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Abstract

Objectives Neck—shoulder pain (NSP) is a common
work-related musculoskeletal disorder with unclear mech-
anisms. Changes in physical activity and autonomic
nervous system regulation may be involved in the patho-
genesis of chronic NSP. The aim of the current study was
to investigate autonomic regulation in relation to physical
activity and perceived symptoms during work and leisure
time among workers with chronic NSP (n = 29) as com-
pared to a healthy control group (CON, n = 27).
Methods Physical activity was objectively monitored for
7 days using accelerometry. Beat-to-beat heart rate was
collected continuously for 72 h, with simultaneous
momentary ratings of pain, stress, and fatigue. Duration of
sitting/lying, standing and walking, number of steps, and
energy expenditure were used as measures of physical
activity. Heart rate variability (HRV) indices were extrac-
ted in time and frequency domains as reflecting autonomic
regulation. Data were divided into work hours, leisure time,
and sleep.

Results  The NSP group rated higher levels of stress and
fatigue at work and leisure, and reduced sleep quality as
compared to CON. Elevated heart rate and reduced HRV
were found in NSP compared with CON, especially during
sleep. The NSP group demonstrated a different pattern of
physical activity than CON, with a lower activity level in
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leisure time. Higher physical activity was associated with
increased HRV in both groups.

Conclusion Changes in HRV reflected an autonomic
imbalance in workers with chronic musculoskeletal pain. This
can be explained by reduced physical activity in leisure time.
Intervention studies aimed at increasing physical activity may
shed further light on the association between autonomic reg-
ulation and physical activity in work-related NSP.

Keywords Ambulatory monitoring - Daily physical
activity - Sympathetic - Parasympathetic - Perceived
stress - Trapezius myalgia

Introduction

Chronic neck—shoulder pain (NSP) is a common muscu-
loskeletal disorder (MSD) in working populations (Co6té
et al. 2009). It is associated with high costs due to sick
leave (Hansson and Hansson 2005) and loss in productivity
(Hagberg et al. 2007) and impacts on quality of life (Rezai
et al. 2009). Thus, NSP constitutes a significant occupa-
tional health problem.

Repetitive physical loads, sedentary work, and psycho-
social stressors are risk factors for the development of NSP
(Larsson et al. 2007), potentially because they induce
sustained physiological responses such as increases in heart
rate and blood pressure, elevated muscle activity, and
reduced muscle circulation (Lundberg 2006; Sjggaard et al.
2000). However, the underlying mechanisms are still not
clear. Therefore, strategies for the prevention and treatment
for work-related NSP require further understanding about
the core mechanisms.

The autonomic nervous system (ANS) is a key stress
system in the body, composing a bridge between the brain
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and the periphery that is closely involved in pain percep-
tion and adaptation to various physical and mental stressors
(Ulrich-Lai and Herman 2009; Benarroch 2006; Martinez-
Lavin 2012). Research suggests that the ANS is involved in
both the development and maintenance of chronic muscu-
loskeletal pain (Passatore and Roatta 2006; Visser and van
Dieén 2006; Martinez-Lavin 2012). Autonomic imbalance
with a predominant sympathetic nervous activation is
associated with poor adaptation and increased sensitivity to
pain, while chronic pain in turn may affect the regulation of
the ANS. Laboratory studies have demonstrated autonomic
imbalance, as characterized by increased sympathetic and
reduced parasympathetic activity at rest and with altered
autonomic reactivity to stressors, in persons with chronic
NSP (Gockel et al. 1995; Hallman et al. 2011), fibromy-
algia (Martinez-Lavin 2007), and low back pain (Kalezic
et al. 2007), although contrasting results have also been
reported (Sjors et al. 2009; Nilsen et al. 2007). Since most
studies have been conducted in a laboratory setting, eco-
logically valid assessment methods are needed to provide
information about autonomic regulation in real-life situa-
tions, such as work, leisure time, and sleep.

Heart rate variability (HRV) is a noninvasive tool for
the assessment of sympathetic and parasympathetic mod-
ulation of the heart. Generally, a larger HRV reflects a
healthier and more adaptable ANS, while diminished
HRV indicates autonomic imbalance (Malik 1996).
Results from 24-h HRV analyses have indicated the need
to address the circadian pattern of autonomic regulation in
conditions of chronic musculoskeletal pain (Martinez-
Lavin et al. 1998; Mork et al. 2013). In accordance, we
recently found a diminished parasympathetic activation
during sleep in subjects with chronic NSP compared with
healthy controls (Hallman and Lyskov 2012). However,
this needs to be confirmed in a larger, more homogenous
group of workers with NSP, using the latest standards for
long-term monitoring of HRV and physical activity while
simultaneously assessing perceived symptoms using elec-
tronic diaries.

Importantly, pain-associated factors such as physical
inactivity, perceived stress, and poor sleep need to be
accounted for since they influence HRV (Clays et al. 2011;
Trinder et al. 2012; Rennie et al. 2003). Particularly,
physical activity and exercise are known for enhancing
musculoskeletal health and cardiovascular function (War-
burton et al. 2006). High-intensity activities induce acute
increases in sympathetic activity and diminished para-
sympathetic activity (Hautala et al. 2010), while the
opposite effect of increasing physical activity occurs in the
long run. Epidemiological studies indicate a positive
association between increasing leisure-time physical
activity and improved parasympathetic cardiac activity at
rest (Rennie et al. 2003; Melanson 2000).
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In spite of the substantial health-enhancing effects of
leisure-time physical activity (Blair and Morris 2009),
contrasting results have been shown for physical activity
during work. For instance, high occupational physical
activity was found to increase the risk of long-term sick-
ness absence (Holtermann et al. 2012b) and all-cause
mortality (Holtermann et al. 2012a). Also, high occupa-
tional physical activity was associated with a higher
ambulatory blood pressure in workers, whereas the oppo-
site relationship was found for physical activity in leisure
time (Clays et al. 2012). Thus, it is important to investigate
characteristics of physical activity and autonomic regula-
tion by discriminating between work and leisure time.

In accordance with the fear-avoidance model (Leecuw
et al. 2007) and the avoidance—endurance model (Hasen-
bring et al. 1994), decreased activity levels can be expected
with chronic pain. However, objective assessment methods
have found rather small differences, if any, in total activity
level between those with and without chronic MSDs (van
Weering et al. 2007). Instead, a different time pattern in
physical activity was observed among patients with low
back pain (van Weering et al. 2009) and in persons with
chronic NSP (Hallman and Lyskov 2012) as compared with
healthy persons, mainly with lower activity levels in the
evening. Therefore, long-term ambulatory recordings of
HRYV in combination with objective methods for accurate
assessment of daily physical activity are needed in order to
test these ideas in workers with chronic NSP.

Aim

The aim of this study was to investigate daily physical
activity, autonomic regulation, and perceived symptoms
(i.e., pain, stress, and fatigue) during work and leisure time
among workers afflicted with chronic NSP and their heal-
thy counterparts.

We hypothesize that the NSP group will be character-
ized by a reduced level of physical activity in leisure time
and reduced parasympathetic activity during sleep, as
compared with controls. We further hypothesize that daily
physical activity will be positively associated with para-
sympathetic activity during sleep.

Methods
Participants

Twenty-nine workers between 25 and 59 years of age
reporting chronic pain in the neck—shoulder region (NSP)
and 27 healthy controls (CON) without a recent history of
pain participated in the study. See Table 1 for group
characteristics. The groups were matched for age and
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Table 1 Characteristics of workers with neck—shoulder pain (NSP,
n = 29) and healthy controls (CON, n = 27)

Variable Group p value
NSP CON
Mean SD Mean SD
Age (years) 41 10 41 9 0.86
BMI (kg/m?) 246 39 239 32 0.44
Pain duration (years) 10 9 - - -
CRI10 pain—6 months (0-10) 4.2 1.4 04 0.8  <0.001
CRI10 pain—7 days (0-10) 4.0 1.3 02 04 <0.001
SEQ stress (0-5) 2.8 08 2.1 0.6 0.001
SEQ energy (0-5) 35 0.7 3.6 0.5 0.77
SF36 physical health 46 7 57 3 <0.001
SF36 mental health 47 10 49 8 0.31
KSQ sleep quality (0-24) 16.7 39 185 22 0.041
VOsmax (02 ml/kg/min) 444 117 41.1 101 035
Self-reported duration
Time working (h:min) 9:05 0:47 834 0:35 0.006
Leisure time (h:min) 7:51  1:13 818 0:51 0.12
Time in bed (h:min) 7:14  1:02 7:10 043 0.80
Time sleeping (h:min) 6:44  1:01 6:36 0:32 0.54

Self-reported durations were averaged over four work days, approx-
imately when heart rate was recorded; “—" data not available in the
control group

BMI body mass index, CRI0 Category Ratio Scale, SEQ Stress-
Energy Questionnaire

gender, and nearly matched for type of work, i.e., office
work (NSP, n = 19; CON, n = 20) or production (NSP,
n = 10; CON, n = 7). Subjects in both groups were
recruited through advertisement at a global manufacturing
company within the industrial sector at a site in the middle
part of Sweden, in cooperation with ergonomists and health
care specialists working at the company. The type of work
was assessed using self-reports and company data, which
were evaluated by an ergonomist. Office work was char-
acterized by low physical exposure (e.g., sedentary work)
while production included more varying exposures, rang-
ing from light industrial work tasks to physically heavy
tasks.

Inclusion and exclusion criteria were first evaluated
using interviews and questionnaires. Inclusion in the NSP
group required non-traumatic chronic pain (>6 months)
localized to the neck—shoulder region (i.e., primarily the
neck and/or the trapezius muscles). Controls should report
that they were healthy and asymptomatic, without pain
over the previous 6 months. Subjects had to be between 20
and 59 years of age and employed, and work at least 75 %
of full-time. Both males and females were free to take part
in the study. Exclusion criteria were the regular use of
medications that could affect the ANS or pain perception,

including antidepressants, benzodiazepines, beta-blockers,
and anti-inflammatory drugs. Further, individuals reporting
comorbidity of other disorders known to affect autonomic
regulation or pain processing were also excluded, for
example diagnoses of rheumatism, diabetes, depression,
chronic neurological or endocrinological syndromes, or
drug abuse, as well as pain of traumatic origin. In order to
avoid possible effects of sick leave on physical activity,
workers reporting sick leave (>2 weeks over the past
3 months) were excluded.

Eligible subjects were further examined by a specialized
physiotherapist and performed a sub-maximal fitness test
using a cycle ergometer (Astrand and Rhyming 1954).
Subjects were classified into chronic NSP (e.g., trapezius
myalgia or tension neck syndrome), corresponding to the
International Classification of Diseases (ICD) code M 79.1,
as they reported chronic pain from the neck—shoulder
region, muscle stiffness, and tenderness at palpation,
without restricted range of movement of the neck during
the examination (Larsson et al. 2007). All volunteers pro-
vided written informed consent and were given information
about the study prior to participation. The study was
approved by the local ethics committee (2010/433) and was
conducted according to the Declaration of Helsinki.

Procedure

The ambulatory recordings were carried out at the work-
place, which included daytime work, leisure time, and
sleep. A typical measurement started at the beginning of a
regular week and continued for 7 days (Fig. 1).

A heart rate monitor and an electronic diary were worn
by the subjects for a duration of approximately 72 h, typ-
ically representing three full workdays of daytime work.
Physical activity was assessed over 7 days, including both
workdays and non-workdays. The devices were attached to
the subject and were only taken off for a shower or bath.
Subjects were instructed to rate their perceived pain
intensity, stress, and fatigue when indicated by an auditory
alarm. They were instructed to go about their regular
activities and were advised to contact the examiner if they
had any problem with the equipment.

Ambulatory measurements

Physical activity was measured using the ActivPAL™
monitor (PAL Technologies Ltd., Glasgow, UK) attached
to the thigh using self-adhesive tape. Physical activity and
posture (sitting/lying and standing) were measured using a
single triaxial accelerometer that produces a continuous
signal (20 Hz sampling frequency) related to the move-
ment and inclination of the thigh. The device has shown
good validity and reliability (Ryan et al. 2006).
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Fig. 1 Assessment protocol with baseline questionnaires and ambulatory measurements. KSQ Karolinska Sleep Questionnaire, SEQ Stress-
Energy Questionnaire, /PAQ International Physical Activity Questionnaire, SF36 Short Form health survey

Heart rate was collected using a heart rate monitor,
Firstbeat Bodyguard (Firstbeat Technologies Ltd., Jyvés-
kyld, Finland), with a two-lead configuration attached
using pre-glued Ag/AgCl1 electrodes (Biopac Systems Inc.,
USA) on cleansed skin.

A specially designed electronic diary, installed on a
Windows mobile phone (HTC HD?2), was used for
momentary ratings during the ambulatory assessment. The
intensity of current pain, stress, and general fatigue was
assessed in random order using the Borg CR10 scale (Borg
1998) every second hour from 09:00 to 17:00, and at 20:00,
as well as 30 min after awakening and prior to going to
bed. A reminder alarm was repeated three times at 10-min
intervals in cases of missed responses. An instruction
manual was also provided. In addition, a paper diary was
used to collect written reports of times of working, going to
bed, sleeping, and waking up.

Questionnaires

A battery of questionnaires was used to characterize the
subjects with regard to symptoms, general health, and sleep
quality.

Perceived pain intensity was measured using the Borg
CR10 scale at the region of pain, based on “six months,”
“last week,” and “currently” (Borg 1998). The response
scale ranges from O (“nothing at all”) to 10 (“extremely
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strong”), and subjects were allowed to rate any number,
including decimals, in between. Pain localization was
assessed using a modified pain drawing (Margolis et al.
1988).

Stress and energy were measured using the Stress-
Energy Questionnaire (Kjellberg and Wadman 2002). The
stress scale consists of three positively evaluated low
activation adjectives (“rested,” “relaxed,” and “calm”)
and three negatively evaluated high activation adjectives
(“tense,” “stressed,” and “pressured”). The energy scale
consists of three negatively evaluated low activation
adjectives (“dull,” inefficient,” and “passive”) and three
positively evaluated high activation adjectives (“active,”
“energetic,” and focused”). The six-point response scale
(0-5) ranges from “not at all” to “extremely.” Subjects
were asked to recall their perceived stress and energy over
the previous 6 months, both “during work” and “after
work.”

The Short Form health survey (SF-36) was used to
assess health-related functions and quality of life (Ware
and Gandek 1998). The survey covers four health domains
related to physical health (general health perceptions,
physical functioning, bodily pain, and physical role limi-
tations) and four domains related to mental health (general
mental health perceptions, emotional role limitations,
vitality (energy), and social functioning). The two sum-
mary scales physical health and mental health were used,
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whereby the normative mean is equal to 50 (SD = 10) and
higher values reflect better health.

The Karolinska Sleep Questionnaire (KSQ) (Kecklund
and Akerstedt 1992) was used to assess sleep quality based
on four items: difficulty falling asleep, repeated awaken-
ings, premature awakening, and disturbed sleep. Subjects
responded to the questions based on their perceptions over
the past 6 months using a response scale ranging from 1
(always) to 6 (never). These four items were summed up in
order to create a sleep quality index ranging from O to 24,
whereby higher values indicated enhanced sleep.

Data processing

Time spent walking, standing and lying/sitting, number of
steps, and cadence (steps/min) was calculated off-line
using the proprietary software. Based on the duration and
intensity of these activities, the metabolic equivalent
(MET) was estimated for each hour and was used as a
measure of energy expenditure (i.e., lying/sitting = 1.25
MET; standing = 1.4 MET; stepping 120 steps/min = 4
MET; cadence other than 120 steps per minute was scaled
linearly from standing). Due to technical problems, data
from two subjects with NSP were not retrieved.

HRV was analyzed using Firstbeat HEALTH (version
3.1.1.0, Firstbeat Technologies Ltd., Jyviskyld, Finland).
Time series of beat-to-beat (RR) intervals were visually
inspected for electrical artifacts and abnormal heartbeats.
Procedures for automatic data editing and short-term
Fourier transform filtering have previously been described
by Saalasti (2003). Only periods free from artifacts, e.g.,
due to noise, ectopic beats, or non-wear time, were ana-
lyzed. On average, a 1-h segment included 97.4 % (SD
3.7 %) acceptable data. Two NSP and two CON subjects
were excluded from the final analysis due to a large pro-
portion of artifacts.

Indices of HRV were extracted for each hour in both time
and frequency domains. The time domain measures were
RR intervals, SDNN (the standard deviation of RR inter-
vals), and RMSSD (the square root of the mean squared
successive differences of successive RR intervals). The
frequency domain measures were VLF (very low frequency
0-0.03 Hz), LF (low frequency 0.04-0.15 Hz), and HF
(high frequency 0.15-0.4 Hz) spectral power (ms?).
Respiratory frequency was calculated based on the fre-
quency distribution of the HF power spectra (Saalasti 2003).

RMSSD and HF were used as measures of parasympa-
thetic (vagal) activity, whereas SDNN and LF are influ-
enced by both the sympathetic and parasympathetic
nervous systems. LF/HF was used as a measure of sym-
pathetic-to-parasympathetic balance (Malik 1996). As the
exact contribution of the ANS to VLF is largely unknown,
it was considered an explorative variable.

All data were obtained from the long-term recording,
including the objective measures (RR intervals, HRYV,
physical activity scores, and METs), and momentary rat-
ings were imported to the Spike2 software (version, 7.03,
Cambridge Electronic Design) for visual data inspection.
Data were processed and extracted on an hour-to-hour
basis, and mean values for each hour were pooled for work,
leisure time, and sleep.

Statistical analyses

Group differences (NSP-CON) in subject characteristics
were analyzed using ¢ tests. Repeated measures analysis of
variance (ANOVA) with group (NSP-CON) as a between-
subjects factor and time (work—leisure) as a within-subjects
factor was carried out in order to analyze the main effects
and the interaction effects for physical activity (MET,
walk, stand, sedentary, and steps), and perceived, stress,
and fatigue. Differences in physical activity variables
between workdays and work-free days were analyzed using
ANOVA (group x time (workdays—work-free days)). For
HRV indices, ANOVAs were carried out with group
(NSP—CON) as a between-subjects factor and time (work—
leisure—sleep) as a within subject factor. In addition,
ANCOVAs (group x time) were used for HRV to inves-
tigate possible associations with physical activity (total
MET or MET in leisure time), momentary stress ratings,
and sleep quality. All statistical analyses were conducted
using SPSS version 20, and p values < 0.05 were consid-
ered significant. A priori power analysis indicated that 25
subjects in each group (NSP-CON) would be sufficient for
detecting group differences in objective physical activity,
HRYV, and self-ratings with adequate statistical power
(8 = 0.8 and « = 0.05).

Results
Background data

There were no differences between NSP and CON groups
regarding age, gender (NSP: women, n = 13; CON
women, n = 12), BMI, or physical fitness (VO,pax). The
NSP group reported higher levels of perceived pain and
stress, impaired physical health, and worse quality of sleep
than CON. Also, the NSP group reported longer workdays
than CON (Table 1).

Differences in physical activity
The main effects of time (work-leisure) indicated an

increased level of physical activity from work to leisure
time for mean MET, duration walking and steps/h
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(p < 0.05). No time effect was observed for sedentary (lie/
sit) or standing time. Mean activity levels were lower
during workdays than on work-free days, as reflected in
MET (p = 0.002), walking time (p < 0.001), and steps/h
(p = 0.002). Sedentary time was reduced from workdays
to work-free days (p = 0.008).

The group effect (NSP-CON) indicated more time spent
in standing posture for NSP than CON (p = 0.037).
Group-by-time interactions were found for MET
(p = 0.039) and steps (p = 0.042), with NSP showing a
smaller increase in physical activity from work to leisure
time as compared to CON (Table 2). Similar trends were
observed when only workdays were included in the ana-
lysis, although with smaller p values for the interaction
effects (group x time): MET (p = 0.009), walking time
(p = 0.026), steps (p =0.009), and sitting/lying
(p = 0.069).

Differences in heart rate variability

NSP showed shorter RR intervals and attenuated HRV in
RMSSD, SDNN, and VLF power compared to CON, as
indicated by the main effects of group (Table 3). ANOVAs
(group x time) revealed significant time effects (work—
leisure—sleep), which indicated that RR intervals, RMSSD,
VLF, LF, and HF were increased during nighttime sleep
while LF/HF was attenuated compared to work and leisure
time (all p < 0.05). SDNN was increased and LF was
reduced during leisure time as compared to sleep and work
(all p < 0.05).

Interaction effects (group x time) were found for RR
intervals, RMSSD, LF, and VLF, in terms of NSP show-
ing diminished HRV during work and sleep, but not in
leisure time. There was no effect of group on respiration
rate.

ANCOVAs adjusted for total METs, perceived stress,
and sleep quality indicated that HRV was positively

associated with physical activity, although the group dif-
ferences in HRV remained significant (Table 3). Including
MET in leisure time in the ANCOVA models resulted in
nonsignificant main effects of group, while the interactions
(group x time) still indicated a significantly different pat-
tern of HRV in the NSP group. Perceived stress or sleep
quality was not associated with HRV.

Momentary ratings

Momentary CR10 ratings are shown in Fig. 2. Significant
group effects indicated that perceived pain (p < 0.0001),
stress (p < 0.001), and fatigue (p = 0.006) were higher in
the pain group at both work and leisure time. Time effects
revealed that perceived stress level was reduced from
working hours to leisure time (p < 0.001), whereas per-
ceived fatigue increased from work to leisure time
(p < 0.001). No interaction effects (group x time) were
found.

Discussion

Based on a long-term monitoring of physical activity,
HRYV, and perceived symptoms, the present study found
reduced leisure-time physical activity, diminished HRV,
and higher stress and fatigue levels among workers afflic-
ted with chronic NSP, as compared to a group of healthy
workers. Several parameters of HRV in both time and
frequency domain were positively associated with physical
activity.

Changes in physical activity
Evidence regarding the health benefits of physical activity

extends to different occupational groups (Warburton et al.
2006). The present study confirmed the hypothesis of

Table 2 Mean and standard deviation (SD) of physical activity at work and leisure time in neck—shoulder pain (NSP, n = 27) and control

(CON, n = 27) groups

Measure Work Leisure

NSP CON NSP CON

Mean SD Mean SD Mean SD Mean SD
MET/h 1.60 0.14 1.60 0.16 1.66* 0.16 1.77 0.23
Walk (min/h) 9.1 4.0 9.0 4.5 114 4.3 13.7 6.0
Lie/sit (min/h) 345 9.6 38.7 9.0 34.4 6.0 34.6 6.0
Stand (min/h) 16.4 8.0 12.2 8.8 14.3 5.1 11.6 5.0
Steps/h 793 349 825 425 954%* 419 1,250 607

Walk, lie/sit, and stand are expressed as minutes per hour averaged over work and leisure time

MET metabolic equivalent
* p < 0.05 for post hoc test of group difference
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Table 3 Means and standard deviations (SD) of heart rate variability
in neck—shoulder pain (NSP, n = 27) and controls (CON, n = 25)
during work, leisure time and sleep, ANOVA with group (NSP-CON)

and interaction effects (group x time), and ANCOVA adjusted for
physical activity (total MET® or MET in leisure®), perceived stress
and sleep quality

Measure Group Work Leisure Sleep ANOVA ANCOVA
Mean SD Mean SD Mean SD Group Interaction Group Interaction
RRI (ms) NSP 773 96 761 71 977 104 0.023  0.009 0.192%  0.017%*
CON 844 113 790 101 1,066 152 0.309° 0.025"
RMSSD (ms) NSP 28 12 27 9 41 17 0.041 0.020 0.028%  0.007%
CON 37 18 31 12 56 30 0.074%  0.017°*
SDNN (ms) NSP 86 20 92 19 87 20 0.013  0.726 0.034*  0.95°
CON 104 29 107 28 102 32 0.103%*  0.777°
VLF power (ms?)  NSP 116 63 117 60 172 85 0.030  0.004 0.092%  0.022°
CON 151 91 137 78 277 181 0.199%  0.040°
LF power (ms?) NSP 2356 1444 2,196 1,303 2544 1,535  0.118 0.010 0.195%  0.018"
CON 3,055 2,180 2,525 1,837 3,842 2739 0.362°  0.034°
HF power (ms?) NSP 896 913 823 590 1,747 1,385  0.075 0.077 0.027%  0.019*
CON 1,419 1374 1,114 910 2,996 3,188 0.083%  0.045%
LF/HF NSP 3.8 2.1 35 15 2.0 0.9 0.195 0.085 0.151% 0.196*
CON 3.0 1.3 3.1 1.0 1.9 1.0 0.202° 0.233°

RR RR intervals, RMSSD the square root of the mean squared differences of successive RR intervals, SDNN the standard deviation of RR
intervals, VLF very low frequency, LF low frequency, HF high frequency, MET metabolic equivalent

Degrees of freedom = 2, 50
p values < 0.05 are bold faced

* A significant effect of MET (p < 0.05) as a covariate in the ANCOVA

# Total MET is included as a covariate in the ANCOVA
® MET in leisure time is included as a covariate in the ANCOVA

Fig. 2 Momentary ratings of (A) NSP (B) CON

pain, stress, and fatigue

averaged for work and leisure 5 5

time in a neck—shoulder pain

(NSP) and b control (CON) S 41 4 1

groups. Error bars represent g

standard deviation o> 3 3
E - ==
S o S, .. 2 l
Py ==
E - - =
G 14 11 DBhreverevennn..... é

0 . 0 O - ®
Work Leisure Work Leisure

reduced physical activity in leisure time among workers
with chronic NSP. The reference group showed enhanced
energy expenditure (METSs) during leisure time compared
to work, which corresponded to an increased duration of
walking and more steps per hour. In comparison, the NSP
group showed only a marginal increase in physical activity
from work to leisure time, in terms of both intensity and
duration. In accordance, altered activity patterns have
been observed in persons with chronic muscle pain in the

| —e—Pain --f}- Stress - A~ Fatigue ‘

neck—shoulder or lower back (Hallman and Lyskov 2012;
van Weering et al. 2009). In contrast, apart from an
increased standing time in NSP compared with CON,
overall physical activity levels were not markedly different
between groups. Increased standing was an unexpected
finding among persons with NSP and may not be fully
explained by fear-avoidance behavior (Leeuw et al. 2007),
which is a model based on low back pain. Thus, it may be
specifically addressed in the future studies.
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The placement of the activity monitor on the thigh is
widely used for the assessment of a wide range of daily
activities, including sedentary time, standing, and walking
(Ryan et al. 2006), although it may be less accurate in
detecting high-intensity activities. This is a potential limi-
tation of the study.

Analyses of sedentary time are useful for investigating
physical inactivity, which is uniquely associated with poor
health outcomes (Hamilton et al. 2008). We did not
observe any marked group difference in sedentary time,
although when the analyses were restricted to workdays
CON showed a trend toward reduced duration of lying/
sitting from work to leisure, compared to NSP. Discrimi-
nating between seated and lying posture may, thus, have
provided further information about inactivity in NSP. Still,
the lack of increase in physical activity during leisure time
may suggest that workers with pain spend more of their
resources while accomplishing their work tasks. Unex-
pectedly, the NSP group reported longer workdays than
CON. Apart from poor sleep quality and the presence of
chronic pain (Fishbain et al. 2004), this might explain why
perceived fatigue was higher in the NSP group. As a result,
higher fatigue in NSP may have contributed to lower
activity levels in leisure time. Altogether, these results
indicate that physical activity patterns might be equally, or
even more, important than total activity levels for muscu-
loskeletal health outcomes among workers. Considering
that low physical activity in leisure time is associated with
an increased risk for cardiovascular mortality among the
working population (Holtermann et al. 2013), we suggest
that future intervention studies should aim at increasing
physical activity in leisure time among workers with
chronic NSP.

As regards the whole sample, work hours showed a
predominance of sedentary time (> 50 %), which may be
explained by a relatively large proportion of office workers
in the current sample. The influence of occupational type
(office—production) was not included in the statistical
models, as the study focused on differences between NSP
and CON groups. However, in the whole study group,
physical activity levels were higher during work-free days
compared with workdays, which suggests that work
exposure impacts on inactivity.

Perceived stress at work is a possible mediator for
reduced physical activity in chronic muscle pain, acting as
a further barrier (Ryan et al. 2010; Wemme and Rosvall
2005). Persons with chronic back pain and high levels of
stress were found to have lower activity levels than their
non-stressed counter parts (Ryan et al. 2010). However,
these results may have been confounded by fewer
employed subjects in the high-stress group. We found a
higher stress level in the NSP group compared with CON,
although this did not affect physical activity in the current
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study. Importantly, workers on sick leave were not inclu-
ded in our study, and all subjects were employed and
worked during the measurement.

Changes in autonomic regulation

In the present study, HRV analyses, including work, leisure
time, and sleep, revealed a reduced parasympathetic com-
ponent (i.e., diminished HRV) in the NSP group during
work and sleep, as compared to CON. This was in line with
the study hypothesis. Models of chronic MSDs have
pointed out the involvement of the ANS in the maintenance
of regional and widespread pain (Passatore and Roatta
2006; Martinez-Lavin 2007). Aberrant ANS regulation
may contribute to pain sensitization at both central and
peripheral levels. Laboratory studies have found signs of
increased sympathetic and reduced parasympathetic activ-
ity at rest in subjects with NSP (Hallman et al. 2011;
Gockel et al. 1995). In accordance, studies indicate that
chronic pain is associated with an altered autonomic bal-
ance during sleep, resulting in excessive sympathetic
activation (Chouchou et al. 2011; Martinez-Lavin et al.
1998; Hallman and Lyskov 2012). Although worse sleep
quality was reported in NSP than CON, ANCOV As did not
reveal any effect of this factor on HRV.

The present results may reflect a pain-induced alteration
in ANS regulation with a shift toward sympathetic pre-
dominance. It is also possible that the pain-afflicted
workers had reduced HRV prior to the development of
pain. Due to the cross-sectional study design, however,
inferences about causal relationships are limited. Further-
more, shorter RR intervals (i.e., increased heart rate) were
observed in the pain group. This is in accordance with
previous studies on chronic neck pain (Gockel et al. 1995;
Sjors et al. 2009; Hallman et al. 2011) and in contrast to the
results reported by other authors (Nilsen et al. 2007). As
there was no group difference in VO;,,,x, as assessed using
a sub-maximal test, a potential confounding effect of
physical fitness could be ruled out.

Physical activity, perceived stress, and poor sleep are
possible confounders for diminished HRV; yet few studies
have investigated these factors simultaneously with mark-
ers of autonomic function in individuals with musculo-
skeletal pain. A strength of the current study is that we
addressed this issue by performing long-term ambulatory
monitoring of HRV, physical activity and perceived pain,
stress, and fatigue in workers with chronic NSP. Thus,
between-subjects variance in physical activity and stress
perception were taken into account.

Total physical activity (MET/day) was positively asso-
ciated with HRV (i.e., enhanced parasympathetic activation
with increasing physical activity), but did not account
substantially for the observed differences in HRV between
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groups. As expected, HRV was also positively associated
with leisure-time physical activity. Thus, when MET in
leisure time was included in the ANCOVA® model
(Table 3), only the pattern of HRV (interaction: work—
leisure—sleep) remained significant. This suggests that the
activity pattern, i.e., reduced physical activity in leisure
time, contributed to the attenuation of parasympathetic
activity observed in the pain group during work and sleep.
This is an important finding, which is in line with our
theory that low physical activity in leisure time may con-
tribute to worsening of NSP symptoms due to changes in
ANS regulation.

Furthermore, the NSP group rated higher perceived
stress at work and leisure time than CON, both momentarily
using CR10 ratings and retrospectively using the Stress-
Energy Questionnaire. A negative association between
work stress and HRV has previously been reported (Clays
etal. 2011). Contrary to the hypothesis, perceived stress did
not influence HRV in the current study. However, as the
observed stress levels were relatively low, a direct effect of
stress on the physiological systems would not be expected.

In conclusion, the observed aberrations in HRV during
sleep reflected an imbalanced autonomic regulation among
workers with chronic neck—shoulder pain. Diminished
parasympathetic activity can be explained by reduced
physical activity in leisure time and may further reflect an
insufficient adaptability to physical and/or psychological
workloads among workers with chronic neck—shoulder
pain. Follow-up and intervention studies are needed to
evaluate the effects of physical activity changes on pain
and autonomic regulation.
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