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the osteoarthritis initiative 

Gabby B. Joseph $ ⁎, Melia Takakusagi $, Gino Arcilla $, John A. Lynch †, Valentina Pedoia $,  
Sharmila Majumdar $, Nancy E. Lane ‡, Michael C. Nevitt †, Charles E. McCulloch †,  
Thomas M. Link $ 
$ Department of Radiology and Biomedical Imaging, University of California, San Francisco, United States 
† Department of Epidemiology and Biostatistics, University of California, San Francisco, United States 
‡ Department of Rheumatology, University of California, Davis, United States    

a r t i c l e  i n f o   

Article history: 
Received 9 February 2023 
Accepted 6 July 2023  

Keywords: 
Knee subcutaneous fat 
Cartilage thickness 
Weight change 
MRI 

s u m m a r y   

Objective: To assess (i) the impact of changes in body weight on changes in joint-adjacent subcutaneous fat 
(SCF) and cartilage thickness over 4 years and (ii) the relation between changes in joint-adjacent SCF and 
knee cartilage thickness. 
Design: Individuals from the Osteoarthritis Initiative (total=399) with >  10% weight gain (n=100) and >  10% 
weight loss (n=100) over 4 years were compared to a matched control cohort with less than 3% change in 
weight (n=199). 3.0T Magnetic Resonance Imaging (MRI) of the right knee was performed at baseline and 
after 4 years to quantify joint-adjacent SCF and cartilage thickness. Linear regression models were used to 
evaluate the associations between the (i) weight change group and 4-year changes in both knee SCF and 
cartilage thickness, and (ii) 4-year changes in knee SCF and in cartilage thickness. Analyses were adjusted 
for age, sex, baseline body mass index (BMI), tibial diameter (and weight change group in analysis (ii)). 
Results: Individuals who lost weight over 4-years had significantly less joint-adjacent SCF (beta range, medial/ 
lateral joint sides: 2.2–4.2 mm, p  <  0.001) than controls; individuals who gained weight had significantly greater 
joint-adjacent SCF than controls (beta range: −1.4 to −3.9 mm, p  <  0.001). No statistically significant associations 
were found between weight change and cartilage thickness change. However, increases in joint-adjacent SCF over 
4 years were significantly associated with decreases in cartilage thickness (p = 0.04). 
Conclusions: Weight change was associated with joint-adjacent SCF, but not with change in cartilage 
thickness. However, 4-year increases in joint-adjacent SCF were associated with decreases in cartilage 
thickness independent of baseline BMI and weight change group. 

© 2023 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.    

Introduction 

Osteoarthritis (OA) is the most common cause of disability in the 
United States, affecting over 32.5 million adults.1 One important 
modifiable risk factor for knee OA is obesity: weight loss is protec
tive for the development of symptomatic knee OA,2 while weight 
gain may exacerbate knee OA symptoms3 and increase the risk for 

knee replacement.4 Recently, joint-adjacent subcutaneous fat (SCF) 
has gained interest as an independent risk factor and a potential 
biomarker of OA progression. 

While most research studies on obesity and OA have focused on 
body mass index (BMI) measurements as exposure variables,5 BMI 
has inherent limitations as it does not capture the distribution of fat 
around the body and cannot distinguish adipose tissue from non- 
adipose body mass.3 In contrast, joint-adjacent knee SCF is a loca
lized measure of the amount of fat surrounding a joint that may 
provide additional insights (relative to BMI) on the effects of adipose 
tissue change on OA progression. 

Recent studies have investigated the impact of localized fat depots 
including joint-adjacent SCF in the thigh and surrounding the knee joint 
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on OA. These studies reported that SCF thickness was significantly higher 
in individuals presenting with chondromalacia,6 increases in thigh SCF 
over 2 years were associated with the progression of knee OA in men,7 

and greater joint-adjacent SCF levels at baseline were associated with 
higher odds for cartilage and meniscal structural progression over 4 
years, independent of baseline BMI.8 Thus, understanding the impact of 
localized adipose changes on adjacent knee joint tissue may provide 
novel insights OA pathogenesis, that are beyond the systemic effects of 
overall weight change. 

The overarching goal of this study is to examine both weight change 
and change in joint-adjacent SCF in relation to knee OA progression 
(independent of BMI), using imaging data from the Osteoarthritis 
Initiative (OAI), a multi-center, longitudinal study OA study (sponsored 
by the US National Institutes of Health (NIH)). Since the relationship 
between weight loss and cartilage thickness change has shown varied 
results,9–12 the assessment of localized changes in SCF in relation to 
cartilage thickness change may provide novel insights on the effects of 
adipose tissue on knee joint degeneration. Thus, the clinical motivation 
for this study is to gain an understanding of how longitudinal changes in 
body weight and changes in localized adipose tissue are related to 
changes in cartilage thickness. Specifically, this study will assess (i) the 
impact of body weight on joint-adjacent SCF and cartilage thickness over 
4 years and (ii) the relationship between joint-adjacent SCF and knee 
cartilage thickness. 

Method 

Subject selection 

This study utilized data from the OAI; (https://nda.nih.gov/oai),13 

a multi-center, longitudinal study of individuals aged 45–79 years at 

enrollment. The OAI dataset includes Magnetic Resonance Imaging 
(MRI) and radiographic knee images of participants over eight years. 
The study protocol, amendments, and informed consent doc
umentation were reviewed and approved by the local institutional 
review boards of all participating centers. 

The present study analyzed participants enrolled in the OAI with the 
following inclusion criteria: (i) individuals with at least 2 BMI timepoints 
available from baseline to 4-year follow-up (ii) a baseline Kellgren 
Lawrence score (KL) ≤ 3 in the right or left knee, (iii) baseline BMI >  25. 
Participants with rheumatoid arthritis were excluded. Based on these 
criteria, individuals were classified in three groups: weight gain (>  10%, 
n=221), weight loss (>  −10%, n=227), and controls (−3 to 3% change, 
n=1237). The cut off values were chosen based on previously published 
studies including Messier et al.14 who reported that “long-term weight 
loss between 10% and 19.9% of baseline body weight has substantial 
clinical and mechanistic benefits compared to less weight loss” when 
analyzing data from Intensive Diet and Exercise for Arthritis (IDEA) 
randomized controlled clinical trial.14 For this study, participants were 
randomly selected and frequency matched for age, sex, BMI, and KL 
grade at baseline, yielding a total of 399 individuals: weight gain (>  10%, 
n=100), weight loss (>  10%, n=100) and controls (−3 to 3% change, 
n=199), Fig. 1. 

Group definitions 

BMI measurements were used to determine the rate of change in 
BMI over 4 years in each participant using all BMI data available 
from baseline to 4 years. The slope of the regression line (in units of 
change per year) was multiplied by four to determine magnitude of 
BMI change over 4 years, and the percentage change in BMI over 
4 years was calculated. We employed a regression line to quantify 

Fig. 1                                                                                                         

Participant Selection from the OAI. Abbreviations: KL: Kellgren-Lawrence, BMI Body Mass Index. 
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change in BMI over 4 years (rather than only baseline and 4-year 
data) to comprehensively assess the overall change in BMI using all 
available data. Individuals were classified into three groups based on 
their changes in BMI: weight loss (>  10% change), weight gain (>  10% 
change), and controls without weight change (−3 to 3% change). 

Clinical questionnaires 

Knee pain was assessed using the WOMAC (Western Ontario 
McMaster Universities Osteoarthritis) Index, a standard questionnaire 
used to evaluate symptoms related to knee OA, including pain.15–17 

The participants’ physical activity levels were determined using a 
Physical Activity Scale for the Elderly (PASE) with a range of 0 to 400. 
This is a well-established, reliable, validated questionnaire that has 
been used to measure physical activity in individuals of similar age 
to those investigated in the current study.18–21 

Radiographs 

Standardized bilateral standing posterior-anterior fixed flexion 
knee radiographs were acquired in all participants in the OAI. For 
eligibility and to assess baseline disease burden, knee KL gradings22 

from the OAI baseline visit were scored as has been previously de
scribed.23 

MR imaging acquisition and analyzed parameters 

MR imaging was performed using 3T MRI scanners (Trio, 
Siemens, Erlangen, Germany) at four centers as part of the imaging 
OAI protocol at baseline and after 4 years. The following sequences 
of the right knee were analyzed in this study: 1) coronal 3D fast low 
angle shot with water excitation (FLASH WE) [7.57 ms/20 ms; 
0.313 mm × 0.313 mm; 160 mm; 1.5 mm; 0 mm] and 2) sagittal 3D 
dual-echo steady state sequence with water excitation (DESS WE) 

[4.7 ms/16.3 ms; 0.365 mm × 0.456 mm; 140 mm; 1.5 mm; 0 mm] 
with axial and coronal reformations. Joint-adjacent SCF was mea
sured on coronal 3D FLASH WE MRI sequence, while the DESS se
quence was used for cartilage thickness measurements. Additional 
details on image acquisition parameters have been previously pub
lished.24 

Joint-adjacent SCF quantification 

Joint-adjacent SCF was measured on coronal 3D FLASH WE MRI se
quences at four locations on the medial and lateral sides of the knee joint 
(Fig. 2) by two observers (M.T. and G.A., both 1 year of experience), who 
were trained by an experienced musculoskeletal radiologist (T.M.L., 25 
years of experience). Measurements were performed at baseline and 4- 
year follow-up in the right knee. The 3D coronal flash sequence was 
chosen for its precise delineation of the joint-adjacent SCF boundaries 
and the larger field of view compared to the other available coronal 
sequences. A section centered on the medial tibial spine was selected, 
using sagittal and axial reformations of the DESS sequence. SCF thickness 
was measured on the coronal section at the level of the medial joint 
space and the superior boundary of the medial tibial spine, both medi
ally and laterally.8 The inter- and intra-observer reproducibility of SCF 
measurements has been previously measured8 and demonstrated good 
reproducibility (CVinter-observer = 2.72%; CVintra-observer = 2.01%). The dif
ference between the baseline and 4-year follow-up SCF measurements 
were quantified. 

Cartilage thickness 

A fully-automatic method was developed and validated by our group 
for reliable cartilage segmentation and thickness measurement of knee 
MRI volumes as previously described.25 Three identical 3D VNet archi
tectures and three 2D UNet-like architectures were trained to segment 
DESS sequence volumes. Cartilage segmentation was sub-segmented 

Fig. 2                                                                                                         

A coronal reformation of the DESS sequence. SCF measurements are shown at the medial femur, medial tibia, and lateral femur and lateral tibia. 
The tip of the medial tibial spine is used to define the axial slice level, on which medial and lateral measurements are taken.  
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into lateral tibia, medial tibia, patella, lateral femur, and medial femur 
regions in the right knee. Per compartment and per sagittal slice, a Eu
clidean distance transformation and skeletonization were performed. 
The value of the distance map was sampled at each skeleton point, and 
all points across all slices were averaged to calculate mean thickness. 
Lateral and medial femoral compartments underwent Euclidean dis
tance transform and skeletonization before sub-segmentation. Only the 
weight-bearing region was included in the mean thickness calculation 
for the lateral and medial femur.25 Cartilage thickness was quantified at 
baseline and at 4-year follow-up. 

Statistical analysis 

Descriptive statistics were performed using a SAS Studio (version 3.8, 
SAS Institute Inc., Cary, NC, USA) macro program called “Tablen”.26 Dif
ferences in continuous parameters between weight change groups were 
assessed using Kruskal Wallis tests, and differences in categorical para
meters between groups were assessed using Chi-squared tests. 

The primary statistical analyses were performed using STATA version 
17 software (StataCorp LP, College Station, TX, USA) with significance set 
to p  <  0.05. Changes in SCF and cartilage thickness, respectively, were 
defined by subtracting the baseline measurement from the 4-year 
follow-up measurement. Linear regression models were used to evaluate 
the associations between (1) weight change group and 4-year changes in 
both knee SCF and cartilage thickness and (2) 4-year changes in knee SCF 
and 4-year changes in cartilage thickness. Analysis (2) was conducted on 
a standardized scale so that the beta coefficients represent the standard 
deviation change of the outcome, per standard deviation change of the 
predictor. All analyses were adjusted for age, sex, baseline BMI, and tibial 
diameter (and weight change group in analysis (2)). 

The measurement variables were designated as primary or ex
ploratory to address potential issues stemming from multiple 
testing. The primary joint adjacent SCF variables were 4-year 
changes in the medial femur and medial tibia SCF. The lateral SCF 
variables were designated as exploratory. The primary cartilage 
thickness variables were the average of all regions, the medial femur, 
and the medial tibia. The medial compartment of the knee was 
chosen as primary because medial OA occurs more frequently than 
lateral OA,27,28 data from the OAI have shown that decreases in 
cartilage thickness over one year were greater in the medial com
partment than in the lateral compartment,29 cartilage lesions are 
more prevalent on the medial side of the joint,28 and the medial 
femur is a concentrated region of weight-bearing.28 

Three sensitivity analyses were performed: First, a group-sex 
interaction was added to analysis 1, to assess whether the effects of 
group on fat outcomes and thickness outcomes differed by sex. 
Second, a SCF-sex interaction was added to analysis 2 to assess 
whether the effects of SCF change on thickness change outcomes 
differed by sex. Third, an additional adjustment for PASE was added 
to both analyses to assess whether physical activity had an impact 
on the relationship between group and SCF/thickness outcomes and 
between SCF and thickness outcomes. 

Results 

Participant characteristics 

A total of 399 participants were included in this study; of those 
100 had >  10% weight gain over 4 years, 100 had >  10% weight loss 
over 4 years, and 199 were matched controls with −3 to 3% weight 
change over 4 years. The participant characteristics are listed in  
Table 1. There were no significant differences in baseline BMI be
tween weight change groups (weight gain: 31.2  ±  4.13 kg/m2; 
weight loss: 31.5  ±  3.93 kg/m2; controls: 31.2  ±  4.11 kg/m2; 
p = 0.68). There were no significant differences in the age between 

groups (p = 0.19), with the greatest age in participants who lost 
weight (62.3  ±  8.93 years). There were no significant differences in 
the distribution of race (p = 0.50) and knee KL grade (pright_knee = 
0.88, pleft_knee = 0.87) between weight change groups. 

Weight change and knee joint-adjacent SCF 

Individuals who gained weight over 4-years had significantly 
greater increases in joint-adjacent SCF than controls after 4 years 
(p  <  0.001 for all regions), while individuals who lost weight had 
significantly greater decreases in joint-adjacent SCF than controls 
(p  <  0.001 for all regions) as shown in Table 2 and Fig. 3. For the 
weight gain group, the greatest increases in joint adjacent SCF were 
in the medial tibia SCF (adjusted mean: 4.86 mm, 95%CI = 3.48–6.23) 
compared to controls (adjusted mean: 0.097 mm, 95%CI = −0.70 to 
0.89), Beta = 4.76, p  <  0.001), while the smallest increases were in 
the lateral femur SCF (adjusted mean: 2.52 mm, 95%CI = 1.84–3.22) 
compared to controls (adjusted mean: 0.49 mm, 95%CI = 0.09–0.89), 
Beta = 4.76, p  <  0.001). For the weight loss group, the greatest de
creases in joint-adjacent SCF were in the medial femur SCF (adjusted 
mean: −3.64 mm, 95%CI = −5.17 to −2.10) compared to controls 
(adjusted mean: 0.30 mm, 95%CI = −0.53, −1.13), Beta = −3.94, 
p  <  0.001), while the smallest decreases were in the lateral tibia SCF 
(adjusted mean: −1.01 mm, 95%CI = −1.73, −0.27) compared to con
trols (adjusted mean: 0.40 mm, Beta = −1.41, 95%CI = 0.01–0.79), 
p  <  0.001). The between-group differences and 95% confidence in
tervals are listed in Table 2. The results were similar after adjusting 
for PASE. There were no statistically significant interactions (p-value 
range: 0.08–0.97) between weight change group and sex on 4-year 
changes in joint-adjacent SCF outcomes. 

Weight change and cartilage thickness 

No statistically significant (p  >  0.05) associations were found 
between weight change group and cartilage thickness change over 4 
years in any cartilage region. For the weight gain group, the coeffi
cients of cartilage thickness change compared to the control group 
ranged from −0.009 mm in the patella (p = 0.68, 95%CI = −0.05 to 
0.03)) to 0.02 mm in the medial femur (p= 0.19, 95%CI = −0.01 to 
0.05). For the weight loss group, the coefficients of cartilage thick
ness change compared to the control group ranged from −0.008 mm 
in the lateral femur (p = 0.64, 95%CI = −0.04 to 0.03) to 0.01 mm in 
the medial tibia (p = 0.25, 95%CI=−0.01 to 0.04). The results were 
similar after adjusting for PASE. There were no statistically sig
nificant interactions (p-value range: 0.08–0.99) between weight 
change group and sex on 4-year changes in thickness outcomes. 

Joint-adjacent SCF and knee cartilage thickness 

Increases in joint-adjacent SCF over 4 years were significantly 
associated with decreases in cartilage thickness (a 1 SD increase in 
medial femur SCF was associated with 0.14 SD decrease in average 
thickness, p = 0.04) as shown in Fig. 4 and Table 3. In addition to the 
average cartilage thickness, increases in medial femur SCF were 
significantly associated with decreases in medial femur cartilage 
thickness (coeff_standardized.=−0.15, p = 0.03), lateral tibia thickness 
(coeff_standardized.=−0.17, p = 0.01), and patella thickness (coeff_ 

standardized.=−0.14, p = 0.04). The remaining associations between 
joint-adjacent SCF changes and cartilage thickness changes over 
4 years were not statistically significant (p  >  0.05). The results were 
similar after adjusting for PASE. There were no statistically sig
nificant interactions (p-value range: 0.07–0.87) between joint ad
jacent SCF change and sex on 4-year changes in thickness outcomes. 
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Discussion 

In this study, weight gain was associated with increases in joint- 
adjacent SCF, while weight loss was associated with decreases in 
joint-adjacent SCF, independent of baseline BMI. While there were 
no significant associations between weight change group and car
tilage thickness change, 4-year increases in joint-adjacent SCF were 
associated with decreases in cartilage thickness (and vice versa) 
independent of baseline BMI and weight change group. Thus, carti
lage thickness changes may be more sensitive to changes in joint- 

adjacent SCF compared to changes in BMI, potentially due to the 
localized nature of joint-adjacent SCF measurements. 

While several studies have assessed the relationship between 
weight loss and cartilage thickness change,9–12 their conclusions 
were inconsistent. For reference, a previous study has shown in 3910 
individuals that the average cartilage thickness in the femur is was 
2.34 mm (standard deviation, 0.71; 95% confidence interval, 
0.95–3.73)30” Anandacoomarasamy et al. reported that after a 12- 
month follow-up and a mean weight loss of 9.3%, percentage weight 
loss was negatively associated with cartilage thickness loss in the 

Controls (N = 199) Weight Gain  
(>  10%) (N = 100) 

Weight Loss  
(>  −10%) (N = 100) 

Total (N = 399)  

Age     
Mean (SD) 60.8 (9.07) 60.0 (8.68) 62.3 (8.93) 60.9 (8.95) 
BMI     
Mean (SD) 31.2 (4.11) 31.2 (4.13) 31.5 (3.93) 31.3 (4.06) 
Sex, n (%)     
Males 88 (44.2%) 45 (45.0%) 44 (44.0%) 177 (44.4%) 
Females 111 (55.8%) 55 (55.0%) 56 (56.0%) 222 (55.6%) 
PASE score     
Mean (SD) 168.6 (86.36) 168.0 (91.05) 148.5 (83.11) 163.4 (86.98) 
WOMAC Pain Score, right knee     
Mean (SD) 2.2 (2.91) 3.0 (3.48) 2.9 (3.13) 2.6 (3.14) 
WOMAC Pain score, left knee     
Mean (SD) 2.1 (3.20) 3.0 (3.79) 2.4 (3.32) 2.4 (3.39) 
Race, n (%)     
0 – Other-non-white 1 (0.5%) 2 (2.0%) 1 (1.0%) 4 (1.0%) 
1 – White or Caucasian 150 (75.4%) 76 (76.0%) 70 (70.0%) 296 (74.2%) 
2 – Black or African American 47 (23.6%) 22 (22.0%) 27 (27.0%) 96 (24.1%) 
3 - Asian 1 (0.5%) 0 (0.0%) 2 (2.0%) 3 (0.8%) 
KL grade right knee, n (%)     
0 53 (26.6%) 32 (32.0%) 23 (23.0%) 108 (27.1%) 
1 48 (24.1%) 21 (21.0%) 26 (26.0%) 95 (23.8%) 
2 54 (27.1%) 27 (27.0%) 29 (29.0%) 110 (27.6%) 
3 44 (22.1%) 20 (20.0%) 22 (22.0%) 86 (21.6%) 
KL grade left knee, n (%)     
0 69 (34.7%) 33 (33.0%) 29 (29.0%) 131 (32.8%) 
1 41 (20.6%) 20 (20.0%) 20 (20.0%) 81 (20.3%) 
2 52 (26.1%) 32 (32.0%) 30 (30.0%) 114 (28.6%) 
3 32 (16.1%) 13 (13.0%) 16 (16.0%) 61 (15.3%) 

Abbreviations: KL: Kellgren Lawrence, PASE: physical activity scale for the elderly. WOMAC: Western Ontario McMaster Universities Osteoarthritis.   

Table 1                                                                                                      

Participant characteristics at the baseline timepoint.  

Δ Medial Femur SCF Δ Medial Tibia SCF Δ Lateral Femur SCF* Δ Lateral Tibia SCF* 

Group Beta p Beta p Beta p Beta p  

Controls (−3 to 3% change) Reference Reference Reference Reference 
Weight Gain (> 10%) 4.21 (2.52 – 5.89)  <  0.001 4.76 (3.16 – 6.36)  <  0.001 2.03 (1.23 – 2.83)  <  0.001 2.23 (1.43 – 3.02)  <  0.001 
Weight Loss (> −10%) -3.94 (−5.69 to −2.19)  <  0.001 -3.29 (−4.97 to −1.60)  <  0.001 -1.57 (−2.42 to −0.73)  <  0.001 -1.41 (−2.24 to −0.58) 0.001 

Linear regression adjusted for age, sex, BMI, race, and tibial diameter at baseline. Note fat measurements are changes between baseline and 4-year follow-up.  
* denotes exploratory variables.   

Table 2                                                                                                      

Differences in joint-adjacent SCF change over 4 years in the weight gain (<  10%) and weight loss (>  −10%) groups compared to controls (−3 to 

3% change in weight). The beta coefficient represents the differences in change in SCF (mm) over 4 years between the group with weight 

change (weight loss or weight gain) and the reference group (controls).  
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medial knee compartment, but not the lateral knee compartment.10 

However, Jafarzadeh et al. reported that 1-year after bariatric sur
gery, a majority of the cartilage regions (14/16) did not show sig
nificant changes in cartilage thickness, and there were “little if any” 
correlations between cartilage thickness change and weight change 
percentage.11 Moreover, Hunter et al. reported no significant asso
ciations between weight loss over 18 months (after various inter
ventions including diet, diet, and exercise, and exercise only) and 
cartilage thickness loss.12 The results from the current study, which 
show no significant associations between weight change and carti
lage thickness change, are in agreement with Hunter et al.,12 and 
complementary to the results from Jafarzadeh et al.11 This study 
further demonstrates that these associations hold true over 4 years, 
and are applicable to not only weight loss but also to weight gain. 

Many regions of lower limb SCF including thigh SCF and infra
patellar/suprapatellar fat pads have been investigated in relation to 
knee joint degeneration 31; in contrast, fewer studies have assessed 
joint adjacent SCF, which is a unique and motivating feature of this 
study. One previous study assessed joint adjacent SCF at baseline 
only, reporting a cross-sectional relationship between SCF and knee 
joint morphology (as measured by Whole-Organ Magnetic Re
sonance Imaging Score (WORMS)), and a positive relationship be
tween baseline SCF and increases in cartilage and meniscus 
degeneration scores over 4 years.8 The current study focuses on the 
longitudinal changes in joint-adjacent SCF over 4 years, demon
strating that increases in joint-adjacent SCF and are associated with 
decreases in cartilage thickness. A majority of the associations were 

present in the medial femur SCF region in relation to cartilage 
thickness in the average all regions, medial femur, lateral tibia, and 
the patella. Two notable findings are (1) the associations between 
joint-adjacent SCF and cartilage thickness held true despite statis
tically adjusting for baseline BMI and weight change group (thus 
suggesting that the relationship between SCF and cartilage thickness 
is independent of BMI and weight change) and (2) the association 
between weight change and cartilage thickness change was not 
statistically significant. Collectively, these two key findings empha
size that the localized nature of joint-adjacent SCF measurements 
may play a distinct role in the complex pathogenesis of cartilage 
degeneration in OA. 

The mechanisms responsible for the associations between in
creases in joint adjacent SCF and decreases cartilage thickness are 
complex but may be attributed to localized inflammatory factors 
such as adipokines that are secreted from adipose tissue. Various 
adipokines are associated with cartilage degeneration including 
adiponectin, visfatin, and leptin.31 In particular, serum leptin levels 
are correlated with reduced cartilage thickness (both cross-sec
tionally and over 2.7 years), and “the associations between measures 
of adiposity and cartilage thickness are mediated by leptin, sug
gesting leptin may play a key role in cartilage thinning.32” Since 
leptin is a hormone released from fat cells in adipose tissue, and in 
this study increased localized levels of adipose tissue were related to 
loss of cartilage thickness, leptin secretion may be a potential me
chanism responsible for this relationship. In addition, visfatin in
hibition has been shown protective for collagen-induced OA in 

Fig. 3                                                                                                         

Changes in SCF by weight change group over 4 years. Adjusted means are shown (adjustments: age, sex, BMI, race, tibia diameter) with error 
bars representing 95% confidence intervals.  
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mice,33 and adiponectin (produced by adipocytes) may be protective 
against inflammation.34 Overall, we hypothesize that joint-adjacent 
SCF may impact cartilage thickness by increasing localized in
flammation. 

One potential clinical implication of this study is that spot re
duction of SCF around the knee could slow cartilage thickness loss. 
While the research on spot reduction of SCF is limited and somewhat 
inconclusive, there have been two studies suggesting spot reduction 

is feasible through localized exercises.35,36 If spot reduction can be 
achieved, it may help preserve cartilage thickness through decreases 
in localized levels of inflammation (in addition to general exercise, 
which is associated with decreases in metabolic and localized in
flammation).37 

The primary limitations of this study are analysis of the OAI data 
in a retrospective manner (which does not allow for conclusions on 
causal associations), and that the reasons for a participant’s weight 

Fig. 4                                                                                                         

Association between changes in medial femur SCF and average cartilage thickness over 4 years (beta: 1 mm increase in medial femur SCF was 
associated with 0.001 mm decrease average in thickness (standardized beta = −0.14, p = 0.04)). The regression line is adjusted for age, sex, BMI, 
race, tibia diameter, and weight change group. The shaded area represents the 95% confidence interval. 

Δ Average Thickness Δ Medial Femur 
Thickness 

Δ Medial Tibia 
Thickness 

Δ Lateral Femur 
Thickness 

Δ Lateral Tibia 
Thickness 

Δ Patella Thickness 

Predictors Estimates p Estimates p Estimates p Estimates p Estimates p Estimates p  

Δ Medial Femur SCF -0.14  0.04 -0.15  0.03 0.05  0.45 -0.09  0.19 -0.17  0.01 -0.14  0.04 
(−0.27 to −0.01) (−0.28 to −0.01) (−0.08 to 0.19) (−0.22 to 0.04) (−0.31 to −0.04) (−0.28 to −0.00) 

Δ Medial Tibia SCF -0.09  0.18 -0.11  0.12 0.07  0.3 -0.09  0.17 -0.19  0.005 -0.1  0.17 
(−0.22 to 0.04) (−0.24 to 0.03) (−0.06 to 0.21) (−0.23 to 0.04) (−0.32 to −0.06) (−0.24 to 0.04) 

Δ Lateral Femur SCF -0.07  0.27 0.03  0.61 0.1  0.15 -0.06  0.38 -0.04  0.54 -0.11  0.15 
(−0.20 to 0.06) (−0.10 to 0.17) (−0.03 to 0.23) (−0.19 to 0.07) (−0.17 to 0.09) (−0.25 to 0.04) 

Δ Lateral Tibia SCF -0.04  0.5 0.06  0.39 0.09  0.21 -0.01  0.83 -0.01  0.88 -0.11  0.12 
(−0.18 to 0.09) (−0.07 to 0.19) (−0.05 to 0.22) (−0.14 to 0.12) (−0.14 to 0.12) (−0.25 to 0.03) 

Linear Regression adjusted for age, sex, BMI, race, and tibia diameter and weight change group.   

Table 3                                                                                                      

Associations between increases in joint-adjacent SCF and decreases in cartilage thickness over 4 years. The beta coefficients represent the 

change in cartilage thickness outcome (in SD units) per one SD change in the predictor (SCF).  
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loss or weight gain were unknown (no data available in the OAI); a 
future study with a prospective design may address this limitation. 
In addition, the OAI did not provide data on adipokine levels, thereby 
precluding the analysis of these hormone levels in relation to weight 
change, joint-adjacent SCF, and cartilage thickness. Despite these 
limitations, this study also has pertinent strengths, particularly its 
longitudinal follow-up and quantitative cartilage thickness out
comes. 

Overall, this study suggests that increases in joint-adjacent SCF 
are associated with progression of cartilage degeneration, while 
decreases in joint-adjacent SCF are associated with less cartilage 
loss. Weight loss was associated with decreases in joint-adjacent 
SCF, but not with changes in cartilage thickness. Changes in car
tilage thickness were significantly associated with changes in 
joint-adjacent SCF (independent of BMI) while changes in BMI 
were not, suggesting that the localized nature of adipose tissue 
may play a vital role in the pathogenesis of cartilage loss in 
knee OA. 
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