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"I would have everie man write what he knows and no more." Montaigne 

II PERSONAL CONTRIBUTION 

Rheumatoid arthritis is a chronic systemic inflammatory and autoimmune disease 

characterized by synovitis and progressive damage to the joint cartilage and subchondral 

bone with a final outcome (if not controlled the disease) of reduced quality of life, due to the 

deformity, the dysfunction and the disability gained. 

Changes are imputed to disease activity through the effects of cytokines such as TNFα, IL6, 

IL1. Cytokines - low-molecular-weight proteins (glycoproteins) or polypeptides are active 

players in regulating the host response to inflammation and immune responses. The above-

mentioned cytokines are pro-inflammatory cytokines and part of their activity is suppressed by 

the anti- inflammatory cytokines. (89) 

It was thought that those cytokines are secreted by the blood cells, but the latest discoveries 

concerning the role of the white adipose tissue in the immunity economy of the organism; 

underlined another source of pro-inflammatory and anti-inflammatory cytokines. The adipose 

tissue is no more a fat depot, but it is recognized as an important endocrine organ, witch 

secrets adipokines like leptin, adiponectin and resistin - active drivers of the inflammatory and 

immune process. 

The adiponectin and resistin are recognized to exhibit anti-inflammatory features, but the role 

of leptin is submitted to questions. The role of the first described adipokine, the leptin - a long-

chain helical cytokine is established in the modulation of inflammatory process and immune 

response; the duality of this molecule in the inflammation and its relation with the others 

adipokines is still to debate. As stated in the theoretical background, the leptin activates the 

monocytes/macrophages cells (leading to the secretion and over-expression of TNFα, IL6; 

modulates the T cell differentiation — such modulating the interferon γ and IL 2) but in the 

mean time expresses anti-inflammatory molecules by releasing the IL1 receptor antagonist. 

The medical studies on the market showed the implication of the leptin in the pathogenesis of 

autoimmune, inflammatory diseases such as rheumatoid arthritis, type 1 diabetes, intestinal 

inflammation and experimental autoimmune encephalomyelitis. (89, 90) 

In rheumatoid arthritis the control of the disease activity is the first target of the 

multidisciplinary team entrusted with the management of the condition. Targeting the possible 

new molecules involved in the activity of the disease and by such in the outcome of the 

disease and corroborating the above informations with the few medical data published on the 

domain of RA and adipokines, the need of a study to emphasize the role of the adipose tissue 

hormones (leptin, adiponectin and resistin) as biological markers and their 



 

                   Targeting Adipose Tissue in Rheumatoid Arthritis — TARA study

correlation with the old biological markers and new non-biological markers of the activity in 

RA was imposed. 

The key points to start a research on the adipokines and the non-biological evaluation of  

the activity of the RA are:  

 Rheumatoid arthritis, the spreadest inflammatory and autoimmune 

rheumatoid condition with unknown pathogenesis patterns is a driver of a 

decrease quality of life and other co-morbidities with impact on RA's patients 

 Leptin. adiponectin and resistin may play a part in the regulation of the 

inflammatory and autoimmune diseases 

 Leptin is a multifaceted player in the autoimmune and inflammatory process 

(enhance the inflammation by up regulating the expression of Thl cytokines or 

limit the inflammatory process) 

 It is not yet established a clear correlation. if that exists between the three 

adipokines target. There are dependent and independent factors that can 

modulate the levels of the adipose tissue's hormones and can interpolate with 

the pathological drive pathways of the rheumatoid arthritis 

 New RA's activity bio-markers can impose new managements I approaches of 

the disease 

So. targeting the adipose tissue by all means in order to reveal new insights in the 

pathogenesis. the outcome of the disease. the assess of rheumatoid arthritis and the 

treatment implication became the topic of main field of interest and the TARA (Targeting 

the Adipose Tissue in Rheumatoid Arthritis) study was designed and applied. 

                          

                         II.1 TARGETING THE ADIPOSE TISSUE - TARA STUDY   

                       

                      II.1.1 AIMS 

                         

                        Main objective: 

 To evaluate the impact of the adipose tissue in the assessment of the RA activity 

Secondary (additional) objectives: 

 To evaluate the impact of the adipose tissue in the outcome of the RA 

 To evaluate the impact of the adipose tissue in the management of the RA 
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 To underline the immunological role of the adipose tissue in RA 
(dependent or independent factor?) 

 To develop strategies concerning the treatment of RA patients, 
aiming the quality of life 

 To evaluate the validity of the ultrasound measurements (Grey scale 
ultrasound and Colour Doppler ultrasound - semi-quantitative and 
quantitative assays) in the assessment of the RA activity 
 

Assumptions: 
 

     The disease activity in rheumatoid arthritis does not come only from the 
    synovial tissue. 

 In rheumatoid arthritis the adipose tissue size and its specific activity 
(the leptin and the adiponectin levels) is significant higher compared 
with the control group. 

 In rheumatoid arthritis the adipose tissue size and its specific activity 
(the resistin) is low or normal compared with the control group 

 The increase or higher clinical activity in rheumatoid arthritis is due to 
the intra-joint adipose tissue, despite age, duration of the disease and 
therapy. 

II.1.2  MATERIAL AND METHOD  

 

II.1.2.1 DESIGN OF THE STUDY 
 

        Type of the study: prospective, case-control  

        Inclusion criteria — the case group: 

 

 Subjects diagnosed with RA according with the new 2010 EU 
LAR/ACR criteria for RA 

 Subjects diagnosed with RA according to the old ACR/ARA criteria 
submitted to the new criteria 

 Subjects with RA following for at least 6 month a DMARD or biologic 
treatment not submitted to changes 

 Clinically medium-high activity (DAS28>3.2) RA patients with non-
response or low synovial activity measured by Power Doppler 
ultrasound (OMERACT criteria) 

    Subjects without cardiovascular and metabolic diseases recorded 

 Subjects who consent to the study 

 Subjects aged 18-75 years old 

         Exclusion criteria — the case group: 

 Subjects who did not fulfil the new EULAR/ACR criteria for RA 

 Subjects who failed to follow for at least six month a constant treatment 
(the same treatment) 
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                Targeting Adipose Tissue in Rheumatoid Arthritis — TARA study 

 Clinically low activity (DAS28<3.2) RA patients with non-response or low 

synovial activity measured by Power Doppler ultrasound (OMERACT 

criteria) 

 Clinically in remission (DAS28<2.6) RA patients with non-response or low 

synovial activity measured by Power Doppler ultrasound (OMERACT 

criteria) 

 Subjects with clinically medium-high activity (DAS28>3.2) RA patients 

with medium-high synovial activity measured by Power Doppler 

ultrasound (OMERACT criteria) 

 Subjects whom withdraw from the study (did not fulfil the hole steps of the study) 

 Subjects with cardiovascular and metabolic diseases recorded 

 Subjects who did not consent to the study 

 Subjects under aged between 18-75 years old 

Inclusion criteria - control group:  

 Subjects with no associated inflammatory conditions 

 Subjects who consent to the study 

 Subjects aged 18-75 years old 

Exclusion criteria - control group: 

 Subjects with associated inflammatory conditions 

 Subjects whom withdraw from the study (did not fulfil the hole steps of the 

study) 

 Subjects who did not consent to the study 

 Subjects under aged between 18-75 years old 

II.1.2.2 PARAMETERS ASSESSED 

II.1.2.2.1 BIOLOGICAL MARKERS/PARAMETERS  

THE CONVENTIONAL INFLAMMATORY MARKERS 

Serum levels of the C-reactive protein (CRP) were assessed by standard nephelometry, 

with an established normal range of 0 to 5 mg/dL. The erythrocyte sedimentation rate 

(ESR) was measured by the Westergren method with a normal range of 0 to 20 mm/h. 

          THE NON — CONVENTIONAL MARKERS — THE ADIPOCITES  

 L E P T I N 

The leptin was determined by the DRG Leptin ELISA method. It is an 

enzyme immunoassay for measurement of leptin in serum and plasma. 

 

Principle of the test 

The DRG Leptin ELISA Kit is a solid phase enzyme-linked immunosorbent 
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assay (ELISA) based on the sandwich principle. The microtiter wells are coated 
with a monoclonal antibody directed towards a unique antigenic site on a Leptin 
molecule. An aliquot of sample containing endogenous Leptin is incubated in the 
coated well with a specific biotinylated monoclonal anti Leptin antibody. A sandwich 
complex is formed. After incubation the unbound material is washed off and a 
Steptavidin Peroxidase Enzyme Complex is added for detection of the bound 
leptin. Having added the substrate solution, the intensity of colour developed is 
proportional to the concentration of leptin in the sample. (91) 

Calculation of results 

The average absorbance values for each set of standards, controls and samples 
were calculated. A standard curve was obtained by plotting the mean absorbance 
obtained from each standard against its concentration with absorbance value on the 
vertical (Y) axis and concentration on the horizontal (X) axis. The corresponding 
concentration from the standard curve was determined by using the mean 
absorbance value for each sample. The results were automatically calculated by 
using the parameter logistic. 

The samples concentrations are to be read directly from the standard curve. Samples 
with concentrations higher than that of the highest standard have to be further diluted. 
For the calculation of the concentrations this dilution factor has to be taken into 
account. 

Specimen collection 

The biological material - the blood was collected using standard venipuncture technique, 
allowed to clot and after the serum was separated by centrifugation at room 
temperature. Samples containing anticoagulant required increased clotting time. The 
collecting of the samples was performed after 10 to 14 hours of fasting. The serum was 
stored at -20°C until the analysis for leptin determinations was performed. 

Reference interval: 3.84 to 7.36 ng/ml. 

ADIPONECTIN 

The Quantikine Human Total Adiponectin Immunoassay is a 4.5 hour solid-phase 
ELISA designed to measure total (low, middle, and high molecular weight) human 
adiponectin in cell culture supernates, serum, and plasma. It contains NSO-expressed 
recombinant human adiponectin and has been shown to accurately quantitate the 
recombinant factor. Results obtained using natural human adiponectin showed linear 
curves that were parallel to the standard curves obtained using the Quantikine kit 
standards. These results indicate that the Quantikine Human Total Adiponectin kit can 
be used to determine relative mass values for naturally occurring adiponectin. (91) 

Principle of the test 

This assay employs the quantitative sandwich enzyme immunoassay technique. A 
monoclonal antibody specific for the adiponectin globular domain has been pre-coated 
onto a microplate. Standards and samples are pipetted into the wells and any 
adiponectin present is bound by the immobilized antibody. After washing away any 
unbound substances, an enzyme-linked 
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monoclonal antibody specific for the adiponectin globular domain is added to the wells. 

Following a wash to remove any unbound antibody-enzyme reagent, a substrate solution is 

added to the wells and color develops in proportion to the amount of adiponectin bound in 

the initial step. The color development stopped and the intensity of the color is measured. 

(91) 

 

Calculation of results 

 

The duplicate readings for each standard, control and sample were averaged and after- wards 

the average zero standard optical density was substracted. The optical density for the standards 

versus the concentration of the standards was plot and the best curve was draw. The data were 

linearized by log/log paper and a regression analysis was applied to the log transformation. To 

determine the adiponectin concentration of each sample, the absorbance value on the y-axis was 

find and a hori- zontal line was extend to the standard curve. At the point of intersection, the 

extended vertical line to the x-axis was draw and the corresponding adiponectin concentrations 

were read. If the samples had been diluted, the concentration read from the standard curve was 

multiplied by the dilution factor.  

 

 

Specimen collection 

 

The blood samples were collected using standard venipuncture technique than allowed to clot for 

30 minutes before being centrifuged for 15 minutes at 1000 x g. The serum samples were stored 

at <-20' C. 

 

Reference interval: 865 to 21424 nglml. 

 

RESISTIN 

The Quantikine Human Resistin Immunoassay is a 4.5 hoursolid-phase ELISA designed to 

measure human resistin in cell culture supernates, serum, and plasma. It contains NSO-

expressed recombinant human resistin and has been shown to accurately quantitate the 

recombinant factor. Results obtained using natural human resistin showed linear curves that 

were parallel to the standard curves obtained using the Quantikine kit standards. These results 

indicate that the Quantikine Human Resistin kit can be used to determine relative mass values 

for naturally occurring resistin. (91) 

Principle of the test 

The Quantikine Human Resistin RD-DRSNO0 Immunoassay employs the quantitative sandwich 

enzyme immunoassay technique. A monoclonal antibody specific for resistin has been pre-

coated onto a microplate. Standards and samples are pipetted into the wells and any resistin 

present is bound by the immobilized antibody. After washing away any unbound substances, an 

enzyme-linked monoclonal antibody specific for resistin is added to the wells. Following a wash 

to remove any unbound antibody-enzyme reagent, a substrate solution is added to the wells and 

color develops in proportion to the amount of resistin bound in the initial step. The color 

development is stopped and the intensity of the color is measured. (91) 
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Calculation of results  

 

The duplicate readings for each standard, control and sample were averaged and afterwards the 

average zero standard optical density was substracted. The optical density for the standards 

versus the concentration of the standards was plot and the best curve was draw. The data were 

linearized by log/log paper and a regression analysis was applied to the log transformation. To 

determine the adiponectin concentration of each sample, the absorbance value on the y-axis was 

find and a horizontal line was extend to the standard curve. At the point of intersection, the 

extended vertical line the x-axis was draw and the corresponding adiponectin concentration  were 

read. If the samples had been diluted, the concentration read from the standard curve was 

multiplied by the dilution factor. If the samples have been diluted, the concentration read from the 

standard curve was multiplied by the dilution factor.  

 

Specimen collection 

 

The blood samples were collected using standard venipuncture technique than allowed to clot for 

30 minutes before being centrifuged for 15 minutes at 1000 x g. The serum samples were stored 

at <-20' C. 

 

Reference interval: 6.39 to 26.4 ng/ml. 

    THE PREDICTIVE MARKERS 

 

Anti-citrullinated protein antibodies (ACPA) or anti-cyclic citrullinated   protein antibodies 

(anti-CCP) 

 

A semi-quantitative immunoassay was the test used to assess the levels of CCP. 

Specimen collection 

The blood samples were collected using standard venipuncture technique than allowed to clot for 

30 minutes before being centrifuged for 15 minutes at 1000 x g. The serum samples were stored at 

<-20° C. The serum was separated from cells ASAP or within 2 hours of collection. Transfer 0.5 mL 

serum to an ARUP Standard Transport Tube. (min: 0.3 m) 

Reference interval: 19 units or less: negative, 20-39 units: weak positive, 40-59 units: 

moderate positive 60 units or greater: strong positive  

 

II.1.2.2.2 NON — BIOLOGICAL MARKERS/PARAMETERS 

A. ANTHROPOMETRIC MEASUREMENTS 

 

Body mass index (BMI) - was calculated as the weight in kilograms divided by the square of 

height in meters. The BMI was defined as low (<18.5 kg/m2), normal (18.5 to 24.9 kg/m2), 

overweight (25 to 29.9 kg/m2), obese (> 30 kg/m2) 

 

The waist — hip ratio (W/H) — was computed as the waist circumference divided by the hip 

circumference. 

 

Measures of height were obtained by using a wall-mounted stadiometer. Weight was measured 

with subjects wearing light indoor clothing and no shoes. 
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                     Targeting Adipose Tissue in Rheumatoid Arthritis   - TARA 

 

B. MEASUREMENTS ASSESS BY ULTRASOUND 

B.1. ANTHROPOMETRIC MEASUREMENTS 

The joint fat pad - was measured at the elbow and knee (Hoffa's pad) joint 

bilateral. Due to the limits imposed by the method, the area (cm2) was pooled 

for quantifying the amount of adipose tissue. 

 

The subcutaneous adipose tissue (above and under patella) was 

determined by ultrasound. It was imposed an anatomic landmark for the area 

of interest to be measured. The subcutaneous suprapatellar adipose tissue 

was measured in cm at the limit of the suprapatellar fat pad. 

 

B.2. DISEASE ACTIVITY MEASUREMENTS 

The synovium activity (thickening, effusion, Doppler signals) was measured 

by the Grey-scale ultrasound examination (B-mode) and Colour Doppler 

ultrasound at the second and third metacarpal and proximal interphalangeal 

joints on the dorsal and ventral side. Two semi-quantitative scores (see 

theoretical background — ultrasound chapter) and afterwards a quantitative 

method (see TARA 1 study) to assess the Doppler activity were used. 

B.3. EXAMINATION TECHNIQUE 

A Phillips HD7 (High Definition) ultrasound machine was used. The ultrasound 

exam was performed with a linear array transducer with variable frequency 

from 3 to 12 MHz (L12-3/38mm, HD7, Phillips, USA). The longitudinal scan was 

used according with the standards imposed in the musculoskeletal ultrasound 

guidelines for rheumatology. 

The patient was positioned in a proper way in order to make the examination 

comfortable for both the subject and the operator, regardless of the examined 

anatomical region to ensure as little pressure as possible from the transducer 

(e.g. the joints were assess in an extended position with the comfortable resting 

of the scanned extremity). The angle of the ultrasound beam must be 

perpendicular to the examined structure; due to the fact the artefacts are easily 

reproducible in the musculoskeletal ultrasound. The gain was set to a colour per 

unit (CPU) of 80%, which was selected by manual elevation of the Doppler US 

gain level until the colour box was almost uniformly filled with the first indication 

of colour and with the only the minimum of the next highest signal just beginning 

to appear. (77, 92) 

II.1.3   STATISTICAL ANALYSES 

The Graph Pad Prism5, the SPSS statistical software and the statistical platform 

disposed by the Department of Gynaecology and Obstetrics from the University 

of Medicine Hong Kong (93) were used to assess the data. The tests applied in 

our studies were: 
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         1. for the measurement validity 

  the paired t test 

  the Pearson's correlation 

  the intra-class correlation (for the reliability - agreement) 

 the Bland-Altman method (for the biases - agreement) 

 the linear correlation (for the random effect) 

           

          2. for the correlations 

 the Pearson correlation 

 the Spearman correlation 

 the Kruskall Wallis test (ANOVA test non parametric) 

II.2 TARA STUDY 1 - THE MEASUREMENT OF VALIDITY 

The rheumatoid arthritis is a complex disease with multiple faces, one of them being 

its activity. At the moment, there are multiple-choice tools to assess the activity of the 

disease, no one gaining the complete status of "golden standard". In the evaluation of 

the disease activity biological and non-biological methods are used and interposed. 

The methods are more or less subjective, thus the validation of measurements in RA 

is highly relevant. The assessment of the validity is divided into three categories: the 

content validity, the criterion validity and the construct validity. All the categories are 

mutually related. The definitions of the validity's categories are not totally stringent. 

The content validity known as the face validity follows the requirement of the 

measurement to expose all the important aspects of the disease assess. In RA. one of 

the basic and important aspect is the synovial inflammation, thus the blood flow is 

increased. Corroborating those data with the presence of angiogenesis it can be easy 

speculated the usefulness of Colour or Power Doppler ultrasound assessment — the 

ultrasound Doppler reflects the activity of the disease. The Grey-scale (the B mode) 

ultrasound emphasizes on synovial hypertrophy and erosions, so the content validity 

is present when combining the two methods. 

The criterion validity refers to the correlation of a measurement with an estimated test 

or a "golden standard" test for the assessment of a certain condition. An important part 

of the criterion validity is testing the accuracy of the method. The accuracy is defined 

as the assay precision, on what extend it is affected by random errors or systematic 

errors. The criterion validity represents the objective, practical term of validity. 

In rheumatology, the construct validity is confounded with the criterion validity. 

It estimates the capacity of the assay to measure what theoretically is supposed to 

measure. 

 

In order to assess the validity of the ultrasound methods used in the study as non-

biological markers for the activity of the rheumatoid arthritis the paired 
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Tukey Mean-Difference Plot. The a - axis is the mean of the two measurements (best guess of 

the "right" result) and the y — axis is the difference between the two measurement differences. 

The plot is choose according to the values of the difference. It may be possible to plot the 

difference, the ratio or the percent difference. If the difference gets larger as the average gets 

larger, it can make more sense to plot the ratio or the percent difference. The Bland-Altman 

plots are generally interpreted informally, without further analyses. (100) 

The chart highlights the certain types of anomalies in the assays — that one of the methods 

over-estimates high values and under-estimates low values. If the plots are scattered all over 

the place, above and below zero that there is no consistent bias of one approach versus the 

other — it can't exclude completely the hidden bias. Still, the Bland-Altman method remains a 

good first step for exploring the data. (101,102,103) 

The key word in Bland-Altman method and other methods comparison is agreement. In the 

Bland-Altman method is common to compute the limits of agreement specified as bias +/- 1.96 

STD (average difference +/- 1.96 standard deviation of the difference) and the estimation of 

confident intervals for the bias. Those results are often omitted in research papers. 

The 95% limits of agreement are to visual judge the data on how the two methods agree. The 

smaller the range is. the better the agreement is. The size of the average discrepancy between 

methods (the bias) must be interpreted clinically. Whether the discrepancy observed is large 

enough or not is a clinical enquire not a statistical one. 

The next step is to question the existence of a trend (e.g. Does the differences between 

the two methods tend to get smaller or larger as the average increases?). The final step is 

to verify if the variability is consistent across the graph. 

A Bland-Altman method was applied at the start of the study in order to decide the best method 

to assess by ultrasound the activity of the disease in rheumatoid arthritis patients. The methods 

compared were the Grey-scale ultrasound versus the Doppler ultrasound in small joints on the 

dorsal and ventral part. 

 

The results obtained are described below. 

The measurements at the level of the second metacarpophalangeal joint using the Grey scale 

method versus the Doppler scale method on the dorsal side after being submitted to the Bland 

— Altman method showed an overestimated data by using the Grey scale versus Doppler scale, 

even if the bias are not high statistically (Bias: 0.3306, SD of bias: 0.5327, 95% limits of 

agreement: -0.7135 — 1.375). The plot used was the percent difference and ratio (Bias: -131.8, 

SD: 103.8, 95% limits of agreement: -335.3 - 71.65) (Figure 26, 27) 
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Figure 26. Bland-Altman analysis for MCP 2, grey scale versus Doppler, dorsal 

side. 

 

Figure 27. Bland-Altman analysis for MCP 2, grey scale versus Doppler, dorsal 

side 

 

The measurements at the level of the second metacarpal joint using the Grey 

scale method versus the Doppler scale method on the ventral side after being 

submitted to the Bland-Altman method showed an over-esti- mated data by 

using the Grey scale versus Doppler scale, even if the bias are not high 

statistically (Bias: 0.2077, SD of bias: 0.4621, 95% limits of agreement: -0.6981-

1.13). The plot used was the percent difference and ratio (Bias: -148.8, SD: 

101.1, 95% limits of agreement: -346.9-49.37) (Figure 28, 29) 
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Targeting Adipose Tissue in Rheumatoid Arthritis – TARA study  

Figure 28. Bland-Altman analysis for MCP 2, grey scale versus Doppler, ventral side 

 

Figure 29. Bland-Altman analysis for MCP 2, grey scale versus Doppler, ventral side 

 

It was observed not only that data were similar to the dorsal measurements at this level, 

but the fact that the larger the average became the smallest the differences were. 

The measurements at the level of the second interphalangeal joints using the Grey 

scale method versus the Doppler scale method on the dorsal side after being submitted 

to the Bland-Altman method showed an over-estimated data by using the Grey scale 

versus Doppler scale, even if the bias are not high statistically (Bias: 0.3259, SD of 

bias: 05674, 95% limits of agreement: - 
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0.7861-1.438). The plot used was the percent difference and ration (Bias: -112.9, 

SD: 131.6, 95% limits of agreement: -370.9-145.1) (Figure 30, 31) 

Figure 30. Bland-Altman analysis for IFP 2, grey scale versus Doppler, dorsal side 

 

Figure 31. Bland-Altman analysis for MCP 2, grey scale versus Doppler, dorsal 

side 

 

The measurements at the level of the second interphalangeal joint using the Grey 

scale method versus the Doppler scale method on the ventral side after being 

submitted to the Bland-Altman method showed an over-estimated data by using 

the Grey scale versus Doppler scale, even if the bias are not high statistically 

(Bias: 0.3333, SD of bias: 0.6294, 95% limits of agreement: -0.9003-1.567). The 

plot used was the percent difference and ratio (Bias: -122.7, SD: 124.7, 95% limits 

of agreement: -367.1-121.7 (Figure 32, 33) 
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Figure 32. Bland-Altman analysis for IFP 2, grey scale versus Doppler, ventral side 

 

Figure 33. Bland-Altman analysis for IFP 2, grey scale versus Doppler, ventral side 

 

The general trend observed was the smallest the differences were the largest the 

averages were. The second general observation was the trend of the Grey-scale score 

to over-estimate values. All the trends could be apply generally. All the biases obtained 

(nearby zero) supply the idea that there is not a big difference between the two semi-

quantitative methods studied and applied. 
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LINEAR REGRESSION 

 

In 2000, Hopkins debated the flaws (the hidden bias) of the Bland-Altman's graphical 

method and proposed the use of simple linear regression applied between the two 

measurements. He emphasized on the nature on the random error in measurements 

provided by the instruments. The Bland and Altman group recommended the use of a 

log transformation of the data points. (104) Validating a method is important, so after 

performing the Bland-Altman method in order to avoid as much as possible the 

biases, the linear regression was applied to the measurements. The results are 

enlisted below. 

 

The measurements applied at the second MCP on the dorsal side on the right 

showed a positive correlation (table 36, figure 34). 

 

Table 36. Linear regression for MCP 2, dorsal right side, grey scale vs. Doppler 
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Targeting Addipose Tissue in Rheumatoid Arthritis – TARA study 

 

Figure 40. Linear regression for IFP 2, ventral left side, grey scale versus Doppler 

 

 
 

THE DOPPLER ULTRASOUND JOINT ACTIVITY - THE QUANTITATIVE METHOD 

 

A problem with the semi-quantitative assessments of RA patiem’s intra joii activity is that 

there is no consistent definition between the different grades (gray scale versus Doppler 

scale) and the distance between the various grades is heterogeneous. Another problem 

adds to the semi-quantitative method — the score can be bias by small changes (impro- 

vement of worsening of a certain degree) that can't be noticed on the overall score (un- 

changed grade). 

 

It is difficult or quite impossible to compare the data from semi-quantitative asses- 

sments from different studies, as just a moderate correlation in Doppler (for exam- ple) 

assessment among experts was noticed. (105) 

 

So, a quantitative method of assessing the Doppler activity (intra joint activity) was used 

in my study. The quantitative score express the percentage of colour pixels as obtained 

by Colour Fraction (CF). The Colour Fraction represents the ratio between the colour 

pixels and the total number of pixels multiplied by 100. 

 

The Image J software (a pixel counter programme) was used to quantify the Colour 

Fraction, A protocol was established for scoring quantitative Doppler activity, 

(106,107,108) 

 

First step of the protocol was to import the US image studied. It was stated that the 

image choose for evaluation was the one with the highest Doppler activity As no 

Significant statistical differences were found in examining the 
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dorsal versus the ventral sides of joints it was disregard the source of the image used 
(dorsal or ventral side). 
 
After the image was imported and opened. a region of interest (ROI) was delimitated. 
The anatomic landmarks surrounding the synovium defined the ROI. (Figure 41) It was 
preferred the anatomic landmark to delimitate the ROI because the borders of the 
synovial tissue are often difficult to define and that may leads to variation of the size of 
the synovial ROI. At the current moment there are not defined, stated anato- mic 
landmarks by the ultrasound guidelines of the European League Against Rheu- matism 
(EULAR), only the positions are descnbed. 
 
Figure 41. Anatomic landmarks for the region of interest  
 

 
 
The image was then crop so only the ROI to be visualized. (Figure 42) The artefact – 
the mirror image was excluded from the ROI. 
 
Figure 42. Cropped image of ROI 
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The next step wasto duplicate the image and to transform the data from one of them 

in binary (it was chosen the process function —> binary —> make binary). A binary 

image was obtained (Figure 43) and than the function analyse (analyse —> analyse 

particle) was applied. The results obtained represented the total number of pixels. 

Notice (when apply the protocol) to avoid the pit fall images. (Figure 44) 

 

Figure 43. The binary image of ROI 

 

 
 

Figure 44. Pitfall image of ROI 

 

 
 

The duplicate image was process applying the function substract background 

(process —~> substract background) —> rolling ball radius of 0.1 pixels —> light 

background + disable smoothing. The obtained image (Figure 45) highlighted 

the Doppler signals. 
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Figure 45. Doppler signal of ROI 
 

 
 
The next step was to transform the data pictures into binary ones (Figure 
46) and to analyse it. The value of the colour pixels was obtained. 
 
Figure 46. Binary image of Doppler signals 
 

 
 
 
The data were than imported in an Excel sheet and the Colour Fraction 
was calculated according to the formula (see eg.). 
 
Eg CF = 2391 (colour pixels)/12892 (total pixels)*100 = 18.546385 
 
Th protocol and the formula were applied to the joints with the highest 
Doppler signal. 
 

61 
 

 



 

Targeting Adipose Tissue in Rheumatoid Arthritis — TARA study 

TARA STUDY 2 — A compared study of the variations of the mean values of the 

adipose tissue's markers and the ultrasound assays 

on the RA group patients divided in four groups according with the BMI 

Sixty seven patients were included in the study. Sixty five patients completed  

the study according with the protocol imposed. The majority were female with 

only three male patients. A gender related analysis in this case is deemed to be futile. 

In order to give power to the study. sample size analysis was performed. Given the 

arthritis rheumatoid population who presented themselves in our referral Clinic and 

ambulatory settings during the study period, the statistical sets to be performed. for a 

95% confidence level and a 10c/o margin of error, the minimal sample had to be 53 

and 66, respectively. 

The patients were enrolled into three subgroups according with their BMI as followed: 

the obese group of patients, the overweight group and the normal weight group. No 

significant differences were noticed concerning the age and the onset of RA of the 

study's patients (fig. 45, 46, table 45, 46). The only differences were noticed on the 

anthropometric measurements respectively the elbow fat (fig. 48, 49, table 49, 50, 51, 

52). High values were noticed in the obese and overweight patients compared with 

normal weight group patients. 

The results are enlisted below in the tables.  

Figure 47.  Age between the four subgroups 
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Table 72. One way ANOVA for the resistin levels  

 

 
  

Table 73. Descriptive statistics for the resistin levels 

 

 
 

II.4 TARA STUDY 3 — A correlation study of the old and new presumed biomar- 

kers and non-biological (ultrasound) assay of the disease activity in the groups 

of the RA patients 

 

In order to achieve our primer goal/aim we performed an analyses that target the cor- 

relation between the adipokines and the activity of the disease (inflammatory biomar- 

kers, DAS28) as well as the ultrasound variables used to assess the activity of the 

disease (CF) and the amount of intra-joint fat tissue. At this level we took into account 

that part of the patients were on biologics so we performed a statistical analyses to 

show if the anti—TNF treatment could impact the levels of adipokines. 

 

The results are enlisted below. 
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Figure 61. Differences between DMARD and BT on biomarker expression 

 

 
 
II.5 TARA STUDY 4 — The control (health) group study 

Nineteen subjects formed the control group — the health group. None of them  diagnosed 

with metabolic conditions or cardiovascular ones. All of the  subjects were female. The 

mean age of the group control was 49.61 +/- 7.453, slightly lower than the RA group. 

 

The serum levels of leptin (15.6 +/- 12.14), adiponectin (9719+/-5158) and resistin (8.930 

+/- 4.083) were lower than in the RA group. (see table) It was noticed a small deviation of 

the serum leptin's levels up with 4 units above the upper limit. 

 

A correlation was noticed between the leptin versus adiponectin (p=0.016). Even though 

it wasn't show a significant statistical positive correlation between the body mass index 

and the adipocites; it was marked a positive correlation between the increased levels of 

leptin and the intra joint fat pad (elbow level), as well as between the adiponectin and the 

elbow fat pad. 

Table 83. Comparation between anthropometric parameters 
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