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Background: Type 2 diabetes mellitus (T2DM) is a non-autoimmune disease characterized by chronic 
hyperglycemia and increased non-enzymatic glycation of amino groups. Glycation occurs through a series of 
events eventually leading to the formation of irreversible “advanced glycation end-products” (AGEs). AGEs 
may affect the function of long-lived proteins, including cytokines, immunoglobulins and their receptors, 
resulting in a “less active” immune system. We aimed to test the hypothesis that a common inflammatory 
chronic disease, such as rheumatoid arthritis (RA), in which the earliest event is an inflammatory response to 
unknown stimulus, has a lower prevalence in these patients than in normoglycemic, non-diabetic subjects.
Methods: In this study, we compared the prevalence of RA in a prospectively followed outpatient cohort of 
patients with T2DM patients (n=1,630) with a control, matched, non-diabetic population (n=1,630). 
Results: Among non-diabetic controls, 13 patients (prevalence 0.80%) with RA were identified. An almost 
3-fold lower prevalence of RA (0.25%) was found in consecutive patients with T2DM (P=0.029). Most of 
the RA cases among participants with T2DM were diagnosed early after diabetes onset. The onset of RA in 
patients with T2DM occurred at significantly older age (64±15 years) as compared to the non-diabetes group 
(48±18 years; P=0.004). 
Conclusions: The prevalence of RA is lower and occurs in an older age in patients with pre-existing 
T2DM in comparison with people without T2DM.
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Introduction

Rheumatoid  ar thr i t i s  (RA)  i s  the  most  common 
autoimmune inflammatory arthritis in adults affecting up to 
1% of the population (1). Some of the strongest risk factors 
for the development of RA are the presence of the human 
leukocyte antigen (HLA) alleles that contain the “shared 

epitope”, female gender, family history of RA and tobacco 
smoke (2,3). In contrast, oral contraceptive use and some 
dietary constituents might protect from the development of 
RA (2,3). Interestingly, the impact of diabetes mellitus (DM) 
on RA incidence is not well established.

DM is a metabolic disorder that is characterized by 
hyperglycemia. The prevalence of DM has been reported 
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7% in Greece (4,5) and about 9% globally (6). Several lines 
of evidence suggest attenuation of immune response in 
patients with DM (7-9). For example, DM per se confers an 
increased rate and severity of infections to these patients 
comparing to people without DM (7). Advanced glycation 
end-products (AGEs), which are formed because of 
hyperglycemia, may alter the expression and secretion of 
interleukin (IL)-1, IL-6, tumor necrosis factor (TNF)-α 
and inflammatory mediators, through a specific interaction 
with membrane receptors expressed on T-lymphocytes, 
monocytes and macrophages (8,9). In addition, glycation 
of immunoglobulins and/or their receptors in patients with 
chronic hyperglycemia may downregulate the immune 
system’s capacity to respond to antigenic stimuli (10). 

Based on the above we examined previously the 
hypothesis that pre-existing hyperglycemia may have a 
protective effect on the development of RA (11), a disease in 
which the earliest event is an intense inflammatory response 
to unknown stimuli within the joint. In a preliminary study 
we found that in patients with type 1 DM (T1DM), which 
coexists with other autoimmune diseases including RA (12), 
the prevalence of RA was higher in patients with T1DM 
compared with age- and gender-matched controls without 
DM (0.58% vs. 0.39%, respectively) (11). In contrast, RA 
prevalence was lower in patients with type 2 DM (T2DM) 
(0.25% vs. 0.83% in controls), albeit the difference did 
not reach statistical significance (11). Apart from our 
study, there are a few previous studies that have examined 
the relationship between DM and RA with conflicting  
results (13-15).

The aim of this study was to examine the prevalence of 
RA among a large cohort of well characterized and followed 
up patients with T2DM.

Methods

Participants

A total of 3,260 participants were recruited for the study; 
half of them (n=1,630) had pre-existing T2DM and were 
recruited consecutively from the two outpatient diabetes 
centers based at the National and Kapodistrian University 
of Athens Medical School and were examined for the 
presence of RA. All patients were regularly followed-
up for at least 10 years post-diagnosis. Diagnosis and 
classification of DM and RA was based on the American 
Diabetes Association criteria (16) and the American College 
of Rheumatology criteria (17), respectively. The study 

was approved by the ethics committee of our Institution 
(approval ID No. 1452/2015) and conducted according to 
the principles of the Declaration of Helsinki (18). 

The rest 1,630 non-diabetic subjects were randomly 
selected from the participants in the ESORDIG study, a 
large population-based door-to door study conducted by 
qualified rheumatologists who examined the prevalence of 
rheumatic diseases in our country (19). Control subjects 
without DM were matched 1:1 for age and gender with 
patients with T2DM and were studied in parallel. To avoid 
misclassification of subjects with steroid-induced DM as 
T2DM, we excluded from the study patients with RA and 
controls who had taken corticosteroids for longer than one 
month for any reason in the year prior to recording for the 
present study.

Statistical analysis

The ESORDIG study revealed that the prevalence of RA 
in the general population of Greece is 0.68% (19). Based 
on our preliminary data (11) and assuming a difference 
in proportions in the prevalence of RA of 0.53 between 
subjects without and with T2DM, a sample size of 1,000 
subjects per group could provide a power of 95% at a two-
tailed α=0.01 and 99% CI 0.53–0.63 to yield a statistically 
significant difference in the prevalence of RA among 
participants with and without T2DM. 

The Statistical Package for the Social Sciences (IBM 
SPSS software version 22.0 for Windows, Armonk, NY, 
USA) was used for analyses. The Power and Precision 
Software (Biostat, version 2.0, Englewood, NJ, USA) 
was used for the calculation of the power of the study. All 
variables were tested for normal distribution of the data 
using the Kolmogorov-Smirnov test. Differences between 
parametric variables were examined using the student-
t-test. The chi-square test was used to assess differences 
in categorical variables. P values <0.05 (two-tailed) were 
considered statistically significant. 

Results

The demographic and clinical characteristics of the study 
participants are classified according to the presence of DM 
in Table 1. The gender, the age and the age subgroups of 
the study participants were fully matched. More specifically, 
in both groups 909 subjects were male (55.8%) and 721 
(44.2%) were female. The mean age of the males was 
66.5±11.9 and 66.2±11.4 years for the diabetes- and the 
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non-diabetes group, respectively, while the mean age of the 
females was 66.4±12.1 and 66.1±11.8 years for the diabetes- 
and the non-diabetes group, respectively. The age groups of 
the participants are shown in Table 1. The median duration 
among people with DM was 16 years, the mean body mass 
index (BMI) for males with DM was 27.5±4.1 kg/m2, while 
the mean BMI for males without DM was 26.4±3.4 kg/m2. 
Regarding women, the mean BMI was 29.6±5.9 kg/m2 for 

subjects with DM and 26.3±4.3 kg/m2, for participants 
without DM.

The prevalence of RA in the group without DM was 
0.80% (13 subjects; 10 women, 3 men), while the prevalence 
of RA in the diabetes group was 0.25% (4 subjects, all 
women) (χ2=4.79, P=0.029). The OR (95% CI) for subjects 
with T2DM to have RA in comparison with the subjects 
without DM was 0.30 (0.10–0.64), P=0.038.

Table 1 Demographic and clinical characteristics of the study subjects

Characteristics Diabetes (n=1,630) No diabetes (n=1,630)

Male/female, n (%) 909 (55.8)/721 (44.2) 909 (55.8)/721 (44.2)

Age (years)

Males 66.5±11.9 66.2±11.4

Females 66.4±12.1 66.1±11.8

Age group (males), n (%)

30–39 13 (1.4) 13 (1.4)

40–49 53 (5.8) 53 (5.8)

50–59 157 (17.3) 157 (17.3)

60–69 277 (30.5) 277 (30.5)

70–79 306 (33.7) 306 (33.7)

≥80 103 (11.3) 103 (11.3)

Total 909 (100.0) 909 (100.0) 

Age group females, n (%)

30–39 22 (3.1) 22 (3.1)

40–49 36 (5.0) 36 (5.0) 

50–59 113 (15.7) 113 (15.7) 

60–69 236 (32.7) 236 (32.7)

70–79 235 (32.6) 235 (32.6) 

≥80 79 (11.0) 79 (11.0)

Total 721 (100.0) 721 (100.0) 

Duration of diabetes (years) 16.0 (10.0–23.0) –

BMI (kg/m2)

Males 27.5±4.1 26.4±3.4

Females 29.6±5.9 26.3±4.3

Prevalence of RA*, n (%) 4 (0.25) 13 (0.80)

Women/men 4/0 10/3

Age of onset of RA** (years) 64±15 48±18

Data are n (%), or mean values ± SD (standard deviation); median value (25, 75 percentile). *, χ2=4.79, P=0.029; **, P=0.004. BMI, body 
mass index; RA, rheumatoid arthritis.
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Three out of the 4 cases of RA were diagnosed in the 
first 5 years while 1 case of RA was diagnosed 8 years after 
DM onset. The mean (± SD) age of RA diagnosis was  
48±18 years in the non-diabetes and 64±15 years in the DM 
group (P=0.004, Table 1). 

Discussion

In the present study, we demonstrated that the prevalence 
of RA is lower and occurs in an older age in patients with 
pre-existing T2DM in comparison with people without 
T2DM.

RA is a chronic inflammatory disease in which the earliest 
event is an intense inflammatory response to unknown stimuli 
within the joint (3,20). Inflammatory mediators such as 
CRP, IL-6, and TNF-α are frequently elevated in the serum 
of patients many years before the clinical onset of RA and 
correlate with the disease activity, suggesting a critical role 
in the immunopathogenesis and progression of RA (21). IgG 
is the most abundant immunoglobulin isotype comprising 
~75% of the total serum immunoglobulins (20). IgG triggers 
its effector function, that is complement activation, via its 
Fc (22). Previous studies reported that there is abundant 
codeposition of IgG containing immunocomplexes due 
to antibody-cartilage surface interaction and activated 
complement components in the joints of more than 
90% of RA patients, suggesting that immunoglobulins 
and complement activation are strongly involved in the 
pathogenesis of RA (23-25).

The question is whether alterations in the activity of 
immune system as a result of hyperglycemia in patients with 
pre-existing T2DM can modulate the inflammatory process 
and alter the risk of development of RA. 

It is known that DM undermines host defenses increasing 
the susceptibility to viral, bacterial and fungal infections 
mainly through modulation of the immune system (26). 
Thus, hyperglycemia attenuates inflammation induced 
neutrophil activation (27). In addition, hyperglycemia 
reduces neutrophil degranulation, chemotaxis, phagocytosis 
and bactericidal capacity (27,28). These effects are due 
mainly to changes in neutrophil metabolism through the 
inhibition of glucose-6-phosphate dehydrogenase (G6PD) 
and activation of protein kinase C (26). In addition, 
hyperglycemia can inhibit complement receptor and 
Fc-γ receptor-mediated phagocytosis by normal human 
neutrophils by activating PKC-α or PKC-β or both (29). 
Hyperglycemia-induced protein kinase C activation 
inhibits phagocytosis of C3b- and immunoglobulin 

g - o p s o n i z e d  y e a s t  p a r t i c l e s  i n  n o r m a l  h u m a n  
neutrophils (29). Moreover, hyperglycemia inhibited 
complement receptor and Fc-γ  receptor-mediated 
phagocytosis of opsonized yeast particles by normal 
human neutrophils in vitro (30). Acute hyperglycemia 
inhibits opsonization when glucose binds directly to 
the biochemically active site of the third component 
of complement C3 in a nonenzymatic reaction and 
blocks its attachment to the microbial surfaces (31). 
Hyperglycemia can also cause nonenzymatic glycosylation 
of immunoglobulins; this reduces complement fixation 
and opsonization of microbes (26). Furthermore, in vitro 
studies have shown that even transient hyperglycemia 
causes a significant reduction in complement fixation by 
immunoglobulin (30). The results of the aforementioned 
studies indicate that patients with DM have reduced 
immunological response to viral, fungal and bacterial 
infections through the effects of hyperglycemia on 
complement  receptor  and Fc  receptor-mediated 
phagocytosis. Although the pathogenesis of RA is unknown, 
previous reports have shown that the initiating event can be 
an intense immune response to noxious stimuli including 
infectious agents (32). It has been proposed that microbial 
products in the synovial fluid may generate a chronic 
inflammatory response; alternatively, the microorganism 
or the response to the microorganism might induce an 
immune response to components of the joint or it might 
prime the host to cross-reactive determinants expressed 
within the joint as a result of “molecular mimicry” (32). 
A reduced immune response in the context of DM to 
infectious agents could explain the protective effect of DM 
on the pathogenesis of the disease. 

Previous studies have shown that all immunoglobulins 
are glycated both in vitro and in vivo under exposure 
to high glucose concentrations in both the Fc and the 
Fab fragments (33). It is known that changes due to 
modification in the Fc region of immunoglobulins such 
as glycosylation influences the effector function of IgG 
mediated by its receptor and activates the classical pathway 
of the complement system (34-38). Glycosylation of the 
Fc is characterized by presence of a single chain N-linked 
glycan attached to each heavy chain at asparagine. It has 
been demonstrated that the lack of glycation on the Fc-N-
linked glycans increases the inflammatory capacity of IgG 
in mice while glycation attenuates this activity (39-42). IgG 
in RA patients contains less glycans such as galactose and 
sialic acid (43). Noteworthy, the glycosylation pattern of 
anti-citrullinated protein antibodies (ACPA) changes before 
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the onset of RA skewing toward more inflammation (44,45). 
Moreover, pregnancy-induced spontaneous improvement 
of RA has been linked to pregnancy-related reduction in 
the glycosylation of IgGs (46). These data support the 
concept that patients with DM may be protected from the 
development of RA because posttranslational glycation of 
immunoglobulins, as a result of hyperglycemia, make them 
less immunogenic. 

In addition, the adipose tissue-derived factor leptin has 
been emerged as a key regulator of nutritional state and 
metabolism, as well as a modulator of immune system 
activation and innate-adaptive frontier (47). Noteworthy, 
experimental findings have shown that antigen-induced 
arthritis is markedly attenuated in either ob/ob or db/db 
mice models of T2DM that lack leptin or leptin receptors, 
respectively (47). This finding further supports the potential 
protective effect of T2DM on development of RA. 

There are a few previous studies that examined the 
association between RA and DM. Simard et al. in the 
United States, found that the adjusted OR for the cross-
sectional association between RA and diabetes was ranging 
from 1.1 to 1.5, which was not significant (14); in this study 
there were included noninstitutionalized civilians older than  
60 years old. These findings do not contradict the findings 
presented herein, because DM is expected to occur in 
more than 15% in an American population at this age, 
whereas subjects with RA and either steroid-induced or 
concurrent autoimmune T1DM were not excluded (14). 
Moreover, Lu et al. demonstrated that among subjects with 
T2DM the risk of developing RA was significantly higher 
in female (OR: 1.46, 95% CI: 1.24–1.72), but not in male  
participants (13). However, in this study, most of the 
population were females (77.4%), while in our study only 
44.2% were female; it is known that RA is more common 
in women (2). Additionally, the population of this study was 
ten years younger than the population of our study.

Furthermore, Liao et al. reported that the prevalence 
of pre-existing T2DM among 1,419 incident RA patients 
in Sweden was 2.96% vs. 2.75% in 1,674 non-RA controls 
matched by age, sex and location of residence (15). A reason 
that partly explains the discrepancy between their results 
and those of our study is the possibility that information 
on DM status was not available in 27 of 113 subjects with 
self-reported DM. DM status was acquired by telephone 
contact, whereas steroid-induced DM was probably not 
excluded. Moreover, the RA population studied by Liao 
et al. was much younger than our diabetic population 
(92% vs. 56% of subjects, respectively, being between 30 

and 70 years old) and was predominantly female (71% vs.  
44%, respectively) (15). On the other hand, the established 
specific association between T1DM and APCA positive 
RA in this study (15) is compatible with the higher than 
expected prevalence of RA among patients with T1DM 
in our country (11). We excluded individuals with T1DM 
from the present study because previous reports have shown 
that T1DM and RA have some common underlying genetic 
elements (HLA A1, DR3, and DR4) that may predispose to 
more frequent coexistence of these diseases (15). 

Strength of this study is that we used robust data from 
the 10-year prospective follow-up of well-characterized 
participants. We found that the prevalence of RA was 
significantly lower in patients with T2DM and it occurs 
early after DM diagnosis. This finding further supports the 
hypothesis that immunosuppression in patients with long-
standing DM may be involved in the lower prevalence of 
RA among subjects with T2DM. 

The main limitation of this study is the cross-sectional 
design that provides associations between DM and RA, but 
does not explain the underlying pathophysiology neither 
implies a cause and effect relationship between these two 
diseases. A prospective study is required to examine the 
impact of T2DM on RA development and evolution. 
Another limitation may be the relatively small number of 
participants included, which makes the findings of the study 
to be statistically significant but not clinically meaningful, 
given the low prevalence of RA. However, we tried to avoid 
type I or type II statistical errors by using proper statistical 
testing before the initiation of the study.

To sum up, a significantly lower than expected prevalence 
of RA was found in patients with (non-autoimmune) 
T2DM. A decreased risk of first-ever diagnosis of RA 
in association with the presence of DM in the previous 
year was also reported recently by Rodríguez et al., who 
examined the incidence of RA in the United Kingdom and 
investigated associations with consultation behavior, risk 
factors, and comorbidities (48). Alterations in immune 
responses due to glycation, or AGEs-mediated interactions, 
and/or other factors that affect the complex (auto)immune 
mechanisms underlying RA development may account for 
the negative link described herein. 

RA is a complex disease and its pathogenesis has not been 
elucidated so far; however, it is established that the disease 
has a strong immunopathogenic background. On the other 
hand, T2DM is common, and its prevalence and incidence 
are increasing globally. Hyperglycemia affects in many 
ways the immune system. Clearly, more clinical and basic 
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research is necessary to elucidate the relationship between 
RA and DM and the mechanisms mediating the effects of 
DM on the development and progression of RA as well as 
other chronic inflammatory diseases.

Conclusions

Prevalence of RA is significantly lower in subjects with 
T2DM. This finding implies that hyperglycemia through 
immunosuppression might have a protective role for the 
development of RA.
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