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ABSTRACT
Left ventricular diastolic dysfunction 
(LVDD) plays a central role in the 
pathophysiology of heart failure with 
preserved ejection fraction (HFpEF), 
a major manifestation of heart failure 
(HF). Low-grade inflammatory reac‑
tion is the key mechanism leading to 
LVDD. Rheumatoid arthritis (RA) is a 
systemic inflammatory disease and af‑
fects 0.5–1.0% of the adult population. 
Several epidemiologic studies find that 
the risk of LVDD is increased in RA 
than in the general population. Since 
inflammation plays an important role 
in the pathogenesis of LVDD and RA 
is a disease characterised by chronic 
systemic inflammation. RA may be in‑
volved in the occurrence and develop‑
ment of LVDD. This review summarises 
the pathogenesis, predictors, and man‑
agement of LVDD in patients with RA.

Introduction
Rheumatoid arthritis (RA) is a chronic 
inflammatory, autoimmune disease (1). 
Although synovitis is the main patho-
logical change of RA (2), there are 
many comorbidities such as cardiovas-
cular , pulmonary, neurological, gas-
trointestinal, renal, and haematologic 
disease in patients with RA (3). Cardio-
vascular disease (CVD) is the leading 
cause of death in patients with RA (4). 
Systemic inflammation mainly contrib-
utes to the development of CVD in RA 
(5). Heart failure (HF) is an emerging 
public healthcare issue affecting ap-
proximately 26 million people world-
wide (6). Among patients with RA, HF 
is one of the main causes of the addi-
tional risk of death (7). 
The prognosis of HF is severely com-
promised and one of the leading causes 
of HF is coronary heart disease (CHD) 
(8). In patients with RA, HF occurs 

early and a proportion of them cannot 
be explained by ischemic heart dis-
ease (9). Systemic inflammation has 
been found to play an important role 
in the occurrence and development of 
HF (10). HF with preserved ejection 
fraction (HFpEF), characterised by 
systemic inflammation (11), accounts 
for approximately 50% of HF admis-
sions (12). Currently, there is still a 
lack of effective treatment for HFpEF 
(13). Left ventricular diastolic dysfunc-
tion (LVDD) plays a central role in the 
pathophysiology of HFpEF (14). As a 
preclinical condition, LVDD is defined 
as the inability of left ventricular (LV) 
to fill an adequate end-diastolic volume 
at an acceptable pressure (15). Low-
grade inflammatory reaction is the key 
mechanism leading to LVDD (15).
Hence, RA-related inflammation might 
be an important driver for developing 
LVDD. Moreover, growing studies sug-
gest that the prevalence of LVDD may 
be significantly increased in RA than in 
the general population (16-32). Other 
study has shown inconsistent result 
(33). This may be due to the difference 
in disease activity. Since inflammation 
plays an important role in the patho-
genesis of LVDD and RA is a disease 
characterised by chronic systemic in-
flammation, RA may play an important 
role in the occurrence and development 
of LVDD. In this article, we will review 
the pathogenesis, predictors, and man-
agement of LVDD in patients with RA. 

Pathogenesis
RA and systemic inflammation
In addition to targeting the synovial 
joints, RA is also accompanied by 
high levels of systemic inflammation 
(6). In this systemic inflammation, cy-
tokines such as interleukin (IL)-17, IL-
1β, IL-6, IL-8, tumour necrosis factor 
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(TNF)-α, interferon (IFN)-γ and granu-
locyte-macrophage colony-stimulating 
factor (GM-CSF) play important roles 
(34). Systemic inflammation is in-
volved in the extra-articular manifesta-
tions of RA and is an early event in the 
pathogenesis of CVD (35, 36). Mean-
while, systemic inflammation is the key 
mechanism leading to LVDD in various 
diseases such as chronic obstructive 
pulmonary disease (COPD), chronic 
kidney disease (CKD), atrial fibrilla-
tion, hypertrophic cardiomyopathy, 
anaemia, obesity, hypertension, hyper-
cholesterolaemia and diabetes (15, 37, 
38). The systemic inflammatory status 
of RA is also one of the pathogenesis 
mechanisms of LVDD.
TNF-α and IL-6 is central to the patho-
genesis of RA and the serum levels 
of them are increased in RA patients 
(39, 40). Both TNF-α and IL-6 can in-
crease the endothelial reactive oxygen 
species (ROS) production (41), this 
leads to a decrease in the availability 
of nitric oxide (NO) (42). Scarcity of 
NO in turn impairs NO cyclic guano-
sine monophosphate-protein kinase G 
(cGMPKG) signal transduction, ul-
timately leading to the hypertrophy 
and stiffening of myocardium (43-45). 
Myocardial hypertrophy and increased 
myocardial stiffness are the potential 
pathophysiological mechanisms lead-
ing to LVDD (46). Subsequently, rar-
efaction of cardiac muscle cells occurs 
with impaired cardiac perfusion and 
myocardial oxygen release, resulting in 
diastolic dysfunction (47). The hypo-
phosphorylation of the giant cytoskel-
etal protein titin plays an important role 
in the stiffening of myocardium (48). 
In addition, reduced NO bioavailabil-
ity promotes proliferation of fibroblasts 
and myofibroblasts and collagen depo-
sition as its antagonistic effect on the 
profibrotic action of growth-promoting 
hormones (endothelin-1, angiotensin II, 
and aldosterone) decreases (49). Myo-
cardial fibrosis is one of the potential 
mechanisms of LVDD (50). Further-
more, TNF-α directly decreases sar-
coplasmic reticulum Ca2+-ATPase 2a 
protein (SERCA2a) expression, lead-
ing to LVDD (51). In another aspect, 
TNF-α has a direct effect on cardiac 
muscle cells, it promotes cardiac mus-

cle cells hypertrophy by binding to 
TNF receptor 1 (TNFR1) (52). 
For other systemic inflammatory fac-
tors, IL-17 has been shown to be in-
volved in the development of LVDD 
through myocardial fibrosis and irre-
versible ventricular remodelling (53). 
IL-1β also promotes LVDD, likely be-
cause of its negative lusitropic effect 
(54). IL-8, which mediates neutrophil 
and monocyte/macrophage infiltration 
and pro-inflammatory mediator pro-
duction, increases myocardium fibro-
sis (55). IFN-γ, produced mainly by 
activated lymphocytes and endothelial 
cells, mediates LV dilation and dys-
function by high-level cardiac tran-
scription of TNF-α (56). However, 
another research used IFN-γ deficient 
mice implies that endogenous IFN-γ 
plays a protective role in cardiac hyper-
trophy (56). These discrepancies may 
be attributed to differences in the exper-
imental objects (57). The pathogenesis 
of LVDD mediated by systemic inflam-
mation in RA is shown in Figure 1.

RA and renin angiotensin system
Patients with RA have an activation of 
the renin angiotensin system (RAS), el-
evated angiotensin-converting enzyme 
(ACE) levels are found in both synovial 
fluid and serum of patients with RA(58). 
In addition to ACE, the RAS system 

also includes angiotensin II (Ang II) , 
AT1 receptor and the counter-regulato-
ry composed by angiotensin converting 
enzyme 2 (ACE2), angiotensin-(1-7) 
[Ang-(1-7)] and the Mas receptor (59). 
The activation of RAS has an important 
role in the RA pathogenesis by enhanc-
ing inflammation and osteopenia (60). 
Besides, in patients with RA, signifi-
cantly elevated ACE/ACE2 ratio may 
be associated with CVD (61).
ACE, which is elevated in patients with 
RA, catalyses the conversion of Ang-1 
into Ang-2 and the formation of Ang-
2 leads to myocardial hypertrophy and 
pathological remodelling (62). Ang-2 
instigates the production of aldosterone 
in the adrenal cortex and the aldoster-
one also induces myocardial fibrosis 
and LV hypertrophy (63). Myocardial 
fibrosis and hypertrophy contribute to 
the pathogenesis and advancement of 
LVDD (64).

RA and sympathetic nervous system
Increased sympathetic outflow has 
been found in patients with RA and the 
heightened sympathetic outflow to the 
heart can have multiple harmful conse-
quences (65, 66). The enhanced sympa-
thetic activity in patients with RA may 
be due to disease activity and several 
environmental factors such as the home 
environment, working routines, caf-

Fig. 1. The pathogenesis of LVDD mediated by systemic inflammation in RA. TNF-α: tumour necro-
sis factor-α; IL-6: interleukin-6; IL-17: interleukin-17; IL-8: interleukin-8; IFN-γ: interferon-γ; IL-1β: 
interleukin-1β; ROS: reactive oxygen species; NO: nitric oxide; TNFR1: tumor necrosis factor recep-
tor 1; SERCA2a: sarcoplasmic reticulum Ca2+-ATPase 2a protein; LVDD: left ventricular diastolic 
dysfunction.
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feine and nicotine, and sleep quality 
(67). The neurotransmitters of the sym-
pathetic nervous system (SNS) include 
catecholamines norepinephrine, adren-
aline and dopamine (68). There are a 
large amount of norepinephrine and 
dopamine in the synovial tissue of RA 
patients (69, 70). In addition, elevated 
norepinephrine can also be observed in 
the serum and heart of RA (71, 72). 
Research shows that inhibiting the over-
activation of SNS significantly attenu-
ates myocardial hypertrophy and fibro-
sis and alleviates the progression of car-
diac remodelling and dysfunction (73). 
The mechanism is likely to be related 
to the baroreflex impairment (74). It is 
worth noting that LVDD in turn causes 
an increase in sympathetic nerve activ-
ity (75), which will further exacerbate 
the systemic inflammation in RA (76).

RA and metabolic abnormalities
In patients with RA, the prevalence of 
metabolic abnormalities is increased, 
mainly including obesity (77), diabetes 
(78), dyslipidaemia (79), and hyperten-
sion (80). These are associated with in-
creased cardiovascular risk in RA (81). 
In addition, metabolic abnormalities 
are associated with a higher prevalence 
and severity of LVDD (82-84), both in 
women (85) and men (86). 
Research has shown that left ventricle 
hypertrophy is more common in obese 
patients (87). In obese patients, myo-
cardial fatty infiltration may affect the 
cardiac structure and function, lead-
ing to the development of LVDD (88). 
Besides, in patients with obesity, the 
increase of mitochondrial reactive oxy-
gen species in myocardial cells can lead 
to stiffness and increased cardiac fibro-
sis (89). Obese patients express more 
leptin in their subcutaneous adipose 
tissue, which is associated with LVDD 
(90). It is worth noting that successful 
weight reduction is associated with im-
proved left ventricle diastolic function 
(91), which suggests that weight con-
trol is necessary for patients with RA.
Diabetes is an important risk factor 
for CVD and is associated with LVDD 
(92-94). Besides, LVDD is considered 
an early manifestation of diabetic car-
diomyopathy (95). Diabetes mediates 
LV hypertrophy and stiffness (96, 97). 

Otherwise, diabetes patients with car-
diovascular autonomic neuropathy are 
an independent risk marker for the pres-
ence of LVDD (98), this is related to the 
cardiac sympathetic denervation and el-
evated heart rate (99). The presence of 
LVDD is significantly related to glycat-
ed hemoglobin (HbA1C) levels and the 
duration of diabetes (100). The future 
development of LVDD in RA with dia-
betes could be prevented through good 
blood glucose control (101, 102).
Dyslipidaemia promotes LVDD even 
before the development of occlusive 
coronary artery disease or clinical heart 
failure (103-106). In patients with RA, 
dyslipidemia is manifested as decrease 
total cholesterol (TC), low-density li-
poprotein cholesterol (LDL-C), and 
high-density lipoprotein cholesterol 
(HDL-c) levels (107, 108). Low HDL-c 
levels is associated with LVDD (103), 
increased inflammation in the LV wall 
and cardiomyocyte apoptosis are pos-
sible mechanisms (109). Therefore, the 
protective effect of statins on LVDD 
may be achieved by increasing HDL-c 
levels (110, 111).
Research has found that hypertension 
is more common in patients with RA 
than in the general population (112). 
The risk of hypertension in RA patients 
is associated with lack of physical ac-
tivity, systemic inflammation, obesity, 
diet, alcohol, and medications used to 
manage RA (113). On the other hand, 
the prevalence of LVDD in hyperten-
sive patients is 33.8% and LVDD is an 
early consequence of hypertension-re-

lated heart disease (114). LV hypertro-
phy and fibrosis play an important role 
(115, 116). In addition, uncontrolled 
hypertension, longer hypertension dis-
ease evolution and smoking are related 
to the occurrence of LVDD (116). The 
pathogenesis of LVDD mediated by 
metabolic abnormalities in RA is shown 
in Figure 2.

RA and other potential pathogenesis
Endothelial dysfunction has been im-
plicated in the pathogenesis of LVDD 
through LV hypertrophy and stiffness 
(117-120). On the other hand, endothe-
lial dysfunction is one of the charac-
teristics of RA (80,121,122). Serum 
γ-glutamyltransferase (GGT), which 
has been widely used as an index of 
alcohol intake and liver dysfunction, 
induces LVDD through oxidative stress 
(123). In patients with RA, Serum GGT 
levels are increased (124). Pericardial 
fat may be implicated in the pathogen-
esis of LVDD by disturbing the dilation 
of the LV and impairing cardiac filling 
(125). Besides, pericardial fat thickness 
is higher in patients with RA than in the 
healthy control (126). Anaemia is asso-
ciated with an increased risk of LVDD 
in patients with diabetes, chronic kid-
ney disease and CHD due to LV hyper-
trophy (127-129). It is worth noting that 
anaemia is a common extra-articular 
manifestation of RA (130).

Predictors
Multiple studies have shown that 
LVDD is related to the duration of RA 

Fig. 2. The pathogenesis of LVDD mediated by metabolic abnormalities in RA. 
LVDD: left ventricular diastolic dysfunction.
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(131-134). Chronic cytokine release 
may be the cause. In addition, higher 
RA disease activity at baseline is as-
sociated with LVDD (135). Disease ac-
tivity score 28 (DAS28), a clinical and 
laboratory composite score, is used to 
evaluate disease activity in RA (136). 
Research has shown that LVDD is as-
sociated with higher DAS28 in patients 
with RA (137). On the other hand, an-
other study confirms that the prevalence 
of LVDD in RA patients with continued 
low disease activity did not differ from 
that of the control group (138). Besides, 
with the influence of inflammation, pre-
menopausal women with RA have a 
threefold increased risk of LVDD when 
compared to the control group (139).
Anti-cyclic citrullinated peptide (anti-
CCP) antibodies, reference indicator 
for the diagnosis and prognosis of RA 
(140). In patients with RA, anti-CCP 
antibody is an important marker of 
LVDD (141). Over the past 3 decades, 
N-terminal proBNP (NT-proBNP) has 
been an important biomarker for HF 
(142). On the other hand, with the help 
of gadolinium-enhanced cardiac mag-
netic resonance (CMR) imaging, higher 
NT-proBNP levels in RA correspond to 
a higher degree of myocardial fibrosis 
(143). Considering that myocardial fi-
brosis is one of the initial pathogenic 
mechanisms of LVDD (143), monitor-
ing NT-proBNP levels in RA patients 
can help detect LVDD as early as pos-
sible. Besides, circulating biomarkers 
reflecting inflammation such as bone 
morphogenetic protein 9 (BMP9), 
pentraxin-related protein 3 (PTX3) and 
tumour necrosis factor receptor super-
family member 11a (TNFRSF11A) are 
associated with LVDD (144). Research 
suggests that immune mechanisms 
contribute to myocardial fibrosis and 
leading to LVDD, the high immune 
response score is strongly associated 
with advanced LVDD in RA (145). 
Besides, given the significant eleva-
tion of serum TNF-α levels in patients 
with LVDD(146), a significant increase 
in TNF-α levels in RA patients may 
signify the onset of LVDD. It is worth 
noting that carotid and aortic stiffness 
are correlated with LV diastolic func-
tion in patients with RA(147), carotid 
artery ultrasound may be considered as 

a relatively simple test to predict which 
RA patients may be at greater risk of 
LVDD.

Management of LVDD in RA
Considering the higher incidence of 
CVD in RA patients, improving aware-
ness of the increased risk of cardiac 
complications is crucial for the manage-
ment of these patients (148). The con-
trol of traditional cardiovascular risk 
factors such as smoking, diabetes, obe-
sity, hypertension and dyslipidaemia is 
the most basic requirement in patients 
with RA (149). LVDD may be an early 
manifestation of RA related cardiomyo-
pathy (150). Besides, LVDD is the risk 
factor for the development of cardio-
vascular (CV) events in patients with 
RA (151). Therefore, the assessment 
of diastolic function in RA patients is 
of utmost importance, particularly in 
those with prolonged disease duration 
and high levels of disease activity. Ear-
ly detection of LVDD in RA may help 
optimise treatment (152). Tissue Dop-
pler echocardiographic imaging (TDI), 
characterised by feasibility and ease of 
access, is helpful in detecting the pres-
ence of LVDD (153, 154). In TDI, aver-
age early diastolic filling flow/early di-
astolic mitral annular (E/e’)>14, septal 
e’ velocity <7 cm s-1 or lateral e’ veloc-
ity <10 cm s-1, tricuspid regurgitation 
velocity >2.8 m s-1 and left atrial vol-
ume index >34 mL m-2 indicate LVDD 
(155). However, in RA patients com-
bined with pulmonary hypertension, the 
application of TDI may be limited due 
to abnormal Doppler variables (156). 
CMR has become a promising tool for 
the non-invasive evaluation of myocar-
dial fibrosis and inflammation in pa-

tients with RA and can be used for the 
assessment of LVDD (157, 158). 
Considering the significant impact of 
the duration and disease activity of RA 
on LVDD (131, 137), good manage-
ment of RA is the key to preventing the 
occurrence and development of LVDD. 
In patients with RA, TNF-α plays an 
important role in CVD and TNF-α in-
hibitors have cardiovascular protective 
effects (159). When circulating TNF-α 
was blocked by TNF-α inhibitor, a re-
duction in myocardial fibrosis and LV 
remodelling can be observed (160). 
This indicates that TNF-α inhibitors 
have the potential to prevent LVDD. 
But there are also studies showing that 
the administration of TNF-α inhibitors 
may cause a worsening of LV diastolic 
function in patients with RA, primarily 
through the antagonistic action on TNF 
receptor 2 (TNFR2) and undergoing 
high-dose treatment (161). TNFR2 has 
anti-inflammatory activities and protec-
tive effect on cardiomyocytes (162). 
In addition, research has shown that 
TNF-α inhibition prevent inflammation 
induced adverse cardiac remodelling, 
but cannot prevent diastolic dysfunc-
tion, this collagen-induced arthritis 
mouse model suggests that systemic 
inflammation may affect left ventricu-
lar remodelling and diastolic dysfunc-
tion through different pathways (163). 
Tocilizumab, a murine anti-human in-
terleukin-6 (IL-6) receptor antibody, re-
duces LV hypertrophy and improves LV 
regional function in RA patients (164, 
165). Annexin A1, an endogenous anti-
inflammatory modulator (166), cor-
rects the LVDD by regulating of both 
myocardial fibroblast and inflamma-
tory cell phenotype in RA mice model 

Fig. 3. The management of LVDD in RA.
TDI: tissue Doppler echocardiographic imaging; CMR: cardiac magnetic resonance; RA: rheumatoid 
arthritis; SGLT-2i: sodium glucose transporter 2 inhibitors; ACEI/ARB: angiotensin converting en-
zyme inhibitors/angiotensin receptor blockers.
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(167). Further research is needed in RA 
patients. In the selection of traditional 
cardiovascular drugs, sodium glucose 
transporter 2 inhibitors (SGLT-2i) im-
prove LV diastolic function, which 
may be more suitable for RA patients 
with diabetes (168). Besides, angio-
tensin converting enzyme inhibitors/
angiotensin receptor blockers (ACEI/
ARB) have been shown to be effective 
in improving LV diastolic function and 
are appropriate for the management of 
RA patients with hypertension (169). 
However, the impact of other medica-
tions, including beta blockers, calcium 
channel blockers and diuretics, on RA 
accompanied by LVDD requires further 
exploration. The management of LVDD 
in RA is shown in Figure 3.

Conclusion and perspective
In conclusion, patients with RA may 
have higher incidence of LVDD (16-
33), an early manifestation of RA re-
lated cardiomyopathy (150). Systemic 
inflammation plays an important role in 
this (15, 34, 37, 38). On the other hand, 
LVDD also indicates the occurrence of 
CV events in RA (151). Therefore, the 
increased prevalence of LVDD in RA 
may have an impact on excess mortality 
in patients with RA (170). Unfortunate-
ly, little is known about the occurrence 
and development of LVDD in RA pa-
tients. More research is needed to reveal 
the natural history of RA related LVDD.
In the existing studies, the main patho-
genesis of RA mediated LVDD include 
systemic inflammation, activation of 
RAS, overactivation of SNS, metabolic 
abnormalities, endothelial dysfunc-
tion and anaemia (15, 63, 73, 88, 117, 
127). It is worth noting that the existing 
pathological mechanisms are mostly 
indirect evidence, further research is 
required to validate these relationships.
Given the high prevalence of LVDD 
in RA patients than those without. It is 
imperative to conduct a screening for 
LVDD in patients with RA, especially 
in the patients with long disease dura-
tion and high disease activity (131-
135). TDI is most commonly used to 
detect LVDD (153,154). But in RA 
patients combined with pulmonary hy-
pertension, CMR may need to be con-
sidered (156-158).

Targeted treatment of inflammation and 
RA activity, as well as additionally ad-
dressing traditional CV risk factors, ap-
pears to be crucial in avoiding the de-
velopment of LVDD in patients with RA 
(151). Biologics have become an effec-
tive method for treating RA and help re-
duce CV risk in RA patients (171-173). 
Existing studies have demonstrated that 
TNF-α inhibitors and anti-IL-6 recep-
tor agent have a preventive effect on 
LVDD in RA patients (160, 164, 165). 
This may be attributed to the inhibi-
tory effect of biologics on systemic in-
flammation (174). The effects of other 
biologics such as interleukin-1 receptor 
antagonists and Janus kinase inhibitors 
are still unclear, this would need further 
study in the future.

References
   1.  JANG S, KWON E, LEE JJ: Rheumatoid ar-

thritis: pathogenic roles of diverse immune 
cells. Int J Mol Sci 2022; 23: 905.

  https://doi.org/10.10.3390/ijms23020905
   2.  MUELLER AL, PAYANDEH Z, MOHAMMAD-

KHANI N et al.: Recent advances in under-
standing the pathogenesis of rheumatoid ar-
thritis: new treatment strategies. Cells 2021; 
10: 3017. 

 https://doi.org/10.10.3390/cells10113017
   3.  FIGUS FA, PIGA M, AZZOLIN I, McCONNELL 

R, IAGNOCCO A: Rheumatoid arthritis: extra-
articular manifestations and comorbidities. 
Autoimmun Rev 2021; 20(4): 102776. https://

 doi.org/10.10.1016/j.autrev.2021.102776
   4.  WANG J, HE L, LI W, LV S: A role of IL-17 

in rheumatoid arthritis patients complicat-
ed with atherosclerosis. Front Pharmacol 
2022; 13: 828933. https://

 doi.org/10. 10.3389/fphar.2022.828933
   5.  LAZZERINI PE, CAPECCHI PL, LAGHI-PASI-

NI F: Systemic inflammation and arrhythmic 
risk: lessons from rheumatoid arthritis. Eur 
Heart J 2016; 38(22): 1717-27. 

 https://doi.org/10.10.1093/eurheartj/ehw208
   6.  TOFIGH R, HOSSEINPOURFEIZI M, BARA-

DARAN B, TEIMOURIAN S, SAFARALIZA-
DEH R: Rheumatoid arthritis and non-cod-
ing RNAs; how to trigger inflammation. 
Life Sci 2023; 315: 121367. 

 https://doi.org/10.10.1016/j.lfs.2023.121367
   7.  KHALID Y, DASU N, SHAH A et al.: Inci-

dence of congestive heart failure in rheu-
matoid arthritis: a review of literature and 
meta-regression analysis. ESC Heart Fail 
2020; 7(6): 3745-53. 

 https://doi.org/10.10.1002/ehf2.12947 
   8.  MORBACH C, WAGNER M, GÜNTNER S et 

al.: Heart failure in patients with coronary 
heart disease: prevalence, characteristics and 
guideline implementation – results from the 
German EuroAspire IV cohort. BMC Car‑
diovasc Disord 2017; 17(1): 108. https://

 doi.org/10.10.1186/s12872-017-0543-0
   9.  MANTEL Ä, HOLMQVIST M, ANDERSSON 

DC, LUND LH, ASKLING J: Association be-
tween rheumatoid arthritis and risk of is-
chemic and nonischemic heart failure. J Am 
Coll Cardiol 2017; 69: 1275-85. 

 https://doi.org/10.1016/j.jacc.2016.12.033
 10.  MURPHY SP, KAKKAR R, McCARTHY CP, 

JANUZZI JL, JR: Inflammation in heart fail-
ure: JACC State-of-the-Art review. J Am 
Coll Cardiol 2020; 75: 1324-40. 

 https://doi.org/10.1016/j.jacc.2020.01.014
 11.  ANKER SD, BUTLER J, FILIPPATOS GS et al.: 

Evaluation of the effects of sodium-glucose 
co-transporter 2 inhibition with empagliflo-
zin on morbidity and mortality in patients 
with chronic heart failure and a preserved 
ejection fraction: rationale for and design of 
the EMPEROR-Preserved trial. Eur J Heart 
Fail 2019; 21: 1279-87. 

 https://doi.org/10.1002/ejhf.1596
 12.  DAVIDSON A, RAVIENDRAN N, MURALI 

CN, MYINT PK: Managing heart failure with 
preserved ejection fraction. Ann Transl Med 
2020; 8: 395. 

 https://doi.org/10.21037/atm.2020.03.18
 13.  LAM CSP, VOORS AA, DE BOER RA, SOLO-

MON SD, van VELDHUISEN DJ: Heart fail-
ure with preserved ejection fraction: from 
mechanisms to therapies. Eur Heart J 2018; 
39: 2780-92. 

 https://doi.org/10.1093/eurheartj/ehy301
 14.  CHETRIT M, CREMER PC, KLEIN AL: Imag-

ing of diastolic dysfunction in community-
based epidemiological studies and rand-
omized controlled trials of HFpEF. JACC 
Cardiovasc Imaging 2020; 13: 310-26. 
https://doi.org/10.1016/j.jcmg.2019.10.022

 15.  MOCAN M, MOCAN HOGNOGI LD, ANTON 
FP et al.: Biomarkers of inflammation in left 
ventricular diastolic dysfunction. Dis Mark‑
ers 2019; 2019: 7583690. 

 https://doi.org/10.1155/2019/7583690
 16.  PARK E, ITO K, IQBAL R et al.: Prospective 

changes in diastolic function in patients 
with rheumatoid arthritis. Arthritis Res Ther 
2022; 24(1): 184. https://

 doi.org/10.10.1186/s13075-022-02864-0
 17.  BENACKA O, BENACKA J, BLAZICEK P et 

al.: Speckle tracking can detect subclini-
cal myocardial dysfunction in rheumatoid 
arthritis patients. Bratisl Lek Listy 2017; 
118(1): 28-33. 

 https://doi.org/10.10.4149/bll_2017_006
 18.  ALPASLAN M, ONRAT E, EVCIK D: Doppler 

echocardiographic evaluation of ventricular 
function in patients with rheumatoid arthri-
tis. Clin Rheumatol 2003; 22(2): 84-88. htt-
ps://doi.org/10.10.1007/s10067-002-0677-y

 19.  PAN L, WANG T: Features of cardiac remod-
eling in patients with acute coronary syn-
drome complicated with rheumatoid arthri-
tis. Sci Rep 2017; 7(1): 10268. https://

 doi.org/10.10.1038/s41598-017-11123-1
 20.  KIM GH, PARK Y-JJ: Accelerated diastolic 

dysfunction in premenopausal women with 
rheumatoid arthritis. Arthritis Res Ther 
2021; 23(1): 247. https://

 doi.org/10.10.1186/s13075-021-02629-1 
 21.  GARZA-GARCÍA C, ROCÍO S-S, OREA-TEJE-

DA A et al.: Risk factors for asymptomatic 
ventricular dysfunction in rheumatoid ar-
thritis patients. ISRN Cardiol 2013; 2013: 
635439. 



140 Clinical and Experimental Rheumatology 2025

RA and left ventricular diastolic dysfunction / Y. Qian et al.

 https://doi.org/10.10.1155/2013/635439. 
 22.  DAVIS III JM, LIN G, OH JK et al.: Five-year 

changes in cardiac structure and function in 
patients with rheumatoid arthritis compared 
with the general population. Int J Cardiol 
2017; 240: 379-385. https://

 doi.org/10.10.1016/j.ijcard.2017.03.108. 
 23.  SCHAU T, GOTTWALD M, ARBACH O et al.: 

Increased prevalence of diastolic heart failure 
in patients with rheumatoid arthritis correlates 
with active disease, but not with treatment 
type. J Rheumatol 2015; 42(11): 2029-37. 

 https://doi.org/10.10.3899/jrheum.141647. 
 24.  LAZÚROVÁ I, OETTEROVÁ M, PUNDOVÁ L, 

PETRÁŠOVÁ D, STUDENČAN M: Left ven-
tricular morphology and function in patients 
with rheumatoid arthritis. Wien Klin Wochen‑
schr 2013; 125(9-10): 233-38. https://

 doi.org/10.10.1007/s00508-013-0349-8
 25.  ABDUL MUIZZ AM, MOHD SHAHRIR MS, 

SAZLIYANA S, OTEH M, SHAMSUL AS, HUS-
SEIN H: A cross-sectional study of diastolic 
dysfunction in rheumatoid arthritis and 
its association with disease activity. Int J 
Rheum Dis 2011; 14(1): 18-30. https://

 doi.org/10.10.1111/j.1756-185x.2010.01593.x 
 26.  UDAYAKUMAR N, VENKATESAN S, RAJEN-

DIRAN C: Diastolic function abnormalities 
in rheumatoid arthritis: relation with dura-
tion of disease. Singapore Med J 2007; 
48(6): 537-42. 

 27.  MEUNE C, WAHBI K, ASSOUS N, WEBER 
S, KAHAN A, ALLANORE Y: Myocardial 
dysfunction in rheumatoid arthritis: a con-
trolled tissue-Doppler echocardiography 
study. J Rheumatol 2007; 34: 2005-09. 

 28.  YAZICI D, TOKAY S, AYDIN S et al.: Echo-
cardiographic evaluation of cardiac dias-
tolic function in patients with rheumatoid 
arthritis: 5 years of follow-up. Clin Rheu‑
matol 2008; 27(5): 647-50. https://

 doi.org/10.10.1007/s10067-007-0820-x
 29.  SHARMA A, KAUSHIK R, KAUSHIK RM, 

KAKKAR R: Echocardiographic evaluation 
of diastolic dysfunction in rheumatoid ar-
thritis–a case–control study. Mod Rheuma‑
tol 2015; 25(4): 552-57. 

 https://doi.org/10.10.3109/14397595 
 30.  LIANG KP, MYASOEDOVA E, CROWSON CS 

et al.: Increased prevalence of diastolic dys-
function in rheumatoid arthritis. Ann Rheum 
Dis 2010; 69: 1665-70. 

 https://doi.org/10.10.1136/ard.2009.124362
 31.  MUSTONEN J, LAAKSO M, HIRVONEN T et 

al.: Abnormalities in left ventricular diastolic 
function in male patients with rheumatoid 
arthritis without clinically evident cardiovas-
cular disease. Eur J Clin Invest 1993; 23(4): 
246-53. https://doi.org/10.10.1111/j.1365- 
2362.1993.tb00769.x

 32.  OGUZ D, OCAL B, ERTAN Ü, NARIN H,       
KARADEMIR S, SENOCAK F: Left ventricu-
lar diastolic functions in juvenile rheuma-
toid arthritis. Pediatr Cardiol 2000; 21(4): 
374-77. 

 https://doi.org/10.10.1007/s002460010084
 33.  TARGOŃSKA-STĘPNIAK B, BISKUP M, 

BISKUP W, MAJDAN M: Diastolic dysfunc-
tion in rheumatoid arthritis patients with 
low disease activity. Clin Rheumatol 2019; 
38(4): 1131-37. https://

 doi.org/10.10.1007/s10067-018-4369-7

 34.  LIN YJ, ANZAGHE M, SCHÜLKE S: Update 
on the pathomechanism, diagnosis, and 
treatment options for rheumatoid arthritis. 
Cells 2020; 9(4): 880. 

 https://doi.org/10.3390/cells9040880
 35.  FIGUS FA, PIGA M, AZZOLIN I, McCONNELL 

R, IAGNOCCO A: Rheumatoid arthritis: extra-
articular manifestations and comorbidities. 
Autoimmun Rev 2021; 20: 102776. https://

 doi.org/10.1016/j.autrev.2021.102776
 36.  SANGHAVI N, INGRASSIA JP, KOREM S, ASH 

J, PAN S, WASSERMAN A: Cardiovascular 
manifestations in rheumatoid arthritis. Car‑
diol Rev 2024; 32: 146-152. https://

 doi.org/10.1097/crd.0000000000000486
 37.  FANG L, ELLIMS AH, BEALE AL, TAYLOR AJ, 

MURPHY A, DART AM: Systemic inflamma-
tion is associated with myocardial fibrosis, 
diastolic dysfunction, and cardiac hypertro-
phy in patients with hypertrophic cardiomyo-
pathy. Am J Transl Res 2017; 9(11): 5063-73. 

 38. SOROP O, HEINONEN I, van KRANENBURG 
M et al.: Multiple common comorbidities 
produce left ventricular diastolic dysfunc-
tion associated with coronary microvascular 
dysfunction, oxidative stress, and myocardi-
al stiffening. Cardiovasc Res 2018; 114(7): 
954-64. 

 https://doi.org/10.10.1093/cvr/cvy038
 39.  KONDO N, KURODA T, KOBAYASHI D:     

Cytokine networks in the pathogenesis of 
rheumatoid arthritis. Int J Mol Sci 2021; 
22(20): 10922. 

 https://doi.org/10.3390/ijms222010922
 40.  ABDELHADY EI, ABD EL-HADY HI, BADRAN 

SG, RABIE M: TNF-α versus IL-6 genes ex-
pression levels in active rheumatoid arthri-
tis: clinical and laboratory determinants. 
Egypt J Immunol 2023; 30(4): 1-10. 

 41.  VIRDIS A, COLUCCI R, BERNARDINI N, 
BLANDIZZI C, TADDEI S, MASI S: Micro-
vascular endothelial dysfunction in human 
obesity: role of TNF-α. J Clin Endocrinol 
Metab 2019; 104(2): 341-348. 

 https://doi.org/10.1210/jc.2018-00512
 42.  ENGIN A: Endothelial dysfunction in obe-

sity. Adv Exp Med Biol 2017; 960: 345-79. 
https://

 doi.org/10.1007/978-3-319-48382-5_15
 43.  GAMRAT A, SURDACKI MA, CHYRCHEL 

B, SURDACKI A: Endothelial dysfunction: 
a contributor to adverse cardiovascular re-
modeling and heart failure development in 
type 2 diabetes beyond accelerated athero-
genesis. J Clin Med 2020; 9(7): 2090. 

 https://doi.org/10.3390/jcm9072090
 44.  FORRESTER SJ, KIKUCHI DS, HERNANDES 

MS, XU Q, GRIENDLING KK: Reactive oxygen 
species in metabolic and inflammatory sign-
aling. Circ Res 2018; 122: 877-902. https://

 doi.org/10.1161/circresaha.117.311401
 45.  SZELÉNYI Z, FAZAKAS Á, SZÉNÁSI G et al.: 

Inflammation and oxidative stress caused 
by nitric oxide synthase uncoupling might 
lead to left ventricular diastolic and systolic 
dysfunction in patients with hypertension. J 
Geriatr Cardiol 2015; 12: 1-10. https://doi.
org/10.11909/j.issn.1671-5411.2015.01.001

 46.  NIKOLAJEVIĆ STARČEVIĆ J, JANIĆ M, 
ŠABOVIČ M: Molecular mechanisms re-
sponsible for diastolic dysfunction in dia-
betes mellitus patients. Int J Mol Sci 2019; 

20(5): 1197. 
 https://doi.org/10.3390/ijms20051197
 47.  MOHAMMED SF, HUSSAIN S, MIRZOYEV 

SA, EDWARDS WD, MALESZEWSKI JJ, 
REDFIELD MM: Coronary microvascular 
rarefaction and myocardial fibrosis in heart 
failure with preserved ejection fraction. Cir‑
culation 2015; 131: 550-59. https://

 doi.org/10.1161/circulationaha.114.009625
 48.  PAULUS WJ, TSCHÖPE C: A novel paradigm 

for heart failure with preserved ejection 
fraction: comorbidities drive myocardial 
dysfunction and remodeling through coro-
nary microvascular endothelial inflamma-
tion. J Am Coll Cardiol 2013; 62: 263-71. 
https://doi.org/10.1016/j.jacc.2013.02.092

 49.  ZUCHI C, TRITTO I, CARLUCCIO E, MATTEI 
C, CATTADORI G, AMBROSIO G: Role of en-
dothelial dysfunction in heart failure. Heart 
Fail Rev 2020; 25: 21-30. 

 https://doi.org/10.1007/s10741-019-09881-3
 50.  LIU X, GAO Y, GUO YK et al.: Cardiac mag-

netic resonance T1 mapping for evaluating 
myocardial fibrosis in patients with type 2 
diabetes mellitus: correlation with left ven-
tricular longitudinal diastolic dysfunction. 
Eur Radiol 2022; 32: 7647-56. 

 https://doi.org/10.1007/s00330-022-08800-9
 51.  TSAI CT, WU CK, LEE JK et al.: TNF-α 

down-regulates sarcoplasmic reticulum Ca²+ 
ATPase expression and leads to left ventric-
ular diastolic dysfunction through binding of 
NF-κB to promoter response element. Car‑
diovasc Res 2015; 105: 318-29. 

 https://doi.org/10.1093/cvr/cvv008
 52.  MIAO K, ZHOU L, BA H et al.: Transmem-

brane tumor necrosis factor alpha attenuates 
pressure-overload cardiac hypertrophy via 
tumor necrosis factor receptor 2. PLoS Biol 
2020; 18(12): e3000967. 

 https://doi.org/10.1371/journal.pbio.3000967
 53.  XU L, YAN J, ZHANG F et al.: Use of inflam-

matory biomarkers and real-time cardiac 
catheterisation to evaluate the left ventricu-
lar diastolic function in patients with dias-
tolic heart failure. Heart Lung Circ 2021; 
30: 396-403. 

 https://doi.org/10.1016/j.hlc.2020.06.017
 54.  TOLDO S, MEZZAROMA E, BRESSI E et al.: 

Interleukin-1β blockade improves left ven-
tricular systolic/diastolic function and re-
stores contractility reserve in severe ischem-
ic cardiomyopathy in the mouse. J Cardio‑
vasc Pharmacol 2014; 64: 1-6. https://

 doi.org/10.1097/fjc.0000000000000106
 55.  ZHAO X, ZHANG W, XING D et al.:                 

Endothelial cells overexpressing IL-8 re-
ceptor reduce cardiac remodeling and dys-
function following myocardial infarction. 
Am J Physiol Heart Circ Physiol 2013; 305: 
H590-8. 

 https://doi.org/10.1152/ajpheart.00571.2012
 56.  SZKODZINSKI J, HUDZIK B, OSUCH M et 

al.: Serum concentrations of interleukin-4 
and interferon-gamma in relation to severe 
left ventricular dysfunction in patients with 
acute myocardial infarction undergoing per-
cutaneous coronary intervention. Heart Ves‑
sels 2011; 26: 399-407. 

 https://doi.org/10.1007/s00380-010-0076-2
 57.  KIMURA A, ISHIDA Y, FURUTA M et al.: 

Protective roles of interferon-γ in cardiac 



141Clinical and Experimental Rheumatology 2025

RA and left ventricular diastolic dysfunction / Y. Qian et al.

hypertrophy induced by sustained pressure 
overload. J Am Heart Assoc 2018; 7(6): 
e008145. 

 https://doi.org/10.1161/jaha.117.008145
 58.  KACSÁNDI D, FAGYAS M, HORVÁTH Á et 

al.: Effect of tofacitinib therapy on angioten-
sin converting enzyme activity in rheuma-
toid arthritis. Front Med 2023; 10: 1226760. 
https://doi.org/10.3389/fmed.2023.1226760

 59.  RAO A, BHAT SA, SHIBATA T et al.: Diverse 
biological functions of the renin-angioten-
sin system. Med Res Rev 2023. 44(2): 587-
605. https://doi.org/10.1002/med.21996

 60.  MOREIRA FRC, DE OLIVEIRA TA, RAMOS 
NE, ABREU MAD, SIMÕES ESAC: The role of 
renin angiotensin system in the pathophysi-
ology of rheumatoid arthritis. Mol Biol Rep 
2021; 48(9): 6619-29. 

 https://doi.org/10.1007/s11033-021-06672-8
 61.  BRAZ NFT, PINTO MRC, VIEIRA ÉLM et al.: 

Renin-angiotensin system molecules are as-
sociated with subclinical atherosclerosis and 
disease activity in rheumatoid arthritis. Mod 
Rheumatol 2021; 31(1): 119-26. https://

 doi.org/10.1080/14397595.2020.1740418
 62.  WANG J, LI D, ZHANG Y, XING D, LEI Z, JIAO 

X: Angiotensin II type 1a receptor knockout 
ameliorates high-fat diet-induced cardiac 
dysfunction by regulating glucose and li-
pid metabolism. Acta Biochim Biophys Sin 
2023; 55(9): 1380-92. 

 https://doi.org/10.3724/abbs.2023054
 63.  MANOLIS AA, MANOLIS TA, MANOLIS AS: 

Neurohumoral activation in heart failure. Int 
J Mol Sci 2023; 24(20): 15472. 

 https://doi.org/10.3390/ijms242015472
 64.  SHI YJ, YANG CG, QIAO WB, LIU YC, LIU SY, 

DONG GJ: Sacubitril/valsartan attenuates 
myocardial inflammation, hypertrophy, and 
fibrosis in rats with heart failure with pre-
served ejection fraction. Eur J Pharmacol 
2023; 961: 176170. 

 https://doi.org/10.1016/j.ejphar.2023.176170
 65.  PEÇANHA T, MEIRELES K, PINTO AJ et al.: 

Increased sympathetic and haemodynamic 
responses to exercise and muscle metabore-
flex activation in post-menopausal women 
with rheumatoid arthritis. J Physiol 2021; 
599(3): 927-41. 

 https://doi.org/10.1113/jp280892
 66.  ADLAN AM, PATON JF, LIP GY, KITAS GD, 

FISHER JP: Increased sympathetic nerve 
activity and reduced cardiac baroreflex sen-
sitivity in rheumatoid arthritis. J Physiol 
2017; 595(3): 967-81. 

 https://doi.org/10.1113/jp272944
 67.  DEKKERS JC, GEENEN R, GODAERT GL, 

BIJLSMA JW, van DOORNEN LJ: Elevated 
sympathetic nervous system activity in pa-
tients with recently diagnosed rheumatoid 
arthritis with active disease. Clin Exp Rheu‑
matol 2004; 22(1): 63-70. 

 68.  CHENG X, LOWIN T, HONKE N, PONGRATZ 
G: Components of the sympathetic nervous 
system as targets to modulate inflammation 
- rheumatoid arthritis synovial fibroblasts as 
neuron-like cells?. J Inflamm 2023; 20(1): 9. 

 https://doi.org/10.1186/s12950-023-00336-z
 69.  MILLER LE, JÜSTEN HP, SCHÖLMERICH J, 

STRAUB RH: The loss of sympathetic nerve 
fibers in the synovial tissue of patients with 
rheumatoid arthritis is accompanied by in-

creased norepinephrine release from syno-
vial macrophages. FASEB J 2000; 14(13): 
2097-107. 

 https://doi.org/10.1096/fj.99-1082com
 70.  CAPELLINO S: Dopaminergic agents in 

rheumatoid arthritis. J Neuroimmune Phar‑
macol 2020; 15(1): 48-56. 

 https://doi.org/10.1007/s11481-019-09850-5
 71.  STRAUB RH, DHABHAR FS, BIJLSMA JW, 

CUTOLO M: How psychological stress via 
hormones and nerve fibers may exacerbate 
rheumatoid arthritis. Arthritis Rheum 2005; 
52(1): 16-26. 

 https://doi.org/10.1002/art.20747
 72.  DRONJAK S, STEFANOVIC B, JOVANOVIC 

P et al.: Altered cardiac gene expression 
of noradrenaline enzymes, transporter and 
β-adrenoceptors in rat model of rheumatoid 
arthritis. Auton Neurosci 2017; 208: 165-69. 

 https://doi.org/10.1016/j.autneu.2017.10.003
 73.  XIONG L, LIU Y, ZHOU M et al.: Targeted 

ablation of cardiac sympathetic neurons at-
tenuates adverse postinfarction remodelling 
and left ventricular dysfunction. Exp Physi‑
ol 2018; 103(9): 1221-29. 

 https://doi.org/10.1113/ep086928
 74.  GRASSI G, SERAVALLE G, QUARTI-TREVA-

NO F et al.: Sympathetic and baroreflex car-
diovascular control in hypertension-related 
left ventricular dysfunction. Hypertension 
2009; 53(2): 205-9. https://

 doi.org/10.1161/hypertensionaha.108.121467
 75.  ROSENDORFF C: The chicken and the egg: 

sympathetic nervous system activity and 
left ventricular diastolic dysfunction. Hy‑
pertension 2009; 53(2): 108-9. https://

 doi.org/10.1161/hypertensionaha.108.126177
 76.  BELLOCCHI C, CARANDINA A, MONTI-

NARO B et al.: The interplay between au-
tonomic nervous system and inflammation 
across systemic autoimmune diseases. Int J 
Mol Sci 2022; 23(5): 2449. 

 https://doi.org/10.3390/ijms23052449
 77.  DE RESENDE GUIMARÃES MFB, RODRI-

GUES CEM, GOMES KWP et al.: High preva-
lence of obesity in rheumatoid arthritis 
patients: association with disease activity, 
hypertension, dyslipidemia and diabetes, a 
multi-center study. Adv Rheumatol 2019; 
59(1): 44. 

 https://doi.org/10.1186/s42358-019-0089-1
 78.  PI H, ZHOU H, JIN H, NING Y, WANG Y: Abnor-

mal glucose metabolism in rheumatoid ar-
thritis. Biomed Res Int 2017; 2017: 9670434. 
https://doi.org/10.1155/2017/9670434

 79.  YAN J, YANG S, HAN L et al.: Dyslipidemia 
in rheumatoid arthritis: the possible mecha-
nisms. Front Immunol 2023; 14: 1254753. 
https://

 doi.org/10.3389/fimmu.2023.1254753
 80.  ANYFANTI P, GAVRIILAKI E, DOUMA S, 

GKALIAGKOUSI E: Endothelial dysfunction 
in patients with rheumatoid arthritis: the 
role of hypertension. Curr Hypertens Rep 
2020; 22(8): 56.  

 https://doi.org/10.1007/s11906-020-01064-y
 81.  KEREKES G, NURMOHAMED MT, GON-

ZÁLEZ-GAY MA et al.: Rheumatoid arthritis 
and metabolic syndrome. Nat Rev Rheuma‑
tol 2014; 10(11): 691-96. 

 https://doi.org/10.1038/nrrheum.2014.121
 82.  DE LAS FUENTES L, BROWN AL, MATHEWS 

SJ et al.: Metabolic syndrome is associ-
ated with abnormal left ventricular diastolic 
function independent of left ventricular 
mass. Eur Heart J 2007; 28(5): 553-9. 

 https://doi.org/10.1093/eurheartj/ehl526
 83.  DINH W, LANKISCH M, NICKL W et al.:   

Metabolic syndrome with or without diabe-
tes contributes to left ventricular diastolic 
dysfunction. Acta Cardiol 2011; 66(2): 167-
74. https://doi.org/10.1080/ac.66.2.2071247

 84.  MERABET N, FANG Y, NICOL L et al.: Selec-
tive heart rate reduction improves metabolic 
syndrome-related left ventricular diastolic 
dysfunction. J Cardiovasc Pharmacol 2015; 
66(4): 399-408. https://

 doi.org/10.1097/fjc.0000000000000294
 85.  KIM HL, KIM MA, OH S et al.: Sex differ-

ence in the association between metabolic 
syndrome and left ventricular diastolic dys-
function. Metab Syndr Relat Disord 2016; 
14(10): 507-12. 

 https://doi.org/10.1089/met.2016.0078
 86.  LEE SJ, KIM H, OH BK et al.: Association 

between metabolic syndrome and left ven-
tricular geometric change including dias-
tolic dysfunction. Clin Cardiol 2022; 45(7): 
767-77. https://doi.org/10.1002/clc.23838

 87.  DINI FL, FABIANI I, MICCOLI M et al.:     
Prevalence and determinants of left ventric-
ular diastolic dysfunction in obese subjects 
and the role of left ventricular global longi-
tudinal strain and mass normalized to height. 
Echocardiography 2018; 35(8): 1124-31. 
https://doi.org/10.1111/echo.13890

 88.  RUSSO C, JIN Z, HOMMA S et al.: Effect of 
obesity and overweight on left ventricu-
lar diastolic function: a community-based 
study in an elderly cohort. J Am Coll Car‑
diol 2011; 57(12): 1368-74. 

 https://doi.org/10.1016/j.jacc.2010.10.042
 89.  PORCAR-ALMELA M, CODOÑER-FRANCH P, 

TUZÓN M, NAVARRO-SOLERA M, CARRAS-
CO-LUNA J, FERRANDO J: Left ventricular 
diastolic function and cardiometabolic fac-
tors in obese normotensive children. Nutr 
Metab Cardiovasc Dis 2015; 25(1): 108-15. 
https://

 doi.org/10.1016/j.numecd.2014.08.013
 90.  TOCZYLOWSKI K, HIRNLE T, HARASIUK 

D et al.: Plasma concentration and expres-
sion of adipokines in epicardial and subcu-
taneous adipose tissue are associated with 
impaired left ventricular filling pattern.              
J Transl Med 2019; 17(1): 310. 

 https://doi.org/10.1186/s12967-019-2060-7
 91.  FENK S, FISCHER M, STRACK C et al.: 

Successful weight reduction improves left 
ventricular diastolic function and physical 
performance in severe obesity. Int Heart J 
2015; 56(2): 196-202. 

 https://doi.org/10.1536/ihj.14-261
 92.  KIDAWARA Y, KADOYA M, IGETA M et al.: 

Nocturnal hypertension and left ventricu-
lar diastolic dysfunction in patients with 
diabetes with the absence of heart failure: 
prospective cohort HSCAA Study. Hyper‑
tension 2024; 81(1): 172-82. https://

 doi.org/10.1161/hypertensionaha.123.21304
 93.  MASUGATA H, SENDA S, GODA F et al.:  Left 

ventricular diastolic dysfunction in normo-
tensive diabetic patients in various age 
strata. Diabetes Res Clin Pract 2008; 79(1): 



142 Clinical and Experimental Rheumatology 2025

RA and left ventricular diastolic dysfunction / Y. Qian et al.

91-6.  https://
 doi.org/10.1016/j.diabres.2007.08.006
 94.  MAIELLO M, ZITO A, CECERE A, CICCONE 

MM, PALMIERO P: Left ventricular diastolic 
dysfunction in normotensive postmenopau-
sal women with type 2 diabetes mellitus. 
Cardiol J 2017; 24(1): 51-56. 

 https://doi.org/10.5603/CJ.a2016.0064
 95.  KOZAKOVA M, MORIZZO C, FRASER AG, 

PALOMBO C: Impact of glycemic control 
on aortic stiffness, left ventricular mass and 
diastolic longitudinal function in type 2 dia-
betes mellitus. Cardiovasc Diabetol 2017; 
16(1): 78. 

 https://doi.org/10.1186/s12933-017-0557-z
 96.  FALCÃO-PIRES I, HAMDANI N, BORBéLY A 

et al.:  Diabetes mellitus worsens diastolic 
left ventricular dysfunction in aortic steno-
sis through altered myocardial structure and 
cardiomyocyte stiffness. Circulation 2011; 
124(10): 1151-9. https://

 doi.org/10.1161/circulationaha.111.025270
 97.  WACHTER R, LüERS C, KLETA S et al.:       

Impact of diabetes on left ventricular dias-
tolic function in patients with arterial hyper-
tension. Eur J Heart Fail 2007; 9(5): 469-
76. https://

 doi.org/10.1016/j.ejheart.2007.01.001.
 98.  JIN J, WANG W, ZHU L et al.: Cardiovascu-

lar autonomic neuropathy is an independ-
ent risk factor for left ventricular diastolic 
dysfunction in patients with type 2 diabetes. 
Biomed Res Int 2017; 2017: 3270617. 

 https://doi.org/10.1155/2017/3270617
 99.  HABEK JC, LAKUSIC N, KRUZLIAK P, SIKIC 

J, MAHOVIC D, VRBANIC L: Left ventricular 
diastolic function in diabetes mellitus type 2 
patients: correlation with heart rate and its 
variability. Acta Diabetol 2014; 51(6): 999-
1005. 

 https://doi.org/10.1007/s00592-014-0658-z
100. LI N, ZHAO M, YUAN L, CHEN Y, ZHOU H: 

Association between glycosylated hemo-
globin levels, diabetes duration, and left 
ventricular diastolic dysfunction in patients 
with type 2 diabetes and preserved ejection 
fraction: a cross-sectional study. Front En‑
docrinol 2023; 14: 1326891. https://

 doi.org/10.3389/fendo.2023.1326891
101. BHUIYAN AS, BARI MA, BARI MS et al.: 

Left ventricular diastolic dysfunction is 
more common in patients of uncontrolled 
diabetes mellitus. Mymensingh Med J 2015; 
24(3): 445-9. 

102. YOKOTA S, TANAKA H, MOCHIZUKI Y et 
al.: Association of glycemic variability with 
left ventricular diastolic function in type 
2 diabetes mellitus. Cardiovasc Diabetol 
2019; 18(1): 166. 

 https://doi.org/10.1186/s12933-019-0971-5
103. MIAO DM, YE P, XIAO WK, GAO P, ZHANG 

JY, WU HM: Influence of low high-density 
lipoprotein cholesterol on arterial stiffening 
and left ventricular diastolic dysfunction in 
essential hypertension. J Clin Hypertens 
2011; 13(10): 710-5. https://

 doi.org/10.1111/j.1751-7176.2011.00501.x
104. DANEII P, NESHAT S, MIRNASIRY MS et al.: 

Lipids and diastolic dysfunction: recent evi-
dence and findings. Nutr Metab Cardiovasc 
Dis 2022; 32(6): 1343-52. https://

 doi.org/10.1016/j.numecd.2022.03.003

105. ELESBER AA, REDFIELD MM, RIHAL CS et 
al.: Coronary endothelial dysfunction and 
hyperlipidemia are independently associ-
ated with diastolic dysfunction in humans. 
Am Heart J 2007; 153(6): 1081-87. 

 https://doi.org/10.1016/j.ahj.2007.03.007
106. LI R, XIE J, JIANG B et al.: Speckle-tracking 

echocardiography for detecting subclinical 
left ventricular dysfunction in patients with 
familial hypercholesterolemia. Tex Heart 
Inst J 2021; 48(2): e186720. 

 https://doi.org/10.14503/thij-18-6720
107. VENETSANOPOULOU AI, PELECHAS E, 

VOULGARI PV, DROSOS AA: The lipid para-
dox in rheumatoid arthritis: the dark horse 
of the augmented cardiovascular risk. Rheu‑
matol Int 2020; 40(8): 1181-91. 

 https://doi.org/10.1007/s00296-020-04616-2
108. GONZÁLEZ-GAY MA, GONZÁLEZ-JUA-

NATEY C: [Dyslipidemia in patients with 
rheumatoid arthritis]. Clin Investig Arterio‑
scler 2016; 28(3): 141-2.  

 https://doi.org/10.1016/j.arteri.2016.05.001
109. MERLET N, BUSSEUIL D, MIHALACHE-

AVRAM T et al.: HDL mimetic peptide 
CER-522 treatment regresses left ventricu-
lar diastolic dysfunction in cholesterol-fed 
rabbits. Int J Cardiol 2016; 215: 364-71. 

 https://doi.org/10.1016/j.ijcard.2016.04.029
110. MORIMOTO T, KATANASAKA Y, SUNAGAWA 

Y et al.: Effects of statins on left ventricular 
diastolic function in patients with dyslipi-
demia and diastolic dysfunction (Stat-LVDF 
Study). Biol Pharm Bull 2015; 38(9): 1404-
9. https://doi.org/10.1248/bpb.b15-00126

111.  PIRILLO A, CATAPANO AL: Pitavastatin 
and HDL: Effects on plasma levels and 
function(s). Atherosclerosis Atheroscler Sup‑
pl 2017; 27: e1-e9. https://doi.org/10.1016/j.
atherosclerosissup.2017.05.001

112. MANAVATHONGCHAI S, BIAN A, RHO YH et 
al.: Inflammation and hypertension in rheu-
matoid arthritis. J Rheumatol 2013; 40(11): 
1806-11. 

 https://doi.org/10.3899/jrheum.130394
113. HADWEN B, STRANGES S, BARRA L: 

Risk factors for hypertension in rheumatoid 
arthritis patients-A systematic review. Auto‑
immun Rev 2021; 20(4): 102786. 

 https://doi.org/10.1016/j.autrev.2021.102786
114. PAUDEL S, GAUTAM MP, BARAL YN et al.: 

Prevalence of left ventricular diastolic dys-
function in patients with essential hyper-
tension. J Nepal Health Res Counc 2023; 
20(3): 659-63. 

 https://doi.org/10.33314/jnhrc.v20i3.4283
115. KORNEV M, CAGLAYAN HA, KUDRYAVT-

SEV AV et al.: Influence of hypertension on 
systolic and diastolic left ventricular func-
tion including segmental strain and strain 
rate. Echocardiography 2023; 40(7): 623-
33. https://doi.org/10.1111/echo.15625

116. NAZÁRIO LEÃO R, MARQUES DA SILVA P, 
MARQUES POCINHO R, ALVES M, VIRELLA 
D, PALMA DOS REIS R: Determinants of 
left ventricular diastolic dysfunction in hy-
pertensive patients. Hipertens Riesgo Vasc 
2018; 35(4): 160-68. 

 https://doi.org/10.1016/j.hipert.2017.12.002
117. TAKEI Y, TOMIYAMA H, HIGASHI Y, 

YAMASHINA A, CHIKAMORI T: Association 
between endothelial dysfunction and left 

ventricular diastolic stiffness - subanaly-
sis of the Flow-Mediated Dilation Japan 
(FMD-J) study. Circ J 2023; 87(9): 1203-
1211. 

 https://doi.org/10.1253/circj.cj-22-0810
118. LEUNG M, PHAN V, LEUNG DY: Endothelial 

function and left ventricular diastolic func-
tional reserve in type 2 diabetes mellitus. 
Open Heart 2014; 1: e000113. 

 https://doi.org/10.1136/openhrt-2014-000113
119. PENG T, HU Z, WU L, LI D, YANG X: Corre-

lation between endothelial dysfunction and 
left ventricular remodeling in patients with 
chronic kidney disease. Kidney Blood Press 
Res 2014; 39(5): 420-26. 

 https://doi.org/10.1159/000368455
120. ÇIFTEL M, ERTUĞ H, PARLAK M, AKÇURIN 

G, KARDELEN F: Investigation of endothe-
lial dysfunction and arterial stiffness in chil-
dren with type 1 diabetes mellitus and the 
association with diastolic dysfunction. Diab 
Vasc Dis Res 2014; 11(1): 19-25. 

 https://doi.org/10.1177/1479164113508564
121. BORDY R, TOTOSON P, PRATI C, MARIE C, 

WENDLING D, DEMOUGEOT C: Microvas-
cular endothelial dysfunction in rheumatoid 
arthritis. Nat Rev Rheumatol 2018; 14(7): 
404-20. 

 https://doi.org/10.1038/s41584-018-0022-8
122. MAIUOLO J, MUSCOLI C, GLIOZZI M et al.: 

Endothelial dysfunction and extra-articular 
neurological manifestations in rheumatoid 
arthritis. Biomolecules 2021; 11(1): 81. 
https://doi.org/10.3390/biom11010081

123. RYU S, CHANG Y, KANG J et al.: Relation-
ship between γ-glutamyltransferase levels 
and left ventricular diastolic dysfunction. 
Circ J 2017; 81(6): 823-30. 

 https://doi.org/10.1253/circj.cj-16-1084
124. ROSALKI SB, FOO AY, TANNER PA: Serum 

gamma-glutamyltransferase and alkaline 
phosphatase in rheumatoid arthritis. J Clin 
Pathol 1982; 35(12): 1395. 

 https://doi.org/10.1136/jcp.35.12.1395-a
125. KONISHI M, SUGIYAMA S, SUGAMURA K 

et al.: Accumulation of pericardial fat cor-
relates with left ventricular diastolic dys-
function in patients with normal ejection 
fraction. J Cardiol 2012; 59(3): 344-51. 

 https://doi.org/10.1016/j.jjcc.2012.01.006
126. FATMA E, BUNYAMIN K, SAVAS S et al.:   

Epicardial fat thickness in patients with 
rheumatoid arthritis. Afr Health Sci 2015; 
15(2): 489-95. 

 https://doi.org/10.4314/ahs.v15i2.23
127. SRIVASTAVA PM, THOMAS MC, CALAFIORE 

P, MACISAAC RJ, JERUMS G, BURRELL LM: 
Diastolic dysfunction is associated with 
anaemia in patients with type II diabetes. 
Clin Sci 2006; 110(1): 109-16. 

 https://doi.org/10.1042/cs20050184
128. BHAGAT N, DAWMAN L, NAGANUR S et al.: 

Impact of anemia on the cardiovascular sta-
tus in children with chronic kidney disease: 
A pilot study. Clin Nutr ESPEN 2022; 47: 
283-87. 

 https://doi.org/10.1016/j.clnesp.2021.11.031
129. NAIR D, SHLIPAK MG, ANGEJA B, LIU HH, 

SCHILLER NB, WHOOLEY MA: Association 
of anemia with diastolic dysfunction among 
patients with coronary artery disease in the 
Heart and Soul study. Am J Cardiol 2005; 



143Clinical and Experimental Rheumatology 2025

RA and left ventricular diastolic dysfunction / Y. Qian et al.

95(3): 332-36. https://
 doi.org/10.1016/j.amjcard.2004.09.029
130. SUN Y, LIU J, XIN L et al.: Factors influenc-

ing the Sharp score of 1057 patients with 
rheumatoid arthritis and anemia: a retro-
spective study. J Int Med Res 2022; 50(3): 
3000605221088560. 

 https://doi.org/10.1177/03000605221088560
131. DI FRANCO M, PARADISO M, MAMMAREL-

LA A et al.: Diastolic function abnormalities 
in rheumatoid arthritis. Evaluation By echo 
Doppler transmitral flow and pulmonary 
venous flow: relation with duration of dis-
ease. Ann Rheum Dis 2000; 59(3): 227-29.  
https://doi.org/10.1136/ard.59.3.227

132. MONTECUCCO C, GOBBI G, PERLINI S et 
al.: Impaired diastolic function in active 
rheumatoid arthritis. Relationship with dis-
ease duration. Clin Exp Rheumatol 1999; 
17(4): 407-12. 

133. ARSLAN S, BOZKURT E, SARI RA, EROL 
MK: Diastolic function abnormalities in 
active rheumatoid arthritis evaluation by 
conventional Doppler and tissue Doppler: 
relation with duration of disease. Clin Rheu‑
matol 2006; 25(3): 294-99. 

 https://doi.org/10.1007/s10067-005-0014-3
134. UDAYAKUMAR N, VENKATESAN S, RAJEN-

DIRAN C: Diastolic function abnormalities 
in rheumatoid arthritis: relation with dura-
tion of disease. Singapore Med J 2007; 
48(6): 537-42. 

135. PARK E, ITO K, IQBAL R et al.:  Prospective 
changes in diastolic function in patients 
with rheumatoid arthritis. Arthritis Res Ther 
2022; 24(1): 184. 

 https://doi.org/10.1186/s13075-022-02864-0
136. CORAS R, STURCHIO GA, BRU MB et al.: 

Analysis of the correlation between disease 
activity score 28 and its ultrasonographic 
equivalent in rheumatoid arthritis patients. 
Eur J Rheumatol 2020; 7(3): 118-23. https://
doi.org/10.5152/eurjrheum.2020.20038

137. ALPAYDIN S, BUYUKTERZI Z, AKKURT HE, 
YILMAZ H: Impaired left ventricular dias-
tolic functions and thickened epicardial adi-
pose tissue in rheumatoid arthritis patients 
is correlated with DAS-28 score. Acta Car‑
diol Sin 2017; 33(2): 182-87 

 https://doi.org/10.6515/acs20160608b
138. TARGOŃSKA-STĘPNIAK B, BISKUP M, 

BISKUP W, MAJDAN M: Diastolic dysfunc-
tion in rheumatoid arthritis patients with 
low disease activity. Clin Rheumatol 2019; 
38(4): 1131-37. 

 https://doi.org/10.1007/s10067-018-4369-7
139. KIM GH, PARK YJ: Accelerated diastolic 

dysfunction in premenopausal women with 
rheumatoid arthritis. Arthritis Res Ther 
2021; 23(1): 247. https://doi.org/10.1186/
s13075-021-02629-1

140. LU CH, CHEN LF, HUANG YM, CHENG CF, 
HSIEH SC, LI KJ: Anti-cyclic citrullinated 
peptide antibodies correlate to ultrasound 
synovitis in rheumatoid arthritis better than 
C-reactive protein. J Clin Rheumatol 2021; 
27(8): e412-e417. https://

 doi.org/10.1097/rhu.0000000000001499
141. MARASOVIC-KRSTULOVIC D, MARTI-

NOVIC-KALITERNA D, FABIJANIC D, 
MOROVIC-VERGLES J: Are the anti-cyclic 
citrullinated peptide antibodies independ-

ent predictors of myocardial involvement 
in patients with active rheumatoid arthritis?. 
Rheumatology (Oxford) 2011; 50(8): 1505-
12. https://

 doi.org/10.1093/rheumatology/ker121
142. CUNNINGHAM JW, MYHRE PL: NT-proBNP 

response to heart failure therapies: an im-
perfect surrogate. J Am Coll Cardiol 2021; 
78(13): 1333-36. 

 https://doi.org/10.1016/j.jacc.2021.07.045
143. KOBAYASHI H, KOBAYASHI Y, YOKOE I, 

AKASHI Y, TAKEI M, GILES JT: Magnetic 
resonance imaging-detected myocardial 
inflammation and fibrosis in rheumatoid ar-
thritis: associations with disease character-
istics and N-terminal pro-brain natriuretic 
peptide levels. Arthritis Care Res (Hobo-
ken) 2017; 69(9): 1304-11. 

 https://doi.org/10.1002/acr.23138
144. KOBAYASHI M, FERREIRA MB, COSTA RQ 

et al.: Circulating biomarkers and cardiac 
structure and function in rheumatoid arthri-
tis. Front Cardiovasc Med 2021; 8: 754784. 
https://doi.org/10.3389/fcvm.2021.754784

145. DAVIS JM, 3RD, KNUTSON KL, STRAUS-
BAUCH MA et al.: A signature of aberrant 
immune responsiveness identifies myocar-
dial dysfunction in rheumatoid arthritis. 
Arthritis Rheum 2011; 63(6): 1497-506. 
https://doi.org/10.1002/art.30323

146. EL MISSIRI AM, ALZURFI AS, KEDDEAS 
VW: The relationship between tumor necro-
sis factor alpha and left ventricular diastolic 
function. J Cardiovasc Echogr 2020; 30(2): 
62-67. 

 https://doi.org/10.4103/jcecho.jcecho_1_20
147. DALBENI A, GIOLLO A, CATTAZZO F et al.: 

Relationship between common carotid dis-
tensibility/aortic stiffness and cardiac left 
ventricular morphology and function in a 
group of patients affected by chronic rheu-
matic diseases: an observational study. Clin 
Exp Rheumatol 2021; 39(2): 344-50. https://
doi.org/10.55563/clinexprheumatol/ep635g

148. CASTAÑEDA S, GONZALEZ-JUANATEY C, 
GONZALEZ-GAY MA: Inflammatory arthri-
tis and heart disease. Curr Pharm Des 2018; 
24(3): 262-80. https://doi.org/10.2174/1381
612824666180123102632

149. CASTAÑEDA S, NURMOHAMED MT, GON-
ZÁLEZ-GAY MA: Cardiovascular disease 
in inflammatory rheumatic diseases. Best 
Pract Res Clin Rheumatol. 2016; 30(5): 
851-869. 

 https://doi.org/10.1016/j.berh.2016.10.006.
150. KIRILLOVA IG, NOVIKOVA DS, POPKOVA 

TV et al.: [Left and right ventricular dias-
tolic dysfunction in patients with early rheu-
matoid arthritis before prescribing disease-
modifying antirheumatic therapy]. Ter Arkh 
2015; 87(5): 16-23. https://

 doi.org/10.17116/terarkh201587516-23
151. CAVAZZANA I, VIZZARDI E, FRANCESCHI-

NI F: Diastolic dysfunction in rheumatoid 
arthritis: a usual travel-mate?. Monaldi Arch 
Chest Dis 2019; 89(3). 

 https://doi.org/10.4081/monaldi.2019.1137
152. AKGÖL G, GÜLKESEN A, USLU EY et al.:  

Can myocardial dysfunction be detected 
in patients with rheumatoid arthritis with 
no cardiac symptoms?. Eur Rev Med Phar‑
macol Sci 2023; 27(10): 4399-4405. https://

doi.org/10.26355/eurrev_202305_32445
153. KIZILCA O, DEMIRCAN T, ISIK S et al.:     

Tissue Doppler and speckle tracking echo-
cardiography assessment of left ventricular 
function in children with cystic fibrosis. 
Echocardiography 2020; 37(10): 1634-41. 
https://doi.org/10.1111/echo.14860

154. LETNES JM, ERIKSEN-VOLNES T, NES B, 
WISLØFF U, SALVESEN Ø, DALEN H: Vari-
ability of echocardiographic measures of 
left ventricular diastolic function. Echocar‑
diography 2021; 38(6): 901-08. 

 https://doi.org/10.1111/echo.15073
155. MIELNICKI W, DYLA A, KARCZEWSKI M, 

FIDLER K, ZAWADA T, ZYBURA J: Utility of 
tissue Doppler imaging of systolic function 
to diagnose diastolic dysfunction in critical-
ly ill patients. Anaesthesiol Intensive Ther 
2019; 51(4): 268-72. 

 https://doi.org/10.5114/ait.2019.87473
156. ALLISON JD, ZEHNER C, JIA X et al.:          

Assessing the validity of echocardiographic 
criteria for left ventricular diastolic dys-
function in patients with pulmonary hyper-
tension. Cardiology 2020; 145(11): 703-09. 

 https://doi.org/10.1159/000510348
157. HOLMSTRöM M, KOIVUNIEMI R, KORPI K 

et al.: Cardiac magnetic resonance imaging 
reveals frequent myocardial involvement and 
dysfunction in active rheumatoid arthritis. 
Clin Exp Rheumatol 2016; 34(3): 416-23. 

158. BHUIYA S, BHUIYA T, MAKARYUS AN:      
The clinical role of cardiovascular magnetic 
resonance imaging in the assessment of car-
diac diastolic dysfunction. Med Sci (Basel) 
2023; 11(2): 27. 

 https://doi.org/10.3390/medsci11020027
159. LUCIANO N, BARONE E, TIMILSINA S, GER-

SHWIN ME, SELMI C: Tumor necrosis factor 
alpha inhibitors and cardiovascular risk in 
rheumatoid arthritis. Clin Rev Allergy Im‑
munol 2023; 65(3): 403-19. 

 https://doi.org/10.1007/s12016-023-08975-z
160. MANILALL A, MOKOTEDI L, GUNTER S et 

al.: Inflammation-induced left ventricular fi-
brosis is partially mediated by tumor necrosis 
factor-α. Physiol Rep 2021; 9(21): e15062. 

 https://doi.org/10.14814/phy2.15062
161. LUCIANO N, BARONE E, TIMILSINA S, GER-

SHWIN ME, SELMI C: Tumor necrosis factor 
alpha inhibitors and cardiovascular risk in 
rheumatoid arthritis. Clin Rev Allergy Im‑
munol 2023; 65(3): 403-19. 

 https://doi.org/10.1007/s12016-023-08975-z
162. MEDLER J, WAJANT H: Tumor necrosis fac-

tor receptor-2 (TNFR2): an overview of an 
emerging drug target. Expert Opin Ther Tar‑
gets 2019; 23(4): 295-307. https://

 doi.org/10.1080/14728222.2019.1586886
163. LE ROUX R, MOKOTEDI L, FOURIE S, MA-

NILALL A, GUNTER S, MILLEN AME: TNF-α 
inhibitors reduce inflammation-induced con-
centric remodelling, but not diastolic dys-
function in collagen-induced arthritis. Clin 
Exp Rheumatol 2022; 40(1): 24-32. https://

 doi.org/10.55563/clinexprheumatol/l4nnv0
164. YAMASHITA S, SAOTOME M, SAITOH T, 

OGAWA N, MAEKAWA Y: Long-term effect 
of tocilizumab on left ventricular hypertro-
phy and systolic dysfunction in AA amyloi-
dosis with rheumatoid arthritis. J Cardiol 
Cases 2022; 25(3): 177-81. 



144 Clinical and Experimental Rheumatology 2025

RA and left ventricular diastolic dysfunction / Y. Qian et al.

 https://doi.org/10.1016/j.jccase.2021.09.001
165. KOBAYASHI Y, KOBAYASHI H, GILES JT, HI-

RANO M, NAKAJIMA Y, TAKEI M: Associa-
tion of tocilizumab treatment with changes 
in measures of regional left ventricular 
function in rheumatoid arthritis, as assessed 
by cardiac magnetic resonance imaging. Int 
J Rheum Dis 2016; 19(11): 1169-14. 

 https://doi.org/10.1111/1756-185x.12632
166. HARIDAS V, SHETTY P, SARATHKUMAR E et 

al.: Reciprocal regulation of pro-inflamma-
tory Annexin A2 and anti-inflammatory An-
nexin A1 in the pathogenesis of rheumatoid 
arthritis. Mol Biol Rep 2019; 46(1): 83-95. 
https://doi.org/10.1007/s11033-018-4448-5

167. CHEN J, NORLING LV, MESA JG et al.:        
Annexin A1 attenuates cardiac diastolic dys-
function in mice with inflammatory arthri-
tis. Proc Natl Acad Sci USA 2021; 118(38): 
e2020385118. 

 https://doi.org/10.1073/pnas.2020385118
168. NATALI A, NESTI L, TRICÒ D, FERRANNINI 

E: Effects of GLP-1 receptor agonists and 
SGLT-2 inhibitors on cardiac structure and 
function: a narrative review of clinical evi-
dence. Cardiovasc Diabetol 2021; 20(1): 
196. 

 https://doi.org/10.1186/s12933-021-01385-5
169. GINELLI P, BELLA JN: Treatment of diastolic 

dysfunction in hypertension. Nutr Metab 
Cardiovasc Dis 2012; 22(8): 613-18. https://

 doi.org/10.1016/j.numecd.2012.04.016
170. LIANG KP, MYASOEDOVA E, CROWSON CS 

et al.: Increased prevalence of diastolic dys-
function in rheumatoid arthritis. Ann Rheum 
Dis 2010; 69(9): 1665-70. 

 https://doi.org/10.1136/ard.2009.124362
171. KHADER Y, BERAN A, GHAZALEH S, LEE-

SMITH W, ALTOROK N: Predictors of remis-
sion in rheumatoid arthritis patients treated 

with biologics: a systematic review and me-
ta-analysis. Clin Rheumatol 2022; 41(12): 
3615-27. 

 https://doi.org/10.1007/s10067-022-06307-8
172. WEBER B, LIAO KP: Evidence for biologic 

drug modifying anti-rheumatoid drugs and 
association with cardiovascular disease risk 
mitigation in inflammatory arthritis. Rheum 
Dis Clin North Am 2023; 49(1): 165-78. 
https://doi.org/10.1016/j.rdc.2022.08.005

173. ALMEIDA-SANTIAGO C, QUEVEDO-ABELE-
DO JC, HERNÁNDEZ-HERNÁNDEZ V et al.: 
Interleukin 1 receptor antagonist relation to 
cardiovascular disease risk in patients with 
rheumatoid arthritis. Sci Rep 2022; 12(1): 
13698. 

 https://doi.org/10.1038/s41598-022-18128-5
174. TUGWELL P, SINGH JA, WELLS GA: Biologi-

cals for rheumatoid arthritis. BMJ 2011; 343: 
d4027. https://doi.org/10.1136/bmj.d4027


