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Abstract

Objective: Aims were to assess 1.) whether odds for incident radiographic osteoarthritis

(ROA) differ between men and women in regard to body mass index (BMI) and inflammatory
magnetic resonance imaging (MRI) markers one and two years prior and 2.) whether presence of
inflammation on MRI differs between normal-weight, and overweight/obese persons that develop
ROA up to four years prior.

Methods: We studied 355 knees from the Osteoarthritis Initiative study that developed incident
ROA and 355 matched controls. MRIs were read for effusion-synovitis and Hoffa-synovitis for

up to four consecutive annual time points. Subjects were classified as normal-weight (BMI < 25),
overweight (BMI =25/<30) or obese (BMI =30). Conditional logistic regression was used to assess
odds of incident ROA for effusion-synovitis and Hoffa-synovitis at one and two years prior ROA
incidence (i.e. “P-1” and “P-2") considering BMI category. Bivariate logistic regression was used
to assess odds of inflammation for cases only.

Results: 178 (25.1%) participants were normal-weight, 283 (39.9%) overweight and 249
(35.1%) obese. At P-2 being overweight with Hoffa-synovitis (OR 3.26, 95%CI 1.39,7.65) or
effusion-synovitis (3.56, 95%CI 1.45,8.75) was associated with greater odds of incident ROA in
women. For those with incident ROA there were no increased odds of synovitis in the overweight/
obese subgroup for most time points but increased odds for effusion-synovitis were observed at
P-2 (OR 2.21, 95%CIl 1.11,4.43).

Conclusions: Presence of inflammatory markers seems to play a role especially in overweight

women while obese women have increased odds for ROA also in the absence of these markers.

Keywords
MRI; obesity; knee; osteoarthritis; inflammation

Introduction

Obesity is one of the key risk factors for the development of knee osteoarthritis (OA) (1).
Associations linking OA development to components of the so-called metabolic syndrome
beyond obesity have been suggested. These include chronic low-grade inflammation, a
feature shared by OA and metabolic disorders that may contribute to the genesis of both
(2, 3). While studies have reported that the metabolic syndrome is clearly associated with
increased risk of knee OA (4), a recent meta-analysis suggested that this may only be
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indirect, and that there was insufficient evidence that the metabolic syndrome was associated
with incident knee OA independent of body mass index (BMI) (5).

Beyond pro-inflammatory systemic factors, local intra-articular adipose tissues such as
Hoffa’s fat pad produce inflammatory and catabolic mediators that may contribute to OA
pathogenesis (6). Further, it is unclear whether women and men show differences regarding
the presence of metabolic syndrome and incident knee OA. While one study did not report
any sex-specific differences (3), others have highlighted that inflammation and metabolic
syndrome may have a larger impact on OA incidence in women compared to men (7).

We hypothesize that persons with high body mass index (BMI) and local inflammation as
assessed by MR, considered as surrogates for some of the components of the metabolic
syndrome (8), may be at increased odds for incident knee OA and that overweight and obese
persons are at increased odds for exhibiting signs of local joint inflammation as assessed by
MRI up to four years prior the incidence of ROA.

Thus, aims of the study were 1.) to assess whether odds for incident radiographic OA (ROA)
differ between men and women in regard to BMI and inflammatory MRI markers one and
two years prior to ROA incidence using a matched case-control sample of subjects that
developed or did not develop incident ROA and 2.) to analyze whether odds of presence of
MRI-features of inflammation such as effusion-synovitis (‘effusion”) and Hoffa-synovitis
(“synovitis’) differ between normal-weight, and overweight/obese persons that develop
incident ROA over a period of up to four years prior.

The Osteoarthritis Initiative

The Osteoarthritis Initiative (OAI) is a longitudinal cohort study designed to identify
biomarkers of the onset and/or progression of knee OA. Both knees of 4,796 participants
were studied using 3 Tesla MRI and fixed-flexion radiography at baseline, 12, 24, 36, and 48
months of follow-up (9). The Institutional Review Boards at each of the sites approved the
study, and all participants gave informed consent.

Radiography

OAl knee radiographs were acquired using the posterior-anterior fixed-flexion weight-
bearing protocol using a positioning frame. The Kellgren-Lawrence (K-L) grade was
determined by central readings of baseline serial fixed-flexion knee radiographs (10).

Case and Control Knee Selection

Cases were defined as study participants who had at least one knee that developed incident
ROA during the four years of follow-up. Incident ROA was defined as the first occurrence
of radiographic findings compatible with OA (K-L grade of =2 on the p.a. view based on
central readings) during the course of study. This time point was called PO with P-1 being
defined as the time point one year before ROA was detected, P-2 defined as two years
prior, P-3 three years prior and P-4 four years prior incident radiographic OA was read.
All participants fulfilling the case definition were included. An identical number of control
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knees were selected from knees that did not develop incident radiographic OA during the
study period. The controls were matched to case knees according to K-L grade, sex, age
(within five years), and contralateral knee OA status (i.e. K-L grade = 0, 1, or 2+ in the other
knee). Each case was matched to those who were at risk at the time of case occurrence and
those with available images at relevant time points, whether this was at 12, 24, 36 or 48
months of follow-up. Both cases and control knees were either K-L 0 or 1 at baseline based
on central readings. Only one knee per subject was used as a case knee. A flowchart of the
inclusion of cases and controls is included as Appendix 1.

MRI Acquisition and Assessment

MRI of both knees was performed on identical 3T systems (Siemens Trio, Erlangen,
Germany) at the four OAI clinical sites. The OAI pulse sequence protocol and the sequence
parameters have been published in detail (9).

Two musculoskeletal radiologists with 11 (FW.R.) and 14 (A.G.) years’ experience of
semiquantitative assessment of knee OA at the time of reading, blinded to clinical data

and case-control status, read the MRIs according to the MRI Osteoarthritis Knee Score
(MOAKS) system (11). Baseline and follow-up MRIs were read with the chronological
order known to the readers. Diffuse hyperintense signal on the sagittal W fat-suppressed
sequence in the intercondylar region of Hoffa’s fat pad were scored from 0 to 3 as a
surrogate for synovial thickening termed Hoffa-synovitis (i.e. ‘synovitis’). The degree of
hyperintensity is assessed according to the following grades: 0=normal; 1=mild, 2=moderate
and 3=severe. Joint effusion (also called effusion-synovitis as it is not possible to discern
joint fluid from synovial thickening on non-contrast-enhanced MRI) was graded from 0

to 3 in terms of the estimated maximal distention of the synovial cavity (i.e. ‘effusion’)

as follows: Grade O=none, grade 1=small, grade 2=medium and grade 3=large. (11, 12).
Examples of the different grades of Hoffa- and effusion-synovitis are presented in Figure 1.
Detailed reliability data of MRI assessment is presented in Appendix 2.

Statistical Analysis

Subjects were classified as normal weight (BMI <25 kg/m?2), overweight (BMI =25 kg/m?
and <30 kg/m?2) or obese (BMI = 30 kg/m?) at OAI enrollment. In the case-control design
part of the study, conditional logistic regression was used to assess the risk of incident ROA
stratified by presence of synovitis and effusion focusing on the time points P-1 and P-2 only.
Presence of synovitis and effusion was defined as “any”, i.e. knees that exhibited grades 1
to 3 of synovitis or effusion on MRI. The time points P-3 and P-4 were not considered as
low numbers did not allow meaningful interpretation of the interactions (for P-3 only 59
cases and for P-4 only 53 cases were available). For the case-control analysis stratification
by sex was undertaken, and BMI, synovitis, and effusion or the interaction were used as
exposure variables. First, the bivariate associations of ROA and the different synovitis and
effusion categories and BMI were estimated. After this initial analysis, the risk of ROA for
the interaction of BMI and effusion/synovitis was examined. The category of normal weight,
especially in men, was sufficiently uncommon that we used the overweight category as the
referent for the BMI analysis because it was the norm.
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Bivariate logistic regression was used to assess the odds of the presence of synovitis

and effusion at time points P-1, P-2, P-3, P-4 and baseline in subjects that developed
radiographic OA (i.e. only cases) comparing overweight and obese subjects combined to
normal-weight subjects as the reference. We considered a two-tailed p-value of less than
0.05 as statistically significant. All statistical calculations were performed using Stata/IC
11.2 for Windows (StataCorp, College Station, TX) and SAS 9.3 (SAS Institute Inc, Cary,
NC).

A total of 355 case knees and 355 matched control knees were included. Participants had

a mean age of 60.2 + 8.6 years, 66.5% were female. Cases had a slightly higher BMI
compared to controls (28.9 kg/m? versus 27.7 kg/m?; p<0.001). No significant differences
with regard to ethnicity between cases and controls were observed (84% percent of the
subjects white). The case-defining visit of radiographic OA incidence was 12 months for
119 knees (33.5%), 24 months for 83 knees (23.4%), 36 months for 103 knees (29.0%), and
48 months for 50 knees (14.1%). 178 (25.1%, 138/77.5% women) participants were normal-
weight, 283 (39.9%, 166/58.7% women) were overweight and 249 (35.1%, 170/68.3%
women) obese at baseline. Details of the demographics regarding cases and controls are
presented in Appendix 3.

Regarding the interaction of BMI with synovitis and effusion, using overweight women and
men without synovitis or effusion as the reference, obesity without synovitis was associated
with greater odds of ROA in women (OR 2.87, 95% CI [1.21,6.83]) at P-2, as was being
overweight with synovitis (OR 3.26, 95% CI [1.39, 7.65]). Being obese with synovitis was
not associated with increased odds at P-2. For men, there were no combinations of synovitis
and BMI that were associated with increased odds of ROA compared to those being
overweight without synovitis at P-2. Furthermore, being overweight with joint effusion at
P-2 was associated with increased OA odds in women (OR 3.56, 95% CI [1.45,8.75]), which
was the case also for the obese category in women (OR 3.46, 95% CI [1.38,8.72]).

At P-1 and combining all BMI categories, having any synovitis or any effusion was
associated with increased odds of ROA in both, men and women. Further, presence of
synovitis was associated with incident ROA in overweight and obese women and men,

with the latter association also seen for normal weight men, which was not the case for
normal weight women. Positive associations of effusion with incident OA were only seen in
overweight (OR 3.14, 95% CI [1.55 6.36]) and obese women (OR 3.03, 95% CI [1.50 6.15])
but not normal weight women or in men. Table 1 gives a detailed overview of these results
regarding the interactions between BMI, sex and severity of inflammation at P-2 and P-1.

For those knees that developed ROA there were no increased odds of synovitis in the
combined overweight/obese (i.e. categories combined) BMI subgroup compared to the
normal weight subgroup at any of the four time points prior the case visit or the baseline
visit. However, being overweight/obese was associated with an increased odds of effusion
at P-2 (OR 2.21, 95% CI [1.11, 4.43]). Albeit not statistically significant, increased odds
for effusion were also observed for the visit P-1 (OR 1.68, 95% CI [0.98, 2.88]). Table 2
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presents details for the case knees and associated odds for synovitis or effusion at several
time points prior to the incidence of ROA.

Discussion

The presence of synovitis increased the odds of developing ROA in overweight women at
the time point two years before ROA was detected, while obese women had an increased
risk for ROA also without synovitis. At the time point one year prior OA incidence, we
observed increased odds for incident ROA in overweight and obese women with presence
of joint effusion but not in men. At the same time point, increased odds for ROA incidence
were seen in both overweight and obese women and men in the presence of synovitis, but
not for normal weight women with synovitis, suggesting the presence of effusion seems

to play a role particularly in overweight or obese women. In knees that developed ROA,
increased odds of effusion were observed for the combined overweight/obese group at P-2
but not for Hoffa-synovitis or any of the other time points suggesting a possible link between
high BMI, presence of joint effusion and ROA development two years later.

While the role of body weight and knee ROA incidence is well established, its interactions
with local inflammation have been less clear (1). Reported associations between obesity
and OA development also for non-weight bearing joints suggest a more complex interaction
beyond increased biomechanical loading. In a population-based cohort study it has been
reported that metabolic syndrome may be prevalent in 59% of patients with knee OA

and in 23% without (13). On the other hand, Niu et al. found in a population-based

study that among women abdominal obesity and high blood pressure were associated with
incident radiographic OA, but metabolic syndrome was not (3). We have shown previously
a strong association between the presence of joint inflammatory markers based on MRI

and subsequent ROA incidence and this current work expands this taking also into account
sex and BMI differences (14). The fact that two years prior ROA incidence in women
obesity without synovitis exhibited increased risk for ROA as well as being overweight
with synovitis but obesity with synovitis did not, was not an expected finding. We can only
speculate that potentially in obese persons other factors including direct results of increased
loading due to higher BMI resulting in structural changes like bone marrow alterations,
cartilage damage or meniscal lesions and extrusion, may be more relevant than inflammatory
manifestations like effusion or synovitis.

Concerning the second part of our analysis focusing on cases only regarding prevalence of
inflammatory markers in the different subgroups we found that up to four years prior ROA
incidence in general the combined overweight/obese subgroup did not show significantly
increased rates of local inflammation with the exception of effusion two years prior ROA
incidence while at 1 year prior the association was close to being significant. A recent
study also from the OAI reported a significantly greater prevalence and severity of synovial
inflammation imaging biomarkers in knees of overweight and obese participants compared
to those that have normal weight (15). In contrast to our study, however, almost 20% of
included subjects exhibited ROA grades 2 and 3 and for those without ROA it is not known
how many developed ROA at later time points. Thus, we speculate based on our findings
that for case knees only i.e. for those that developed ROA, other factors beyond obesity
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including local structural damage such as meniscal or cartilage lesions may have additional
impact on presence of synovial inflammation and thus diluting possible impact of increased
BMI.

We acknowledge that in this exploratory study we did not analyze subjects with defined
metabolic syndrome as we only analyzed interactions of BMI and MRI markers of
inflammation, which limits extrapolation of our findings to patients with metabolic
syndrome (3). An additional limitation of our study includes the absence of information on
symptomatic OA. We do not know if subjects that developed ROA also developed symptoms
and if subjects developed symptoms prior to the diagnosis of ROA. Further, the OAI

study does not include contrast-enhanced MRI sequences, the gold standard for synovitis
assessment (16). However, we used an established surrogate for whole joint synovitis that
has been used in multiple studies applying MRI (11). Inter-and intra-reader agreement was
almost perfect for effusion grading but only substantial for synovitis assessment, which is a
limitation and likely reflecting the non-specificity of non-contrast-enhanced MRI (17).

In summary, the presence of MRI-defined Hoffa-synovitis seems to play a role for incident
ROA development, especially in overweight women, whereas obese women have increased
odds for ROA even in the absence of Hoffa-synovitis. Presence of joint effusion has an
impact on ROA development particularly in overweight and obese women but not men.
Being overweight/obese increased odds for joint effusion in the knees that developed
incident ROA at time points one and two years prior. These results suggest that both
mechanical load and inflammation have a role in OA incidence for overweight and obese
women while for men the role of inflammation in conjunction with high BMI seems to be
less relevant.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Significance and Innovations

. In women, being overweight with Hoffa-synovitis and being overweight
or obese with effusion-synovitis increases odds for incident radiographic
osteoarthritis (ROA) 2 years later

. Presence of effusion-synovitis increases odds for incident ROA in overweight
and obese women but not in men

. For persons that develop incident ROA increased odds for effusion-synovitis
were observed two years prior (OR 2.21, 95%CI 1.11,4.43).

. Both mechanical load and inflammation seem to have a role in OA incidence
for overweight and obese women while for men the role of inflammation in
conjunction with high body mass index seems to be less relevant
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Figure 1.
MRI markers of inflammation in OA. Fluid sensitive sequences are capable of delineating

intraarticular joint fluid. However, a distinction between true joint effusion and synovial
thickening is not possible as both are visualized as hyperintense signal within the joint
cavity. For this reason the term effusion-synovitis was introduced, which in the MOAKS
system is scored based on the distension of the joint capsule and is graded from 0 to

3 in terms of the estimated maximal distention of the synovial cavity with 0O=normal,

grade 1=<33% of maximum potential distention, grade 2=33%-66% of maximum potential
distention and grade 3=>66% of maximum potential distention. Axial dual-echo at steady-
state (DESS) MR images show A. Grade 2 effusion-synovitis (asterisk), and B. Grade 3
effusion-synovitis (asterisk). In addition, signal changes in Hoffa’s fat pad are commonly
used as a surrogate for synovitis on non-contrast enhanced MRI. Although synovitis

can only be visualized directly on contrast-enhanced sequences, it has been shown that
Hoffa’s signal changes are a sensitive but non-specific surrogate of synovitis. C. Sagittal
intermediate-weighted fat-suppressed MRI shows a discrete ill-defined hyperintense signal
alteration in Hoffa’s fat pad consistent with grade 2 Hoffa-synovitis (arrow). D. Severe,
grade 3 signal alterations almost occupying the entire fat pad are seen in this image (arrows).
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Table 1.

Demographics of sample

Cases (N =355) Controls (N=2355) pvalue
Mean Std. Dev. Mean  Std. Dev.

Age (years) 60.1 8.6 60.0 8.4 NA
BMI (kg/m?) 28.9 45 27.7 4.4 0.0003
WOMAC knee painl 2.6 33 14 25  <.0001
WOMAC functioning] 8.4 10.8 4.3 7.8 <.0001
N % N %
Sex NA
Female 237 66.8 237 66.8
Male 118 33.2 118 33.2
BMI (kg/m?) 0.0032
Normal/underweight 70 19.7 108 304
Overweight 147 41.4 136 38.3
Obese 138 38.9 111 31.3
Race 0.2143
White 283 79.7 299 84.2
African American 61 17.2 47 13.2
Asian 6 1.7 2 0.6
Other 5 14 7 2
KL grade NA
0 133 375 133 375
1 222 62.5 222 62.5
Knee Injury at OAI baselinez 136 38.3 0 1.7 <0001
54 15.2 24 6.8  0.0004

Knee Surgery at OAI baseline3

Std. Dev. — standard deviation, BMI — body mass index, KL - Kellgren-Lawrence, OAI — Osteoarthritis Initiative, NA — not applicable
WOMAC knee pain is on a scale from 1 to 20 and WOMAC functioning from 1-96, higher values representing more pain/less functioning.
Knee injury defined as one inhibiting ability to walk for at least two days

3 .
Knee surgery includes arthroscopy.

P values for differences by Fisher’s exact test for categorical variables and t-tests for ordinal variables and were not calculated for variables used in
matching.
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