these visits, they were viewed as having an injury during the follow 

up of the first 48 months of the OAI. We only included injury that occurred during OAI 

follow up as a covariate because we were interested in controlling for injury that would have 

occurred after developing OA, not injury that would have occurred prior to the development 

of OA.

Outcome Definitions

We defined KL worsening as an increase in KL grade or receipt of a TKR between the 

baseline and 48 month visits. Medial JSN worsening was an increase in medial JSN score, 
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including within OARSI grade worsening or receipt of a TKR between the baseline and 48 

month visits. We chose to evaluate medial JSN worsening as most of the loading within the 

knee passes through the medial tibiofemoral compartment. New knee pain was defined as a 

knee transitioning from not having frequent knee pain at baseline to having had frequent 

knee pain at the 48 month visit or receipt of a TKR by the 48-month visit. Improved knee 

pain was defined as transitioning from baseline frequent knee pain to not having frequent 

knee pain.

Statistical Analysis

We performed knee-based logistic regression analyses, using generalized estimating 

equations to account for correlation between knees within a person, where the predictor was 

running during the age range of ≥ 50 years old. The outcomes were (1) new knee pain, (2) 

KL worsening, (3) medial JSN worsening, and (4) improving knee pain; adjusted analyses 

included covariates baseline age, sex, BMI, KL score, contralateral KL score, contralateral 

knee pain, and injury over the observation period. We adjusted for contralateral KL score 

because the grade of OA severity in one knee may influence the contralateral knee through 

off-loading to the opposite knee or OA severity in one knee may lead to OA in the other 

knee. Injury was included as a covariate for as it may accelerate OA worsening, and runners 

may have more knee injuries. Those who already had the pain outcomes were excluded from 

those respective analyses; for new knee pain, we excluded those who already reported 

frequent knee pain at baseline, for resolution of knee pain, we excluded those who did not 

report frequent knee pain at baseline. For structural outcomes of KL worsening and medial 

JSN worsening that were at the extremes of those variables, receipt of a TKR was 

considered progression of the outcome.

Sensitivity analyses—We performed three sensitivity analyses. First, because a higher 

percentage of men comprised the runners compared to the non-runners, the second set of 

sensitivity analyses were restricted to men only. There were insufficient numbers to run 

analyses on women only. Second, we excluded all people who required radiograph and pain 

scores imputation from the 36-month visit. And finally, we restricted the analyses to 

participants who were ages 50–55 years at baseline, to increase the likelihood that the 

exposure of running occurred after an established diagnosis of OA.

We tested for interactions of running with injury during the observation period, baseline KL 

score, and baseline BMI.

We used SAS version 9.4 to perform all analyses.

Results

In figure 1, we present the flow diagram for the participants who completed the historical 

physical activity survey instrument. In figure 2, we present the flow diagram picking up 

from figure 1 who were included in each of the logistic regression analyses. For the KL 

grade and JSN worsening analyses, all participants in the study are eligible for analyses. 

When evaluating the new knee pain or less knee pain analyses, 1132 knees were eligible for 

new knee pain while 676 were eligible for less knee pain (figure 2).
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Of the 1,203 participants included in these analysis, 138 (11.5%) were runners. These 

participants contributed 1808 knees with OA, 205 were from runners and 1603 were from 

non-runners (table 1).

Some data were imputed within the overall sample. From 101 participants (of the 1,203 

included in the study), 151 knees (of the 1808 included in the study) had radiograph follow 

up readings that were imputed from the 36 month visit readings to the 48 month readings. 2 

follow up knee pain responses from 2 people were imputed from the 36 month visit 

responses to the 48 month responses. In total, data from 8% of the overall sample required 

imputation.

Baseline characteristics stratified by runner status are shown in Table 1. The mean age and 

BMI of all participants were 63.2 (7.9) years and 29.5 (4.6) kg/m2, with 45.3% male (table 

1). Notably, 69.6% of runners were male, much higher than in the 42.2% in non-runners 

group, otherwise, the runners and non-runners were similar. From lowest to highest BMI 

tertile, 15.2%, 11.2%, and 8.1% were runners. The participants and knees that had follow up 

radiograph results imputed from the 36-month visit were similar to the overall participants 

though there were more knees with baseline KL grade 3 and who had some medial JSN 

(Table 1). Of participants who were identified as runners at age 50 years old or later, 74.6% 

ran for 6 or more years and 92.7% ran 5–12 months per year, 88.4% of runners ran more 

than 4 times per month, and 13.0% (18/138) participated in running competitively (table 2). 

The people who ran competitively, were similar to the broader running group, except that 

they had a lower BMI of 26.8 kg/m2 and the overall OA severity was somewhat higher with 

KL grades 2, 3 and 4 in this group being 44.8% (13/29), 37.9% (11/29) and 17.2% (5/29) 

respectively.

Compared to non-runners, runners did not have increased odds for KL worsening, medial 

JSN worsening, or new knee pain (table 3). Results were unchanged when adjusting for age, 

sex, BMI, injury, ipsilateral KL score, contralateral KL score, and contralateral frequent 

knee pain (table 3). Adjusted odds ratios for worsening of KL grade and new frequent knee 

pain were 0.9 (0.6 – 1.3) and 0.9 (0.6 – 1.6) respectively. Adjusted odds ratio for resolution 

of frequent knee pain was 1.7 (1.0 – 2.8). Those who had resolution of frequent knee pain 

did not have statistically significantly different change in BMI between the baseline and 

follow up visit compared to those who did not (−0.01 v 0.01 kg/m2, p=0.8).

The sensitivity analyses including men only and then only participants without imputed 

radiographic and symptom data only were similar to that of the main analyses. The 

sensitivity analyses including only participants ages 50–55 years at the time of enrollment 

into the OAI also resulted in similar findings to that seen in the whole group, though the 

number of events that occurred in these groups were too small to allow calculation of odds 

ratios (not shown).

For all four outcomes, KL worsening, medial JSN worsening, new frequent knee pain, and 

improvement in knee pain, there were no significant interactions between running and injury 

during the observation period, baseline KL score, and baseline BMI.
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Discussion

This is the first study to our knowledge that has evaluated the effect of running on those with 

established knee OA. Contrary to what we expected, we found little evidence to suggest that 

running is harmful in this cohort, the OAI, an observational study not selected based on 

running status. Among individuals over 50 years of age with knee OA, running was not 

associated with longitudinal worsening knee pain or radiographically defined structural 

progression. Additionally, runners also had more improvement in knee pain compared to 

non-runners, suggesting that there may be a benefit to running from a knee health 

perspective in people who have knee OA.

Although we posited that it was possible that running might be harmful to those with knee 

OA as they may be at greater risk for incurring damage from excess loading from running, 

our findings did not support this possibility. We found that BMI was not different among 

runners compared to non-runners so this is not likely an important mediator of the possible 

benefits of running. Muscle strength is a complicated construct and there has been extensive 

data collected regarding this construct on OAI participants. Future study of a possible 

relationship between running and muscle strength may provide important insights into the 

merits of running. Perhaps running results in greater muscle strength that may lessen the 

impact felt by the knee from the ground reaction force that occurs in running. An additional 

possible reason for pain reduction in physically active individuals might also be resultant 

from the effect of muscle stimulation itself independent of muscle strength, similar in 

concept to the observed analgesic effect of electric stimulation in chronic pain syndromes 

[25, 26]. This may be particular pertinent given the recent evidence for a potential role of 

central sensitization in those with knee OA [27]. Additionally, proprioreception could be 

better among runners compared to non-runners with the idea that those who run may 

condition their sense of proprioreception and those with better proprioreception may then be 

better able to mitigate the stress that can occur within a knee that is participating in running. 

There were no measures of proprioreception within the OAI, but this could be of great 

interest for future studies of running as it relates to OA. Interestingly, the distribution of 

radiographic severity between runners and non-runners was very similar so it does not 

appear that there was not a selection bias for those with less severe knee OA to participate in 

running. There is an inherent likelihood that those who had knee pain with running were 

unlikely to run. Perhaps this is a protective mechanism, discouraging an activity that might 

be harmful to the knee. In this study, runners were self-selected. People ran voluntarily, not 

because it was mandated. Consequently, we can only evaluate the associations of self-

selected running with knee outcomes and understand that we are unable to comment about 

the effect of mandated running on those with knee OA.

As in the National Health and Nutrition Examination Survey 1999–2006, a community 

based survey in the US [6], in our study a larger percentage of runners were males compared 

to non-runners. Although we adjusted for sex in our analyses, with such a large proportion 

of males in the runners group, it could be that this finding of running not being harmful 

might only apply to males. Sensitivity analyses confirmed the validity of these findings in 

men. Thus, the external validity of these findings may be more applicable to males. An effort 
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should be made to replicate the findings in this study in a cohort that includes more female 

runners.

A strength of this study was the fact that it was performed within the OAI cohort, a well 

characterized cohort followed over several years. Standardized questionnaires were used to 

assess for symptoms and standardized, high quality radiographs were acquired at all clinical 

sites and centrally read.

There were some important limitations to our study. One is that running status was 

retrospectively assessed using a survey administered at the OAI 96-month visit. This time 

point occurred after all the outcome assessments due to the complicated logistics of 

including a new questionnaire into an existing longitudinal cohort. Additionally, we were not 

able to assure that knee OA pre-dated the running exposure because of the nature of the 

questions used to ascertain running status. Specifically, the survey instrument asked 

participants to consider physical activity when they were an age greater than or equal to 50 

years old. The uncertainty arises in the following situation: if a participant’s OAI enrollment 

was age 70 (the time point when ROA was ascertained) and he only ran from ages 55 – 60 

years old. Although the participant would answer affirmative to the fact that he ran at age ≥ 

50 years old, the exposure would not have occurred after the confirmed diagnosis of ROA. 

To address this potential circumstance, we performed sensitivity analyses restricting the 

sample to only participants who were age 50 – 55 at the time of OAI enrollment. In this 

group of participants, we would have a much higher level of certainty that a diagnosis of OA 

predated the exposure of running. These analyses showed similar results to the main cohort.

Although ascertainment of running status in this study was not ideal, the participants were 

not aware of their radiographic OA status at the time that they completed the questionnaires 

nor were they aware of the specific hypotheses we planned on testing which would hopefully 

have reduced the risk for recall bias. Despite the imperfect manner in which running was 

assessed in our study, of those who were classified as runners in our study, most ran for 

more than 6 years, for more than half the months of a year and at least 4 times a month 

(table 2). We do know that 13% of the runners considered themselves to be competitive 

runners, but beyond that, we do not have information on running intensity, including running 

speed and distance. Therefore, we do not know if people mostly participated in gentle jogs, 

long distance marathons, sprints, or a combination of these. We also are unable to ascertain 

whether people stopped and started running over the observation period. Additional 

questions providing added dimensions about running would be of interest in future studies 

evaluating the influence of running on symptoms and structure progression in those with 

knee OA. We did find that the percentage of runners was highest in the lowest BMI tertile, 

adding construct validity to the definition of running used in this study. Although we were 

interested in testing whether there was a dose response of running exposure to the outcomes 

of interest, we were unable to run these analyses because the number of events in the 

running group was limited. Replication of our findings in a study that collected data on 

running in a prospective manner would be optimal. Also, readings of magnetic resonance 

imaging that have already been acquired as part of the OAI, will also likely be informative, 

including evaluation of soft tissue structures around the knee that also may have the potential 

to cause pain. Future evaluation of findings that may result from biomechanical differences, 
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including differences that might be seen at the tibial spine and bony attrition, among those 

with knee OA who run and do not run may also prove to be informative. Such studies will 

require substantially more time and resources.

Existing literature to date on running and OA has focused on people who were free of OA at 

the beginning of the study [11–15, 28, 29]. Although our study does have limitations, it is 

unique in that we have focused on people who have established radiographic evidence of OA 

in at least one knee. Our study provides the first evidence to guide recommendations 

regarding whether people who have knee OA should be advised to run or not. This is 

particularly important given the broad recommendations by the World Health Organization, 

for people of all ages to participate in regular physical activity given the known 

cardiovascular and mortality benefits [1]. While we do feel that replication of our findings in 

other cohorts is important, our study is reassuring because among those who had knee OA 

who choose to run, running did not appear to be harmful. In fact, there was a beneficial 

effect of decreased pain symptoms in runners with knee osteoarthritis.

As mentioned previously, in this study, people ran voluntarily, not because it was mandated, 

important for interpretation of findings from our study. In conclusion, self-selected running, 

which is likely influenced by knee symptoms and may result in lower intensity and shorter 

duration sessions of exercise, need not be discouraged in people with knee OA. Future 

prospective studies of people with established knee OA participating in running, that request 

greater detail regarding duration and intensity of running, are warranted to replicate our 

findings.
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Figure 1. 
Flow diagram illustrating the selection of 1,203 participants who completed the historical 

physical activity survey instrument and had evidence of knee OA in at least one knee.
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Figure 2. 
Flow diagram illustrating which of the 1,203 participants (contributing 1808 knees) from 

figure 2 were assessed for the outcomes of interest including KL worsening, medial JSN 

worsening, new knee pain, and less knee pain.
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Table 1

Baseline Characteristics of the whole cohort, runners, non-runners, and those who had imputed follow up 

radiographs.

Participant Characteristics
All Participants (n = 

1203) Runners (n =138)
Non-Runners (n = 

1065)

Imputed Follow up 
Radiographs (n = 

101)

Age (years) 63.2 (7.9) 62.9 (7.3) 63.2 (8.0) 63.5 (7.7)

Sex (% Male) 45.3% 69.6% 42.2% 38.6%

BMI (kg/m2) 29.5 (4.6) 28.4 (4.0) 29.6 (4.7) 29.8 (5.0)

Knee Based Characteristics (n=1808 knees) (n=205 knees) (n=1603 knees) (n=151 knees)

KL Grade

 2 63.8% 61.5% 64.1% 55.0%

 3 29.3% 29.3% 29.3% 40.4%

 4 7.0% 9.3% 6.7% 4.6%

Medial JSN

 0 35.3% 33.7% 35.5% 25.8%

 1 35.8% 35.1% 35.9% 36.4%

 2 24.2% 25.4% 24.0% 34.4%

 3 4.7% 5.9% 4.6% 3.3%

TKR by the 48 month visit 4.3% 3.9% 4.3% N/A

Injury that occurred between baseline 
to the 48 month visit during the OAI

11.1% 10.3% 11.2% 11.3%
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Table 2

Self-reported Duration, Frequency of Running, and Participation on a Competitive Level Prevalences Among 

the Runners

Number of Years Prevalence (%)

1–5 25.4%

6–10 33.3%

11–20 23.2%

>20 18.1%

Months Per Year

1–4 7.3%

5–8 30.4%

9–12 62.3%

Times Per Month

1–3 11.6%

4–8 30.4%

>9 58.0%

Participated Competitively in Running 13.0%
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Table 3

Results from logistic regression analyses where runner status is the predictor and the longitudinal outcomes 

are KL worsening, medial JSN worsening, new frequent knee pain and improvement of frequent knee pain.

Prevalence of Outcome Unadjusted Odds Ratios Adjusted Odds Ratios*

KL Worsening

Non-Runners 307/1603 (19.2%) Referent Referent

Runners 32/205 (15.6%) 0.8 (0.5 – 1.2) 0.9 (0.6 – 1.3)

Medial JSN Worsening

Non-Runners 378/1603 (23.6%) Referent Referent

Runners 40/205(19.5%) 0.8 (0.5 – 1.2) 0.8 (0.5 – 1.2)

New Frequent Knee Pain

Non-Runners 293/1009 (29.0%) Referent Referent

Runners 33/123 (26.8%) 0.8 (0.5 – 1.3) 0.9 (0.6 – 1.6)

Improvement of Frequent Knee Pain

Non-Runners 232/594 (39.1%) Referent Referent

Runners 41/82 (50.0%) 1.6 (1.0 – 2.6) 1.7 (1.0 – 2.8)

*
adjusted for age, sex, BMI, injury, ipsilateral baseline KL score, contralateral baseline KL score, and contralateral frequent knee pain
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