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ABSTRACT
Aim: To evaluate cardiac autonomic nervous system functions in patients with rheumatoid arthritis.
Material snd Methods: The present study was carried out on both males and females of mean age group 44+12 years to study
autonomic functions in RA. All parameters were recorded and studied on 35 volunteers, out of which 25 were diagnosed with
RA and 10 were healthy individuals which served as controls.The cardiac functions were evaluated by six non-invasive
standardized tests consisting of 30:15 ratio, standing / lying ratio, expiration / inspiration ratio, valsalva ratio, blood pressure
response to standing, blood pressure response to valsalva maneuver and hand grip test.The tests were carried out on patient (in
and out door) in department of Medicine, at DMC & H by using cardiofax Machine (Medicarid systems).Details of history and
examination were recorded on special proforma.
Results: In the present study standing to lying ratio (p<0.001),Expiration to inspiration ratio (p<0.01) both indicative of
parasympathetic function were significantly less in RA patients as compared to control indicating an impaired vagal function in
study group.On the blood pressure response to standing, the decrease in diastolic blood pressure was significant (P<0.01) in
study group as compared to control which is indicative of hypofunctional sympathetic ANS.
Conclusions: There is cardiac autonomic nervous system dysfunction (both sympathetic and parasympathetic) in the patients
with Rheumatoid arthritis when compared to control.Autonomic function tests can help in predicting cardio vascular risk in
Rheumatoid Arthritis patients.

INTRODUCTION
Rheumatoid arthritis is the commonest
inflammatory arthritis occurring throughout the world. 1
Neuropathy is one the most common extra – articular
manifestations of this disease which manifests as primary
sensory peripheral neuropathy, the etiology of which is
not clear ,may be vasculitis.2 CNS regulatory pathways
may be perturbed in RA in several ways. An
inappropriately low HPA-axis response, whether due to
blunted hypothalamic, pituitary or adrenal response, or
resistance at the level of the glucocorticoid receptors,
predisposed to susceptibility to exacerbated auto
immune/ inflammatory disease.3 Sympathetic and
parasympathetic involvement have been described in
primary and secondary vasculitis processes, as in
systemic vasculitis processes like: SLE, RA.4 According
to studies conducted on western population, sympathetic
nervous system activity is significantly elevated in RA
patients. 5
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In order to evaluate autonomic functions besides
clinical symptomatology, objective assessment can be
done by noninvasive well validated clinical tests. These
tests are of immense value to diagnose the presence and
to demonstrate the distribution of autonomic failure.6
These tests are heart rate response to standing, blood
pressure response to change in posture, variation in heart
rate with respiration, valsalva ratio, and isometric
exercise test. There is dearth of literature for
comprehensive studies in relation to presence of
autonomic disturbance in rheumatoid arthritis. Since
vasculitis is an extra-articular manifestation of
rheumatoid arthritis and it is known to cause
involvement of peripheral nerves leading to mononeuritis multiplex, it is conceivable that it may lead to
involvement of small unmyelinated type C, postganglionic autonomic nervous system. In the present
study autonomic dysfunctions, if any, have been
evaluated by a battery of six noninvasive cardiovascular
reflex tests.
ISSN: 2250-1177

CODEN (USA): JDDTAO

Sidhu et al

Journal of Drug Delivery & Therapeutics. 2015; 5(1):57-60

MATERIALS AND METHODS
Study Design
The present study was carried out on both males
and females of mean age group 44+12 years to study
autonomic functions in RA. All parameters were
recorded and studied on total of 35 volunteers, out of
which 25 were diagnosed with RA, by using criteria
developed by American College of Rheumatology 7 and
10 were healthy individualsand not on any medication,
served as controls. The tests were carried out on patients
(in and out door) in department of Medicine, at DMC &
H by using cardiofax Machine (Medicarid systems). To
exclude any systemic or related disease, special care was
taken not to miss any relevant history. Details of history
and examination were recorded on special Proforma.
Patients were examined for signs and symptoms of
possible
Autonomic
Nervous
System
(ANS)
dysfunctions including orthostatic hypotension (lightheadedness, blurred vision, sensation of weakness and
unsteadiness, 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.

Patients of either sex in the age range of 44+12 years
diagnosed with RA according to criteria developed by
American College of Rheumatology7 were included in
the study.
Exclusion criteria:
Patients with hemoglobin < 10gm % ,patients with
positive pregnancy test, patients suffering from disorders
& interfering with the Autonomic nervous system like
Diabetes mellitus, renal and Liver diseases and
Parkinson’s disease, any CVS disease – hypertension,
Ischemic heart disease and Congestive heart failure,
patients suffering from Neurological diseases like

S/L ratio 

multiple sclerosis polyneuropathy or GuilliainBarre
syndrome and patients treated with drugs that interfere
with the Autonomic nervous system including anti hypertensives, diuretics, adrenergic drugs, antiarrhythmic, sedative-hypnotics and anti-epileptic drugs
were excluded from the study.
CRITERIA FOR EVALUATION
To evaluate cardiac Parasympathetic nervous system
functions, testsperformed were:
1.

30:15 Ratio (Heart rate response to immediate
standing)

Subject was made to lie comfortably and ECG
was recorded in lead II continuously on cardio fax for
30sec. The subject was 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.The
R-R intervals were measured on ECG with a ruler. 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. 8

30 : 15 ratio 

Inclusion criteria:
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R - R interval at beat 30
R  R interval at beat 15

2. Standing / Lying Ratio (Heart rate response to lying
down)
Subject was made to stand quietly and then lie down
without any support while continuous ECG was recorded
from 20 beats before to 60 beats after lyingdown. The
point at which subject 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 down9 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.10

Longest RR interval during 5 beats before lying down
Shortest R - R interval during 10 beats after lying down

3. Expiration/inspiration Ratio
Subject was asked to breathe deeply at rate of six breaths
per minute. A standard ECG recording was taken during
deep inspiration and expiration. Variation in heart rate

Expiration/Inspiration ratio =

Longest R-R interval during expiration
------------------------------------------------Shortest R – R interval during inspiration

4. Valsalva ratio
Subject was made to perform valsalva maneuver
for 15 seconds by blowing against closed glottis through
a mouth piece attached to sphygmomanometer and
maintained an expiratory pressure of 40 mm of Hg for 15
sec. ECG was recorded during the maneuver (strain
© 2011-14, JDDT. All Rights Reserved

was calculated as ratio of longest R-R interval during
expiration to shortest R-R interval during inspiration.11 A
value of 1.20 or higher was taken as normal. 12

period, 15 sec) and for fifteen seconds after release of
pressure. Thevalsalva ratio was calculated as the ratio of
longest R-R interval after maneuver to shorter R-R
interval during maneuver. Value >1.21 was taken as
normal and value <1.21 was considered abnormal. 13
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To evaluate cardiac sympathetic nervous system
functions, tests performed were:
1.

B.P response to Standing

The subject was asked to stand from supine position
within 3-4 sec. and to remain motionless. Blood pressure
was recorded in 30 second interval. Difference between
readings of SBP recorded in lying position and then after
standing was calculated. Normal response is taken as
<10mmHg fall in blood pressure. A fall in blood pressure
>20-30mm Hg of systolic 14 and >20 mm Hg diastolic
(AAS & AAN, 1996) is taken abnormal.
2.

B.P response to Valsalva maneuver

3.

B.P response to sustained hand grip

Details of procedure were explained and baseline BP was
recorded with the help of sphygmomanometer. The
subject 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. Then the
subject was asked to maintain a pressure of 30% of
Tmax for 5 min. During procedure, B P was recorded
every 30sec with the help of syhygmomanometer on the
non-exercising arm.15 The rise in diastole BP at the point
just before the release of hand grip was taken as index of
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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.
(16)
The heart rate in all these tests was calculated from RR interval in beats/min by continuous recording of ECG
in lead II on cardio fax machine. Blood pressure
recording (both systolic and diastolic) in mmHg was
done by standard sphygmomanometer. Before every test,
heart rate was allowed to come down to normal resting
level (Basal).
Statistical Analysis
Data was compiled and expressed as ratio and mean
percentage changes. Student’s unpaired t-test was
applied to compare the two groups.
Observation and Results
Present study was carried out on 35 subjects.
The subjects were grouped into Study group (Group – A)
and Control group (Group – B). The study group (Group
– A) consisted of 25 subjects diagnosed with rheumatoid
arthritis on basis of criteria developed by American
College of Rheumatology. The control group (Group –
B) consisted of 10 diseases free healthy subjects not on
any medication (so as to explain normal changes). The
demographic profile was recorded by their age and sex.

Table 1

Group A
Group B
P value

MeanHR+SD

Mean 30:15 ratio + SD

76.48 + 9.11
75.9 + 6.79
>0.01 (NS)

1.02 + 0.24
1.10 + 0.12
>0.01 (NS)

MeanS/L Ratio
+ SD
0.95 + 0.13
1.10 + 0.08
<0.001 (HS)

Mean Exp/Insp
Ratio + SD
1.16 + 0.13
1.28 + 0.14
≤ 0.01 (S)

Mean Valsalva
Ratio + SD
1.29 + 0.36
1.31 + 0.24
>0.01 (NS)

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

Table 2

Group A
Group B
P value

Mean % change
in SBP from
lying
to
standing
position
4.38 ± 2.82
5.09 ± 3.84
>0.01 (NS)

Mean
%
change in DBP
from lying to
standing
position
2.52 ± 3.61
5.87 ± 2.81
≤0.01 (S)

Mean
%
change in SBP
from resting to
valsalva
17.46 ± 14.4
14.49 ± 5.2
>0.01 (NS)

Mean
%
change
in
DBP
from
resting
to
valsalva
15.55±11.97
12.08 ± 2.36
>0.01 (NS)

Mean
%
change in SBP
from resting to
after hand grip
test
8.36 ± 5.70
11.21 ± 6.61
>0.01 (NS)

Mean % change
in DBP from
resting to after
hand grip test
9.05 ± 5.76
13.53 ± 6.14
≤0.01 (S)

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

DISCUSSION
Autonomic dysfunction has been reported in
patients with rheumatoid arthritis and systemic lupus
erythematosus like connective tissue disorders, cause of
which may be vasculitis of vasa nervoram and secondary
amyloidosis.An immune component can also be
responsible for autonomic dysfunction17. To assess the
autonomic nervous system functions in patients with
Rheumatoid Arthritis, 35 subjects were divided into two
groups, the study group consisted of 25 subjects
diagnosed with Rheumatoid Arthritis, using criteria
© 2011-14, JDDT. All Rights Reserved

developed by American college of Rheumatology 7 and
control group consisted of 10 healthy individuals. The
cardiac functions were evaluated by six non-invasive
standardized tests which consisted of 30:15 ratio,
standing / lying ratio, expiration / inspiration ratio,
valsalva ratio, blood pressure response to standing, blood
pressure response to valsalva maneuver and hand grip
test. These tests evaluated the sympathetic and
parasympathetic divisions of ANS.The results of tests
were compared with the control by using unpaired t-test.
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In the present study standing to lying ratio
(p<0.001), expiration to inspiration ratio (p<0.01)
both indicative of parasympathetic function were
significantly less as compared to control. This
decrease indicated an impaired vagal function in
study group. The 30:15 ratio, valsalva maneuver
demonstrated a slightly decrease but was statistically
non-significant in the patients with Rheumatoid
Arthritis as compared to control (p>0.05).(Table 1)

b) On the blood pressure response to standing. The
change in diastolic blood pressure was significantly
(P<0.01) lower in study group as compared to
control. (Table 2) This result is indicative of
hypofunctional sympathetic ANS leading to
unaltered or decreased peripheral resistance which
leads to decrease in the percentage change of
diastolic blood pressure.

60

CONCLUSION
Study has confirmed the presence of significant
cardiac autonomic nervous system dysfunction (both
sympathetic and parasympathetic) in the patients with
Rheumatoid arthritis when compared to control. Hence,
inclusion of cardiovascular autonomic function tests in
routine clinical examination may be helpful in early
detection of autonomic dysfunction in this disease.A
diagnosis of autonomic disturbance cannot be
substantiated on the basis of the results of a single test.
For making a definite diagnosis of autonomic
dysfunction, abnormal values in at least two tests is
conventionally accepted 13 subjects who have only 1 test
abnormal and with the other tests at lower limits of
normal ranges have early or borderline damage. Further
useful and comprehensive information about autonomic
function might be extracted from global evaluation of all
tests performed.
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