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MINI ABSTRACT 1 

 2 

In a large general population sample of Northern Finns (n = 1667—3398), we found that the 15-year 3 

trajectories of low back pain and sciatica did not have a consistent independent association with 4 

cardiovascular autonomic function.  5 
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KEY POINTS 1 

• We examined whether 15-year trajectories of low back pain (LBP) and sciatica were associated with 2 

cardiovascular autonomic parameters in a large general population sample from Northern Finland (n = 3 

1667—3398). 4 

• LBP and sciatica were variably associated with higher heart rate, lower rMSSD [root mean square of 5 

successive differences in beat-to-beat intervals], higher systolic blood pressure variability, and lower 6 

baroreflex sensitivity in the crude models, but most of these associations were attenuated by 7 

adjustments. 8 

• We conclude that the 15-year trajectories of LBP and sciatica do not have an independent association 9 

with cardiovascular autonomic function among the general Northern Finnish population. 10 
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STRUCTURED ABSTRACT 1 

 2 

Study Design: A population-based cohort study. 3 

Objective: To examine whether 15-year trajectories of low back pain (LBP) and sciatica are associated with 4 

cardiovascular autonomic function in a large general population sample. 5 

Summary of Background Data: Previous studies using mainly small patient samples have suggested that 6 

LBP and sciatica are associated with abnormal cardiovascular autonomic function, namely altered heart 7 

rate variability (HRV) and baroreflex sensitivity (BRS). We examined this association in a large general 8 

population sample. 9 

Methods: The data collections of the Northern Finland Birth Cohort 1966 consisted of pain questionnaires 10 

at 31 and 46 years (history of LBP, sciatica and other musculoskeletal pains during the previous year; yes/no 11 

for each) and measurements of HRV and BRS at 46 years (heart rate,HR; root mean square of successive 12 

differences in beat-to-beat intervals,rMSSD; low-frequency systolic blood pressure variability,SBPV; cross-13 

spectral baroreflex sensitivity,BRS; each while seated and standing). The data collections also comprised 14 

several confounders. Trajectories for LBP, sciatica and both together (‘no pain’, ‘decreasing’, ‘increasing’, 15 

‘long-term pain’) were constructed and general linear models were used to perform comparisons between 16 

trajectories (for HR/rMSSD,n=3398; for SBPV/BRS,n=1667). 17 

Results: In the crude models, LBP and sciatica were associated with higher HR, lower rMSSD, higher SBPV 18 

and lower BRS, but these associations were mostly attenuated by adjustments. Regarding both LBP and 19 

sciatica, only the ‘increasing’ trajectory was associated with two of the eight outcomes (standing SBPV, 20 

seated BRS) after adjustments. Regarding LBP, the ‘increasing’ trajectory was associated with three 21 

(standing SBPV, seated BRS, standing BRS), the ‘long-term pain’ trajectory with one (standing BRS), and the 22 

‘decreasing’ trajectory with one outcome (seated SBPV) after adjustments. Sciatica showed no association 23 

with the outcomes after adjustments. 24 
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Conclusions: We conclude that the 15-year trajectories of LBP and sciatica do not have a consistent 1 

independent association with cardiovascular autonomic function among the general population. 2 

 3 

 4 

 5 

KEY WORDS 6 

Epidemiology, cohort study, cardiovascular autonomic function, heart rate variability, baroreflex sensitivity, 7 

low back pain, sciatica, pain trajectory, general population studies 8 

 9 

 10 
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1 
 

INTRODUCTION 1 

 2 

Low back pain (LBP, i.e., pain located in the lower back 1) and sciatica (i.e., pain radiating down the course 3 

of the sciatic nerve 2) are among the most common causes of persistent and recurring pain and disability 4 

worldwide 3,4. Generally, chronic pain conditions constitute a significant challenge for medicine in terms of 5 

poorly known pathomechanisms, as these are crucial for improving diagnostics and enhancing treatment 6 

outcomes 5. Chronic pain conditions have been linked to alterations in both the central and peripheral 7 

components of the nervous system 5,6.  8 

 9 

The autonomic nervous system (ANS) adjusts autonomic functions according to pain and other stressors 7 10 

and plays an essential role in the modulation of pain perception 8. Measurements of heart rate variability 11 

(HRV) and baroreflex sensitivity (BRS) provide non-invasive methods for assessing ANS 9-13; decreased vagal 12 

activity and increased sympathetic activity indicate abnormal cardiovascular autonomic function 14-16. 13 

Considering that abnormal cardiovascular autonomic function has been connected to sudden cardiac death 14 

17,18 and that HRV and BRS are relevant parameters also in this regard 15,16,19, the topic is of major 15 

importance. 16 

 17 

Interestingly, a recent meta-analysis found that musculoskeletal conditions (including back pain) increased 18 

the risk of chronic disease and, importantly, also cardiovascular disease  20. The authors concluded that 19 

further studies are needed to obtain a greater understanding of the potential underlying mechanisms. 20 

Another recent meta-analysis found evidence of a moderate-to-large effect of decreased HRV in chronic 21 

pain, suggesting a decrease in parasympathetic activation in individuals with long-term pain 14. As for LBP 22 

and sciatica, several smaller studies have suggested impaired cardiovascular autonomic function 12,13,21,22, 23 

although the coherence and reliability of these reports is reduced by contradicting findings 23, limited 24 
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sample sizes, use of patient samples, varying definitions of pain, and varying methods for assessing ANS 1 

function. Moreover, previous studies have reported the association between musculoskeletal pain and ANS 2 

function to be potentially confounded by lifestyle factors and/or comorbidities, and suggested that these 3 

factors should be carefully accounted for in future studies 24,25. Thus, there is a need for large-scale studies 4 

on the subject.  5 

 6 

In the present study, we aimed to investigate the association of LBP and sciatica, followed up for 15 years, 7 

with cardiovascular autonomic function in a large sample and a general population setting. The presence of 8 

LBP and sciatica were self-reported at the ages of 31 and 46, and cardiovascular autonomic function was 9 

assessed by measurements of HRV and BRS at the age of 46. Several confounder data were also collected, 10 

enabling extensive adjustment for potential confounders. Based on previous evidence regarding the 11 

association (and potential causal relationship) between chronic musculoskeletal pain and ANS function, we 12 

hypothesized that long-term LBP and sciatica would be associated with abnormal cardiovascular autonomic 13 

function.14 
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 MATERIALS AND METHODS 1 

 2 

Cohort protocol 3 

We utilized the prospective Northern Finland Birth Cohort 1966 (NFBC1966) as our study population. In 4 

1965–1966, pregnant women (with an expected date of delivery Jan 1 to Dec 31, 1966) in the Finnish 5 

provinces of Oulu and Lapland were enrolled into this cohort 26, which covered up to 96% of births in 6 

Northern Finland (12 068 mothers and 12 231 children). During the lifelong follow-up, various data have 7 

been collected on the cohort members (i.e., those born into the cohort). The main follow-ups, consisting of 8 

postal questionnaires and clinical examinations, have taken place at 0, 14, 31 and 46 years. 9 

 10 

As part of the 31- and 46-year follow-ups (in 1997–1998 and 2012–2014, respectively), the eligible 11 

NFBC1966 members (i.e., those who were alive and had public or otherwise known contact details) 12 

received postal questionnaires enquiring about their health and lifestyle (Figure 1). In addition, those living 13 

in Finland were invited to clinical examinations performed at several laboratory units set up across Finland. 14 

At the 46-year follow-up, the clinical examination included measurements of cardiovascular autonomic 15 

function, such that both HRV and BRS were assessed at the Oulu laboratory unit, and HRV only at 16 

laboratories outside Oulu. The sample of this study comprised all the NFBC1966 members who had the 17 

necessary data on pain, cardiovascular autonomic function and confounding factors (n = 3398 for HRV 18 

analyses; n = 1667 for BRS analyses). Thus, any exclusions were solely due to missing data. 19 

 20 

Trajectories of low back pain and sciatica 21 

A survey on musculoskeletal pains was included in the postal questionnaires at the ages of 31 and 46. The 22 

31-year questionnaire elicited the participants’ recent history of musculoskeletal pains by asking: ‘Have you 23 
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had any aches or pain in the following areas of your body within the last 12 months (yes/no)? 1) neck, 2) 1 

shoulders, 3) low back [defined as the lumbar and sacral region], 4) sciatica [defined as LBP with radiating 2 

pain/numbness below knee level], 5) long-term sciatica [defined as sciatica lasting for > 3 months].’ The 46-3 

year questionnaire included five additional pain sites (arms/elbows, wrists/hands, hips, knees, ankles/feet) 4 

and an illustration of the anatomical areas. 5 

 6 

Four trajectories representing the course of LBP and sciatica over the follow-up were constructed on the 7 

basis of the questionnaire responses. The trajectory groups were named ‘no pain’, ‘decreasing’, 8 

‘increasing’, and ‘long-term pain’, as illustrated in Figure 2. Altogether three trajectory variables were 9 

created: one for LBP, one for sciatica, and one addressing both LBP and sciatica in a pooled manner. We 10 

assessed sciatica and long-term sciatica together in order to eliminate their overlap. 11 

 12 

Cardiovascular autonomic function at age 46 13 

As part of the clinical examinations at the age of 46, we assessed cardiovascular autonomic function by 14 

analyzing HRV and BRS. The details of these procedures, including data acquisition, inspection and 15 

processing, have been described in previous publications 9,11,27. Our HRV and BRS variables have also been 16 

introduced there. 17 

 18 

For HRV, we utilized an HR monitor (RS800CX, Polar Electro Oy, Kempele, Finland) to record R-R intervals 19 

(RRi, accuracy of 1 ms). For BRS, we obtained standard lead-II electrocardiograms (ECG; Cardiolife, Nihon 20 

Kohden, Tokyo, Japan) and measurements of ventilation rate (VR; nasal temperature probe MLT415/D by 21 

ADInstruments, Bella Vista, New South Wales, Australia) and blood pressure (BP; finger plethysmography 22 
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by Nexfin, BMEYE Medical Systems, Amsterdam, the Netherlands) with a sampling frequency of 1 000 Hz 1 

(PowerLab 8/35, ADInstruments).  2 

 3 

Data were acquired as follows: First, we assured that the participant was in a sitting position and the 4 

monitors were properly adjusted. After allowing the participant’s HR to stabilize for 1 min, we recorded 3 5 

min of data. The participant then stood up and remained standing while we recorded another 3 min of 6 

data. We used the first 150 s of sitting data and the last 150 s of standing data in the subsequent stages of 7 

data processing. 8 

 9 

For HRV, we replaced short artefacts and ectopic beats in the RRi data by the local average and deleted 10 

longer defective sequences (≥ 10 consecutive defective beats) (Hearts 1.2, University of Oulu, Oulu, 11 

Finland). RRi recordings that contained ≥ 80% of adequate data were processed further. We obtained 12 

acceptable HRV data, including both sitting and standing data, for 5 473 individuals (96% of the 5 679 who 13 

attended the recording). From these data we calculated mean HR (bpm), the root mean square of the 14 

successive differences in RRi (rMSSD, ms), and the ratio of spectral power densities (fast Fourier transform, 15 

length 512 beats) at low (LF, 0.04–0.15 Hz, ms2) and high frequency (HF, 0.15–0.40 Hz, ms2) components of 16 

HRV (LF/HF).  17 

 18 

For BRS, we processed the ECG, BP and VR data using custom-made software (Biosignal Processing Team, 19 

University of Oulu, Oulu, Finland), extracting systolic blood pressure (SBP) and RRi data from the 20 

continuous recordings of ECG and BP, respectively. We used linear interpolation to replace artefacts and 21 

ectopic beats and then resampled at 2 Hz. Recordings with < 5% of defective data were processed further. 22 

We deleted very low frequency components (< 0.04 Hz) in accordance with the Savitzky-Golay method, and 23 

conducted fast Fourier transform (Welch method, segments of 128 samples with 50% overlap, length 1024 24 
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samples) to analyze the low frequency power of RRi and SBP oscillations (ms2, mmHg2) for the subsequent 1 

analysis of BRS using the alpha method, after assuring a coherence of ≥ 0.5 between the low frequency 2 

oscillations in RRi and SBP. Acceptable seated and standing BRS data were available for 2 641 and 2 617 3 

individuals (97% and 96% of the 2 726 who attended the recording), respectively. 4 

 5 

Confounding factors 6 

We chose the following confounders for assessment: sex 28, body mass index (BMI) 27, physical activity 11,27, 7 

smoking 29, number of pain sites (NPS; indicative of other musculoskeletal pains than LBP/sciatica), 8 

symptoms of depression and anxiety 30, and comorbidities and medications influencing ANS function. We 9 

used the NPS variable as a proxy for wide-spread pain (and other musculoskeletal pains) to minimize their 10 

confounding effect on the explicit association between LBP/sciatica and ANS function. Symptoms of 11 

depression and anxiety, affecting both ANS function and pain sensation, were also considered potential 12 

confounders. 13 

 14 

BMI (kg/m2) was calculated in the 46-year clinical examination using systematic height and weight 15 

measurements. Leisure-time physical activity was self-reported in the 46-year questionnaire by responding 16 

to the question: ‘How often do you participate in brisk physical activity [defined as causing at least some 17 

sweating and breathlessness] during your leisure time? 1) daily, 2) 4–6 times a week, 3) 2–3 times a week, 18 

4) once a week, 5) 2–3 times a month, 6) once a month or less often.’ We merged the first two and last two 19 

categories, as the groups were small. Smoking history was also self-reported in the 46-year questionnaire 20 

by responding to the questions: ‘Have you ever smoked cigarettes (yes/no)?’ and ‘Do you currently smoke 21 

(yes/no)?’ According to the responses, we established three smoking categories: non-smoker, former 22 

smoker and current smoker. The BMI, physical activity and smoking variables have been introduced in 23 

previous studies 31,32.  24 
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 1 

Using the pain survey data from the 46-year pain questionnaire, we established a variable representing the 2 

overall number of pain sites over the last 12 months. NPS was calculated as the sum of ‘yes’ responses for 3 

each anatomical area in the pain survey (0—8); LBP, sciatica, and long-term sciatica were considered a 4 

single pain site (lower back) in this regard. The presence of common psychiatric symptoms were assessed 5 

using the acknowledged Hopkins Symptom Checklist-25 (HSCL-25) tool 33-35 in the 46-year questionnaire; 6 

the total HSCL-25 score was used in the analysis. Comorbidities (defined as diseases diagnosed by a 7 

physician) and medications (defined as all medications and supplements) were self-reported in the 46-year 8 

questionnaire; diabetes mellitus, cardiovascular diseases, fibromyalgia, and the routine use of 9 

antihypertensives and/or painkillers were regarded as confounders. Diabetes mellitus was additionally 10 

screened using a two-hour oral glucose tolerance test and by measuring glycated hemoglobin in the 46-11 

year follow-up, as previously described 9. We did not assess specific ages as the sample was coeval. 12 

 13 

Statistical analysis 14 

We analyzed the data using IBM SPSS Statistics software version 25 (IBM, Armonk, NY, USA). The level of 15 

statistical significance was considered to be P ≤ 0.05. We explored the characteristics of the sample using 16 

descriptive statistics (percentages and frequencies for categorical variables; means and standard deviations 17 

[SDs] for continuous variables with normal distributions; medians and interquartile ranges [IQRs] for 18 

continuous variables with skewed distributions). The evolution of LBP and sciatica over the follow-up were 19 

illustrated by Sankey diagrams. Sex differences in the pain trajectories were analyzed using the Chi-squared 20 

test. 21 

 22 

We analyzed the associations between pain trajectories (explanatory variables) and cardiovascular 23 

autonomic parameters (outcomes; natural logarithm-transformed to normal as appropriate; 24 
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Supplementary Table 1) using general linear models (GLMs). The regression-based models were 1 

constructed separately for each ANS outcome (i.e., HR, rMSSD, SBPV, BRS; each seated and standing) and 2 

pain trajectory variable (i.e., LBP, sciatica, pooled). Generally, the ‘no pain’ trajectory acted as the reference 3 

group. Both unadjusted and adjusted models were constructed. We documented the beta coefficients (β) 4 

and their 95% confidence intervals (CIs) from each model. 5 

 6 

We individually selected the adjustments for each adjusted model as follows: First, we explored the 7 

univariate associations of each covariate candidate with each ANS outcome (Supplementary Table 2). The 8 

covariate candidates which showed a statistically significant association with an outcome were all entered 9 

into the final multivariable model of the respective outcome as covariates. The covariates that we used in 10 

the final models are specified in the Results section. Sex interactions (male vs. female) were assessed by 11 

including sex*pain interaction terms (i.e., sex*LBP trajectory, sex*sciatica trajectory, sex*pooled trajectory, 12 

as appropriate) in the adjusted models. As statistically significant sex interactions were not observed, the 13 

models were not stratified by sex.  14 

 15 

Ethical considerations 16 

The study protocol complied with the Declaration of Helsinki and was approved by the Ethical Committee 17 

of the Northern Ostrobothnia Hospital District. We obtained informed consent from the cohort members at 18 

all stages.  19 
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RESULTS 1 

 2 

A total of 1418 men and 1980 women had the necessary pain data, covariate data, and HRV data available. 3 

Of these, BRS variables were available for 727 men and 940 women. Table 1 presents the background 4 

characteristics of the full sample. In brief, the sample consisted of 46-year-old Northern Finns who were 5 

slightly overweight (BMI 26.6, SD 4.6 kg/m2), exercised twice a week (52.0%) and were non-smokers 6 

(55.0%). The median NPS was 3 (IQR 2–5) for men and 4 (2–5) for women.  7 

 8 

Over the 15-year follow-up between the ages of 31 and 46, only a minority of the sample belonged to the 9 

‘no pain’ LBP trajectory (20.2%), but a majority belonged to the ‘no pain’ sciatica trajectory (60.1%; Table 10 

1). The evolution of LBP and sciatica over the follow-up are illustrated in Figure 3. The descriptive statistics 11 

of the HRV and BRS variables are presented in Table 1.  12 

 13 

The pooled LBP/sciatica models are presented in Table 2, and the LBP- and sciatica-specific models are 14 

presented in Tables 3–4. In the unadjusted models of LBP, sciatica and their combination, the ‘increasing’ 15 

and ‘long-term pain’ trajectories showed rather consistent associations with the ANS outcomes. After 16 

controlling for confounders, however, most of these initial associations were lost. In the combined analysis 17 

of both LBP and sciatica, only the ‘increasing’ trajectory was associated with two of the eight ANS outcomes 18 

after adjustments (SBPV, standing: β = 0.232, p < 0.05; BRS, seated: β = -0.098, p < 0.05; Table 2). In the 19 

subsequent analysis of LBP, the ‘increasing’ trajectory was associated with three of the eight outcomes 20 

(SBPV, standing: β = 0.233, p < 0.05; BRS, seated: β = -0.144, p < 0.01; BRS, standing: β = -0.118, p < 0.05), 21 

the ‘long-term pain’ trajectory with one outcome (BRS, standing: β = -0.103, p < 0.05), and the ‘decreasing’ 22 

trajectory with one outcome (SBPV, seated: β = 0.235, p < 0.05; Table 3) after adjustments. The analysis of 23 
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sciatica showed no association between pain trajectory and cardiovascular autonomic parameters after 1 

covariates were added to the models (Table 4). 2 
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DISCUSSION 1 

 2 

By a 15-year follow-up, this study evaluated the association of LBP and sciatica with cardiovascular 3 

autonomic function using a large sample of the general Northern Finnish population. In the unadjusted 4 

models, the presence of LBP and sciatica was variably associated with higher HR, lower rMSSD, higher SBPV 5 

and lower BRS, which suggest decreased ANS function, but most of these initial associations were lost after 6 

controlling for confounders. In the analysis of LBP, the ‘increasing’ pain trajectory (i.e., LBP at the age of 46) 7 

had a statistically significant association with three of the eight ANS parameters in the adjusted models, 8 

thus having the most consistent association with cardiovascular autonomic function. Sciatica, however, 9 

showed no statistically significant associations with the ANS parameters after adjustments. 10 

 11 

There is recent meta-analytic evidence of an epidemiological link between musculoskeletal conditions and 12 

cardiovascular disease, warranting further studies to reveal the potential underlying mechanisms 20. 13 

Interestingly, another recent meta-analysis found a consistent, moderate-to-large effect of decreased HRV 14 

in chronic pain, suggesting a decrease in parasympathetic activation in individuals with pain 14. In light of 15 

several smaller studies, this association seems to also concern LBP and sciatica 12,13,21,22, although previous 16 

studies have reported the association between musculoskeletal pain and ANS function to be potentially 17 

confounded by lifestyle factors and/or comorbidities 24,25. The present study aimed to supplement the 18 

previous investigations of LBP, sciatica and cardiovascular autonomic function by constructing 15-year pain 19 

trajectories to be assessed against both HRV and BRS parameters in a general population sample. The 20 

population-based setting, long follow-up of pain, and access to a wide range of confounder data were 21 

considered to bring value and novelty to the present study. 22 

 23 
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Our unadjusted models revealed several statistically significant differences between the LBP and sciatica 1 

trajectories in the cardiovascular autonomic parameters, but most of the initial associations were 2 

attenuated by adjustments. As regards LBP, the ‘increasing’ pain trajectory was associated with three of the 3 

eight ANS outcomes after adjustments and thus had the most consistent association with cardiovascular 4 

autonomic function; the ‘long-term pain’ and ‘decreasing’ pain trajectories were associated with one 5 

outcome each after adjustments. As regards sciatica, all statistically significant differences between the 6 

pain trajectories were lost when adjustments were added to the models.  7 

 8 

In our data, the discordance between the results drawn from the crude and adjusted models suggests that 9 

the association between LBP, sciatica and cardiovascular autonomic function is greatly confounded and/or 10 

mediated by external factors such as sex, BMI, LTPA, smoking status, other musculoskeletal pains, somatic 11 

and psychiatric comorbidity and ANS-related medication. Two previous papers have obtained similar 12 

findings 24,25. Thus, in order to reveal the independent association between pain and ANS function, future 13 

studies should aim to record these background characteristics at the data collection stage, and use these 14 

variables to control for the potential confounder effects. The ‘increasing’ pain trajectory and, to a lesser 15 

extent, the ‘long-term pain’ trajectory associated more with altered ANS function than the ‘decreasing’ pain 16 

trajectory, which suggests that pain experienced at the same time as when the ANS measurements were 17 

obtained seems to be a stronger predictor of ANS abnormality than a history of long-term pain. 18 

 19 

Interestingly, the present findings differ from those of several previous studies 12,13,21,22. It is worth noting 20 

that previous findings have been based on rather small non-general population samples, and the follow-21 

ups, if any, have also been short. Furthermore, adjustments (i.e., control for confounding) seem to have 22 

been less conclusive in previous studies, which may partially explain the lack of consistent associations 23 

here. However, we acknowledge that abnormal cardiovascular autonomic parameters may be more 24 

consistently detected among patients with highly intense and recurrent pain, than in a general population 25 
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setting, even in a follow-up of 15 years. A previous study 23 concluded that pain and HRV are not associated 1 

among LBP patients, and our results mainly support this conclusion. 2 

 3 

Our study had several strengths. It was based on a large population-based birth cohort sample (n = 3398) 4 

with access to longitudinal pain data, objectively measured cardiovascular autonomic parameters, and 5 

several potential confounders known to influence ANS function. Importantly, LBP and sciatica were 6 

reported longitudinally over a follow-up period of 15 years, which enabled us to construct pain trajectories 7 

and evaluate their association with cardiovascular autonomic function. We were able to evaluate several 8 

autonomic parameters (addressing both HRV and BRS) and their association with LBP and sciatica, both 9 

individually and pooled. 10 

 11 

However, this study also had limitations. The cardiovascular autonomic parameters were only recorded at 12 

the 46-year follow-up point and could not be assessed longitudinally. The BRS parameters were obtained 13 

from those who attended the follow-up in the Oulu laboratory, which decreased their sample size. Even for 14 

these parameters, however, the sample size remained rather large (n = 1667). We also had limited data on 15 

the intensity, frequency and bothersomeness of LBP and sciatica from the follow-up period, which 16 

complicated the assessment of pain characteristics in this study.  17 

 18 

In summary, this study demonstrated several crude associations between 15-year trajectories of LBP and 19 

sciatica and cardiovascular autonomic function, but most of the initial associations were attenuated by 20 

adjustments. As for LBP, the ‘increasing’ pain trajectory (i.e., pain reported at the same time point as that 21 

when cardiovascular autonomic function was assessed) was associated with three of the eight ANS 22 

outcomes after adjustments, thus having the most consistent association with cardiovascular autonomic 23 

function. As for sciatica, all statistically significant differences between the pain trajectories were 24 
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attenuated by adjustments. We therefore conclude that LBP and sciatica have no consistent, independent 1 

association with cardiovascular autonomic function in the general Northern Finnish population. Our results 2 

imply that the association between long-term LBP/sciatica and cardiovascular autonomic function is 3 

overpowered by lifestyle factors and comorbidities, and that the previously reported association between 4 

musculoskeletal pain and cardiovascular disease is primarily explained by other factors than ANS 5 

dysregulation. In light of these results, the measurement of HRV and BRS seems to provide little benefit to 6 

the assessment and treatment of LBP/sciatica. Future studies should aim to redo the present analysis using 7 

detailed pain characteristics and longitudinal measurement of ANS function in large representative 8 

samples. Potential confounder effects should also be carefully assessed in order to determine the 9 

independent association between pain and ANS function. As LBP and sciatica are disabling conditions which 10 

have been epidemiologically linked to several chronic comorbidities, identifying the underlying mechanisms 11 

should remain the primary objective in future studies. 12 

 13 
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Table 1. Background characteristics of the sample, i.e., those with pain data, covariate data, and either HRV or BRS 
data (n = 3398). 

Variable Men Women All 

Sexa 41.7 (1418) 58.3 (1980) - 
BMIb (kg/m2) 27.1 (4.0) 26.3 (5.0) 26.6 (4.6) 
LTPAa (times/week)    

< 1 29.3 (416) 22.8 (451) 25.5 (867) 
1 21.8 (309)  23.0 (456) 22.5 (765) 
2—3 34.4 (488) 37.9 (751) 36.5 (1239) 
≥ 4 14.5 (205) 16.3 (322) 15.5 (527) 

Smoking statusa    
Non-smoker  48.6 (689) 59.5 (1179) 55.0 (1868) 
Former  31.5 (447) 24.3 (482) 27.3 (929) 
Current 19.9 (282) 16.1 (319) 17.7 (601) 

HSCL-25 scorec 1.20 (1.08–1.40) 1.24 (1.12–1.48) 1.24 (1.08–1.44) 
ANS-related comorbiditya    

No 90.8 (1288) 91.2 (1806) 91.1 (3094) 
Yes 9.2 (130) 8.8 (174) 8.9 (304) 

ANS-affecting medicationa    
No 84.4 (1197) 85.7 (1696) 85.1 (2893) 
Yes 15.6 (221) 14.3 (284) 14.9 (505) 

LBP trajectory over the follow-upa    
No pain 19.7 (280) 20.5 (405) 20.2 (685) 
Decreasing 14.5 (205) 15.5 (307) 15.1 (512) 
Increasing 22.4 (318) 21.6 (428) 22.0 (746) 
Long-term pain 43.4 (615) 42.4 (840) 42.8 (1455) 

Sciatica trajectory over the follow-upa    
No pain 60.6 (859) 59.7 (1182) 60.1 (2041) 
Decreasing 9.2 (130) 9.2 (182) 9.2 (312) 
Increasing 19.2 (272) 19.1 (378) 19.1 (650) 
Long-term pain 11.1 (157) 12.0 (238) 11.6 (395) 

Combined LBP/sciatica trajectory over 
the follow-up 

   

No pain 18.1 (257) 17.9 (354) 18.0 (611) 
Decreasing 14.0 (199) 15.2 (300) 14.7 (499) 
Increasing 21.7 (308) 21.4 (423) 21.5 (731) 
Long-term pain 46.1 (654) 45.6 (903) 45.8 (1557) 

NPSc 3 (2–5) 4 (2–5) 3 (2–5) 
Cardiovascular autonomic function    

HRV variablesc (n = 3398)    
HR, seated (bpm) 70.1 (62.8–78.8) 71.3 (65.2–78.4) 70.9 (64.1–78.5) 
HR, standing (bpm) 80.7 (72.2–89.3) 82.4 (74.8–90.6) 81.7 (73.7–90.1) 
rMSSD, seated (ms) 19.9 (12.9–29.7) 23.8 (15.7–34.8) 22.2 (14.5–32.6) 
rMSSD, standing (ms) 12.5 (8.2–18.7) 12.8 (8.4–19.1) 12.7 (8.4–19.0) 

BRS variablesc (n = 1667)    
SBPV, seated (mmHg2) 5.70 (3.48–9.66) 5.41 (3.05–8.96) 5.52 (3.24–9.37) 
SBPV, standing (mmHg2) 9.26 (5.40–16.26) 7.56 (4.18–12.63) 8.17 (4.66–14.17) 
BRS, seated (ms/mmHg) 6.60 (4.76–9.33) 6.18 (4.41–8.47) 6.34 (4.54–8.88) 
BRS, standing (ms/mmHg) 4.73 (3.24–6.66) 4.15 (3.01–5.91) 4.38 (3.09–6.22) 

ANS = Autonomic nervous system, BMI = Body mass index, BRS = Baroreflex sensitivity, HR = Heart rate, HRV = Heart 
rate variability, HSCL-25 = Hopkins Symptom Checklist-25, LBP = Low back pain, LTPA = Leisure-time physical activity, 
NPS = Number of musculoskeletal pain sites, rMSSD = root mean square of the successive differences in R-R 
intervals, SBPV = Systolic blood pressure variability. 
aPercent (n), bMean (standard deviation), cMedian (interquartile range). 
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Table 2. Regression coefficients (beta estimates with 95% confidence intervals) for the association between 
combined LBP/sciatica trajectory and cardiovascular autonomic parameters (for HR and rMSSD, n = 3398; for SBPV 
and BRS, n = 1667). 

Outcome and model No 
pain 
(Ref.)  

Decreasing Increasing Long-term pain 

Outcome: HR, seated     
Unadjusted model - -0.006 (-1.342; 1.329) 1.288 (0.074; 2.501)* 1.217 (0.161; 2.273)* 
Adjusted modela - -0.447 (-2.129; 1.235) 0.702 (-0.908; 2.312) 0.588 (-0.882; 2.058) 

Outcome: HR, standing     
Unadjusted model - 0.193 (-1.320; 1.706) 1.211 (-0.164; 2.585) 1.457 (0.259; 2.654)* 
Adjusted modelb - -0.055 (-1.992; 1.883) 0.690 (-1.166; 2.545) 0.778 (-0.915; 2.470) 

Outcome: rMSSD, 
seated 

    

Unadjusted model - 0.001 (-0.074; 0.075) -0.067 (-0.134; 0.001) -0.073 (-0.132; -0.014)* 
Adjusted modelc - 0.041 (-0.051; 0.134) -0.003 (-0.091; 0.086) -0.012 (-0.093; 0.069) 

Outcome: rMSSD, 
standing 

    

Unadjusted model - -0.035 (-0.109; 0.039) -0.071 (-0.138; -0.004)* -0.086 (-0.145; -0.028)** 
Adjusted modela - -0.024 (-0.118; 0.070) -0.007 (-0.097; 0.083) -0.056 (-0.138; 0.026) 

Outcome: SBPV, seated     
Unadjusted model - 0.097 (-0.046; 0.239) 0.056 (-0.075; 0.186) 0.003 (-0.108; 0.115) 
Adjusted modeld - 0.178 (-0.012; 0.368) 0.126 (-0.049; 0.302) 0.058 (-0.093; 0.208) 

Outcome: SBPV, 
standing 

    

Unadjusted model - 0.033 (-0.113; 0.179) 0.067 (-0.067; 0.200) -0.020 (-0.134; 0.094) 
Adjusted modele - 0.125 (-0.066; 0.315) 0.232 (0.056; 0.409)* 0.092 (-0.061; 0.244) 

Outcome: BRS, seated     
Unadjusted model - -0.101 (-0.192; -

0.011)* 
-0.134 (-0.217; -
0.051)** 

-0.101 (-0.171; -
0.030)*** 

Adjusted modelc - -0.049 (-0.165; 0.068) -0.140 (-0.251; -0.029)* -0.090 (-0.190; 0.010) 
Outcome: BRS, standing     

Unadjusted model - -0.064 (-0.159; 0.032) -0.098 (-0.186; -0.011)* -0.102 (-0.176; -0.027)** 
Adjusted modelc - -0.013 (-0.135; 0.109) -0.098 (-0.215; 0.018) -0.083 (-0.187; 0.022) 

aAdjusted for BMI, LTPA, smoking, HSCL-25, NPS, comorbidity, medication. 
bAdjusted for sex, BMI, LTPA, HSCL-25, NPS, comorbidity. 
cAdjusted for sex, BMI, LTPA, smoking, HSCL-25, NPS, comorbidity, medication. 
dAdjusted for smoking. 
eAdjusted for sex, BMI, smoking, HSCL-25, medication. 
*P < 0.05. **P < 0.01. ***P < 0.001. 
ANS = Autonomic nervous system, BMI = Body mass index, BRS = Baroreflex sensitivity, HR = Heart rate, HSCL-25 = 
Hopkins Symptom Checklist-25, LBP = Low back pain, LTPA = Leisure-time physical activity, NPS = Number of 
musculoskeletal pain sites, Ref. = Reference category, rMSSD = Root mean square of the successive differences in R-
R intervals, SBPV = Systolic blood pressure variability.  
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Table 3. Regression coefficients (beta estimates with 95% confidence intervals) for the association between LBP 
trajectory and cardiovascular autonomic parameters (for HR and rMSSD, n = 3398; for SBPV and BRS, n = 1667). 

Outcome and model No 
pain 
(Ref.)  

Decreasing Increasing Long-term pain 

Outcome: HR, seated     
Unadjusted model - 0.014 (1,279; 1.308) 1.025 (-0.147; 2.197) 0.978 (-0.048; 2.004) 
Adjusted modela - -0.105 (-1.728; 1.518) 0.804 (-0.741; 2.350) 0.483 (-0.930; 1.896) 

Outcome: HR, standing     
Unadjusted model - 0.153 (-1.313; 1.618) 0.948 (-0.380; 2.275) 1.328 (0.165; 2.490)* 
Adjusted modelb - 0.195 (-1.674; 2.063) 0.872 (-0.908; 2.652) 0.790 (-0.835; 2.416) 

Outcome: rMSSD, 
seated 

    

Unadjusted model - -0.008 (-0.080; 0.064) -0.057 (-0.122; 0.008) -0.067 (-0.124; -0.010)* 
Adjusted modelc - 0.020 (-0.069; 0.109) -0.008 (-0.093; 0.077) -0.009 (-0.086; 0.069) 

Outcome: rMSSD, 
standing 

    

Unadjusted model - -0.034 (-0.105; 0.038) -0.067 (-0.132; -0.003)* -0.081 (-0.134; -0.024)** 
Adjusted modela - -0.029 (-0.120; 0.062) -0.008 (-0.094; 0.079) -0.057 (-0.136; 0.022) 

Outcome: SBPV, seated     
Unadjusted model - 0.134 (-0.003; 0.271) 0.064 (-0.062; 0.190) 0.011 (-0.096; 0.119) 
Adjusted modeld - 0.235 (0.055; 0.415)* 0.142 (-0.026; 0.309) 0.050 (-0.094; 0.193) 

Outcome: SBPV, 
standing 

    

Unadjusted model - 0.023 (-0.117; 0.163) 0.052 (-0.077; 0.180) -0.011 (-0.120; 0.099) 
Adjusted modele - 0.107 (-0.074; 0.288) 0.233 (0.053; 0.392)* 0.085 (-0.061; 0.230) 

Outcome: BRS, seated     
Unadjusted model - -0.114 (-0.201; -

0.028)* 
-0.132 (-0.212; -
0.053)** 

-0.093 (-0.161; 0.025)** 

Adjusted modelc - -0.091 (-0.202; 0.019) -0.144 (-0.250; -
0.038)** 

-0.084 (-0.179; 0.010) 

Outcome: BRS, standing     
Unadjusted model - -0.056 (-0.148; 0.035) -0.096 (-0.180; -0.012)* -0.101 (-0.173; -0.030)** 
Adjusted modelc - -0.032 (-0.147; 0.083) -0.118 (-0.229; -0.007)* -0.103 (-0.203; -0.004)* 

aAdjusted for BMI, LTPA, smoking, HSCL-25, NPS, comorbidity, medication. 
bAdjusted for sex, BMI, LTPA, HSCL-25, NPS, comorbidity. 
cAdjusted for sex, BMI, LTPA, smoking, HSCL-25, NPS, comorbidity, medication. 
dAdjusted for smoking. 
eAdjusted for sex, BMI, smoking, HSCL-25, medication. 
*P < 0.05. **P < 0.01. ***P < 0.001. 
ANS = Autonomic nervous system, BMI = Body mass index, BRS = Baroreflex sensitivity, HR = Heart rate, HSCL-25 = 
Hopkins Symptom Checklist-25, LBP = Low back pain, LTPA = Leisure-time physical activity, NPS = Number of 
musculoskeletal pain sites, Ref. = Reference category, rMSSD = Root mean square of the successive differences in R-
R intervals, SBPV = Systolic blood pressure variability.  
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Table 4. Regression coefficients (beta estimates with 95% confidence intervals) for the association between sciatica 
trajectory and cardiovascular autonomic parameters (for HR and rMSSD, n = 3398; for SBPV and BRS, n = 1667). 

Outcome and model No 
pain 
(Ref.)  

Decreasing Increasing Long-term pain 

Outcome: HR, seated     
Unadjusted model - -0.378 (-1.722; 

0.965) 
1.754 (0.759; 2.749)** 1.672 (0.457; 2.887)** 

Adjusted modela - -1.081 (-2.788; 
0.626) 

1.331 (-0.002; 2.663) 0.468 (-1.125; 2.060) 

Outcome: HR, standing     
Unadjusted model - -0.354 (-1.877; 

1.170) 
1.696 (0.567; 2.824)** 1.504 (0.127; 2.882)* 

Adjusted modelb - -0.813 (-2.779; 
1.154) 

0.999 (-0.536; 2.533) 0.466 (-1.369; 2.300) 

Outcome: rMSSD, 
seated 

    

Unadjusted model - 0.012 (-0.062; 0.087) -0.110 (-0.165; -
0.054)*** 

-0.133 (-0.200; -
0.065)*** 

Adjusted modelc - 0.075 (-0.019; 0.169) -0.070 (-0.144; 0.003) -0.040 (-0.127; 0.048) 
Outcome: rMSSD, 
standing 

    

Unadjusted model - -0.036 (-0.110; 
0.038) 

-0.099 (-0.154; -
0.043)*** 

-0.082 (-0.149; -0.015)* 

Adjusted modela - 0.014 (-0.081; 0.110) -0.054 (-0.129; 0.020) -0.034 (-0.123; 0.055) 
Outcome: SBPV, seated     

Unadjusted model - 0.008 (-0.143; 0.150) 0.026 (-0.076; 0.129) -0.104 (-0.225; 0.016) 
Adjusted modeld - 0.119 (-0.078; 0.316) 0.000 (-0.135; 0.135) -0.082 (-0.238; 0.074) 

Outcome: SBPV, 
standing 

    

Unadjusted model - -0.066 (-0.211; 
0.080) 

0.000 (-0.104; 0.105) -0.032 (-0.156; 0.091) 

Adjusted modele - 0.021 (-0.177; 0.219) 0.065 (-0.073; 0.202) 0.003 (-0.157; 0.162) 
Outcome: BRS, seated     

Unadjusted model - -0.041 (-0.131; 
0.049) 

-0.076 (-0.140; -0.011) -0.067 (-0.144; 0.009) 

Adjusted modelc - 0.027 (-0.094; 0.148) -0.039 (-0.126; 0.048) 0.009 (-0.092; 0.110) 
Outcome: BRS, standing     

Unadjusted model - -0.026 (-0.121; 
0.068) 

-0.087 (-0.155; -0.019)* -0.108 (-0.188; -0.028)** 

Adjusted modelc - 0.011 (-0.115; 0.137) -0.044 (-0.135; 0.046) -0.038 (-0.144; 0.068) 
aAdjusted for BMI, LTPA, smoking, HSCL-25, NPS, comorbidity, medication. 
bAdjusted for sex, BMI, LTPA, HSCL-25, NPS, comorbidity. 
cAdjusted for sex, BMI, LTPA, smoking, HSCL-25, NPS, comorbidity, medication. 
dAdjusted for smoking. 
eAdjusted for sex, BMI, smoking, HSCL-25, medication. 
*P < 0.05. **P < 0.01. ***P < 0.001. 
ANS = Autonomic nervous system, BMI = Body mass index, BRS = Baroreflex sensitivity, HR = Heart rate, HSCL-25 = 
Hopkins Symptom Checklist-25, LBP = Low back pain, LTPA = Leisure-time physical activity, NPS = Number of 
musculoskeletal pain sites, Ref. = Reference category, rMSSD = Root mean square of the successive differences in R-
R intervals, SBPV = Systolic blood pressure variability. 
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FIGURE LEGENDS 1 

 2 

Figure 1. Flow chart of the study. BMI = Body mass index, BRS = Baroreflex sensitivity, HRV = Heart rate 3 

variability, HSCL-25 = Hopkins Symptom Checklist-25, LBP = Low back pain, NPS = Number of pain sites. 4 

 5 

Figure 2. Classification of individuals into four pain trajectory groups (i.e., ‘no pain’, ‘increasing’, 6 

‘decreasing’, ‘long-term pain’) on the basis of their LBP/sciatica status at the ages of 31 and 46. 7 

 8 

Figure 3. Sankey diagrams illustrating the prevalence and evolution of LBP and sciatica among the sample (n 9 

= 3398). There were no sex differences in the distribution of LBP and sciatica among the sample (P > 0.05). 10 

LBP = Low back pain. 11 
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                Supplementary Table 1. Summary of outcome variables. Data acquisition and processing protocols are described under Methods. 

Variable Abbreviation Unit Definition Origin of data Transformation to 
Gaussian 

Heart rate (seated and 
standing) 
 

HR bpm Mean of R-R intervals HRV data (obtained at all follow-
up units) 
 

Not needed 

Root mean square of the 
successive differences in R-R 
intervals (seated and 
standing) 
 

rMSSD ms Root mean square of the 
successive differences in R-R 
intervals 

HRV data (obtained at all follow-
up units) 

Natural logarithm 

Systolic blood pressure 
variability (seated and 
standing) 
 

SBPV mmHg2 Short-term blood pressure 
variability 

BRS data (obtained at Oulu 
follow-up unit only) 

Natural logarithm 

Cross-spectral baroreflex 
sensitivity (seated and 
standing) 

BRS ms/mmHg R-R interval response relative 
to change in systolic blood 
pressure 

BRS data (obtained at Oulu 
follow-up unit only) 

Natural logarithm 
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Supplementary Table 2. Regression coefficients for univariate associations between the covariate candidates and cardiovascular autonomic parameters. Unadjusted beta 
estimates (95% confidence intervals) are presented for each covariate candidate relative to each outcome. 

Covariate 
candidate 

Outcome 

HR, seated HR, standing rMSSD, seated rMSSD, standing SBPV, seated SBPV, standing BRS, seated BRS, standing 

Sexa -0.732 (-1.502; 
0.039) 

-1.358 (-2.230; 
-0.486)** 

-0.168 (-0.210; 
-0.125)*** 

-0.032 (-0.074; 
0.011) 

0.077 (-0.003; 
0.158) 

0.222 (0.141; 
0.304)*** 

0.066 (0.015; 
0.117)* 

0.082 (0.029; 
0.136)** 

BMI (kg/m2) 0.497 (0.417; 
0.577)*** 

0.332 (0.240; 
0.424)*** 

-0.033 (-0.037; 
-0.028)*** 

-0.023 (-0.027; -
0.018)*** 

0.002 (-0.007; 
0.011) 

0.012 (0.003; 
0.021)** 

-0.026 (-0.031; -
0.021)*** 

-0.031 (-0.036; -
0.025)*** 

LTPA 
(times/week) 

        

≥ 4b -6.368 (-7.569; 
-5.166)*** 

-6.205 (-7.573; 
-4.837)*** 

0.335 (0.268; 
0.403)*** 

0.286 (0.219; 
0.353)*** 

-0.044 (-0.171; 
0.083) 

-0.025 (-0.154; 
0.105) 

0.274 (0.194; 
0.353)*** 

0.291 (0.208; 
0.374)*** 

2—3b -3.693 (-4.657; 
-2.730)*** 

-3.435 (-4.532; 
-2.338)*** 

0.187 (0.133; 
0.241)*** 

0.142 (0.088; 
0.196)*** 

0.050 (-0.053; 
0.152) 

0.090 (-0.014; 
0.195) 

0.107 (0.043; 
0.171)** 

0.104 (0.037; 
0.171)** 

1b -1.509 (-2.588; 
-0.430)** 

-1.309 (-2.538; 
-0.081)* 

0.101 (0.040; 
0.161)** 

0.080 (0.020; 
0.140)** 

0.021 (-0.094; 
0.137) 

0.033 (-0.084; 
0.150) 

0.089 (0.017; 
0.161)* 

0.050 (-0.026; 
0.126) 

Smoking         
Currentc 1.892 (0.856; 

2.929)*** 
1.085 (-0.092; 

2.261) 
-0.145 (-0.202; 

-0.087)*** 
-0.121 (-0.178; -

0.064)*** 
-0.186 (-0.295; -

0.078)** 
-0.274 (-0.384; -

0.164)*** 
-0.096 (-0.165; -

0.027)** 
-0.048 (-0.120; 

0.024) 
Formerc -0.421 (-1.308; 

0.467) 
-0.593 (-1.600; 

0.414) 
-0.024 (-0.073; 

0.025) 
0.004 (-0.045; 

0.053) 
-0.060 (-0.153; 

0.033) 
-0.046 (-0.141; 

0.049) 
0.010 (-0.049; 

0.069) 
0.063 (0.000; 

0.125)* 
HSCL-25 score 1.974 (0.761; 

3.187)** 
1.853 (0.478; 

3.228)** 
-0.117 (-0.185; 

0.050)** 
-0.150 (-0.172; -

0.038)** 
-0.086 (-0.216; 

0.044) 
-0.205 (-0.337; -

0.073)** 
-0.119 (-0.201; -

0.036)** 
-0.143 (-0.229; -

0.056)** 
NPS 0.341 (0.165; 

0.516)*** 
0.372 (0.173; 

0.570)*** 
-0.014 (-0.024; 

-0.004)** 
-0.014 (-0.023-

0.004)** 
0.001 (-0.018; 

0.019) 
-0.004 (-0.023; 

0.015) 
-0.016 (-0.027; -

0.004)** 
-0.021 (-0.033; -

0.009)** 
Comorbidityd 3.401 (2.075; 

4.728)*** 
2.258 (0.751; 

3.764)** 
-0.224 (-0.298; 

-0.151)*** 
-0.199 (-0.273; -

0.126)*** 
-0.031 (-0.169; 

0.106) 
-0.091 (-0.231; 

0.048) 
-0.198 (-0.284; -

0.111)*** 
-0.142 (-0.234; 

0.051)** 
Medicatione 1.281 (0.213; 

2.348)* 
-0.033 (-1.244; 

1.177) 
-0.165 (-0.224; 

-0.105)*** 
-0.140 (-0.199; -

0.081)*** 
-0.059 (-0.171; 

0.053) 
-0.132 (-0.246; -

0.018)* 
-0.196 (-0.267; -

0.126)*** 
-0.180 (-0.254; -

0.106)*** 
aMale versus female. bVersus < 1/week. cVersus non-smokers. dVersus no ANS-related comorbidity. eVersus no ANS-affecting medication. 
*P < 0.05. **P < 0.01. ***P < 0.001. 

ANS = Autonomic nervous system, BMI = Body mass index, BRS = Baroreflex sensitivity, HR = Heart rate, HSCL-25 = Hopkins Symptom Checklist-25, LTPA = Leisure-time 
physical activity, NPS = Number of musculoskeletal pain sites, rMSSD = Root mean square of the successive differences in R-R intervals, SBPV = Systolic blood pressure 
variability. 


