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Abstract 

Rheumatoid arthritis is common inflammatory arthritis arising throughout the world. A chronic systemic inflammatory autoimmune disorder is 

known as Rheumatoid arthritis (RA). Principally it affects the joints and usually accompanied by one or more of extra-articular manifestations 

as rheumatoid nodules, neuropathy and norm chromic normocytic anemia. Rheumatoid arthritis can start at any age, but has maximum between 

35 to 55 years of age. The prevalence of RA is about 1% worldwide whereas India is 0.9% with women suffering 3-5 times more than men. 

Sympathetic and parasympathetic involvement has described in primary and secondary vasculitis processes, as in systemic vasculitis processes 

like: SLE, RA. Peripheral nervous system is the main target in RA patients where as involvement of central nervous system (CNS) is rare. The 

aim of this study was to evaluate cardiac autonomic function in RA and compare with healthy individuals by using HRT analysis. Materials and 

Methods: A cross-sectional study was performed which was carried out in the Dept. of Physiology at Zydus Medical College and Hospital. It 

was carried out on both males and females of mean age group 45±10 years to study autonomic functions in RA. Total 50 individuals were 

include in which 25 were included as healthy individuals with not on any medication, served as controls and 25 were diagnosed with RA, on the 

basis of criteria developed by American College of Rheumatology along with sex matched controls. Details of history and examination were 

recorded on Performa. Patients were examined for signs and symptoms of possible Autonomic Nervous System (ANS) dysfunctions. Result: 50 

individuals were include in this study which were grouped into Study group (Group – A) and Control group (Group – B). Group – A consisted 

of 25 individuals who were diagnosed with rheumatoid arthritis on basis of criteria developed by American College of Rheumatology. Group – 

B consisted of 25 healthy individuals not on any medication as to explain normal changes. The 30:15 ratio and valsalva maneuver demonstrated 

a less decrease but was non-significant statistically in the patients with Rheumatoid Arthritis as compared to control (p>0.05). On standing the 

blood pressure response the change in diastolic blood pressure was significantly (P<0.01) lower in groups A as compared to control. 

Conclusion: Cardiovascular autonomic function tests in routine clinical examination helpful in early detection of autonomic dysfunction in this 

disease. Further comprehensive information are useful about autonomic function may be extracted from global evaluation of all tests performed. 

Therefore testing of autonomic function may be the part of routine clinical evaluation in RA to reduce the cardiovascular autonomic morbidity. 
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Introduction 

Rheumatoid arthritis is common inflammatory arthritis arising 

throughout the world.[2] A chronic systemic inflammatory 

autoimmune disorder is known as Rheumatoid arthritis (RA). 

Principally it affects the joints and usually accompanied by one or 

more of extra-articular manifestations as rheumatoid nodules, 

neuropathy and normochromic normocytic anemia[3,4] such as 

weight loss, anemia, rheumatoid nodules, rheumatoid vasculitis, 

etc. Rheumatoid arthritis can start at any age, but has maximum 

between 35 to 55 years of age.[5] The prevalence of RA is about 1% 

worldwide whereas India is 0.9% with women suffering 3-5 times 

more than men.[6] The affection of the sympathetic and/or 

parasympathetic nerve fibers causes Autonomic neuropathy which 

clinically manifests as clammy, cold, palpitation, cyanotic 

extremities, peripheral vasospasm, syncopal attacks, orthostatic 

hypotension and sexual dysfunction.[7,8] Sympathetic and 

parasympathetic involvement has described in primary and 

secondary vasculitis processes, as in systemic vasculitis processes 

like: SLE, RA.[9] According to studies on western population, 

activity of sympathetic nervous system is significantly elevated in 

RA patients.[10] Peripheral nervous system is the main target in RA 

patients where as involvement of central nervous system (CNS) is 

rare. Although in RA patients’ cardiac involvement is not always 

symptomatic, it has shown, due to cardiovascular events there was 

a significantly increased mortality ratio[11,12,13] In 1999 Louthrenoo 

W, Ruttanaupawan et al showed 47% of RA patients had 

symptoms suggesting ANS dysfunction without any correlation 

with disease duration, or raised ESR.[14] The aim of this study was 

to evaluate cardiac autonomic function in RA and compare with 

healthy individuals by using HRT analysis. 

Materials and Methods 

A cross-sectional study was performed which was carried out in 

the Dept. of Physiology at Zydus Medical College and Hospital. It 

was carried out on both males and females of mean age group 

45±10 years to study autonomic functions in RA. Total 50 

individuals were include in which 25 were included as healthy 

individuals with not on any medication, served as controls and 25 

were diagnosed with RA, on the basis of criteria developed by 

American College of Rheumatology[15] along with sex matched 

controls. The procedures were in accordance with the ethical 

standards of the committee of the institute. Special care was taken 
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so that any relevant history will not miss. Details of history and 

examination were recorded on Performa. Patients were examined 

for signs and symptoms of possible Autonomic Nervous System 

(ANS) dysfunctions including orthostatic hypotension (blurred 

vision, sensation of weakness and unsteadiness, light headedness, 

fainting or syncope on standing), perspiration, palpitations and 

Raynaud’s phenomenon. The written consent of subjects was taken 

on inform consent form in local language. 

CRITERIA FOR EVALUATION: To evaluate cardiac 

Parasympathetic nervous system functions following tests were 

performed:  

1. Heart rate response to standing (30:15 Ratio): 

Individuals was ask to lie comfortably and ECG was recorded in 

lead II continuously on cardio fax for 30sec , then asked to stand 

up unaided, the point when the patient standing was marked on 

ECG. The ECG was recorded for 1 minute from standing. with a 

help of ruler the R-R intervals were measured on ECG. The 30:15 

ratios was calculated by taking ratio of longest RR interval at beat 

30 and shortest R-R interval at beat 15 after standing. A 30:15 ratio 

of 1.00 was taken as normal and value of <1.00 was considered 

abnormal.[16]  

             
                         

                       
 

2. Heart rate response to lying down (Standing / Lying Ratio): 

Individual was asked to stand quietly; then lie down without any 

support while continuous ECG was recorded from 20 beats before 

to 60 beats after lying down. The point at which individual started 

to lie down was marked. S/L ratio was calculated as longest R-R 

interval during 5 beats before lying down to shortest R-R interval 

during 10 beats after lying down[17] S/L is test for parasympathetic 

damage. An S/L ratio of >1 was taken as abnormal. An S/L ratio of 

<1 was taken abnormal.[18] 

           
                                                   

                                                     
 

3. Heart Rate variation during deep breathing 

(Expiration/inspiration Ratio):  

Individual was asked to breathe deeply at rate of six breaths per 

minute. During deep inspiration and expiration a standard ECG 

recording was recorded. Variation in heart rate was calculated as 

ratio of longest R-R interval during expiration to shortest R-R 

interval during inspiration.[19] A value of 1.20 or higher was taken 

as normal.[20] 

                              
                                      

                                          
 

For evaluation of cardiac sympathetic nervous system functions 

following tests were performed: 

1. B.P response to Standing  

Individual was asked to stand and remain motionless from supine 

position within 3-4 sec. Blood pressure was recorded in 30 second 

interval. Difference between SBP recorded in lying position and 

then after standing was calculated. Normal response is taken as 20-

30mm Hg of systolic and >20 mm Hg diastolic (AAS & AAN, 

1996) is taken abnormal.[21] 

2. B.P response to Valsalva maneuver (VM ratio) 

3. B.P response to sustained hand grip 

Details of procedure were explained and baseline BP was recorded 

with the help of sphygmomanometer. The individual was asked to 

hold the hand grip dynamometer in right hand and was instructed 

to compress the hands with maximum effort. The tension 

developed was measured, 3 readings were taken and mean of three 

readings was taken as Tmaxmaximal isometric tension.[22] The 

diastole BP rise at the point just before the release of hand grip was 

taken as index of response to hand grip test. The value of more 

than 15 mm Hg rise in diastolic BP was taken as normal response, 

11-15 mm Hg as borderline and 10 mm Hg or less as abnormal 

indicating sympathetic insufficiency.[24]  

Result 

50 individuals were include in this study which were grouped into 

Study group (Group – A) and Control group (Group – B). Group – 

A consisted of 25 individuals who were diagnosed with rheumatoid 

arthritis on basis of criteria developed by American College of 

Rheumatology. Group – B consisted of 25 healthy individuals not 

on any medication as to explain normal changes. The demographic 

profile by their age and sex was recorded.  

 

Table: 1Showing Difference in group I and group II 

 Mean HR+SD Mean 30:15  

Ratio + SD 

Mean S/L  

Ratio + SD 

Mean Exp/Insp  

Ratio + SD 

Mean Valsalva Ratio 

+ SD 

Group A 75.5 ± 9.1 1.2 ± 0.2 1± 0.1 1.2 ± 0.1 1.9± 0.6 

Group B 72.8 ± 6.8 1.1 ± 0.1 1.1± 0.1 1.3± 0.1 1.1 ± 0.2 

P value >0.01( NS) >0.01( NS) < 0.001 (HS) < 0.001 (HS) >0.01 (NS) 
 

HR- Heart Rate, S/L-Standing/Lying, Exp/Insp-Expiration/Inspiration, S- Significant, HS- Highly Significant, NS- Not Significant 

Table: 2 showing SBP, DBP in both groups 

 Mean % change 

in SBP from lying 

to standing 

position 

Mean % change 

in DBP from 

lying to standing 

position 

Mean % change 

in SBP from 

resting to after 

hand grip test 

Mean % change in 

DBP from resting 

to after hand grip 

test 

Mean % change 

in SBP from 

resting to 

valsalva 

Mean % change 

in DBP from 

resting to 

valsalva 

Group A 4.4 ± 2.8 2.2 ± 3.1 8.6 ± 5.7 9.0 ± 5.6 15.6 ± 14.2 15.5±11.7 

Group B 5.01 ± 3.4 5.6± 2.1 11.2 ± 6.6 13.3 ± 6.7 14.4 ± 5.2 12.0 ± 2.6 

P value >0.01( NS) ≤0.01 (S) >0.01 (NS) ≤0.01 (S) >0.01 (NS) >0.01 (NS) 
 

DBP-Diastolic Blood Pressure, SBP- Systolic Blood Pressure, S- Significant, HS- Highly Significant, NS- Not Significant 
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Discussion 

The study between series of patients and the controls showed 

significant difference for both sympathetic & parasympathetic 

autonomic function tests. patients with rheumatoid arthritis and 

systemic lupus erythematosus has been reported as Autonomic 

dysfunction. for autonomic dysfunction An immune component 

can also be responsible.[24] Evaluation of the cardiac functions were 

done by six non-invasive standardized tests which consisted of 

30:15 ratio, expiration / inspiration ratio, standing / lying ratio , 

valsalva ratio, blood pressure response to standing, blood pressure 

response to hand grip test and valsalva maneuver. These tests 

evaluated the parasympathetic and sympathetic ANS division. by 

using unpaired t-test the results of tests were compared with 

control.  

This study shows expiration to inspiration ratio (p<0.01), standing 

to lying ratio (p<0.001), both indicative of parasympathetic 

function were significantly less as compared to control. In this 

study also shows decrease indicated an impaired vagal function in 

group. The 30:15 ratio and valsalva maneuver demonstrated a less 

decrease but was non-significant statistically in the patients with 

Rheumatoid Arthritis as compared to control (p>0.05) as shown in 

table no 1.  

On standing the blood pressure response the change in diastolic 

blood pressure was significantly (P<0.01) lower in groups A as 

compared to control which is shown in table no 2. This result is 

indicative decreased peripheral resistance that leads to decrease in 

percentage of change diastolic blood pressure and hypofunctional 

sympathetic ANS leading to unaltered.  

In this study, heart rate variation to 30:15 ratio, Valsalva ratio and 

deep breathing were found low in patients as compared to control 

group and the ‘p’ values were found almost about less significant, 

which is almost similar to the findings of different studies as 

Geenen et al., Toussirot et al.,[25] studies of Bekkelund et al.,[26] and 

Piha et al found no CVS ANS abnormality. 

Conclusion 

In summary, study confirmed cardiac autonomic nervous system 

dysfunction (both sympathetic and parasympathetic) occurs in 

Rheumatoid arthritis when compared to control. Therefore 

cardiovascular autonomic function tests in routine clinical 

examination helpful in early detection of autonomic dysfunction in 

this disease. Further comprehensive information are useful about 

autonomic function may be extracted from global evaluation of all 

tests performed. Therefore testing of autonomic function may be 

the part of routine clinical evaluation in RA to reduce the 

cardiovascular autonomic morbidity. 
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