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Abstract  
Background The etiology of osteoarthritis (OA) is complex and the specific cause is still 

unknown, but a several risk factors is confirmed. Knee OA is the most common 

musculoskeletal disease involving articular cartilage and the risk of suffering increases with 

age and women are more affected than men. Besides age and gender, obesity is a well-known 

risk factor for develop OA by increasing the mechanical stress over the load-bearing joint. But 

recent studies have identified obesity as a risk factor for non-load-bearing joints such as wrist 

or hands which not fully can be explained by mechanical stress. The association between low-

grade inflammation, cytokines and adipokines may play an important role in early 

development of OA. Recent studies suggest leptin as a possible link between obesity and OA. 

Aim The overall aim with this study was to analyse if the levels of serum leptin differ in 

patient with symptomatic knee osteoarthritis with and without radiographic changes to 

identify any association between levels of serum leptin, visceral fat area (VFA) and body 

mass index (BMI), and to study the strength of possible correlations. Methods Blood 

samples, VFA, BMI and radiographs were obtained at a cross section from all patient (n=89). 

Serum leptin was analysed with sandwich ELISA. VFA and BMI was collected by measuring 

body composition with InBody 770. The radiographic was performed at three angles, frontal, 

vertical and skyline-view of patello-femoral joint demonstrating joint-space narrowing. 

Statistic analyses were performed with SPSS Statistic 17 Software. Results No significant 

differences were found in the levels of leptin, VFA and BMI in patient with symptomatic 

knee OA with and without radiographic changes. The results of the comparison of leptin in 

patient with high respective low VFA was significant (p<0.001). The difference between 

these two groups showed a higher level of leptin in patient with high VFA. A strong 

correlation between both leptin and VFA (r=0.740, r2=0.55) p<0.001 and leptin and BMI 

(r=0.570, r2=0.32) p<0.001 were detected. Conclusion The conclusion of this study was that 

patient with high VFA had significant higher levels of leptin than patient with low VFA. Both 

the correlation between leptin and VFA respective leptin and BMI was considered as strong 

which supports that the levels of leptin are higher in obese individuals. Obesity is an 

established risk factor for OA and the levels of leptin is increased in obese individuals. This 

conclusion supports the link between leptin and obesity. No difference between leptin, VFA 

and BMI in patient with symptomatic knee OA with and without radiographic changes was 

found in this cross-section. Further studies are needed to fully understand the causality and 

relationship between metabolic factors, low-grade inflammation and the development of OA.  
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Abstrakt 
Bakgrund Etiologin bakom artros är komplex och den specifika orsaken är fortfarande inte 

helt känd, men flera riskfaktorer är bekräftade. Knäartros är den vanligaste muskuloskeletala 

sjukdomen som involverar ledbrosk och risken att drabbas ökar med ålder och kvinnor löper 

högre risk än män. Förutom ålder och kön är fetma en känd riskfaktor för att utveckla artros 

genom att öka den mekaniska stressen över den viktbärande leden. Men nya studier har 

identifierat fetma som en riskfaktor för icke-viktbärande leder, till exempel handleder och 

händer, som inte fullt ut kan förklaras av den mekaniska stressen på leden. Sambandet mellan 

låggradig inflammation, cytokiner och adipokiner kan spela en viktig roll vid utvecklingen av 

artros. Nya studier tyder på leptin kan vara en möjlig länk mellan fetma och artros. Syfte 

Syftet med denna studie var att analysera om nivåerna av serum leptin skiljer sig åt bland 

patienten med symptomatisk knäartros med och utan röntgenförändringar för att identifiera 

samband mellan serum leptin, visceralt fett (VFA) och body mass index (BMI), samt att 

studera styrkan av möjliga korrelationer. Metod Blodprover, VFA, BMI och röntgenbilder 

erhölls från alla patienter (n = 89). Serum leptin analyserades med sandwich ELISA. VFA och 

BMI samlades in genom att mäta kroppssammansättningen med InBody 770. Röntgen 

utfördes på knän i tre vinklar, frontal, vertikal och horisontelt på patello-femoral leden för att 

studera avståndet mellan lederna, det vill säga eventuell minskning av ledbrosket. Statistik 

analyserades med SPSS Statistic 17 Software. Resultat Inga signifikanta skillnader hittades i 

nivåerna av leptin, VFA och BMI hos patienter med symptomatiskt knäartros med och utan 

röntgenförändringar. Resultaten av jämförelsen av leptin hos patienter med högt respektive 

lågt VFA var signifikanta (p <0,001). Skillnaden mellan dessa två grupper visade att patienter 

med högt VFA hade en högre grad av leptin i blodet. En stark korrelation mellan både leptin 

och VFA (r = 0,740, r2 = 0,55) p <0,001 och leptin och BMI (r = 0,570, r2 = 0,32) p <0,001 

upptäcktes. Slutsats Slutsatsen av denna studie var att patienten med högt VFA hade 

signifikant högre nivåer av leptin än patient med lågt VFA. Korrelationerna mellan leptin och 

VFA respektive leptin och BMI ansågs vara starka vilket ger stöd för att individer med fetma 

har högre nivåer av leptin i blodet. Fetma är en etablerad riskfaktor för artros och nivåerna av 

leptin ökas hos överviktiga individer. Denna slutsats ger stöd åt länken mellan leptin och 

fetma. Ingen skillnad mellan leptin, VFA och BMI bland patient med symptomatiskt 

knäartros med och utan röntgenförändringar hittades i denna tvärsnittsstudie. Ytterligare 

studier behövs för att förstå orsakssamband och förhållande mellan metaboliska faktorer, 

låggradig inflammation och utvecklingen av artros. 
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Introduction 

Osteoarthritis (OA) is one of the most common rheumatic disease in the world according to 

World Health Organization (WHO) and the most common musculoskeletal disease involving 

articular cartilage (Vuolteenaho, Koskinen & Moilanen, 2013). It usually affects the knee, hip, 

spine and/or hand (Marieb & Hoehn, 2016). The proportion of people with disabilities 

increases with increasing age and women are more affected than men. Obesity, genetics, 

metabolic, post-traumatic and athletics or overuse is also risk factors besides age and gender 

(Berenbaum, 2013). According to Turkiewicz et al. (2014), one of seven adults in Sweden 

was diagnosed by OA in 2012 in at least one joint. Knee OA was the most common location 

and 13.8% of adults over 45 years old that was diagnosed. The prognoses according to this 

study is that almost 30% of adults over 45 years old are expected to have OA in 2032, and at 

least half of these would be knee OA (Turkiewicz et al., 2014). Pain and decreased ability to 

move the affected joint leads to reduced social capacity and sick-leave. The cost for society 

caused by knee OA in 2009 was 2% of the total cost for sick-leave in Sweden (Hubertsson, 

Petersson & Thorstensson, 2012). 

The outcome of this study will hopefully lead to a better understanding of how obesity is 

involved in the development of OA and how the hormone leptin may play an important role in 

the process. With a high knowledge about the relationship between obesity, leptin and OA 

and how it is affected leads to greater understanding of the early stage of OA which hopefully 

can help to prevent the development of the disease. 

Background 

Pathophysiology of osteoarthritis 

The general structure of a healthy synovial joint contains articular cartilage, synovial fluid and 

articular capsule and are demonstrated in figure 1 (Marieb & Hoehn, 2016). The articular 

cartilage is a thin, smooth hyaline cartilage that covers the bone surface and consists of 

extracellular matrix (ECM) and chondrocytes. It is spongy and absorbs compression over the 

joint and keeps the bone surfaces to not rub together. The joint cavity is a space that contains 

synovial fluid. The synovial fluid occupies all free space in the joint and is also be found in 

articular cartilage to reduce friction between the cartilage. The articular capsule contains a 

fibrous layer and the synovial membrane. The main function of the synovial membrane is to 

secrete synovial fluid. Synthesis and degradation of matrix in the articular cartilage is 
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regulated by cytokines and growth factors that activates chondrocytes in the cartilage to 

maintain the homeostasis.                                                                                                                     

 

Figure 1. General structure of a typical synovial joint. Adapted from Marieb, E. N., & Hoehn, K. 

(2016). Human anatomy & Physiology, Harlow: Pearson Education, p. 274. 

 

In normal healthy joints, there is a balance between the synthesis and the degradation of 

matrix in the articular cartilage (Marieb & Hoehn, 2016). But in the disease of OA, 

chondrocytes in the cartilage do not produce new matrix at the same rate as it breaks down 

and an unbalance in the synthesis and degradation occurs (Bertrand, Cromme, Umlauf, Frank 

& Pap, 2010). The process of OA is characterized by loss of articular cartilage and changes in 

the other joints tissues. This will result in that the bone surfaces at the joint rub together and 

sometimes even a formation of bone spurs appears. The frequently loss of cartilage precedes 

the development of pain, stiffness, swelling and decreased ability to move the affected joint.  

 
Figure 2. A healthy knee joint (left) and a knee joint with osteoarthritis (right). An illustration of the 

difference in cartilage, meniscus and bone formation. Adapted from Cingal, May 2018; 

https://www.cingal.com/about-osteoarthritis/overview/ 
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Osteoarthritis and obesity 

The association between OA and obesity is well known (Murphy et al., 2008). Previous 

studies have shown that weight reduction reduces the risk of developing OA. Obesity increase 

the mechanical stress on the joints in the lower limb and is strong related with knee OA 

(Grazio & Balen, 2009; Scotece & Mobasheri, 2015). By increasing the mechanical stress 

over the load-bearing joint, chondrocytes release pro-inflammatory mediators which lead to 

degeneration of articular cartilage (Vuolteenaho, Koskinen & Moilanen, 2013). In joints, an 

unbalanced production of anabolic and catabolic mediators leads to destruction of the articular 

cartilage. Studies has shown that mechanical stress caused by overweight not fully can 

explain the association between obesity and OA (Sellam & Berenbaum, 2013). A link 

between obesity and hand OA was found which not can be explained by mechanical stress but 

by the biological effect that involve mechanoreceptors that converts mechanical stress to 

biochemical signals. Chondrocytes plays an important and active role in this process 

(Vuolteenaho, Koskinen & Moilanen, 2013). Chondrocytes releases mediators that are 

involved in the remodelling and destruction of the extracellular matrix surrounding the joint. 

An unbalance in intra-articular substances leads to inflammation and destruction in the 

pathogenesis of OA. Obesity contributes to an abnormal activation of neuroendocrine and 

pro-inflammatory pathways leads to an altered control of food intake, fat storage and 

metabolic changes which leads to a higher activation of cytokines (Heidari, 2011). Obesity-

related metabolic factors, especially adipokines, are important in the progression in the 

development of OA by inducing pro-inflammatory cytokines and degradative enzymes. This 

leads to structural changes in cartilage and bone remodelling. The synthesis of pro-

inflammatory cytokines increases by activated white adipose tissue, such as IL-6, IL-1, IL-8, 

TNFα, IL-18, but decreases the regulatory cytokines, such as IL-10. This observation supports 

the link between obesity and osteoarthritis. One potential risk factor for obesity is leptin 

resistance (Li & Li, 2015). The levels of leptin circulating in the blood is positively correlated 

with the amount of body fat. And studies suggest leptin as factor that push unbalance in intra-

articular substances towards inflammation and destruction in the pathogenesis of OA. 

 

Leptin 

Leptin is a hormone that releases from adipose cells and expresses the energy status by 

sending signals to hypothalamus through the blood–brain barrier (Marieb & Hoehn, 2016). 

The main function of leptin is controlling energy homeostasis and body weight. Leptin binds 
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to central nerve system (CNS) neurons through specific receptors and control the appetite, 

producing a sensation of satiety. It also appears to stimulate increased energy expenditure. 

Both in physiological functions and neuroendocrine communication, leptin has an important 

role, but even in reproduction, bone formation and angiogenesis (Vuolteenaho, Koskinen & 

Moilanen, 2013). The receptor is present in various system in the body but the knowledge 

about the role of leptin in the different systems is not all known yet, but expectations of 

further functions exist. Women have higher levels of leptin circulating in blood than men 

which probably depends on larger subcutaneous fat and the influence of sex hormone (Li & 

Li, 2015). The levels of leptin circulating in the blood is positively correlated with the amount 

of body fat. The binding to the specific leptin receptor activates a sequence of signalling 

pathways and a complex signal system.  

Serum leptin concentrations in obese individuals is higher than normal and it is caused by 

leptin resistance (Li & Li, 2015). The mechanisms behind leptin resistance are several and 

complicated, further researches are needed to clarify the exact definition and significance of 

leptin resistance. Some explanations that might contribute obesity-associated leptin resistance 

are impairment in leptin transportation, attenuation in leptin signalling, endoplasmic reticulum 

(ER) stress, deficiency in autophagy, inflammation and the cerebrospinal-fluid/serum leptin 

ratio is decreased. The transport of leptin decreases and the access to hypothalamus in CNS 

blocks because of increasingly saturated as serum leptin levels increase during obesity. Fatty 

acids, tumor necrosis factor- α (TNF-α) and triglycerides are reported to influence leptin 

transporter. Impairment in any component of the signalling pathways could lead to leptin 

resistance. In a meta-analysis made by Zhang et al. (2009) increased levels of leptin was 

found in OA patients compared to healthy individuals and this supports that leptin may be a 

possible link between obesity and OA.  

Leptin can also be produced by osteoblast and chondrocytes to stimulate remodelling of bone, 

cartilage and growth factors (Heidari, 2011). Significant levels of leptin were observed in the 

cartilage and osteophytes of individuals with OA, while few chondrocytes produced leptin in 

the cartilage of healthy individuals. This means that leptin may modulate chondrocyte 

functions and contribute to osteophyte formation (Terlain et al., 2009). Leptin was also found 

in synovial fluids of OA joints in a study by Al Maskari et al. (2006) and the results was 

highly correlated with BMI. The influence of leptin on cartilage and chondrocytes functions 

show that leptin have a main role in cartilage homeostasis (Scotece & Mobasheri, 2015). 

Studies has shown that leptin has a catabolic effect on cartilage by increasing the production 
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of matrix metalloproteinases (MMPs). MMPs are a group of zinc-dependent endopeptidase 

enzymes that are involved in the formation of bone and activates bone growth and modelling 

but can also be expressed in immune cells (Löffek, Schilling & Franzke, 2011). In healthy 

cartilage, MMPs contributes to a normal synthesis and degradation. But when MMPs 

increases, the function of chondrocytes decreases and there is an unbalance of synthesis and 

degradation of the cartilage (Mueller, Rocky & Tuan, 2011). The upregulation of the 

expression in MMPs is a result of pro-inflammatory cytokines, such as TNF and IL, binding 

to receptors in chondrocytes and activates the signal pathways. The MMPs are involved in 

ECM degradation and plays a key role in cartilage degradation. Other studies have proposed 

leptin as a biomarker for OA because a correlation between pro-inflammatory mediators and 

OA was found (Vuolteenaho et al., 2009, Zhang, Zhong, Yu & Lui, 2015). But there is a 

knowledge gap concerning the role of leptin in the development of OA which needs to be 

studied more deeply. To understand how leptin affects joints in human bodies it is important 

to understand the local source of leptin production in joints and the factors that are affecting 

leptin (Griffin et al., 2009). 

 

Aim 
The purpose with this study was to analyse if the levels of serum leptin differ in patient with 

symptomatic knee osteoarthritis with and without radiographic changes to identify any 

association between levels of leptin, VFA and BMI, and to study the strength of possible 

correlations. 

 

Research questions 
· Are there any difference between the levels of leptin, visceral fat area and body mass index 

in patients with symptomatic knee osteoarthritis, with and without radiographic changes? 

· How strong is the correlation between leptin and visceral fat in the whole group? 

· How strong is the correlation between leptin and BMI in the whole group? 

· Are there any difference in the levels of leptin in patient with high visceral fat area 

compared to low visceral fat area? 
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Methods 

This study is a collaboration with an ongoing cohort “Detection and prediction of disease 

course in symptomatic knee osteoarthritis” by FoU Spenshult in Halland County. Subjects to 

participate in this study was recruited through various newspaper (Hallands Nyheter, 

Hallandsposten, 7 Dagar and Laholms Tidning). Blood samples, visceral fat area, body mass 

index and radiographs were obtained at a cross section from the ongoing cohort. 

Subjects 

89 patients with symptomatic knee osteoarthritis (63 woman and 26 man) was included in this 

study. The inclusion criteria to participate were the age of 30-63 y/o with knee pain. 

Individuals with other knee injuries such as rheumatic disease or cruciate ligament injuries 

were excluded. 

Radiographic assessment 

The changes of articular cartilage are visible by imaging technics, such as MR images and 

plain radiographs (Heidari, 2011). Unfortunately, small changes of articular cartilage are 

harder to detect by imaging technics. Only skeletal damage and indirect damage of cartilage 

can be assessed with radiograph, not the inflammatory in the joint. In early disease plain X-

rays are commonly used (Vincent & Watt, 2018). For load-bearing joints, such as knees load-

bearing X-rays are recommended because of its sensitivity to detect joint space narrowing. 

Lateral or skyline views of the knee enable a review of patello-femoral joint. Landmarks has 

been studied to obtain a reproducible measurement and easily detect thickness of the articular 

cartilage (Boegård et al., 1997). Different degrees of the knee flexion demonstrate the 

cartilage more accurate than with straight legs of the patello-femoral joint. The disease can be 

classified as mild, moderate or severe OA depending on the stage of disease course. To 

identify classification, the Kellgren-Lawrence five graded scale can be used where 0 is a 

normal joint without radiographic changes and 4 is large bone spurs, marked joint-space 

narrowing, severe sclerosis and definite bone deformity. The symptoms usually occur before 

OA is detected by X-rays (Heidari, 2011).  

Weight-bearing X-rays was done standing with equal load on each foot in this study. The X-

rays was performed in a health center and evaluated by a qualified doctor. The radiographic 
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was performed at three angles, frontal, vertical and skyline-view of patello-femoral joint 

demonstrating joint-space narrowing.  

Body composition 

Visceral fat area (VFA) and body mass index (BMI) were analysed with bioelectrical 

impedance analysis (BIA). In this study, InBody 770 were used. Measuring body composition 

with InBody 770 is considered as a reliable and valid method because its simplicity and to 

obtain optimal results the procedure must be performed standardized (InBody USA, 2017). 

For a standardized measure with BIA it is important that the test is repeated the same at all 

measurement occasion. To prefer is to measure at the same time on the day, with an empty 

stomach and as few clothes as possible. Food and clothes can give a false outcome, this can 

become measured as body fat. 

Inbody 770 is a multifrequency-BIA (Gába, Kapuš, Cuberek & Botek, 2015). This is a technic 

that measure fat mass (FA) and fat-free mass (FFM) through different frequencies. An 

electrical stream with one frequency goes through the body in different speed depending on 

the impedance (electrical resistance). Faster through FFM and extracellular fluid than through 

FM and bones because of that there are more electrolytes that gives a lower impedance in 

FFM and extracellular fluid. Multifrequency-BIA devices has built-in electrodes down at the 

base on which the feet are placed on, and in two handles connected to the device. The method 

is that electrical streams with different frequencies from the electrodes passing through the 

body that measure the impedance. The reason why different frequencies are used is due to 

their penetration ability. Some frequencies measure only extracellular fluid while others may 

pass the cell membrane to measure intracellular fluid and total body fluid. The patient stands 

on a scale with electrodes under the feet’s and holding two handles with electrodes. The 

method divides the body into five cylinders; arms, legs and trunk. It is important that each 

cylinder measures with accuracy for a reliable result. 

 

Enzyme-linked Immunosorbent Assay 

Serum leptin were analyzed with sandwich ELISA and the microplate reader that was used 

was MagellanTM Data analysis software (Tecan Sunrise, Tecan trading AG, Männedorf, 

Switzerland). The manual ALPCO (Version 8.2, Salem, Massachusetts, USA) was followed 

step by step (Appendix 1). A set of 7 standards is used to plot a standard curve from which the 
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amount of leptin in samples and controls can be directly read. All serum samples were 

duplicated, and the mean value of the levels of leptin were used for a valid result.  

Enzyme-linked immunosorbent assay (ELISA) is an immunochemical technique to quantify 

and detect antibodies or antigens (Gan & Patel, 2013). The principle of ELISA is that the 

antibody or antigen that will be measured have been labelled with enzymes. The presence of 

antigen or antibody in the sample is detected by the ability of the enzymes to induce a colour 

change in the test. ELISA is a regular laboratory analysis for detection and concentration 

measurement of microorganisms and various chemical substances. There are four different 

types of ELISA, direct, indirect, sandwich and competitive ELISA, but the mean principle is 

the same (figure 3).  

 

Figure 3. Illustration of the four different types of ELISA. Direct ELISA is the fastest because only one 

antibody is used but the other three are more sensitivity. Sandwich ELISA is has the highest sensitivity 

because of its wasy to capture the antibody. Adapted from Labster Theory, May 2018; 

https://theory.labster.com/types-elisa/ 

Ethical and social consideration 

This study is a part of an ongoing cohort “Detection and prediction of disease course in 

symptomatic knee osteoarthritis” and was performed in accordance with the Declaration of 

Helsinki. Oral and written information about the purpose and test procedure of this study was 

given before start and all patients gave their informed consent. Ethical approval for the 

present study was obtained by the ethical board in Lund (EPN 2016-229 & 2017-253).  

The outcome of this study will hopefully lead to a better understanding of how obesity is 

involved in the development of OA and how the hormone leptin may play an important role in 

the process. Education, weight loss and exercise are important for reducing the risk of the 

disease. With a high knowledge about the correlation between obesity, leptin and OA and 

how it is affected leads to greater understanding which hopefully can help to prevent the 

development of OA. 
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Statistical analyses 

Statistical analyses were performed using SPSS Statistic 17 software. All significance tests 

were 2-tailed and conducted at the 0.05 significance level because of multiple comparisons. 

To analyse differences between groups the Mann-Whitney U-test was used because the 

variables were not normally distributed (Shapiro Wilks <0.05). For within-group comparisons 

Wilcoxon test were used. Spearmans correlation was used to calculate the strength of the 

correlation between the measure variables, leptin, BMI and VFA. The strength of the 

correlation was indicated by a standardized correlation coefficient (r) and the coefficient of 

determination (r2). For a r-value between 0 and 0.1 a correlation is not considered. If r=0.10-

0.29 a small correlation is considered, if r= 0.30-0.49 a medium correlation is considered and 

if r=0.50-1.0 a strong correlation is considered (Pallant, 2007). 

Results 
Descriptive data 

The 89 patients (63 woman, 26 man) with symptomatic knee osteoarthritis were divided into 

two groups, group 1 with radiographic chances (49%) and group 2 without radiographic 

changes (51%). Leptin, VFA and BMI were analysed before splitting the group, respective 

after to compare the two groups. No significant difference was found of the levels of leptin, 

VFA and BMI between the two groups, but there was a significant difference (p<0.001) of 

age among the patient with radiographic changes (table 1). The median age was higher in the 

group with radiographic chances.  

Table 1. P values denote the significance of difference in age, leptin, VFA and BMI on the total 

amount of patient respective divided into two groups, with and without radiographic. 

 

 

Variables 

 

 

Total 

 

 

No radiographic 

changes 

 

 

Radiographic 

changes 

 

 

p-value* 

Age 54 

(30-63) 

50 

(30-61) 

56.50 

(39-63) 

<0.001 

Leptin  13.19 

(0.8-97.7) 

13.59 

(1.0-96.7) 

11.13 

(0.8-95.7) 

0.542 

VFA  92.40 

(77.1-291) 

94.50 

(77.1-238) 

89.70 

(45-291) 

0.823 

BMI  25.30 

(18-48) 

25.25 

(18-41) 

25.15 

(20-48) 

0.883 

Age (year), Leptin (ng/ml), VFA: Visceral fat area (cm2), BMI: Body mass index (kg/m2). 

*p-value is calculated with Mann-Whitney U test and Wilcoxon test as appropriate.  
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Correlation between leptin and VFA 

The correlation between leptin and VFA was analysed with Spearmans correlation on the 

entire group (n=89). The relationship between leptin and VFA is considered as a strong 

correlation r=0.740 (p<0.001) and r2=0.55 (figure 4) (Pallant, 2007). This means that 55% of 

the increase in the levels of leptin can be explained by VFA. 

 

 

Figure 4. A linear correlation between leptin and visceral fat area (VFA), r=0.740 (p<0.001) and 

r2=0.55, in 89 patients with symptomatic knee osteoarthritis. 

 

 

Correlation between leptin and BMI 

The correlation between leptin and BMI was analysed with Spearmans correlation on the 

entire group (n=89). The relationship between leptin and BMI is considered as a strong 

correlation r=0.570 (p<0.001) and r2=0.32 (figure 5) (Pallant, 2007). This means that 32% of 

the increased levels of serum leptin can be explained by BMI.  
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Figure 5. A linear correlation between leptin and body mass index (BMI), r=0.570 (p<0.001) and 

r2=0.32, in 89 patients with symptomatic knee osteoarthritis. 

 

Leptin in patient with high VFA compared to low VFA  

To analyse if there are any difference in the levels of leptin in patient with high VFA 

compared to low VFA, the 89 patients were divided into two new groups. Group 1 (25% of 

the patients) with higher VFA than 130.82 cm2 and group 2 (75% of the patients) with lower 

VFA than 130.82 cm2. The results presented that there was a significant difference (p<0.001) 

in the levels of leptin in the two groups. The median levels of leptin in group 1 was 53.6 

ng/ml compared to group 2 were the levels of leptin was 7.9 ng/ml. 

 

Discussion 

The relationship between obesity and the development of OA is well established. But the role 

of obesity in OA is more complex than previously thought because of the factor that overload 

not completely explain the risk of developing the disease (Berenbaum, Eynard & Houard, 

2013). Systemic factors are involved and the adipose tissue play an important role by 

releasing inflammatory mediators that reach the synovium and cartilage. Patients with OA 

who lose a lot of weight show improvements of pain and increased function of the joint, with 

decreased low-grade inflammation. 

The aim of this current study was to compare the levels of leptin, VFA and BMI in patient 

with symptomatic knee OA with and without radiographic changes. No significant differences 
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were found in these two groups (table 1). But there was a significant difference (p<0.001) of 

age, a higher median age was found in patient with radiographic changes. The strength of the 

correlation between both leptin and VFA (r=0.740, r2=0.55) p<0.001 and between leptin and 

BMI (r=0.570, r2=0.32) p<0.001 was considered as strong (Pallant, 2007). The levels of leptin 

were also compared between patients with high respective low VFA. A significant difference 

between these two groups showed a higher level of leptin in patient with high visceral fat 

area.  

 

Results 

There was no significant difference in the levels of leptin, visceral fat area and body mass 

index in patient with symptomatic knee OA with and without radiographic changes in this 

study. Same results were obtained in a cross-section by Massengale et al. (2012) of an 

ongoing cohort on patient with hand OA, symptomatic hand OA and no hand OA. In the 

study of hand OA there was no difference of leptin between the group found, but the study 

confirmed that leptin was associated with BMI. One explanation could be that the association 

between symptomatic knee OA and leptin are complex and cannot be assessed using one 

cross-section sample. There might be just one specific time point in the development of OA 

when leptin is associated. A tendency is seen in the results (table 1) of a higher level of leptin 

in patients with symptomatic knee OA without radiographic changes, but it is not a significant 

result. In contrast, a study by Hussein et al. (2015) the correlation between serum leptin, 

cytokines, cartilage degeneration and functional impact were studied in obese knee OA 

patient. This study resulted in a significant correlation between leptin, cytokines and MMPs. 

The conclusion of this results was that leptin might be an initiate factor for the cascade of 

inflammation and cartilage matrix loss in obese knee OA patients. Dumond et al. (2003), 

suggest leptin as an important regulator of chondrocyte metabolism after studied the presence 

of leptin in synovial fluid obtained from patients with OA. Leptin was expressed in 

chondrocytes and the synthesis was higher in cartilage and osteophytes in OA patients. These 

findings in the study indicate that leptin may play an important role in the pathophysiology of 

OA.  

But there was a significant difference (p<0.001) of age between patient with and without 

radiographic changes. The median age was higher in the group with radiographic changes. 

The increasing age is a well-known risk factor for developing OA. About 30-50% of older 
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adults (>65 years) is suffering of the disease (Loeser, 2010). Although the increasing age is 

positively correlated with increased risk of developing OA, the molecular mechanisms are 

still poorly understood (Rahmati, Nalesso, Mobasheri & Mozafari, 2017). Natural age-related 

changes in cellular and molecular physiology and pathology could contribute to the 

progression of OA because of cell death and decreased function of chondrocytes and MMPs. 

The decreased expression of chondrocytes and MMPs leads to unbalanced homeostasis and 

increased degradation of articular cartilage. 

Both between leptin and VFA respective leptin and BMI the correlations in this study was 

considered as strong (Pallant, 2007). Similar correlations were discovered in a several studies 

and the evidence of the role of leptin in obese is well-established (Hussein & Sharara, 2015). 

Significant correlations between leptin and BMI was shown in a study by Hussein et al. 

(2015). In obese individuals the levels of leptin were elevated and correlated with the percent 

of body fat.  

The levels of leptin were also compared between patients with high respective low VFA. A 

significant difference between these two groups showed a higher level of leptin in patient with 

high VFA. In obese individuals the leptin concentrations were higher than normal and most 

likely is this caused by leptin resistance (Li & Li, 2015). Although leptin resistance is a risk 

factor of obesity, and obesity is a strong risk factor for OA. The pro-inflammatory effects of 

leptin and the consequences on bone mass indicate that leptin resistance or impaired leptin 

signalling may be involved in joint degeneration (Griffin et al., 2009). 

Method 

Leptin was analysed with sandwich ELISA and the manual ALPCO (appendix 1) was 

followed step by step and the results were read by MagellanTM Data analysis software. ELISA 

qualifies accurate and sensitive detection of the antigen. Advantages with sandwich ELISA is 

that it is a valid method with a high sensitivity and the procedure is generally reproducible. 

Internal weaknesses with the method could be the antibody quality, the kit manufacture and 

when the blood sample was collected. The peak of leptin levels is between midnight to 2.30 

am and are lowest between noon and early afternoon (Massengale et al., 2012). External 

weaknesses depend on the operator skills and experience, precisions of using the pipette and 

how many hands that are involved in the process. The strength of the correlation between 

leptin and VFA (r=0.740, r2=0.55, p<0.001) was stronger than the correlation between leptin 

and BMI (r=0.570, r2=0.32, p<0.001). Both of VFA and BMI was measured by InBody 770. 
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One explanation to why the correlation between leptin and VFA was stronger than the 

correlation between leptin and BMI could be muscles as an error source for BMI (Prentice & 

Jebb, 2001). Muscles weights more than fat which gives a higher BMI than expected. Another 

explanation could be the amount of clothes the patients wear during the measuring with 

bioelectrical impedance with InBody 770. For a valid result, only underwear should be used 

but to respect the integrity of the patient, shorts and sometimes also a t-shirt/tank top were 

accepted if wished to make the patient as comfortable in the situation as possible. Another 

source of error could be an intake of food or water too close before measuring. Clothes, food 

and water can give a false outcome because it will be measured as body fat. The conclusion of 

this is that an individual with a high BMI not necessary has a high fat percent or VFA and 

may then not have high levels of leptin circulating in the blood compared to individuals with a 

high VFA.  

One weakness with used method might be the exclusion of a control group of healthy 

individuals. All patient in this study had symptomatic knee OA and therefore it might not 

differ in the levels of leptin between patients with and without radiographic changes. To 

compare healthy joints with patient with symptomatic knee OA might give another result 

current to the levels of leptin. Another explanation could be that this study is underpower. 

This study may include and analyze too few individuals to detect a significant difference of 

leptin between the groups. In a meta-analysis made by Zhang et al. (2009) increased levels of 

leptin was found in OA patients compared to healthy individuals and this supports that leptin 

may be a possible link between obesity and OA. 

Conclusion 

There was no significant difference between leptin in patient with symptomatic knee OA with 

and without radiographic changes in this cross-section. To further evaluate the possibility of 

leptin as an initiate factor in the development of OA more prospective studies are needed. The 

conclusion of this study is that patient with high VFA had significant higher levels of leptin 

than patient with low VFA. The evidence of the role of leptin in obese is well-established. 

Both the correlation between leptin and VFA respective leptin and BMI was considered as 

strong which supports that the levels of leptin are higher in obese individuals than normal. 

Both in load-bearing and non-load-bearing joints obesity is an established risk factor for OA. 

Weight reduction can prevent OA by decrease weight on load-bearing joints but also by 

decrease the risk of leptin resistance and low-grade inflammation in the joint. The association 
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between low-grade inflammation, cytokines and adipokines may play an important role in 

early development of OA. According to recent studies, the pro-inflammatory effects of leptin 

and the consequences on bone mass indicate that leptin resistance or impaired leptin 

signalling may be involved in joint degeneration. Because of correlations in other studies 

between leptin, cytokines and MMPs, leptin suggest being an initiating factor for the cascade 

of inflammation in obese OA patient. Further studies are needed to fully understand the 

causality and relationship between metabolic factors, low-grade inflammation and the 

development of OA.  
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INTENDED USE   

This kit is for the quantitative determination of leptin in human serum by an enzyme 

immunoassay method. This kit is for research use only.   

   

PRINCIPLE OF THE TEST   

The principle of the following enzyme immunoassay test follows a typical two-step capture or 

‘sandwich’ type assay. The assay makes use of two highly specific monoclonal antibodies: A 

monoclonal antibody specific for leptin is immobilized onto the microwell plate and another 

monoclonal antibody specific for a different epitope of leptin is conjugated to biotin. During 

the first step, leptin present in the samples and standards is bound to the immobilized antibody 

and to the biotinylated antibody, thus forming a sandwich complex. Excess and unbound 

biotinylated antibody is removed by a washing step. In the second step, streptavidin-HRP is 

added, which binds specifically to any bound biotinylated antibody. Again, unbound 

streptavidin-HRP is removed by a washing step. Next, the enzyme substrate is added (TMB), 

forming a blue colored product that is directly proportional to the amount of leptin present. 

The enzymatic reaction is terminated by the addition of the stop solution, converting the blue 

color to a yellow color. The absorbance is measured on a microtiter plate reader at 450 nm. A 

set of standards is used to plot a standard curve from which the amount of leptin in samples 

and controls can be directly read.   

          

RESEARCH APPLICATIONS   

Human leptin is a 16 kDa, 146 amino acid residue, non-glycosylated polypeptide. Leptin is 

encoded by the OB gene. Its major source is adipose tissue, and its circulating concentrations 

indirectly reflect body fat stores.   

Plasma or serum concentrations of leptin are increased in obese humans and strongly correlate 

with the degree of adiposity as expressed by percentage of body fat or body mass index.  The 

recently discovered hormone leptin contributes to the regulation of energy balance by 

informing the brain of the amount of adipose tissue in the body. The brain may then make the 

appropriate adjustments in either energy intake or expenditure.   

Many areas of leptin physiology remain to be investigated. The roles of leptin in metabolism, 

insulin sensitivity, as a potential therapeutic modality for weight loss as well as involvement 

in endocrine function are active areas of research. While the future for leptin as a therapeutic 

agent is not clear, its involvement in many areas of physiology undoubtedly makes this a new 

hormone which requires extensive study in the future to understand its physiology.   

   

PROCEDURAL CAUTIONS AND WARNINGS   

1. This kit is intended for research use only. It is not for use in diagnostic procedures.   

2. Practice the following good laboratory practices when handling kit reagents:   

- Do not pipette by mouth.   

- Do not smoke, drink, or eat in areas where samples or kit reagents are being handled.   

- Wear protective clothing and disposable gloves when handling the samples and kit reagents.   

- Wash hands thoroughly after performing the test.   

- Avoid contact with eyes; use safety glasses. If contact occurs, flush with water immediately 

and contact a doctor.   

3. Users should have a thorough understanding of this protocol for the successful use of this 

kit.  Reliable performance will only be attained by strict and careful adherence to the 

instructions provided.   

4. Avoid microbial contamination of reagents.   

5. A calibrator curve must be established for every run.    



23 
 

6. It is recommended to all customers to prepare their own control materials or serum pools 

which should be included in every run at a high and low level for assessing the reliability of 

results.   

7. The controls (included in kit) should be included in every run and fall within established 

confidence limits.   

8. When the use of water is specified for dilution or reconstitution, use deionized or distilled 

water.     

9. All kit reagents and samples should be brought to room temperature and mixed gently but 

thoroughly before use. Avoid repeated freezing and thawing of reagents and samples.   

10. Improper procedural techniques, imprecise pipetting, incomplete washing, or improper 

reagent storage may be indicated when assay values for the controls do not reflect established 

ranges.   

11. When reading the microplate, the presence of bubbles in the microwells will affect the 

optical densities (ODs). Carefully remove any bubbles before performing the reading step.      

12. The substrate solution (TMB) is sensitive to light and should remain colorless if properly 

stored. Instability or contamination may be indicated by the development of a blue color, in 

which case it should not be used.    

13. When dispensing the substrate and stop solution, do not use pipettes in which these liquids 

will come into contact with any metal parts.   

14. To prevent contamination of reagents, use a new disposable pipette tip for dispensing each 

reagent, sample, standard, and control.     

15. Do not mix various lot numbers of kit components within a test and do not use any 

component beyond the expiration date printed on the label.   

16. Kit reagents must be regarded as hazardous waste and disposed of according to local 

and/or national regulations.   

   

LIMITATIONS   

1. All the reagents within the kit are calibrated for the direct determination of leptin in human 

serum. The kit is not calibrated for the determination of leptin in saliva, plasma, or other 

samples of human or animal origin.   

2. Do not use grossly hemolyzed, grossly lipemic, icteric, or improperly stored serum.   

3. Any samples or control sera containing azide or thimerosal are not compatible with this kit, 

as they may lead to false results.   

4. Only assay buffer may be used to dilute any high serum samples.  The use of any other 

reagent may lead to false results.   

5. This kit is for research use only.  It is not for use in diagnostic procedures.   

   

SAFETY: CAUTIONS AND WARNINGS   

   

POTENTIALLY BIOHAZARDOUS MATERIAL    

All serum samples should be considered potential biohazards and handled with the 

appropriate precautions.   

CHEMICAL HAZARDS   

Avoid contact with reagents containing TMB, hydrogen peroxide, and sulfuric acid. If contact 

occurs with any of these reagents, wash with plenty of water. TMB is a suspected carcinogen.   

SERUM COLLECTION AND STORAGE   

Approximately 0.1 mL of serum is required per duplicate determination.  Collect 4-5 mL of 

blood into an appropriately labeled tube and allow it to clot. Centrifuge and carefully remove 

the serum layer.  Store at 4oC for up to 24 hours or at -10oC or lower if the analyses are to be 
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done at a later date. Consider all human samples as potentially biohazardous materials and 

take appropriate precautions when handling.    

 

REAGENTS AND EQUIPMENT NEEDED BUT NOT PROVIDED   

1. Precision pipette to deliver 20-100 μL   

2. Disposable pipette tips   

3. Distilled or deionized water   

4. Plate shaker   

5. Microplate washer (recommended)   

6. Microplate reader with a filter set at 450 nm and an upper OD limit of 3.0 or greater   

7. Centrifuge  

8. Timer  

   

REAGENTS PROVIDED       

1. Anti-Leptin Monoclonal Antibody Coated Microwell Plate-Break Apart Wells    

Contents:  One 96 well (12 x 8) monoclonal antibody-coated microwell plate in a resealable 

pouch with desiccant.         

Storage:  Refrigerate at 2-8oC         

Stability:  Unopened at 2-8oC until expiration date on label.   

   

2. Monoclonal Anti-Leptin-Biotin Conjugate    

Contents:  One bottle containing a monoclonal anti-leptin antibody conjugated to biotin in a 

protein-based buffer with a non-mercury preservative.        

Volume:  10 mL/bottle      

Storage:  Refrigerate at 2-8oC        

Stability:  Unopened at 2-8oC until expiration date on label.   

   

3. Streptavidin-HRP Conjugate Concentrate    

Contents:  One vial containing streptavidin conjugated to horseradish peroxidase in a 

proteinbased buffer with a non-mercury preservative.        

Volume:  0.4 mL/vial    

Storage:  Refrigerate at 2-8oC        

Stability:  Unopened at 2-8oC until expiration date on label.   

Preparation: Dilute 1:50 in assay buffer before use (e.g., 40 μL of concentrate in 2 mL of 

assay buffer). If the whole plate is to be used dilute 240 µL of concentrate in 12 mL of 

assay buffer.  Discard any remaining solution.   

   

4. Leptin Calibrators    

Contents:  Seven vials containing leptin in a protein-based buffer with a non-mercury 

preservative. Prepared by spiking buffer with a defined quantity of leptin. Listed below are 

approximate concentrations, please refer to bottle labels for exact concentrations.   

Calibrator  Concentration  Volume/Vial  

Calibrator A   0 ng/mL   0.5 mL   

Calibrator B   1 ng/mL   0.5 mL   

Calibrator C   5 ng/mL   0.5 mL   

Calibrator D   10 ng/mL   0.5 mL   

Calibrator E   20 ng/mL   0.5 mL   

Calibrator F   50 ng/mL   0.5 mL   

Calibrator G   100 ng/mL   0.5 mL   
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Storage:  Refrigerate at 2-8oC         

Stability:  Unopened at 2-8oC until expiration date on label.    

  

5. Controls   

Contents:  Two vials containing leptin in a protein-based buffer with a non-mercury 

preservative.  Prepared by spiking buffer with a defined quantity of leptin. Refer to bottle 

label for expected value and acceptable range.  Volume:  0.5 mL/vial     

Storage:  Refrigerate at 2-8oC     

Stability:  Unopened at 2-8oC until expiration date on label.   

   

6. Wash Buffer Concentrate    

Contents:  One bottle containing buffer with a non-ionic detergent and a non-mercury 

preservative.    Volume:  50 mL/bottle      

Storage:  Refrigerate at 2-8oC   

Stability:  Unopened at 2-8oC until expiration date on label.   

Preparation:  Dilute 1:10 in distilled or deionized water before use.  If the whole plate is 

to be used, dilute 50 mL of the wash buffer concentrate in 450 mL of water.      

   

7. Assay Buffer   

Contents:  One bottle containing a protein-based buffer with a non-mercury preservative.   

Volume:  20 mL/bottle    

Storage:  Refrigerate at 2-8oC   

Stability:  Unopened at 2-8oC until expiration date on label.   

   

8. TMB Substrate    

Contents:  One bottle containing tetramethylbenzidine and hydrogen peroxide in a non-DMF 

or DMSO containing buffer.   

Volume:  16 mL/bottle   

Storage:  Refrigerate at 2-8oC   

Stability:  Unopened at 2-8oC until expiration date on label.   

   

9. Stop Solution    

Contents:  One bottle containing 1 M sulfuric acid.   

Volume:  6 mL/bottle      

Storage:  Refrigerate at 2-8oC   

Stability:  Unopened at 2-8oC until expiration date on label.   

   

ASSAY PROCEDURE   

All reagents must reach room temperature before use.  Calibrators, controls, and samples 

should be assayed in duplicate. Once the procedure has been started, all steps should be 

completed without interruption.   

   

1. Prepare working solutions of the streptavidin-HRP conjugate and wash buffer.      

2. Pipette 20 μL of each calibrator, control, and serum sample into the correspondingly 

labeled wells in duplicate.   

3. Pipette 80 μL of the monoclonal anti-leptin-biotin conjugate into each well.   

4. Incubate on a plate shaker (approximately 200 rpm) for 1 hour at room temperature.     

5. Wash the wells 3 times with diluted wash buffer (300 μL/well for each wash) and tap the 

plate firmly against absorbent paper to ensure that it is dry. (The use of an automatic washer is 

highly recommended.)   
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6. Pipette 100 μL of diluted streptavidin-HRP conjugate into each well.   

7. Incubate on a plate shaker (approximately 200 rpm) for 30 minutes at room temperature.   

8. Wash the wells again in the same manner as in step 5.   

9. Pipette 100 µL of TMB substrate into each well at timed intervals.   

10. Incubate on a plate shaker for 10-15 minutes at room temperature.   

11. Pipette 50 μL of stop solution into each well at the same timed intervals as in step 9.   

12. Read the plate on a microwell plate reader at 450 nm within 20 minutes after the addition 

of the stop solution.    

   

CALCULATIONS      

1. Calculate the mean optical density of each calibrator duplicate.   

2. Draw a calibrator curve on semi-log paper with the mean optical densities on the Y-axis 

and the calibrator concentrations on the X-axis.  If immunoassay software is being used, a 4 

or 5-parameter curve is recommended.        

3. Calculate the mean optical density of each unknown sample duplicate.   

4. Read the values of the unknowns directly off the calibrator curve.   

5. If a sample reads more than 100 ng/mL then dilute it with assay buffer at a dilution of no 

more than 1:8. The result obtained should be multiplied by the dilution factor.     

   

TYPICAL TABULATED DATA 

 

 

 

 

 

 

 

 

 

 

 

 

 

TYPICAL CALIBRATOR CURVE 

Sample curve only.  Do not use to calculate results. 

 
 

 

Calibrator OD 1 OD 2 Mean 

OD 

Value  

(ng/mL) 

A 0.073 0.070 0.072 0 

B 0.102 0.100 0.101 1 

C 0.290 0.293 0.292 5 

D 0.620 0.630 0.625 10 

E 1.140 1.086 1.113 20 

F 1.947 1.919 1.933 50 

G 2.518 2.514 2.516 100 

Unknown 0.275 0.273 0.274 4.22 



27 
 

PERFORMANCE CHARACTERISTICS   

   

SENSITIVITY         

The limit of detection (LoD) for leptin is 0.50 ng/mL, as determined by use of a NCCLS 

protocol and with proportions of false positives (α) less than 5% and false negatives (β) less 

than 5%; based on 82 blank determinations; LoB=0.42 ng/mL.   

   

SPECIFICITY    

The following substances were tested at 1000 ng/mL and exhibited no cross-reactivity: Mouse 

leptin, TNF-α, IL-2, IL-3, IL-4, IL-5, IL-6, IL-8, IL-9, IL-10, IL-12, IL-16, GM-CSF, CSF, 

and EGF.   

   

INTRA-ASSAY PRECISION           

Four serum samples were assayed twenty times each on the same calibrator curve. The results 

(in ng/mL) are tabulated below:   

Sample  Mean  SD  CV%  

1   2.45   0.09   3.7   

2   7.94   0.34   4.3   

3   11.67   0.64   5.5   

4   27.51   1.37   5.0   

   

INTER-ASSAY PRECISION   

Four samples were assayed ten times over a period of ten days.  The results (in ng/mL) are 

tabulated below:   

Sample  Mean  SD  CV%  

1   2.71   0.16   5.9   

2   8.24   0.48   5.8   

3   12.01   0.82   6.8   

4   24.98   1.45   5.8   

   

RECOVERY   

Spiked samples were prepared by adding defined amounts of leptin to three serum samples. 

The results (in ng/mL) are tabulated below:   

 

Sample   Observed   Expected   %Recovery   

1 Unspiked   

   

     

3.89   

6.28 

10.98 

25.43 

- 

6.95 

11.95 

26.95 

- 

90.4   

91.9 

94.4 

2 Unspiked   

     

   

7.89   

8.82 

15.03 

30.32 

- 

8.95 

13.95 

28.95 

- 

98.5 

107.7 

104.7 

3 Unspiked   

       

11.61  

15.71  

25.42 

41.18 

- 

15.81  

24.41 

41.07 

- 

99.4 

104.1 

100.3 
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LINEARITY   

Three serum samples were serially diluted with leptin assay buffer. The results (in ng/mL) are 

tabulated below:   

Sample   Observed   Expected  % Recovery  

1   

1:2   

1:4   

1:8   

3.03 

1.42 

0.71 

0.35 

- 

1.52   

0.76 

0.38 

- 

93.4   

93.4 

92.1 

2   

1:2   

1:4   

1:8   

11.27 

5.93   

3.05 

1.35 

- 

5.64   

2.82 

1.41 

- 

105.1 

108.2 

95.7 

3   

1:2   

1:4   

1:8   

27.91 

14.91 

6.74 

3.29 

- 

13.96 

6.98 

3.49 

- 

106.8 

96.6 

94.3 

   

COMPARATIVE STUDY   

This Leptin ELISA was compared against a leading competitor's Leptin EIA kit (Kit X).  

Thirty-eight serum samples ranging from 1.05-75.62 ng/mL were assayed with both kits, 

yielding the following results:   

Regression: Kit X=0.9644 (11-LEPHU-E01) + 1.5489  r=0.98   

Kit X Mean:  21.13   

11-LEPHU-E01 Mean:  20.30 
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