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Abstract

Objective—Fluctuations in pain among persons with knee osteoarthritis are both common and
risk factors for pain fluctuation are poorly understood. To best identify structural causes of
fluctuations, multiple assessments of pain status and structural lesions are needed. Therapeutic
evidence may be best gleaned if pain resolution is accompanied by diminution of lesions.

Methods—Subjects in the Multicenter Osteoarthritis Study were queried about their knee pain by
interview and had knee magnetic resonance imaging at baseline, 15-month, and 30-month clinic
visits. Among the knees experiencing pain fluctuation over three clinic visits we examined the
relation of bone marrow lesions (BMLSs), synovitis, and effusion to frequent knee pain and pain
severity using conditional logistic regression.

Results—Included in the analysis were 570 subjects (651 knees). When the BML score changed
from0to 1, 2, 3, 4, 5-6 and 7-18, the odds ratios (OR) for frequent knee pain were 1.2, 1.2, 1.5,
2.2, 2.4, and 2.5, respectively (P for trend=0.006). The corresponding ORs were 1.5, 1.5, and 2.4
when synovitis score changed from 0 tol, 2, and 3-6 (P for trend=0.045). No significant
association was found between effusion and frequent knee pain. Diminishing size of BMLs was
associated with resolution of knee pain (P=0.007). Similar associations were also observed
between these structural lesions and knee pain severity.

Conclusion—Changes of BMLs and synovitis are associated with the fluctuation of knee pain.
Pain resolution occurs more frequently when BMLs become smaller.
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The number of adults in the US with clinical osteoarthritis grew from 21 million to nearly 27
million from 1995 to 20052, Of those, about 10 million people had symptomatic knee OA.
Pain from knee OA is a key reason for seeking medical care and is an important antecedent
to disability2. While pain from knee OA has long been considered a chronic condition, most
people with symptomatic knee OA experience fluctuation in pain presence and severity3.
The etiology for pain fluctuation from knee OA is not well understood.

Over the last two decades, magnetic resonance imaging (MRI) has become an important tool
in the evaluation and diagnosis of knee OA. Since MRI is able to visualize the subchondral
bone marrow, synovial tissue, joint effusion and other abnormalities that cannot be seen with
x-rays, several studies have examined the relation of the structural lesions assessed by MRI
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in or around the knee to knee pain?-13. Some studies found that bone marrow lesions
(BMLs)®, 8,10 12 13 effusions?, 9, 10 and synovitis?, 10, 11, were associated with knee pain,
others, however, have failed to confirm the relation of BMLs to knee pain®, 7, 9. Some
studies also demonstrated that an increase in BMLs was associated with pain onset!2, 13 and
that aggravating severity of synovitis was related to increasing pain severityll, nevertheless,
such findings may be confounded by co-occurrence of worsening of other structural lesions.
A few studies have suggested that cartilage defects may be associated with paing, 10,

There has been a paucity of information on changes in structural lesions in relation to
fluctuation of knee pain over time, especially on whether reduction or complete resolution of
these structural lesions is accompanied contemporaneously by a decrease in the presence of
knee pain or pain severity. The study of improvement in lesions with pain change
circumvents the problem of confounding by disease worsening. Further, the relation of
reduction in these lesions to reduction in pain has treatment implications. The absence of
longitudinal studies with repeat MRIs may reflect logistical and methodological challenges.
First, obtaining and reading knee MRIs at multiple time points in participants in a
longitudinal study is expensive. Second, pain is a subjective experience and biological,
psychological, and social factors play important roles in a subject's response to pain
stimulil4, However, in many studies of risk factors for knee pain, the majority of these risk
factors were neither collected nor adjusted for.

Since pain is a nociceptive phenomenon that requires sensory input, we hypothesize that
nociceptive input must necessarily be related to some underlying structural lesions (/.e.,
biological origin). Such structural lesions are likely to be reversible in order to cause the
fluctuation of knee pain. Therefore, we focused on three reversible structural lesions, i.e.,
BML's, synovitis and effusion and tested whether changes in these reversible structural
lesions are associated with fluctuation of knee pain. To minimize the effect of time-invariant
confounders for pain and to reduce the cost of reading knee MRIs, we conducted a self-
matched case-control study® focusing on persons with pain fluctuation to examine the
relation of changes in BMLs, effusion, and synovitis to the fluctuation of knee pain among
participants in the Multicenter Osteoarthritis Study (MOST).

Subjects and Methods
The MOST Study

The MOST study is a longitudinal study of risk factors for incident and progressive knee
OA. Individuals were recruited from two communities in the US, Birmingham, Alabama and
lowa City, lowa. The study protocol was approved by the institutional review boards at the
University of lowa, University of Alabama, Birmingham, University of California, San
Francisco, and Boston University Medical Center. The details of the study have been
published elsewherel2,

Assessment of knee pain

Two measures were used to characterize knee pain: frequent knee pain and severity of knee
pain. Specifically, at the baseline and the 30-month follow-up visits, all subjects were asked
a knee-specific pain question at a telephone screen before clinic as follows: “During the past
30 days, have you had pain, aching, or stiffness in your knee on most days?”, hereafter
referred to as the “frequent knee pain”12, 16, Approximately one month later, subjects were
invited to the clinic where the same frequent knee pain question was asked again. At the 15-
month follow-up visit, only a subset of subjects were invited to attend the clinic if they : (1)
had no frequent knee pain during either telephone screen or clinic visit at the baseline but
developed frequent knee pain during a telephone screen at the 15-month follow-up visit, or
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(2) were included in a random sample of subjects who had no frequent knee pain at either
telephone screen or clinic visit at the baseline and had no frequent knee pain at the 15-month
telephone screen.

At each clinic visit, subjects also completed a knee-specific Western Ontario and McMaster
University Osteoarthritis Index (WOMAC) pain questionnaire to assess severity of knee
pain related to each of five activities (/.e., walking on a flat surface; going up or down stairs;
at night while in bed; sitting or lying, and standing upright), with score ranging from 0 (no
pain) to 4 (extreme pain)l’.

We defined a clinic visit as a case-visit if a knee had ‘frequent knee pain’ at that visit and as
a control-visit if a knee did not have pain at clinic visit(s). In addition, we divided case-visits
into two groups according to the maximum item score of WOMAC pain: mild or moderate
frequent knee pain (i.e., the maximum item score of WOMAC being 1 or 2), or severe or
extreme frequent knee pain (i.e., the maximum item score of WOMAC being 3 or 4).

Knee MR images

At the clinic visit subjects underwent bilateral MRIs with a 1.0T extremity magnetic
resonance system (OrthOne™, ONI Medical Systems., Wilmington, MA) with a
circumferential extremity coil. The MR sequence protocol included fat-suppressed fast spin
echo proton density (PD)-weighted sequences in the sagittal (TR=4800 ms, TE=35 ms, 3
mm slice thickness, 0 mm interslice gap, 32 slices, 288 x 192 matrix, 2 number of
excitations (NEX), 140 mm? FOV, echo train length=8) and axial planes (TR=4680 ms,
TE=13 ms, 3 mm slice thickness, 0 mm interslice gap, 20 slices, 288 x 192 matrix, 2 NEX,
140 mm?2 FOV, ETL=8) and a STIR sequence in the coronal plane (TR=6650 ms, TE=15
ms, T1=100 ms, 3 mm slice thickness, 0 mm interslice gap, 28 slices, 256 x 192 matrix, 2
NEX, 140 mm, FOV, ETL=8).

All MRIs of each knee were scored at the same time in known chronological order and
blinded to pain status by two musculoskeletal radiologists (AG and FR) using the Whole-
Organ MRI Score (WORMS)18, Specifically, BMLs, characterized as ill-defined
hyperintense signal alterations on PD or STIR MRI adjacent to the subchondral plate, were
scored O to 3 in each of 10 sub-regions of the medial and lateral tibiofemoral compartments
as well as in each of four sub-regions of the patellofemoral compartment!?; synovitis, using
a surrogate of hyperintense signal changes in Hoffa's fat pad, was scored 0 to 3 in the
infrapatellar and intercondylar regions of Hoffa's fat pat; and effusion volume, amount of
capsular distension, was scored from 0 to 3 for each knee. The changes in Hoffa's fat pad
have been shown to be related to synovitis as seen on arthroscopy2°. Any score of 1 or
greater signifies fluid beyond physiologic. The weighted Kappa for inter-reader reliability
was 0.62, 0.65, and 0.65 for BMLs, effusions, and synovitis, respectively. As part of MRI
reading, cartilage morphology was scored for each MRIs using the WORMS.

Assessment of other covariates

Height was measured at the baseline clinic visit and weight was measured at each clinic
visit. Body mass index (BMI) was calculated as weight in kilograms divided by the square
of height in meters. Knee injury occurring within two years before baseline visit and
between the consecutive visits was assessed at each clinic visit. Psychological state was
evaluated using SF-12 questionnaire at each clinic visit with which we calculated a mental
health component score to indicate a subject's psychological distress and psychological
wellbeing?L.

All participants had bilateral weight bearing, fixed flexion posteoanterior and lateral
radiographic evaluation of the knee. Radiographs were scored by a musculoskeletal
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radiologist and a rheumatologist blinded to pain status. Each knee joint was scored for
Kellgren and Lawrence grade, maximal osteophyte grade, and maximal joint space
narrowing grade. Maximal osteophyte and joint space narrowing grades were determined on
the posteroanterior and lateral views, thereby including both the tibiofemoral and the
patellofemoral joints. A knee was considered as having radiographic OA if OA involved in
either patellofemoral or tibiofemoral or both joints?2.

Statistical analysis

Results

We included knees that had frequent knee pain during at /east one, but not all, of the three
clinic visits using the self-matched case-control study design. Case-visit(s) and control-
visit(s) within a knee formed a matched set; thus, all time-invariant confounders within a
knee were implicitly eliminated using conditional logistic regression. Because each knee
serves as its own control the effect estimate generated from the analyses can be interpreted
as the change of a specific MRI lesion over time to the risk of frequent knee pain or severity
of frequent knee pain categories.

We summed the scores for BMLs and synovitis across all the sub-regions for each knee at
each visit. Because the number of knees with severe lesions, indicated by high score of these
lesions, is relative small, to minimize the random variability and obtain robust effect
estimates for these lesions, we divided the summary scores into seven categories for BMLSs:
0,1, 2,3,4,5-6,and 7-18; and four categories for synovitis: 0, 1, 2, and 3-6. The scores for
effusions were grouped into three categories: 0, 1 and 2-3. We examined the relation of
changes in these categories of BMLs, synovitis, and effusion scores to changes in frequent
knee pain status using conditional logistic regression. To examine how changes in MRI
lesions were associated with development of frequent knee pain from those with resolution
of frequent pain, we performed separate analyses of knees with frequent pain status
switching from “absent” at an earlier clinic visit(s) to “present” at a later visit(s) and of
knees switching from “present” at an earlier clinic visit(s) to “absent” at a later visit(s). In
the multivariable regression model we adjusted for BMI, knee injury, mental health
component score, maximum score of cartilage morphology, and other two structural lesions.
Since approximately 15% of participants had two knees included in the analysis, we used a
robust sandwich estimate for standard errors to accommodate the correlation between two
knees within a person. Finally, we evaluated the relation of changes in each structural lesion
to changes in severity of frequent knee pain using a stratified proportional odds model by
amalgamating conditional logistic regression23,

Included were 651 knees (570 subjects) that had had frequent knee pain present in at least
one, but not all, clinic visits. Of them, 556 (86%) knees had MRIs assessed at two clinic
visits (e.g., 70 were assessed at baseline and 15-month clinic visits, 486 were assess at
baseline and 30-month clinic visits) and 95 at three clinic visits. The average age of subjects
was 62 years (SD=7.9) and 68% were women. The mean BMI was 29.7 kg/m? (SD=4.9).
Average mental health component score at the baseline was 54.2 (range 13-69), with high
score indicating better status. Slightly less than half (41.4%) of the knees had radiographic
knee OA at the baseline. Over 91.5% of knees' cartilage morphology score was greater than
1.

Among the knees whose frequent pain status changed from absent to present over two
consecutive clinic visits, the percentage with worsening in each structural lesions (BMLSs:
36.8%); synovitis: 24.2%; and effusion: 24.4%) was higher than that of improvement in the
lesions (BMLs: 27.8%; synovitis: 11.0%; and effusion: 13.2%). Among the knees whose
frequent pain status changed from present to absent, percentage of improvement of BMLs
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(38.0%) was higher than that of worsening (25.5%), but no such difference was observed in
either synovitis (11.3% vs. 12.8%) or effusion (13.7% vs. 15.5%).

Changes in severity of BMLs, synovitis, and effusion (i.e., either worsening or improving)
in relation to the risk of frequent knee pain (i.e., either present or absent) is depicted in
Figures 1-A, 1-B, and 1-C, respectively. The multivariable adjusted odds ratios of frequent
knee pain status were 1.1, 1.2, 1.5, 2.2, 2.4, and 2.5 for changes in scores of BML severity
from0to 1, 2, 3, 4, 5-6, and 7-18 (P for trend=0.006, OR (95% CI) per one unit increase in
BML =1.1 (1.0, 1.2)), respectively. The odds ratios for frequent knee pain were 1.5, 1.5,
and 2.4 for a change in scores of synovitis severity from 0 to 1, 2, and 3-6, respectively (P
for trend =0.045, OR (95% CI) per unit increase in synovitis = 1.3 (1.0, 1.7)) (Figure 1-B).
However, no significant dose-response relationship was observed for effusion (Figure 1-C).
The values of maximum rescaled R? were 5.88%, 7.86%, 7.13%, and 7.34%, respectively,
for the models that included all other covariates only (i.e., BMI, knee injury, mental health
component score, and maximum score of cartilage morphology), all covariates plus BMLs,
all covariates plus synovitis, and all covariates plus effusion. These findings suggested that
BMLs had better predictive ability for fluctuation of knee pain than either synovitis or
effusion. When all variables were included in the mode, the value of maximum rescaled R2
was 9.62%. The results did not change materially when we limited the analyses to the
subjects who had only one knee that experienced pain fluctuation.

Results of separate analyses of the knees with frequent pain status switching from absent at
an early clinic visit(s) to present at later visit(s) and vice versaare shown in Table 1.
Worsening of synovitis and effusions were associated with an increased risk of frequent
knee pain, whereas reduction or complete resolution of BMLs or of effusions was associated
with a decreased risk of frequent knee pain.

As shown in Table 2, the multivariable adjusted cumulative ORs for the severity of frequent
knee pain increased as severity of BMLs and synovitis increased or vice versa, suggesting
that changes in severity of these two lesions were associated with fluctuation of severity of
frequent knee pain. When we performed the analyses on changes in each structural lesion
among the knees that experienced improvement of severity of frequent knee pain and knees
that experienced worsening of severity of frequent knee pain (Table 3), the results were
similar to those presented in Table 1.

In addition, we performed the analyses described above according to baseline knee ROA
status. Associations between changes in severity of BMLs and frequent knee pain were
similar among knees with and knees without baseline ROA; however, a statistically
significant association between changes in severity of effusion and knee pain fluctuation
was observed only among knees with knee ROA at baseline whereas changes in severity of
synovitis with knee pain fluctuation was found among knees without baseline knee ROA.

Discussion

The results of our study indicate that changes in severity of BMLs and synovitis were
associated with the fluctuation of frequent knee pain and pain severity, and of the two BMLs
was the better predictor for fluctuation of knee pain than synovitis. Furthermore,
improvement of BMLs was associated with a decreased risk of frequent knee pain and of
less severe pain, whereas worsening of synovitis and effusion was associated with an
increased risk of frequent knee pain and of more severe pain.

Previous studies have focused on risk factors for radiographic knee OA24, and few have
attempted to study risk factors for pain from knee OA, thus, factors associated with
symptomatic knee OA are largely unknown. Clinically, physicians often notice that patients
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with knee OA experience pain exacerbation over the course of the disease2®. Such pain
patterns were also observed in the Framingham OA study; roughly a third of participants
with symptomatic knee OA had improvement of their symptoms over timeZ6. Recently, two
studies?, 27 reported that joint pain among persons with knee or hip OA is often intermittent
and variable, and adaptation and avoidance strategies modify the experience of pain. All
these findings indicate that pain from knee OA often fluctuates and suggest that factors that
vary over time may play roles in pain fluctuation.

To our knowledge, only a few studies have been conducted to evaluate the association
between structural lesions detected by MRIs and the presence of pain or on pain severity
from knee OA%-13; results, however, are inconsistent. In a case-control study, the proportion
of BML scores worsening was higher in the knees with onset of frequent pain (49.1%) than
in knees without frequent pain (26.8%), and two or more units increase in BMLs score were
associated with a 3-fold increased risk of frequent painl2. In a longitudinal study Hill et al.
found that, compared with the baseline visit, about 15-20% of knees' synovitis scores
improved and 20% deteriorated at a 30-month follow-up visit; changes in the synovitis score
were modestly associated with the change in pain severity, with a one unit increase in
summary score of synovitis resulting in a 3.2 mm increase in VAS pain score (0-100
scale)11. However, this study did not examine whether reduction or complete resolution of
synovitis was associated with a decreased risk of knee pain or pain severity. Our study
demonstrated that improvement of BMLs, but not improvement of synovitis or effusions,
was associated with a decreased risk of frequent knee pain and pain severity. Given the vast
number of Americans with knee OA and the dearth of effective treatment for pain among
those suffering with the disease, a better understanding of risk factors for pain is sorely
needed. If our findings are confirmed by future studies and these structural lesions do indeed
contribute to the occurrence of frequent knee pain and to pain severity, treatments and
therapies that target these specific features can be developed.

The use of traditional epidemiologic study designs to assess the dynamic relation of
structural changes to the risk of knee pain and pain severity poses significant methodological
challenges. Pain is a subjective experience. Various risk factors, such as genetic
predisposition28, prior experience??, personal perception30, expectations3!, and social-
cultural environment32, play important roles in a subject's response to painful stimuli. Unless
all of these risk factors are measured and adjusted for, studies aiming to evaluate the effect
of pathological lesions in or around the knee on the risk of knee pain or on pain severity are
susceptible to confounding bias. Second, the high cost of reading knee MRIs makes it
expensive to examine the relation of changes in the structural lesions detected by MRIs to
the fluctuation of knee pain in a large scale of longitudinal study.

We used the self-matched case-control study design®, 33, akin to the case-crossover study34,
to evaluate the association between three structural lesions and fluctuation of knee pain.
Since each knee serves as its own control, confounders, either known or unknown, that do
not vary over time within a knee but that may differ among persons are eliminated. The self-
matched case-control study design allows us to examine knee-specific rather than
population-average effect of change in reversible structural lesions over time on the
fluctuation of frequent knee pain or pain severity; thus it would allow us to have more
confidence in making causal inference. Our findings, if confirmed by other studies, will be
an incentive to invest in treatments that target these structural abnormalities.

While cartilage is aneural, we postulate that cartilage loss could contribute to pain indirectly.
For example, cartilage debris could be ingested by synovial cells, inducing synovitis3®, 36,
Further, since an effusion must arise from the synovium, cartilage loss may indirectly be
related even to effusion. A few studies have found that cartilage defects are associated with
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knee pain®, 10, However, when we controlled for cartilage morphology score, the association
between BMLs, synovitis and effusion with knee pain did not change materially. In other
work, we will explore the relation of cartilage loss with pain but note here that synovitis
would be a mediating factor in tying cartilage loss to pain. Thus, one could not validly
examine the role of cartilage loss with pain while adjusting for synovitis. We did not find
that psychological factors, indicated by mental health component score from the SF-12,
were associated with presence of structural lesions; however, psychological factors may
affect pain reporting. Nevertheless adjustment for mental health score did not alter the effect
of BMLs, synovitis and effusion on knee pain. Interestingly, when adding knee injury into
the multivariable regression model, the effect of synovitis and effusion was attenuated,
suggesting that knee injury may cause the occurrence of synovitis or effusion of the knee.

Our study has some limitations. First, the weighted kappa statistic of the measurement of
each of the three structural lesions was slightly above 0.60; thus our assessment of these
lesions may be susceptible to misclassification. However, the readers were unaware of the
pain status of the knee when scoring structural lesions; thus the true effect sizes associated
with these structural lesions are likely to be attenuated owing to non-differential
misclassification bias. Second, we used non-contrast MRIs to assess severity of synovitis.
However, as of today large epidemiological studies have mostly not used contrast for
assessing synovitis in view of potential toxicity involved with the intravenous administration
of contrast agents and associated costs. In addition, some studies have shown that synovitis
assessed on non-contrast MRIs is associated with knee painl. It is beyond the scope of our
study to determine what caused the occurrence and resolution of BMLs, synovitis and
effusion. Nevertheless, future studies aimed at understanding the causes of these reversible
lesions will guide investigators to search for more rational targeted therapies for knee pain.
Third, other potential risk factors for knee pain, such as physical activity, muscle weakness,
and weather-related factors, were not collected at each clinic visits. Finally, we used R?
value, albeit small, to rank the importance of each structural lesion on frequent knee pain
severity. However, it is well known that R? generated from the logistic regression model is
of marginal use, and such measure should not be interpreted as actual percent of variance of
variable explained.

In conclusion, our study showed that changes in scores of BMLs and synovitis were
associated with the fluctuation of frequent knee pain and pain severity and the effect of
BMLs was greater than synovitis. Improvement of BMLs over time was associated with
concomitant reduction in pain presence and pain severity, whereas worsening of synovitis
and effusion over time was associated with an increase in knee pain presence and severity.
These findings have implications for treatment and prevention in symptoms of knee OA.
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FigurelA-1C. Relation of BMLs, Effusion, and Synovitisto Fluctuation of Frequent Knee Pain
Results of the genetic association analysis of (a) CWP and (b) total number of pain sites for
SNPs genotyped in the discovery and validation cohorts are shown. Estimates and 95%ClI
are shown in red for the discovery cohort and in green for the validation cohort. The pair-
wise LD between the associated SNPs is shown in (c) (coloured by D' (low D'=white, high
D’=red and numbered by r2 (no number where r2=1)).**recessive model, *dominant model.
Rs9526245 was genotyped as a proxy (r2=1) for rs9316235 in the validation cohort.

Arthritis Rheum. Author manuscript; available in PMC 2012 May 15.



Page 11

*2100s ABojoydiow afej1ed [ewixew pue ‘snyeis yifesy eausw ‘Ainfur 8aux ‘[A'g 01 UCIIPPE Ul SUOISS] [ANIONJIS OM) JBU10 10} paisnipe Ajjeninw sem uoiss| [eanionas o14108ds e 1oy (4O) onel sppo
v

Arthritis Rheum. Author manuscript; available in PMC 2012 May 15.

Zhang et al.

600 7€0°0 puai 104 d
(souasgger) 0'T 6L 0L (es'onee 01T 9L €C
(S'1-7'0) 8'0 144" 19T (92'80) v'T 8T 6ET T
(cg11)0°¢C 90T 6 (souaisegar) 0'T 8T 29T 0
suoisny3
e 1100 puai 104 d
(ouasayas) 0°T 9 144 OvT v vy g9 44 9-¢
(8'1-2°0) 90 ra4 G (Ts'e0)Te 9 95 14
(82€0)0T €eT 80T (ez'L0)eT 09T 15T T
(¥'1-1°0) ¥'0 81T G2t (souaiseger) 0'T L0T 9zt 0
SIIAOUAS
L000 0S¥°0 puaii 104 d
(ouasayas) 0°T 8¢ 14 (9e'soeT 09 14 8T-L
(8T-€0) L0 Le €e (re'soer 09 6 9-G
(re-€0) 0T o 6T (e2'€0)60 6¢ ve 14
(97-20) S0 e 134 (91'€0) L0 e 6 €
(TT-10) €0 Ly 8y (91'€0) L0 Ly g 14
(0T-10) €0 65 0L (ez'90)TT 99 oL T
(6'0-T0) €0 a8 €6 (ouasayal) 0'T 8 8 0
sIng
{10 %56) MO | sysinesen | sisin-pauon | (10 %S6) ¥O | sysinesen | sisin-piuon
Jussqe 03 Juesa ud wo 4 1ussa 1d 03 JUBse Wo 4
ISIADIUID JoTe| B 0] JBI1Jea Ue woJjsniels ured aauy juenbe iy uiabueyd SUOIS3| [2INIONJIS JO SBI00S

uned sauy 1uenbs 1) Ul seBURYD JO UOIIDS 1P BY] pUe UoKkN}e pue ‘SIIAOUAS ‘STING Jo A11leAss ulsabueyd
T9algel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript




Page 12

Zhang et al.

*2100s ABojoydiow afej1ued [ewixew pue ‘snyeis yifesy eyusw ‘Ainfur aaux ‘|G 0 UCIHPPE Ul SUOIS3] [INIONIIS OM) J3UI0 10} paisnipe Ajfeninw sem uoiss| [eanionas 213199ds e 1oy (HO) onel sppo
v

6500 puai 10} d
(0e'60)9°T (8v'sT)Le e 0ST orT €C
(ST1'90) 60 (61'80) 2T 16 (1144 90€ T

@anot @a)ot 617 16T 52 0
suoisny3
2500 puai 104 d
(9s'omve (9s'TT) ST q1 18 a8 9-€
(8z'20)ST (7'€'6'0)8'T 8T €8 11T I
(ez'g0)eT (Lz'om) Lt LS 1144 65¢ T
(1) 01T ot 6 08T 16¢ 0
SNINOUAS
100 puai 104 d
(Lv'onee (09'sT)oe 114 9 TL 8T-L
wy'rnee (zsv1)Le (14 . 2L 9-G
(8e'0m)6T (ov'TnTe 1 €5 €S 4
rz'80)v'T (rz'80) v'T LT G9 06 €
(oz'zo)er (cz'g0)eT 4! vL €01 I
(Tz'go)eT (871'80) 2T (14 66 ort T
@0t (D) 9 €T LT 0
sINg
aWR 11X2 BNS e .Lpow/pliiN :_ma IPUN Ew:wmt ON SuoIse ] [elnpnisS
{12 %56) 4O PBNIPY | (15 9456) yOoPNID ISIAOIUIID © Je Ufed 38Uy JueNbo 1 J0 A11eASS

ured sau 1uanba 1) Jo A1110ASS 01 UOITRRJ Ul UOKSN]S PUe ‘SIINOUAS ‘STING JOo A11oAss ulsabuey)d

NIH-PA Author Manuscript

¢?olqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Arthritis Rheum. Author manuscript; available in PMC 2012 May 15.



Page 13

Zhang et al.

"8102s ABojoydiow abejired jewixew pue ‘snyels yieay [eiusw ‘Ainful aauy ‘|G 01 UOIIPPE Ul SUOIS3| [eAN1INIIS OM] Jay10 J0j palsnipe Ajfeninw sem uoisa] [ean1oniis 91419ads e 10) (HO) olel sppo
¥

6100 8700 puai 104 d
(eouaisegar) 0T 6 €L 0L (T8'60) LT 9 z8 9L €C
(L'1-v0) 60 14 et 19T (ze'20)G6T 6¢ L0T 6ET T
(czezT) Ve LT €6 26 (s2ua19421) 0'T €e €Tl 29T 0
uoisny3
SITO 1200 puai 1o} d
(s0uasaya1) 0'T 8 6¢ 1474 WIT'TI) 9%¢ 6 95 44 9-¢
(ST-10) 70 S 8¢ S (9s'80)TC €1 0S 95 14
(8'2-z0)80 1C 0TT 80T (0z'90)TT er A9 15T T
(zT-10) €0 LT 70T getT (s2ua19421) 0'T €z 8 9T 0
SIIAOUAS
1100 18L°0 puai 1o} d
(s0uasayal) 0'T 8 (14 14 (zev0o) 1T €T Ly oy 8T-L
(7'1-20) S0 4 Ve € (9e'so et 1T ra4 6 9-G
(ze-€0) 60 14 8¢ 6T (zz'c0)80 6 og ve 4
(eT-10) 70 9 or 7 (sT1'¢0)90 14 8z 6 €
(o110 €0 8 a7 8y (S1'€0) L0 8 8¢ 6§ 4
(T1-10) €0 01 15 0L (Lz'90) et €1 2§ 0L T
(o110 €0 €T €L €6 (ouasaan) 0'T 91 9 8 0
STINg
(1D %S6) 4O | swelxeplones | aresepow/pliN | uredasuy uenbaijoN | (1D %S6) HO | aweixeplonas | aresmpow/pliN | uredasuy wenboijoN
panoidwil A11enss ured pauss Jom A1l Jenss ured

1SIADIUID JoTe e 01 Bi|feT Ue Wo i) ukd 33Uy 1uanba 4 jo A11eras ulsbueyd

SUOISS T [eINON IS JOS300S

NIH-PA Author Manuscript

ured sau 1uaNnba 1] Jo A111eAss ul'sabueyd Jo UOI193 1P 3Y] 01 UOIR R Ul UosN]e pue ‘SIIAoUAS ‘STING Jo A11lenss ulsabueyd

€9lgel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Arthritis Rheum. Author manuscript; available in PMC 2012 May 15.



