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INTRODUCTION

Sys temic  sc le ros i s  (SSc)  i s  a  sys temic
connec t ive  t i s sue  d i sease  assoc ia ted
wi th  vasomotor  d i s tu rbances .  Endothe l ia l
a l t e ra t ions  l ead ing  to  a  cascade  of
stimulatory changes that involve many cells,
including f ibroblas ts  precede the  excess ive
co l lagen  depos i t ion  in  sk in  and  in te rna l
organs. SSc has a worldwide distribution and
no racial preponderance exists. Although the
disease can occur at any age, the prevalence
increases with age and the peak incidence is

between third  and f i f th  decade.  There  is  a
subs tan t ia l  female  p redominance ,  wi th  a
female- to -male  ra t io  o f  3–6:1 ;  even  more
of ten  dur ing  the  mid  to  l a te  ch i ldbear ing
years  (≥8:1) .  Raynaud’s  phenomenon,  the
in i t ia l  symptom of  SSc in  the  major i ty  of
pa t ien t s ,  i s  a  c l in ica l  express ion  of  the
abnormal regulation of blood flow resulting
from vascular injury (1).

In  a  hea l thy  person ,  the  au tonomic
nervous  sys tem regula tes  b lood  pressure ,
heart rate, sleep, bladder and bowel function.
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Abstract :  Systemic sclerosis (SSc) is a systemic connective tissue disease
characterized by vasomotor disturbances.  Autonomic dysfunction has been
implicated in the pathogenesis of various symptoms in patients with SSc.
In this retrospective study, thirty patients with SSc as cases and thirty age
matched healthy subjects  were enrolled as controls .  The patients  as  well
as controls were subjected to a standard battery of autonomic tests including
reactivity and activity (tone) tests.  Resting autonomic variables like blood
pressure (BP), heart rate (HR) and respiratory rate (RR) were also recorded.
In our study, we found significantly higher HR and RR in the patient group
(P=0.0001 and 0.012 respect ively) .  We also observed signif icant ly lower
parasympathet ic  tone and parasympathet ic  react ivi ty in SSc pat ients  than
the controls .  This  s tudy shows the s tatus of  autonomic funct ions in SSc
pat ients  in  India ,  with  lower  central  parasympathet ic  dr ive to  the hear t .
The present study may give some insight for better understanding of this
mult isystem disorder  of  unknown et iology.
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There  is  a  s t rong inf luence of  sympathet ic
nervous system on myocardial  contract i l i ty
and  some e f fec t  on  hear t  ra te  con t ro l ,
whereas vagi essentially influence heart rate
(2) .  Autonomic  dysfunc t ion  has  been
impl ica ted  in  the  pa thogenes i s  o f  var ious
symptoms such as  Raynaud’s  phenomenon,
digital infarct, dysphagia etc. in patients with
SSc  (3–6) .  Parasympathe t ic  dysfunc t ion  i s
known to characterize the early stage of gut
wal l  invo lvement  in  SSc  (7) .  Fer r i  e t  a l
showed tha t  SSc  i s  charac te r ized  by
parasympathe t ic  dysfunc t ion  and  poss ib ly
associated with sympathetic overactivity (8).
Sympathet ic  derangement  may occur before
SSc  mani fes t s  and  may lead  to  g rea te r
morbidity and mortality from cardiovascular
events (9). Increased heart rate and reduced
hear t - ra te  var iab i l i ty  a re  assoc ia ted  wi th
subc l in ica l  in f lammat ion  even  in  hea l thy
middle -aged  and  e lder ly  sub jec t s  and
increased  mor ta l i ty  has  been  repor ted  in
these settings (10). An autonomic imbalance
in  sympathe t ic  sys tem may in te rac t
with inflammatory processes in SSc to play
an  impor tan t  ro le  in  the  p rocess  o f
a therosc le ros i s .  C l in ica l  mani fes ta t ions  in
our  popula t ion  a re  s l igh t ly  d i f fe ren t  than
Western  populat ion.  In  India ,  an  increased
inc idence  of  in te r s t i t i a l  lung  d i seases  has
been  repor ted ,  bu t  the re  i s  a  very  low
inc idence  of  ca lc inos i s ,  t a leng iac tes i s  and
isolated pulmonary hypertension (11).  Since
Indian SSc pat ients  behave di f ferent ly ,  we
felt that autonomic function might also differ.
Moreover ,  to  the  bes t  o f  our  knowledge ,
there  i s  no  s tudy  repor ted  f rom Ind ian
patients t i l l  date.  Therefore,  this study was
p lanned  to  s tudy  the  au tonomic  s ta tus  in
patients with SSc in India.

METHODS

In  th i s  hosp i ta l  based  re t rospec t ive
study, thirty patients with systemic sclerosis
were  inc luded  as  cases  who a t tended  the
Rheumato logy  Cl in ic  a t  the  Al l  Ind ia
Ins t i tu te  o f  Medica l  Sc iences  dur ing  Dec .
2003 to July 2005. Patients were diagnosed
af te r  a  thorough  h i s to ry  (na ture  and
dura t ion  of  symptoms,  d rug  t rea tment )
and  phys ica l  examina t ion  fu l f i l l ing  the
ACR cr i t e r ia  (12) .  Appropr ia te  l abora tory
investigations, including autoantibody profile
were  done  in  a l l  pa t ien t s .  Pa t ien t s  wi th
d iabe tes  mel l i tus  and  sc le roderma over lap
syndrome were excluded. Thirty sex and age
ba lanced  cont ro l s  compr i s ing  doc tors ,
housewives, security guards, lab technicians
were included as controls .

Autonomic  funct ion  tes t ing

The  pa t ien t s  as  wel l  as  con t ro l s  were
subjected to a battery of autonomic reactivity
and  ac t iv i ty  t es t s .  Two-hours  fas t ing  was
assured  pr io r  to  t es t ing  inc lud ing  a l l
beverages .  Al l  the  tes t s  were  done  dur ing
the day t ime between 11 a .m.  and 4  p .m. .
First, blood pressures (BP), heart rate (HR),
respiratory rate (RR) were recorded in each
subject after 10–15 minutes rest. The activity
tes t  inc luded  Hear t  ra te  var iab i l i ty  (HRV)
which  was  ana lyzed  a f te r  record ing
cont inuous  ECG for  5  minutes  in  s tandard
tes t  condi t ions .  HRV is  a  measurement
(quant i f ica t ion)  of  cent ra l  autonomic  dr ive
(activi ty)  to the myocardium. For the HRV
recording and analys is  Nevrokard  sof tware
(vers ion 6 .4 .0) ,  manufactured by Medis tar ,
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Solvenia, was used. The time and frequency
domain analysis  was done.

The  au tonomic  reac t iv i ty  tes t s  re fe r  to
cardiovascular responses to stimuli. ECG and
respiration were recorded continuously on a
moving  char t .  To  assess  parasympathe t ic
reactivity, HR response to lying to standing
tes t  (LST) ,  deep brea th ing tes t  (DBT) and
Valsalva maneuver tests were analyzed. For
the assessment of sympathetic reactivity, BP
response to LST, hand grip test (HGT), and
cold pressor test  (CPT) were analyzed. The
de ta i l s  o f  these  tes t s  have  been  descr ibed
earl ier  (13).

Stat i s t i ca l  ana lys i s

To compare  the  resu l t s ,  independent
sample  ‘ t ’  t e s t  and  nonparamet r ic  t es t s
(Mann-Whitney) were applied as  applicable
for the analysis of autonomic function tests
in  the  pa t ien t s  and  hea l thy  con t ro l s .  The
data are expressed as mean ± SD for normally
distr ibuted data and elsewhere the data are
expressed as  median and range.

RESULTS

There were 30 patients (27 females and
3  males )  whose  au tonomic  reac t iv i ty  was
compared with healthy controls (26 females
and 4 males). The mean age of patients and
control  group was  not  d i f ferent  (32.1 ± 8.6
Vs 29.6 ± 6.3 years, P=0.194). Also the mean
BMI (Kg/m 2)  o f  the  two groups  was
comparable .  The  mean dura t ion  of  d i sease
before presentation was 4.9 years (6 months
– 15 years) .  Nineteen pat ients  had l imi ted
cutaneous sc leroderma and 11 pat ients  had
di f fuse  cu taneous  var ian t .  Raynaud’s
phenomenon was present  in majori ty (86%)

of  the  pa t ien t s  bu t  ev idence  of  d ig i ta l
ischemia was found in 15 (50%) patients. No
pa t ien t  had  ca lc inos i s  cu t i s .  Cutaneous
te lang iec tas ias  were  observed  in  5  (16%)
patients.  Dysphagia was seen in 20 patients
and  a r th ra lg ia  was  presen t  in  18  pa t ien t s .
Cl in ica l  and  rad io log ica l  inves t iga t ions
revealed  in ters t i t ia l  lung d isease  in  78 .5%
pat ien t s .  None  of  these  pa t ien t s  had  any
major coronary artery diseases. Anti nuclear
an t ibody  (ANA) was  pos i t ive  in  a l l  the
pa t i en t s .

HRV could  be  ana lyzed  on ly  in  26
pa t ien t s  and  compared  wi th  age  (pa t ien t s
32.3 ± 8.4; controls 31.9 ± 7.2 years; P=0.565)
and sex matched (24 females and 2 males in
both  groups)  hea l thy  cont ro ls .  The  res t ing
HR and RR were significantly higher (Table
I) in the patient group. The parasympathetic
reactivity (E:I ratio, Valsalva ratio and 30:15
ratio) was significantly lower in the patients
wi th  SSc  (Table  I I ) .  Parasympathe t ic  tone
was also significantly lower, reflected by low
NN50 (Number  of  R-R interval  di f ferences
equa l  o r  more  than  50  mi l l i seconds) ,  HF
(power of high frequency band), HF (nu) (high
f requency  in  normal ized  un i t )  whi le
sympatho-vagal  ba lance  (LF/HF ra t io)  was
high, in the patient group (Table III) .

TABLE I : Res t ing  au tonomic  va r iab les .

Parameters Controls Patients P value

Systolic BP 110.6± 8.7 111.9± 16.3 N S
(mm Hg)
Diastolic BP 70.7± 7.9 72.8± 9.9 N S
(mm Hg)
Heart Rate 74.9± 9.3 87± 14.0 0.0001
(per minute)
Respiratory Rate 19.7± 4.1 23.4± 6.6 0.012
(per minute)

The data are expressed as mean±SD.
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DISCUSSION

Sys temic  sc le ros i s  i s  a  chron ic
mul t i sys tem disorder  of  unknown e t io logy.
There  a re  a  few s tud ies  ava i lab le  which
show tha t  the  au tonomic  dysfunc t ion  i s
common in SSc. A study done by Dessein et
a l  has  shown au tonomic  dysfunc t ion ,
characterized by parasympathetic impairment
and marked sympathetic over activity, in 34
patients with SSc particularly in early disease
(3) .  In  another  s tudy involving 25 pat ients
wi th  SSc ,  s ign i f ican t  sympathe t ic  and
parasympathetic  dysfunction was found (4) .
Sonnex et  a l  showed early parasympathet ic
damage in three out of six patients in their
s tudy (6) .  In  our  s tudy,  we found a  lower
parasympathet ic  tone in  pat ients  wi th  SSc,
(Table  I I I ) .  HF power  was  lower  in  the
pa t ien t s  when  compared  wi th  con t ro l s
[pa t ien t s  83 .7  (2 .2–706 .7) ;  cont ro l s  633 .9
(29 .6–4552 .6) ;  P=0.0001] .  S imi la r  resu l t s
were obtained in the normalized unit for HF
[patients 20.6 (7.9–135.5); controls 49.5 (13.3–
92.8);  P=0.0001].  Values in the normalized
unit are considered to be better representative
of  any  parameter .  The  h igh  LF/HF ra t io
reconfirmed the lower parasympathetic tone
in the patient  group.  I t  is  known that  high
frequency (HF)  component  i s  a t t r ibuted  to
parasympathet ic  influence of  heart  and low
frequency  (LF)  component  i s  due  to  bo th
sympathe t ic  (main ly)  and  parasympathe t ic
ac t iv i ty  (14) .  By  and  la rge  a  t i l t  towards
vaga l  (parasympathe t ic )  dominance  i s
benef ic ia l  for  the  cardiovascular  system in
heal th as  well  as  for  the outcome of  some
diseases  espec ia l ly  a f te r  myocard ia l
infarction (15).

Whi le  ana lyz ing  the  res t ing  au tonomic
var iables ,  we observed s ignif icant ly  higher

T A B L E I I : Compar i son  o f  sympa the t i c  and
parasympa the t i c  r eac t iv i ty  of SSc
patients with  healthy controls.

Parameters Controls Patients P value

DBT (delta HR) 27.73± 8.56 23.73± 12.0 N S
E:I ratio 1.49± 0.33 1.30± 0.16 0.009
Valsalva ratio 1.85± 0.45 1.59± 0.30 0.026
H G T 16± 6.56 13.04± 5.62 N S
CPT 14.07± 7.67 1 3± 6.55 N S
LST (delta SBP) –5.4± 5.23 –5.66± 6.12 N S
30:15 ratio 1.34± 0.25 1.20± 0.13 0.009

The data are expressed as mean±SD.
Abbreviations :
DBT - Deep breathing test.
E:I ratio - expiration: inspiration ratio.
HGT - Hand grip test.
CPT - Cold pressor test.
LST - Lying to standing test.

T A B L E I I I : Autonomic  tone :  hea r t  r a t e  va r i ab i l i ty
in  pa t i en t s  wi th  SSc  ve r sus  hea l thy
c o n t r o l s .

Parameters Controls Patients P value

NN50 38 3.5 0.001
0–107 0–131

PNN50 11.2 0.8 0.0001
0–32.5 0–35.8

L F 462.5 157.5 0.0001
55.2–1781 9.8–1473.4

LF (nu) 38.8 52.7 N S
6–72.5 10.4–81.5

H F 633.9 83.7 0.0001
29.6–4552.6 2.2–706.7

HF (nu) 49.5 20.6 0.0001
13.3–92.8 7.9–135.5

LF/HF 0.8 2.1 0.0001
0.1–5.5 0.3–7.3

Total power 1808.7 470.9 0.0001
(ms×ms) 269.4–7357.6 35.5–2450.8
Total power (nu) 131.5 157.1 N S

92.4–444.2 32.4–316.1

The data are expressed as mean and range.
Abbreviations :
NN50 - Number of R-R interval differences equal or
more than 50 milliseconds.
PNN50 - Percentage of NN50.
LF - Power of low frequency band.
LF (nu) - Low frequency in normalized unit.
HF - Power of high frequency band.
HF (nu) - High frequency in normalized unit.
LF/HF - Ratio between LF and HF.
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HR in the patient group. The RR was higher
in  bo th  the  g roups ,  however ,  i t  was
significantly higher in the patient group than
cont ro l  g roup .  I t  r e f lec t s  a  decrease  in
parasympathetic (vagal) tone and an increase
in sympathetic tone in the SSc patients. This
au tonomic  derangement  has  been  repor ted
ear l i e r  a l so  (3 ) .  A  s imi la r  s tudy  done  by
Pancera  e t  a l  has  revea led  tha t  hear t  r a te
var iab i l i ty  was  reduced  and  sympathe t ic
ou tpu t  was  increased  in  pa t ien t s  wi th
sys temic  sc le ros i s .  Subjec t s  wi th  p r imary
Raynaud’s  phenomenon were  charac te r ized
by normal heart rate variability and by some
degree of sympathetic hyperactivity (16).

In  the  au tonomic  reac t iv i ty  t es t s ,  we
found  tha t  the  parasympathe t ic  reac t iv i ty
was significantly lower in SSc patients than
the  cont ro ls .  However ,  the  va lues  were  in
normal range in both groups (Table II).  No
s ign i f ican t  d i f fe rence  was  found  in  the
sympathe t ic  reac t iv i ty  be tween  the  two
groups .

One of the limitations of our study was

that  we could not  observe the influence of
mens t rua l  cyc le  on  au tonomic  s ta tus .
Although different phases of menstrual cycle
may in f luence  the  au tonomic  s ta tus  o f  a
female, this variable was not planned during
the active phase of the study. As the study
was  of  re t rospec t ive  na ture ,  we  could  no t
include this  variable in our study.

An au tonomic  imbalance  in  favor  o f
the  sympathe t ic  sys tem (wi th  lower
parasympathe t ic  d r ive)  may  in te rac t  wi th
inf lammatory  processes  to  p lay  a  more
impor tan t  ro le  in  the  p rocess  o f
a therosc le ros i s .  There fore ,  the rapeu t ic
s t ra teg ies  d i rec ted  towards  rec t i f ica t ion  of
th is  a l te ra t ion  in  the  autonomic  imbalance
may trim down the vascular events associated
with SSc. As far as we know, this study is
first in India to show the status of autonomic
functions in SSc patients with lower central
parasympathe t ic  d r ive  to  hear t  and  lower
parasympathe t ic  reac t iv i ty .  The  presen t
s tudy  may g ive  some ins igh t  fo r  be t te r
unders tanding of  th is  mul t i sys tem disorder
of unknown etiology.
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