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ABSTRACT

Rheumatoid factor (RF), a classic autoantibody directed against the Fc portion of immunoglobulin G (IgG), has
long been recognized as a hallmark of rheumatoid arthritis (RA). However, emerging evidence indicates that RF
positivity extends far beyond rheumatologic disease and may carry important metabolic and immunologic
implications, particularly in diabetes mellitus. The rising global burden of diabetes, including both type 1 diabetes
mellitus (T1DM) and type 2 diabetes mellitus (T2DM), has renewed interest in the role of chronic inflammation
and autoimmunity in metabolic dysregulation. RF has been detected in a substantial proportion of diabetic
individuals, especially those with long-standing hyperglycemia, microvascular complications, or coexisting
autoimmune phenomena. Its presence correlates with oxidative stress, subclinical inflammation, endothelial
dysfunction, and altered immunometabolic pathways. Recent studies suggest that RF positivity may predict poor
glycemic control, increased cardiovascular risk, and enhanced susceptibility to diabetic complications, independent
of traditional risk factors. Moreover, RF may reflect broader immune dysregulation involving B-cell hyperactivity,
advanced glycation end-products, molecular mimicry, and chronic antigenic stimulation. This review synthesizes
current evidence on the epidemiology, mechanisms, clinical significance, and potential therapeutic implications of
RF in diabetes, highlighting its emerging role as a biomarker of systemic immune activation beyond rheumatoid
arthritis.
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INTRODUCTION
Rheumatoid factor (RF) is traditionally associated with rheumatoid arthritis, where it functions as a diagnostic and
prognostic marker reflecting underlying B-cell dysregulation and chronic immune activation[17]. Defined as an
autoantibody directed against the Fc portion of immunoglobulin G (IgG), RF exists in several isotypes, most
commonly IgM, but also IgA and IgG. Although widely regarded as a hallmark of rheumatoid arthritis, RF is not
disease-specific[27]. It has been detected in a broad range of conditions, including chronic infections, aging,
autoimmune disorders, certain malignancies, and increasingly in metabolic diseases such as diabetes mellitus. The
presence of RF in these diverse settings underscores its role as a general indicator of immune perturbation rather
than as a marker confined to rheumatologic pathology [37]. Diabetes mellitus is now recognized as a condition that
extends beyond metabolic dysfunction to encompass complex immune-inflammatory disturbances. Both type 1 and
type 2 diabetes involve interactions among innate immune activation, dysregulated adaptive immunity, oxidative
stress, and chronic low-grade inflammation, creating an internal environment that may promote autoantibody
formation[47]. As research advances, RF has emerged as a potential marker of this broader immunologic
imbalance. Its detection in individuals with diabetes suggests a convergence between metabolic stress and immune
activation. This review, therefore, examines RF within the context of diabetes, exploring its epidemiology,
mechanistic pathways, and potential implications for disease progression and systemic inflammation[57]. By
synthesizing insights from immunology and metabolic research, RF can be appreciated as a lens through which
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the inflammatory landscape of diabetes may be better understood.

2. Epidemiology of RF Positivity in Diabetes Mellitus

RF positivity is found in approximately 8 to 5 percent of the healthy population but appears at notably higher
frequencies among individuals with diabetes. In type 1 diabetes, reported prevalence ranges from 8 to 20 percent,
particularly in patients who exhibit additional autoimmune conditions such as autoimmune thyroid disease or
celiac disease, suggesting a clustering of immune abnormalities[67]. In type 2 diabetes, RF positivity has been
observed in 10 to 25 percent of patients, with higher rates among those with long-standing hyperglycemia,
obesity, or metabolic syndrome. Several studies further indicate that RF levels correlate with diabetic
complications, especially microalbuminuria, retinal disease, neuropathy, and peripheral arterial disease[7].
Although the titers detected in diabetes are often lower than those typically seen in rheumatoid arthritis, even
modest elevations may reflect significant immune activity. The consistently higher prevalence across diabetic
populations implies that chronic hyperglycemia, oxidative stress, and metabolic inflammation create a
physiological setting conducive to the development of autoantibodies such as RF[87].

3. Mechanisms Linking RF and Diabetes Mellitus

The association between rheumatoid factor and diabetes mellitus arises from a convergence of metabolic stress,
immune dysregulation, and chronic inflammation[97]. Several interrelated mechanisms provide a plausible basis for
RF production in individuals with either type 1 or type 2 diabetes, reflecting how metabolic disturbances can
reshape immune function in ways that promote autoantibody formation.

3.1 Chronic Inflammation and B-Cell Activation

Persistent hyperglycemia induces oxidative stress and activates inflammatory pathways, leading to the release of
cytokines such as interleukin-6, tumor necrosis factor-alpha, and interleukin-1 beta[[107]. These cytokines create an
immune-activating milieu that resembles low-grade autoimmune stimulation. B cells exposed to this environment
undergo enhanced activation, immunoglobulin class switching, and increased autoantibody production, thereby
facilitating the synthesis of RF[117]. This inflammatory state is not as localized or intense as that seen in classical
autoimmune diseases, but its chronic nature contributes meaningfully to altered B-cell behavior and loss of
tolerance.

3.2 Advanced Glycation End-Products and Neo-Antigen Formation

Sustained elevations in glucose accelerate the generation of advanced glycation end-products (AGEs) through
non-enzymatic glycation of circulating and tissue proteins[127]. AGEs alter native protein structure, including
that of IgG, producing modified epitopes capable of triggering immune recognition as non-self. These
neo-antigens can stimulate autoreactive B cells, promoting the production of RF, particularly of the IgM
isotype[187]. The accumulation of AGEs also enhances the inflammatory cascade, further reinforcing this
autoantibody-generating loop.

3.3 Molecular Mimicry and Cross-Reactive Antigens

Individuals with poorly controlled diabetes often experience recurrent bacterial or fungal infections[147].
Persistent exposure to microbial antigens that share structural similarities with endogenous proteins may lead to
the development of cross-reactive antibodies. Over time, this molecular mimicry can prime the immune system to
generate RF, particularly when infections repeatedly activate pattern-recognition and B-cell pathways.

3.4 Defective Immune Regulation

Diabetes is associated with several abnormalities in immune regulation, including diminished regulatory T-cell
activity, heightened Th1 and Th17 responses, and impaired checkpoints that normally maintain B-cell
tolerance[[157]. Such defects favor the survival and activation of autoreactive B cells capable of producing RF.
These immune disturbances, though less overt than those in classic autoimmune disorders, nonetheless reflect a
broader breakdown in self-tolerance[[167].

3.5 Metabolic Inflammation

Metabolic inflammation, or metaflammation, is a hallmark of obesity-related type 2 diabetes[177]. Adipose tissue
secretes pro-inflammatory adipokines such as leptin, resistin, and visfatin, which influence immune cell trafficking
and activation. These signals enhance germinal center activity within lymphoid tissues, thereby increasing
opportunities for autoantibody production, including RF. The interaction between metabolic stress and immune
activation forms a self-amplifying cycle that can sustain RF positivity.

4. Clinical Significance of RF Positivity in Diabetes

RF positivity carries several clinical implications in the diabetic population, reflecting broader inflammation,
metabolic instability, and increased risk of complications[ 187].

4.1 RF as a Marker of Systemic Inflammation

RF correlates strongly with markers of systemic inflammation, including C-reactive protein, erythrocyte
sedimentation rate, and circulating pro-inflammatory cytokines[197. In diabetes, where chronic inflammation
contributes significantly to vascular injury and metabolic deterioration, RF may function as an indicator of
heightened inflammatory burden.
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4.2 RF and Cardiovascular Risk

RF has been linked to several markers of cardiovascular dysfunction, including increased carotid intima-media
thickness, impaired endothelial reactivity, arterial stiffhess, and a higher incidence of ischemic heart disease[207.
Immune complexes containing RF can deposit within the vasculature, activating complement pathways and
promoting endothelial injury. In the context of diabetes, which inherently increases vascular fragility, RF may
intensify cardiovascular risk.

4.3 RF and Glycemic Control

RF-positive individuals often demonstrate poorer metabolic outcomes, including elevated HbA 1c levels, worsening
insulin resistance, and accelerated beta-cell dysfunction[217]. These associations suggest that the inflammatory
processes contributing to RF production may also interfere with glucose regulation and insulin signaling
pathways.

4.4 RF and Diabetic Complications

RF positivity has been associated with several major complications of diabetes[227]. In diabetic retinopathy, RF
may reflect or promote immune-complex—mediated microvascular injury that accelerates progression. In
nephropathy, RF correlates with the severity of albuminuria, potentially indicating glomerular immune activation.
In diabetic neuropathy, systemic inflammation associated with RF may worsen nerve ischemia and oxidative
injury[237]. Additionally, individuals with elevated RF appear more prone to chronic foot ulcers and delayed
wound healing, likely due to immune dysfunction and impaired tissue repair[247]. Overall, RF represents not
merely an incidental finding but a potential marker of broader metabolic and immunologic stress in diabetes.

5. Potential Biomarker Applications

Rheumatoid factor is increasingly viewed as a potential biomarker that extends beyond its classical use in
rheumatology[257. In the context of diabetes, its relevance lies in its association with systemic inflammation,
vascular injury, and immune activation. As research deepens, RF may become part of a broader panel used to
stratify risk, monitor therapeutic response, and identify subgroups of diabetic patients with heightened
inflammatory activity[267]. The versatility of RF as a measurable serologic marker makes it attractive for both
clinical practice and research applications.

5.1 Predictor of Complications

RF has shown promise as a prognostic tool for identifying diabetic patients who may develop microvascular or
macrovascular complications earlier than expected[277]. Elevated RF levels may indicate a higher likelihood of
retinopathy progression as immune-mediated mechanisms contribute to microvascular damage in the retina.
Similarly, RF has been associated with the onset and worsening of diabetic nephropathy, potentially through
immune-complex deposition or inflammatory glomerular injury[287. In macrovascular disease, RF may predict
accelerated atherosclerosis, reflecting chronic immune activation that compounds metabolic risk factors.
Identifying such high-risk individuals could support earlier interventions and enhanced monitoring strategies.

5.2 Marker of Immune Activation in Diabetes Trials

Given that many emerging diabetes therapies exert anti-inflammatory effects, RF could serve as an adjunct
marker for assessing immunologic response in clinical trials[297. Treatments such as interleukin-1 inhibitors,
SGLT2 inhibitors, and GLP-1 receptor agonists have demonstrated the ability to modulate inflammatory
pathways. Monitoring RF levels alongside established markers such as C-reactive protein or cytokine profiles may
provide a more nuanced understanding of how these interventions influence immune status[30]. This is
particularly relevant as diabetes management increasingly incorporates approaches that target both metabolism
and inflammation.

5.3 RF as a Marker in Diabetic Cardiomyopathy

Preliminary evidence suggests a potential role for RF in identifying individuals at risk for diabetic
cardiomyopathy[317]. Myocardial inflammation and fibrosis, common features of diabetic cardiac remodeling, may
correlate with elevated RF levels. Although this area remains under investigation, incorporating RF into cardiac
risk assessment models could improve early detection of subclinical myocardial injury[827].

6. Therapeutic Implications

Beyond its utility as a biomarker, RF may also reflect therapeutically modifiable pathways [347. Interventions
that reduce systemic inflammation or oxidative stress may lower RF levels, offering insights into disease
mechanisms as well as treatment response.

6.1 Anti-Inflammatory Approaches

Several antidiabetic and cardiometabolic agents exert anti-inflammatory effects that may indirectly reduce RF
production[857]. Metformin, widely recognized for its immunomodulatory properties, suppresses
pro-inflammatory signaling and may help normalize B-cell activity. GLP-1 receptor agonists decrease circulating
inflammatory cytokines and improve endothelial function, potentially reducing RF-associated vascular injury[367.
SGLT?2 inhibitors improve oxidative stress, reduce inflammation, and modulate immune cell metabolism, creating
conditions less favorable for autoantibody production.
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6.2 Antioxidant Strategies
AGE formation contributes to the generation of RF by creating neo-antigens through protein glycation.
Antioxidants such as alpha-lipoic acid, vitamin E, and N-acetylcysteine can reduce oxidative stress and limit AGE
accumulation, which may in turn diminish stimuli for RF induction[37]. This therapeutic avenue is particularly
relevant in patients with high oxidative burden or poorly controlled hyperglycemia.
6.3 Immunomodulation
In severe inflammatory states or in individuals with autoimmune clustering, targeted immunomodulatory
therapies may unintentionally reduce RF titers. Low-dose methotrexate, used for cardiovascular inflammation in
selected populations, demonstrates such an effect by dampening inflammatory pathways and altering B-cell
activation['387. Although routine use of immunosuppressive therapy solely to modify RF levels is not justified in
diabetes, these observations highlight the interconnected nature of metabolic inflammation and autoimmunity.
CONCLUSION
Rheumatoid factor, long regarded as a serologic marker of rheumatoid arthritis, has broader significance
extending into metabolic disease. In diabetes mellitus, RF reflects persistent immune activation, oxidative stress,
AGE-driven neoantigen formation, and B-cell dysregulation. RF positivity correlates with poor metabolic control,
cardiovascular risk, and progression of diabetic complications. While not yet integrated into routine diabetes
management, RF offers promise as a biomarker for identifying high-risk individuals and understanding the
immunologic landscape of diabetes. As research advances, RF may become a clinically relevant tool in
immunometabolic medicine.
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