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ABSTRACT
Rheumatoid arthritis (RA) is a chronic disease related to swelling of joints which lead to restriction in movement due to pain and deformity mainly in
feet, ankle, wrist, and fingers. It is an autoimmune disease, and the manifestations caused due to its occurrence are not clearly understood. In today’s
time, it has been observed that comorbid conditions account for most of the deaths as they influence the outcome of RA and limit therapeutic options.
The most common comorbid conditions which are diagnosed in RA patients are generally cardiovascular (CV) abnormalities, several infections,
certain mental disorders, and malignancies. Among which CV comorbid diseases are the most common kind relating to disorders of heart and blood
vessel that eventually leads to severe conditions such as angina, myocardial infarction, stroke, rheumatic heart disease, and many more. RA affects
the quality of life of patients directly or indirectly, but it mainly shows a significant increase in the prevalence of CV diseases. Hence, it is essential
to diagnose and understand about the related manifestations when one is suffering from RA. These studies will aid to make better treatment and
management strategies. Hence, an attempt has been made in this review article regarding the epidemiology, impact of both diseases and related
risk factors. It also gives information in brief about the pathological causes of the comorbidity and summarizes measures that may be used in the
prevention and treatment of these conditions.
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INTRODUCTION
Rheumatoid arthritis (RA) is a chronic, incurable disease characterized
primarily by painful joint inflammation [66]. Comorbidity is a medical
condition that co-exists along with the disease of interest for instance.
RA comorbidity can be further defined in terms of a current or past
condition. It represents either an active, past or transient illness.
It may be linked to the rheumatic disease process itself and/or
its treatment, or it may be completely independent. Due to these
links, comorbidities have grown in importance to physicians and
researchers because they greatly influence the patient’s quality of
life, the effectiveness of treatment, and the prognosis of the primary
disease. A given RA patient can approximately have 1.6 comorbidities
and its frequency increases with increase in age. The more
comorbidities a patient is identified with, it leads to more utilization
of health facilities which has an impact not only on personal costs but
also escalates societal costs. Ultimately, poor quality of life leads to
greater chances of hospitalization and mortality. Such complications
affect patient care, making diagnosis and treatment decisions more
challenging. If presence of co-morbidity is more than one is prone
towards more interference in on-going drug treatment and also face
problems like increased medical costs and raised risk of mortality.
Hence, it is essential to recognize such illnesses and to ensure the care
of every individual patient [1].
Patients with RA suffer significantly with increased cardiovascular (CV)
morbidity and mortality when compared with the general
population [2]. CV diseases (CVD) are the ones relating to disorders of
heart and blood vessel which lead to severe conditions such as angina,
myocardial infarction (MI), stroke, rheumatic heart disease, carditis,
and many more [3,4].
17.5 million people die each year from CVDs, an estimated 31% of all
deaths worldwide. It can be established from recent literary work that
the mortality of most people suffering from RA is largely due to the
presence of a cardiac suffering in the same individual. Ischemic heart

disease is among the most common CVDs significantly in individuals
with RA [3,4]. Improper adherence to medications is also major
patients’ problem remains one of the main issues in the treatment of
CVD problem like hypertension [65].
As per described previously the other comorbid disorders with RA are
as follows:

Infections
Tuberculosis (TB) is the most common infection which is prone to
occur in RA patients. Mortality rate associated due to this infection
is about 25% in RA patients. Cause of this disease arousal is still not
known whether it is due to immune dysfunction of RA patient or due
to drugs used in treating individual infection or both diseases [57,60].
Mental disorders
Anxiety and depression are the most common mental diseases as
such reason behind is generally increased disease condition in RA
patients [61,64].
Malignancies
Leukemia and several myelomas have greater chances to arise in RA
patient, but the reason behind this malignancy is still unknown [60].
STUDY EVIDENCE

The latest population-based study carried out compares RA and nonRA subjects and suggests that those with RA show a 3.17-fold higher
risk for having hospital MI and an almost 6-fold increased risk of having
a silent MI. Thus, the data expresses a progressive incidence of silent MI
and of sudden death after its occurrence [5].
EPIDEMIOLOGY OF COMORBIDITY OF CVDS AND RA

As per the survey report of community-based cohort study which was
carried out form the period of 1985-1989, among 183 patients with
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age of 52 years, concentrating more on female population (63%), were
diagnosed with the early RA. The study included continuous recording
of additional comorbidities along with RA. The results of the same
stated that along with RA diagnosis, at least one comorbidity was
present in 43% of the patients. The comorbid conditions like CVDs,
including hypertension (16% of patients), stroke, and malignancy, were
found to be most common, among which majority of patients (82%)
developed additional comorbidities during their follow-up treatment.
It was predicted from the cohort study that aging of the population
and the presence of comorbidity along with RA was the cause for the
development of comorbidities [5].

Again in 2000 and 2007, a similar cohort study was conducted
which stated 1383 (19.2%) of patients in total were diagnosed with
hypertension as a comorbid condition along with RA. The study reported
the result in terms of prevalence which was found to be 20% in men
were as 18.8% in women out of 465 cases and 918 cases, respectively.
The prevalence of chronic hypertension among the RA population did
not exist in the rheumatoid factor (RF)-positive subgroup. However,
there was increased risk of development of chronic hypertension in the
RF-negative subgroup [5].

Another study conducted for the study of prevalence of the
comorbid conditions, i.e., the comorbidities in RA (COMORA) study
which had two major objectives were conducted for the same. The
first objective was evaluation of the variability in the prevalence
of comorbidities and their risk factors. The second objective was
assessment of distinctive national treatment recommendations
between the already existing ones and its implementation in routine
clinical practice for the detection and prevention of these developing
comorbidities [7].
The majority of periodically associated diseases either past or current
were found to be: 6.6% of CV events which included MI, stroke, and
elevated blood pressure in a patient population of 11.2% with RA.
There was high intercountry variability observed for the prevalence of
comorbidities and the proportions of the candidates subjected to the
study, complying with the treatment recommendations for prevention
and management of these comorbidities [6].
A systemic evaluation of comorbidities in COMORA study observed
abnormalities like elevated blood pressure in 11.2% which identified
conditions of hyperglycemia in 3.3% and hyperlipidemia in 8.3% cases
under the study [6].
Thus, the study concluded that the higher death rate appeared as the
consequences due to an increased prevalence of CV risks, an increased
incidence of infections, and the development of certain malignancies in
patients with RA [7,8].
IMPACT OF RA ON CVD

Awareness is already there regarding arthritis affecting body joints
but unfair or unaware news is such that arthritis is also responsible
for causing several CV disorders such as heart attack, atrial fibrillation,
atherosclerosis, and high blood pressure. As per the nature reviews
rheumatology more than about 50% death is observed in a patient of
RA due to heart diseases. Inflammation regardless is a troublemaking
disorder causing heart disease. In this, the inflamed cells get into the
blood vessels where they cause increase in the release of cytokines
and serum proteins which in turn promote more inflammation. This
inflammation also leads in rupturing of deposited plaques on blood
vessels which proves to be a triggering factor responsible for causing
heart attack as per arthritis and rheumatism review inflammation does
not act alone but it is found to be acting in increased amount in patients
who are having heart disease risk factors in addition to it, like high
blood pressure or diabetes or atherosclerosis.
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Risk factors
• According to Figs. 1 and 2, smoking may increase level of nicotine
which in turn leads to increase in chances of heart failure
• High cholesterol level in blood serum increases chances of
atherosclerotic attack
• High blood pressure occurs as one of the major comorbid disorder
in RA patients
• Overweight is also that solely responsible for CVD and condition
may even get worse if proper exercise is not being done long with a
regular diet plan.
As per a disease control committee, there have been some ratios
indicating the amount of CV disorder, patient is having because of
arthritis [6]
• 53% of RA patients have high blood pressure
• 66% of RA patients are overweight
• 20% of RA patients do smoking [13-15].

Hence on the basis of a survey made about one-fourth adult with
any arthritis form has heart disease. Thus, concluded as per one of
the review author along with a reduction in CV risk, inflammation is
required to be reduced too with habitual risk factors such as blood
pressure, diabetes, high lipids, and smoking.
IMPACT OF CVDS ON RA

CVDs are found to be highly prevailing in RA patients and they
contribute significantly in raising morbidity and mortality rates
[51]. In the case of RA patients they are considered to be as a kind
of clinical manifestation. As a part of recent findings silent MI in
RA patients as comorbidity leads to death of the patient because of
certain known risk factors such as damaged peripheral blood vessels
gets revascularized and also certain genetic abnormalities [21]. The
CV impact on RA at certain extent is still considered to be unknown
and it is under core observation. Several heart patients along with
this disorder are having rheumatism which proves to be an elevator
in causing an increase in comorbid activity. Awareness, in this case, is
must before its expansion.
Risk factors
• Decreased exercise may be one of the reasons for manifesting CVD
in rheumatic patients due to reduction in mobility
• Fluid retention may be responsible for its spread in different areas
of the body and also affects vital organs too.

Because of resting in heart patients it may also result in occurrence
of edema and swelling particularly in legs, feet and the ankles due to
prolonged sitting pitting edema occurrence is also due pressing of
puffy areas that are being inflamed. It mainly affects liver and kidney
not synonymous to heart failure [9]. This swelling due to heart disease
may also reach to hips, scrotum, abdominal wall, and eventually
abdominal cavity. Hence, daily weight checkup is required to be done
by the heart patients because the amounts of fluid retention in turn
either result into joint pain or increase in shortness of breath. Thus,
strict diet program and exercise program to be followed up. In short
clinical manifestations of both RA and CVDs are linked with each
other [9].
CLINICAL PRESENTATION

There lies a close correlation between the morphology of progressive
carotid atherosclerosis and inflammation, which insinuates
elevations in inflammatory biomarkers which indicate occurrence of
atherosclerosis [20]. Specific systemic inflammatory biomarkers show
a remarkable increase in the risk of CV death in patients with RA [21,22].
A substantial increase in the levels of proinflammatory mediators such
as tumor necrosis factor-alpha (TNF-α), interleukin (IL-6), and IL-17
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proinflammatory responses in vascular smooth muscles [35]. IL-17
also showed an increase in myocardial fibrosis in animal models
having heart injury [36]. Thus, many evidences are collected that
support the fact that IL-17 plays a regulatory role in the development
of atherosclerosis [37].
Fig. 1: Basic steps to reduce the risk of comorbidity

Inflammatory biomarkers
RA and CVD have a common inflammatory mechanism. Specific
systemic inflammatory biomarkers such as IL-6, IL-17, and TNF which
are elevated in RA are well correlated with increased risk of CV death
in patients [24,38].
Revelation of proatherogenic lipid profile
A recent study between 87 women with RA and with 50 healthy ones
revealed a proatherogenic profile in women with RA. Lipoprotein A was
considerably increased, and high-density lipoprotein cholesterol was
found to be decreased in them [24,39].

Metabolic abnormalities
One study involving 154 cases of RA showed a high prevalence of
metabolic syndrome. Insulin resistance was observed due to an
alleged increase in oxidative stress as well as over expression of
pro-inflammatory cytokines [40].

Fig. 2: Treatment algorithm for comorbidity
damage the endothelium as well as the myocardium which predisposes
insulin resistance [23-25,38,39]. C-reactive protein (CRP) at minimal
level acts as an essential indicator of subsequent death from CVD in
patients with recent onset of arthritis [26]. High concentration of CRP
indicates increased carotid media thickness [27].
Some clinical features such as higher erythrocyte sedimentation rate,
rheumatoid nodules, vasculitis, large joint swelling, and rheumatoid
lung are independently correlated with increased risk of death due to
CVD [21].

A modern study compares individuals with RA and controls which
showcased association of TNF-α and IL-6 with the complexity of
coronary artery calcification occurring in RA. Increased stiffness of
arteries occurring in RA can be well correlated with CRP and IL-6
levels [26]. In patients with new onset of congestive heart failure,
high sedimentation rate was found in 6 months preceding the
detection of cardiac dysfunction which indicated that an enhanced
inflammatory pathogenesis may lead to cardiac dysfunction due
to inflammatory arthritis [31-34]. The extent and chronicity of
inflammatory processes were measured with the circulating levels of
inflammatory biomarkers and was linked to carotid atherosclerosis
development in RA [27]. The overall amount of adhesion molecules
such as soluble vascular cell adhesion molecule-1 (VCAM-1),
intercellular adhesion molecule-1, and endothelial–leukocyte
adhesion molecule related to vascular damage were higher in RA.
VCAM-1 levels have been correlated with carotid atherosclerosis in
individuals with RA [28].

The exact role of IL-17 in premature vascular damage in RA is
believed to be unraveled; a recent research indicated that cytokines
play a major role in atherosclerosis development in murine models
of vascular diseases [32,33]. This study also reported elevated
circulating level of IL-17 in cases with acute coronary syndrome
[34]. IL-17 is produced along with interferon-γ INF-γ by coronary
artery infiltrating T-cells. These cytokines act synergistically to cause

Genetic association
Many genetic links have been established for the comorbidity of CVD and
RA such as histocompatibility complex [41], human leukocyte antigen
DRB1 genotype [42], the IL-6-174C allele [43] and the TNF-α-1031 T/C
polymorphism [44].
Cellular alterations
Cellular level changes can induce CVD in patients already suffering
with RA. Exceeding population of CD4+CD28− T-cells in such
individuals generally predisposes atherosclerotic plaques and unstable
angina [45].
EXTRA-ARTICULAR SYMPTOMS OF RA

An epidemiological research linked few extra-articular manifestations
of RA such as rheumatoid nodules, vasculitis, and rheumatoid lung with
increased risk of CV death in patients [46].

As per a survey data internationally the prevalence of RA is believed
to range from 0.4 to 1.3% [52,53] also on the basis of Rochester
Epidemiology Project it was found that there was increase in RA
among female individuals annually and comparatively reduction of
about 0.5% was found in male individuals [54]. Life time risks as per
that epidemiology report were estimated about 4% in female and 3%
in male [55]. Multiple studies reported that in the past half century
with diagnosed RA has increased mortality rates compared to the
general population [56]. It was also reveal regarding the comorbid
disorders among which ischemic heart diseases were diagnosed
too in patient with RA [56]. People with RA have greater evidence of
atherosclerosis [57] and risk of silent MI [58] too. A 2015 study found
that risk of CVD rose [59]. It is unknown whether the increase in CVD
mortality is due to the disease, the risk factors found in people with
RA (e.g., presence of hypertension, more likely to be smokers), or the
effects of the drugs used to improve the health condition [58,60].
WORSENING DUE TO COMORBIDITY

Patients are more prone for the development of chronic comorbid
disorder on the basis of age as well as gender. Of the main diseases
group CVDs were developed as a new comorbid disorder. These
diseases might develop after a longer period than our median followup duration of nearly 3 years. The patient may also experience
reduced life expectancy and increased mortality even though there
has been reduction in disease. There is about 70% increase in death
rate as a risk factor of CVD in arthritis. Out of which is 5-10% in men
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and 2-4% in women aged 50-67 years [12]. It has also been found
that patient with RA along with diabetes are less prone for developing
angina but they are more susceptible in getting MI attacks and even
sudden cardiac deaths. Possibilities of getting recurrent ischemic
attacks are also more in rheumatic patients. Patient with RA if is
having comorbidity of CVD along with it also has a higher rate of
getting suffered from depression. Studies have also found that preclinical atherosclerotic attacks are also found in RA patient. Confusion
still exists regarding preventive measures to be taken in CV risks. Even
uncertainty is at its peak regarding how RA to be treated along with
avoidance of future CV risks as some medications used in RA might
have dual effect on the risk of CV morbidity. As an example steroids
might decrease CV risks along with its reduction in inflammation
but in turn it also causes elevation in proatherosclerotic lipid profile
levels. Hence, these accelerated elevating CV complications along
with RA are considered to be complex. Overall, studies have finally
discovered that this increasing CV complications and mortality in RA
must be provided with proper treatment in which traditional and
non-traditional risks factors are of topmost importance in patient
population [13].
TREATMENT OF COMORBIDITY

The recommended treatment for the comorbid condition following
arthritis medications which offers heart protective benefits.

Treatment with tumor necrosis factor-alpha inhibitors
A recent study in 2011, which was published in the Annals of Rheumatic
Diseases, observed that patients under these biologics, such as
etanercept, infliximab or adalimumab had a reduced risk of developing
heart disease. Another study of Johns Hopkins in the same year observed
that the patients with RA, when administered with TNF-α inhibitors,
had a lower rate of thickening in their carotid arteries approximately
37% than those not consuming it. A survey study published in the
American Heart Journal observed that, in the elderly patients with RA,
TNF-α inhibitors elevated the risk of heart failure as it was very clearly
distinguished between the effect of these biologics on the heart muscles
and on the arteries [10].
Treatment with methotrexate
Methotrexate is a disease-modifying antirheumatic drug (DMARD)
which is considered as the first line agent and often given to patients
with RA. Evidence-based British review in 2010 comprising 18 studies
was published in Rheumatology, observed that patients with RA taking
methotrexate had reduced chances of developing a heart. “A large
amount of research shows that methotrexate can reduce the risk of
heart disease,” through the reduction in the plaque accumulation in the
arteries [10].

Treatment with hydroxychloroquine
An evidence British review which was conducted in 2011 and published
in Current Opinions in Lipidology observed that hydroxychloroquine
worked on improving the risk factors associated with heart diseases
such as blood sugar and cholesterol levels. The study also concluded
that the effect of this biologic on the reducing risk factors associated
with heart diseases was still under the study [10].
CURRENT RECOMMENDEDATIONS FOR TREATMENT OF
COMORBIDITY

RA is a chronic inflammatory disease. RA sufferers along with chronic
inflammatory condition they too suffer from CVD as comorbid
disorder and prevalence of mortality rate is also higher due to this in
RA patients [14] hence the current recommended medication for this is
TNF-α blocker (TNF-α antagonist).
TNF-α mechanism
Initial stimulus for joint inflammation activates macrophages which in
a diseased joint secrete TNF-α, which activates some endothelial cells,
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other monocytes, and synovial fibroblasts. Activated endothelial cells
upregulate adhesion molecule expression, resulting in recruitment
of inflammatory cells to the joint. Monocyte activation has a positive
feedback effect on T-cell and synovial fibroblast activation. Activated
synovial fibroblasts secrete interleukins, which recruit additional
inflammatory cells. With time, the synovium hypertrophies lead to
destruction of bone and cartilage in the joint, causing the characteristic
deformity and pain of RA [48].

This anti-TNF is given which generally causes decrease in the activity by
reducing systemic and local inflammation [15]. This TNF-α antagonist
eventually decreases unfit coagulation and CV risk associated with
RA. Anti-TNF role in thrombotic mechanism as per the evidence so far
available indicates it can modify CV risks which are associated along with
RA [14].
NATURAL TNF BLOCKERS

Mechanism of curcumin (a compound present in turmeric): Turmeric
supplements containing curcuminoids lessen joint inflammation
and its destruction by blocking several inflammatory pathways and
simultaneously reduce production of certain proteins which in turn
triggers pain. It has been found that it has its influence on more than
700 genes, and it can inhibit both excessive activity and the synthesis of
cyclooxygenase-2 (COX-2)and 5-lipoxygenase, as well as other enzymes
that have been implicated in inflammation [15,49].

Mechanism of catechins (a compound present in green tea): Catechins
from green tea are effective in rheumatism. Two types of catechins
such as epicatechin gallate and epicatechin are having activity of antiinflammatory along with protecting the cartilage destruction. This is
found to be a unique activity of catechins. Hence as per the study, it
has been proved that green tea contains catechins which prevent and
protects the cartilage from getting destroyed [15,50].
Even activation of cannabinoid receptors, i.e., CB1 or CB2 by usage
of cannabis or Echinacea purpurea shows their activity of antiinflammatory by TNF-α inhibition [15].

Adverse effects
These natural anti-inflammatory agents are found to have maximum
advantages and the highest improving features of reducing joint
inflammation along with protecting cartilage destruction. Safest
prescribed medications with zero adverse effects [49].
SYNTHETIC TNF BLOCKERS

Mechanism
They are determined to be a type of biologic DMARDs. These agents are
a group of novel therapeutics based on recent advances. Main activity
is these TNF-α antagonist bind with TNF-α in circulation of synovia
region and neutralizes it that is reducing its inflammatory activity. They
also control activity of osteoclasts and also osteoclast genesis thereby
inhibiting joint destruction.
Adalimumab
It is a fully human anti-tumor necrosis factor-alpha monoclonal
antibody which is produced by phage display technology [16,51].

Infliximab
This drug is 25% mouse derived and 75% human. The binding epitope
for TNF is of mouse origin while the immunoglobulin G fragment is
human based [16,51].
Golimumab
Approved for moderate to severe arthritis [16,51].

Tocilizumab is the commonly used synthetic TNF blockers [16].
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Adverse effects
Injection site reaction, several allergic reactions, increased risk of
infections such as TB and fungal, neurological disorders, increase in
lymphoma and skin cancer, possible worsening of heart disease [51].
OTHER THERAPIES IN COMORBIDITY

Other therapies include anti-RA drugs, nonsteroidal anti-inflammatory
drugs (COX-2 inhibitors), steroidal anti-inflammatory drugs
(glucocorticoids), and disease modifying anti-rheumatoid drugs
(methotrexate) [18,19].

Along with these medications, lifestyle modifications also add on
reduction in risks associated with the comorbid disorders. Smoking
cessation, blood pressure and cholesterol control, blood sugar kept
within the safe range, weight control, diet, exercise helps to achieve
all these goals for proper and maintained health conditions. In the
case of inflammation due to RA and in contribution CV risk also
persists it can be lowered using proper RA medications which can
dramatically decrease CV abnormalities. Through one study it has
been found that use of DMARDs in RA patients can reduce CV risks
too about 60-70%.
CONCLUSION

CVD as per above discussion is being one of the reasons of death
in RA patients and mortality rate is nearly about 40%. Patients with
RA from 10 years or more are at a 2-fold increased risk for MI and
stroke. Congestive cardiac failure leads to excess mortality cases than
myocardial ischemia. Dyslipidemia, insulin resistance, prothrombotic
state, hyperhomocysteinemia, and immune mechanisms as T-cell
activation subsequently lead to endothelial dysfunction which causes
arterial stiffness, as an analog of causing accelerated atherosclerosis
in RA patients. Eventually, it’s concluded RA is having a major and
greater effect on CV in terms of disease rate and also on the basis of
its mortality rate which is found to be increasing along with upcoming
days. As per a researcher diagnosis of patients with RA should be done
with time to address potential heart risks in the future [19]. Concluding
as such comorbid diseases are having a great impact on life as well as
on treatment itself, so in that case defensive care should be our main
treatment spot.

REFERENCES
1.

2.
3.
4.

5.

6.
7.
8.

9.

Wolfe F, Michaud K. The risk of myocardial infarction and
pharmacologic and nonpharmacologic myocardial infarction predictors
in rheumatoid arthritis: A cohort and nested case-control analysis.
Arthritis Rheum 2008;58(9):2612-21.
Charles-Schoeman C. Cardiovascular disease and rheumatoid arthritis:
An update. Curr Rheumatol Rep 2012;14(5):455-62.
Mendis S, Puska P, Norrving B. Global Atlas on Cardiovascular
Disease Prevention and Control. Geneva: World Health Organization;
2011. p. 3-18.
GBD Mortality and Causes of Death Collaborators. Global, regional,
and national age-sex specific all-cause and cause-specific mortality for
240 causes of death, 1990-2013: A systematic analysis for the Global
Burden of Disease Study 2013. Lancet 2015;385(9963):117-71.
Maradit-Kremers H, Crowson CS, Nicola PJ, Ballman KV, Roger VL,
Jacobsen SJ, et al. Increased unrecognized coronary heart disease and
sudden deaths in rheumatoid arthritis: A population-based cohort study.
Arthritis Rheum 2005;52(2):402-11.
Kerola A. Epidemiology of co morbidities in early rheumatoid arthritis
with emphasis on cardiovascular disease. Helsinki: Faculty of Medicine
of the University of Helsinki; 2015.
Desai SS, Myles JD, Kaplan MJ. Suboptimal cardiovascular risk factor
identification and management in patients with rheumatoid arthritis: A
cohort analysis. Arthritis Res Ther 2012;14(6):R270.
Aviña-Zubieta JA, Choi HK, Sadatsafavi M, Etminan M, Esdaile JM,
Lacaille D. Risk of cardiovascular mortality in patients with rheumatoid
arthritis: A meta-analysis of observational studies. Arthritis Rheum
2008;59(12):1690-7.
Zarpellon RS, Dias MM, Skare DL. Nutritional profile in rheumatoid
arthritis. Rev Bras Reumatol 2014;54 (1):68-72.

Asian J Pharm Clin Res, Vol 10, Issue 5, 2017, 72-77

10. Arthritis Foundation-Arthritis and Heart Disease - Treatment of Co
Morbidity. Available from: http://www.arthritis.org.
11. Hamamoto K, Yamada S, Yasumoto M, Yoda M, Yoda K, Tsuda A,
et al. Association of nocturnal hypertension with disease activity in
rheumatoid arthritis. Am J Hypertens 2016;29(3):340-7.
12. WebMD Corporation Launches Print Magazine. The Write News,
April 22; 2005. Available from: http://www.writenews.com/webmdcorporation-launches-print-magazine-42220055.
13. Handout on Health: Rheumatoid Arthritis. National Institute of Arthritis
and Musculoskeletal and Skin Diseases. NIH Publication No. 14-4179.
August; 2014. Available from: https://www.niams.nih.gov/health_info/
rheumatic_disease/. [Last retrieved on 2015 Jul 02].
14. Siddiqui AM, Cui X, Wu R, Dong W, Zhou M, Hu M, et al. The antiinflammatory effect of curcumin in an experimental model of sepsis
is mediated by up-regulation of peroxisome proliferator-activated
receptor-gamma. Crit Care Med 2006;34(7):1874-82.
15. Okunieff P, Xu J, Hu D, Liu W, Zhang L, Morrow G, et al.
Curcumin protects against radiation-induced acute and chronic
cutaneous toxicity in mice and decreases mRNA expression of
inflammatory and fibrogenic cytokines. Int J Radiat Oncol Biol
Phys 2006;65(3):890-8.
16. Gulcubuk A, Altunatmaz K, Sonmez K, Haktanir-Yatkin D, Uzun H,
Gurel A, et al. Effects of curcumin on tumour necrosis factor-alpha and
interleukin-6 in the late phase of experimental acute pancreatitis. J Vet
Med A Physiol Pathol Clin Med 2006;53(1):49-54.
17. Lantz RC, Chen GJ, Solyom AM, Jolad SD, Timmermann BN. The
effect of turmeric extracts on inflammatory mediator production.
Phytomedicine 2005;12(6-7):445-52.
18. Raduner S, Majewska A, Chen JZ, Xie XQ, Hamon J, Faller B, et al.
Alkylamides from Echinacea are a new class of cannabinomimetics.
Cannabinoid Type 2 receptor-dependent and - Independent
immunomodulatory effects. J Biol Chem 2006;281(20):14192-206.
19. Health Guideline. Available from: http://www.healthline.org. [Last
accessed on 2016 Nov 08].
20. Schillinger M, Exner M, Mlekusch W, Sabeti S, Amighi J, Nikowitsch R,
et al. Inflammation and carotid artery - Risk for atherosclerosis study
(ICARAS). Circulation 2005;111(17):2203-9.
21. Maradit-Kremers H, Nicola PJ, Crowson CS, Ballman KV, Gabriel SE.
Cardiovascular death in rheumatoid arthritis: A population-based study.
Arthritis Rheum 2005;52(3):722-32.
22. Solomon DH, Curhan GC, Rimm EB, Cannuscio CC, Karlson EW.
Cardiovascular risk factors in women with and without rheumatoid
arthritis. Arthritis Rheum 2004;50(11):3444-9.
23. Svenson KL, Pollare T, Lithell H, Hallgren R. Impaired glucose
handling in active rheumatoid arthritis: Relationship to peripheral
insulin resistance. Metabolism 1988;37(2):125-30.
24. Sattar N, McCarey DW, Capell H, McInnes IB. Explaining how “highgrade” systemic inflammation accelerates vascular risk in rheumatoid
arthritis. Circulation 2003;108(24):2957-63.
25. Hürlimann D, Forster A, Noll G, Enseleit F, Chenevard R, Distler O,
et al. Anti-tumor necrosis factor-alpha treatment improves
endothelial function in patients with rheumatoid arthritis. Circulation
2002;106(17):2184-7.
26. Goodson NJ, Symmons DP, Scott DG, Bunn D, Lunt M, Silman AJ.
Baseline levels of C-reactive protein and prediction of death from
cardiovascular disease in patients with inflammatory polyarthritis:
A ten-year followup study of a primary care-based inception cohort.
Arthritis Rheum 2005;52(8):2293-9.
27. Gonzalez-Gay MA, Gonzalez-Juanatey C, Piñeiro A, Garcia-Porrua C,
Testa A, Llorca J. High-grade C-reactive protein elevation correlates
with accelerated atherogenesis in patients with rheumatoid arthritis.
J Rheumatol 2005;32(7):1219-23.
28. Dessein PH, Joffe BI, Singh S. Biomarkers of endothelial dysfunction,
cardiovascular risk factors and atherosclerosis in rheumatoid arthritis.
Arthritis Res Ther 2005;7(3):R634-43.
29. Rho YH, Chung CP, Oeser A, Solus J, Asanuma Y, Sokka T, et al.
Inflammatory mediators and premature coronary atherosclerosis in
rheumatoid arthritis. Arthritis Rheum 2009;61:1580-5.
30. Roman MJ, Devereux RB, Schwartz JE, Lockshin MD, Paget SA,
Davis A, et al. Arterial stiffness in chronic inflammatory diseases.
Hypertension 2005;46(1):194-9.
31. Maradit-Kremers H, Nicola PJ, Crowson CS, Ballman KV,
Jacobsen SJ, Roger VL, et al. Raised erythrocyte sedimentation rate
signals heart failure in patients with rheumatoid arthritis. Ann Rheum
Dis 2007;66(1):76-80.
32. Xie JJ, Wang J, Tang TT, Chen J, Gao XL, Yuan J, et al. The Th17/Treg

76

Pandya et al.

33.

34.

35.

36.
37.

38.
39.
40.

41.

42.

43.

44.

45.

46.

functional imbalance during atherogenesis in ApoE(-/-) mice. Cytokine
2010;49(2):185-93.
van Es T, van Puijvelde GH, Ramos OH, Segers FM, Joosten LA, van
den Berg WB, et al. Attenuated atherosclerosis upon IL-17R signaling
disruption in LDLr deficient mice. Biochem Biophys Res Commun
2009;388(2):261-5.
Liang J, Zheng Z, Wang M, Han L, Zheng Z, Peng J, et al.
Myeloperoxidase (MPO) and interleukin-17 (IL-17) plasma levels are
increased in patients with acute coronary syndromes. J Int Med Res
2009;37(3):862-6.
Eid RE, Rao DA, Zhou J, Lo SF, Ranjbaran H, Gallo A, et al.
Interleukin-17 and interferon-gamma are produced concomitantly by
human coronary artery-infiltrating T cells and act synergistically on
vascular smooth muscle cells. Circulation 2009;119(10):1424-32.
Feng W, Li W, Liu W, Wang F, Li Y, Yan W. IL-17 induces myocardial
fibrosis and enhances RANKL/OPG and MMP/TIMP signaling in
isoproterenol-induced heart failure. Exp Mol Pathol 2009;87(3):212-8.
Taleb S, Romain M, Ramkhelawon B, Uyttenhove C, Pasterkamp G,
Herbin O, et al. Loss of SOCS3 expression in T cells reveals a
regulatory role for interleukin-17 in atherosclerosis. J Exp Med
2009;206(10):2067-77.
Semb AG. Handbook of Cardiovascular Disease Management in
Rheumatoid Arthritis. Switzerland: Springer; 2016. p. 39-49.
Vissers MN, Kastelein JJ, Stroes ES. Evidence-based Management of
Lipid Disorders. UK: Tfm Publishing Limited; 2010. p. 25-38.
Dursunoglu D, Evrengül H, Polat B, Tanriverdi H, Cobankara V,
Kaftan A, et al. Lp(a) lipoprotein and lipids in patients with rheumatoid
arthritis: Serum levels and relationship to inflammation. Rheumatol Int
2005;25(4):241-5.
Chung CP, Oeser A, Solus JF, Avalos I, Gebretsadik T, Shintani A,
et al. Prevalence of the metabolic syndrome is increased in rheumatoid
arthritis and is associated with coronary atherosclerosis. Atherosclerosis
2008;196(2):756-63.
Swanberg M, Lidman O, Padyukov L, Eriksson P, Akesson
E, Jagodic M, et al. MHC2TA is associated with differential
MHC molecule expression and susceptibility to rheumatoid
arthritis, multiple sclerosis and myocardial infarction. Nat Genet
2005;37(5):486-94.
Mattey DL, Thomson W, Ollier WE, Batley M, Davies PG,
Gough AK, et al. Association of DRB1 shared epitope genotypes with
early mortality in rheumatoid arthritis: Results of eighteen years of
followup from the early rheumatoid arthritis study. Arthritis Rheum
2007;56(5):1408-16.
Panoulas VF, Stavropoulos-Kalinoglou A, Metsios GS, Smith JP,
Milionis HJ, Douglas KM, et al. Association of interleukin-6 (IL-6)174G/C gene polymorphism with cardiovascular disease in patients with
rheumatoid arthritis: The role of obesity and smoking. Atherosclerosis
2009;204(1):178-83.
Vallvé JC, Paredes S, Girona J, Uliaque K, Ribalta J, Hurt-Camejo E,
et al. Tumor necrosis factor-alpha-1031 T/C polymorphism is
associated with smaller and more proatherogenic low density
lipoprotein particles in patients with rheumatoid arthritis. J Rheumatol
2008;35(9):1697-703.
Martens PB, Goronzy JJ, Schaid D, Weyand CM. Expansion of
unusual CD4 T cells in severe rheumatoid arthritis. Arthritis Rheum
1997;40(6):1106-14.

Asian J Pharm Clin Res, Vol 10, Issue 5, 2017, 72-77

47. Kaplan MJ. Cardiovascular complications of rheumatoid
arthritis - Assessment, prevention and treatment. Rheum Dis Clin North
Am 2010;36(2):405-26.
48. Feldmann M. Development of anti-TNF therapy for rheumatoid
arthritis. Nat Rev Immunol 2002;2(5):364-71.
49. Golan D, Tashjian AH, Armstrong EJ, Armstrong AW. An excerpt from
the excellent principles of pharmacology: The pathophysiologic basis
of drug therapy. Arthritis Rheum 2006;54(11):3452-64.
50. Inhuman Experiment Blog Spot Official Website. Available from:
http://www.inhumanexperiment.blogspot.in.
51. Adalimumab Information Website. Available from: https://www.
medlineplus.gov/druginfo/meds/a603010.html.
52. Silman AJ, Hochberg MC. Epidemiology of the Rheumatic Diseases.
2nd ed. Oxford University Press; 2001.
53. Sacks JJ, Luo YH, Helmick CG. Prevalence of specific types of
arthritis and other rheumatic conditions in the ambulatory health care
system in the United States, 2001-2005. Arthritis Care Res (Hoboken)
2010;62(4):460-4.
54. Myasoedova E, Crowson CS, Kremers HM, Therneau TM,
Gabriel SE. Is the incidence of rheumatoid arthritis rising? Results
from Olmsted County, Minnesota, 1955-2007. Arthritis Rheum
2010;62(6):1576-82.
55. Crowson CS, Matteson EL, Myasoedova E, Michet CJ, Ernste FC,
Warrington KJ, et al. The lifetime risk of adult-onset rheumatoid
arthritis and other inflammatory autoimmune rheumatic diseases.
Arthritis Rheum 2011;63(3):633-9.
56. Symmons DP, Gabriel SE. Epidemiology of CVD in rheumatic disease,
with a focus on RA and SLE. Nat Rev Rheumatol 2011;7(7):399-408.
57. Wasko MC. Comorbid conditions in patients with rheumatic diseases:
An update. Curr Opin Rheumatol 2004;16(2):109-13.
58. Boonen A, Severens JL. The burden of illness of rheumatoid arthritis.
Clin Rheumatol 2011;30 Suppl 1:S3-8.
59. Solomon DH, Reed GW, Kremer JM, Curtis JR, Farkouh ME,
Harrold LR, et al. Disease activity in rheumatoid arthritis and the risk
of cardiovascular events. Arthritis Rheumatol 2015;67:1449-55.
60. Mikuls TR, Saag KG. Comorbidity in rheumatoid arthritis. Rheum Dis
Clin North Am 2001;27(2):283-303.
61. Dickens C, McGowan L, Clark-Carter D, Creed F. Depression in
rheumatoid arthritis: A systematic review of the literature with metaanalysis. Psychosom Med 2002;64(1):52-60.
62. Minor MA, Brown JD. Exercise maintenance of persons with
arthritis after participation in a class experience. Health Educ Q
1993;20(1):83-95.
63. Odegård S, Finset A, Mowinckel P, Kvien TK, Uhlig T. Pain and
psychological health status over a 10-year period in patients with recent
onset rheumatoid arthritis. Ann Rheum Dis 2007;66(9):1195-201.
64. Söderlin MK, Hakala M, Nieminen P. Anxiety and depression in a
community-based rheumatoid arthritis population. Scand J Rheumatol
2000;29(3):177-83.
65. Suleiman A, Sulaiman S, Albarq A. Hospital admission and poor
adherence to antihypertensive therapy: Is there any relationship? Int J
Pharm Pharm Sci 2009;2(1):38-46.
66. Al-Kaissi E, Al-Muhtase N, Al-Muhtase N. The influence of adding
antibiotic in treatment of rheumatoid arthritis patients on Streptococcus
pyogenes carrier rate and on the lipids profile. Int J Pharm Pharm Sci
2014;2(7):245-51.

77

