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I. Introduction 

History of Rheumatoid arthritis:  

Rheumatoid arthritis was first described by a 

twenty-eight years old resident, named Augustin Jacob Landré-Beauvais from 

the year 1800 in his doctoral dissertation.1 This is the first record of rheumatoid 

arthritis in modern medical literature that described the various symptoms and 

joint lesions in the condition. The term ‘Rheumatoid Arthritis’ was first coined 

by Alfred Baring Garrod, in 1859 and it refers to a chronic inflammatory 

systemic illness that has its predominant clinical manifestations involving the 

synovium of joints.2 The commonest form of the disease is demonstrated as 

deforming and often destructive joint inflammation leaving the individual with 

disabilities in performing day-to-day activities.3 

 

Definition: 

Rheumatoid arthritis is a chronic systemic 

inflammatory disease that predominantly manifests affecting multiple joints of 

the body.The joint involvement is often characteristically symmetrical and 

involves not only the large joints but also small joints of the hands and feet. 

Being a multisystem disease, its course is quite variable. Few patients might 

experience a milder course with involvement of a single joint, for a brief 

duration with minimal damage to the joint cartilage whereas few others might 

have a persistent and progressive course with significant joint destruction and 

functional impairment. 
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Prevalence of Rheumatoid arthritis: 

The worldwide prevalence of rheumatoid 

arthritis is approximately 0.8% with a range of 0.3 to 2.1%. Like other 

autoimmune disorders, rheumatoid arthritis also has a female preponderance, 

affecting them approximately three times more often than men. But this sex 

difference gets diminished in older age group.4, 5 The disease onset is often 

during the fourth and fifth decades, but can also affect children as early as two 

years of age. In India the prevalence of rheumatoid arthritis is similar to that of 

global indices, with a prevalence rate of 0.75%, if it is to be projected for the 

entire Indian population then it would give a total of seven million rheumatoid 

arthritis patients in India.6 

 

Risk Factors: 

 Socio-demographic:  

o The incidence of rheumatoid arthritis is two to three times higher 

in women than men.7 

o Increasing age is an important risk factor in both men and women. 

 

 Smoking:  

o Among the risk factors, the one that has strongest and most 

consistent evidence is for an association between smoking and  

Rheumatoid arthritis.8 
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o There exists 1.3 to 2.5 times increased risk of developing 

rheumatoid arthritis in an individual with prior history of 

smoking. 

 

 Reproductive and breastfeeding: 

o Oral Contraceptive pills (OCP): Earlier studies have shown 

association between OCP use and incidence of Rheumatoid 

arthritis but as the strength of estrogen used in present day OCP 

has decreased significantly, its no more considered a risk factor.9 

o Live birth history: Studies have found that women who never had 

a live birth have a slight to moderately increased risk of 

developing Rheumatoid arthritis. 

o Breastfeeding: Recent population based studies have found that 

Rheumatoid arthritis is less common among women who 

breastfeed.10 

o Menstrual History: Few studies have shown that women with 

irregular menses and those who had attained early menopause 

had a slight increase in the prevalence of developing Rheumatoid 

arthritis.11 

 

Hence these are the traditional risk factors that 

are often associated with the development of rheumatoid arthritis. 
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Pathogenesis of Rheumatoid Arthritis: 

The clinical spectrum of rheumatoid arthritis is 

well defined but the cause of rheumatoid arthritis remains unknown. It 

probably manifests in a genetically susceptible individual who has been 

exposed to environmental stimuli, which might be biological or chemical agent 

triggering an abnormal immune response in the host.12 Various microorganisms 

like mycoplasma, Ebstein-barr virus, cytomegalovirus, parvovirus etc. has been 

possibly suggested as causative agents without any convincing evidence.13 The 

only one factor that has been clearly associated with development of 

rheumatoid arthritis is cigarette smoking. 

 

It has been well established that HLA-DR1 and HLA-

DR4 shared epitope alleles are associated with increased susceptibility of 

rheumatoid arthritis. Apart from these alleles there have been atleast 30 alleles 

like STAT4, IL23R, CCR6, CD40, PTPN22, TRAF1, CTLA4, and IRF5 that 

increases the susceptibility of the disease. Most patients with Rheumatoid 

arthritis carry a peculiar epitope of HLA-DRB1*04 cluster. These disease 

associated HLA-DR alleles present the arthritis-related peptides to the specific 

T-cells, resulting in stimulation and expansion of auto-antigen specific T-cells 

in the lymph nodes and joints.14  

 

B cells have dual role in the pathogenesis of 

rheumatoid arthritis, one as antigen presenting cells and the second being 
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production of cytokines and autoantibodies that mediate the inflammatory 

cascade. The key mediators involved in the inflammatory process and cell 

migration are the cytokines like IL-6, TNF-α and IL-1. Among the 

autoantibodies produced by the B-cells, Rheumatoid factor and anti-CCP 

autoantibodies act as important biomarkers for assessing disease activity in 

Rheumatoid arthritis.15 

 

Clinical Features ofRheumatoid Arthritis: 

The predominant joint symptoms that manifests in a 

patient with rheumatoid arthritis are, 

 Pain and stiffness in joints involved. Common joints involved are 

metatarso-phalangeal joint, metacarpophalangeal joint and cervical 

spine. 

 Morning stiffness lasting more than one hour suggests an inflammatory 

etiology. 

 Boggy swelling in the joint involved is due to synovitis 

 Synovial thickening on palpation 

 Difficulty in opening mouth due to ankylosis involvement of temporo-

mandibular joint. 

 Involvement of cervical spine results in erosions of odontoid process, 

dislocation of atlanto-axial joint causing restriction of neck movements 

and rarely neurological deficts. 

 Systemic symptoms of fatigue, weight loss, and low-grade fever may 
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occur with active disease. 

 

 When Rheumatoid arthritis involves extra articular systems like 

respiratory, cardiovascular, renal, neurological etc. then the patient 

might experience exertional dyspnea, angina, focal neurological deficits 

etc. 

 

 

 Skin manifestations includeleg ulcers, digital gangrene, and 

splinterhaemorrhages, periungual infarct that presents as sharply 

demarcated painful ulcers. 

 

Extra-articular manifestations in Rheumatoid arthritis: 

Though articular involvement is the 

predominant manifestation of rheumatoid arthritis, a lot of extra-articular 

involvement does occur in rheumatoid arthritis. Almost 40% of patients with 

rheumatoid arthritis, at the outset or during the course of their illness develop 

extra-articular diseases like rheumatoid nodule, pleuropulmonary, vasculitis, 

cardiac, ocular, hematologic and neurologic manifestations.6The development 

of extra-articular complications involving the heart, lungs and malignancies 

define the mortality pattern in rheumatoid arthritis. Various epidemiologic 

studies have highlighted the impact of extra-articular manifestation on early 

demise in rheumatoid arthritis patients.7  
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Pulmonary Involvement in Rheumatoid arthritis: 

Pulmonary involvement in vast number of 

rheumatoid arthritis patients goes clinically unrecognized and becomes 

apparent only when significant parenchymal changes have already happened. 

In autopsy studies, Up to 50% of rheumatoid arthritis patients were identified 

to have pleural involvement, of which only 10% had clinical disease.8The other 

forms of lung involvement in these patients include exudative pleural disease, 

interstitial lung disease, pulmonary nodules and diffuse interstitial pulmonary 

fibrosis. 

 

o Interstitial Lung Disease: 

o Studies done using pulmonary function tests and diffusion 

capacity of the lung for carbon monoxide has shown that upto 

41% of the rheumatoid arthritis patients had Interstitial lung 

involvement but this prevalence rate increased to 65% when High 

Resolution Computed Tomography of the chest was used to 

diagnose the condition. 

o Risk factors like old age, male sex and past history of cigarette 

smoking were associated in the development of Interstitial lung 

disease 

o Pulmonary function tests in these patients reveal restrictive 

pattern and diffusion abnormalities. 
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o Pleural disease: 

o Pleural involvement is usually asymptomatic, but often patient 

complains of chest pain, cough and dyspnea. The latter symptoms 

might be because of co-existent lung involvement. 

o Pleural disease is more common in older age and in men. 

Previous infection, immune complexes synthesis and deposition, 

chronic inflammation with cytokine release. 

o Rheumatoid nodules can also manifest in the pleural cavity, 

which occasionally ruptures into the cavity resulting in exudative 

pleural effusion. 

 

o Airway disease: 

o The most common lower airway change that is often described is 

bronchiectasis. The prevalence rate of clinically evident 

bronchiectasis is 1%–5% among Rheumatoid arthritis patients 

and might precede the onset of the articular symptoms. 

 

o It manifests as productive cough, hemoptysis, recurrent 

respiratory infections and progressive dyspnea.Bronchiectasis 

develops in later phase of rheumatoid arthritis, particularly in 

women with sero-positivity for Rheumatoid factor and nodular 

disease. 
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Thus a significant proportion of patients with 

rheumatoid arthritis develops pulmonary involvement and usually is detected 

late. This results in irreversible pulmonary damage and morbidity that 

decreases the quality of life in these patients. The pattern of lung involvement 

can be identified using High Resolution Computed tomography and Pulmonary 

Function Testing. The latter has the advantage of ease in performance, 

describes the type of pulmonary involvement and absence of radiation 

exposure.  

 

Spirometer: 

Spirometer is one of the equipments used for 

basic Pulmonary Function Tests (PFT’s).   Spirometry is a noninvasive test that 

requires you to take deep breaths and forcefully exhale into a tube connected to 

a machine called a spirometer. Spirometry is a physiological test that measures 

how an individual inhales or exhales volumes of air as a function of time. 

                           The primary signal measured in spirometry 

may be volume or flow. The measurements are compared against standards 

developed for a person's age, height  and measurements below normal may 

indicate obstructed airways.  

 

                           The spirogram will identify two different types of abnormal 

ventilation patterns, obstructive and restrictive. Obstructive patterns (eg. 

asthma, bronchitis) are one which affects the rate at which air can be expelled 
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from the lungs and is characterized by a reduced forced expiratory volume in 

first second (FEV1), normal forced vital capacity (FVC) and a low FEV1%. 

 

                               An FEV1% of <70% is diagnostic of air flow obstruction 

and confirms obstructive disease. Restrictive pattern (eg. kyphosis, scoliosis, 

pulmonary fibrosis) affects lung expansion. FEV1 and FVC decreased, leaving 

a normal ratio of   FEV1/FVC. 

 

                                FEV1 is the volume of forced vital capacity expired in 1st 

second of exhalation. FVC is the volume of air that is expelled into the 

spirometer following a maximum inhalation effort.  FEV1% is the FEV1 

expressed as percentage of FVC. PEFR is the fastest rate at which air can move 

through the airways during forced expiration starting with fully inflated lungs. 

 

Management of patients with Rheumatoid arthritis: 

Historically the management of rheumatoid arthritis started 

with the using steroids and non-steroidal anti-inflammatory drugs.12But 

recently the treatment of rheumatoid arthritis involves using non-biologic and 

biologic disease modifying anti-rheumatic drugs (DMARDs). 

 

Non-Biologic DMARDs: 

o Hydroxychloroquine 

o Leflunomide 
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o Methotrexate 

o Minocycline, and  

o Sulfasalazine 

Biologic DMARDs: 

o Abatacept 

o Adalimumab 

o Etanercept 

o Infliximab, and  

o Rituximab 

 

With such high prevalence of rheumatoid arthritis 

patients in the community and an equally high number of asymptomatic lung 

involvements these individuals should be diagnosed early in-order to provide 

appropriate treatment and improve their quality of life.  This study is designed 

to assess the lung functions of rheumatoid arthritis patients and identify the 

pattern of lung involvement in the study population.  
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Aim: 

 

To assess the pulmonary functions of Rheumatoid arthritis patients and 

compare it with age and sex matched healthy individuals 

 

 

 

Objectives: 

 

To identify the correlation between lung functions of Rheumatoid arthritis 

patients and factors like  

 Age  

 BMI 

 Duration of the symptoms 

 Menstrual status among females with Rheumatoid arthritis
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I. Review of literature 
2.1.Historical Perspective of Rheumatoid Arthritis 

Rheumatoid arthritis was first described by a twenty-eight years old 

resident, named Augustin Jacob Landré-Beauvais from the year 1800 in his 

doctoral dissertation.1 This is the first record of rheumatoid arthritis in modern 

medical literature that described the various symptoms and joint lesions in the 

condition. He named the illness as GoutteAsthénique Primitive, or “Primary 

Asthenic Gout” as its symptoms had similarity with gout and described it as 

related with gout. Though his prediction of rheumatoid arthritis being a relative 

of gout was in accurate, his observation provoked further refinement in the 

clinical description of rheumatoid arthritis. 

Later in the mid 19th century, an English physician named Alfred 

Garrod distinguished gout from other rheumatic conditions. In his work 

Treatise on Nature of Gout and Rheumatic Gout, he described in detail the 

diagnosis of gout and categorized rheumatioid arthritis as an independent 

entity, which he named as ‘Rheumatic gout’.35,36 

In 1890, Archibald Garrod, the fourth son of Alfred Garrod, 

authored the bookTreatise on Rheumatism and Rheumatoid Arthritis in which 

he first coined the term Rheumatoid arthritis to the clinical condition first 

described by Landré-Beauvais as an undifferentiated morbid condition. 

Subsequently for almost a century various names was proposed for rheumatoid 

arthritis but the one coined by Archibald Garrod stayed forever.  In this books 

Archibald Garrod describes that rheumatoid arthritis was not a disease of 

modern age but an illness which was familiar to our ancestors.36 He refers the 
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characteristic skeletal damage noted in the remains from ancient Egypt. These 

advancements made by physicians of early 17th century paved the way for 

better identification of rheumatoid arthritis from other rheumatic conditions of 

that period. 

 

2.2.1. Definition: 

Rheumatoid arthritis is a chronic systemic inflammatory disease that 

predominantly manifests affecting multiple joints of the body. Though the 

exact etiology of the condition is yet to be identified, an abnormality in the 

immune response of the individual towards an unknown stimulus is attributed 

for the involvement of the joint synovium and other organs. This inflammatory 

process primarily affects the joint synovium and progresses to erode the joint 

cartilage and bone resulting in joint deformity.5 rheumatoid arthritis can 

literally affect any age group from children to elderly presenting as joint pain, 

swelling and stiffness. If untreated the joint can result in deformities, which 

disables the individual from performing day-to-day activity. 

 

2.2.2 Natural history of the disease: 

Rheumatoid arthritis starts as a primary joint disease but later takes 

on a different course in different individuals. The factors that influence the 

disease course are disease duration, female sex, prior use of DMARDs, disease 

functional class etc.4 Based on these influencing factors the disease might take 

any of the following mentioned course like,  
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1.Monocyclic: 

These patients have only one episode of the illness that last for  

2 – 5 years but subsequently doesn’t recur. Early diagnosis and  

aggressive disease control is attributed for this docile course. 

  

2.Polycyclic:  

 These patients have multiple episodes of disease exacerbation 

 and the disease activity fluctuates throughout their lifetime. 

 

3.Progressive: 

 These patients have an unremitting course and the disease has 

a relentless progressive course. This group of patients has  

increased morbidity and disease related disability due to      

excessive joint erosions. 

 

2.3. Incidence And Prevalence Of Rheumatoid Arthritis: 

 Global scenario: 

                        The incidence and prevalence of rheumatoid arthritis is different 

in different ethnic populations. These indices are in the increasing trend till 70 

years of age after which the prevalence rate decreases.37,38 The prevalence in 

developing countries are considerably low when compared to developed 

western countries, and few or very low prevalence in some African studies.39,40 



 

16 
 

Studies aimed at identifying the prevalence rate of 

rheumatoid arthritis have been reported since 1961. Bryan et al in 1965 

reported the prevalence of rheumatoid arthritis in Puerto Rico as 161 males and 

417 females per lakh population. Since then there had been a lot of such 

epidemiological studies quoting different prevalence rates but these studies 

used the older American Rheumatology Association guidelines for disease 

diagnosis which are not applicable now.42 

The recent data from United States based on the 

National Health and Nutrition Examination Survey and the National Health 

Interview Survey (NHIS) has estimated that rheumatoid arthritis affects 1.3 

million adults with a prevalence of 0.6%.40 Overall the prevalence of 

Rheumatoid arthritis in developed countries ranges from 0.3% to 1% of their 

general population. In United Kingdom the prevalence rate in males and 

females were 0.44% and 1.16% respectively.41 

 Indian Scenario: 

The prevalence of rheumatoid arthritis in India is 

around 0.75%, and if projected for country’s entire population, this would give 

a total of about seven million patients in India. There is paucity of published 

data regarding regional prevalence of rheumatoid arthritis in different parts of 

India.6 
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2.3.Genetic Basis and Pathogenesis of Rheumatoid Arthritis: 

Recent advances in molecular genetics have unveiled several 

genes that make an individual more susceptible for acquiring Rheumatoid 

arthritis. The overall heritability of anti-CCP antibody positive and anti-CCP 

antibody negative rheumatoid arthritis is the same around 60-70%.38Various 

genetic factors including Human Leukocyte antigens (HLA-DR) and non HLA 

genes are attributed to the genesis of rheumatoid arthritis.39 It has been well 

established that HLA-DR1 and HLA-DR4 shared epitope alleles are associated 

with increased susceptibility of rheumatoid arthritis. Apart from these alleles 

there has been atleast 30 alleles like STAT4, IL23R, CCR6, CD40, PTPN22, 

TRAF1, CTLA4, and IRF5 that increases the susceptibility of the disease. 

Thus, there exists a significant association between these alleles, presence or 

absence of anti-CCP antibodies. 

T-cells and B-cells along with the interactions of 

various cytokines, which are pro-inflammatory substances play a critical role in 

the pathophysiology of Rheumatoid arthritis.14,15IL-6 and TNF-α are cytokines 

that have vital role in the disease process. 

2.3.1 Role of T-cells and B-cells in pathogenesis of rheumatoid arthritis: 

The primary event in the pathogenesis of rheumatoid 

arthritis is activation of innate immune response following unknown antigenic 

stimulus that could be exogenous or autologous.14 Most patients with 

Rheumatoid arthritis carry a peculiar epitope of HLA-DRB1*04 cluster. These 

disease associated HLA-DR alleles present the arthritis-related peptides, 
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resulting in stimulation and expansion of auto-antigen specific T-cells in the 

lymph nodes and joints.15  

B cells have dual role in the pathogenesis of rheumatoid 

arthritis, one as antigen presenting cells and the second being production of 

cytokines and autoantibodies that mediate the inflammatory cascade. Among 

the autoantibodies Rheumatoid factor and anti-CCP autoantibodies act as 

important biomarkers for assessing disease activity in Rheumatoid arthritis. 

These autoantibodies forms immune-complexes that further stimulates the 

production of other pro-inflammatory cytokines like TNF-α. 

 

2.3.2 Role of cytokines in Rheumatoid arthritis joint inflammation: 

The key mediators involved in the inflammatory process 

and cell migration are the cytokines like IL-6, TNF-α and IL-1. The role of 

cytokines and their key role in disease process is enumerated in Table1.Among 

these cytokines, IL-6 has a direct effect on the neutrophils through the IL-6 

receptors that results in joint inflammation and destruction using reactive 

oxygen species and proteolytic enzymes.12 Lally et al has demonstrated that IL-

6 is also involved in the recruitment of neutrophils using fibroblasts.43 

The principal cells involved in bone destruction in 

rheumatoid arthritis are the osteoclast cells, which arise from the 

monocyte/macrophage lineage. These cells infiltrate the synovial membranes 

of patients with rheumatoid arthritis and initiate osteoclastic activity.44 The 

recruitment of osteoclasts is mediated by the macrophage colony stimulating 
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factor, which in turn depends on the interaction between receptor activator of 

nuclear factor κB(RANK) and RANK-ligand (RANKL). The expression of 

RANKL is regulated by pro-inflammatory cytokines such as TNF-α, IL-1, IL-6 

and IL-17. Formation of osteoclasts can also happen from the peripheral blood 

mononuclear cells, with the involvement of IL-6, MCSF and IL-11 and in a 

mechanism independent of the RANKL.14 

Pannus, the principal cause for bone destruction is found at the 

cartilage bone interface. This mechanism of pannus formation and its 

maintenance happens by a process named ‘Angiogenesis’. In rheumatoid 

arthritis, this process is facilitated by a lot of pro-angiogeniccytokines.45 Of 

these cytokines, the Vascular Endothelial Growth Factor (VEGF) takes the 

central role of enhancing blood supply and thus pannus formation. VEGF is 

both an inducer of vascular permeability and selective endothelial cell mitogen. 

The important cytokines involved in the production of VEGF are IL-6 and its 

interaction with soluble IL-6 receptor (sIL-6), TNF-α and IL-1α.46 

The destruction of joint cartilage is carried out by activated 

synoviocytes, which is mediated by TNF-a, IL-1 and IL-6. This event results in 

matrix mettaloproteinase (MMP) secretion into the synovial fluid and results in 

significant cartilage destruction.41 
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2.3.3. Role of cytokine in systemic effects of Rheumatoid arthritis: 

 Acute Phase Protein synthesis: 

 

Acute phase proteins are plasma proteins that are 

synthesized from the liver during the acute phase of a response to tissue injury. 

The various acute phase proteins synthesized are CRP (C-Reactive Proteins), 

fibrinogen, ferritin, hepcidin, serum amyloid A and haptoglobin. The cytokine, 

which has the maximum effect in the synthesis of acute phase proteins, is IL-6, 

but other cytokines like IL-1, TNF-α, TGF-1β and IFN-γ also contribute 

significantly to its production. Combe et al conducted prospective 

observational study on prognostic factors for radiological changesin patients 

with rheumatoid arthritis and found that patients who had a baseline elevation 

of CRP in the first year had significant joint damage and radiological evidence 

of it atat the end of 5 years.47 

 

 

Cytokines and their role in cardiovascular disease evolution: 

The incidence of cardiovascular diseases in rheumatoid 

arthritis patients is almost three times as compared to general population.48 This 

happens as a result of release of various pro – atherogenic cytokines due to 

systemic inflammation. The release of cytokines like TNF-α, IL-6 and IL-1 

from synovial tissue alters the function of distant tissues, including skeletal 

muscle, adipose tissue, liver and the vascular endothelium. This results in 
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dyslipidemia, insulin resistance, oxidative tissue injury and endothelial 

dysfunction, that further enhances the risk of cardiovascular diseases.50 

Ridker et al conducted a prospective case control study to 

identify the association between median baseline IL-6 levels and the risk of 

developing myocardial infarction in a cohort of healthy men who were 

followed up for 6 years. It was found that individuals with high baseline IL-6 

levels had an early event of myocardial infarction during the study period.49 

This cytokine IL-6 is found in abundance in patients with Rheumatoid arthritis 

and hence can be an important factor to increase the risk of cardiovascular 

diseases among them. 

 

 Cytokines and their role in Anemia, osteoporosis and depression: 

Next to cardiovascular risk, the important and common 

systemic manifestation of the pro-inflammatory cytokines in rheumatoid 

arthritis patients is anemia. Nikolaisen et al found an association with high 

prevalence of anemia in patients with rheumatoid arthritis who had a high IL-6 

levels and found IL-6 to have an inverse association with the hemoglobin 

levels of the same patients.51 IL-6 causes anemia by two mechanisms, one a 

direct effect on the bone marrow causing suppression of the erythrocyte 

lineage, next by inducing another pro-inflammatory cytokine, Hepcidin, which 

is believed to be iron-regulatory peptide. Hepcidin causes decreased absorption 

of iron from the gut and iron release from macrophages in the spleen causing 

anemia.50 
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IL-6 is also associated with other systemic effects in patients 

with Rheumatoid arthritis like osteoporosis and chronic fatigue syndrome. It 

down regulates the osteoblastic activity and accelerates the osteoclastic activity 

that results in decrease bone formation and enhanced bone resorption 

respectively.52 

 

High rates of depression and chronic fatigue have been 

associated with long-standing rheumatoid arthritis patients.52 Cytokines that are 

actively involved in the joint destruction in rheumatoid arthritis, like TNF-α, 

IL-1 and IL-6 cause dysregulation of corticotropin-releasing hormone, a key 

regulator of Hypothalamo-Pituitary Axis and stress reaction. This dysregulation 

of HPA axis results in chronic fatigue, irritability, dysthymia and depression.53- 
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Cytokines and Their Role in Disease Process 

Cytokines Role in disease process 

TNF-α Local effects: 

 Increased monocyte activation 

 Increased prostaglandin and cytokine release 

 Enhancing T-cell apoptosis, T-cell Receptor 

dysfunction and clonal regulation  

Systemic effects: 

 Increase production of acute phase reactants 

 Causes HPA-axis dysregulation 

IL-6 Local effects: 

 Osteoclast activation and neutrophil recruitment 

 Proliferation of B and T cells, antibody production and 

differentiation of these cells 

 Enhancing pannus formation 

Systemic effects: 

 Increase production of acute phase reactants 

 Anemia, osteoporosis and dysregulation of HPA axis. 

IL-1 Local: 

 Increase cytokine fibroblast, MMP and PG release 

 Osteoclast activation and expression of endothelial cell 

adhesion molecule. 

Systemic: 

 Increase production of acute phase reactants 

 Increasing Cardiovascular disease events  

 Causes HPA-axis dysregulation 

IL-17  Facilitation of T-calls infiltration and activation 

 Amplification of immune response 

 Increase synovial fibroblast MMP and cytokine release 

 Osteoclastogenesis and cartilage destruction 

 Synergistic actions with other cytokines 

 

VEGF 

 

 Angiogenesis contributing to pannus formation 
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2.3. Factors influencing the disease severity: 

 Smoking:  

o Among the various risk factors associated with rheumatoid 

arthritis smoking has the strongest association. 

o Smoking is specifically associated with a subgroup of rheumatoid 

arthritis patients who have ACPA (Anti-Citrullinated 

Protein/Peptide Antibodies) positivity.7 

o Both duration and amount of smoking years had a strong positive 

association with development of rheumatoid arthritis.56 

o Heavy smokers with more than 40-pack years of smoking history 

have twice the risk of developing rheumatoid arthritis as 

compared with non-smokers. Even though an individual has quit 

smoking, he will be at risk of developing rheumatoid arthritis for 

almost two decades after quitting.57 

 

 Alcohol consumption: 

o Moderate intake of alcohol might decrease the risk of developing 

rheumatoid arthritis. 

o A patient questionnaire based cohort study CACORA (Danish 

Case–Control Study of Rheumatoid Arthritis) demonstrated that 

those individuals who had higher consumption of alcohol (≥5 

drinks or 80 gm ethanol per week) had a decreased risk of RA  
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(around 40–50%) compared with those with low-to-no 

consumption [<0.5 g ethanol per week]. 58 

 

 Vitamin D: 

o Vitamin D is a pro-inflammatory suppressor hormone, which acts 

through the vitamin D receptor and thereby regulates both innate 

and adaptive immune response of the body. 

o In the Iowa Women’s Health Study, a prospective cohort study 

found an inverse association with intake of vitamin D and 

development of rheumatoid arthritis.59 

 

 Estrogen: 

o As rheumatoid arthritis often affects women in reproductive age, 

a possible role of estrogen was often postulated in development 

of this illness. However this postulation is questionable.60 

o A recent population based study by Doran et al, demonstrated a 

decreased prevalence of rheumatoid factor among women who 

were on oral contraceptive pills and hence postulated that 

estrogen might have a protective effect on the development of 

rheumatoid arthritis.61 
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 Birth weight and Breast-feeding: 

o A recent population-based study using the NHS (National Health 

Survey) found that babies who were weighing greater than 4.54 

kg at birth had a two-fold risk of developing rheumatoid arthritis 

compared with babies who were 3.2–3.85 kg.62 This observation 

was similar to the previous Swedish study by Jacobsson et al who 

noted a three-fold increase in developing rheumatoid arthritis 

among individuals who were born with birth weight more than 4 

kg.63 

o Pikwer et al foundlong-term breastfeeding, that was defined as 

breast-feeding for more than 13 months, was associated with a 

significant reduction of the risk of developing rheumatoid 

arthritis.64This observation is often witnessed in clinical practice 

that there will be amelioration of the disease during breast-

feeding. 

Thus a lot of individual and environmental factors 

influence the development and progression of rheumatoid arthritis. 

 

2.4. Clinical manifestations of Rheumatoid arthritis: 

Rheumatoid arthritis, as the name implies manifests 

predominantly as joint inflammation and subsequent destruction and deformity 

causing significant disability in the patient’s life. Various joint 

involvementshave been documented. 
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2.4.1. Onset of the disease: 

The onset of rheumatoid arthritis in majority of patients is insidious 

with features of fatigue, vague musculoskeletal symptoms, anorexia and 

generalized weakness before the appearance of frank synovitis. This non-

specific prodromal features lasts for short duration in few individuals but in 

others might persist for weeks or months. In less than 10% of individuals the 

onset is very acute with rapid development of multiple joint lesion and 

exaggerated systemic symptoms.  

 

2.4.2. Joint symptoms in Rheumatoid arthritis: 

The characteristic symptom in rheumatoid arthritis is pain in the 

affected joint associated with restriction of joint mobility. Along with pain 

early morning stiffness for more than an hour duration is invariably seen in 

these individuals but this symptom can also be found in other non-

inflammatory arthritis. Along with these symptoms the patient also experiences 

constitutional symptoms like weight loss, anorexia and weakness.   

 

2.4.3. Articular manifestations in Rheumatoid arthritis: 

Rheumatoid arthritis usually manifests as polyarthritis involving 

small joints of the hand or involves both small and large joints. The involved 

joint has cardinal features of inflammation like swelling, redness, warmth and 

painful restriction of joint mobility. If the disease is not appropriately treated 
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the joint inflammation spreads to other joints and irreversible damage occurs 

resulting in joint instability and deformity. A characteristic symmetrical 

distribution of joint involvement in noted in rheumatoid arthritis and it has a 

predilection towards certain specific joints like proximal inter-phalangeal and 

metacarpo-phalangeal joints of the hands. The distal inter-phalangeal joint that 

gets affected in psoriatic-arthritis is very rarely involved in rheumatoid 

arthritis. The characteristic deformities of rheumatoid arthritis in hand are, 

ulnar deviation of fingers, swan-neck andboutonnieredeformities, z-deformity 

of the thumb. These deformities occur because of damage or displacement of 

tendons that results due to extensive joint destruction. Involvement of wrist 

joint is usually seen in rheumatoid arthritis, resulting in deformity and carpal – 

tunnel syndrome due to median nerve entrapment.16 

 

Knee joint is often involved and its arthritis manifests with 

chronic effusion and ligament laxity. The inflamed synovium of the knee joint 

might extend into the popliteal fossa and this condition is termed as ‘Baker’s 

cyst. Axial involvement in rheumatoid arthritis is usually confined to the upper 

cervical spine and never the lumbo-sacral region. Synovial inflammation of the 

upper cervical spine results in atlanto-axial subluxation that causes pain in the 

occiput and rarely spinal cord compression with focal neurological deficit. 
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2.4.5. Extra-articular manifestations of Rheumatoid arthritis: 

Skin manifestations: 

The commonest dermatological manifestation in rheumatoid 

arthritis is rheumatoid nodules that are often seen in the extensor aspect of the 

forearm and in patients with RA factor positivity. Other manifestations 

affecting the skin are leg ulcers, digital gangrene, splinter haemorrhages, 

periungual infarcts and sharply demarcated painful ulcerations. They appear 

mostly at places where skin is exposed and in the lower limbs. Skin 

manifestations are frequently associated with pericardial and pleural effusions 

and episcleritis.Pyodermagangrenosum, a chronic recurrent ulceration of non-

infective origin have also been frequently reported.65 

 

Ocular manifestations: 

The common ocular manifestations in rheumatoid arthritis are 

keratoconjunctivitissicca, episcleritis and scleritis. Keratoconjunctivitissicca 

occurs in approximately 10% of patients with rheumatoid arthritis and is 

frequently associated with xerostomia in secondary 

Sjögren’ssyndrome.Episcleritis is usually a self-limiting condition involving 

the layer superficial to sclera. Scleritis is an aggressive form of ocular 

involvement that is characterized by intense painful inflammation of the sclera 

itself.18 
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Cardiac manifestations: 

Cardiac involvement in rheumatoid arthritis could happen in the 

form of pericarditis, myocarditis, valvular endocarditis or as atherosclerotic 

coronary occlusion. Clinically evident pericardial involvement is quite rare but 

in autopsy upto 50% of the patients had pericardial inflammation and usually 

associated with RF positivity.19 Due to increased risk for developing 

atherosclerotic plaque in the coronary vessels the risk of myocardial infarction 

is twice in individuals with Rheumatoid arthritis than non- rheumatoid arthritis 

patients. This risk triples if the duration of illness is more than ten years.66 

Myocardial fibrosis and resultant conduction abnormalities have been 

documented in patients with rheumatoid arthritis.  

 

Hematological manifestations: 

Various changes in blood parameters happen in an individual with 

rheumatoid arthritis at the time of diagnosis or during the disease course. All 

cell lines are involved during the disease process causing anemia, neutropenia, 

thrombocytopenia and thrombocytosis, eosinophilia and hematological 

malignancies.20 Of the various manifestations, anemia is the commonest 

hematological abnormality noted in rheumatoid arthritis and the most common 

extra-articular manifestation of the disease. Anemia occurs due to various 

reasons like, ineffective erythropoiesis and bone marrow suppression, 
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nutritional causes, drugs and chronic gastro-intestinal bleed. The anemia is 

usually normocytic and normochromic as in other chronic illnesses and anemia 

correlates well with the disease activity.Thrombocytosis is often seen during 

disease activity and it correlates with the number of joints actively 

inflamed.67,68 

 

Pulmonary manifestations In Rheumatoid Arthritis: 

Lung involvement occurs frequently in rheumatoid arthritis but 

often it is recognized and it contributes to the major morbidities and mortality 

in these patients.69 Pulmonary manifestations of rheumatoid arthritis might 

occur when there is active disease progression or even precede the joint 

symptoms.The pulmonary manifestations could be because of the inflammatory 

cascade and its impact on the lung tissue or it could be due to the drugs used in 

modifying the disease progression in Rheumatoid arthritis. The various 

manifestations of lung involvement in Rheumatoid arthritis are, Interstitial lung 

disease, pleural disease, disease of the airways and rheumatoid nodules. 

 

Interstitial lung disease:  

 The first report on the interstitial lung involvement in 

Rheumatoid arthritis dates back to 1948 when Ellman P et al described the first 

case series on patients with arthritis and interstitial lung involvement.21 Further 

studiesdone using pulmonary function tests and diffusion capacity of the lung 

for carbon monoxide has shown that upto 41% of the rheumatoid arthritis 
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patients had Interstitial lung involvement but this prevalence rate increased to 

65% when High Resolution Computed Tomography of the chest was used to 

diagnose the condition.70 

 Risk factors like old age, male sex and past history of cigarette 

smoking were associated in the development of Interstitial lung disease.71 It 

usually manifested in individuals with established rheumatoid arthritis but there 

have been reports were auto-antibodies related with rheumatoid arthritis has 

been demonstrated in patients with idiopathic Interstitial lung disease who 

eventually developed arthritis in later part of life.23 

 The earliest symptom of interstitial lung disease is progressive 

dyspnea. Then the lung goes for irreversible fibrosis, increasing pulmonary 

hypertension and eventually corpulmonale. The peculiarity of this disease 

process is that till significant lung impairment happens the patient often 

remains asymptomatic.70 

 Common radiologic features on HRCT include reticulation in 

which a pattern of criss-crossing lines appears resulting in a weblike pattern, 

ground-glass opacities where hazy areas of increased parenchymal density are 

noted in the lungs that do not obscure the underlying vasculature, 

bronchiectatic changes, and often micronodules are noted.72 Pulmonary 

function tests in these patients reveal restrictive pattern and diffusion 

abnormalities.24 
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Pleural disease in Rheumatoid arthritis: 

 The usual pleural manifestations in rheumatoid arthritis are pleural 

effusion, thickening, pleurisy and pleural nodules.25 

 Pleural disease is more common in older age and in men. Previous 

infection, immune complexes synthesis and deposition, chronic inflammation 

with cytokine release, impaired resorption of pleural fluid as it has high protein 

content, and rupture of sub-pleural nodules leading to capillary leak and 

obstruction of lymphatic drainage are all attributed for the development of 

pleural disease.26 

 Pleural involvement is usually asymptomatic, but often patient 

complains of chest pain, cough and dyspnea. The latter symptoms might be 

because of co-existent lung involvement. Pleural effusion in rheumatoid 

arthritis are often unilateral, but bilateral effusions have also been documented 

and occasionally pneumothorax have been described.73 

 The diagnosis of pleural effusion is made with chest radiograph but 

minimal pleural effusions and other pleural involvement can be diagnosed 

better with computed tomography of the chest. Pleural fluid in 

Rheumatoidarthritistypically looks milky or greenish-yellow, but might be 

clear, straw-colored or creamy. The pleural fluid in this condition is often 

described as pseudochylothorax as the fluid appears milky with opalescent 

sheen because of the elevated cholesterol levels (often above 1000 mg/dL) 

without the elevation in triglyceride levels that occurs typically in true 

chylothorax.73 
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Airway disease in rheumatoid arthritis: 

 The commonest manifestation of upper airway involvement in 

rheumatoid arthritis is crico-arytenoid arthritis. Symptoms of upper airway 

involvement include change in voice, sore throat, and sensation of foreign body 

in throat, aspiration and choking. But rare symptoms like dyspnea, stridor, pain 

radiating to the ears, odynophagia, dysphagia, and pain while speaking have 

also been described.74 

 The most common lower airway change that is often described is 

bronchiectasis. The prevalence rate of clinically evident bronchiectasis is 1%–

5% among Rheumatoid arthritis patientsand might precede the onset of the 

articular symptoms.28 but McMahon et al described in their study using High 

Resolution Computed Tomography (HRCT), a prevalence of bronchiectasis in 

upto 58% of rheumatoid patients.75It manifests as productive cough, 

hemoptysis, recurrent respiratory infections and progressive dyspnea. 

Bronchiectasis develops in later phase of rheumatoid arthritis, particularly in 

women with sero-positivity for Rheumatoid factor and nodular disease. 

 Airway obstruction and bronchiolitis obliterans are other pathologic 

lung manifestations in rheumatoid patients. Airway obstruction occurs because 

of excessive bronchial hyper-responsiveness, recurrent infections or genetic 

susceptibility.27 Bronchiolitis obliterans primarily affects small airways and is 

pathologically characterized by obliterative bronchiolitis with ulceration, 

scarring of the terminal and respiratory bronchioles resulting in circumferential 
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narrowing of the lower airways. Clinically this entity presents as progressive 

dyspnea accompanied by dry cough and on examination there will be presence 

of inspiratory crackles and squeaks. This condition generally has a poor 

prognosis, with consistent progression and poor response to corticosteroids and 

other immunosuppression.28 

 

Rheumatoid nodules: 

 Rheumatoid nodules are subcutaneous painless nodules that are noted in 

20% of patients with Rheumatoid arthritis. They manifest in patients with long 

standing disease and closely associated with rheumatoid factor positivity. It is 

commonly seen in males than females. Rheumatoid nodules occur most 

commonly in the skin and subcutaneous tissue, but they may also occur in the 

lung, heart, and upper airway. In the lungs the nodules may be single but can 

also present as multiple nodules. The nodules tend to be subpleural or septal 

and peripheral, although they may appear on the pleural surface. The nodules 

might remain stable without any progression; sometimes it regresses 

spontaneously and rarely enlarges.29 The pulmonary nodule might go for 

necrotization and cavitation that results in hemoptysis. Due to their typical sub-

pleural distribution these nodules causes complications like pneumothorax, 

empyema, pleural effusions, and bronchopleural fistula. Both cutaneous and 

airway nodules usually respond to local instillation of corticosteroids.30 

Thus pleuro-pulmonary manifestations are quite common in 

patients with rheumatoid arthritis, identifying these complications are essential 



 

36 
 

as pulmonary manifestations are often associated with significant morbidity 

and mortality. In the routine care of the patient with RA, a careful search for 

respiratory involvement should be undertaken, of which an assessment of lung 

functions is crucial. There has been various studies describing abnormal 

pulmonary functions tests in patients with rheumatoid arthritis.33,34 

 

2.5. Pulmonary function testing – Spirometry: 

Spirometry is the most frequently used measure of lung functions and 

measure of lung volume against time. It is the measurement of the volume and 

flow of air in and out of the lungs.Spirometers can measure critical lung indices 

like forced expiratory volume in one second (FEV1), forced vital capacity 

(FVC) and the ratio of the two volumes. The Lung function tests are in use 

since many centuries and the principles have remained the same whereas 

tremendous change has happened in the technique applied. Modern day 

Spirometry falls under the broader concept of calorimetry, which is a study to 

accurately quantify the energy expenses during rest and physical activity. 

Based on the method of assessing the heat produced there are two different 

methods involved: directly or indirectly. Direct calorimetry is the assessment of 

the body’s metabolic rate by direct measurement of the amount of heat 

produced. Indirect calorimetry is the estimation of heat or energy production 

based on parameters that are directly utilized or released during the process like 

oxygen consumption, carbon dioxide production, and nitrogen secretion.32 
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2.5.1.Parameters assessed in pulmonary function tests (PFT): 

The following are important parameters that are assessed in Spirometry 

and helps in understanding the functional status of the individual’s lung. 

 

Tidal volume: 

It is the volume of air that is inspired or expired by an individual 

during quite and comfortable breathing. The normal tidal volume in an adult is 

500mL, of which only 350mL is involved actively in alveolar ventilation and 

gaseous exchange. 

 

Inspiratory Reserve Volume: 

It is the extra volume of air inspired with maximum inspiratory 

effort, in excess of the tidal inspiration. The normal Inspiratory reserve volume 

in males and females are 3000 mL and 1900 mL respectively. 

 

Expiratory Reserve Volume: 

It is the extra volume of air expired with maximum expiratory 

effort, in excess of the tidal expiration. The normal expiratory reserve volume 

in males and females are 1100 mL and 700 mL respectively. 
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Forced Vital Capacity (FVC): 

It is the total volume of air expired with greatest speed and force 

after maximum inspiration. In conditions where there is significant airway 

obstruction the FVC is proportionately reduced. 

Forced Expiratory Volume in 1 second (FEV1): 

It is the percentage of air expired in the specified time of first 

second and represents air-flow rate. Usually upto 85% of the FVC is expired in 

the first second and hence it is one of the most useful test in detecting airway 

obstruction. 

 

Peak Expiratory Flow Rate (PEFR): 

It is the maximum velocity expressed as litres per minute with 

which air is forced out of the lungs. The normal PEFR is 400-600 L/min. 

 

2.6. Pulmonary function tests (PFT) abnormalities in Rheumatoid   

arthritis patients:  

Davidson et al in 1974 did a clinical survey on lung functions in 

rheumatoid patients and found that significant airway obstruction in many of 

his subjects. Also a significant correlation in gas transport and smoking habit 

was identified. This landmark study is one of the initial reports on lung 

function abnormalities in rheumatoid patients.31 

Biomdo et al conducted a prospective descriptive study on 166 

rheumatoid patients of which 90.5% were females. In the study population 104 
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(62.7%) patients had a positive rheumatoid factor. The median duration of 

illness was 5 years and ranging from 4 to 10. Seventy eight percent of their 

patients were on disease modifying Anti-Rheumatoid drugs. In their study they 

noted a prevalence of pulmonary function abnormalities as 38.5% and the 

common ventilator defect was obstructive pattern at 20.4%, followed by 

restrictive pattern at 16.8% and then mixed obstructive and restrictive 

ventilatory defect at 1.2%. They identified factors like older age, rheumatoid 

factor positivity and duration of disease to have a positive correlation with the 

abnormal pulmonary function tests and found no significant correlation with 

drugs.33 

 

Avnon et al conducted a longitudinal follow-up study with the 

similar aim of identifying lung function abnormalities among rheumatoid 

arthritis patients. The lung function test abnormality noted at the initial phase 

of the study revealed normal lung functions in only 30 patients (36.6%),a 

restrictive ventilatory defect in 21 (25.6%), an obstructive ventilatory defect in 

2 (2.4%), a small airway defect in 12 (17%), and reduced DLco in 17 

(20.7%).34 

 

Thus studies have shown that significant pulmonary function 

abnormalities occur in patients with rheumatoid arthritis. 
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Justification of the study 

 

Though there is abundant information on the pulmonary morbidity in 

rheumatoid arthritis patients, yet there is paucity of data on lung function 

abnormalities in individuals from southern India. Hence this study would throw 

light on the pattern of pulmonary dysfunction among South Indian adults with 

Rheumatoid arthritis. 
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Materials and Methods 

 

Setting:  

Place of Study: 

The study was done in the department of Physiology, PSG 

Institute of Medical Sciences and Research, Coimbatore. Cases were recruited 

from Internal Medicine and Rheumatology OPD – out patient department, PSG 

Hospitals, Coimbatore. PSG Hospitals is a nine hundred bedded multispecialty 

ISO and NABH accredited teaching hospital that offers comprehensive tertiary 

level health care for patients with various ailments and from many nearby 

districts of western part of Tamilnadu. 

 

 

Study Design: 

The study is a case-control type, where patients with rheumatoid arthritis were 

studied for pulmonary function abnormalities and their lung function test 

findings were compared with age and sex matched controls.  The cases were 

persons suffering from physician diagnosed Rheumatoid arthritis in the age 

group 18 – 65 years. The cases were selected from internal medicine OPD and 

Rheumatology OPD if they fulfilled the inclusion criteria. After enrollment of 

the cases, healthy age and sex-matched controls were subjected to lung 

function studies. 
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Time Frame: 

The study was conducted for one year i.e. from 1st April 2014 to 31stApril 

2015. 

 

Inclusion Criteria: 

 Physician diagnosed cases with Rheumatoid arthritis, fulfilling Revised 

American College of Rheumatologist criteria for diagnosis of Rheumatoid 

arthritis were recruited as cases. 

 Both men and women with age more than 18 years  up to 65 years were 

included in the study 

 Healthy individuals, with no clinical evidence of any chronic illness or on 

medications were recruited as controls. 

 

Exclusion Criteria: 

 

 Patients with clinical evidence of any chronic respiratory illnesses like 

tuberculosis, COPD, bronchial asthma. 

 Patients with history of smoking, documented cardiac illnesses 

 Contraindications for spirometry, 

o Absolute contraindications 

 Severe acute airflow limitation: FEV1<50% of predicted.  

 Heart attack or stroke in last 3 months. 
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 Uncontrolled hypertension: systolic blood pressure >200 mm 

Hg or diastolic pressure >120 mmHg. 

 Known history of aortic aneurysm. 

 

 

o Relative contraindications 

 Moderate airflow limitation: FEV1<60% of predicted or <1.5 

litres.  

 Inability to perform spirometry of acceptable quality. 

 Pregnancy. 

 Nursing mothers. 

 Current use of cholinesterase inhibitor medication (for 

myasthenia gravis). 

 Non – consent 

 

 

The patients attending Internal medicine or Rheumatology 

OPD who fulfilled the inclusion criteria were identified. After obtaining 

informed consent, the clinical details were recorded in the data collection tool. 

The data collection tool is a protocol that has patient data, history, physical 

examination findings and investigation details which is attached in annexure II. 

The subjects were then taken to PFT laboratory, located in the Pulmonology 

department, Fifth floor, PSG Hospitals. This laboratory has COSMED 
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SPIROPALM – 6 MWT computerized spirometer, using which the subjects 

performed spirometry. Spiropalm-digital airflow spirometry which senses air 

current connected to a computer is used to assess pulmonary function tests.  

 

THE INSTRUCTIONS GIVEN TO THE SUBJECTS DURING THE 

PROCEDURE: 

•   Seal the lips and teeth tightly around the mouthpiece.  

•   Breathe in fully so the lungs must be completely full.  

•   Nose clips are applied to the nose.  

• Blow the air out as fast as possible for minimum of 6 seconds with maximal 

effort.  

•   Breath in fully again without removing the mouthpiece from the mouth. 

 

                               While performing spirometry, the subjects were instructed 

to give their maximum effort. The procedure was carefully and clearly 

explained to cases and controls and actively motivated to perform maximally. 

During spirometry the subjects were asked to sit in a chair straight and both 

sole touching the floor flat. The procedure needs time to get the maximum 

effect. 

 

   The cases were asked to do the spirometry thrice and the 

best of the three readings was included for the study. Following this procedure 

the cases were given Nebulized salbutamol 400 mcg and allowed to rest for 30 
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minutes. The procedure was repeated after 30 minutes and the values were 

recorded. The variables of PFTs taken in the study are forced vital capacity 

(FVC), forced expiratory volume in first second (FEV1), FEV1%, Peak 

expiratory flow rate (PEFR).  

    

Forced Vital Capacity (FVC): 

   FVC is the largest amount of air that can be expired after 

amaximal inspiration.It is an index for pulmonary function and assesses the 

strength of the respiratory muscle. 

 

Forced Expiratory Volume In First Second (FEV1): 

   FEV1 is the fraction of vital capacity expired during the first 

second of a forced expiration.It is decreased in conditions were small airway 

obstruction are seen like asthma. 

 

Forced Expiratory Volume In First Second – Percent: 

   FEV1% = FEV1/FVC x 100 

Normal is 80%. It is useful to differentiate obstructive and restrictive disease. 

 

Peak Expiratory Flow Rate (PEFR): 

   It is the maximum flow rate of air during a single forced 

expiration.It is useful in distinguishing reversible and irreversible lung. 
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Statistical Analysis: 

    The statistical analysis was done using SPSS software 

(statistical package for the social science version-19).  

 

1. The Independent students t test was applied to compare the means of 

quantitative data like mean FEV1, PEFR and FVC.  

Values were expressed as Mean ± SD. The p values were interpreted 

as shown below 

a. p> 0.05 was considered not significant.  

b. p< 0.05 was considered statistically significant.  

 

2. Pulmonary function test parameters like FEV1, PEFR and FVC were 

analyzed for any correlation with Age, Body-Mass Index, duration of 

symptoms of the individual with Rheumatoid arthritis, menstrual status 

of the female patients using Pearson’s correlation analysis.
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Results 

 

The case-control study was conducted for one year from 1st 

April 2014 to 31st April 2015. Thirty patients with rheumatoid arthritis who 

fulfilled the inclusion criteria were recruited in the study as cases, and similar 

age and sex-matched healthy subjects were enrolled as controls.  

 

The cases and controls were subjected to pulmonary function 

testing and the test values were compared between the two groups. A ‘p-value’ 

of less than 0.05 was considered as significant. 

 

Independent student t test, Pearson correlation analysis and Chi 

square test were used for statistical analysis. The data was initially entered in 

Microsoft office excel and then statistical analysis was done using statistical 

software SPSS 14.0.   

 

Baseline characteristics of the study population: (Table 1&2, Charts 1 – 4) 

 

Age: 

The mean age of the controls was 44.9 ± 11.5years with 

minimum and maximum age among cases were 19 and 65 respectively. The 

mean age of the cases group was also 44.9 ± 11.5 years with same minimum 

and maximum age. The mean age in both groups was not statistically 

significant with a p-value of 0.99.  
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Height: 

The mean height of the control group was also 153.5 ± 6.35 cm 

with minimum and maximum height being 144 cm and 173 cm respectively as 

shown in chart 3. The mean height of the cases was 154 ± 6.8 cm with 

minimum and maximum height among cases being 136cm and 165 cm. The 

mean height of both the groups was not statistically significant with a p-value 

of 0.68. 

 

 

Weight: 

The mean weight of the control group was 62.7 ± 12.3 kg. The mean weight of 

the cases was 58.9 ± 12.3 kg as shown in Chart 4. The mean weight of both the 

groups was not statistically significant with a p-value of 0.68. 

 

 

FEV1: 

The mean FEV1 of the cases group was 1.55 ± 0.45 L and the 

mean FEV1 of the controls group was 2.07 ± 0.32 L. On comparing the means 

of both groups using student’s Independent t-test, the mean FEV1 among cases 

showed statistically significant decrease with the p-value <0.0001. 
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FVC:  

The mean FVC of the cases group was 1.88± 0.51 L and the 

mean FEV1 of the controls group was 2.40 ± 0.35 L. On comparing the means 

of both groups using student’s Independent t-test, the mean FVC among cases 

showed statistically significant decrease with the p-value <0.0001. 

 

 

FEV1 %: 

The mean FEV1% of the cases group was 82.1 ± 11.3% and the 

mean FEV1% of the controls group was 87.09 ± 5.29%. On comparing the 

means of both groups using student’s Independent t-test, the mean FEV1% 

among cases showed statistically significant decrease with the p-value being 

0.036. 

 

 

PEFR: 

The mean PEFR of the cases group was 4.33± 1.58 L and the 

mean FEV1 of the controls group was 6.07 ± 0.79 L. On comparing the means 

of both groups using student’s Independent t-test, the mean PEFR among cases 

showed statistically significant decrease with the p-value <0.0001. 

 

 



 

50 
 

To summarize, all the means of PFT parameters namely FEV1, 

FVC, FEV1 Percent and PEFR showed difference among cases and the controls 

group and this decrease in values among cases were statistically significant 

with p-value <0.05, as shown in Chart 6. 

 

Comparison of PFT parameters among cases with Body Mass Index (BMI) 

less than and greater than 23: Table – 4, Chart – 7.  

 

In order to identify the correlation between BMI and the PFT 

parameters among the cases, they were further divided into two subgroups, 

Subgroup 1 – those patients with Rheumatoid arthritis who had a BMI less than 

23 and Subgroup 2 – those patients with Rheumatoid arthritis who had a BMI 

more than 23. The cut-off BMI was taken as 23 because according to WHO 

Asian standards, a BMI of less than 23 is considered normal and more than 23 

is considered overweight and obese category.  

 

After subgrouping the cases, there were 11 subjects in sub-

group 1 and the mean age ± SD of Subgroup 1 was 41.8±13.9 in yrs. Similarly 

19 subjects were present in subgroup 2 and the mean age ± SD in subgroup 2 

was 46.74 ± 10.23 years, but this difference in age among both subgroups 

showed no statistical significance with p-value of 0.26. The mean duration of 

illness ± SD of Subgroup 1 and 2 was 2.54 ±1.37 and 3.66 ± 2.54 respectively, 
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but this difference in duration of illness showed no statistical significance with 

p-value of 0.19. 

 

The mean of PFT parameters namely FEV1, PEFR and FVC 

were compared between both subgroups. The Mean ± SD of FEV1 in subgroup 

1 was 1.62 ± 0.35 and in subgroup 2 was found to be 1.51 ± 0.50. Similarly 

PEFR in subgroup 1 was 4.54 ± 0.94 and in subgroup 2 was 4.2 ± 1.86.   FVC 

was 1.83 ± 0.35 in group 1 and in subgroup 2 it was 1.91 ± 0.60. Though there 

existed a difference in the mean values of both groups, the difference was not 

statistically significant, with their p-values > 0.05. 

 

On applying Pearson’s correlation analysis to the PFT 

parameters and the BMI < 23, it showed a positive correlation with FEV1, 

PEFR and FVC values being +0.295, +0.309,+0.165, respectively, but this 

positive correlation was not statistically significant. Similarly for BMI > 23, 

there existed a negative correlation with FEV1, PEFR and FVCthe values being 

-0.36, -0.579, -0.411 respectively. Except for PEFR this correlation was not 

statistically significant (Table 5 & 6). 
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Comparison of PFT parameters among cases with disease duration < 5 

years and > 5 years: (Table – 7, chart – 8)  

In order to identify the correlation between disease duration 

and the PFT parameters among the cases, they were further divided into two 

subgroups, Subgroup 1 – those patients with Rheumatoid arthritis who had the 

disease for less than 5 years and Subgroup 2 – those patients who had the 

disease for more than 5 years. The cut-off duration of illness was taken as 5 

years by convenience, and as significant pathologic changes in the lungs of 

patients might have occurred after a significant duration i.e. 5 years. After sub 

grouping the cases, there were 25 and 5 subjects in subgroups 1 and 2 

respectively, and the mean age ± SD of Subgroup 1 and 2 was 44.6 ± 12.3 and 

46.6 ± 6.17 respectively, but this difference in age showed no statistical 

significance with p-value of 0.728. The mean BMI ± SD of Subgroup 1 and 2 

was 24.2 ±4.61 and 27.8 ± 6.18 respectively, but this difference in duration of 

illness showed no statistical significance with p-value of 0.147. 

 

The mean of PFT parameters namely FEV1, PEFR and FVC 

were compared between both subgroups. The Mean ± SD of FEV1 in Group 1 

was 1.58 ± 0.45, similarly PEFR was 4.34 ± 1.56 and FVC was 1.89 ± 0.48. 

The Mean ± SD of FEV1 in group 2 was 1.39 ± 0.41, similarly PEFR was 4.30 

± 1.82 and FVC was 1.86 ± 0.74. Though there existed a difference in the mean 

values of both the groups, the difference was statistically significant with their 

p-values being 0.390, 0.965, 0.936 respectively. 
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On applying Pearson’s correlation analysis to the PFT 

parameters and the disease duration less than 5 years, it showed a negative 

correlation with FEV1, PEFR and FVC values being -0.184, -0.125 and -0.265, 

respectively, but this negative correlation was not statistically significant. 

Similarly for disease duration more than 5 years, there existed a negative 

correlation with FEV1, PEFR and FVC the values being -0.925, -0.929, -0.757 

respectively. Except for FVC, the negative correlation of FEV1 and PEFR were 

statistically significant with p-values being 0.024 and 0.022 respectively. 

(Table 8 & 9) 

 

Comparison of PFT parameters among cases in pre-menopausal and 

menopausal age group: (Table – 10, chart – 9) 

In order to identify the correlation between menstrual status 

and the PFT parameters among the female patients, they were further divided 

into two subgroups, Subgroup 1 – those female patients with Rheumatoid 

arthritis who were in pre-menopausal age group and Subgroup 2 – those female 

patients with Rheumatoid arthritis who were in post-menopausal age group. 

After subgrouping the cases, there were 15 and 13 subjects in subgroups 1 and 

2 respectively, and the mean age ± SD of Subgroup 1 and 2 was 36 ± 8.7 and 

53.8 ± 5.27 respectively, but this difference in age showed statistical 

significance with p-value of less than 0.0001. The mean BMI ± SD of 

Subgroup 1 and 2 was 23.77 ± 4.09 and 25.90 ± 5.65 respectively, but this 

difference in BMI was not statistically significant with p-value of 0.751. The 
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mean duration of illness ± SD of Subgroup 1 and 2 was 3.4 ± 2.5 and 3.07 ± 

1.98 respectively, but this difference in duration of illness showed no statistical 

significance with p-value of 0.265. 

The mean of PFT parameters namely FEV1, PEFR and FVC 

were compared between both subgroups. The Mean ± SD of FEV1, PEFR and 

FVC of female patients in pre-menopausal age were 1.71 ± 0.44, 4.7 ± 1.41 and 

2.09 ± 0.54 respectively. The Mean ± SD of FEV1, PEFR and FVC of female 

patients in post-menopausal age were 1.33 ± 0.39, 3.5 ± 1.36 and 1.59 ± 0.34 

respectively. This difference in the PFT parameters was statistically significant 

with p-values 0.03, 0.26 and 0.008 respectively.  
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Table 1: Baseline Characteristics of Study Population 

 

 Cases 

(n=30) 

Mean ± SD 

    Controls 

   (n=30) 

Mean ± SD 

p-value 

Age (in years) 

 

44.9 ± 11.5 44.9 ± 11.5  

 

 

 

Sex  

Female : Male 

 

28:2 

 

28:2 

Height (in cm)  154 ± 6.8 153.5 ± 6.35 0.68 

Weight (in kg) 

 

58.9 ± 12.3 62.7 ± 12.3 0.23 

BMI 24.8 ± 4.97 27.5 ± 4.7 0.03* 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

*p value < 0.05 is significant 
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Table 2: Clinical profile of patients included in the study 

 

 

 

 

 

 

  

Number 30 

Female: male ratio 28:2 

Weight (in kg) 

Mean ± SD 

 

58.89 ± 12.35 

Height (in cm)  

Mean ± SD 

 

154.17  ± 6.85 

BMI 

Mean ± SD 

 

24.83  ± 4.97 

Duration of illness 

Mean ± SD 

 

3.25 ± 2.22 

Rheumatoid Factor (RF) 

RF Positive 

RF Negative 

 

30 

0 

Joint Involvement 

Small joint (%) 

Large joint (%)  

Both small and large joint (%)  

 

24 (80%) 

27 (90%) 

21 (70%) 

Menstrual status 

Active Reproductive Period (%) 

Attained Menopause (%) 

 

15 (53.5%) 

13 (46.4%) 
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Table 3: Comparison of PFT parameters among cases and controls 

 

 

 

 

  

 Cases 

Mean ± SD 

Controls 

Mean ± SD 

p-Value 

FEV1 (in litres) 1.55 ±0.45 2.07 ±0.32 < 0.0001*** 

FVC (in litres) 1.88 ± 0.51 2.40 ± 0.35 <0.0001*** 

FEV1 %  82.1 ±11.3 87.09  ± 5.29 0.036* 

PEFR (in litres) 4.33 ±1.58 6.07  ± 0.79 <0.0001*** 

*p value < 0.05  
***p value < 0.001  
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Table 4: Comparison of PFT parameters among cases with Body-Mass 

Index less than and greater than 23 

 BMI < 23 

Mean ± SD 

BMI >23 

Mean ± SD 

p-Value 

Numbers, n (%) 11(36.6%) 19 (63.3%)  

Age (in years) 41.8 ± 13.9 46.74 ± 10.23 0.26 

Duration of 

Illness 

2.54 ± 1.37 3.66 ± 2.54 0.19 

FEV1  (in litres) 1.62± 0.35 1.51± 0.50 0.520 

PEFR (in litres) 4.54± 0.94 4.2 ± 1.86 0.584 

FVC (in litres) 1.83 ± 0.35 1.91 ± 0.60 0.660 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

p value is not significant 
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Table 5: Correlation of PFT parameters with BMI <23 

 

 BMI < 23 p-Value 

FEV1 0.295 0.379 

FVC 0.165 0.629 

PEFR 0.309 0.355 

 

 

 

 

 

 

 

Table 6: Correlation of PFT parameters with BMI > 23 

 

 BMI > 23 p-Value 

FEV1 - 0.36 0.131 

FVC -0.411 0.081 

PEFR -0.579 0.009 

 

 

 

 

 

 

p value is not significant 

p value is not significant 
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Table 7: Comparison of PFT parameters among cases with disease 

duration less than and more than 5 years 

 Disease duration < 

5 years 

Mean ± SD 

Disease duration > 

5 years 

Mean ± SD 

p Value 

Numbers, n  25 5  

Age (in years) 44.6± 12.3 46.6± 6.17 0.728 

BMI 24.2± 4.61 27.8± 6.18 0.147 

FEV1 % (in 

litres) 

1.58± 0.45 1.39± 0.41 0.390 

PEFR (in litres) 4.34± 1.56 4.30 ± 1.82 0.965 

FVC (in litres) 1.89 ± 0.48 1.86 ± 0.74 0.936 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

p value is not significant 
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Table 8: Correlation of PFT parameters with disease duration < 5 years 

 

 Disease duration < 5 

years  

p-Value  

FEV1 - 0.184 0.379 

FVC -0.265 0.200 

PEFR -0.125 0.551 

 

 

 

 

 

 

 

Table 9: Correlation of PFT parameters with disease duration > 5 years 

 

  Disease duration 

> 5 years 

p-Value  

FEV1 - 0.925 0.024* 

FVC -0.757 0.138 

PEFR -0.929 0.022* 

  
*p value < 0.05 is significant 

p value is not significant 
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Table 10: Comparison of patient characteristics and PFT parameters 

among cases who are in active reproductive life and those attained 

menopause 

 

 Cases in Pre-

menopausal age 

Mean ± SD 

Cases in 

menopausal age 

Mean ± SD 

 

p Value 

Numbers, n (%) 15 (53.5%) 13 (46.5%)  

Age (in years) 36 ± 8.7 53.8 ± 5.27 <0.0001*** 

Duration of 

Illness 

3.4 ± 2.5 3.07 ± 1.98 <0.265 

BMI 23.77 ± 4.09 25.90 ± 5.65 0.751 

FEV1  (in litres) 1.71  ± 0.44 1.33  ± 0.39 < 0.03* 

PEFR (in litres) 4.7  ± 1.41 3.5  ± 1.36 0.026* 

FVC (in litres) 2.09  ± 0.54 1.59  ± 0.34 0.008** 

FEV1 % 82.77 ± 8.75 81.08 ± 14.78 0.711 

 

 

 

 

 

 

 

*p value < 0.05  
**p value < 0.01 
***p value < 0.001  
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Chart 1: 
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Chart 2: 
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Chart 3: 
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Chart 4: 
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Chart 5: 
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Chart 6: 
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Chart 7: 
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Chart 8: 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

  

0

1

2

3

4

5

6

FEV1 FVC PEFR

comparison of PFT parameters among cases with disease 
duration < 5 years and > 5 years

Illness Duration < 5 yrs

Illness duration > 5 yrs



 

71 
 

Chart 9: 
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Discussion 

 

Rheumatoid arthritis is a chronic systemic inflammatory 

disease that predominantly manifests affecting multiple joints of the body. The 

joint involvement is often characteristically symmetrical and involves not only 

the large joints but also small joints of the hands and feet. 

 

The clinical spectrum of rheumatoid arthritis is well defined 

but the cause of rheumatoid arthritis remains unknown. It probably manifests in 

a genetically susceptible individual who has been exposed to environmental 

stimuli, which might be biological or chemical agent triggering an abnormal 

immune response in the host. 

 

The worldwide prevalence of rheumatoid arthritis is 

approximately 0.8% with a range of 0.3 to 2.1%.The disease onset is often 

during the fourth and fifth decades, but can also affect children as early as two 

years of age. 

 

In India the prevalence of rheumatoid arthritis is similar to that 

of global indices, with a prevalence rate of 0.75%. If it has to be projected for 

the entire Indian population then it would give a total of seven million 

rheumatoid arthritis patients in India. Various risk factors like female sex, 

smoking, oral contraceptive use, inadequate breast-feeding, irregular 
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menstruation or early menopause are attributed for developing rheumatoid 

arthritis. 

Lung involvement in rheumatoid arthritis is well documented 

and can present as pleural, interstitial and small airway disease. Pulmonary 

involvement dramatically decreases the quality of life in these patients who 

already suffer from significant disability due to joint contractures. So 

evaluation of the patients with rheumatoid arthritis for any deterioration in their 

lung functions is essential to treat appropriately, improve their mobility and 

quality of life. 

 

PFT is a diagnostic test that is non-invasive and gives an 

objective feedback about the status of the lung, by assessing lung capacities, 

volumes, rate of gas flow and exchange. Diseases that affect the lungs can 

interfere with the airflow in two ways and called as restrictive or obstructive 

lung disease. If a pulmonary pathology results in disruption in the flow of air 

into the lungs and leads to decrease in chest wall expansion it is termed as 

restrictive lung disease and if it disrupts the air flowing out of the lungs 

following inspiration, then it is obstructive lung disease.  

 

The mean age, sex of both cases and controls were identical in 

the present study showing no statistically significant difference, which denotes 

that the selection and matching processes were perfect for further 

comparisons.Spiropalm-digital airflow spirometry which senses air current 
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connected to a computer was used to assess pulmonary function tests in the 

study and it has high accuracy in predicting abnormal lung functions in the 

patients. 

 

Spiropalm-digital airflow spirometryis carried out in clinical 

practice and hence the data obtained from this study has good clinical 

relevance. The PFT parameters taken in the study were forced vital capacity 

(FVC), forced expiratory volume in first second (FEV1), FEV1%, Peak 

expiratory flow rate (PEFR). 

 

FVC is the largest amount of air that can be expired after a 

maximal inspiration. It is an index for pulmonary function and assesses the 

strength of the respiratory muscle. In the present study the mean FVC of cases 

were significantly lower than the controls stating that the disease process 

significantly affects the FVC in the cases. This mean decrease in the FVC 

among cases was due to airway involvement that occurs in rheumatoid patients.  

Vergnenegre et al observed a significant number of cases in his 

study had airway disease in spite of controlling for their smoking history.1This 

observation is similar to the present study where the cases were all non-

smokers and had significantly decreased FVC.77 

 

If the disease is not appropriately controlled the lung functions 

might deteriorate further causing functional disability. Similar results of 
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decrease in lung functions was noticed by Fuld et al in their longitudinal study 

on lung functions in patients with rheumatoid arthritis.78 

 

Avnon et al in their longitudinal study on patients with 

rheumatoid arthritis concluded that mortality rate was higher in patients with 

reduced FVC, low vital capacity and O2 saturation and concluded that 

restrictive lung involvement with decreased FVC, a poor prognostic indicator.79 

The patients in the present study also have features of restrictive lung disease 

and hence periodic monitoring of the pulmonary status is crucial to know the 

progression of disease and appropriate intervention. 

 

FEV1 is the fraction of vital capacity expired during the 

firstsecond of a forced expiration.It is decreased in conditions were small 

airway obstruction are seen like asthma. In the present study the mean FEV1 of 

the cases group was 1.55 ± 0.45 L and the mean FEV1 of the controls group 

was 2.07 ± 0.32 L. This reduction in themean FEV1was statistically significant. 

 

Schünemann HJ et al in their twenty-nine year follow-up study 

in general population observed a significant inverse association with FEV1and 

ischemic heart disease.80 Also they observed a significant negative association 

between FEV1% predicted and all-cause mortality. The authors observed that a 

decrease in FEV1 % has a significant increase in mortality even in general 

population. Extrapolating theseobservations in our study the decreased FEV1 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Sch%C3%BCnemann%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=10988186
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among patients with rheumatoid arthritis might have a negative impact on their 

longevity.  

 

In the present study we divided the cases into two groups 

based on their BMI. It was found that cases with a BMI more than 23 showed a 

negative correlation with the pulmonary function parameters. A high BMI has 

always been associated with increased cardiovascular risks. 

 

Labounty et al in their large-scale multicentric study has 

shown that individuals with larger BMI were associated with an increase in all-

cause mortality.81 Hence the cases in the present study have a two-fold 

increased risk of cardiovascular events because of rheumatoid arthritis per se 

and also associated obesity. The worsening lung function parameters in these 

cases with obesity also signifies the importance of life style modifications in 

patients with rheumatoid arthritis so that their lung functions are preserved and 

not compromised by obesity. 

 

The present study has identified the need for appropriate 

disease modifying medications to control Rheumatoid arthritis and also 

counseling the patients to maintain appropriate BMI to decrease cardiovascular 

and metabolic complications. 
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Menstrual status of women has been associated with onset and 

flare-ups in rheumatoid arthritis. Merlino et al in their prospective cohort study 

identified age at last pregnancy and age at menopause were inversely 

associated with rheumatoid arthritis. So in the present study we analyzed the 

difference in PFT parameters by grouping the cases into those in active 

menstrual life and whom attained menopause.  

 

The PFT parameters like FVC and FEV1was less in patients 

who attained menopause when compared with patients who were in pre-

menopausal status. But this observation cannot be concluded as menopausal 

women having high risk for pulmonary deterioration, as the sample size in the 

present study is small and the physiological changes in lung functions that 

occur with ageing influencing the outcome. But a larger study eliminating these 

methodological flaws will throw some light about the pulmonary changes in 

menopausal women with rheumatoid arthritis. 

 

To conclude, patients with rheumatoid arthritis should be 

periodically monitored for any deterioration in lung functions and it should be 

meticulously done on patients who are over-weight and obese. An aggressive 

management of the disease process coupled with life style modifications to 

prevent obesity will ensure better quality of life in these patients.  
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The main limitation of the study is the small sample size, 

which restricts the observations, arrived at the end of the study. A larger 

sample size, prospectively followed might better show the pattern of 

pulmonary changes that occurs in rheumatoid arthritis patients.
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Conclusion  
 

 

 In this study we found that there exits significant pulmonary 

abnormality in patients suffering from Rheumatoid arthritis. 

 

 The PFT parameters namely, FEV1, FVC and PEFR were significantly 

decreased in cases with Rheumatoid arthritis when compared with age 

and sex matched controls. 

 

 On sub-grouping the PFT parameters of cases based on BMI, pearson’s 

correlation statistical analysis has found that there exists a significant 

negative correlation with increasing BMI values.  

 

 Similar sub grouping of PFT parameters based on disease 

duration,pearson’s correlation statistical analysis has found a negative 

correlation with increasing duration of disease. But this correlation was 

not statistically significant. 

 

 On analyzing the mean PFT parameters among pre and postmenopausal 

women with Rheumatoid arthritis, this study had found that post-

menopausal women had significant decrease in lung functions. 
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 Spiropalm-digital airflow Spirometry, used in the study can be utilized 

in clinical practice to monitor pulmonary status in patients with 

Rheumatoid arthritis. 

 

 Based on the observations from the present study, patients with 

Rheumatoid arthritis should practice healthy life style and prevent 

obesity. 

 

 The deterioration in pulmonary status is more in obese than non-obese 

patients hence periodic monitoring of pulmonary status should be a part 

of the management protocol in rheumatoid arthritis patients. 

 

 The present study has highlighted the significant pulmonary morbidity 

associated with Rheumatoid arthritis and the need to monitor their lung 

functions periodically.  

 

 Few limitations of the present study are the small sample size and not 

excluding the patients on drugs like methotrexate as they themselves 

worsen the pulmonary morbidity. 
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Annexure I 

 

INFORMED CONSENT FORMAT FOR RESEARCH PROJECTS 

FOR CASES 

 

I, Dr.R.Divya, am carrying out a study on the topic: Pulmonary Functions In 

Rheumatoid Arthritis Patients And Normal Individuals – A Prospective Case 

Control Study, as part of my project being carried out under the aegis of the 

Department of Physiology  

 

(Applicable to students only): My research guide is: Prof.Nagashree.M. 

 

The justification for this study is:  

 

Though pulmonary dysfunction in Rheumatoid Arthritis is well documented in 

literature, yet there is lack of adequate data on Indian population, more so from 

southern India. The present study will attempt to fill the paucity of knowledge 

in Indian scenario. 

 

The objectives of this study are:  

 

  



 

93 
 

Primary Objectives:  

 To assess the pulmonary functions of newly diagnosed RA patients 

and compare it with age and sex matched healthy individuals 

         Secondary Objectives: 

To identify the correlation between lung functions of RA patients and factors 

like  

• Age  

• BMI 

• Duration of the symptoms 

• Menstrual status among females with RA 

 

 

Sample size: 30 Rhumatoid Arthritis participants and 30 normal study 

volunteers. 

 

Study volunteers / participants are (specify population group & age group): 

both sex, age matched.  

 

Location: Medicine OPD, PSGIMS & R 

We request you to kindly cooperate with us in this study. We propose collect 

background information and other relevant details related to this study. We will 

be carrying out:  
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Initial interview : collecting participants(controls) details through data 

collection tools. The controls and cases will undergo pulmonary function 

testing, using COSMED SPIROPALM – 6 MWT computerized spirometer 

Data collected will be stored for a period of fifteen years. We  will not use the 

data as part of another study. 

Benefits from this study for the study volunteers? 

 

 To know pulmonary functions of the cases. 

 If they have abnormal PFT’s they are informed and send to 

pulmonology or respiratory medicine department for further 

evaluation. 

 

Risks involved by participating in this study: NO  

 

How the results will be used:  

 To my project study. 

 

If you are uncomfortable in answering any of our questions during the course 

of the interview, you have the right to withdraw from the interview / study at 

anytime. You have the freedom to withdraw from the study at any point of time. 

Kindly be assured that your refusal to participate or withdrawal at any stage, if 

you so decide, will not result in any form of compromise or discrimination in 
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the services offered nor would it attract any penalty. You will continue to have 

access to the regular services offered to a patient. You will NOT be paid any 

remuneration for the time you spend with us for this interview / study. The 

information provided by you will be kept in strict confidence. Under no 

circumstances shall we reveal the identity of the respondent or their families to 

anyone. The information that we collect shall be used for approved research 

purposes only. You will be informed about any significant new findings - 

including adverse events, if any, – whether directly related to you or to other 

participants of this study, developed during the course of this research which 

may relate to your willingness to continue participation. 

 

Consent: The above information regarding the study, has been read by me/ read 

to me, and has been explained to me by the investigator/s. Having understood 

the same, I hereby give my consent to them to interview me. I am affixing my 

signature / left thumb impression to indicate my consent and willingness to 

participate in this study (i.e., willingly abide by the project requirements).  

 

Signature / Left thumb impression of the Study Volunteer / Legal 

Representative:  

Signature of the Interviewer with date:       

 

 

Witness: 
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Annexure II 

 

INFORMED CONSENT FORMAT FOR RESEARCH PROJECTS 

FOR CONTROLS 

 

I, Dr.R.Divya, am carrying out a study on the topic: Pulmonary Functions In 

Rheumatoid Arthritis Patients And Normal Individuals – A Prospective Case 

Control Study, as part of my project being carried out under the aegis of the 

Department of Physiology  

 

(Applicable to students only): My research guide is: Prof.Nagashree.M. 

The justification for this study is:  

 

Though pulmonary dysfunction in Rheumatoid Arthritis is well documented in 

literature, yet there is lack of adequate data on Indian population, more so from 

southern India. The present study will attempt to fill the paucity of knowledge 

in Indian scenario. 

The objectives of this study are:  

 

Primary Objectives:  

 To assess the pulmonary functions of newly diagnosed RA patients 

and compare it with age and sex matched healthy individuals 

 



 

97 
 

Secondary Objectives: 

To identify the correlation between lung functions of RA patients and factors 

like  

• Age  

• BMI 

• Duration of the symptoms 

• Menstrual status among females with RA 

 

Sample size: 30 Rheumatoid Arthritis participants and 30 normal study 

volunteers. 

 

Study volunteers / participants are (specify population group & age group): 

both sex, age matched.  

 

Location:   Medicine OPD, PSGIMS & R 

 

We request you to kindly cooperate with us in this study. We propose collect 

background information and other relevant details related to this study. We will 

be carrying out:  

Initial interview: collecting participants (controls) details through data 

collection tools. The controls and cases will undergo pulmonary function 

testing, using COSMED SPIROPALM – 6 MWT computerized spirometer 

Data collected will be stored for a period of fifteen years. We will not use the 
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data as part of another study. 

 

Benefits from this study for the study volunteers? 

 

 To know pulmonary functions of the controls. 

 If they have abnormal PFT’s they are informed and send to 

pulmonology or respiratory medicine department for further 

evaluation. 

 

Risks involved by participating in this study: NO  

 

 

How the results will be used:  

 To my project study. 

 

If you are uncomfortable in answering any of our questions during the course 

of the interview, you have the right to withdraw from the interview / study at 

anytime. You have the freedom to withdraw from the study at any point of time. 

Kindly be assured that your refusal to participate or withdrawal at any stage, if 

you so decide, will not result in any form of compromise or discrimination in 

the services offered nor would it attract any penalty. You will continue to have 

access to the regular services offered to a patient. You will NOT be paid any 
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remuneration for the time you spend with us for this interview / study. The 

information provided by you will be kept in strict confidence. Under no 

circumstances shall we reveal the identity of the respondent or their families to 

anyone. The information that we collect shall be used for approved research 

purposes only. You will be informed about any significant new findings - 

including adverse events, if any, – whether directly related to you or to other 

participants of this study, developed during the course of this research which 

may relate to your willingness to continue participation. 

 

Consent: The above information regarding the study, has been read by me/ read 

to me, and has been explained to me by the investigator/s. Having understood 

the same, I hereby give my consent to them to interview me. I am affixing my 

signature / left thumb impression to indicate my consent and willingness to 

participate in this study (i.e., willingly abide by the project requirements).  

Signature / Left thumb impression of the Study Volunteer / Legal 

Representative: 

Signature of the Interviewer with date:     

 Witness 
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Annexure III 

Data Collection Tool 

 
 
Name: 

Age: 

Sex: 

Occupation: 

Height: 

Weight: 

BMI: 

Rheumatoid factor: 

Menstural status: 

Symptoms: 

    Night: 

    Duration: 

Family history: 

Treatment history: 

Are you on treatment for any other chronic disease?  

(Like hypertension, diabetes mellitus, ischemic heart disease myocadial 

infection)? 

Personal history (alcoholic/smoking/tobacco chewing):                   

 

signature of the volunteers.



 

 
 

 



 

 
 

 


