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SUMMARY

Background: Musculoskeletal disorders are a major global problem contributing to huge
society costs in terms of sick leave, medical treatments, and disability pensions. Physical
exposures like manual material handling, postures, repetitive work, and work with high pace
or force are thought to have important impact on musculoskeletal health. Professions within
construction and healthcare have a high prevalence of musculoskeletal disorders, and reports
to be exposed to high physical demands. These sectors are among the largest working sectors
in Norway, employing approximately 29% of the Norwegian working stock. Previous
knowledge of occupational physical exposures are largely based on self-reports, which are
known to have limitations. Thus, there is a need for implementation of objective
measurements providing valid information on physical workplace exposures within these

sectors.

Objectives: The overall objective of this thesis was to increase knowledge on physical
exposures by objective measures of sitting, standing, moving, arm- and trunk inclination, and
cardiovascular load and to elucidate relationships between objectively measured exposures

and musculoskeletal health in construction- and healthcare workers.

Methods: From the 594 construction- (n = 293) and healthcare workers (n = 301) agreeing to
participate in the questionnaire part of the study, we performed technical measurements with
continuous sampling for 3-4 days on 125 volunteering workers (construction n = 62,
healthcare n = 63). Clinical examinations including physical fitness tests were performed on
all 125 subjects prior to measurement. Subjects with inadequate skills in reading and writing
Norwegian, known allergic reaction to plaster, tape, and bandages, or subjects that were
pregnant or being diagnosed with cardiovascular disease were not included in technical
measurements. Paper I used the full sample (n = 125) of participants with technical
measurements, where we determined duration of daily activities (standing, moving, sitting,
number of steps), postures (inclination of the arm and the trunk), and relative heart rate from
accelerometers and heart rate monitors. Self-reported physical exposures and covariates were
obtained by a baseline questionnaire and a questionnaire answered after the first day of
technical measurements concerning physical exposures on that day in particular. Paper Il was
based on a subsample (n = 42) of construction workers only, and relative heart rate was
determined from heart rate measurements. This paper included fitness data from the clinical

examination and variables from the baseline questionnaire. Paper III was based on the full



sample (n = 125) of participants with technical measurements, and obtained sitting and
standing durations from accelerometers. Covariates and low back pain intensity were obtained

from the baseline questionnaire and a 6 months follow-up questionnaire.

Results: Paper [ showed that objectively measured activities (standing, moving, sitting) were
significantly and moderately correlated to their respective questionnaire item. We found
weaker correlations for postures (arm and trunk inclination), and relative heart rate. Stratified
analyses showed no correlation between postures and relative heart rate, and questionnaire
items for healthcare workers. When compared to objective measures, self-reported physical
demands overestimated duration of exposure. Further, we found a significant day-to-day
variability in physical exposure between consecutive days of measurement. Objective
measures for several consecutive days produced higher intraclass correlation coefficients than
single day measurements. Paper II found that construction workers, on average, spent
approximately 60% of their workday below 20% of relative heart rate. Fourteen percent of the
workday was spent above the recommended threshold of 33% for an 8-hour period. A small
portion of the study population (10%) had a mean relative heart rate throughout the workday
above this threshold. Seven persons (17%) experienced on average one or more episode(s) of
5 min or more continuously above 33% of relative heart rate. The cardiovascular load at work
decreased with increasing age and maximal oxygen consumption. We found no associations
between cardiovascular load and self-reported work ability, musculoskeletal pain, or general
health. In Paper III increasing duration of sitting at work was associated with decreasing
intensity of low back pain at both baseline and after 6 months for healthcare workers, but not
for construction workers. This association attenuated, but remained significant when adjusting
for other work-related variables. We found no consistent associations between standing
durations at work or throughout the full day (work + leisure) and the intensity of low back

pain.

Conclusions: From Paper I we concluded that questionnaires do not provide a precise
measure of physical demands and may not be satisfactory when investigating relations
between physical exposures at work and health outcomes. Additionally, we recommend to
measure physical demands objectively for several consecutive days in occupations with
significant day-to-day variations in exposure. Using objective measures of cardiovascular
load over several consecutive days, we concluded in Paper II that construction work is
characterized by cardiovascular demands mainly in ranges of relative heart rate below 39%,

with few continuous periods above the recommended threshold. The cardiovascular demands
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at work do differ between professions within the construction sector, and loads are associated
with age and state of aerobic fitness, but not musculoskeletal disorders. Paper III concluded
that increasing duration of objectively measured sitting at work is associated with decreasing
intensity of low back pain in the healthcare sector, but not in the construction sector.

Objectively measured standing at work was not associated with intensity of low back pain.

The findings in this thesis should be of interest when interpreting previous knowledge
extracted from self-reported physical exposures. Additionally, these findings should assist
sampling strategy and choice of methods in studies aiming to study relationships between
physical exposures and musculoskeletal health. Finally, this thesis contributes to identify
physical exposures of importance for musculoskeletal health in construction- and healthcare

work.
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PREFACE

Among employees working in construction- and healthcare sectors there is a common
agreement that their work is physically demanding, and that these demands have negative
effects on health. This is also a broad perception in the community, and studies have shown
that characteristics of such work may include risk factors for developing several disorders

within the musculoskeletal system.

In Norway, musculoskeletal disorders contribute to huge society costs in terms of sick leave,
medical treatments, and disability pensions. For the individual worker, strategies to preserve
good health are accordingly important. Thus, it is of great importance to reduce the number of
musculoskeletal disorders in the population, both from a societal- and from an individual

perspective.

As an attempt to answer unsolved questions concerning nature of work and its relation to
health, sickness absence, and early retirement, The Research Council of Norway started the
Research Programme on Sickness Absence, Work, and Health as a long-term initiative (2007-
2016). This programme had a total budget of NOK 310 million and a focus on discovering

factors related to work that lead to sickness absence and exclusion from working life (1).

In March 2012, the project Work ability for employees in physically demanding work, planned
by The National Institute of Occupational Health, was granted funds to contribute to this
programme. Collaborating with four construction companies and two healthcare distributers
the data sampling for this project started in the second quarter of 2014. Clinical examinations,
self-reports, and a comprehensive set of technical measurements were implemented in the
study design. Materials presented here are based on some of the assessments and exposure

measurements carried out in accordance with this project.

Photos. Healthcare- and construction workers during field measurements (Photo, Lars-Kristian Lunde).

12



1. BACKGROUND

1.1 MUSCULOSKELETAL DISORDERS IN SOCIETY

In 2012, results from one of the largest international collaborations within health research was
published in the academic journal The Lancet. In the Global Burden of Disease Study 2010,
disability-adjusted life years for 291 different diseases and injuries was investigated
prospectively over 20 years, from the study’s initiation in 1990. The study used a global
perspective based on 21 regions created from countries with epidemiological homogeneity
and geographical contiguity (2, 3). Results pointed at a general shift from diseases causing
premature deaths towards diseases increasing years lived with disability (YLD). In this
publication, Musculoskeletal Disorders (MSDs) were considered one of the most prominent
among the diseases increasing YLD in the past 20 years. A recent update continues to support
these findings and puts low back pain (LBP) as number one and neck pain as number four on

the global ranking of health problems causing YLD (4).

The survey of level of living in Norway reports a stable high level of MSDs the last 20 years.
In the 2013 survey, approximately 70% of the working population reported to have had
musculoskeletal pain the previous month, with neck/shoulder and low back being the most
frequent pain locations (5). The point prevalence of LBP and neck pain is in Norway
considered to be between 15% and 20% (6). Most of these experienced pains are classified as
mild pain and it is estimated that up to 80% of the population will experience such pain
during their lifetime (6, 7). In a majority of patients musculoskeletal pain is shown to be
recurrent (8), which may lead to a state of chronic pain (9). Large Norwegian population
studies indicate that 40-50% suffer from any musculoskeletal pain for at least three months
per year (10, 11), while a survey of 15 European countries reported that 19% of respondents

had chronic pain (determined from study criteria), of moderate to severe intensity (12).

Since MSDs are such a common health problem it is causing a large burden on the society
with costs of sick leave, medical treatment, and loss of productivity (13-15). This is also
reflected in Norwegian sick leave and disability benefits, with MSDs being the largest

contributor (6).

In September 2016, the World Health Organization European Region officially recognized
musculoskeletal conditions as the greatest cause of disability in Europe and recommended all

European countries to take specific actions to promote musculoskeletal health. Among the
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specific actions implemented in the new Action Plan is the integration of musculoskeletal

health promotion and occupational health in the workplace (16).

Development of MSDs are multifactorial and previous research has identified risk factors of
individual, behavioral, psychological, physical, and social character (17-21). Gender, age,
genetics, health, previous pain, physical capacity, socioeconomic status, and smoking are all
factors linked to MSD (18, 20, 22), but are not necessarily related to work. However, many

aspects assumed risk factors are related to occupational conditions.

1.2 MUSCULOSKELETAL DISORDERS IN AN OCCUPATIONAL SETTING

The investigation of relationships between working conditions and health outcomes has been
a field of interest for centuries. Already in 1713 the Italian physician Bernadino Ramazzini
classified diseases and injuries based on health risk from different occupations. He found that
it was clearly health problems that could be associated with certain occupations (23). In 2013,
MSD was reported main diagnosis in approximately 40% of all sickness absence and 30% of
disability pensioners had a MSD related diagnosis in Norway (5, 6). Twenty-seven percent of
the working population reported to be “rather bothered” or “very bothered” by
musculoskeletal pain the previous month, and around half of these claimed their complaints
were totally or partially a result of their work (5). Results from the British Labour Force
Survey 2016 showed that 41% of all cases of work-related illness and 34% of all days lost to
ill health were due to work-related musculoskeletal disorders (WMSDs) (24).

Traditionally, the physical aspects of work and work-related mechanical loads has received
the main focus of research, and repetitive work, vibrations, postures, heavy physical work,
elevated arms, and heavy lifting are among commonly reported risk factors (18, 25-27).
However, it is put forward that physical exposures do not provide strong enough associations
to be awarded the only explanatory work-related factor (28). Although this could be explained
by measurement of wrong factors or due to the use of self-reports, it is now a common notion
that several psychosocial factors may contribute to WMSDs (29, 30). Social climate, role
conflict, decision control, leadership, job- demands, satisfaction, and strain may be of indirect

or direct importance in the development of such disorders (21, 29-32).

1.3 CONSTRUCTION AND HEALTHCARE WORK

In most developed countries, many previously physically demanding occupations are now to a

higher degree depending on machines (e.g. in assembly lines, farming), which reduces work
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involving several potential risk factors for WMSDs. Thus, more of the work in the modern
society is now carried out in a sedentary position (33). Even though it varies between job
titles and tasks, construction and healthcare are two work sectors where physically demanding
risk factors still are highly present (34-37). Workers in these sectors report high levels of
MSDs (5, 38-41), and relate these MSDs to their occupation to a high degree (5, 24). Studies
show that heavy work increases the risk of early disability pension due to MSDs (42-44).
From the 2.7 million registered workers in Norway 2015, 787 000 people were employed in
construction (221 000) and health- and social care (566 000) sectors (45). This makes
healthcare and construction the largest and third largest sectors, respectively, in Norway. To
characterize the physical demands in these occupations and to highlight how these demands
are associated to MSDs are therefore of importance and constitute the main reason for the

choice of study population in the present thesis.

1.4 MUSCULOSKELETAL PAIN

The term MSD is widely used, however not a well-defined condition. It can refer to illness
involving the nerves, tendons, muscles, and supporting structures of the body. These illnesses
may or may not be clinically diagnosed (46) and have a range of symptoms, from light
discomfort to serious medical conditions (47). Commonly, disorders in the musculoskeletal
system are experienced as pains. The International Association for the Study of Pain defines
pain as “an unpleasant sensory and emotional experience associated with actual or potential
tissue damage, or described in terms of such damage”. Therefore, pain may act as a precursor
to disorders or act as a signal when having disorders. However, the definition does not tie pain
to the stimulus and despite the close relation between pain and tissue damage, they are not

necessarily always coexistent (48).

Until the 1960s, research on pain was seen strictly from a neurophysiological perspective with
normal pain starting with nociception. Briefly explained; some kind of potential or actual
tissue damage activates nerve endings (nociceptors) at site of stimuli and causes signals to
travel to areas of the cortex where they are realized as an experience of pain (49). Such pain
would by Cervero and Lairds (50) be either classified as acute physiological nociceptive pain
when acute stimulus are inflicted and a protective mechanism (e.g. withdrawal reflex) is
engaged to avoid (further) tissue damage, or as pathophysiological nociceptive pain when
tissue is inflamed or injured. A third type of pain; neuropathic pain would be a result of injury

or disease located in the nervous system. However, this is a relatively simple classification
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and is in more recent time modified e.g. due to coexistence of more than one type of “pain
system”, other types of pain (51), and the recognition that the experience of pain is of
physiological, anatomical, and psychological nature (49). The task of measuring pain
objectively is impossible considering its various manifestations and its definition as being of
subjective character (51). Recently, approaches to measure stimuli based on neurological
signatures in functional magnetic resonance imaging have been put forward, however, such
methods have several limitations (52, 53). As of today, no satisfactory objective method to
measure pain is available (51, 54) and we have to acknowledge that the perception of pain is
subjective, and that pain perception may differ between persons despite equal stimuli (48, 49).
Thus, we must rely on self-reported pain. Many of the musculoskeletal pains experienced by
individuals are difficult to ascribe a specific pathological diagnosis, thus they are often
labeled as non-specific (55, 56). All musculoskeletal pain outcomes in this thesis are self-

reported and without emphasis on clinical diagnosis.

1.5 WORKLOAD AND MUSCULOSKELETAL PAIN

Considering the amount of research investigating how workload affects the musculoskeletal
system there is considerable evidence that physical exposures can generate short- and long
term physiological changes in human tissue. Generally, force exertions that are repeated or
held continuous over a significant period may result in tissue changes (e.g. muscle, tendons,
bone, nerves). These changes may be an adaptation, increasing capacity or an impairment,
reducing capacity. One may imagine that when tissues are exposed to high force exertions
repeatedly for several consecutive weeks, months, or years without sufficient time for
recovery this could reduce tolerance for new exertions (57). When evaluating such exposures,
the level (intensity, magnitude), duration (exposure time), and frequency (number of shifts
between force levels) are suggested to be important dimensions (58, 59). How an individual
copes with this total impact of the exposure may differ between subjects based on various
factors, which may or may not change over time, determining a person’s capacity of tolerance
(60, 61). Workload issues and pain are also important from a psychosocial perspective since
psychosocial factors may directly or indirectly affect the development of pain. Climates
where employees feel they have fair- and empowering leadership, a high level of support and
decision control may have a protective effect on neck/shoulder and back pain (21, 29, 31).
High job demands, strain, or conflict are on the contrary suggested to increase pain levels (21,
29, 62). Accordingly, it is also believed that the tolerance for pain may change over time and

the concept of tolerance can therefore be seen as a dynamic process (60). Imbalance between

16



individual capacity and physical work demands may lead to increased risk for developing

MSD, which eventually may lead to further reductions in capacity (57).
Workload mechanisms of failure and pain

As described above, the scientific literature provides a significant amount of information
concerning many risk factors for developing musculoskeletal pain. However, the
pathophysiological mechanisms causing the pain are less certain. The cause and pathways for
non-specific pain are, by definition, unknown. Thus, we have a symptom we cannot fully
identify the pathology of (56). Below is a brief introduction to how physical workload
mechanisms could cause MSDs and how such events may lead to pain. It is, however, beyond
the scope of this thesis to provide a detailed and complete overview of this topic or to verify

pathophysiological theories of pain.

Previous experimental studies investigating muscle biopsies taken from human muscle found
myofibrillar disturbances indicating muscle fiber overload for up to several days following
exercise (63, 64). Similar findings were also seen in relation to occupational work, in terms of
increased serum creatine kinase indicating muscle strain (65, 66). More recent studies have
later confirmed these findings and it is believed that high tensions especially seen in eccentric
contractions, lead to muscle damage (67, 68). In studies on how cells detect strain and provide
a cellular response (mechanotransduction), biochemical responses to strain can be located also
in other tissues like cartilage and bone (69). Regularly, the mechanical loads acting on a body
segment are put forward as a main reason for tissue damage (60, 61, 70), which could be a
result of instantaneous or cumulative negative impact (71-73). Particularly, spine
compressions are hypothesized to cause low back disorders due to endplate microfractures,
trabecular buckling or other types of degenerations within the spine (56, 60, 74). Compression
may also act as a mechanism for pain development during static activities without external
loads, like sitting and standing (75, 76). Prolonged isometric contractions forceful enough to
increase intramuscular tissue pressure to a state where blood flow is impeded may damage
poorly vascularized muscle, tendon tissue (77, 78), and nerves (79). Studies on the effect of
highly repetitive low force loads on body tissues showed these loads to cause failure in
collagen fibers and bone, and it was suggested as a slow failure mechanism (80, 81). The
well-known Cinderella hypothesis claims that monotonous low load work, even though the
demand at a specific point in time is low, are activating the same low threshold motor units

for a long time, restricting time for recovery (82, 83). Such scenarios are hypothesized to

17



cause a state of fatigue including hypoxia and intracellular Ca** disturbance (The Calcium
Hypothesis), resulting in muscle damage and pain (84, 85). Based on the knowledge that
skeletal muscle nociceptors are located near arteriolar walls and in connective tissue (86), it is
also hypothesized that muscle pain has less to do with muscle cell activity per se, and is rather
linked to arterial vasodilation, and the release of pain producing substances and inflammatory
factors (87, 88). Acid-sensing ion channels may also mediate situations of pain and

inflammation (89).

The mechanisms above indicate plausible paths that may initiate a pain response. The vicious
circle model is a further development of earlier theories on muscle hyperactivity (90), and
aims to explain how muscle pain is maintained (91). The model by Johansson and Sojka
suggests that substance driven activation of specific chemosensitive muscle afferents will
trigger reflexes increasing muscle spindle activity, thereby increasing y-motoneurons activity.
This will again lead to increased level of metabolites and inflammatory substances acting on
muscle afferents. This positive feedback loop will then cause fatigue and nociceptor
activation, resulting in pain being maintained. The pain adaption model by Lund and
colleagues does on the contrary suggest that when experiencing pain muscle activity is being
reduced, initiating muscle relaxation as a protective mechanism (92). A central aspect for a
continuing pain state could be also the plasticity of the nervous system. As stated by Brodal,
even a relatively short period of continuous signaling from nociceptors may alter the

receiving neurons in the spinal cord (93).

Generally, it seems like musculoskeletal damage may occur from acute and cumulative
scenarios, arise from both dynamic and static muscle activation patterns, and may be triggered
by high as well as low levels of force. Additionally, the pain response itself may be linked to
both mechanical and metabolic events, and may be acute and short lasting, recurrent, or
chronic (49, 94). It is also likely that several of the different theories and mechanisms
described above may act simultaneously and that the existence of one does not necessarily

exclude another.

1.6 PHYSICAL WORKLOAD AND RISK FOR HEALTH IMPAIRMENT

When using the term physical workload or physical exposure in this thesis I am referring to
workload factors like manual material handling, postures, repetitive work, and work with high
pace or force. A number of these exposures are in the literature also referred to as mechanical

exposures due to their link to biomechanical events (59). Physical agents in terms of
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inhalation, radiation, skin exposure, ingestion etcetera are not the type of physical aspects

considered in this thesis.
Cardiovascular load

Even though they are often used, the content of terms like physically demanding work,
physical workload, occupational workload, and occupational physical activity are not
necessarily intuitive. Such terms may include a variety of exposures during work; lifting,
carrying, pushing, pulling, working with high pace or force, etc. In the task to assess the total
physical demand imposed on workers, the cardiovascular load may be a meaningful measure
to use (95) since most demanding exposures will lead to increased activity in the

cardiovascular system.

Working with high physical demands has previously been associated with several aspects of
ill health; e.g. cardiovascular disease, all-cause mortality (96, 97), and musculoskeletal pain
(18, 98). Negative health effects from such work may reduce work ability (99) and increase

sickness absence and risk for disability pensioning (42-44, 100).

The safe upper limits for load during mixed physical work were by Jergensen and colleagues
estimated to be approximately 30-35% of aerobic capacity for an 8-hour workday, based on
the literature available (101). Similarly, the guidelines to avoid fatigue provided by Rogers et
al. recommended to not exceed an average of 33% of cardiovascular load for full-body work
(102). These recommendations was set mostly based on lab studies of bicycle ergometer and
treadmill exercises, and may therefore be criticized to have low generalizability. However,
similar levels were also established in a more recent study by Brighenti-Zogg et al., who

found an average upper limit of 31% in workers during field measurements (103).

Boschman and colleagues state that high energetic loads increase fatigue and risk for LBP in
their review on construction workers (104). However, few studies that use objective
measurements of cardiovascular load during heavy physical work and investigates how
cardiovascular load is related to health parameters are available. In a number of studies by
Van Der Molen and coworkers, cardiovascular demands in construction workers were
measured by heart rate (HR) and oxygen consumption during several work tasks (105-107).
These measures were from single days, with the aim to measure specific tasks and material
handling. Thus, results gave valuable information on task related loads, but the studies did not

aim to characterize general workload or relation to health outcomes. Gupta et al. did study the
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relative heart rate in blue-collar workers for several days continuously, and found that the
male subjects with the highest cardiovascular load were more likely to report reduced work

ability (108).

1.7 OCCUPATIONAL SITTING AND STANDING BEHAVIOR AND RISK FOR LOW BACK PAIN
Sitting

The literature focusing on how health impairments are connected to sitting and sedentary
behavior is rapidly growing. Previous studies have found associations between time spent
sedentary and a variety of health effects: all-cause mortality (109, 110), cancers (111, 112),
cardiovascular diseases (109, 110), metabolic diseases (113), indicators of obesity (114),

musculoskeletal disorders (115), and mental health (116).

The thought of sitting as a cause of musculoskeletal pain is not new. In 1970, Van Wely
stated that postures maintained for too long resulted in aching back and shoulder muscles
(117). Later, reviews show that many researchers have based their work on the hypothesis that
prolonged static sitting is associated with risk for developing LBP (118, 119), and several
authors provide theories on the mechanisms of sitting as a cause of back pain. Studies by Sato
(75) and Nachemson (120) suggests that sitting activity increases intervertebral- and vertebral
endplate compression and interdisc pressure, and that this may be related to pain. However,
more recent results suggests that increased interdisc pressure is an unlikely cause of damage
in non-degenerated discs (121). Prolonged sitting may be related to discomfort due to lack of
movement variation (122) and additionally cause lumbar stiffness that may contribute to LBP
(123). Other possible biological pathways are fatigue, and the reduced oxygenation seen with
sustained muscle contraction during sitting (124). LBP may also be induced through increased

weight as a result of sedentary behavior (125, 126).

Despite theories of mechanisms and that associations are found in some studies, currently
available reviews on occupational sitting and LBP are concluding that no evidence for an

associations between sitting and LBP can be found, due to inconsistent results and low-quality

studies (118, 119).

Objective field measurements and prospective designs should improve study quality;
however, very few studies have implemented this strategy. Two recent cross-sectional studies
of blue-collar workers, that measured sitting objectively for several consecutive days by

accelerometers found sitting duration to be associated with musculoskeletal discomfort in low
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back (127) and neck (128). Both studies encouraged similar studies with objective measures

for several days and prospective designs to be carried out.
Standing

For all-cause mortality, recent prospective population studies suggests standing to be
associated with a better outcome than sitting (129, 130). However, the association between
standing and MSDs, a disabling rather than deadly health problem, may behave differently. A
cross-sectional study on employees in manufacturing work found standing work to increase
odds of getting LBP significantly (131). This association is also shown in other occupational

groups and in prospective studies of larger populations (132-134).

Even though mechanisms on how standing could cause LBP are not clear, some hypotheses
are provided. The spinal load in terms of spinal shrinkage or measured intradiscal pressure is
of a greater magnitude during standing than sitting (76, 135), and is, as is for sitting,
suggested to be associated with LBP. Results from cadaveric segments models, imitating load
during standing position, indicate that prolonged loading of intervertebral discs may cause
stress concentrations resulting in pain and structural disruption (136). Pain is also suggested to
be a result of -, or to be associated with fatigue from prolonged standing (137). A recent
publication by Garcia and colleagues found a significant muscle fatiguing effect (quantified
by electrically induced muscle twitches) in workers after 5-hours of simulated standing work
(138). This fatigue was significantly related to an increase in self-reported muscle discomfort.
Others have pointed towards muscle activation patterns during standing as a potential

predisposing factor for LBP (139, 140).

Even though their review has been criticized for having too restrictive inclusion criteria and
thereby leaving to many studies out (137), Roffey and colleagues were not able to find high-
quality evidence for potential causality of LBP from standing (141). In a recent systematic
review and meta-analysis by Coenen et al., the authors suggested that a substantial amount of
occupational standing was associated to LBP, but emphasized that results were tentative due

to limited evidence from high-quality prospective studies with objective measurements (142).

Very few field studies have investigated the association between standing and LBP by
objective measures. A recent cross-sectional study by Munch Nielsen et al. reported

ambiguous associations between objectively measured standing for several consecutive days

and LBP (143).
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From the literature available, it is not clear if sitting and/or standing during work contributes
to MSDs. A huge proportion of the studies are cross-sectional, and there is a large degree of
methodological heterogeneity between the studies. This may make it more difficult to draw
conclusions. Further, the often used categorizing of jobs as e.g. sitting- or standing jobs leads
to reduced precision in exposure assessment, and the lack of objectively obtained exposures is
therefore a drawback in many studies (144). There is a need for studies describing dose-
response relationships using more valid measures than self-reports. Whether occupational

sitting or standing is related to musculoskeletal pain, is yet to be settled.

1.8 APPROACHES TO MEASURE PHYSICAL EXPOSURE

When deciding on method of measurement one should always consider the trade-off between
precision and feasibility, since higher precision often costs more time and money. As a
consequence, comprehensive measurement strategies are generally implemented for smaller

samples, whereas simpler methods like self-reports are used for larger groups (59).

The collaboration: Partnership for European Research in Occupational Safety and Health
(PEROSH) consists of 12 national occupational research institutes across Europe and “aim to
coordinate and cooperate on European research and development efforts in occupational
safety and health”. They state that even though physical demands at the workplace are
acknowledged to be one of the main determinants for MSD, sickness absence, and early
determination from the labor market, there is a great need for valid information on physical
workplace exposures (145). Many recommendations and indications of relationships between
occupational physical exposures and health outcomes are based on self-reports, which in
many cases may be the best practical solution, or even the only solution possible. However,
the self-reported exposure is often recognized as a study limitation (146). Self-reported
assessments of physical exposures in work settings have varying validity (147), and
questionnaire data have low correlations with objective measures of movements and postures
(148). Low correlations may be due to self-reports overestimating durations of postural
positions when compared to objective measures (149). Self-reported physical exposure is also
suggested to be more of a psychophysical measure, reflecting several dimensions of stimuli
(147). A review by Kwak and colleagues (150) did find four questionnaires on occupational
physical activity to have acceptable reliability, while few showed good validity. Reasons for
differences between objective and self-reported exposures may be dependent on individual

characters (151), activity patterns (151), work patterns (152), respondents’ occupation (153),
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and recalling and averaging activities (154). To assess body postures in field, researchers also
use observational methods. With trained observers evaluating large-scale body postures, these
methods are considered valid, and have moderate-to-good repeatability within and between
raters (155). However, such evaluations have generally showed low agreement when
compared to technical measurements and have difficulties to determine postures of wrist and
hand. Additionally, it is a time- and money consuming method that may be prone to bias
(155). To reduce bias and increase precision objective measures are recommended (150, 151,
156) and thus, researchers should strive for such measurements whenever applicable and

possible.

Luckily, the ongoing progress and improvements within instrumentation continues in the
spirit of Moore’s law; technology reduces cost and equipment size, thereby making it more
convenient to substitute self-reports with instrumental measurements. This is making it
possible to search for associations between objective exposure measurements and health
outcomes in ever-increasing areas. Considering physical workload exposure, the use of
objective measurements may have physiological- or biomechanical approaches, both

including a wide range of techniques.

Electrical heart rate measurement is a physiological approach based on the electrical signals
generated by the heart muscle during depolarization of the right and left ventricles. Such
measurements generate HR from the unique pattern of the electrical signal produced during
this scenario. By identifying the R-waves in the QRS-complex and thus the number of waves
within an epoch, the HR can be calculated (157). Measures of HR can be used as a direct
indication of the cardiovascular load an occupational task put on workers (158, 159). Modern
HR equipment are small, can be attached directly on the skin, are waterproof, and may
measure for several days. Based on the aforementioned knowledge an electrocardiogram
(ECG) based HR measurement during work and leisure, worn continuously for several days

was included in this thesis (Paper I and II) as an estimate of cardiovascular load.

Accelerometer measurement is one of the most essential methods to capture human movement
from a biomechanical perspective. Based on gravity the accelerometer determines the static
spatial orientation, while changes in acceleration detect dynamic movements. Accelerometers
measure in one (uniaxial) or multiple (triaxial) dimensions and can store data for several days
during long-lasting measurements. These wireless devices are constantly improving by

becoming smaller and more powerful. With the addition of being waterproof they are
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unobtrusive for subjects to wear and very practical for field measurements (160, 161). The
progress within data processing have further provided algorithms that makes it possible to use
information from several accelerometers placed on various body segments to describe a
variety of positions and postures (162, 163). These traits of the accelerometer were the
rationale for its use in this thesis to measure sitting, standing, moving, steps, and arm- and

trunk inclination (Paper I and III).

If we want to provide precise measurements of physical exposures, objective measures must
be involved. Since there is a high possibility that not all workdays involve the exact same
level of exposure (164, 165), single samples may be associated with a higher level of
uncertainty than several samples. This thesis is based on objective measures sampling 24-
hours a day for several consecutive days, to provide precise and representable data for work

and leisure exposures.
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2. THESIS OBJECTIVES

In summary, this thesis is a result of the following notions:

e MSDs are a national and international problem with huge impact on society and
individuals.

e Physical exposures at work are thought to have important impacts on musculoskeletal
health.

e Construction and healthcare sectors are two of the largest working sectors in Norway
and have workers with high prevalence of MSDs and supposedly frequent exposure to
physical demands.

e Knowledge of work-related physical demands is largely based on self-reports, which

is known to have limitations.

Thus, there is a need for implementation of technical measurements providing valid

information on physical work place exposure within these sectors.

The overall objective of this thesis was to increase knowledge on physical exposures by
objective measures of sitting, standing, moving, arm- and trunk inclination, and
cardiovascular load and to elucidate relationships between objectively measured exposures

and musculoskeletal health in construction- and healthcare workers.
2.1 SPECIFIC AIMS FOR THE PAPERS PRESENTED
Paper I

Validity of Questionnaire and Representativeness of Objective Methods for Measurements of

Mechanical Exposures in Construction and Health Care work

1. To determine the criterion validity of a questionnaire on physical exposures compared
to objective measurements at construction- and healthcare worksites.

2. To examine variation in exposure over several working days.
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Paper 11
Heavy Physical Work: Cardiovascular Load in Male Construction Workers
1. To elucidate cardiovascular load in male construction workers during work and leisure
by relative heart rate from objective measures over several days.

2. Evaluate the level of cardiovascular load in relation to individual factors, work ability,

MSDs, and general health.
Paper 111

Associations of objectively measured sitting and standing with intensity of low back pain: a 6

months follow-up of construction and healthcare workers

1. To determine if the objectively measured time spent sitting and standing was
associated with intensity of low back pain in construction- and healthcare workers at

baseline and after 6 months.
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3. MATERIALS AND METHODS

3.1 STUDY DESIGN

All results in this thesis are based on a larger longitudinal cohort study collecting a
comprehensive set of technical measurements at baseline and a two-year follow-up of each
subject. The main design included a baseline questionnaire concerning psychosocial- and
organizational factors, working postures and workload, physical activity and exercise, health,
sickness and disorders, and work ability. Clinical examinations were carried out on a
subgroup that volunteered for technical measurements. These objective technical
measurements obtained muscle activity and ground reaction forces during approximately
eight hours of work. Further, body positions, physical activity, and heart rate were measured
during work and leisure for 3-4 consecutive days. These subjects additionally filled out a
questionnaire concerning self-perceived physical exposures the first day of technical
measurements. The follow-up consisted of a two-year period with self-reports every 6™ month
through a smaller questionnaire covering the same topics as the baseline questionnaire. Figure
1 shows the timeline for the study and indicates where data for the papers presented in this

thesis were obtained.

2 hours 6-8 hours 3-4days 6 months 12 months 18 months 24 months
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Figure 1. Timeline for data collection. Green arrows mark time points where data for paper I, 11, and III were

obtained.
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3.2 SUBJECTS

Participants were recruited from four large construction enterprises and two healthcare
distributers located in the eastern part of Norway (mainly in Oslo and Akershus districts).
Information meetings were held at work sites, and workers were given the purpose and
methods of the study. From 1165 workers (construction workers: n = 580; healthcare workers:
n = 585), 594 (construction workers: n = 293; healthcare workers: n = 301) agreed to
participate in the questionnaire part of the study and filled out the baseline questionnaire.
From these, 371 (construction workers: n = 178; healthcare workers: = 193) additionally
agreed to participate in technical measurements. Subjects with inadequate skills in reading
and writing Norwegian, known allergic reaction to plaster, tape, and bandages, and
participants who were pregnant or diagnosed with cardiovascular disease were not included in
technical measurements. We performed technical measurements on 125 workers (construction
workers: n = 62; health care workers: n = 63) selected to best fit logistics (availability, work
schedules and profession). See table 1 for baseline characteristics for participants in

questionnaire and technical measurement groups.

Due to differences in measurement types, numbers of days analyzed, and thus level of
erroneous/missing data, the number of subjects varies between papers based on parameters

and groups.
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Table 1. Baseline characteristics for participants in questionnaire- and technical measurement group.

Questionnaire only Technical measurements
(n=469) (n=125)
Mean Mean

Age 43.4(11.9) 42.4 (11.7)
Weight (kg) 77.9 (15.8) 76.9 (13.6)
Height (cm) 173.1 (9.5) 173.6 (9.6)
Gender? 263 male, 206 female 75 male, 50 female
Normal working hours (hours/week) 36.9 (4.8) 36.7 (4.2)
Self-reported sitting (0-5) 2.1(1.7) 1.6 (1.6)*
Self-reported standing (0-5) 3.1(1.9) 3.5(1.7)
Self-reported forward bending (0-5) 1.0 (1.7) 1.1(1.2)
Self-reported arms above shoulders (0-5) 1.1 (1.3) 1.1(1.2)
Physically demanding work (1-13) 4.9 (2.6) 5.1(2.6)
General health (1-5) 2.7(0.9) 2.5(1.0)
Work ability (0-10) 8.3 (1.6) 8.8 (1.4)
LBP intensity (0-3) 0.8 (0.9) 0.9 (0.9)
MSI’ (0-12) 2.6 (2.0 2.9(2.0)
PSI¢ (0-12) 2.1(2.2) 1.7 (1.4)

*Significant difference p < 0.05. * Frequencies instead of mean values. "MSI = musculoskeletal complaint-
severity index; °PSI = Psychological complaint-severity index.
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3.3 DATA COLLECTION

Data were collected through questionnaires, clinical examinations, and technical
measurements. Details on data collection methods used in this thesis are given below. For an

overview of variable types included in each of the three papers, please see table 2.

Table 2. Variables included in paper I, II and, III.

Paper 1 Paper 11 Paper 111
Self-reports
General Age Age Age
Gender Gender Gender
Weight Weight Weight
Height Height Height
Seniority Seniority Seniority
Smoking Smoking Smoking
Physical exposures Standing work Physical demand work Standing work
Sitting work Standing work FU6*
Hands above shoulder Sitting work
Forward bending Sitting work FU6?
Increased breathing Heavy lifting
Physical demand work
Musculoskeletal Overall (MSI) Overall (MSI) Low back pain (intensity)
Low back pain (intensity) FU6*
Psychological Overall (PSI)
Psychosocial Decision control
Social climate
Social climate FU6?
Fair leadership
Empowering leadership
General health Perceived health
Work ability
Physical activity Physical activity in leisure
Objective measures
Accelerometer Sitting Sitting
Standing Standing
Moving Trunk inclination
Steps
Arm inclination
Trunk inclination
Heart rate Relative heart rate Relative heart rate
Aerobic fitness VO2max
Muscular strength Handgrip

2 FU6 = variable at 6 months follow-up; MSI = musculoskeletal complaint-severity index; PSI = Psychological

complaint-severity index.

30



3.3.1 Questionnaire

Subjects included in the three studies comprising this thesis stem from the same sample, and
were thus provided the same baseline questionnaire. However, the questionnaire items used in
the separate papers vary based on aims and analyses of the respective study. Additionally, in
paper I, we used self-reported questions concerning physical exposures on the first day of
technical measurements and in paper 111, we used questions on self-reported sitting, standing,

social climate, and LBP intensity from the 6-month follow-up questionnaire.

General questions on individual characteristic; age, gender, weight, height, seniority, and

smoking status, were used in all three papers.

Questions on the physical exposures sitting, standing, hands above shoulder height, forward
bending, and increased breathing had the common introduction: “How often in your daily
work are you exposed to [. . .]”. Subjects answered according to the response categories: 0 =
never, 1 = sometimes, 2 = approximately 25% of the time, 3 = approximately 50% of the
time, 4 = approximately 75% of time, and 5 = all the time” (166). Participants should
determine amount of heavy lifting by stating if they normally lifted something weighing more
than 20 kg, with the response alternatives: 0 =No, 1 = Yes, 1-4 times, 2 = Yes, 5-19 times
and 3 = Yes, at least 20 times a day (166). We additionally asked how physically demanding
their work was, with a 13-point scale reference ranging from “not at all” to “maximally

demanding” (167).

A variety of questions concerning musculoskeletal health was included in the respective
papers. Participants rated intensity of musculoskeletal complaints (neck, shoulders, upper-
and lower back, hip, knees, ankles and feet, upper extremity, and head) on a four-point scale
(0 =not troublesome, 1 = a little troublesome, 2 = quite troublesome, 3 = seriously
troublesome). Accordingly, they rated the duration of the complaint on a four-point scale (1 =
1-5 days, 2 = 6-10 days, 3 = 11-14 days, 4 = 15-28 days). To calculate a complaint severity
score we multiplied the scores from intensity and duration (range 0—12). When investigating
overall musculoskeletal health we calculated a musculoskeletal complaint-severity index

(MSI) as the mean of all included complaint severity scores (168).

Subjects were asked to rate intensity of psychological state (fear, depression, fatigue) on a
four-point scale (0 = not troublesome, 1 = a little troublesome, 2 = quite troublesome, 3 =

seriously troublesome) and the duration of these complaints (1 = 1-5 days, 2 = 610 days, 3 =
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11-14 days, 4 = 15-28 days). By multiplying the rating of intensity and duration we
calculated a complaint severity score (range 0—12). For an overall psychological score we
calculated a psychological complaint-severity index (PSI) as the mean of all severity scores

(168).

Participants rated their self-perceived health from the question: “How is your general health at
present?” with five response alternatives ranging from poor to excellent (169). Subjects
answered a single item taken from the Work Ability Index: “current work ability compared
with lifetime best”, to range their current work ability (0 = completely unable to work to 10 =

work ability at its best) (170).

We asked for psychosocial situation through questions on decision control, social climate,
fair-, and empowering leadership taken from the General Nordic Questionnaire for
Psychological and Social Factors at work (QPSnordic) (171, 172). For details on psychosocial

questions, please see appendix A.

The participants reported leisure-time physical activity level by stating the level
corresponding best to their own the previous four weeks: 1 = almost completely inactive (e.g.,
reading, watching TV, movies); 2 = some physical activity at least four hours per week (e.g.,
bicycling, walking, gardening); 3 = regular activity (e.g., running, tennis); 4 = regular hard

physical training for competition several times per week (173).

3.3.2 Clinical examination

Prior to technical measurements, a physician or a nurse gave the eligible participants a clinical
examination. Included in this examination was the measurement of aerobic fitness and

handgrip strength.
3.3.2.1 Aerobic fitness

To establish aerobic fitness in terms of maximal oxygen uptake (VO2max) we used a
standardized cycle ergometer test (Ergometer 839 E, Varberg, Sweden) (174). An external
power between 75 and 150 watts was set based on assumed level of fitness and subjects
pedaled at a rate of 50 revolutions per minute. When the subject reached a steady state HR
above 120 beats per minute, the test was terminated and VOazmax was calculated from the

obtained steady state HR (175).
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3.3.2.2 Muscle strength

Handgrip was measured as a proxy for muscle strength and determined through standardized
procedures (176) with a hand dynamometer (Lafayette Instrument, Lafayette, IN, USA). The

highest obtained value of two attempts was used.
3.3.3 Technical measurement - instrumentation
3.3.3.1 Heart rate

We measured HR with Actiheart 4 monitors (Camntech, Cambridge, United Kingdom)
attached to two ECG electrodes (Blue sensor VL-00-S/25 Ambu, Ballerup, Denmark). The
skin was shaved and cleaned with ethanol prior to affixing electrodes at the apex of the
sternum and at the left intercostals in level with 6™ and 7 costae. We used a positioning at
the level of the third intercostal space (as seen in the picture below) as an alternative to the
preferred lower position (177). The Actiheart sensor is found valid and reliable both in lab

settings and in free-living conditions (177, 178).

Photo. Left: Healthcare workers showing Actiheart equipment (Photo, National Research Center for the
Working Environment). Right: Actiheart 4 monitor.

3.3.3.2 Accelerometer

We obtained acceleration, body position, and angle of body segments based on measurements
with the Actigraph GT3X+ sensors (Actigraph LLC, Pensacola, FL, United States). This is a
waterproof, tri-axial accelerometer of relatively small size (46 x 33 x 15 mm), with a sample
frequency of 30 Hz. We attached the Actigraphs to the skin with double-sided tape (Fixomull,
BSN medical, Hamburg, Germany) covered by transparent film (Tegarderm 3M, Minnesota,
United States). We used the following bodily positions: upper back (level T1-T2), dominant
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arm (3 cm below the deltoid muscle insertion), hip (top of iliac crest on the right side), and
right upper leg (medially between the iliac crest and the upper crest of the patella). Recent
studies have determined the Actigraph to be valid for measuring upper arm and body

inclination (163) and the detection of several physical activities (162, 179).

Photo. Left: Construction worker with Actigraph equipment during work (Photo, Lars-Kristian Lunde). Arrows
mark Actigraph placements for units used in the papers presented in this thesis. Right: Actigraph GT3X+.

3.3.4 Technical measurement - data processing and quality management

We uploaded and stored raw data from the Actigraph sensors on a personal computer with the
Actilife 6.11.5 software (Actigraph LLC, Pensacola, Florida, USA). Actihearts were
initialized, and data were read by The Actiheart Software (CamNtech Ltd., Cambridge,
United Kingdom). From accelerometer data, we calculated: duration of sitting, standing,
moving (in upright position, neither still nor walking), and number of steps. Further, arm
inclination above 30°, 60°, 90°, 120°, and 150° and trunk inclination along the sagittal plane
greater than 20°, 30°, 60°, and 90°. The custom-made software Acti4 was used for this
purpose (162, 163) (National Research Center for the Working Environment, Copenhagen,
Denmark and Federal Institute of Occupational Safety and Health, Berlin, Germany).
Categorization into work and leisure periods were based on participants’ diaries. We excluded
data from periods when a sensor was not worn and if periods (work or leisure) were shorter
than four hours or shorter than 75% of the mean average length of all respective periods. HR

data were excluded if the beat error (a difference between two consecutive beats > 15, HR <
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30 or HR > 230) was higher than 50% for a period. We additionally performed visual quality

controls.

From HR data we calculated the relative heart rate (RHR) as follows (158):

RHRwork = HRWorkzHRmin) - 45 phRleisure = (HRlelsureZHRmin) - 4 5
(HRmax—HRmin) (HRmax—HRmin)

For each participant we established HRmax by the formula 208 — 0.7 x age (180). HRmin was
based on a sex- and age-adjusted population (181). We performed visual quality checks and
data processing for HR data with Acti4 and Matlab R2013b (Math Works, Inc., Natick,
Massachusetts, USA). See figure 2 for example data.
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Figure 2. Example of exposure distribution of activities, steps, arm inclination, trunk inclination, and heart rate

during work for a 44-year-old female healthcare worker.

36



3.4 STATISTICAL ANALYSIS

A brief description of statistical methods used in the different papers is stated below. In paper
I and II the statistical tool used was IBM SPSS Statistics 22 (IBM Corporation, New York,
United States). For paper III we used STATA version 13.0 (StataCorp, College Station,
Texas, USA). Significance level was set as p < 0.05 for all papers.

Paper 1

We used Spearman’s rho to calculate correlations between self-reported and objective data.
To test for criterion validity we used unadjusted and adjusted linear regressions. To determine
the reliability between consecutive days of objective measurements we calculated intraclass
correlation coefficients (ICC) for single day measurements and average measures of three
days. We used Friedman one-way analysis of variance to determine differences between days

of consecutive objective recordings of physical exposure.
Paper 11

We tested differences between questionnaire and technical measurement group, and
differences between work and leisure in time spent in various RHR ranges by independent
sample t-tests and Mann-Whitney U tests. Simple and multiple linear regression analyses
were used to investigate associations between individual factors, work ability, general health,

and musculoskeletal pain and the independent variable RHR.
Paper 111

We tested associations between sitting and standing exposures, and intensity of LBP using
linear mixed models with random intercept for subject. For each of the two exposures, we
investigated both exposure during work only and exposure throughout the full day (work +
leisure). Furthermore, we analyzed each exposure in five models; from a crude unadjusted
model to a fully adjusted model adjusting for individual, work-related mechanical factors,
work-related psychosocial factors, and objectively measured exposure during leisure time.
The fully adjusted model for full-day exposure analysis did not include adjustment for leisure

time exposure.
Additional analyses

Based on findings in paper I, additional analyses were carried out to investigate if self-

reported sitting and standing would provide similar associations with LBP intensity as found
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for objective measures in paper III. These analyses mimicked the statistic models in paper III,
with the only exception being the use of self-reported- rather than objectively measured
sitting and standing. The self-reported variables were rated on a 0-5 scale (“never” to “all the

time”) and were treated as continuous in the linear mixed model.

Baseline characteristics for responders versus nonresponders in technical group at 6 months

are given as a supplementary to paper III.

3.5 ETHICS

The study was approved (2014/138/REK) by the Regional Committee for Medical Health
Research Ethics (REC). We provided the informed consent approved by REC to all
participants, and all participants signed this prior to participation. Participation was voluntary

and participants could decide to leave the study at any time, without giving a reason.
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4. RESULTS IN SUMMARY

Here I provide an overview of the most important findings in the respective papers included

in this thesis. For the full and detailed results, I refer to the attached papers.
Paper I

Markus Koch, Lars-Kristian Lunde, Tonje Gjulem, Stein Knardahl, Kaj Bo Veiersted.
Validity of questionnaire and representativeness of objective methods for measurements of

mechanical exposure assessment in construction and health care work. PLoS One 2016, 11

(9): e0162881.

This study on construction- and healthcare workers was undertaken to determine criterion
validity of a questionnaire on physical exposures by comparing it to objective measurements
from accelerometers and heart rate monitors. Further, we aimed to examine exposure

variation over several working days.

For all objective activity measurements (sitting, standing, moving) we found moderate
significant correlations to their respective questions. Lower correlations were found between
objectively measured arm- and trunk inclination and relative heart rate, and the baseline
questionnaire. Stratified analyses showed no correlation between arm- and trunk inclination or
relative heart rate, and the questionnaire items for healthcare workers. Overall, self-report
overestimated duration of physically demanding exposures. In adjusted models with self-
reported variables we found the highest explained variance for objectively measured sitting
(R? = 0.559) and arm inclination > 60° (R? = 0.420). There was significant variability in daily
exposure to several physically demanding factors between days measured consecutively. We
found a higher reliability for several days of objective measurements as compared to single

day measurements.

We concluded in this study that questionnaires do not provide a precise measure of physical
exposure variables. Additionally, we recommend to measure physical demands objectively for

several consecutive days in occupations with day-to-day variation in exposure.
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Paper 11

Lars-Kristian Lunde, Markus Koch, Kaj Bo Veiersted, Gunn-Helen Moen, Morten Weersted,
Stein Knardahl. Heavy physical work: Cardiovascular load in male construction workers.

International Journal of Environmental Research and Public Health 2016, 13(4):354.

In this study we aimed to elucidate cardiovascular loads in male construction workers during
work and leisure by objective measures over several days. Furthermore, we evaluated how the
level of cardiovascular load related to individual factors, work ability, MSDs, and general

health.

We found that workers spent approximately 60% of the workday at cardiovascular loads
below 20% RHR. A small proportion of the workers (10%) had a mean RHR throughout the
workday above the recommended threshold of 33% for an 8-hour period. On average,
workers spent 14% of the workday above this threshold. Seventeen percent of the workers
experienced daily one or more episode(s) of 5 minutes or more continuously above 33%
RHR. Only one worker experienced such continuous periods of durations of 15 minutes or
more. The cardiovascular load at work decreased with increasing age and aerobic fitness
(VO2max). No associations were found between cardiovascular load and self-reported work

ability, musculoskeletal pain, or general health.

In paper II we concluded that construction work is characterized by cardiovascular demands
mainly in ranges of relative heart rate below 39%, with few continuous periods above one-
third of capacity. Cardiovascular demands at work do differ between professions within the

construction sector, and loads are influenced by age and state of aerobic fitness.
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Paper 111

Lars-Kristian Lunde, Markus Koch, Stein Knardahl, Kaj Bo Veiersted. Associations of
objectively measured sitting and standing with intensity of low back pain: a 6 months follow-
up of construction and healthcare workers. Second round of review in Scandinavian Journal

of Work, Environment & Health.

In paper III we aimed to determine if objective measures of time spent sitting and standing
during work and full-day was associated with intensity of LBP at baseline and after 6 months

in construction- and healthcare workers.

The main result from this study was that sitting duration at work was associated with lower
levels of LBP intensity at both baseline and after 6 months in the healthcare sector, but not in
construction sector. Findings for exposure throughout the full day were not consistent. We
found no consistent associations between standing durations at work or during the full day,
and LBP intensity. In adjusted analyses associations attenuated when adjusting for other

work-related variables.

In paper III we concluded that increasing duration of objectively measured sitting at work is
associated with decreasing intensity of low back pain in the healthcare sector, but not in the
construction sector. No association between objectively measured standing and LBP intensity

was found.
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Additional analyses

Findings in paper I indicated that for large-scale activities, such as sitting and standing, there
was possibly sufficient compliance between self-reports and objective measures, suggesting
that self-reported exposure might provide an acceptable measure for these activities.
Additional analyses were performed for paper III to investigate whether self-reported sitting
and standing would provide similar associations with LBP intensity as found for objective

measures.

As for analyses using objectively measured standing, there were no significant associations
between self-reported standing and LBP intensity neither for the construction nor for the
healthcare sector. See table 3. The additional analyses using self-reported sitting did also
show no significant associations for either sector. These analyses data did therefore not reflect
the significant negative findings between sitting and LBP intensity in the healthcare sector as

seen in paper III. See table 4.

Table 3. Linear mixed model with self-reported standing exposure at work and low back pain.

Modell Model 2
Observations = 107/110 Observations = 88/95
Coef. 95% CI P-value Coef. 95% CI P-value
Construction T1  0.010 -0.10—-0.12 0.866  -0.10 -0.33-0.13 0.399
T2  0.002 -0.11-0.12 0972  -0.10 -0.34—0.13 0.375
Healthcare Tl 0.11 -0.02—0.24 0.090  -0.002 -0.18—0.17 0.984
T2 0.13 -0.006— 0.26 0.060 -0.0007 -0.18-0.18 0.994

T1: baseline; T2: 6 month; Observations: total observations included in linear mixed models for
construction/healthcare; P-values < 0.05 in bold

Dependent variable: Pain (T1, T2)

Independent variables:

Model 1 (Crude): Self-reported standing at work (0-5 treated as continuous variable)

Model 2 (Fully adjusted): As model 1 + adjustments for age, gender, smoking, BMI, heavy lifting,
forward bending at work, social climate, decision control, fair leadership, empowering leadership,
sitting (minutes) in leisure time
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Table 4. Linear mixed model with self-reported sitting exposure at work and low back pain.

Modell Model 2
Observations = 107/110 Observations = 88/95
Coef. 95% CI P-value Coef. 95% CI P-value
Construction TI -0.05 -0.16—0.07 0.434  -0.05 -0.27-0.18 0.687
T2  -0.02 -0.14-0.09 0.689  -0.02 -0.25-0.21 0.874
Healthcare Tl -0.13 -0.31-0.06 0.187 0.04 -0.22—-0.30 0.773
T2  -0.15 -0.34-0.04 0.124 0.02 -0.24-0.28 0.879

T1: baseline; T2: 6 month; Observations: total observations included in linear mixed models for
construction/healthcare; P-values < 0.05 in bold

Dependent variable: Pain (T1, T2)

Independent variables:

Model 1 (Crude): Self-reported sitting at work (0-5 treated as continuous variable)

Model 2 (Fully adjusted): As model 1 + adjustments for age, gender, smoking, BMI, heavy lifting,
forward bending at work, social climate, decision control, fair leadership, empowering leadership,
sitting (minutes) in leisure time
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Analyses on 6 months responders versus nonresponders for paper III did not show any

significant differences between groups for the variables tested. See table 5.

Table 5. Baseline characteristics for responders and nonresponders at 6 months in technical measurement group

in paper II1.
Responders 6 months  Nonresponders 6 months
(n=97) (n=27)
Age 43.2 (12.2) 38.6 (9.97)
Weight (kg) 76.4 (14.0) 78.1 (12.7)
Height (cm) 173.3 (9.5) 174.9 (10.5)
Gender 55 male, 42 female 19 male, 8 female

Normal working hours

Heart rate mean (bpm)?

Dominant arm > 60 degrees (min)*

Forward bending > 60 degrees (min)*

Sitting (min)*

Standing (min)*

General health (1-5)

LBP intensity (0-3)

MSI (0-12)

PSI (0-12)

36.7 (4.8)

86.4 (11.4)

323 (27.7)

22.1 (21.0)

171.2 (108.8)

134.0 (66.3)

2.52(0.97)

0.88 (0.90)

3.0 (2.3)

1.8 (1.5)

36.9 (1.2)

87.0 (10.2)

37.9 (28.3)

19.0 (14.1)

139.3 (82.3)

159.9 (62.9)

2.44 (0.97)

0.88 (0.91)

2.7(1.7)

1.5 (1.0)

2 Objective measure during work. MSI = musculoskeletal complaint-severity index; PSI = Psychological

complaint-severity index.
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5. DISCUSSION

This thesis is based on a larger prospective cohort study where we, in collaboration with four
Norwegian construction companies and two Norwegian healthcare distributers, investigated
physical exposures. Our findings showed that objectively measured large-scale body activities
(sitting, standing, moving) were significantly and moderately correlated to their respective
self-reported measures, while arm- and trunk postures and RHR generally showed weaker
correlations to their respective self-reports. Generally, self-reports seemed to overestimate
duration of physical exposures. Analysis of objective measures showed significant variability
in physical exposures between days of measurement, where several days of consecutive
measuring produced more reliable results. With such a sample strategy, we showed that
cardiovascular loads in ranges below 39% RHR characterized the average workday for
employees in the construction sector. Very few persons had an average load exceeding
recommended thresholds. The cardiovascular load at work decreased with increasing age and
aerobic fitness, but was not associated with self-reported work ability, musculoskeletal pain,
or general health. Further, increased duration of sitting at work was associated with decrease
in present and future LBP intensity in healthcare workers, but not in construction workers. No
association was found between standing duration and the intensity of LBP. This thesis
contributes to increase knowledge on measurement of physical demands in construction- and
healthcare work and the relationships between such measures and musculoskeletal health. The
results presented should be of interest when interpreting previous findings based on self-
reported physical exposures, for future research aiming to study relationships between
physical exposures and musculoskeletal health, and for identifying physical exposures of

importance for musculoskeletal health in construction- and healthcare work.

5.1 METHODOLOGICAL CONSIDERATIONS

5.1.1 Study design

If one wants to examine the effect of a certain exposure on change in a health outcome of
interest, a longitudinal study will have advantages compared to a cross-sectional study. A
prospective study is necessary to describe possible causal relationships, since the exposure
must precede the outcome. With such design, you will capture the within-subject change, a
necessity to determine causal relationships. In comparison, a cross-sectional study will only
be able to obtain between subject differences (182). A cross-sectional design does not take

into consideration the dimension of time, and can therefore only be used to study exposure —
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outcome associations, not causality. For the papers presented in this study, only paper III
makes use of prospective data. Considering the aims of paper I and II, the cross-sectional
design may be sufficient. In paper I, the main aims are focused on the measurement of
exposure outcome in terms of self-reports and objectively measured data, and the fact that
data are collected at the same time point should not be considered a weakness. In paper 11 we
aimed to elucidate the cardiovascular load in construction workers. For this determination of
cardiovascular load the cross-sectional design should be sufficient, at least if one is not
aiming to investigate seasonal variation. However, we cannot indicate any causality between
the objectively measured cardiovascular load and health outcomes, merely associations. In
paper IlI, the outcome LBP was of particular interest and should benefit from the 6-month
follow-up. However, our analysis included a relatively short follow-up with only one repeated
measure. A more frequent sampling of LBP intensity could improve reliability of the variable,
by accounting for possible fluctuations often seen in pain reporting (183). A long and frequent
follow-up generally increases risk of dropouts, due to reasons such as participation wear. In

such cases one must consider outcome differences between stable participants and dropouts

(184).
5.1.2 Reflections on validity

Validity is a very central term in scientific research, since it considers: “how much can we
trust the results?”” and “how transferrable are these results to other populations than the one
we investigated?”” The first question relates to the ability of a study to handle any systematic
error that may give incorrect estimates and thereby inaccurate associations (i.e. biased). This
is referred to as the internal validity of the study and violations are generally a result of one or
more of three issues: selection bias, information bias, and confounding. The internal validity
is seen as a prerequisite for the second question, concerning the other main component of
validity: external validity or generalizability (185). For the pages to come I will discuss

choices of methodology and the conduct of the study in relation to these concepts.
5.1.2.1 Internal validity — selection bias

Selection bias reflects a possible distortion that occurs because of how subjects are included
in a study. A different behavior in the relationship between exposure and outcome of interest
in actual participants than in theoretically eligible subjects is central in this type of bias (185).
The theoretically eligible subjects in our study would be all Norwegian construction- and

healthcare workers. When launching a study that focus on certain exposures or health

46



outcomes, self-selection may come into play. For our study in particular, employees with the
most demanding work, or employees with more musculoskeletal pain could be more eager to
participate. Similarly, bias due to non-response (i.e. invited subjects that reject participation)
would also cause bias, if these subjects are systematically different from those that are
investigated. In our study we had an initial participation rate of 51%, which means that almost
half the invited workers did not wish to participate. Additionally, only a subsample was
included in technical measurements. With unlimited resources, the optimal methodological
strategy could be to measure exposure objectively on all participants. A downside with this
strategy would be a possibly lower total number of participants for the questionnaire part, due
to the burden of several days of technical measures. Our study included 594 subjects in the
questionnaire group. From these, 371 were willing to participate in technical measurements.
Those not willing to participate in technical measurements would possibly be lost with a strict
“objective measures for all” criteria. Still, with more resources a greater part of the 371 could
have been measured. However, for a selection bias to occur, selection probabilities must be
related to both exposure and outcome (185, 186). For our technical measures we aimed to
include participants from a variety of professions within the working sectors, which could
possibly reduce selection bias (186). Analyses showed that there was a difference in self-
reported sitting between the questionnaire only group and the group with technical
measurements, with on average less sitting in the latter group. This was possibly due to an
overrepresentation of manual workers in this group. No other differences were found between

the two groups.

A high level of loss to follow-up may lower statistical power and limit validity of
associations, which may be especially problematic if loss is related to outcome (185, 187).
Since papers I and Il in this thesis are based on cross-sectional data, loss fo follow-up is only
applicable in paper III. Here, 22% of the 125 with objective measures at baseline did not
answer the questionnaire after 6 months. Even though there are huge variations between
studies, this may be considered a low drop-out rate when compared to other longitudinal
studies on MSDs (184), and acceptable for data missing completely at random or missing at
random (187). The percentage of follow-up is partly explained by the relatively short follow-
up duration of 6 months and that this was the first follow-up for the group. It is clear that
longer duration of follow-up and more frequent follow-ups increase loss (184). Additionally,
those participating in technical measures were the most devoted and motivated, and compared

to the questionnaire-only group they had lower loss to follow-up after 6 months. As shown in
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additional analyses we found no differences in the tested variables between those who

responded and those who did not respond at 6 months in paper II1.

The healthy worker effect is also a regular issue of concern when studying health outcomes in
an occupational setting (185, 186). Normally, workers becoming ill will to a larger degree
change their job or become unemployed. Similarly, one may have a greater opportunity to be
selected into a job and stay there, when in good health. This will leave the workforce in
relatively good health, and possibly more withstanding towards hazardous exposures. Such
scenarios will lead to an underestimation of the actual effect in an exposure-outcome
relationship. Our sample population was a well-established group of workers, with a mean
seniority in profession of approximately 16 years. We cannot exclude that our sample of
workers are a selected group, and that previous workers with MSDs has transferred to other
jobs or have quit. Still, when compared to the general working population in Norway, our
samples had overall higher prevalence of MSDs. Fifty-five percent of the subjects in the
technical measurement group reported to have had some degree of LBP the previous four

weeks compared to 37% when the similar question was asked in the Norwegian workforce

().
5.1.2.2 Internal validity - Information bias: mismeasurement

Information bias is bias related to errors in the measured variables of interest. Relevant
examples are technical error in objective exposure measurement or misclassification due to

misinterpretation of self-reported questions.

In epidemiology, differential misclassification occurs when there is an unequal possibility for
misclassification of exposure in diseased compared to non-diseased (185, 186). Recall bias is
one example that leads to such bias, e.g. if those with high levels of MSDs remember their

exposures differently than those without any MSDs.

Misclassifications are called non-differential when all study subjects are equally likely to be

misclassified independently of e.g. disease status (185, 186).
Objectively measured exposures

In our papers we measured exposures objectively to provide precise measures-, and to avoid
bias normally seen in self-reports. The results in paper I indicated the extent of

misclassification that may be present in several self-reported physical exposure variables.
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Such misclassification issues connected to the rater (participant) or construction of the
questionnaire in exposure variables are not relevant for objective measures. By using
objective exposure measures and e.g. self-reported LBP, we also avoid common method bias
in the exposure-outcome associations. This is a type of differential misclassification often
occurring in surveys with multiple-item scales, because equal methods are used to determine

both exposure and outcome (188).

We have used neither a binary, “exposed or non-exposed”, view, nor a low-high exposure
categorization, primarily to avoid loss of information. Exposure variables are continuous and
thus there will be a continuum of exposure rather than classification as exposed or not
exposed (e.g. cardiovascular load in paper II and standing in paper III). However,
misclassification could be an issue if those in the higher range of for example standing
exposure were more likely to misclassify LBP intensity than those with low exposure, e.g.
because they feel they have more exposure and therefore expect more pain. This would lead
to an overestimated association between the two variables. For this to occur in our study
subjects need to be aware of the supposed association, know their objectively measured
exposure, and act on it when reporting LBP. That participants were not aware of their own
measured exposure at the time of pain reporting and that exposure and outcome was not

sampled with common methods makes it less probable that such misclassification occurred.

A great proportion of the work forming this thesis aims to contribute with knowledge based
on data from objective measures, based on the notion that this would reduce bias and increase
precision. However, despite good intentions, approaches using objective measures may also
be subject to information bias. In paper I+II we used Actiheart to measure HR. This device
shows a high agreement when compared to standard ECG measurements (intraclass
correlation = 0.999) and high intra- and interinstrument reliability (median coefficients of
variation of 0.0% (0-3.3) and 0.03% (0-0.9)) (189). We urged the use of a low chest
placement (just below the apex of the sternum) since this is considered to be less prone to
movement artifacts along with higher ECG amplitudes compared to a high placement (at the
level of the third intercostal space) (177). In a few female participants, the high placement
was more appropriate. A continuous measurement of HR for several days gives an
opportunity to obtain a good description of cardiovascular load during work and leisure. A
drawback for the cardiovascular load measure was the use of estimates for HRmin and HRmax,

which leads to less precision when calculating the RHR. There was also a higher level of
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erroneous data than expected (mainly due to sweat disturbing contact of electrodes or due to
equipment malfunctioning). Thus, our relatively strict criteria for approval of data sequences
lead to a loss of measurement periods. We did however take precautions from study start by
instructing participants on reattachment of electrodes and equipped them with new electrodes.
Our choice of electrodes were also done for best performance in long-term ECG
measurements. As noted by Butte et al. (161) it is important when interpreting HR data, to be
aware that HR is prone to stimuli from other sources than physical activity: e.g. medications,

caffeine, heat, and emotional state.

In paper I and III we used triaxial Actigraph® accelerometers for measurement of postures
and activities. We chose these wireless, water resistant, small, light, noninvasive, and
nonintrusive devices in our study due to their suitability in field measurements. Validation
studies have shown that these devices, in combination with the acti4 program used in this
study, have high sensitivity and specificity for detecting different activity types (sitting,
standing, walking, running, and cycling). In standardized tests, both sensitivity and specificity
for all positions used in the papers presented in this thesis was above 99% (162). The
detection of activities is considered valid also in free-living situations, but this seems in some
cases to lower both sensitivity and specificity (162, 179). Therefore, in occupational situations
where the movement complexity is high and subjects consequently change between body
positions at a high rate, the level of detection of specific activities may be reduced.

The use of Actigraph® and Acti4 to measure arm and upper body inclination was found valid
when tested against a reference system through standardized protocols in a lab setting (163).
Errors for arm inclination were low for movements with slow and intermediate speed, but at
high speed, the deviation from the reference system was up to 10°. The deviation for back
inclination was below 5° for the work tasks simulated. The notion of reduced precision at high
speeds could be relevant in occupational tasks like hammering. Still, in the construction

enterprises investigated in our study, the use of nailer tools was widespread.

Deviations may also occur if there are skin movements on the site of accelerometer
attachment that are not coherent with the movement of underlying bone, which is the ultimate
reference. For the accelerometers attached at the back and below the deltoid on the upper arm,
these movements are assumed to be small. Attachments at hip and thigh may be more prone
to such movements depending on body composition characteristics like amount of fat and

musculature between device and underlying bone.
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When doing long-term continuous objective measurements, time-varying offsets in devices
should be considered. In studies like ours, a clock drift is relevant, since experience show that
the same type of measurement device might have different offsets in timestamps. This offset
is seldom large, and a minor drift for a single device may not necessarily cause problems.
However, when using several individual devices that relies on synchronization it might be a
considerable issue. For example, when estimating of sitting, we use both hip and thigh
accelerometers. If these are not synchronized in terms of time, estimates may diverge from the
true position. To overcome this issue when collecting data for several days, the acti4 program
corrects for such drift differences between accelerometers. We used a standardized position
performed and logged by the participants at specific time points every day, to synchronize

accelerometers prior to variable calculations.

To avoid bias when carrying out a study in an occupational setting, it is of major importance
that the measurement devices do not intervene with normal work patterns (190). Devices
should not restrict movement or otherwise alter participant behavior; otherwise, data will not
represent normal work. Normally, when increasing measurement accuracy and complexity,
wearing comfort decreases. During study planning we put much emphasize on how we could
obtain our measurement goals without interfering with normal participant behavior. As a
result, and based on participant feedback after measurements, it is not likely that our
measurement devices did hinder normal work. However, due to skin irritation some people
did detach equipment prematurely. This resulted also in varying quantity of data (sample
time) based on equipment type. Exemplified, a subject may remove an accelerometer on the
upper arm if it bothers them, however, the HR data for this subject will remain. Additionally,
there was a larger amount of error/missing for data collected during leisure compared to work.
Based on conversations with subjects possible reasons for this are: project members observed
the initial work day, tape and attachments wear off after many hours of use and subjects may
not bother to reattach them, subjects became tired of wearing equipment, and subjects felt that
it was more important to measure onlu during work time. In general, this resulted in lowered n
for leisure time data. Even though magnitude and mechanisms are unknown, behavioral
change because participants know they are being studied, (the Hawthorne effect) is also
relevant for our study (191). In paper I, we found that e.g. heart rate was significantly higher
on the first day of measurement as compared to following days. The first day was the day
with most contact between participants and members of the research team, and thus could

have altered their behavior in some way. Still, our sampling strategy culminated from the goal
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of producing representable data on exposure levels. Aiming to account for possible day-to-
day variability (as later shown in paper I), we sampled continuously for several consecutive

days. This may reduce bias from possible initial behavioral change.
Self-reported variables.

In this section, musculoskeletal pain is used as an example of self-reported variables.
However, the issues discussed may also be relevant for other self-reported variables in this

thesis.

There are several measures to obtain state or level of discomfort and pain in adults (192). In
paper I and II we asked participants to rate both the intensity and duration of pain in several
body sites the previous four weeks, which we used to calculate a musculoskeletal complaint
severity score for each site. The average of each score from the different pain sites acted as a
musculoskeletal complaint severity index. Eriksen et al. suggested this way of scoring pain in
their scoring system for subjective health complaints (SHC) in the general population (193).
The method has acceptable one-month test-retest correlation (194) and internal consistency
between musculoskeletal pain items (Cronbach’s alpha = 0.77 for women and 0.63 for men)
(193). Steingrimsdottir and colleagues used a similar scoring system and established equal
levels of agreement between items, with internal consistency of a = 0.75 (195). Pain is a
subjective matter that is affected by e.g. individuals understanding and tolerance of pain, and
there is a strong association between psychological and musculoskeletal complaints (168).
Scoring systems like the SHC aim to find this individual experience of pain or discomfort.
Therefore, it is no gold standard of pain measurement, which makes it difficult to evaluate all
validity aspects of pain measurements (192). A possibility is however to compare self-
reported values to outcomes like sickness absence or clinical examinations. Tveito et al.
showed that degree of reported discomforts (high SHC-values) was highly correlated to sick

leave (196). This is also shown when compared to medical examination (195).

The use of an index indicating overall musculoskeletal pain will not give any information on
specific pain in body sites, but suits the intentions of papers I and II well. Due to the nature of
exposure variables and our aims in these papers a measure of overall MSD complaints is more
appropriate. In paper III our main aim is to investigate the association between sitting and
standing duration and LBP, and thus a specific measure is appropriate. In paper III we do not
consider the aspect of pain duration, which mean we cannot discriminate between subjects

with high, but short term pain, and high and long term pain. The index based on intensity
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times duration discriminate between these two pain conditions, but will fail to discriminates
between high, but short term, and low, but long term, since some of these combinations will
give an equal score. Measurement issues may also occur using this method, since small
changes in either intensity or duration may give large changes in the stability of complaint
severity (195). The use of only pain intensity as a measure alone is very common (197) and it

is unknown if one improves information on complaints by including duration.

We know that pain and a variety of other health-related measures are fluctuating variables,
and that a single-sample may not be representable for average complaints (168, 198). To
reduce such issues one may, as in this study, ask the participant to report pain experienced
over a wider time period. Then again, the pain reporting may become more prone to recall
bias, since increased length of period to recall is considered to increase risk of bias (199). A
study by Brauer and colleagues showed that subjects in a workplace setting were able to recall
the intensity of pain or discomfort in eight different anatomic regions accurately for a 3-
month period (200). The recall of pain is not only affected by time, but may also be modified
by the participant’s mood or symptom level at the time of reporting or the characteristics of
the experienced pain (201, 202). The self-reports used in paper I and II were taken from the
first questionnaire answered by the participants (at baseline). This could influence answers in
the terms of bringing attention to discomforts, and thereby increase ratings of pain intensity.
However, data used for paper III showed that mean LBP intensity was higher at follow-up

than at baseline.
5.1.2.3 Internal validity — Confounding

Confounding is the distortion of the relationship between exposure and outcome caused by
the existence of external factors that effects both exposure and outcome. This can lead to the
real effect being under- or overestimated, or change in the apparent direction of an effect. A
confounding has three characteristic traits: A) it is independently predictive of outcome, B) it
is associated with the exposure of interest, and C) it is not an intermediate in the causal path

linking exposure and outcome (185, 186).

Measures to reduce confounding may be taken both in terms of study design (randomization,
restriction, and matching) and through statistical choices (adjusted models and stratification)
(186, 203). In this thesis we used, restriction, stratification, and adjustment of statistical
models are to limit possible confounding. Overall, the study population is restricted to

working age subjects within the healthcare- and construction sector. In paper I and II1, where
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both sectors are represented, stratification is additionally implemented. The multivariate
models in all papers were adjusted for theoretically potential confounders. Still, due to
unmeasured variables, unknown confounding, or limited sample sizes, there is always a
possibility for residual confounding. Thus, the measures implemented are a way of limiting,

but not fully excluding confounding.
5.1.3.1 External validity - Generalizability

Biological effects can, and in many cases do, differ between populations and subpopulations.
Thus, researchers often design studies to capture information on a particular sample of interest
(185). In many cases, studies will be restrictive by nature. As discussed for internal validity,
when a study limits variability for confounding factors, it is consequently stronger (204). As a
consequence, results from human studies are often considered to have a limited
generalizability beyond the study setting (185). We introduced several aspects of
homogeneity in terms of age, profession, nationality etc. in our study since population of
interest was Norwegian construction- and healthcare workers. This may reduce
generalizability of results to other settings. It is furthermore important that our sample of
construction- and healthcare workers are comparable to other workers in similar Norwegian
sectors, since large differences between the population studied and the population it should

represent would lead to a decrease in generalizability.

Generally, a low level of initial response may indicate selection bias. Often, this proportion of
non-responders in a study is also considered a measure of the generalizability, where low
response rates equals low generalizability. The initial response rate of our study, at just above
51%, can be considered moderate. Unfortunately, we do not have data for the initial non-
responders to give meaningful information on differences between those who did and did not
participate. As previously mentioned, a research study aiming to increase exposure validity
through objective measures are often prone to a trade-off due to the resource demand from
such investigations. This is also evident for our data collection, where we sampled all
technical measurements from subgroups of the 594 participating with self-reported data. It is
reasonable that initial participation also did suffer from the comprehensive battery of
technical investigations, even though this was a voluntary part of the study. Still, the objective

measures for several days must be considered a strength of this study.
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The impression that low response rates equal low generalizability and loss of validity is not
necessarily always true, and it is highly important to discuss other factors that may affect

generalizability (203, 205).

For the study to be feasible, we were dependent on cooperation with large enterprises that
from top management and throughout the company structure approved for us to engage.
Consequently, the involved enterprises are large, robust workplaces, probably with high
awareness and attention towards regulations and working conditions. For data concerning the
construction sector, it is possible that results are less generalizable to workers in smaller
companies with fewer employees, which may have other working conditions. Another issue is
foreign speaking workers (not able to respond to questionnaire), and workers from
subcontractors (not organized within the cooperating enterprises). In 2013, 3.3% of all
salaried employees did not have a Norwegian registered address. These immigration workers
are often on short-term contracts, but may end up working in Norway for several years. Of
these short-term working immigrants, 23% work within construction. Additionally, many are
working for manpower supply companies, which are also often being directed towards

construction sectors (5).

The investigation in healthcare did not include workers in a hospital environment, and one
should be very careful to generalize the results to that setting. With this said, it is likely that
results will pertain also to workers in Norwegian companies with similar characteristics as the
collaborating enterprises in this study. It may also be argued that it could be generalized to

workers in foreign enterprises with similar legislations and working environments as Norway.

As discussed for selection bias, if dropouts are distinctively different from the remaining
participants, loss to follow-up another threat to generalizability. This will possibly increase
differences between the remaining group and the population it is supposed to represent. For
this thesis, dropout is only applicable in paper III, where we found no differences in baseline

values between the participants remaining and those lost to follow-up at 6 months.

Summarized; the main strength is the sampling strategy and use of objective measures in
these studies. Some aspects of the investigations could benefit from longer follow-up periods
with a more frequent sampling. With increased resources, we could also have included a

larger part of the 371 that initially volunteered for technical measures.
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5.2 REFLECTIONS ON MAIN RESULTS

5.2.1 Subjective and objective exposure measurement
Paper 1

In paper I, we provide knowledge on the use of self-reports and objective measures to
determine a variety of occupational exposures. One of the most important findings was the
general overestimation of physical exposures with self-reported data. Several questions were
correlated to their respective objective measures; however, the durations were generally
exaggerated. A study on workers in heavy industries by Teschke and colleagues did find a
general over-reporting of postures and activities at work when comparing self-reports to
observations (149). Hansson et al. compared postures of the head, upper back, arms and
hands, measured by questionnaire or by inclinometers and goniometers, and found low
agreement between the subjective and objective measurements (148). A review investigating
reproducibility and validity of self-reports on physical demands did find that questions on
activities like sitting and standing performed better than questions on specific body regions
when compared to objective measures (206). Most of these studies did however use
observation as a reference, a method with its own limitations. Our results for mean exposures,
derived from direct measurements, did show that arm and back inclinations had lower
correlation than large-scale body activities like sitting. This suggests that it might be more
difficult for subjects to estimate exposure durations for specific body regions. However,
stratified analyses showed good correlation between arm inclination when using measures and

questions concerning the first day of measurement in the group of construction workers.

The conditions for measuring are different between self-reports and direct measurements.
Stock et al. reflected in their review that the agreement between self-reports and objective
measurements declined with increased number of response categories (206). To be able to
remember exposure, on average (last four weeks) or short-term (the same day) basis, it is
likely that self-reports reflect time of doing tasks that involves the exposure, rather than the
exact exposure duration. A measurement device will on the contrary precisely break down the

exposure within these tasks to its exact seconds and minutes.

Results from paper I question previous findings using self-reported physical work exposures
and underline importance of objective measurements if one wants to investigate exposure

durations precisely. The additional analyses provided in this thesis did also indicate that you
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might end up with different conclusions when analyzing exposure data as self-reported

compared to when exposure is objectively measured.

Another result of importance is that the first day of measurement seemed to differ from the
following days, and the reliability increased with increasing days of measurements. This
should be considered in future sampling strategies. However, the number of days measured
must be determined based on the particular study characteristics, since single day
measurements may be sufficient if mean exposure variation is small, e.g. jobs with light and

repetitive tasks (207, 208).

Two studies by the Malmoé Shoulder/Neck study group showed that subjects with muscular
complaints reported higher exposure than those without complaints, despite having similar or
even lower objectively measured exposure (148, 209). Further, the researchers argued that due
to the fact that workers with pain might reduce their exposure, self-reports may be more
relevant in relation to risk evaluation. This suggests that in such scenarios self-reported pain
and discomforts may be more prone to be associated to self-reported exposure than to
objectively measured exposure. Meaning that self-reports may create associations that are
based on other connections than real time exposure-outcome. In paper I, we determined
current work exposures, and did not find that objectively measured exposures were associated
with self-reported overall musculoskeletal or psychological complaints. Therefore, we cannot
claim that total level of pain reduced any of the measured work exposure in our sample.
However, we did not aim to evaluate risk of MSI or PSI based on exposures in this paper.
These indexes do not separate between areas of pain and would possibly not be area-specific
enough for some plausible exposure-outcome relationships. For example, exposure to
elevated arms is often thought to be related to neck-shoulder pain, while forward bending is

thought to cause discomfort in the back.

Summarized; the results in paper I are of importance for studies planning to carry out
measurement of physical exposures in construction- and healthcare sectors, both in terms of
choosing method of exposure measurement, and concerning number of days to sample. The
findings brought forward are also of importance for previous studies that have used self-

reported measures of exposure.
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5.2.2 Cardiovascular load in construction workers
Paper 11

In paper II, we provide objective information on cardiovascular load in male construction
workers. On average, the construction workers spent almost 60% of their workday below 20%
RHR, with few episodes of continuous high RHR (>33% RHR). The results did also show
that the different professions within the construction sector had different demands, with
carpenters, henchmen, and bricklayers having highest demands. Several studies by van der
Molen and colleagues on bricklayers, masons, and carpenters found mean RHR for a full
workday ranging from 21-39% (105-107). However, these studies are not easy to compare
since they were mainly designed to evaluate workers during single days where they
performed specific tasks of interest. Our study attempted to provide general, not task oriented,
work characteristics. Additionally, we measured workers continuously for several days, while
the mentioned studies measured single days. As presented in paper I, there was day-to-day
variation in physical exposures, and RHR was significantly higher for the initial day of
measurement. Both these differences in study design suggest that the studies by van der

Molen reflect somewhat higher cardiovascular loads when compared to our study.

Cardiovascular load during work decreased significantly with increase in age, despite subjects
showing the normal development of reduced aerobic fitness with increasing age (decline in
VO2max). If work remains unchanged and aerobic fitness declines, then relative demand
should increase. Our findings suggest a decrease in demands with age. This could be
explained by some form of healthy worker effect, resulting in less fit subjects leaving their
profession after some years. However, because we saw a reduction in VO2max with age, it
seems less likely to be the sole explanation. The decrease in cardiovascular demands with
increasing age could be a result of decreased physiological cost for standardized work tasks in
experienced workers, as compared to inexperienced workers (102). A study by Jebens and
colleagues measuring aerobic demand objectively during work does not support this theory.
Relative to their VO2max the senior workers in this study showed a higher O2 demand during
work than the younger workers (210). However, in contrast to our study, Jebens et al. carried
out 1 hour of sampling while workers performed predetermined tasks. Thus, when constricted
to do the same physical tasks during a limited period the strain is likely larger for the older
workers. However, when an everyday work situation is more similar to the one we provide

with several days of continuous measurement, the setting is changed. A likely explanation for
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our results is that a high level of control and autonomy enables older workers to alter work or
delegate heavy tasks to younger workers. A construction worker not included in the present
study described that employees in his enterprise even had their own term for the phenomenon
of delegating heavy tasks to younger colleagues, and was not surprised when informed of our
results. One might not expect to find similar results in occupations where levels of autonomy
and control are lower. However, similar findings were also presented recently in a sample of
various blue-collar workers, where seniority was higher in the group with low RHR during
work, as compared to the group with high RHR during work (108). Even though other aspects
could also explain these finding, a recent report on young workers in the Nordic countries
found that younger workers reported to be more exposed to physical work than older workers

211).

The finding that higher VO2max Was associated with lower cardiovascular load during work is
not surprising, considering that a high VO2max indicates high fitness. In a standardized
physically demanding task, the relative exhaustion will be lower in an individual with high
fitness, as compared to one with low fitness. Physiological adaptations characterizing
aerobically fit subjects and determining VOzmax values, like enlarged stroke volume and
increased quantity of oxygen extraction from circulating blood, enable these subjects to
operate at lower heart rates for a given task (212). A recent study where the metabolic
equivalent calculated from accelerometer measurements represented workload, confirmed this
relationship between VO2max and workload in a sample of various occupations (103). Our
results are a direct indication that individual fitness is a determinant of physical work
demands in construction work. Still, very few persons seemed to work at relative loads

considered too high throughout the workday.

A relatively low RHR would be considered positive, because this supposedly reflects a more
healthy working condition. Previous studies have found that fit workers had better work
ability and had lower risk of starting a sick leave period (213, 214). However, we did not find
any associations between musculoskeletal pain, work ability, or general health and RHR. That
few subjects had high levels of RHR might partly explain lack of findings. It is also possible
that these relationships are less pronounced in males. A study by Karlqvist et al. found that
females that were required to exceed one-third of their aerobic capacity during a typical
workday had reduced general health and a higher level of MSDs when compared to those

with lower aerobic work demands (215). This association was not found in males.
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There is an ongoing debate on the apparent health paradox of occupational and leisure time
physical activity (96, 216, 217). Why is physical activity at work considered as detrimental
for health, while physical activity in leisure often is considered to improve health? The results
in paper II indicate that manual work in the construction sector do not consist of burst of work
with high enough intensity to provide training adaptations and health promotion (212). This,
along with other physiological and psychological differences between physical activity during
work and leisure is probably a major reason for the contradicting findings in health effects
(96, 217). It is also possible that employees with manual work to a lesser degree achieve
health benefits connected to recreational exercise. Previous research has indicated that
participation in leisure time physical activity is negatively associated with occupational
physical activity (218), and that construction workers may have lower aerobic fitness than
comparable groups in the working population (219). The pathogenic role of some risk factors
may also have been obscured from u-shaped relationships where one can imagine that low
levels may represent underuse and high levels represents overuse, both being related to a

negative health outcome (115).

Summarized; the results in paper II are of importance in the evaluation of the cardiovascular
demands of construction work in Norway, and indicates individual characteristics that is

associated with these demands.
5.2.3 Sitting, standing, and low back pain
Paper 1T

One of the interesting findings in paper III was the reduced intensity of LBP with increased
duration of sitting during work in healthcare workers. A finding that was reflected both for
baseline and follow-up data. This is in contrast with one of few comparable studies such as a
recent cross-sectional study by Gupta el al. of various blue-collar workers that also measured
sitting duration objectively for several consecutive days (127). Both studies have put effort in
providing objectively measured exposures for consecutive days in an attempt to improve
quality and avoid limitations with self-reported exposure, which might contribute to bias and
discrepancy between previous study findings (156, 220). A possible explanation for the
contradicting findings between our studies may be differences between sample compositions.
As our results reflected, the relationship between sitting and intensity of LBP behaved
differently in the two working sectors we measured. Another difference between the studies is

also the rating of LBP intensity. While Gupta and colleagues did do analysis on a 0-9 rating of
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LBP intensity dichotomized into low (< 5) and high (> 5), our LBP intensity was rated on a 0-
3 scale and was analyzed as such. Our sensitivity analyses using dichotomizations of no pain

(0) versus pain (1-3) and low pain (0-1) versus high pain (2-3) did support our initial results.

Further, it is relevant to question if it is the sitting posture itself that is connected to the
development of LBP, or if the type of work that involves long durations of sitting have
additional characteristics that affect LBP reporting? It could be that employees in jobs with
long sitting duration are less likely to be exposed to other physical risk factors than those in
jobs with less sitting (146), e.g. if you sit, you do not lift. It could also be that sitting jobs have
different psychological and social work factors, reducing LBP reporting (31, 221). Thus, the
researchers emphasized that studies on health effects of various work postures should account
for associated working conditions. We did include other work-related physical and
psychosocial factors, and analyses including these variables indicate the relevance of some of
the discussed aspects. In the analysis on exposure during work only, we did see attenuated
estimates when adjusting for other work related factors. For work data, the associations
remains significant in the adjusted models for healthcare. This was not the case in the analysis
on sitting exposure throughout the full day. There, significant associations were reflected for
crude model and the model adjusting for individual factors (age, gender, smoking, BMI),
however these associations turned non-significant when adjusting for other work related
factors. This suggests that not adjusting for such factors may provide significant associations

for full-day data that are driven by work-related relationships.

A review by Roffey et al. concluded there was no evidence for a causal relationship between
occupational standing and LBP, due to low-quality studies and contradicting results (141).
The more recent review with meta-analysis by Coenen and colleagues concluded that
substantial standing was associated with increased LBP (142). However, the authors
emphasized that conclusions were tentative due to lack of longitudinal studies with fully
adjusted models and objective measures of standing. Our paper provides these kinds of data
and cannot support an association. One of few comparable studies; a cross-sectional study
measuring occupational standing objectively for several days did reflect mixed and non-
significant associations between standing and LBP intensity (143). Again, this was a group
representing various blue-collar professions (constructions workers, cleaners, garbage
collectors, manufacturing work, assembly workers, drivers, healthcare workers, and mobile
plant operators), which may have affected results if the association behaves differently

between professions.
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It is possible that the degree of which the standing during work is fixed or not will alter
associations between this exposure and LBP. Tissot and coworkers suggest that the different
levels of constraint and mobility when standing at work were differently connected to other
work-related factors (221) and that standing without being able to sit at will was the most
significant determinant for standing to cause LBP (134). Therefore level of freedom to break
up fixed standing matters (by moving, sit down at will etc.). A study by Munch Nielsen et al.
found that those with a substantial amount of objectively measured walking during work
experienced less LBP (143). Overall, the workers in our study had the possibility to move
short or long distances, take short brakes, or sit down at will. Intervention studies have also
suggested that shifts between standing and sitting may be an important factor (222),

something we have not taken into consideration.

The lack of association between standing and LBP could be explained by the healthy worker
effect, the possibility that people with LBP are not assigned to tasks including long durations
of standing, or that people with pain change standing behavior. With this said, a great
proportion of studies reporting on associations between standing and LBP report non-
significant findings (141, 142), suggesting there is no relationship. However, more high-
quality longitudinal studies with objective measures of sitting and standing are needed before

concluding on this issue.

Summarized; this study provides new knowledge on objectively measured duration of sitting
and standing at work and associations with LBP intensity in construction- and healthcare
workers. Such studies are scarce and we need more studies using objectively measured sitting

and standing before we can draw conclusions.

5.3 GENDER OR SECTOR DIFFERENCES

This thesis has no intentions to investigate gender differences. Still, the construction- and
healthcare sectors are both work sectors with a distinct gender domination. Of the participants
answering the baseline questionnaire, 94% of the construction workers were male and 79% of
the healthcare workers were female. Of the participants in the technical measurements, 98%
of the construction workers were male and 78% of the healthcare workers were female. At the
same time, there are large occupational differences between the two sectors, making it

difficult to disentangle gender and sector differences.
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In paper I, we found significant correlations between objectively measured arm inclination
and questionnaires for construction workers. However, these results were not reflected in the
healthcare sector. Generally, differences in work tasks performed by work sectors may partly
explain such discrepancies. For arm inclination in our case specifically, this difference
between sectors is possibly due to a very small amount of work with elevated arms for the
average healthcare worker. Further, there were also differences in day-to-day variation in
objectively measured variables between construction- and healthcare sectors. The healthcare
sector reflected day-to-day variation in far fewer exposure variables than the construction
workers did. This is likely a result of differences in work characteristics between the two
sectors. A healthcare worker often belongs to a certain department of a specific nursing
home/sheltered housing were he/she has responsibility for a specific group of patients. These
institutions often have morning, midday, and afternoon routines, which the nurses and
patients follow throughout all days of the week. These settings may provide less day-to-day
variation. The workdays for construction workers are possibly more dependent on the nature
of the construction projects as it progresses. Tasks and where on the construction site workers
are stationed might change depending on the need for manpower. Additionally, the structural
characteristics of the construction site change throughout each project. Dependency of
material delivery and availability of heavy machinery or tools are other factors that may also

provide day-to-day variation.

In paper III, the associations between sitting duration and LBP intensity was consistent for
healthcare sector but no consistent significant results were established for the construction
sector. An explanation for this could be that the seemingly protective effect of prolonged
sitting at work among healthcare workers is due to a strong association between standing and
lifting, i.e. confounding. When you sit, you do not lift. If this association was less pronounced
among construction workers one would see these differences. Additional analyses for paper
IIT (data not shown) did show significant negative correlations between sitting and self-
reported lifting. However, this negative correlation was stronger for construction workers (r =
-0.6, p < 0.001) than for healthcare workers (r =-0.3, p < 0.05). Additionally, we did adjust
for the variable heavy lifting in an attempt to cancel this confounding from lifting. In an
attempt to explain the higher prevalence of musculoskeletal complaints normally seen in
females (also found in our material), research has shown that there are gender differences in
how physical and psychosocial risk factors at work relate to musculoskeletal pain (223). This

might explain why there are differences in exposure — outcome relationships between work
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sectors dominated by opposite genders. Hansson et al. found in their study that women rated
exposure higher than men did, despite having same levels of exposure (148). This difference
between exposure reporting despite equal objective measures was seen also between
occupations. This indicates the importance of objectively measured exposures if one is aiming

for accurate measures of physical exposures.

It could also be argued that women report more complaints because high physical demands
are relatively more exhausting for women than for men (224, 225). Thus, sitting work may be
more rewarding in terms of protecting against LBP for women. However, then one would also
expect to get a consistent significant positive association between standing duration and

intensity of LBP for healthcare workers in paper III.

To remove the effect of gender, one could adjust for gender in analyses. This is common
procedure in research studies, and we have done this in our analyses. However, with the high
percentage of gender domination seen in construction and healthcare work adjustment for

gender in stratified analyses will have less impact on estimates.

Summarized; the findings should be representable for the Norwegian work sectors

investigated, with the typical gender distribution found in such sectors.
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6. CONCLUSIONS

A main contribution from this thesis and the connected data collection is the comprehensive
set of physical exposures objectively measured for several consecutive days in Norwegian
construction- and healthcare workers. Objective measurements increase precision in
determination of physical exposures, and should be considered when investigating
associations between physical exposures and health outcomes like musculoskeletal disorders.
This work has added to the understanding of the relationship between objective and subjective
measures of physical exposures, and indicated that self-reports cannot provide an accurate
description. This work has increased knowledge on levels of cardiovascular load in
construction work in Norway, and put awareness towards how such demands are associated
with age and fitness. It has further contributed with objectively measured exposure and
prospective outcome data on understanding of the relations between sitting and standing

exposure and the intensity of LBP in the construction- and healthcare sector.

The findings in this thesis should be of interest when interpreting previous knowledge
extracted from self-reported physical exposures. It should also contribute to future research in
terms of sampling strategy and choice of methods in studies aiming to study relationships
between physical exposures and musculoskeletal health. Finally, it contributes to identify
physical exposures of importance for musculoskeletal health in construction- and healthcare

work.

We will continue to follow-up the participants in this study, to provide additional prospective
data for investigating relationships between physical exposures and health outcomes.
Additionally, there is great potential in expanding physical exposure analyses to investigate

combinations of several objectively measured exposures.
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FUTURE RESEARCH

The considerable amount of research examining physical exposures at work has provided
knowledge of its link to development of musculoskeletal disorders and ill health. However, as
stated in this thesis, a substantial part of this research is based on self-reported exposures. As
shown in paper I and exemplified in the additional analyses, self-reports do not provide
precise information on physical exposures and may lead to different conclusions than if
exposures are measured objectively. A challenge is to obtain these objective measures and
additionally achieve large study populations, since such measures often are time consuming

and demanding for both participants and researchers.

Even though new equipment reduces efforts of measuring objectively, I think a huge
advantage would be to increase national and international collaboration. Most researchers do
not have the resources to improve precision, increase sample size, and provide long follow-

ups. One solution would be exchange of technical equipment and data-pooling.

There is also potential in data sets like ours to estimate “objective numbers” from self-
reported physical exposures, which if successful would reduce the need of large samples of
objective measures. In a recent study by Gupta and colleagues, 63% of the real duration
participants spent sedentary or being physically active by predications could be predicted
based on self-reports (226).

It is further necessary to investigate to what extent there is a need for repeated objective
measurements. Will there be large differences in physical exposures within subjects with
unchanged work tasks if similar measures are carried out with significant time in between
measurements? This would possibly also vary between work sectors. Is there such a thing as

an optimal length between measures, and which factors should determine sample strategy?

Future studies should also investigate the combined effect and the single contributions in
analyses including several objectively measured exposures on musculoskeletal outcomes.
This includes developing acceptable mechanisms to synchronize and analyze data from

multiple measurements systems.
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APPENDIX

Appendix A: Psychosocial questions - full description

Questionnaire (baseline and follow-up) (English)

The current study assessed decision control, fair and empowering leadership and social
climate using items taken from the General Nordic Questionnaire for Psychological and
Social Factors at work (QPSnordic), a validated instrument for research and tool for employers
to monitor and improve working conditions. For each of the four subjects a mean was
calculated based on the responses.

Participants were asked for decision control at work through the five questions: 1) If'
there are alternative methods for doing your work, can you choose which method to use? 2)
Can you influence the amount of work assigned to you? 3) Can you influence decisions
concerning the persons you will need to collaborate with? 4) Can you decide when to be in
contact with clients? 5) Can you influence decisions that are important for your work?
Response alternatives (1-5) were very seldom or never, rather seldom, sometimes, rather
often and very often or always.

Three questions investigated empowering leadership: 1) Does your immediate
superior encourage you to participate in important decisions? 2) Does your immediate
superior encourage you to speak up, when you have different opinions? 3) Does your
immediate superior help you to develop your skills? Response alternatives (1-5) were very
seldom or never, rather seldom, sometimes, rather often and very often or always.

For fair leadership we used the three questions: 1) Does your immediate superior
distribute the work fairly and impartially? 2) Does your immediate superior treat the workers
fairly and equally 3) Is the relationship between you and your immediate superior a source of
stress to you? Response alternatives (1-5) were very seldom or never, rather seldom,
sometimes, rather often and very often or always.

We asked for social climate in participants work unit through three questions: What is
the climate like in your work unit? Items asked for were: 1) Encouraging and supportive, 2)
Distrustful and suspicious, 3) Relaxed and comfortable. Response alternatives (1-5) were

very little or not at all, rather little, somewhat, rather much and very much.
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Abstract

Objectives

To determine the criterion validity of a questionnaire on physical exposures compared to
objective measurements at construction and health care sites and to examine exposure var-
iation over several working days.

Methods

Five hundred ninety-four construction and health care workers answered a baseline ques-
tionnaire. The daily activities (standing, moving, sitting, number of steps), postures (inclina-
tion of the arm and the trunk), and relative heart rate of 125 participants were recorded
continuously over 3—4 working days. At the end of the first measurement day, the partici-
pants answered a second questionnaire (workday questionnaire).

Results

All objective activity measurements had significant correlations to their respective ques-
tions. Among health care workers, there were no correlations between postures and relative
heartrate and the baseline questionnaire. The questionnaires overestimated the exposure
durations. The highest explained variance in the adjusted models with self-reported vari-
ables were found for objectively measured sitting (R® = 0.559) and arm inclination > 60°

(R? = 0.420). Objective measurements over several days showed a higher reliability com-
pared to single day measurements.

Conclusions

Questionnaires cannot provide an accurate description of mechanical exposures. Objective
measurements over several days are recommended in occupations with varying tasks.
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Introduction

Musculoskeletal disorders (MSD) are the most prevalent cause of sickness absence and early
retirement [1,2]. There is a high prevalence of MSD in occupations with high physical demands
[2]. Mechanical exposures at work, such as repeated movements, heavy physical load [2], vibra-
tions and awkward postures [3], and psychosocial exposures [4] are risk factors for work-
related MSD [5]. Valid measures of mechanical exposures are pivotal in determining risk fac-
tors in efforts to reduce the occurrence of MSD. Mechanical exposures are characterized by the
type of work and postures, movements, and exerted forces measured in terms of level, duration,
and frequency [6,7]. The assessments may be based on self-reports, observational methods and
direct measurements. The appropriate assessment method should be selected according to the
study’s aims, the applicability and validity of these methods and economic aspects [8].

Self-reported assessments (e.g., questionnaires, diaries) of mechanical exposures at work-
sites have shown varying validity [9] and are often tested against observational methods with
their own strengths and limitations [9-11]. For measuring physical activity, one review con-
cluded that questionnaires have shown acceptable reliability [12], while Dyrstad and colleagues
concluded that subjective measurements are inadequate [13]. For estimating movements and
postures, data from questionnaires were found to have low correlations with data obtained
with objective measurements by accelerometers [14]. Furthermore, self-reported measures
seem to overestimate the duration of postural positions [15], and the errors were found to be
dependent on the respondent’s occupation [16]. To obtain valid exposure measurements,
objective measurements are recommended [12]. Several accelerometers attached to the partici-
pants body have been found to be a valid method for recording movements [17-19] and pos-
tures [20] over several days [17]. To measure work intensity or aerobic strain, the recording of
heart rate (HR) is a valid method. A linear relationship was found between HR and oxygen
consumption during exercise or work [21]. The RHR takes the individuals minimal and maxi-
mal HR into account and was chosen to describe the physical work load [22,23].

In a longitudinal study of people in occupations generally considered to have high physical
demands-namely, construction and health care—we examined mechanical exposures using
both methods: questionnaires at two different time points and objective measurements on sev-
eral consecutive working days [24]. The aim of the present study was to determine the criterion
validity [25] of the questionnaires at baseline and on the first day of the objective measure-
ments, using valid objective methods as a comparative standard. Furthermore, we considered
whether a one-day recording is representative of the exposures during a typical work week and
aimed to determine the differences in exposures between consecutive working days.

Methods
Study population

In total, 1165 baseline questionnaires (construction workers: n = 580; health care workers:

n = 585) were distributed to employees of four construction companies and two local health
service distributors in the area of Oslo, Norway. Five hundred ninety-four participants (con-
struction workers: n = 293, 50.3%; health care workers: n = 301, 51.8%) responded.

Of the responders, 178 people in construction work and 193 people in health care work
were willing to participate in the technical measurements, and a sample of 125 people was
examined (construction workers: n = 62; health care workers: n = 63) based on availability and
work schedules. This sample was selected to provide a representative sample of the occupations
examined in the study. An overview of the participants’ individual characteristics is presented
in Table 1. The exclusion criteria for the study were inadequate skills in reading and writing
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Norwegian, known allergic reaction to plaster / tape / bandages, and a diagnosed cardiovascu-
lar or musculoskeletal disease that made it impossible for the subject to perform physical tests.

Ethical aspects

Prior to participation, all subjects were informed of the purpose and methods of the study and

signed a written consent form. This study was conducted in accordance with the 1964 Helsinki
Declaration and approved by the Regional Committee for Medical and Health Research Ethics
in Norway (2014/138/REK ser-gst D).

Study design

After answering the baseline questionnaire, the participants selected for the technical measure-
ments underwent a physical examination by a nurse or a physician. If the participants were
physically healthy, instruments for technical recordings were attached to the participant’s body
at the beginning of a subsequent work day. The recordings were performed during work and
leisure time on three to four consecutive work days, including at least two work days. At the
end of the first day, the participants were asked to answer a second questionnaire (“workday
questionnaire”). They were instructed to log the start and stop of their work and leisure periods
or the removal of the sensors in a diary.

Questionnaires

The present study included subjective reports of mechanical exposures [26], musculoskeletal
and psychological complaints in the preceding four weeks [27], perceived exertion [28], senior-
ity, weight, height, and smoking status from the baseline questionnaire. Mechanical exposures

Table 1. Descriptive statistics of the samples.

Technical measurements
Participants n=125
Age (years) 42.38 (SD 11.73)
Height (cm) 173.64 (SD 9.64)
Weight (kg) 76.85 (SD 13.64)
Gender
Male Female
Construction work Project manager/ leader in construction work 5 0
Carpenter 21 0
Bricklayer 6 0
Concrete worker 14 0
Assistant worker 4 0
Driver 0 0
Foreman 7 0
Engineer in construction work 2 1
Health care work Leader health care work 1 5
Nursing professional / nurse 0 15
Registered nurse for the mentally handicapped 3 4
Cook or kitchen helper 4 4
Personal care worker in health services 5 17
Cleaning worker 0 2
Other Work with various tasks 2 2
Other occupations 1 0
Total 75 50

doi:10.1371/journal.pone.0162881.t001
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and musculoskeletal complaints were also measured a second time with the workday

questionnaire.
Mechanical exposures. The questions regarding mechanical exposures had a common
introduction: “How often in your daily work are you exposed to [...]”. The participants were

asked about the following exposures: work standing, work sitting, work with hands above
shoulder height, work with forward-bent trunk, and work in which your breathing rate
increases. The answer categories were “never”, “sometimes’, “approximately 25% of the time”,
“approximately 50% of the time”, “approximately 75% of time”, and “all the time” and were re-
coded on a scale from 0 (“never”) to 5 (“all the time”).

Physical demands. Exertion at work was measured with the question “How physically
demanding is your work?” The question was answered on a 13-point scale ranging from “not
at all” to “maximally demanding’”.

Musculoskeletal and psychological complaints. Musculoskeletal (neck, shoulders, upper
and lower back, hip, knees, ankles and feet, upper extremity, head) and psychological (fear, depres-
sion, fatigue) complaints were rated on a four-point scale for intensity (0 = not troublesome, 1 = a
little troublesome, 2 = quite troublesome, 3 = seriously troublesome) and a four-point scale for
duration (1 = 1-5 days, 2 = 6-10 days, 3 = 11-14 days, 4 = 15-28 days). For all complaints, a com-
plaint severity score was calculated by multiplying the intensity score by the duration score (range
0-12). One musculoskeletal complaint severity index (MSI) and one psychological severity index
(PSI) were calculated as the mean of all included complaint severity indexes [27].

Smoking status. Smoking status was measured on a four-point scale (1 = never, 2 = in the
past, 3 = sometimes, 4 = every day).

Instrumentationfor technical measurements

To measure the acceleration, position and angle of various body segments of the participants,
we used commercially available ActiGraph GT3X+ sensors (ActiGraph LLC, Pensacola, FL,
United States). The ActiGraph GT3X+ is a tri-axial accelerometer that is small (46 x 33 x 15
mm), light (19 g) and waterproof. With a sampling frequency of 30 Hz, it allows data recording
for up to 10 days continuously. Previous studies have found that the Actigraph GT3X+ sensors
are valid for measuring the inclination of the upper arm and body during work tasks [20] and
for detecting physical activity [18,19]. Four accelerometers were attached to the participant’s
body as follows: dominant arm (3 cm below the deltoid muscle insertion), right upper leg
(medially between the iliac crest and the upper crest of the patella), hip (top of iliac crest on the
right side), and upper back (level T1-T2). The accelerometers were fixed to the skin, using dou-
ble-sided tape (Fixomull, BSN medical, Hamburg, Germany) and covered with transparent
film (Tegaderm, 3 M, Minnesota, United States).

To measure heart rate, an Actiheart monitor (Camntech, Cambridge, United Kingdom) was
attached at the apex of the sternum and at the left intercostals at the level of the sixth and sev-
enth costae [29]. Heart-rate monitors have been found to be valid and reliable for use both in
the laboratory and in the field [30,31].

Data and quality management

The raw data from the Actigraph sensors were stored on a personal computer using Actilife
6.11.5 software (Actigraph LLC, Pensacola, Florida, USA). The intensity and frequency of posi-
tions, various activities, and steps were calculated using the custom-made software Acti4
[18,20] based on the raw data and the participants’ diaries. Data were excluded when a sensor
was not worn and when the work period was shorter than four hours or shorter than 75% of
the mean average length of all working periods. The following variables were obtained: time
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spent standing, sitting and moving (movement in upright position, neither still or walking); the
number of steps; the duration of arm inclination above 30°, 60°, 90°, 120° and 150° (IncArm);
and trunk inclination along the sagittal plane greater than 20°, 30°, 60° and 90° (IncTrunk).
These variables were normalized to one hour (e.g., steps per hour).

The relative heart rate (RHR) was calculated as follows [22]:

(HRwork — HRmin)
RHR, , =

work — . x 100
(HRmax — HRmin)

HR,,.x Was calculated for each participant using the formula 208-0.7 x age [32], and HR ,,;,,
was based on a sex- and age-adjusted population [29]. Heart rate data were quality controlled
visually and deleted if the beat error (a difference between two consecutive beats > 15,

HR < 30, HR > 230) was higher than 50% for a work period. The data were calculated for each
measurement day and averaged across all measurement days. Data processing was performed
with Matlab R2013b (Math Works, Inc., Natick, Massachusetts, USA).

Statistical analyses

The distributions of the variables were tested using the Kolmogorov-Smirnov test. The correla-
tions between the questionnaire responses and the objectively measured data were calculated
using Spearman’s rho, and the significance level was set as p = 0.005. The Spearman correlation
coefficient was interpreted as follows: < 0.2: very low; 0.21-0.5: low; 0.51-0.7: moderate; 0.71-
0.9: strong and > 0.9: very strong. The criterion validity of the exposure measurements was tested
using linear regression analyses in two steps [33]. The objectively measured exposure variables
were the dependent variables. The first step tested the corresponding subjective measurements
for day 1, gender, height, weight, BMI, age, profession, work sector, MSI, PSI and smoking status
separately as independent variables (unadjusted models). Those variables that exhibited associa-
tions with p-values < 0.1 were entered into a multiple linear regression for adjusted models. To
determine the day to day reliability of objectively measured exposures, intraclass correlation coef-
ficients (ICC) were calculated (single day measures: ICC 3, 1; average measures of 3 days: ICC 3,
3). To determine differences in objectively recorded mechanical exposures between consecutive
working days, a Friedman one-way analysis of variance was used. The statistical data analyses
were performed with IBM SPSS Statistics 22 (IBM Corporation, NY, United States).

Results

The variables age, height, weight and objectively measured time spent standing and moving,
trunk inclination > 20° and RHRmean were normal distributed. All other objectively measured
variables were not normally distributed. There were no significant differences (p < 0.05) in
age, height, weight, gender, MSI, PSI and smoking status between the questionnaire group at
baseline (n = 594) and the group that underwent technical measurements (n = 125). Due to
early removal of equipment or data not fulfilling quality criteria, some data were missing or
had to be excluded. The total number of valid measurements from day one to day four were as
follows: 125, 102, 72 and 27 (daily activities: 125, 101, 71, 27; Arm: 119, 96, 67, 27; Trunk: 121,
98, 66, 27; HR: 103, 83, 45, 13).

Association between data from workday questionnaire responses and
objective measurements of day one

Fig 1 illustrates the amplitudes of the objective measurements compared with the responses to
the corresponding subjective measurements.
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Fig 1. Categories of subjective vs. objective measures of exposures. The title of each subplot indicates the
compared subjective and (/) objective variables. Single values (circles) of objective measures are plotted in the
categories of the corresponding subjective measures. Mean values were calculated for each category for the total group
(solid line), for construction workers (pointed line) and for health care workers (dashed line).

doi:10.1371/journal.pone.0162881.9001

Daily activities. Subjectively measured time spent standing showed moderate correlations
with objectively measured time spent sitting and moving in all groups (p < 0.001). Furthermore,
moderate correlations were found with objectively measured time spent standing and moving in
the total group and the group of construction workers and with the number of steps in the group
of construction workers (p < 0.001). Low correlations were found with objectively measured
time spent standing and with the number of steps in the total group (p < 0.001) and with time
spent standing and moving in the group of construction workers (p < 0.001). Moderate correla-
tions were found in all groups for subjectively measured time spent sitting and objectively mea-
sured time spent sitting and moving (p < 0.001). Furthermore, moderate correlations were
found between subjectively measured time spent sitting and objectively measured time spent
standing and moving in the total group and the group of construction workers (p < 0.001) and
with objectively measured number of steps in the total group and the group of health care work-
ers (p < 0.001). Low correlations with objectively measured standing were found in all groups
(p < 0.005), with time spent standing and moving in the group of health care workers
(p < 0.001) and with the number of steps in the group of construction workers (p < 0.005).

Postures of the arm and the trunk. Objectively measured arm inclination > 60°, > 90°,
and > 120° showed low correlations with the subjective measures of “work with hands above
shoulder height” in the total group (p < 0.001). In the group of construction workers, there
were moderate correlations between subjectively measured arm lifting and objectively mea-
sured arm inclination > 60° and > 90° (p < 0.001) and relatively low correlations with objec-
tively measured arm inclination > 120° (p < 0.001). No significant correlations between
subjectively and objectively measured arm inclination were found for the group of health care
workers. For objectively measured trunk inclination > 60°, a low correlation was found with
subjective measures in the total group (p < 0.005).

Physical exhaustion. No correlations were found between the self-reports of “How physi-
cally demanding was your work today?” and “How often were you exposed to increased breath-
ing?” and RHR.
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Table 2. Correlations of objective measurements (Actigraph / Actiheart) and questionnaire responses (Spearman's rho).

Workday questionnaire Baseline questionnaire
Objective measurements on first Objective measurements: mean of all days
measurement day
How often are you exposed to: Objective Total Construction Health care Total Construction Health care
measures: work work Work work
standing work? Stand [%] 0.321%* | 0.292 0.311 0.526%* | 0.565*%* 0.501**
Move [%)] 0.563** | 0.601** 0.502** 0.522%* | 0.483** 0.574%*
Stand + Move [%] | 0.514%* | 0.546%** 0.480%** 0.506%* | 0.569** 0.409*
sitting work? Sit [%] 0.686** | 0.687** 0.538** 0.731%* | 0.732** 0.520**
work with hands above shoulder IncArm >30° [%] 0.063 0.165 -0.199 0.010 0.054 -0.268
height? IncArm>60°[%] | 0.489%* | 0.732%* 0.179 0.364%* | 0.514%* 0.069
IncArm >90° [%] 0.484%* | 0.646** 0.208 0.352%* | 0.458** 0.146
IncArm>120°[%] | 0.361%* | 0.454%** 0.054 0.174 0.087 0.099
IncArm>150°[%] |0.169 |0.228 - 0.031 0.001 -0.117 -0.016
work with forward-bent trunk? IncTrunk >20°[%] | 0.076 0.089 0.063 -0.068 |-0.037 -0.069
IncTrunk >30°[%] | 0.162 | 0.206 0.155 0.084 | 0.205 0.004
IncTrunk >60° [%] | 0.267* | 0.332 0.276 0.278* | 0.361 0.198
IncTrunk >90° [%] | 0.228 0.318 0.271 0.147 0.209 0.112
increased breathing? RHRmean [%] 0.108 0.152 -0.029 0.123 0.089 0.040
How physically demanding is / was
your work? RHRmean [%)] 0.225 | 0.401 -0.033 0.280* |0.235 0.197
* p-value < 0.005
** p-value < 0.001.
doi:10.1371/journal.pone.0162881.t002
Quantitative relationships of subjective and objective measures. Regression analyses

showed an explained variance of 18.9% for objectively measured standing in an adjusted model
that included the variables subjectively measured time spent standing (B = 0.141, p < 0.001),
age and profession (see Table 2). A variance of 34.6% for objectively measured time spent
standing and moving could be explained by an adjusted model that included the variables sub-
jectively measured standing (B = 0.285, p < 0.001), gender, age, profession and work sector.
For objectively measured time spent sitting, 55.9% of the variance could be explained by an

adjusted model that included the variables subjectively measured sitting (B = 0.498, p < 0.001),
gender, age, profession and work sector (B = 10.199, p < 0.05; see Table 3).

Regression analyses were calculated for all objectively measured arm inclination variables.
The highest explained variance (42%) was calculated for arm inclination > 60° in an adjusted
model that included the variables subjectively measured time with hands above shoulder height
(B=0.080, p < 0.001), gender, height, weight, profession and work sector (p = -3.918,

p < 0.001).

For objectively measured trunk inclination, no significant regression model could be calcu-
lated that included subjective measurements of forward bending.

The regression analysis for the RHR showed no significant associations with the subjective
measures “How physically demanding was your work today?” and “Increased breathing”, nor
were the associations between RHR mean and gender, height, weight, BMI, age, profession and
work sector significant. In total, the calculated beta values showed an overestimation of the
times spent in various activities or postures. The overestimation was greater for time spent
with arms above shoulder height or with a forward-bent trunk (see also Fig 1).

PLOS ONE | DOI:10.1371/journal.pone.0162881
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Table 3. Unadjusted and adjusted regression analyses for objective und subjective measures.

Standing ‘ | Sitting | ‘
Sub. measures: Unadjusted Adjusted Sub. measures: Unadjusted Adjusted

B p-value B p-value B p-value B p-value
Standing 0.145 0.000 0.141 0.000 | Sitting 0.500 0.000 0.498 0.000
Gender -1.541 0.528 not included Gender 7.166 0.065 -6.697 0.100
Height (cm) -0.004 0.976 notincluded Height (cm) -0.106 0.597 not included
Weight(kg) 0.028 0.755 notincluded Weight(kg) -0.017 0.906 not included
BMI (kg/m?) 0.166 0.626 not included BMI (kg/m?) 0.146 0.786 not included
Age (years) -0.189 0.066 -0.117 0.232 | Age (years) -0.189 0.066 0.186 0.117
Profession -0.124 0.041 -0.111 0.051 Profession 0.188 0.054 -0.167 0.125
Work sector -2.904 0.164 notincluded Work sector 8.175 0.014 10.199 0.033
MSI -0.014 0.982 notincluded MSI 0.558 0.558 notincluded
PSI 0.781 0.387 not included PSI -0.575 0.691 not included
Smoking 0.387 0.711 notincluded Smoking -0.894 0.592 notincluded
Model summary: R? adjusted = 0.189 Model summary: R? adjusted = 0.559
Standing + Moving RHRmean
Sub. measures: Unadjusted Adjusted Sub. measures: Unadjusted Adjusted

B p-value B p-value B p-value B p-value
Standing 0.293 0.000 0.285 0.000 | Physical demands 0.726 0.065 0.630 0.112
Gender -4.694 0.174 notincluded Increased breathing 0.915 0.206 Not included
Height (cm) 0.080 0.652 not included Gender -3.108 0.073 -1.716 ‘ 0.444
Weight(kg) 0.005 0.969 not included Height 0.093 0.309 Not included
BMI (kg/m2) -0.122 0.799 not included Weight 0.036 0.565 Not included
Age (years) -0.280 0.055 -0.146 0,246 | BMI 0.029 0.901 Not included
Profession -0.170 0.049 -0.067 0,511 Age -0.125 0.090 -0.088 ‘ 0.245
Work sector -6.024 0.041 -2.464 0,488 Profession -0.058 0.152 Not included
MSI -0.223 0.805 notincluded Work sector -2.837 0.053 -1.323 ‘ 0.491
PSI 1.015 0.429 notincluded MSI 0.089 0.843 Not included
Smoking 0.165 0.911 notincluded PSI -0.275 0.670 Not included
Model summary: R? adjusted = 0.346 Smoking 0.793 0.294 Not included

Model summary: R? adjusted = 0.084

Arm inclination > 60° Trunk inclination > 90°
Sub. measures: Unadjusted Adjusted Sub. measures: Unadjusted Adjusted

B p-value B p-value B p-value B ‘ p-value
Hands above shoulder height 0.080 0.000 0.063 0.000 Forward bended trunk 0.008 0.229 not included
Gender -3.529 0.000 -1.615 0.175 | Gender -0.688 0.017 0.334 0.493
Height (cm) 0.109 0.010 -0.099 0.093 | Height (cm) 0.045 0.002 0.041 0.110
Weight(kg) 0.088 0.003 0.038 0.226 | Weight(kg) 0.022 0.042 0.000 0.978
BMI (kg/m?) 0.171 0.137 not included BMI (kg/m?) 0.009 0.826 not included
Age (years) -0.047 0.166 not included Age (years) -0.008 0.519 notincluded
Profession -0.062 0.002 0.033 0.221 Profession -0.005 0.494 not included
Work sector -3.916 0.000 -3.918 0.001 Work sector -0.714 0.003 -0.553 0.093
MSI -0.281 0.194 not included MSI -0.097 0.216 not included
PSI -0.375 0.220 not included PSI -0.116 0.295 not included
Smoking 0.414 0.246 notincluded Smoking 0.152 0.223 not included
Model summary: R? adjusted = 0.420 Model summary: R? adjusted = 0.100
doi:10.1371/journal.pone.0162881.t003
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Association of subjective reports (questionnaire at baseline) with the
mean of objective measurements over several days

In the analysis of the mean values of objective measurements taken over several work days and
the results of the baseline questionnaire, all groups showed moderate correlations for objec-
tively and subjectively measured time spent standing (p < 0.001) and time spent sitting

(p < 0.001).

Low correlations were found for objectively measured arm inclination > 60° and > 90° and
subjectively measured hands above shoulder heights (p < 0.001), both for the total group and
for the group of construction workers. Furthermore, objectively measured trunk
inclination > 60° showed a low correlation with subjectively measured forward bending of the
trunk in the total group and in the group of construction workers (p < 0.005).

A low correlation between RHR and the question “How physically demanding is your
work?” was found only for the total group (0.280, p < 0.005).

Day to day reliability of objective measurements

For all objectively measured variables, we found a higher ICC for the average measures over
several working days than for the single day measures (see Table 4). Except for the number of
steps in construction work, all of the average measures of daily activities showed a good or
excellent reliability (range: 0.80-0.93). An arm inclination > 30° presented the highest ICC for
all average measures of arm inclination (ICC 0.70, CI: 0.54-0.81) in the total group. Concerning
arm inclination, construction workers had the highest ICC for average measures of arm
inclination > 90° (ICC: 0.56, CI: 0.25-0.75), whereas health care workers showed the highest
ICC for average measures of arm inclination > 30° (ICC: 0.84, CI: 0.66-0.93). Trunk inclination
showed the highest degree of reliability in average measurements of trunk inclination > 20°.
Health care workers showed higher ICCs for average measures of trunk inclination > 30° (ICC:
0.94, CI: 0.87-0.97), > 60° (ICC: 0.86, CI: 0.70-0.94) and > 90° (ICC: 0.82, CI: 0.62-0.92) than
construction workers (ICC: 0.71, CI: 0.50-0.84; ICC: 0.37, CI: -0.06-0.65; ICC: 0.45, CI: 0.06—
0.69, respectively). In all of the groups, the reliability for the average measures of RHRmean was
good (range 0.84-0.89).

Comparison of objective measurements on the first measurement day
with the following days

All groups were found to have spent a significantly lower amount of time with arm
inclination > 120° (total: p < 0.001, construction workers: p < 0.01, health care workers:

p < 0.05) on day 1 compared with the following days (see Table 5, Fig 2). For the total group
and the group of construction workers, the time spent standing (p < 0.05/ p < 0.05), time
spent moving (p < 0.05/ p < 0.05), trunk inclination > 60° (p < 0.05/ p < 0.05) and
RHRmean (p < 0.001 / p < 0.001) were higher on day 1 compared with the following days.
Furthermore, while the work hours for the total group and the group of health care workers
was lowest on day 1 (p < 0.01/ p < 0.01), the group of construction workers had the lowest
number of work hours on day 3 (p < 0.05).

Discussion

Knowledge of the role of workplace mechanical exposures in the pathogenesis of musculoskele-
tal disorders depends on the valid measurement of these exposures. The present study exam-
ined the association between exposures that were subjectively reported via questionnaires and
objectively measured daily activities (sitting, standing, moving), postures of the trunk and arm,
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Table 4. Overview of intraclass correlation coefficients (95% confidence intervals) for objectively measured variables for the total group, construc-
tion and health care workers. For each variable, the ICC is presented for single day measures and for the average measures of 3 consecutive working

days.
Measures Total Construction work Health care work
Time Single 0.42 (0.27-0.57) 0.44 (0.25-0.62) 0.33 (0.08-0.59)
Average 0.69 (0.53-0.80) 0.70 (0.50-0.83) 0.59 (0.20-0.81)
Sit [%] Single 0.81(0.73-0.88) 0.81 (0.70-0.88) 0.77 (0.59-0.89)
Average 0.93 (0.89-0.95) 0.93 (0.88-0.96) 0.91 (0.81-0.96)
Stand [%] Single 0.62 (0.49-0.74) 0.57 (0.40-0.72) 0.70 (0.48-0.85)
Average 0.83 (0.75-0.89) 0.80 (0.67-0.89) 0.87 (0.74-0.94)
Move [%] Single 0.68 (0.55-0.78) 0.68 (0.53-0.80) 0.63 (0.39-0.81)
Average 0.86 (0.79-0.91) 0.86 (0.77-0.92) 0.84 (0.66-0.93)
Steps [Steps/h] Single 0.59 (0.45-0.71) 0.50 (0.31-0.67) 0.69 (0.48-0.85)
Average 0.81(0.71-0.88) 0.75 (0.57-0.86) 0.87 (0.73-0.94)
IncArm > 30° [%] Single 0.44 (0.28-0.59) 0.29 (0.10-0.50) 0.64 (0.40-0.82)
Average 0.70 (0.54-0.81) 0.56 (0.25-0.75) 0.84 (0.66-0.93)
IncArm > 60° [%] Single 0.21 (0.06-0.38) 0.13(-0.05-0.34) 0.63 (0.37-0.82)
Average 0.44 (0.15-0.65) 0.30 (-0.16-0.60) 0.83 (0.64-0.93)
IncArm > 90° [%] Single 0.43 (0.27-0.58) 0.38 (0.19-0.57) 0.43 (0.15-0.70)
Average 0.69 (0.53-0.81) 0.65 (0.41-0.80) 0.70 (0.34-0.88)
IncArm > 120° [%)] Single 0.38 (0.22-0.54) 0.32 (0.13-0.52) 0.36 (0.09-0.64)
Average 0.65 (0.46-0.78) 0.58 (0.30-0.76) 0.63 (0.24-0.84)
IncArm > 150° [%)] Single 0.08 (-0.06-0.24) 0.05 (-0.12-0.26) 0.30 (0.03-0.60)
Average 0.20 (-0.22-0.49) 0.13(-0.45-0.51) 0.56 (0.08-0.82)
IncTrunk > 20° [%] Single 0.66 (0.53-0.77) 0.57 (0.39-0.73) 0.82 (0.66-0.92)
Average 0.85 (0.77-0.91) 0.80 (0.65—-0.89) 0.93 (0.86-0.97)
IncTrunk > 30° [%] Single 0.53 (0.38—-0.66) 0.45 (0.25-0.63) 0.84 (0.69-0.93)
Average 0.77 (0.64-0.86) 0.71 (0.50-0.84) 0.94 (0.87-0.97)
IncTrunk > 60° [%] Single 0.20 (0.04-0.37) 0.17 (-0.02-0.38) 0.67 (0.43-0.84)
Average 0.43 (0.12-0.64) 0.37 (-0.06-0.65) 0.86 (0.70-0.94)
IncTrunk > 90° [%] Single 0.24 (0.08-0.41) 0.21 (0.02-0.43) 0.60 (0.35-0.79)
Average 0.49 (0.21-0.68) 0.45 (0.06-0.69) 0.82 (0.62-0.92)
RHRmean [%] Single 0.66 (0.45-0.80) 0.64 (0.33-0.83) 0.74 (0.52-0.88)
Average 0.85(0.71-0.92) 0.84 (0.60-0.93) 0.89 (0.77-0.96)

doi:10.1371/journal.pone.0162881.t004

and RHR. The objective recordings were performed continuously over up to four consecutive
working days. The subjective measurements were administered both at baseline prior to the
first recording day and at the end of the work period on the first day of the objective
measurements.

Daily activities—In the total group, analyses of the subjective and objective measurements
on the first measurement day showed low correlations for time spent standing and moderate
correlations for time spent sitting. The participants were not able to accurately estimate their
daily activities on a working day. The lower correlations for time spent standing could be
related to the participants’ interpretation of the question “How often in your daily work are
you exposed to work standing?” It is possible that the participants could not discriminate
between standing work and work in a moving upright position (neither still or walking). The
higher correlations found for the sum of the objectively measured time spend standing and
moving support this hypothesis. Depending on the study aim, the applied question should be
more specified to differentiate between work when standing in one place or work in an upright

PLOS ONE | DOI:10.1371/journal.pone.0162881 September 20, 2016 10/16



@'PLOS ’ ONE

Validity and Representativeness of Physical Exposure Measurements

Table 5. Comparison of objective measurements of several working days (Friedman Test).

Total Construction work Health care work
N=72 N =42 N=28
Mean ranks Mean ranks Mean ranks
Day 1 Day 2 Day 3 p-value Day 1 Day 2 Day 3 p-value Day 1 Day 2 Day 3 p-value

Time 1.74 2.34 1.92 <0.01 1.90 2.29 1.80 <0.05 1.48 2.41 2.11 <0.01
Sit [%] 1.90 2.09 2.01 n.s. 1.89 2.07 2.04 n.s. 1.88 2.12 2.00 n.s.
Stand [%] 2.24 2.00 1.76 <0.05 2.23 2.09 1.68 <0.05 2.31 1.79 1.90 n.s.
Move [%] 2.27 1.92 1.81 <0.05 2.30 1.89 1.80 <0.05 2.26 1.98 1.76 n.s.
Steps [steps/h] 2.06 2.01 1.93 n.s. 2.01 1.98 2.01 n.s. 2.17 2.12 1.71 n.s.
IncArm > 30° [%] 1.90 1.86 2.25 n.s. 2.06 1.68 2.26 <0.05 1.55 2.26 2.18 n.s.
IncArm > 60° [%] 1.90 1.87 2.23 n.s. 1.78 1.96 2.26 n.s. 2.13 1.74 2.13 n.s.
IncArm > 90° [%] 1.81 2.11 2.08 n.s. 1.76 2.17 2.08 n.s. 1.87 2.05 2.08 n.s.
IncArm > 120° [%] 1.58 2.25 2.18 <0.001 1.58 2.35 2.08 <0.01 1.55 2.11 2.34 <0.05
IncArm > 150° [%] 1.82 2.13 2.05 n.s. 1.83 1.99 2.18 n.s. 1.84 2.42 1.74 n.s.
IncTrunk > 20° [%] 2.14 1.92 1.94 n.s. 2.09 1.88 2.03 n.s. 2.18 2.05 1.78 n.s.
IncTrunk > 30° [%] 2.09 1.92 1.99 n.s. 2.04 1.96 2.00 n.s. 2.23 1.80 1.98 n.s.
IncTrunk > 60° [%] 2.26 1.78 1.96 <0.05 2.31 1.69 2.00 <0.05 2.13 1.95 1.93 n.s.
IncTrunk > 90° [%] 1.97 1.91 2.13 n.s. 2.01 1.88 2.11 n.s. 1.83 2.00 2.18 n.s.
RHRmean [%] 2.56 1.66 1.78 <0.001 2.80 1.66 1.55 <0.001 2.24 1.71 2.06 n.s.
doi:10.1371/journal.pone.0162881.t005

position. Moderate correlations were found between subjectively measured time spent standing

and the sum of the objectively measured time spent standing and time spent moving. In terms

of group differences, the construction workers showed higher correlations between objectively

and subjectively measured daily activities than the health care workers did.

Postures of the arm and the trunk—The correlations between subjectively and objectively
measured arm inclination in the total group were low for arm angles > 60-> 120°. Trunk
inclination > 60° showed a low correlation with subjective measures. For the construction
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Fig 2. The mean of the differences between objective measurements taken over several working days and on
the first day. The mean values for each variable were calculated according to individual differences between the
multiday measurements and the day one measurement.

doi:10.1371fournal.pone.0162881.9002
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workers, correlations ranging from 0.48 to 0.73 were found for arm inclination of > 60->
120°, and no correlations were found for trunk inclination. The health care workers exhibited
no correlations between subjective and objective measures of arm and trunk inclination. Except
for arm inclination in the group of construction workers, the accuracy of subjective posture
measurements was low. One reason for the low accuracy may be the way that the workers
recalled a work day; they could have thought of the frequency with which they performed work
tasks with specific postures. The inclinometers measure the exact angle of a body segment, and
small and frequent periods with an angle outside a specific range are not detected as an expo-
sure. Therefore, the total measured amount of the exposure duration may be lower than what
the participant remembered.

Physical exhaustion—The questions “How physically demanding was your work today?”
and “How often in your work today were you exposed to increased breathing?” were not corre-
lated with the RHR mean. This may be explained by the absence of constant physical exposure
during the working day: Frequent small breaks may lower the mean heart rate per day, despite
high heart rates in situations with exposures. It is possible that the workers selectively remem-
bered the higher-effort situations.

The differences between the groups may be partly explained by the difference in work tasks
performed [16]. Construction work commonly consists of periods of repeated work tasks, e.g.,
building a brick wall the whole day. Health-care work consists of work cycles with more varia-
tion in movements and more tasks performed on demand. These factors may also influence
the workers’ recall of exposures during a single working day.

The computed regression analyses showed the highest explained variances for the objective
measurements of time spent sitting (R* = 0.559) and time with hands above shoulder height
(R* = 0.420) on a single working day. On average, the participants overestimated the duration
of exposures. The overestimation was higher for postures (e.g., sitting, p-value: 0.498) than for
activities (e.g., hands above shoulder height / arm inclination > 60°, B-value: 0.063). Simplified,
a self-reported time spent sitting of 50% of the working day will correspond an actual duration
of approximately 25%. Similar results were found by Teschke and colleagues, who also found
an overestimation of the duration of postural positions with questionnaires [15]. One should
note that self-reports represent the perceived exposure, but other factors (e.g., psychosocial,
psychological, physical fitness) may also influence the individuals’ judgment, leading to possi-
ble bias / overestimation. To determine the actual objective exposure from self-reports, specific
models should be developed. In a recent study, Gupta and co-workers could predict 63% of the
actual time the subjects were physically active or sedentary using a predictive model based on
individual parameters and self-reported activities [34].

When comparing the correlations of the objective and subjective measures on day 1 and the
mean values of objective measures of several days to the baseline measurements, contrasting
effects can be observed. For the time spent standing and sitting and the association between the
question “How physically demanding was your work today?” and the RHR mean, the correla-
tions were higher when the objective average values were compared with the subjective baseline
measurements. The correlations between arm inclination and the corresponding subjective
measures where higher when the single-day measurements were analyzed. It can be assumed
that the daily activities and the physical exposure would on average be constant over time in a
specialized occupation, while the postures would be dependent on the actual work task, espe-
cially in the case of construction work. In longitudinal studies, these differences may be impor-
tant when inquiring about exposures on single days or during a work period.

Technical recordings from a single day are representative if the variation of the mean expo-
sure across the days is minimal [35]. Measurements performed on a single work day are useful
for jobs with light and repetitive work tasks [36]. The present study found a higher degree of
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reliability for all of the objectively measured variables when measuring several consecutive
working days compared to single day measurements. Although the reliability for the total
group average measures of daily activitiesand RHRmean were good or excellent, the reliability
of arm inclination and trunk inclination ranged from unacceptable to good, depending on the
degree of inclination. In particular, for the highest amplitudes (arm inclination > 150°, trunk
inclination > 60° and > 90°), the reliability was unacceptable. When comparing construction
and health care workers, the main differences could be found for arm and trunk inclination.
Construction workers had an unacceptable to questionable reliability for all variables of arm
inclination. However, health care workers maintained an acceptable or good reliability when
measuring arm inclinations of > 30°, > 60° and > 90°. Concerning trunk inclination, construc-
tion workers showed a strong decreasing reliability with an increasing inclination amplitude
(good to unacceptable), whereas health care workers showed an excellent or good reliability.
This leads to the question of what causes these differences in reliability for the various
groups or variables. When analyzing day-to-day differences, we found that all of the groups had
shorter work periods and the lowest duration with arm inclination > 120° on the first day of
measurement. Additionally, the construction workers exhibited higher values for time spent
standing and moving, trunk inclination > 60° and heart rate parameters on day 1. One possible
reason for these differences could be the application of the measurement equipment, which
occurred during the first 30 minutes of day 1, in combination with occupation-specific work
tasks. Construction workers may have had to finish the same work in less time on the first day,
and their work tasks may be more dependent on the nature of the construction project or the
work of other colleagues. In contrast, health care workers have a more continuous set of tasks
with more frequent small breaks in between, which may compensate for lost time in the begin-
ning of a work shift. The higher RHR found on day 1 for the construction workers supports the
possibility of a higher work speed on day 1. However, the presence of an observer could also have
had an impact on the participantss heart rate. A possible consequence of all these facts might be a
reduced construct validity, resulting in a decreasing reliability of the objective measurements that
attempt to describe the exposure of a typical working day. Therefore, conducting measurements
over several days is recommended, for both working sectors that were examined in this study.

Methodological considerations

In this study, two sectors with unequal gender distributions were examined: construction and
health care. The aim of this study was not to examine gender differences. Still, regression analy-
ses showed no significant effect of gender on the association between objective and subjective
measurements in the adjusted models. The results can be seen as representative for both sectors
with their typical gender distributions. Other occupational sectors may show different results.
When comparing objective and subjective measures, errors must be taken into account
depending on the precision of the questions asked and the participants’ interpretations of the
questions. The questionnaire asked about the working time spent with the hands above shoul-
der height. Objectively considered, this question implies a wide range of the upper arm eleva-
tion (0-180 degrees, depending on individual constitution and the angle in the elbow). Arm
inclination was objectively measured in a range of severities of the exposure (30, 60, 90, 120
and 150 degrees). Additionally, subjective and objective measurements examine different out-
comes, such as the position of the hand and the elevation of the arm. Because of the anatomy
of the body, the position of the hand depends on the inclination of the upper arm, but there are
also some degrees of freedom because of the angle in the elbow and the shoulder. When exam-
ining the association of neck and shoulder pain with the risk factor “Work with elevated arms”
[37], other or modified questions asking about arm elevation may achieve higher correlations
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to objectively measured arm inclination. In contrast with these assumptions, the subjectively
(“How often during work today were you exposed to work with forward-bent trunk”) and
objectively measured trunk inclination showed almost no significant associations.

The bias in the association of subjective and objective measurements could also be generated
as a result of recording only the inclination of the dominant upper arm, while asking for bilat-
eral information regarding “hands above shoulder height”. Additionally, although the incli-
nometers had a sample frequency of 30 Hz, the questionnaire measured the duration of the
exposures in six categories ranging from 0 to 100%.

Conclusion

The self-reported measurement tools used in this study cannot provide an accurate description
of mechanical exposures neither in construction nor health care work. Self-reports showed
greater precision for the measurement of daily activities, when several work days rather than
single days were examined. The precision of the arm posture measurements was higher when
single days were assessed. Nevertheless, objective measurements are necessary. Measurements
over several work days are recommended to detect the entire exposure variance. When per-
forming longitudinal studies, repeated objective measurements of activities, postures and car-
diovascular exposures are necessary to obtain better knowledge regarding the effects of these
exposures on MSD. The application of measurement equipment should not affect the partici-
pants’ work or hours worked. To adjust for overestimated exposures in questionnaires, detailed
regression models are necessary and will require further investigation.
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Abstract: This study aimed to elucidate cardiovascular loads (CVL) in construction workers during
work and leisure by relative heart rate (RHR) over several days. Furthermore, we sought to evaluate
the level of CVL in relation to individual factors, work ability, musculoskeletal pain and subjective
general health. From a group of 255 construction workers responding to the baseline questionnaire,
the CVL during work and leisure time was determined by recording RHR in 42 workers over 3—4 days.
Almost 60% of the workday was spent below 20% RHR. The mean RHR during work for all
participants was 16% RHR, with large differences between professions. On average, the 42 workers
spent 14% of the workday at a RHR above 33%, and four subjects (10%) had a mean RHR above
33% during work. Eight (19%) of the participants had a mean length of their workday exceeding
calculated maximal acceptable work time. Seven persons (17%) experienced on average one or more
episode(s) of 5 min or more continuously above 33% RHR. The cardiovascular load at work was
significantly associated with age and VOymayx, but not with work ability, musculoskeletal pain or
subjective general health.

Keywords: construction work; general health; musculoskeletal pain; physical demands; work ability

1. Introduction

Physical demands at work are considered an important risk factor of several musculoskeletal
disorders (MSD; see [1] for a systematic review). Moreover, heavy physical work may be associated
with level of work ability [2]. Heavy physical work is a general term, encompassing both working
at high levels of aerobic load relative to maximum oxygen uptake, handling of heavy objects, and
performing tasks demanding sustained exertion at high levels of force. Hence, the term heavy
physical work does not specify pathogenic factors to target for workplace interventions to prevent
health problems.

Individual performance and production output depend on being able to sustain workload over
a period of time, which depends on both individual capacity and type of tasks performed. Several
authors have suggested guidelines for work-intensity and -duration to ensure safety, health, and
productivity of employees [3,4]. Astrand and coworkers have pointed out that the physical workload
should be determined with indirect calorimetry and that the oxygen uptake must be evaluated with
regard to the capacity of the working muscles [5]. A criterion for the limit of acceptable workload is the
occurrence of a marked increase in heart rate (HR; >10 beats per minute) after a period of working at a
steady state with constant HR [6], a sign of physiological fatigue. Rodgers and co-workers proposed
that a workload of one third of the individual’s maximum capacity should be the upper limit for an
eight-hour workday [7]. Others have described workload limits for physically demanding jobs through
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“maximal acceptable work time” (MAWT), a term referring to workloads that can be sustained by an
individual in physiologically steady state without causing exhaustion or discomfort [8].

Work in the construction industry is generally considered physically demanding and construction
workers show high prevalence of musculoskeletal pain [9,10]. Higher rates of disability, lowered
physical function, and reduction in muscular strength have been found in occupations with high
levels of physical demands [11-13]. However, the majorities of studies of heavy physical work were
based on subjective measurements of physical demands. The validity and reliability of these exposure
measurements are questionable [14]. Van der Molen and co-workers did measure cardiovascular
demands objectively by HR and oxygen consumption in groups of construction workers during
several work tasks [15-17]. These studies had a limited number of participants (N= 8, 10, and 15,
respectively) and measured demands during one single period. Two recent studies have objectively
measured cardiovascular load for more than one day within other occupations commonly considered
as physically demanding, female hospital cleaners [18] and an unspecified group of blue-collar
workers [19]. Still, within construction work there is a paucity of studies with objective measurements
of cardiovascular load over several days. Therefore, there is a need for knowledge of physical workload
based on objective measurement of cardiovascular load in employees performing heavy physical work
in the construction sector.

It seems a paradox, that physical activity during leisure time is considered health-promoting and
essential for maintaining and increasing physical capacity and work ability [20-22], while physical
demands at work may be harmful. One might expect that heavy physical work would produce
positive training effects [23,24]. However, negative or no training effects from a life-time of heavy
work exposure have been reported [25,26]. Differences in patterns of physical activity during work
and leisure could be an important factor when explaining this phenomenon [27]. Moreover, heavy
physical work may be a risk factor for leisure time physical inactivity [28]. Therefore, information on
physical demands and activity patterns during both work and leisure is needed.

There is a linear relationship between HR and oxygen consumption during a bout of work or
exercise [29]. Hence, HR may be measured as a proxy of workload or work intensity or aerobic strain.
Some previous recommendations of workload have related work duration to workload operationalized
as % of maximum O, uptake (VOZmaX) or % of maximum HR (HRy,x) for the individual. HRpax
depends on age and there are several formulas for calculating HRpmax [30]. One problem with the
%HRmax approach is the fact that resting HR (HRpin) never is zero, hence the percentage of HRmax
does not represent load above the resting state. Furthermore, some physically fit individuals exhibit
very low HRpin, hence their range of HR-variation (HR reserve) is larger for a given age. The relative
HR (RHR or % of HR reserve) takes HR i, into account by subtracting HR i, from the HR measured
during work and from HRpax.

In the present study we aimed to elucidate cardiovascular loads in construction workers during
work and leisure by relative HR (RHR) from objective measures over several days. We further evaluated
the level of cardiovascular load in relation to individual factors, work ability, MSDs and general health.

2. Methods

2.1. Participants

Subjects for this study were recruited from three large construction enterprises during
April-September 2014. A total of 579 employees were invited to fill out a baseline questionnaire
and give their consent to participate. Two hundred and fifty-five answered the baseline questionnaire
and 161 stated they were also willing to participate in ambulatory technical measurements. From the
161 a sample of 57 was invited to the technical recordings presented in this paper. The 57 were selected
to best fit logistics (based on availability and work schedules) and to give a reasonable representation of
occupational titles. The construction sector consists of a high proportion of men, hence all participating
volunteers investigated by technical measurements in this study are men. Individual characteristics
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for participants in the technical measurement group and the questionnaire group are shown in Table 1.
Exclusion criterion for answering the questionnaire was inadequate skills in reading and writing
Norwegian. Diagnosed cardiovascular disease or known allergic reaction to plaster/tape/bandages
were exclusion criteria for technical measurements of HR. Subjects with considerable musculoskeletal
pain on the test day or diagnosed with back or shoulder disorders, were not subjected to physical
capacity tests they were unable to perform.

Table 1. Characteristics of the study population divided in technical and questionnaire groups.

Technical Questionnaire Technical Questionnaire
Variable =42 =255 Profession =42 n= 255
Mean (SD) Mean (SD) Number (%) Number (%)
Age (years) 404 (13.6) 427 (129) ;’;ﬁfgcér 5(11.9) 52 (20.4)
Male gender (frequency and %) 2 42 (100%) * 237 (93%) Carpenter 12 (28.6) 70 (27.5)
Height (cm) 179.1 (6.2) 179.6 (7.1) Bricklayer 5(11.9) 11 (4.3)
Body mass (kg) 82.5 (11.5) 85.2 (12.9) %’gfizie 8 (19.0) 41 (16.1)
Body mass index (kg/m?) 25.8 (3.5) 26.4 (4.0) Henchman 7 (16.7) 13 (5.1)
Normal work hours per week 37.7 (4.9) 38.4(3.7) Foreman 4(9.5) 26 (10.2)
Smokers (frequency and %) ? 13 (31%) * 16 (18%) Working with 14 16 (6.3)
Perceived health (1-5) 2.6 (0.9) 2.6 (0.9) Driver 0(0) 9(3.5)
Waist circumference (cm) 93.1 (10.4) NA Missing 0 (0) 17 (6.7)
HRpmax (bpm) 179.7 (9.5) NA Total 42 (100) 255 (100)
HRpin (bpm) 68.7 (0.5) NA
Estimated VOamax (L- min—1) 3.1(0.9) NA
(ﬁfﬁ?ﬁ?.‘r’noiﬁgx) 38 .4 (10.7) NA
Handstrength (kg) 54.6 (8.9) NA
Blood pressure systolic (mmHg) 135.2 (12.1) NA
Blood pressure diastolic (mmHg) 78.9 (9.2) NA

* Significant differences between groups (p < 0.05); # Variable is presented as frequency and percentage.

2.2. Compliance with Ethical Standards

All participants were informed of the purpose and content of the study and signed an informed
consent prior to participation. The study was conducted in accordance with the 1964 Helsinki
declaration and approved by The Regional Committee for Medical and Health Research Ethics in
Norway (2014 /138/REK south-east D).

2.3. Study Procedure

Participants volunteering for the study answered first the baseline questionnaire before proceeding
to a physical examination (including weight and height measurements) carried out by a physician or
nurse. If none of the exclusion criteria were present, the participant carried out a physical fitness test
determining aerobic fitness and muscular strength. On a succeeding (separate) workday morning,
instruments for ambulatory technical measurement were attached. The instruments for recording
physical exposure sampled 24-h a day for three to four consecutive days or until deliberately removed
by the subject. Measurement were targeted to include at least two working days. On the first day of
measurement all participants were given a small diary where they should note time of day they got out
of bed in the morning, started work (if workday), ended work (if workday), and went to bed at night
for the days they were measured. Additionally, if the instruments at any time were detached subjects
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were instructed to note time periods when the monitor was not worn. They were also given extra
electrodes and instruction on how to attach the measurement equipment if it detached unintentionally.

2.4. Questionnaire

The following self-reported measures from questionnaire were included in this study: seniority,
height, weight, smoking status, perceived exertion at work [31], work ability [32], perceived health [33],
musculoskeletal disorders previous four weeks [34] and level of leisure time physical activity [35].

2.4.1. Smoking

Smoking status was determined by the question: “do you smoke or have you ever smoked?” with
the four response alternatives: No, never (0), yes, but not anymore (1), yes, occasionally (2) and yes,
every day (3). The responses were dichotomized in to non-smoking (0-1) and smoking (2-3).

2.4.2. Perceived Exhaustion during Work

The question “how physically demanding do you normally find your work?” with a response
scale of 13 categories, ranging from “not exhausting at all” to “maximally exhausting” measured
self-reported exertion during work [31].

2.4.3. Work Ability

Work ability was measured by a single item taken from the Work Ability Index: “current work
ability compared with lifetime best”. The score range for this question is from 0 (“completely unable
to work”) to 10 (“work ability at its best”). This single item has previously shown strong predictive
value for health outcomes [32].

2.4.4. Perceived Health

Self-perceived health was measured using the question: “How is your general health at present?”.
Participants had five response alternatives ranging from excellent to poor [33].

2.4.5. Musculoskeletal Disorders

Musculoskeletal pain in neck, shoulders, back (upper, lower), elbow, hip, knee and foot/ankle
were measured by assessing pain intensity and duration during the previous four weeks. Pain intensity
was classified by participants to be no pain (0), mild pain (1), moderate pain (2) or severe pain (3) with
the pain duration alternatives 1-5 (1), 6-10 (2), 11-14 (3) and 15-28 (4) days. From these answers a
pain score was calculated, ranging from 0 (no pain x no duration) to 12 (severe pain x 15-28 days).
A musculoskeletal complaint-severity index (MSI) was computed as a mean of the pain scores for all
pain sites [34].

2.4.6. Self-Reported Leisure-Time Physical Activity Level

Leisure-time physical activity level was determined by a single item. The participants reported
which of the following activities levels that corresponded best to their own level the previous four
weeks: (1) Almost completely inactive (e.g., reading, watching TV, movies); (2) Some physical activity
at least four hours per week (e.g., bicycling, walking, gardening); (3) Regular activity (e.g., running,
tennis); (4) Regular hard physical training for competition several times per week [35].

2.5. Physical Capacity Assessment

2.5.1. Aerobic Fitness

Aerobic fitness was established using a standardized cycle ergometer test (Ergometer 839 E,
Varberg, Sweden) [36]. Based on assumed state of fitness an external power was set between 75 and
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150 watts and subjects performed a cycling rate of 50 revolutions per minute. The test was terminated
when heart rate obtained a steady state at a level greater than 120 beats per minute (bpm), normally
within the period between the 5th and 6th minute. The mean steady-state heart rate was used to
estimate VOZmaX based on the Astrand nomogram [37].

2.5.2. Muscular Strength

Handgrip strength was tested according to standardized procedures [38] by a hand dynamometer
(Lafayette Instrument, Lafayette, IN, USA). For each hand, the highest obtained value of two attempts
was used.

2.6. Assessment of Cardiovascular Load

2.6.1. Instrumentation

Heart rate recording was carried out with, Actiheart 4 (Camntech, Cambridge, UK), a small
chest-worn monitoring device consisting of two clips attached to standard electrocardiogram electrodes
(Blue sensor VL-00-S/25 Ambu, Ballerup, Denmark) placed at the apex of the sternum and at the
left intercostals at the level of the 6th and 7th costae [39]. Before affixing the electrodes, the skin was
prepared by shaving and cleaning with ethanol spirits. Analog signals of the Actiheart were filtered
(10 Hz-35 Hz) and sampled with a frequency of 128 Hz. The Actiheart measures HR by calculating the
R-R intervals of the ECG. For analysis of HR a custom made software, Acti4 (National Research Centre
for the Working Environment, Copenhagen, Denmark and Federal Institute of Occupational Safety
and Health, Berlin, Germany) was used [19]. The Actiheart produces reliable 24-h measurement in
physically active workers [18].

2.6.2. Data Processing

Based on the diary data, each day was categorized into periods: before work, work, after work,
sleep and leisure (off days). In this study the periods analyzed were work time and leisure time on
work days (before and after work). Sleep periods and leisure on off days are not reported here. To
be eligible in the analysis participants needed to have valid measurement periods (work or leisure)
lasting four hours or longer than >75% of the length of a normal period. The definition of a normal
period was the average of the measured periods. Data were also excluded if beat error exceeded 50%
for a measurement period, defined as HR <35 or >230 bpm or >15% difference between two succeeding
beats. In addition, all measurement periods were visually checked. Data for the valid time periods
within work and leisure categories were then aggregated and averaged for each individual.

To evaluate the relative cardiovascular load the RHR during work and leisure respectively, was
calculated as follows:

RHRwork — (HRwork — HRmin) « 100 and RHRleisure — (HRleisure — HRmin)

(HRmax — HRmin) (HRmax — HRmin) <100

In this equation the HRmax is given by 208 — 0.7 x age [30]. The HRp;, entered into the equation
was a sex- and age-adjusted value obtained from a Norwegian population study (HUNT3) [40]
(2029 yrs; 69.4 bpm, 30-39 yrs; 68.7 bpm, 4049 yrs; 68.2 bpm, 50-59 yrs; 68.6 bpm, 60-69 yrs;
68.1 bpm). HRyyork and HRjejgure in the equation is the mean HR measured for the respective periods.

To calculate MAWT the equation 26.12 x e 481XRHR/100 ysing mean RHR during work was
implemented [8].

2.7. Statistical Analysis

Normal distribution of independent variables was tested by the Shapiro-Wilk tests of normality.
Differences between questionnaire and technical measurement groups and differences in percentage
distribution of RHR ranges between work and leisure were tested with independent samples T-tests
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and Mann-Whitney U tests. The associations between individual factors, work ability, and MSD and
CVL at work were tested with simple and multiple linear regression analyses. Associations between
independent variables were assessed by Pearson correlation prior to multiple regression. If variables
were highly correlated (r > 0.6), the variable with highest predictive value was used in the analysis.
For the statistical analyses IBM SPSS Statistics 23 (IBM Corporation, Armonk, NY, USA) was used.
Significance level was set at p = 0.05.

3. Results

There were significant (p < 0.05) differences in smoking status and gender distribution between
the questionnaire group and the technical measurement group, with more men and smokers in the
latter (Table 1). The technical measurement group did not differ from the questionnaire group in: age,
height, body mass, body mass index, number of normal working hours, perceived exhaustion at work,
perceived health or work ability.

Of the 57 who recorded HR, 15 subjects were not included in the final analysis due to technical
measurement error (blank measurements), too many measurement periods with beat error above
50% or unfulfilled length of measurements criteria. Hence, the sample available for analysis of
cardiovascular strain at work was 42. Two subjects did not have any valid measurements outside
working hours, thus 40 subjects were available for leisure time HR analysis. A total of 85 days
of work were measured with a mean length of measured workday being 8.1 h (+2.2). For leisure
time measurements the total was 81 days with a mean length 7.3 h (+2.6). Figure 1 shows example
measurements taken from a foreman and a carpenter.
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Figure 1. Examples of single periods of measured work and leisure heart rate for a foreman and a
carpenter. (A) work foreman; (B) leisure foreman; (C) work carpenter and (D) leisure carpenter.
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3.1. Cardiovascular Load during Work

The average RHR during work for all participants was 16.4% (+11.4). The distribution within
different ranges of RHR showed that for 58.6% (4:28.5) of the work day RHR levels were lower than
20% RHR. Furthermore, for 19.5% (+13.3) and 11.1% (£+10.2) of the day RHR level ranged between
20%-29% RHR and 30%-39% RHR, respectively. A small proportion of the day, 5.0 percent (+7.4) of
the day in a RHR between 40%—-49% and 1.9% (£3.6), the work was accompanied by cardiovascular
demands in range of 50%-59% RHR.

For the group as a whole, 14.4% (+18.4) of the working day was spent above 33% RHR. Out of
42 subjects, 10% (4) did have a mean RHR above 33% during work, 90% (38) did not. Foremen and
project leaders spent fewest minutes above 33% RHR during work (6.5 & 8.3 min and 22.9 + 42.4 min),
see Figure 2. Foremen and project leaders had lowest mean RHR (4.2% + 2.0% and 6.6% =+ 11.9%)
while carpenters, henchmen and bricklayers all had a mean RHR of approximately 20% (19.4 + 7.2,
21.6 + 14.3 and 22.9 + 11.5), see Figure 3.

All

560 B work ElLeisure

Minutes

<20 20-29 30-39 40-49 50-59 =60 >33

Bricklayer Carpenter
560 B Work leisure 560 B Work lLeisure

Minutes
Minutes

<20 20-29 30-39 40-49 50-59 =60 >33 <20 20-29 30-39 40-49 50-59 =60 >33

Concrete worker Foreman
560 Bwork ZLeisure 560 B work ZLeisure

Minutes
Minutes

50-59 > 60 >33 <20 20-29 30-39 40-49 50-59 > 60 >33

Henchman Project manager
560 Bwork lLeisure 560 Bwork ZLeisure

w
@
S
R
Y

T

Minutes
Minutes

<20 20-29 30-39 40-49 50-59 >80 >33 <20 20-29 30-39 40-49 50-59 > 60 =33

Figure 2. Relative heart rate distribution during work and leisure presented as minutes with standard
deviation. During work: All; n = 42, Bricklayer; n = 5, Carpenter; n = 12, Concrete worker; n = 8,
Foreman; n = 4, Henchman; n = 8, Project manager; n = 5. During leisure: All; n = 36, Bricklayer; n =3,
Carpenter; n = 11, Concrete worker; n = 7, Foreman; n = 4, Henchman; n = 6, Project manager; n = 5.
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Maximal Acceptable Work Time and Continuous Work and Rest Periods

The average MAWT for this sample was 14.1 (+8.4) hours, while mean length of work shifts was
8.1 (£2.2) hours. Eight (19%) subjects exhibited work lengths exceeding mean calculated MAWT (1 out
of 9 with mostly administrative tasks and 7 out of 33 with manual tasks), 34 (81%) did not. Foremen
had highest and bricklayers had the lowest MAWT, see Figure 3.
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Figure 3. Mean relative heart rate during work and maximal acceptable worktime for professions.

Seven persons had on average one or more episode per day of RHR above 33% continuous for
5 min duration or more (exertion periods). Five persons showed one or more episodes of 10 min or
more and one person had episodes of RHR above 33% continuously for 15 min or longer. See Table 2.
Henchmen had highest number of continuous periods of more than 5 min above 33% RHR, while
there were no such periods among project leaders and foremen. Foremen did have the highest mean
number of rest periods, defined as periods of 5 min continuously below 10% RHR, with 7.5 (+10.7),
see Figure 4.

Table 2. Participants experiencing continuous episodes of relative heart rate above 33% during work.

Continuously > 5 min Continuously > 10 min Continuously > 15 min
Mean number of episodes
>0 times 7 persons (16.7%) 5 persons (11.9%) 1 person (2.4%)
> 3 times 3 persons (7.1%) 0 persons (0%) 0 persons (0%)
> 5 times 2 persons (4.8%) 0 persons (0%) 0 persons (0%)

Mean episodes is an average from the continuous workdays measured. Percentages represented is related to
the total measured sample, n = 42.
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Figure 4. Number of episodes with mean RHR above 33% (exertion) or below 10% (rest) continuously

for 5 min or more.
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3.2. Cardiovascular Load during Leisure Time

The mean load during leisure time was significantly lower compared to work, with mean RHR
of 9.2% (£7.8), p < 0.01. Moreover, when compared to work, the distribution of the leisure time
periods spent in different RHR ranges showed that a significantly higher proportion was spent
below 20% RHR (75.2% =+ 16.9%; p < 0.01) and significantly lower proportions in RHR ranges of

20%-29% (19.5% + 13.3%; p < 0.01), 30%-39% (11.1% =+ 10.2% ; p < 0.01) and 40%—49% (5.0% + 7.4%;
p < 0.05), see Figure 2.

3.3. Cardiovascular Load and Individual Factors

3.3.1. Age and Seniority

Unadjusted linear regression analysis showed RHR during work to be significantly associated
with age (3 = —0.298, p < 0.05), indicating decreasing levels of RHR with increasing age. Seniority
(years in profession) showed similar tendency, however, did not reach significance criteria (f = —0.234,
p = 0.085). In the adjusted multiple linear regression model age remained significant (3 = —0.414,
p < 0.01). Seniority was strongly (r = 0.845, p < 0.001) correlated to age.

3.3.2. Aerobic Fitness, Leisure Time Physical Activity and Muscular Strength

RHR was dependent on aerobic fitness level, showing a significant association to estimated
VOZmaX (B =—5.924, p < 0.01). Higher levels of VOZmaX was associated to lower RHR during work.
The VOypmay variable remained significant (f = —5.098, p < 0.01) in the adjusted analysis. Higher
self-reported physical activity levels did also seem to lower RHR during work, but was not significant.
Further, we were unable to find any association between RHR and hand strength.

3.3.3. Work Ability

There was a trend towards lower reported work ability with higher RHR during work. However,
this did not reach customary criteria for statistical significance (3 = —1.844, p = 0.076) and was cancelled
out in the adjusted analysis.

3.3.4. Musculoskeletal Pain and Perceived Health

We did not find any association between RHR during work and MSI. Similarly, perceived health
did not show any significant associations to RHR. Additionally, there was no associations between
leisure time RHR and MSI or perceived health.

3.3.5. Perceived Exhaustion

Self-reported perceived exhaustion at work was signficantly associated to levels of RHR. Those
reporting high level of perceived exhaustion did also tend to have higher cardiovascular loads during
work (3 = 1.598, p < 0.05). This relationship was cancelled out in the adjusted analysis.

3.3.6. Smoking

Our analysis showed no association between smoking and level of RHR during work. See Table 3
for the adjusted and unadjusted linear regressions.
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Table 3. Unadjusted and adjusted regression analyses with mean percentage relative heart rate at work
as depentent variable.

Variable Unadjusted Adjusted ?
Beta p-Value Beta p-Value

Age (years) —0.298 0.021 —0.414 0.002
Body mass index (kg/m?) —0.266 0.613 Not included Not included
Seniority (years) b —0.234 0.085 Not included Not included
Smoking 1.390 0.377 Not included Not included

Estimated VOpmax (L- min~1) —5.924 0.002 —5.098 0.008

Physical activity (1-4) —3.205 0.109 —2.025 0.304
Hand strength (kg) 0.169 0.401 Not included Not included

Work ability —1.844 0.076 —0.255 0.800
Musculoskeletal pain 0.569 0.617 Not included Not included

Perceived exhaustion at work 1.598 0.043 0.713 0.288
Perceived health 1.802 0.346 Not included Not included

2 Multiple regression including the variables: Age, Estimated VOomay, Physical activity, Work ability and
Perceived exhaustion at work. Due to variable to participant ratio, BMI, smoking, hand strength, musculoskeletal
complaint-severity index and perceived health were excluded from the adjusted model because of low
explainatory value; ® seniority was not included in the adjusted model due to high (r = 0.845) significant
(p < 0.001) correlation to age; Model r? = 0.454.

4. Discussion

The results demonstrated cardiovascular load characteristics in male construction workers during
work and leisure. Further, the association between RHR at work and the participants” age and aerobic
fitness level is highlighted. We did not find any significant associations between cardiovascular
demands at work and work ability, musculoskeletal complaints or general perceived health.

For the group as a whole an average workday was characterized by most time spent in ranges
below 20% RHR and less time in higher ranges. For an average workday of 8 h, approximately 5 h
were below 20% RHR, while approximately 40 min were spent in ranges above 40% RHR. A limited
proportion of the participants (10%) had a mean RHR above the recommended threshold of 33% RHR
and for the whole group approximately 70 min were in load ranges above this level of cardiovascular
load on an average workday. Carpenters, henchmen and bricklayers represented professions with the
highest mean RHR. Compared to carpenters and bricklayers, henchmen did have more episodes of
both continuous exertion and rest periods, indicating a somewhat different work pattern. Foremen
and project leaders seemed to have less physical demands, with lowest levels of RHR, no continuous
periods of exertion and highest number of rest periods. This reflects that different professions within
construction will have different physical demands, which should be taken into consideration when
evaluating the construction sector. The physical demands of construction supervisors (e.g., foremen
and project leaders) have previously been very scarcely investigated [41].

Previous studies investigating masons, bricklayers and plasterboard work (carpenter task) during
a full workday have found mean RHR ranging from 21 to as high as 39% RHR, with factors as brick
and plasterboard sizes as important load varying factors [15-17]. From our data the three professions
found to have the highest cardiovascular demands (carpenter, bricklayer and henchman) exhibited
HRs in the lower part of this range. However, the above-mentioned studies measured cardiovascular
loads for one workday only. We found that the recorded HRs were significantly higher during the first
day of measurement compared to following workdays (Koch et al. work in progress). This finding
indicates that work behavior may be altered the on first day of measurement. Still, compared to the
general working life [42], construction workers exhibit a higher level of cardiovascular load.
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The mean MAWT for this sample was 14 hours, and a mismatch between length of workday
and MAWT were found in approximately 1 in 5 individuals. A mean RHR of 24.4% would represent
MAWT equal to the average workday of 8.1 h. Thus, all professions were within these limits. With this
said, the distribution within RHR ranges and exertion/rest periods does imply that construction work
is not a physiologically steady-state situation, but is rather fluctuating between levels of cardiovascular
load. Therefore, this kind of work may not fulfil the assumptions behind the MAWT-equation, which
is set pace ergometer cycling [8]. Additionally, we may expect load carrying tasks to need additional
predicting factors [43]. Hence, there is a need for new approaches to estimate workload limits in
physical occupations.

Age was significantly associated with RHR during work. Increasing age was associated with
reduced cardiovascular load, indicating that younger workers had higher cardiovascular loads
during work, compared to older workers. Similarly, Gupta and colleagues found seniority to be
significantly more prevalent in workers with low RHR during work, compared to those with high
RHR [19]. Possibly, higher seniority workers allocate the more physically demanding tasks to younger
workers. Alternatively, inexperienced workers perform tasks at a higher physiological cost than more
experienced workers [7]. It is possible that the senior workers are a selection of more fit individuals
orthat senior workers are relocated to less physically demanding professions within construction.
However, as found in the general population, VO,may decreased significantly with age in our sample
(results not shown), and there were no significant age difference between professions measured.

VOZmaX was significantly associated with RHR during work. An increase in aerobic fitness will
result in work being less physically demanding, with lower RHR as long as the level of physical
demands remains unchanged. Even though there are differences in physical demands between
professions, the relative demands for each person will be individually determined by level of fitness.
We recorded large individual differences in the relative physical demands within the same profession.

There is an ongoing discussion concerning the paradoxical effect of physical exercise: seemingly
negative effects of high physical activity at work and the health-improving effects of physical activity
in leisure time [44,45]. Our study shows that few individuals had continuous periods with RHR
above one-third of their capacity and very few minutes were spent above 60% RHR during the
workday. Intensive bursts of exhausting physical activity are needed to achieve a training effect on the
cardiovascular system [46]. Thus, the combination of duration and intensity seen in construction work
do not meet levels required to achieve training effects. For the 10% of our cohort having a mean RHR
above one third of maximal capacity, the demands may possibly have a negative effect, rather than a
training effect [47,48]. Foremen and project managers had the lowest amount of minutes above 33%
RHR during work, the highest amount of minutes above 33% RHR during leisure and were the only
professions spending more minutes in high ranges of RHR during leisure than during work. Generally,
the present measurements indicated that cardiovascular load in spare-time was low. This may indicate
the suggestion that occupations with manual work might have low levels of leisure time physical
activity [28].

Construction work has been associated to development of MSDs and reduction in work ability,
and heavy physical work commonly is considered a major risk factor [1,2]. Our data did not show any
significant increase on musculoskeletal complaints or decrease in reported work ability with increasing
cardiovascular demands. If musculoskeletal complaints develop over time, and RHR declines with
increasing age, this combination could cancel out any possible association. Follow-up investigations of
outcome based on these initial objective measurements, may provide more information concerning this
issue. Reduction in work ability with high physical demands has also been shown in cross-sectional
studies [2]. A recent cross-sectional investigation on cardiovascular load and work ability found that
high physical workload was associated with self-reported work ability in women, but not in men [19].
Similarly, Karlqvist et al. found that women needing to exceed their physical demands regularly during
work had reduced general health and increased level of musculoskeletal complaints, however, men
had no such problems [42]. Thus, there may also be sex differences that we did not explore here.
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The methods and design used in this study were chosen to provide a thorough objective
description of the cardiovascular demands in construction work. The continuous measurement
over several days provide a more solid foundation when describing general demands compared to
studies with task or short period measurements, which may serve other purposes.

The formula for HRmax presented by Tanaka and coworkers [30] produced a standard deviation
~10 bpm for individuals of any age. Hence, the calculation of RHR can only give an approximate
measure of cardiovascular load. Since arousal-inducing psychological factors may introduce large
errors in measuring HR during rest and moderate levels of physical workload, obtaining valid
measurements of HRyy, is difficult at the workplace. Therefore, we based HRpin on the sex- and
age-adjusted population means. The study participants were drawn from a variety of occupational
titles within construction and will thereby give a good overall description of this work sector. However,
they were male employees at Norwegian large-scale enterprises and data may not be generalized
small enterprises and builders of private homes. In addition, there is possibility of selection bias of
participants. From the 579 invited, 255 answered the questionnaire, 161 volunteered for technical
measurement, and a sample of 57 were selected. Still, the participants monitored in the present study
did not differ from the questionnaire group in any variable investigated, except smoking and gender.
Concerning gender, there were only 18 females in total answering the questionnaire, hence females
were weakly represented. However, at present this is the normal gender distribution in the construction
sector. Long-term follow-ups are needed to determine the long term health effects of cardiovascular
load during work.

5. Conclusions

Cardiovascular demands in construction are characterized by mainly work in ranges of relative
heart rate below 39%, with few continuous periods above one-third of capacity. Few minutes are
spent in high load intensities needed to achieve training effect. Cardiovascular load differs between
professions within construction and both age and aerobic fitness are individual factors influencing
cardiovascular load at work.
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Associations of objectively measured sitting and standing with low-back pain
intensity: a 6-month follow-up of construction and healthcare workers
by Lars-Kristian Lunde, MSc,” Markus Koch, PhD," Stein Knardahl, PhD,” Kaj Bo Veiersted, PhD '

Lunde L-K, Koch M, Knardahl S, Veiersted KB. Associations of objectively measured sitting and standing with low-
back pain intensity: a 6-month follow-up of construction and healthcare workers. Scand J Work Environ Health.
2017;43(3):269-278. doi:10.5271/sjweh.3628

Objectives This study aimed to determine the associations between objectively measured sitting and standing
duration and intensity of low-back pain (LBP) among Norwegian construction and healthcare workers.

Methods One-hundred and twenty-four workers wore two accelerometers for 3-4 consecutive days, during work
and leisure. Minutes of sitting and standing was calculated from accelerometer data. We obtained self-reported
LBP intensity (0-3) at the time of objective measurement and after six months. We examined associations with
linear mixed models and presented results per 100 minutes.

Results For healthcare workers, the duration of sitting during work [B= -0.33, 95% confidence interval (95%
CI) -0.55- -0.10] and during full-day (work + leisure) (B= -0.21, 95% CI -0.38— -0.04) was associated with
baseline LBP intensity. Furthermore, minutes of sitting at work (=-0.35, 95% CI -0.57—-0.13) and during the
full day ($=-0.20, 95% CI -0.37—-0.04) were significantly associated with LBP intensity at six months. Associa-
tions were attenuated when adjusting for work-related mechanical and psychosocial covariates and objectively
measured exposure during leisure time. No significant associations between sitting and LBP intensity were found
for construction workers. Standing at work was not consistently associated with LBP intensity at baseline or after
six months for any work sector.

Conclusions This study suggests that a long duration of sitting at work is associated with lower levels of LBP
intensity among healthcare workers. Standing duration had no consistent associations with LBP intensity.

Key terms accelerometer; construction work; healthcare work; musculoskeletal disorder; objective measure;

physical work; physical work exposure; prospective design.

As one of the largest contributors to years lived with
disability (1), low-back pain (LBP) is a major global
public health problem (2). Construction and healthcare
work are two sectors with a high prevalence of mus-
culoskeletal disorders (3—6) and thus it is important to
identify work-related risk factors. Previous research
found that long durations of sitting and standing dur-
ing work are positively linked to LBP (7, 8). However,
reviews have concluded that there is no evidence for an
association due to low quality studies and inconsistent
results (9-12). A major reason for the discrepant find-
ings may be bias due to self-reported exposure dura-
tion (13-15). Self-reports may have reduced validity
because they depend on recall, individual interpretation

1 National Institute of Occupational Health, Oslo, Norway.

of questions, and can be biased by pain levels and dis-
ability (16-18). Therefore, it has been recommended
that activity exposures be measured using objective
methods when investigating their associations to LBP
(13). Moreover, objective measurements over several
days are more reliable than single days of measurement
(19). Thus, exposure measurements should be obtained
on more than one day to better capture variations in
exposure among work days. One of very few studies
of objectively measured sitting for 1-4 working days
found that longer sitting duration was associated with
increased risk for high intensity LBP among blue-collar
workers in cross-sectional data (20). Another cross-sec-
tional study of objectively measured standing reported
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ambiguous associations between standing and LBP
(21). Both studies emphasize that future studies should
determine the association between sitting and standing
duration at work and LBP by objectively measured
exposures over several consecutive days using prospec-
tive designs. These criteria have also been requested by
reviews on this topic (9, 10).

We currently do not understand the mechanisms
surrounding why and how sitting and standing would
cause pain. Intervertebral- and vertebral endplate com-
pression and increases in inter-disc pressure (IDP)
during sitting (22, 23) and standing activities (24) have
been proposed as mechanisms. However, recent results
consider increased IDP an unlikely cause of damage in
non-degenerated discs (25). Prolonged flexion during
sitting has been proposed to redistribute the nucleus
within the annulus (26) or increase lumbar spine stiff-
ness (27). Prolonged standing may also lead to pain from
muscle fatigue (28). Further hypotheses imply reduced
oxygenation in lumbar extensor musculature (29) and
increased weight as result of inactivity in sitting (30,
31) as possible mechanisms.

The origin of LBP is multifactorial (32) and indi-
vidual factors such as age and gender (33), smoking
(30), and body mass index (BMI) (30, 34) are associated
with LBP. Mechanical work factors such as awkward
lifting, high muscular load, and stooped positions were
found to be associated with LBP in a recent systematic
review (35); accumulation of such exposures through
high seniority may further increase the risk of LBP (36,
37). Psychosocial factors including decision control,
type of leadership, and the social climate at work sites
are also associated with LBP (33, 38, 39). Accordingly,
both individual and work-related factors must be con-
trolled for when studying the association between sitting
and standing at work and LBP. Additionally, non-work
activities may produce pain conditions (9, 40) and
therefore exposures during leisure time should also be
accounted for.

We aimed to determine whether objectively mea-
sured time spent sitting and standing was associated
with intensity of LBP among construction and healthcare
workers at baseline and after six months.

Methods

Study population and design

This study was designed as a part of a larger prospective
cohort study among construction and healthcare workers
(41). Four construction companies (N=580 workers) and
two local healthcare distributors (N=585 workers) in the
Oslo area agreed to participate. The purpose, format and
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methods of the study were presented to the workers at
informational meetings located at their work site. Of the
1165 workers, 594 participants (construction workers:
N=293; healthcare workers: N=301) agreed to com-
plete a questionnaire at baseline and six months later.
Of these, 178 construction workers and 193 healthcare
workers additionally agreed to participate in techni-
cal measurements at baseline, which included clinical
examination and measurements using accelerometers
for 3—4 days while maintaining a short diary. Exclusion
criteria were: inadequate skills in reading and writing
Norwegian, known allergic reaction to plaster, tape, or
bandages, or being pregnant. Subjects diagnosed with
severe or insufficiently treated cardiovascular disease
or musculoskeletal disorders were not subjected to tests
they could not perform. We performed technical mea-
surements on 62 construction workers and 63 healthcare
workers selected to best fit logistics (availability, work
schedules and profession). We have previously provided
a full description of job titles (19).

All subjects signed a written informed consent form.
This study was conducted in accordance with the Hel-
sinki Declaration and approved by the Regional Com-
mittee for Medical and Health Research Ethics in Nor-
way (2014/138/REK south east D).

Instrumentation for technical measurements

We used ActiGraph GT3X+ sensors (ActiGraph LLC,
Pensacola, FL, USA) to measure the acceleration, posi-
tion and angle of body segments with a sampling fre-
quency of 30 Hz. The accelerometers were placed at
the participant’s right thigh (medially between the iliac
crest and the upper crest of the patella) and right side of
the hip (just below iliac crest) (42, 43). The accelerom-
eters are lightweight (19 grams) and were fixed on the
skin using double-sided tape (Fixomull, BSN Medical,
Hamburg, Germany) and covered with transparent film
(Tegaderm, 3 M, St. Paul, MN, USA).

Sitting and standing activities

From raw data measured by accelerometers for 3—4
days, minutes spent in sitting and standing positions
were determined by a custom-made MATLAB-based
program, Acti4 (National Research Center for the
Working Environment, Denmark and Federal Institute
for Occupational Safety and Health, Germany). Based
on acceleration and the calculated angles of the thigh
and hip, Acti4 algorithms discriminate between dif-
ferent types of activities and estimate the time spent
in activity periods. Studies have found the Actigraph
GT3X+ sensors setup at hip and thigh to be valid for
detecting different physical activities (42, 43). In
standardized trials, both the sensitivity and specificity



for detecting sitting and standing are higher than 99%
(43). From the participants’ diary, we categorized
each day into periods of work, periods of leisure, and
periods of sleep. We excluded periods of sleep, peri-
ods during which the accelerometers were not worn,
and when data did not fulfill the measurement criteria
(<4 hours or 75% of the mean length of all respective
periods) (20).

Low-back pain intensity

Subjects were asked to rate their LBP intensity for the
preceding four weeks. They rated LBP intensity on a
4-point scale (not troubled=0, a little troubled=1, rather
intensely troubled=2 and very intensely troubled=3)
(44). A drawing adapted from the “Nordic questionnaire
on musculoskeletal symptoms” was used to facilitate
localization of body regions (45).

Covariates

Individual factors. Information on all individual factors
were collected by self-report. Age, gender, seniority in
profession, BMI (kg/m?), and smoking status were estab-
lished by general questions. We classified participants as
smokers if they smoked daily or occasionally.

Self-reported mechanical exposures. Participants
reported time spent sitting and standing during work
with five response categories (never=0, sometimes=1,
approximately 25% of the time=2, approximately 50%
of the time=3, approximately 75% of the time=4 or
almost all the time=5). To assess heavy lifting, they were
asked if they normally lifted something weighing more
than 20 kg during work, with three response alternatives
(no=0, 1-4 times=1, 5-19 times=2, and >20 times per
day=3) (46).

Psychosocial factors. We assessed decision control, fair-
and empowering leadership and social climate in the
organization using items adapted from the General Nor-
dic Questionnaire for Psychological and Social Factors
at work (QPSy,.4ic) (47, 48). A full description of these
questions is available online as supplementary material
(www.sjweh.fi/index.php?page=data-repository).

Objectively measured forward bending. Forward bend-
ing during work was measured objectively by two
accelerometers placed at the spinous processes at the
level of T1-T2 and the halfway mark on the vertical
line between the anterior superior iliac spine and the
patella (43). We used minutes with >60° deviation from
the upraised position as a measure for forward bend-
ing. Flexion >60° has previously been categorized as
extreme flexion to very extreme flexion (49).
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Statistical analysis

We tested associations between exposure and LBP
intensity with linear mixed models fitted by restricted
maximum likelihood with a random intercept added for
subject. We did not adjust for baseline pain response,
but we retained the baseline value as part of the out-
come vector with no assumptions on its mean response
at baseline, as recommended for observational data
(50). Sitting or standing duration (in minutes) was
entered as the main exposure variable and LBP inten-
sity was entered as a dependent outcome variable.
Analyses were carried out in two designs: (i) associa-
tion between absolute work exposure duration (min-
utes) and LBP intensity; and (ii) association between
absolute full-day (work + leisure) exposure duration
(minutes) and LBP intensity. Analyses were performed
stratified by work sector (construction and healthcare).
Design 1 consisted of 5 models: model 1 — crude
association between exposure and LBP; model 2 — as
model 1 + adjustments for age, gender, smoking and
BMI; model 3 — as model 2 + adjustments for objec-
tively measured forward bending during work and
heavy lifting; model 4 — as model 3 + adjustments for
social climate, decision control, fair leadership, and
empowering leadership; and model 5 — as model 4 +
adjustment for objectively measured sitting or standing
(minutes) during leisure. For Design 2, model 5 was
not implemented. The mixed model may be expressed
mathematically as where is the LBP intensity of
worker 7 at time 7 and is a vector of regressors (sitting
at work, age, ...) linking the observations to the fixed
effects B. Furthermore, represents independent and
identically distributed normal random effects, with
a mean 0 and variance, while are independent and
identically distributed normal random residuals with a
mean 0 and variance. All variables were selected prior
to analyses and examined for collinearity. Seniority
was excluded due to its high correlation with age. We
performed sensitivity analyses to test the robustness of
the main analyses: having or not having LBP (0 versus
1, 2, 3) and having low or moderate/high levels of LBP
(0, 1 versus 2, 3) by multilevel mixed-effects logistic
regression. Additionally, we performed non-responder
analysis and performed analyses with the duration of
sitting/standing as percentage of the individual’s work-
and full-day periods, instead of absolute values (min-
utes). As an indicator of change in job characteristics,
we tested possible changes in self-reported sitting or
standing duration and social climate between baseline
and six months with Wilcoxon rank tests.

Associations were calculated by B coefficients (per
100 minutes) with 95% confidence intervals (95% CI).
Statistical analyses were conducted in STATA, version
13.0 (StataCorp, College Station, TX, USA).
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Results

There were no differences in self-reported sitting or
standing time or social climate in the organization
between baseline and six months follow-up, so we
assumed these exposures to be unchanged.

Distribution of low-back pain intensity

At baseline, 41% of healthcare workers reported being
untroubled by LBP, while 23% and 33% reported being
a little or rather intensely troubled, respectively. Three
percent reported being very intensely troubled. For con-
struction, the corresponding percentages were 48, 25, 27
and 0%. At six months’ follow-up, 45% of healthcare
workers were not troubled by LBP; 14% reported being
a little troubled, while 37% and 4% reported to be rather
intensely troubled or very intensely troubled, respec-
tively. The corresponding percentages for construction
at six months were 51, 26, 19 and 4%.

Total measurement time and missing data

We measured a total of 944 hours of work and 971
hours of leisure with an average of 7.6 hours of work
and 8.8 hours of leisure per day. From the 125 indi-
viduals initially measured, 1 subject did not have valid
sit or stand exposure data for work and was therefore
excluded. The characteristics of the subjects are pro-
vided in table 1: 15 did not have valid sit or stand
exposure data for leisure, 3 did not answer the LBP
intensity question at baseline, 1 did not answer the LBP
intensity question at six months, and 27 did not respond
to the six months questionnaire. The tested variables
of age, gender, objectively measured sitting at work,
objectively measured standing at work, and LBP inten-
sity did not differ significantly between responders
(N=97) and non-responders (N=27) (data not shown).
The 124 participants reported lower perceived sitting
time and higher perceived standing time at baseline
compared to the 469 who completed questionnaire only
(data not shown).

Sitting and low-back pain intensity at baseline

Healthcare sector. Duration of sitting at work was asso-
ciated with baseline LBP intensity for the crude model
(B=-0.33, 95% CI -0.55— -0.10) and models adjusted for
individual and work related factors (models 2—4; table
2). For full-day data, significant associations with LBP
intensity were found for the crude model (p=-0.21, 95%
CI -0.38—-0.04) and the model adjusted for individual
factors (model 2; table 4).
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Table 1. Descriptive characteristics of study participants (N=124).
[SD=standard deviation; LBP=low-back pain.]

Variables Construction (N=61) Healthcare
(N=63)

% Mean SD % Mean SD
Age (years) 399 136 445 9.6
Gender (male) 98.4 222
Body mass index (kg/m?) 257 33 251 3.8
Smokers 3141 27.0
Normal work hours per week 37.8 4.0 357 4.2
Work hours measured per day 82 18 71 08
Sitting at work (minutes) 156.8 114.2 1716 93.8
Sitting in leisure (minutes) 2820 784 2740 943
Standing at work (minutes) 156.8 69.4 123.1 58.9
Standing in leisure (minutes) 88.3 459 100.8 46.1
Forward bending at work (minutes) 274 249 15.8 10.3
Heavy lifting at work (0-3) 2 15 1.2 04 06
Social climate at work (1-5) ® 32 05 32 06
Decision control at work (1-5) © 32 07 29 038
Fair leadership (1-5) © 33 05 33 07
Empowering leadership (1-5) ¢ 3.1 0.9 39 1.0
LBP intensity at baseline (0-3) 05 05 06 05
LBP intensity at 6 months (0-3) ¢ 07 09 1.0 1.0

2 Response alternatives: (0) No, (1) Yes, 1-4 times, (2) yes, 519 times
and (3) yes, >20 times a day.

b Response alternatives: (1) very little or not at all, (2) rather little, (3)
somewhat, (4) rather much and (5) very much;

¢ Response alternatives: (1) very seldom or never, (2) rather seldom, (3)
sometimes, (4) rather often, and (5) very often or always

471% of workers reporting pain at baseline had pain at follow up.

Construction sector. Sitting duration had no significant
associations with LBP intensity at baseline, either for
work- or full-day exposure (table 2 and 4).

Sitting at baseline and low-back pain intensity after six
months

Healthcare sector. Sitting duration (minutes) at work
was associated with 6-month LBP intensity in the crude
(B=-0.35, 95% CI -0.57--0.13) and all adjusted models
(table 2). For full-day data, significant associations
were also shown for the crude model (f=-0.20, 95%
CI -0.37--0.04) and the model adjusted for individual
factors (model 2; table 4).

Construction sector. Sitting duration (minutes) had no
significant associations with LBP intensity at six months
for construction workers, either for exposure at work- or
full-day (table 2 and 4).

Standing and low-back pain intensity at baseline

Healthcare sector. There was a significant association
between standing duration at work and baseline LBP
intensity in the fully adjusted model ($=0.54, 95% CI
0.01- 1.07; table 3). No associations were found in full-
day data (table 5).
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Table 2. Linear mixed model with sitting exposure at work per 100 minutes and low-back pain intensity (Design 1). Bold denotes P<0.05.

Model 12 Model 2 ° Model 3 ¢ Model 4 ¢ Model 5 ¢
Observations =107/110  Observations '=107/106  Observations '=101/104 Observations '=101/100 Observations =88/95
Coef.  95% Cl P- Coef. 95% Cl P- Coef.  95% Cl P-  Coef. 95%Cl P- Coef. 95% Cl P-
value value value value value
Construction
T -0.01 -0.19-0.17 0.914 -0.02 -0.22-0.19 0.863 -0.009 -0.28-0.29 0.950 -0.005 -0.34-0.32 0.977 -0.00001 -0.35-0.35 1.00
T2h -0.02 -0.20-0.16 0.836 -0.03 -0.24-0.18 0.795-0.0007 -0.29-0.29 0.996 -0.014 -0.35-0.32 0.936 -0.003 -0.36-0.35 0.986
Healthcare
T19 -0.33-0.55--0.10 0.004 -0.31 -0.06--0.08 0.009 -0.32 -0.58--0.05 0.018 -0.28 -0.56--0.003 0.047 -0.31 -0.63-0.01 0.058

2" -0.35-0.57--0.13 0.002 -0.34 -0.58—-0.10 0.005

aSitting at work (per 100 minutes). Dependent variable: Pain (T1, T2).

®As model 1 + age, gender, smoking, body mass index.

¢As model 2 + heavy lifting, forward bending at work.

4As model 3 + social climate, decision control, fair leadership, empowering leadership.
¢As model 4 + sitting (minutes) during leisure time.

fTotal observations included in linear mixed models for construction/healthcare.

9T1: baseline.

"T2: 6 month.

-0.35 -0.61--0.08 0.012 -0.31 -0.60—0.03 0.029  -0.34-0.66--0.02 0.040

Table 3. Linear mixed model with standing exposure at work per 100 minutes and low-back pain intensity (Design 1). Bold denotes P<0.05.

Construction
T19

T2h

Health care
T1o

T2h

Model 12 Model 2 © Model 3 ¢ Model 4 d Model 5 ¢
Observations =107/110  Observations '=107/106  Observations '=101/104 Observations =101/100 Observations =88/95
Coef.  95% Cl P- Coef. 95% Cl P-  Coef.  95% Cl P-  Coef. 95%Cl P-value Coef.  95% Cl P-

value value value value
0.21 -0.08-0.50 0.152 0.22 -0.09-0.53 0.168 0.29 -0.11-0.70 0.156 0.29 -0.13-0.72 0.179 0.02 -0.51-0.55 0.940
0.22 -0.07-0.52 0.135 0.23 -0.09-0.56 0.153 0.31 -0.11-0.72 0.144 0.31 -0.13-0.75 0.167 0.04 -0.50-0.58 0.873
0.29 -0.08-0.66 0.124 0.24 -0.14-0.63 0.220 0.29 -0.12-0.70 0.167 0.39 -0.07-0.85 0.095 0.54 0.01-1.07 0.045
0.34 -0.05-0.72 0.084 0.29 -0.58-0.68 0.159 0.35 -0.07-0.77 0.106 0.42 -0.05-0.89 0.079 0.58 0.04-1.11 0.035

2Standing at work (per 100 minutes). Dependent variable: Pain (T1, T2).
®As model 1 + age, gender, smoking, body mass index.
¢As model 2 + heavy lifting, forward bending at work.

dAs model 3 + social climate, decision control, fair leadership, empowering leadership.

¢As model 4 + sitting (minutes) during leisure time.

Total observations included in linear mixed models for construction/healthcare.

9T1: baseline.
"T2: 6 month.

Construction sector. No significant associations were
found (table 3 and 5).

Standing at baseline and low-back pain after six months

Healthcare sector. A significant association between
standing at work and LBP intensity at baseline was
found in the fully adjusted model only (B=0.58, 95% CI
0.04-1.11; table 3). Full-day data showed no significant
associations (table 5).

Construction sector. No significant associations were
found (table 3 and 5).

Additional analysis

The sensitivity analyses on dichotomized LBP variables
supported the main analysis (data not shown). Further-
more, the analyses on the percentage of work or full-day

spent sitting/standing showed similar, but somewhat
weaker, associations as in the analyses with duration in
minutes (data not shown).

Discussion

For healthcare workers, this study showed a negative
association between the duration of sitting at work and
LBP intensity at baseline and at six months' follow-up.
The duration of standing at work was positively associ-
ated with LBP intensity, but only in the fully adjusted
models. For construction workers, no associations were
found between sitting and standing, and LBP intensity.

Very few studies have investigated the association
between objectively measured sitting and/or standing
exposure and LBP. However, two cross-sectional stud-
ies based on similar objective measures as the present
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Table 4. Linear mixed model on full-day sitting exposure per 100 minutes and low-back pain intensity (Design 2). Bold denotes P<0.05.

Model 12 Model 2 2 Model 3 ¢ Model 4 ¢
Observations ¢=90/101 Observations ¢=90/99 Observations ¢=88/99 Observations ¢=88/95

Coef. 95% Cl P-value Coef. 95% Cl P-value Coef. 95% Gl P-value Coef. 95% Gl P-value
Construction
T -0.05  -0.20-0.11 0.555 -0.06 -0.22-0.11  0.511 -0.07 -0.29-0.16 0.515 -0.07 -0.31-0.18  0.596
T29 -0.05  -0.20-0.10 0.477 -0.07 -0.23-0.10 0.441 -0.08 -0.30-0.14 0.460 -0.08 -0.31-0.17  0.541
Health care
T -0.21  -0.38--0.04 0.016 -0.21  -0.39--0.02 0.027 -0.18  -0.40-0.04 0.118 -0.16  -0.40-0.08 0.183
T29 -0.20 -0.37--0.04 0.017 -0.20 -0.39--0.02 0.028 -0.17  -0.40-0.05 0.125 -017  -0.40-0.07 0.168

aSitting full-day (per 100 minutes). Dependent variable: Pain (T1, T2).
®As model 1 + age, gender, smoking, body mass index.
¢As model 2 + heavy lifting, forward bending at work.

4As model 3 + social climate, decision control, fair leadership, empowering leadership.

e Total observations included in linear mixed models for construction/healthcare.

fT1: baseline.
9T2: 6 month.

Table 5. Linear mixed model with full-day standing exposure per 100 minutes and low-back pain intensity (Design 2).

Model 1 2 Model 2 ® Model 3 ¢ Model 4 ¢
Observations ¢=90/101 Observations ¢=90/99 Observations ¢=88/99 Observations ¢=88/95
Coef. 95% Gl P-value Coef. 95% Gl P-value Coef. 95% Cl  P-value Coef. 95% Gl P-value
Construction
T1f -0.005 -0.29-0.28 0.975  0.0005 -0.31-0.32 0.998 -0.033 -0.40-0.33  0.857 -0.06 -0.46-0.34 0.759
T29 -0.0004 -0.29-0.29 0.998 0.004 -0.32-0.33 0.983 -0.030 -0.40-0.34 0.876 -0.06 -0.46-0.35 0.776
Health care
Tt 011 -0.16-0.39 0.419 0.07 -0.21-0.36 0.626 0.10 -0.20-0.39 0.521 011 -0.21-0.44 0.495
T2 014 -0.15-0.42 0.350 0.09 -0.20-0.38 0.548 012 -0.18-0.42 0.422 012 -0.20-0.45 0.466

2Standing at work (per 100 minutes). Dependent variable: Pain (T1, T2).
®As model 1 + age, gender, smoking, body mass index.
¢As model 2 + heavy lifting, forward bending at work.

dAs model 3 + social climate, decision control, fair leadership, empowering leadership.

¢ Total observations included in linear mixed models for construction/healthcare.

fT1: baseline.
9T2: 6 month.

study have recently been published. Gupta et al's cross-
sectional study of 201 blue-collar workers reported that
an increase in total hours of objectively measured sitting
duration at work and throughout the day (work + leisure)
was significantly associated with a higher LBP intensity
(20). In contrast to those findings, the present study
found an association between long sitting duration and
lower LBP intensity. Our results agreed with the reviews
of Hartvigsen (11) and Roffey (10).

There are several possible explanations for the mixed
findings regarding sitting at work and LBP intensity. Sit-
ting may be associated with jobs with higher levels of
control and autonomy and more engaging tasks, reducing
reported LBP intensity (38). Longer durations of sitting
may also by exclusion be associated with lower expo-
sures to other physical factors such as manual-materials
handling (51). Models in the present study including self-
reported physical and psychosocial exposures showed
attenuated sitting associations (tables 2-5).

Munch Nielsen et al's cross-sectional study of
187 Danish workers based on objective measures of
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standing duration at work reported a non-significant
association between the time standing and level of
LBP intensity (21). An association between prolonged
standing at work and LBP intensity was only found
in fully adjusted analysis among healthcare workers
in our study. Thus, the present study does not permit
the conclusion that the duration of standing during
work or during the full-day is a risk factor for LBP. As
discussed above for jobs involving sitting, there may
be characteristics connected to jobs involving stand-
ing that affects pain reporting, creating the opposite
scenario with increased reporting of LBP. It is also
possible that subjects with LBP avoid activities causing
pain or perform tasks differently (52, 53), obscuring
cross-sectional results.

Our data indicated that the association between sit-
ting, standing, and LBP intensity varied between work
sectors and that the often used blue-collar classification
may obscure possible sub-group associations. Moreover,
the difference in gender composition between the two
sectors involved in our study (healthcare=78% female,



construction=98% male) is characteristic for these sec-
tors and suggests that disentangling work sector and
gender in such cases is difficult.

Strengths and limitations

A major strength of the present study was the use of
objectively measured sitting and standing for several
consecutive days, both during work and leisure time,
in combination with the prospective outcome. To our
knowledge, this is the first study providing this kind of
information. This gives a precise measure of exposure,
and we avoid depending on self-reported exposures that
may lead to biased estimations on association between
exposure and LBP intensity (12).

By restricting the study to healthcare and construc-
tion workers, we attenuated confounding effects of
large variations in work content and socioeconomic
gradients. Furthermore, the analyses were adjusted for
several potential confounders, including mechanical and
psychosocial work-related factors. The confounders of
forward bending at work and the respective exposure
during leisure were also measured objectively.

The use of mixed models provides flexible variance
structures, robustness against dropouts and full utiliza-
tion of all available observations. We retained the base-
line pain response as part of the outcome variable, and
did not use it as an adjustment variable. This enabled us
to study the change in pain response in a manner that
did not make any assumptions that the baseline pain
response is associated with other covariates (eg, sitting
minutes) being studied. Adjusting for the baseline pain
response requires that there is no association between
baseline outcome and the covariates being studied (54).

An important issue is that the coefficients found for
significant associations are small and therefore differ-
ences in exposure durations needs to be large for the
changes in LBP to be of any clinical relevance. Depend-
ing on whether the pain is acute or chronic and the type
of scoring, previous studies on various pain intensity
scales suggests levels of 20-30% improvement in a
variable as a minimally clinically important change (55,
56). In our case, a clinically relevant change in LBP cor-
responds to a change in sitting duration from the lowest
measured values to the highest, a total change in sitting
characteristics during work.

Our use of technical measurements does limit the
size of the study population, which was a small fraction
(11%) of those initially invited for participation. The 124
participants included in this study reported lower per-
ceived sitting time and higher perceived standing time
at baseline compared to the 469 who only completed
questionnaires. This may be due to an overrepresenta-
tion of manual workers in our study (most represented
professions: carpenter, concrete worker, nurse, and
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personal care workers). Furthermore, data visualization
indicates that results may be somewhat driven by few
observations with high exposure values. Thus, larger
groups and a longer follow-up with more measurements
may provide a more accurate representation. Multiple
follow-ups would also capture possible fluctuations in
time observed with pain variables (57), thereby enhanc-
ing the reliability of outcome measurements.

We did not consider any possible seasonal changes,
and although exposure was measured for several days it
was only measured on one occasion. We did not collect
specific information on long-term LBP history at base-
line. However, very few participants reported serious
spine related injuries in the previous 12 months. We can-
not exclude the presence of a healthy-worker effect, due
to unhealthy workers being on sick leave or outside the
work force, or possible differences between individuals
with a long or short history of LBP.

Concluding remarks

For healthcare workers, this study showed a negative
association between the duration of sitting at work and
LBP intensity at baseline and at 6-month follow-up. The
duration of standing at work was positively associated
with LBP intensity only in the fully adjusted models. For
construction workers, we found no associations between
sitting and standing, and LBP intensity.
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