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Abstract Heart rate variability (HRV) is a useful tool
for the detection of sympathetic-parasympathetic bal-
ance in the autonomic nervous system. Autonomic
nervous system involvement in patients with rheumatoid
arthritis (RA) has rarely been studied and has shown
conflicting results. Our purpose was to determine if
HRV showed changes in patients with RA in compari-
son with the normal population. Short-term analysis of
HRV was performed for time-domain frequency in 42
patients with RA and 44 matched controls. In this
analysis, patients displayed lower standard deviation of
the mean than healthy subjects (P<0.0001). Patients
tended to display higher pNN50 and root-mean-square
of successive difference values than did healthy subjects,
but these differences were not statistically significant
(P>0.05). In frequency domain analysis, the spectral
measures of HRV showed reduced high-frequency (HF)
values and an higher low-frequency (LF) values; as a
result, the ratio between low and high frequencies (LF/
HF), representative of sympathovagal modulation, was
significantly increased (P=0.001, P=0.012, and
P=0.003, respectively). Our data suggest an increase in
sympathetic control of the heart rate in patients with

RA. This increased sympathetic activity could play a key
role in the development of ventricular tachyarrhythmias
in RA and may be related to the higher incidence of
sudden death in this disorder.
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Introduction

As a connective tissue disease, rheumatoid arthritis (RA)
may affect various organs. In it, a greater number of
changes in the cardiac system have been noted after
death. Several large epidemiological studies found more
excess cardiovascular mortality in RA patients than in
controls [1, 2, 3, 4]. Myocardial infarction and sudden
death were the main sources of excess mortality [5, 6].

Normal heart rate variation depends on the balance
between sympathetic and parasympathetic systems.
A high variability in heart rate is a sign of good adapt-
ability, implying a healthy individual with well-func-
tioning autonomic control mechanisms. Conversely,
lower variability is often an indicator of abnormal and
insufficient adaptability of the autonomic nervous
system. Reduced HRV has emerged as a strong indicator
of risk for adverse events in patients with a wide range of
diseases [7, 8, 9.] Compared to traditional tests, HRV
analysis is a practical, reproducible, and noninvasive
method of detecting early autonomic impairment,
allowing better quantitative and qualitative evaluation
of sympathovagal modulation of cardiovascular func-
tion [10, 11].

Rheumatoid arthritis may produce an imbalance in
the autonomic nervous system, but the relationship has
rarely been studied and has shown conflicting results [12,
13]. Increased heart rate and decreased HRV might be
associated with increased mortality in patients with RA.
The aim of this study was to assess the presence and
severity of autonomic impairment by evaluating HRV in
a series of randomly selected patients with RA.
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Materials and methods

Patients

The study group was composed of 48 patients with RA (35 female
and 13 male, mean age 47±11.2 years) and 50 healthy subjects (33
female and 17 male, mean age 45±9.4 years). The patients were
enrolled in the study between January 1999 and June 2002. In all
cases, routine physical examination, 12-lead electrocardiography,
telecardiography, routine biochemistry, transthoracic echocardi-
ography, and exercise stress tests were performed. According to the
test results, none of the cases had evidence of cardiovascular
disease. All RA patients were treated according to the diagnosis
based on the Association of Rheumatoid Arthritis criteria, and all
were in stages I–IV of the disease according to Steinbrocker’s cri-
teria [14]. Patients were tested for autoantibodies, including anti-
nuclear and anti-DNA antibodies, using enzyme-linked
immunosorbent assay. Rheumatoid factor was detected in serum
samples using the RA latex test. The control group was randomly
selected among the patients admitted to the cardiology department
with atypical chest pain and normal exercise stress tests.

No patients had clinical signs of autonomic dysfunction, history
of myocardial infarction, arterial hypertension, diabetes mellitus
including type I and II, or pulmonary disease. Four patients with
RA were excluded from the analyses due to the usage of beta-
blocker therapy. None of the subjects in either group were taking
any drug that could affect the autonomic nervous system. Also, due
to smoking habits, two patients and six control subjects were
excluded from the study. Therefore, the final group consisted of 42
patients with RA (31 female and 11 male, mean age 48±10.4 years)
and 44 healthy controls (31 female and 13 male, mean age
45±8.4 years). All subjects agreed to participate in the research,
and the consent of an ethics committee was obtained.

Heart rate variability measurement

A standard ambulatory Holter recording system (Biomedical
System Century 2000/3000 Holter monitoring system, version
1.32) was used. A three-channel apparatus recorded the electro-
cardiographic traces. All recordings were analysed using a
Century 2000/3000 HRV Package System (Biomedical Systems,
St. Louis, Mo., USA) after adjustment of R-R intervals manually.
All recordings were obtained for just an hour between 9:30 AM
and 12:30 AM; patients had fasted overnight and remained in
recumbent position throughout the recordings. The subjects were
asked to remain awake and relaxed, but the depth and rate of
breathing were not controlled. Only cycles in which beats had
normal morphological characteristics were used for analysis.
Intervals between ectopic beats, between normal and ectopic
beats, and intervals inaccurately measured because of artefacts
were excluded from analysis. Heart rate variability was assessed in
two ways: time domain analysis and frequency domain analysis.
The mean heart rate, standard deviation of all R-R intervals
(SDNN), root-mean square of successive differences (RMSSD),
and number of R-R intervals differing by >50 ms from adjacent
intervals divided by the total number of all R-R intervals
(pNN50) were measured in the time domain analysis. Spectral
measures were obtained by the fast-Fourier transform method.
According to the Task Force of the European Society of Cardi-
ology and the North American Society of Pacing and Electro-
physiology [15], recordings were taken as the means of five
different 5-min periods. The power in the heart rate spectrum
between 0.003 MHz and 0.40 Hz was defined as total energy
(ms2). This power was divided into two components: low
frequency (LF) (0.04–0.15 Hz) and high frequency (HF) (0.16–
0.4 Hz). It is believed that HF is a marker of parasympathetic
activity and LF is a marker of sympathetic activity [15]. We also
measured the ratio of low-to-high frequency power (LF/HF),
reflecting the sympathovagal balance [16]. High values of this
ratio indicated dominant sympathetic activity. As in previous

reports, many time and frequency domain variables strongly
correlated with each other [17]. The SDNN correlated with total
power and RMSSD and pNN50 with HF power.

Statistical method

Data were expressed as proportions or mean±SD. Student’s t-test
was used for evaluation of continuous variables in the two groups
and Fisher’s exact test for proportions when appropriate.
Chi-squared analysis and Student’s unpaired t-test were used to
compare variables between groups for univariate analysis. The
Kruskal-Wallis H test was used to compare variables between
stages of the RA group, and Pearson’s correlation analysis was
performed to see the relation between HRV parameters and stages
of RA according to Steinbrocker’s criteria. P values of <0.05 were
considered statistically significant.

Results

The demographic and clinical data of the 42 study
patients with RA are summarized in Table 1. There were
no significant differences between RA and controls in
these parameters, including coronary risk factors. The
results of HRV analysis in patients with RA and
controls are shown in Table 2. Figure 1 shows frequency
domain analysis in RA and controls. Patients tended to
display higher heart rates and greater pNN50 and
RMSSD than did healthy subjects, but these differences
were not statistically significant (Table 2). The SDNN

Table 1 Clinical characteristics of patients. BMI body mass index,
CRP C-reactive protein, ESR erythrocyte sedimentation rate

Variable Patients (n=42)

Age (years), mean±SD 48±10.4
BMI (kg/m2) 25.3±4.4
Mean disease duration (years) 6.5
N rheumatoid-factor positive (%) 35 (83.3%)
ESR (mean±SD) 41.7±27.1
CRP (mean±SD) 50.3±122.7
N at stage of disease according
to Steinbrocker’s criteria (%)
I 16 (38.4%)
II 18 (42.6%)
III 8 (19%)
IV 0

Table 2 Heart rate variability parameters in patients with rheu-
matoid arthritis and controls. SDNN standard deviation of all R-R
intervals, RMSSD root-mean-square of successive differences,
PNN50 number of R-R intervals differing by >50 ms from adja-
cent intervals divided by the total number of all R-R intervals, LF
low frequency heart rate, HF high frequency heart rate

RA group Control group P value
Heart rate (beats/min) 72.7 70.5 0.14
SDNN (ms) 104.5±46.7 140.4±19.8 <0.0001
RMSSD (ms) 33.8±23.7 29.7±9.8 0.48
PNN50 (%) 10.9±11.8 8.0±4.9 0.34
LF 67.3±17.6 52.7±12.4 0.001
HF 26.3±13.2 35.1±8.4 0.012
LF/HF 3.64±1.9 2.14±1.2 0.003
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values, which correlate with total power, were lower in
patients with RA (P<0.0001). In frequency domain
analysis in the RA group, HF power, which reflects
parasympathetic activity, was found to decrease
(P=0.012) and LF power, a marker of sympathetic
activity, was found to increase (P=0.001) (Table 2). As
a result, the LF/HF ratio, a representative of sympath-
ovagal modulation, was significantly higher (P=0.003).
There was no significant difference between HRV
parameters and stages of RA. Also, no correlation was
found between HRV parameters and disease duration,
Steinbrocker’s classification, or erythrocyte sedimenta-
tion rate (ESR) (Table 3, Table 4).

Discussion

The analysis of HRV is considered a valid method to
assess autonomic nervous system fluctuations in normal

healthy individuals and patients with various cardiovas-
cular and noncardiovascular disorders [11]. There are
two approaches to measuring HRV: time domain and
frequency domain analyses. In the former, the standard
deviation of the mean of R-R intervals (SDNN) repre-
sents a general measurement of autonomic nervous sys-
tem balance, whereas the percentage of R-R intervals
differing from each other bymore than 50 ms, or pNN50,
predominantly reflects parasympathetic activity. In the
frequency domain, spectral analysis of R-R intervals can
detect two major components: the so-called high-fre-
quency component (HF) of physiologic HRV (spectral
components in the band from 0.16 Hz to 0.5 Hz), and the
low frequency (LF) component (spectral band from
0.04 Hz to 0.15 Hz). The former is modulated predomi-
nantly by the parasympathetic nervous system, whereas
the latter is under the influence of both the parasympa-
thetic and sympathetic systems. The LF/HF ratio can be
considered a marker of sympathovagal balance [11, 15].

Abnormal autonomic function is known to predis-
pose to arrhythmogenesis in clinical and experimental
conditions. The loss of HRV and sympathovagal

Table 3 Heart rate variability parameters in patients according to
stages of rheumatoid arthritis. SDNN standard deviation of all R-
R intervals, RMSSD root-mean-square of successive differences,
PNN50 number of R-R intervals differing by >50 ms from adja-

cent intervals divided by the total number of all R-R intervals, LF
low frequency heart rate, HF high frequency heart rate, N.S. not
significant

Fig. 1 Frequency domain analysis of the heart rate variability in
RA patients and controls

Stage I II III P value

Heart rate (beats/min) 72.6±3.6 67.6±3.5 71.5±2.12 (N.S.)
SDNN (ms) 106.6±59.7 72.3±30.3 103.5±54.4 (N.S.)
RMSSD (ms) 36.08±26.9 44.6±22.5 20.25±13.7 (N.S.)
PNN50 (%) 13.6±15.4 10.6±14.2 12.5±6.2 (N.S.)
LF 67.5±206 67.3±18.4, 79.8±4.8 (N.S.)
HF 28.4±16.3 23.25±12.5, 16.7±4.4 (N.S.)
LF/HF 4.0±1.9 3.63±2.1 4.9±1.6 (N.S.)
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imbalance (either increased sympathetic or reduced
vagal activity) has been shown to be a strong and
independent predictor of postinfarction mortality and is
of prognostic value in patients with heart failure and
diabetic neuropathy [18, 19, 20, 21]. Conversely, vagal
predominance could exert protective and antifibrillatory
effects [18].

In autoimmune diseases such as systemic lupus
erythematosus (SLE) and systemic sclerosis, several
studies have shown a significant reduction in HRV [22,
23]. In particular, spectral analysis in SLE has revealed a
reduction in high-frequency components, indicating
reduced parasympathetic cardiovascular tone. Although
peripheral and central nervous system involvement has
been well recognized in patients with RA, autonomic
nervous system involvement has rarely been studied and
has shown conflicting results. Louthrenoo et al. reported
diminished heart rate response in patients with RA using
standard cardiovascular reflex tests [12]. They also found
that diminished heart rate response showed no correla-
tion with disease duration, number of swollen joints,
ESR, or rheumatoid factor in the RA group. This result
was similar to ours. Maule et al. also showed impaired
autonomic nervous function in patients with RA. They
reported as well that autoantibodies directed against
autonomic nervous system structures might play a role in
the pathogenesis of the autonomic dysfunction [13].

In our study, results conflicted between time and
frequency domain parameters in the patients and con-
trol subjects. They showed a slight increase in pNN50
and RMSSD but a significant reduction in SDNN in
time domain parameters in the group with RA
(P=0.34, P=0.48, and P<0.0001, respectively).
However, we found a significant decrease in HF and
increase in LF and LF/HF ratio in patients with RA,
suggesting predominance of the sympathetic modula-
tion of the heart. Frequency domain techniques facil-
itate more precise evaluation of the direction and
magnitude of changes in sympathovagal balance than is
possible with time domain analysis. Also, frequency
domain analysis obtained from short recordings (par-
ticularly when conditions are standardized by using the
modified orthostatic protocol) are more useful for

predicting mortality [24, 25]. Therefore, time domain
analysis is a more useful detection method in sustained
recording periods. In our study, frequency domain
parameters were more reliable for short recording
times, so conflicting results between time and frequency
domain parameters can be considered less important.

The relative predominance in sympathetic tone plays
a key role in the development of ventricular tachyar-
rhythmia. Indeed, in a recent long-term follow-up study
on the cause of death in patients with RA, more sudden
deaths were found than in controls. Riise et al. reported
that sudden deaths accounted for 11.3% of total
mortality in patients with RA [6].

To conclude, in our patients with RA, there are
indications of increased sympathetic control of heart
rate, as has been observed in other autoimmune diseases.
This observation might be of some importance with
reference to increased rate of sudden death in RA due to
the risk of fatal arrhythmia. However, considering the
small number of cases enrolled in this study, further
work is necessary to confirm our data.
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