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Analysis of heart rate variability in patients with chronic 
rheumatoid arthritis

hematologic, and ocular complications.[7] Cardiovascular 
morbidity in RA is more common and may be up to 
40%.[6] The most common cause of cardiovascular 
disease in RA is coronary artery disease, followed 
by pericarditis.[8] Others include pericardial effusion, 
cardiomyopathy, myocarditis, coronary vasculitis, 
arrhythmia, valvular heart disease, and ischemic heart 
disease.[9] Higher incidence of congestive cardiac failure, 
unrecognized myocardial infarction, and sudden death is 
also seen. About 49.5% of deaths in RA patients are due 
to cardiovascular causes.[8] Earlier the risk associated with 
cardiac autonomic nervous system  (ANS) dysfunction 
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Abstract
Background and Aim: Rheumatoid arthritis (RA) is one of the most common debilitating autoimmune disorders associated 
with morbidity and mortality. Apart from articular causes, the cardiovascular system plays an important role in untoward incidents 
of the disease. The cardiac risk in them can be estimated by analyzing the autonomic nervous system. Heart rate variability (HRV) 
analysis is reliable for testing the cardiac autonomic function. In the present study, we have planned to assess the HRV in RA 
patients and to compare it with the HRV of normal healthy individuals without RA.
Methods: The study group  (Group 1) comprised 50 patients of established RA  (12 males and 38  females). The control 
group (Group 2) comprised 50 healthy age‑ and sex‑matched individuals (9 males and 41 females). Short‑term HRV recordings 
of 5  min were done using Multichannel Physiopac PP‑8 machine. Normalized low‑frequency power  (LFnu), normalized 
high‑frequency power (HFnu), and low frequency/high frequency (LF/HF) ratio were analyzed using Kubios HRV software. 
Statistical analysis was done using Student’s t‑test. P < 0.05 was considered statistically significant.
Results: When compared to control group, LFnu and LF/HF ratio increased significantly and HFnu decreased significantly in RA 
patients. Increase in LFnu shows predominant sympathetic activity, and decrease in HFnu shows parasympathetic attenuation.
Conclusion: RA is associated with sympathovagal imbalance in the form of sympathetic overactivity and vagal withdrawal.
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INTRODUCTION

Rheumatoid arthritis  (RA) is a chronic inflammatory 
autoimmune disease primarily affecting the joints, leading 
to severe disability and premature mortality.[1] Global 
prevalence is approximately 0.5%–1%.[2] Prevalence of RA 
in India is 0.19% in men and 1.24% in women.[3,4] Onset of 
the disease is predominantly in the third to fifth decades 
of life. Higher incidence is seen in first‑degree relatives. 
RA is related to lifestyle and socioeconomic class.[5] RA 
has predominant articular manifestations. Extra‑articular 
manifestations are also seen in 40% of patients.[6] Patients 
with high titers of rheumatoid factor usually exhibit 
extra‑articular manifestations, namely, rheumatoid 
nodules, rheumatoid vasculitis, pleuropulmonary, 
gastrointestinal, neurological, cardiovascular, cutaneous, 
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was seldom studied. With the advent of technology 
and better understanding of the mechanisms regulating 
the nervous system, research has turned towards the  
etiopathogenesis of cardiac events in RA. Heart rate 
variability  (HRV) is defined as variations in normal R‑R 
intervals. These are due to modulation of sinus node 
function by cardiac ANS activity.[10]

The HRV analysis is an easily reproducible noninvasive 
cardiac autonomic funct ion test . [11,12] I t  is  an 
electrocardiographic marker reflecting the autonomic 
activity of the sinus node. It detects the variation in 
instantaneous heart rate and R‑R intervals. A  highly 
variable heart rate is a good sign of adaptability indicating 
a healthy individual with a well‑functioning ANS. 
Decreased HRV indicates impending cardiovascular 
pathology.[13‑18] Therefore, the aim of the present study is 
to assess the nature of autonomic dysfunction in chronic 
RA patients.

MATERIALS AND METHODS

This study was conducted in the Department of Physiology, 
SRM Medical College Hospital and Research Centre, 
Chennai. Ethical Committee clearance was obtained. 
Fifty confirmed RA patients of the age group 30–65 years 
attending the Rheumatology Department were selected 
for the study. RA factor and C‑reactive protein were 
estimated to know the disease activity. Rhelax–CRP 
kit and Rhelax–RF kit from Tulip Diagnostics, India, 
were used for the assessment. The 2010 American 
College of Rheumatology/European League Against 
Rheumatism Classification criteria was used to select the 
patients.[1] Study group (Group 1) comprised 38 females 
and 12 males. Fifty age‑  and sex‑matched healthy 
volunteers without RA were selected as the control 
group (Group 2). Subjects with other forms of arthritis, 
symptomatic cardiac illness, ischemic heart disease, 
respiratory illness, hypertension, pregnancy, patients 
in severe pain, males and females of age <30  years 
and >66 years were excluded from the study.

The test was performed between 8 AM and 11 AM. The 
subjects were asked to refrain from tobacco and strenuous 
exercise on the day of the test. Two‑hour fasting was 
recommended before the test. The electrophysiology 
laboratory was maintained at normal room temperature. 
They were given a period of 15 min to get accustomed 
to the surroundings. Test procedure was explained, and 
written informed consent was obtained before starting 
the recording. They were instructed not to sleep, talk, or 
move during the recording. Vital signs, height, weight, 
body mass index  (BMI), systolic blood pressure  (SBP), 
and diastolic blood pressure  (DBP) were recorded. The 
subject was then asked to lie supine for 15 min. HRV 

recording was done using Multichannel Physiopac‑PP8 
machine having 8 channels, electrocardiogram box, 
four limb leads, and one chest lead. Continuous sinus 
rhythm without artifacts was recorded for 5 min using 
lead II. The data were then transferred to Kubios HRV 
Software (version 2.0) from Biosignal analysis and Medical 
Imaging group, Department of Physics, University of 
Kuopio, Finland, for further analysis. The frequency domain 
variables are low‑frequency (LF) waves of 0.04–0.15 Hz, 
high‑frequency (HF) waves of 0.15–0.4 Hz, very LF (VLF) 
waves of ≤0.04 Hz. The ratio between the LF and HF 
waves (LF/HF ratio) indicates the sympathovagal balance. 
VLF measurement is dubious and hence avoided in 
short‑term recordings.[11] LF waves are considered as a 
marker of sympathetic activity.[19‑21] HF waves indicate vagal 
activity.[22,23] The power components can be measured as 
absolute values or in normalized units.[19] Normalization 
explains the balanced behavior of the ANS. It also reduces 
the effect in the frequency values when there is a change 
in the total power.[11] The variables considered here are 
normalized low‑frequency power  (LFnu), normalized 
high‑frequency power (HFnu), and LF/HF ratio.

Statistical analysis of data
The data were analyzed using SPSS software version 18.0 
(SPSS Inc., Chicago, IL, USA). The data were expressed 
as mean ± standard deviation. Analysis was done by 
Student’s t‑test. P < 0.05 was considered statistically 
significant.

RESULTS

Table 1 shows the general characteristics of both study 
group and control group subjects. There is no significant 

Table 1: Comparison of general characteristics among 
the study group (Group 1) and control group (Group 2) 
subjects
Parameter Group n Mean±SD P
Age Group 1 50 48.28±1.646 0.007

Group 2 50 42.92±1.024
Body 
weight

Group 1 50 67.77±1.118 0.933
Group 2 50 67.94±1.67

BMI Group 1 50 25.4916±0.3176 0.502
Group 2 50 24.9506±0.736

Heart rate Group 1 50 75.76±0.617 0.012
Group 2 50 78.8±1.014

SBP Group 1 50 121.52±1.373 0.005
Group 2 50 116.16±1.248

DBP Group 1 50 78.08±0.996 0.199
Group 2 50 76.36±0.881

MAP Group 1 50 92.5±1.0175 0.0028
Group 2 50 89.46±0.8904

Data expressed are mean±SD. Analysis of data was done by Student’s 
t‑test. P<0.05 was considered statistically significant. BMI: Body mass 
index, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, MAP: 
Mean arterial pressure, SD: Standard deviation
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DISCUSSION

The HRV changes in RA are due to subclinical 
inflammation.[24,25] Autonomic neuropathy may be present 
in any kind of connective tissue disorder even in preclinical 
stage. This is related to the presence of autoantibodies 
against ANS and may play a role in the pathogenesis of 
autonomic dysfunction.[26] Research in RA to detect the 
presence and type of cardiac autonomic dysfunction 
has led to various theories. Few support sympathetic 
overactivity as a reason for alteration of HRV.[13,27,28] 
An equal number of studies support parasympathetic 
predominance as well.[29,30] Bekkelund et al., Tumiati et al., 
and Piha and Voipio‑Pulkki concluded that there is no 
autonomic dysfunction in patients with RA.[31-34] However, 
in the present study, we found that the HRV parameters, 
namely, LF power and LF/HF ratio representing sympathetic 
activity were significantly more in RA patients whereas HF 
power representing the cardiac vagal modulation was 
significantly less in RA patients when compared to the 
control group subjects. The results clearly indicate that 
there is sympathetic overactivity in RA patients. This 
increased sympathetic activity could be due to increased  
inflammatory markers and immunological cytokines in RA 
patients as inflammatory markers if chronically elevated 
are known to stimulate the sympathetic activity.

In the present study, SBP was higher in patients with 
RA compared to the control group. It was predicted that 
sympathetic predominance would increase the heart rate, 
but conversely, the heart rate was lesser compared to the 
comparison group. The reason for this aberration from 
the normal is not clearly understood.

RA is one of the most disabling conditions known 
to humankind. Its severe morbidity associated with 
the articular manifestations is well known. Now, the 
nonarticular manifestations of RA also gain importance 
because of their contribution to the morbidity and 
mortality. The life expectancy of RA patients is found 
to be decreased by 5–10 years. The economic burden 
of the patients has increased due to the increasing cost 
of investigations to detect or predict the development of 
complications associated with RA. HRV analysis proves 
to be an easy, noninvasive, cost‑effective, reproducible, 
and reliable tool for detection of upcoming cardiac events. 
It will help the clinician to foresee the possible cardiac 
event, thereby providing a better treatment protocol for 
RA patients. In turn, it helps in decreasing the disease 
burden and improves the quality of their life.

Limitations of the study
The major limitation is that we have not done the 
correlation and regression analysis for assessing the 
duration of the disease with the degree of sympathovagal 

difference in the BMI between Group 1 and Group 2. 
There is a significant decrease in heart rate  (P < 0.05) 
and significant increase in SBP  (P <  0.01) and mean 
arterial pressure (P < 0.01) in Group 2 whereas DBP did 
not show any significant difference between both the 
groups [Table 1].

Table 2 shows the frequency domain indices between 
study and control group of subjects. LFnu and LF/HF 
ratio increased significantly  (P < 0.001) whereas HFnu 
decreased significantly  (P <  0.001) in Group  1 when 
compared to Group 2.

Table 3 shows the time domain parameters such as the 
square root of the mean of the sum of the squares of 
differences between adjacent NN Intervals  (RMSSD), 
standard deviation of all NN intervals (SDNN), number of 
pairs of adjacent NN intervals differing by >50 ms in the 
entire recording (NN50), and NN50 count divided by the 
total number of all NN intervals (pNN50) between the two 
groups. RMSSD and SDNN did not show any significant 
difference between the two groups. NN50 (P = 0.01) and 
pNN50 (P < 0.05) were significantly less in Group 1 when 
compared to Group 2 subjects.

Table 2: Frequency domain variables between study 
and control group of subject
Parameter Group n Mean value P
LFnu Group 1 50 76.32±1.37 <0.0001

Group 2 50 65.84±1.06
HFnu Group 1 50 23.68±1.37 <0.0001

Group 2 50 33.62±0.91
LF/HF ratio Group 1 50 3.67±0.18 <0.0001

Group 2 50 2.08±0.10
Data expressed are mean±SD. Analysis of data was done by Student’s 
t‑test. P<0.05 was considered significant. LFnu: Normalized 
low‑frequency power, HF: Normalized high‑frequency power, 
nu: Normalized units, LF/HF ratio: Low frequency/high frequency ratio, 
SD: Standard deviation

Table 3: Time domain variables between study and 
control group of subjects
Parameter Group n Mean value P
RMSSD Group 1 50 15.8±2.8146 0.839

Group 2 50 15.188±1.0745
SDNN Group 1 50 22.34±2.647 0.168

Group 2 50 26.76±1.768
NN50 Group 1 50 2.34±0.565 0.01

Group 2 50 4.92±0.811
pNN50 Group 1 50 1.088±0.2478 0.04

Group 2 50 1.824±0.2527
Data expressed are mean±SD. Analysis of data was done by Student’s 
t‑test. P<0.05 was considered significant. RMSSD: The square 
root of the mean of the sum of the squares of differences between 
adjacent NN Intervals, SDNN: Standard deviation of all NN intervals, 
NN50: Number of pairs of adjacent NN intervals differing by >50 ms in 
the entire recording, pNN50: NN50 count divided by the total number 
of all NN intervals, SD: Standard deviation
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imbalance. Another limitation is that the study was carried 
out only in patients from a single geographical area. 
Changes in HRV based on race and ethnicity have not 
been assessed.

CONCLUSION

HRV is altered in the form of sympathetic overactivity 
and vagal inhibition. Future studies may be conducted 
to assess the role of autonomic imbalance in the 
causation of cardiovascular morbidities and mortalities 
in RA.
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