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Abstract 

Background 

Osteoarthritis (OA) is one of the most frequent causes of pain in adults, and the most common 

sort of arthritis worldwide. OA is common in non-weight bearing joints, and this fact suggests 

a systemic underlaying mechanism, rather than a mechanic phenomenon. High levels of leptin 

and lipids are two new found risk factors for OA, although the molecular mechanism 

underlying the association between lipids and OA is not defined. In previous studies results 

shows that levels of leptin and lipids tend to distinguish between gender, therefor it is 

important to look at each gender separately.  

Aim 

The aim of this study was to examine if there is a correlation between leptin- and lipid levels 

in symptomatic OA patients, and if there are any gender-differences in those levels. 

Methods 

In this study, data from an ongoing project at FoU Spenshult was used. Included in the study 

was 89 subjects (nmen= 25, and nwomen= 64) aged 30 – 63 years, with symptomatic knee OA. 

Blood samples were collected at Hallands Sjukhus for determining lipid levels, radiographic 

examination of both knees was done by an experienced doctor at Bäckagård’s health care to 

confirm OA, and leptin was analyzed by enzyme-linked immunosorbent assay (ELISA) at 

FoU Spenshult.   

Results 

Data from this study states that there is a statistical significance between genders considering 

levels of triglycerides, HDL-C, LDL-C, and leptin. It was also observed that the analyze for 

the whole group only showed a weak correlation for leptin and triglycerides. While for 

women separately, correlations were observed for leptin and triglycerides, LDL-C and HDL-

C. For men, leptin showed correlations with triglycerides and HDL-C. 

Conclusion 

Receiving more knowledge about systemic mechanisms underlaying OA and understanding 

differences between genders may lead to earlier disease detection. Further investigations on 

symptomatic knee OA will hopefully lead to improved preventive treatment to slow or 

reverse further progression. In turn, the burden for the society may be reduced, both physical, 

psychological and socioeconomic. 
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Background  

Epidemiology of osteoarthritis 
Arthritis is a broad term covering over hundreds of joint related diseases (Massengale et al. 

2012). The most common one worldwide is Osteoarthritis (OA), which is a chronic 

inflammatory disease with autoimmune pathogenesis. In 2002, 43 million adults suffered 

from arthritis, whereof 26.9 million aged 25 years and over suffered from OA (Amoaka and 

Pujalte, 2014). OA is one of the most frequent causes of pain, loss of function and disability 

in adults among the Western populations (Arden and Nevitt, 2006). Examinations has shown 

that radiographic OA occurs in the majority of people by 65 years of age and in nearly 80 % 

of those aged over 75 years. In young individuals and athletes, the more time they spend 

engaging in recreational and occupational activities, the higher are the risk of injuries (Amoka 

and Pujalte, 2014).  This, in turn leads to a higher likelihood of developing OA. The disease is 

from a general perspective, seen as a result from “wear and tear”. Young active individuals 

use their joints more and therefor, the risk is higher. The burden of OA is not only physical, 

but also psychological and socioeconomic (Litwic et al. 2013). Patient suffering OA are more 

susceptible to become psychological distressed compared to patients with other chronic 

diseases. Because of the high frequency in the population, the economic burden of OA is 

large.  

Pathophysiology of osteoarthritis 
OA is characterized by a painful degenerative joint disease in the cartilage and surrounding 

tissues, mainly caused by a disproportion between repair and breakdown of joint tissues (Issa 

and Griffin, 2012). Previous research of the pathogenesis of OA have focused initially on 

variations in articular cartilage (Man and Mologhainu, 2014). Articular cartilage consists of 

extracellular matrix and chondrocytes. OA occurs as a result when the metabolic activity of 

chondrocytes fails to maintain homeostasis between synthesis and degradation. Figure 1 

presents articular structure changes during OA progression, where chondrocytes produce 

matrix degrading enzymes (Zhang et al. 2016). One of these enzymes is matrix 

metalloproteinase 13 (MMP13), which degrades A disintegrin and metalloproteinase with 

thrombospondin motifs 5 (Adamts-5) and collagen. This in turn targets the protein aggrecan, 

which role is to withstand compression in cartilage. The synthesis of these enzymes further 

worsens breakdown of articular cartilage. What causes imbalance in the homeostasis between 

synthesis and degradation is not known, though it has thought to be the primary change in OA 
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patients. Together with biomechanical stress and cellular changes, secondary changes occurs 

affecting the whole joint. More recent studies, looking at the whole joint including 

subchondral bone, menisci, ligaments, nerves and synovium, indicates OA as a multifactorial 

disease. 

 

 

 

 

 

 

 

 

Figure 1. Knee articular structure changes during OA progression and cellular responses 

(Zhang et al. 2016).   

OA can occur in any joint, although it is most common in knee, hip, hand and foot. There are 

both environmental risk factors and intrinsic risk factors causing OA (Zhang et al. 2015). 

Included in the environmental risk factors are to name a few; age, joint trauma, obesity, 

gender, mechanical stress, etcetera. OA progression and obesity are a widely studied 

association (Aspen, 2010). The fact that OA is common in non-weight bearing joints of obese 

persons, suggests a systemic underlaying mechanism, rather than a mechanic phenomenon. 

Studying biomarkers, such as proinflammatory mediators involved in different stages of OA, 

may help in understanding the process of the pathogenesis. Therefore, this study will examine 

intrinsic risk factors underlying OA.  

Leptin  
Previous studies by Mutabaruka et al. (2010) and Vuolteenaho et al. (2009) have proposed 

leptin as a biomarker for OA, since a correlation between proinflammatory mediators and OA 

was found. Leptin is a circulating hormone, produced by adipocytes, and encoded by the 

obesity gene. Its main function is to regulate food intake and energy expenditure by acting on 

hypothalamic cell populations (Zhang et al. 1994). It controls the volume of adipose tissues 

and the total body mass index (BMI). Leptin also plays a role in other physiological processes 
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such as lipid metabolism, immune function, bone formation and inflammation (Wang et al. 

2012). The study by Wang et al. (2012) demonstrated that leptin alone, combined with pro-

inflammatory cytokines, can directly induce cartilage degradation by inducing nitric oxide 

synthase. Further, leptin receptors have been found in articular cartilage, which may also 

associate the hormone in the pathogenesis (Teichtahl et al. 2005). A meta-analysis by Zhang 

et al. (2015) examined the clinical significance of leptin levels in OA patients. This study 

exhibited that increased leptin expression levels are related with disease severity in patient 

suffering from OA, especially among women. 

Lipids: Cholesterol, low-density lipoprotein, high-density lipoprotein 

and triglycerides 
An alternative, new found risk factor for OA may perhaps be high cholesterol levels 

(Farnaghi et al. 2017). The molecular mechanism underlying this association is not yet 

defined. Cholesterol is a type of steroid consisting of four linked hydrocarbon rings, which 

binds to one hydrocarbon tail and on the other end, one hydroxyl group (Walker, Hall and 

Hurst, 1990). It is synthesized in the liver and is also obtained from the diet. The main role of 

cholesterol in the body is to help build and maintain cell membrane, and to produce bile acids, 

which facilitate digestion and absorption of fats in the diet. Since cholesterol is a nonpolar 

substance, it needs to be transported in plasma by lipoprotein particles. Low-density 

lipoprotein cholesterol (LDL-C) are cholesterol-rich particles generally called the ”bad” 

cholesterol. LDL-C delivers cholesterol to cells in the body. High-density lipoprotein 

cholesterol (HDL-C) called the “good” cholesterol, is involved in the reverse transport, 

carrying excessive cholesterol to the liver for disposal. Triglycerides are a type of fat, found 

in blood, consisting of glycerol and three fatty acids. It is also synthesized in the liver and 

obtained from the diet. The main role of triglycerides is to store unused calories and provide 

the human body with energy. Triglycerides, also being a nonpolar substance, needs to be 

transported by a lipoprotein called chylomicrons. Increased or decreased levels of cholesterol 

and triglycerides can occur as a result of abnormalities in the synthesis, degradation, and 

transport of their carriers (lipoproteins). Hyperlipoproteinemia is associated with an increased 

risk of atherosclerotic cardiovascular disease.  

Previous studies by (Oliviero et al. 2012 and Ananth et al. 1993) have presented that the 

synovial fluid of patients with inflammatory joint diseases, such as OA, contains higher 

volumes of cholesterol compared with synovial fluid in normal patients. Several studies have 
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also reported that there is a link between hypercholesterolemia (high cholesterol in the blood) 

and OA (Martin et al. 1997, Stürmer et al. 1998 and Al-Arfaj, 2003). 

Correlation between leptin and lipids 
Leptin and lipid levels have shown a correlation in a study by Jaleel et al. (2006), were eighty 

women, forty normal controls and forty obese women were selected. Leptin levels were 

analyzed by enzyme-linked immunosorbent assay (ELISA). Triglycerides, LDL-C and HDL-

C were determined by standard kit methods, Clinicon 4010. The result showed increased 

leptin levels, triglycerides, and LDL-C in obese women compared to the control group. 

Another study by Tamer et al. (2002) examined the relationship between leptin and lipid 

levels in atherosclerosis. The result showed a positive correlation between total cholesterol 

(T-C) and LDL-C with leptin, whereas HDL-C and leptin showed an inverse relation. A study 

by Slama et al. (2015) examined the circulating levels of leptin and ghrelin in obese Tunisian 

women. They also investigated the correlations of these hormones with BMI, and lipids such 

as LDL-C and HDL-C. Result showed that leptin levels were positively correlated with LDL-

C and BMI, and that leptin was negatively correlated with HDL-C.  

Gender differences 
That gender differences exists in the occurrence of knee OA are well documented (World 

Health Organisation, 2003). A higher prevalence of the disease among women in all ages has 

been reported all over the world, mostly based on radiographic surveys of populations. These 

examinations detect severe OA pathology and do not indicate symptoms or disability.   

Gender differences in circulating leptin levels are also known. Studies by Kennedy et al. 

(1997) and Hellström et al. (2001), examined that for any given measure of obesity, leptin 

levels are two-three times higher in women than in men. The conclusion states that there are 

differences in both regulation and action of leptin between genders and that these alterations 

in leptin levels can lead to progression of several diseases. Hellström et al. (2001) provides 

evidence for two different mechanisms underlying gender differences in leptin levels. A 

higher production rate and a larger adipose tissue mass.  

The lipid profile is similar for both genders until puberty, where lipid levels tend to diverge 

(Russo et al. 2015). Middle aged women have lower levels of LDL-C and total cholesterol 

than men. During menopause the LDL-C levels start to rise in women, more than in men. In 

older age groups women continuously shows higher LDL-C levels than men. In men, lipid 
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profile changes by ageing, while the lipid profile for women are affected by ageing and 

estrogen status. 

Measurement of leptin 
The majority of the studies mentioned above used ELISA to analyze leptin levels, which is 

also the method used in this study. The ones that did not use ELISA were Kennedy et al. 

(1997) and Slama et al. (2015), which instead used radioimmunoassay (RIA). ELISA was 

introduced in the 1970s (Leng et al. 2008). The typical double antibody sandwich ELISA 

enables accurate and sensitive detection of the antigen. Advantages with this method is its 

highly quantitative results and that the procedure is generally reproducible. Weaknesses with 

the ELISA method is that, it is largely dependent on the operator skills and experience, the 

antibody quality, and the kit manufacturer.  

Rationale 
Studies mentioned above have showed correlations between leptin and OA, lipid levels and 

OA, leptin and lipid levels between genders. There is lack of research looking at gender-

differences on both leptin and lipid levels, especially on knee OA patients. Investigations 

looking at the correlation between those levels, genders, and their effect on OA are nearly 

non-existence. This study may be a step on the way of understanding how specific biomarkers 

are related to each other in patients with symptomatic knee OA. Additionally, to raise 

awareness what the profile looks like for these biomarkers between genders among patients. 

More knowledge about these systemic mechanisms and their gender differences may lead to 

earlier detection of knee OA and preventive treatment could be initiated to slow or reverse 

further progression.  

Aim and research questions 
The aim of this study was to examine if there is a correlation or how strong it is between 

leptin- and lipid levels, and if there are any gender differences in those levels. These are the 

two research question investigated: 

• Are there any gender differences between expression of leptin and lipid levels in 

patients with symptomatic knee OA? 

 

• Is there a correlation or how strong is it between leptin and lipid levels in patients with 

symptomatic knee OA, and is the correlation different between the two genders?  
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Subject information  
Included in the study was 89 subjects (nmen= 25, and nwomen= 64) aged 30 – 63 years. The BMI 

range of the population reaches from 18 – 48 kilograms per m2. Among women in this study, 

47 % and among men 52 % has confirmed knee OA. Subjects were invited through advertises 

in Hallands Nyheter, Hallandsposten, Sju Dagar, and Laholms tidning. The inclusion criteria 

were; aged between 30 – 63 years with symptomatic knee OA and with no signs of 

inflammatory rheumatic disease. Excluded in the study were subjects who experienced earlier 

knee accidents/surgeries (knee trauma).  

Methods 
Data collected in this study was retrieved from an ongoing project (“Detection and prediction 

of disease course in symptomatic knee osteoarthritis”) at FoU Spenshult – rheumatological 

research and development. The setup of this study was cross-sectional. Data was collected 

from the population at one occasion to investigate the variables of interest. 

Blood samples was obtained at Hallands Sjukhus (the hospital of Halland), with their staff, 

systems, and procedures for determining following lipids; T-C, HDL-C, LDL-C, and 

triglycerides from plasma, analyzed by photometry (Cobas 8000, Roche).   

Leptin levels was analyzed by sandwich ELISA, (Version 8.2 ALPCO, Salem, Massachusetts, 

USA). The manual for this assay procedure can be found in Appendix 1. The kit that was used 

in this study were for quantitative determination of leptin in human serum. The software used 

to analyses the samples through the microplate reader was Magellan™ - Data Analysis 

Software (Tecan Sunrise, Tecan trading AG, Männedorf, Switzerland). All samples in this 

assay, standards and controls included, were tested in duplicate to allow intra-assay variation.  

Radiographic examination of the tibiofemoral joints and patellofemoral joint was 

implemented to diagnose patients with knee OA and divide the study population into two 

groups, radiographic and symptomatic OA. Patients in the radiographic OA group, was after 

the examination defined with knee OA. The other group, patients with symptomatic OA, was 

only having the characteristics of knee OA, but were not defined with the disease after the 

radiographic examination. This procedure was made at Bäckagård’s health center by an 

experienced doctor.  
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Statistical methods 
The statistical software that were used for the following calculations were Statistical Package 

for the Social Sciences (SPSS) version 21. At first the Shapiro Wilks test were used to test the 

normality for cholesterol, triglycerides, HDL, LDL, leptin, BMI and age. Since the result 

showed that data was nonparametric, Mann-Whitney U test was used to test the null 

hypothesis for the variables between men and women. To analyze the linear correlation 

between leptin and the lipids for the whole group Spearman’s correlation test was used. By 

this test a correlation coefficient (r) was given, expressing the strength and direction of the 

linear correlation. From the r-value a determination coefficient (r2) was calculated, expressing 

how differences in one variable can be explained by a difference in a second variable. For 

Spearman’s correlation test the general guide that Evans (1996) suggests different r values, 

was used to determine the strength of the correlations.  

• 0.00 - 0.19 “very weak”  

• 0.20 - 0.39 “weak”  

• 0.40 - 0.59 “moderate”  

• 0.60 - 0.79 “strong”  

• 0.80 - 1.0 “very strong” 

Thereafter, the group was split to analyze if the correlation was different for each gender. By 

a Chi-square test the frequency of OA for both genders was calculated. For all tests, p < 0.05 

was considered significant.  

Ethical and social considerations 
Ethical approval was obtained before start. The study followed the guidelines of the Helsinki 

Declaration. Written consent from the participants was obtained before start. (File reference 

number: EPN 2016-229 & 2017/253) 

The result of this study may be able to help people with knee pain or symptomatic knee OA in 

the prevention of the development of knee OA. OA is as mentioned earlier the most common 

form of joint disease. The burden is not only physical, but also psychological and an 

extremely high economic cost for the society (Bitton, 2009). Being able to help people in an 

early stage of OA may save the society major costs. Furthermore, it will help people improve 

their quality of life, but also to be able to work for a longer period of life.  
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Results 

Are there any gender differences between expression of leptin and 

lipid levels? 
Table one below presents the result from Mann Whitney’s U test. The p-value confirm if there 

are a statistical significance between the median for both genders for each variable. Since a p-

value < 0.05 was considered significant, triglycerides, HDL-C, LDL-C and leptin rejects the 

null hypothesis. For this data, it can be concluded that the concentration of triglycerides and 

LDL-C in the group of males, was statistically significantly higher than in the group of 

women. Conversely, the statistically significance was even higher for concentration of HDL-

C and leptin in women than in men, where p < 0.001. This data states that there are significant 

differences in concentrations of leptin and the majority of the lipids measured in this study 

among men and women. Total cholesterol concentrations between genders showed no 

statistical significance. 

Table 1. Result from Mann Whitney U test. 

Variable Total Median 

(min – max) 

Women Median 

(min – max) 

Men Median 

(min – max) 

p- value 

Cholesterol [mm/L] 5.3 (3.5 – 8.7) 5.2 (3.5 – 8.7) 5.4 (4.0 – 7.6) 0.231 

Triglycerides [mm/L] 0.8 (0.4 – 5.0) 0.8 (0.4 – 5.0) 1.0 (0.5 – 2.6) 0.032 

HDL [mm/L] 1.7 (0.9 – 3.0) 2.0 (0.9 – 3.0) 1.3 (0.9 – 2.3) <0.001 

LDL [mm/L] 3.4 (1.8 – 6.2) 3.2 (1.8 – 6.2) 3.8 (2.8 – 5.8) 0.002 

Leptin [ng/ml] 12.3 (0.8 – 97.7) 15.9 (0.8 – 97.7) 4.3 (1.0 – 25.5) <0.001 

Age [years] 54 (30 – 63) 54 (30 – 62) 52 (38 – 63) 0.373 

BMI [m2/kg] 25.3 (18 - 48) 24.2 (18 – 48) 26 (23 – 41) 0.056 

Is there a correlation or how strong is it between leptin and lipid levels, 

and is the correlation different between genders?  
Table two presents the result from Spearman’s correlation test. The different groups of lipids 

were measured against leptin to find out if there were any linear correlations. For the analyze 

of the total group (T), only a weak positive correlation could be seen for leptin and 

triglycerides (r = 0.24) assuming to Evans guide. After analyzing each gender separately, 
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further and stronger correlations were illustrated. For women following correlations could be 

seen, a moderate positive correlation for leptin and triglycerides (r = 0.4), a weak positive 

correlation for leptin and LDL-C (r = 0.23), and a weak negative correlation for leptin and 

HDL-C (r = - 0.25). For men, a moderate positive correlation could be seen for leptin and 

triglycerides (r = 0.54), and a moderate negative correlation for leptin and HDL-C (r = - 0.41). 

R2 expresses how differences in one variable can be explained by a difference in a second 

variable. This study presents generally low r2 values, with a highest variance of 30 percent for 

leptin and triglycerides in men. Low r2 values are not inherently bad, in this study were the 

variables of interest showed statistically significance, it is still possible to draw important 

conclusions how changes in one variable can be associated with changes in a second variable.  

 

Table 2. Correlations between leptin and lipid levels in the total group and separated into sex. 

(M = Men, F = Female, and T = Total group) 

 

 

Leptin 

 Triglycerides Cholesterol LDL HDL 

M F T M F T M F T M F T 

p 0.005 0.002 0.03 0.54 0.14 0.41 0.43 0.07 0.82 0.04 0.05 0.73 

r 0.54 0.4 0.24 0.13 0.19 0.09 0.17 0.23 0.03 -0.41 -0.25 0.04 

r2 0.3 0.14 0.06 0.02 0.04 0.008 0.03 0.05 >0.001 0.17 0.06 0.001 

 

Figures two to five, presents diagrams of Spearman’s correlation test for each gender 

separately. Instead of just analyzing the r- and the r2- value, the proliferation of all the 

participants was shown. By looking at these findings, some interesting aspects appeared. In 

the diagram in figure two for leptin and triglycerides in women, two individuals have a strong 

effect on the inclination of the linear correlation. Another observation was, that in most of the 

diagrams there are some more and some less visible clusters of “dots”, that are collected in an 

upper and a lower area.  
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Figure 2. These two diagrams present the correlation between leptin and triglycerides for both 

genders. For men r = 0.54, r2 = 0.3 and for women r = 0.4, r2 = 0.14. 

             

Figure 3. These two diagrams present the correlation between leptin and cholesterol for both 

genders. For men r = 0.13, r2 = 0.02 and for women r = 0.19, r2 = 0.04. 

           

Figure 4. These two diagrams present the correlation between leptin and LDL for both 

genders. For men r = 0.17, r2 = 0.03 and for women r = 0.23, r2 = 0.05. 
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Figure 5. These two diagrams present the correlation between leptin and HDL for both 

genders. For men r = - 0.41, r2 = 0.17 and for women r = - 0.25, r2 = 0.06. 

Discussion 

Interpretation with previous studies 
The two articles mentioned in the background by Kennedy et al. (1997) and Hellström et al. 

(2001) comparing leptin levels between men and women, presented that for any given 

measure of obesity the concentration of leptin is 2-3 times higher in women than in men. The 

data from this study confirms the previous findings with an elevated leptin concentration in 

women compared to men, the level for women in this were 3.7 times higher than in men. 

Interestingly the median BMI for men were higher than the median BMI for women. All 

though, BMI does not provide a reliable value for body fat level. Another measurement for 

body composition such as dual-energy X-ray absorptiometry (DXA) or waist-hip ratio, would 

have been a more reliable method. A disadvantage of using BMI, is that the equation can 

overestimate or underestimate body fat levels. The formula uses height and weight, but it does 

not distinguish if the weight comes from fat or lean mass. Using for example DXA, would 

have been a more reliable method when comparing leptin level and body fat level. 

The study by Russo et al. (2015) presented that middle-aged women had lower levels of LDL-

C than men. But, during menopause LDL-C levels start to rise in women and in older groups 

women continuously shows higher levels compared to men. Comparing those previous 

findings to this study, a statistical significance was also seen. The population examined in this 

study where aged from 30 to 63 years, with a median age of 54 years for both men and 

women. Levels of LDL-C for men was significantly higher than in women. According to 

Russo et al. (2015) the lipid profile for women are affected by ageing and estrogen status. 
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During menopause, which women experience in an average age of 51 years, LDL-C levels 

rises. This study does not confirm this theory, since the median age of the group of women 

are 54 years and the LDL-C levels are lower than in the group of men with same median age. 

If this could have any relationship with OA needs further investigation.   

Jaleel et al. (2006) showed in a study on 80 women, whereof 40 obese and 40 normal, a 

correlation between increased levels of leptin and triglycerides in the obese group compared 

to the normal group. In this study, made on symptomatic knee OA patients, the data confirms 

previous research. For both genders, leptin and triglycerides showed a positive correlation. 

Observing figure two above, and the diagram for women, there are two individuals having a 

strong effect on the inclination of the linear correlation. If these two individuals would not 

have participated in the study, the result would have been different, and a correlation would 

most likely not be seen for leptin and triglycerides in women. Further investigations needs be 

done to be able to draw statistically assured conclusions from this. Considering the r2-value, 

the correlation between leptin and triglycerides presented the highest numbers for both men 

and women in this study (for men r2 = 0.3 and for women r2 = 0.14). These are generally low 

r2-values, which demonstrate that for men 30 percent of the variation in leptin is explained by 

the variation in triglycerides. Previous studies have shown correlations between these two 

variables, for example Banks et al. (2004), presented that depressed triglycerides levels inhibit 

leptin transport at the blood-brain barrier. From this study with such small r2-values it is not 

possible to draw conclusions, more evidence will be needed to confirm this theory.    

In 2002, Tamer et al. examined patients suffering from atherosclerosis. They found positive 

correlations between leptin and T-C and leptin and LDL-C. Whereas a negative correlation 

was found for leptin and HDL-C. Recently in 2015, Slama et al. studied obese women and 

found matching correlations. Additionally, this study on a different population confirmed the 

previous findings, showing a negative correlation for leptin and HDL-C. Thus, as one of these 

variables increases the other one decreases. For leptin and LDL-C only a weak positive 

correlation was seen in the group of women and none in the group of men.   

To validate result from this study further examinations on OA patients needs be done. The 

collected data shows that levels of leptin and lipids are different between genders, even in 

symptomatic knee OA patients. The only variable that was different in this study compared 

with previous research was LDL-C, which concentration was higher in men. The correlations 

between leptin and lipids agreed with previous investigations on obese populations and 

atherosclerosis patients. Besides for leptin and LDL-C, were only a weak correlation could be 
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seen for women. To make further analyses of why this correlation may be different in patients 

with symptomatic knee OA, more research will be needed.     

Method discussion 
The method used to obtain levels for T-C, LDL-C, HDL-C and triglycerides will not be 

discussed in this thesis. These measurements were done at Hallands Sjukhus according to 

well-standardized methods by experienced analysts. Also, the radiographic examinations 

determining OA, made by a doctor at Bäckagård’s health center will not be discussed. The 

ELISA method, which was used to analyze leptin is generally reproducible, though it is 

largely dependent on operator skills, experience and antibody quality (Leng et al. 2008). The 

analysts implementing this assay did not have a lot experience but were under surveillance of 

a supervisor throughout the entire laboratory session. Since this assay are dependent on the 

operator, there is a risk that another operator would have got different results. Although, the 

result in this study agrees with previous studies on leptin levels. The fact that all samples were 

tested in duplicates is a mainstay for obtaining quality and reliable data, and which also 

allows intra-assay variation. Samples showing variation in between duplicates was analyzed 

twice. The assay procedure started with method controls within acceptable limits 

recommended by the manufacturer, which also indicates that the assay has been implemented 

correct. 

Conclusion 
The result in this study presents that there are gender differences in levels of leptin and 

several lipids in symptomatic knee OA patients. It also shows that leptin correlates with 

following lipids; HDL-C, triglycerides and weakly with LDL-C. These findings are not 

revolutionary, similar result have been presented earlier but not on patients suffering from 

symptomatic knee OA. Receiving more knowledge about systemic mechanisms underlaying 

OA and understanding differences between genders may lead to earlier disease detection. 

Further investigations on symptomatic knee OA will hopefully lead to improved preventive 

treatment to slow or reverse further progression. In turn, the burden for the society may be 

reduced, both physical, psychological and socioeconomic. 

  



14 

 

References 
Al-Arfaj, A. S. (2003) Radiographic osteoarthritis and serum cholesterol, Saudi Medical 

Journal, 24(7), pp. 745-747 

Amoako, A. O. A. and Pujalte, G. G. A. (2014) Osteoarthritis in Young, Active, and Athletic 

Individuals, Clinical Medicine Insights: Arthritis and Musculoskeletal Disorders, 7, pp. 27-

32. Doi: 10.4137/CMAMD.S14386 

Ananth, L., Prete, P. E. and Kashyap, M. L. (1993) Apolipoproteins A-I and B and cholesterol 

in synovial fluid of patients with rheumatoid arthritis, Metabolism, 42(7), pp. 803-806 

Aspden, R.M. (2011) Obesity punches above its weight in osteoarthritis, Nature Reviews 

Rheumatology ,7, pp. 65–8. Doi: 10.1038/nrrheum.2010.123 

Arden, N. and Nevitt, M. C. (2006) Osteoarthritis: Epidemiology, Clinical Rheumatology, 

20(1), pp. 3-25 

Banks, W. A., Coon, A. B., Robinson, S. M., Moinuddin, A., Shultz, J. M., Nakaoke, R. and 

Morley, J. E. (2004) Triglycerides Induce Leptin Resistance at the Blood-Brain Barrier, 

American Diabetes Association, 53(5), pp. 1253-1260. Doi: 10.2337/diabetes.53.5.1253 

Bitton, R. (2009) The economic burden of osteoarthritis, The American Journal of Managed 

Care, 15(8), pp. 230-235 

Evans, J. D. (1996). Straightforward statistics for the behavioral sciences. Pacific Grove, CA: 

Brooks/Cole Publishing 

Farnaghi, S., Crawford, R., Xiao, Y. and Prasadam, I. (2017) Cholesterol metabolism in 

pathogenesis of osteoarthritis disease, International Journal of Rheumatic Diseases, 20(2), 

pp. 131-140, Doi: 10.1111/1756-185X.13061 

Hellström, L.,Wahrenberg, H., Hruska, K., Reynisdottir, S. and Arner, P. (2001) Mechanisms 

behind differences in circulating leptin levels, Journal of Internal Medicine, 247(4), pp. 457-

462. Doi: 10.1046/j.1365-2796.2000.00678.x 

Hui, W. Litherland, G. J., Elias, M. S., Kitson, G. I., Cawston, T. E. (2012) Leptin produced 

by joint white adipose tissue induces cartilage degradation via upregulation and activation of 

matrix metalloproteinases, Annals of the Rheumatic Diseases, 71(3), pp. 455-462  



15 

 

Issa, R. and Griffin, T. M. (2012) Pathobiology of obesity and osteoarthritis: integrating 

biomechanics and inflammation, Pathobiology of Aging & Age-related Diseases, 2(1), pp. 1-

7, Doi: 10.3402/pba.v2i0.17470  

Jaleel1, F., Jaleel1, A., Rahman, M. A. and Alam, E. (2006) Comparison of Adiponectin, 

Leptin and Blood Lipid Levels in Normal and Obese postmenopausal women, Journal of 

Pakistan Medical Association, pp. 391-394 

Kennedy, A., Gettys, T. W., Watson, P., Wallace, P., Ganaway, E., Pan, Q. and Garvey, W. T. 

(1997) The metabolic significance of leptin in humans: gender-based differences in 

relationship to adiposity, insulin sensitivity, and energy expenditure, The Journal of Clinical 

Endocrinology & Metabolism, 82(4), pp.1293-1300, Doi: 10.1210/jcem.82.4.3859 

Leng, S. X., McElhaney, J. E., Walston, J. D., Xie, D., Fedarko, N. S. and Kuchel, G. A. 

(2008) ELISA and Multiplex Technologies for Cytokine Measurement in Inflammation and 

Aging Research, The Journal of Gerontology, Series A: Biological Sciences and Medical 

Sciences, 63(8), pp. 879–884 

Litwic, A, Edwards, M., Dennison, E. and Cooper, C. (2013) Epidemiology and Burden of 

Osteoarthritis, British Medical Bulletin, 105, pp. 185-199. Doi: 10.1093/bmb/lds038 

Man, G. S. and Mologhianu, G. (2014) Osteoarthritis pathogenesis – a complex process that 

involves the entire joint, Journal of Medicine and Life, 7(1), pp. 37-41 

Martin, K., Lethbridge-Cejku, M., Muller, D. C., Elahi, D., Andres, R., Tobin, J. D. and 

Hochberg, M. C. (1997) Metabolic correlates of obesity and radiographic features of knee 

osteoarthritis: data from the Baltimore Longitudinal Study of Aging, The Journal of 

Rheumatology, 24(4), pp. 702-707 

Massengale, M., Lu, B., Pan, J. J., Katz, J. N. and Solomon, D. H. (2012) Adipokine 

Hormones and Hand Osteoarthritis: Radiographic Severity and Pain, PloS One, 7(10), pp. 1-5, 

Doi: 10.1371/journal.pone.0047860 

Mutabaruka, M.S., Aoulad Aissa, M., Delalandre, A., Lavigne, M. and Lajeunesse, D. (2010) 

Local leptin production in osteoarthritis subchondral osteoblasts may be responsible for their 

abnormal phenotypic expression, Arthritis Research & Therapy, pp. 1-13, Doi: 

10.1186/ar2925 

Oliviero, F., Nigro, A. L., Bernardi, D., Giunco, S., Baldo, G., Scanu, A., Sfriso, P., 

Ramonda, R., Plebani, M. and cPunzi, L. (2012) A comparative study of serum and synovial 



16 

 

fluid lipoprotein levels in patients with various arthritites, Clinica Chimica Acta, 413(1-2), pp. 

303-307, Doi: 10.1016/j.cca.2011.10.019 

Russo, G. T., Giandalia, A-L., Romeo, E. L. and Cucinotta, D. (2015) Gender differences in 

lipoprotein metabolism, Italian Journal of Gender-Specific Medicine, 1(2), pp. 58-65 

Slama, B. F., Jridi, N., Rayana, M. C. B., Trimeche, A., Hsairi, M. and Belhadj, O. (2015) 

Plasma levels of leptin and ghrelin and their correlation with BMI, and circulating lipids and 

glucose in obese Tunisian women, Asian Biomedicine, 9(2), pp. 161-168, Doi: 10.5372/1905-

7415.0902.382 

Stürmer, T., Sun, Y., Sauerland, S., Zeissig, I., Günther, K. P., Puhl, W. and Brenner, H. 

(1998) Serum cholesterol and osteoarthritis. The baseline examination of the Ulm 

Osteoarthritis Study, The Journal of Rheumatology, 25(9), pp. 1827-1832. 

Tamer, L., Ercan, B., Unlu, A., Sucu, N., Pekdemir, H., Eskandari, G. and Atik, U. (2002) 

The Relationship Between Leptin and Lipids in Atherosclerosis, Indian Heart Journal, 54(6), 

pp. 692-696 

Teichtahl, A. J., Wluka, A. E., Proietto. J. and Cicuttini, F. M. (2005) Obesity and the female 

sex, risk factors for knee osteoarthritis that may be attributable to systemic or local leptin 

biosynthesis and its cellular effects, Medical Hypotheses, 65, pp. 312-215 

Vuolteenaho, K., Koskinen, A., Kukkonen, M., Nieminen, R., Päivärinta, U., Moilanen, T. 

and Moilanen,E. (2009) Leptin Enhances Synthesis of Proinflammatory Mediators in Human 

Osteoarthritic Cartilage - Mediator Role of NO in Leptin-Induced , IL-6, and IL-8 Production, 

Mediators of Inflammation, pp. 1-10, Doi: 10.1155/2009/345838 

Walker, H. K., Hall, W. D. and Hurst, J. W. (1990) Clinical Methods: The History, Physical, 

and Laboratory Examinations. 3rd edition. Boston: Butterworths. 

World Health Organisation (2003) The burden of musculoskeletal conditions at the start of 

the new millennium. Report of a WHO Scientific Group. WHO Technical Report Series. 919 

[http://apps.who.int/iris/bitstream/handle/10665/42721/WHO_TRS_919.pdf;jsessionid=46D9

D38CBB0DC5A23C19CE84C956BC5B?sequence=1] Geneva: WHO (accessed 24th April 

2018)  

Zhang, P., Zhong, Z. H., Yu, H. T. and Liu, B. (2015) Significance of Increased Leptin 

Expression in Osteoarthritis Patients, PloS One, 10(4), pp. 1-12, Doi: 

10.1371/journal.pone.0123224 



17 

 

Zhang, Y., Proenca, R., Maffei, M., Barone, M., Leopold, L. and Friedman, J. M. (1994) 

Positional cloning of the mouse obese gene and its human homologue, Nature, 1(372), pp. 

425-432, Doi: 10.1038/372425a0 

Zhang, W., Ouyang, H., Dass, C. R. and Xu, J. (2016) Current research on pharmacologic and 

regenerative therapies for osteoarthritis, Bone Research, 4. Doi: 10.1038/boneres.2015.40  

  



18 

 

APPENDIX 1 
 

 

 



19 

 

 



20 

 

  



21 

 

  



22 

 

  



23 

 

  



24 

 

  



25 

 

  



26 

 

APPENDIX 2 
 

Prediktion av sjukdomsförloppet och dess relation till 

samsjuklighet vid symptomatisk knäartros - En studie av 

artrosfenotyper och deras biomarkörer  

 
Bakgrund och syfte 

Studier har visat att vissa personer med smärta i knäna utvecklar knäartros. Tidigare ansågs 

artros främst bero på slitage av ledbrosket. Studier har dock på senare år visat att artros kan 

bero på andra saker, man har t ex sett samband mellan artros, fetma, diabetes, hjärt-

kärlsjukdomar, ämnesomsättningsrubbningar och utbredd smärta. Det gemensamma för dessa 

tillstånd är att man har en låg grad av inflammation. Man vet dock inte om inflammationen 

startar sjukdomarna eller om det är en konsekvens av dem. För att kunna studera dessa 

samband mer noggrant behöver vi följa personer med knäsmärta under en längre tid och med 

täta uppföljningar. 

 

Förfrågan om deltagande 

Vi vänder oss till dig som har besvär med smärta i knäna. 

 

Hur går studien till?               

Studien kommer att innebära att du kallas till en undersökning av dina knän en gång om året 

under 5 år. Röntgen och blodprover kommer också att göras en gång om året. Vid 

undersökningstillfällena kommer följande att utföras: 

 

- Dina knän undersöks och du får göra ett test där man mäter styrkan i ben och händer. 

Man kommer även att göra en smärtundersökning där man trycker på förutbestämda 

punkter på kroppen för att få en bild av om du har smärta någon annanstans på 

kroppen. Blodtryck, vikt, längd, bukomfång och kroppssammansättning dvs andel 

muskler/fettväv kommer också att mätas. 

- Du kommer att få svara på ett frågeformulär med frågor bl.a. om smärta och 

smärtupplevelse, samt livsstilsfaktorer (kost, rökning, alkoholvanor, fysisk aktivitet). 

Där finns även frågor kring dina knäbesvär, eventuella handbesvär samt allmän hälsa.  

- Du får lämna blodprover för analys av ditt blodsocker, blodfetter samt för att se om du 

har en inflammation i kroppen. 

- Du lämnar även blodprover som kommer att sparas i en biobank, för senare analys av 

specifika inflammations- samt broskmarkörer. Prov som sparas utgör en så kallad 

biobank. Biobankslagen säger att du som patient eller provgivare ska informeras och 

ge ditt samtycke till att prov sparas och för vilka ändamål de får användas. Dina 

blodprover kommer att sparas till dess de är analyserade och studien är slutförd. 

Proverna är avidentifierade i biobanken och kan endast identifieras av den person som 
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är ansvarig för studien. Har du frågor kring biobanken så kan du kontakta någon av de 

som är ansvariga, se sist i dokumentet. 

 

 

Vilka är riskerna? 

Det finns inga risker med att delta. Blodproverna och undersökningen av knäna kommer att 

utföras av utbildad personal. Röntgenundersökningen av dina knän bedöms ej medföra några 

risker.  

 

Finns det några fördelar? 

Du kommer att få ta del av dina resultat från samtliga tester. 

 

Hantering av data och sekretess 

Dina svar och dina resultat kommer att behandlas så att inte obehöriga kan ta del av dem. 

Sammanställningen av enkätsvaren sker i avidentifierad form, vilket betyder att ditt namn och 

personnummer ersätts av en kod. Alla resultat kommer att redovisas i grupp, dvs inga 

enskilda patientresultat kan identifieras. FoU Spenshult är forskningshuvudman och ytterst 

ansvarig för behandlingen av personuppgifter, vilket skyddar din identitet i enlighet med 

sekretesslagen och sekretessförordningen. Undersökningen är granskad och godkänd av 

etikprövningsnämden i Lund. Biobanken finns på FoU Spenshult, all provhantering görs av 

biobanksansvarig. Alla prover förvaras kodade, kodnyckeln förvaras inlåst, skilt från 

blodproverna. Proverna kan inte utan tillgång till en kodnyckel direkt hänföras till en individ. 

Proverna kommer endast att användas på det sätt som beskrivits och du har samtyckt till. Om 

proverna i framtiden skulle kunna användas i ännu ej planerad forskning kommer en ny etisk 

prövning att göras samt efter beslut i etikprövnings-nämnden kan du komma att kontaktas 

igen.  

 

Hur får jag information om studiens resultat? 

Kunskapen från studieresultatet kommer att resultera i vetenskapliga artiklar, som kommer att 

skickas in till internationella reumatologiska tidskrifter samt till vetenskapliga kongresser. 

Alla resultat kommer att redovisas i grupp. Resultaten kommer även att delges personal på 

vårdcentraler vid personalföreläsning samt föreläsningar för patientföreningar och kommer 

därmed att komma patienter till gagn. 

 

Försäkring, ersättning 

Försäkring för försökspersoner gäller, ingen ersättning för förlorad arbetsinkomst eller andra 

utgifter kopplade till projektet kommer att kunna utbetalas. 

 

Frivillighet 

Deltagande i forskningsprojekt är frivilligt och du kan när som helst, utan särskild förklaring, 

avbryta ditt deltagande. Du har rätt att begära att insamlad data och proverna förstörs eller märks 

så att de inte längre är möjliga att spåra dem till dig. Om du väljer att inte delta i studien eller 

avbryter studien kommer detta inte att påverka din behandling/omhändertagande.  
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FoU Spenshult, som är huvudman för studien lyder under personuppgiftslagen enligt vilken du 

har rätt att återkalla lämnat samtycke till att dina personuppgifter används i en studie. Lagen 

föreskriver också att du varje kalenderår kan få kostnadsfri information om vilka av dina 

personuppgifter som behandlas. Du kan även begära rättelse av personuppgifter. För begäran om 

rättelse eller information om personuppgifter kontakta: Maria Andersson (se nedan) 
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