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Abstract
Rheumatoid arthritis is a chronic inflammatory disease, in which, besides articular involvement, cardiovascu-
lar complications due to premature and accelerated atherosclerosis represent a serious problem. Endothelial 
dysfunction is the first step in the atherosclerosis development. Rheumatoid arthritis associated inflammation 
contributes to endothelial dysfunction through direct action of cytokines on endothelium, or via increased insulin 
resistance. The aim of this study was represented by the assessment of endothelial dysfunction in rheumatoid 
arthritis patients, and correlation of this with impaired insulin sensitivity.
Material and methods. The study was performed on a group of 35 patients with newly diagnosed rheumatoid 
arthritis. In all patients were assessed: rheumatoid arthritis activity (DAS28), insulin resistance (HOMA-IR) and 
endothelial dysfunction by means of flow-mediated dilation (FMD). 
Results. Inflammation was present in all patients, and the disease activity was high (DAS28: 6.41 ± 0.94). The 
studied patients showed high insulin resistance (HOMA-IR 5.97 ± 1.89) and endothelial dysfunction (FMD 7.94 ± 
0.91%). There were significant correlations between endothelial dysfunction and insulin resistance (p = 0.0174), 
respective disease activity (p = 0.0201). On the other hand, it was shown a correlation between insulin resistance 
and the disease activity (p = 0.0290).
Conclusion. Endothelial dysfunction was present even in newly diagnosed rheumatoid arthritis patients, con-
tributing to the development of later atherosclerotic cardiovascular disease. Insulin resistance represented an 
important factor involved in endothelial dysfunction appearance.
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Rheumatoid arthritis (RA) is a chronic inflamma-
tory disease, in which, besides articular involve-
ment, extraarticular manifestations contribute to in-
creased morbidity and mortality associated with this. 
Among these extraarticular manifestations, cardio-
vascular complications due to premature and accel-
erated atherosclerosis represent a serious problem of 
these patients (1,2). Lindhardsen et al. demonstrated 
that the risk of myocardial infarction in RA patients 
is the same as in type 2 diabetes mellitus (3). Endo-
thelial dysfunction represents the key event in the 
atherosclerosis development (4).

The traditional risk factors of atherosclerosis, in-
cluding arterial hypertension, dyslipidemia, diabetes 
mellitus, smoking and sedentary life style, couldn’t 
explain the great extension of this process, seen in 
rheumatoid patients (5). In recent years, research 
conducted revealed that RA-related inflammation is 
responsible not only for synovial lesions, but it is 

involved in the development of premature, acceler-
ated atherosclerosis, with subsequent increased risk 
of atherosclerotic cardiovascular disease (6,7). In-
flammation contributes to endothelial dysfunction 
through direct action of cytokines on endothelium, 
or via increased insulin resistance (8). 

At the moment of diagnosis and during the RA 
flares, the levels of pro-inflammatory cytokines, in-
cluding tumour necrosis factor (TNF)-α and inter-
leukin-6 (IL-6) are greatly elevated. Rho et al. dem-
onstrated that the elevated levels of TNF-α and IL-6 
are associated with RA-related atherosclerosis, inde-
pendent of Framingham risk score (7). TNF-α in-
duces insulin resistance, which is associated with 
atherosclerosis (7). In present, it is known that anti-
TNF-α ther apy reduces the cardiovascular risk in 
patients with RA (9). In their st   udy, Gonzalez-
Juanatey et al. demonstrated an improvement of en-
dothelial function following the anti-TNF-α in RA 
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patients (10). Improvement of endothelial function 
is associated with  a decrease of inflammation, and 
restoration of insulin sensitivity (11,12). IL-6 con-
tributes  to insulin resistance in patients with RA, and 
to development of endothelial dysfunction, too 
(13,14). 

The aim of this  study is represented by the assess-
ment of endothelial dysfunction in RA patients, and 
correlation of this with impaired insulin sensitivity, 
and levels of TNF-α and IL-6.

MATERIAL AND METHODS 

Patients

The study was performed on a group of 35 pa-
tients with newly diagnosed RA. The diagnosis of 
RA was established based on 2010 American Col-
lege of Rheumatology/European League Against 
Rheumatism Classification Criteria for Rheumatoid 
Arthritis (15). Exclusion criteria were: previous ste-
roid therapy or drugs that alter insulin sensitivity, 
diabetes mellitus, uncontrolled arterial hypertension, 
dyslipidemia, chronic kidney disease. All the pa-
tients gave their informed consent.

Methods 

In all patients were determined: anti-citrullinated 
peptide antibodies (Chemiluminescent Microparti-
cle Immunoassay, serum), rheumatoid factor (turbi-
dimetry, serum), erythrocyte sedimentation rate 
(ESR) (Electro Optical System Technologies), C-re-
active protein (turbidimetry, serum), fibrinogen (co-
agulation, plasma citrate), TNF-α (chemilumines-
cence immunoassay, serum), IL-6 (electro-
chemiluminescence immunoassay, serum), fasting 
insulinemia (chemiluminescence immunoassay, se-
rum) and glycemia (photometry, plasma NaF K2 
oxalate).

Rheumatoid arthritis activity was assessed using 
DAS28. DAS28 was calculated based on: ESR, ten-
der joint count (28 joints), swollen joint count (28 
joints), and the patient’s assessment of global well-
being (100 mm visual analogue scale). (http://
www.4s-dawn.com/DAS28/DAS28.html)

Insulin resistance was assessed by Homeostasis 
Model Assessment of Insulin Resistance (HOMA-
IR) index, using fasting insulin and glucose (16). 

Endothelial dysfunction was assessed by means 
of flow mediated vasodilation, on brachial artery, us-
ing B-mode ultrasonography (Siemens Acuson X300 

Ultrasound System, with linear transducer of 10 
MHz). Before the test, the patient was relaxed at a 
stable room temperature between 20-25ºC; smoking, 
ingestion of caffeine, high-fat foods and vitamin C 
were prohibited. The diameter of the brachial artery 
was measured incident with the R wave of the elec-
trocardiograph trace (Di). Then, ischemia was in-
duced by inflating the pneumatic cuff to a pressure 
50 mmHg above systolic one, in order to obliterate 
the brachial artery and induce ischaemia. After 5 
minutes, the cuff was deflated and the diameter was 
measured after 60 seconds post-deflation (Df). FMD 
was calculated with the formula: FMD = [(Df – Di)/
Di] × 100 (17).

Statistical analysis

Data were expressed as mean ± standard devia-
tion. Correlations were investigated using Pearson’s 
test. p values of less than 0.05 were considered sta-
tistically significant.

RESULTS
The group of patients with RA was formed by 12 

males and 23 females, with the mean age of 55.6 ± 
9.74 years. All the patients were positive for rheuma-
toid factor and anti-citrullinated peptide antibodies. 

The demographic data and laboratory findings 
are presented in the Table 1.

TABLE 1. Demographic data and laboratory findings in 
RA patients
Parameter Value (mean ± standard deviation)
Males/Females 12/23
Mean age (years) 55.6 ± 9.74
ESR (mm/h) 74.11 ± 18.47
C-reactiv protein (mg/l) 60.34 ± 27.8
Fibrinogen (mg/dl) 693.52 ± 284.61
DAS28 6.41 ± 0.94
TNF α (pg/ml) 89.65 ± 21.41
IL6 (pg/ml) 89.40 ± 20.08
FMD (%) 7.94 ± 0.81
Fasting insulin (mIU/l) 25.88 ± 6.28
Fasting glucose (mg/dl) 89.94 ± 11.57
HOMA-IR 5.97 ± 1.89

Inflammation was present in all patients, and the 
disease activity was high (DAS28: 6.41 ± 0.94). The 
studied RA patients showed high insulin resistance 
(HOMA-IR 5.97 ± 1.89) and endothelial dysfunc-
tion (FMD 7.94 ± 0.91%). The correlations between 
endothelial dysfunction and insulin resistance, re-
spective disease activity are presented in Table 2.
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TABLE 2. Correlations between endothelial dysfunction 
and insulin resistance, respective disease activity
Correlation r p
FMD-HOMA-IR - 0.39958 0.0174
FMD-DAS28 - 0.39123 0.0201
FMD-TNF-α - 0.3309 0.0345
FMD-IL-6 - 0.34096 0.0225

The correlations between insulin resistance and 
disease activity are shown in Table 3.

TABLE 3. Correlations between insulin resistance and 
disease activity
Correlation r p
HOMA-IR-DAS28 0.369224 0.0290
HOMA-IR-TNF-α 0.353472 0.0372
HOMA-IR-IL-6 0.341212 0.0448

The results show that at the moment of RA diag-
nosis, there are significant correlations between en-
dothelial dysfunction and insulin resistance (Fig. 1), 
respective disease activity, expressed as DAS28 
(Fig. 2). On the other hand, insulin resistance is cor-
related with the disease activity (Fig. 3) and the lev-
els of pro-inflammatory cytokines (TNF-α, IL-6).

DISCUSSION
RA is a chronic, systemic inflammatory disorder 

of unknown etiology, associated with a high risk for 
cardiovascular diseases, due to accelerated and pre-
mature atherosclerosis (16). In RA patients, the inci-

FIGURE 1. 
Correlation between 
endothelial 
dysfunction and 
insulin resistance

FIGURE 2. 
Correlation between 
endothelial 
dysfunction and RA 
activity

FIGURE 3. 
Correlation between 
insulin resistance 
and RA activity
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dence of cardiovascular events is more than three 
times than in general population. Atherosclerotic 
cardiovascular disease represents the leading cause 
of death in these patients (18). Accumulating evi-
dence showed that the traditional risk factors of ath-
erosclerosis can not explain the magnitude of this 
process in these patients (5,18). But systemic in-
flammation associated with RA represents the key, 
which can explain the premature development of 
atherosclerosis. Inflammation is present in all stages 
of atherosclerosis development, from endothelial 
dysfunction to plaque rupture (18).

Pro-inflammatory cytokines as TNF-α and IL-6 
are involved in endothelial dysfunction appearance, 
acting on the vascular endothelium, or through insu-
lin sensitivity. These cytokines exert deleterious ef-
fects on the vascular endothelium, which may gener-
ate the reduction of nitric oxide synthesis and 
promote endothelial dysfunction. On the other hand, 
these pro-inflammatory cytokines are involved in 
insulin resistance appearance, risk factor for endo-
thelial dysfunction (19). 

In the present study, it was evaluated the endothe-
lial dysfunction in RA patients and its correlation 
with insulin resistance. All the studied patients pre-
sented impaired flow mediated vasodilation, which 
was correlated in a negative manner with the insulin 
resistance (r = – 0.39958, p = 0.0174), as well as in 
the study performed by Cortes-Rodriguez et al (20).

The presented study showed that the endothelial 
dysfunction was correlated with the RA activity, ex-
pressed as DAS28 (r = – 0.39123, p = 0.0201). Fer-
nandez-Real revealed that chronic inflammation is 
linked to endothelial dysfunction (8). Another stud-
ies found the same correlation. Studying middle 
aged RA patients without cardiovascular risk factors 
or overt cardiovascular diseases, Vaudo et al. identi-
fied impaired endothelial reactivity, related with 
chronic inflammation (r = – 0.47, p < 0.05) (21). The 
study performed by Watanabe et al. demonstrated 
that flow-mediated dilation was inversely correlated 
with the RA activity (r = – 0.404, p < 0.05) (22). In 
Sarli et al. study, it was evidentiated the correlation 
between flow mediated dilation and disease activity 
(p = 0.038) (23). Klimek et al. identified the exis-
tence of the relationship between the severity of in-

flammatory response and endothelial dysfunction in 
RA with short duration of evolution (24). Studying 
newly diagnosed patients with RA, de Groot et al. 
showed that the impaired endothelial function was 
present from the beginning, inversely correlated 
with the disease activity (r = – 0.31, p = 0.016). The 
authors highlighted the role of RA treatment in order 
to prevent the development of the atherosclerotic 
cardiovascular disease associated with RA (25). 

The present study documented that the impaired 
insulin sensitivity was correlated with rheumatoid 
arthritis activity (r = 0.369224, p = 0.0290), and with 
serum levels of serum pro-inflammatory cytokines 
(TNF-α: r = 0.353472, p = 0.0372; IL-6: r = 0.341212, 
p = 0.0448). Dessein and Joffe showed in their study 
that in RA patients, insulin resistance, expressed as 
HOMA-IR, was correlated with markers for inflam-
mation and disease activity (r = 0.208, p = 0.04) 
(26). In another study, performed by La Montagna et 
al. it was evidentiated the existence of insulin resis-
tance in RA patients and its significant correlation 
with the disease activity (r = 0.549, p < 0.0001) (27). 
Chung et al. emphasized the significant correlations 
between insulin resistance and RA activity, respec-
tive the levels of pro-inflammatory cytokines 
(TNF-α and IL-6) (p < 0.05) (14). In early, untreated 
RA patients, Shahin et al. documented severe insulin 
resistance, which was correlated with the disease ac-
tivity (28). El Sayed et al. showed a significant posi-
tive correlations between HOMA-IR levels and dis-
ease activity (r = 0.969, p = 0.000) (29). In another 
study, it was demonstrated a positive correlation be-
tween insulin resistance and DAS28 (r = 0.361, p < 
0.005), as well as levels of cytokines (TNF-α: r = 
0.300, p < 0.05, IL-6: r = 0.329, p < 0.05) (2). 

CONCLUSION
Endothelial dysfunction is present even in newly 

diagnosed RA, contributing to the development of 
later atherosclerotic cardiovascular disease. Insulin 
resistance, driven by the inflammatory mediators, 
represents an important factor involved in endothe-
lial dysfunction appearance. By suppressing inflam-
mation, RA treatment contributes to the prevention 
of cardiovascular disease appearance.  
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