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infliximab, an anti-tNF-alpha agent, improves left atrial 
abnormalities in patients with rheumatoid arthritis: 
preliminary results
Çetin Süha, Vural Mustafa Gökhan, Keskin Göksal, Yeter Ekrem, Doğan Mehmet, Öztürk Mehmet Akif

abstract
Background: Rheumatoid arthritis (RA) is associated with 
increased cardiovascular morbidity and mortality. In the 
current prospective study, we addressed the impact of RA on 
left atrial (LA) function and electrical remodelling. Further, 
we tried to demonstrate the effects of infliximab, an anti-TNF-
alpha agent, on echocardiographical LA abnormality in RA 
patients with preserved left ventricular (LV) ejection fraction.
Methods: We compared 38 female RA patients without 
clinical evidence of heart disease and 30 female controls 
without RA and clinical evidence of heart disease. Further, 
we compared RA patients receiving infliximab and increasing 
doses of prednisolone over a three-month period. At baseline 
and post treatment, this study assessed (1) LA and LV param-
eters using conventional and speckle tracking echocardiogra-
phy (STE), and (2) electrocardiographic P-wave changes.
Results: The values of C-reactive protein (CRP), isovolu-
mic relaxation time (IVRT), A wave, and deceleration time 
(DT) were significantly higher in RA patients compared to 
the control group (p < 0.05), whereas E/E′ and E/A values 
were found to be lower (p < 0.05) in RA patients. E/E′ values 
were lower in prednisolone- compared to infliximab-treated 
patients (p < 0.05). After three months of infliximab and pred-
nisolone treatment, CRP and disease activity score (DAS 28) 
values decreased in both groups (p < 0.05), and Duke activity 
status index (DASI) increased (p < 0.05). Maximal left atrial 
volume index (LAVImax), pre-contraction left atrial volume 
index (LAVIpreA) and maximum P wave (Pmax) of the RA 
patients were higher compared to the control group (p < 0.05), 
whereas LA global strain was found to be lower (p < 0.05). 
There was no difference in Pmax values between groups before 
and after the treatment period. E/E′, LAVImax and LAVIpreA 

values of infliximab-treated patients decreased and LA global 
strain increased after three months of therapy compared to

baseline (p < 0.05). At baseline in both treatment groups, E/E′ 
and LA global late diastolic strain rate were lower in pred-
nisolone- compared to infliximab-treated patients (p < 0.05).
Conclusion: There was echocardiographic LA abnormality 
in these RA patients. In this patient group there was also a 
meaningful increase in maximum P wave assessed by electro-
cardiography. Infliximab therapy for a period of three months 
improved LA abnormality.

Keywords: electrocardiography, infliximab, left atrium, rheuma-
toid arthritis, speckle tracking echocardiography 

Submitted 14/1/14, accepted 13/6/14

Cardiovasc J Afr 2014; 25: 168–175 www.cvja.co.za

DOI: 10.5830/CVJA-2014-036

Rheumatoid arthritis (RA) is a systemic autoimmune disease 
affecting about 1% of the population.1 It is also characterised by 
an excess risk of cardiovascular disease and mortality, probably 
via chronic systemic inflammation.2 TNF-alpha represents the 
major inflammatory cytokine in RA patients.3 Apart from being 
the major promoter and regulator of the inflammatory cascade 
resulting in joint damage, it may mediate cardiac injury through 
a variety of biological mechanisms.4 Treatment of RA with 
anti-TNF-alpha agents such as infliximab has been shown to be 
effective in reducing signs and symptoms of the disease and in 
preventing joint damage,5-7 but their impact on cardiovascular 
disease, especially in RA patients with preserved LV function 
(EF ≥ 50) remains controversial.

In this prospective study we tried to elucidate (1) whether 
myocardial abnormality as assessed by echocardiography is 
present in RA patients compared to normal controls, (2) the 
electrocardiographic P-wave changes in RA patients, and (3) 
the impact of infliximab treatment on left ventricular (LV) and 
left atrial (LA) echocardiographic parameters in comparison 
to treatment with corticosteroids. We used conventional and 
speckle tracking echocardiography (STE), a novel method for 
the evaluation of myocardial abnormality.

methods

Thirty-eight female patients (age 52.1 ± 11.1 years) with RA 
diagnosed by revised American Rheumatism Association 
criteria, who had an inadequate response to disease-modifying 
antirheumatic drugs (DMARDs) and corticosteroids were 
recruited from the RA out-patient section of the Rheumatology 
Unit, Ministry of Health, Dişkapi Yildirim Beyazit Research 
and Education Hospital, Ankara, Turkey, between January 2011 
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and January 2012.8 The control group consisted of 30 female 
patients without RA (age 50.7 ± 3.4 years). 

Patients of the RA group were on methotrexate 15 mg once 
per week and prednisolone 5–7.5 mg once daily. The patients had 
occasionally been treated with non-steroidal anti-inflammatory 
drugs within the previous six months. The disease activity score 
(DAS 28), which utilises C-reactive protein (CRP) level, and the 
visual analogue score of wellbeing plus the number of tender 
and swollen joints, was used in order to evaluate the activity of 
RA.9 We used the Duke activity status index (DASI), a brief  
self-administered questionnaire designed to estimate the patient’s 
exercise capacity in metabolic equivalents (METs).10

Out of 38 RA patients, 20 subjects (age 53.4 ± 13.5 years) 
additionally received infliximab treatment (initially 3 mg/kg; 
the same dose two and six weeks after the first infusion, and 
thereafter the same dose every eight weeks) for three months. 
The remaining 18 patients in the RA group were treated with 
prednisolone in increasing doses in accordance with standard 
clinical practice.

Patients were examined in the out-patient clinic monthly 
to assess clinical status and compliance with therapy. None of 
the patients had had ischaemic or arrhythmic events during the 
previous year. The RA patients’ biochemical parameters, and 
echocardiographic LA and LV function were measured at baseline 
and after three months of infliximab and prednisolone therapy. 
Electrocardiographic P waves were evaluated. The control subjects 
had a single baseline measurement of the examined parameters. 
The study protocol was approved by the local ethics committee.

Conventional echocardiography
All echocardiographic examinations were performed by a single 
experienced observer blinded to clinical and laboratory data. 
Transthoracic echocardiography studies were performed using 
a commercially available ultrasound system with a 2.5–3.5 MHz 
transducer (ie33, Phillips Medical System, Bothell, Washington, 
USA). Patients lay at rest in the left lateral decubitus position, 
and apical four-chamber and parasternal views of the LA and 
LV were obtained at end-expiratory apnoea. Three cardiac 
cycles were stored from each view in ciné-loop format for 
subsequent off-line analysis by an investigator blinded to the 
patients’ data. Speckle tracking analysis was performed off-line 
by commercially available software QLAB 6.0 (Phillips Medical 
System, Bothell, Washington, USA).

We measured the following parameters from cross-
sectional echocardiographic images of the cardiac chambers. 
(1) End-diastolic interventricular septum thickness (IVS), 
end-diastolic posterior wall thickness (PW) of the LV, (2) 
end-diastolic volume (EDV), end-systolic volume (ESV) and 
ejection fraction of the LV using the modified Simpson’s 
method,11 and (3) maximal (LAVImax), pre-contraction (LAVIpreA) 
and minimal (LAVImin) LA volumes were measured just before 
mitral valve opening, at the beginning of the P wave, and at 
mitral valve closure. 

All LA volumes were determined using the modified Simpson’s 
method. LA volume indices were calculated by dividing the LA 
volumes by the body surface area.12 

Pulsed-wave Doppler of transmitral LV inflow was performed 
in the apical four-chamber view, with the sample volume placed 
at the level of the mitral valve tips, and Doppler variables 

were analysed during three consecutive beats. The following 
measurements of LV diastolic function were determined: peak 
early (E) and late (A) diastolic mitral flow velocity and their ratio 
E/A, early diastolic mitral annular velocity (E’), late diastolic 
mitral annular velocity (A′), deceleration time of the E wave, and 
LV isovolumic relaxation time (IVRT).13 The E/E′ ratio was used 
as an index of LV filling pressures.

Speckle tracking echocardiography 
The methods of image acquisition and post-processing of strain 
and strain rate measurements with speckle tracking have been 
described previously.14 All images were obtained at a frame rate 
of 50 to 80 frames per second. 

Briefly, the observer traced the endocardial and epicardial 
borders of the LA on an end-systolic frame and the software 
automatically tracked the border on the subsequent frames. 
Adequate tracking can then be verified in real-time and corrected 
by adjusting the region of interest or manually correcting the border 
to ensure optimal tracking. The aortic valve closure measured by 
Doppler has been identified as end-systole. The software is able to 
represent abnormality in time–strain graphs where it is possible to 
identify the different phases of the cardiac cycle.

Electrocardiography
After a 20-minute resting period in the supine position, all 
subjects underwent a 12-lead ECG recording at a paper speed 
of 50 mm/s and 2 mV/cm. The P-wave duration was measured 
manually in all simultaneously recorded 12 leads of the surface 
ECG by one of the investigators blinded to the study hypothesis. 
In each lead the mean values for the three complexes were 
calculated. For greater accuracy, the measurements were 
performed with callipers and a magnifying lens, as described by 
previous investigators.15,16 

The onset of the P wave was defined as the point of first 
visible upward departure from baseline for positive waveforms, 
and as the point of first downward departure from baseline for 
negative waveforms. The return to baseline was considered to be 
the end of the P wave. Pmax measured in any of the 12 leads of 
the surface ECG was used as the longest atrial conduction time. 
The difference between Pmax and minimum P wave (Pmin) was 
calculated and defined as P-wave dispersion (Pd = Pmax – Pmin).17

Laboratory assays
CRP was measured using routine methods. IgM rheumatoid 
factor (RF) was measured by means of immunonephelometry 
using the quantitave N Latex RF system (Dade Behring, Marburg, 
Germany) with RF titers of > 15 IU/ml being considered positive. 
Serum levels of total cholesterol, low-density lipoprotein (LDL) 
cholesterol, high-density lipoprotein (HDL) cholesterol and 
creatinine were determined using an auto-analyser under fasting 
conditions on the same day as the other evaluations.

Statistical analysis
Propensity scores, a methodology that can be used to compare 
the effectiveness of  different treatments and to examine 
whether patients included in the two treatment groups were 
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adequately balanced for atherosclerosis, between infliximab- and 
prednisolone-treated patients, were compared using a two-tailed 
t-test. Categorical data were compared by contingency tables, 
and between each treatment group and normal controls by the χ2 
test or Fisher exact test when five patients or fewer were included 
in each cell.

Continuous variables were tested for normality using the 
Kolmogorov–Smirnov test. Normally distributed variables 
are given as mean and standard deviation (SD). Spearman 
correlation analysis was used to determine bivariate correlations. 
Because biomarkers had a non-normal distribution, data are 
expressed as median (interquartile range) and were analysed 
after transformation into ranks. 

Analysis of variance (ANOVA) for repeated measurements 
was applied to compare the effects of  infliximab versus 
prednisolone, with measurements at baseline and three months 
post treatment used as a within-subject factor, and type of 
treatment as between-subject factor. The F- and p-values of 
interaction between time measurement of the examined markers 
and type of treatment were calculated. 

Post hoc comparisons were performed within Bonferroni’s 
correction. Comparisons between controls and each treatment 
group at baseline or three months were performed using the 
unpaired t-test (normally distributed variables) and Mann–Whitney 
test (non-normally distributed variables). Statistical significance 
was considered as p < 0.05. All statistical analysis was performed 
using SPSS for Windows (release 15.0, SPSS Inc, Chicago, Illinois).

results
The demographic, clinical, biochemical and conventional 
echocardiographic parameters are given in Tables 1 and 2. All 
RA patients were seropositive. The mean DAS was 6.4 ± 0.7 and 
the disease duration was 85.7 ± 66.8 months. 

Age, cardiac medication, cardiovascular risk factors, systolic 
and diastolic blood pressure, heart rate, and cholesterol, fasting 
glucose and creatinine levels were similar between the control 
group and the RA patients and also in the infliximab- and 
prednisolone-treated patients. Therefore our patients had similar 
characteristics regarding risk factors for atherosclerosis. 

Control group patients had normal electrocardiograms, 
transthoracic echocardiography and treadmill tests. Baseline 
CRP, DAS 28 and RF values showed significant differences. 
None of the subjects was excluded from the study because of 
adverse effects or discontinuation of therapy. 

On transthoracic echocardiography there was no pericardial 
effusion or significant valvular heart disease. Parameters showing 
diastolic function such as LV diastolic filling pressure (E/E′), 
A-wave values, deceleration time (DT) and isovolumic relaxation 
time (IVRT) were significantly higher in the RA patients. E/A 
ratio showed a significant reduction (p < 0.05). E/E′ was found 
to be decreased in prednisolone- compared to infliximab-treated 
patients (p < 0.05). 

Significant improvement in RA parameters, as assessed by 
CRP, DAS 28 and DASI were achieved in both treatment groups 
(p < 0.05) (Table 3). 

table 1. Clinical and biochemical characteristics of the study population

 
Controls  
(n = 30)

RA patients  
(n = 38)

Infliximab-treated 
patients (n = 20)

Prednisolone-treated 
patients (n = 18) p-value* p-value#

DAS-28 – 6.4 ± 0.7 6.4 ± 0.5 6.1 ± 0.8 – 0.06

Disease duration (months) – 85.7 ± 66.8 98.4 ± 77.4 71.6 ± 51.1 – 0.21
RF (mg/dl) – 226.8 (25.2–66.1) 194.4 (25.2–321.8) 165.8 (30.5–366.1) – 0.57
Age (years) 50.7 ± 3.4 52.1 ± 11.1 53.4 ± 13.5 50.7 ± 7.6 0.52 0.44

Body mass index (kg/m2) 30.5 ± 3.7 30.5 ± 5.5 31.0 ± 5.9 29.9 ± 5.2 0.91 0.70
Obesity (%) 7 (23) 5 (13) 2 (10) 3 (16) 0.21 0.47
Hypertension (%) 10 (33) 17 (44) 9 (45) 8 (44) 0.24 0.63
Current smoking (%) 8 (26) 5 (13) 2 (10) 3 (16) 0.13 0.32
Dyslipidaemia (%) 8 (26) 8 (21) 3 (15) 5 (27) 0.39 0.56
Diabetes mellitus (%) 2 (6) 8 (21) 4 (20) 4 (22) 0.09 0.24
Medication
  RAAS blocker (%) 5 (16) 11 (28) 6 (30) 5 (27) 0.18 0.48

  β-blocker (%) 5 (16) 4 (10) 1 (5) 3 (16) 0.34 0.43
  CaCh blocker (%) 4 (13) 4 (10) 3 (15) 1 (5) 0.5 0.62
  Statin (%) 7 (23) 4 (10) 2 (10) 2 (11) 0.13 0.36
SBP (mmHg) 121.6 ± 9.8 124.7 ± 13.9 122.1 ± 14.4 127.4 ± 13.2 0.33 0.24

DBP (mmHg) 79.0 ± 6.6 78.7 ± 8.9 75.5 ± 9.1 82.2 ± 7.5 0.92 0.12

HR (beats/min) 70.6 ± 6.3 74.4 ± 10.5 74.9 ± 12.2 71.1±7.7 0.45 0.5

Total cholesterol (mg/dl) 171.1 ± 29.7 163.0 ± 24.6 170.3 ± 20.2 166.5 ± 10.8 0.4 0.74

HDL cholesterol (mg/dl) 39.1 ± 8.1 41.3 ± 11.3 40.4 ± 12.9 43.7 ± 9.5 0.36 0.53

LDL cholesterol (mg/dl) 112.4 ± 16.4 117.2 ± 26.6 115.6 ± 25.4 119.0 ± 22.9 0.44 0.76

Glucose (mg/dl) 96.7 ± 10.7 98.4 ± 15.9 102.3 ± 13.1 98.6 ± 10.0 0.77 0.47

Creatinine (mg/dl) 0.8 ± 0.1 0.8 ± 0.2 0.8 ± 0.1 0.8 ± 0.1 0.62 0.82

CRP (mg/dl) 1.2 (0.6–4.3) 20.4 (8.0–34.9) 20.4 (10.5–34.9) 17.6 (8.0–33.5) < 0.01 0.16

Values are expressed as mean ± SD. Values for CRP and RF are median and interquartile range. 
*For comparisons between RA patients and control group. 
#For comparisons between infliximab- and prednisolone-treated patients. 
DAS-28 = disease activity score, RF = rheumatoid factor, RAAS = renin–angiotensin–aldosteron system, CaCh = calcium channel, SBP = systolic 
blood pressure, DBP = diastolic blood pressure, HR = heart rate, CRP = C-reactive protein.
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Table 4 shows LA echocardiographic and ECG parameters 
between RA patients and controls: LAVImax and LAVIpreA revealed 
a significant increase in comparison with the control group (p 
< 0.05). As assessed by two-dimensional (2D) STE, the global 
left atrial strain showed a significant impairment in the RA 
patients (p < 0.05). Electrocardiographically we evaluated the 
P-wave durations, Pmax, Pmin, and Pd. In the RA patients, Pmax was 
significantly higher compared to the control group (p < 0.05). 
There were no differences in Pmax values between the groups 
before and after the treatment period.

Tables 5 and 6 illustrate the effects of infliximab therapy on LA 
and LV echocardiographic and electrocardiographic parameters 
versus the prednisolone-treated patients. Baseline conventional 
and 2D STE parameters were similar between the two treatments 
groups. Only E/E′ ratio and LA global late diastolic strain rate 
showed some significant differences (p < 0.05). There was a 
significant improvement in E/E′, LAVImax, LAVIpreA and LA global 
strain values in the infliximab-treated patients (p < 0.05).

discussion
In this prospective, preliminary study, we showed 
echocardiographic LA abnormalities in RA patients in 
comparison to the control group. Furthermore, there was an 

improvement in LA abnormalities in the RA patients who were 
treated with infliximab in comparison to the prednisolone-
treated group.

There is substantial evidence that RA is associated 
with increased cardiovascular morbidity and mortality.18 
Cardiovascular manifestations of RA include atherosclerosis, 
myocardial infarction, heart failure and cerebrovascular 
disease.19 It is becoming increasingly apparent that inflammation 
mediators are strongly linked to this excess risk of cardiovascular 
disease and mortality.20 

The impairment of  coronary microcirculation may 
compromise myocardial perfusion and cause LV systolic and 
diastolic dysfunction.21,22 Additionally, interstitial fibrosis caused 
by cytokine-induced fibroblast activity, and collagen deposition 
in the heart muscle are present in RA.23 Previous studies24,25 also 

table 2. Conventional echocardiographic characteristics of the study population

  Controls  
(n = 30)

RA patients  
(n = 38)

Infliximab-treated 
patients (n = 20)

Prednisolone-treated 
patients (n = 18) p-value* p-value#

LV EDV (ml) 80.1 ± 10.1 83.2 ± 6.1 85.7 ± 6.6 83.9 ± 4.7 0.74 0.2

LV ESV (ml) 29.3 ± 5.6 28.8 ± 6.2 28.3 ± 4.2 29.2 ± 5.3 0.49 0.51

LV EF (%) 64.6 ± 4.1 64.2 ± 3.0 63.8 ± 4.0 64.1 ± 3.3 0.35 0.7

IVS (mm) 9.5 ± 0.6 9.7 ± 0.5 9.7 ± 1.7 9.5 ± 2.5 0.39 0.06

PW (mm) 8.5 ± 0.6 8.5 ± 0.4 8.6 ± 0.6 8.5 ± 0.8 0.91 0.82

LAV (ml) 38.7 ± 4.8 39.8 ± 4.0 39.4 ± 3.3 40.4 ± 4.6 0.29 0.43

S′ (cm/s) 7.6 ± 2.9 7.3 ± 3.2 7.2 ± 1.8 7.4 ± 2.5 0.16 0.1

E′ (cm/s) 9.0 ± 3.1 8.6 ± 2.1 7.9 ± 2.5 8.3 ± 1.9 0.18 0.09

E/ E′ 7.8 ± 2.0 9.0 ± 2.6 9.4 ± 3.9 8.5 ± 2.5 < 0.05 < 0.05
IVRT (ms) 86.8 ± 5.5 93.7 ± 10.4 96.7 ± 10.8 90.3 ± 10.1 < 0.01 0.56

E (cm/s) 78.1 ± 12.5 76.9 ± 7.7 76.1 ± 7.4 77.9 ± 8.2 0.13 0.48

A (cm/s) 49.5 ± 9.3 69.3 ± 10.6 67.5 ± 9.9 71.3 ± 11.2 < 0.001 0.28

E/A 1.4 ± 0.2 1.14 ± 0.25 1.1 ± 0.2 1.1 ± 0.2 < 0.001 0.66

DT (ms) 179.8 ± 25.5 199.3 ± 32.6 199.1 ± 35.3 198.6 ± 30.3 < 0.001 0.86

Values are expressed as mean ± SD. 
*For comparisons between RA patients and control group. 
#For comparisons between infliximab- and prednisolone-treated patients. 
LV = left ventricle, EDV = end-diastolic volume, ESV = end-systolic volume, EF = ejection fraction, IVS = interventricular septum, PW = posterior 
wall, LAV = left atrial volume, IVRT = isovolumic relaxation time, DT = deceleration time.

table 3. effects of infliximab treatment on ra parameters  
versus prednisolone-treated patients

Infliximab-treated RA 
patients (n = 20)

Prednisolone-treated RA 
patients (n = 18)

Baseline 3-month p-value Baseline 3-month p-value
CRP 
(mg/dl) 19.9 ± 6.4 4.7 ± 1.2 < 0.05 17.5 ± 7.5 5.6 ± 2.2 < 0.05

DAS-28 6.4 ± 1.0 5.4 ± 1.1 < 0.05 7.1 ± 0.7 6.2 ± 1.0 < 0.05
DASI 3.9 ± 0.8 6.8 ± 0.5 < 0.05 3.6 ± 1.0 6.1 ± 0.9 < 0.05

Values are expressed as mean ± SD. 
CRP = C-reactive protein, DAS-28 = disease activity score 28, DASI = 
Duke activity status index.

table 4. Comparisons of left atrial echocardiographic  
and electrocardiographic parameters between  

rheumatoid arthritis patients and the control group

Controls 
(n = 30)

RA 
patients 
(n = 38) p-value

LAVImax (ml/m2) 19.7 ± 3.9 23.4 ± 3.3 < 0.001
LAVIpreA (ml/m2) 15.1 ± 3.3 17.1 ± 3.4 < 0.01
LAVImin (ml/m2) 10.9 ± 3.2 10.9 ± 2.6 0.915

Pmax (ms) 83.3 ± 9.5 88.6 ± 9.0 < 0.05
Pmin (msec) 41.3 ± 5.7 43.1 ± 7.3 0.255

P dispersion (msec) 42.0 ± 8.0 45.5 ± 6.4 0.056

LA global strain (%) 34.1 ± 10.1 28.3 ± 13.4 < 0.05
LA global systolic strain rate (/s) 1.8 ± 0.3 1.7 ± 0.3 0.053
LA global early diastolic strain 
rate (/s) –1.2 ± 0.2 –1.2 ± 0.3 0.434

LA global late diastolic strain  
rate (/s) –1.0 ± 0.3 –1.1 ± 0.2 0.492

Values are expressed as mean ± SD. 
LA = left atrium, LAVI = left atrial volume index, P = electrocardio-
graphic P wave.
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described reduced myocardial deformation markers assessed 
by STE in addition to abnormal tissue Doppler imaging (TDI) 
parameters in RA patients compared to controls. 

As a further finding, there was a significant increase in Pmax 
in the ECG of RA patients compared to the control group. The 
increase in atrial strain, as well as dilatation and fibrosis bring 
about a heterogenous and different conduction in the atrial 
myocardium.26-28 Such pathophysiological changes can trigger 
atrial re-entry, thus playing an important role in the development 
of atrial fibrillation.26

One of the most important cytokines implicated in the 
progression of chronic heart failure is TNF-alpha.20 Although 
treatment with anti-TNF-alpha agents represents a major 
advance in the treatment of rheumatic disease, its impact on 
cardiovascular risk, especially in RA patients with preserved LV 
function (EF ≥ 50), remains controversial. 

In a study by Santos et al. there was a decrease in cardiac 
output and stroke volume in RA patients without clinical and 
echocardiographical evidence of previous cardiac dysfunction.29 
On the other hand, Listing et al. showed that therapy with anti-

TNF-alpha agents is more likely to be beneficial than harmful 
with regard to the risk of heart failure.30 

In the present study, we showed an improvement in LA global 
strain and volume index parameters in patients who were treated 
with infliximab, a monoclonal antibody against TNF-alpha. 
We used conventional echocardiography and STE. STE is an 
imaging technique, in which ultrasound speckles within the 
image are tracked, and strain is derived from the displacement 
of speckles relative to each other.31 This new modality enables 
accurate and reliable measurements of both global and regional 
myocardial strain and strain rates without the confounding 
effects of angle dependency (Fig. 1).32 

To the best of our knowledge, this is the first study evaluating 
the effects of infliximab on LA function in RA patients. There 
are only limited data on the pathophysiological mechanisms in 
this regard. 

In our study, significant improvement in LA global strain 
and volume indices after infliximab treatment was clearly 
demonstrated. In addition, there was also a remarkable 
improvement in parameters of LV diastolic dysfunction as 

table 5. effects of infliximab therapy on conventional echocardiographic parameters versus prednisolone-treated patients

Infliximab-treated RA patients (n = 20) Prednisolone-treated RA patients (n = 18)
Baseline 3-month p-value Baseline 3-month p-value p-value#

LV EDV (ml) 81.7 ± 6.6 79.7 ± 6.9 0.411 83.9 ± 4.7 85.4 ± 9.8 0.868 0.2

LV ESV (ml) 28.3 ± 4.2 27.2 ± 3.6 0.14 29.2 ± 5.3 27.9 ± 2.6 0.557 0.5

LV EF (ml) 63.8 ± 4.0 64.6 ± 2.8 0.096 64.1 ± 3.3 64.9 ± 2.8 0.35 0.71

IVS (mm) 9.7 ± 1.7 9.5 ± 3.9 0.267 9.5 ± 2.5 9.4 ± 4.6 0.316 0.06

PW (mm) 8.6 ± 0.6 8.3 ± 0.4 0.056 8.5 ± 0.8 8.7 ± 0.4 0.381 0.82

S′ (cm/sec) 7.2 ± 1.8 6.8 ± 0.8 0.258 7.4 ± 2.5 7.6 ± 0.6 0.369 0.1

E′ (cm/sec) 7.9 ± 2.5 9.0 ± 1.3 0.181 8.3 ± 1.9 7.8 ± 2.4 0.6 0.09

E/E′ 9.4 ± 3.9 8.0 ± 1.4 < 0.01 8.5 ± 2.5 8.8 ± 2.4 0.379 < 0.05
E (cm/s) 76.1 ± 7.4 76.0 ± 11.8 0.979 77.9 ± 8.2 79.5 ± 11.7 0.493 0.476

A (cm/s) 67.5 ± 9.9 66.0 ± 7.7 0.221 71.3 ± 11.2 70.2 ± 9.8 0.407 0.284

E/A 1.1 ± 0.2 1.1 ± 0.2 0.758 1.1 ± 0.2 1.1 ± 0.3 0.184 0.656

DT (ms) 199.1 ± 35.3 203.0 ± 34.1 0.609 198.6 ± 30.3 211.5 ± 22.4 0.055 0.858

IVRT (ms) 96.7 ± 10.8 95.3 ± 16.9 0.626 90.3 ± 10.1 90.3 ± 16.8 0.99 0.056

Values are expressed as mean ± SD. 
#For comparisons between infliximab- and prednisolone-treated patients at baseline. 
LV = left ventricle, EDV = end-diastolic volume, ESV = end-systolic volume, EF = ejection fraction, IVS = interventricular septum, PW = posterior 
wall, DT = deceleration time, IVRT = isovolumic relaxation time.

table 6. effects of infliximab therapy on left atrial echocardiographic and electrocardiographic  
parameters versus prednisolone-treated patients

Infliximab-treated RA patients (n = 20) Prednisolone-treated RA patients (n = 18)
Baseline 3-month p-value Baseline 3-month p-value p-value#

LAVImax (ml/m2) 23.1 ± 2.9 21.9 ± 2.3 < 0.05 23.7 ± 3.7 23.3 ± 2.1 0.453 0.435

LAVIpreA (ml/m2) 16.8 ± 2.7 15.8 ± 2.1 < 0.01 17.5 ± 3.0 17.6 ± 3.1 0.892 0.369

LAVImin (ml/m2) 11.4 ± 2.2 11.0 ± 2.1 0.082 10.4 ± 2.9 10.1 ± 1.5 0.368 0.066

Pmax (ms) 86.0 ± 8.8 82.0 ± 10.5 0.072 91.6 ± 8.5 87.7 ± 10.6 0.09 0.052

Pmin (ms) 42.5 ± 7.8 41.0 ± 12.5 0.505 43.8 ± 6.9 42.7 ± 14.4 0.749 0.568

P dispersion (ms) 43.5 ± 7.4 41.0 ± 7.1 0.056 47.7± 4.2 45.0 ± 7.8 0.172 < 0.05
LA global strain (%) 25.4 ± 10.6 30.4 ± 2.6 < 0.05 31.5 ± 14.7 36.3 ± 6.9 0.21 0.181

LA global systolic strain rate (ms) 1.6 ± 0.3 1.7 ± 0.2 0.073 1.7 ± 0.3 1.7 ± 0.4 0.536 0.59

LA global early diastolic strain rate (/s) –1.1 ± 0.3 –1.2 ± 0.3 0.098 –1.2 ± 0.3 –1.2 ± 0.2 0.751 0.596

LA global late diastolic strain rate (/s) –1.2 ± 0.2 –1.2 ± 0.2 0.567 –1.0 ± 0.2 –1.1 ± 0.2 0.367 < 0.01

Values are expressed as mean ± SD. 
#For comparisons between infliximab- and prednisolone-treated patients at baseline. 
LA = left atrium, LAVI = left atrial volume index.
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shown by ‘better’ E/E′ values following infliximab treatment. 
E/E′ value, which is used as an index of LV filling pressures, 
correlates strongly with LV diastolic dysfunction.33-35 

There are two possible explanations for these findings. First, 
we may speculate that LV diastolic dysfunction in patients 
with RA may be a result of inflammation-induced endothelial 

dysfunction, a common finding in this patient group.21,22 Anti-
TNF-alpha agents may restore endothelial function in these 
patients, which in turn reduces LV diastolic dysfunction and leads 
to ‘relief’ of LA.36,37 Second, as assessed with magnetic resonance 
imaging, LA strain has been related to LA structural remodelling 
and fibrosis of the atrial wall.38 By reducing inflammation 

Fig. 1.  Composite figures showing measurement of peak atrial longitudinal strain (A) and strain rate (B) using speckle tracking 
echocardiography. AVO = aortic valve opening, AVC = aortic valve closure, MVO = mitral valve opening, MVC = mitral valve 
closure, BA = basal anterior, BI = basal inferior, MA = mid-anterior, MI = mid-inferior, ApA = apical anterior, ApI = apical 
inferior.

a

B
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mediators with anti-TNF-alpha agents, the fibroblast activity and 
collagen deposition in the LA myocardium may be diminished, 
which consequently could lead to improvement in LA function.

There are some limitations to this study. The first was the 
rather small number of RA patients in each subgroup, which 
limited the power of comparison. Further studies with larger 
numbers are needed to assess the effects of infliximab on stain 
and strain rate parameters of LA. The second limitation was the 
duration of treatment, which was only three months. The impact 
of the medication on cardiac function could have been much 
more impressive with a longer period of treatment.

Conclusion
In this study, we demonstrated significant echocardiographical 
LA abnormalities in RA patients compared with the control 
group, in the presence of preserved LV systolic function. The 
early detection of myocardial abnormalities by conventional 
echocardiography and STE may be useful for better clinical 
assessment and treatment of cardiovascular disease. Furthermore, 
we showed a meaningful increase in Pmax in the ECG of 
RA patients, which may contribute to the development of 
supraventricular arrhythmias. It was also found that patients with 
RA and preserved ejection fraction had significant improvement 
in LA function with anti-TNF-alpha treatment compared to 
patients treated with prednisolone.

References
1. Naz SM, Symmons DP. Mortality in established rheumatoid arthritis. 

Best Pract Clin Rheumatol 2007; 21: 871–883.

2. Harris ED Jr. Rheumatoid arthritis. Pathophysiology and implications 

for therapy. N Engl J Med 1990; 322: 1277–1289.

3. Feldmann M, Brennan FM, Maini RN. Role of cytokines in rheumatoid 

arthritis. Ann Rev Immunol 1996; 14: 397–440.

4. Mann DL. Inflammatory mediators and the failing heart: past, present, 

and the foreseeable future. Circ Res 2002; 91: 988–998.

5. Maini R, St. Clair EW, Breedveld F, Furst D, Kalden J, Weisman M, et 

al. Infliximab (chimeric anti-tumor necrosis factor alpha monoclonal 

antibody) versus placebo in rheumatoid arthritis patients receiving 

concomitant methotrexate: a randomized phase III trial. ATTRACT 

Study Group. Lancet 1999; 354: 1932–1939.

6. Maini RN, Breedveld FC, Kalden JR, Smolen JS, Furst D, Weisman 

MH, et al. Anti- Tumor Necrosis Factor Trial in Rheumatoid Arthritis 

with Concomitant Therapy Study Group Sustained improvement over 

two years in physical function, structural damage, and signs and symp-

toms among patients with rheumatoid arthritis treated with infilximab 

and methotrexate. Arthritis Rheum 2004; 50: 1051–1065. 

7. Moreland LW, Schiff MH, Baumgartner SW, Tindall EA, Fleischmann 

RM, Bulpitt KJ, et al. Etanercept therapy in rheumatoid arthritis. A 

randomized, controlled trial. Ann Intern Med 1999; 130: 478–486. 

8. Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF, Cooper 

NS, et al. The American Rheumatism Association 1987 revised criteria 

for the classification of rheumatoid arthritis. Arthritis Rheum 1998; 31: 

315–324.

9. Sokka T, Kankainen A, Hannonen P. Scores for functional disability in 

patients with rheumatoid arthritis are correlated at higher levels with 

pain scores than with radiographic scores. Arthritis Rheum 2000; 43: 

386–389.

10. Hlatky MA, Boineau RE, Higginbotham MB, Lee KL, Mark DB, 

Califf  RM, et al. A brief self  administered questionnaire to determine 

functional capacity (the Duke Activity Status Index). Am J Cardiol 1989; 

64: 651–654.

11. Shiller NB, Shah PM, Crawford M, DeMaria A, Devereux 

R, Feigenbaum H, et al. Recommendations for quantification of 

the left ventricle by two-dimensional echocardiography. American 

Society of Echocardiography Committee on Standards, Subcommitee 

on Quantition of Two-Dimensional Echocardiograms. J Am Soc 

Echocardiogr 1989; 2: 358–367.

12. Pritchett AM, Jacobsen SJ, Mahoney DW, Rodeheffer RJ, Bailey KR, 

Redfield MM. Left atrial volume as an index of left atrial size: a popu-

lation-based study. J Am Coll Cardiol 2003; 41: 1036–1043.

13. Gilman G, Nelson TA, Hansen WH, Khandheria BK, Ommen SR. 

Diastolic function: a sonographers approach to the essential echocardio-

graphic measurements of left ventricular diastolic function. J Am Soc 

Echocardiogr 2007; 20(2): 199–209.

14. Leitman M, Lysyansky P, Sidenko S, Shir V, Peleg E, Bienenbaum M, 

et al. Two dimensional strain- a novel software for real-time quantita-

tive echocardiographic assessment of myocardial function. J Am Soc 

Echocardiog 2004; 17(10): 1021–1029.

15. Dilaveris PE, Gialafos EJ, Sideris SK, Theopistou AM, Andikopoulos 

GK, Kyrakidis M, et al. Simple electrocardiographic markers for the 

prediction of paroxysmal idiopathic atrial fibrillation. Am Heart J 1998; 

135: 733–738. 

16. Weber UK, Osswald S, Huber M, Buser P, Skarvan K, Stulz P, et al. 

Selective versus non-selective antiarrhythmic approach for prevention of 

atrial fibrillation after coronary surgery: is there a need for pre-operative 

risk stratification? A prospective placebo-controlled study using low-

dose sotalol. Eur Heart J 1998; 19: 794–800.

17. Szabo Z, Kakuk G, Fulop P, Matyus J, Balla J, Karpati I, et al. Effects 

of haemodialysis on maximum P wave duration and P wave dispersion. 

Nephrol Dial Transplant 2002; 17: 1634–1638.

18. del Rincon ID, Williams K, Stern MP, Freeman GL, Escalante A. High 

incidence of cardiovascular events in a rheumatoid arthritis cohort not 

explained by traditional cardiac risk factors. Arthritis Rheum 2001; 44: 

2737–2745.

19. Sitia S, Atzeni F, Sarzi-Puttini D, Di Bello V, Tomasoni L, Delfino L, 

et al. Cardiovascular involvement in systemic autoimmune diseases. 

Autoimmun Rev 2009; 8: 281–286.

20. Anker SD, von Haehling S. Inflammatory mediators in chronic heart 

failure: an overview. Heart 2004; 90: 464–470.

21. Bhatia GS, Sosin MD, Patel JV, Grindulis KA, Khattak FH, Hughes 

EA, et al. Left ventricular systolic dysfunction in rheumatoid disease: an 

unrecognized burden. J Am Coll Cardiol 2006; 47: 1169–1174.

22. Corrao S, Salli L, Arnone S, Scaglione R, Pinto A, Licata G. Echo-

Doppler left ventricular filling abnormalities in patients with rheuma-

toid arthritis without clinically evident cardiovascular disease. Eur J Clin 

Invest 1996; 26(4): 293–297.

23. Maradit-Kremers H, Nicola PJ, Crowson CS. Cardiovascular death in 

rheumatoid arthritis: a population base study. Arthritis Rheum 2005; 

52: 722–732.

24. Ikonomidis I, Lekakis JP, Nikolaou M, Paraskevaidis I, Andreadou I, 

Kaplanoglou T, et al. Inhibition of interleukin-1 by anakinra improves 

vascular and left ventricular function in patients with rheumatoid arthri-

tis. Circulation 2008; 117: 2662–2669

25. Ikonomidis I, Tzortzis S, Lekakis J, Paraskevaidis I, Andreadou I, 

Nikolaou M, et al. Lowering interleukin-1 activity with anakinra 

improves myocaridial deformation in rheumatoid arthritis. Heart 2009; 

95:1502–1507.

26. Cha YM, Redfield MM, Shen WK, Gersh BJ. Atrial fibrillation and 



CARDIOVASCULAR JOURNAL OF AFRICA • Volume 25, No 4, July/August 2014AFRICA 175

ventricular dysfunction: a vicious electromechanical cycle. Circulation 

2004; 109: 2839–2843.

27. Tukek T, Akkaya V, Demirel S, Sozen AB, Kudat H, Atilgan D, et al. 

Effect of Valsava maneuver on surface electrocardiographic P-wave 

dispersion in paroxysmal atrial fibrillation. Am J Cardiol 2000; 85: 

896–899.

28. Yılmaz R, Demirbag R. P-wave dispersion in patients with stable coro-

nary artery disease and its relationship with severity of the disease. J 

Electrocardiol 2005; 38: 279–284.

29. Santos RC, Figueiredo VN, Martins LC, de Haro Moraes C, Quinaglia 

T, Boer-Martins L, et al. Infliximab reduces cardiac output in rheuma-

toid arthritis patients without heart failure. Rev Assoc Med Bras 2012; 

58: 698–702.

30. Listing J, Strangfeld A, Kekow J, Schneider M, Kapelle A, Wassenberg 

S, et al. Does tumor necrosis factor alpha inhibition promote or prevent 

heart failure in patients with rheumatoid arthritis? Arthritis Rheum 2008; 

58: 667–677.

31. Liu YY, Xie MX, Xu JF, Wang XF, Lv Q, Lu XF, et al. Evaluation 

of left atrial function in patients with coronary artery disease by two-

dimensional stain and strain rate imaging. Echocardiography 2011; 28: 

1095–1103.

32. Altekin RE, Yanikoglu A, Baktir AO, Karakas MS, Ozel D, Cilli A, 

et al. Assessment of subclinical left ventricular dysfunction in obstruc-

tive sleep apnea patients with speckle tracking echocardiography. Int J 

Cardiovasc Imaging 2012; 28: 1917–1930.

33. Lee SW, Choi EY, Jung SY, Choi ST, Lee SK, Park YB. E/E’ ratio is 

more sensitive than E/A ratio for detection of left ventricular dias-

tolic dysfunction in patients with systemic sclerosis. Clin Exp Rheumatol 

2010; 28: S12–17.

34. Lee SW, Park MC, Park YB, Lee SK. E/E′ ratio is more sensitive than 

E/A ratio for detection of left ventricular diastolic dysfunction in 

systemic lupus erythematosus. Lupus 2008; 17: 195–201.

35. Kloch-Badelek M, Kuznetsova T, Sakiewicz W, Tikhonoff V, Ryabikov 

A, Gonzalez A, et al. European Project On Genes in Hypertension 

(EPOGH) Investigators Prevalence of left ventricular diastolic dysfunc-

tion in European populations based on cross-validated diagnostic 

thresholds. Cardiovasc Ultrasound 2012; 10: 10.

36. Sidiropoulos PI, Siakka P, Pagonidis K, Raptopoulou A, Kritikos H, 

Tsetis D, et al. Sustained improvement of vascular endothelial func-

tion during anti-TNF-alpha treatment in rheumatoid arthritis patients. 

Scand J Rheumatol 2009; 38: 6–10.

37. Hürlimann D, Forster A, Noll G, Enseleit F, Chenevard R, Distler O, 

et al. Anti-tumor necrosis factor-alpha treatment improves endothelial 

function in patients with rheumatoid arthritis. Circulation 2002; 106: 

2184–2187.

38. Kuppahally SS, Akoum N, Burgon NS, Badger TJ, Kholmovski EG, 

Vijayakumar S, et al. Left atrial strain and strain rate in patients with 

paroxysmal and persistent atrial fibrillation: relationship to left atrial 

structural remodeling detected by delayed-enhancement MRI. Circ 

Cardiovasc Imaging 2010; 3: 231–239. 

low-density-lipoprotein cholesterol does not predict cardiac risk 
in diabetes

Low-density-lipoprotein cholesterol (LDL-C) level wasn’t a good 
predictor of cardiovascular disease in type 1 diabetes, but the 
total cholesterol-to-high-density lipoprotein cholesterol (HDL-
C) ratio appeared more reliable, an observational study has 
shown. Dr  Christel Hero, of Sahlgrenska University Hospital 
in Gothenburg, Sweden, and colleagues reported that LDL-C 
had modest associations with the development of cardiovascular 
disease but no consistent dose response above the 100-mg/dl 
threshold for statin treatment in this population (American 
Diabetes Association 2014; Abstract 301-OR).

In type 1 diabetes patients already on statins, LDL-C levels 
didn’t have any significant link to subsequent cardiovascular 
disease in the Swedish National Diabetes Registry data. The 
total cholesterol-to-HDL-C ratio had similarly modest links to 
cardiovascular disease in patients on or off lipid medications, but 
with a consistent rise in risk across categories. Hero added, ‘The 
ratio of total cholesterol to HDL-C is a more reliable marker for 
risk when considering primary prevention.’

Dr Fernando Ovalle, director of  the Comprehensive 
Diabetes Centre of the University of Alabama in Birmingham, 
commented, ‘The findings emphasised how much remains 
unknown about cardiovascular disease in type 1 diabetes. We 
made a lot of assumptions and jumped to a lot of conclusions 

that the markers of cardiovascular disease and treatments for 
prevention of cardiovascular diseases will be the same in type 
1 diabetes as in type 2, and that just may not be the case. This 
could potentially change how we see the use of statins and the 
assessment of cardiovascular risk in general.’

Dr Elizabeth Seaquist, president for medicine and science and 
a moderator at the session, cautioned, ‘Don’t toss out LDL-C 
in clinical practice just yet.’ Dr Seaquist continued by saying 
that LDL-C may not be as strong a predictor for cardiovascular 
disease as in type 2 diabetes, as has been suspected from prior 
studies, but further research is needed to determine what 
to use in the clinic. ‘These patients are still at great risk for 
cardiovascular events, and we need to make certain that we’re 
doing the right things to prevent that’, she said. ‘It will help us if  
we were to do a trial to determine the benefits of lipid-lowering 
in type 1 patients.’

This study was published as an abstract and presented at a conference. These 

data and conclusions should be considered preliminary until published in a 

peer-reviewed journal.

Source: http://www.diabetesincontrol.com/articles/53-/16480-ada-ldl-doesnt-

predict-heart-risk-in-diabetes
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