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Abstract
Background and Objective—Serum leptin measures are associated with radiographic knee
osteoarthritis but no studies have examined leptin levels with respect to different measures of knee
joint damage from magnetic resonance imaging (MRI).

Methods—Participants in the Michigan Study of Women’s Health Across the Nation underwent
bilateral knee MRIs at follow-up visit 11 for assessment of cartilage defects, bone marrow lesions,
osteophytes, meniscal tears, synovitis and joint effusion. Serum leptin measures were available
from baseline, follow-up visits 1 and 3–7.

Results—Baseline serum leptin levels were associated with greater odds of having more severe
knee joint damage at follow-up visit 11 after adjustment for age, smoking status, menopause status
and BMI residuals. The greatest effect was observed for osteophytes; a 5 ng/mL increase in
baseline leptin was associated with 24% higher odds of having larger osteophytes (95% CI 1.17,
1.32). Correlations with baseline serum leptin were greatest for MRI-assessed osteophytes
(r=0.41), followed by followed by effusion (r=0.32), synovitis (r=0.30), cartilage defects (r=0.28),
bone marrow lesions (r=0.24) and meniscal abnormalities (r=0.21).

Conclusions—Leptin levels ten years prior to MRI assessment were associated with the
presence of cartilage defects, bone marrow lesions, osteophytes, meniscal tears, synovitis and
effusion among a population of mid-aged women. Understanding the role that leptin plays in the
joint degradation process is critical for development of more targeted interventions for
osteoarthritis.
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INTRODUCTION
Osteoarthritis (OA) is a highly prevalent joint condition, affecting 37% of adults over age
60.[1] Initially thought to afflict only elderly populations, research has shown that the onset
of radiographic OA can begin by age 40 [2] and that the prevalence of magnetic resonance
imaging (MRI)-defined knee joint damage is common among mid-life women.[3]

By 2030, nearly one-third of mid-aged adults will have arthritis,[4] given the aging of the
population and the increasing prevalence of obesity.[5] Obesity is a major risk factor for
radiographic knee OA [6–12] as well as for the presence of knee cartilage defects [13–15]
and bone marrow lesions (BMLs).[16,17] However, not all obese persons have joint damage
nor are all individuals with joint damage obese. This fact, in addition to the observed
association between obesity and radiographic OA in non-weight bearing joints [18–21]
suggests that the relationship between body size and OA extends beyond that of mechanical
loading, the commonly conceptualized mechanism through which obesity influences onset
and progression of OA.

Most studies of OA or joint damage and obesity use body mass index (BMI) as a marker of
body size and proxy for mechanical loading. However, fat mass and skeletal muscle mass
are better predictors of radiographic knee OA incidence and severity as compared to BMI.
[22] Greater skeletal muscle mass is associated with increased cartilage volume [23–25] and
is protective against cartilage loss [24,26] whereas greater fat mass is a risk factor for
cartilage defects, [26,27] cartilage loss, [28] BMLs [27] and joint replacement.[29]

Adipose tissue is a metabolic endocrine organ which may be involved in joint damage
through mechanisms other than increased mechanical loading. Adipokines, metabolically-
active agents secreted by adipose tissue have been implicated in a variety of cardiovascular,
metabolic, and inflammatory-mediated diseases.[30] Differences in the distribution of the
adipokines between the joint and the circulating compartment suggest that the joint is a
unique area of adipokine activity.[31–34]

Most efforts to examine adipokines and joint degradation have focused on leptin because of
its strong correlation with body size. Synovial fluid leptin levels were correlated with
radiographic knee OA severity [35] and serum leptin levels were associated with higher
odds of radiographic knee OA in the National Health and Nutrition Examination Survey III
[36] and among mid-aged women.[37] Leptin has a demonstrated catabolic role on bovine
cartilage through inflammatory mechanisms [38] and greater cartilage degradation indices
[13] and less cartilage volume [25] have been associated with higher serum leptin levels in
some but not all [39] studies.

Although the joint is vulnerable to damage beyond cartilage degradation, no studies have
related leptin levels to other markers of joint damage. This paper examines the relationship
of baseline and longitudinal serum leptin measures and MRI-assessed cartilage degradation,
BMLs, osteophytes, meniscal abnormalities, joint effusions and synovitis among a cohort of
mid-life women.

METHODS
Study population

The Michigan Study of Women’s Health Across the Nation (SWAN) is one of seven sites
for SWAN, a multiethnic cohort study characterizing the menopausal transition. The
Michigan SWAN population, established in 1996, is a population-based sample of eligible
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women from two Detroit-area communities [40] including 543 eligible women (325 African
American and 218 Caucasian). Baseline eligibility criterion included 42–52 years of age,
having an intact uterus, having had at least one menstrual period in the previous 3 months,
no use of reproductive hormones in the previous 3 months, and self-identification with the
site’s designated race or ethnic group.

Michigan SWAN women have completed annual assessment protocols and specimen
collection common to all SWAN sites with 80% retention after 10 years. At follow-up visit
11 (2007), 387 Michigan SWAN women participated in a supplemental OA imaging
protocol including knee radiographs and MRI. Women were not included in the MRI
protocol if they were ineligible for the MRI (n=10) or if they refused (n=15), leaving 364
women available for this analysis. Women who did not have MRI data did not differ in
baseline age, body size, leptin levels, race/ethnicity or menopause status as compared to
those with MRIs. The University of Michigan Institutional Review Board approved the
study protocol, and written informed consent was obtained from each participant.

Magnetic Resonance Imaging
Knee joints were imaged using a 3T (Model Achieva, Philips Healthcare, Andover,
Massachusetts) or 1.5 T (GE Signa, GE Medical Systems, Milwaukee, WI) MR scanner.
MR images of each knee were independently scored by two musculoskeletal radiologists,
globally and by compartment using a semi-quantitative system for cartilage defects,
subchondral BMLs, osteophytes, meniscal tears, joint effusions and synovitis across
multiple surfaces and compartments, as appropriate. Information about the MRI and scoring
protocol, including specific imaging sequences has been published [3] and is available as
Online Supplemental Material.

To ensure reproducibility, a rigorous quality-control program was maintained such that 60%
of MRI images were double-read with agreement (intra-class correlation) ranging from 0.60
for effusion to 0.91 for BMLs. Any measures with discrepant scores were resolved by
consensus. Data used for this analysis represent each participant’s maximum score for each
type of feature across knees and compartments, as appropriate.

Knee OA Status
Knee OA status was based on anterior-posterior radiographs taken in the semi-flexed
position (7–10° flexion). Knees were scored using the Kellgren and Lawrence (K–L)
grading system where 0=normal; 1=doubtful OA; 2=minimal OA; 3=moderate OA;
4=severe OA.[41] K–L scores ≥ 2 in either knee were considered to have radiographic knee
OA. The inter-rater reliability for K–L scores was in excess of 0.85.[42]

Body Size Measures
Measurement of body size including height (cm), weight (kg), waist and hip circumference
(cm) was measured annually; height and weight were used to calculate BMI. Body
composition was measured using bioelectrical impedance, the technique used in the
NHANES body composition assessments.

Leptin Assay
The SWAN specimen collection protocol includes a fasted blood draw to provide samples
for a specimen repository that is maintained at −80°C until processing. Serum leptin levels
were determined spectrophotometrically using commercially-available colorimetric enzyme
immunoassay kits (Millipore, St. Charles, MO) and run according to the manufacturer’s
instructions. The coefficient of variation percent for duplicate samples is 3.7% and the lower
limit of detection is 0.5 ng/mL. Banked serum specimens from baseline and visits 1 and 3–
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7were assayed for leptin. Leptin levels were missing for some participant’s visits due to lack
of serum collection; 113 women were missing leptin at one visit; 48 at 2 visits; 11 at 3 visits;
6 at 4 visits and only 1 was missing at 6 visits. Missingness was not associated with
demographic, body size or joint damage measures.

Other Measures
Participants were asked about their current smoking status at each visit; smoking was
considered as a potential confounder given that it has been associated with lower leptin
levels among women.[43] Race/ethnicity classification (African American or Caucasian)
was determined by self-report at baseline. Age at each visit was calculated as date of visit
minus date of birth. Menopause status was ascertained at each annual exam based on
questions about bleeding patterns, current hormone use, hysterectomy and oophorectomy. At
each visit, participants were categorized as being premenopausal, early perimenopausal, late
perimenopausal, postmenopausal, hysterectomy, or unable to determine due to exogenous
hormone use.

Statistical Analysis
The prevalence (frequencies and percents) of cartilage defects, BMLs, osteophytes, meniscal
tears, synovitis and joint effusions were calculated. Means and standard deviation (SD) or
frequencies and percents of leptin, body size, radiographic knee OA status and relevant
covariates at baseline were examined overall and by categories of MRI knee joint damage
from follow-up visit 11; the statistical significance of these relationships were assessed
using analysis of variance or chi-square tests at the α=0.05 level. Spearman correlation
coefficients for leptin and each of the measures of MRI knee joint damage were calculated.
Multivariable analyses using ordinal logistic regression analysis were conducted to relate
each of the knee MRI variables with baseline leptin measures adjusting for relevant
covariates. Longitudinal linear mixed models (PROC MIXED) with random intercepts and
slopes for age were used to examine the level and rates of change in leptin measures over
time, stratified by category of cartilage defects, BMLs, osteophytes, meniscal tears,
synovitis and joint effusions. Predicted trajectories of leptin measures with corresponding
95% confidence bands were graphed by MRI severity using PROC SGPLOT.

Given the collinearity between body size and leptin, all multivariable modeling included
residuals from the regression of leptin on BMI as the measure of body size confounding.
The R-squared for this regression was 0.54. Leptin represents the metabolic component of
body size and the residual represents the association of body size and joint damage through
other pathways, including mechanical loading. Interactions of the BMI residual and leptin
were tested to assess potential effect modification of the relationship between leptin and
joint damage by body size and were found to be non-significant.

Model fit and final model selection was evaluated using Akaike’s information criterion and
chi-square tests comparing the log likelihood ratios between candidate models. Statistical
significance was defined at α<0.05 and all analyses were completed using SAS v9.3 (SAS
Institute, Cary, NC).

RESULTS
The prevalence of each of the MRI-assessed measures of knee joint damage is provided in
Table 1. Nearly all participants had cartilage defects with the prevalence of full-thickness
defects being 24% among this population of mid-aged women. BMLs were also common;
29% of women had a “small” (≤1 cm) BML and 12% had a large/very large BML (> 1 cm).
Most women had osteophytes, with 60% less than 5 mm, 28% 5–10 mm and 12% greater
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than 10 mm in size. More than half of the sample had meniscal tears: 31% of women had
displaced or macerated tears. Knee synovitis was present in 33% of the women and
approximately one-third of those women had moderate-to-marked synovitis. Joint effusions
were very common and 14% of the participants had moderate-large effusions (more than 10
mm in size). As expected, the prevalence of radiographic knee OA was higher among
women with more severe MRI-assessed measures of knee joint damage.

Body size and joint defects
Severity of knee cartilage defects increased with greater baseline body size, including
greater weight, BMI, waist circumference, hip circumference waist:hip ratio, fat mass and
skeletal muscle mass (Table 2) but did not differ by height, demographic characteristics,
menopause status or smoking status. Baseline weight and BMI among women with full-
thickness cartilage defects were 25% higher than among women with cartilage defects <
50% thickness. Baseline fat mass was 40% higher. Similar associations with body size were
observed for BMLs, osteophytes, meniscal tears, synovitis and joint effusion (see Online
Supplemental Data Tables).

Leptin levels and joint defects
As shown in Table 1, leptin levels were strongly associated with having severe cartilage
defects, larger bone abnormalities and more meniscal tears, synovitis and effusion. At both
baseline and follow-up visit 7 (the last year in which leptin measures were available), a
statistically significant increasing trend in leptin levels was observed with greater severity of
all measures of knee joint damage. Similar associations were also observed with leptin
levels at visits 1, 3, 4, 5, and 6. Baseline leptin levels were most highly correlated with knee
osteophytes (r=0.41), followed by effusion (r=0.32), synovitis (r=0.30), cartilage defects
(r=0.28), BMLs (r=0.24) and meniscal abnormalities (r=0.21). While leptin levels increased
from baseline to follow-up visit 7, the amount of change was not associated with severity of
knee joint damage.

As shown in Table 3, higher leptin levels at baseline were associated with greater odds of
having more severe knee joint damage at follow-up visit 11 after adjusting for age, smoking
status, menopause status and BMI residuals. The odds ratios associated with a 5 ng/mL
change in baseline leptin ranged from 1.10 to 1.24. The greatest effect was observed for
osteophytes: a 5 ng/mL increase in baseline leptin values was associated with 24% higher
odds being in the next severity category of osteophytes (95% CI 1.17, 1.32).

Leptin trajectories and joint damage
Trajectories of leptin levels from baseline through follow-up visit 7 were modeled and
stratified by level of each MRI-assessed marker of knee joint damage. The greatest
differences in leptin levels at baseline and over time were observed with respect to cartilage
defects, osteophytes, synovitis and joint effusion. As shown in Figure 1, compared to those
with no cartilage defects, leptin levels at age 42 years were 20.0 ng/mL higher among
women with 50–99% thickness cartilage defects and 34.2 ng/mL higher among women with
full-thickness cartilage defects (P=0.03 and P=0.002, respectively). Women with full-
thickness cartilage defects had higher leptin levels at age 42 than the highest leptin levels
observed among women with less severe cartilage defects. The rate of change in leptin
levels over time was attenuated among those with more severe cartilage defects as compared
to those with no cartilage defects (P<0.05).

Leptin levels at age 42 years were, on average, 41.4 ng/mL higher among women with
osteophytes > 10 mm; 32.8 ng/mL higher for those with ostophytes 5–10 mm; and 14.3 ng/
mL higher for those with osteophytes < 5 mm (all P<0.0001). As shown in Figure 2, leptin
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levels among women with large (> 5 mm) osteophytes were consistently higher than levels
among women with small (≤ 5 mm) or no osteophytes. Women with moderate to marked
synovitis at follow-up visit 11 had 25.1 ng/mL higher leptin levels at age 42 years as
compared to women with no synovitis (P<0.0001) (Figure 3). Similarly, women with
moderate to large effusions had leptin levels 33.2 ng/mL higher on average at age 42 as
compared to women with only normal physiologic fluid (P<0.0001).

DISCUSSION
Leptin is speculated to be part of the biological mechanism which links obesity and joing
damage including OA.[44–47] This paper is the first to examine the relationship between
leptin levels and multiple characteristics of knee joint damage imaged using MRI. We found
that leptin levels ten years prior to MRI assessment were associated with the presence of
cartilage defects, BMLs, osteophytes, meniscal tears, synovitis and effusion among a
population of mid-aged women.

While leptin levels have been reported to be associated with the prevalence and severity of
radiographic knee OA, [35–37] an NHANES study did not find an association between hand
OA and leptin.[48] While there is substantial interest in the association of leptin and hand
OA, a joint not subjected to mechanical loading, the hand OA data from NHANES was
based upon clinical exam and not the preferred method of radiography [49–51], thereby
potentially under-estimating the prevalence of disease and biasing findings towards the null.
In an analysis relating serum leptin levels to hand OA progression, Yusuf et al. [52] reported
slightly greater serum leptin levels among those with progressive hand OA as compared to
non-progressive disease (3 ng/mL, p=0.08).

Questions remain about the mechanism by which leptin may modulate joint damage. Leptin
may have both an anabolic and catabolic impact on joint tissues. The anabolic effect of
leptin on chondrocytes and osteoblasts may be associated with osteophyte development,[31]
a hallmark of OA and part of the K–L based scoring system of radiographs. However, leptin
is well-known to exhibit pro-inflammatory properties and is associated with increased
production of interleukin-1 beta (IL-1β), matrix metallopeptidase 9 (MMP-9) and MMP-13.
[32] This pro-inflammatory effect of leptin has been shown to be associated with cartilage
catabolism in vitro.[38]

Previous studies of leptin and joint damage have utilized radiographs to characterize OA
status using K–L scores [35–37] or have focused on cartilage when using MRI.[13,25]
While our data demonstrate that leptin is associated with increased severity of all measures
of knee joint damage, leptin measures were most strongly correlated with osteophytes and
with the greatest differences in leptin levels observed across categories of osteophyte
severity. These findings provide preliminary evidence to suggest that, among mid-aged
women relatively early in the disease process, leptin is associated with not only cartilage
damaging effects reported by other studies [13,25] but also with multiple measures of knee
joint damage. We observed a high prevalence of full-thickness cartilage defects, meniscal
tears, synovitis and joint effusion in this population of mid-aged women. We have
previously reported [3] the prevalence of these MRI-defined abnormalities on a by-knee and
by-compartment basis, where appropriate. In the current analysis, we chose to analyze our
data on a by-woman basis and utilized maximum severity scores across knees and
compartments given that it is hypothesized that the effect of serum leptin on the knee joint
would be systemic. A sensitivity analysis restricted to knee or compartment yielded similar
findings. This difference in analytical approaches explains the slightly higher prevalences
reported as compared to our previous paper.[3] Other studies have observed cartilage
damage, BMLs, and meniscal tears among mid-aged adults.[17,53,54] Guymer et al.
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reported 13% prevalence of BMLs among mid-aged women without knee OA;[17] the
prevalence in our non-osteoarthritic population was 17%. Our reported prevalence of
meniscal tears (31%) are slightly higher than those reported among mid-aged women from
Framingham, Massachusetts (19%), although the prevalence of radiographic knee OA is
notably different (63% vs. 18%).[54]

Our analysis was limited to MRI-assessed measures of knee joint damage and the knee joint
may not be the ideal system in which to evaluate the metabolic impact of obesity given the
additional impact of mechanical loading. Thus, our analytical approach was complicated by
the high correlation of leptin and body size. However, knees are the most common joint
assessed in OA studies, particularly when using MRI as the imaging modality. Efforts were
made statistically to adjust for the non-metabolic impact of obesity on knee joint damage.
Unfortunately, we did not have early MRI measures and so could not determine whether
leptin was associated with incident MRI-assessed knee joint damage, thus, no statement
about causality can be made. Our analytic population included only women so we cannot
comment about associations in men. Given previous findings of a sex dimorphism for leptin
and radiographic knee OA [36], it would be of substantial interest to replicate this analysis
among men. Further, our population was middle-aged and given that the relationships with
leptin may be non-linear, we cannot extend our findings to other age groups.In conclusion,
leptin levels were associated with MRI-defined cartilage defects, BMLs, osteophytes,
meniscal abnormalities, synovitis and joint effusion and that correlations were strongest with
osteophytes. Replication of these findings in other populations with leptin measures and
knee MRI data is needed. Understanding the role that leptin plays in the joint degradation
process is critical to the development of more targeted interventions for OA with respect to
timing of disease onset and mechanisms by which leptin acts on the joint.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Predicted Trajectories of Serum Leptin (ng/mL) by Magnetic Resonance Imaging-Defined
Knee Cartilage Defects at Follow-Up Visit 11 Among Michigan Study of Women’s Health
Across the Nation (SWAN) Participants. Brown Line Represents Women With No Cartilage
Defects (Signal Alteration Only); Green Line Represents Women With Cartilage Defects <
50% Thickness; Red Line Represents Women With Cartilage Defects 50–99% Thickness;
Blue Line Represents Women With Cartilage Defects 100% Thickness.
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Figure 2.
Predicted Trajectories of Serum Leptin (ng/mL) by Magnetic Resonance Imaging-Defined
Knee Osteophytes at Follow-Up Visit 11 Among Michigan Study of Women’s Health
Across the Nation (SWAN) Participants. Brown Line Represents Women With No
Osteophytes; Green Line Represents Women With Osteophytes ≤ 5 mm; Red Line
Represents Women With Osteophytes 5–10 mm; Blue Line Represents Women With
Osteophytes > 10 mm.
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Figure 3.
Predicted Trajectories of Serum Leptin (ng/mL) by Magnetic Resonance Imaging-Defined
Knee Synovitis at Follow-Up Visit 11 Among Michigan Study of Women’s Health Across
the Nation (SWAN) Participants. Green Line Represents Women With No Synovitis; Red
Line Represents Women With Mild Synovitis; Blue Line Represents Women With
Moderate-Marked Synovitis.
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Table 1

Prevalence of Knee Magnetic Resonance Imaging Findings and Average Serum Leptin Levels at Baseline and
Follow-Up Visit 7 According to Magnetic Resonance Imaging-Defined Knee Cartilage Defects, Bone Marrow
Lesions, Osteophytes, Meniscal Tears, Synovitis, and Joint Effusions Among Michigan Study of Women’s
Health Across the Nation (SWAN) Women at Follow-Up Visit 11.

Overall
(n=364)

Baseline
Leptin

(ng/mL)

Visit 7
Leptin

(ng/mL)

Cartilage defects N (%) Mean (SD) Mean (SD)

  Normal, internal signal alteration only 8 (2.2%) 14.9 (5.7) 27.0 (9.1)

  Cartilage defect < 50% thickness 143 (39.3%) 27.4 (16.1) 33.5 (19.1)

  Cartilage defect 50–99% thickness 127 (34.9%) 31.3 (17.4) 37.1 (19.4)

  Cartilage defect 100% thickness 86 (23.6%) 40.2 (20.4) 47.1 (22.6)

  P-value* <0.0001 <0.0001

Bone marrow lesions (BML)

  Normal 215 (59.1%) 27.6 (16.6) 35.0 (19.8)

  Largest diameter ≤ 1 cm 104 (28.6%) 36.6 (19.9) 40.4 (20.5)

  Largest diameter > 1 cm 45 (12.4%) 37.4 (17.9) 45.9 (22.8)

  P-value* <0.0001 0.005

Osteophytes

  None 74 (20.3%) 21.5 (16.2) 28.8 (17.7)

  ≤ 5 mm 174 (47.8%) 29.5 (15.1) 34.3 (18.2)

  5–10 mm 82 (22.5%) 38.7 (20.6) 46.2 (21.1)

  > 10 mm 34 (9.3%) 45.9 (16.6) 56.5 (20.6)

  P-value* <0.0001 <0.0001

Meniscal abnormalities/tears

  Normal 18 (5.0%) 27.7 (16.5) 40.8 (19.8)

  Intrasubstance meniscal abnormality only 157 (43.1%) 27.4 (17.2) 31.9 (18.2)

  Non-displaced tear 77 (21.2%) 33.7 (17.3) 40.1 (21.2)

  Displaced or macerated tear 112 (30.8%) 36.3 (19.4) 44.6 (21.7)

  P-value* 0.0007 <0.0001

Synovitis

  Normal 241 (66.2%) 27.5 (16.3) 34.3 (19.8)

  Mild synovitis 90 (24.7%) 37.6 (18.4) 43.3 (19.5)

  Moderate-to-marked synovitis 33 (9.1%) 44.0 (21.9) 48.4 (23.9)

  P-value* <0.0001 <0.0001

Effusion

  Physiologic fluid 61 (16.8%) 24.5 (15.8) 29.3 (16.5)

  Small effusion (≤ 10 mm) 253 (69.5%) 29.6 (15.9) 37.5 (20.8)

  Moderate and/or large effusion (> 10 mm) 50 (13.7%) 48.8 (21.7) 50.6 (18.9)

  P-value* <0.0001 <0.0001

*
All p-values are based on global F-test from ANOVA which tests hypothesis that all means across severity groups are equal.
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Table 3

Odds Ratios (95% Confidence Intervals) of Baseline Serum Leptin in Relation to Magnetic Resonance
Imaging-Defined Knee Cartilage Defects, Bone Marrow Lesions, Osteophytes, Meniscal Tears, Synovitis, and
Joint Effusion Among Michigan Study of Women’s Health Across the Nation (SWAN) Women at Follow-Up
Visit 11.*

Leptin

Odds Ratio† 95% Confidence Interval

Cartilage defects 1.15 1.08, 1.22

Bone marrow lesions 1.13 1.06, 1.20

Osteophytes 1.24 1.17, 1.32

Meniscal abnormalities/tears 1.10 1.04, 1.16

Synovitis 1.19 1.11, 1.27

Effusion 1.23 1.15, 1.32

*
All models adjusted for age, race/ethnicity, menopause status, smoking status and residuals from regression of leptin on BMI.

†
Odds ratio represents 5 ng/mL change in leptin.
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