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Abstract

Objective—Obesity is associated with increased risk of osteoarthritis (OA) of the knee. 

Emerging evidence suggests that adipokines, substances produced by adipose tissue, may play a 

role in the development of knee OA. Our aim was to determine whether the inflammatory 

adipokine, leptin, partially mediates the relationship between body mass index (BMI) and knee 

OA.

Methods—We used baseline data from 653 participants aged ≥70 years in the population-based 

MOBILIZE Boston study. Height and weight were measured and participants were assessed for 

knee OA using clinical criteria. Serum leptin was measured using a microsphere-based assay.

Results—Average BMI and serum leptin was 27.5kg/m2 and 589pM, respectively; the 

prevalence of knee OA was 24.7%. In regression models adjusted for covariates, we found that a 5 

kg/m2 increase in BMI was associated with a 32% higher odds of knee OA (OR = 1.32, 95% CI 

1.10, 1.58); a 200 pM increase in serum leptin was associated with 11% higher odds of knee OA 

(OR 1.11, 95% CI 1.05, 1.17). The ratio of the standardized coefficients for the indirect/total effect 

calculated using the product of coefficients method was 0.49, suggesting that approximately half 

of the total effect of BMI on knee OA may be mediated by serum leptin. The estimated confidence 

intervals for the mediated effect suggest that this effect is statistically significant. Similarly, 

mediation analysis using a counterfactual approach suggested statistically significant mediation 

effect of leptin.

Conclusions—We found that almost half of the association between elevated BMI and knee OA 

could be explained by the inflammatory adipokine leptin.
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The public health burden of osteoarthritis is substantial. Arthritis is the most common cause 

of physical disability; and osteoarthritis is the most common form of arthritis. Osteoarthritis 

(OA) is estimated to affect more than 27 million adults in the U.S., with the prevalence 

expected to increase as the baby boomer generation ages.1,2 Osteoarthritis commonly affects 

the weight-bearing joints, such as the hip and knee, causing joint pain and stiffness and 

impaired mobility. In fact, knee OA is the leading cause of mobility disability in older 

adults.3 As a consequence, osteoarthritis is associated with significant personal and societal 

costs related to time lost from work, early retirement, increased health care utilization, and 

joint replacement surgeries.4,5

Despite the substantial financial and personal costs of knee OA, this condition remains 

incompletely understood. Under normal conditions, articular cartilage provides a near 

frictionless surface, aiding in the distribution of pressure loads within the joint. In 

osteoarthritis, there is imbalance of the anabolic and catabolic processes of the 

chondrocytes, leading to damage of the structural and functional integrity of the cartilage 

and adjacent bone and other joint tissues. Excess weight has been identified as an important 

risk factor for OA of the knee. Those with obesity have 1.5 to 2 times the risk of developing 

knee OA than their leaner counterparts.6 While the link between excess weight and higher 

risk of knee OA is well accepted, the mechanism of association is debated. It has been 

hypothesized that the added axial loading and malalignment of the knee associated with 

obesity accelerates the age-associated process of cartilaginous degeneration.7,8 However, 

others posit that in addition to obesity-induced mechanical impairments, the metabolic, 

immunologic and biochemical derangements induced by excess adiposity also contribute to 

the development of knee OA.7,9,10 Adipocytes and macrophages, two primary constituents 

of fat tissue, secrete immuno-modulating substances, termed adipokines. Leptin was one of 

the first adipokines identified.11 Serum levels of leptin are highly correlated with degree of 

adiposity. Recent work suggests that leptin may play a role in the development of 

osteoarthritis.9,12 There is evidence that leptin is present in synovial fluid; chondrocytes 

have leptin receptors; and leptin may be a key regulator of chondrocyte metabolism.9,13–15 

The aim of our study was to examine the extent to which serum leptin levels may mediate 

the greater prevalence of knee OA observed with higher body weight.

Methods

Study population

We used data from the MOBILIZE Boston Study (MBS), a population-based study of older 

persons residing in the Boston area. MBS is a National Institute of Aging funded study with 

the primary aim of identifying novel risk factors for falls in the elderly. Eligible participants 

were 70 years and older, living within a five mile radius of the study coordinating center at 

the Institute for Aging Research, Hebrew SeniorLife, Boston, Massachusetts. Spouses or 

companions of participants aged 64 or older were also eligible to join the study. Study 

recruitment took place from 2005 to 2008; 765 people completed the two-part baseline 

assessment which included a home interview followed by a study clinic visit at the Institute 

for Aging Research. The baseline assessments collected information related to a number of 

domains including demographics, health measures, and measured and self assessed physical 
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and mental functioning, and phlebotomy. For this cross-sectional analysis, we used the 

baseline assessment data. Participants eligible for our study had complete information 

related to body weight, height and serum data available at baseline. (n=653) Details of the 

study methods and recruitment have been published previously.16,17

Weight Status

Weight was measured without shoes using a calibrated balance beam scale; height was 

measured without shoes using a stadiometer. Body mass index (BMI) was calculated as 

weight in kilograms divided by height in squared meters. BMI was entered in all final 

models as a continuous variable. Baseline characteristics of the sample are presented in 

Table 1 by BMI categories in accordance with the NIH classification schema18 : normal 

weight – BMI 19-24.9 kg/m2, overweight – BMI 25-29.9 kg/m2, obese - BMI ≥30 kg/m.2

Knee Osteoarthritis

Participants underwent musculoskeletal examination by trained research nurses in order to 

assess the American College of Rheumatology's clinical criteria for knee OA.19 The 

examination included observation of movement, tenderness and swelling of the relevant 

joints. Study staff conducting examinations were trained by physician specialists 

(rheumatologist and physiatrist) and certified by demonstrating proficiency in conducting 

the assessments. Assessments of inter-rater reliability for examination measures generally 

showed good to very good agreement (kappa statistics 0.40 to 0.76).16

Serum Leptin

Blood was collected for baseline laboratory tests and samples were stored at -70° until 

analysis. The plasma concentration of leptin was determined by multiplexed microbead 

immunoassay used as specified by the manufacturer (Luminex). The technique uses 

detection antibodies as the immobilized probe on the solid, microbead surface. When mixed 

with serum, the labeled antibodies allows for quantification of antigen–antibody reactions 

that occur on the microsphere surface by measurement of the relative fluorescence intensity, 

thus providing measurement of the analyte of interest. Prior research finds good correlation 

between the multiplexed assay and conventional enzyme-linked immunosorbent assay for 

serum leptin measurement.20 Intra and Inter-assay coefficients of variation for these 

microbead assays are <15% and <20%, respectively.

Statistical analysis

We used descriptive statistics to characterize participants’ demographic and clinical 

characteristics at baseline. Chi-square tests and one-way analysis of variance were used to 

examine the unadjusted relationship between categories of weight status and both 

osteoarthritis and serum leptin.

To understand how much of the measured effect of the independent variable (BMI) on the 

dependent variable (knee OA) is attributable to a potential mediator variable (serum leptin), 

we first used sequential regression analyses to examine the relationship between weight 

status and both osteoarthritis and serum leptin. In our model (Figure 1), the observed effect 

of the independent variable on the dependent variable is called the total effect (Path C). The 
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total effects are comprised of a direct effect pathway (Path C’) of the independent variable 

on the dependent variable, and a total indirect pathway (mediated: Path A + B) of the 

independent variable on the dependent variable through the mediator. Baron and Kenny 

proposed a four step approach to examine mediation effects in which sequential regression 

analyses are conducted and the relevant coefficients are examined at each step21 Using the 

Baron and Kenny method, mediation can be said to be present when the following 

conditions hold in sequential regression analyses: 1) The independent variable (BMI) is 

associated with the dependent variable (knee OA) in the absence of the putative mediator 

variable (leptin);.2) The independent variable (BMI) is associated with the mediator variable 

(leptin); 3) The mediator (leptin) is associated with the dependent variable (knee OA); 4) the 

observed effect of the independent variable (BMI) on the outcome (kneeOA) shrinks when 

the mediator (leptin) is added to the model. Full mediation occurs if inclusion of the 

mediation variable shrinks the observed relationship between the independent variable and 

dependent variable to zero. However, full mediation rarely occurs. Partial mediation occurs 

when the observed relationship between the independent and dependent variable is weaker 

with the inclusion of the mediator variable in the model.

We used logistic regression for dichotomous outcomes (i.e. knee OA) and linear regression 

for continuous outcomes (leptin), thus the regression coefficients for the different outcomes 

are scaled differently. Using the coefficients of different scales to calculate mediation effect 

can be misleading, therefore, we used standardized the regression coefficients using the 

standard errors of the coefficients to assess for statistical significance of the mediation 

pathway.22 We estimated the coefficient for the indirect effect by calculating the product of 

the standardized regression coefficient (Path A) of the independent variable on the mediator 

with the regression coefficient (Path B) of the mediator variable on the dependent variable 

(A * B). Thus, the regression coefficient for the indirect effect represents the change in the 

dependent variable for every unit change in the independent variable that is mediated by the 

mediator. Bootstrapping methods were used to calculate the 95% confidence intervals for 

the coefficients for the total, indirect, and direct effect.21 Coefficients were considered 

statistically significant if the confidence intervals did not cross zero.

Our primary mediation analysis utilized the product of coefficients method described above. 

As a secondary analysis, we conducted the same mediation analysis using a newer technique 

for mediation analysis based on a counterfactual framework which allows for the presence 

of interaction of the independent variable with the mediator variable.23 This technique uses 

parametric regression to estimate two models: a model for the mediator conditional on the 

independent variable and covariates and also a model of the dependent variable conditional 

on the independent variable and covariates. The direct and indirect effects are estimated 

from the models’ regression parameters.

All regression models of the mediation analysis controlled for potential confounders of the 

BMI-knee OA and the leptin-knee OA relationships: age, sex, race (black, white, other), 

education level (less than high school, high school completion, more than high school), 

smoking status (never, former, current), angular knee deformity assessed by physical 

examination (present, not present) and physical activity (Physical Activity Scale for the 

Elderly, continuous).
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All analyses were conducted using Stata V12 (Stata Corporation, College Station, TX, 

USA).

Results

Characteristics of Study Sample

Our study sample was predominantly female and white. (Table 1) Average BMI and serum 

leptin of the participants was 27.5 kg/m2 and 589 pM, respectively. Obese participants were 

more likely to be female, black and non-smokers. The prevalence of clinical knee 

osteoarthritis was 30% among obese participants and 31% among those who were 

overweight, compared to 15% of normal weight participants.

Mediation Analysis using the Baron and Kenny Method

We first used the Baron and Kenny method of sequential regression modeling to assess for 

the mediating effect of serum leptin. Unadjusted analysis showed a strong association of 

higher weight category and serum leptin levels. (Path A, Table 1) Multivariable adjusted 

analyses also showed a similarly strong association of greater BMI with higher serum leptin. 

For every one point increase in BMI (kg/m2), leptin was estimated to increase by 64 pM in 

regression models adjusted for covariates (p<0.001). (Path A) Multivariable adjusted 

analyses demonstrated that higher serum leptin level was associated with increased odds of 

knee OA. (Path B, Table 2) Higher BMI was significantly associated with knee OA in 

analyses adjusted for covariates other than leptin. (Path C, Table 2) When leptin is included 

in the model, the observed association between BMI and knee OA was substantially 

attenuated and becomes statistically insignificant. These data suggest the partial mediation 

of the observed adverse impact of higher BMI on knee OA by serum. Our sex-stratified 

analyses, found the mediation effect primarily in women. (Table 2) In older men, neither 

body mass index nor leptin was significantly associated with knee OA. (Table 2)

Quantification of Direct and Indirect Effects Using the Product of Coefficients Method

We found that the standardized coefficients for both the direct and indirect effects were 

statistically significant. (Table 3) Our analyses suggest that serum leptin mediates 

approximately 49% of the total observed adverse effect of higher BMI on knee OA. For 

women, leptin was found to be a significant mediator of the relationship between body 

weight and knee OA. Because the association between BMI and knee OA was only observed 

in women, the percentage of total effect mediated by leptin was not calculated in men. 

(Table 3)

Mediation Analysis Using the Counterfactual Method

We conducted a mediation analysis using the counterfactual approach, which yielded results 

similar in interpretation to the results of the product of coefficients method. We estimated 

the coefficient for the natural direct effect (the change in odds of knee OA if the value of 

leptin was controlled at 600 pM, while BMI varies from 25 kg/m2 to 30 kg/m2) to be 0.140 

(95% CI -0.075, 0.354). The coefficient for the natural indirect effect (the change in odds of 

knee OA if BMI was controlled at 30 kg/m2, but the value of leptin varied from its estimated 

value for those with BMI of 25 kg/m2 to the estimated value of leptin for those with BMI of 
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30 kg/m2) to be 0.135 (95%CI 0.031, 0.239). The coefficient for the total effect (the change 

in odds of knee OA overall if BMI varied from 25 kg/m2 to 30 kg/m2) was estimated to be 

0.275 (95% CI 0.087, 0.463). In this analysis, the coefficient for the indirect and total effects 

were statistically significant, but the coefficient for the direct effect was not. The proportion 

of the observed effect of body mass index on prevalence of knee OA estimated to be 

mediated by leptin was to be 49%.

Discussion

Our analysis of a population-based sample of community-dwelling older adults confirmed 

previous findings that greater BMI is associated with higher prevalence of knee OA, and that 

higher BMI is correlated with higher serum leptin levels. Additionally, we confirmed a 

previous finding that serum leptin is independently associated with knee OA.12 To our 

knowledge, this is the first population-based study to determine the possible mediating role 

of serum leptin in the relationship between body weight and knee OA.

The suggestion that leptin may be a possible link between obesity and higher risk of knee 

OA, is supported by several lines of evidence. A study of human knee joints demonstrated 

the presence of leptin in synovial fluid in concentrations significantly correlated with BMI, 

suggesting that circulating leptin likely diffuses into the joint space.9 Additionally, leptin 

may exert regulatory effects in the articular spaces. Leptin receptors have been identified on 

human chondrocytes.24 Leptin has also found to be secreted by human chrondrocytes; with 

higher levels of secretion among patients with knee OA compared to those without.9 In 

mouse models, leptin has been found to influence the intra-articular expression of growth 

factors, stimulate proteoglycan and collagen synthesis, and stimulate the production of pro-

inflammatory cytokines.13,14,25 Finally, a study of older transgenic mice that lack normal 

leptin signaling mechanisms (ob/ob – nonfunctional leptin molecule or db/db – lacking the 

leptin receptor) develop extreme obesity, but do not develop knee OA.26 In contrast, mice 

with diet-induced obesity show higher incidence of knee OA, in spite of lower levels of 

obesity relative to the transgenic mice. These physiologic data suggest that leptin plays an 

important role in the development of knee OA, perhaps through an immune-mediated or 

inflammatory process.

We found that serum leptin is positively associated with higher odds of knee OA and that 

leptin may partially mediate the association between BMI and knee OA. We are not aware 

of prior work that estimates how much of the adverse impact of higher BMI on knee OA 

might be mediated by leptin. Our work is consistent with the few epidemiologic studies 

examining the relationship between leptin and OA. One study of patients with knee OA 

demonstrated that serum leptin was significantly correlated with the severity of disease.27 

Another recently published study of middle-aged women demonstrated that 5 ng/ml 

incremental increase in serum leptin levels was associated with greater odds of both 

prevalent (OR 1.38; 95% CI 1.26, 1.52) and incident (OR 1,31; 95% CI 1.21, 1.41) knee OA 

after adjustment for covariates, including BMI.12 Taken together, these data lend support to 

the theory that the increase in knee OA observed with higher body weight may indeed be at 

least partially mediated by metabolic factors, including adipokines such as leptin.
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When stratified by sex, our analysis demonstrated a strong relationship between body weight 

and knee OA in women, but not in men. However, our results are in contrast to prior studies 

that have demonstrating increased risk of knee OA with higher BMI in both men and 

women.28–30 For example, one study demonstrated nearly doubling of risk of knee OA 

associated with increase in BMI of 5 kg/m2 in men.28 Our sample size, particularly the male 

sample, was rather small. While our results could point to the possibility of sex-differences 

in the risk factors associated with knee OA, it is also possible that our male sample was too 

small to detect the relationships of interest. Further work should be done to examine for the 

possibility of differential associations by sex.

A strength of our study was that it analyzed of a multiracial, population-based sample. 

However, some limitations of our study have to be considered. The cross-sectional design 

does not allow us to establish temporality of our factors of interest. We postulate that obesity 

develops initially, which leads to higher serum leptin, which then contributes to the 

pathogenesis of knee OA. However, in this study we can not confirm this temporal 

relationship, nor can we establish causality. Prior work has shown that obesity is a risk 

factor for development of knee OA.31,32 Because our population was primarily aged 70 and 

older, we cannot generalize the results to younger populations who may be earlier in their 

OA disease process. We did not have radiographic assessments of knee OA, which are likely 

to be more sensitive to the presence of disease. We did not have information about other risk 

factors for OA such as joint trauma, family history or prior medical conditions that may 

contribute to OA (i.e. hemochromatosis, septic arthritis, inflammatory arthritis, avascular 

necrosis, hemophilia, gout). While our data suggests that there may be gender-based 

differences in the relationship between body weight, leptin and knee OA, our study sample 

was relatively small which did not allow us to draw definitive conclusions regarding 

potential differences by sex. Because of the limitation of small sample size, we were also 

unable to test for potential differences by race. Finally, leptin is highly correlated with body 

weight, and more specifically with fat mass. Therefore, the mediating effect of leptin can be 

difficult to interpret. In our analyses, leptin was more highly correlated with knee OA than 

BMI. This might be observed if knee OA is more closely associated with fat mass than with 

total mass (or BMI). If it is true that fat mass is more predictive of knee OA than total mass 

or BMI, this suggests that knee OA associated knee with obesity may not be solely due to a 

mechanical effect of body weight on the knee joints. We did not have measures of body 

composition which may have enhanced the understanding and interpretation of our findings. 

Further targeted studies are needed to explore the interrelationships between body 

composition, inflammatory adipokines and osteoarthritis.

In conclusion, our work adds to the growing body of scientific evidence supporting the 

hypothesis that metabolic and/or immunologic factors may underlie the development of 

obesity-related knee OA. As the prevalence of overweight and obesity is high and the impact 

of knee OA on mobility and disability is substantial, it is important for scientists and 

clinicians to have a better understanding of the interaction between obesity, metabolic 

factors and OA. Better understanding of these relationships may allow for improved 

identification of which populations are at highest risk of developing obesity-related knee OA 

and might inform the development of effective prevention and treatment efforts.
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Figure 1. 
Model of the Potential Mediating Effect of Serum Leptin on the Relationship between Body 

Mass Index and Knee Osteoarthritis
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Table 1

Sample Characteristics According to Body-Mass Index Categories

All N=653 Normal Weight N=203 Overweight N=262 Obese N=188 P value
*

Age - mean (sd) 78.1 (5.4) 78.8 (5.7) 78.0 (5.5) 77.5 (4.8) 0.037

Female (%) 63 64 55 72 0.001

Race

    White (%) 79 82 81 72 0.053

    Black (%) 16 12 14 22

    Other (%) 6 7 5 6

Education level

    Less than HS (%) 10 9 10 12 0.207

    HS (%) 23 24 19 27

    More than HS (%) 67 67 71 61

Smoking status

    Never (%) 43 42 44 42 0.046

    Former (%) 53 50 53 55

    Current (%) 5 9 3 3

Knee deformity (%) 15 14 17 11 0.205

Physical Activity (mean, SD)
† 110.2 (71.0) 112.9 (72.3) 116.1 (77.1) 99.1 (58.8) 0.001

Clinical Knee Osteoarthritis (%) 25 15 31 30 <0.001

Leptin (mean, SD)
‡ 593.9 (694.4) 288.6 (328.1) 524.3 (472.0) 1024.5 (983.4) <0.001

*
Between weight group comparisons of categorical variables were tested using Chi-square tests and one-way analysis of variance

†
Physical Activity Scale for the Elderly – unit-less measure

‡
Relationship between leptin and weight category – tests Path A, Figure 1
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Table 2

Multivariable Adjusted Regression Models for Mediation Analysis
*

Clinical Knee Osteoarthritis (dependent variable) Odds ratio (95% CI)

Body Mass Index only (Path C) Leptin only (Path B) Body Mass Index and Leptin in the model 
(Path C’)

Total

Body Mass Index (kg/m2)
†

1.32 (1.10 - 1.58)
§ - 1.15 (0.93 - 1.41)

Leptin (pM)
‡ -

1.11 (1.05 - 1.17)
§

1.08 (1.02 - 1.15)
§

Men

Body Mass Index (kg/m2)
† 1.07 (0.75 - 1.52) - 0.90 (0.60 - 1.35)

Leptin (pM)
‡ - 1.15 (0.98 - 1.34) 1.17 (0.98 - 1.40)

Women

Body Mass Index (kg/m2)
†

1.53 (1.22 - 1.94)
§ -

1.35 (1.04 - 1.79)
§

Leptin (pM)
‡ -

1.11 (1.05 - 1.18)
§ 1.07 (0.99 - 1.14)

*
Models adjusted for age, sex, race, education, knee deformity, smoking status and physical activity. BMI is a continuous variable in the models. 

Sequential models test different components of the mediation pathway (Paths B, C’, C). Coefficients are not standardized for this analysis.

†
Estimate represents change in odds ratio for a 5kg/m2 increase in BMI

‡
Estimate represents change in odds ratio for a 200 pM increase in serum leptin

§
p<0.05
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Table 3

Coefficients and Confidence Intervals for Product of Coefficients Mediation Analysis
*

Total Effect Direct Effect + 
Indirect Effect

Direct effect Path C’ Indirect effect Path A + Path 
B

Percentage of total 
effect of obesity 

mediated by leptin

Mediation of knee of 
osteoarthritis by 
leptin

    Total
0.149 (0.066, 0.258)

†
0.076 (0.008, 0.213)

†
0.073 (0.013, 0.095)

† 49%

    Men 0.023 (−0.183, 0.168) −0.050 (−0.240, 0.124) 0.073 (−0.018, 0.141) -

    Women
0.242 (0.171, 0.408)

†
.172 (0.102, 0.371)

†
.070 (0.008, 0.119)

† 29%

*
Models adjusted for age, sex, race, education, knee deformity, smoking status and physical activity. We calculated the product of the standardized 

regression coefficients for path A and path B to estimate the coefficient for the indirect effect. We estimated the percent of the total effect mediated 
by leptin by calculating the ratio of the standardized coefficients for the indirect effect to the total effect.

†
p<0.05
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