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1. INTRODUCTION 
 

Systemic lupus erythematosus (SLE) is a common autoimmune disorder with 

varied manifestations, and can affect almost any system in the body. The 

reported prevalence of this disease worldwide is 20 to 150 cases per 1 lakh 

population(1). Renal involvement is seen in about 60% cases of SLE (2). The 

course of lupus nephritis (LN) is variable with multiple remissions and 

relapses, which makes constant follow up and timely changing of treatment 

inevitable. The prognosis of renal involvement varies depending on the age of 

presentation, sex, class at the time of diagnosis and optimal management. A 

Five-year survival varies from 46-95 % (3). The benefits of early diagnosis and 

management are multitude.   

1) Lupus nephritis is a common cause of secondary glomerulonephritis, which 

leads to ESRD (End Stage Renal Disease). Patients with ESRD will require 

lifelong renal replacement therapy in the form of dialysis or renal 

transplantation, which will add up to the expenditure of the health care system 

in the country. This makes early diagnosis and treatment a very essential part in 

the management of lupus nephritis.   

2) Early diagnosis and treatment will delay disease progression and hence 

delay the time to initiation of renal replacement therapy.  

3) Disease flare is another contributing factor for disease morbidity and 

mortality. Hence identifying a patient prior to disease flare would improve 

renal outcomes. 
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Renal biopsy is the gold standard for the diagnosis and staging of lupus 

nephritis, which is usually carried out after an abnormal urine analysis. 

However renal damage precedes abnormalities in urine analysis, causing a 

considerable delay in diagnosis.             

Renal biopsy is considered the gold standard for predicting the class and 

activity of lupus nephritis. There are multiple contraindications for renal biopsy 

such as refractory hypertension, bleeding diathesis, solitary kidney and 

technical feasibility in a critically ill patient. It is also associated with risk of 

infection and bleeding, and obtaining a representative sample is a challenge. 

The use of serum markers like double stranded DNA (dsDNA), complement 

levels and C1q can be used to assess disease activity, however the sensitivity 

and specificity are low. 

Complement deficiency can occur in normal population, and hence its use as a 

marker of disease activity is limited as false positive rates are high.  Double 

stranded DNA is a global marker of disease activity; however, it may be 

elevated in other associated conditions like lupus vasculitis, cardiac or CNS 

lupus hence decreasing its sensitivity. Renal SLEDAI (Systemic lupus 

erythematosus disease activity scoring) is difficult to interpret in patients with 

pyuria or if it was a catheterized sample. Determination of casts in microscopy 

requires expertise in microscopy. Proteinuria cannot be solely relied upon, as it 

could be also a manifestation of sclerosed glomeruli. 

Hence the choice of these laboratory markers has to be done based on the 

clinical presentation and has to be interpreted in conjunction with an expert 

opinion from a rheumatologist. Also, there exists a difficulty in deciding to 
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taper immunosuppression based on these available serum biomarkers. Hence 

there is a need for surrogate biomarkers that will depict the renal pathology, 

hence help us to predict disease activity. This study is thus aimed to look at one 

such marker, vascular cell adhesion molecule (VCAM-1) as a predictor of 

disease activity. 

                   The factors that increase susceptibility of individuals to lupus 

nephritis are unknown. Currently evidence exists from animal studies mainly 

rat models that have shown the effect of high fat and salt intake on lupus 

nephritis. Physical inactivity increases susceptibility to develop lupus, though 

the mechanisms are unclear. Hence this study was designed to assess the life 

style factors that could possibly contribute to disease susceptibility and 

severity. 
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 2. AIM 
 

1) To study the utility of urinary VCAM-1 levels in patients with lupus 

nephritis. 

2) To study the association between lifestyle factors and disease activity of 

lupus nephritis. 

 

                                                                   

3.OBJECTIVES 
 

PRIMARY OBJECTIVES: 

 

1) To compare urinary VCAM 1 levels with renal disease activity on renal 

biopsy. 

2) To compare urinary VCAM 1 levels with renal SLEDAI. 

3) To compare urinary VCAM with standard of care markers. 

 

SECONDARY OBJECTIVES: 

 

1) To study the association between nutrition and lupus nephritis. 

2) To study the association between physical activity and lupus nephritis. 

3) To study the association between stress and lupus nephritis. 
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4. REVIEW OF LITERATURE 
 

OVERVIEW 
History 

Epidemiology 

Pathogenesis 

Autoantibodies 

Classification criteria 

Clinical features 

Lupus nephritis 

Biomarkers in Lupus nephritis 

Justification  

4.1 History 

 
Lupus was initially a term, which came into prevalence during the middle ages, 

which means “wolf” in Latin, depicting the typical skin changes that were 

compared to a wolf bite. Viennese physician Ferdinand Von Hebra introduced 

the term butterfly rash for the malar rash in 1846. 
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4.2 Epidemiology 

 
The reported prevalence of systemic lupus erythematosus (SLE) in the 

 World is 20 to 150 cases per 100,000 (1). The  prevalence in Indian 

subpopulation is 14 to 60 per 100,000 (4). This is quite low as compared to the 

western population. Incidence rates are 1 to 25 per 100,000 populations in 

North America, South America and Asia. (5) 

Geographic distribution:   

It was seen that people in the urban areas are more inflicted than the rural areas 

(6). 

Sex:  

SLE is mainly a disease of women with the ratios varying with age. During 

puberty the ratio is 2:1 which increases to 12: 1 during the childbearing age and 

again drops down to 2: 1 after menopause (7). However there are marked 

variations in the nature of disease in both sexes. An interesting observation 

made in the LUMINA STUDY (lupus in minorities, nature versus nurture) (8) 

was that accelerated disease was more common in males; baseline damage was 

much more in males which finally led to a poor prognosis in males compared 

to their female counterparts. There are certain gene variants in X chromosome 

like IRAK1, MECP2, and TLR7, which predispose females to SLE. This can 



	   22	  

be seen from the fact that SLE men have 14 fold more prevalence of 

Klinefelter’s syndrome (9). 

Age:  

SLE is predominantly seen in 15-45 yrs and women of childbearing age. 

However it can occur in a small number of adolescent age group also, during 

which the damage accrued will be much more than that in adults and will 

require more intensive therapy leading to the toxicity of the medications. In 

postmenopausal women, the disease appears to be much milder compared to 

the premenopausal women. 

Genetic factors 

There is a 14 to 57 % concordance rate in monozygotic twins with SLE (10). In 

a study conducted among the relatives of SLE patients it was seen that 5 to 12 

% of them had SLE (11) and a significant number of them had elevated anti-

C1q antibodies and anti cardiolipin antibodies. Mutation in the TREX 1 gene 

has found to be associated with familial chilblain lupus (12). MHC locus also 

has a genetic predisposition. HLA-DRB1*0301 and HLA-DRB1*1501 

predispose to SLE whereas HLA-DRB1*1401 reduces risk (13). Single 

nucleotide polymorphisms (SNP) in STAT4 increases, and in LYN decrease 

the risk of SLE(14). 
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Epigenetic factors 

Epigenetics refers to inherited changes in gene expression caused by 

mechanisms other than DNA base sequence changes. DNA methylation and 

post translational modification of proteins are the epigenetic mechanisms 

which increase the risk of SLE (15). 

Early life factors 

In a cohort study conducted among the US women it was seen that preterm 

birth and large for gestational age were risk factors responsible for causing 

SLE later in life (16). 

Hormonal factors 

Use of contraceptives increases the risk of SLE. Early menarche and hormonal 

supplementation to post menopausal women has been associated with a 

doubling of the risk of SLE. Also it was seen that nulliparous women had more 

chances of developing SLE as compared to multiparous women. SLE is one 

among the common causes of spontaneous abortions and infertility (17).  

Addictions 

Many studies have shown that current smoking is associated with an increased 

risk of developing SLE. Also the levels of anti-dsDNA are increased in the 

population of active smokers. Cigarette smoke promotes an influx of short-
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lived inflammatory cells into the lungs and impairs the capability of resident 

macrophages to clear inflammatory debris; anti-dsDNA antibodies may be the 

result of ineffective clearance of apoptotic pulmonary material. On the other 

hand alcohol did not show to have any significant correlation with risk of 

developing SLE. 

Miscellaneous factors 

Epstein Barr Virus has been associated with significant risk of SLE in various 

case reports(18). Silica dust was also associated with increased prevalence of 

SLE(19). 

Diet: 

Dietary factors have proven to play a very important role in SLE. Especially 

there are multiple studies, which have demonstrated the importance of 

consumption of a low fat diet in achieving a remission in lupus patients. In a 

study done by Thorner et al it was seen that reducing the consumption of 

Polyunsaturated fatty acids significantly reduced the disease activity in lupus 

patients (20). Zhong Jha et al evaluated the effect of soy rich diet using murine 

models and found that it was found that isoflavnes present in the soy diet that 

exhibited estrogenic activity, which exacerbated the renal disease in lupus 

nephritis(21). In a study done by Clarke WF to evaluate the role of fish oil in 

lupus nephritis using 26 patients using parameters like platelet membrane fatty 

acids, indices of renal function, disease activity index, serum viscosity and red 
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cell flexibility. It was seen that there was a reduction in triglyceride levels, but 

no change in the immune complex or double stranded DNA levels. However it 

concluded that dietary supplementation with fish oil affects the mechanisms 

involved in inflammation (22). Another study done by him to study the role of 

flaxseed in lupus nephritis concluded that there was decline in the 

microalbuminuria after 2 years as compared with the control arm (23). A study 

done by Griffin B emphasized the importance of smoking cessation, control of 

obesity and exercise in the prevention of lupus nephritis (24). 
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4.3 Natural history 
 

 

Figure 1 Natural History of SLE 

 

(Adapted from Ann Rheum Dis 2010) 
 

SLE starts with a preclinical phase where there is development of 

autoantibodies – antinuclear, anti-dsDNA, anti-histone antibody. This 

progresses on to an overt autoimmune phase when the disease manifests 

clinically. Episodic flares and remissions characterize the disease process. Over 

a period of time multiple end organ damage and complications ensues, the 

initial part of which could be related to the disease process per se and the later 

part being contributed by infections, malignancies, vascular and the adverse 

effects of immunosuppressant. 
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4.4 Pathogenesis: 
 

 

Figure 2 Pathogenesis of SLE 

 

( Adapted from EULAR Textbook of Rheumatic diseases) 

 

SLE is a primary disease of disordered immune regulation.  It is primarily due 

to impairment of self-tolerance. Tolerance is specific immune responsiveness 

that is immune response to certain antigen does not occur although the immune 

system is functioning normally. The adult host usually exhibits tolerance to 

tissue antigens that are recognized as self during fetal life. However in certain 

circumstances tolerance may be lost which results in the development of 

autoimmune disease. 

 There are 2 main mechanisms of induction of autoimmunity – firstly 

molecular mimicry and secondly release of sequestered antigens 
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Molecular Mimicry: In response to infections, the body reacts by producing 

antibodies against the infectious antigen, which cross-reacts with the 

components of human cells. 

Release of Sequestered Antigen: Here there is release of sequestered antigens 

by tissue injury that elicits an immune response. In SLE, sunlight is known to 

exacerbate a skin rash due to the ultraviolet radiations, which damage the cells 

and release the antigens. 

Immune response to endonuclear antigens is characteristic of SLE. Auto 

antigens released by the apoptotic cells are presented by the dendritic cells to 

the T cells leading to their activation. This leads to antigen driven T cell 

dependant activation. Recently T cell independent mechanism of B cell 

activation has been postulated. The antibodies form immune complexes with 

the antigens and deposits in various tissues leading to the complement 

activation and tissue damage. This happens only when there is failure to clear 

the immune complexes by the host. Immune complex deposition mediated 

tissue damage by recruitment of inflammatory cells and cytokines like Tumor 

necrosis factor and interferon-α. Recent studies have shown that there are 

certain factors which are locally expressed which protects the tissue from 

immune attack. This is seen by an example where defects in Kallikreins impair 

the ability of kidneys to protect themselves from immune attack (25), PD-1 

ligand down regulates the activity of lymphocytes. Homocysteine and IFN-a 

reduces the regenerative capacity of endothelium in response to endothelial 

injury (26). Also, variants of ITAM (immune tyrosine activation motif) 
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decreases it’s binding with ICAM-1 and increases adherence of leukocytes to 

endothelium. 

Increased levels of B cell activating factor (BAFF) leads to autoimmunity. 

There are three receptors on B cells namely BAFFR, TACI, BCMA. 

Infiltrating neutrophils and lymphocytes increase the production of BAFF that 

in turn increases the survival of B cells which in turn increases the 

autoantibody production (27). Toll like receptors have been recently implicated 

to play a role in activation of B cells and subsequent formation of antibodies 

(28). 
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4.5 AUTOANTIBODIES IN SLE	  
SLE is known for the aberrant development of heterogeneous group of auto 

antibodies (29). 

Table 1 Antibodies in SLE 

ANTIBODIES TARGET UTILITY PREVALANCE COMMENTS 

ANA Cell nucleus Sensitivity-
98% 

98% - 

Anti dsDNA Double 
strand DNA 

High 
sensitivity 
and 
specificity 

70-90 % Correlates with 
disease activity 

Anti-Sm Sm High 
specificity 

20-40% - 

Anti-nucleosome Nucleosome High 
sensitivity 
and 
specificity 

61-85% Correlates with 
disease activity, 
predictor of flare 

Anti-histone Histone Low IgM 

Higher IgG 

70% Mostly seen in 
drug induced 
lupus 

Anti-Ro (SSA) SSA/Ro 
(proteins 
60/52 kD) 

High 
prognostic 
value for 
NLE  

30% - 

Anti-La (SSB) SSB/La Moderate 10% - 

Antiribosomal P Ribosome Moderate 13-40% Neuropsychiatri
c lupus 

Anti-C1q C1q Low but 
useful to 
monitor 
evolution of 
LE nephritis 

17-46% Predicts renal 
flares 

Anti-RNP RNP  20-30 % MCTD 
association 

Anti-phospholipids Phospholipi
ds 

 30-40% APS syndrome 
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CLASSIFICATION CRITERIA: 

ACR Classification criteria: 

Developed in 1971, revised in 1982 and 1997. 

Table 2 ACR Classification criteria for SLE 

CRITERIA DEFINITION 

Malar rash Fixed erythema, flat or raised, over 
the malar eminences, tending to spare 
the nasolabial folds  
 

Discoid rash  
 

Erythematous raised patches with 
adherent keratotic scaling and 
follicular plugging; atrophic scarring 
occurs in older lesions  
 

Photosensitivity  
 

Skin rash as a result of unusual 
reaction to sunlight, by patient history 
or physician observation  
 

Oral ulcers  
 

Oral or nasopharyngeal ulceration, 
usually painless, observed by a 
physician  
 

Arthritis  
 

Non-erosive arthritis involving two or 
more peripheral joints, characterized 
by tenderness, swelling or effusion  

Serositis  
 

Pleuritis: convincing history of 
Pleuritic pain or rub heard by a 
physician or evidence of pleural 
effusion or   
Pericarditis: documented by ECG or 
rub or evidence of pericardial effusion  
 

Renal disorder  
 

Persistent proteinuria >0.5 g per day 
or >3+ if quantification is not 
performed or Cellular casts: may be 
red cell, haemoglobin, granular 
tubular, or mixed  
 

Neurological disorder  Seizures: in the absence of offending 
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 drugs or known metabolic 
derangements (eg, uremia, acidosis, or 
electrolyte imbalance) or  
Psychosis: in the absence of offending 
drugs or known metabolic 
derangements (eg, uremia, acidosis, or 
electrolyte imbalance)  
 

Antinuclear antibody  
 

An abnormal titer of antinuclear 
antibody by immunofluorescence or 
an equivalent assay at any point in 
time and in the absence of drugs 
known to be associated with ‘drug-
induced lupus’ syndrome  
 

Hematologic disorder  
 

Hemolytic anemia with reticulocytosis 
or  
Leucopenia: <4000/mm3, or 
Lymphopenia: <1500/mm3, or  
Thrombocytopenia: <100 000/mm3 in 
the absence of offending drugs  

Immunologic disorder  
 

Anti-DNA: antibody to native DNA in 
abnormal titre, or 
b. Anti-Sm: presence of antibody to 
Sm nuclear antigen, or 
c. Positive finding of antiphospholipid 
antibodies based on:(1) an abnormal 
serum concentration of IgG or IgM 
anticardiolipin antibodies, (2) a 
positive test result for lupus 
anticoagulant using a standard 
method, or (3) a false positive 
serologic test for syphilis known to be 
positive for at least 6 months and 
confirmed by Treponema pallidum 
immobilisation or fluorescent 
treponemal antibody absorption test  
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SLICC CRITERIA (Systemic Lupus International Collaborating Clinics 
Classification) 

 

Table 3 SLICC Criteria for SLE 

CLINICAL CRITERIA IMMUNOLOGICAL CRITERIA 

Acute cutaneous lupus  

 
Chronic cutaneous lupus  

 
Oral ulcers/Non-scarring alopecia  

 

Synovitis 

 
Serositis  

 
Renal  

 

Neurologic  

 
Hemolytic anemia  

 
Leukopenia  

 
Thrombocytopenia  
 

ANA  

 
Anti-dsDNA  

 
Anti-Sm  

 
Antiphospholipid antibody  

 
Low complement  

 

Direct Coombs test  
 

 

The patient is said to have SLE as per the SLICC criteria if he/she fulfills 4 

criteria, one each from the immunological and clinical or if the patient has 

biopsy proven nephritis compatible with SLE with ANA and Ds DNA 

antibodies. 
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4.6 CLINICAL FEATURES 

 
MUCOCUTANEOUS LESIONS 

Mucocutaneous lesions can be lupus specific and lupus non-specific. 

1) Acute malar rash: It is a butterfly rash present in the malar area 

exacerbated on exposure to sunlight which is pruritic and erythematous. The 

rash lasts from days to weeks. The rash heals without scarring, but persistent 

active lesions may result in telangiectasia. Biopsy specimens from the skin 

lesions of these patients have demonstrated the presence of membrane attack 

complex. 

 

Figure 3 Malar Rash in Acute lupus Erythematosus 

(Adapted	  from	  EULAR	  textbook	  of	  Rheumatic	  diseases)	  



	   35	  

2) Subacute cutaneous lupus erythematosus: About 50 percent of these 

patients have SLE and 10 percent of SLE patients have such kind of skin 

lesions. These are strongly associated with anti Ro and anti La antibodies. They 

begin as erythematous, crusted lesions over the shoulder forearm and the torso, 

sparing the face. Typical features include symmetric, widespread, superficial 

and non-scarring lesions. Involvement of the neck, shoulders, upper chest, 

upper back and extensor surface of the hand is common. These lesions begin as 

small photosensitive, erythematous, scaly papules or plaques that evolve into a 

papulosquamous (psoriasiform) or annular polycyclic form. 

 

Figure 4 Subacute cutaneous lupus erythematosus 

                (Adapted from EULAR textbook of Rheumatic diseases) 
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3) Chronic rashes: Discoid lesions are discrete erythematous, plaques with 

adherent scale with follicular plugging seen on face, neck and scalp that heal 

with scar formation, atrophy and hyper pigmentation. 

 

Figure 5 Facial discoid lupus rashes with malar distribution 

               (Adapted from EULAR textbook of Rheumatic diseases) 

Lupus profundus presents as firm tender nodules with or without cutaneous 

infiltrates, characterized by perivascular infiltration of mononuclear cells and 

panniculitis and lymphocytic vasculitis, which can be present over the entire 

body including the face.  

Lupus timdus is characterized by pink indurated plaques that heal slowly.  

In a study done in Kolkata among 150 patients it was seen that malar rash was 

present in 80 % of the patients, while photo dermatitis was present in 50 
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percent of patients, generalized maculopapular rah in 26 percent, SCLE in 3.34 

percent, lupus profundus in 5 percent patients (30). 

4) Alopecia: In lupus hair loss characteristically involves the scalp hair, 

eyebrows, eyelashes and even the body hair. A specific entity called scarring 

alopecia is seen in discoid lupus. Lupus hair is a terminology used for the hair 

in SLE patients, which easily fractures, which is seen in the frontline that re-

grows once the disease activity subsides. 

5) Oral Ulcers: These are raised plaques, which are irregular in shape with 

erythema surrounding it. The ulcers can be painless in nature. Nasal ulcers do 

occur in SLE. However these do not correlate with disease activity. 

 

Figure 6: Palatal ulcers  

(Adapted from Hochberg textbook of Rheumatology, 6Th edition) 
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MUSCULOSKELETAL FEATURES:  

SLE is characterized by non-erosive arthralgia. Sometimes severe synovitis 

may be associated with it in a pattern indistinguishable for Rheumatoid arthritis 

in which case it is called rhupus. There are few case reports around the world 

which have documented spontaneous tendon ruptures in SLE (31). 

Patient can sometimes have a deforming type of arthropathy called as 

Jaccoud’s arthropathy with deformities similar to rheumatoid arthritis. 

However the only distinguishing feature would be that Jaccoud’s arthropathy is 

typically non erosive. 

 

Figure 6 Jaccoud’s type of arthropathy 

(Adapted from Eular.org) 

Costochondritis may present as chest pain. Myositis can be a feature in SLE, 

which presents as generalized myalgia. CPK (Creatinine Phosphokinase) is a 

very useful tool for its diagnosis. However it has its own limitations. In SLE 
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the CPK levels are usually very low. So in case of a disease activity a normal 

CPK levels should not prevent one from making a diagnosis of myositis. Some 

patients can have severe pain in limited joints during the course of disease, 

specifically in the shoulder and hip, when one should think of avascular 

necrosis, which occurs in 5 to 12 percent of the patients. Vasculitis, Raynaud’s 

phenomenon, fat emboli, steroids, antiphospholipid antibody syndrome can 

contribute towards avascular necrosis (32). 

CNS INVOLVEMENT 

CNS involvement can involve both central nervous system and peripheral 

nervous system. The set of symptoms and signs related to nervous system in 

SLE is collectively called as neuropsychiatric manifestations of SLE. The CNS 

symptoms can range from aseptic meningitis, vasculitis, movement disorder to 

psychiatric manifestations like mania, depression. The peripheral nervous 

system comprises of neuropathy, plexopathy and mononeuritis multiplex 

CARDIOVASCULAR: 

Patient can have involvement of all 3 layers of the heart. Involvement of the 

pericardium was seen in 39% of the patients (33). Pericardial effusions are 

mostly asymptomatic except when there is tamponade. In the setting of 

generalized disease activity, myocardium can be involved giving rise to 

tachycardia, prolonged PR interval and features of congestive cardiac failure. 

The endocardium can be involved leading to either Libman sack’s endocarditis 
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or valvular stenosis. SLE patients are more predisposed to premature 

atherosclerosis and coronary events as compared to the general population. 

PULMONARY INVOLVEMENT: 

Patients commonly present with a pleuritic type of pain due to pleural effusion 

in about 30 to 50 percent (34), which is mainly exudative in nature. Acute 

onset dyspnea with fever and non-productive cough with lung infiltrates and 

hypoxia can be seen in cases of acute lupus pneumonitis, which has got a poor 

prognosis. A more insidious picture would favor the diagnosis of interstitial 

lung disease, which can also have a component of pulmonary hypertension 

adding up to the dyspnea. A specific entity called shrinking lung syndrome or 

vanishing lung syndrome has been described in literature where patients 

present with unexplainable dyspnea, with small residual volumes of pulmonary 

function tests and elevated dome of the diaphragm. The probable pathology is 

postulated as an inflammatory myopathy or phrenic neuropathy causing 

intercostal muscle weakness or diaphragmatic weakness. The prognosis is good 

if detected early in the course of the disease but poor if detected later without 

any other features of disease severity (35). Patients can also develop pulmonary 

infections in view of their high doses of immunosuppressants.   
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4.7 LUPUS NEPHRITIS 
 

Lupus nephritis is one of the most common causes of morbidity in SLE. As a 

general consensus at least 60 percent of the patients suffering form SLE 

develop nephritis at some point in their life. The occurrence of lupus nephritis 

early in the course of life is a poor prognostic factor (36). The five and ten year 

renal survival rate of lupus nephritis ranges from 83 to 93 % and 74 to 84 % 

respectively (37). The overall incidence is higher in Asian population as 

compared to Caucasians (38). 

Pathogenesis of lupus nephritis: 

Animal models of lupus: Murine models have been developed in order to 

understand the pathogenesis of this disease condition. These models are 

developed in such a way that they mimic lupus nephritis in humans. Some of 

the well-known lupus murine models are spontaneous mice with inherited 

susceptibility, transgenic and deletion knock out mouse models. There are three 

spontaneous lupus mice models (inherited susceptibility) which have been 

studied extensively which are New Zealand Black, New Zealand White F1 

mice and mice homozygous for apoptosis defective Faslpr mutation(MRL-

Faslpr). This MRL mice due to ineffective apoptosis of lymphocytes develops 

organomegaly (39). Transgenic mice with deleted genes (knock out models 

have one or more of their genes deleted. This has explained in the following 

example. A knock out mice which was developed with deficient Fc component 

of Ig, was shown to be protective to lupus nephritis, as immune complexes 
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comprising of Anti-DsDNA antibodies required the Fc component to bring 

about the damage (40). 

Pathogenesis and antibodies: 

 

Figure 7 Pathogenesis of lupus nephritis 

(Adapted from Hochberg Rheumatology) 

 

Renal involvement in lupus nephritis occurs because of deposition of immune 

complex deposits in the glomerulus.  The immune complexes predominantly 

comprises of antibodies to double stranded DNA, antibodies to single stranded 
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DNA, and less commonly Anti-Ro, Anti-La, Anti-RNP. However these 

deposits are formed in situ. There are three ways in which the immune 

complexes can get deposited as depicted in the following diagram: 

 

Figure 8 Mechanism for development of immune complexes over 
endothelium 

 

As it can be seen from the figure 8, in the first case, anti-dsDNA reactive 

antibodies form complexes with the double stranded DNA and the nucleosome 

release due to apoptosis of the cell, which deposits in the GBM. In the second 

case the nucleosomes itself get deposited over the glomerular basement 

membrane to which the antibodies come and bind. In the third scenario the 

anti-dsDNA antibodies identify the GBM antigens as culprit due to cross 

reactivity and deposit over the GBM. The severity of the lupus nephritis 
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depends on the amount of the immune complexes getting deposited, the 

isotypes involved and their affinity to the basement membrane. The deposition 

of the immune complexes in the subendothelium and the mesangium leads to 

the recruitment of inflammatory cells. The complement system thus activated 

will lead to the release of inflammatory mediators like cytokines, which will 

attract the polymorphonuclear leukocytes and lead to tissue damage. This in 

turn will release more cytokines and chemokines- especially TWEAK (TNF 

related weak inducer of apoptosis, MCP-1, secreted cytokines (RANTES), 

VCAM-1. Also disordered regulation of cytokines like Platelet derived growth 

factor (PDGF), Transforming growth factor (TGF), MCP-1 will lead to 

crescent formation, mesangial proliferation, progressive glomerulosclerosis 

(41). 
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4.8 BIOMARKERS IN LUPUS NEPHRITIS 

 
Currently used markers for assessing the disease activity in lupus nephritis like 

24 hour urinary protein, anti-dsDNA, complements lack sensitivity and 

specificity. They cannot differentiate between renal damage and disease 

activity. Mere presence of proteins in the urine does not signify activity. It 

could be just the sclerosed glomerulus that is leaking out the proteins. Patients 

can also have flares without significant increase in the proteinuria. Renal 

biopsy is always the gold standard for the disease activity. However this 

invasive procedure cannot be routinely performed in all cases. Hence there is a  

need for non invasive tools in the form of novel biomarkers which can predict 

the disease activity, flares and guide in the management of the disease which 

would result in better outcomes (3). 

A biomarker is a molecule or a marker that can be assessed both in quality and 

quantity. An ideal biomarker for lupus nephritis should have following 

properties:  

1) Good correlation with disease activity  

2) Ability to predict flares  

3) Sensitive to change so that the disease activity can be serially monitored  

4) Easy to measure, easily available cost effective with minimal inter observer 

variation. 
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There are several biomarkers for lupus nephritis, such as Vascular cell 

adhesion molecule (VCAM-1), Monocyte chemo attractant protein 1(MCP-1), 

CXL-16, Tumor necrosis factor like- inducer of apoptosis (TWEAK)  which 

are found to be of applicable value in various setting. A brief review of some of 

them is given below. The molecule of focus in this study is VCAM.  

 

1) MCP-1 

Monocyte chemo attractant protein 1 is a leukocyte chemokine. Deletion of this 

chemokine or blocking its expression in mice has found to decrease the damage 

in lupus nephritis mice models. These chemokines have been demonstrated in 

the immunohistochemical staining of the renal tissue. The urinary values of 

MCP-1 have been found to be elevated in variety of glomerulonephritis and it 

correlates with the extent of proteinuria and disease severity. Cross sectional 

studies have shown that levels of urinary MCP1 are elevated in lupus nephritis 

as compared to healthy controls (42). 

2) CXCL-16  

CXCL-16 is an important chemokine that is expressed on the dendritic cell and 

macrophages and plays a very important role in the NK cell and T cell 

recruitment. It is also implicated in the intracellular adhesion mediated by its 

receptor, CXC receptor 6. Besides atherosclerosis, it also has a role in 

phagocytosis of gram positive and gram-negative organisms. Based on their 

observations, Wu et al, have proposed a probable role of CXCL-16 in lupus 
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nephritis. CXCL-16 was over expressed in renal tissue of diseased mice and 

this correlated well with renal SLEDAI scores. 

3) TWEAK 

TWEAK is a multifunctional cytokine discovered in 1975, which belongs to 

TNF ligand super family. TWEAK is processed via a furin cleavage site in the 

extracellular domain into a soluble form that circulates as a trimer, which is the 

active form responsible for its biological effects. The major source of TWEAK 

is macrophage and monocyte. Fn-14 is a member of TNF receptor super family 

that is expressed in endothelial cells, smooth muscles, spleen, kidney, heart, 

lung, brain, macrophages, NK cells but not in T or B cells. The primary 

function of TWEAK is up regulation of inflammation and modulation of cell 

survival. Urinary levels of TWEAK were found to show good correlation with 

disease activity. However the urinary and serum levels of TWEAK did not 

correlate equally, indicating that it is not passively secreted through urine and 

its presence in the urine indicates local production (43). 

4) VCAM-1  

Urinary VCAM is a member of immunoglobulin family. It acts as a ligand for 

alpha-4 integrin that helps in adhesion of leukocytes to endothelium during the 

process of chemotaxis. TNF and IL-1 increase the levels of urinary VCAM in 

MRL-lpr prone mice (44). Its expression has also been demonstrated in the 

myeloid cell in lupus prone mice (45). This molecule can be detected both in 

the serum and urine. However urinary VCAM 1 was found to be higher than 

that in the serum and the kidneys of the lupus disease mice exhibited the 
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VCAM 1 staining in the capillaries, glomerulus and endothelium. To find out 

the significance of these in patients, Wu et al compared the urinary VACM-1 

levels in SLE patients and healthy controls and found out significant levels in 

patients as compared to controls. Also patients with active nephritis had the 

highest levels of this molecule (46). Similar results were obtained from a study 

done by Kiani et al that showed that increased levels of VCAM correlated with 

renal activity in lupus as measured by the renal SLEDAI score. However these 

studies did not correlated with the renal biopsy. In a large study done by Singh 

et al, a good correlation was found between the activity index and urinary 

VCAM 1 levels. 

Perusal of literature shows that among these four biomarkers, VCAM-1 

appears to be more promising as an indicator of disease activity in lupus 

nephritis and hence this biomarker has been evaluated in the present study.  
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4.9 ROLE OF LIFESTYLE IN LUPUS  

NEPHRITIS 
 

In a recent study done by Borges et al, it was seen that majority of the women 

having SLE were malnourished (47). While this could be explained by the 

disease activity , the question remains unanswered whether this can be a trigger 

for severe disease. This brings us to an important question on the role of diet on 

disease activity. In a study which was done to see the association between fat 

intake and SLE disease activity it was seen that reducing the fat intake brought 

a significant reduction in disease activity (20). However lack of control groups 

and spontaneous improvements were limitations of the study. In a study which 

was done to decipher the role of antioxidants on endothelial function, it was 

seen that usage of antioxidants did effect the lipid peroxidation but it did not 

alter the endothelial function at the end of three months (48). On similar lines, 

yet another study failed to show any correlation between antioxidant intake and 

lupus (49). On the contrary, a different study showed lower levels of 

antioxidant enzyme in patients of SLE (50). Tobacco smoking is adversely 

associated with increased risk of development of double stranded DNA and 

SLE (51). Patients with SLE can benefit from nutritionally balanced diet with 

adequate calorie restriction to reduce the body weight, increasing HDL levels 

and reducing TG levels. A greater emphasis on monounsaturated and 

polyunsaturated fats is laid based on its anti-inflammatory effect and cardio 

protective effect (52). It is worth mentioning the beneficial role of 
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supplementation of vitamins, especially Vitamin D and minerals like calcium 

and selenium. Sources of sodium and zinc have shown to aggravate the disease 

(52). Stress is also shown to play a very important role in the etiopathogenesis 

of lupus nephritis. Stress is shown to be a major risk factor for disease flare in 

lupus nephritis. Two single gene polymorphisms of serotonin family have been 

shown to affect stress related behaviors (53). Since physical activity reduces 

the cardiovascular diseases in general population, data regarding the level of 

physical activity in general population is needed. In a study done by Eriksson 

et al. it was seen that patients with more disease activity had a reduced exercise 

capacity and reported lesser levels of physical activity(54). 

Though there are a few studies in each of the areas of lifestyle, it is still not 

proven conclusively the impact of lifestyle on lupus nephritis. Hence this study 

is aimed at finding out any correlation between lifestyle (stress, salt intake, 

physical activity and antioxidant intake) and lupus nephritis. 
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Kidney biopsy in lupus nephritis 

Table 4 Abbreviated International Society of Nephrology/Renal Pathology 
Society (ISN/RPS) classification of lupus nephritis (2003) 

Class 1: Minimal mesangial lupus nephritis 

Normal glomeruli by light microscopy, but mesangial immune deposit by 

immunofluorescence 

Class 2: Mesangial proliferative lupus nephritis 

Purely mesangial hypercellularity of any degree or mesangial matrix   expansion by 

light microscopy, with mesangial immune deposits  

May be a few isolated sub epithelial or sub endothelial deposits visible by 

immunofluorescence or electron microscopy, but not by light microscopy  

Class 3: Focal lupus nephritis 

Active or inactive focal, segmental or global endo- or extracapillary 

glomerulonephritis involving <50% of all glomeruli, typically with focal sub 

endothelial immune deposits, with or without mesangial alterations. 

(A): Active lesions: focal proliferative lupus nephritis 

(C): Chronic inactive lesions with glomerular scars: focal sclerosing lupus 

nephritis. 

(A/C): Active and chronic lesions: focal proliferative and sclerosing lupus nephritis 
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Class 4: Diffuse lupus nephritis 

Active or inactive diffuse, segmental or global endo- or extracapillary 

glomerulonephritis involving ≥50% of all glomeruli, typically with diffuse sub 

endothelial immune deposits, with or without mesangial alterations. This class is 

divided into diffuse segmental (IV-S) lupus nephritis when ≥50% of the involved 

glomeruli have segmental lesions, and diffuse global (IV-G) lupus nephritis when 

≥50% of the involved glomeruli have global lesions. Segmental is defined as a 

glomerular lesion that involves less than half of the glomerular tuft. This class 

includes cases with diffuse wire loop deposits but with little or no glomerular 

proliferation  

1V-S (A): Active lesions: diffuse segmental proliferative lupus nephritis 

1V-G(A): Active lesions: diffuse global proliferative lupus nephritis 

1V-S(A/C): Active and chronic lesions: diffuse segmental proliferative and 

sclerosing lupus nephritis 

1V-G(A/C): Active and chronic lesions: diffuse global proliferative and sclerosing 

lupus nephritis 

1V-S(C): Chronic inactive lesions with scars: diffuse segmental sclerosing lupus 

nephritis 

1V-G(C): Chronic inactive lesions with scars: diffuse global sclerosing lupus 

nephritis 



	   53	  

Class 5: Membranous lupus nephritis 

Global or segmental sub epithelial immune deposits or their morphologic sequelae 

by light microscopy and by immunofluorescence or electron microscopy, with or 

without mesangial alterations  

Class 6: Advanced sclerosis lupus nephritis 

≥90% of glomeruli globally sclerosed without residual activity  

 

 

Indicators for active disease in renal biopsy 

1. Endocapillary hypercellularity with or without leukocyte infiltration and 

reduced capillary lumen 

2. Karyorrhexis and fibrinoid necrosis 

3. Cellular crescents 

4. Hyaline thrombi (intraluminal immune aggregates) and wire loops 

(subendothelial deposits under light microscope). 

5.  Wire loops (subendothelial deposits under light microscope) glomerular 

membrane 
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4.10 JUSTIFICATION OF THE STUDY 
 

1) Renal Biopsy is considered as the gold standard for predicting the activity 

and class of lupus nephritis. However there are situations this invasive 

procedure may not be feasible and has its own inherent risks of bleeding and 

infections. Sometimes it may happen that representative sample may not be 

obtained. Finally, lack of availability of renal biopsy in all centers may be a 

limiting factor.  

2) There are several serum markers at present like double stranded DNA, 

complement levels and anti C1 q that are commonly used to determine the 

activity. However these are not very specific and sensitive. In a patient with 

complement deficiency, serum complements cannot be used. Double stranded 

DNA is a global marker of disease activity; it may be elevated in other 

conditions like lupus vasculitis, cardiac or CNS lupus. Renal SLEDAI may 

have limitations as in the interpretation will be difficult in a patient of pyuria or 

if catheterized sample is taken (where RBC are bound to occur) or any cause of 

blood in the urine. Determination of casts in microscopy also requires 

expertise. This underscores the importance of a reliable non invasive biomarker 

to assess disease activity with minimal subjectivity. Also warranted is a good 

biomarker to predict disease flares. 

3) If a correlation is found, VCAM 1 can be used as a single marker, or at least 

it can be used with other markers to improve the sensitivity and specificity. 

Though there have been trials in the West evidence for use of VCAM 1 Asian / 

Indian Ethnicity is sparse.  
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4) In follow up cases of lupus nephritis where there is a marginal drop in the 

proteinuria, there is always a dilemma whether the renal disease activity is in 

remission. This is particularly important where a physician is planning to taper 

the dose of immunosuppressants. VCAM levels may be helpful in these cases 

where the proteinuria by itself may not appropriately depict the disease 

activity.  

 

There has been a lot of research in the field of urinary biomarker. It has been 

exploited since urine collection is a simple non-invasive method and since it’s 

a direct product from the kidney it can conclusively detect any pathology going 

on in the kidney. There are many urinary biomarkers that have been evaluated 

for its usefulness in this regard. Among them VCAM-1 has been critically 

appraised to have a good correlation with activity as compared to many other 

markers.  

 

Table 5 Sensitivity of preexisting markers of Lupus Nephritis(55)(56)(57) 

TEST SENSITIVITY SPECIFICITY 

C3 75 71 

C4 48 71 

Anti-dsDNA 57 97 

C1q 87 92 
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5. METHODOLOGY 
	  

5.1 STUDY DESIGN 

This was a diagnostic case control study to assess the clinical utility of urinary 

VCAM 1. 

5.2 STUDY SETTING 

 
This study was conducted between June 2014 and May 2015 in Christian 

Medical College which is a 2500-bedded tertiary care hospital situated in 

Vellore in the state of Tamil Nadu, South India. SLE patients attending the 

rheumatology, nephrology and medicine outpatient departments fulfilling the 

inclusion criteria were recruited after obtaining a written consent. The consent 

was obtained in the regional language that the patient/relative was conversant. 

5.3 DURATION OF THE STUDY 
	  

The study period was 12 months (June 2014 to May 2015) 

 

 

 

 



	   57	  

5.4 STUDY PARTICIPANTS 
 

GROUP A (Disease control-SLE without active nephritis) 

INCLUSION CRITERIA: 

1) SLE patients with renal SLEDAI of Zero. These also included those 

individuals who were on treatment for lupus nephritis but were in remission. 

EXCLUSION CRITERIA: 

1) SLE overlapping with other glomerulonephritis  

2) Pregnancy  

GROUP B (Cases- SLE with active nephritis) 

INCLUSION CRITERIA: 

1) Renal SLEDAI more than zero those who are undergoing a biopsy.  

EXCLUSION CRITERIA:  

1) SLE overlapping with other glomerulonephritis  

2) Pregnancy  

3) Contraindications for a renal biopsy  

Table 6 RENAL SLEDAI (SLE disease activity) 2K Scoring (58) 

PARAMETER SCORE 

Urinary casts-Heme-granular or 
red blood cell casts. 

4 

Hematuria->5 red blood 
cells/high power field.  Exclude 
stone, infection or other cause. 

4 

Proteinuria->0.5 gram/24 hours 4 

Pyuria->5 white blood cells/high 
power field.  Exclude infection. 

4 
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All the patients meeting the required criteria were enrolled into the study thus 

minimizing the chances of any selection bias. The microbiology department 

interpreted the index test and the results were noted down. The experimental 

test was done by the Staff in the nephrology department who was unaware of 

the index test results thus minimizing the chances of bias. 

5.5 OUTCOME MEASURES 

5.5.1 PRIMARY OUTCOME 
	  

The primary outcome of the study was to determine the utility of urinary 

VCAM 1 levels in determining the disease activity. Urinary VCAM 1 levels 

were compared against the disease activity in renal biopsy and renal SLEDAI. 

Also it was compared against the markers, which are currently used as a 

standard of care. 

5.5.2 SECONDARY OUTCOME 
	  

The secondary outcome was to determine the association between various 

lifestyle parameters (Nutrition, physical activity and stress) and disease activity 

of lupus nephritis. 
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5.6 SAMPLE SIZE CALCULATION 
 

Sample size was calculated with a 10 percent precision and a sensitivity and 

specificity of 80 percent (obtained from the composite sensitivity and 

specificity of anti double stranded DNA, serum complements). This was done 

so that VCAM-1 matches the sensitivity and specificity of the routinely used 

markers in clinical practice. Using the formula 4pq/d2, the sample size required 

was 64. Similarly if the precision was made to 15, the sample size obtained will 

be 30. In this study 40 subjects in each arm will give a precision of 10 to 15. 

Regarding the secondary objective (risk factor assessment) for the 40 cases 

based on the rule of the thumb 4 to 5 risk factors are permitted. 

5.7 BASELINE EVALUATION 
	  

Data Collection: A proforma was made containing all information required for 

further analysis on the day of admission.  

At enrollment, based on the investigation sent by the physician as a part of 

standard care of routine for the patients presenting with SLE, data was 

collected (as mentioned in the sources), to calculate the Renal SLEDAI. 
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5.8 RECRUITMENT AND DATA 
COLLECTION 

 
Since this was a prospective study, all patients were recruited after an 

explanation of the study and the protocol. These patients were divided into two 

arms based on the renal SLEDAI score. Serum levels of double stranded DNA, 

serum complements were done as a routine for these patients. Early morning 

spot urine sample were collected for these patients. It was centrifuged to 3000g 

for 30 minutes to clear the sediments. Aliquots of the clear supernatant were 

frozen at -20 degree until the time of analysis. Care was taken to prevent 

repeated freeze thaw cycles. It was ensured that there is no loss of VCAM 1 

levels in the sample. Urinary VCAM 1 levels were measured using a 

commercial ELISA kit (Ray Biotech, USA) . Urinary levels of VCAM 1 was 

corrected for urinary creatinine and was expressed in terms of pg/mg. 

Concentrations of respective molecules was ascertained from the standard 

curves constructed using manufacturer-supplied standards. Storage of VCAM 1 

kits was done at 2-4 degree as prescribed by the kit manufacturer. Renal biopsy 

was done for the patients suspected to have active renal disease based on the 

renal SLEDAI and the class of lupus nephritis in biopsy was determined. 

Urinary VCAM -1 levels were correlated with routine markers (Anti-dsDNA, 

C3 C4) and renal SLEDAI. Urinary VCAM-1 was also be compared with 

activity in renal biopsy and class of lupus nephritis. Urinary VCAM-1 levels 

were also measured among a set of healthy patients to know the baseline 
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normal value in our population. We recruited fifteen healthy students as 

healthy controls. 

 

All patients underwent a lifestyle evaluation that included dietary, physical 

activity and stress. 

 

Lifestyle assessment: It was assessed as follows: 

1. Nutrition 

The patient’s dietary history was taken by the dietician using 24-hour recall 

method. The amount of fat intake, salt intake (in terms of those taking added 

salt) and the number of days of vegetable/ fruit intake was taken into account. 

This was correlated with the renal SLEDAI to look for any association. 

2. Physical activity  

 It was assessed using the IPAQ questionnaire (International Physical 

Activity questionnaire). METs (Metabolic equivalent) was calculated using 

the pre-formed questionnaire taking into consideration their daily routine by 

the physiotherapist and individuals were classified into low, moderate, high 

levels of activity based on the METs. This was correlated with the renal 

SLEDAI to look for any association. 

3. Stress  

It was assessed using an ISMA (International Stress management 

association) questionnaire by the principal investigator and the individuals 

were divided into subgroups as described below. 
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4 points or less: least likely to suffer from stress-related illness. 

5 - 13 points: More likely to experience stress related ill health either mental, 

physical or both.  

14	  points	  or	  more:	  Most	  prone	  to	  stress.	  

	  

5.9 ASSAY PROCEDURE 
 

VCAM-1 ELISA 

Principal of the assay: 

The RayBio® Human VCAM-1 ELISA kit is an in vitro enzyme-linked 

immunosorbent assay for the quantitative measurement of human VCAM-1 in 

serum, plasma, and cell culture supernatants and also urine. This assay employs 

an antibody specific for human VCAM-1 coated on a 96-well plate. Standards 

and samples are pipetted into the wells and VCAM-1 present in a sample is 

bound to the wells by the immobilized antibody. The wells are washed and 

biotinylated anti-human VCAM-1 antibody is added. After washing away 

unbound biotinylated antibody, HRP- conjugated streptavidin is pipetted to the 

wells. The wells are again washed, a TMB substrate solution is added to the 

wells and color develops in proportion to the amount of VCAM-1 bound. The 

Stop Solution changes the color from blue to yellow, and the intensity of the 

color is measured at 450 nm.  

 

 

 



	   63	  

REAGENTS REQUIRED 

1. VCAM-1 Micro plate (Item A): 96 wells (12 strips x 8 wells) coated 

with anti- Human VCAM-1.  

2. Wash Buffer Concentrate (20X) (Item B): 25 ml of 20X concentrated 

solution.  

3. Standard Protein (Item C): 2 vials of Human VCAM-1. 1 vial is enough 

to run each standard in duplicate.  

4. Detection Antibody VCAM-1 (Item F): 2 vials of biotinylated anti-

Human VCAM- 1 (each vial is enough to assay half micro plate).  

5. HRP-Streptavidin Concentrate (Item G): 200 µl 320X concentrated 

HRP-  

Conjugated streptavidin.  

6. TMB One-Step Substrate Reagent (Item H): 12 ml of 3,3,5,5'-  

Tetramethylbenzidine (TMB) in buffer solution.  

7. Stop Solution (Item I): 8 ml of 0.2 M sulfuric acid.  

8. Assay Diluent A (Item D): 30 ml of diluent buffer, 0.09% sodium azide 

as preservative.  

9. Assay Diluent B (Item E): 15 ml of 5X concentrated buffer.  
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REAGENT PREPARATION 

1. All reagents and samples were brought to room temperature (18 - 25oC) 

before use.  

2. Assay Diluent B (Item E) was diluted 5-fold with deionized or distilled 

water before use.  

3. Sample dilution: 1X Assay Diluent B (Item E) was used for dilution of 

samples. Samples were initially assayed with a 50-fold dilution and in 

cases where the levels were of the ranges of the standard curve, the 

samples were retested either undiluted or with further increased dilution, 

as the case may be. 

4. Preparation of standard: After briefly centrifuging the vial of Item C. 

The 1X Assay Diluent B (600 µl) was added  into Item C vial to prepare 

a 60 ng/ml standard. The powder was thoroughly dissolved by a gentle 

mix. After adding 400 µl Assay Diluent into each tube, the 60 ng/ml 

standard solution was serially diluted as shown below. Each tube was 

mixed thoroughly before the next transfer. The assay diluent served as 

the zero standard (0 ng/ml).  

5. The Wash Concentrate (20X) was diluted to 1X using deionized or 

distilled water.  

6. The Detection Antibody vial (Item F) was centrifuged briefly before 

use. Detection antibody concentrate was prepared by adding 100 µl of 

1X Assay Diluent B (Item E) into the vial. The solution was mixed by 

gently pipetting up and down .A 65- fold dilution was done with 1X 

Assay Diluent B (Item E) and used in step 4 of Part VI Assay Procedure.  
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7. The HRP-Streptavidin concentrate vial was centrifuged briefly (Item G) 

and pipetted up and down to mix gently before use, as precipitates may 

form during storage. HRP- Streptavidin concentrate was be diluted 320-

fold with 1X Assay Diluent B (Item E).  

 

 

 

 

	  

Figure 9 Assay Dilutions 
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ASSAY PROCEDURE 

1. All reagents and samples were brought to room temperature (18 - 25oC) 

before use. All standards were tested in duplicate.  

2. A volume of 100 µl of each standard and sample was added into 

appropriate wells. The plate was cover well and incubated for 2.5 hours 

at room temperature with gentle shaking (200rpm).  

3. The solution in the wells were discarded and washed 4 times with 1X 

Wash Solution using an automated ELISA Strip Washer.  

4. After drying the wells by inverted tapping on absorbent tissue paper, 

100 µl of 1X prepared biotinylated antibody (Reagent Preparation step 

6) was added to each well and incubated for 1 hour at room temperature 

with gentle shaking.  

5. The washing procedure as in step 3 was repeated  

6. After drying the wells by inverted tapping on absorbent tissue paper 100 

µl of prepared Streptavidin solution (see Reagent Preparation step 7) 

was added to each well and incubated for 45 minutes at room 

temperature. 

7. The washing procedure as in step 3 was repeated  

8. After drying the wells by inverted tapping on absorbent tissue paper 100 

µl of TMB One-Step Substrate Reagent (Item H) was added to each well 

and incubated for 30 minutes at room temperature in the dark with 

gentle shaking.  

9. The reaction was stopped by adding 50 µl of Stop Solution (Item I) to 

each well.  
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10. The absorbance was read at 450 nm immediately using a Biotek Micro-

plate Reader (Epoch) and the concentrations of the analyte calculated 

using the software Gen 5 1.11 version. 

 

5.10 STATISTICAL METHODS 
	  

The data entry was done by the principal investigator in the excel spreadsheet. 

The results were analyzed using SPSS software version 16.  

A 2x2 analysis for the diagnostic test was done. The validity and predictive 

value statistics was presented with 95 percent confidence interval. As VCAM1 

provides levels, the best cut off was identified using ROC analysis.  

The risk factor analysis for the nutritional intake was done using multivariate 

regression analysis.  

However selection of 4-5 potential risk variables was identified using bivariate 

analysis.  
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5.11 FUNDING AND APPROVAL 

 
Funding Source 

A FLUID Research grant (Institutional grant) was approved for the purpose of 

this study. The funds were used for the purchasing the VCAM 1 ELISA kits 

and for detecting urine creatinine for all the individuals. 

Institutional Research Board approval and ethical considerations 

The research proposal was discussed with the Institutional Review Board in 

July 2014 and approval was obtained [IRB Min. No.8907 dated 09.06.2014]. 

There were no ethical issues related to this study. Institutional review board 

approval was obtained prior to the commencement of the study 
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6. RESULTS 
 

The study was conducted prospectively over a period of 12 months (June 2014 

to May 2015). Patients were recruited from inpatient and outpatient 

departments of Medicine, Nephrology and Rheumatology Departments of 

Christian Medical College, a tertiary care centre in South India. 

Clinical assessment including a detailed history and physical examination was 

done at the time of recruitment. All the hematological and biochemical tests 

and serological tests were done and the parameters were noted in the Data 

abstraction forms. 

83 patients of SLE fulfilled the inclusion criteria, 9 of them were excluded, of 

which 5 of them refused consent, 2 of them had overlap with other 

glomerulonephritis and biopsy was not feasible for the remaining 2. The 

remaining 74 patients were followed up for further analysis. 
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STROBE STATEMENT 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Patients presenting to Nephrology,  

Rheumatology and Medicine out patient  

And inpatient departments 

 

                 83 total patients recruited  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  74	  patients	  taken	  for	  final	  analysis	  	  

Renal SLEDAI of 0 

 

Renal SLEDAI of 
>0       

 

Urinary VCAM-1 assay, 
dietary history, physical 
activity history  

 

Urinary VCAM-1 assay, 
dietary history, physical 
activity history  

 

Urinary VCAM-1 levels, 
dietary intake and physical 
activity was correlated with 
renal SLEDAI 

Urinary VCAM-1 levels, 
dietary intake and physical 
activity was correlated with 
renal SLEDAI and renal 
Biopsy  

 

5-Refused 
consent 

2-Overlap with 
other GN 

2-Biopsy not 
feasible due to 
DIC 
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DEMOGRAPHIC CHARACTERISTICS 
 

This study cohort comprised of 74 patients with a mean ±SD age of 29.55±9.62 

years in controls, whereas 27.68±9.25 in cases. The predominant population 

was younger age group (<30 yrs). However there was a 5 % of elderly 

population involved in this study. 

There was a predominant sex difference in our study with Male: Female ratios 

being 1:8. 

The median disease duration in controls was 24 months and in cases was 8 

months. 

It was notable that our study included people from 3 countries, with 15 states 

from India. The majority of patients (63%) were from South India. 

It was seen from our study that 23% of population were not on any medications 

used to treat the disease at the time of presentation. 33% of the patients were on 

Prednisolone. The most common second line immunosuppressant that was used 

was Mycophenolate Mofetil (17%). On the other hand, only 21% of 

participants were on HCQ (Hydroxychloroquine) at the time of presentation. 
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Table 7 Baseline Demographic Characteristics 

	  

BASELINE CHARACTERISTICS (n-74) 

VARIABLE CONTROLS 
(n-30) 

CASES (n-44) P value 

Age, mean, yrs±SD 29.55 ± 9.62 27.68 ± 9.25 0.468 

Sex: Male/Female 1/29 7/37 0.120 

Duration of disease 
(months) 

24 8 0.327 

Medications 

No medications 

Prednisolone 

Mycophenolate Mofetil 

Cyclophosphamide 

Azathioprine 

Methotrexate 

Cyclosporine 

Hydroxychloroquine 

 

8 

13 

13 

1 

1 

0 

0 

13 

 

20 

24 

8 

2 

3 

1 

3 

14 

0.57 
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AGE DISTRIBUTION 
 

	  

Figure 10 Age distribution among study population 

	  

 

 

Figure 11 Age Distribution among cases and controls 
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SEX 
 

 

Figure 12 Sex distributions among the population 

	  

DISEASE DURATION 

 

Figure 13 Duration of disease among the population 
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STATE WISE DISTRIBUTION 

 

Figure 14 State wise distribution of study population 
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MEDICATIONS 
 

 

Figure 15 Distribution of medication among the study population 

	  

. 
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BASELINE LABRORATORY PARAMETERS 
 
Mean C3 value ± SD in cases was 47(±22.58) and in controls was 83(±31.69). 

The median DsDNA in controls was 225 and in cases was 620. 

The mean creatinine ± SD  in controls was 0.62(±0.18) mg/dl and in cases was 

0.98(±0.7) mg/dl. 

Of the 44 cases, 31(70%) of them had class 4 lupus nephritis. 11% of them had 

Class 3 and Class 5 lupus nephritis. 

Among the 44 patients, 36 % (n=16) patients had renal SLEDAI score of 12; 

where as 29 % of patients had renal SLEDAI score of 8. 
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Table 7 Baseline laboratory characteristics 

 

BASELINE LAB PARAMETERS (n-74) 

VARIABLE CONTROLS (n-30) CASES (n-44) 

C3 value, mean±SD 83±31.69 47±22.58 

Anti-dsDNA, median 
(range) 

385(1448) 581(1344) 

Creatinine (mg/dl), 
mean ± SD 

0.62±0.18 0.98±0.7 

Renal SLEDAI 

4 

8 

12 

16 

 

- 

- 

- 

- 

 

10 

13 

16 

5 

Renal Biopsy, Class  

1 

2 

3 

4 

5 

 

- 

- 

- 

- 

- 

 

0 

3 

5 

31 

5 
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MEAN C3 VALUE 

 

Figure 16 Mean C3 in study population 

	  

Median DsDNA VALUE 
 

 

Figure 17 Median Anti-dsDNA in study population 

	  

.  
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MEAN CREATININE VALUE 
 

                 

Figure 18 Mean Creatinine in the study population 

 

DISTRIBUTION IN EACH CLASS 

       

 

Figure 19 Distribution of cases in different classes of renal biopsy	  

 

 

 

N
U
M
B
ER
	  O
F	  
P
A
T
IE
N
T
S	  



	   81	  

DISTRIBUTION OF PATIENTS 
ACCORDING TO RENAL SLEDAI 

 

 

Figure 20 Distribution of cases as per renal SLEDAI 
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6.1 PRIMARY OUTCOME 
	  

 
1) VCAM 1 LEVELS IN DIFFERENT CLASSES OF 
RENAL BIOPSY LUPUS NEPHRITIS 

 

 
 
Figure 21 Scatter plot showing the correlation of VCAM 1 levels with class 

in lupus nephritis 

P value 0.96 

It is seen that the maximum levels of VCAM 1 were seen in Class 4 and Class 

5 lupus nephritis. However this is not statistically significant. Also it was seen 

that the r2 was 0.023, which is a weak correlation coeffici 
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2) VCAM 1 LEVELS IN CASES AND 
CONTROLS 

 

 

Figure 22 Scatter plot showing VCAM values in cases and controls 

 

There is a significant difference between the VCAM values in cases and 

controls. Mann Whitney test was used for the analysis (p value 0.02) 
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3) VCAM 1 LEVELS AS PER DIFFERENT RENAL 
SLEDAI 

 

 

 

Figure 23 Scatter plot showing correlation of VCAM 1 levels with renal 

SLEDAI in patients with active nephritis 

It was seen that higher renal SLEDAI score had a higher median value of 

urinary VCAM 1. However the values were not statistically significant (p value 

0.2) 
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4) CORRELATION BETWEEN VCAM 1 
LEVELS AND ANTI-dsDNA 

 

 

 

Figure 24 scatter plot showing the correlation of VCAM 1 levels with 

dsDNA 

 
A Pearson correlation was run to access the relationship between the VCAM 

and anti-dsDNA. There is a small positive correlation between the VCAM and 

anti-dsDNA (r= 0.38) but there is no significance relationship. 
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5) CORRELATION BETWEEN VCAM 1 AND 
C3 LEVELS 
 

 

Figure 25 Scatter plot showing the correlation of VCAM 1 levels with C3 

 

There is a negative correlation between VCAM 1 levels and C3 (r= -0.19). 
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6) SENSITIVITY AND SPECIFICITY OF 
URINARY VCAM 1 LEVELS. 

 

 

Figure 26 ROC curve showing sensitivity and specificity of Urinary 

VCAM 1 levels in determining disease activity 

A ROC curve was plotted for determining the sensitivity and specificity  

The area under the curve was 0.65 

The sensitivity of VCAM for determining the disease activity was 65.22% and 

the specificty was found to be 75% 

The cut off value for determining the active disease was found to be more than 

23.8. 
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6.2 SECONDARY OUTCOMES 
 
 

1) NUTRITION- SALT AND FRUITS  

 

 SALT INTAKE 

 

 
 

Figure 27 Bar Diagram depicting salt intake in SLE with nephritis and 

SLE without nephritis 

 

57 % (n=8) of controls had high salt intake and 69% (n=13) of cases had high 

salt intake. However this difference was not statistically significant (p value 

0.71). 
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 FRUITS INTAKE  

 

Figure 28 Bar diagram depicting fruit intake in SLE without nephritis and 

SLE with nephritis 

 

 

22% (n=3) of the control population had consumption of fruits for more than 3 

days per week where as 58 % (n=11) of the case population had consumption 

more than 3 days per week (p value 0.07). 
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2) PHYSICAL ACTIVITY 

 

 

 

 

Figure 29 Pie Chart showing physical activity in SLE with active nephritis 

and SLE without active nephritis 

* p value 0.59 

SLE	  
WITHOUT	  
NEPHRITIS	  

(n=11)	  

SLE	  WITH	  
NEPHRITIS	  

(n=27)	  
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It was seen that almost equal proportion in both groups had moderate level of 

activity. There was no statistical significance of the physical activity in 

comparison to cases and controls (p value 0.59) 

2) STRESS 
 

 

Figure 30 Bar Diagram showing the stress level in SLE with active 

nephritis and SLE without active nephritis 

SLE without nephritis (n=26) SLE with nephritis (N=36) 

 

(p value <0.001) 

 

It was seen that 45 % (n=16) of patients in active lupus nephritis had high 

stress level where as none in the control group had high stress level and this 

was statistically significant. 
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7. DISCUSSION 
 

Clinical Management of lupus nephritis is a major challenge because of the 

intricacy of the problem. The existing biomarkers are satisfactory in certain 

aspects, but have their own limitations. Some of the biomarkers show no 

change in level in silent lupus nephritis. Their correlation with disease activity, 

flares and predictive value are poor. Hence renal biopsy continues to remain 

the gold standard for diagnosis and management of lupus nephritis. However, 

renal biopsy is an invasive procedure and has several risk factors; in addition, 

renal biopsy may not be feasible in all patients/circumstances. Hence, the need 

of the hour is a biomarker, which is reliable in correlating with disease activity, 

better than the existing biomarkers and have better clinical utility – with 

limited need for subjectivity/expertise in interpretation of the results. Perusal of 

literature shows evaluation of several biomarkers among which urinary 

VCAM-1 appears to be more promising.  Hence, in this study, the objective 

was to evaluate the clinical utility of urinary VCAM in lupus nephritis 

management. The study was aimed at assessing the correlation between this 

biomarker and disease activity and fill in the lacunae of non-availability of data 

on Indian patients.  

Baseline demographics 

The median age of the study participants was 27 years among patients and 29 

in case of controls. Among these about 53%  (n=43) were adolescents and 

young adults. Only about 5% (n=4) were elderly. The age ranged from 13 the 
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youngest and 63 the oldest. The age profile seen was similar to Satirapoi’s 

study on Asians(59). Significant differences were seen in the clinical spectrum 

of SLE in the younger age group versus the elderly. The elderly had a less 

benign expression of the disease (60). 

                Our study showed a greater predilection towards females as 

expected. The female: male sex ratio was 8:1 in our study population. Among 

the elderly population sex ratio was 1:1. A similar prevalence study showed a 

ratio of 4:1 among the elderly population (61). However in our study, since we 

had a low number of elderly people (n=4) it is too small a number to draw any 

conclusion. 

                 In our study patients with lupus nephritis had a median duration of 8 

months and those without nephritis of 24 months. The study population had 

representation from 15 states of India and it also included patients from two 

other countries, thereby balancing any geographic or ethnic variations. The 

predominant part of our study group was from South India. Obvious to the fact, 

about one third of the sample population was from Tamil Nadu.  

                 The observation that up to 29% of the patients were not on any 

medications at the time of presentation is indicative of the current knowledge 

about the disease among the physicians and the need of considering it as one of 

the major differentials.  But, only 21% were on treatment with 

hydroxychloroquine (HCQ); HCQ being a major drug in the treatment of lupus 

nephritis, considering its beneficial effects not only in the individual organs but 

also in reducing the overall mortality and morbidity has to be an integral part of 
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treatment. Also MMF seems the choice of second line immunosuppressant 

compared to cyclophosphamide. This could be due majority of the patients 

being to a younger and unmarried and MMF was probably preferred in order to 

preserve ovarian reserve. 

 

PRIMARY OUTCOMES 

Majority (70%; n =31) of the patients who had renal biopsy were found to have 

class 4 nephritis, which is not dissimilar to existing literature (59). 

Most of them had a renal SLEDAI of 3.  The urinary levels of VCAM 1 were 

compared between the cases and the controls; the VCAM levels were 

significantly higher in those with active renal disease than in controls. Mann 

Whitney U test was used for the analysis and a p value of 0.02 was found. The 

mean urinary VCAM 1 in the control subjects was found to be 1.18 (±1.4) 

pg/mg of creatinine. The VCAM 1 levels in different classes of lupus nephritis 

was also compared and it was found that class 4 and class 5 lupus nephritis had 

a higher VCAM level than the lower classes and is consistent with earlier 

findings with similar study population (62) but the value was not statistically 

significant (p value = 0.96). 

Correlation of VCAM 1 levels with renal SLEDAI values showed higher 

VCAM levels in higher renal SLEDAI, however this observation was not 

found to be statistically significant (p value = 0.2). This is in contrast with the 
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positive correlation between renal SLEDAI and urinary VCAM 1 levels (r=0.2) 

of statistical significance (p=0.011) observed in another study (62). 

 VCAM1 levels were compared against the standard of care markers used to 

assess the disease activity. A Pearson correlation was done between VCAM 1 

and Double stranded DNA and it was seen that there was a positive correlation 

but the correlation was not strong (r=0.38). There was a negative correlation 

between C3 value and urinary levels of VCAM (r= -0.19), however the 

correlation among these was also not strong. The ROC curve for determining 

the sensitivity and specificity of urinary VCAM 1 in determining the disease 

activity showed an area under the curve to be 0.65, which is not a very good 

correlation. The sensitivity of this test was found to be 65.28% and specificity 

was 75%.. This test had a positive predictive value of 55 % and negative 

predictive value of 81% at a value of 23.8. 

Based on the findings of this study it appears that urinary VCAM 1 can be used 

as a marker for active renal disease. Since the sensitivity and specificity is not 

very high, the predictive values may not be satisfactory on its own, but in 

combination with other standard of care markers, it will be of use, especially to 

rule out ambiguities. Leukocytic infiltration is a hallmark of severe renal 

disease and one of the morphological features contributing to the elevated 

disease activity in LN. Since LN is involved in the acute phase of inflammation 

when leukocytic infiltration is ongoing and since VCAM-1 levels are likely to 

recede with reduced activity and when chronicity sets in, tracking VCAM-1 

levels longitudinally may help monitor disease activity over time.  
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SECONDARY OUTCOMES 
We had analyzed the effect of lifestyle factors in lupus nephritis.  

 

Nutrition 
Salt intake 

Various studies in the past have established the effect of salt in increasing the 

severity of lupus nephritis (52). In our study it was seen that 57 % of controls 

had high salt intake and 69% of cases had high salt intake. However this 

difference was not statistically significant (p value 0.71). A definite conclusion 

between intake of salt intake and active nephritis could not be drawn from this 

study. 

Fruit intake 

Studies have shown correlation between lupus nephritis and antioxidant intake. 

Since the direct measurement of antioxidant could not be done, the intake of 

fruits as a measure of antioxidant intake was taken. The individuals were 

divided into groups according to the number of days of fruit intake per week. 

22% of the control population had consumption of fruits for more than 3 days 

per week where as 58 % of the case population had consumption more than 3 

days per week (p value 0.07). This was actually contradicting the hypothesis of 

reduction of active nephritis due to higher antioxidant intake. 
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Physical activity: 

It was hypothesized that individuals with higher physical activity have a lower 

levels of disease activity. In our study we found out that the groups, the cases 

and controls had an equal proportion of individuals with moderate disease 

activity. The results were not statistically significant (p value 0.59) and it could 

not establish any correlation between physical activity and active nephritis. 

Stress: 

Stress was strongly associated with lupus nephritis. In our study it was seen 

that 45 % (n=16) had a high stress level in the active nephritis group as 

compared to controls with a statistically significant p value of <0.001. Is it the 

lupus nephritis that causes stress or stress precipitates active nephritis is 

difficult to comment based on this study. 
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8. CONCLUSION 
 
1) Urinary VCAM1 levels had significant correlation (p=0.01) with disease 

activity based on renal SLEDAI. 

2) The correlation between the biopsy findings and VCAM levels was not 

statistically significant. 

3) Urinary VCAM1 level correlate with other standard of care markers, but the 

level of correlation was not satisfactory. 

4) The sensitivity and specificity was found to be 65.22% and 75% 

respectively. The mean level in healthy individuals was 23.8. This needs 

validation with a larger sample size to decide upon a cut-off value.   

5) Though higher VCAM Levels were seen in patients with class 4 and class 5-

lupus nephritis, the association was not statistically significant. 

6) Higher stress levels are seen in active nephritis and it was statistically 

significant (p value <0.001). 

7) Physical activity and salt intake were not found to be significantly associated 

with active lupus nephritis. 

8) On the contrary, higher antioxidant intake (in terms of increased fruit intake) 

showed to be adversely affected with active lupus nephritis. 
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9. LIMITATIONS 
 

1. Although this study showed that urinary VCAM 1 is elevated in active 

renal disease, it did not have statistically significant correlation with 

biopsy findings. This could be explained possibly by the fact that many 

people (about 50%) were already on either steroids or second line 

immunosuppressant. Being a tertiary referral centre this bias was 

difficult to remove and could have been the major confounding factor. 

Whether prior doses of steroids significantly reduce the levels of 

Urinary VCAM 1 is not known. So further longitudinal studies may be 

required to know the progression of urinary VCAM over time in relation 

to its renal disease. 

2. It was seen than VCAM is elevated in Lupus nephritis, however since it 

can be released by leukocytes, theoretically it can be seen in any kind of 

glomerulonephritis. Due to budget constraints, this aspect could not 

have been tested in this study. So there is a need for further studies in 

which VCAM levels are tested in different glomerulonephritis. However 

if a given patient is known to be having SLE, then this problem does not 

arise. 

3. The VCAM levels were lower than expected. Since most data in 

literature is from Caucasian subjects from the west, whether the levels 

are truly lower in Asians/Indians is not clear and needs further 

investigation with a larger sample size. 
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4. While analyzing the secondary problems, a major problem encountered 

were the number of dropouts. 

5. There was some amount of recall bias in dietary history intake. 
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10. DIRECTIONS FOR FURTHER 
RESEARCH 
 

1) Testing for urinary VCAM 1 levels in glomerulonephritis other than lupus 

nephritis. 

2) Longitudinal studies to look at the decrease in levels of urinary VCAM 1 

with treatment. 

3) Use of larger sample size with low precision. 
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12.1 PATIENT INFORMATION SHEET 
 

Study Title: Urinary VCAM -1 as a renal disease activity indicator and lifestyle 

factors affecting the disease activity in lupus nephritis 

Systemic lupus erythematosus, commonly abbreviated as SLE, is a disease, 

which affects many organs of the body, including the kidney. It occurs in about 

20-150 individuals per 100,000 people. More women are affected than men. 

When the kidney involvement is suspected a biopsy is done to confirm the 

diagnosis and to help follow-up of the patient. Biopsy is a procedure where a 

piece of the kidney tissue is taken and studied. This cannot be done every time 

the patient comes for a follow-up visit. Hence if blood or urine tests can help in 

diagnosis and follow-up, it will be preferable. At present some blood tests are 

done for this purpose. Research in other parts of the world has shown that a 

new urine test (Urine-VCAM test) is very useful for this purpose. Collection of 

urine is easy and has no complications. Also, doing one urine test instead of 

several blood tests will save plenty of time and money as well. Hence, we 

decided to find out if this urine-VCAM test would be useful for the Indian 

patient population, by doing a research study.  

For this study we need the urine of patients with SLE. Since you are a patient 

with diagnosis of SLE, we request you to participate in this study. Please 

understand that participation in the study is voluntary and NOT compulsory. 

Even if you say that you are not willing to participate in this study, your 

medical care will not change. We will continue to take care of you as usual.  

What does your participation mean?  



	   109	  

• It means that you will have to give your willingness to participate in the 

study by signing a form  

• You will have to give urine specimen for the study purpose.  

Please remember:  

• Participation in the study is NOT compulsory  

• The urine-VCAM test is being done only for study purpose. It is NOT 

YET a diagnostic test.  

• You may not have any immediate benefit by your participation.  

• But by our study, if we find this test to be useful, we will introduce it as 

a diagnostic test. Then many SLE patients including you will be 

benefitted in future.  

• Our study results will be published / presented in conferences, so that 

other doctors taking care of SLE patients will also get to know about our 

finding and make use of it. But, your name or identity will not be 

revealed in any of these reports/publications/presentations. Your identity 

will be kept confidential.  

Read this information sheet; Make your decision about participating in 

the study  

To clarify doubts or get more details about the study contact.  

DR SHIVRAJ PADIYAR,  

MEDICINE PG REGISTRAR,  

CMC, VELLORE.  

PHONE NO: 7373971448  

EMAIL ID: uspshiv@gmail.com  
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12.2 Informed Consent Form  

 
Study Title: Urinary VCAM -1 correlation as a disease activity indicator and 

lifestyle factors affecting the progress in lupus nephritis 

 
Study Number: ____________  
 
Subject’s initials __________________ Subject’s Name: 
_____________________________  
 
Date of Birth / Age: ___________________________  
(Subject)  
 

(i) I confirm that I have read and understood/ it has been read out to me the 

information sheet dated for the above study and have had the opportunity to ask 

questions. 

(ii) I understand that my participation in the study is voluntary and that I am 

free to withdraw at any time, without giving any reason, without my medical 

care or Legal rights being affected. 

(iii) I understand that the Sponsor of the clinical trial, others working on the 

Sponsor’s behalf, the Ethics Committee and the regulatory authorities will not  

Need my permission to look at my health records both in respect of the current 

study and any further research that may be conducted in relation to it, even if I 

withdraw from the trial. I agree to this access. However, I understand that my 

identity will not be revealed in any information released to third parties or 

published.  

(iv)I agree not to restrict the use of any data or results that arise from this study 

provided such a use is only for scientific purpose(s).  
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(v) I agree to take part in the above study 

(vi) I permit the researcher to store my specimen and use it for further projects.  

 

 
Signature (or Thumb impression) of the Subject/Legally Acceptable 
 
Date: 
 
Signatory’s Name:                                    Signature:  
 
 
Signature of the Investigator:                                 Study Investigator’s Name:  
 
Date: 
 
Signature of the Witness:                                       Name and Address of the 
Witness 
 
Date: 
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12.3 INTERNATIONAL PHYSICAL 
ACTIVITY QUESTIONNAIRE (LONG IPAQ) 
 

We are interested in finding out about the kinds of physical activities that 

people do as part of their everyday lives. The questions will ask you about the 

time you spent being physically active in the last 7 days. Please answer each 

question even if you do not consider yourself to be an active person. Please 

think about the activities you do at work, as part of your house and yard work, 

to get from place to place, and in your spare time for recreation, exercise or 

sport.  

Think about all the vigorous and moderate activities that you did in the last 7 

days. Vigorous physical activities refer to activities that take hard physical 

effort and make you breathe much harder than normal. Moderate activities 

refer to activities that take moderate physical effort and make you breathe 

somewhat harder than normal.  

PART 1: JOB-RELATED PHYSICAL ACTIVITY  

The first section is about your work. This includes paid jobs, farming, 

volunteer work, course work, and any other unpaid work that you did outside 

your home. Do not include unpaid work you might do around your home, like 

housework, yard work, general maintenance, and caring for your family. These 

are asked in Part 3.  

1. Do you currently have a job or do any unpaid work outside your home?  

Yes  

            No      Skip to PART 2: TRANSPORTATION  
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The next questions are about all the physical activity you did in the last 7 days 

as part of your paid or unpaid work. This does not include traveling to and 

from work.  

 

2.During the last 7 days, on how many days did you do vigorous physical 

activities like heavy lifting, digging, heavy construction, or climbing up stairs 

as part of your work? Think about only those physical activities that you did 

for at least 10 minutes at a time.  

_____ days per week 

No vigorous job-related physical activity       Skip to question 4  

 

3.How much time did you usually spend on one of those days doing vigorous 

physical activities as part of your work?  

_____ hours per day _____ minutes per day  

 

4.Again, think about only those physical activities that you did for at least 10 

minutes at a time. During the last 7 days, on how many days did you do 

moderate physical activities like carrying light loads as part of your work? 

Please do not include walking.  

_____ days per week 

No moderate job-related physical activity       Skip to question 6  

 

5.How much time did you usually spend on one of those days doing moderate 

physical activities as part of your work?  
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_____ hours per day _____ minutes per day  

 

6.During the last 7 days, on how many days did you walk for at least 10 

minutes at a time as part of your work? Please do not count any walking you 

did to travel to or from work.  

_____ days per week 

No job-related walking            Skip to PART 2: TRANSPORTATION  

 

7.How much time did you usually spend on one of those days walking as part 

of your work?  

_____  hours per day  

_____  minutes per day  

 

PART 2: TRANSPORTATION PHYSICAL ACTIVITY  

These questions are about how you traveled from place to place, 

including to places like work, Stores, movies, and so on.  

 

8.During the last 7 days, on how many days did you travel in a motor vehicle 

like a train, bus, car, or tram?  

_____ days per week 

No traveling in a motor vehicle          Skip to question 10  
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9.How much time did you usually spend on one of those days traveling in a 

train, bus, car, tram, or other kind of motor vehicle?  

_____ hours per day _____ minutes per day  

 

Now think only about the bicycling and walking you might have done to travel 

to and from work, to do errands, or to go from place to place.  

 

10. During the last 7 days, on how many days did you bicycle for at least 10 

minutes at a time to go from place to place?  

_____ days per week 

No bicycling from place to place              Skip to question 12  

11.How much time did you usually spend on one of those days to 

bicycle from place to place?  

_____ hours per day _____ minutes per day  

 

12.During the last 7 days, on how many days did you walk for at least 10 

minutes at a time to go from place to place?  

_____ days per week  

No walking from place to place     Skip to PART 3: HOUSEWORK, HOUSE 

MAINTENANCE, AND CARING FOR FAMILY  

 

13.How much time did you usually spend on one of those days walking from 

place to place?  

_____  hours per day  
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_____  minutes per day  

PART 3: HOUSEWORK, HOUSE MAINTENANCE, AND CARING FOR 

FAMILY  

This section is about some of the physical activities you might have done in the 

last 7 days in and around your home, like housework, gardening, yard work, 

general maintenance work, and caring for your family.  

 

14.Think about only those physical activities that you did for at least 10 

minutes at a time. During the last 7 days, on how many days did you do 

vigorous physical activities like heavy lifting, chopping wood, shoveling snow, 

or digging in the garden or yard?  

_____ days per week 

No vigorous activity in garden or yard     Skip to question 16  

 

15.How much time did you usually spend on one of those days doing vigorous 

physical activities in the garden or yard?  

_____ hours per day _____ minutes per day  

 

16.Again, think about only those physical activities that you did for at least 10 

minutes at a time. During the last 7 days, on how many days did you do 

moderate activities like carrying light loads, sweeping, washing windows, and 

raking in the garden or yard?  

_____ days per week 

No moderate activity in garden or yard Skip to question 18  
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17.How much time did you usually spend on one of those days doing 

moderate physical activities in the garden or yard?  

_____ hours per day _____ minutes per day  

 

18.Once again, think about only those physical activities that you did for at 

least 10 minutes at a time. During the last 7 days, on how many days did you 

do moderate activities like carrying light loads, washing windows, scrubbing 

floors and sweeping inside your home?  

_____ days per week  

No moderate activity inside home Skip to PART 4: RECREATION, SPORT 

AND LEISURE-TIME PHYSICAL ACTIVITY  

19.How much time did you usually spend on one of those days doing 

moderate physical activities inside your home?  

_____ hours per day _____ minutes per day 

  

PART 4: RECREATION, SPORT, AND LEISURE-TIME PHYSICAL 

ACTIVITY  

This section is about all the physical activities that you did in the last 7 days 

solely for recreation, sport, exercise or leisure. Please do not include any 

activities you have already mentioned.  

20.Not counting any walking you have already mentioned, during the last 7 

days, on how many days did you walk for at least 10 minutes at a time in your 

leisure time?  
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_____ days per week 

No walking in leisure time Skip to question 22  

21.How much time did you usually spend on one of those days walking in your 

leisure time?  

_____ hours per day _____ minutes per day  

22.Think about only those physical activities that you did for at least 10 

minutes at a time. During the last 7 days, on how many days did you do 

vigorous physical activities like aerobics, running, fast bicycling, or fast 

swimming in your leisure time?  

_____ days per week 

No vigorous activity in leisure time    Skip to question 24  

23.How much time did you usually spend on one of those days doing 

vigorous physical activities in your leisure time?  

_____ hours per day _____ minutes per day  

24.Again, think about only those physical activities that you did for at least 10 

minutes at a time. During the last 7 days, on how many days did you do 

moderate physical activities like bicycling at a regular pace, swimming at a 

regular pace, and doubles tennis in your leisure time?  

_____ days per week 

No moderate activity in leisure time Skip to PART 5: TIME SPENT SITTING  

25.How much time did you usually spend on one of those days doing 

moderate physical activities in your leisure time?  

_____ hours per day _____ minutes per day  
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PART 5: TIME SPENT SITTING  

The last questions are about the time you spend sitting while at work, at home, 

while doing course work and during leisure time. This may include time spent 

sitting at a desk, visiting friends, reading or sitting or lying down to watch 

television. Do not include any time spent sitting in a motor vehicle that you 

have already told me about.  

26.During the last 7 days, how much time did you usually spend sitting on a 

weekday?  

_____ hours per day  

_____ minutes per day  

27.During the last 7 days, how much time did you usually spend sitting on a 

weekend day? 

_____ hours per day  

_____ minutes per day 
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12.4 ISMA STRESS QUESTIONAIRE:   

                                                    
  Y N 
                                                                                                                                                           
1 I frequently bring work home at night 

  
  

2 Not enough hours in the day to do all the things that I must do 
 

  

3 I deny or ignore problems in the hope that they will go away 
 

  

4 I do the jobs myself to ensure they are done properly  
 

  

5 I underestimate how long it takes to do things 
 

  

6 I feel that there are too many deadlines in my work / life that are 
difficult to meet 
 

  

7 My self confidence / self esteem is lower than I would like it to be 
 

  

8 I frequently have guilty feelings if I relax and do nothing 
 

  

9 I find myself thinking about problems even when I am supposed to be 
relaxing  
 

  

10 I feel fatigued or tired even when I wake after an adequate sleep 
 

  

11 I often nod or finish other peoples sentences for them when they speak 
slowly 
 

  

12 I have a tendency to eat, talk, walk and drive quickly 
 

  

13 My appetite has changed, have either a desire to binge or have a loss 
of appetite / may skip 
 

  

14 I feel irritated or angry if the car or traffic in front seems to be going 
too slowly/ I become very frustrated at having to wait in a queue  
 

  

15 If something or someone really annoys me I will bottle up my feelings  
 

  

16 When I play sport or games, I really try to win whoever I play  
 

  

17 I experience mood swings, difficulty making decisions, concentration 
and memory is impaired  
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18 I find fault and criticize others rather than praising, even if it is 

deserved  
 

  

19 I seem to be listening even though I am preoccupied with my own 
thoughts  
 

  

20 My sex drive is lower, can experience changes to menstrual cycle  
 

  

21 I find myself grinding my teeth  
 

  

22 Increase in muscular aches and pains especially in the neck, head, 
lower back, shoulders  
 

  

23 I am unable to perform tasks as well as I used to, my judgment is 
clouded or not as good as it was  
 

  

24 I find I have a greater dependency on alcohol, caffeine, nicotine or 
drugs  

  

25 I find that I don’t have time for many interests / hobbies outside of 
work  

  

  TOTAL-    
 

 

4 points or less: You are least likely to suffer from stress-related illness. 

5 - 13 points: You are more likely to experience stress related ill health either 

mental, physical or both. You would benefit from stress management / 

counseling or advice to help in the identified areas.  

14 points or more: You are the most prone to stress showing a great many 

traits or characteristics that are creating un-healthy behaviors. This means that 

you are also more likely to experience stress & stress-related illness e.g. 

diabetes, irritable bowel, migraine, back and neck pain, high blood pressure, 

heart disease/strokes, mental ill health (depression, anxiety & stress). It is 

important to seek professional help or stress management counseling. 
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12.5 CASE RESEARCH FORM 
 

1)  NAME:  
  
  
 
      

2)  HOSPITAL NUMBER: 
 
 

3) UNIQUE SUDY ID:  
 
 

     
4)   SEX:               -MALE                                 -FEMALE   

 
5)  RESIDENCE: 

               
               
               

 
6)  CONTACT NUMBER:   

 
 
 

 

7)  RENAL SLEDAI: 
 

 

8)  DURATION OF DISEASE IN YEARS: 

  
 

9)  MEDICATION HISTORY:              
-‐ PREDNISOLONE                               
-‐ MYCOPHENOLIC ACID 
-‐ CYCLOPHOSPHAMIDE 
-‐ AZATHIOPRINE 
-‐ METHOTREXATE 
-‐ CYCLOSPORIN A 
-‐ HYDROXYCHLOROQUINE 
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-‐  
 

10)  SERUM COMPLEMENT LEVEL: 
-‐ TOTAL  
-‐ C3 
-‐ C4 

 
11)  DOUBLE STRANDED DNA LEVELS: 

  
 

12)  URINARY VCAM-1 LEVELS 

                 

  

13)  URINARY CREATININE IN mg: 
 

 

14)  CORRECTED VCAM 1 LEVELS IN pg/mg: 
 

 
 
 
DIETARY FACTORS: 
 
 

1) NUMBER OF DAYS OF FRUIT INTAKE PER WEEK 
 

2) NUMBER OF DAYS PER WEEK OF ADDED SALT INATKE 
 
 
PHYSICAL ACTIVITY: 
 
Level of activity: 
 
STRESS LEVELS: 
 
Score: 
Level of Stress: 
 

 
 

 

     

  

     


