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Abstract

STUDY DESIGN—Cross-sectional study.

OBJECTIVE—To examine associations between frequent bilateral knee pain (BKP) and 

unilateral knee pain (UKP) and health-related quality of life (QoL). We hypothesized that frequent 

BKP would be associated with poorer health-related QoL than would frequent UKP and no knee 

pain.

BACKGROUND—Knee pain is one of the most frequently reported types of joint pain among 

adults in the United States. It is the most frequent cause of limited physical function, disability, 

and reduced QoL.

METHODS—Data were collected from the Osteoarthritis Initiative public-use data sets. Health-

related QoL was assessed in 2481 participants (aged 45–79 years at baseline). The Knee Injury 

and Osteoarthritis Outcome Score QoL subscale (knee-specific measure) and the physical 

component summary and mental component summary (MCS) scores of the Medical Outcomes 

Study 12-Item Short-Form Health Survey (SF-12) (generic measure) were used to assess health-

related QoL. Multiple regression analyses were used to examine the relationships between 

frequent knee pain and health-related QoL, adjusted for sociodemographic and health covariates.

RESULTS—Compared with subjects with no knee pain, subjects with frequent BKP and UKP 

had significantly lower scores on the Knee injury and Osteoarthritis Outcome Score QoL subscale 

(mean difference, −35.2; standard error [SE], 0.86; P<.001 and mean difference, −29.2; SE, 0.93; 

P<.001; respectively) and the SF-12 physical component summary score (mean difference, −6.25; 

SE, 0.41; P<.001 and mean difference, −4.10, SE, 0.43; P<.00; respectively), after controlling for 
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sociodemographic and health covariates. The SF-12 MCS score was lower among those with BKP 

(−1.29; SE, 0.42; P<.001). Frequent UKP was not associated with the SF-12 MCS.

CONCLUSIONS—Subjects with frequent BKP had lower health-related QoL than those with 

frequent unilateral or no knee pain, as reflected in lower Knee injury and Osteoarthritis Outcome 

Socre QoL subscale and SF-12 physical component summary and MCS scores.

Keywords

cross-sectional study; knee joint; pain; quality of life

INTRODUCTION

Knee pain is one of the most frequently reported types of joint pain among adults in the 

United States.31 In 2006, 18% of adults experiencing some type of joint pain during the 

preceding 30 days reported knee pain.37 It is the most frequent cause of limited physical 

function, disability, and reduced quality of life (QoL).18,20,21 In addition, knee pain has been 

established as the major reason for knee replacement, especially among people with knee 

osteoarthritis (OA).12 An estimated $3.4–13.2 billion is spent per year on job-related knee 

pain costs in the United States.13 Individuals with knee pain experience progressive loss of 

function, decline in health-related QoL, and display increasing dependence during activities 

of daily living.26

Few studies have examined knee pain and location in adults with OA or at high risk for OA. 

For example, Noll,32 in a cross-sectional study of 32 elderly patients, found that unilateral 

knee pain (UKP) was associated with leg-length discrepancy and osteoarthritic knee pain. In 

a recent longitudinal study, UKP and knee OA, comorbidities, and increasing chair-stand 

time were the most significant factors associated with reduced health-related QoL among 

333 community-dwelling Japanese women.33 Data from the Japanese Research on 

Osteoarthritis Against Disability study found that low back and knee pain were associated 

with health-related QoL, using generic measures.29 Given that the proportion of adults 

undergoing knee replacement has increased in recent years and is expected to increase 

further,31 it is recommended that the impact of knee pain on QoL be quantified by both 

generic and specific measures of health-related QoL.

Health-related QoL is receiving increased attention as an outcome measure for knee pain.15 

This measure reflects the impact of health status on one’s ability to function and perceived 

well-being in the physical, mental, and social domains of life, independent of political, 

economic, or social status.28 A variety of generic and knee-specific instruments for the 

assessment of health-related QoL are available, including the Medical Outcomes Study 36-

Item Short-Form Health Survey (SF-36) and the Medical Outcomes Study 12-Item Short-

Form health Survey (SF-12),25 the Western Ontario and McMaster Osteoarthritis 

Universities Osteoarthritis Index,8 and the Knee Injury and Osteoarthritis Outcome Score 

(KOOS).38 Whereas the SF-36 and SF-12 are generic health-related QoL measures, the 

Western Ontario and McMaster Osteoarthritis Universities Osteoarthritis Index and the 

KOOS are joint-specific instruments that were developed to assess the health-related QoL of 

subjects with knee pain or other knee disorders. The objective of the current study was to 
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examine the association between frequent knee pain (bilateral and unilateral) and health-

related QoL, assessed using knee-specific and generic measures. We hypothesized that 

frequent bilateral knee pain (BKP) would be associated with poorer health-related QoL than 

would frequent UKPl and no knee pain.

METHODS

Data Source and Study Sample

The Osteoarthritis Initiative (OAI) is a publicly and privately funded, ongoing longitudinal, 

multicenter study examining the onset and progression of knee OA.34 Adults aged 45 to 79 

years at the time of enrollment who had knee OA or were at high risk of knee OA were 

recruited from 4 clinical sites in the United States (Baltimore, MD; Pittsburgh, PA; 

Pawtucket, RI; and Columbus, OH) between February 2004 and May 2006. Details of the 

OAI study criteria can be found online at http://www.oai.ucsf.edu/datarelaese/About.asp. 

The Institutional Review Board of the OAI Coordinating Center, University of California 

San Francisco, approved the study protocol.

The sample for the current study was drawn from baseline (wave 0–2009) of the OAI 

database, which is publicly accessible at http://www.oai.ucsf.edu/. Data set 0.2.2 was used 

for this study. A sample of 2481 subjects was selected from the 4976 subjects enrolled in the 

OAI using the following inclusion criteria: frequent BKP (frequent pain in both knees), UKP 

(frequent pain in one knee, no pain in the other knee), or no knee pain. The OAI sample 

includes progression, incidence, and control cohorts (FIGURE 1). Subjects from all ethnic 

groups included in the OAI were enrolled in the present study. Participants who reported 

infrequent UKP or BKP, those with missing data regarding which knee was eligible for the 

study, and those who refused to participate were excluded from the study. Excluded subjects 

(n = 2315) were significantly more likely than included subjects (n = 2481) to be younger 

(61.0 years), unmarried (32%), and living alone (22%). They were also significantly more 

likely to have healthcare coverage (97%), to have fallen during past 12 months (64.9%), and 

have fewer depressive symptoms (8%) and less comorbidities (23%) than those included in 

the study.

Subjects were classified as having frequent knee pain if they answered yes to the following 

questions: “During the past 12 months, have you had pain, aching or stiffness in or around 

your (right/left) knee?” and “During the past 12 months, have you had pain, aching or 

stiffness in or around your (right/left) knee on most days for at least 1 month?”. Subjects 

were classified as having infrequent knee pain if they answered yes to the following 

question: “During the past 12 months, have you had pain, aching or stiffness in or around 

your (right/left) knee?” and no to the following question: “During the past 12 months, have 

you had pain, aching or stiffness in or around your (right/left) knee on most days for at least 

1 month?”. Similar questions have been used in the Baltimore Longitudinal Study of 

Aging17 and in other population-based surveys.9
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Measures

Health-related QoL was assessed using knee-specific (KOOS-QoL subscale) and generic 

(SF-12) measures.4 The KOOS was developed to assess patients’ opinions about their knees 

and associated problems. It consists of 5 subscales: pain, other symptoms, function in 

activities of daily living, function in sport and recreation, and knee-related QoL. Data from 

the KOOS QoL subscale were used in this study. The KOOS QoL subscale has 4 items: 

knee problems, knee damage, knee trouble and knee difficulty. Scores for each item 

question ranges from 0 (no problem) to 4 (extreme problems). A summary score was 

calculated by summing item scores and then transforming them to a 0-to-100 scale, with 0 

representing extreme knee problems and 100 representing no knee problem.38

The SF-12 is a shorter version of the SF-36. It comprises 12 questions measuring 8 

dimensions of health: physical function, role limitations related to physical problems, bodily 

pain, general health perception, vitality, social functioning, role limitations due to emotional 

problems, and mental health. These dimensions are represented by physical component 

summary (PCS) and mental component summary (MCS) scores. The range of possible 

values for SF-12 final scores is 0 to 100. Higher scores indicate better health state.40

Covariates

The following demographic and socioeconomic variables were included in analyses: age 

(years), sex (female/male), race (nonwhite/white), education (categorized in 4 levels), 

marital status (married/unmarried), annual income (less than $50,000/$50,000 or greater), 

healthcare coverage (yes/no), employment (employed/unemployed) and social support 

(living alone/with spouse). Validated general health measures of comorbidity (Carlson 

index),14 depression (Center for Epidemiological Studies Depression Scale; severe 

depressive symptoms defined as score of 16 or greater),7 fall (self-report) and body mass 

index (BMI [kg/m2] were used.22

Statistical Analysis

Independent-sample t tests and chi-squared tests were used to determine whether the 

sociodemographic or other characteristics of subjects enrolled in the OAI who were included 

and excluded from the current study differed. Chi-squared tests and analysis of variance 

were used to examine the distributions of study participants’ characteristics according to 

frequent BKP and UKP status. Three multiple linear regression models were used to 

examine the associations between frequent BKP and UKP and KOOS QoL subscale and 

SF-12 (PCS and MCS) scores. Model 1 was unadjusted; model 2 controlled for 

sociodemographic variables (age, sex, race, education, marital status, income, and health 

insurance coverage); and model 3 controlled for all variables in model 2, as well as BMI, 

depressive symptoms, falls, and comorbidities. Model 2 and 3 were conducted to test 

whether the association between BKP/UFP and KOOS QoL subscale/SF-12 remained 

significant All analyses were conducted using SAS Version 9.1.3 (SAS Institute, Inc, Cary, 

NC), with a significance level of .05.
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RESULTS

Of the 2481 participants, 1130 (45.55%) had frequent BKP, 646 (26.04%) had frequent 

UKP, and 705 (28.42%) had no knee pain (TABLE 1). Participants with frequent BKP were 

significantly more likely than those with frequent UKP or no knee pain to be younger (59.9 

years), nonwhite (61.1%), female (47.8%), to have low education (53.9%) and low income 

levels (53%), higher BMI (30.0 kg/m2), to live single (47.5%), and to report more depressive 

symptoms (59.7%). FIGURE 2 illustrates the overall adjusted health-realted QoL scores 

according to knee pain status. Bilateral knee pain yielded the lowest score on the KOOS 

QoL subscale (mean difference, −35.2; P<.0001) and the PCS of the SF-12 (mean 

difference, −6.25; P<.0001), even after controlling all covariates, but BKP had the lowest 

score on the MCS of the SF-12 (mean difference −1.29; P = .002) after controlling only 

sociodemographic variables.

TABLE 2 presents the results of multiple regression analyses of associations between 

frequent knee pain status and KOOS QoL score. In model 1, participants with frequent BKP 

scored 39.4 points less on the KOOS QoL subscale than those with no knee pain (P<.0001), 

and those with UKP scored 30.8 points less on the KOOS QoL than those with no knee pain 

(P<.0001). In model 2, which included sociodemographic variables, the associations 

between frequent BKP and UKP and KOOS QoL scores were slightly weaker, but remained 

statistically significant in comparison with no knee pain (β = −36.7; standard error [SE], 

0.87 and β = −29.8; SE, 0.93, respectively; both P<.0001). In model 3, which additionally 

controlled for BMI, falls, depression, and comorbidities, the associations of frequent BKP 

and UKP with KOOS QoL scores were attenuated by approximately 11% [(39.4 – 35.2)/

39.4 = 0.11] and 5% [(30.8 – 29.2)/30.8 = 0.05], respectively, but remained statistically 

significant (β = −35.2 and −29.2, respectively). Compared with the unadjusted analysis, the 

inclusion of all covariates in the model increased the explained variance (R2) from 0.31 to 

0.57. Other variables significantly associated with KOOS QoL scores in model 3 were race, 

education, falls, depression, and BMI (TABLE 2).

TABLE 3 shows the results of multiple regression analyses of associations between frequent 

knee pain status and SF-12 PCS scores. In model 1, participants with frequent BKP scored 

8.50 points less on the PCS than those with no knee pain (P<.0001), and those with UKP 

scored 4.79 points less on the PCS than those with no knee pain (P<.0001). In model 2, 

which included sociodemographic variables, the associations of frequent BKP and UKP 

with PCS scores were slightly weaker, but remained statistically significant in comparison 

with no knee pain (β = −7.26; SE, 0.43 and β = −4.50; SE, 0.43, respectively; both P<.0001). 

In model 3, which additionally controlled for BMI, falls, depression, and comorbidities, the 

associations of frequent BKP and UKP with PCS scores were attenuated by approximately 

26% [(8.50 – 6.25)/8.50 = 0.26] and 14% [(4.79 – 4.10)/4.79 = 0.14], respectively, but 

remained statistically significant (β = −6.25 and −4.10, respectively). Compared with the 

unadjusted analysis, the inclusion of all covariates in the model increased the explained 

variance (R2) from 0.17 to 0.35. Other variables significantly associated with SF-12 PCS 

scores in model 3 were age, race, education, income, falls, health coverage, fall depression, 

and BMI (TABLE 3).
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TABLE 4 shows the results of regression analyses of frequent knee pain status with SF-12 

MCS scores. In model 1, participants with frequent BKP scored 2.48 less in the MCS than 

those with no knee pain (P <.0001). In model 2, which included sociodemographic 

variables, the association of frequent BKP with MCS scores was slightly weaker but 

remained statistically significant (β = −1.29; SE, 0.42; P = .002) compared with no knee 

pain. In model 3, which additionally controlled for BMI, falls, depression, and 

comorbidities, the association of frequent BKP with MCS scores was not statistically 

significant. Unilateral knee pain was not significantly associated with MCS scores. 

Compared with the unadjusted analysis, the inclusion of all covariates in the model 

increased the explained variance (R2) from 0.02 to 0.38. Other variables significantly 

associated with SF-12 MCS scores in model 3 were age, marital status, income, BMI, and 

depression (TABLE 4).

DISCUSSION

Frequent knee pain in adults can affect every aspect of daily life, impacting overall quality 

of life.2 Very few studies on frequent BKP have focused on psychosocial outcomes, such as 

health-related QoL. To explore these outcomes, we examined associations between frequent 

BKP and UKP and health-related QoL using a sample drawn from the OAI study. We found 

that self-reported frequent BKP and UKP were significantly associated with decreased QoL. 

Subjects with frequent BKP and UKP scored low on the KOOS QoL subscale and the PCS 

of the SF-12 compared with those without knee pain, after adjusting for all covariates. No 

significant association between knee pain (BKP and UKP) and the MCS of the SF-12 was 

found after adjusting for all covariates. Our findings thus suggest that knee pain negatively 

impact on physical aspects of health-related QoL, in line with data from the OAI19 and the 

Research on Osteoarthritis Against Disability Study.3

Our findings are similar to findings previously reported in the literature. For example, 

Muraki et al29 in a sample of 767 men participants, found that those with knee pain or OA 

had decreased scores on the Medical Outcomes Study 8-Item Short-From Health Survey 

PCS. In another study, Muraki et al30 showed that knee pain was associated with lower 

score on the the Medical Outcomes Study 8-Item Short-From Health Survey PCS in a 

sample of 1369 women. Antonopoulou et al5 found that the mental domain of health-related 

QoL was affected only by self-reported knee pain, and not by other musculoskeletal 

disorders. Creaby et al,16 in a cohort study of 122 participants showed that UKP was 

associated with asymmetries in knee biomechanics and that BKP was associated with 

symmetries in knee biomechanics.

Our findings concur with those of other studies: falls,10 depressive symptoms,19 and high 

BMI11 were associated with decreased QoL. Falls are a major risk factor for injuries, which 

leads to poor recovery of physical functions, specifically those needed to carry out activities 

of daily living, and contributes to decreased QoL.10 The finding that a standardized measure 

of knee pain can differentiate health-related QoL ratings is important for 3 reasons. First, 

low SF-12 PCS scores among subjects with frequent BKP are indicators of considerable 

physical limitations, disability, and poorer QoL in relation to those with frequent UKP and 

no knee pain.32,42 In addition, knee pain has been associated with lower scores on items 
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pertaining to general health.31 Second, previous research has documented a high rate of 

global disability among those reporting knee pain.42 Thus, better detection, management, 

and prevention of knee pain in adults may positively affect health-related QoL among aging 

adults. Finally, the SF-12 and the KOOS QoL subscale health-related QoL measures capture 

different aspects of the health related to knee pain.39

Our findings support the need for continued research on interventions that address physical 

approaches to improved health-related QoL. In adults, physical approaches have been shown 

to decrease the likelihood of declines in health-related QoL,27 thus they may similarly 

benefit those with frequent UKP or BKP specifically.24 The incorporation of more physical 

activity into the lifestyles of adults with knee pain led to improvements in the physical 

domain of health-related QoL relative to adults with knee pain who is less physically 

active.1 Clinical trials of physical exercise programs and cross-sectional studies of 

community-dwelling adults have shown that greater physical activity is associated with 

better long-term health-related QoL in the adult population.6 Thus, the use of physical 

interventions to improve health-related QoL should be further examined.

Our study has some limitations. Firs, the cross-sectional analyses do not allow us to 

determine causality. Second, data on pain and health-related QoL was self-reported. Third, 

the findings are generalizable to those with Knee OA or at high risk for OA. Our study has 

several strengths. First, to our knowledge, this study is the first to examine the associations 

of frequent BKP and UKP with health-related QoL separately in comparison with no knee 

pain, using well-established and validated measures of health-related QoL. Second, data 

used in this study were from a large databased sample of the OAI study, with information on 

well-established and validated measurement of health-related QoL, such as the SF-12 and 

the KOOS. This novel examination of the effects of knee pain on health-related QoL 

outcomes contributes to a broader understanding of the impacts of knee pain in adults.41 

Third, the major strength of this study is that we have examined pain location (bilateral or 

unilateral), whereas the majority of the studies examining health-related QoL in patients 

with knee pain used knee pain without location (unilateral or bilateral), did not report pain 

frequency 23,29 and were conducted after joint replacement.36

CONCLUSIONS

In analyses controlling for sociodemographic and health-related variables, subjects with 

frequent BKP and UKP had poorer health-related QoL than did those with no knee pain, and 

subjects with BKP additionally showed worse physical health than did those with UKP, 

which further worsened helth-related QoL in these patients. Clinicians should be aware of 

the possible association between frequent BKP and health-related QoL. Future research 

should assess potential mediating factors in an effort to improve the QoL of people with 

frequent BKP or UKP.
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KEY POINTS

FINDINGS

In this cross-sectional study, the physical, but not mental, domain of health-related QoL 

was poorer among subjects with frequent BKP or UKP than among those with no knee 

pain, after adjusting for confounders.

IMPLICATION

Physical therapists and other healthcare providers should measure the health-related QoL 

of patients with knee pain using knee-specific and generic measures to improve outcomes 

and care.

CAUTION

Subject groups were determined based on a history of self-reported frequent knee pain, 

and the cross-sectional study design prevented the inference of causality.
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FIGURE 1. 
Flow diagram of selection and classification of subjects enrolled in the Osteoarthritis 

Initiative study that was included in the present study.
*The Osteoarthritis Initiative Study has made large, heterogeneous data sets available for 

public use (http://oai.epi-ucsf.org/datarelease/).
†Subjects with symptomatic tibiofemoral knee osteoarthritis at baseline.
‡Subjects with no symptomatic tibiofemoral osteoarthritis in either knee at baseline.
§Subjects with no pain, aching, or stiffness in either knee in the past year; no radiographic 

finding of osteoarthritis; and no eligibility risk factors.
lInfrequent pain in one knee and no pain in the other knee or infrequent pain in both knees.
¶Data missing for the variable indicating which knee was eligible for the study.
#Frequent pain in both knees.
**Frequent pain in one knee, no pain in the other knee.
††No pain in either knee.

Bindawas et al. Page 12

J Orthop Sports Phys Ther. Author manuscript; available in PMC 2016 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://oai.epi-ucsf.org/datarelease/


FIGURE 2. 
Scores reflecting health-related quality of life among subjects with frequent bilateral knee 

pain, frequent unilateral knee pain, and no knee pain.

Abbreviations: KOOS, Knee Injury and Osteoarthritis Outcome Score; MCS, mental 

component summary score of the Medical Outcomes Study 12-Item Short-Form Health 

Survey; PCS, physical component summary score of the Medical Outcomes Study 12-Item 

Short-Form Health Survey; QoL, quality of life.
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