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Abstract

Objective—To compare objectively-measured physical activity (PA) in older adults with
symptomatic knee osteoarthritis (SxOA) with similarly aged adults without osteoarthritis (OA) or
knee symptoms from the general population.

Methods—We included people age 50-85 years with SXOA from the Osteoarthritis Initiative
(OA, n=491), and people age 50-85 years from the general population from the National Health
and Nutrition Examination Survey (NHANES, n=449). A uniaxial accelerometer was worn for
>10 hours/day for 24 days in the NHANES in 2003-2004 (Actigraph 7124) and in the OAI in
2008-2010 (Actigraph GT1M). We calculated time spent in moderate-vigorous PA (MVPA in
minutes/day) and described differences in MVPA and demographic variables between the samples.
We conducted matched-pairs sensitivity analyses to further evaluate the role of potential
confounders.

Results—Both cohorts had similarly low levels of PA in age and sex specific strata. Time in
MVPA ranged from a median of 1 to 22 minutes/day in people with SxOA, and from 1 to 24
minutes/day in the general population without OA or knee pain. These results were similar in
sensitivity analyses.

Conclusion—Time spent in MVPA was similarly low in those with SxOA as in older adults
without knee pain or OA.

INTRODUCTION

Conventional wisdom suggests that persistent knee pain, a hallmark symptom of knee
osteoarthritis (OA), hinders participation in physical activity (PA). Indeed, people with knee
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OA perceive pain as a barrier to being active[1], and they self-report participating in less PA
than healthy adults [2-6]. Yet, more recent research using objectively-measured PA shows
mixed results, and challenges the notion that people with knee OA are less physically active
than the general population [7, 8].

Physical activity monitors (i.e. pedometers, accelerometers) provide objective, valid, and
reliable measurement of physical activity frequency, intensity, and duration [9], allowing
researchers to more precisely estimate PA relative to self-report questionnaires [10]. Using
these more precise tools, it remains unclear how the PA levels of people with knee PA
compare to the general population. Small studies have directly compared PA in people with
knee OA and healthy controls using objective measures [11-13]. Synthesizing these studies,
Wallis et al.[14] estimated that people with knee OA are 75% as active as healthy controls.
On the other hand, most studies objectively measuring PA in large populations of people
with knee OA have not directly compared to a general population or healthy control. Rather,
these studies [5, 7, 8] have discussed their results relative to published epidemiological
studies of people from the general population that reported PA levels and the prevalence of
meeting national guidelines for aerobic PA [10, 15]. In contrast to the smaller studies with
direct comparisons, the population-based studies concluded that the prevalence of meeting
national PA guidelines for aerobic activity among people with knee OA was low (6-30%) [5,
7, 8], but similar to estimates in the general population (2-10%) [5, 7, 8, 10, 14, 15].

Larger datasets and intentionally-defined groups will allow us to more confidently
understand if people with symptomatic knee OA (SxOA) are less active than people without
knee OA or knee symptoms from the general population. Such an investigation is important
since it is commonly perceived that knee OA is a barrier to PA [1]. Moreover, investigating
PA is important since inactivity is a global pandemic that contributes to the incidence and
progression of many chronic diseases including cardiovascular disease[16—19], diabetes[17-
19], and cancer[19, 20], and consequently is responsible for over 5.3 million deaths yearly
[21].

The purpose of this study was to compare objectively-measured moderate-vigorous PA
(MVPA) in older adults with SXOA with similarly aged adults without knee symptoms or
self-reported OA from the general population in the United States (US). We hypothesized
that those with symptomatic knee OA spend less time in MVPA than adults without knee
symptoms or self-reported OA. We focused specifically on MVPA since it is the
recommended intensity to meet national PA guidelines for aerobic activity[22].

PATIENTS AND METHODS

Sample

Older adults with SXOA (n= 491) from the Osteoarthritis Initiative (OAI)—We
used data from the OAI to describe PA in people with SXOA. The OAl is a large multi-center
prospective cohort study of individuals with or at risk for knee OA in the US. From 2008—
2010, objective PA data were collected in a subset of individuals in the OAI in conjunction
with the 4 year follow-up (from time of enrollment). Of this subset, we included people age
50-85 years who participated in the accelerometer study and provided at least 4 valid days
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of data. We excluded people without radiographic OA (Kellgren-Lawrence (KL) grade <2)
or no knee pain, aching, or stiffness on most days of a month during the previous year. We
excluded people with asymptomatic radiographic knee OA because the symptoms associated
with OA are generally expected to be the limiting factor for PA participation [1]. This
resulted in a sample of adults with SXOA (Figure 1), defined as Kellgren—Lawrence grade >
2 and the presence of knee pain, aching, or stiffness on most days of a month during the
previous year.

General population of older adults (n=449) from the National Health and
Nutrition Examination Survey (NHANES)—We used data from the NHANES to
represent PA in the general population. NHANES has been administering series of surveys
regarding health and nutrition in a nationally representative sample of non-institutionalized
people across the country since 1999. In the 2003-2004 and 2005-2006 NHANES cycles,
objective PA data were collected with accelerometers in a subset of the sample. We used
data from the 2003-2004 cycle because this cycle additionally included questions related to
arthritis and joint pain. We included participants age 50-85 years who participated in the
accelerometer study and provided at least 4 valid days of data (defined in data analysis).
Participants from the NHANES were excluded if they self-reported OA or knee symptoms.
Specifically, people with OA were identified as those who answered yes to the question
“Has a doctor or other health professional ever told you that you had arthritis?” and
indicated “osteoarthritis” as the type. Participants with knee symptoms were identified as
those who pointed to the right or left knee during a personal interview asking which joints
had pain, aching, stiffness, or swelling in the previous 12 months.

Data collection

Demographics—Demographic variables were collected with questionnaires and during
examinations in both cohort studies. Age was recorded. Height was measured with a
stadiometer. Weight was measured with a balance beam scale in the OAI and a digital scale
in the NHANES. Body mass index (BMI, kg/m?2) was calculated from height and weight.
Race (white, black, other), education level (less than high school, high school graduate,
some college, at least college graduate), marital status (married, not married), income level
(<$25k, >$25k), and presence of comorbidity (with at least 1 comorbidity, none) were
described as proportions within concordant response categories between the OAI and the
NHANES questionnaires. Presence of comorbidity was defined as people who reported
history of or current heart attack, heart failure, stroke, emphysema, chronic bronchitis,
chronic obstructive pulmonary disease, or asthma, as these cardiopulmonary pathologies
potentially restrict participation in PA.

PA assessment—PA was measured in the NHANES and the OAI with an Actigraph
uniaxial accelerometer. The participants were instructed to wear the Actigraph at the right
hip during waking hours for 7 consecutive days. The NHANES used the Actigraph 7164,
whereas the OAI used the Actigraph GT1M. In a direct comparison of these models during
self-paced walking, Kozey et al. observed that time spent in higher activity intensity
categories (ie. MVPA) and medium-speed walking were not different between models [23].
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Since our analysis was limited to higher intensity activity (i.e. MPVA), potential bias due to
different Actigraph models was minimized.

Other Lower Quarter Pain—~Pain in the lower quarter (LQ pain) other than the knee may
also limit PA. To adjust for the existence of other pain, we identified people in each sample
who reported LQ pain, i.e. pain in the lower limb or low back pain. The knee was not
included in the definition for LQ pain since it was in the exclusion criteria for the study
samples. In each data set, there were differences in the questions regarding LQ pain, thus
there were small differences in how lower limb pain was defined. For the OAI, presence of
LQ pain was defined as reported ankle or foot pain on most of the last 30 days or hip pain on
most days of one month in the last year, or low back pain in the last 30 days. For the
NHANES, presence of LQ pain was defined as people who reported hip or ankle pain in the
last year, foot pain in the last month lasting more than 24 hours, or low back pain in the last
3 months or lasting more than 24 hours in the last month.

Data analysis

Accelerometer data from the OAI and NHANES were processed using the same methods,
and are consistent with processing of Actigraph data in prior studies [7]. A SAS macro
provided by the National Cancer Institute (Available at http://riskfactor.cancer.gov/tools/
nhanes_pam) was used to determine Actigraph wear time. Non-wear time was defined as
=60 minutes of zero activity, with allowance for up to 2 minutes of activity counts 0-100,
and subtracted from 24 hours to determine wear time [15]. A valid wear day was defined as
a day with =10 hours of wear time. Participants were included if 4-7 valid wear days were
available, regardless of day of the week. A MVPA minute was analytically identified by
activity counts = 2020/min [15]. The primary variable of interest was average min/day spent
in MVPA.

Statistical analysis

The NHANES is a national probability sample. Sample weights are provided to account for
subgroup oversampling and nonresponse in the NHANES 2003-2004 cycle. To account for
the NHANES analytic subsample (having at least 4 valid wear days of accelerometer
monitoring), sample weights were recalculated from the publically available NHANES
sample weights to account for this additional sampling stage (https://epi.grants.cancer.gov/
nhanes_pam/reweight.html) [15]. NHANES descriptive statistics (mean and standard
deviation, median and interquartile range [IQR], and proportions with associated 95%
confidence intervals) utilized the recalculated weights for the analytic subsample. The OAI
descriptive analyses utilized unweighted observed data.

Due to different NHANES and OAIl sampling procedures, we were unable to traditionally
adjust for potential confounders. Therefore, sensitivity analyses were conducted which
identified matched NHANES/OALI pairs using the following criteria: age ( 2.5 years), BMI
(+ 2.5 kg/m?), sex, and post high school education (none vs. at least some). From the
matched pairs, we compared the time spent in MVPA between the OAI and the NHANES
using generalized estimating equations, controlling for LQ pain, and the interaction between
group and LQ pain.
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In general, the sample of people with SXOA was 54% female, with an average age of 65.5
years (95% CI 64.7 to 66.3) and average BMI of 29.7 kg/m? (95% CI 29.2 to 30.1). The
general population sample without OA or knee pain was 45% female, with an average age of
63.0 years (95% CI 61.6 to 64.4) and average BMI of 27.4 kg/m? (95%CI 26.9 to 28.1). The
demographics are further described by sex and age group in Table 1.

Time spent in MVPA was low and similar in people with SXOA compared with the general
US population within age- and sex-specific strata. People with SXOA spent 1 to 24 min/day
in MVPA (median), while the general population spent 1 to 22 min/day in MVPA (Figure 2).
In both groups, time spent in MVPA decreased as age increased, and was generally higher in
men compared to women.

For our sensitivity analyses, the matching criteria produced 212 matches. Within each
subsample, the median (IQR) time spent in MVVPA was 10.8 (2.9-24.6) min/day in those
with SxOA and 8.0 (3.0-20.6) min/day in the general population (Figure 3). Time spent in
MVPA was log transformed for the analysis due to a skewed distribution. People with SXOA
spent 28% (95% CI 6 to 54%, p-value=0.009) more time in MVPA than the general
population without OA or knee pain. While a significant difference was found between the
matched groups, this difference was attenuated by controlling for differences in education
(12% difference, 95% CI -7 to 36%, p-value=0.26). The interaction between group and LQ
pain was not significant, and therefore removed from the model.

DISCUSSION

We observed that people with SXOA and those in the general population accumulate
similarly low amounts of objectively-determined MVPA. This observation was consistently
held between people with SXOA and those from the general population for both men and
women across the age ranges (Figure 1).

Low levels of MVPA in people with knee OA and adults from the general population
observed in this study was not surprising. Contemporary studies consistently show a high
prevalence of physical inactivity in the US [15, 24]. Despite national campaigns and
increasing attention on the consequences of physical inactivity, only modest improvements
in PA participation have been observed in the last 20 years [25], and the proportion of people
who meet PA guidelines remains low. If people in the general population acquire PA from
normal activities of daily life, it is not surprising that people with SxOA also exhibit at least
this level of PA. Continued efforts are needed to design and implement national programs to
successfully increase leisure time PA, regardless of the presence of knee symptoms.

Our sensitivity analysis offered further support of low amounts of MVVPA among people with
SxOA and the general population with OA or knee symptoms. In the sensitivity analysis, we
identified pairs from each sample matched for age, sex, BMI, and post high school
education, and controlled for the presence of other LQ pain. In this constrained analysis,
both adults with SXOA and matched adults not reporting knee symptoms accumulated low
levels of MVVPA (median 10.8 vs. 8.0 minutes/day, Figure 3). Although the group difference
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was statistically significant controlling for LQ pain, the magnitude was small (<3 minute
difference) and likely not clinically meaningful in the context of a 1440 minute day. Despite
matching for post high school education, this may not adequately address differences in
education level (see Education demographics in Table 1). In further analyses, group
differences in PA were largely explained by explicitly controlling for differences in
education levels between the matched samples, using education as a four-level covariate as
indicated by the categories in Table 1. These findings support the observation that adults
with SxOA did similar levels of MVPA to the general population without OA or knee
symptoms.

The current study clarifies conflicting reports from previous studies regarding the PA level
of people with SXOA relative to people in the general population without OA or knee
symptoms. Smaller studies have reported lower levels of PA in people with knee OA
compared to a healthy control group [11-13]. Conversely, previous studies using larger
cohorts of people with knee OA [5, 7, 8, 14] reported a similar prevalence of meeting 2008
national PA guidelines using accelerometer-determined PA relative to reports from
population-based studies [10, 15]. Similarly, a systematic review and meta-analysis by
Wallis et al.[14] also noted that 59-87% of adults with knee OA fail to meet PA guidelines,
which was consistent with findings in the general population [15]. The current study
improves upon the current literature by directly comparing time spent in MVPA in people
with SXOA to people without knee symptoms or OA using large datasets.

Modifiable barriers to participating in PA are similar in older adults with and without knee
OA [26-28]. Common barriers that emerge from qualitative studies include physical
limitations (i.e. pain severity, comorbidities, concerns for injury), social influences (i.e. lack
of spousal support, lack of encouragement from others, anxiety), personal beliefs of benefits
(i.e. no perceived benefits, ineffective, poor self-confidence), and environment (i.e. built
environment, weather, affordability) [26—28]. Facilitators to PA participation are also similar
among older adults with and without knee OA, including education regarding benefits and
modes of PA, encouragement from physical therapists and physicians, positive self-image
and self-confidence, ease of accessibility, and good social support [26-28]. While these
qualitative studies provide a rich understanding regarding barriers and facilitators to PA, our
understanding of the extent to which these factors indeed impact PA participation are
limited. For example, people with knee OA perceive pain to be a barrier to PA [1]. Although
the current study lacked data from the NHANES to evaluate the impact of knee pain severity
on PA levels, a study by White and colleagues [8] observed that the proportions of people
who met the 2008 Physical Activity Guidelines did not differ based on the presence of
radiographic OA, or based on knee pain severity [8]. Taken together, these studies suggest
that pain itself may be a perceived barrier, but potentially not the primary barrier to general
levels of PA.

Our study has several limitations. As stated earlier, the two study samples employed
different Actigraph models. The primary discordance between the two models was in
measuring slow walking [23]. Thus, we only compared PA metrics that reflected MVPA to
avoid inconsistencies due to Actigraph model. Another limitation of the Actigraph
assessment of PA is that it does not include time in non-ambulatory PA, such as swimming
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or cycling. However, walking is the primary mode of MVPA for older adults[3], thus we do
not expect that this limitation would alter the conclusions of this study. It should be noted
that the NHANES is not a norm-referenced sample, and thus does not necessarily reflect a
sample of healthy people. To reflect the general US population, the NHANES sample
includes people with comorbidities or other chronic diseases [29]. Thus, it is not appropriate
to conclude that people with OA have similar levels of PA as healthy adults per se. There is
some indication that the 2003-2004 sample from the NHANES was particularly inactive
[10, 30], and that adults in the United States may have increased physical activity levels
between 2003-2004 (when NHANES data were collected) and 2008-2010 (when the OAI
data were collected)[10]. Despite these potential differences, rates of physical inactivity
remain high, thus we do not expect that the general conclusions of this study would
change[10].

CONCLUSION

People with symptomatic knee OA and in the general population without OA or knee
symptoms do little recommended MVPA. The results of this study reiterate the need for
successful interventions to increase PA in the general population, as well as people with
knee OA.
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SIGNIFICANCE AND INNOVATIONS
. This study utilizes large well-established cohorts to compare objectively
measured moderate-vigorous physical activity in people with symptomatic
knee OA and people from the general population without OA or knee pain.
. Physical activity was similarly low in both cohorts.
. This study reiterates the pressing need to develop and implement successful

interventions to increase PA in the general population and people with
symptomatic knee OA, as the general population is doing as little as people
with symptomatic knee OA.
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Full OAl sample
(n = 4,796)

Full NHANES sample
(n=10,122)

Included if age 50-85 and
provided 4 valid days of

accelerometer data

Met inclusion criteria

(n=1,857)

2 or no knee
symptoms on most
days of one month in
the previous year

Excluded if KL Grade <

Met inclusion criteria
(n = 832)

Excluded if self-reported
doctor diagnosed
osteoarthritis or self-
reported knee symptoms
on most days of one
month in the previous year

=1,365
(n ) (n=383)
General population
People with SxOA without OA or knee
(n=491) symptoms
(n = 449)
Figure 1.

Flowchart describing how the analytic samples were derived from the full OAI and
NHANES samples.
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Figure 2.

Median minutes per day (IQR) in MVPA for people with SXOA (from the OAI) and the
general population without OA or knee symptoms (General — from the NHANES).
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Minutes per day (Median [IQR])

30

25

20

15

SxOA General

Figure 3.
Median minutes per day (IQR) in MVPA for matched cohort for the sensitivity analysis.

People with SXOA (n=212) were matched by age, BMI, sex, and college attendance to the
general population without OA or knee symptoms (n=212).

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2019 October 01.




Page 14

Thoma et al.

0'€e T 979 0TL 0'9L GGl 688 906 [esausD
€S 6'95 809 L'6S 8L 6.8 €18 6'8L VOXS (patrieW gp)sniels [eyteiN
9'sT 091 67T 20z (34 921 7T 79T
LS €9 oYt 6'vT €9 09 60T 7L
18l L 272 679 168 7’18 Lyl §9L (IEIED)
0 €T € A 0 A Y 71
€9 7 LTE Tve 0 L8 8.1 9T
8'€6 198 €69 79 00T 6'68 T8L 718 VOXS (Yau1095 %0eIq 9% BHYM %) 80BN
€€ 96T 887 092 7'ee e 0'92 9e
9€T L8 192 ¥4 97C YT 6TV 0Ty
8'6€ §T1Z 6'0¢ LT 821 62T 8'6T 08T
eey €0¢€ v 81T P4 g8y 1A S8 [esausD
529 105 G'es €09 06 0TL 6'69 9€L
R 1’92 LTE 612 0 0€T z6T 6T
ose 0c 6e ot 0 ot 89 L6 (a1enpe.b a63]102 1s€9] 1V % 968|109
0 LT TT A 01 ey Y 8¢ VOXS  3Wos 9 ayenpesd j00yds ybiy 9 |0oyds ybiy uey) ssa %) uoneanps
(g2¢-852) (68c-092) (r8ec—8sz) (0'8z¢€Se) (6Ge-Gve) (6'82-092) (962-922) (6'82-0'L2)
992 5.2 T2 L9z zse 5.2 9'82 082 [esausD
(58z-8'€2) (6'82-L'92) (zze-0'08) (eze-g62) (60e-6'€e) (862-82L2) (80e-T62) (T'T€-€62)
9 8'L¢ TTE 6'0€ v'ie 8'8C 00¢ 20 VOXS ((10%56) ueaw ‘;w/Bx) 1ING
(Teg-zz8) (8vLi-L'2)) (9e9—€29) (evs-Tes) (6es—ced) (8vi-L2.) (099-€€9) (£%5-L2S)
9Z8 g€l 629 A g'e8 Syl 979 G'€S [esausD
(res—z18) (8v.i-5€L) (rs9-€v9) (965v¥s) (128-608) (0GL-2€2) (Lv9-€€9) (2'95-0'GS)
818 A7) 879 0'SS €18 evL 09 9'GS VOXS ((10%56) ueaw ‘sieak) aby
ve v L €5 oy 99 9L 19 [esausD
91 G/ 101 €l 01 69 €L 1 VOXS
G8-083bv  6,-0L30v  69-099bv  6G-0590v  G8-0893bv  6.-0.90v  69-099Bv 650596y  ajduwes

UBWOMN

UaIN

"(IVO 8y1 wouy) WYOXS Yum

a1doad Joj pue (SINWVHN 8yl wol) — [esauan)) swordwAs asuy 10 O Inoylim uonejndod fetsuab ayi oy dnoub abe pue xas Aq paiynens solydesbowsqg

Author Manuscript

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2019 October 01.



Page 15

Thoma et al.

yT-ver) (SvI-ver)  (9¥1-9€1) (0'ST-6°€T)

(LyT-ver)  (Svi-€en)  (6¥I-T¥T) (8YI-TvD)

6T 0vT TvT ST gel 6T 3 ST [e13UsD)
(6v1-g€1) (Le1-zen)  (8v1-8¢€T) (0GT-v¥T) (6€T-8TT) (L€T-T€T) (rvI-8€T) (Lv1-0%T)
VT veT 0T Lyt 62T veT TvT eyl VOXS (1D %G6) Ueaw ‘Aep/saanuiu) awiy Jeapn
002 8'Ge T0Z T2y vy 0zy 12 €1 [e18uBD
e1e €12 8'8T 8.1 0°0¢ L1 79T GeT VOXS (Aupraiowod ynm o) Aupigiowo
765 929 AN YT 0L 112 z6T N [esausD
e'ee v'Ge 0cT 7L 0 0€ 9'6 €01 VOXS (i52> %) swodu|
G8-083bv  6,-0L30v  69-099bv 650590V  G8-089bv  6.-0L90v  69-099Bv 650596y  ojduwes

UBWOMN

UaIN

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2019 October 01.



	Abstract
	INTRODUCTION
	PATIENTS AND METHODS
	Sample
	Older adults with SxOA (n= 491) from the Osteoarthritis Initiative (OAI)
	General population of older adults (n=449) from the National Health and Nutrition Examination Survey (NHANES)

	Data collection
	Demographics
	PA assessment
	Other Lower Quarter Pain

	Data analysis
	Statistical analysis

	RESULTS
	DISCUSSION
	CONCLUSION
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1

