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Abstract
Purpose—To determine associations between multiple joint symptoms and radiographic
osteoarthritis (rOA) and functional outcomes.

Methods—Complete cross-sectional data for multi-joint symptoms and radiographs, Health
Assessment Questionnaire (HAQ) scores, and gait speed were available for 1307 Johnston County
Osteoarthritis Project participants (34% men, 32% African American, mean age 66 years). Factor
analysis of symptom scores and radiographic grades for the lumbosacral spine, bilateral hands,
knees, and hips provided composite scores. Regression models were used to determine
associations between composite scores, HAQ, and gait speed, adjusting for age, body mass index,
gender, and race.

Results—Five rOA factors were identified: 1) IP/CMC factor (carpometacarpal [CMC] and all
interphalangeal [IP] joints); 2) MCP factor (metacarpophalangeal joints 2–5); 3) Knee factor
(tibiofemoral and patellofemoral joints); 4) Spine factor (L1/2 to L5/S1); and 5) Symptom factor.
After adjustment, only the Symptom composite was significantly associated with HAQ and gait
speed; a 1-standard deviation increase in Symptom score was associated with 9 times higher odds
of having poorer function on the HAQ (odds ratio 9.32, 95% confidence interval [CI] 6.80, 12.77),
and a clinically significant decline in gait speed (0.06 m/s, 95%CI −0.07, −0.05).

Conclusions—A novel Symptom composite score was associated with poorer functional
outcomes.
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INTRODUCTION
Arthritis is the most common cause of disability in the United States [1]. Osteoarthritis (OA)
is the most common form of arthritis and affects 27 million Americans [2]. Although
radiographic osteoarthritis (rOA) often involves multiple joints, the lack of an accepted
definition for what constitutes “generalized OA” makes it difficult to effectively quantify the
effects of multiple joint involvement on outcomes in OA. Many important clinical and
research features, such as disability, serum and urine biomarkers, genetic markers, and most
performance-based measures, are a function of the whole-body burden of OA rather than
single joint involvement. Functional outcomes, both self-reported (HAQ), and performance-
based (gait speed), are of interest as they represent the impact of OA on daily life and
function of affected individuals [3–5]. We have previously reported the factor structure
underlying multiple joint rOA grades [6] and presented composite scores as a potential
method to include information about multiple joint sites in models of systemic outcomes. By
combining variables that represent a common, empirically determined, underlying construct,
for example by including a sum of radiographic grades from 20 hand joints as a single
variable in a model, we can account for the impact of rOA at all of these sites on a given
outcome.

In addition to considering multiple joint rOA, it is important to consider symptoms, as there
is an imperfect correlation between these two constructs (e.g., an individual with rOA may
or may not have symptoms), symptoms may predate the appearance of rOA, and symptoms
are likely to be the more important factor in functional outcomes [7, 8]. While various
magnitudes of discordance between symptoms and rOA at the knee have been reported over
the years [8–14], there has been relatively little investigation regarding associations between
symptoms and rOA of other individual joint sites such as the hand [7, 15–18], hip [19], or
low back [20, 21], and fewer studies into simultaneous multiple joint site rOA and
symptoms [22].

Prior studies have explored associations between general musculoskeletal pain and
disability. A population-based study of older adults in the Boston area found that those
participants with pain at more than one joint site had poorer results on the Short Physical
Performance Battery (SPPB; includes gait speed, balance, chair stands) than those without
such pain [23]. Buchman et al found that the risk of mobility disability based on gait speed
was increased by 13% for each additional painful area reported in their elderly cohort [24].
Two studies using data from the community-based North Staffordshire Osteoarthritis
Project, which used mailed survey questionnaires to collect data on musculoskeletal pain,
found that most of the participants had pain in more than one site, and that multiple site pain
was associated with reduced self-reported physical function [25, 26].

Despite these efforts, there remains a gap in understanding regarding the effect of rOA and
symptoms in multiple joint sites on disability. Studies to date have generally used “number
of painful sites” with or without a severity measure to account for pain; none of the above-
mentioned studies had radiographs for assessment of structural damage, and they varied by
population assessed and in measures used. To better address the potential impact of multiple
joint rOA and symptoms, across multiple joints simultaneously, on systemic outcomes, we
utilized factor analysis to formulate composite scores of both rOA and symptoms in multiple
joint sites. Use of these composite scores in models of validated functional outcomes then
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allowed us to determine the associations of whole-body burden of joint symptoms and rOA
with Health Assessment Questionnaire (HAQ) scores [27] and gait speed [28].

PARTICIPANTS AND METHODS

Participants—All data are from a cross-sectional subset of the Johnston County OA
Project (JoCo OA), an ongoing, community-based prospective cohort study of OA and its
risk factors in North Carolina. The JoCo OA includes African American (AA) and White
men and women aged 45 years and older, who completed home interviews and a clinic
examination administered by trained personnel [29]. Age, gender, and race were obtained by
interviewer-administered questionnaires. During the clinic examination, we obtained
radiographs, physical performance-based measures, and body mass index (BMI, calculated
in kg/m2 from measured height (cm) and weight (kg)). Individuals included in these
analyses had complete multi-joint radiographic data (obtained 2003–4 and 2006–10,
n=1373, see also [6]), symptom and outcome data, resulting in 1307 individuals available
for the HAQ outcome and 1303 individuals for the gait speed outcome (although 3 were
excluded for implausible gait speed values before analysis, table 1). The JoCo OA study has
been continuously approved by the Institutional Review Boards of the University of North
Carolina and the Centers for Disease Control and Prevention in Atlanta, GA.

Radiographs of the bilateral hands, tibiofemoral (TF), and hip joints were read for global
Kellgren-Lawrence (KL) grades, where a score of 0 indicates no OA features, 1 is a minute
osteophyte of doubtful significance, 2 is a definite osteophyte without joint space narrowing,
3 is moderate joint space narrowing, and a 4 indicates severe joint space narrowing with
bony sclerosis [30]. Patellofemoral (PF) joints and lumbosacral spine were read for
osteophytes (0–3, where 0 is no osteophyte and 3 is a large osteophyte), and spine was
additionally read for disc space narrowing (0–3, none to severe), using the Burnett atlas [31],
as previously described [6] by a musculoskeletal radiologist with high reliability (inter-rater
weighted kappa 0.86, intra-rater 0.89 [32]). Joints that had undergone replacement were not
included in factor analysis, as no score could be assigned. In order to account for both
presence and severity of radiographic change, the full range of KL grades (0–4) and Burnett
grades (0–3) were used as continuous variables for the factor analysis.

Symptom presence in the lower back and right and left hands, knees, or hips, was based on
a positive answer to interviewer-administered questions, such as “On MOST days, do you
have pain, aching or stiffness in your [right, left] [knee, hip]?” For those with a positive
response, the symptoms were graded as mild, moderate, or severe, resulting in a score from
0 (none) to 3 (severe) for each of the 7 joint sites.

Outcome measures
HAQ—Each of 20 individual activities in 8 domains (such as dressing, eating, walking,
reach, and grip) was scored using self-report from 0 (no difficulty) to 3 (unable to do), with
those requiring assistive devices assigned a 2 [27]. Within each domain, the highest score
was taken as the domain score, and the average score of the 8 domains was determined as
the total HAQ score. This self-reported functional status measure has been used by our
group [3] and others [4] in OA populations. HAQ scores were categorized into 3 mutually
exclusive categories: 0, between 0 and 1, and at least 1 [3].

Gait speed—Two trials of an 8-foot walk were completed by each participant at his/her
usual walking pace [28]. The trials were timed in seconds, averaged, and converted to
meters/second. Three individuals with implausible values were excluded from the analysis
resulting in n=1300 for this outcome. Gait speed has been assessed as a performance-based
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marker of functional limitation in geriatric conditions including OA [3, 5, 33, 34], and the 8-
foot walk test is a reliable measure in older adults (intra-observer ICC >0.7, inter-observer
ICC>0.5 [35, 36]).

Factor analysis
All radiographic variables (KL 0–4 or Burnett atlas grade 0–3, as previously reported [6])
and, new to this analysis, symptom scores (0–3), were entered all together into an
exploratory common factor analysis simultaneously. Differences in the number of response
categories can sometimes yield artifacts. For example, 4-response items could form one
factor and 5-response items another factor. In this case, however, no such artifacts were
detected. Factors were selected based on eigenvalues and screeplots; variables with low
loadings (<0.4) were dropped. An oblique rotation, allowing factors to correlate with each
other, was applied. Cronbach's coefficient alpha was calculated as a measure of internal
consistency for each factor. Stratified analyses by gender, race, age (<65 versus 65 years or
older) and BMI (<30 kg/m2 versus 30 kg/m2 or higher) were performed to assess for
subgroup differences in factor structure and reliability.

Since loadings were fairly equal among variables loading onto each factor, the scores were
created by simply summing the scores for each variable included in the factor without any
weighting procedure. Average scores were created by dividing the sum scores by the
number of included variables; these scores were standardized by dividing each mean score
by its standard deviation (SD) to make a 1-unit change comparable among factors; these
standardized scores were included in models as continuous independent variables. Pearson
correlation coefficients were calculated between the 5 factor scores and each of the 2
outcomes (HAQ and gait speed).

Regression models
By including all rOA composite scores simultaneously in all models, our goal was to
estimate the associations between whole-body burden of rOA and each of the outcome
measures. Partial proportional odds regression models were used to determine associations
(as cumulative odds ratios [cOR]) between rOA and symptoms variables (1-SD change) and
HAQ scores in 3 levels, via a user-defined program (gologit2, see [37]) in Stata 11.0
(StataCorp, College Station, TX). The proportional odds assumption estimates a single cOR
for each explanatory variable which represents the comparison for the best category
(HAQ=0) versus the other 2 pooled categories, as well as for the better 2 categories pooled
versus the worst category (HAQ ≥1). Partial proportional odds models allow for flexibility
in applying the proportional odds assumption separately for each explanatory variable.
Linear regression was used to determine associations between a 1-SD change in rOA and
Symptom score (or the presence of rOA for binary hip rOA) and gait speed as a continuous
outcome variable (m/s). This model was also used, in an exploratory analysis, to predict
effects of hypothetical combinations of rOA and symptoms on gait speed.

The Symptom score was added to the regression models containing rOA scores first,
followed by adjustment for all covariates (age, BMI, gender, and race). All pairwise
interactions were assessed using product-term interactions. Likelihood ratio tests between
models with all and models without any interactions (e.g. joint tests) were used to determine
significant interactions. A p-value of <0.1 was used to indicate a significant difference
between models and therefore better model fit with inclusion of the interaction terms.
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RESULTS
Following factor analysis, a 5-factor solution was selected based on eigenvalues and
screeplots; variables with low loadings (rOA of the hips and 1st MCPs) were not included in
any factors. Four rOA factors were evident from the final factor analysis, consistent with our
previous report which did not include any symptom variables [6]. The rotated factor
structure, including loadings of each variable onto the factors, as well as the eigenvalues,
alpha coefficients, and inter-item correlations, is available in table 2.

The IP/CMC factor consisted of the 1st CMCs, 1st IPs, distal and proximal IPs 2–5 (20
joints). The MCP factor included MCP joints 2–5 (8 joints). The Knee factor consisted of
the rOA variables for the bilateral TF and PF joints (4 joints). The Spine factor included DN
and OST variables from 5 levels (L1/2 to L5/S1). The symptom scores from 7 joint sites
(lower back and bilateral hands, knees, and hips) loaded together onto a 5th, Symptom
factor, without substantial cross-loading onto the radiographic factors. Because hip rOA is a
possible contributor to functional outcomes, hip rOA was used as a separate indicator
variable in the models, defined as present if a KL grade ≥2 was present in either hip, or if by
patient report a hip replacement had been performed for OA.

The high alphas (≥ 0.8) for these 5 factors indicate good reliability. There were no
substantial differences in factor structure or for Cronbach's alpha by subgroups of gender,
race, age, or BMI. The between-factor correlations after rotation were low to moderate
(ranging from 0.04 between the Knee rOA and Symptom factors, to 0.45 between the IP/
CMC and MCP rOA factors). In particular, the correlations between the rOA factors and
Symptom factor were quite low (r=0.04 for Knee, 0.07 for MCP, 0.09 for Spine, and 0.12
for IP/CMC). Therefore, the 5 factors (4 radiographic and 1 symptom) are reliable, distinct,
and robust across subgroups.

The complete case sample (n=1307) included 34% men / 66% women and 32% African
American / 68% white participants with a mean age of 66 years; nearly half had a BMI of at
least 30 kg/m2. Median scores and ranges for each factor score (computed as the average of
all variables loading onto each factor), and the percentage with hip rOA, are presented in
table 1.

HAQ
Proportions of the sample by HAQ category were 30% (0), 24% (>0 to <1) and 46% (≥1,
Table 1). Significant positive correlations between HAQ and the rOA scores were observed,
indicating higher HAQ scores (more difficulty with activities of daily living) with an
increasing burden of rOA. However, the positive correlation was much stronger with the
composite Symptom score (r=0.43) than with any of the rOA scores (r ≤ 0.24, table 3).

An unadjusted partial proportional odds model including only rOA scores showed a
significant positive association between HAQ category and scores for the IP/CMC, Knee,
and Spine factor (table 4).

For example, the odds of having a HAQ score ≥1 compared to a HAQ score <1, or a HAQ
score >0 versus HAQ score equal to 0, were 51% higher for every 1-SD increase in the IP/
CMC factor score (cOR 1.51, 95% CI [1.33, 1.71]). The addition of the Symptom score to
the model reduced the cOR for the knee factor to a statistically non-significant level, but the
cORs for the IP/CMC and Spine factors were essentially unchanged. More importantly, the
cORs for the Symptom factor were substantially higher than those for any of the rOA scores.
For each 1-SD increase in the Symptom score, the odds of being in a HAQ category >0
increased substantially (cOR 7.65, 95% CI [5.68, 10.29]), while the odds of being in the
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worst category compared to the better two categories more than doubled (cOR 2.27, 95% CI
[1.96, 2.63], table 3). After adjustment for the covariates, the associations between the rOA
scores and HAQ categories were no longer significant, but those for the Symptom score
actually increased in magnitude. No interactions were significant in the final model as
shown by the non-significant likelihood ratio test result (p=0.26) comparing a model with all
interactions to one with none. Therefore, it appears that the composite Symptom score is
more predictive than rOA of poorer function as reported by the HAQ.

Gait speed
The mean gait speed in the sample was 0.7 ± 0.2 m/s, with median 0.7 m/s and range from
0.1 to 1.6 m/s. Significant negative correlations were found between all rOA scores and gait
speed such that higher factor scores, indicating greater rOA burden, were associated with
lower values for gait speed (table 3). Again, the correlation between the Symptom score and
gait speed was stronger than that for the rOA scores.

Gait speed was significantly negatively associated with all 4 factors and hip rOA in the
unadjusted model (table 5).

Even after including the Symptom score, most of the associations between rOA scores and
gait speed remained significant, but the magnitude of the association was stronger for the
Symptom score compared to the rOA scores. After adjustment for the covariates, the rOA
scores were no longer significantly associated with gait speed, while the association with the
Symptom score increased in magnitude, with the model predicting a decline of 0.06 m/s
(95% CI: −0.07, −0.05) for each 1-SD increase in Symptom score. No significant
interactions were identified (p=0.50 for a likelihood ratio test for a model with all
interactions compared to one with none). As seen for HAQ, a higher composite Symptom
score is more strongly associated with poorer gait speed than are the rOA scores.

We used the final unadjusted linear regression equation to calculate, in an exploratory
fashion, the predicted effect of combinations of the composite rOA and Symptom score on
gait speed. In the absence of symptoms, for no rOA at any site (minimum factor scores and
no hip rOA), the model predicted a gait speed of 0.82 m/s (95% CI 0.80, 0.84) compared to
0.31 m/s (95% CI 0.19, 0.44) for an individual with a maximum score for all 4 rOA factors
and hip rOA (difference: 0.51 m/s [95% CI 0.37, 0.65]). However, when the mean Symptom
score for the sample was substituted in place of no symptoms, the predicted gait speed for an
individual with maximal rOA scores dropped to 0.26 m/s (95% CI 0.14, 0.39), again
demonstrating the higher impact of symptoms compared with structural rOA.

DISCUSSION
Using data from a community-based cohort of African American and White men and
women both with and without rOA, we created 4 composite factors reflective of multi-joint
rOA at the hands, knees, and spine (37 distinct joints), and 1 new composite factor
representing symptoms at the hands, knees, hips, and low back. Summary scores for these 5
factors yield composite measures including information on both presence and severity of
multiple site rOA and multiple site joint symptoms. We found the expected relationships
between rOA variables and the outcomes (HAQ and gait speed), although all were
attenuated by the covariates age, BMI, gender, and race. The associations with the function-
related outcomes, both self-reported (HAQ) and performance-based (gait speed) were
notably stronger for the Symptom score than for the rOA factors. This novel composite
Symptom score, representative of symptoms at the hands, knees, hips and low back,
provides a straightforward method to include information about presence and severity of
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multiple joint symptoms in a single variable, and was strongly associated with both self-
reported and performance based functional status in this analysis.

We used factor analysis, which identified 4 composite factors of rOA that provided
composite scores for IP/CMC, MCP, Knee, and Spine OA, allowing significant reduction in
dimensionality of models by using these 4 factors rather than the 42 underlying variable
values (at 37 distinct joint sites) that the factors represent, as previously described [6]. In this
report, we also describe loadings of symptoms variables onto one distinct Symptom factor.
Interestingly, the addition of symptoms to the factor analysis did not change the factor
structure initially defined for rOA alone [6]. Furthermore, the symptoms variables formed a
distinct Symptom factor rather than loading onto the associated rOA factor for that joint site.
Although the joint sites considered were essentially the same as those included for rOA
(hand, knee, hip, back), there were minimal correlations and no substantial cross-loading of
the symptoms for a given joint site with the corresponding rOA grade, or its factor score, in
this community-based population unselected for OA or musculoskeletal symptoms. This is
likely a function of several contributing factors: 1) insensitivity of measures of both
symptoms [38] and of structural damage by conventional radiography [39] in OA,
particularly for semi-quantitative measures such as the KL grade; 2) potential anatomic
inaccuracy of self-reported symptoms [40, 41]; and 3) imperfect agreement between
structural findings and symptoms. Another potential cause of discordance between structure
and symptoms could be a genetic contribution to symptoms: Williams et al [42] reported
that a single genetic factor underlies self-reported musculoskeletal pain at multiple sites in
the TwinsUK cohort, with a heritability of 46% (95% CI 40–52%). In a subset of
participants with radiographs, the authors also reported weak correlations between pain and
knee or hand rOA (r<0.1, [42]). This discordance is likely most important in the mild to
moderate structural damage that is most often seen in community or population-based
studies; associations between pain and imaging pathology tend to increase for more severe
radiographic joint damage [15, 19, 43, 44].

HAQ scores reflect the self-reported level of difficulty (higher scores=more difficulty) an
individual has with activities of daily living [27]. Increasing IP/CMC, Knee, and Spine
factor scores, reflective of rOA burden, were associated with significantly increased odds of
being in a higher HAQ score category in unadjusted models. However, symptoms were far
more powerful predictors of HAQ category than any of the rOA variables, and in the fully
adjusted model, only the Symptom score remained predictive. This result is consistent with
prior work in this cohort [43], where higher HAQ scores were associated with knee rOA
before, but not after, adjustment for knee pain severity and other covariates. Odding et al,
using data from the Rotterdam study, found that knee and hip pain were stronger
determinants of locomotor disability (using a subset of the HAQ) compared to rOA in these
sites; knee and hip pain also demonstrated stronger associations with disability than did
combinations of rOA and pain [44]. Urwin, et al, in a community-based study, reported that
two thirds of participants self-reported pain in more than one site; those with 3 or more
painful joint sites had the highest proportion of disability by the mHAQ [45]. Therefore, we
can confirm that the multiple joint symptom composite factor provides a novel method of
assessing symptom presence and severity, and is a more important predictor of self-reported
functional status than radiographically determined structural damage.

Gait speed is affected by general health status in addition to other factors [5, 28], and has
been assessed in OA primarily in the setting of knee disease. A “small” meaningful effect on
this measure is estimated at 0.05 m/s [46], while 0.1 m/s represents a “substantial” effect
associated with impact on health care utilization, health status, and overall survival [33, 46,
47]. While the rOA variables in the current analysis did not reach this level of effect, the
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association of the Symptom factor with gait speed was consistent with a “small” meaningful
effect (reduction of 0.06 m/s in adjusted models).

Of greater interest is the predicted gait speed based on combinations of rOA and symptom
scores, where “substantial” effects were seen, consistent with a cumulative effect of rOA
and symptom burden on gait speed. For example, the model predicts a decrease in gait speed
of 0.51 m/s when comparing a hypothetical situation of no rOA to one with maximal rOA
factor scores and hip rOA; if an average level of symptoms is included in the model, it
predicts a decline of 0.56 m/s, which likely represents a clinically relevant change [46]. Our
group has previously reported significant associations between slower gait speed and finger
joint symptoms, after adjustment for hip and knee symptoms and rOA [3]. The vast majority
of studies using gait speed in OA focus on knee OA, with fewer looking at hip involvement
[34]. One study assessing knee and ankle rOA and symptoms at these two sites found that
knee rOA was independently associated with reduced gait speed [48]. Several other studies
have identified inverse associations between gait speed and pain in multiple joint sites,
although without radiographic assessments [23, 24, 49]. We find herein that the overall
burden of rOA, and especially of multiple joint symptoms, using composite measures that
simultaneously account for both presence and severity, is more predictive of declines in gait
speed than rOA of any joint site, suggesting that consideration of the burden of symptomatic
disease is of value for functional outcomes in OA. Rehabilitation planning may be better
served by a thorough review of OA patients' symptoms rather than multiple joint imaging,
and interventions directed at symptom management (joint protection, exercise, weight loss,
education) are likely important for reducing, and potentially preventing, functional decline.

Limitations of this work include its cross-sectional nature (which prevents understanding of
the temporal relationships), although future longitudinal studies are possible in this cohort.
The observed factor structure was generated for this particular sample and has not yet been
replicated in other populations, so cannot be translated to other groups without further
research for confirmation. The overall observed gait speed in our study is slower than that
seen in other OA studies [5], which may represent a unique and possibly non-generalizable
aspect of our population. Foot and ankle radiographs were not available for this sample but
will be collected in the future. The considerable strengths of the current analysis include the
use of a community-based cohort with extensive radiographic, symptomatic, and functional
data, inclusion of African American and White men and women with and without rOA, and
the use of a methodologically rigorous procedure to obtain multi-joint scores.

CONCLUSIONS
Composite factors, simultaneously representing both the presence and severity of multi-joint
symptoms and rOA involvement, were associated with reduced gait speed and higher HAQ
scores, although only the composite Symptom score was significantly associated after
adjustment for covariates. Exploratory modeling suggested cumulative negative impact on
function from increasing burden of symptoms and rOA at multiple sites. Such composite
factors, incorporating information from numerous variables, allow more precise estimation
of the effects of multi-joint OA involvement on systemic outcomes for researchers.
Clinically, symptom assessment is more cost-effective and accessible to rehabilitation
providers, and in our analysis is also more strongly associated with functional assessments
than is more costly radiographic assessment, particularly for evaluation of multiple joint
sites.

Nelson et al. Page 8

Disabil Rehabil. Author manuscript; available in PMC 2015 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Acknowledgments
We would like to thank the participants and staff of the JoCo OA Project, without whom this work would not have
been possible.

Declarations of interest. The funding sources had no role in data collection, analysis, interpretation, or in
manuscript writing or the decision to submit the manuscript. This research was supported in part by the Clinical
Investigator Fellowship Award from the American College of Rheumatology Research and Education Foundation
(Nelson), NIH/NIAMS Loan repayment award LRP 1L30 AR056604 (Nelson), UNC CTSA via NCRR
UL1RR025747 (Nelson, Elstad), Arthritis Foundation Postdoctoral Fellowship Award (Golightly), NIH/NIA
Claude D. Pepper 5-P30-AG028716 and P01 AR050245 (Kraus), CDC/Association of Schools of Public Health
S043 and S3486 (Jordan, Renner), and NIAMS 5-P60-AR30701 (Jordan, Renner, Schwartz).

Reference List
1. Prevalence and most common causes of disability among adults--United States, 2005. MMWR

Morb Mortal Wkly Rep. 2009; 58(16):421–6. [PubMed: 19407734]

2. Lawrence RC, Felson DT, Helmick CG, Arnold LM, Choi H, Deyo RA, Gabriel S, Hirsch R,
Hochberg MC, Hunder GG, Jordan JM, Katz JN, Kremers HM, Wolfe F. Estimates of the
prevalence of arthritis and other rheumatic conditions in the United States. Part II. Arthritis Rheum.
2008; 58(1):26–35. [PubMed: 18163497]

3. Elliott AL, Kraus VB, Fang F, Renner JB, Schwartz TA, Salazar A, Huguenin T, Hochberg MC,
Helmick CG, Jordan JM. Joint-specific hand symptoms and self-reported and performance-based
functional status in African Americans and Caucasians: The Johnston County Osteoarthritis Project.
Ann Rheum Dis. 2007; 66(12):1622–6. [PubMed: 17504840]

4. Bijsterbosch J, Scharloo M, Visser AW, Watt I, Meulenbelt I, Huizinga TW, Kaptein AA,
Kloppenburg M. Illness perceptions in patients with osteoarthritis: change over time and association
with disability. Arthritis Rheum. 2009; 61(8):1054–61. [PubMed: 19644904]

5. 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. [PubMed: 20862681]

6. Nelson AE, Devellis RF, Renner JB, Schwartz TA, Conaghan PG, Kraus VB, Jordan JM.
Quantification of the whole-body burden of radiographic osteoarthritis using factor analysis.
Arthritis Res Ther. 2011; 13(5):R176. [PubMed: 22027269]

7. Bijsterbosch J, Watt I, Meulenbelt I, Rosendaal FR, Huizinga TW, Kloppenburg M. Clinical and
radiographic disease course of hand osteoarthritis and determinants of outcome after 6 years. Ann
Rheum Dis. 2011; 70(1):68–73. [PubMed: 20736393]

8. Summers MN, Haley WE, Reveille JD, Alarcon GS. Radiographic assessment and psychologic
variables as predictors of pain and functional impairment in osteoarthritis of the knee or hip.
Arthritis Rheum. 1988; 31(2):204–9. [PubMed: 3348824]

9. Duncan R, Peat G, Thomas E, Hay E, McCall I, Croft P. Symptoms and radiographic osteoarthritis:
not as discordant as they are made out to be? Ann Rheum Dis. 2007; 66(1):86–91. [PubMed:
16877532]

10. Neogi T, Felson D, Niu J, Nevitt M, Lewis CE, Aliabadi P, Sack B, Torner J, Bradley L, Zhang Y.
Association between radiographic features of knee osteoarthritis and pain: results from two cohort
studies. BMJ. 2009; 339:b2844. [PubMed: 19700505]

11. Hannan MT, Felson DT, Pincus T. Analysis of the discordance between radiographic changes and
knee pain in osteoarthritis of the knee. J Rheumatol. 2000; 27(6):1513–7. [PubMed: 10852280]

12. Hadler NM. Knee pain is the malady--not osteoarthritis. Ann Intern Med. 1992; 116(7):598–9.
[PubMed: 1543316]

13. Salaffi F, Cavalieri F, Nolli M, Ferraccioli G. Analysis of disability in knee osteoarthritis.
Relationship with age and psychological variables but not with radiographic score. J Rheumatol.
1991; 18(10):1581–6. [PubMed: 1765985]

14. Dieppe PA. Relationship between symptoms and structural change in osteoarthritis: what are the
important targets for therapy? J Rheumatol. 2005; 32(6):1147–9. [PubMed: 15977351]

Nelson et al. Page 9

Disabil Rehabil. Author manuscript; available in PMC 2015 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



15. Dahaghin S, Bierma-Zeinstra SM, Hazes JM, Koes BW. Clinical burden of radiographic hand
osteoarthritis: a systematic appraisal. Arthritis Rheum. 2006; 55(4):636–47. [PubMed: 16874787]

16. Kortekaas MC, Kwok WY, Reijnierse M, Huizinga TW, Kloppenburg M. Osteophytes and joint
space narrowing are independently associated with pain in finger joints in hand osteoarthritis. Ann
Rheum Dis. 2011; 70(10):1835–7. [PubMed: 21742640]

17. Jones G, Cooley HM, Bellamy N. A cross-sectional study of the association between Heberden's
nodes, radiographic osteoarthritis of the hands, grip strength, disability and pain. Osteoarthritis
Cartilage. 2001; 9(7):606–11. [PubMed: 11597172]

18. Ding H, Solovieva S, Vehmas T, Riihimaki H, Leino-Arjas P. Finger joint pain in relation to
radiographic osteoarthritis and joint location--a study of middle-aged female dentists and teachers.
Rheumatology (Oxford). 2007; 46(9):1502–5. [PubMed: 17673479]

19. Birrell F, Lunt M, Macfarlane G, Silman A. Association between pain in the hip region and
radiographic changes of osteoarthritis: results from a population-based study. Rheumatology
(Oxford). 2005; 44(3):337–41. [PubMed: 15536064]

20. de Schepper EI, Damen J, van Meurs JB, Ginai AZ, Popham M, Hofman A, Koes BW, Bierma-
Zeinstra SM. The association between lumbar disc degeneration and low back pain: the influence
of age, gender, and individual radiographic features. Spine (Phila Pa 1976). 2010; 35(5):531–6.
[PubMed: 20147869]

21. Muraki S, Oka H, Akune T, Mabuchi A, En-Yo Y, Yoshida M, Saika A, Suzuki T, Yoshida H,
Ishibashi H, Yamamoto S, Nakamura K, Kawaguchi H, Yoshimura N. Prevalence of radiographic
lumbar spondylosis and its association with low back pain in elderly subjects of population-based
cohorts: the ROAD study. Ann Rheum Dis. 2009; 68(9):1401–6. [PubMed: 18718988]

22. Lawrence, JSJS. Rheumatism in populations. Heinemann Medical Books; London: 1977. p. 572

23. Eggermont LH, Bean JF, Guralnik JM, Leveille SG. Comparing pain severity versus pain location
in the MOBILIZE Boston study: chronic pain and lower extremity function. J Gerontol A Biol Sci
Med Sci. 2009; 64(7):763–70. [PubMed: 19228782]

24. Buchman AS, Shah RC, Leurgans SE, Boyle PA, Wilson RS, Bennett DA. Musculoskeletal pain
and incident disability in community-dwelling older adults. Arthritis Care Res (Hoboken). 2010;
62(9):1287–93. [PubMed: 20853470]

25. Peat G, Thomas E, Wilkie R, Croft P. Multiple joint pain and lower extremity disability in middle
and old age. Disabil Rehabil. 2006; 28(24):1543–9. [PubMed: 17178617]

26. Mottram S, Peat G, Thomas E, Wilkie R, Croft P. Patterns of pain and mobility limitation in older
people: cross-sectional findings from a population survey of 18,497 adults aged 50 years and over.
Qual Life Res. 2008; 17(4):529–39. [PubMed: 18365768]

27. Pincus T, Summey JA, Soraci SA Jr. Wallston KA, Hummon NP. Assessment of patient
satisfaction in activities of daily living using a modified Stanford Health Assessment
Questionnaire. Arthritis Rheum. 1983; 26(11):1346–53. [PubMed: 6639693]

28. Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG, Scherr PA, Wallace
RB. A short physical performance battery assessing lower extremity function: association with
self-reported disability and prediction of mortality and nursing home admission. J Gerontol. 1994;
49(2):M85–94. [PubMed: 8126356]

29. Jordan JM, Helmick CG, Renner JB, Luta G, Dragomir AD, Woodard J, Fang F, Schwartz TA,
Abbate LM, Callahan LF, Kalsbeek WD, Hochberg MC. Prevalence of knee symptoms and
radiographic and symptomatic knee osteoarthritis in African Americans and Caucasians: the
Johnston County Osteoarthritis Project. J Rheumatol. 2007; 34(1):172–80. [PubMed: 17216685]

30. Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthrosis. Ann Rheum Dis. 1957;
16(4):494–502. [PubMed: 13498604]

31. Burnett, SJ.; Hart, DJ.; Cooper, C.; Spector, TD. A radiographic atlas of osteoarthritis. Springer-
Verlag; London: 1994.

32. Jordan JM, Linder GF, Renner JB, Fryer JG. The impact of arthritis in rural populations. Arthritis
Care Res. 1995; 8(4):242–50. [PubMed: 8605262]

33. Purser JL, Weinberger M, Cohen HJ, Pieper CF, Morey MC, Li T, Williams GR, Lapuerta P.
Walking speed predicts health status and hospital costs for frail elderly male veterans. J Rehabil
Res Dev. 2005; 42(4):535–46. [PubMed: 16320148]

Nelson et al. Page 10

Disabil Rehabil. Author manuscript; available in PMC 2015 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



34. Purser JL, Golightly YM, Feng Q, Helmick CG, Renner JB, Jordan JM. Association of slower
walking speed with incident knee osteoarthritis-related outcomes. Arthritis Care Res (Hoboken).
2012; 64(7):1028–35. [PubMed: 22392700]

35. Jette AM, Jette DU, Ng J, Plotkin DJ, Bach MA. Are performance-based measures sufficiently
reliable for use in multicenter trials? Musculoskeletal Impairment (MSI) Study Group. J Gerontol
A Biol Sci Med Sci. 1999; 54(1):M3–6. [PubMed: 10026655]

36. Ostchega Y, Harris TB, Hirsch R, Parsons VL, Kington R, Katzoff M. Reliability and prevalence
of physical performance examination assessing mobility and balance in older persons in the US:
data from the Third National Health and Nutrition Examination Survey. J Am Geriatr Soc. 2000;
48(9):1136–41. [PubMed: 10983916]

37. Williams R. Generalized ordered logit/partial proportional odds models for ordinal dependent
variables. Stata Journal. 2006; 6(1):58–82.

38. Hawker GA, Stewart L, French MR, Cibere J, Jordan JM, March L, Suarez-Almazor M,
Gooberman-Hill R. Understanding the pain experience in hip and knee osteoarthritis--an OARSI/
OMERACT initiative. Osteoarthritis Cartilage. 2008; 16(4):415–22. [PubMed: 18296075]

39. Guermazi A, Roemer FW, Hayashi D. Imaging of osteoarthritis: update from a radiological
perspective. Curr Opin Rheumatol. 2011; 23(5):484–91. [PubMed: 21760511]

40. Zacher J, Gursche A. `Hip' pain. Best Practice &amp; Research Clinical Rheumatology. 2003;
17(1):71–85. [PubMed: 12659822]

41. Hill CL, Gale DR, Chaisson CE, Skinner K, Kazis L, Gale ME, Felson DT. Periarticular lesions
detected on magnetic resonance imaging: prevalence in knees with and without symptoms.
Arthritis Rheum. 2003; 48(10):2836–44. [PubMed: 14558089]

42. Williams FM, Spector TD, MacGregor AJ. Pain reporting at different body sites is explained by a
single underlying genetic factor. Rheumatology (Oxford). 2010; 49(9):1753–5. [PubMed:
20525736]

43. Jordan J, Luta G, Renner J, Dragomir A, Hochberg M, Fryer J. Knee pain and knee osteoarthritis
severity in self-reported task specific disability: the Johnston County Osteoarthritis Project. J
Rheumatol. 1997; 24(7):1344–9. [PubMed: 9228135]

44. Odding E, Valkenburg HA, Algra D, Vandenouweland FA, Grobbee DE, Hofman A. Associations
of radiological osteoarthritis of the hip and knee with locomotor disability in the Rotterdam Study.
Ann Rheum Dis. 1998; 57(4):203–8. [PubMed: 9709175]

45. Urwin M, Symmons D, Allison T, Brammah T, Busby H, Roxby M, Simmons A, Williams G.
Estimating the burden of musculoskeletal disorders in the community: the comparative prevalence
of symptoms at different anatomical sites, and the relation to social deprivation. Ann Rheum Dis.
1998; 57(11):649–55. [PubMed: 9924205]

46. Perera S, Mody SH, Woodman RC, Studenski SA. Meaningful change and responsiveness in
common physical performance measures in older adults. J Am Geriatr Soc. 2006; 54(5):743–9.
[PubMed: 16696738]

47. Studenski S, Perera S, Patel K, Rosano C, Faulkner K, Inzitari M, Brach J, Chandler J, Cawthon P,
Connor EB, Nevitt M, Visser M, Kritchevsky S, Badinelli S, Harris T, Newman AB, Cauley J,
Ferrucci L, Guralnik J. Gait Speed and Survival in Older Adults. JAMA: The Journal of the
American Medical Association. 2011; 305(1):50–8. [PubMed: 21205966]

48. McDaniel G, Renner JB, Sloane R, Kraus VB. Association of knee and ankle osteoarthritis with
physical performance. Osteoarthritis Cartilage. 2011; 19(6):634–8. [PubMed: 21310252]

49. Leveille SG, Bean J, Ngo L, McMullen W, Guralnik JM. The pathway from musculoskeletal pain
to mobility difficulty in older disabled women. Pain. 2007; 128(1–2):69–77. [PubMed: 17055167]

Nelson et al. Page 11

Disabil Rehabil. Author manuscript; available in PMC 2015 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Implications for Rehabilitation

- Osteoarthritis (OA) commonly affects multiple joints and is the most
common form of arthritis.

- Symptomatic assessments, which can be easily executed by rehabilitation
practitioners, are more closely related to self-reported and performance-based
functional status than are less accessible and more costly radiographs.

- Symptomatic assessments are likely to be more informative for
understanding, treating, and potentially preventing functional limitations than
radiographic assessments.
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Table 1

Sample characteristics, complete case analysis (n=1307*).

Mean ± SD Median (Observed range); (Possible range)

Age (years) 67.2 ± 9.7 66.1 (45.2–95.3)

IP/CMC Factor † 0.7 ± 0.7 0.5 (0–3.7); (0–4)

MCP Factor 0.3 ± 0.4 0.3 (0–4.0); (0–4)

Knee Factor 0.5 ± 0.4 0.4 (0–2.5); (0–3.2)

Spine Factor 0.5 ± 0.4 0.4 (0–2.8); (0–3)

Symptom Factor 0.5 ± 0.6 0.3 (0–3); (0–3)

Gait speed (m/s) 0.7 ±0.2 0.7 (0.1–1.6)

n (%)

Hip rOA present ‡ 451 (34.5%)

Male 445 (34.1%)

African American 418 (32.0%)

BMI (kg/m2)

 <25 208 (16.0%)

 ≥25 and <30 472 (36.1%)

 ≥30 626 (47.9%)

HAQ

 =0 391 (29.9%)

 >0 to <1 317 (24.3%)

 ≥1 599 (45.8%)

*
Gait speed n=1300; n=1 missing BMI.

†
Factor scores represent average radiographic grades across all included joints (e.g. the MCP factor is calculated as the summed KL grade for MCP

2–5 on both hands divided by the number of joints included (sum MCP KL grades/8)).

‡
Hip rOA is presented separately as hip is not included in any of the factor scores.

Disabil Rehabil. Author manuscript; available in PMC 2015 January 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Nelson et al. Page 14

Table 2

Factor analysis results after oblique rotation*

Variable
Loading of Variables onto Individual Factors

IP/CMC MCP Knee Spine Symptom

L 1st IP 0.527 0.117 0.068 0.022 − 0.083

R 1st IP 0.556 0.129 0.046 0.045 − 0.030

L CMC 1 0.454 0.001 0.160 0.153 0.069

R CMC 1 0.424 0.020 0.150 0.128 0.065

L 2nd DIP 0.830 − 0.154 − 0.016 0.044 − 0.020

L 3rd DIP 0.837 − 0.067 − 0.004 − 0.013 0.021

L 4th DIP 0.821 − 0.026 − 0.015 − 0.081 − 0.008

L 5th DIP 0.774 − 0.035 − 0.042 0.005 0.002

R 2nd DIP 0.802 − 0.083 − 0.038 0.083 0.012

R 3rd DIP 0.810 − 0.028 0.022 0.012 − 0.016

R 4th DIP 0.821 − 0.032 − 0.017 − 0.003 − 0.012

R 5th DIP 0.787 − 0.067 − 0.025 0.012 0.001

L 2nd PIP 0.686 0.052 0.008 − 0.001 0.005

L 3rd PIP 0.723 0.078 − 0.006 − 0.028 0.048

L 4th PIP 0.721 0.066 − 0.028 − 0.031 0.032

L 5th PIP 0.685 0.062 0.048 − 0.016 0.004

R 2nd PIP 0.684 0.053 0.001 0.025 − 0.029

R 3rd PIP 0.708 0.070 0.030 − 0.036 0.003

R 4th PIP 0.764 0.041 − 0.022 − 0.027 − 0.008

R 5th PIP 0.646 0.078 0.088 − 0.014 − 0.006

L 2nd MCP − 0.100 0.609 0.026 0.033 − 0.005

L 3rd MCP − 0.087 0.667 0.019 0.005 0.025

L 4th MCP 0.056 0.646 − 0.025 − 0.075 0.023

L 5th MCP 0.038 0.631 0.002 − 0.059 − 0.028

R 2nd MCP 0.019 0.547 0.026 0.064 0.036

R 3rd MCP − 0.022 0.590 0.057 0.070 0.009

R 4th MCP 0.038 0.673 − 0.032 − 0.017 0.004

R 5th MCP 0.065 0.625 − 0.047 − 0.038 − 0.031

Right TFJ 0.059 0.047 0.706 − 0.014 0.021

Left TFJ 0.100 − 0.013 0.750 − 0.034 0.022

Right PFJ avg † − 0.018 0.001 0.795 − 0.004 − 0.027

Left PFJ avg † − 0.037 − 0.014 0.822 − 0.014 0.004

L1/2 DN 0.116 0.010 − 0.114 0.571 0.027

L2/3 DN 0.087 − 0.012 − 0.133 0.677 0.001

L3/4 DN 0.012 0.014 − 0.085 0.603 0.022

L4/5 DN 0.024 0.105 0.023 0.466 − 0.021
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Variable
Loading of Variables onto Individual Factors

IP/CMC MCP Knee Spine Symptom

L5/S1 DN 0.032 − 0.032 0.085 0.418 − 0.045

L1/2 OST 0.027 − 0.058 0.064 0.554 − 0.008

L2/3 OST − 0.015 − 0.078 0.023 0.624 0.025

L3/4 OST − 0.152 0.013 0.117 0.554 − 0.017

L4/5 OST − 0.169 0.085 0.143 0.398 − 0.038

L5/S1 OST − 0.117 − 0.010 0.193 0.366 − 0.067

L Hand symptoms 0.105 0.039 − 0.092 0.002 0.720

R Hand symptoms 0.130 0.018 − 0.102 0.002 0.733

L Knee symptoms − 0.062 − 0.054 0.377 − 0.111 0.648

R Knee symptoms − 0.076 − 0.045 0.339 − 0.103 0.663

L Hip symptoms − 0.047 0.036 − 0.137 0.096 0.662

R Hip symptoms − 0.022 0.027 − 0.077 0.037 0.643

Back symptoms − 0.081 − 0.015 − 0.113 0.127 0.583

Factor statistics

Eigenvalue 11.684 6.118 4.460 4.496 3.366

Alpha 0.953 0.829 0.872 0.792 0.836

Interitem correlation 0.505 0.377 0.405 0.276 0.421

IP=interphalangeal joint; CMC1=1st carpometacarpal joint; DIP=distal interphalangeal joint; PIP=proximal interphalangeal joint;
MCP=metacarpophalangeal joint; TFJ=tibiofemoral joint; PFJ=patellofemoral joint osteophytes; L1/2, etc=lumbosacral spine level; DN=disc
narrowing; OST=osteophytes

*
Variables are all for rOA unless “symptoms” is stated; low loading variables are excluded (bilateral 1st MCPs < 0.4, and bilateral hip rOA <0.2)

†
PFJ presented for simplicity as average osteophytes across 4 surfaces (lateral femoral, lateral patellar, medial femoral, medial patellar), nearly

identical loadings are obtained for individual surface scores.
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Table 3

Correlations between factor scores and HAQ or Gait speed.

Factor Score† HAQ(n=1307) Pearson r* Gait speed (n=1300) Pearson r*

IP/CMC 0.236 −0.210

MCP 0.088 −0.162

Knee 0.159 −0.202

Hip rOA 0.098 −0.149

Spine 0.144 −0.164

Symptom 0.431 −0.252

*
p value for all correlations ≤ 0.001

†
Factor scores represent average radiographic grades across all included joints (e.g. the MCP factor is calculated as the summed KL grade for MCP

2–5 on both hands divided by the number of joints included (sum MCP KL grades/8)). Hip rOA is not included in a factor so is listed separately.
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Table 4

Cumulative Odds Ratios (cOR) between 1-SD changes in factor scores and HAQ by Partial Proportional Odds
(n=1307).

Factor score Model 1 (rOA) Model 2 (rOA + Symptom) Full model (Model 2 + covariates*)

cOR 95% CI cOR 95% CI cOR 95% CI

IP/CMC 1.51 1.33, 1.71 1.47 1.29, 1.67 † 1.11 0.95, 1.28

MCP 0.92 0.82, 1.04 0.90 0.80, 1.02 0.93 0.81, 1.06

Knee 1.18 1.05, 1.33 1.12 0.99, 1.27 1.07 0.94, 1.22

Hip rOA 1.18 0.94, 1.47 1.08 0.86, 1.37 0.91 0.71, 1.16

Spine 1.16 1.03, 1.30 1.17 1.04, 1.32 1.08 0.94, 1.23

Symptom -- -- 7.65 † 5.68, 10.29 9.32 6.80, 12.77

2.27 1.96, 2.63 2.54 2.18, 2.98

*
Covariates: age, BMI, gender, and race.

†
Proportional odds assumption met if only one cOR given. If two cORs, first is for HAQ>0 (upper 2 categories pooled) vs. HAQ=0, 2nd is for

HAQ ≥1 vs. HAQ<1 (the lower two categories pooled).
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Table 5

Associations between 1-SD changes in factor scores and Gait speed by Linear Regression (n=1300).

Factor score Model 1 (rOA) Model 2 (rOA + Symptom) Full model (Model 2 + covariates*)

Beta 95% CI Beta 95% CI Beta 95% CI

IP/CMC − 0.026 − 0.039, −0.013 − 0.022 − 0.035, −0.009 0.002 −0.011, 0.016

MCP − 0.011 − 0.024, −0.002 −0.010 −0.022, 0.003 −0.001 −0.013, 0.010

Knee − 0.027 − 0.040, −0.014 − 0.022 − 0.035, −0.009 −0.005 −0.017, 0.007

Hip rOA − 0.043 − 0.069, −0.017 − 0.039 − 0.065, −0.014 −0.007 −0.030, 0.016

Spine − 0.017 − 0.030, −0.004 − 0.016 − 0.029, −0.004 −0.003 −0.015, 0.009

Symptom -- -- − 0.051 − 0.064, −0.039 − 0.063 − 0.074, −0.051

*
Covariates: age, BMI, gender, and race.

Disabil Rehabil. Author manuscript; available in PMC 2015 January 01.


