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Objective: To assess the association of cardiovascular auto-
nomic balance with perceived functional impairment and 
pain among patients with chronic low back pain.
Design: A cross-sectional analysis of working patients with 
chronic low back pain. 
Patients: Forty-six consecutive patients aged 24–45 years 
with chronic low back pain fulfilling the inclusion criteria. 
A total of 39 subjects had technically acceptable electrocar-
diographic recordings during periods of rest and standard 
provocations.
Methods: Perceived functional disability was assessed with 
the Oswestry disability index and pain with a numerical 
rating scale. Autonomic nervous function was assessed by 
measuring heart rate variability with short recordings.
Results: The total power of heart rate variability was lower 
among those with moderate perceived disability (Oswestry 
20–40%) compared with those with minimal disability (Os-
westry < 20%). However, heart rate variability did not differ 
significantly among those with numerical rating scale values 
≤ 5/10 from those with values > 5/10. The power of the high-
frequency component (0.15–0.4 Hz) of heart rate variability 
was lower among those with moderate perceived functional 
impairment.
Conclusion: A significant association existed between heart 
rate variability and perceived physical impairment, but not 
between heart rate variability and pain. Proportionally re-
duced high-frequency activity was found to reflect decreased 
parasympathetic activity or increased sympathetic activity. 
This resulted in sympathetic dominance among the patients 
with higher subjective disability. The possible clinical impli-
cations of this observation are discussed.
Key words: disability evaluation, autonomic nervous system, 
low back pain, cross-sectional analysis.
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INTRODUCTION

According to Chandola et al. (1), there is a strong association 
between chronic stress and physiological health risks. It has 
been suggested that autonomic cardiovascular indices could 
be used in stress-related risk assessment in occupational health 

(2). The focus of autonomic function and health has been car-
diovascular diseases; musculoskeletal syndromes have been 
paid much less attention. However, there are many epidemio-
logical and other studies suggesting that there is a connection 
between musculoskeletal disorders and psychological risk 
factors such as stress, as shown by Brage et al. (4), Sudhaus 
et al. (5) and Waters et al. (3). It is also worth noting that 
interactions exist between pain sensitivity and cardiovascular 
control mechanisms (6). 

There is also indirect evidence of the relevance of stress and 
musculoskeletal disorders. Randomized trials on behavioural 
treatment for non-specific chronic low back pain revealed mod-
erate evidence (2 trials, 39 people) in favour of progressive 
relaxation having a significant positive effect on pain and behav-
ioural outcomes (short-term only). Combined respondent-cogni-
tive therapy and progressive relaxation therapy were effective in 
the short term. No significant differences were detected between 
behavioural treatment and exercise therapy. Whether clinicians 
should refer patients with chronic low back pain to behavioural 
treatment programmes or to active conservative treatment cannot 
be concluded from this review (7).

Heart rate variability (HRV) is commonly used to assess the 
autonomic nervous system function (8). Decreased HRV in both 
short-term and long-term electrocardiography (ECG) record-
ings has been shown to predict poor health outcomes (9, 10). 
In the time domain analysis of HRV the standard deviation of 
R-R intervals (SD of RRIs) reflects all the cyclic components 
of HRV. The mean of the sum of the squares of differences 
between adjacent R-R intervals (RMSSD) is a good estimate of 
the short-term components of HRV. The RMSSD is predomi-
nantly the indicator of vagally controlled heart period variation 
(11). Power spectral density analysis tells us how variance is 
distributed as a function of frequency. The total power (TP) 
of the HRV includes 3 main components of the spectral densi-
ties. In spectral density analyses the high-frequency band of 
HRV (HF) is located between frequencies 0.15 and 0.4 Hz, the 
low-frequency band of HRV (LF) between frequencies 0.04 
and 0.15 Hz, and the very-low-frequency band of HRV (VLF) 
below 0.04 Hz. The HF component reflects the parasympathetic 
modulation of the heart rate; the LF component is controlled by 
both the sympathetic and the parasympathetic nervous system 
(12). The LF/HF relationship has been used as an indicator 
of the balance between sympathetic and parasympathetic 
regulation (13). The VLF needs longer, usually one hour or 
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more, recordings to be analysed reliably and its physiological 
explanation is unclear.

The aim of this study was to investigate the autonomic nerv-
ous function evaluated by HRV among patients with chronic 
low back pain and, in particular, whether the possible imbal-
ance is connected to the severity of perceived pain and/or 
perceived disability. 

PATIENTS AND METHODS
Patients with chronic low back pain (n = 220) were recruited by a 
widely circulated newspaper advertisement. The inclusion criteria 
were: low back pain (with or without radiation to the leg); pain duration 
of at least 3 months; age between 24 and 45 years; and being able to 
participate in the study during their working day. The exclusion criteria 
were: weakened general condition; malignancies; ankylosing spond-
ylitis; severe osteoporosis; severe osteoarthritis; paralysis; progressive 
neurological disease; haemophilia; spinal infection; previous spinal 
operation; vertebral fracture during the previous 6 months; severe 
psychiatric disease; or severe sciatica with straight leg test result below 
35 degrees or with at least one recent motor deficit. Other exclusion 
criteria were: pregnancy; marked overweight (body mass index over 
32); or simultaneous spinal rehabilitation or spinal study (14).

From the pool of 220 patients, 46 consecutive patients were enrolled 
in this study. One of the authors (MG) performed the autonomic nerv-
ous system function measurements. The physicians responsible for 
planning the autonomic nervous cardiac reflex testing and analysis (MG 
and HL) had no involvement with patient selection, recruitment or other 
clinical examinations. The patients had no illnesses or medications 
affecting their autonomous nervous system. The patients’ basic data 
are shown in Table I. Of the 46 patients, 26 (56.5%) had been on sick 
leave during the previous year, but none for longer than one month. 
None of the patients had incapacitating cardiovascular problems. Of 
the patients, 37 (67.4%) did not report radiation of pain. Only 2 (4.3%) 
experienced numbness. The straight leg test was positive in 4 cases. 
The study protocol was approved by the hospital medical ethics review 
board. No monetary incentive was provided for participants.

Perceived disability was evaluated using the Oswestry low back 
pain disability questionnaire (15). This questionnaire is designed to 
assess limitations of various activities of daily living. Each of the 10 
sections contains 6 statements. The scores of all sections are added 
together and expressed as a percentage. The patients were classified 
as having minimal perceived disability (< 20%) or moderate disability 
(20–40%). Subjective pain was evaluated by a numerical rating scale 
(NRS) (0–10; 0 = no pain, 10 = worst possible pain).

HRV was analysed from short (5-min) ECG recordings during 
controlled (11) and spontaneous quiet breathing. Deep breathing and 
active orthostatic tests were performed to exclude cardiac autonomic 
neuropathy. Data acquisition was carried out and time domain and 
spectral analyses were performed by use of a PC-based analysis system 
(CAFTS, Medikro Inc, Kuopio, Finland). The sampling frequency for 
biosignals was 200 Hz and the amplitude resolution 12 bits. The algo-
rithms were based on autoregressive modelling of spectral analysis. 
The statistical analyses were made among the subjects (n = 39) with 
technically acceptable ECG signals and without more than one cardiac 
ectopic beat/min during the collecting period in both sessions. 

The statistical analyses were performed by general lineal model 
analysis of variance (GLM Multivariate, SPSS version 14.0) with 
post-hoc Bonferroni correction. p < 0.05 served as the measure of 
statistical significance.

RESULTS

The Oswestry score was on average 19.7% (standard deviation 
(SD) 10.9), that for men (17.8%, SD 10.9) not differing from that 
for women (22.9%, SD 10.4). Half the patients (23) had a score 
> 20% (21–40; moderate disability) and the other half < 20%; 
minimal disability. The mean ages in these groups were 36.7 (SD 
5.5) and 38.3 (SD 5.7) years, respectively; a difference that was 
not statistically significant. Seven of the patients were smokers, 
3 of them had an Oswestry score of < 20% and 4 had ≥ 20%. 

The mean score of NRS was 5.8 (SD 2.1), that of men (SD 
5.6) not differing significantly from that of women (SD 6.2). 
The mean age of the 22 subjects with a maximum NRS of 5 
(37.4, SD 6.0) did not differ from that of the 24 subjects with 
a maximum NRS greater than 5 (37.6, SD 5.3). The NRS score 
did not correlate significantly with the Oswestry score.

The mean systolic blood pressure was 121 mmHg (SD 12.6) 
and mean diastolic blood pressure 76.6 mmHg (SD 8.2), with 
no gender difference. The mean overall heart rate was 59.2  
beats/min (SD 7.8), with no statistical difference in HR between 
those with a higher or lower Oswestry or NRS score.

HRV was significantly lower among those with an Oswestry 
score ≥ 20% than among those with a score < 20%. The results 
are shown in Table II. The mean SD of RRIs during sponta-

Table I. Patient characteristics

Characteristics

Patients, n 46
Sex ratio (M:F) 29:17
Age, years, mean, (SD) 37.5 (5.6)
Occupation, n (%)
Light sedentary work 31 (67)
Physically light work 10 (22)
Physically moderate or heavy work 5 (11)

Pain duration, n (%)
< 1 year 5 (11)
1–5 years 12 (26)
6–10 years 15 (33)
> 10 years 14 (30)

Pain frequency, n (%)
Daily 28 (61)
Weekly 8 (17)
Monthly 6 (13)
At least 3 times a year 4 (9)

Table II. Association of heart rate variation and Oswestry score (mean, 
SD) among patients with chronic low back pain

< 20% 20–40%
p Oswestry n = 18 n = 21 

SD of RRIs, ms* 63.6 (25.2) 52 (19.9) 0.019
SD of RRIs, ms† 55.8 (19.5) 44.9 (12.3) 0.006
RMSSD, ms* 56.5 (32.5) 36.3 (8.4) 0.003
RMSSD, ms† 52.7 (31.5) 33.6 (12.9) 0.005
TP, ms2* 4741 (3164) 2763 (2657) 0.043
TP, ms2† 3350 (2412) 1784 (873) 0.027
HF, ms2* 1719 (2000) 677 (574) 0.012
HF, ms2† 981 (948) 502 (426) 0.111
LF, ms2* 1290 (1137) 1214 (1935) 0.342
LF, ms2† 500 (333) 405 (335) 0.097

*During spontaneous breathing. †During controlled breathing.
HRV: heart rate variability; SD of RRIs: standard deviation of R-R 
intervals; RMSSD: mean of the sum of the squares of differences 
between adjacent R-R intervals; TP: total power of HRV; HF: high-
frequency band of HRV; LF: low-frequency band of HRV. 
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neous breathing was 63.6 ms (SD 25.2) among those with an 
Oswestry score < 20% (n = 18) and 52 ms (SD 19.9) among 
those with an Oswestry score ≥ 20% (n = 21), a significant 
difference (p =3570.019). In addition, the mean SD of RRIs 
during controlled quiet breathing was significantly (p = 0.006) 
higher among those with a score < 20% (55.8 ms (SD 19.5)) 
than among those with a score ≥ 20% (44.9 ms (SD 12.3)). 

The mean TP of HRV during spontaneous breathing among 
those with an Oswestry score < 20% (4741 (SD 3164)) was sig-
nificantly (p = 0.043) higher than among those with an Oswestry 
score ≥ 20% (2763 (SD 2657)). A similar difference appeared 
in the RMSSD. The mean TP during controlled breathing 
was also significantly higher (p = 0.027) among those with a 
score < 20% than among those with a score ≥ 20%. The main 
indices of HRV (SD of RRIs, RMSSD, TP or its components 
in spectral analysis) did not differ among the patients with a 
low (≤ 5) or high (> 5) NRS score (Table III). No autonomic 
neuropathy was found.

DISCUSSION

HRV measures fluctuations in autonomic modulation of the 
heart rate. HRV was found to be lower among those with 
moderate disability compared with those with minimal dis-
ability. No such finding emerged when patient groups with 
NRS 0–5/10 were compared with those with NRS over 5/10. 
HRV, as measured by SD of RRIs and by RMSSD, was lower 
among those with a higher degree of disability. The HF com-
ponent of HRV, reflecting parasympathetic modulation of the 
heart rate, was significantly lower among those with moderate 
disability. Decreased HRV can be caused either by sympathetic 
activation with tachycardia (which was not found in this study) 
or by depressed vagal activity. In this study, the chronic low 
back pain group with higher disability showed decreased total 
power and reduced activity in the HF component in autonomic 
balance in the short-term quiet breathing, an imbalance lead-
ing to proportionally increased sympathetic dominance. In 

particular, the indices of traditional time-domain parameters 
(RMSSD and SD of RRIs) were significantly different in the 
groups. In epidemiological studies these indices have been 
reported to predict poor general health outcomes. A continued 
sympathetic drive may cause a mixed profile of pain, distress 
and fatigue. Cardiac sympathetic activation and parasympa-
thetic withdrawal are caused by psychological stressors (16). 

Physical exercise is widely applied for treatment and re-
habilitation of patients with chronic low back pain. Based on 
our observations, it is evident that some patients with chronic 
low back pain with a clear proportionally higher sympathetic 
drive and lower parasympathetic drive may benefit more from 
relaxation and light aerobic exercises at the beginning of their 
rehabilitation than by hard physical exercise, in order to bal-
ance the autonomic system (17–19). 

Low HRV has been connected with chronic fatigue syndrome 
(13) and it is a risk factor in cardiovascular diseases (8). Larger 
prospective studies are required in order to determine whether 
low HRV is involved with anxiety and distress among patients 
with chronic low back pain or is a risk factor for chronic low 
back pain or predicts outcome in low back pain. Short-term 
measurement of HRV during spontaneous breathing at rest has 
been preferred to monitor the changes in autonomic balance 
due to the better reproducibility (20). 

Analysis of HRV is not methodologically easy, and compar-
ing results of different commercial systems can be difficult. 
This somewhat hampers the clinical application of this method. 
However, the reproducibility of resting HRV is fairly good (21). 
The present study population of working patients with chronic 
low back pain represented quite well the majority of the chronic 
low back pain population, whose Oswestry score ranged from 
0% to 40%, from light to moderate disability. Our observation 
can be considered a preliminary observation, which should be 
confirmed in a larger and better controlled prospective study, 
in which alcohol consumption, for instance, should be better 
controlled than it was in the present study. Alcohol consump-
tion is known to influence HRV (22).

Perceived disability, but not pain, was combined with HRV, 
suggesting that perceived pain causes different levels of dis-
tress among patients with low back pain. The level of distress, 
pain and disability are reflected in the HRV and may cause 
increased sympathetic activity.

It is not the perceived pain as such, but how the patient reacts 
(i.e. what interpretations they give) to the pain that may be the 
key link between the physical and mental aspects experienced. 
The assessment of autonomic balance may be a useful tool in 
the rehabilitation of patients with chronic back pain with mild 
to moderate functional disability.
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