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Abstract 

Background: Rheumatoid arthritis (RA) is an autoimmune and inflammatory 

disease, which means that the immune system is attacks ,causing inflammation 

(painful, swelling) in the affected parts of the body. Objectives: This study 

conducted to assess serum lipid profile in rheumatoid arthritis patients. 

 

Material and Methods: This was case control study include 50 rheumatoid 

arthritis patients as cases, and 50 apparently healthy individuals as controls (age 

and gender were matched between two groups). The serum lipid profile 

(TC,TG, LDL-c and HDL-c) was measured using auto-chemistry analyzer 

Mindray BS-200. The data obtained was subjected to analysis using statistical 

packaged for social science computer program (SPSS version 16).  

Results: The results revealed a significant increase in total cholesterol , 

triglycerides and LDL-c in rheumatoid arthritis patients compared to control 

group.(mean ± SD:179.2 ± 33.8 mg/dl versus 166.3 ± 25.9 mg/dl  P 

.value=0.036), (217.1 ± 36.5 mg/dl  versus 132.5 ± 33.9 mg/dl  P. 

value=0.00),(108.8+24.9 mg/dl versus 90.3+29.7 mg/dl P. value=0.001) 

respectively. And significant decreased in HDL-c (33.7 ± 11.1 mg/dl versus 

38.7+9.8 mg/dl ,P .value=0.018). 

The result showed, there were no correlation between cholesterol, 

triglycerides,LDL-c,HDL-c and age of rheumatoid arthritis patients (r=0.101,P-

value=0.486),(r=-0.161,P-value=0.263),(r=-0.213,P-value=0.137),(r=0.070,P-

value=0.627) respectively. Also there were no correlation between triglycerides, 

HDL-c and duration of disease (r=-0.003, P-value=0.983),(r=0.109,P-

value=0.452) respectively. that there were positive correlation between 

cholesterol, LDL-c and duration of disease (r=0.513, P-value=0.000), (r=0.333, 

P-value=0.018) respectively. 

Conclusion: The study concluded that, there was significant increase in 

cholesterol, triglycerides, LDL-c levels and significant decreased in HDL-c 

level in rheumatoid arthritis patients and there were positive correlation between 

cholesterol, LDL-c level and duration of rheumatoid arthritis. 
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 هستخلص الذراسة

اٍراض اىَْاعٔ اىذاذٞح ٗالاىرٖاتاخ،ٍَا ٝعْٜ ٍٖاجَح   : اىرٖاب اىَفاصو اىرٍٗاذ٘ٝذٛ ،ٕ٘ احذ الخلفُة

اىجٖاز اىَْاعٜ ىيخلاٝا اىسيَٞٔ فٜ اىجسٌ عِ عرٝق ، ٍَاٝرسثة فٜ اىرٖاب)ذ٘رً ٍؤىٌ( فٜ الاجساء 

 اىَصاتح ٍِ اىجسٌ.

 ٍرضٚ اىرٖاب اىَفاصو اىرٍٗاذ٘ٝذٛ.اىذُٕ٘ ىذٙ  ٘ٝاخ: اجرٝد ٕذٓ اىذراسٔ ىرقٌٞٞٞ ٍسرالهذف

عْٞٔ ذٌ جَعٖا ٍِ  50عْٞٔ ٍِ ٍرضٚ اىرٖاب اىَفاصو اىرٍٗاذ٘ٝذٛ ، ٗ 50ذٌ جَع  لطرق:الوىاد وا 

ىعَو اىرحاىٞو  200افراد اصحاء مَجَ٘عٔ ضاتغحٗاسرخذً جٖاز اىرحيٞو اىذاذٜ ٍْذراٛ تٜ اش 

اىخاصٔ ىَسر٘ٛ اىذُٕ٘ فٜ اىَصو)اىن٘ىٞسررٗه اىنيٜ،ثلاثٜ اىجيٞسراٝذ،ٗاىثرٗذْٞاخ اىذْٕٞٔ داخ 

 (.16افح اىعاىٞح ٗاىَْخفضٔ( ٗذٌ ذحيٞو اىْرائج ت٘اسغح ترّاٍج اىحسٍح الاحصائٞح ىيعيً٘ الاجرَاعٞح )اىنث

:اظٖرخ اىذراسح اُ ّسثح اىن٘ىٞسررٗه اىنيٜ ٗاىذُٕ٘ اىثلاثٞح ٗاىثرٗذْٞاخ اىذْٕٞح ٍْخفضٔ  الٌتائج

ظ +الاّحراف ٍع اىَجَ٘عح اىضاتغٔ )اىَر٘س اىَرضٚ ٍقارّٔثافٔ ازدادخ ٍعْ٘ٝا عْذ اىن

( 0.036ٍيجٌ/ده،الاحرَاه الاحصائٜ ىيَقارّح=25.9+166.3ٍيجٌ/ده ٍقاتو33.8l+179.2اىَعٞارٛ:

ٍيجٌ/ده،الاحرَاه 33.9+132.5ٍيجٌ/ده ٍقاتو 36.5+217.1،)اىَر٘سظ+الاّحراف اىَعٞارٛ

 90.3ٍيجٌ/ده ٍقاتو 24.9+ 108.8(،)اىَر٘سظ+الاّحراف اىَعٞار0.00ٛالاحصائٜ ىيَقارّح=

( عيٚ اىر٘اىٜ. مَا اُ ّسثح اىثرٗذْٞاخ عاىٞح 0.001ٍيجٌ/ده ،الاحرَاه الاحصائٜ ىيَقارّح=29.7+

ٍيجٌ/ده ٍقاتو 11.06+  33.6)اىَر٘سظ+الاّحراف اىَعٞارٛا اىنثافح ّقصد ٍعْ٘ٝ

 ( .0.018،الاحرَاه الاحصائٜ ىيَقارّح=38.7+9.8

ٗه ٗاىذُٕ٘ اىثلاثٞح ٗاىثرٗذْٞاخ ٍْخفضح اىنثافح اظٖرخ اىْرائج عذً ٗج٘د علاقح ارذثاط تِٞٞ اىن٘ىٞسرر

،اىقَٞح 0.101ٗاىثرٗذْٞاخ عاىٞح اىنثافح ٗاعَار اىَرضٚ)ٍعذه ارذثاط تٞرسُ٘=

-(،)ٍعذه ارذثاط تٞرسُ٘=0.263،اىقَٞح اىَعْ٘ٝح=0.161-(،)ٍعذه ارذثاط تٞرسُ٘=0.486اىَعْ٘ٝح=

( عيٚ 0.627،اىقَٞح اىَعْ٘ٝح=0.070(،)ٍعذه ارذثاط تٞرسُ٘=0.137،اىقَٞح اىَعْ٘ٝح=0.213

اىر٘اىٜ.مَا ىٌ ذنِ ْٕاك ارذثاعاخ تِٞ اىذُٕ٘ اىثلاثٞح ٗاىثرٗذْٞاخ عاىٞح اىنثافح ٍٗذج اىَرض)ٍعذه 

(،ٗماُ ْٕاىل ارذثاط تِٞ اىن٘ىٞسررٗه ٗاىثرٗذْٞاخ 0.983،اىقَٞح اىَعْ٘ٝح=0.003-ارذثاط تٞرسُ٘=

(،)ٍعذه ارذثاط 0.000،اىقَٞح اىَعْ٘ٝح=0.513ٞرسُ٘=ٍْخفضح اىنثافح ٍٗذج اىَرض)ٍعذه ارذثاط ت

 ( عيٚ اىر٘اىٜ.0.018،اىقَٞح اىَعْ٘ٝح=0.333تٞرسُ٘=

: خيصد اىذراسح اىٚ اُ ْٕاك زٝادج مثٞرج فٜ ٍسر٘ٝاخ اىن٘ىٞسررٗه ٗاىذُٕ٘ اىثلاثٞٔ الخاتوه

فح ىذٙ ٍرضٚ اىرٖاب ٗاىثرٗذْٞاخ ٍْخفضح اىنثافح ٗاُ ْٕاك ّقصاُ فٜ ٍسر٘ٙ اىثرٗذْٞاخ عاىٞح اىنثا

اىَفاصو اىرٍٗاذ٘ٝذٛ ٗٗج٘د ارذثاط تِٞ ٍسر٘ٙ اىن٘ىٞسررٗه ٗاىثرٗذْٞاخ ٍْخفضح اىنثافح ٍٗذج 

 اىَرض.
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Introduction 
 

1-1 Introduction  

Rheumatoid arthritis is a very common health problem which is cause activity 

of daily living (ADL), related and instrumental activity of daily living (IADL)–

related functional disability restriction of work and social participation, and 

fulfilling their life roles (Loyola-Sanchez, A,et al.,2015). 

The genetic and environmental factors are contributory T cells  B cells and the 

orchestrated interaction of pro-inflammatory cytokines play key roles in the 

pathophysiology of RA (Ernest Choy, 2012). 

The mortality rate is higher among patients with rheumatoid arthritis than 

among healthy persons, and cardiovascular and other systemic complications 

remain a major challenge. Molecular remission and the capacity to reestablish 

immunologic tolerance remain elusive. Elucidation of the pathogenic 

mechanisms that initiate and perpetuate rheumatoid arthritis offers the promise 

of progress in each of these domains. Rheumatoid arthritis is predominantly 

classified on the basis of the clinical phenotype (Aletaha , et al., 2010). 

A Lipid panel is a blood test that measures lipids-fats and fatty substances used 

as a source of energy by your body. Lipids include cholesterol ,triglycerides, 

high density lipoprotein(HDL),and low density lipoprotein(LDL).This panel 

measures Total cholesterol level, triglycerides level ,HDL cholesterol 

level(good cholesterol) and LDL cholesterol level(bad cholesterol).Other 

measurement that may be done for a lipid panel include very low density 

lipoprotein (VLDL)cholesterol level, the ratio of total cholesterol to HDL and 

the ratio of LDL to HDL.Lipids are found in your blood and are stored in 

tissues.They are an important part of cells and they help keep your body 

working normally.Lipid disorders such as high cholesterol may lead to life 
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threatening illnesses such as coronary artery diseases(CAD), heart attack or 

strok(Stone, NJ , et al ,2013). 

Accordingly this study aimed to measure lipid profile among rheumatoid 

arthritis patients and help in early detection of cardiovascular disease in this 

patients. 
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1-2 Rationale: 

Rheumatoid arthritis is long term auto immune disorder that primarily 

affect joint.  

 Cardiovascular morbidity and mortality are enhanced in rheumatoid arthritis 

which might be due to an increased prevalence of cardiovascular risk factors 

such as dyslipidemia. (Nurmohamed Michael, 2007). This increased 

cardiovascular risk in RA patients could have several causes. Firstly, the 

prevalence of new or established cardiovascular risk factors, such as 

dyslipidemia diabetes mellitus, hypertension, higher body mass index (BMI), 

higher waist to hip-ratio or impaired physical fitness, might be increased 

(Goodson and Solomon, 2006). 

In Sudan only few information’s are available about the subject under study and 

most previous studies are focused on the assessment of lipid profile among 

other groups like patients with diabetes or hypertension therefore this study 

aimed to assess the lipid profile among Sudanese patients with RA result from 

this study may help the physician to place measure in order to reduce morbidity 

and mortality due to RA or it is medications 
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1-3 Objectives: 

General objective 

To assess plasma lipid profile among rheumatoid arthritis patients 

Specific objectives: 

1. To measure and compare mean concentration of cholesterol triglyceride, 

LDL-C, and HDL-C in study group (case and control). 

2. To correlate between serum lipids profile and study variables (ages and   

durations of disease). 
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Chapter Two  

Literature Review 
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Chapter Two  

Literature Review 

 

2-1 Rheumatoid arthritis(RA): 

 RA is a symmetric polyarticular arthritis that primarily affects the small 

arthrodial joints of the hands and feet. In addition to inflammation in the 

synovium, which is the joint lining, the aggressive front of tissue called pannus 

invades and destroys local articular structures. The synovium is normally a 

relatively cellular structure with a delicate intimal lining. In RA, CD4+ T cells, 

B cells and macrophages infiltrate the synovium and sometimes organize into 

discrete lymphoid aggregates with germinal centers. Hyperplasia of the intimal 

lining results from a marked increase in macrophage-like and fibroblast-like 

synoviocyte .Locally expressed degradative enzymes, including 

metalloproteinase, serine proteases and aggrecanases, digest the extracellular 

matrix and destroy the articular structures. RA occurs in 0.5–1.0% of the adult 

population worldwide, although the prevalence may have changed substantially 

in Europe since the renaissance ( Firestein, GS , 2003). 

2-1-1 Pathogenesis of rheumatoid arthritis: 

RA the site of the initial inflammatory process is the synovial lining of 

diarthrodial joints, where synovial fluid provides the nutrition for the articular 

cartilage and lubricates the cartilage surfaces. During the inflammatory process, 

the synovial tissue undergoes increased vascularization and infiltration by 

lymphocytes, plasma cells, and activated macrophages. As the disease 

progresses, a pannus forms from the progressive overgrowth of this tissue as it 

covers the articular surface (Otero and Glodring, 2007). Although the etiology 

and pathogenesis of RA have yet to be completely specified, a number of 
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factors have been identified as contributing to the disease process. These factors 

include genetics, environmental sources, the interaction of genes and 

environment, and cellular abnormalities. Over the past two decades, our 

understanding of the molecular pathogenesis of RA has increased exponentially, 

thanks to important advances in the treatment of RA. Tumor necrosis factor 

(TNF), for example, has been identified as a pro inflammatory cytokine 

activated in the synovium of RA patients, leading to treatments such 

asetanercept (Enbrel), infliximab (Remicade), adalimumab (Humira), 

golimumab(Simponi), and certolizumabpegol (Cimzia) that directly inhibit the 

proinflammatory cytokines and/or interfere with their receptor binding (Smolen, 

JS,et al., 2007) 

2-1-2 Signs and symptoms of rheumatoid arthritis: 

primarily affects joints, but it also affects other organs in more than 15–25% of 

cases (Turesson, C, et al., 2003)  Associated problems include cardiovascular 

disease, osteoporosis, interstitial lung disease, infection, cancer, feeling tired, 

depression, mental difficulties, and trouble working ( Cutolo ,M, et al., 2014) . 

Joint:  

Arthritis of joints involves inflammation of the synovial membrane. Joints 

become swollen, tender and warm, and stiffness limits their movement. With 

time multiple joints are affected (polyarthritis) most commonly involved are the 

small joints of the hands feet and cervical spine but larger joints like the 

shoulder and knee can also be involved (Walker, BR ,et al., 2014) synovitis can 

lead to tethering of tissue with loss of movement and erosion of the joint surface 

causing deformity and loss of function (Majithia ,V,Geraci SA, 2007). 

Skin 

The rheumatoid nodule, which is sometimes in the skin, is the most common 

non-joint feature and occurs in 30% of people who have RA (Turesson ,C,2013) 
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It is a type of inflammatory reaction known to pathologists as a "necrotizing 

granuloma".  

Lung 

Lung fibrosis is a recognized complication of rheumatoid arthritis. It is also a 

rare but well-recognized consequence of therapy (for example with 

methotrexate and leflunomide). Caplan's syndrome describes lungn nodules in 

individuals with RA and additional exposure to coal dust. Exudative pleural 

effusions are also associated with RA (Kim ,EJ, et al.,2009). 

 Heart and blood vessels: 

People with RA are more prone to atherosclerosis, and risk of myocardial 

infarction (heart attack) and stroke is markedly increased (Avina-Zubieta, JA, et 

al., 2008) Other possible complications that may arise include: pericarditis, 

endocarditis, left ventricular failure, valvulitis and fibrosis (Gupta ,A 

,Fomberstein B, 2009). 

Kidney: 

 Renal amyloidosis can occur as a consequence of untreated chronic 

inflammation (De Groot ,K, 2007). Treatment with penicillamine and gold salts 

are recognized causes of membranous nephropathy. 

Liver: 

Liver problems in people with rheumatoid arthritis may be due to the underlying 

disease process or as a result of the medications used to treat the disease A 

coexisting autoimmune liver disease, such as primary biliary cirrhosis or 

autoimmune hepatitis may also cause problems (Selmi , C, et al.,2011) . 
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Neurological: 

Rheumatoid disease of the spine can lead to myelopathy. Atlanto-axial 

subluxation can occur, owing to erosion of the odontoid process and/or 

transverse ligaments in the cervical spine's connection to the skull. Such an 

erosion (>3mm) can give rise to vertebrae slipping over one another and 

compressing the spinal cord. Clumsiness is initially experienced,but without due 

care, this can progress to quadriplegia or even death (Wasserman ,BR, et al., 

2011). 

Teeth: 

Periodonitits and tooth loos are common in people with rheumatoid arthritis (De 

Pablo, Paola, 2009). 

2-1-3 Rheumatoid arthritis risk factor: 

Older age, a family history of the disease, and female sex are associated with 

increased risk of RA, although the sex differential is less prominent in older 

patients( Firestein GS, et al., 2009) Both current and prior cigarette smoking 

increases the risk of RA (relative risk [RR] = 1.4, up to 2.2 for more than 40-

pack-year smokers)( Costenbader, et al .,2006) Pregnancy often causes RA 

remission, likely because of immunologic tolerance (Kaaja and Greer , 2005) 

Parity may have long lasting impact; RA is less likely to be diagnosed in parous 

women than in nulliparous women (RR = 0.61)(Guthrie etal.,2010) 

Breastfeeding decreases the risk of RA (RR = 0.5 in women who breastfeed for 

at least 24 months), whereas early menarche(R R 1.3 for those with menarche at 

10 years of or younger) and very irregular menstrual periods (RR 1.5)  increase 

risk uses of oral contraceptive pills or vitamin E does not affect RA risk( 

Karlson, et al., 2008). 
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2-1-4 Diagnosis of rheumatoid arthritis: 

Typical presentation: 

Patients with RA typically present with pain and stiffness in multiple joints. The 

wrists, proximal interphalangeal joints, and metacarpophalangeal joints are most 

commonly involved. Morning stiffness lasting more than one hour suggests an 

inflammatory etiology. Boggy swelling due to synovitis may be visible  , or 

subtle synovial thickening may be palpable on joint examination. Patients may 

also present with more indolent arthralgias before the onset of clinically 

apparent joint swelling. Systemic symptoms of fatigue, weight loss, and low-

grade fever may occur with active disease. 

 Diagnostic tests: 

Diseases such as RA are often characterized by the presence of autoantibodies. 

Rheumatoid factor is not specific for RA and may be present in patients with 

other diseases, such as hepatitis C, and in healthy older persons. Anti-

citrullinateprotein antibody is more specific for RA and may play a role in 

disease pathogenesis (Balsa, A,et al.,2010) Approximately 50 to 80 percent of 

persons with RA have rheumatoid factor, anti-citrullinated protein antibody, or 

both (Scott, DL ,et al .,2010) Patients with RA may have a positive antinuclear 

antibody test result, and the test is of prognostic importance in juvenile forms of 

this disease (Ravelli, et al.,2005) C reactive protein levels and erythrocyte 

sedimentation rate are often increased with active RA, and these acute phase 

reactants are part of the new RA classification criteria (Aletaha D, et al.,2010) 

reactive protein levels and erythrocyte sedimentation rate may also be used to 

follow disease activity and response to medication Baseline complete blood 

count with differential and assessment of renal and hepatic function are helpful 

because the results may influence treatment options (e.g., a patient with renal 

insufficiency or significant thrombocytopenia likely would not be prescribed a 



 

11 
 

non steroidal anti-inflammatory drug [NSAID]). Radiography of hands and feet 

should be performed to evaluate for characteristic peri articular erosive changes 

which may be indicative of a more aggressive RA subtype (Scott , et al., 2010). 

2-1-5 Prognosis of rheumatoid arthritis: 

Patients with RA live three to 12 years less than the general population 

(Friedwald ,et al., 2010) .Increased mortality in these patients is mainly due to 

accelerated cardiovascular disease, especially in those with high disease activity 

and chronic inflammation. The relatively new biologic therapies may reverse 

progression of atherosclerosis and extend life in those with RA (Atzeni, et al., 

2010). 

2-1-6 Epidemiology of rheumatoid arthritis: 

RA affects between 0.5 and 1% of adults in the developed world with between 5 

and 50 per 100,000 people newly developing the condition each year (Smolen,  

et al., 2016). In 2010 it resulted in about 49,000 deaths globall (Lozano et al., 

2012) Onset is uncommon under the age of 15and from then on the incidence 

rises with age until the age of 80. Women are affected three to five times as 

often as men (Shah Ankur, 2012). The age at which the disease most commonly 

starts is in women between 40 and 50 years of age, and for men somewhat later 

(Almanos ,et al., 2006). RA is a chronic disease, and although rarely, a 

spontaneous remission may occur, the symptoms natural course is almost 

invariably one ofthe persistent, waxing and waning in intensity and a 

progressive deterioration of joint structures leading to deformations and disabili 

2-2 Lipid:      

 in biology and biochemistry, a lipid is a biomolecule that is soluble in nonpolar 

solvents (IUPAC, 2006). Non-polar solvents are typically hydrocarbons used to 

dissolve other naturally occurring hydrocarbon lipid molecules that do not (or 

do not easily) dissolve in water, including fatty acids, waxes, sterols, fat-soluble 
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vitamins (such as vitamins A, D, E, and K), monoglycerides, diglycerides, 

triglycerides, and phospholipids. The functions of lipids include storing energy, 

signaling, and acting as structural components of cell membranes (Fahy ,et al., 

2009). Lipids have applications in the cosmetic and food industries as well as in 

nanotechnology (Mashaghi,  et al ., 2013). 

2-2-1 Lipid chemistry: 

Scientists sometimes define lipids as hydrophobic or amphiphilic small 

molecules; the amphiphilic nature some lipids allows them to form structures 

such as vesicles multilamellar/unilamellar liposomes, or membranes in an 

aqueous environment. Biological lipids originate entirely or in part from two 

distinct types of biochemical subunits o "buildingblocks": ketoacyl and isoprene 

groups Using this approach, lipids may be divided into eight categories: fatty 

acids, glycerolipids, glycerophospholipids, sphingolipids, saccharolipids, and 

polyketides (derived from condensation of ketoacyl subunits); sterol lipids and 

prenol lipids (derived from condensation of isoprene subunits) ( Fahy, E , 2009) 

Although the term "lipid" is sometimes used as  synonym for fats, fats are a 

subgroup of lipids called triglycerides.  Although humans and other mammals 

use various biosynthetic pathways both to break down and to synthesis lipids, 

some essential lipids can't be made this way and must be obtained from the diet.  

2.2.2. Categories of lipids: 

2-2-2-1 Fatty acids: 

Fatty acids, both free and as part of complex lipids, play a number of key roles 

in metabolism – major metabolic fue (storage and transport of energy), as 

essential component of all membranes, and as gene regulators. In addition 

dietary lipids provide polyunsaturated fatty acid (PUFAs) that are precursors of 

powerful locally actin metabolites, i.e. the eicosanoids. As part of complex 

lipids fatty acids are also important for thermal and electrical insulation, and for 
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mechanical protection. Moreover, free fatty acids and their salts may function as 

detergents and soaps owing to their amphipathic properties and the formation of 

micelles (Muller, H, et al., 2001). 

2-2-2-2 Phospholipid: 

Phospholipids are a class of lipids that are a major component of all cell 

membranes. They can form lipid bilayers because of their amphiphilic 

characteristic. The structure of the phospholipid molecule generally consists of 

two hydrophobic fatty acid "tails" and a hydrophilic "head" consisting of 

phosphate group. The two components are usually joined together by a glycerol 

molecule. The phosphate groups can be modified with simple organic molecules 

such as choline, ethanolamine or serine. The first phospholipid identified in 

1847 as such in biological tissues was lecithin, or phosphatidylcholine, in the 

egg yolk of chickens by the French chemist and pharmacist Theodore Nicolas 

Gobley. Biological membranes in eukaryotes also contain another class of lipid, 

sterol, interspersed among the phospholipid and together they provide 

membrane fluidity and mechanical strength. Purified phospholipids are 

produced commercially and have found applications in nano technology and 

materials science (Mashaghi , et al., 2013). 

2-2-2-3 Triglycerides:  

Triglycerides (TGs) are nonpolar lipid molecules composed of a glycerol 

molecule associated with three fatty acid (FA) molecules, and they represent the 

main form of lipid storage and energy in the human organismThey are 

synthesized primarily through the glycerol phosphate pathway and the traffic of 

TGs in specific tissues, such as muscle, liver, and adipose tissue, depends on the 

nutritional state of the individual, and is biological process that is essential for 

life. An imbalance in this process may lead to various metabolic disorders, such 

as obesity, lipotoxicity, or hypertriglyceridemia. The elucidation of this process, 
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at molecular and cellular levels, has profound implications for the 

understanding of disease related to TGs, as well as for the development of new 

therapies (R.Zhang,2016). 

2-2-2-4 Cholesterol: 

Cholesterol, the major sterol in animals, is both a structural component of 

membranes and precursor to a wide variety of steroids. Cholesterol is one of the 

lipids. It is an essential component of the cellular membrane determining the 

fluidity and biophysical properties by lowering the permeability and increasing 

the compactness. The distribution of this lipid in the membrane is not uniform 

but it is enriched in micro-domains, the so-called rafts (Ledesma, MD, et al., 

2003). Cholesterol is required for embryonic and fetal development (Woollett, 

LA, 2011). Cholesterol is also a source of bioactive molecules such as steroid 

hormones, vitamin D and bile acids, which in turn can regulate cellular 

metabolism and both intracellular and extracellular communication. It is also 

important for signal transduction (Liu, JP, 2009). It forms a vital part of the 

membranes of the spinal cord, nervous system, peripheral nerves and the brain. 

It is the main constituent of myelin sheath that functions as an insulation layer. 

Cholesterol is also a forerunner of important hormones such as testosterone, 

estradiol. Cholesterol homeostasis is a matter of vital importance in animal 

physiology, and perturbations in its normal levels have been associated with 

diseases such as atherosclerosis, diabetes and Alzheimer’s disease (Coreta-

Gomes ,  FM, et al.,2012). Disorders in lipid (e.g., cholesterol and triglycerides) 

and lipoprotein metabolism are major established independent risk factors in the 

development and progression of atherosclerotic CHD.  

2-2-2-5  Lipoprotein : 

   Since the triglycerides and cholesterol esters are both non polar and thus    

insoluble, the only way they can be transported in blood is in association with 
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polar proteins called apo proteins. These complexes of lipids and   proteins   are 

called Lipoproteins, and the amounts of these in serum are   what determined in 

order to estimate the amount of cholesterol in blood   Lipoproteins are mainly of 

five types, depending upon the specific   apo proteins they contain as also their 

size. These are: Chylomicrons (CM), very low density lipoproteins (VLDL), 

low density lipoproteins (LDL) and high density lipoproteins (HDL) in order of 

size, the largest being CM, and the smallest HDL. Density of particles is a 

function of the relative amounts of lipids and proteins which they contain - 

since lipids are less dense than water and float on the surface of water, it is 

obvious that the more lipids  particle contains the less dense it would be. The 

reverse holds true for   proteins, in this case apo proteins. Hence, VLDL will 

have greater     proportion of lipids and lesser apo proteins than HDL (Bali S, 

Maneshwar Singh Utaal , et al.,2019). 

2-2-2-6 Classification of lipoproteins: 

1- Chylomicrons are the largest lipoproteins found in circulation the formation 

of the chylomicron is complex. In healthy humans virtually all fat is absorbed, 

but cholesterol is tightly regulated    depending on body needs. A very flexible 

mechanism has evolved to keep serum cholesterol in a very narrow range. The 

chylomicron is responsible for the transport of medium- and long-chain fatty 

acids, together with cholesterol into the lymph. Apo B 48, the solubilizing 

protein for the chylomicron, is secreted by the entrecote. Unused protein is 

degraded, a mechanism that ensures that there is sufficient apo B48 for even the 

largest fat meal. Fat feeding increases apo AIV expression, and apo A1V serves 

as a surface component for apo B48 particles in the entrecote (I.Neeli, SA, et al 

.,2007). 

2- Very-low-density lipoprotein(VLDL),density relative to extracellular water, 

is a type of lipoprotein made by the liver (Gibbons, et al., 2004) VLDL is one of 

the five major groups of lipoproteins (chylomicrons, VLDL, intermediate-
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density lipoprotein, low density lipoprotein , high-density lipoprotein) that 

enable fats and cholesterol to move within the water based solution of the 

bloodstream. VLDL is assembled in the liver from triglycerides, cholesterol, 

and Apo lipoproteins. VLDL is converted in the bloodstream to low-density 

lipoprotein (LDL) and intermediate-density lipoprotein (IDL). VLDL particles 

have a diameter of 30–80 nm. VLDL transports endogenous products, whereas 

chylomicrons transport exogenous (dietary) products.  

3- Intermediate –density lipoprotein (IDL) belong to the lipoprotein particle 

family and are formed from the degradation of very low-density lipoproteins as 

well as high-density lipoproteins( IDL is one of the five major groups of 

lipoproteins (chylomicrons, VLDL, IDL, LDL, HDL) that enable fats and 

cholesterol to move within the water-based solution of the blood stream. Each 

native IDL particle consists of protein that encircles various lipids, enabling, as 

a water-soluble particle, these lipids to travel in the aqueous blood environment 

as part of the fat transport system within the body. Their size is, in general, 25 

to 35 nm in diameter, and they contain primarily arrange o triacylglycerol’s and 

cholesterol esters. They are cleared from the plasma into the liver by receptor-

mediated endocytosis, or further degraded by hepatic lipase to form LDL 

particles.  

4- Low-density lipoprotein (LDL) is one of the five major groups of lipoprotein 

which transport all fat molecules around the body in the extracellular water 

(centers of diseases control and prevention 2017) These groups, from least 

dense to most dense, are chylomicrons (aka ULDL by the overall density 

naming convention),very low-density lipoprotein (VLDL),intermediate-density 

lipoprotein (IDL),low-density lipoprotein and high-density- lipoprotein (HDL). 

LDL delivers fat molecules to cells. LDL can contribute to atherosclerosis if it 

is oxidized within the walls of arteries. It is important to note that while in the 

popular press LDL may be called "bad cholesterol". 
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5- High –density- lipoprotein (HDL) is one of the five major groups of 

lipoproteins(centers for diseases control and prevention 2017) Lipoproteins are 

complex particles composed of multiple proteins which transport all fat 

molecules (lipids) around the body within the water outside cells. They are 

typically composed of 80–100 proteins per particle (organized by one, two or 

three Apo A; more as the particles enlarge picking up and carrying more fat 

molecules) and transporting up to hundreds of fat molecules per particle. HDL 

particles are sometimes referred to as "good cholesterol" because they can 

transport fat molecules out of artery walls, reduce macrophage accumulation, 

and thus help prevent or even regress atherosclerosis 

2-2-2-7 Lipid profile:  

Serum lipid profile is measured for cardiovascular risk prediction and has now 

become almost a routine test. The test includes four basic parameters: total 

cholesterol, HDL cholesterol, LDL cholesterol and triglycerides. It is usually 

done in fasting blood specimen. Fasting refers to 12–14 h overnight complete 

dietary restriction with the exception of water and medication. This may hold 

true due to two main reasons: (1) post prandial triglycerides remain elevated for 

several hours (Campose ,H,et al.,2005). Most reference values for serum lipids 

are established on fasting blood specimen. NCEP  and European guidelines (De 

Backer ,G ,et al.,2003) .also recommend doing lipid profile in fasting blood 

specimen for assessment of cardiovascular risk. However, these guidelines 

allow total and HDL cholesterol in the non-fasting specimen as these lipids are 

not much different in fasting and non-fasting specimens. In addition, non-HDL 

cholesterol (total cholesterol - HDL cholesterol), a secondary target of therapy 

in adult treatment panel III, may also be used in the nonfasting state 

(NCEP,2002). In many situations, the concentrations of these lipids and/or 

lipoproteins are not in normal amounts in the human body, in what is known in 

the scientific literature as dyslipidemia. Studying the lipid profile (total 
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cholesterol biochemical determinations – TC, HDL-c, TG and LDL-c) after 

fasting for 12 to 14 hours, has been an activity of great value, considering that 

the research already carried out, and correlation between the morphology of the 

arteries obtained from autopsies and cardiovascular risk factors, has allowed 

it to be demonstrated that dyslipidemia is a factor of great importance for the 

development of atherosclerosis in later life (Carreras,G,Ordonez,J ,2007). 

2-2-2-8 Lipids and rheumatoid arthritis: 

Rheumatoid arthritis (RA) is a chronic systemic disease affecting primarily the 

synovium, leading to joint damage and bone destruction (Gravalles ,2002). RA 

causes significant morbidity as a result of synovial inflammation, joint 

destruction and associate disability (Gabriel , et al., 2003). Several investigators 

reported an excess of cardiovascular morbidity and mortality among RA 

patients. In active RA, the majority of cardiovascular deaths result from 

accelerated atherosclerosis (Goodson, 2002). Risk factors for atherosclerotic 

events and cardiovascular disease include male sex, increased age, elevated 

plasma total cholesterol (TC) and low density lipoprotein cholesterol (LDL-C), 

decreased high-density lipoprotein cholesterol (HDL-C), high blood pressure, 

smoking and diabetes mellitus (Cui , et al., 2001)|. 

Patients with RA face an increased risk of developing premature cardiovascular 

disease and limited ability to modify risk factors, age through exercise. RA is 

associated with an abnormal lipoprotein patterns principally low level of high 

density lipoprotein (HDL) cholesterol. Most treatment for RA tend to improve 

the a therogenic  index (total/HDL cholesterol ratio) whit more evidence for 

biologics in this regard. The improvement in the lipoprotein profile in RA 

appears to be associated with suppression of inflammation (George 

Steiner,Murray  B Urowitz ,2009). 
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An increasing number of studies worldwide provide compelling evidence for 

the excess cardiovascular (CV) risk in patients with rheumatoid arthritis (RA) 

compared to the general population.(Solomon ,DH, et al., 2006) .The interplay 

of two major contributors (traditional CV risk factors and inflammation) is 

being investigated to better understand the mechanisms underlying the high CV 

morbidity and mortality in RA. The contribution of inflammation to 

atherogenesis is supported by epidemiological evidence on the independent 

predictive value of inflammatory markers for subclinical and clinical 

atherosclerosis and for associated CV events(Rizzo, M ,et al.,2009).Recent 

research has shown that systemic inflammation plays apivotal role in 

development of atherosclerosis.Hence inflammation might explain the increase 

cardiovascular risk in RA pateints(Sattar,et al., 2003). 
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Chapter Three 

Materials and Methods 

 

3-1 Materials: 

3-1-1 Study approach: 

A quantitative method was used to measure the levels of plasma lipid profile 

in rheumatoid arthritis patients during the period from June to October 2019 

3-1-2 Study design: 

This is case control study 

3-1-3 Study area:  

The study was conducted in Alrayyan center in Khartoum state 

3-1-4 Study population and sample size: 

The study included 50 patients with rheumatoid arthritis and 50 apparently 

healthy subjects as control (ages and gender were matched between two 

groups). 

3-1-5 Inclusion criteria: 

Patients with rheumatoid arthritis and healthy individual as control were 

included in this study. 

3-1-6 Exclusion criteria: 

RA patients with hypertension- smoking - liver - renal -heart diseases- 

alcoholism - bone diseases and SLE were excluded. 
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3-1-7 Ethical considerations: 

Verbal consent was taken regarding acceptance to participate in the study 

and reassurance of confidentiality. Before the specimen was collected the 

donors knew that this specimen was collected for research purpose 

3-1-8 Data collection: 

Data were collected using structural questionnaire which was designed to 

collect all valuable information concerning each case examined: 

(Appendix1).  

3-2 Methods: 

3-2-1 Sample collection and processing: 

About 2.5 ml of venous blood were collected by safe aseptic procedures 

.Sample were collected by using dry plastic syringes tourniquet was used to 

make for veins more prominent then they were centrifuged at 4000 rpm to 

obtain the serum or plasma samples and stored in -20  until the analyzed 

3-2-2 Estimation of total cholesterol: 

3-2-2-1 Principle of total cholesterol method: 

By the catalysis of CHE and CHO cholesterol ester is catalyzed to yield 

H2O2 which oxidates 4-Aminoantipyrine with phenol to form acolored dye 

of quinonemine .The absorbency increase is directly proportional to the 

concentration of cholesterol 

Cholesterol ester+H2O        cholesterol+Fatty acid 

Cholesterol +O2         4-cholestenone+H2O2 

H2O2+4-aminoantipyrine+phenol         Quinoneamine+4H2O 

 

CHE 

CHO 

POD 
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3-2-2-2 Procedure of total cholesterol: (Appendix 11) 

3-2-3 Estimation of triglyceride: 

3-2-3-1 Principle of triglycerides method: 

Through a sequence of enzymatic catalysis steps by lipase GK and GPD 

triglycerides is catalyzed to yield H2O2 which oxidize 4-Aminoantipyrine to 

yield a colored dye of Quinone mine .The absorbance increase is directly 

proportional to the concentration of triglycerides 

Triglycerides +3H2O          Glycerol +Fatty acid 

Glycerol+ATP           Glycerol-3-phosphate +ADP 

Glycerol-3-phosphate+O2             Dihydroxyacetone phosphate+H2O2 

H2O2+4-Aminoantipyrine+4-ChlorophenoL       

Quinoneamine+HCL+2H2O 

3-2-3-2 Procedure of triglycerides: (Appendix 111) 

3-2-4 Estimation of high density lipoprotein (HDL-c): 

3-2-4-1 Principle of Method: 

The system monitors the change in absorbance at 600.This change in 

absorbance is directly proportional to the concentration of cholesterol in the 

sample and is used by the system to calculate and express the HDL- 

cholesterol concentration 

(1) LDL, VLDL, Chylomicrons                     Cholestenone +H2O2 

2H2O2             2H2O+O2 

(2) HDL             Cholestenone+H2O2 

H2O2 +HDAOS+4-Aminoantipyrine                Quinone amine 

Lipase 

GK 

GPO 

POD 

CHE+CHO 

Catalase 

CHE+CHO 

POD 
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3-2-4-2 Procedure of high density lipoprotein: (Appendix 1V) 

3-2-5 Estimation of low density lipoprotein (LDL-c): 

3-2-5-1 Principle of method: 

The system monitors the change in absorbance at 600 nm. This change in 

absorbance is directly proportional to the concentration of cholesterol in the 

sample and is used by the system to calculate and express the LDL-

cholesterol 

(1) HDL,VLDL ,Chylomicrons                Cholestenone+H2O2 

2H2O2              2  H2O+O2 

(2) LDL              Cholestenone+H2O2 

H2O2+TOOS+4-Aminoantipyrine              Quinoeamine 

3-2-5-2 Procedure of low density lipoprotein :(Appendix V) 

3-3 Quality Control: 

The precision and accuracy of all methods used in this study were checked 

by commercially prepared control (control serum normal 1 and control 

serum abnormal 2) sample before application for the measurement of test 

and control sample. 

3-4 Statistical analysis: 

Data were analyzed using statistical package for social science (SPSS) 

version 16 in computer program, Independent sample t test and person 

correlation were applied for correlation between variables. 

 

 

CHE+CHO 

Catalase 

CHE+CHO 

POD 
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Chapter Four 

Result 

 

4-Results 

The result of biochemical determinant of serum total cholesterol, 

triglycerides, HDL-C and LDL-C in rheumatoid arthritis patients (cases, the 

mean of ages was 45.86±18.21) and healthy subjects (control, the mean of ages 

was 47.56±19.05, p- value =0.649) are given in tables and figures: 

Table (4-1): Represent the mean of levels of serum cholesterol triglyceride 

,HDL-C  and LDL-C  in both study groups. 

The levels of cholesterol, triglycerides and LDL-C were significantly 

increased, while HDL-C was significantly decreased in rheumatoid arthritis 

patients compared to control group. (P-value=0.036-0.000-0.001-0.018) 

respectively. 

Figure( 4-1): illustrate 52% of patients <45 years,and 48% of patients>45 years 

Figure (4-2): illustrate 62% of patients were females, while 38% of patients were males 

Figure (4-3): show correlation between cholesterol level and age of 

rheumatoid arthritis patients. The scatter showed no correlation between 

cholesterol level and age of rheumatoid arthritis patients (r=0.101, p-value 

0.486). 

Figure (4-4): show correlation between triglycerides level and age of 

rheumatoid arthritis patients .The scatter showed no correlation between 

triglycerides level and age of rheumatoid arthritis patients(r=-0.161,p-

value=0.263). 
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Figure (4-5): show correlation between LDL-C level and age of rheumatoid 

arthritis patients. The scatter showed no correlation between LDL-C level 

and age of rheumatoid arthritis patients(r=-0.213, p-value=0.137). 

Figure (4-6): show correlation between HDL-C level and age of rheumatoid 

arthritis patients. The scatter showed no correlation between HDL-C level 

and age of rheumatoid arthritis patients(r=0.070, p- value=0.627) . 

Figure (4-7): show correlation between cholesterol level and duration of 

rheumatoid arthritis. The scatter showed moderate positive correlation 

between cholesterol level and duration of rheumatoid arthritis(r=0.513, p-

value=0.000). 

Figure (4-8): show correlation between triglycerides level and duration of 

rheumatoid arthritis. The scatter showed no correlation between triglycerides 

level and duration of rheumatoid arthritis(r=-0.003, p-value=0.983). 

Figure (4-9): show correlation between LDL-C level and duration of 

rheumatoid arthritis. The scatter showed correlation between LDL-C level 

and duration of rheumatoid arthritis(r=0.333,p -value=0.018). 

Figure (4-10): show correlation between HDL-C level and duration of 

rheumatoid arthritis .The scatter showed no correlation between HDL-C   

level and duration of rheumatoid arthritis(r=0.109, p-value=0.452). 
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Figure (1) distribution of study group according to age group 

 

 

 

 

 

 

 

 

 

 



 

28 
 

 

 

 

 

 

 

 
 

Figure (2) distribution of study group according to gender 
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Table (4-1)  comparison of cholesterol, triglycerides, LDL-C and HDL-C in case 

versus and control group 
  

P-value   Control (Mean ± SD) 

n=50    

Case (Mean ± SD) 

n=50  

Parameters  

0.036  166.32±25.92  179.16±33.80  Cholesterol (mg/dl) 

0.000  132.5±33.92  217.1±36.5  Triglycerides(mg/dl)   

0.001  90.32±29.79 108.8±24.94  LDL-C 

(mg/dl)   

0.018  38.70±9.82  33.66±11.06 

  

HDL-C 

(mg/dl)   

 

 Result given in mean ± SD, P. value ≤0.05 consider significant. 

Independent sample T test was used for comparison. 
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Figure(4-3)Correlation between cholesterol level and age of rheumatoid 

arthritis pateints (r=0.101,P-value=0.486) 
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Figure(4-4)Correlation between triglycerides level and age of rheumatoid 

arthritis pateints (r=-0.161, P-value=0.263) 
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Figure(4-5) Correlation between LDL-C level and age of rheumatoid 

arthritis pateints(r=-0.213,P-value=0.137) 

 

 

 

 

 

 

 

 



 

33 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(4-6)Correlation between HDL-C level and age of rheumatoid 

arthritis pateints(r=0.070,P-value=0.627) 
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Figure(4-7) Correlation between cholesterol level and duration of 

rheumatoid arthritis(r=0.513,P-value=0.000) 
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Figure(4-8) Correlation between triglycerides level and duration of 

rheumatoid arthritis(r=-0.003,P-value=0.983) 
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Figure(4-9) Correlation between LDL - C level and duration of rheumatoid 

arthritis(r=0.333,P-value=0.018) 
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Figure(4-10) Correlation between HDL-C level and duration of rheumatoid 

arthritis(r=0.109,P-value=0.452) 
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Chapter Five 

Dissussion , Conclusions & Recommendations 

 

5-1 Discussion: 

Patients with RA have higher rates of morbidity and mortality than the 

general population, which is highly attributed to an increased risk of CVD 

among RA patients (Maradit-Kremers, et al., 2005). The increased risk of 

CVD appears to be linked to coronary atherosclerosis (Gabriel, 2010). and 

may be directly caused by chronic inflammation or secondarily caused by 

physical inactivity and medications used to treat RA (Turesson, et al., 2008)  

This study conducted to estimate lipid profile in rheumatoid arthritis                  

patients. preliminary investigated and findings obtain from specially     

designed questionnaire.The result of lipid profile revealed that serum level of 

cholesterol  ,triglycerides and LDL-C were significantly increased in RA 

patients compared to control groups (p-value =0.036 , 0.000, 0.001) 

respectively, while HDL –C was significantly decrease  (p- value=0.018). 

This result agreed with study carried by(Van  Halm ,et al., 2007),which 

demonstrate that elevated serum lipid profile levels are associated with 

increased risk of cardiovascular disease in person with RA .Also this result 

similar to another result carried by (Cui ,et al., 2001) ,which showed 

significantly increased in cholesterol, LDL-C levels and significantly 

decreased in HDL-C  level (p- value =0.000), also this result in agreement  

with another result , carried by (Mullic, et al., 2014),this result disagreed 

with study  which showed , there  were no significant differences in lipid 

profile in RA compared to control group. 



 

39 
 

  (Dessein , et al., 2002 ).The findings of this study showed, there were no 

correlation between cholesterol , HDL-C, triglyceride , LDL-C levels and 

ages of  RA patients. (r=0.101  ,p-value=0.486)(r=0.070,p-value=0.627)(r=-

0.161,p-value=0.263) (r=-0.213,p-value=0.137) respectively. There were 

significant positive correlation between cholesterol, LDL-C and duration of 

disease (r=0.513,p-value=0.000),(r=0.333,p-value=0.018) respectively.  Also 

there were no correlation between triglycerides, HDL-C and duration of 

disease (r=-0.003,p-value=0.983), (r=0.109,p-value=0.452) respectively.        

The high level of TC,LDL-C correlate with long term rheumatoid barthritis 

patients that ocurr because the rheumatoid arthritis is persistant chronic 

inflammation that lead to dyslipidemic pattern in thes patients for long time 

(Migule ,A, et al .,2006). 
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5-2 Conclusion: 

According to the results of this study it is concluded that: 

Serum cholesterol, triglycerides and LDL-C levels are increased, while 

HDL-C level is decreased in RA patients. There were positive correlations 

between cholesterol LDL-C levels and duration of RA. 

5-3 Recommendations: 

From the finding of this study it is recommended that: 

-1 Patient with rheumatoid arthritis should be monitoring of lipid profile to 

prevent cardiovascular disease. 

2-Management of dyslipidemia should be considered as a part of 

cardiovascular risk management in RA patie 

3-future researches is highly needed targeting role of lipid-lowering drugs to 

be given as adjuvant therapy in the treatment of rheumatoid arthritis patients 

with hyperlipidemia. 

 

 

 

 

 

 

 

 

 



 

41 
 

References : 

 

 

 Aletaha, D., Neogi ,T.,Silman , A.J .(2010). Rheumatoid arthritis 

classification criteria. American College  of Rheumatology/European 

League Against Rheumatism collaborative initiative;69(10):1580-1588 

 Almanos ,Y. Voulgari ,P.V., Drosos, A.A. (2006). ―Incidence and 

prevalence of rheumatoid arthritis based on the 1987 American college 

of Rheumatology criteria:asystematicreview”.seminars in arthritis and 

rheumatism;36(3):185-8. 

 Atzeni,F.,Turiel, M., Caporali ,R.(2010). The effect of 

pharmacological therapy on the cardiovascular system of patiens with 

systemic rheumatic disease.Autoimmune Rev 9(12):835-839 

 Avina-Zubieta, J.A., Choi, H.K., Sadatsafavi, M. ,Etminan ,M.  

,Esdaile, J.M., Lacaille, D.(2008).‖risk of cardiovascular mortality in 

patients with rheumatoid arthritis: meta-analysis of observational 

studies‖ Arthritis and Rheumatism; 59(12):1690-7  

 Bali S,Maneshwar Singh Utaal. (2019).Int J  Sci Rep;5(10):309-   314 

 Balsa,A,Cabezon,A,Orozoc,G,et al.(2010) Influnce of HLA DRB1 

alleles in the susceptibility of rheumatoid arthritis and the regulation of 

antibodies against citrullinated proteins and rheumatoid factor;12(2):R62    

  Campose, H., Khoo, C., Sacks ,F.M.(2005). Diurnal and acute pattern 

of postprandial apolipoprotein B-48 in VLDL,IDL and LDL from 

normolipidemic human.Astherosclerosis;181:345-51.  

 Carreras, G., Ordoñez ,J.,(2007). Adolescence, physical activity,and 

metabolic cardiovascular risk factors .Rev Esp. Cardiol;60(6):565-8  



 

42 
 

 Coreta-Gomes ,F.M., Vaz, W.L.C., Wasielewski, E., Geraldes, 

C.F.G.C., and Moreno ,M.J. (2012).Analytical Biochemistry;  427(1): 

41-48. 

 Costenbader ,K.H., Feskanich ,D. ,Mandl ,L.A .(2006).smoking 

intensity duration and cessation and the risk of rheumatoid arthritis in 

women. Am  J Med.119(6):503 el-e9 

 Cui, Y., Blumenthal ,R.S., Flaws, J.A., Whiteman, M.K., Langenberg 

,P., Bachorik ,P.S., Bush ,T.L.(2001): Non-high-density lipoprotein 

cholesterol level as a predictor of cardiovascular disease 

mortality,161:1413-1419 

 Cutolo ,M., Kitas ,G.D.,van Riel ,P.L.(2014) ‖Burden of disease in 

treated rheumatoid arthritis patients: going beyond the joint‖ seminars in 

arthritis and rheumatism 43(4):479-488 . 

 De Backer, G., Ambrosioni, E., Borch-Johnson ,K., Brotons ,C., et. 

al.(2003) .European guidelines on cardiovascular disease and prevention 

in clinical practice.Atherosclerosis;171:145-55 

 De Groot, K. (2007)‖ Renal manifestations in rheumatic disease‖.Der 

internist;48(8):779-85.  

 De Pablo ,P., Chapple, I.L., Buckley ,C.D., Dietrich 

,T.(2009).‖Periodonitis in systemic rheumatic disease‖ Nature 

Reviews.Rheumatology.5(4):218-24 

 Dessein, P.H., Stanwix, A.E., Joffe ,B.I. (2002):-Cardiovascular risk in 

rheumatoid arthritis versus osteoarthritis: acute phase response related 

decreased insulin sensitivity and  HDL-c as well as clustering of 

metabolic syndrome features in rheumatoid arthritis,4:5 

 Ernest Choy .(2012). Rheumatology 51 (5) 3-11.  

 Fahy, E.,Subramaniam, S. ,Muraphy R.C., Nishijima ,M.,Raetz, C.R 

.,Shimizu , Spener ,F., Van Meer, G.,Wakelam ,M.J.,Dennis, E.A. 



 

43 
 

(2009)‖update of the LIPID MAPS  comprehensive classification system 

for lipid Journal of lipid research. 50 (1): 9-14. 

 Firestein ,G.S. (2003). Evolving concepts of Rheumatoid 

arthritis.Nature  423: 356-61 

 Firestein ,G.S., Kelley, W.N.(2009). Kelleys Textbook of 

Rheumatology.8
th

ed Philadelphia pa: saunders/Elsevier:1035-1086 

 Friedewald, V.E., Ganz ,P., Kremer, J.M.(2010) .AJC editors 

consensus: rheumatoid arthritis and atherosclerotic cardiovascular 

disease. Am J cardiol. 106(3):442-447 

 Gabriel SE.(2010).Heart disease and rheumatoid arthritis: understanding 

the risks;69 :61-4 

 Gabriel, S.E., crowson, C.S., Kremers, H.M., Doran ,M.F.,Turesson 

,C.O .,Fallen, W.M., Matteson, E.L.(2003):Survival in rheumatoid 

arthritis: a population-based analysis of trends over 40 years. arthritis 

rheum;48:54-58 

 George Steiner,Murray ,B Urowitz.(2009).Seminars in arthritis and 

rheumatism 38(5),372-381. 

 Gibbons, G.F., Wiggins ,D., Brown, A.M., Hebbachi ,A.M.(2004) 

―synthesis  and function of hepatic very-low-density lipoprotein‖ 

Biochemsoc Trans;32(1) 59-64. 

 Goodson N.(2002):Coronary artery disease and rheumatoid arthritis. 

Curropin Rheumatol;14:115-120 

 Goodson, N.J., Solomon, D.H.( 2006). The cardiovascular 

manifestations of rheumatic diseases.Curr opin Rheumatol 18:135-40 

 -Gravallese, E.M.(2002):Bone destruction in arthritis.Ann Rheum Dis 

2002;61( 2):84-86. 



 

44 
 

 Gupta ,A., Fomberstein, B.(2009).‖Evaluating cardiovascular risk in 

rheumatoid arthritis‖ .Journal of Musculoskeletal medicine; 26(8):481-

94. 

 Guthrie ,K.A., Dugowson, C.E., Voigt ,L.F.(2010). Does pregnancy 

provide vaccine-like protection against rheumatoid arthritis 62(7):1842-

1848. 

 IUPAC. (2006) Compendium of chemical Terminology 2end ed.(the 

―Gold Book)(1997).online corrected version:2006 ―lipid‖  

 Kaaja, R.J., Greer, I.A. (2005).Manifestations of chronic disease 

during pregnancy.JAMA.249(21):2751-2757 

 Karlson, E.W., Shadick ,N.A., Cook ,N.R .(2008).Vitamin E in the 

primary prevention of rheumatoid arthritis: the women health study. 

Arthritis Rheum.59(11):1589-1595 

 Kim, E.J., Collard  ,H.R., King ,T.E.(2009)‖Rheumatoid arthritis-

associated interstitial lung disease:  the prevelance of histopathologic 

and radiographic pattern‖. chest 136(5):1397-1399. 

 Ledesma ,M.D., Abad-Rodriguez, J., Galvan, C., Biondi ,E., Navarro, 

P., Delacourte ,A., Dingwall ,C., and Dotti ,C.G., (2003).EMBO 

Report; 4(12): 1190-1196. 

  Liu, J.P.,(2009). Molecular and Cellular Endocrinology, 303(1-2): 1-6. 

 Loyola-Sanchez, A., Richardson, J., Pelaez-Ballestas ,I, Alvarez-

Nemegyei ,J., Lavis, J.N., Wilson ,M.G.(2015). The impact of arthritis 

on the physical function of a rural Maya-Yucateco community and factors 

associated with its prevalence: A cross sectional, community-based study. 

Clinical Rheumatology:1-10   

 Lozano ,R.,Naghavi ,M., Foreman, K. , Lim ,S. ,Shibuya 

,K.,Aboyans, V .(2012).‖Global and regional mortality from 235 causes 



 

45 
 

of death for 20 age groups in 1990and 2010:asystematic analysis for the 

global Burden of disease study2010.lancet.380(9859):2095. 

 Majithia ,V.,Geraci, S.A.(2007)‖rheumatoid arthritis: diagnosis and 

management‖ The American Journal of medicine.120(11):936-9 

 Maradit-Kremers ,H., Crowson ,G.S., Nicola, P.J., Ballaman, K.V., 

Roger ,V.L., Jacobsen,  S.J.(2005).Increased un recognized coronary 

heart disease and sudden deaths in rheumatoid arthritis :Rheum;52:402-

411 

 Mashaghi ,S., Jadidi, T., Koenderink, G., Mashaghi , A.(2013)‖lipid 

nanotechnology‖.International Journal of molecular science.14(2):42. 

 Michael T Nurmohamed .(2007).vascular health and risk management 

3 (6) 845  

 Migule,A.,Gonzalez-Gay,Carlos Gonzalez-Juanatey,Jose,A.,Miranda-

Filloy,Carlos.(2006).Biomedicine and pharmacotherapy  60(10).673-677. 

 Muller ,H., Kirkhus ,B., Pedersen ,J.I. (2001). Serum cholesterol 

predictive equations with special emphasis on trans and saturated fatty 

acids.An analysis from designed controlled studies. Lipids 36: 783–791. 

 Mullick, O.S., Bhattacharya, R., Battacharya, K., Sarkar,R.N., Das 

,A.,  Chakraborty ,D. ,et al.(2014).lipid profile and it is relationship 

with endothelial dysfunction and disease activity in patients of early 

Rheumatoid arthritis.9(1):9-1  

  Neeli, S. A., Siddiqi, S. Siddiqi .(2007). Liver fatty acidbinding  protein 

initiates budding of pre-chylomicron transport  vesicles from intestinal 

endoplasmic reticulum,‖ Journal of Biological Chemistry;282(25): 

17974–17984, 

 Peters ,M.J., Symmons ,D.P., McCarey, D., Dijkmans ,B.A.,Nicola 

,P., Kvien, T.K., et al.(2010) .EULAR evidence-based recommendations 



 

46 
 

for cardiovascular risk management in patients with Rheumatoid arthritis 

and other forms of inflammatory arthritis;69:325-31 

 R. Zhang.(2016). The ANGPTL3-4-8 model, a molecular mechanism for 

triglyceride trafficking,open Biol.6:1-111. 

 Ravelli, A., Felici ,E., Magani-Manzoni ,S.,et al.(2005).Patients with 

antinuclear antibody-positive juvenile idiopathic arthritis constitute a 

homogenous subgroup  irrespective of the course of joint 

disease.52(3):856-832 

rheumatic diseases. Curr Opin Rheumatol, 18:135–40. 

 Rizzo, M., Corrado, E., Coppola, G., et al.(2009).Marker of 

inflammation are strong predictors of subclinical and clinical 

atherosclerosis in women with hypertension.Coron Artery ;20:15-20 

 Sattar ,N., McCarey, D.W., Cappel, H .,et al.(2003).Explaning how 

high grade systemic inflammation accelerates vascular risk in rheumatoid 

arthritis.Ann circulation 108:2957-63 

 Scott, D.L., Wolfe, F., Huizinga, T.W. (2010).Rheumatoid 

arthritis.Lancet.376(9746):1094-1108 

 Selmi, C., De Santis, M., Gershwin ,M.E.(2011)‖ Liver involvement in 

subjects with rheumatic disease‖. Arthritis disease and 

Therapy.13(3):226. 

 Shah ,A .(2012).Harrisons principle of internal medicine (18
th
ed).united 

states: McGraw Hill.p.2738.ISBN 978-0-07174889-6 

 Solomon, D.H., Goodson, N.J.,Katz, J.N., et al.(2006).Patterns of 

cardiovascular risk in rheumatoid arthritis.Ann Rheum;65:1608-1612. 

 Somlen, J.S., Aletaha, D., Mclnnes ,I.B.(2016)‖Rheumatoid 

artritis.Lancet.388(10055):2023-2038. 

 Stone, N.J., et al.(2013).ACC/AHA guideline on the treatment of blood 

cholesterol to reduce atherosclerotic cardiovascular risk in adults:Areport 



 

47 
 

of the American heart association Task force on practice guidelines 

circulation.cir.0000437738.63853.7a 

  Third report of the National Cholesterol Education Program 

(NCEP. 2002).Expert panel on detection,evaluation and treatment of high 

blood cholesterol in adluts(adults treatment panel III) final 

report.Circulation;106:3143-3421. 

 Turesson ,C., Jacobsson, L.T., Matteson, E.L.(2008) Cardiovascular 

co-morbidity in rheumatic disease.Vasc Health Risk Manag ;4:605-14 

 Turesson ,C., O Fallon, W.M., Crowson ,C.S., Gabriel, S.E., 

Matteson, E.L.(2003) ―Extra-articular disease manifestations in 

rheumatoid arthritis ―anals of the Rheumatic Disease 62(8):722-7  

 Turesson, C.(2013)‖Extra-articular rheumatoid arthritis‖. current 

opinion in Rheumatology.25(3):360-6 

 Van Halm, V.P., Nielen, M.M. ,Nurmohammed ,M.T.,van 

Schaarden-burg, D., Reesin, k.H.W.,Voskuy, l. A.E.,et al. 

(2007).lipids and inflammation: serial measurements of lipid profile of 

blood donors who later developed rheumatoid arthritis.66:184-8 

 Walker, B.R., Colledge, N.R., Ralston ,S.H., Penman ,I.D., eds. 

(2014).Davidsons principles and practice of medicine(22
nd

ed) 

 Wasserman ,B.R., Moskovich, R., Razi, A.E.(2011)‖Rheumatoid 

arthritis of the cervical spine—clinical considerations‖ (pdf).Bulletin of 

the NYU Hospital for Joint Disease.69(2):136-48. 

 Woollett , L.A. (2011). Placenta, 32(2): S218-S221. 

 

  

 

 



 

48 
 

 

        

 

       

 

           

 

 

Appendices 

 

 

 

 

 

 

 

 

 



 

48 
 

Sudan University of Sciences and Technology 

College of Graduate Studies 

Appendix (I) 

Questionnaire 

General Information: 

-Pt. No: …………. 

-Age: …………years 

-Sex: ……….Male{  } Female{  } 

-Duration of disease: ………years 

Lab investigations: 

-Serum Total Cholesterol……………………………….mg/dl 

-Serum Triglycerides……………………………………mg/dl 

-Serum HDL-cholesterol………………………………..mg/dl 

-Serum LDL-cholesterol………………………………..mg/dl 
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