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Abstract
Objectives

Patients with inflammatory diseases often demonstrate autonomic nervous dysfunction. This study was initiated to inves-
tigate cardiovascular (CAD) or pupillary autonomic dysfunction (PAD) in patients with rheumatoid arthritis (RA).

Methods
Between 1997 and 1998, 33 RA patients were examined for characteristics, and parameters of CAD and PAD. In a

longitudinal part of this study, thirty patients have been re-evaluated 8.3 ±0.1 yr later (response rate = 91%). 

Results
A total of 18 patients (60%) demonstrated either CAD or PAD. The prevalence of CAD was 6/30 (20%) and the preva-

lence of PAD was 15/30 (50%). Of all cardiovascular tests, the Ewing test demonstrated the worst results (13/30 patients
were below the 5th percentile). Similar as in other diseases, several RA patients demonstrated autonomic nervous hyper-
reflexia with values above the 95th percentile (relative variation coefficient: 7/30; respiratory sinus arrhythmia measure:

12/30; Valsalva measure: 1/30; Ewing measure: 0/30; latency time of pupillary light reflex: 5/30; maximal pupillary
area: 0/30). During the 8-year observation period, 4/30 RA patients died. Non-survivors as compared to survivors had
increased heart rate variation in the respiratory arrhythmia test (p= 0.038, hyperreflexia) but largely decreased heart
rate variation in the Ewing test (p= 0.009, hyporeflexia). Non-survivors as compared to survivors demonstrated more

frequent pupillary autonomic dysfunction (100% vs. 42%, p= 0.035).

Conclusions
This study demonstrates that CAD and PAD were frequent in patients with RA. Patients with a poor test result in the

Ewing test and PAD might have an increased risk of death. This study in RA patients demonstrates similar results as in
patients with diabetes mellitus.
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Introduction
Cardiovascular (CAD) and pupillary
autonomic dysfunction (PAD) were
reported in patients with rheumatic dis-
eases (1-13). In rheumatic diseases, the
general prevalence of CAD is 0-25%
and of PAD 15-35% depending on the
applied methods (1-13). Previously, we
delineated that autonomic nervous
function needs to be tested using strict
age-dependent criteria in order to avoid
false positive diagnosis of CAD and
PAD (14), which explains why preva-
lence depends on diagnostic criteria. It
is still unclear whether these abnormal-
ities reflect a structural damage of
nerve fibers or whether the tonus of the
sympathetic and parasympathetic ner-
vous system has changed due to the
chronic inflammatory process. Since
circulating proinflammatory cytokines
stimulate the hypothalamus and the
sympathetic nervous system, an imbal-
ance might be expected. Every imbal-
ance of the two portions of the auto-
nomic nervous system - the sympathet-
ic and the parasympathetic nervous
system - leads to visible signs of auto-
nomic nervous function (reviewed in
ref. 15). At this point, the question aris-
es as to what happens with the auto-
nomic nervous system in chronic
inflammatory diseases. 
Some studies indicated that patients
with chronic inflammatory diseases
have an elevated activity of the sympa-
thetic nervous system (2, 16-21). Such
an increased sympathetic tone may be a
consequence of hypothalamic changes
with an observed shift from CRH to
vasopressin, which has been demon-
strated in experimental arthritis (22).
On the basis of these findings, an
imbalance of the sympathetic and the
parasympathetic nervous system can be
expected. Necessarily, such an imbal-
ance should lead to signs of autonomic
nervous dysfunction, which was the
subject of this study in patients with
rheumatoid arthritis (RA).
A longitudinal aspect of the present
work was the documentation of mortal-
ity in those RA patients with autonomic
nervous dysfunction. A recent meta-
analysis of patients with diabetes melli-
tus demonstrated an increased mortali-
ty risk in patients with cardiovascular

autonomic dysfunction (CAD) com-
pared to patients without CAD (23).
The pooled relative risk of mortality in
the presence of CAD was 3.5 (95%,
confidence interval 2.7 - 4.5) (23). In-
creased mortality in these patients was
thought to arise from dysfunctional
heart rate control and abnormal vascu-
lar dynamics leading to arrhythmia and
sudden unexpected deaths (23). How-
ever, this has never been investigated in
patients with RA or other chronic in-
flammatory diseases.
It was the aim of this study to investi-
gate the prevalence and characteristics
of CAD and PAD in patients with RA.
In addition, we studied the association
between CAD or PAD and mortality 8
years after applying a baseline auto-
nomic function test battery.

Patients and methods
Patients, clinical and laboratory 
parameters
Thirty-three white patients with diag-
nosed RA fulfilling the American Col-
lege of Rheumatology criteria (24)
with complete data sets were included
in this study. Between 1997 and 1998,
33 RA patients were referred to the
Department of Internal Medicine of the
University Hospital Regensburg. All
patients entered the study consecutive-
ly without any selection. At baseline
these patients had no co-morbidities or
a laboratory constellation, which might
have accelerated cardiovascular dis-
eases (Table I). All subjects in this
study were fully informed about the
purpose of investigations and gave
written consent according to the decla-
ration of Helsinki. The study was
approved by the Ethics Committee of
the University of Regensburg. Patients
with other causes of peripheral neu-
ropathy such as diabetes mellitus and
alcohol associated neuropathy, geneti-
cally determined neuropathy, injected
drug or toxin neuropathy were exclud-
ed. All patients had a thorough clinical
examination by a rheumatologist with a
long-term experience in autonomic
nervous function testing. Table I gives
the clinical parameters of patients at
baseline. Erythrocyte sedimentation
rate, C-reactive protein, and rheuma-
toid factor were measured by routine
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laboratory tests. 
After a median of 8.3 yr (range: 7.8 -
8.8 yr), 30 patients were re-investigat-
ed using a telephone questionnaire. We
carried out a telephone interview with
patients or relatives because we
focused on mortality, which can be
detected by this method. The time-
point of re-investigation at 8.3 yr was
not chosen with any further intention.
Of the 33 patients initially investigated
3 patients or their relatives were not
located or did not want to respond, and
these patients were excluded from the
follow-up analysis (response rate of
91%). The questionnaire addressed
symptoms of cardiac arrhythmia,
tachycardia or bradycardia, high blood
pressure, myocardial infarction, and

death, which was the target variable
(including the specific question con-
cerning “sudden death”). At baseline
and during the follow-up, no major
other diseases appeared in these
patients that might have accelerated
cardiovascular disease or other causes
of death.

Autonomic nervous system 
examination
CAD was assessed using a test battery
that included standardized tests validat-
ed in 120 normal subjects (25). The
inter test reliability has been tested
(25). The parameters were given as
exact percentile values of each patient
using statistical data of an earlier study
kindly provided by Ziegler et al. (25).

Variation coefficient of 150 heart beat
intervals in supine position, heart rate
variation during 6 deep breaths per one
minute known as respiratory sinus
arrhythmia test (R-Rmax - R-Rmin or
E-I difference), blowing into a mouth-
piece of a manometer for 15 s to main-
tain a pressure of 40 mmHg known as
the Valsalva test (R-Rmax/R-Rmin),
heart rate response to standing up
known as the Ewing test (lying-to-
standing test or R-Rmax/R-Rmin), and
orthostatic systolic blood pressure fall
after 5 min in supine position. A test
was abnormal if the result was below
the 5th percentile. With respect to ortho-
static blood pressure fall, a fall by 25
mmHg was abnormal(25). The diagno-
sis of overall CAD was made if two or
more of the five individual test results
were abnormal.
PAD was assessed by the following test
battery validated in 103 normal sub-
jects (26). The inter test reliability has
been tested (26): We measured the la-
tency time of pupillary light reflex for
the parasympathetic portion and the
maximal pupillary area in darkness for
the sympathetic portion to study the
pupillary autonomic reflex loop. Exact
percentile values were used for each
test (26). A test was abnormal if the re-
sult was below the 5th percentile. The
diagnosis of overall PAD was made if
one or both tests were abnormal (26).

Statistical analysis
Group medians were compared by the
Mann-Whitney test using the statistical
package SPSS (SPSS, V.12.0, SPSS,
Inc. Chicago). Frequencies were com-
pared by Chi-squared test with Yates
continuity correction (SPSS). Due to
the number of patients included, rela-
tive risk factors can not be calculated
(huge values for the risk are expected).
Values are expressed as mean ± SEM
and the significance level is p < 0.05.

Results
Prevalence and characteristics of CAD
and PAD in patients with RA
A total of 18 patients (60%) demon-
strated cardiovascular or pupillary
measures below the 5th percentile (Fig.
1A-C). According to the definition of
CAD, the prevalence of CAD was 6/30
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Table 1. Baseline clinical characteristics of patients with rheumatoid arthritis. Data are
given as means  SEM, percentages in parentheses, and ranges in brackets.

All patients Survivors Non-survivors

n 30 26 4

Female / male 17 / 13 16 / 10 1 / 3

Age (yr) 52.2 ± 1.9 51.6 ± 2.1 56.5 ± 2.2
(37 - 75) (37 - 75) (50 - 59)

Disease duration (yr) 6.7 ± 1.2 6.4 ± 1.3 8.6 ± 4.8

Number of swollen joints 9.0 ± 1.4 8.8 ± 1.6 10.2 ± 1.8

Number of tender joints 8.8 ± 1.2 8.7 ± 1.4 9.5 ± 1.3

Visual analog scale for joint pain (1 to 10) 3.8 ± 0.4 3.6 ± 0.4 4.8 ± 0.8

Global assessment of patients (1 to 10) 4.4 ± 0.4 4.4 ± 0.4 4.8 ± 0.1

Global assessment of physician (1 to 10) 3.7 ± 0.3 3.7 ± 0.3 4.0 ± 0.6

Erythrocyte sedimentation rate (mm) 30.2 ± 4.0 29.6 ± 4.5 35.3 ± 8.2

C-reactive protein (mg/l) 30.9 ± 7.3 31.4 ± 8.3 27.5 ± 12.1

Rheumatoid factor positive 19 (63.3) 16 (61.5) 3 (75.0)

Cardiovascular co-morbidities
Obesity 0 / 30 0 / 26 0 / 4

Hyperlipidemia 0 / 30 0 / 26 0 / 4

Hypertension 0 / 30 0 / 26 0 / 4

Diabetes mellitus 0 / 30 0 / 26 0 / 4

Ischemic events in the history 0 / 30 0 / 26 0 / 4

Medication
Prednisolone 18 (60.0) 17 (65.4) 1 (25.0)

Daily prednisolone (mg/d) 6.3 ± 1.3 6.9 ± 1.4 2.5 ± 2.5

Methotrexate 14 (46.7) 12 (46.2) 2 (50.0)

Daily methotrexate (mg/d) 6.8 ± 1.4 7.0 ± 1.6 5.6 ± 3.6

Hydroxychloroquine or chloroquine 2 (6.7) 1 (3.9) 1 (25.0)

Sulfasalazine 6 (20.0) 4 (15.4) 2 (50.0)

Azathioprine 2 (6.7) 1 (3.9) 1 (25.0)

Cyclosporin 2 (6.7) 2 (7.7) 0 (0)

NSAIDs 18 (60.0) 16 (61.5) 2 (50.0)

Survivors and non-survivors were not different in all mentioned parameters. All patients did not receive
any medication for the treatment of cardiovascular co-morbidities.



(20%). The prevalence of PAD was
15/30 (50%). Only 3/30 patients (10%)
demonstrated both forms of autonomic
dysfunction.
Of all cardiovascular tests, the Ewing
test demonstrated the worst results
(Fig. 1A). Thirteen patients demon-
strated a Ewing value below the 5th per-
centile (Fig. 1A). For the relative varia-
tion coefficient, the respiratory sinus
arrhythmia measure, and the Valsalva
value, only one patient demonstrated a
value below the 5th percentile (Fig.
1A). A total of five patients had ortho-
static systolic blood pressure fall below
minus 15mmHg, the threshold for the
5th percentile (Fig. 1B). With respect to
pupillary function testing, 10 patients
demonstrated a latency time below the
5th percentile and 9 patients a maximal
pupillary area below the 5th percentile
(Fig. 1C).
Similar as in earlier studies several
patients demonstrated autonomic ner-
vous hyperreflexia with values above
the 95th percentile (relative variation
coefficient: 7/30; respiratory sinus
arrhythmia measure: 12/30; Valsalva
measure: 1/30; Ewing measure: 0/30;
latency time of pupillary light reflex:
5/30; maximal pupillary area: 0/30, see
also Fig. 1). This indicates that an im-
balance between sympathetic and para-
sympathetic function existed.

Baseline clinical and laboratory 
parameters in survivors and 
non-survivors
During the 8-year observation period,
4/30 RA patients died (13%) due to
heart failure (n = 1), immunodeficiency
/ infection (n = 1), and sudden deaths (n
= 2). All other patients did not report
about cardiac arrhythmia, tachycardia
or bradycardia, high blood pressure,
myocardial infarction and other sever
conditions linked to cardiovascular dis-
ease.
At baseline, survivors and non-sur-
vivors were not different in age, gen-
der, disease duration, swollen joint
score, tender joint score, visual analog
scale for pain, global assessment of
patient, and global assessment of
physician (Table I). Furthermore, sur-
vivors and non-survivors had similar
medication at baseline (Table I). At

baseline, patients did not report on any
other co-morbidity except RA. In addi-
tion, at baseline, median erythrocyte
sedimentation rate, C-reactive protein,
and rheumatoid factor status were not
different between the two groups
(Table I). 

Baseline cardiovascular and pupillary
autonomic dysfunction in survivors
and non-survivors
With respect to the respiratory sinus

arrhythmia test, at baseline, survivors
had lower percentile values (normal) as
compared to non-survivors, which
demonstrates hyperreflexia in the latter
group (Fig. 2A). At baseline, non-sur-
vivors demonstrated markedly lower
percentile values in the Ewing test as
compared to survivors (Fig. 2A). All
non-survivors had Ewing test values
below the 5th percentile (Fig. 2A). RA
patients had relatively normal per-
centile values with respect to the heart
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Fig. 1. Characteristics of cardiovascular (A,B) and pupillary autonomic function (C) in patients with
rheumatoid arthritis. Individual patients are given as small black circles. Box plots demonstrate the
10th, 25th, 50th (median within the box), 75th, and 90th percentile. The dotted lines indicate the 5th and the
95th percentile of normal subjects. 
rel.VC: heart rate variation coefficient; RSA: respiratory sinus arrhythmia test.



rate variation coefficient and the Val-
salva test parameter independent of the
survivor status (Fig. 2A). In the ortho-
stasis test, no significant difference was
found as well (Fig. 2B). At baseline, six
of 30 patients had CAD, and two of
these patients died (33%) whereas in
the group without CAD only two
patients died (33% vs. 8%; Fig. 2D).
This difference did not reach the signif-
icance level.
At baseline, RA patients who survived

as compared to non-survivors tended to
have an elevated latency time per-
centile and maximal pupillary area per-
centile (Fig. 2C). Only one of 4 non-
survivors had a latency time percentile
above the 5th percentile (Fig. 2C). The
overall percentage of PAD was signifi-
cantly different in survivors and non-
survivors at baseline (Fig. 2E). Fifteen
of 30 patients had PAD, and 4 of these
patients with PAD died (27%) whereas
in the group without PAD not one

patient died (27% vs. 0%, p = 0.035;
Fig. 2E).
No influence of medication or inflam-
matory status was observed on readout
parameters of CAD and PAD testing
(data not shown). 

Discussion
The first study in patients with RA on
“autonomic neuropathy” with a special
focus on sweat abnormalities was pub-
lished in 1965 (27). A first systematic
study in patients with RA was present-
ed in the 1970s (1). The authors con-
cluded: “Significantly more patients
with RA had abnormal autonomic
function, suggesting that autonomic
neuropathy occurs more commonly in
RA than hitherto suspected. The exis-
tence of an autonomic neuropathy may
be an important complicating factor in
rheumatoid disease and may lead to
increased morbidity and mortality.” 
In the following years, assessment of
autonomic nervous function by stan-
dard tests was also applied to other
rheumatic diseases such as systemic
sclerosis (4, 28), systemic lupus erythe-
matosus (29, 30), primary Sjögren’s
syndrome (10, 31), fibromyalgia (32),
mixed connective tissue disease (12),
and familial Mediterranean fever (33).
The prevalence rates of CAD is 0-25%
and of PAD 15-35% depending on the
applied methods (1-13). In our study
cohort, prevalence of CAD was 20%,
which confirms earlier results. With
respect to PAD, which has never been
investigated in RA, we observed a
prevalence of 50%. This high preva-
lence is similar as in Type 1 diabetes
mellitus.
It is interesting that not only hypore-
flexia (below the 5th percentile) but also
hyperreflexia (above the 95th percen-
tile) appears in patients with chronic
inflammatory diseases (9, 34). This
present study confirms hyperreflexia in
patients with RA. This was most
marked for the respiratory sinus ar-
rhythmia test where 40% of our RA
patients demonstrated hyperreflexia.
Hyperresponsive results are rare in dia-
betic patients (R. H. Straub, unpub-
lished). However, in patients with sys-
temic lupus erythematosus and sys-
temic sclerosis hyperreflexia was
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Fig. 2. Characteristics of cardiovascular (A,B) and pupillary autonomic function (C) and frequency of
CAD (D) and PAD (E) in survivors and non-survivors with rheumatoid arthritis Explanation of sym-
bols or box plots are given in legend to figure 1. 
n-s: non-survivors; rel.VC: heart rate variation coefficient; RSA: respiratory sinus arrhythmia test; s:
survivors.



Mortality in RA with autonomic dysfunction / S. Schwemmer et al.  

688

found to be common (34). This indi-
cates that the excitability of central
autonomic neurons may be increased in
patients with chronic inflammatory dis-
eases. In these patients, others have
also shown an increased sympathetic
tone which might lead to alterations of
autonomic nervous function tests (16,
17, 35, 36). In rheumatic diseases, the
proinflammatory load may be an
important peripheral stimulus to induce
autonomic hyperreflexia. Proinflam-
matory cytokines such as IL-6, IFN-γ,
or TNF can stimulate the hypothalamus
and may trigger alterations of auto-
nomic centers. This has been demon-
strated in fibromyalgia patients after
i.v. injection of IL-6 (37). 
At this point, the intriguing question
arises as to whether autonomic dys-
function is a response to the feedback
from the peripheral chronic inflamma-
tory process (e.g., via cytokines acting
at the hypothalamus) or whether it is
the consequence of pathogenetic fac-
tors originating in the CNS that in-
crease disease activity. In other words,
is the CNS involved in the progression
of rheumatic diseases? Functional im-
balance between distinct sympathetic
and parasympathetic centers may lead
to changes of the set point of activation
of autonomic nervous reflex loops in
the brain, which are involved in regula-
tion of autonomic reflexes. Patients
with long disease duration may have
pronounced alterations of the autonom-
ic central nervous outflow. Thus,
longer disease duration may lead to
more obvious changes of the set point
of activation of a given autonomic
reflex loop. This may be the reason for
the link between disease duration and
autonomic hyperreflexia in patients
with rheumatic diseases (34). These
long-term changes, whether hypo-
reflexia or hyperreflexia, may con-
tinuously impair the cardiovascular
system leading to an increased risk of
mortality.
However, diagnosis of autonomic neu-
ropathy in connective tissue diseases
has never been linked to long-term
prognosis. This study in RA patients
demonstrates that PAD predicts an
increased risk of mortality 8 years after
baseline investigation. PAD in contrast

to CAD has never been linked to mor-
tality in other studies including those
on diabetic patients. In addition, non-
survivors demonstrated a markedly dis-
turbed Ewing test and respiratory sinus
arrhythmia test indicating autonomic
nervous dysfunction. It is thought that
autonomic hyporeflexia is an unfavor-
able factor due to an impairment of
important cardiovascular reflex loops,
which may predispose do cardiac ar-
rhythmias. We think that the number of
non-survivors was too small to draw
firm conclusions. Nevertheless, three
of our patients died because of heart
failure and sudden death, which is most
often linked to cardiac rhythm prob-
lems. Thus, the results might be com-
pared to the studies in patients with dia-
betes mellitus (23).
In conclusion, this study describes high
prevalence of CAD and PAD in RA
patients. In addition, there are indica-
tions that disturbed autonomic reflexes
might be linked to higher mortality,
which needs further confirmation. At
the moment, it is unclear whether
detection of autonomic dysfunction
should lead to more intense programs
to reduce additional risk factors as in
patients with diabetes mellitus. This
must be subject of future longitudinal
studies.
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Key messages
Autonomic nervous dysfunction,
whether hyporeflexia or hyperreflexia,
is frequent in rheumatoid arthritis. In
the longitudinal part of the study, pupil-
lary autonomic dysfunction was more
often found in patients who died during
the follow-up of 8 years.
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