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Long-distance running is a popular pastime and form of 
exercise, with more than 1.1 million marathon participants 
globally in 2018.5 The benefits of running and maintaining 

cardiovascular fitness are widely described, including for 
prevention of hypertension, obesity, type 2 diabetes, and mental 
illness.14,21,29,30 Although current dogma highlights arthritis as a 
potential adverse effect of long-term running, the cumulative effect 

of repetitive high-impact activities, such as long-distance running, 
has yet to be fully understood.26 If running does increase lifetime 
risk of developing hip or knee arthritis, then current 
recommendations to avoid these activities are warranted. 
However, previous studies found mixed results: some identify a 
higher prevalence of arthritis among long-distance runners, and 
other studies find that running may lower arthritis risk.3,15,19,20,28 
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These inconsistencies lead many runners to query their healthcare 
providers about the impact of running on their joint health.25

Previous studies investigating this relationship suffer from 2 
related problems: small cohort sizes and a focus on elite-level 
atheltes.2,20,27 The literature lacks data from the broader, general 
population of runners. In the absence of these data, healthcare 
providers are forced to rely on inapplicable and underpowered 
evidence when counseling casual runners about the role of 
running in developing arthritis. Whereas typically, casual 
runners would be difficult to identify, large-scale, publicly 
accessible marathons concentrate this population in a single 
venue. The present study addresses this gap in the literature by 
surveying a large, cross-sectional cohort of runners who 
participated in a large-city marathon in the United States. We 
hypothesized that the prevalence of osteoarthritis in runners is 
not associated with a person’s running-related history, including 
the number of marathons completed, cumulative years of 
running, average weekly mileage, and average running pace.

Methods
Participants

An electronic survey was distributed to participants registered 
for the 2019 or 2021 Bank of America Chicago Marathon (n = 
37,917) to collect information related to their hip and knee 
health and running history. By studying a large-city marathon, 
we hoped to capture a wide swath of runners, from beginners 
to high-volume marathon runners. The study was approved by 
the institutional review board at Northwestern University.

Questionnaire

The survey included 30 questions (Appendix) targeted at 
assessing demographic information, running history, and hip/
knee health, with portions of the survey utilizing questions 
previously used in a study evaluating hip/knee health in 
runners.20 Demographic information collected included age, sex, 
height, weight, country of? origin, and occupation. Running-
related history included number of years running, average 
weekly mileage over the past year, average running pace during 
training runs, number of marathons completed (including 
ultramarathons), and participation with cross-training (ie, 
swimming, biking, or weight training) or with other sporting 
activities. Questions targeting joint health inquired about the 
occurrence of hip or knee pain over the past year that 
prevented running, a history of hip or knee injuries that 
required a break in running, family history of hip and/or knee 
arthritis, and surgical procedures performed on the hip or knee. 
The prevalence of hip or knee arthritis was assessed by asking 
participants “Have you ever been diagnosed by a doctor with 
hip or knee arthritis (worn out cartilage)?” This question was 
used by a previous study investigating the prevalence of arthritis 
in runners.20 The authors designed the question based on 
epidemiological studies performed by the US National Center 
for Health Statistics targeted at assessing the prevalence of 
arthritis in the US population. Participants were also asked if a 

doctor had ever advised them to stop or reduce their running, 
whether they are still running at the time of questionnaire 
completion, and whether they plan to run another marathon.

Survey Administration

All potential participants were contacted by email for study 
recruitment, and responses were collected between November 1 
and December 31, 2021. Study data were collected and managed 
using REDCap electronic data capture tools hosted at 
Northwestern University.6,7 Participation was on a voluntary basis, 
and all participants completed an informed consent before 
starting the survey. Multiple languages were available for the 
survey, including English, Spanish, and Mandarin Chinese. No 
identifiable data were collected with the surveys, and responses 
were only identified by participant identification number. Surveys 
were included in the final analysis only if all questions were 
completed; no partially completed surveys were included.

Statistical Analysis

Continuous variables were compared using independent-samples 
t tests. Dichotomous variables were compared using either chi-
squared or Fisher exact tests depending on cell count. We 
estimated a unique multivariable logistic regression model for 
each of our outcomes of interest, hip and/or knee pain that 
prevented running and hip and/or knee arthritis. Multivariable 
analysis results are reported as odds ratios (ORs) with 95% CI. 
To address concerns for multiplate comparisons, a Bonferroni 
corrected a priori alpha level of 0.0042 was used to determine 
statistical significance. Analyses were performed by J.E.T. and 
M.J.H. using JMP Pro, Version 16.0, SAS Institute Inc, 1989-2021.

Results
Runner Demographics

Surveys were completed by 3804 participants. Surveys were 
partially completed by 187 participants; these were not included 
in the analysis. The average age was 43.9 years (range, 18-83 
years), 52.2% were male, and the mean body mass index (BMI) 
was 23.8 kg/m2 (range, 15.5-42.6 kg/m2). Participants had been 
running for a mean of 14.7 years (range, 1-67 years) and ran a 
mean of 27.9 miles per week (median, 25 miles/week; range, 
0-180 miles/week) at an average pace of 8 minutes and 52 
seconds per mile during their training runs (Table 1).

Marathons Completed

Participants completed an average of 9.5 marathons (median, 5 
marathons; range, 1-664 marathons) (Table 1), although most of 
the runners (54.4%, n = 2070) had completed ≤5 marathons 
(Figure 1). This marathon was the first marathon for 650  
(17.1%) participants and the >100th marathon for 25 (0.7%) 
participants.

Hip and Knee Health

Hip and/or knee pain that prevented running over the past year 
was reported by 36.4% (n = 1383) of participants, consisting of 
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52.6% knee pain (n = 728), 27.7% hip pain (n = 383), and 19.7% 
(n = 272) with both hip and knee pain. Hip and/or knee 
arthritis was reported by 7.3% (n = 277) of participants, 
consisting of 70.0% knee arthritis (n = 194), 20.2% hip arthritis 
(n = 56), and 9.7% hip and knee arthritis (n = 27). The 
prevalence of hip and/or knee arthritis stratified by age can be 
seen in Figure 2. The overall prevalence of arthritis by joint was 
5.1% for the knee, 1.5% for the hip, and 0.7% for both hip and 
knee arthritis. The average age at diagnosis was 44.2 years for 
knee, 46.9 years for hip, and 48.4 years for hip and knee 
arthritis. The prevalence of arthritis in those ≥65 years of age 
was 21.7% (34 of 157) and 6.7% (243 of 3647) for those <65 
years of age.

Overall, 26.1% (n = 993) of participants reported a family 
history of hip and/or knee arthritis and 49.7% (n = 1892) 
reported a history of hip and/or knee injuries that prevented 
them from running at any point their past. Most of the 
participants participated in some form of cross training (75.5%), 
and 38.6% noted participation in other sports activities.

A history of hip and/or knee surgery was reported by 10.9%  
(n = 413) of runners, with 89.6% being knee-related (370 of 413) 
and 10.4% being hip-related (43 of 413). The most common knee 
procedures included knee arthroscopy/meniscal surgery (66.8%), 
anterior cruciate ligament (ACL) reconstruction (13.0%), and a 
combination of ACL reconstruction and meniscal surgery (10.0%). 
The most common hip procedures included hip arthroscopy 
(51.2%) and hip fracture repair (14.0%). Seven patients reported 
knee arthroplasty and 8 patients reported hip arthroplasty. 
Additional reported procedures can be found in Table 2.

Risk Factors for Joint Pain and Arthritis

The multivariable analysis revealed multiple risk factors for pain 
and/or arthritis of the hip/knee (Table 3). A history of a hip/
knee injury that prevented running was a strong risk factor for 
both pain (OR, 3.30 [95% CI, 2.85-3.83]; P < 0.01) and arthritis 
(OR, 5.04 [95% CI, 3.45-7.34], P < 0.01). A history of hip/knee 
surgery was also a strong predictor for pain (OR, 1.50 [95% CI, 
1.20-1.87], P < 0.01) and arthritis (OR, 5.85 [95% CI, 4.33-7.92],  

P < 0.01). Age appeared to have an opposite effect on the rate 
of pain and arthritis (Figure 3a), as age, per year, reduced the 
odds of having pain (OR, 0.99 [95% CI, 0.98-0.99], P < 0.01) and 
increased the odds of having arthritis (OR, 1.08 [1.06-1.10], P < 
0.01). Sex was not a risk factor for arthritis, but female sex did 
increase the odds of hip/knee pain (OR, 1.43 [95% CI, 1.20-
1.70], P < 0.01). For hip/knee pain, increasing weekly mileage 
and number of completed marathons had a small but significant 
reduction in the odds of having hip/knee pain (OR, 0.99 [95% 
CI, 0.98-0.99], P < 0.01 for weekly mileage and OR, 0.99 [95% 
CI, 0.98-0.99], P < 0.01 for number of marathons) (Figure 3b). 
Additional risk factors for arthritis included a family history of 
hip/knee arthritis (OR, 3.47 [95% CI, 2.52-4.79], P < 0.01) and 
increasing BMI (OR, 1.10 [95% CI, 1.05-1.15], P < 0.01) (Figure 
3c). Notably, neither the number of marathons completed, 
running pace, weekly running mileage nor the reported number 
of years running were found to increase the risk of hip/knee 
arthritis (Table 3, Figure 3).

Healthcare Provider Advice

Nearly 1 in 4 runners (24.2%) were advised by their physician to 
either reduce the amount that they run or eliminate running all 
together, yet the majority of all participants in this study (94.2%) 
plan to run another marathon. A similar trend was seen in the 
subset of patients with arthritis. These runners were twice as 
likely (50.2%) to have had a physician advise them to reduce or 
limit their running, yet 91.4% of those with arthritis plan to run 
another marathon.

discussion

Using data from the largest cohort of runners to date, the 
present study found a low prevalence of arthritis (7.3%) among 

650

1420

785

574

299

51 25
0%

10%

20%

30%

40%

1 2-5 6-10 11-20 21-50 51-100 >100

Pe
rc

en
t o

f P
ar

�c
ip

an
ts

Number of Marathons Completed

Figure 1. Distribution of participants by number of 
marathons completed.

Hip and Knee Arthritis

Hip and knee arthritis

Figure 2. Overall prevalence of hip and/or knee arthritis by 
age.



Jul • Aug 2024Hartwell et al.

626

recreational marathon runners. Although the cumulative number 
of years running, the number of marathons completed, weekly 
running mileage, and running pace were not statistically 
significantly associated with a diagnosis of arthritis, many of the 
runners (24.2%) in this study who discussed running with their 
healthcare provider were suggested to either stop or reduce 
their amount of running. In keeping with our hypothesis, a 
history of hip and/or knee injuries that prevented running, 
previous surgery on the hip or knee, advanced age, family 
history, and BMI were significantly associated with a diagnosis 
of arthritis.20,29

Older age is widely accepted as a major contributor to the 
development of osteoarthritis,12,18 with cohort studies of the 
general population estimating that 26% of US adults ≥45 years 
of age have symptomatic hip or knee osteoarthritis.10,11 
Long-distance runners are not immune to the effect of age on 
the development of arthritis. Ponzio et al20 investigated the 
prevalence of hip and knee arthritis in high-volume marathon 
runners and identified a 24.5% prevalence in marathon runners 
≥65 years of age, compared with a prevalence of 8.9% in all 
runners. A history of hip and/or knee injuries and surgical 

procedures on the hip and/or knee were the strongest 
predictors of arthritis and pain in the current study.

Injuries alone can result in damage to the cartilaginous surface 
of the joint, or in altered joint biomechanics that may hasten 
joint degeneration. Surgical interventions for many injuries may 
help improve pain and restore function, but do not necessarily 
reduce the risk of joint degeneration. Meniscal surgery and ACL 
reconstructions were the surgeries most commonly reported in 
the current study and it is widely understood that whereas 
surgery can improve pain and function after these injuries, it 
does not reduce the risk for arthritis.1,4 Other predictors for 
arthritis found in the current study, BMI and family history, have 
similarly been found to increase the risk for arthritis in 
runners.20,29 In a survey study of runners, Williams29 identified a 
5.0% increased risk for hip osteoarthritis and 9.8% increased risk 
for hip replacement per kg/m2.

Importantly, we identified multiple variables associated with a 
person’s running history that did not have a statistically 
significant association with joint pain or arthritis. It seems 
intuitive that the cumulative number of years someone has been 
running, number of completed marathons, number of miles run 

Table 2. Surgical procedures reported by all runners

Body Region Condensed Procedure List No. Percent

Knee Knee arthroscopy/meniscal surgery 247 66.8

 ACLR 48 13.0

 ACLR, meniscal surgery 37 10.0

 Knee arthroplasty 7 1.9

 Patella tendon surgery/repair 6 1.6

 Proximal tibia fracture repair 4 1.1

 Multiligamentous knee injury repair 2 0.5

 Patellar instability surgery 2 0.5

 Cartilage repair of the knee 1 0.3

 Quad tendon surgery/repair 1 0.3

 Other - knee 15 4.0

Hip Hip arthroscopy 22 51.2

 Hip arthroplasty 8 18.6

 Hip fracture repair 6 14.0

 Hip dislocation 2 4.6

 Proximal hamstring injury repair 2 4.6

 Other - hip 3 7.0

ACLR, anterior cruciate ligament reconstruction.
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per week, or running pace should have a direct relationship with 
pain and arthritis, but this was not found in the current study. In 
a study of high-volume marathon runners who completed a 
mean of 76 marathons per runner, the number of marathons 
completed was not a significant risk factor for hip or knee 
arthritis.20 A systematic review and meta-analysis of running and 
knee osteoarthritis in fact found a history of running as 
providing a protective effect, with a >50% reduced risk for knee 
surgery due to osteoarthritis.27 Collectively, these studies, 
combined with results from the current study, suggest that 
running to some degree may likely be beneficial for joint health.

Several basic science and imaging-based studies have found 
evidence to support the positive impact of running on joint 
health. Hyldahl et al9 evaluated knee synovial fluid contents 
before and after runners completed a 30-minute run and 
compared the contents to knees that were unloaded for 30 
minutes. The authors found running decreases the concentration 
of intra-articular pro-inflammatory cytokines and aids in the 
movement of cartilage oligomeric matrix proteins from the joint 
space into the serum. Horga et al8 used high-resolution 
magnetic resonance imaging (MRI) to evaluate the knees of 
healthy middle-aged adults 6 months before and 2 weeks after 
running their first full-length marathon. MRI scans completed 
before training demonstrated signs of knee damage in the 
majority of subjects; however, after the marathon, there was a 

reduction in the radiological score of damage in the 
subchondral bone marrow of the tibia and the femur. There was 
an increase in damage to the lateral patella and soft tissue 
structures, including the semimembranosus tendon, iliotibial 
band, and prepatellar bursa. Additional basic science and 
imaging studies are needed to better understand how running 
and weightbearing exercises potentially improve the overall 
health of hip and knee joints.

A strength of the current study is the large sample size that 
represents a wide spectrum of long-distance runners, from 
beginners to high-volume marathon runners. The majority of the 
runners (67.1%) were beginners who had run ≤5 marathons, 
whereas on the experienced end of the spectrum there were 25 
runners who had run >100 marathons. Most of the studies to 
date investigating the role of running with arthritis were on 
small cohorts that focused on elite and high-volume marathon 
runners, limiting the applicability of the findings to patients 
most often encountered in the healthcare setting.2,13,16,20,23,24,28 
Despite clear evidence that running provides positive health 
benefits, and a growing body of evidence suggesting running 
does not hasten joint degeneration, many patients, with or 
without arthritis, are being advised by their physician to reduce 
their running or eliminate it from their routine altogether.

This study had several important limitations. First, the 
diagnosis of arthritis in this study was self-reported; therefore, 

Table 3. Multivariable logistic regression analysis of risk factors for hip and/or knee pain and arthritis

Paina Arthritisb

Risk Factor OR P value OR P value

History of hip/knee surgery 1.50 (1.20-1.87) <0.01* 5.85 (4.33-7.92) <0.01*

Age, per year 0.99 (0.98-0.99) <0.1* 1.08 (1.06-1.10) <0.01*

History of hip/knee injury that prevented running 3.30 (2.85-3.83) <0.01* 5.04 (3.45-7.34) <0.01*

Family history of hip/knee arthritis 1.16 (0.98-1.37) 0.12 3.47 (2.52-4.79) <0.01*

BMI, per kg/m2 1.02 (0.99-1.05) 0.05 1.10 (1.05-1.15) <0.01*

Pace for training runs, per minute/mile 1.04 (0.98-1.10) 0.19 0.88 (0.79-0.99) 0.03

Female sex, compared with men 1.43 (1.20-1.70) <0.01* 1.41 (0.99-2.01) 0.08

Participation in other sports 1.04 (0.90-1.21) 0.59 0.87 (0.64-1.17) 0.35

Weekly mileage, per mile 0.99 (0.98-0.99) <0.01* 0.99 (0.98-1.01) 0.36

No. of marathons, per marathon 0.99 (0.98-0.99) <0.01* 1.00 (0.99-1.01) 0.56

Duration of running, per year 1.00 (0.99-1.01) 0.64 1.00 (0.98-1.01) 0.66

Cross training 0.88 (0.74-1.04) 0.14 0.98 (0.69-1.40) 0.91

BMI, body mass index; OR, odds ratio.
aHistory of hip and/or knee pain within the past year that prevented running.
bHistory of hip and/or knee arthritis.
*Significant after Bonferroni correction (P < 0.01).
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the true incidence of arthritis in this population is unknown. 
The survey-based nature of this study prohibited the ability to 
perform clinical and radiographic evaluations of arthritis. The 
survey question used to query for the presence of arthritis was, 
however, designed based on questions used in epidemiological 
studies to survey the general public for arthritis. This has been 

validated as an effective means to inquire about arthritis via 
health surveys and has been used in previous studies evaluating 
the prevalence of arthritis in runners, which allows a basis for 
comparison of our results with those in the literature.17,20,22 
Second, we were unable to fully identify and account for the 
additional variables that are known to influence the 

No. of Marathons

Number of Marathons
a b

c d

e

Figure 3. Prevalence of hip and/or knee arthritis and pain by (a) age, (b) number of marathons completed, (c) BMI, (d) average pace 
during training runs, and (e) number of years running. BMI, body mass index.
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development of osteoarthritis, such as bone deformities, joint 
malalignment, trauma, genetics, or metabolic conditions that 
affect bone metabolism.12 In addition, we did not capture the 
full cohort of runners to whom this survey was distributed; 
therefore, the study cohort may not reflect the entire group of 
Chicago marathon runners. We did, however, collect information 
from a wide spectrum of runners representing beginners to 
high-volume marathon athletes.

conclusion

The present study found a low prevalence of self-reported hip 
and/or knee arthritis among recreational marathon runners and 
did not find a dose-response relationship between running 
history and risk of arthritis. These results stand in contrast to 
long-established dogma suggesting that running increases the 
risk of developing hip or knee arthritis. As a result, these 
findings can be used by healthcare providers across the care 
spectrum to inform discussions with patients about the risks and 
benefits of running and as a basis for re-examining existing 
guidelines around running and joint health.
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