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Abstract

Rheumatoid arthritis (RA) is a chronic systemic autoimmune disease characterized by
persistent synovial inflammation, progressive cartilage destruction, bone erosion, and
substantial functional impairment. Although genetic susceptibility is an important
determinant of disease risk, environmental and lifestyle factors can influence the
initiation and progression of autoimmune inflammation. Diet has emerged as one
potentially modifiable factor, with particular interest in excessive consumption of
refined carbohydrates and added sugars. High dietary sugar intake, especially through
sugar-sweetened beverages and highly processed foods, may contribute to systemic
inflammation through several interconnected mechanisms, including repeated
postprandial metabolic stress, insulin resistance, oxidative stress, adipose-tissue
inflammation, activation of innate immune pathways, and alterations in the intestinal
microbiome.

Evidence directly linking dietary sugar to RA remains less extensive than evidence
concerning broader dietary patterns. Nevertheless, epidemiological findings have



reported an association between frequent sugar-sweetened soda consumption and
seropositive RA, while experimental studies provide biological evidence that high-
sucrose diets can aggravate arthritis severity and inflammatory tissue changes. In a
collagen-induced arthritis model, a high-sucrose diet was associated with increased
paw swelling, inflammatory infiltration, pannus formation, and increased expression of
Toll-like receptor 4 (TLR4) and interleukin-1B (IL-1B). These findings support a possible
relationship between excessive sugar intake and inflammatory pathways relevant to
RA.

This paper examines the possible contribution of high sugar consumption to systemic
inflammation and autoimmune joint disease, focusing on pro-inflammatory cytokines,
oxidative stress, metabolic dysfunction, gut-immune interactions, and pathological
joint changes. A representative pathological case study is also presented to illustrate
how excessive dietary sugar may interact with other established risk factors in a patient
with RA. Current evidence does not establish dietary sugar as a sole cause of RA;
rather, it is best considered a potentially modifiable dietary factor that may influence
inflammatory burden and disease progression.

1. Introduction

Rheumatoid arthritis is a systemic autoimmune inflammatory disorder that primarily
affects synovial joints but may also involve multiple extra-articular organs. The disease
develops through a complex interaction between genetic susceptibility and
environmental triggers. Activation of both innate and adaptive immune responses
results in chronic inflammation of the synovial membrane, formation of pathological
pannus tissue, progressive cartilage degradation, and erosion of adjacent bone.

The pathogenesis of RA is multifactorial. Genetic factors, smoking, periodontal disease,
obesity, infections, hormonalinfluences, and dietary factors have all been investigated
as potential contributors. Diet is particularly interesting because it is potentially
modifiable and may influence several biological processes simultaneously.

Modern dietary patterns in many populations are characterized by increased
consumption of refined carbohydrates, processed foods, desserts, sweetened
beverages, and foods containing high levels of added sugars. Excessive sugar
consumption is well established as a contributor to metabolic disorders, including
obesity and insulin resistance. An umbrella review examining 73 meta-analyses found
harmful associations between high dietary sugar consumption and numerous
metabolic and cardiovascular outcomes.



The relevance of these metabolic effects to RAis increasingly recognized because
metabolic dysfunction and chronic low-grade inflammation can influence immune
regulation. However, an important distinction must be made: association between
high sugar intake and inflammatory disease does not prove that sugar
independently causes rheumatoid arthritis.

The relationship is more appropriately conceptualized as a potential interaction
between dietary exposure, metabolic health, immune regulation, genetic susceptibility,
and other environmental factors.

2. Rheumatoid Arthritis and the Inflammatory Pathway

The central pathological feature of RAis chronic inflammation of the synovial tissue. In
genetically susceptible individuals, environmental factors may promote abnormal
immune activation. Autoantibodies such as rheumatoid factor and anti-citrullinated
protein antibodies (ACPAs) may develop before clinically apparent arthritis.

Once established, RA involves complexinteractions between T lymphocytes, B
lymphocytes, macrophages, dendritic cells, fibroblast-like synoviocytes, and other
cells within the joint microenvironment. These cells produce a network of inflammatory
mediators, including tumor necrosis factor-alpha (TNF-a), IL-1f3, IL-6, IL-17,
chemokines, and matrix metalloproteinases.

TNF-q, IL-1B, and IL-6 are particularly important. They promote endothelial activation,
recruitment of inflammatory cells, synovial proliferation, cartilage degradation, and
osteoclast-mediated bone resorption. Persistent activation of these pathways
contributes to the formation of pannus, an abnormal proliferative synovial tissue that
caninvade and destroy cartilage and bone.

Oxidative stress represents another important component of RA pathology. Reactive
oxygen species (ROS) can damage proteins, lipids, and DNA and can activate
inflammatory signaling pathways. RA therefore involves a reciprocal relationship
between inflammation and oxidative stress: inflammatory cells generate ROS, while
oxidative stress can further stimulate inflammatory signaling.

This provides a biological framework through which metabolic and dietary factors could
potentially influence the inflammatory environment.



3. High Sugar Consumption as a Potential
Inflammatory Trigger

3.1 Added sugar and sugar-sweetened beverages

Dietary sugar occurs naturally in foods such as fruits and milk, whereas added sugars
are incorporated into foods and beverages during processing or preparation. The
metabolic and nutritional context is therefore important. A diet rich in whole fruits,
vegetables, legumes, and fiber is fundamentally different from a diet dominated by
refined carbohydrates, confectionery products, desserts, and sugar-sweetened
beverages.

Sugar-sweetened beverages are of particular interest because they can deliver
substantial quantities of rapidly absorbable sugars without providing equivalent
amounts of fiber or other protective dietary components.

A prospective analysis involving 79,570 women from the Nurses' Health Study and
107,330 women from the Nurses' Health Study Il identified 857 incident RA cases over
more than 3.3 million person-years. Women consuming at least one sugar-sweetened
soda per day had a 63% higher risk of seropositive RA compared with women
consuming less than one serving per month or none. The association was not
significant for seronegative RA or diet soda consumption.

These findings are important but should be interpreted cautiously. The study was
observational, meaning that it demonstrates an association rather than causality.
Individuals who consume more sugary beverages may differ in other lifestyle
characteristics, including overall dietary quality, physical activity, body composition, or
metabolic health.

Nevertheless, the selective association with seropositive RA provides an interesting
hypothesis for further investigation.

4. Possible Biological Mechanisms

4.1 Postprandial metabolic and inflammatory stress

Large quantities of rapidly absorbed sugars can produce repeated elevations in blood
glucose and insulin. Chronic dietary patterns characterized by high glycemic load may
contribute to insulin resistance and metabolic dysfunction.



Insulin resistance is itself associated with inflammatory signaling. Consequently,
excessive dietary sugar may indirectly contribute to systemic inflammation through
metabolic pathways rather than acting as a direct autoimmune trigger.

Research examining dietary patterns in RA suggests that the quality of carbohydrates,
rather than simply total carbohydrate quantity, is relevant to systemic inflammatory
status. Higher-fiber dietary patterns have been associated with lower inflammatory
markers, whereas refined carbohydrate-heavy patterns may promote inflammatory and
metabolic disturbances.

4.2 Pro-inflammatory cytokines

The chronic inflammatory environment associated with metabolic dysfunction can
influence cytokine production. TNF-q, IL-6, and IL-1 are central mediators of RA
pathology.

Experimental evidence provides particularly interesting support for this connection. In a
collagen-induced arthritis mouse model, animals receiving a high-sucrose diet
demonstrated greater paw thickness and higher clinical arthritis scores compared with
arthritic controls. The high-sucrose group also demonstrated increased pannus
formation, inflammatory changes in joint tissues, and greater immune-cellinfiltration.
Expression of TLR4 and IL-1B was also increased.

These findings suggest that excessive sucrose intake may amplify pathways involved in
innate immune activation.

4.3 Oxidative stress

High sugar intake can contribute to metabolic oxidative stress, particularly in the
context of insulin resistance and metabolic dysfunction. Excess glucose availability can
increase mitochondrial and cellular ROS production and promote oxidative damage.

Oxidative stress is already an important component of RA pathophysiology. Increased
ROS can activate transcriptional pathways such as NF-kB, which regulates expression
of several inflammatory mediators. In RA, oxidative imbalance can therefore become
part of a self-perpetuating inflammatory cycle.

A conceptual pathway can therefore be represented as:

High sugar intake > metabolic stress > oxidative stress > inflammatory signaling >
cytokine production » immune activation > amplification of synovial inflammation.



This should be regarded as a proposed mechanistic pathway rather than a conclusively
established causal sequence in human RA.

4.4 Adipose tissue and obesity-mediated inflammation

Excessive consumption of energy-dense sugary foods can contribute to weight gain and
obesity. Adipose tissue is not merely an energy-storage organ; it also functions as an
endocrine and immunological tissue.

Adipose tissue can produce inflammatory mediators and contribute to a chronic low-
grade inflammatory state. Obesity has been associated with higher RA disease activity,
reduced likelihood of achieving remission, and poorer patient-reported outcomes.

Thus, sugar consumption may influence RA through an indirect pathway:

High sugar intake > excess energy intake > adiposity > adipose inflammatory
signaling 2 increased systemic inflammatory burden.

This indirect pathway may be particularly important because it demonstrates why sugar
should not necessarily be viewed as an isolated dietary toxin.

4.5 Gut microbiota and intestinal immune regulation

The gastrointestinal tract represents an important interface between diet and the
immune system. Dietary composition can influence the intestinal microbiome and the
production of microbial metabolites such as short-chain fatty acids.

Dysbiosis and altered intestinal barrier function have been implicated in inflammatory
and autoimmune diseases, including RA. Dietary patterns rich in fiber and plant-derived
foods can support microbial diversity and production of potentially beneficial
metabolites, whereas highly processed dietary patterns may have unfavorable effects.

Consequently, high consumption of added sugars may potentially influence RA
indirectly by altering the nutritional environment in which the gut microbiota operates.



5. Pathological Case Study

5.1 Representative clinical case

Patient: 46-year-old woman

Presenting complaints: Bilateral hand and wrist pain, morning stiffness lasting
approximately 90 minutes, fatigue, and progressive difficulty performing household and
occupational activities.

The patient reported a five-year history of frequent consumption of sweetened tea,
packaged fruit beverages, confectionery products, and desserts. Her estimated intake
of added sugar was substantially above recommended dietary levels. She had gained
approximately 10 kg over four years and had developed central adiposity and features
suggestive of metabolic dysfunction.

During the preceding eight months, she developed symmetrical pain and swelling
involving the metacarpophalangeal and proximal interphalangeal joints, followed
subsequently by wrist and foot involvement.

5.2 Clinical and laboratory findings

Physical examination revealed:

e Bilateral wrist swelling and tenderness
e Synovitis of multiple MCP and PIP joints
e Prolonged morning stiffness

e Reduced grip strength

e Mild limitation of wrist movement

e Fatigue and reduced physical activity

Laboratory investigation demonstrated:

o Elevated C-reactive protein (CRP)

e Elevated erythrocyte sedimentation rate (ESR)
e Positive rheumatoid factor

e Positive anti-citrullinated protein antibodies

e Mildly elevated fasting glucose

e Features of insulin resistance

Imaging demonstrated early marginal erosive changes and synovial thickening.



The overall findings were compatible with seropositive rheumatoid arthritis.

5.3 Pathological interpretation

The case illustrates a potential interaction between established autoimmune
susceptibility and an adverse metabolic environment.

The patient's high intake of added sugar cannot be considered the sole cause of her RA.
However, chronic consumption of sugar-rich foods and beverages may have
contributed to obesity, insulin resistance, oxidative stress, and systemic inflammatory
burden.

At the joint level, activation of macrophages, T cells, B cells, and fibroblast-like
synoviocytes can produce TNF-q, IL-18, IL-6, and other inflammatory mediators. These
cytokines promote synovial hyperplasia and pannus formation. Matrix
metalloproteinases contribute to cartilage degradation, while osteoclast activation
contributes to marginal bone erosion.

A simplified pathological sequence is:

Dietary excess of added sugar

v

Metabolic stress and insulin resistance

v

Oxidative stress and innate immune activation
v

Increased inflammatory signaling

N

TNF-a/IL-1B / IL-6 and related cytokines

v

Immune-cell recruitment to synovium

v

Synovial hyperplasia and pannus formation

v

Cartilage degradation and osteoclast activation
v

Joint erosion and functional impairment

Importantly, this model should not be interpreted as evidence that reducing sugar
alone can treat RA. Disease-modifying antirheumatic drugs and appropriate medical
management remain central to preventing irreversible joint damage.



6. Dietary Sugar and Disease Progression

The distinction between disease initiation and disease progression is important.

The evidence linking sugar consumption to the development of RA is relatively limited
compared with the extensive literature on established risk factors such as smoking. The
prospective soda study provides epidemiological evidence of an association with
seropositive RA, while animal research demonstrates that high sucrose exposure can
aggravate experimental arthritis.

Evidence concerning dietary interventions in established RA also remains
heterogeneous. A systematic review of randomized controlled trials found moderate-
strength evidence for beneficial effects on RA disease activity from certain dietary
approaches, particularly Mediterranean-style diets, although the evidence base for
dietary interventions overall remains limited.

This suggests that the most scientifically appropriate position is not that “sugar causes
rheumatoid arthritis,” but rather that excessive intake of added sugars may form part
of an overall dietary and metabolic environment that favors inflammation.

A dietary approach for individuals with RA may therefore emphasize:

e Reduction of sugar-sweetened beverages

e Reduction of confectionery and highly processed foods
e Increased intake of vegetables and fruits

e Adequate dietary fiber

e Whole grains and legumes

e Sources of omega-3 fatty acids

e Nuts and seeds

e Minimally processed foods

e Mediterranean-style dietary patterns where appropriate

Such dietary modifications may improve overall metabolic health even when their
specific effects on RA activity vary between individuals.

7. Limitations of Current Evidence

Several limitations should be considered when interpreting the relationship between
sugar and RA.



First, much of the human evidence is observational. Dietary intake is difficult to
measure accurately, and food-frequency questionnaires are subject to recall and
reporting bias.

Second, sugar consumption is often correlated with other dietary characteristics.
Individuals consuming large quantities of added sugar may also consume more refined
carbohydrates, saturated fats, processed foods, and total calories and fewer
vegetables, fruits, whole grains, and fiber.

Third, obesity and metabolic syndrome may act as important intermediaries or
confounders. Itis therefore difficult to determine whether sugar itself independently
drives autoimmune inflammation.

Fourth, experimental animal models cannot reproduce the complete complexity of
human RA.

Finally, RAis biologically heterogeneous. Seropositive and seronegative disease may
differ in their environmental and immunological associations. The epidemiological
association with sugar-sweetened soda was specifically observed for seropositive RA,
highlighting the need for more disease-subtype-specific research.

8. Conclusion

Rheumatoid arthritis represents a complex interaction between genetic susceptibility,
environmental exposures, immune dysregulation, and chronic inflammation.
Increasing evidence suggests that diet may influence the inflammatory environmentin
which autoimmune disease develops and progresses.

High consumption of added sugars, particularly through sugar-sweetened beverages
and highly processed foods, is biologically plausible as a contributor to systemic
inflammation. Potential mechanisms include metabolic dysfunction, insulin
resistance, oxidative stress, adipose-tissue inflammation, innate immune activation,
cytokine production, and gut microbiome alterations.

Human epidemiological evidence has identified an association between frequent
sugar-sweetened soda consumption and increased risk of seropositive RA, while
experimental evidence demonstrates that high-sucrose diets can worsen pathological
features of arthritis, including inflammatory infiltration and pannus formation.

However, current evidence does not justify the conclusion that dietary sugar
independently causes RA. Rather, excessive sugar consumption should be viewed as



one potentially modifiable component of a broader dietary and metabolic risk
environment.

For patients with RA, reducing added sugar—especially sugar-sweetened beverages—
may be a reasonable component of an overall anti-inflammatory dietary strategy. Such
measures should complement, rather than replace, evidence-based pharmacological
treatment and rheumatological care.

Future research should focus on well-designed prospective studies and randomized
dietary interventions examining specific sugar exposures, inflammatory biomarkers, gut
microbiome changes, autoantibody development, and RA disease activity. A better
understanding of these relationships could help establish whether dietary sugar
reduction can meaningfully modify the biological course of autoimmune joint disease.
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