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R

heumatoid arthritis (RA) is a chronic progressive systemic autoimmune disease that is driven by a complex network of cytokines.1,2
This debilitating disease results in joint damage that leads to disability, impaired quality of life, and premature death.1,3 RA is
marked by inflammation typically impacting the lining of the joints (synovitis), particularly of the hands and feet. Chronic synovial
inflammation and hyperplasia attacks the body’s tissues triggering cartilage and bone destruction and joint deformity, with affected
joints showing pain, swelling, and redness that can lead to prolonged stiffness and compromised physical function.3-6
Furthermore, RA is a heterogeneous disease with a complex presentation varying from slowly progressive symptoms to more severe
disease associated with nodules and systemic inflammation.3 Because treatment course is variable among patients, RA is a challenge
for clinicians to manage and results in substantial costs.7
The exact cause of RA remains unknown; however, it has been demonstrated that the cytokine interleukin 6 (IL-6) can be integral to
the pathogenesis of RA.8 This disease state update provides a brief overview of the disease burden. Additionally, the role of IL-6 and
how it mediates its effects through intracellular signaling pathways is discussed, with the aim of providing a better understanding of the
molecular mechanisms of the disease.

RA is estimated to affect 1.5 million adults
in the United States and approximately 1% of
the Western adult population, with a female
to male ratio of 3:1.3-5 A positive family history
of RA increases the risk approximately 3 to 5
times.9 In a study of the largest registry of RA
patients in the United States, Solomon and
colleagues found that the majority of patients
were women 45 years of age and older.10
The etiology of RA is unknown, but genetic
and environmental factors are contributory,
as well as gender and age-associated factors
that play a role in the disease process.1,5
Recent findings suggest a genetic basis for
disease development. One study found that
the majority of patients with RA carry the
epitope of the HLA-DRB1*04 cluster, and
patients expressing 2 HLA-DRB1*04 alleles
are at greater risk for nodular disease, major
organ involvement, and surgery related to
joint destruction.1 Despite advances in our
understanding of RA, there still remains a

significant unmet medical need across key
domains such as pain and physical function
as well as increased morbidity and mortality
among patients with RA compared with the
general population.3,11 A study from Widdifield
and colleagues looked at trends in mortality
rates over a 10-year period among patients

with RA and the general population. The
study showed 40% to 50% more deaths
among the RA cohort.12

Comorbidities
As a progressive inflammatory disease
with articular and systemic effects, RA is
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Figure 1. Elevated levels of IL-6 and the soluble IL-6 receptor (sIL-6R) are
associated with disease activity in RA
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linked with several serious comorbidities
that contribute to the disease burden
(Table 1). The inflammatory processes in
RA are associated with an increased risk of
cardiovascular disease (CVD).13 Hashizume
and Mihara reported that life expectancy
is reduced by up to 10 years due to CVD
resulting from recurrent inflammation.8 A
separate study found that patients with
RA have an approximately 2-fold greater
CVD risk compared with the general
population.14 Data from the Consortium
of Rheumatology Researchers of North
America that followed patients with RA for
a median of 2.7 years showed a reduced
risk of CVD events with improved disease
activity, underscoring the importance of
inflammation control for CVD risk.10
Osteoporosis has been identified as a
common systemic manifestation of RA,
resulting in elevated risk of bone fracture.1
Cutolo and colleagues assessed disease
burden in RA and found that the risk of
hip fracture was increased by 2-fold and
vertebral fracture by 2.4-fold relative to
patients without RA.14
RA is connected with a higher risk of
infection, most commonly tuberculosis. This
increased risk may be attributed to either
2
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impaired immune function related to the
disease or the effects of drug therapies
used in treatment.4,14 In a population-based
cohort of RA patients, infections requiring
hospitalization were more common. Sites of
infection with the highest risk for RA patients
were bones, joints, soft tissues, and the
respiratory tract.14
Individuals with RA also have an increased
risk of certain cancers including lung and
lymphoproliferative malignancies. A metaanalysis suggested that patients with RA
have a 2-fold increase in the risk of lymphoma
and a 63% increased risk of lung cancer
compared with the general population.4,14
Furthermore, a higher prevalence of
mental health conditions has been observed
in RA populations, with reported estimates
of 13% to 20% of individuals experiencing
depression.1,14

Economic Toll
RA has significant economic implications
for all stakeholders in terms of direct and
indirect medical costs. Recent estimates
calculate the annual health care
expenditures for RA at $128 billion in the
United States.7,15 From a payer’s perspective,
Kawatkar and colleagues found that the total

annual per-patient per-year cost of RA was
$13,012 vs $4950 for patients without RA.
The RA cohort also had a substantially higher
pharmacy cost of $5825 that was on average
$1380 higher than the control group.16
The cost of drug therapies for RA is also a
key consideration for managed care payers.
A recent retrospective analysis of claims
data for approximately 25,000 patients in a
large health benefit organization assessed
the cost of biologics in the treatment of
autoimmune disorders. The researchers
found that the cost of biologics for RA
ranged from $14,334 to $26,620 in the first
year post index per treated patient.17
The high overall health care costs of RA are
also attributed to increased hospitalizations,
joint surgery, and other types of health care
resource utilization.15,18 According to the 2012
Nationwide Inpatient Survey, there were 9100
hospitalizations with an RA diagnosis, totaling
$374 million in hospitalization costs (with an
average cost of $41,000 per person).4
Stakeholders also need to consider the
economic burden of comorbidities in patients
with RA for their potential impact on patient
care and outcomes. A study that assessed
resource utilization and direct health care
costs associated with RA and comorbid

conditions found that adjusted mean annual
health care costs were highest for patients
with RA and CVD ($14,145); followed by RA,
CVD, and depression ($13,513); and RA and
depression ($12,225).7

Table 1. Comorbidities Associated With RA1,4,8,10,13,14

IL-6: A Cytokine Signaling Pathway in RA

Malignancies

Pro- and anti-inflammatory cytokines
are involved in the pathology of RA. As a
common chronic form of inflammatory
arthritis, RA is driven by a complex network
of cytokines that extends well beyond the
joints.1,2 The IL-6 protein is an important
multifunctional cytokine that has been
identified as a contributor of articular and
systemic manifestations of RA, with high
levels expressed in synovial fluids, synovial
tissue, and blood.1,2,19-21 While normal levels
are important for the homeostasis in the
inflammatory process, persistent, elevated
IL-6 levels may play a role in disrupting
homeostasis by impacting the function
of a broad range of cells and physiologic
processes.1,22-29 IL-6 has also been shown to
activate inflammatory pathways.1

Mental health conditions (eg, depression and anxiety)

IL-6 Is an Important Cytokine

• Anemia of chronic disease1

Normal levels of cytokines and other
signaling molecules are essential for
homeostasis with regard to the inflammatory
process.27,30 Numerous pro-inflammatory
cytokines, including TNF-a, IL-1, -4, -6, -13,
-17, and -21, and interferons, play a key
role in inflammatory diseases.27,31 IL-6 also
represents a critical node in the inflammatory
cytokine network. Among conditions with
autoimmunity and chronic inflammation,
increased levels of IL-6 can interrupt
homeostasis in many physiologic processes
and contribute to chronic inflammation and
disease progression.1,27,29-37
In response to infection or injury, IL-6
signaling helps promote and coordinate
the pro-inflammatory activities of cells
throughout the body.27,30,32 IL-6 can also
promote systemic inflammation through its
actions in the liver, which increases hepatic
production of acute phase reactants involved
in the pro-inflammatory cascade.27,38 Studies
have shown that IL-6 can mediate fever
by crossing the blood-brain barrier and
initiating synthesis of prostaglandin E2 in
the hypothalamus, thereby regulating body
temperature.39-41 Dayer and Choy offered
a perspective on how IL-6 can induce
articular and systemic symptoms of RA and
concluded that IL-6 is found in abundance

Cardiovascular disease
Osteoporosis
Anemia
Infection

Fatigue
Cognitive dysfunction

Table 2. Processes Potentially Impacted by IL-6
Adipocytes
• Lipid metabolism through interaction with adipose tissue8,79
• Low-density lipoprotein cholesterol metabolism73
Liver
• Systemic inflammation, via its actions on the liver, which increases C-reactive
protein (CRP) and serum amyloid A levels1
Heart
• Inducer of CRP27
• Vascular endothelial dysfunction13,27
Red Blood Cells
• Hypoferremia through induction of hepcidin—a potential cause of anemia1
• Fatigue1
Bone
• Osteoclast activation1
• Generalized bone mineral density loss58
Immune Cell
• Autoantibody production27
• Dysregulation of T cells and B cells21,27,58
in the serum and synovial fluid of inflamed
joints in patients with RA, and the elevated
levels correlate with disease activity and
joint destruction.27
Transient or persistent increases of IL-6
levels are seen in a variety of conditions
ranging from infection/trauma (transient
increase) to RA (persistent disease). Under
normal conditions, circulating levels of IL-6
are maintained at low levels among healthy
individuals, with serum IL-6 levels ranging
from ~1 pg/mL to ~16 pg/mL.42-46 In response
to serious infection, serum IL-6 levels may
reach 10,000 pg/mL, with significant, albeit
less dramatic, increases reported in other
inflammatory and infectious diseases.45,47,48
Among patients with RA, studies reported
variations in serum IL-6 levels ranging from
5 pg/mL to 200 pg/mL, with 100- to 10,000fold higher concentrations observed in
synovial fluid.43-45,49-51

Elevated IL-6 Levels and RA Progression
Persistent elevated IL-6 levels have
been associated with RA progression,
including disease activity, articular
destruction, and systemic manifestations.27
Additionally, increased IL-6 levels have
been identified in chronic inflammation
and disease progression in RA. It may
also affect metabolism (ie, lipid, glucose),
hematopoiesis, the central nervous system,
and host defense.27,32-34 For example, studies
have demonstrated that IL-6 affects lipid
metabolism by stimulating hepatic fatty acid
synthesis and adipose tissue lipolysis. IL-6
also increases cholesterol synthesis while
lowering cholesterol secretion.27
Robak and colleagues demonstrated
that higher concentrations of IL-6 and the
soluble IL-6 receptor in patients with RA are
associated with disease activity compared
with healthy individuals (Figure 1).52
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Figure 2. IL-6–activated FLS cells play a key role in chronic inflammation and joint
destruction in RA

There is an influx of immune cell mediators and increased cytokine signaling between the cells in
the synovium that leads to inflammation and eventual structural joint damage through increased
osteoclast activities.
Abbreviation: FLS, fibroblast-like synoviocyte.
Source: Choy EH, Kavanaugh AF, Jones SA. The problem of choice: current biologic agents and future prospects in RA. Nat Rev Rheumatol. 2013;9(3):154-163.

Articular and Systemic Manifestations of RA
Several studies have explored the central
role elevated IL-6 plays in the articular
manifestations of RA.22,27,53,54 Elevated IL-6
perpetuates chronic synovitis (based on
pre-clinical, ex vivo, and clinical data).11,27,44
Chronic synovitis is the dominant feature of
RA, often leading to irreversible destruction
of cartilage and bone erosion.11,55 It does this
in 3 ways:
• Activates pro-inflammatory cells and
mediators within the joints, including
neutrophils, macrophages, fibroblast-like
synoviocyte (FLS) cells, T cells, and B
cells21,54-60
• Degrades cartilage by triggering FLS and
chondrocytes to release cathepsins and
matrix metalloproteinases (MMPs)3,61-64
• Stimulates osteoclastogenesis and
osteoclast activity, leading to structural
damage through bone resorption.
Evidence also indicates that IL-6 and/
or sIL-6R is implicated in the regulation
of osteoclast precursors in the bone
marrow prior to and during inflammatory
arthritis53,54,58,64-66
Serum IL-6 levels peak in the early morning
4
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hours when patients with RA most often
exhibit painful joint stiffness as well as
functional disability.19,67,68 In samples taken
every hour over a 24-hour period, Crofford
and colleagues found that early morning
levels of IL-6 were nearly 4 times higher in 5
patients with RA compared with 5 patients
without the disease (0.55 pmol/L vs 0.15
pmol/L, respectively).19
Researchers have also determined that
IL-6–activated FLS cells play a crucial
role in chronic inflammation and joint
destruction3,31,69 (Figure 2). IL-6 activates
and increases proliferation of FLS cells of
the synovial initial, or inner lining.22,57,69,70
In one study, synovial tissue samples and
radiographs from patients with RA and
osteoarthritis showed that the invasive
properties of FLS cells correlated with
radiologic and histologic damage in patients
with RA.71

Effects of Elevated IL-6 Levels
The effects of persistently elevated
IL-6 levels may play a role in systemic
manifestations of RA.1,19,34 Table 2 lists
some of the organs and cells affected

by IL-6. Researchers have examined this
role and have studied IL-6 as a possible
mediator of metabolic processes.72 For
example, the function of IL-6 in lipid
metabolism in adipocytes (ie, cells found in
connective tissue that are specialized for
the storage of fat) has been shown to have
lipolytic properties, which is the chemical
breakdown of fat.8 A separate study found
that one mechanism by which IL-6 affects
lipid metabolism is the upregulation of
low-density lipoprotein (LDL)-receptor in
hepatic cells, which may eventually lead to a
lowering in LDL cholesterol plasma levels.73
IL-6 plays an important role in the
defense of the liver from infection. It is also
a potent liver cell transformer, inducing
mitosis, and is implicated in the metabolic
function of the liver.74
Like the liver, the heart also is affected
by IL-6. As a pro-inflammatory mediator,
IL-6 spurs inflammation. The presence
of C-reactive protein (CRP) is augmented
with inflammation. Studies have shown
that an increase in IL-6 and CRP has been
associated with an increased cardiovascular
risk in healthy individuals.27 The circulating

of IL-6 can also result in endothelial
dysfunction, which can be manifested
as an imbalance between vasodilating
and vasoconstricting substances (ie, the
widening and narrowing of blood vessels).13
Even during a latent state of RA, systemic
levels of cytokines, such as IL-6, can
continue to support CVD.13
Hypoferremia, which is an iron deficiency
in the circulating blood, is triggered by
hepcidin, a protein secreted by the liver that
in elevated levels can prevent iron from
being taken up by red blood cells. IL-6 is
required for the release of hepcidin. Hepcidin
has also been identified as a significant
mediator of anemia in patients with chronic
disease.1 Additionally, persistent fatigue
is observed in individuals with RA, which
is primarily mediated by upregulation of
various cytokines such as IL-6.1
Osteoclast activation is yet another effect
of IL-6. The primary function of osteoclasts
is the repair, maintenance, and remodeling
of bones. IL-6, however, can cause an
imbalance between bone resorption and
bone formation.1 Studies have shown that
IL-6 is negatively associated with bone
mineral density.58
IL-6 has also been linked to immune cell
disruption; it plays a role in B cell and T cell
development.21,27,58

such as MMP and receptor activator of
NF-κB ligand.27,31,61 IL-6 signaling is a
major contributor to the induction of CRP
and other acute-phase proteins. Finally,
the acute-phase response changes the
concentration of certain plasma proteins,
such as CRP, hepcidin, and serum amyloid A,
that are produced in the liver in response to
infections, tissue injury, neoplastic growth,
or immunological disorders.23,24,27

11. Choy E. Inhibiting interleukin-6 in rheumatoid
arthritis. Curr Rheumatol Rep. 2008;10(5):413-417.
12. Widdifield J, Bermatsky S, Paterson JM,
et al. Trends in excess mortality among patients
with rheumatoid arthritis. Arthritis Care Res
(Hoboken). 2015;67(8):1047-1053.
13. Sattar N, McCarey DW, Capell H,
McInnes IB. Explaining how “high-grade”
systemic inflammation accelerates vascular
risk in rheumatoid arthritis. Circulation.
2003;108(24):2957-2963.

Conclusion

14. Cutolo M, Kitas GD, van Riel PL. Burden of

RA is a heterogeneous disease that
presents significant clinical consequences
and economic burden for stakeholders. As
a better understanding of the signaling
pathways involved in the pathogenesis of
RA has been elucidated in the literature, it
has shown that IL-6 is one of the cytokines
that plays an important role in RA.

disease in treated rheumatoid arthritis patients:
going beyond the joint. Semin Arthritis Rheum.
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15. Alemao E, Joo S, Kawabata H, et al. Effects of
achieving target measures in rheumatoid arthritis
on functional status, quality of life, and resource
utilization: analysis of clinical practice data.
Arthritis Care Res (Hoboken). 2016;68(3):308-317.
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