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Comparison of the autonomic nervous system dysfunction 
between different chronic spine disorders:  
neck pain versus low back pain
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INTRODUCTION
Autonomic nervous system is responsible for managing, in 
part, the heart rate; thus, due to neurological actions to pre-
serve the organism’s homeostatic balance, the sympathetic and 
parasympathetic components generate variations in the inter-
vals between heartbeats (from moment to moment), called RR 
intervals1, obtained by electrocardiograph or cardiofrequency 
meters2. Heart rate variability (HRV), a method that uses indi-
ces derived from RR intervals, is used to study the sympathetic 
and parasympathetic interaction of the autonomic nervous sys-
tem in situations of health, disease, and human performance3.

Clinically, HRV (divided into time and frequency domains) 
is used to monitor the autonomic nervous system’s regulation 

on organism (when a patient is in pain, sympathetic activity 
increases, whereas when a patient is relaxed, the parasympathetic 
system takes control). A drop in the time-domain parameter 
indicates an increase in the sympathetic activity (or a decrease 
in the parasympathetic activity). A high frequency and the stan-
dard deviation of all RR intervals, in the frequency domain, 
represent a state of excitement of the parasympathetic system, 
whereas a low frequency, and low-frequency/high-frequency 
ratio, represents a state of inhibition of the parasympathetic 
system, or a state of excitement of the sympathetic system. As 
such, several mathematical models (HRV indices) are calcu-
lated in an attempt to describe the activities of the autonomic 
nervous system4.
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SUMMARY
OBJECTIVE: This study aims to compare heart rate variability (HRV) between patients with chronic neck pain and patients with chronic low back 

pain and to correlate the chronic pain variables with heart rate variability indices.

METHODS: This is a cross-sectional study. We divided the sample into two groups: neck pain (n=30) and low back pain (n=30). We used the Numeric 

Pain Rating Scale, Neck Disability Index, Roland-Morris Disability Questionnaire, Pain-Related Catastrophizing Thoughts Scale, Tampa Scale of 

Kinesiophobia, and Pain Self-Efficacy Questionnaire. For heart rate variability analysis, we used the following indices: mean RR, standard deviation 

of all RR intervals, mean heart rate, root mean square differences of successive RR intervals, triangular index, triangular interpolation of the interval 

histogram, low-frequency band in arbitrary units and in absolute values, high-frequency band in arbitrary units and in absolute values, standard 

deviation of the instantaneous beat-to-beat variability (standard deviation 1), long-term standard deviation of continuous RR intervals (standard 

deviation 2), and Stress Index. We used Student’s t-test for comparisons and Spearman’s coefficient for correlations. 

RESULTS: We observe insignificant values in the differences between the groups. Disability and self-efficacy were correlated with heart rate variability 

only in patients with chronic neck pain, whereas catastrophizing and kinesiophobia showed greater correlations with heart rate variability in patients 

with chronic low back pain.

CONCLUSIONS: Autonomic dysfunction of individuals with chronic neck pain, when compared to patients with chronic low back pain, does present 

insignificant differences.
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Autonomic dysfunction is a situation in which there is 
an autonomic imbalance between sympathetic and para-
sympathetic activities (sympathovagal balance), and the sci-
entific literature shows some clinical conditions that have 
autonomic dysfunction, which are identifiable by HRV indi-
ces, such as temporomandibular disorder5, fibromyalgia6, 
diabetic neuropathy7, neurofibromatosis8, cancer9, brain 
death10, chronic pain1, COVID-1911, neurological dysfunc-
tion12, coronary artery disease13, ventricular arrhythmia, and 
sudden cardiac death14. 

Regarding scientific literature about chronic pain in 
the spine, studies have shown that both chronic neck pain 
(CNP)1,15 and chronic low back pain (LBP)1,16 (when com-
pared to healthy controls) are correlated with autonomic 
dysfunction (identified by HRV indices)15–17. We know that 
HRV indices are correlated with pain intensity, disability, and 
catastrophizing in individuals with CNP15; besides, there is 
evidence in the literature suggesting that patients with LBP 
have lower parasympathetic activation and consequently sym-
pathetic predominance16.

However, the autonomic dysfunction in CNP, compared 
to LBP, has not been investigated, and this creates a gap in 
studies of the nervous system focusing on chronic pain of the 
spine. As such, the aim of this study was to compare the HRV 
of patients with CNP and patients with LBP and to correlate 
the chronic pain variables with HRV indices.

METHODS

Study design
This is a cross-sectional study. Participants included in the study 
validated their participation by signing the informed consent 
form. All procedures were approved by the Ethics Committee 
on Research of the Universidade Federal do Maranhão (opin-
ion number 3.408.949). 

Participants
The recruitment of participants took place after the research 
was disseminated verbally, as well as using posters, pamphlets, 
social networks, and messaging applications from January 
2020 to September 2020. We carried the collection of vari-
ables out in a reserved, bright room, without external noise, 
and air-conditioned at 23°C, located in a physiotherapy clinic 
(Buriticupu, MA, Brazil).

We calculated the sample size using the software G*Power 
(version 3.1.9.7, Universität Düsseldorf, Germany), consid-
ering an effect size of 0.80 when comparing two independent 

groups (t-test, two-tailed), according to a previous study18. We 
performed the calculation with an alpha error of 5% and a sta-
tistical power of 80%. Thus, the number of required sample 
was estimated as 26 participants per group.

This study is composed of two groups: CNP (n=30) and 
LBP (n=30). The inclusion criteria for both the groups were as 
follows: age between 18 and 59 years, both sexes, sedentary or 
irregularly active, and with a report of pain for more than 90 
days. In addition, as a diagnostic criterion for neck pain, we 
considered a score on the Numeric Pain Rating Scale (NPRS) 
≥319,20 and on the Neck Disability Index (NDI) ≥5 points21,22, 
and for low back pain, we considered a score on NPRS score 
≥319,20 and on the Roland Morris Disability Questionnaire 
(RMDQ) ≥5 points23,24. 

The exclusion criteria considered in this study were as fol-
lows: presence of specific chronic pain, with pain attributable 
to a specific and identifiable cause, such as history of spinal 
surgery and/or vertebral fractures, spondylosis, and spondy-
lolisthesis, presence of radiculopathy and/or herniated disk 
confirmed by imaging and neurological impairment by phys-
ical examination (presence of altered sensitivity, reflex, and/
or muscle strength); physical therapy treatment history for 
spine pain in the last 90 days or medicated (analgesics and/
or anti-inflammatory) in the last 7 days; medical diagnosis of 
cancer, rheumatological, neurological, psychiatric, cardiovas-
cular, or metabolic diseases; and report of other concomitant 
acute or chronic pain25.

Pain measurement
In addition to the NPRS20, NDI22, and RMDQ24, we applied the 
following instruments: Pain-Related Catastrophizing Thoughts 
Scale (PCTS)26, Tampa Scale of Kinesiophobia (TSK)27, Pain 
Self-Efficacy Questionnaire (PSEQ)28, and International Physical 
Activity Questionnaire (IPAQ)29. 

NPRS is a scale used to quantify the pain intensity using 
a sequence of 11 numbers, in which 0 represents “no pain” 
and 10 “the worst pain imaginable.” The pain intensity was 
assessed at rest and after active spinal movements. This scale is 
validated for Portuguese20. 

NDI is a questionnaire adapted and validated for the 
Brazilian population22, capable of measuring disability in indi-
viduals with neck pain. It consists of 10 items with 6 response 
possibilities, ranging from 0–5. The total score varies from 0 
to 50 points; the higher the value, the greater the disability15,22.

RMDQ is a questionnaire adapted and validated for the 
Brazilian population, capable of measuring disability in indi-
viduals with low back pain. It consists of 24 items that describe 
situations experienced by people with low back pain, with 
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scores ranging from 0–24 points. Thus, the higher the score, 
the greater the disability24.

PCTS consists of nine items arranged on a Likert scale, 
which varies in numerical measure from 0–5, associated with 
the words “almost never” and “almost always.” The total 
score is obtained by adding the total score and dividing by 
the number of items answered. The final score ranges from 
0–5 points; the higher the score, the greater the occurrence 
of catastrophizing thoughts, according to the version adapted 
for the Brazilian population26.

TSK is a validated scale for the Brazilian population capable 
of assessing kinesiophobia. It is a self-administered instrument 
and consists of 17 items. For each item, there are four options 
with their respective values in ascending order: totally disagree 
(equal to 1 point), partially disagree (2 points), partially agree 
(3 points), and totally agree (4 points). It is necessary to invert 
the scores of items 4, 8, 12, and 16 to calculate the final score, 
which ranges from 17 to 68. The higher the score, the greater 
the kinesiophobia27.

PSEQ is a self-administered instrument capable of evaluating 
and expressing, in numbers, the patient’s confidence in manifest-
ing themselves in the situations presented in the 10 items (taking 
pain into account). For each item, there are six options with their 
respective values in ascending order, representing self-efficacy 
from 0 “not confident” to 6 “totally confident.” The final score 
(0–60) is obtained by adding the values. The higher the score, 
the greater the self-efficacy in pain conditions28.

IPAQ indirectly measures the level of physical activity of 
individuals and has validation for the Brazilian population. 
The instrument has four questions (with two options each) 
that investigate the physical effort performed at work and the 
activities of daily living, including walking to get from place to 
place, regular or not recreational activities, sports, moderate, and 
vigorous physical exercises. After analyzing the questionnaire 
and following the instructions, it is possible to classify individ-
uals into sedentary, irregularly active, active, and very active29.

Heart rate variability measurement
We measured HRV using a Polar V800 cardiofrequency meter 
(Polar Electro OY, Kempele, Finland) and a sensor attached 
to the rib cage (sternum region) to capture the heart rate; this 
instrument is already used in research in this scenario14,15. Before 
collection, all individuals were instructed to avoid eating choc-
olate, avoid drinking coffee, and avoid using thermogenic and 
energy drinks; during the procedure, they were instructed not 
to speak or sleep.

Before obtaining the RR intervals from moment to moment, 
each individual remained at rest for 10 min in the supine position. 

Then, we made two HRV records: 10 min in the supine and 10 
min in the standing positions. In addition, we observed each 
participant’s respiratory rate (described as breaths per minute); 
to maintain the individual rhythm of the breathing cycle, the 
participants were unaware that the researcher observed and 
recorded each inspiration/expiration. 

Heart rate variability analysis
With the aid of a microcomputer, we transferred the files to the 
Kubios HRV analysis software, version 2 beta (Matlab, Kuopio, 
Finland), and analyzed them using a series of 256 sequential 
RR intervals, from which was chosen, using qualitative visual 
inspection, the section with the highest signal stability and 
normal distribution. The series of RR intervals was observed 
at the frequency of 5 Hertz (Hz), and the data were filtered to 
remove variations below 0.04 Hz and above 1.0 Hz; only seg-
ments >90% of purely sinus beats were included in the final 
analysis. Therefore, a quantitative analysis of the variability of 
RR intervals was performed using linear and nonlinear meth-
ods in the domains of time and frequency.

Heart rate variability indices
We used the indices with the largest scientific contingent15,30-33. 
Linear indices were as follows: RR intervals mean (mean RR) 
expressed in milliseconds (ms); standard deviation of all RR 
intervals (STD-RR) between two consecutive normal heart-
beats, in ms; heart rate mean (mean HR) expressed in beats 
per minute (bpm); root mean square differences of successive 
RR intervals (rMSSD) in ms; triangular index (RR Tri) in ms; 
triangular interpolation of the interval histogram (TINN) in 
ms; low-frequency band in arbitrary units (LF) between 0.03 
and 0.14 Hz and in absolute values (power LF) in ms2; and 
high-frequency band in arbitrary units (HF) above 0.15 Hz 
and in absolute values (power HF) in ms2. Nonlinear indices 
were as follows: standard deviation of the instantaneous beat-
to-beat variability (SD1); long-term standard deviation of con-
tinuous RR intervals (SD2); and stress index.

Statistical analysis
We compared the categorical variables through Fisher’s exact 
and/or chi-squared tests. For comparisons between quantita-
tive variables, we used Student’s t-test for unpaired and nor-
mally distributed samples, with analysis performed using his-
tograms and Shapiro-Wilk’s test. In the correlations between 
the variables, we used the Spearman’s correlation coefficient 
(rho). The interpretation of the coefficients was based on the 
following classification: from 0.26 to 0.49, weak; from 0.50–
0.69, moderate; from 0.70–0.89, strong; and from 0.90–1.00, 
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very strong34. We used the SPSS software (version 17, Chicago, 
Illinois, USA) for data processing. 

Comparisons of HRV indices between groups were expressed 
as mean, standard deviation (SD), mean difference (MD), 
confidence interval of difference (95%CI), and effect size 
calculated using Cohen’s d, with the categorization based on 
the values established by Cohen35: less than 0.2 (small effect), 
about 0.5 (moderate effect), and greater than 0.8 (large effect). 
Due to the multiple comparisons between the groups, we used 
the Bonferroni’s correction36, with level of significance set at 
0.003 (i.e., 0.05/number of comparisons performed), and the 
effect size >0.8. For the correlations, the level of significance 
was set at 0.05.

RESULTS
A total of 105 individuals were recruited for this study. There 
was a sample loss of 45 participants for the following reasons: 
presence of systemic disease (n=19), specific pain (n=14), atypi-
cal HRV signals (n=8), and withdrawal during collection (n=4). 
Thus, the final sample (n=60) composed of 30 participants 
in the CNP group and 30 participants in the LBP group; in 
both groups, most of the sample was women (CNP=86.7%; 
LBP=80%, p>0.05) and physically inactive (CNP=86.7%; 
LBP=80%, p>0.05). 

Table 1 describes the characteristics of the study partici-
pants, with a significant difference (p≤0.003) observed only 
in the disability (on percentage). Table 2 describes the com-
parisons of HRV indices between the CNP and LBP groups; 
we observe insignificant values in the differences between the 
groups (p>0.003) and in the effect size (d<0.80). Then, we 
observe significant values of correlation (p<0.05) between HRV 
indices and other study variables (Table 3).

DISCUSSION
In comparison of HRV indices, we observe insignificant values 
in the differences between the groups and effect size. Regarding 
the disabilities generated by pain in the spine, we observed that 
LBP is 14.65% more disabling than CNP; however, the inca-
pacity generated by CNP generates greater autonomic dysfunc-
tion, as shown by the highest correlations with HRV indices.

Regarding the HRV indices correlated with different 
chronic pain conditions in the spine, the literature presents 
several studies that corroborate some of our findings when 
indicating dysregulation of the parasympathetic nervous sys-
tem1,15,17, since this was confirmed both in patients with CNP 
and LBP in this study.

Table 1. Characteristics of the study participants: chronic neck pain 
(n=30) and chronic low back pain (n=30).

CNP: chronic neck pain; LBP: low back pain; SD: standard deviation; CI: 
confidence interval; NPRS: numeric pain rating scale; PCTS: pain-related 
catastrophizing thoughts scale; TSK: tampa scale of kinesiophobia; PSEQ: 
pain self-efficacy questionnaire; NDI: neck disability index; RMDQ: Roland-
Morris disability questionnaire; N/A: not applicable. 

*Significant difference (t-test; p-value≤0.003).

Mean (SD) 95%CI p-value

Age (years)

CNP 31.5 (8.4) 28.34–34.66 0.692

LBP 30.6 (7.7) 27.78–33.55

Body mass (kg)

CNP 66.8 (11.1) 62.69–70.10 0.838

LBP 66.1 (15.9) 60.15–72.08

Stature (m)

CNP 162.0 (0.1) 1.60–1.64 0.781

LBP 163.0 (0.1) 1.59–1.66

Body mass index (kg/m2)

CNP 25.4 (3.9) 23.10–26.93 0.563

LBP 24.8 (4.6) 23.10–26.54

Waist (cm)

CNP 78.6 (8.7) 75.40–81.90 0.655

LBP 79.8 (12.2) 75.30–84.47

Chronicity of pain (months)

CNP 63.0 (45.6) 45.94–80.06 0.425

LBP 54.0 (40.9) 38.70–69.30

Pain at rest (NPRS, 0–10)

CNP 6.5 (1.9) 5.85–7.28 0.837

LBP 6.6 (1.8) 5.98–7.36

Pain after movements (NPRS, 0–10)

CNP 7.0 (2.2) 6.22–7.92 0.863

LBP 6.9 (2.2) 6.14–7.79

Catastrophizing (PCTS, 0–5)

CNP 2.5 (1.2) 2.10–3.06 0.545

LBP 2.3 (1.1) 1.98–2.80

Kinesiophobia (TSK, 17–68)

CNP 42.8 (6.7) 40.28–45.32 0.738

LBP 43.4 (7.7) 40.52–46.34

Self-Efficacy (PSEQ, 0–60)

CNP 40.5 (12.6) 35.81–45.26 0.919

LBP 40.8 (12.6) 36.16–45.57

Disability (score)

CNP [NDI, 
0–50]

14.1 (6.4) 11.73–16.54 N/A

LBP [RMDQ, 
0–24]

10.3 (5.3) 8.30–12.30

Converted disability (0–100%)

CNP 28.2 (12.8) 23.46–33.07 0.002*

LBP 42.9 (22.2) 34.60–51.23
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When using the heart as an object of investigation of 
the sympathetic and parasympathetic activities of the ner-
vous system, this study concentrated the collections for the 
analysis of the physiological parameters in a specific organ 
that has greater proximity to the cervical region and the 
parasympathetic system. Thus, even if the CNP is less dis-
abling than the LBP, it is possible to understand the fact 
that we found greater correlations with HRV indices in 
the CNP, since parasympathetic actions are more accurate 
and harmonic in the cervical-brain stem-heart complex, 
while sympathetic actions, located anatomically close to 
the lumbar region, are imprecise, less related to parasym-
pathetic ramifications, and more systemic from a physio-
logical point of view15-17.

Since HRV has significant correlations with a wide range 
of psychosocial factors in which irregular emotional responses 
are associated with autonomic dysregulation and reduced HRV, 
when considering that LBP is more disabling than CNP and 
that HRV is considered an autonomic marker of emotional 
regulation capacity37, it is possible to understand the fact that 
catastrophizing pain in patients with LBP is more correlated 
with linear and nonlinear HRV indices than in patients with 
CNP, because the more disabling the spinal pain, the more 
catastrophic thoughts and fear exist.

This study has limitations. The menstrual cycle was not a 
controlled variable, we recorded the RR intervals using a car-
diofrequency meter, and the majority of the sample was women. 
Thus, we emphasize the need for further studies to reproduce 
this research using other devices for recording RR intervals, 
such as, electrocardiogram, H10 Polar38, Bluetooth sensor 
(wireless)39, and Elite HRV (smartphone app)40; in addition, 
we suggest studies to compare samples containing the same 
amounts of both sexes in the groups.

CONCLUSIONS
The autonomic dysfunction of individuals with CNP, when com-
pared to patients with LBP, does present insignificant differences. 
Both groups showed correlations between pain measures and HRV; 
however, disability and self-efficacy were correlated with HRV 
only in patients with CNP, while catastrophizing and kinesiopho-
bia showed greater correlations with HRV in patients with LBP.

Ethical approval: Research involving human subjects com-
plied with all relevant national regulations, institutional policies 
(Resolutions 196/1996 and 466/2012), and is in accordance 
with the tenets of the Helsinki Declaration (as amended in 
2013), and has been approved by the equivalent research eth-
ical committee (protocol number: 3.408.949).
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