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The Effect of Widespread Pain on Knee Pain Worsening,
Incident Knee Osteoarthritis (OA), and Incident Knee
Pain: The Multicenter OA (MOST) Study
Lisa C. Carlesso, Jingbo Niu, Neil A. Segal, Laura A. Frey-Law, Cora E. Lewis, 
Michael C. Nevitt, and Tuhina Neogi

ABSTRACT. Objective. Whether widespread pain (WSP) affects the risk of developing knee pain or knee
osteoarthritis (OA) is unknown and could enhance understanding of pain mechanisms in OA.
Methods. Subjects from the Multicenter OA (MOST) study, a US National Institutes of Health–funded
prospective cohort of older adults with or at risk of knee OA, were characterized regarding WSP,
defined as pain above and below the waist on both sides of the body and axially using a standard
homunculus, excluding knee pain at 60 months (baseline). Followup occurred 2 years later. We
assessed the relation of WSP to odds of knee pain worsening (≥ 2-point increase in the Western Ontario
and McMaster Universities Arthritis Index pain subscale) using logistic regression, and to odds of
incident radiographic knee OA (ROA; Kellgren-Lawrence arthritis scale ≥ grade 2 of either knee
among those free of ROA at baseline) and incident consistent frequent knee pain (CFKP; knee pain
on most days during the past month among participants free of knee pain at baseline) in 1 or both
knees using multinomial regression adjusting for potential confounders.
Results. There were 1752 participants available for analysis [mean age (SD) 67.0 yrs (7.7), body mass
index 30.5 kg/m2 (5.9), 59% women]. Baseline presence of WSP was not associated with worsened
knee pain (adjusted OR 1.15, 95% CI 0.89–1.48, p = 0.30), ROA (adjusted OR 0.86, 95% CI
0.46–1.63, p = 0.65), or incident CFKP (adjusted OR 1.69, 95% CI 0.96–2.96, p = 0.07).
Conclusion.WSP was not significantly associated with worsening knee pain, incident ROA, or CFKP.
Development of knee pain and ROA does not appear to be influenced by underlying WSP. 
(J Rheumatol First Release March 1 2017; doi:10.3899/jrheum.160853)
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Osteoarthritis (OA) of the knee is one of the most common
musculoskeletal pain disorders and is a leading cause of
disability1. The prevalence of knee OA is 37% in people aged
≥ 45 years2,3, and it is symptomatic in up to 17% of those
with radiological evidence of OA3. Despite its prevalence and
burden, the etiology of OA pain is not well understood. Some
studies have suggested that widespread pain (WSP) may be

associated with increased pain and decreased function4 in
those living with knee OA5,6, and more generally contributes
to poor mental and physical functioning7, morbidity8, and
mortality9.

The tendency of pain to become widespread is thought to
be the result of elevated sensitivity of the central nervous
system10, associated with increasing intensity and duration
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of pain11. Dysfunction in the central processing of pain can
occur through the alterations of both ascending and
descending pathways, resulting in diffuse hyperalgesia and/or
allodynia, thus potentiating the onset or increased severity of
knee pain12. We have recently shown that in people with or
at risk of knee OA, knee pain severity is predictive of the
development of WSP 2 years later13. However, it is unknown
whether a bidirectional relationship may exist. The literature
examining the association between WSP and knee pain has
been largely cross-sectional. WSP was associated with
greater prevalence of consistent versus inconsistent knee pain
in 1 study6, and others have shown a stronger association
between WSP and knee pain with increasing structural
severity of OA14, as well as an association of WSP with a
combination of high knee pain severity and low-grade struc-
tural severity of OA15. One longitudinal study by Jinks, et
al16 found an association of multijoint pain (≥ 2 joints) with
incident knee pain. However, these studies did not adjust for
important potential confounders such as pain catastro-
phizing17, quality of sleep18, or fatigue19, and varying defini-
tions of WSP were used, making direct comparisons difficult.

Regardless of the potential for WSP to affect development
of knee pain, it is also important to understand whether WSP
can contribute to the development of structural pathology.
The literature base regarding the association of WSP with
incident knee OA is lacking, and evidence regarding potential
mechanisms that may account for the relationship are
conflicting and complex. For example, WSP is known to limit
physical activity20. In a longitudinal study, McBeth, et al20
reported that those with WSP were twice as likely to have
lower levels of physical activity or to be engaging in less than
20 min of exercise in the past month at followup more than
2 years later20. Because physical activity helps promote
cartilage volume while limiting the occurrence of cartilage
defects (in the absence of knee injury)21, it is thought that this
may decrease the risk of knee OA. This would suggest that
people with WSP may have an increased risk of developing
incident knee OA because of lower levels of physical activity.
However, studies have reported varying results of physical
activity on incident knee OA including no effect22,23, a
protective effect24, or an increased risk25. Alternatively, it is
speculated that WSP may lead individuals to limit excessive
joint loading, which could potentially be beneficial. Slower
walking speeds are associated with lower knee joint and
ground reaction forces26, and faster walking speeds are
associated with increased knee joint loading27, which in
theory suggest that slower walking may lead to a lower
incidence of knee OA. However, 1 longitudinal study
presented results contrary to this hypothesis by demonstrating
that people with faster walking speeds had a lower incident
of knee OA28. 

In a study comparing the effect of pain location versus
pain severity on lower extremity physical function,
Eggermont, et al29 reported a significant trend in walking

speeds, with those having WSP being the slowest versus
those with multisite, single site, or no pain. Given these
conflicting results and the limited evidence of the association
of WSP with incident knee OA, clarification of the associ-
ation of WSP with incident knee OA is warranted.

Understanding whether having WSP can lead to new onset
or worsening of knee pain or the development of knee OA
structural pathology is valuable because it can lead to more
timely targeted interventions for pain management that may
help mitigate the detrimental effects of WSP on knee pain or
knee OA. We therefore examined the longitudinal relation of
WSP to worsening of knee pain severity, incident knee pain,
and radiographic knee OA (ROA) in a large prospective
cohort.

MATERIALS AND METHODS
Study sample. The Multicenter Osteoarthritis Study is a US National
Institutes of Health–funded, longitudinal cohort that initially enrolled 3026
community-dwelling adults between the ages of 50 and 79 years who had
or were at risk of developing knee OA. Subjects were recruited from 2 sites
— Birmingham, Alabama, and Iowa City, Iowa, USA. They were assessed
at the 0-month, 30-month, 60-month, and 84-month study visits. Initial
recruitment occurred between 2003 and 2005. Details of the cohort have
been published elsewhere30. The study protocol was approved by the
Institutional Review Boards (IRB) at the University of Iowa, University of
Alabama at Birmingham, University of California at San Francisco, and
Boston University Medical Center. All participants gave written informed
consent. The current sample consisted of participants who attended the
60-month visit (the baseline for our study because this was the first time that
several confounding variables were measured) and who attended the
followup visit at 84 months.
Exposure: WSP. The definition of WSP required pain to be present in each
of the following regions: above and below the waist, on both sides of the
body, and axially, using participants’ pain drawings on a validated standard
homunculus31. Given our focus on knee OA and knee pain, we did not
include knee pain in the definition of WSP (i.e., other lower extremity pain
was required). Therefore, participants had to have at least 3 painful joints to
be classified as having WSP. Those who met the definition were classified
as having WSP and those who did not were classified as not having WSP.
Outcomes: Worsening knee pain, consistent frequent knee pain (CFKP), and
ROA. Knee pain severity was assessed at each study visit using the pain
subscale (scores range from 0–20) of the valid and reliable Western 
Ontario and McMaster Universities Osteoarthritis Index (WOMAC; Likert
version)32. Participants were classified as having worsening of knee pain if
they reported an increase in pain of ≥ 2 points in either knee at 84 months
compared with baseline knee pain at 60 months. For the WOMAC pain
subscale, a 2-point change has been shown to be the minimal clinically
important difference33.

Frequent knee pain was assessed at each study visit. CFKP was defined
as a participant answering “yes” to having knee pain on most days during
the past month at the telephone screen 1 month prior to the clinic visit and
again at the clinic visit. If either knee met the definition for CFKP, that partici -
pant was considered to have CFKP. Incident CFKP was defined as the
presence of CFKP at 84 months among those who did not have CFKP at 60
months.

Bilateral weight-bearing fixed-flexion posteroanterior radiographs and
lateral weight-bearing radiographs of the knee were obtained at each study
visit. Radiographic severity in the tibiofemoral joint was graded by 2
experienced readers blinded to clinical data according to the Kellgren-
Lawrence arthritis grading scale (KL) criteria (0–4)34,35. Any disagree-
ments between readers were adjudicated by a third reader along with the
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first 2 readers to reach consensus. The interrater reliability weighted κ for
the KL grade was 0.80. A participant was defined as having incident ROA
based on the presence of tibiofemoral OA, KL grade ≥ 2, at 84 months
among those who did not have ROA at the 60-month clinic visit (baseline
for our study).
Potential confounders. Potential confounders including age, sex, body mass
index (BMI), comorbidities, depressive symptoms, pain catastrophizing, pain
severity, physical activity, sleep, fatigue, and study site were collected at
baseline (60 mos). BMI (kg/m2) was calculated from measurements taken
by trained and certified staff at the 60-month clinic visit. Participants
completed a modified version of the Charlson Comorbidity Index, a
validated, self-reported measure of comorbid conditions36. The Center for
Epidemiologic Studies Depression Scale was used as a measure of
depressive symptoms37. A score of 16 or greater has been used as an
indicator of depressive symptoms37. Pain catastrophizing was measured
using 1 item from the Coping Strategies Questionnaire. Use of the brief
1-item scale has been shown to be valid and reliable38. The item is scored
between 0 and 6 with higher scores indicating greater frequency of the
behavior. Pain catastrophizing was defined as being present if the score was
≥ 1. Knee pain severity was measured using the WOMAC pain subscale (0–
20 score range) on a knee-specific basis32. Higher scores on the WOMAC
indicate greater pain. The higher of the 2 ratings was used to indicate worst
knee pain in each subject. The Physical Activity Scale for the Elderly is a
validated measure consisting of 20 items asking about the frequency of each
activity39. These responses are then transformed according to the New
England Research Institute’s validated regression equations to achieve a total
activity score. Sleep was assessed with the following question: “During the
past 7 days, how would you rate your sleep quality overall?” with responses
ranging from “very bad” to “very good” on a 4-point Likert scale. Those
indicating “bad” or “very bad” sleep were classified as having bad sleep.
Fatigue was measured on a numeric rating scale (0–10) using the following
question: “During the past 7 days, what number between 0 and 10 best
describes your usual level of fatigue?” Higher numbers indicated a higher
level of fatigue.
Statistical analyses. We evaluated the association between WSP and
worsening knee pain using logistic regression. We also examined the relation
of WSP to bilateral and unilateral involvement for each of the incident ROA
and incident CFKP compared with either knee having the condition using
multinomial regression. Those who had a knee replacement over the course
of our study were considered to have experienced the outcomes of worsening
pain severity and CFKP, and were considered to have incident ROA. All
models were adjusted for age, sex, BMI, comorbidities, physical activity,
and clinic site, while the model was also adjusted for depressive symptoms,
pain catastrophizing, fatigue, sleep, and ROA when worsening knee pain
and CFKP were the outcome, and for WOMAC pain severity when ROA
was the outcome. We also conducted a sensitivity analysis to evaluate the
effect of WSP from the parent study baseline (0 mo) on worsening knee pain,
incident CFKP, and incident ROA at 84 months, with similar adjustment of
potential confounders with the exception of pain catastrophizing, sleep, and
fatigue because these variables were first collected at 60 months. The sensi-
tivity analyses were conducted to improve precision by assessing greater
endpoints over a longer period of time. All analyses were performed using
SAS 9.3 (SAS Institute).
Ethics. The procedures followed were in accordance with the ethical
standards of the responsible committee on human experimentation and with
the Helsinki Declaration of 1975, as revised in 2000. All subjects gave
informed consent to participate in this research. Approval for this secondary
analysis was granted by the Boston University Medical Center IRB 
(# H-27296).

RESULTS
There were 1752 subjects eligible for worsened knee pain
[mean age (SD) 67.0 yrs (7.7), BMI 30.5 kg/m2 (5.9), and
59% women], 815 eligible subjects for analysis of incident

CFKP [mean age (SD) 66.9 yrs (7.4), BMI 29.5 kg/m2 (5.2),
54% women], and 675 for incident ROA [mean age 65.6 yrs
(7.4), BMI 28.9 kg/m2 (4.7), 60% women; Table 1].
WSP and odds of worsening knee pain. In the 549 people with
WSP at baseline (60 mos), 170 (31.0%) also had worsening
knee pain. The presence of WSP at baseline was associated
with a nonstatistically significant 15% higher odds of
worsening knee pain (adjusted OR 1.15, 95% CI 0.89–1.48,
p = 0.30) at 84 months compared with those without WSP at
baseline.
WSP and odds of CFKP. The baseline presence of WSP was
associated with a nonstatistically significant 69% increased
odds of incident CFKP 2 years later compared with those
without WSP (adjusted OR 1.69, 95% CI 0.96–2.96, p =
0.07). WSP was also associated with nonstatistically signifi -
cant increased odds of incident unilateral and bilateral CFKP
(Table 2).
WSP and odds of ROA. Baseline WSP was associated with a
nonstatistically significant 14% lower odds of incident ROA
(adjusted OR 0.86, 95% CI 0.46–1.63, p = 0.65). There was
not a statistically significant association between WSP and
either incident unilateral or bilateral ROA compared with no
ROA (Table 2).
Sensitivity analyses. As with our primary analyses, the
findings for knee pain worsening and the incident ROA
groups (data not shown) were similar. However, WSP at 0
month was significantly associated with about double the
odds of incident CFKP 7 years later compared with those who
did not have CFKP (adjusted OR 2.05, 95% CI 1.35–3.13, 
p = 0.008) and in those with unilateral CFKP compared with
those without CFKP (adjusted OR 2.19, 95% CI 1.37–3.50,
p = 0.0001). The presence of WSP was associated with a
nonstatistically significant 73% higher incidence of bilateral
CFKP. Given this result, we reran the main incident CFKP
model (i.e., 60–84 mos) without pain catastrophizing, fatigue,
and sleep. A significant association of WSP was found in
those with incident CFKP (adjusted OR 1.90, 95% CI
1.10–3.29, p = 0.022) compared with those without CFKP,
indicating that pain catastrophizing, fatigue, and sleep were
attenuating the effect of WSP over a 2-year time frame. There
were no statistically significant findings for either unilateral
or bilateral incident CFKP.

DISCUSSION
In contrast to previous largely cross-sectional studies, we
found no association of WSP with knee pain, defined as either
worsening of knee pain severity or incident CFKP after 2
years. We also demonstrated that WSP is not predictive of the
development of structural pathology of OA at the knee over
a 2-year window.

Our findings differ from those of some prior studies. Most
of the prior studies have been cross-sectional, potentially
having reverse causation bias, and have included subjects with
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both WSP and preexisting knee pain14,15. Some have alluded
to a potential dose-response relationship between number of
painful joints and knee pain severity40,41. The 1 prior longitu-
dinal study focused on multijoint pain, defined as ≥ 2 joints16.
Our stricter definition required at least 3 painful joints, in
addition to a painful knee joint. Thus, our results, when
considered with those of Jinks, et al16, suggest that a dose-
response relationship does not exist. While the longitudinal
results of our study do not support the idea that WSP is
involved in the development of worsening pain, incident pain,
or ROA, a previous longitudinal analysis in this cohort has
shed some light on the sequential relationships of knee pain
and knee OA to WSP, demonstrating that knee pain severity
is predictive of the development of WSP13. However, when
the results of our sensitivity analysis are considered, the notion
that the relationship between these variables may be bidirec-
tional in certain circumstances cannot be excluded.

Although we found no association longitudinally, with
longer duration of followup, there was a suggestion of
increased odds of CFKP. However, comparable sensitivity
analyses (i.e., important confounders removed) conducted
between 60 and 84 months demonstrated that the confounders
attenuated the effect of WSP on CFKP and may explain, in
part, why prior cross-sectional studies, which also did not
adjust for those factors, were positive. However, our analyses
cannot confirm the precise involvement of pain catastro-
phizing, sleep quality, or fatigue as confounders or mediators.
For example, it is possible that WSP could cause any of these
variables, which in turn could lead to incident CFKP. Given
the 5-year difference in time frames, and the inability to
adjust for confounders since study baseline, we cannot rule
out the possibility that duration of WSP may have had an
effect. We are unaware of any other studies that have prospec-
tively studied the relationship between WSP and incident
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Table 1. Baseline participant characteristics. Values are mean (SD) unless otherwise specified.

Characteristics All Eligible for Knee With WSP, Without WSP, Eligible for Eligible for 
Pain Worsening, n = 549 n = 1203 Incident CFKP, Incident ROA,

n = 1752 n = 815 n = 675

Age, yrs 67.0 (7.7) 67.3 (7.6) 66.9 (7.7) 66.9 (7.4) 65.6 (7.4)
BMI, kg/m2 30.5 (5.9) 31.2 (6.1) 30.1 (5.8) 29.5 (5.2) 28.9 (4.7)
Female, n (%) 1032 (58.9) 395 (71.9) 637 (53.0) 441 (54.1) 402 (59.6)
Comorbidities, median (IQR) 0 (0–1) 0 (0–2) 0 (0–1) 0 (0–1) 0 (0–1)
PASE physical activity, 0–400 182.3 (88.6) 170.6 (84.3) 187.6 (90.0) 186.3 (87.6) 184.2 (85.2)
WOMAC pain severity, 0–20 3.6 (3.7) 5.6 (3.8) 2.7 (3.2) 1.3 (1.8) 2.4 (2.9)
CES-D depressive symptoms, 0–60 6.8 (7.3) 9.9 (8.8) 5.3 (5.9) 5.4 (6.1) 6.4 (6.9)
Pain catastrophizing, n (%) 852 (48.6) 360 (65.6) 492 (40.9) 323 (39.6) 288 (42.7)
Fatigue, 0–10 3.3 (2.4) 4.3 (2.4) 2.8 (2.2) 2.7 (2.2) 3.1 (2.4)
Sleep bad, n (%) 310 (17.7) 147 (26.8) 163 (13.5) 108 (13.3) 116 (17.2)
Whole knee ROA, n (%) 963 (58.5) 320 (61.4) 643 (57.1) 356 (44.9) —

WSP: widespread pain; CFKP: consistent frequent knee pain; ROA: radiographic knee osteoarthritis; BMI: body mass index; IQR: interquartile range; PASE:
Physical Activity Scale for the Elderly; WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index; CES-D: Center for Epidemiologic Studies
Depression Scale.

Table 2. Risk of WSP to incident CFKP and ROA. Values are n (%) unless otherwise specified.

Incident CFKP Risk among Subjects Risk among Subjects Crude OR, WSP Adjusted OR* (95% CI), p
without WSP, n = 669 with WSP, n = 146 vs without WSP, WSP vs without WSP, 

Reference Reference

Either knee affected, vs none affected 69 (10.3) 27 (18.5) 1.97 1.69 (0.96–2.96) 0.07
One knee 55 (8.2) 18 (12.3) 1.65 1.58 (0.83–3.02) 0.17
Both knees 14 (2.1) 9 (6.2) 3.24 1.82 (0.64–5.16) 0.26

Incident ROA Risk among Subjects Risk among Subjects Crude OR, WSP Adjusted OR† (95% CI), p
without WSP, n = 475 with WSP, n = 200 vs without WSP, WSP vs without WSP, 

Reference References

Either knee affected, vs none affected 43 (9.1) 22 (11.0) 1.24 0.86 (0.46–1.63) 0.65
One knee 38 (8.0) 21 (10.5) 1.34 0.99 (0.51–1.92) 0.97
Both knees 5 (1.1) 1 (0.5) 0.49 0.23 (0.02–2.53) 0.23

* Adjusted for age at 60 months, sex, BMI, comorbidities, physical activity, clinic site, ROA either knee, depressive symptoms, catastrophizing, sleep, and
fatigue. † Adjusted for age at 60 months, sex, BMI, comorbidities, physical activity, clinic site, and knee pain severity. WSP: widespread pain; ROA: radiographic
knee osteoarthritis; CFKP: consistent frequent knee pain; BMI: body mass index.
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ROA. While our findings in this regard were nonsignificant,
the direction of the effect estimates suggests that WSP may
have a protective effect on the development of ROA. This
would support the hypothesis that WSP may lead to lower
loads transmitted to the knee, such as through decreased
walking speed and/or other strategies used by those with
WSP. At this juncture, such interpretation is speculative.

Our study has several strengths and limitations to consider.
The prospective design of our investigation in this population
provides the first longitudinal evidence, to our knowledge,
regarding the association of WSP (defined in a validated
manner) on worsening knee pain, incident knee pain, and
incident knee ROA. We were able to adjust for important
confounders; however, the possibility of residual confound ing
remains as with any observational study. We did not consider
an intermediate stage of regional pain (i.e., those with multi-
joint pain, but not meeting the WSP criteria). Because previous
work has reported an association of multijoint pain (i.e., ≥ 2
joints) and incident knee pain, we cannot rule out that this
association may exist in our cohort and may have diminished
our ability to detect a difference relative to those with no other
joint pain. Last, our primary analyses considered only a 2-year
followup. The influence of WSP on worsening knee pain,
incident knee pain, and incident knee ROA may require a
longer followup to delineate its influence more clearly, as is
suggested by the secondary analyses. However, that no signif-
icant influence was observed over a 2-year window suggests a
relatively weak effect of WSP on knee OA overall.

We found no association between WSP and worsening
knee pain, incident knee pain, or incident knee ROA over 24
months. Our current study suggests that the effect of pain
sensitivity associated with WSP itself may not necessarily
lead to the worsening or onset of knee pain or knee structural
pathology. The results of our sensitivity analyses provide an
opportunity for future studies to clarify the involvement of
pain catastrophizing, sleep quality, or fatigue as confounders
or mediators in this relationship.
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