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Abstract

Backgrounds: Few reports have explored the extent to which physical activity is affected by pain severity in knee
osteoarthritis (KOA) patients. We used national representative data to investigate the physical activity of KOA
patients compared to the general population to determine what proportion of patients met physical activity
recommendations and to explore how the proportion changes with pain severity.

Methods: We used data from the fifth Korean National Health and Nutrition Examination Survey (KNHANES V;
2010–2012). In total, 1279 participants aged ≥50 years who had radiographic KOA and who evaluated knee pain
on a numerical rating scale were selected. KOA was assessed using the Kellgren–Lawrence system. The Korean short
version of the International Physical Activity Questionnaire was used to measure physical activity status. We used
the physical activity recommendations of the American College of Rheumatology Work Group Panel when
evaluating the extent of activity in KOA patients.

Results: Only 18.6% of KOA patients met the osteoarthritis expert panel recommendations, lower than in the
general population (23.2%; p = 0.003). The percentages that met the recommendations in the none to mild pain
group, moderate pain group, and severe pain group were 23.4%, 17.6%, and 18.3%, respectively (p = 0.341). In terms
of flexibility, a somewhat higher percentage of those with moderate pain engaged in physical activity compared to
those with little or no pain (17.1% vs. 12.3%), but the difference was not significant (p = 0.585).

Conclusions: Regardless of pain severity, overall physical activity was suboptimal in Korean KOA patients. It is
important to emphasize to osteoarthritis patients in clinical settings the need for physical activity, and a policy-
based effort is required to facilitate appropriate exercise.
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Background
Knee osteoarthritis (KOA) is a degenerative joint
disease that is common in the elderly; however, it also
affects younger people [1]. KOA symptoms can limit
physical activity and cause debilitating pain [1]. The
World Health Organization (WHO) estimates that
around 13–15% of adults aged over 55 years have KOA
worldwide [2]. In Korea, because of the rapid aging of
the population, it is expected that the burden of disease
caused by osteoarthritis will increase, and care and

management are thus becoming increasingly important
[3]. If KOA symptoms lead to decreased mobility of the
patients, then, patients can be more dependent on
others and their quality of life can be compromised [4, 5].
The goal of KOA management is to improve quality of life
and physical function, thereby, minimizing disability in
daily life.
Considerable evidence suggests that physical activity can

improve physical function [6, 7], reduce pain, and improve
patient-reported disabilities [6, 7]. Currently, several dif-
ferent guidelines emphasize the importance of physical
activity. The Osteoarthritis Research Society International
(OARSI) document [8] recommends land- or water-based
exercise and strength training as appropriate, and the
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American Academy of Orthopedic Surgeons (AAOS) [9]
recommends that patients with symptomatic KOA en-
gage in self-management programs; perform strength-
ening, low-impact aerobic exercises; and engage in
physical activity consistent with the national guidelines.
The American College of Rheumatology Work Group
Panel [10] proposed that KOA patients perform 30 min
of moderate-intensity (50–70% maximal heart rate) exer-
cise 3 days a week. In addition, the American Geriatrics
Society Panel on Exercise and Osteoarthritis [11] rec-
ommended engaging in muscle-strengthening activity
2–3 days/week and in flexibility activity 3–5 days/week.
In Korea, exercise guidelines [12] recommend low-impact
aerobic exercise.
However, there have not been enough studies that ex-

amined whether KOA patients engage in appropriate
physical activity, especially in East Asia, although several
Western studies have reported that the physical activity
rates were suboptimal [13]. Moreover, recent studies
have shown that osteoarthritis patients are at a higher
risk for cardiovascular disease and death because of
insufficient physical activity [14]. Thus, from the per-
spectives of both public health and geriatrics it is im-
portant for patients with osteoarthritis to maintain an
appropriate level of physical activity.
Pain is one of the major symptoms of osteoarthritis

[15]. The extent of pain is associated with decreased
physical activity [15]. However, few reports have ex-
plored the extent to which physical activity is affected by
pain severity in KOA patients.
The populations of Korea and other East Asian coun-

tries are aging rapidly, and their body mass indices [16]
and lifestyles [17] differ from those of Western popula-
tions. Therefore, more evidence with respect to physical
activity status of KOA patients in East Asia is needed.
In this study, we aimed to 1) investigate the levels of

physical activity among KOA patients compared to the
general population, 2) determine the proportion of KOA
patients who meet the physical activity recommenda-
tions, and 3) examine how the proportion changes with
pain severity among KOA patients, by using data from a
nationally representative Korean population.

Methods
Data sources
We used data from the fifth Korea National Health and
Nutrition Examination Survey (KNHANES V; 2010–
2012); KNHANES is an ongoing, multicomponent, na-
tionally representative survey of the noninstitutional-
ized Korean population administered by the Korea
Centers for Disease Control and Prevention (KCDC).
The survey uses a multi-stage clustered probability de-
sign, creating sampling units from household registries
that vary by sex, region, and age group. The KNHANES

V (2010–2012) survey evaluated a total of 576 primary
sampling units and 11,520 households from approximately
200,000 geographically defined primary sampling units for
the whole country over 3 years [18]. Each KNHANES as-
sessment consists of a health interview, a health examin-
ation, and a nutrition survey. We extracted data from the
health interview and health examination; we included
sociodemographic factors, physical activity parameters,
details of morbidities, and radiographic findings. The
details of the survey methods and contents have been
described elsewhere [18, 19]. The survey was approved
by the institutional review board (IRB) of the KCDC in
2010–2012 (approval nos. 2010-02CON-21C, 2011-
02CON-06-C, and 2012-01EXP-01-2C).

Radiographic examination of the knee and definition of
KOA
In KNHANES 2010–2012, osteoarthritic radiological ex-
aminations were performed on those aged ≥50 years. Of
the 25,534 individuals who participated, 9514 individuals
age > 50 years were subjected to radiographic examination
of the knee joints in mobile examination cars based in
four different provinces. All examinations were performed
by four trained radiologists using digital X-ray machines
(SD3000 Synchro Stand; SYFM, Namyangju, South
Korea). Bilateral anterior-posterior, lateral (30° flexion),
and weight-bearing anterior-posterior plain radiographs
of the knees were taken. Two radiologists performed
individual radiographic evaluations referencing the
Kellgren–Lawrence grading system (0 = normal, 1 = sus-
picious, 2 =mild osteoarthritis, 3 =moderate osteoarth-
ritis, and 4 = severe osteoarthritis) [20]. We defined KOA
of Kellgren–Lawrence grade ≥ 2 as radiographic KOA.
To ensure the reliability and validity of osteoarthritis

examination, quality control was conducted through 1)
professional surveyor education, 2) equipment quality
control, and 3) quality control of the radiograph reading
system.
Concerning surveyor education, a site survey manage-

ment manual was developed and directed to the profes-
sional surveyors. Before the start of the osteoarthritis
examination, the surveyors were educated about bone
and joint digital radiography filming by using the man-
ual. With respect to equipment quality control, an area
was selected randomly each month among 192 survey
districts and on-site visits were performed more than 20
times in a year. Regular inspection of measurement
equipment was conducted once a year. Daily equipment
inspection was conducted according to the inspection
items designated by the professional inspector on the
day of the survey, and any problem with the equipment
was immediately reported and addressed with corrective
actions. The quality of X-ray imaging by different radio-
graphers was assessed using the newly developed “Knee
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Joint Clinical Image Evaluation Form.” The average score
for bone and joint radiograph quality was 87.76 out of
100. Concerning the quality control of the radiograph
reading system, data from the osteoarthritis examination
using the reading system was uploaded to and down-
loaded from Webhard, and graded after double reading
by two radiologists, using the Kellgren–Lawrence grad-
ing system. In 2010 and 2011, the radiographic digital
images were graded by two radiologists. In 2012, one of
the two radiologists read all images, and 5% of the im-
ages were read by another radiologist. If the grades dif-
fered by more than two points, those digital data were
read by another radiologist. Inter-rater and intra-rater
reliabilities were assessed annually. The measurement
methods and quality control procedures are described in
detail elsewhere [21, 22].

Pain inclusion criteria
Knee pain was assessed in those participants who com-
plained of pain on > 30 days during the previous
3 months using the question “Please describe the average
pain in the knee joint, regardless of the medication used?
Please indicate this on a 0~10-point scale with higher
scores representing greater pain severity.” The numerical
rating scale (NRS) answers were divided into three
groups (0–3 points = none to mild pain, 4–6 points =
moderate pain, ≥7 points = severe pain) [23].
Of the 9514 participants aged ≥50 years who under-

went radiographic examinations, 3483 had radiographic
KOA. Of these, 1279 who had NRS data were included
as the final study subjects.

Physical activity
The KNHANES 2010–2012 physical activity question-
naire was based on the Korean short version of the
International Physical Activity Questionnaire (IPAQ)
[24]. This consists of six questions: the number of days
on which vigorous physical activity was performed in the
previous 7 days, and the usual duration of such activity;
the number of days on which moderate physical activity
was performed in the previous 7 days, and the usual dur-
ation of such activity; and the number of days on which
the subject walked for at least 10 min at a time during
the previous 7 days, and the usual duration of walking.
The numbers of days on which muscle-strengthening
and flexibility activities were performed during the previ-
ous 7 days was also noted.
Based on the short-form IPAQ responses, physical

activity was divided into three categories [25]: inactive
(Category 1), minimally active (Category 2), and health-
enhancing physical activity (HEPA; Category 3). The in-
active group (Category 1) reflected the lowest level of
physical activity. Those who did not meet the criteria for
Categories 2 or 3 were considered inactive. The minimally

active group (Category 2) included those who engaged
in a) ≥20 min of daily vigorous activity on ≥3 days, or
b) ≥30 min of moderate-intensity activity or walking on
≥5 days, or c) any combination of walking and moder-
ate- or vigorous-intensity activity on ≥5 days that
summed to ≥600 MET-min/week. The HEPA group
(Category 3) met either of the following criteria: a) vig-
orous-intensity activity at least 3 days summing to ≥1500
MET-min/week or b) any combination of walking and
moderate- or vigorous-intensity activity that summed to
≥3000 MET-min/week. The methods for calculating activ-
ity are described in the IPAQ guidelines [25].
The American College of Rheumatology Work Group

Panel has recommended physical activity or exercise at
least 3 days a week (at 50–70% maximal heart rate) for
KOA patients [10] (hereafter, the “OA expert panel rec-
ommendation”). We classified patients as meeting the
recommendation or not meeting the recommendation.
In addition, based on the recommendations of the
American Geriatrics Society Panel on Exercise and
Osteoarthritis [11], we categorized patients according
to whether they met the recommendations in terms of
muscle-strengthening and flexibility activity. The group
that met the recommendation for muscle-strengthening
activity engaged in such activity 2–3 days/week; those
who did not meet the recommendation did so on ≤1
or ≥ 4 days/week. The group that met the recommenda-
tion for flexibility activity engaged in such activity 3–
5 days/week; those who did not meet the recommendation
did so on ≤2 or ≥ 6 days/week.

Other characteristics of the participants
Age (50–59, 60–69, and ≥ 70 years), monthly household
income (in quartiles), education level (less than or equal
to elementary school, middle school, high school, and col-
lege or higher), and marital status (with or without spouse
[separated, bereaved, divorced]) were the sociodemo-
graphic factors evaluated. Income per adult equivalent
was calculated as household income divided by the square
root of the number of persons in the household. Depres-
sive mood was explored using the question “Have you
ever felt sad or desperate over the past year for 2 consecu-
tive weeks or more?” The possible responses were “yes” or
“no.” Body mass index (BMI) was calculated as body
weight divided by height squared (kg/m2); participants
with BMI ≥25.0 kg/m2 were considered obese according
to WHO criteria [26]. The number of comorbidities was
the sum of diseases diagnosed by a doctor. Smoking status
was categorized as smoker or nonsmoker. Alcohol con-
sumption was categorized based on high-risk drinking
(more than seven drinks at a time for males and five for
females) and as never or low (< 1 episode/month of
high-risk drinking), moderate (1–3 episodes/month), and
excessive (≥4 episodes/month) drinking [27].

Shim et al. BMC Musculoskeletal Disorders          (2018) 19:380 Page 3 of 9



Statistical analysis
The chi-square test was used to compare the character-
istics of KOA patients to those of the general population
and also to analyze physical activity status by pain sever-
ity. Univariable and multivariable logistic regression was
performed to identify factors affecting the inability to
meet the recommendations of the osteoarthritis expert
panel in terms of physical activity. Logistic regression
yielded odds ratios (ORs) and 95% confidence intervals
(CIs). A two-tailed p value < 0.05 was deemed statisti-
cally significant in all analyses. All analyses were per-
formed using SAS ver. 9.4 (SAS Institute Inc., Cary,
NC, USA).

Results
Table 1 compares the general characteristics and phys-
ical activity of KOA patients with those of the general
population older than 50 years of age. Of the 1279
KOA patients, 221 (16.5%) were males and 1058
(83.5%) were females. The percentage of females was
higher among KOA patients (83.5%) than in the general
population (49.7%). The percentage of low-income
KOA patients was twice that in the general population
(53.1% vs. 25.4%, respectively). KOA patients also had
less education and a more depressive mood than the
general population. In terms of physical activity as clas-
sified by the IPAQ, more KOA patients were inactive
(61.1%) than in the general population (53.3%; p < 0.001).
Only 18.6% of KOA patients met the OA expert panel rec-
ommendations, lower than in the general population
(23.2%; p = 0.003). The proportions of KOA patients who
met recommendations for muscle-strengthening and flexi-
bility activity were 4.3% and 15.8%, significantly lower than
in the general population (14.6% and 26.2%, respectively;
p < 0.001).
Table 2 shows physical activity status by pain severity

among KOA patients. According to pain severity, 152
(11.9%), 434 (33.9%), and 693 (54.1%) patients had none
to mild, moderate, and severe pain, respectively. Regard-
less of pain severity, overall physical activity was subopti-
mal. The level of physical activity did not differ
significantly by pain severity. This was true for all types of
physical activity, including IPAQ, muscle-strengthening,
and flexibility activity. The proportions of minimally
HEPA+ active patients by increasing pain severity were
47.4%, 38.5%, and 38.9%, respectively (p = 0.142). The pro-
portions who met OA expert recommendations by in-
creasing pain severity were 23.4%, 17.6%, and 18.3%,
respectively (p = 0.341). Overall, the group with little or
no pain engaged in slightly more physical activity than
the group with severe pain, but the difference was not
statistically significant. Those with moderate and severe
pain exhibited little difference in physical activity. In
terms of IPAQ, muscle-strengthening, and OA expert

panel–recommended activity, the group with severe
pain engaged in somewhat more physical activity than
the group with moderate pain, but the difference was
not statistically significant. In terms of flexibility activ-
ity, the group with little or no pain engaged in less
activity than the group with moderate pain (12.3% vs.
17.1%), but again the difference was not statistically sig-
nificant (p = 0.585; Table 2).
We performed logistic regression analyses to identify

factors affecting the inability of KOA patients to meet
the OA expert recommendations. In univariable ana-
lyses, KOA patients aged 70 years or older were less
likely to meet the recommendations (OR = 0.6, 95% CI
= 0.38–0.96; Table 3) and patients with a spouse were
more likely to meet the recommendations (OR = 1.6,
95% CI = 1.16–2.24; Table 3). Those who drank to ex-
cess were more likely to meet the recommendations
(OR = 2.0, 95% CI = 1.17–3.52; Table 3). In multivari-
able analyses, however, the above three variables were
no longer significant. Only > 3 comorbidities was asso-
ciated with an inability to meet the recommendations
(OR = 0.5, 95% CI = 0.27–0.94; Table 3).

Discussion
We measured the proportions of KOA patients who met
physical activity recommendations and assessed physical
activity status by pain severity. The percentage of KOA
patients who met the physical activity guidelines of OA
expert panel recommendation [10] was 18.6%, lower
than in the general population. In addition, physical
activity status did not differ significantly by pain level,
being uniformly suboptimal.
Low levels of physical activity by osteoarthritis pa-

tients have been reported in previous studies [13, 23,
28, 29]. In a U.S.-based study [23], osteoarthritis pa-
tients were less likely than adults without arthritis to
engage in recommended levels of physical activity as in
our study. In the study, 32.3% of osteoarthritis patients
met the OA expert panel recommendation, which was
significantly lower than the proportion of 39.5% reported
for the adults without arthritis [23]. One meta-analysis
found that the proportion of osteoarthritis patients who
met the recommendation of ≥150 min per week of moder-
ate to vigorous physical activity (MVPA) in bouts of
≥10 min (the physical activity level recommended for gen-
eral adults) was only 13% and that the proportion of those
who met the recommendation of at least 10,000 steps per
day (another popular physical activity recommendation)
was 19% [13], which were suboptimal proportions, as our
study showed.
Pain is reported to be one of the primary causes of

reduced physical activity among osteoarthritis patients
[30, 31], because pain can be experienced during the
performance of an activity. Although the group with
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Table 1 Comparison of the general characteristics and physical activity of knee osteoarthritis patients and the general population
aged ≥50 years

Knee osteoarthritis patients (≥50 years of age)
(N = 1279)

General population (≥50 years of age)
(N = 7917)

P-value

n Weighted % n Weighted %

Sex

Male 221 16.5% 3707 50.3% < 0.001

Female 1058 83.5% 4210 49.7%

Age

50–59 years 154 15.1% 3226 52.3% < 0.001

60–69 years 423 33.0% 2601 27.1%

≥ 70 years 702 51.8% 2090 20.6%

Monthly household income

Low 677 53.1% 2189 25.4% < 0.001

Moderate to low 290 23.5% 2053 26.2%

Moderate to high 157 12.9% 1716 23.4%

High 136 10.6% 1869 25.1%

Education level

≤ Elementary 1010 80.4% 3402 41.4% < 0.001

Middle school 152 11.3% 1422 19.7%

High school 92 6.8% 2033 26.5%

≥ College 23 1.5% 1040 12.4%

Marital status

With spouse 504 42.5% 1427 17.8% < 0.001

Without spouse 767 57.5% 6416 82.2%

Depressive mood

No 991 77.3% 6752 85.1% < 0.001

Yes 279 22.7% 1128 14.9%

Body mass index

> 25 kg/m2 500 43.7% 4258 61.5% < 0.001

≤ 25 kg/m2 620 56.3% 2582 38.5%

Number of comorbidities

0 360 28.7% 3141 42.6% < 0.001

1 441 35.2% 2574 31.7%

2 292 22.3% 1447 17.4%

≥ 3 186 13.9% 755 8.3%

Cigarette smoking

Nonsmoker 1168 90.6% 6554 79.5% < 0.001

Smoker 104 9.4% 1326 20.5%

Alcohol consumption

Never 700 54.1% 2957 34.2%

Low 345 27.3% 2114 25.1% < 0.001

Moderate 150 11.6% 1574 21.0%

Excessive 77 7.0% 1232 19.7%

IPAQ

Inactive 752 61.1% 4200 53.3% < 0.001

Minimally active 352 25.9% 2443 30.1%
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none to mild pain engaged in slightly more physical activ-
ity than did the other groups, we found no proportional
decrease in physical activity by pain severity, regardless of
the type of activity. Indeed, in terms of flexibility activity,
the group with severe pain exercised more than the group
with little or no pain. However, the proportions of patients
who met the recommended physical activity guidelines
were notably suboptimal, even in the group with little or
no pain. In this group, the proportions satisfying the
recommended physical activity, muscle-strengthening,

and flexibility activity recommendations were only 23.4%,
7.0%, and 12.3%, respectively. Although studies on the ex-
tent of physical activity according to pain severity in KOA
patients are rare, White et al. [32] reported results similar
to ours in that physical activity status was not statistically
different according to pain level. Their study also showed
that pain level did not significantly affect the attainment
of the recommended physical activity levels [32]. The
study was conducted by dividing male and female patients,
and the percentages of men meeting the guidelines were

Table 1 Comparison of the general characteristics and physical activity of knee osteoarthritis patients and the general population
aged ≥50 years (Continued)

Knee osteoarthritis patients (≥50 years of age)
(N = 1279)

General population (≥50 years of age)
(N = 7917)

P-value

n Weighted % n Weighted %

HEPA active 166 13.0% 1233 16.5%

Muscle-strengthening activity (2–3 days/week)

Not met 1219 95.7% 6793 85.4% < 0.001

Met 60 4.3% 1124 14.6%

Flexibility activity (3–5 days/week)

Not met 1081 84.2% 5870 73.8% < 0.001

Met 198 15.8% 2047 26.2%

Osteoarthritis expert panel recommendationa

Not met 1014 81.4% 6071 76.8% 0.003

Met 256 18.6% 1804 23.2%

IPAQ International physical activity questionnaire, HEPA Health-enhancing physical activity
aOsteoarthritis expert panel recommendation: Performance of 30 min of moderate-intensity (50–70% maximal heart rate) physical activity or exercise at least
3 days a week

Table 2 Physical activity status by pain severity among knee osteoarthritis patients (N = 1279)

Pain Severity P-value

None to mild (n = 152) Moderate (n = 434) Severe (n = 693)

n Weighted % n Weighted % n Weighted %

IPAQa

Inactive 80 52.6 244 61.6 428 61.1 0.142

Minimally active 47 31.1 130 27.9 175 25.9

HEPA active 25 16.3 57 10.6 84 13.0

Muscle-strengthening activity (2–3 days/week)a

Not met 140 93.0 414 96.3 665 95.9 0.309

Met 12 7.0 20 3.7 28 4.1

Flexibility activity (3–5 days/week)a

Not met 133 87.7 355 82.9 593 84.3 0.585

Met 19 12.3 79 17.1 100 15.7

Osteoarthritis expert panel recommendationa,b

Not met 116 76.6 338 82.4 560 81.7 0.341

Met 35 23.4 93 17.6 128 18.3

Pain severity was categorized using numerical rating scale: 0–3 = none to mild pain, 4–6 =moderate pain, and 7–10 = severe pain
IPAQ International physical activity questionnaire, HEPA Health-enhancing physical activity
aThe totals do not equal 1279 because of missing data
bOsteoarthritis expert panel recommendation: Performance of 30 min of moderate-intensity (50–70% maximal heart rate) physical activity or exercise at least
3 days a week
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10.9%, 8.8%, and 12.9% and those of women were 11.0%,
8.6%, and 6.7% in the no, mild, and moderate/severe pain
groups, respectively, with no apparent statistically signifi-
cant differences [32]. These findings suggest that pain is
not a critical barrier to performing exercise in osteoarth-
ritis patients.
We performed multivariable analyses to explore further

whether factors other than pain were associated with
KOA patients’ (non)fulfilment of exercise recommenda-
tions. Previous studies found that physical activity was re-
duced in patients of older age [33, 34], on lower incomes
[33], who were less educated [33], who were obese [35],
and who received little social support [29]. In our study,
we found that only the number of comorbidities was sta-
tistically significant. The more the comorbidities, the less
the physical activity, as also reported by Dunlop et al. [33].
We found no significant factors other than poor health
(i.e., three or more comorbidities), which suggests that
there may be other factors not investigated in the survey
besides the well-known individual factors that affect the
physical activity status of osteoarthritis patients.
Together, our results suggest that barriers other than

pain may cause KOA patients not to meet physical activity
recommendations. Several possibilities are apparent. First,
KOA patients may receive insufficient education in clin-
ical settings. Currently, no treatment completely cures
osteoarthritis [32]. When KOA patients visit clinics, the
principal aim of conservative treatment is to minimize
pain and limitations of joint function using pharmaco-
logical or nonpharmacological approaches. Of nonphar-
macological treatments, appropriate physical activity is
reportedly effective in maintaining joint mobility and im-
proving muscle strength [36], and all major arthritis
guidelines recommend moderate exercise [8–10]. How-
ever, in clinical settings, patients may be inadequately
informed about how physical activity would assist them,
types of exercise, and how often they should exercise.
In fact, when we additionally assessed the experience
of receiving education about arthritis management in

Table 3 Factors associated with compliance with the exercise
recommendations of experts on osteoarthritisa

Univariable analyses Multivariable analysesb

OR 95% CI OR 95% CI

Sex

Male reference – – reference – –

Female 0.8 0.57 1.24 1.0 0.55 1.64

Age

50–59 years reference – – reference – –

60–69 years 1.0 0.62 1.60 1.0 0.61 1.77

≥ 70 years 0.6 0.38 0.96 0.7 0.38 1.20

Monthly household income

Low reference – – reference – –

Low to moderate 1.2 0.86 1.80 1.2 0.76 1.77

Moderate to high 0.8 0.47 1.35 0.6 0.34 1.14

High 1.3 0.80 2.11 1.1 0.61 1.90

Education level

≤ Elementary school reference – – reference – –

Middle school 1.2 0.73 1.85 0.8 0.48 1.48

High school 1.3 0.76 2.30 1.2 0.64 2.33

≥ College 2.1 0.80 5.30 1.9 0.67 5.51

Marital status

With spouse reference – – reference – –

Without spouse 1.6 1.16 2.24 1.3 0.90 2.00

Depressive mood

No reference reference

Yes 1.3 0.89 1.81 1.5 0.98 2.19

Body mass index

> 25 kg/m2 reference – – reference – –

≤ 25 kg/m2 1.1 0.79 1.54 1.0 0.71 1.46

Cigarette smoking

Nonsmoker reference – – reference – –

Smoker 0.6 0.33 1.20 0.6 0.26 1.18

Alcohol consumption

Never reference – – reference – –

Low 0.7 0.50 1.09 0.7 0.46 1.09

Moderate 1.6 1.05 2.53 1.3 0.78 2.27

Excessive 2.0 1.17 3.52 1.6 0.77 3.16

Knee pain severity

None to mild reference – – reference – –

Moderate 1.0 0.63 1.69 0.9 0.53 1.59

Severe 0.8 0.51 1.34 0.8 0.48 1.39

Number of comorbidities

0 reference – – reference – –

Table 3 Factors associated with compliance with the exercise
recommendations of experts on osteoarthritisa (Continued)

Univariable analyses Multivariable analysesb

OR 95% CI OR 95% CI

1 0.9 0.61 1.31 0.9 0.59 1.37

2 0.9 0.60 1.38 0.8 0.50 1.29

≥ 3 0.6 0.34 1.01 0.5 0.27 0.94

Pain severity was categorized using numerical rating scale: 0–3 = none to mild
pain, 4–6 =moderate pain, and 7–10 = severe pain
OR Odds ratio, CI Confidence interval
aPerformance of 30 min of moderate-intensity (50–70% maximal heart rate)
physical activity or exercise at least 3 days a week
bThe model included sex, age, monthly household income, education level,
marital status, depressed mood, body mass index, cigarette smoking, alcohol
consumption, knee pain severity, and number of comorbidities
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osteoarthritis patients, more than 90% of all patients
answered that they had not received any relevant edu-
cation (Additional file 1: Table S1). Various institutional
problems may be at play, including exercise education
fees, too many patients per doctor, and a prohibitive
payment system. Further research is needed to explore
how to emphasize the importance of physical activity
and the provision of appropriate guidelines.
Second, it is possible that although patients may wish

to exercise, the absence of specific exercise guidelines
(on kinds of exercise or the intensity and duration of
exercise) renders engaging in activity difficult in the
presence of pain. In fact, no specific activity guidelines
are available for KOA patients with different grades of
pain [8–11]. A systematic analysis of practice guidelines
targeting osteoarthritis patients found that the guide-
lines varied by research group, institute, and profes-
sional society, as well as over time, and were based on
lower-quality evidence [37]. The specific type of activ-
ity; the intensity, amount, and frequency of activity; the
initial extent of joint exercise; how such exercise should
be gradually increased; the duration of rest periods; and
protective equipment by pain level all need to be included
in the guideline.
Our study has certain limitations. First, this was a

cross-sectional study, and we thus cannot address
cause-and-effect questions. Second, information bias
may have been at play; we used self-reported data to
obtain information on physical activity and other vari-
ables. Third, and related to the second limitation, we
did not use activity monitors such as accelerometers or
heart-rate meters to measure physical activity. Rather, we
used the self-administered IPAQ. Thus, the recorded
physical activity levels may have been less accurate than
those of studies that used activity monitors as surrogate
markers of physical activity [38]. However, the IPAQ is a
valid measurement tool, as reliable and valid as activity
monitors in comparisons performed in about 12 coun-
tries, and is used in the U.S. National Health Interview
Survey and various surveys conducted by the World
Health Organization [24]. Fourth, as the study investi-
gated Korean patients, caution should be taken when
generalizing our results to other races with different
lifestyles and anthropometric characteristics. Moreover,
as our study population comprised > 80% women, cau-
tion is needed when generalizing our results to the en-
tire KOA population.
Despite these limitations, our study is meaningful in

that we investigated the physical activities of radio-
graphically diagnosed osteoarthritis patients nation-
wide, calculated the proportions of such patients who
met physical activity recommendations in terms of
various types of activity, and explored physical activity
status by severity of pain.

Conclusions
We found that only 18.6% of Korean KOA patients met
the physical activity recommendations, which was sig-
nificantly lower than the proportion of 23.3% reported
for the general population. Regardless of pain severity,
overall physical activity was suboptimal in KOA patients.
The proportion of patients who met OA expert recom-
mendations was 23.4%, 17.6%, and 18.3% in the none to
mild, moderate, and severe pain groups, respectively. In
the clinical setting, it is important to emphasize the need
for physical activity to patients with osteoarthritis, and a
policy-based effort is required to develop physical activ-
ity guidelines that reflect pain severity and facilitate the
delivery of appropriate exercise.

Additional file

Additional file 1: Table S1. Experience of arthritis education among
knee osteoarthritis patients. (DOCX 14 kb)

Abbreviations
AAOS: American Academy of Orthopedic Surgeons; CI: Confidence interval;
HEPA: Health-enhancing physical activity; IPAQ: International Physical Activity
Questionnaire; KCDC: Korea Centers for Disease Control and Prevention;
KNHANES: Korea National Health and Nutrition Examination Survey;
KOA: Knee osteoarthritis; NRS: Numerical rating scale; OARSI: Osteoarthritis
Research Society International; OR: Odds ratio; WHO: World Health
Organization

Acknowledgements
Not applicable.

Funding
This work was supported by 1) Bio & Medical Technology Development
Program of the National Research Foundation (NRF) funded by the Korean
government, MSIP (No. 2016M3A9B694241) and 2) National Research
Foundation of Korea (NRF) grant funded by the Korea government (MSIT)
(NRF-2017R1C1B5018142).

Availability of data and materials
We used the data from the fourth Korea National Health and Nutrition
Examination Survey (KNHANES). KNHANES microdata are publicly available
through the KNHANES website (http://knhanes.cdc.go.kr).

Authors’ contributions
JYS designed the project, performed the statistical analysis and interpretation
of data, and revised critical point. HYS and MRP drafted the first version of
the manuscript. HJK reviewed and revised the manuscript. HSK Contributed
to the analysis and interpretation of data. All authors read and approved the
final manuscript.

Ethics approval and consent to participate
The Korea Centers for Disease Control and Prevention (KCDC) Institutional
Review Board approved the survey protocol, and all participants provided
written informed consent (approval nos. 2010-02CON-21C, 2011-02CON-06-C,
and 2012-01EXP-01-2C).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Shim et al. BMC Musculoskeletal Disorders          (2018) 19:380 Page 8 of 9

https://doi.org/10.1186/s12891-018-2301-6
http://knhanes.cdc.go.kr


Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Preventive Medicine, School of Medicine, Eulji University,
Deajeon, Republic of Korea. 2Department of Rehabilitation Medicine, Seoul
National University Bundang Hospital, Seoul National University College of
Medicine, Seongnam, Republic of Korea. 3Department of Orthopaedic
Surgery, School of Medicine, Kyungpook National University, Kyungpook
National University Hospital, Daegu, Republic of Korea. 4Department of
Preventive Medicine, School of Medicine, Kyungpook National University,
Daegu, Republic of Korea.

Received: 9 October 2017 Accepted: 11 October 2018

References
1. Breedveld F. Osteoarthritis—the impact of a serious disease. Rheumatology

(Oxford). 2004;43(suppl_1):i4–8.
2. World Health Organization and Global Alliance for Musculoskeletal Heath:

WHO World Report on Ageing and Health. 2015. http://bjdonline.org/who-
strategy-and-action-plan-for-ageing-and-health-background-paper/.
Accessed 3 Aug 2017.

3. Lee HS. Prevalence of osteoarthritis and related risk factors in the elderly:
data from the fifth Korea National Health and nutrition examination survey
(KNHANES V), 2010~ 2012. J Korean Diet Assoc. 2014;20(2):99–109.

4. Yang S, An J. Health status, health behavior and quality of life in the elderly
with osteoarthritis. Nurs Sci. 2011;23(2):23–33.

5. Hartman CA, Manos TM, Winter C, Hartman DM, Li B, Smith JC. Effects of
T’ai Chi training on function and quality of life indicators in older adults
with osteoarthritis. J Am Geriatr Soc. 2000;48(12):1553–9.

6. Fransen M, McConnell S, Harmer AR, Van der Esch M, Simic M, Bennell KL.
Exercise for osteoarthritis of the knee: a Cochrane systematic review. Br J
Sports Med. 2015. https://doi.org/10.1136/bjsports-2015-095424.

7. Juhl C, Christensen R, Roos EM, Zhang W, Lund H. Impact of exercise type
and dose on pain and disability in knee osteoarthritis: a systematic review
and meta-regression analysis of randomized controlled trials. Arthritis
Rheumatol. 2014;66(3):622–36.

8. McAlindon TE, Bannuru RR, Sullivan M, Arden N, Berenbaum F, Bierma-
Zeinstra S, Hawker G, Henrotin Y, Hunter D, Kawaguchi H. OARSI guidelines
for the non-surgical management of knee osteoarthritis. Osteoarthr Cartil.
2014;22(3):363–88.

9. Jevsevar DS, Brown GA, Jones DL, Matzkin EG, Manner PA, Mooar P,
Schousboe JT, Stovitz S, Sanders JO, Bozic KJ. The American Academy of
Orthopaedic surgeons evidence-based guideline on: treatment of
osteoarthritis of the knee. J Bone Joint Surg. 2013;95(20):1885–6.

10. McGibbon CA. Work group recommendations: 2002 exercise and physical
activity conference, St. Louis, Missouri. Arthritis Rheum. 2003;49(2):261–2.

11. Lundebjerg N. Exercise prescription for older adults with osteoarthritis pain:
consensus practice recommendations. J Am Geriatr Soc. 2001;49(6):808–23.

12. Korean Knee Society Subcommittee on Osteoarthritis Guidelines.
Guidelines for the treatment of osteoarthritis of the knee, Korean knee
society subcommittee on osteoarthritis guidelines. J Korean Knee Soc.
2010;22(1):69–74.

13. Wallis J, Webster K, Levinger P, Taylor N. What proportion of people with
hip and knee osteoarthritis meet physical activity guidelines? A systematic
review and meta-analysis. Osteoarthr Cartil. 2013;21(11):1648–59.

14. Rahman MM, Kopec JA, Anis AH, Cibere J, Goldsmith CH. Risk of
cardiovascular disease in patients with osteoarthritis: a prospective
longitudinal study. Arthritis Care Res (Hoboken). 2013;65(12):1951–8.

15. Dekker J, Boot B, van der Woude LH, Bijlsma J. Pain and disability in
osteoarthritis: a review of biobehavioral mechanisms. J Behav Med. 1992;
15(2):189–214.

16. Yoon YS, Choi HS, Kim JK, Kim YI, Oh SW. Differences in the
associations of anthropometric measures with insulin resistance and
type 2 diabetes mellitus between Korean and US populations:
comparisons of representative nationwide sample data. Obes Res Clin
Pract. 2016;10(6):642–51.

17. Ha JK, Kim JG, Lee MC, Wang JH, Research Committee for Development
of a Novel Knee Evaluation System of Korean Knee Society. What

symptoms are more important for Korean patients in knee osteoarthritis?
Development and validation of the Korean knee score. Knee Surg Relat
Res. 2012;24(3):151–7.

18. Kweon S, Kim Y, Jang M-j, Kim Y, Kim K, Choi S, Chun C, Khang Y-H, Oh K.
Data resource profile: the Korea national health and nutrition examination
survey (KNHANES). Int J Epidemiol. 2014;43(1):69–77.

19. Kim Y. The Korea National Health and nutrition examination survey
(KNHANES): current status and challenges. Epidemiol Health. 2014;36:
e2014002.

20. Kellgren J, Lawrence J. Radiological assessment of osteo-arthrosis. Ann
Rheum Dis. 1957;16(4):494–502.

21. Lee S, Kim SJ. Prevalence of knee osteoarthritis, risk factors, and quality of
life: the fifth Korean National Health and nutrition examination survey. Int J
Rheum Dis. 2015;20(7):809–17.

22. Korea Centers for Disease Control and Prevention. Korea National Health
and nutrition examination survey V, the third year (2012): professional
surveyor education and quality control for osteoarthritis examination. Seoul:
Korea Centers for Disease Control and Prevention; 2012.

23. Shih M, Hootman JM, Kruger J, Helmick CG. Physical activity in men and
women with arthritis: National Health Interview Survey, 2002. Am J Prev
Med. 2006;30(5):385–93.

24. Oh JY, Yang YJ, Kim BS, Kang JH. Validity and reliability of Korean version of
international physical activity questionnaire (IPAQ) short form. J Korean
Acad Fam Med. 2007;28(7):532–41.

25. International Physical Activity Questionnaire Research Committee:
Guidelines for data processing and analysis of the International Physical
Activity Questionnaire (IPAQ)–short and long forms. 2005. http://www.ipaq.
ki.se/. Accessed 30 Aug 2017.

26. Zheng W, McLerran DF, Rolland B, Zhang X, Inoue M, Matsuo K, He J, Gupta
PC, Ramadas K, Tsugane S. Association between body-mass index and risk
of death in more than 1 million Asians. N Engl J Med. 2011;364(8):719–29.

27. Kang K, Sung J, Kim CY. High risk groups in health behavior defined by
clustering of smoking, alcohol, and exercise habits: National Health and
nutrition examination survey. J Prev Med Public Health. 2010;43(1):73–81.

28. Dunlop DD, Song J, Semanik PA, Chang RW, Sharma L, Bathon JM, Eaton
CB, Hochberg MC, Jackson RD, Kwoh CK. Objective physical activity
measurement in the osteoarthritis initiative: are guidelines being met?
Arthritis Rheum. 2011;63(11):3372–82.

29. Rosemann T, Kuehlein T, Laux G, Szecsenyi J. Factors associated with
physical activity of patients with osteoarthritis of the lower limb. J Eval Clin
Pract. 2008;14(2):288–93.

30. Somers TJ, Keefe FJ, Pells JJ, Dixon KE, Waters SJ, Riordan PA, Blumenthal JA,
McKee DC, LaCaille L, Tucker JM. Pain catastrophizing and pain-related fear
in osteoarthritis patients: relationships to pain and disability. J Pain
Symptom Manag. 2009;37(5):863–72.

31. Steultjens M, Dekker J, Bijlsma J. Avoidance of activity and disability in
patients with osteoarthritis of the knee: the mediating role of muscle
strength. Arthritis Rheum. 2002;46(7):1784–8.

32. White DK, Tudor-Locke C, Felson DT, Gross KD, Niu J, Nevitt M, Lewis CE,
Torner J, Neogi T. Do radiographic disease and pain account for why
people with or at high risk of knee osteoarthritis do not meet physical
activity guidelines? Arthritis Rheum. 2013;65(1):139–47.

33. Dunlop DD, Song J, Semanik PA, Sharma L, Chang RW. Physical activity
levels and functional performance in the osteoarthritis initiative: a graded
relationship. Arthritis Rheum. 2011;63(1):127–36.

34. De Groot I, Bussmann J, Stam H, Verhaar J. Actual everyday physical activity
in patients with end-stage hip or knee osteoarthritis compared with healthy
controls. Osteoarthr Cartil. 2008;16(4):436–42.

35. Farr JN, Going SB, Lohman TG, Rankin L, Kasle S, Cornett M, Cussler E.
Physical activity levels in patients with early knee osteoarthritis measured by
accelerometry. Arthritis Care Res (Hoboken). 2008;59(9):1229–36.

36. Vaishya R, Pariyo GB, Agarwal AK, Vijay V. Non-operative management of
osteoarthritis of the knee joint. J Clin Orthop Trauma. 2016;7(3):170–6.

37. Feuerstein JD, Pelsis JR, Lloyd S, Cheifetz AS, Stone KR. Systematic analysis
of the quality of the scientific evidence and conflicts of interest in
osteoarthritis of the hip and knee practice guidelines. Semin Arthritis
Rheum. 2016;45:379–85 Elsevier.

38. Veenhof C, Huisman P, Barten J, Takken T, Pisters M. Factors associated with
physical activity in patients with osteoarthritis of the hip or knee: a
systematic review. Osteoarthr Cartil. 2012;20(1):6–12.

Shim et al. BMC Musculoskeletal Disorders          (2018) 19:380 Page 9 of 9

http://bjdonline.org/who-strategy-and-action-plan-for-ageing-and-health-background-paper/
http://bjdonline.org/who-strategy-and-action-plan-for-ageing-and-health-background-paper/
https://doi.org/10.1136/bjsports-2015-095424
http://www.ipaq.ki.se/
http://www.ipaq.ki.se/

	Abstract
	Backgrounds
	Methods
	Results
	Conclusions

	Background
	Methods
	Data sources
	Radiographic examination of the knee and definition of KOA
	Pain inclusion criteria
	Physical activity
	Other characteristics of the participants
	Statistical analysis


	Results
	Discussion
	Conclusions
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

