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Abstract 

Aging, obesity, and female gender are risk
factors for osteoarthritis (OA) of the knee.
Basic research has suggested that leptin may
play an important role in the pathological
process of OA, and that interleukins (ILs) and
growth factors may be related to this process.
The objective of the present clinical study was
to examine the possible correlations between
the serum leptin concentration and gender, fat
mass, and the IL and growth factor levels in
synovial fluid among patients with knee OA.
Forty-four patients with knee OA and
hydrarthrosis (age: 50-88 yr) were recruited
in our outpatient clinic. Plain radiographs of
the knee were taken, and blood and synovial
fluid of the knee joint were collected. The
serum leptin concentration was significantly
higher in women than in men. A simple linear
regression analysis showed that body weight,
body mass index, and total fat mass, but not
age, height, radiographic grade of knee OA,
lean body mass, or the levels of IL-6, trans-
forming growth factor-b (TGF-b), or insulin-
like growth factor-1 (IGF-1) in synovial fluid
were significantly correlated with the serum
leptin concentration. A multiple regression
analysis showed that among gender and the
three above-mentioned significant factors,
only gender and total fat mass were signifi-
cantly associated with the serum leptin con-
centration. These results suggested that the
serum leptin concentration was higher in
women than in men and that it was related
only to an increased total fat mass in patients
with knee OA. However, the present clinical
study failed to show a significant correlation
between the serum leptin concentration and
the IL or growth factor levels in synovial fluid. 

Introduction

Leptin, the product of the ob gene, is a pep-
tide hormone that plays an important role in
the regulation of body weight by centrally
inhibiting food intake and stimulating energy
expenditure.1 Leptin is secreted primarily by
the adipocytes, enters the circulation, and
crosses the blood-brain barrier to reach its pri-
mary target, receptors in the hypothalamus.
The serum leptin concentration is correlated
with the body fat mass2 and acts at the hypo-
thalamic central level as a satiety factor induc-
ing a decrease in food intake and an increase
in energy consumption. 
Leptin receptors have also been found in

articular cartilage, implying a role in leptin
synthesis and secretion.3 Leptin has been sug-
gested to play catabolic and anabolic roles in
cartilage metabolism and may be involved in
the pathological process of osteoarthritis
(OA).4 Basic research has suggested that inter-
leukins (ILs) and growth factors may also be
related to this process.4-7 Thus, the serum lep-
tin concentration in patients with OA as well
as these other factors could be associated with
a risk for OA of the knee. 
Aging, obesity, and female gender are risk

factors for OA of the knee.8 Knee OA is the
most common type of arthritis and the major
cause of chronic musculoskeletal pain and
mobility disability in elderly populations, rep-
resenting a significant burden on healthcare
provision. Clinically, however, the correlation
between the serum leptin concentration and
the severity of OA or the IL and growth factor
levels has not been fully elucidated. Clarifying
the associations between the serum leptin
concentration and gender, fat mass, and the IL
and growth factor levels in the synovial fluid of
patients with knee OA would be of great inter-
est. The objective of the present clinical study
was to determine the associations between the
serum leptin concentration and various factors
including age, height, body weight, body mass
index (BMI), lean body mass, total fat mass,
radiographic grade of OA, and the IL and
growth factor levels in synovial fluid among
patients with knee OA.

Materials and Methods

Subjects
Japanese patients with OA of the knee and

subsequent hydrarthrosis who visited our out-
patient clinic (orthopedics and sports medi-
cine clinic) in 2002 or 2003 were recruited. All
the patients had consulted experts in knee OA
treatment at our clinic because of knee pain.
The diagnosis of OA of the knee was made
based on the clinical symptoms, the results of

a physical examination, and X-ray findings of
the knee. All the patients had mild, moderate,
or severe OA of the knee (grades 1-4) accord-
ing to the Kellgren and Lawrence method of
grading (grade 0, normal; grade 1, possible
osteophytes only; grade 2, definite osteophytes
and possible joint-space narrowing; grade 3,
moderate osteophytes and/or definite joint-
space narrowing; and grade 4, large osteo-
phytes, severe joint-space narrowing, and/or
bony sclerosis).9 Because pharmacological
treatments such as oral nonsteroidal anti-
inflammatory drugs (NSAIDs) and intra-articu-
lar injections of hyaluronate sodium are effec-
tive for symptom relief,10,11 most of the patients
were receiving weekly to monthly intra-articu-
lar injections of hyaluronate sodium and/or
oral NSAIDs. Comorbidity of the target popula-
tion included type 2 diabetes (n=2), hyperten-
sion (n=5), hyperlipidemia (n=6), gastritis
(n=1), cervical or lumbar spondylosis (n=12),
spinal scoliosis (n=1), lumbar spinal canal
stenosis (n=5), or osteoporosis (n=10, all of
the patients were treatment naïve). Type 2 dia-
betes, hypertension, hyperlipidema, and gas-
tritis were well controlled, and none of the
patients had severe obesity and its associated
complications such as severe vascular inflam-
mation, severe type 2 diabetes, and severe
alteration of lipid and glucose metabolism.
None of them had been treated with gluco -
corticoid, bisphosphonates, estrogen, or other
hormones. Thus, the study subjects did not
have any comorbidity and treatment (medica-
tion) directly affecting the adipocytes that pri-
marily secrete leptin. The assessment of fat
mass sets off the conditions indirectly affect-
ing the adipocytes, such as comorbidity, med-
ication, and diet. 
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One-month after the cessation of intra-
articular injections of hyaluronate sodium,
dual-energy X-ray absorptiometry (DXA) scan-
ning was performed on the whole body. Serum
and synovial fluid were collected from all the
patients between 9:00 am and 11:00 am, and
the serum leptin and the IL-1a, IL-1b, IL-6,
transforming growth factor-b (TGF-b), and
insulin-like growth factor-1 (IGF-1) concentra-
tions in the synovial fluid were measured.
Then the factors that were correlated with the
serum leptin level were determined. Because
hyaluronate sodium may affect inflammatory
cytokines such as IL-1b and IL-6 in patients
with knee OA,12,13 we collected the synovial fluid
one-month after cessation of intra-articular
injections of hyaluronate sodium. Informed
consent was obtained from each patient. This
protocol was approved by the Ethics Committee
of Keiyu Orthopaedic Hospital. 

Measurements of serum leptin and
the interleukin and growth factor
levels in synovial fluid
The serum levels of leptin were measured

using a radioimmunoassay (RIA) (normal
range: 2.5-21.8 ng/mL). The levels of IL-1a, IL-
1b, and TGF-b in the synovial fluid were meas-
ured using an enzyme immunoassay (EIA).
The levels of IL-6 in the synovial fluid were
measured using a chemiluminescent enzyme
immunoassay (CLEIA). The levels of IGF-1 in
the synovial fluid were measured using an
immunoradiometric assay (IRMA).

DXA scanning
DXA scanning was performed on the whole

body in the supine position using a Norland
XR-36 instrument (Norland, Fort Atkison, WI,
USA). The lean body mass and total fat mass
were measured.

Statistical analysis
The serum leptin concentration was com-

pared between men and women using an
unpaired t-test. A simple linear regression
analysis was used to examine possible correl -
ations in the serum leptin level with age, body
weight, height, BMI, lean body mass, total fat
mass, radiographic grade of knee OA, and the
IL and growth factor levels in synovial fluid. A
multiple regression analysis was used to deter-
mine factors correlated with the serum leptin
level among factors that had a significant cor-
relation with the serum leptin level in an
unpaired t-test or a simple linear regression
analysis. In this analysis, gender was convert-
ed to a binary format (men: 0, women: 1). All
statistical analyses were performed using the
Stat View-J5.0 program on a Windows comput-
er. A significance level of P<0.05 was used for
all the comparisons. 

Results

Characteristics of study subjects
Table 1 shows the characteristics of the

study subjects. The mean age was 67.1 years,
and the mean BMI was 24.6 kg/m2 (normal
range: 18.5-25.0 kg/cm2), corresponding to a
“normal-high” level for the Japanese popula-
tions. The mean serum leptin level was 9.4
ng/mL (within normal range). Because the 
levels of IL-1a and IL-1b in synovial fluid were
not detected in most of the subjects, these
parameters were omitted. 

Associations between serum leptin
level and various factors
The serum leptin concentration was signifi-

cantly higher among women than among men
(mean value: 9.98 vs. 4.08 ng/mL, Figure 1). A
simple linear regression analysis showed that
body weight, BMI, and total fat mass, but not age,
height, radiographic grade of knee OA, lean body
mass, or the IL-6, TGF-b, or IGF-1 levels in syn-
ovial fluid, were significantly correlated with the
serum leptin level (Table 2). A multiple regres-

sion analysis showed that among gender and
three factors that were significantly correlated
with the serum leptin concentration, only gender
and the total fat mass were significantly associat-
ed with the serum leptin concentration
(r2=0.637, Table 3). 
Figure 1 also shows the correlation between

the serum leptin level and the total fat mass
according to a simple regression analysis.

Discussion

The present study was performed to deter-
mine the possible correlations between the
serum leptin concentration and various factors
including gender, age, height, body weight,
BMI, lean body mass, total fat mass, radio -
graphic grade of OA, and the IL and growth fac-
tor levels in synovial fluid among patients with
knee OA. The results showed that the serum
leptin concentration was higher in women
than in men and that it was related to an
increase in the total fat mass, but not to the IL
and growth factor levels in synovial fluid.
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Table 1. Characteristics of study subjects.
Mean±SD Range

Gender (male/female) 4/40
Age 67.1±8.8 50-88
Height (m) 1.56±0.06 1.47-1.72
Body weight (kg) 60.2±9.9 45-95
Body mass index (kg/m2) 24.6±3.7 16.9-34.9
Lean body mass (g) 34177±6880 20720-64005
Total fat mass (g) 24775±6198 15021-41201
Radiographic grade 2.46±1.00 1-4
Serum leptin (ng/mL) 9.4±4.7 2.5-21.1
IL-6 519±995 0.3-5630.0
TGF-b� 0.63±0.55 0.00-2.54
IGF-1 90.7±37.4 37.7-222.0
IL, interleukin; TGF, transforming growth factor; IGF, insulin-like growth factor. Normal range of leptin  was 2.5-21.8 ng/mL.

Figure 1. Associations between serum leptin level and gender and total fat mass. A simple
linear regression analysis was used to examine correlations of serum leptin level with total
fat mass. Total fat mass had a significant positive correlation with serum leptin level.
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Well-established risk factors for OA include
aging, obesity, and female gender.8 As a result
of the effects of sex hormones, the serum lep-
tin concentration is two- to three-fold higher
in women than in men, independent of adipos-
ity, and this difference may be relevant to the
influence of gender on the development or fre-
quency of OA.14,15 In our outpatient clinic, the
proportion of knee OA patients is about 10-fold
higher in women than in men. The serum lep-
tin concentration was 2.45-fold higher in
women than in men in the present study.
The serum leptin concentration is known to

be very closely correlated with the fat mass,
and OA is strongly correlated with a high BMI.16

In the present study, the BMI was normal-high,
and the serum leptin concentration was correl -
ated with an increase in the total fat mass. The
relationship between obesity and OA is an
important public health issue. An experimen-
tal study showed that extreme obesity arising
from impaired leptin signaling induces alter-
ations in subchondral bone morphology with-
out increasing the incidence of knee OA, sug-
gesting that body fat, in and of itself, might not
be a risk factor for joint degeneration.17 Obesity
alone does not cause knee OA, but leptin could
be involved in OA because without leptin,
obes ity was not sufficient to predispose an
individual to OA.17

Leptin plays a key role in the pathogenesis
of OA. Dumond et al.5 reported that leptin
strongly stimulates anabolic activity in chon-
drocytes, inducing the synthesis of IGF-1 and
TGF-b at both the mRNA and protein levels.
This process may protect cartilage from degen-
eration in OA, indicating a compensatory pro-
tective role during OA pathogenesis. On the
other hand, Simopoulou et al.6 reported that
leptin enhanced the production of IL-1b,
 metalloproteinase-9 (MMP-9), and MMP-13 in
chondrocytes, indicating a pro-inflammatory
and catabolic role of leptin on cartilage metab-
olism. Bao et al.4 also reported that leptin
enhanced the production of catabolic factors,
such as MMP-2, MMP-9, and cathepsin D, and
down-regulated an anabolic factor, basic
fibroblast growth factor (bFGF), in articular
cartilage. Furthermore, Distel et al.7 indicated
that the infrapatellar fat pad cytokine profile
typically found in OA patients could play a role
in paracrine inflammation via the local produc-
tion of the IL-6/sIL-6 receptor, and such a pro-
file might contribute to damage in adjacent
cartilage. Thus, leptin may have dual effects on
the articular cartilage, and MMPs, ILs, and
growth factors may contribute to the pathogen-
esis of OA.
In the present study, because IL-1a and IL-1b

in the synovial fluid were not detected in most
of the patients, these parameters were omitted.
However, a significant correlation between
serum leptin concentration and the severity of
knee OA or the IL-6, TGF-b, or IGF-1 levels in

synovial fluid was not observed, probably
because the values of these parameters varied
widely. Clinically, a synovial fluid analysis might
not predict the current and future cartilage
damage caused by leptin in patients with knee
OA. However, Ku et al.18 reported that synovial
fluid leptin concentrations were closely related
to the radiographic severity of OA. Thus, an
evaluation of the leptin concentrations in both
synovial fluid and serum as well as the IL and
growth factor levels and fat mass might be use-
ful for studying the severity of knee OA. MMPs,
cathepsin D, and bFGF were not assessed in the
present study. Thus, further studies are needed
to clarify the possible associations between the
serum leptin concentration and these factors. 
The present study has a few limitations.

First, a control group was not examined.
Therefore, none of the parameters assessed
were compared between patients with knee OA
and a normal population. Second, the number
of study subjects might not have been suffi-
cient to observe significant correlations
between the serum leptin concentration and
factors other than total fat mass, particularly
the radiographic grade of knee OA. 
In conclusion, the present study evaluated

serum leptin concentration, gender, radio-
graphic grade of knee OA, body size, fat mass,
and the IL and growth factor levels in Japanese
patients with knee OA. The serum leptin con-
centration was higher in women than in men
and was only related to an increase in the total
fat mass. However, the present study failed to

show any significant correlations between the
serum leptin concentration and the IL and
growth factor levels in synovial fluid. 
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Table 2. Correlations between serum leptin and various factors by simple regression
analysis.

Correlation coefficient P

Age (yr) -0.268 NS
Height (m) -0.03 NS
Body weight (kg) 0.392 0.0084
Body mass index (kg/m2) 0.507 0.0004
Lean body mass (g) 0.116 NS
Total fat mass (g) 0.693 <0.0001
Radiographic grade -0.021 NS
IL-6 0.014 NS
TGF-b -0.140 NS
IGF-1 0.129 NS
A simple linear regression analysis was used to examine correlations between serum leptin and various factors. IL, interleukin; TGF, trans-
forming growth factor; IGF, insulin-like growth factor. NS, not significant.

Table 3. Correlations between serum leptin and four factors by multiple regression analysis.
Regression coefficient Standard error P

Gender (male/female) 8.018 2.225 0.0009
Body weight (kg) 0.154 0.127 NS
Body mass index (kg/m2) -0.007 0.309 NS
Total fat mass (g) 0.001 1.589E–4 0.0015
A multiple regression analysis was used to examine correlations between serum leptin and four factors that had a significant correlation by
a simple regression analysis. Gender was converted into numbers (men: 0, women: 1). NS, not significant.
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