
Reumatol Clin. 21 (2025) 501856

www.reumato logiac l in ica .org

Original  article

Association  of  electrocardiographic  altered  P  wave  dispersion  and
vascular  endothelial  growth  factor  in  rheumatoid  arthritis

Osmar  Antonio  Centurión a,b,∗, Paloma  de  Abreu c,  Gabriela  Avila-Pedretti c,d, Sonia R. Cabrera c,d,
María  T.  Martínez  de  Filártiga e,  Astrid  Paatsd,  Judith  M.  Torales a,b, Christian  O. Chávez a,b,
Carmen  R.  Montiel f, Laura  B.  García a,b,  Karina  E.  Scavenius a,b, Rocío  del  Pilar  Falcón a,b,
Jose  C.  Candia a,b, Alfredo  J.  Meza a,b, Isabel  Acosta-Colmán c,d

a Division of Cardiovascular Medicine, Hospital de Clínicas, Asunción National University (UNA), San Lorenzo, Paraguay
b Department of Health Sciences Investigation, Sanatorio Metropolitano, Fernando de la Mora, Paraguay
c Paraguayan Society of Rheumathology, Asunción, Paraguay
d Department of Rheumathology, Hospital de Clínicas, Asunción National University (UNA), San Lorenzo, Paraguay
e Laboratory Curie, Clinical Analysis, Asunción, Paraguay
f First Department of Internal Medicine, Hospital de Clínicas, Asunción National University (UNA), San Lorenzo, Paraguay

a r  t  i  c  l e  i  n f o

Article history:

Received 15 October 2024

Accepted 10 March 2025

Available online 17 April 2025

Keywords:

Electrocardiogram

P wave duration

P wave dispersion

Rheumatoid arthritis

Vascular endothelial growth factor

a b  s  t  r a  c t

Objectives:  Serum vascular  endothelial  growth  factor (VEGF)  levels correlate  with  structural  alterations

in Rheumatoid  Arthritis  (RA).  Since  P  wave dispersion  (PWD)  is associated  with  atrial ischemic-related

fibrotic  changes, it was  conceived  that  there may  be  a  correlation between altered  PWD  and increased

VEGF  levels in RA.

Methods:  In  this  prospective  observational  study, we evaluated  patients  with  RA, and compared  them  to

control  subjects.  PWD  was considered as the  difference between the  maximum  and minimum  duration

of the P wave.  An  altered  PWD was  considered one that  had  dispersion  ≥  38  ms.  Measurements of VEGF

serum levels were  performed  using  enzyme-ligand,  immunosorbent  measurement  ELISA  kits.

Results:  A  total  of 99  patients  with  RA, and 48 control  subjects  were  evaluated. The PWD  was 25.3  ± 4.9  ms

in the  control group  vs. 57  ± 14.9  ms (p <  0.0001)  in the  RA group. No  patient in the  control group had

altered  PWD, while 94 (95%)  patients in the  RA group  presented it  (p  < 0.0001).  The  value  of VEGF  in

the  control  group  was 15.2  ± 15.1  pg/ml  vs  51.1  ± 55.5 pg/ml  (p  <  0.001)  in RA. The value  of VEGF  in RA

without  altered  PWD was 20 ± 12  pg/ml  vs  56  ± 57  pg/ml in RA with  altered  PWD  (p  <  0.02).  An  elevated

VEGF  value  had a specificity  of 80%,  and a positive  predictive  accuracy  of 95% in predicting  altered  PWD

in RA.

Conclusions:  This  study  establishes  for  the  first  time  that  RA  patients  who  possess  significantly  higher

serum  levels of VEGF  have  an  altered PWD.  The presence of an  elevated VEGF  serum  value  has  a  high

specificity,  and high positive  predictive accuracy  of the existence  of altered PWD  in RA.

©  2025 Published by  Elsevier España, S.L.U.
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Objetivos:  Los  niveles  séricos  del  factor  de  crecimiento  endotelial  vascular  (VEGF) se correlacionan  con

alteraciones  estructurales  en  la  artritis  reumatoide  (AR).  Dado  que la dispersión de  la onda  P (PWD) se

asocia  con cambios fibróticos  relacionados  con  la isquemia  auricular,  se concibió  que puede haber  una

correlación entre la PWD alterada  y el  aumento  de  los  niveles de  VEGF  en la  AR.

Métodos:  En  este  estudio  observacional  prospectivo, evaluamos  a pacientes con  AR y los  comparamos

con  sujetos  de  control.  Se  consideró  la PWD  como la diferencia  entre  la duración  máxima  y  mínima  de  la
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onda  P.  Se consideró la  PWD alterada  aquella  que tenía  una dispersión ≥  38 ms.  Las mediciones  de  los

niveles séricos de  VEGF  se realizaron  utilizando  kits ELISA  de  medición  inmunoabsorvente  de  enzima-

ligando.

Resultados:  Se evaluaron  un total de 99  pacientes  con  AR y  48 sujetos  controles.  La PWD fue  de  25,3 ± 4,9 ms

en  el  grupo  de  control  frente a 57  ± 14,9  ms (P < 0,0001) en  el grupo  de  AR. Ningún  paciente  del  grupo

control  presentó PWD  alterada,  mientras que 94  (95%)  pacientes  del grupo  AR la presentaron  (P< 0,0001).

El  valor de  VEGF  en  el grupo  control  fue  de  15,2 ± 15,1  pg/ml  frente  a 51,1  ± 55,5 pg/ml  en la  AR (P <  0,001).

El  valor de VEGF en  la AR sin  PWD alterada  fue  de  20 ± 12  pg/ml frente  a 56 ± 57 pg/ml  en  la AR con PWD

alterada (P <  0,02).  Un valor  elevado de VEGF  tuvo una  especificidad  del  80% y un  valor  predictivo positivo

del  95%  para predecir  la PWD  alterada en  la AR.

Conclusiones:  Este  estudio  establece por  primera vez que  los pacientes con  AR que poseen niveles séricos

significativamente  más altos  de  VEGF  tienen  una  PWD alterada.  La presencia  de  un  valor sérico  elevado

de  VEGF tiene  una  alta  especificidad  y un alto  valor  predictivo  positivo  de  la existencia de  PWD alterada

en  la AR.

© 2025  Publicado  por Elsevier España,  S.L.U.

Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory disease

of an autoimmune nature that may  develop systemic compro-

mise frequently affecting the cardiovascular system.1–3 Cardiac

involvement in RA can manifest itself in various ways, and may  be

asymptomatic, or have mild to severe clinical manifestations with

increased clinical morbidity and mortality.1–5 Conduction system

abnormalities and cardiac arrhythmias have been observed in RA

patients and are clearly associated with premature atherosclerosis

and ischemic heart disease in those younger ones.4–8 Various histo-

logical and electrophysiological changes in the atrial myocardium,

such as fibro-degenerative changes, increased dispersion of refrac-

tory periods, delayed impulse conduction, anisotropic conduction,

are alterations associated with atrial myocardial vulnerability.9–12

The myocardial fibers obtained from patients with atrial pathology

have a high membrane potential, a  depression of the maximum

amplitude of the action potential and a decrease in the diastolic

depolarization velocity that produce a  propitious terrain to  develop

the mechanisms of reentry and induction of atrial arrhythmias.13

These atrial abnormalities may  be detected at the electrocar-

diographic level by  an increase in the amplitude, morphology,

duration, and dispersion of the P wave, and may  be related to the

development of atrial arrhythmias.14–17 We  have previously shown

that these changes in  the P wave are related to the recording of

abnormally prolonged and fractionated atrial endocardial electro-

grams by catheter atrial mapping during sinus rhythm.18,19

On the other hand, a  significant increase in  serum vascular

endothelial growth factor (VEGF) related to  inflammation has

been described in  RA patients developing cardiovascular compli-

cations in the clinical course of their disease.20–22 Patients with RA

may  present subtle changes at the level of the atrial myocardium

that are detectable with the electrocardiogram, in  addition to

changes in certain serum biomarkers. The current research was

therefore undertaken in  RA patients to address the following

hypotheses, since P wave dispersion is associated with ischemic-

related fibrotic changes and inflammatory alterations in  the atrial

myocardium,14–17 there may  be a  correlation between altered P

wave dispersion and increased levels of VEGF in  patients with RA.

Accordingly, since this correlation is  not reported yet in the litera-

ture, it was prospectively studied in  our RA patients.

Methods

Study patients

Patients 18 years of age or  older, of both sexes, diagnosed

with RA, were the focus of this prospective, observational, ana-

lytical, cross-sectional research. The study patients had their RA

diagnosis established by a  rheumatologist according to the 2010

Rheumatoid Arthritis classification criteria from the American Col-

lege of Rheumatology (ACR)/European League Against Rheumatism

(EULAR).23 The control group consisted of subjects without autoim-

mune rheumatic disease.

Inclusion criteria in the control group

• Healthy subjects of both sexes and 18 years of age or older.
• Subjects with cardiovascular risks factors, but without decom-

pensated organic heart disease.
• The subjects had to be in  sinus rhythm with eligible and dis-

cernible P waves in  the ECG.

Exclusion criteria in the control group:

• Subjects were excluded from the control group if they had

autoimmune rheumatic disease.
• Subjects with atrial flutter or fibrillation.
• Subjects with infectious diseases.
• Subjects with electrolyte imbalances.
• Subjects with decompensated organic heart disease.

Inclusion criteria in the study group:

• Patients who met  the RA established diagnosing criteria were

consecutively enrolled.
• Patients of both sexes, and 18 years of age or older.
• Patients had to be in sinus rhythm with eligible and discernible

P waves in the ECG.
• Patients had to be enrolled and followed-up with complete med-

ical records in the Rheumatology Department of our Institution.
• Patients who complied with all the research steps to be  carried

out in the study: Collection of clinical data, taking blood samples

for analysis, and 12 channel ECG recordings.
• Patients who  signed the informed consent.

Exclusion criteria in the study group:

• Patients with other autoimmune rheumatic diseases other than

RA.
• Patients with overlapping diagnosis.
• Patients in  atrial flutter or fibrillation.
• Patients with any kind of infectious diseases.
• Patients with electrolyte imbalances.
• Patients with chronic obstructive pulmonary disease.
• Patients with irregular follow-up.
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• Patients who do not comply with all the stages of the research.
• Patients who refused to participate in  the project.

The studies were conducted in  accordance with the ethical stan-

dards of the WMA  Declaration of Helsinki-Ethical Principles for

Medical Research Involving Human Subject and its later amend-

ments, with the approval of the local institutional ethics committee

review board. Informed consent was obtained from all the indi-

viduals participating in this research. The work instrument was

the Clinical Data Repository in which the clinical, demographics,

related laboratory tests and other study variables of interest for

this research were recorded on an Excel file format.

Electrocardiographic measurements

The twelve electrocardiographic leads were recorded at a  paper

speed of 50 mm/s  and a  voltage of 20 mm/mV  with a  12-channel

electrocardiograph, Cardiofax, Model ECG-9130K, Nihon Kohden

Corporation, Tokyo, Japan. Measurements of the P wave in the

electrocardiogram were performed in  the twelve electrocardio-

graphic leads. The maximum and minimum duration of the P  wave

was obtained by manual calculation under a  magnified view with

a loupe in each patient. Two researchers performed the P-wave

measurements from the beginning of the first P-wave deflection

deviating from the isoelectric line to the end of the P-wave deflec-

tion returning to the isoelectric line. The dispersion of the P  wave

was considered as the difference between the maximum and min-

imum duration of the P wave, and was measured in milliseconds.

An altered or pathological P wave dispersion was considered one

that had dispersion ≥ 38 ms.16,24

Blood sample collection and immune assay

Blood samples were obtained after a  12-h fast and mea-

surements of serum levels of VEGF were performed using

enzyme-ligand immunosorbent, the Quantikine human VEGF

Immunoassay ELISA kit  (R & D  Systems INC, USA). EDTA serum

specimens were collected from a  peripheral vein in  a 6 ml  Vac-

uette tube containing gel separator and clot activator. No patient

had an infectious disease, or sore throat, or flu-like symptoms at

the moment of blood sample extractions. This assay employs the

quantitative sandwich enzyme immunoassay technique. A mon-

oclonal antibody specific for human VEGF has been pre-coated

onto a microplate. Standards and samples were pipetted into the

wells and any VEGF present is  bound by the immobilized antibody.

After washing away any unbound substances, an enzyme-linked

polyclonal antibody specific for human VEGF was added to the

wells. Following a wash to remove any unbound antibody-enzyme

reagent, a substrate solution was added to  the wells and color devel-

ops in proportion to the amount of VEGF bound in the initial step.

The color development is stopped and the intensity of the color

is measured. Normal VEGF values were considered in  the range of

0.15–75.2 pg/ml.

Statistical analysis

Data processing and statistical analyzes were performed in

Python 3.7.12. The comparison of the categorical variables between

the groups was made using the Fisher exact test. In order to

compare quantitative variables between groups a non-parametric

test (Mann–Whitney U test) was performed. Linear regressions

were performed to demonstrate correlation between the ECG

parameters and laboratory blood samples using the Fisher test.

Adequate adjustment for confounding factors such as age, gen-

der, disease activity, or medications, were performed through

multivariate analysis. The electrocardiograms were reviewed inde-

pendently by two  researchers (JT and CM), and the measurements

were entered in duplicate to  eliminate interobserver variability. If

there was discrepancy between the two  measurements, the orig-

inal electrocardiogram was  retrieved and reassessed by the two

researchers and reviewed with a third cardiologist (OC), together

until a consensus was  reached. Kappa values were utilized to

determine interobserver variability and reliability for categorical

variables; values of 0.81–1.0 are indicative of excellent agreement;

0.61–0.80, substantial agreement; 0.41–0.60, moderate agreement;

0.21–0.40, fair agreement; 0–0.20, slight agreement; and val-

ues ≤ 0, poor agreement.25 This  method produced an excellent

correlation between the two  observations with a  kappa statistic of

0.90. The sample size was  estimated using the Epi info 7.2 software,

using a confidence level of 95%, a power of 80%, with an expected

frequency of 2%, which yielded a  minimum sample size of 82  sub-

jects. Using receiver operating characteristics (ROC) curve, the area

under de curve (AUC), for diagnostic value and accuracy of differ-

ent studied parameters were calculated utilizing the Epidat 3.123

program software package. Specifically, the ROC curve of the pres-

ence of an elevated VEGF serum value for the existence of  altered

P wave dispersion in  RA patients was  calculated. We  estimated the

strength of the associations using 95% confidence intervals and a

p-value < 0.05 was  considered statistically significant.

Results

Cohort characteristics

A  total of 99 RA patients were included in  this study. In addition,

48 control patients matched for age and sex  were also included. The

mean age in  the RA group was 47.1 ±  7.6 years old, and 45.18 ± 13.7

in the control group (p =  NS). There were 81 (82%) female patients in

the RA group, and 39 (81.3%) female patients in the control group

(p =  NS). Clinical and demographics characteristics for these two

groups are depicted in  Table 1. No patient in the control group had

ischemic heart disease, two  patient had compensated functional

class I heart failure, and only one patient had controlled diabetes

mellitus type II  in the control group. No patient was  on amiodarone,

or other antiarrhythmic drugs. Only one patient was  on beta-

blockers as a  part of his hypertension treatment. The great majority

of the control group were healthy subjects, and only four subjects

had compensated cardiovascular risk factors. This latter fact did not

alter the statistical significance of the results, since no patient in the

control group had altered PWD. Out of the 99 patients with RA, 77%

were rheumatoid factor (RF) positive, 41% had osteoarticular ero-

sions, 75% were anti-citrullinated protein antibody (ACPA) positive,

39% had extraarticular manifestation. The mean erythrosedimenta-

tion rate-disease activity score28 (ESR-DAS28) was  3.42 ±  1.1, and

the mean disease duration was  130.9 ±  102.6 months. The thera-

peutic management in  RA patients at the inclusion in this research

is depicted in  Table 2.

P wave duration and dispersion values

The maximal P wave had a mean duration of 100.3 ± 10.2 ms

in the control group vs. 107.8 ±  16.8 ms  (p <  0.04) in the RA group.

The PWD  was 25.3 ±  4.9 ms in the control group vs. 59.5 ± 14.9 ms

(p <  0.0001) in  the RA group. No patient in  the control group had

altered PWD, defined as ≥38 ms,  while 94 (95%) patients in the

RA group presented it (p <  0.0001). Table 3 shows certain clinical

characteristics of RA patients grouped according to the presence of

normal or altered P wave dispersion.
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Table 1

Clinical and demographic characteristics of RA and Control patients.

RA patients

n =  99  (100%)

Control patients

n =  48 (100%)

p value

Age in years; media ± SD 47.1 ± 7.6 45.15 ± 13.7 0.2

Female, n (%) 81 (82%) 39 (81.3%) 0.4

Male, n (%) 12 (12.1%) 11(22.9%) 0.2

Weight, kg ± SD 74.1 ± 16.2 78.7 ± 14.5 <0.01

Height, cm ± SD 158.2 ± 16.8 161.4 ± 8.2 0.28

BMI  ± SD 28.6 ± 4.6 30.4 ± 5.8 <0.01

SBP, mmHg  ± SD 121.7 ± 15.8 121.8 ± 13.8 0.20

DBP,  mmHg  ± SD 75.9 ± 10.1 77.1 ± 9.5 0.09

Abdominal circumference, cm ± SD 93.4 ± 11.8 94.5 ± 16.1 0.49

Hip circumference, cm ± SD 104.8 ± 10 109.3 ± 14.8 <0.01

Physical inactivity n (%) 63 (63.6%) 20 (41.6%) <0.01

Arterial hypertension, n (%) 33 (33.3%) 1 (2.08%) <0.001

Diabetes mellitus 2,  n (%) 8 (8.08%) 1 (2.08%) 0.14

Heart failure, n  (%) 4 (4.04%) 2 (4.16%) 0.28

Stroke, n (%) 2 (2.02%) 0 (0.0%) 0.22

Renal failure, n (%) 8 (8.08%) 0 (0.0%) <0.02

SD: standard deviation, BMI: body mass index. SBP: systolic blood pressure. DBP: diastolic blood pressure.

Table 2

Therapeutic management in RA  patients at  inclusion in  the study.

Drug treatment RA  group n =  99

Hydroxychloroquine n (%) 28 (28.3%)

Glucocorticoids n  (%) 42 (42.4%)

Nonsteroidal anti-inflammatory n (%)  45 (45.5%)

Methotrexate n (%) 80 (80.8%)

Leflunomide n  (%) 52 (52.5%)

Cyclophosphamide n (%) 3  (3.03%)

Statins n (%) 8  (8.08%)

Angiotensin converting enzyme inhibitors n (%) 15 (15.2%)

Angiotensin II Receptor Blockers n (%)  12 (12.1%)

Calcium Channel Blockers 2  (2.02%)

Betablocking agents 6  (6.06%)

Calcium and Vitamin D 82 (82.8%)

Aspirin 5  (5.05%)

Vascular endothelial growth factor serum levels

Only one person in  the control group had elevated serum value

of VEGF vs 24 patients in the RA group [1  (2.4%) vs 24 (25.5%)

p < 0.0006]. The serum value of VEGF in the control group was

15.2 ± 15.1 pg/ml vs 51.1 ±  55.5 pg/ml (p <  0.001) in  RA patients.

The serum value of VEGF in RA patients without altered PWD

was  20 ± 12 pg/ml vs 56 ± 57 pg/ml (p <  0.02) in RA patients with

altered PWD.

Association of P wave dispersion and increased VEGF serum levels

An elevated VEGF serum value had a sensitivity of 28% (IC 95%

17–38) (low SnNout), a  specificity of 80% (IC 95% 34–100) (high

SpPin), a negative predictive value of 6% (IC 95% 0–13), and a pos-

itive predictive value of 95% (IC 95% 85–100) in predicting altered

PWD  in RA patients. Fig. 1 depicts the receiver operating character-

istic (ROC) curve of the presence of an elevated VEGF serum value

Fig. 1. The receiver operating characteristic (ROC) curve of the presence of an ele-

vated  vascular endothelium growth factor (VEGF) serum value for the existence of

altered P wave dispersion (PWD) in patients with rheumatoid arthritis (RA). The

ROC curve was: 54% (IC 95% 33–74).

for the existence of altered P wave dispersion in RA patients. The

ROC curve was: 54% (IC 95% 33–74).

Discussion

In  the present study, we found significant differences in serum

VEGF levels between RA patients who  possess altered PWD  com-

Table 3

Clinical characteristics of RA patients grouped according to P  wave dispersion.

Total population

n = 99 (100%)

Normal P  wave dispersion

n =  8 (9%)

Altered P  wave dispersion

n = 91  (91%)

p  value

Age in years; media ± SD 51  ± 11 52  ± 7 51  ± 11  0.8

Female (%) 81  (82) 8 (100) 79  (86) 0.7

Male  (%) 18  (18) 0  12  (14)

VEGF levels, pg/ml; media ± SD 51  ± 55 20 ± 12  56  ± 57  <0.02

Maximum P wave, ms;  media ± SD 107.8 ± 16.8 93  ± 12  108 ± 16 0.07

P wave dispersion, ms;  media 59.5 ±  14.9 (50–70) 32  (30–35) 60 (50–70) <0.001

Abbreviations: SD: standard deviation, VEGF: vascular endothial growth factor.
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pared to those RA patients who do  not have  altered PWD. Moreover,

there is a significantly wider P wave duration and dispersion in

patients with RA than in control patients. To the best of our knowl-

edge, this is the first study to demonstrate that RA patients who

have significantly higher serum levels of VEGF possess an altered

PWD. In addition, the presence of higher serum VEGF levels has

a high specificity, and a  high positive predictive accuracy of the

existence of an altered PWD  in RA patients.

It was demonstrated that increased P wave duration and dis-

persion in the 12-leads ECG reflect prolonged atrial conduction

time within the right atrium, and between right and left atrium.

It also denotes discontinuous, non-homogeneous atrial propaga-

tion of sinus impulses in certain patients prone to  develop atrial

arrhythmias.14–19 Atrial myocardial alterations may  occur due to

the presence of adverse effects of pro-inflammatory conditions as

well.26–29 Diseases and conditions that gradually lead to  struc-

tural changes in the myocardium and endocardium may  cause

the appearance of fibrotic changes in  the atrial myocardium.26

The anisotropic characteristics caused by a  pathological atrial

myocardium can play an important role in  the creation of con-

duction delay and reentry circuits in  the atrial myocardium.20–22

We have found in the present research a significantly wider P wave

duration and dispersion in patients with RA than in control subjects.

These findings may indicate the existence of conduction delay in

intra-atrial and inter-atrial electromechanical coupling in patients

with autoimmune rheumatic disease.

The structural abnormalities in  the atrial myocardium and

endocardial endothelium are followed by  functional changes

characterized by synthesis and secretion of different serum

biomarkers.28,29 There is an increased expression of adhesion

molecules, the release of chemo-attractants, vascular endothelial

growth factors and free oxygen radicals.28 VEGF is  an impor-

tant modulator of endothelial function, capillary permeability, and

angiogenesis, which is a hallmark of inflammatory activation. VEGF

has a mass of 45 kDa, and belongs to a  family of platelet derived

growth factors.30 It was previously demonstrated that the genetic

information for VEGF is  situated on the short arm of chromosome

6.31,32 Serum VEGF levels are elevated and are directly related

with the activity and clinical severity in  several different types of

autoimmune rheumatic disease.33–36 Therefore, VEGF has a  poten-

tial pathogenic role with interesting diagnostic value in  RA patients.

In this respect, Zhan et al.37 had shown significantly increased

VEGF levels in their meta-analysis in several types of autoimmune

diseases. Additionally, they observed that serum VEGF could dis-

tinguish active from inactive SLE, as well as, renal from non-renal

SLE. Therefore, they assumed that high serum levels of VEGF reflect

pathogenesis and should be considered as a  potent hematological

biomarker for adequate diagnosis, prognosis, and disease progres-

sion in patients with autoimmune diseases.37

Since PWD  is considered a  noninvasive ECG marker for atrial

remodeling and a predictor of atrial arrhythmias development,14–17

and high levels of VEGF are related to atrial myocardium inflam-

matory and fibrotic changes,26–29 we conceived that they could be

related in RA patients. Indeed, we found a  26% incidence of elevated

serum levels of VEGF in our 99 patients with RA, and that those RA

patients who have significantly higher serum levels of VEGF possess

an altered PWD.

Prioreschi et al.38 have shown an increase in  physical inactiv-

ity in patients with RA compared to  healthy controls, although,

others have shown no difference.39 We  have also found a  signif-

icantly higher difference of physical inactivity in  our RA patients

63  (63.6%) compared to  controls 20 (41.6%) p <  0.01 in  the present

study. This sedentary behavior in  RA patients may  persist due to

inadequate control of inflammation, or psychological factors, and

lead to serious long-term clinical complications. Sedentary behav-

ior induces a pro-inflammatory and atherogenic state by cellular

mechanisms including reduction in lipoprotein lipase activity lead-

ing to increased levels of lipids.40 RA patients who are physically

inactive experience worse psychological comfort than those who

are  active.38 In addition, RA patients also exhibit more cardiovas-

cular risk factors, more hospital admissions, lower bone mineral

density, and higher bone loss.41–43

It  was  demonstrated that patients with prolonged atrial and

interatrial conduction time manifest augmented P wave duration

and dispersion, as well as, other atrial alterations.44–46 Previous

studies suggest that interstitial edema in  the heart can acutely

promote atrial or ventricular arrhythmias by disrupting myocyte

intercalated disk rich in cardiac sodium channels (NaV1.5) and

slowing cardiac conduction. These disruptions of intercalated disks

have been identified in atrial samples from patients with atrial

arrhythmias.47–51 A recent well designed animal experimental

research52 tested the hypothesis that VEGF-induced vascular leak

can acutely increase atrial arrhythmia susceptibility by  disrupting

intercalated disks and slowing atrial conduction. Mezache et al.52

studied murine hearts with VEGF to  acutely predispose otherwise

normal hearts to atrial myocardial electrophysiological changes

that may  develop atrial arrhythmias.52 They observed prolongation

of the electrocardiographic P wave, slower atrial conduction, and

increased susceptibility to burst pacing induced atrial arrhythmias.

They also demonstrated an increased inter-membrane spacing at

NaV1.5-rich intercalated disk sites adjacent to  gap junctions with

transmission electron microscopy.52 These data suggest that VEGF

can acutely predispose otherwise normal hearts to atrial arrhyth-

mias by dynamically disrupting NaV1.5-rich intercalated disks and

slowing atrial conduction. Therefore, VEGF acutely induces interca-

lated disks swelling and translocation of sodium channel subunits

from these sites, likely generating a  substrate for slowed atrial

conduction, and atrial arrhythmias in  murine hearts closely corre-

sponding to  observations in patients with atrial arrhythmias.47,48

Our RA patients with higher serum levels of circulating VEGF had

the greater alterations in  P wave duration and dispersion. The

clinical implication is that RA patients with these two  mentioned

abnormalities may have developed an atrial substrate that ren-

ders them prone to develop atrial arrhythmias. Therefore, these

RA patients should have a  closer, much longer, and more specific

follow-up.

Structural and functional alterations associated with high serum

levels of VEGF may  lead to tissue damage in  chronic inflammatory

diseases. Angiogenesis and immune-mediated vascular endothelial

cell dysfunction, as well as, persistent inflammation play impor-

tant pathological roles in patients with autoimmune diseases.26–29

Evidently, VEGF can augment inflammatory processes, resulting in

more severe inflammation. Perhaps, although speculative, block-

ing  VEGF production in chronic inflammatory diseases may  prevent

abnormalities in atrial myocardium diminishing altered P wave dis-

persion, which may  become an important means of ameliorating

the severity of some of these RA patients.

Limitations

The present prospective study has inherent limitations.

Although our study population was recruited mainly from a  sin-

gle center, the size of our  study population was relatively small.

The estimated sample size was  82, and 99 patients with RA were

recruited. Since the measurements of the P waves were based

on morphological characterization, measurement errors may  have

occurred to some extent. However, there was  an excellent inter-

observer variability in our research that correlated with a  kappa

statistic value of 0.90.
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Future directions

Further clinical studies with larger population and longer

follow-up are needed to  shed light into the mechanism of action,

and to find a stronger correlation between VEGF and altered atrial

myocardium and PWD, as well as, to resolve inconsistencies and

contradictory findings.47,48,53,54 Moreover, the challenge lies in

finding new therapeutic strategies that would prevent the onset

of cardiovascular diseases by preserving myocardium infrastruc-

ture, remodeling of the heart, and endothelial function in  order to

guide the diagnosis and adequate cardiovascular treatment in RA

patients.

Conclusion

There are significantly higher serum levels of circulating VEGF

in RA patients who possess altered PWD  compared to those RA

patients who do not have altered PWD. Moreover, there is  a signif-

icantly wider P  wave duration and dispersion in patients with RA

than in control subjects. To the best of our knowledge, this is the

first study to demonstrate that RA patients who have significantly

higher serum levels of VEGF possess an altered PWD. In addition,

the presence of higher serum VEGF has a high specificity, and a high

positive predictive accuracy of the existence of an altered PWD  in

RA patients.

Authors’ contribution

Each author has met  all four criteria of the International Com-

mittee of Medical Journal Editors (ICMJE) for authorship. All  authors

met  the following authorship criteria: substantial contributions

to the acquisition, analysis and interpretation of data, contribu-

tion to drafting the work and revising it critically, and agreeing

to be accountable for all aspects of the work. The final version of

this manuscript has been read, analyzed, and approved by all the

authors, and they have obtained the required ethical approvals. The

authors have given the necessary attention to ensure the integrity

of the work and agree to publish this work.

Centurión OA: Conceptualization; Data curation; Formal anal-

ysis; Funding acquisition; Roles/Writing-original draft; Writing-

review & editing. Abreu P: Conceptualization; Funding acquisition;

Formal analysis; Review & editing. Avila-Pedretti G: Investiga-

tion; Methodology; Visualization; Review & editing. Cabrera SR:
Formal analysis; Funding acquisition; Investigation; Methodology;

Review & editing. Martinez de Filártiga MT:  Resources; Funding

acquisition; Investigation; Methodology; Review & editing, Project

administration. Paats A: Investigation; Methodology; Visualiza-

tion; Review & editing. Torales JM:  Investigation; Methodology;

Visualization; Validation; Review & editing. Montiel CR: Investi-

gation; Methodology; Visualization; Validation; Review & editing.

Chávez CO: Investigation; Methodology; Visualization; Review

& editing. García LB: Investigation; Methodology; Visualization;

Review & editing. Scavenius KE: Investigation; Methodology;

Visualization; Review &  editing. Falcón RDP: Investigation;

Methodology; Visualization; Review &  editing. Candia JC: Inves-

tigation; Methodology; Visualization; Review & editing. Meza
AJ:  Investigation; Methodology; Visualization; Review & editing.

Acosta-Colmán I: Conceptualization; Resources; Formal analysis;

Project administration; Investigation; Methodology; Visualization;

Review & editing.

Ethics approval and consent to participate

The studies were conducted in accordance with the ethical stan-

dards of the WMA  Declaration of Helsinki-Ethical Principles for

Medical Research Involving Human Subject and its later amend-

ments, with the approval of the local institutional ethics committee

review board. Informed consent was  obtained from all the indi-

viduals participating in this research. Privacy and anonymity of all

patients’ data was  granted as there was  a  code number for every

patient file that included all investigations.

Funding

This work was totally supported by a  grant (Grant Code; PINV15-

699) received from CONACYT (National Commission of Science and

Technology) after our research protocol was  analyzed by  a  jury

and elected by concourse. This grant was  awarded by CONACYT to

OAC, PA, and MTM.  “The content of this manuscript is the exclusive

responsibility of the authors and in  no case should it be considered

to  reflect the opinion of CONACYT.” The funding source had no role,

no involvement whatsoever, in the study design; in the collection,

analysis and interpretation of data; in the writing of the report; nor

in  the decision to  submit the article for publication.

Conflict of interest

None.

Data availability

All datasets generated during and/or analyzed during the

current study are  available from the corresponding author on rea-

sonable request.

Acknowledgments

We appreciate the technical assistance given by Alberto Mare-

cos, MD,  Emilio Lovera, MD,  and Oscar A. Lovera, MD,  throughout

this research. We thank Dr. Angelica Helga Neumann for her con-

stant support in the making of this manuscript, and Miss Felicita

Torales for her help with the literature search.

References

1. Schmidt T, Mankad R. Assessment of cardiac risk in
women  with autoimmune disease. Curr Cardiol Rep. 2022,
http://dx.doi.org/10.1007/s11886-022-01698-1.

2. Méndez Eirín E, Suárez Ouréns Y,  Guerra Vázquez JL. Cardiac manifes-
tations of rheumatic diseases. Med  Clin (Barcelona). 2021;156:615–21,
http://dx.doi.org/10.1016/j.medcli.2021.01.015.

3. Roman MJ,  Salmon JE. Cardiovascular manifestations of
rheumatologic diseases. Circulation. 2007;116:2346–55,
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.678334.

4.  Buleu F, Sirbu E, Caraba A, Dragan S. Heart involvement in inflamma-
tory rheumatic diseases: a systematic literature review. Medicina (Kaunas).
2019;55:249, http://dx.doi.org/10.3390/medicina55060249.

5. Al-Mohaissen MA,  Chan KL. Echocardiography in the assessment of
patients with rheumatologic diseases. Curr Cardiol Rep. 2016;18:72,
http://dx.doi.org/10.1007/s11886-016-0757-2.

6.  Braun J, Krüger K, Manger B, Schneider M,  Specker C,  Trappe HJ.  Cardiovascu-
lar  comorbidity in inflammatory rheumatological conditions. Dtsch Arztebl Int.
2017;114:197–203, http://dx.doi.org/10.3238/arztebl.2017.0197.

7. Prasad M, Hermann J,  Gabriel SE, Weyand CM,  Mulvagh S, Mankad R, et  al. Car-
diorheumatology: cardiac involvement in systemic rheumatic disease. Nat Rev
Cardiol. 2015;12:168–76, http://dx.doi.org/10.1038/nrcardio.2014.206.

8. Owlia MB,  Mostafavi Pour Manshadi SM,  Naderi N.  Cardiac manifestations of
rheumatological conditions: a  narrative review. ISRN Rheumatol. 2012:463620,
http://dx.doi.org/10.5402/2012/463620.

9. Spach MS,  Dober PC, Anderson PAW. Multiple regional differences in
cellular properties that regulate repolarization and contraction in the
right atrium of adult and newborn dogs. Circ Res. 1989;65:1594–611,
http://dx.doi.org/10.1161/01.res.65.6.1594.

10.  Davies MJ,  Pomerance A. Quantitative study of aging changes in the
human sinoatrial node and internodal tracts. Br Heart J. 1972;34:150–2,
http://dx.doi.org/10.1136/hrt.34.2.150.

6



O.A. Centurión, P. de Abreu, G. Avila-Pedretti et al. Reumatología Clínica 21 (2025) 501856

11. Centurión OA, Shimizu A, Isomoto S, Konoe A, Kaibara M,  Hayano M,  et al. Influ-
ence of advancing age on  fractionated right atrial endocardial electrograms. Am
J  Cardiol. 2005;96:239–42, http://dx.doi.org/10.1016/j.amjcard.2005.03.052.

12. Spach MS,  Dober PC. Relating extracellular potentials and their derivatives to
anisotropic propagation at microscopic level in human cardiac muscle. Evidence
for  electrical uncoupling of side-to-side fiber connections with increasing age.
Circ Res. 1986;58:356–71, http://dx.doi.org/10.1161/01.res.58.3.356.

13. Mary-Rabine L, Albert A, Hordof A, Fenoglio JJ Jr,  Malm JR, Rosen MR.  The rela-
tionship of human atrial cellular electropbysiology to  clinical function and ultra-
structure. Circ Res. 1983;52:188–99, http://dx.doi.org/10.1161/01.res.52.2.188.

14. Okutucu S, Aytemir K, Oto A. P-wave dispersion: what we  know till now? JRSM
Cardiovasc Dis. 2016;5:1–9, http://dx.doi.org/10.1177/2048004016639443.

15. Magnani JW,  Williamson MA,  Ellinor PT, Monahan KM,  Benjamin EJ. P
wave indices: current status and future directions in epidemiology, clini-
cal, and research applications. Circ Arrhythm Electrophysiol. 2009;2:72–9,
http://dx.doi.org/10.1161/CIRCEP.108.806828.

16. Aytemir K, Ozer N, Atalar E, Sade E, Aksoyek S, Ovunc K, et  al. P  wave
dispersion on 12-lead electrocardiography in patients with parox-
ysmal atrial fibrillation. Pacing Clin Electrophysiol. 2000;23:1109–12,
http://dx.doi.org/10.1111/j.1540-8159.2000.tb00910.x.

17. Dilaveris PE, Gialafos JE. P-wave dispersion: a novel predictor of parox-
ysmal atrial fibrillation. Ann Noninvasive Electrocardiol. 2001;6:159–65,
http://dx.doi.org/10.1111/j.1542-474X. 2001.tb00101.x.

18. Centurión OA, Isomoto S, Fukatani M, Shimizu A, Konoe A, Tanigawa M,  et al.
Relationship between atrial conduction defects and fractionated atrial endocar-
dial  electrograms in patients with sick sinus syndrome. Pacing Clin Electrophys-
iol.  1993;16:2022–33, http://dx.doi.org/10.1111/j.1540-8159.1993.tb00996.x.

19. Centurión OA. Clinical implications of the P wave duration and dis-
persion: relationship between atrial conduction defects and abnormally
prolonged atrial endocardial electrograms. Int J Cardiol. 2009;134:6–8,
http://dx.doi.org/10.1016/j.ijcard.2008.12.072.

20. Shibuya M.  Vascular endothelial growth factor (VEGF) and its recep-
tor  (VEGFR) signaling in angiogenesis: a crucial target for anti-
and pro-angiogenic therapies. Genes Cancer. 2011;2:1097–105,
http://dx.doi.org/10.1177/1947601911423031.

21. Ballmer-Hofer K. Vascular endothelial growth factor, from basic
research to clinical applications. Int  J  Mol  Sci. 2018;19:3750,
http://dx.doi.org/10.3390/ijms19123750.

22. Shibuya M.  VEGF-VEGFR signals in health and disease. Biomol Ther.
2014;22:1–9, http://dx.doi.org/10.4062/biomolther.2013.113.

23. Aletaha D, Neogi T,  Silman AJ, Funovits J, Felson DT, Bingham CO 3rd, et al.
Rheumatoid arthritis classification criteria: an  American College of Rheuma-
tology/European League Against Rheumatism collaborative initiative. Arthritis
Rheum. 2010;62:2569–81.

24. Dilaveris PE, Gialafos EJ, Sideris SK, Theopistou AM,  Andrikopoulos GK, Kyr-
iakidis M, et al. Simple electrocardiographic markers for the prediction
of  paroxysmal idiopathic atrial fibrillation. Am Heart J. 1998;135:733–8,
http://dx.doi.org/10.1016/S0002-8703(98)70030-4.

25. Landis JR, Koch GG. The measurement of observer agreement for categorical
data.  Biometrics. 1977;33:159–74.

26. Shirani J, Alaeddini J. Structural remodeling of the left  atrial appendage
in  patients with chronic non-valvular atrial fibrillation: implica-
tions for thrombus formation, systemic embolism, and assessment by
transesophageal echocardiography. Cardiovasc Pathol. 2000;9:95–101,
http://dx.doi.org/10.1016/s1054-8807(00)00030-2.

27. Masawa N, Yoshida Y, Yamada T, Joshita T, Ooneda G. Diagnosis of cardiac
thrombosis in patients with atrial fibrillation in the absence of macroscopically
visible thrombi. Virchows Archiv A Pathol Anat Histopathol. 1993;422:67–71,
http://dx.doi.org/10.1007/BF01605135.

28. Polovina MM, Lip GY,  Potpara TS. Endothelial dysfunction
in lone atrial fibrillation. Curr Pharm Des. 2015;21:622–45,
http://dx.doi.org/10.2174/1381612820666140825143028.

29. Kaireviciute D, Lip GY, Balakrishnan B, Uzdavinys G, Norkunas G, Kalinauskas G,
et  al. Intracardiac expression of markers of endothelial damage/dysfunction,
inflammation, thrombosis, and tissue remodeling, and the development
of postoperative atrial fibrillation. J  Thromb Haemost. 2011;9:2345–52,
http://dx.doi.org/10.1111/j.1538-7836.2011.04523.x.

30. Leung DW,  Cachianes G,  Kuang WJ,  Goeddel DV, Ferrara N.  Vascular endothe-
lial  growth factor is  a  secreted angiogenic mitogen. Science. 1989;246:1306–9,
http://dx.doi.org/10.1126/science.2479986.

31. Ferrara N. Vascular endothelial growth factor and the regulation of angiogenesis.
Recent Prog Horm Res. 2000;55:15–36.

32. Takahashi T, Shibuya M.  The 230 kDA mature form of KDR/Flk-1
(VEGF receptor-2) activates the PLC-g pathway and partially induces
mitotic signals in NIH3T3 fibroblasts. Oncogene. 1997;14:2079–89,
http://dx.doi.org/10.1038/sj.onc.1201047.

33. Barbulescu AL, Vreju AF, Buga AM,  Sandu RE, Criveanu C, Tudorascu DR, et al.
Vascular endothelial growth factor in systemic lupus erythematosus – corre-

lations with disease activity and nailfold capillaroscopy changes. Romanian J
Morphol Embryol. 2015;56:1011–6.

34. Lin TT,  Lu J, Qi CY, Yuan L,  Li XL, Xia LP, et al. Elevated serum level of IL-27 and
VEGF  in patients with ankylosing spondylitis and associate with disease activity.
Clin Exp Med. 2015;15:227–31, http://dx.doi.org/10.1007/s10238-014-0281-x.

35.  Choi JJ, Min  DJ, Cho ML,  Min SY,  Kim SJ, Lee SS, et  al. Elevated vascular endothelial
growth factor in systemic sclerosis. J Rheumatol. 2003;30:1529–33.

36. Ballara S, Taylor PC, Reusch P, Marmé  D, Feldmann M,  Maini RN, et  al. Raised
serum vascular endothelial growth factor levels are associated with destruc-
tive  change in inflammatory arthritis. Arthritis Rheumatol. 2001;44:2055–64,
http://dx.doi.org/10.1002/1529-0131(200109)44:9<2055::Aidart355>3.0.Co;2-2.

37. Zhan H, Li H, Liu C,  Cheng L,  Yan S, Li Y. Association of circulat-
ing  vascular endothelial growth factor levels with autoimmune diseases:
a  systematic review and meta-analysis. Front Immunol. 2021;12:674343,
http://dx.doi.org/10.3389/fimmu.2021.674343.

38.  Prioreschi A, Hodkinson B,  Avidon I, Tikly M,  McVeigh JA.  The clinical util-
ity  of accelerometry in patients with rheumatoid arthritis. Rheumatology.
2013;52:1721–7, http://dx.doi.org/10.1093/rheumatology/ket216.

39. García-Morales JM,  Lozada-Mellado M,  Hinojosa-Azaola A, Llorente L, Ogata-
Medel M,  Pineda-Juarez JA, et al. Effect of a dynamic exercise program in
combination with Mediterranean diet on quality of life in women  with rheuma-
toid arthritis. J  Clin Rheumatol. 2020;26:S116–22.

40. Flint-Wagner HG, Lisse J, Lohman TG, Going SB, Guido T,  Cussler E, et al. Assess-
ment of a  sixteen-week training program on strength, pain, and function in
rheumatoid arthritis patients. J Clin Rheumatol. 2009;15:165–71.

41. Sokka T,  Hokkinen A, Kautiainen H, Maillefert JF, Toloza S, Hansen TM,
et al. Physical inactivity in patients with rheumatoid arthritis: data from
twenty-one countries in a  cross-sectional, international study. Arthritis Rheum.
2008;59:42–51, http://dx.doi.org/10.1002/art.23255.

42. Metsios GS, Stavropoulos-Kalinoglou A, Treharne GJ, Nevill AM,  Sandoo
A,  Panoulas VF, et  al. Disease activity and low  physical activity asso-
ciate with number of hospital admissions and length of hospitalisation
in  patients with rheumatoid arthritis. Arthritis Res Ther. 2011;13:R108,
http://dx.doi.org/10.1186/ar3390.

43. Tourinho TF, Capp E, Brenol JC,  Stein A. Physical activity prevents bone loss in
premenopausal women with rheumatoid arthritis: a  cohort study. Rheumatol
Int.  2008;28:1001–7, http://dx.doi.org/10.1007/s00296-008-0554-3.

44. Falcón RDP, Centurión OA, Meza  AJ, Scavenius KE, Chávez CO, Montiel CR,
et al. Role of the electrocardiographic MVP  risk score (Morphology-Voltage-P
wave duration) in predicting the development of atrial fibrillation in patients
with systemic arterial hypertension. Crit Pathw Cardiol. 2023;22:141–5,
http://dx.doi.org/10.1097/HPC.0000000000000328.

45. Centurión OA, Isomoto S, Shimizu A. Electrophysiological changes of the  atrium
in patients with lone paroxysmal trial fibrillation. J  Atrial Fibril. 2010;3:3–9.

46. Chávez CO, Centurión OA,  Meza AJ, Falcón RP, Scavenius KE, García LB,
et al. Left atrial peak systolic strain as an  indicator pathway of dias-
tolic dysfunction of the left ventricle. Crit  Pathw Cardiol. 2024;23:111–8,
http://dx.doi.org/10.1097/HPC.0000000000000349.

47. Moise N, Struckman HL, Dagher C,  Veeraraghavan R, Weinberg SH. Interca-
lated disk nanoscale structure regulates cardiac conduction. J  Gen Physiol.
2021;153:e202112897, http://dx.doi.org/10.1085/jgp.202112897.

48.  Raisch TB, Yanoff MS, Larsen TR, Farooqui MA,  King DR,  Veer-
araghavan R, et al. Intercalated disc extracellular nanodomain
expansion in patients with atrial fibrillation. Front Physiol. 2018;9:398,
http://dx.doi.org/10.3389/fphys.2018.00398.

49.  Veeraraghavan R, Lin J, Keener JP, Gourdie R, Poelzing S. Potassium chan-
nels in the Cx43 gap junction perinexus modulate ephaptic coupling:
an  experimental and modeling study. Pflugers Arch. 2016;468:1651–61,
http://dx.doi.org/10.1007/s0042 4-016-1861-2.

50.  Zheng Y, Xia Y, Carlson J,  Kongstad O, Yuan S. Atrial average conduction velocity
in patients with and without paroxysmal atrial fibrillation. Clin Physiol Funct
Imaging. 2017;37:596–601, http://dx.doi.org/10.1111/cpf.12342.

51.  Lalani GG, Schricker A, Gibson M,  Rostamian A, Krummen DE, Narayan SM.  Atrial
conduction slows immediately before the  onset of human atrial fibrillation: a  bi-
atrial contact mapping study of transitions to atrial fibrillation. J  Am Coll Cardiol.
2012;59,  http://dx.doi.org/10.1016/j.jacc.2011.10.879.

52. Mezache L, Struckman HL, Greer-Short A, Baine S, Györke S, Radwański
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