1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Am J Med. Author manuscript; available in PMC 2019 September 30.

-, HHS Public Access
«

Published in final edited form as:
Am J Med. 2016 May ; 129(5): 497-505.e1. doi:10.1016/j.amjmed.2015.12.029.

Objectively Measured Physical Activity and Symptoms Change
in Knee Osteoarthritis

Shao-Hsien Liu, MPH?, Jeffrey B. Driban, PhD?, Charles B. Eaton, MD3, Timothy E.
McAlindon, MDZ?, Leslie R. Harrold, MD#, Kate L. Lapane, PhD®

LClinical and Population Health Research Program, Graduate School of Biomedical Sciences,
University of Massachusetts Medical School, Worcester, MA 01605

2Division of Rheumatology, Tufts Medical Center, Boston, MA 02111

3-Center for Primary Care and Prevention, Memorial Hospital of Rhode Island, Pawtucket, RI
02860 and Departments of Family Medicine and Epidemiology, Warren Alpert Medical School,
School of Public Health, Brown University, Providence, Rl 02912

4Departments of Medicine and Orthopedics, University of Massachusetts Medical School,
Worcester, MA 01655

5Division of Epidemiology of Chronic Diseases and Vulnerable Populations, Department of
Quantitative Health Sciences, University of Massachusetts Medical School, Worcester, MA 01605

Abstract

Purpose: To quantify the association between daily physical activity measured by accelerometer
and 1-year changes in symptoms among people with knee osteoarthritis.

Methods: Participants from the Osteoarthritis Initiative (OAI) had knee radiographs and physical
activity assessed using GT1M ActiGraph uniaxial accelerometers at the 48 months visit. Physical
activity was calculated and categorized as tertiles of average daily minutes in light and moderate-
to-vigorous activity. Outcomes were 1-year change in symptoms measured by Western Ontario
and McMaster Universities (WOMAC) scales including pain, stiffness, and physical function.
Adjusted multivariable linear models estimated the relationship between tertiles of light or
moderate-to-vigorous physical activity and changes in knee symptoms.

Results: Among 1,059 participants (55% women, mean age 66+9 years), greater time in light
activity was associated with a trend towards declined physical function (P= 0.01). Greater time in
daily moderate-to-vigorous activity was also associated with declined physical function (P = 0.01)
and increased pain (P = 0.08). None of these average changes in symptoms reached minimally
important clinical differences. However, greater daily time in both activities was associated with
higher probability of worsening symptoms among persons with K-L grade 4 osteoarthritis.
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Conclusion: Objectively measured daily activity was not associated with 1-year symptom
improvements among community dwelling adults with knee osteoarthritis. In those with advanced
disease (K-L grade 4), greater daily minutes in physical activity were associated with worsening
symptoms. How best to implement exercise regimens in persons with advanced knee osteoarthritis
to reduce the deleterious impact on symptoms needs to be explored.
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Introduction

Knee osteoarthritis is a leading cause of pain and functional limitations among older adults.
1.2 Although no effective remedy for osteoarthritis exists, the American College of
Rheumatology (ACR) and the US federal government recommend self-management
strategies such as regular physical activity.3# The beneficial effects of physical activity
among patients with osteoarthritis are generally supported through randomized clinical
trials.> These trials vary in duration, intensity, and type of interventions, have selective
populations such as milder conditions that received intense encouragement and monitoring,
and assess outcomes over short periods of time, all of which reduce generalizability to
activities of normal daily living.>6

The details related to different levels of intensity, type, and duration for daily physical
activity needed to improve symptoms and function among osteoarthritis populations are
limited and contradictory.”-9 Non-experimental studies examining the association between
physical activity and symptoms have been cross-sectional or have used self-reported
questionnaires to quantify activity.8:19-12 |_ongitudinal studies to quantify the impact of
varying levels of intensity with regard to activities of daily living on pain, stiffness, and
function in patients with knee osteoarthritis using objectively measured physical activity are
needed to understand what intensity of activities should be recommended in what types of
patients with osteoarthritis to improve symptoms.

The Osteoarthritis Initiative (OAI) data provide an opportunity to investigate the association
between physical activity on one-year changes in symptoms because it offers a subcohort
with objectively measured physical activity and comprehensive examinations of knee
symptoms. The current study will quantify the association of objectively measured physical
activity of daily living on changes in symptoms in persons with knee osteoarthritis and
evaluate the extent to which the observed association is similar across levels of disease
severity. We hypothesized that: 1) greater daily minutes of physical activity at baseline
would be associated with improved symptoms over a one-year period among knee
osteoarthritis patients; and 2) beneficial effects may not be observed across all levels of
disease severity.

METHODS

This study used publicly available data from the OAI.13 The University of Massachusetts
Institutional Review Board considered this study exempt.
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Design and Setting Overview

The OAI was a prospective study examining the development and progression of knee
osteoarthritis in adults aged 45-79 years at enrollment. The OAI enrolled 4,796 adults (2004
- 2006) with symptomatic osteoarthritis in at least one knee or at least one established risk
factors for knee osteoarthritis. Participants had annual follow-up examinations.
Accelerometer monitoring data were collected on a subcohort of participants at the 48 month
follow-up visit, considered the baseline assessment for this study (n=2,127; 78.4% of
eligible; Figure 1).

Study Participants

We identified 1,225 participants with radiographic knee osteoarthritis at baseline in at least
one knee (Kellgren-Lawrence (K-L) grade =2).14 To provide a sufficient estimation of
physical activity based on the accelerometer, 1,105 participants with 4-7 valid days (=10
wear hours per day) of physical activity monitoring data were included.1® After excluding
participants with missing outcome data (n=46), the final sample included 1,059 participants.

Patient-reported OsteoarthritisSymptoms

Participants completed the knee-specific Western Ontario and McMaster Universities
(WOMAC) Osteoarthritis Index (Version LK 3.1) at annual evaluations. The WOMAC
measured Pain (5 items), Stiffness (2 items), and Physical Function (17 items).16 Five Likert
responses, ranging from ‘0=none’ to ‘4=extreme’ were available for each item. Reponses to
items of dimensions in Pain, Stiffness, and Physical Function were summed to establish
subscale scores, with higher scores indicating worse symptoms of the knee or knee-related
function. If participants had radiographic osteoarthritis in both knees, the worst WOMAC
measurements were used. The primary outcome was the difference between 60 months
follow-up visit scores and 48 month visit scores for each subscale.

Measurements of Physical Activity

Physical activity was objectively measured using GT1M ActiGraph uniaxial accelerometers
at the 48 month visit. The accelerometer captures measurements of vertical acceleration and
deceleration and provides information on frequency, intensity, and duration of physical
activity.1” Detailed study protocol and measurements of physical activity are available
elsewhere. Except during water activities, participants wore accelerometers after arising in
the morning and until retiring at night for seven consecutive days.

The output of accelerometer data was generated analytically and categorized using validated
methods in patients with arthritis conditions.1>18 The accelerometer data measures physical
activity duration and intensity by capturing activity counts. Activity counts measured using
one-minute intervals were then used to differentiate overall physical activity levels: 1) light
physical activity (100 to 2,019 counts/min); and 2) moderate-to-vigorous activity (=2020
counts/min).1> Minutes attributed as “light physical activity” were summed up for each
dayand the daily mean was generated across all valid days. Then, an average daily minutes
was computed for light activity and participants were categorized into light activity tertiles.
This process was repeated for activity counts classified as moderate-to-vigourous activity.
For each type of activity count (light or moderate-to-vigorous), twho other metrics were
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used: 1) the weekly and daily duration of time in each activity level (minutes); 2) the
proportion of daily minutes of total wear time. Participants were considered to have met
2008 U.S. Department of Health and Human Services (DHHS) physical activity guidelines if
they had minutes in moderate-to-vigorous activity level for > 150 minutes per week.1®

Confounders

Sociodemographics, clinical characteristics of knee osteoarthritis, body mass index (BMI),
general health status, and health behaviors were considered as confounders,20-25
Sociodemographics including age at time of the 48 month visit and ethnicity, sex, education,
and income recorded at enrollment. Clinical characteristics included history of having a knee
injury or surgery, Kellgren and Lawrence (K-L) grade, and multi-joint symptoms of pain.26
BMI was calculated as weight (kg) divided by height (m?) and classified as normal weight
(18.5-24.9 kg/m?2), overweight ( 25.0-29.9 kg/m?2), or obese ( = 30 kg/m?).2” The 12-item
Short-Form Health Survey (SF-12) was used to evaluate general overall health.28 The
Charlson index was used for comorbid conditions. Depressive symptoms were present if
scores for Centers for Epidemiologic Studies Depression Scale (CES-D) were = 16. Health
behaviors included the report of smoking and drinking status.

Statistical Analyses

Descriptive characteristics by tertiles of average daily minutes in light physical activity were
calculated. The distributions of changes in WOMAC subscales (pain, stiffness, and function)
were visually inspected to rule out departures from normality. To examine the relationship
between physical activity and changes in osteoarthritis symptoms, separate models were
developed: 1) based on tertiles of in light activity; and 2) based on tertiles of average daily
minutes in moderate-to-vigorous physical activity. Linear trends across tertiles were
evaluated.

For each physical activity type (e.g. light or moderate-to-vigorous activity), we developed 3
models to examine the relationship between tertiles of physical activity and one-year change
in osteoarthritis symptoms (e.g. pain, stiffness, and physical function). Multivariable linear
models estimated the relationship between tertiles of light or moderate-to-vigorous physical
activity and changes in knee symptoms. Age and gender were included in all adjusted
models. Variables whose inclusion changed the physical activity regression coefficients by
>10% were retained.?® The beta coefficients and 95% confidence intervals (Cls) were
derived corresponding to each tertile compared to the tertile with lowest minutes of light or
moderate-to-vigorous activities. Positive beta coefficients corresponded to the absolute
increases (worsening) of pain, stiffness, and physical function. Negative beta coefficients
corresponded to the absolute decreases (improvement) of symptoms. We a priori defined
minimum clinically important differences (MCID) for WOMAC scores:3%:31 a change in
score ranging from 1.2 to 4.6 for pain, 0.5 to 1.5 for stiffness, and 4.1 to 9.9 for physical
function. The minimum cutpoints were used (e.g. 1.2 for pain, 0.5 for stiffness, and 4.1 for
function).

To further examine the nature of the relationship, stratified analyses were performed using
nonparametric logistic models. While we originally sought to focus on improved symptoms
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according to MCID thresholds, after evaluating the results from the aforementioned models,
we also developed models that estimated the predicted probabilities of worsened symptoms
according to MCID thresholds. For light activity, three models (pain, stiffness, and function)
were developed and stratified by the disease severity measured by K-L grades with a binary
outcome variables defined as one-year MCID for improving (yes/no). Three models were
also run with a binary outcome defined as one-year MCID for worsening symptoms. This
process was repeated using moderate-to-vigorous activity as the primary determinant of
interest. Parametric assumptions about the trend of physical activity were not applied.32 In
total, 12 models using the generalized additive models (PROC GAM) (SAS Institute, Cary,
NC) were created. Graphs depicting these associations were created for each symptom by
the level of physical activity with a 95% confidence band.

RESULTS

Table 1 shows the characteristics of participants with radiographic knee osteoarthritis
according to tertiles of daily minutes in light physical activity level based on the physical
activity level at the 48 months visit (low: <243 minutes/day; medium: 244— 305 minutes/
day; high: >305 minutes/day). Compared to the participants who spent the lowest tertile of
daily time in light activity, participants with higher daily minutes were more likely to be
younger and women and to have depression and higher SF-12 physical component summary
scores.

Table 2 shows characteristics of objectively measured physical activity and WOMAC scores
according to tertiles of light activity. Only 11.8% of all participants met the guidelines (data
not shown) and 9.2% in the lowest tertile of light activity and 13.2% in the highest met
guidelines. The tertiles of daily minutes in moderate-to-vigorous physical activity were:
lowest tertile: <5 minutes/day; middle tertile: 6 — 19 minutes/day; highest tertile: >19
minutes/day. Compared with those who spent the least daily time in light physical activity,
participants with higher daily minutes were more likely to have higher average daily and
weekly minutes in light or moderate-to-vigorous activity. On average, participants in the
highest tertile of light activity had nearly 10 minutes more per day in moderate-to-vigorous
activities and 170 minutes per day in light activities compare to the lowest tertile.

Using multivariable analyses (Table 3), participants reporting =305 minutes per day at
baseline assessment had 1-year declined physical function compared to those reporting the
least light activity (<243 minutes per day). The average worsening physical function scores
were 1.90 (adjusted B in tertile high; 95% CI: 0.42 to 3.38). Increasing tertile categories of
time spent was associated with worsening WOMAC physical function scores (P for trend =
0.01). For 1-year change in symptoms using tertiles of average daily minutes in moderate-to-
vigorous activity (Table 4), increasing tertile categories of time was associated with
worsening WOMAC pain (P for trend = 0.01) and physical function scores (p trend =0.02).
Compared to the lowest tertile of average daily minutes in moderate-to-vigorous physical
activity, the average worsening pain scores were 0.51 (adjusted p in tertile medium; 95% CI:
0.02 to 0.99) and 0.71 (adjusted B in tertile high; 95% CI: 0.18 to 1.23). Compared to the
lowest tertile of average daily minutes in moderate-to-vigorous physical activity, the average

Am J Med. Author manuscript; available in PMC 2019 September 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Liuetal.

Discussion

Page 6

worsening physical function scores were 1.83 (adjusted f in tertile medium; 95% CI: 0.32 to
3.34) and 2.07 (adjusted p in tertile high; 95% CI: 0.38 to 3.76).

Figure 2 shows the effect of physical activity was different according to the severity of
disease. Despite some fluctuations, a stronger trend relationship was found among persons
with K-L grade 4. The dose-response relationship suggested that increased daily minutes in
light or moderate-to-vigorous activities were associated with increased probabilities of
worsening symptoms, especially for participants with K-L grade 4. The relationship between
predicted probabilities of improved symptoms and daily activities was also explored
(Appendix Figure 1). The dose-response relationship was reverse which suggested that
increased daily minutes in light or moderate-to-vigorous activities were less likely to be
associated with the probabilities of improving symptoms among participants with K-L grade
4,

This 1-year longitudinal study used accelerometer data to examine the relationship between
objectively measured physical activity and knee symptoms among adults with
radiographically confirmed knee osteoarthritis. Our findings did not support our hypothesis
and the prevailing wisdom that greater time in daily physical activity would improve
symptoms in patients with osteoarthritis. We found a significant linear positive trend
between daily minutes spent in moderate-to-vigorous physical activity and increased knee
pain and declined physical function, but no change in stiffness. This is an important finding
since engaging in moderate-to-vigorous physical activity of 2150 minutes a week is
generally recommended by the 2008 DHHS physical activity guidelines to reduce pain and
improve function for people with osteoarthritis. Our results suggest that daily minutes in
light or moderate-to-vigorous physical activity may not be beneficial to improve the knee
symptoms over a year for individuals with advanced knee osteoarthritis. In those with K-L
grade 4, daily activity may be associated with worsening symptoms.

Our findings are consistent with a previous study using self-reported physical activity data
from OAI using advanced analytical methods,® but inconsistent with previous systematic
reviews and randomized controlled trials which reported that physical activities such as
strengthening and aerobic exercise help reduce pain and improve function among patients
with hip and knee osteoarthritis.>-33 The discrepancy might be because the improvement of
knee pain and function may result from the accumulation of regularly frequent exercise
rather than a sudden increase of intensity.34:35 Clinical trials usually include highly selective
populations (e.g. K-L grades 2-3°) and tend to use exercise programs that are more
structured, gradually progressive, under supervised, and focused on improving aerobic
capacity, quadriceps muscle strength, or lower extremity performance rather than activities
of normal daily living.>

In our study, participants spent over half the time in light activities (or less) for most of the
week and did not appear to meet guidelines under a regular pattern of higher level of
activities. Participants were from multiple geographic sites so that a broad spectrum of
radiographically confirmed knee osteoarthritis patients was included. Physical activity may
be helpful in reducing osteoarthritis symptoms, but only in those with habitually active or
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milder disease severity under supervised and structured exercise programs.33 Understanding
the relationship between objectively measured physical activity and changes in knee
symptoms among knee osteoarthritis patients for varying forms of physical activity as well
as for varying severity of osteoarthritis is warranted.

Meeting guidelines or regular exercise is considered to have many health benefits among
people with osteoarthritis,11:33:36 especially in reducing weight which is associated with
joint contact force and symptoms relief.37:38 Determining the optimal duration, types, and
adherence of physical activity in daily lifestyle activities among osteoarthritis populations is
important. Pain may act as a barrier for individuals with knee osteoarthritis to engage in
physical activity.3® A combination of treatment intervention and pain management may be
needed to help people with osteoarthritis better meet physical activity guidelines. Studies of
physical activity have primarily focused on time spent in moderate-to-vigorous activity,24
with few studies examining the potential health benefits of light activities compared to
sedentary lifestyles. Given that only 12% of participants in our study met the 2008 DHHS
physical activity guidelines, research may focus on other formats and levels of light
activities or effects of disruption and reducing time in sedentary lifestyle among knee
osteoarthritis populations.

The study strengths include the prospective study design, a large number of community-
dwelling adults with radiographically confirmed knee osteoarthritis, and the objectively
measured physical activity by accelerometer monitoring. Several limitations are
acknowledged. Estimates of effects from observational data cannot be interpreted as causal.
The OAI offers the ability to adjust for many potential confounders; however, residual
confounding cannot be ruled out. Misclassification of physical activity is possible, despite
the use of accelerometers. Physical activity was assessed at the 48 month visit and we
acknowledge that it may have changed over time. Accelerometers are not sensitive to detect
all activities (e.g. bicycling) and they cannot be used during water activities. Although
swimming is the fourth most common exercise activity in the U.S. general population and
aquatic exercise is encouraged in patients with osteoarthritis,*041 the extent to which study
participants engaged in these activities (and thus had their activity underestimated) is
unknown. Physical activity measured by accelerometers cannot tell if participants engage in
types of activities that are recommended by guidelines for persons with osteoarthritis, such
as low-impact activities and muscle strengthening exercises.

CONCLUSIONS

Greater time of daily physical activities was not associated with improving symptoms
among adults with radiographically confirmed knee osteoarthritis over one year. Among
persons with K-L grade 4, greater time in daily activities was associated with worsening
symptoms over 1 year. Given the overall health benefits of exercise to improve general
health and findings from the current study, recommendations for physical activity in
osteoarthritis33:36 should take stages of disease into account. How best to incorporate greater
intensity physical activity into daily practice without exacerbating knee osteoarthritis
symptoms is needed, especially for those with severe knee osteoarthritis. Our findings do not
support the adage “the motion is the lotion”.
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OAI participants: n=4.796

Eligible participants for
accelerometer monitoring
subcohort study: n=2,712

I

Not eligible (n=2,084):

(1) 1,543 had visit before the
start date of subcohort
study

(2) 541 did not return,
deceased or withdrew

Accelerometer subcohort study
participants:
n=2,127

Exclusions (n=585):
585 did not participate in
accelerometer subcohort study

Final study sample at 48
month visit:
n=1,059

Figure 1.
Flow of analytic sample of participants with accelerometer data through study follow-up.

Exclusions (n=1,068):

(1) 902 participants without
radiographic knee OA at 48
month visit

(2) 120 participants with
insufficient accelerometer
data
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Figure 2.
Associations between predicted probabilities of one-year worsening symptoms and daily

physical activity by Kellgren-Lawrence grades.

Predicted probabilities of one-year worsening symptoms were estimated using
nonparametric logistic models adjusted for covariates listed in Table 3 and Table 4. Solid
line represents estimated probabilities from nonparametric logistic models; shade areas
indicate 95% confidence bands for the estimates.
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