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CHAPTER |

General introduction

1.1 Outline of the thesis

The thesis consists of six chapters. The first chapter provides an overview of
the study consisting of background and rationale, objectives, scopes, and benefits of
the study. The second chapter is a systematic review of the association between
physical activity and neck and low back pain. The third chapter is to find the
correlation between pedometer and the global physical activity questionnaire on
physical activity measurement in office workers. The fourth chapter of this thesis
describes the results of the association between daily physical activity and neck and
low back pain. The fifth chapter provides details how to develop daily physical
activity measurement tool for preventing neck pain in office workers. The last
chapter is general conclusion, which consists of summary of the results, limitations of

the study, and suggestions for further study.

1.2 Background and rationale

Neck and low back pain are important health problems in the modern society
due to its high prevalence among the general population (Croft et al., 2001; Walker,
2000). Approximately 14% to 71% of adult population aged between 18-84 years
experience neck pain at some point in their lifetime and the one-year prevalence
rate for neck pain in adults aged between 17-70 years ranges from 16% to 75% (Fejer
et al., 2006). For low back pain, estimates for the lifetime prevalence range from 11%
to 849%, while those for one-year prevalence range from 22% to 65% (Walker, 2000).
Office workers are one of occupations that have high prevalence of musculoskeletal
symptoms in the neck and low back (Janwantanakul et al., 2008; Sillanpéa et al,,

2003). Janwantanakul et al. found that the annual prevalence of neck and low back



pain in Thai office workers were 42% and 37%, respectively (Janwantanakul et al,,

2008).

Neck and low back pain cause considerable personal suffering due to pain,
disability and impaired quality of work and life in general, which can be a great socio-
economic burden on patients and society (Coté et al., 2008; Hogg-Johnson et al.,
2008; Maetzel and Li, 2002; Maniadakis and Gray, 2000). In the Netherlands, the total
cost of neck pain in 1996 was estimated at 686 million US dollars (Borghouts et al.,
1999) whereas, in 2006, Katz proposed that the total cost of low back pain in the
United States were exceeds 100 billion US dollars per year (Katz, 2006). In Thailand,
the total cost of neck and low back pain among office workers in 2006 was

approximately 324 million US dollars per year (Janwantanakul P et al., 2006).

Daily physical activity, which is physical activity at rather low to moderate
levels, when performed sufficiently is widely known to have important health
benefits (Ainsworth and Youmans, 2002). However, modern living leads to a more
sedentary lifestyle. Reduced daily physical activity has been linked to several chronic
health problems, including diabetes mellitus (Allender et al., 2007; Nguyen et al,,
2007), ischemic heart disease, stroke, breast cancer, colon/rectal cancer (Allender et
al., 2007), and chronic musculoskeletal complaints (Holth et al., 2008). The effect of
physical activity on neck and low back pain is still controversial, with conflicting
results reported (Auvinen et al, 2007, 2008; Bjorck-van Dijken et al, 2008;
Diepenmaat et al., 2006; Heneweer et al,, 2009; Mikkelsson et al., 2006; van den
Berg-Emons et al., 2007; Wedderkopp et al., 2009). To our knowledge, no study has
been conducted on the effect of daily physical activity on preventing neck and low

back pain in office workers.

1.3 Objectives of the study

1.3.1 To systematically review the scientific literature to gain insight into the
association between physical activity and neck and low back pain as well as the

strength of evidence.



1.3.2 To examine the correlation of physical activity level measured by a

pedometer and the GPAQ among office workers.

1.3.3 To examine the causal relationship between daily walking steps and

the 1-year incidence of neck and low back pain in those with sedentary jobs.

1.3.4 To develop the application (‘app’) for a smart phone or tablet to

calculate daily walking steps to prevent neck pain in office workers.

1.4 Scope of the study

A prospective cohort study with 1-year follow up was conducted in a
convenience sample of healthy workers. Participants were recruited from 4 large-
scale enterprises in Bangkok. Those who expressed interest and were eligible were
invited to complete a self-administered questionnaire and receive a physical
examination. Data on physical activity were collected at baseline and every 3
months over a 1-year period (at M0, M3, M6, M9, and M12). The primary outcome
measures were the 1-year incidence of neck and low back pain and the secondary
outcome measures were pain intensity, disability level, and quality of life and health
status. The incidence of neck and low back pain were collected by using a diary.
Participants were followed until they became symptomatic, withdrew from the
study, or completed the 1-year follow up. The researcher returned to collect the
diaries from participants every month over a 1-year period. Those who reported
incidence of neck and low back pain were asked about their disability level and
quality of life and health status. The results from above study will be used to create
the mathematic formula and to develop the application for physical activity
measurement to preventing neck and/or low back pain to suit individual office

worker.



1.5 Benefits of the study

The results of the present study would provide information about the effect
of daily physical activity on preventing neck and low back pain among office workers.
The application (‘app’) for a smart phone or tablet to calculate daily walking steps

to prevent neck pain in office workers would be useful to individual office workers.
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Abstract

The effect of physical activity on neck and low back pain is still controversial.
No systematic review has been conducted on the association between daily physical
activity and neck and low back pain. The objective of this study was to evaluate the
association between physical activity and the incidence/prevalence of neck and low
back pain. Publications were systematically searched from 1980 to June 2009 in
several databases. The following key words were used: neck pain, back pain, physical
activity, leisure time activity, daily activity, everyday activity, lifestyle activity,
sedentary and physical inactivity. A hand search of relevant journals was also carried
out. Relevant studies were retrieved and assessed for methodological quality by two
independent reviewers. The strength of the evidence was based on methodological
quality and consistency of the results. Seventeen studies were included in this
review, of which 13 were rated as high quality studies. Of high quality studies, there
was limited evidence for no association between physical activity and neck pain in
workers and strong evidence for no association in school children. Conflicting
evidence was found for the association between physical activity and low back pain
in both general population and school children. Literature with respect to the effect
of physical activity on neck and low back pain was too heterogeneous and more

research is needed before any final conclusion can be reached.

Keywords Spinal pain Daily activity Lifestyle Systematic review



Introduction

Neck and low back pain are important health problems in the modern world
(Croft et al,, 2001; Walker, 2000). Approximately 14% to 71% of adults experience
neck pain at some points in their lifetime and the one-year prevalence rate for neck
pain in adults ranges from 16% to 75% (Fejer et al., 2006). For low back pain,
estimates for the lifetime prevalence range from 11% to 84%, while those for one-
year prevalence range from 22% to 65% (Walker, 2000). Neck and low back pain
cause personal suffering, disability and impaired quality of work and life in general,
which can be a great socio-economic burden on patients and society (Coté et al,
2008; Hogg-Johnson et al., 2008; Maetzel and Li, 2002; Maniadakis and Gray, 2000). In
the Netherlands, the total cost of neck pain in 1996 was estimated at 686 million US
dollars (Borghouts et al., 1999) whereas, in 2006, Katz proposed that the total cost of
low back pain in the United States were exceeds 100 billion US dollars per year

(Katz, 2006).

Exercise or vigorous physical activities have a beneficial effect on neck and
low back pain (Hayden et al., 2005; Henchoz and Kai-Lik So, 2008; Jensen and Harms-
Ringdahl, 2007; Liddle et al., 2004). Hayden et al. found that strengthening exercise
is effective in reducing pain and improving back function (Hayden et al., 2005).
Jensen found that strengthening and fitness exercises were effective in reducing the
prevalence of neck and back pain (Jensen and Harms-Ringdahl, 2007). Daily physical
activity, which is physical activity at rather low to moderate levels, when performed
sufficiently is widely known to have important health benefits (Ainsworth and
Youmans, 2002). However, modern living increases the tendency to have a more
sedentary lifestyle. Reduced physical activity has been linked to several chronic
health problems, including diabetes mellitus (Allender et al., 2007; Nguyen et al,,
2007), ischemic heart disease, stroke, breast cancer, colon/rectal cancer (Allender et
al., 2007), and chronic musculoskeletal complaints (Holth et al., 2008). The effect of
physical activity on neck and low back pain is still controversial (Auvinen et al., 2007,
2008; Bjorck-van Dijken et al., 2008; Diepenmaat et al., 2006; Heneweer et al., 2009;
Mikkelsson et al., 2006; van den Berg-Emons et al., 2007; Wedderkopp et al., 2009).



No systematic review has been conducted on the relationship between
physical activity and neck and low back pain. The aim of this paper is to
systematically review the scientific literature to gain insight into the association
between physical activity and neck and low back pain as well as the strength of

evidence.

Methods
Search strategy

Publications were retrieved by a computerized search of the following
databases: PubMed, CINAHL Plus with full text, The Cochrane library, Science Direct,
PEDro, ProQuest, PsycNet and Scopus. The following key words were used: neck pain,
back pain, physical activity, leisure time activity, daily activity, everyday activity,
lifestyle activity, sedentary and physical inactivity. After inclusion of the articles
based on the selection criteria, references were searched for additional articles. All
published articles published between 1980 and June 2009 were eligible for inclusion

in the review.

Selection criteria

A reviewer (ES) selected relevant articles from the articles retrieved with the

search strategy. The selection criteria were:

1. The study design was a cross-sectional or cohort study. Experimental

studies were excluded.

2. The article was a full report published in English. Letters and abstracts

were excluded.

3. Study samples were representative of a general population. Studies in

athletes, patients or pregnant women were excluded.



4. The outcome included the association between physical activity and the

presence of neck or low back pain.

5. Non-specific neck or low back pain was assessed in the study. Studies on
neck or low back pain due to a definite herniated intervertebral disc and
those on pain due to osteoporosis, cancer or other specific causes were

excluded.

Methodological quality assessment

The articles that met the selection criteria were evaluated for methodological
quality. Two reviewers (ES and NP) independently assessed the quality of each article
by using the checklists for quality appraisal modified from previous systematic
reviews of musculoskeletal symptoms (Chen et al., 2009; Hoogendoorn et al., 2000;
van der Windt et al,, 2000). Slightly different checklists were used for the quality
assessment of different study designs (Table 1). Each item was scored as positive,
negative (potential bias) or unclear (if insufficient information was available for a
specific item). The scoring for each item of the two reviewers was compared.
Disagreements between the reviewers on individual items were identified and
discussed in an attempt to achieve consensus. If agreement could not be reached, a
third reviewer (PJ) was consulted to achieve a final judgment. Methodological quality
assessment was based on the percentage of positive items over the total number of
items. A high quality study was defined as scoring positive on >50% of items and a
low quality study was defined as scoring positive <50% of items (Chen et al., 2009).

Only high quality studies were included in the review.

Data extraction and analysis

For each article, the first author, year of publication, study design (and, if
applicable, follow-up period), study population, participation rate, type and
measurement tool of physical activity, measurement tool of neck or back pain and

its recall period, results (the association between physical activity and neck or low



10

back pain in terms of OR or RR) and conclusion were extracted. Data extraction was

separately conducted for neck and low back pain.

Strength of evidence

The strength of evidence was divided into five levels based on the study

design, the number of studies, and the quality score of studies (Chen et al., 2009):

« Strong evidence: consistent findings in at least 50% of high quality cohort

studies.

+ Moderate evidence: consistent findings in one high quality cohort study
and at least 50% of two or more high quality cross-sectional studies; or at

least 50% of high quality cross-sectional studies.

« Limited evidence: consistent findings in one high quality cohort study or

in at least 50% of two or more high quality cross-sectional studies.
« Conflicting evidence: inconsistent findings among multiple studies.

« No evidence: when one low quality cohort or cross-sectional study or no

study provided findings for or against an association.

Results
Search strategy

A total of 17 articles were judged to meet the selection criteria and were
included in the methodological quality assessment (Fig. 1). There were five
prospective cohorts studies (Hartvigsen and Christensen, 2007; Mikkelsson et al,,
2006; Picavet and Schuit, 2003; van den Heuvel et al., 2005; Wedderkopp et al,,
2009) and 12 cross-sectional studies (Andersen et al., 2006; Auvinen et al., 2007,
2008; Bjorck-van Dijken et al.,, 2008; Brown et al.,, 2000; Diepenmaat et al., 2006;
Heneweer et al.,, 2009; Jacob et al., 2004; Kujala et al., 1999; @sterds et al., 2006;
Sjolie, 2004; Wedderkopp et al., 2003). For cohort studies, the follow-up periods were
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more than two years except one study that followed-up one to four years (Picavet
and Schuit, 2003). The cohort studies investigated in the general population (1 study),
working population (1 study), schoolchildren (2 studies), and twin pairs (1 study). The
cross-sectional studies examined in the general population (4 studies) and

schoolchildren (8 studies).

Methodological quality assessment

One study reported on the initial part of a longitudinal study (Brown et al,,
2000), i.e., the included article only described the cross-sectional analysis of the first
measurement of this longitudinal study. Consequently, the study was included in this
review as a cross-sectional study. The scoring of the two reviewers of the included
studies had an agreement rate of 84% (67/80) for cohort studies and 90% (151/168)
for cross-sectional studies. Disagreements were often about items 7 (assessment of
dimension of physical activity) and 16 (adjustment for confounding or effect

modification). All disagreements were resolved during a consensus meeting.
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The results of the methodological quality appraisal are presented in Table 2.
The mean score for methodological quality of cohort studies was 60%, with a range
of 44 to 88%. Three studies were scored as high quality studies, while two studies
were scored as low quality studies. For the cross-sectional studies, the mean score
for methodological quality was 65%, with a range of 43 to 78%. Ten studies were

scored as high quality studies, while two studies were scored as low quality studies.

Of 13 high quality studies, the items in the criteria list rated as negative in
most studies were physical activity at work time assessment (item 5 - 62%), physical
activity measurement tool (item 6 - 85%), and frequency of data collection during

follow-up period (item 12 - 67%).

Assessment of physical activity

One study used an objective instrument (i.e. accelerometer) (Wedderkopp et
al,, 2009) and eleven studies employed self-reported questionnaires to assess
physical activity level. The remaining one study used both self-reported

questionnaire and accelerometer (Wedderkopp et al., 2003) (Table 3-4).

Nine studies examined physical activity during leisure time. Three studies
assessed physical activity at during both work and leisure time. The remaining one

study did not clearly specify which setting was examined (Table 3-4).

Assessment of neck and low back pain

Two studies examined neck pain only and six studies investigated low back
pain only. One study evaluated neck and upper back pain. The remaining four
studies measured both neck and low back pain. Eleven studies employed self-
reported questionnaires to evaluate neck and/or low back pain and the remaining
two studies used interviewing. The recall period for neck and/or low back pain varied

greatly ranging from one month to lifetime.
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Figure 1 Flow diagram of the data screening process
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Evidence of association between physical activity and neck pain

Of seven high quality studies, one study investigated the association in

working population while six studies examined in school children.

In working population, Van den Heuvel et al. conducted a cohort study and
found no association between physical activity during leisure time and neck pain
among working populations (Table 3) (van den Heuvel et al., 2005). However, the
authors (van den Heuvel et al., 2005) concluded that walking or cycling to work or to
a train station at least 150 min/week might have a favorable effect on neck

symptoms.

Two cohort studies and four cross-sectional studies investigated in school
children. These studies reported no association between physical activity and neck
pain among school children (Table 3). However, Auvinen et al. concluded that high
level physical activity had a trend to increased prevalence of neck pain in girls

(Auvinen et al., 2007).

In summary, there was limited evidence for no association between physical
activity during leisure time and neck pain among working populations. There was
strong evidence indicating no association between physical activity and neck pain in

school children.

Evidence of association of physical activity and low back pain

Of 10 high quality studies, three studies investigated the association in the

general population while seven studies examined in school children.

In general population, one cross-sectional study found that high level of
physical activity at leisure time related to decreased prevalence of low back pain
(Brown et al.,, 2000). One cross-sectional study reported that high level of physical
activity at work combined with low physical activity in leisure time associated with

high prevalence of low back pain (Bjorck-van Dijken et al., 2008). The remaining one
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cross-sectional study found that either high or low levels of physical activity related

to increased risk for chronic low back (Heneweer et al., 2009) (Table 4).

In school children, one cohort study (Mikkelsson et al., 2006) and one cross-
sectional study (Sjolie, 2004) found that a high level of physical activity at leisure
time associated with decreased prevalence of low back pain. One cohort study
reported a low level of physical activity as a risk for low back pain (Wedderkopp et
al., 2009). On the other hand, two cross-sectional studies found that high to very high
levels of physical activity associated with high prevalence of low back pain (Auvinen
et al,, 2008; Kujala et al., 1999). Two cross-sectional studies (Diepenmaat et al., 2006;
Wedderkopp et al., 2003) reported no association between physical activity at leisure

time and low back pain (Table 4).

In summary, due to inconsistent findings in multiple high quality cohort and
cross-sectional studies, there was conflicting evidence for the association between

physical activity and low back pain in both general population and school children.
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Discussion

This review evaluated the results of 13 high quality studies on the association
between physical activity and neck and low back pain. We found heterogeneity
among studies as to aspects such as study design, study population, type of
exposures measured, methods of exposure assessment, statistical analysis, and data
presentation. Thus, the analysis of the results was limited to qualitative summary.
Based on the limited number of studies and the heterogeneity among studies, the
results indicated limited evidence for no association between physical activity during
leisure time and neck pain in the working population. Strong evidence was found for
no association between physical activity and neck pain among school children.
Conflicting evidence was found for the association between physical activity and low

back pain in both general population and school children.

Methodological considerations

Of 13 high quality studies, the items in the criteria list rated as negative in
most studies were physical activity at work time assessment, physical activity

measurement tool, and frequency of data collection during follow-up period.

Most studies solely measured physical activity level at leisure time, which
may not reflect actual daily physical activity. Physical activity at work time should be
assessed and included as part of daily physical activity. When physical activity at
work is taken into account, workers who have sedentary activity during work, such as
office workers, may have considerably different physical activity level compared to
workers whose job characteristics are more physically demanding, such as nurses or
refuse collectors. Therefore, future research should consider measuring physical
activity at both work and leisure time in order to be more representative of an

individual’s daily physical activity level.

Common physical activity level measurement methods include self-reported
questionnaire, interviewing, and objective instrumentation (i.e., an accelerometer).

Most studies employed self-reported questionnaire or interviewing. Only two out of
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13 included studies used objective instruments to assess physical activity level. Many
of the subjective methods had problems with reliability and/or validity. Moreover,
objective methods were found to report different results than those obtained from
subjective methods (van Weering et al.,, 2007). Verbunt et al. indicated that self-
report measurements may lead to under- or overestimation of physical activity level,
which may result in bias in the association between physical activity and
musculoskeletal pain (Verbunt et al., 2009). An objective measure is preferable for
assessing physical activity level. Its advantages include having greater validity and
providing both quantitative and qualitative assessment of physical activity with
minimal burden on participants. During physical activity monitoring, not only mean
physical activity levels, but also a classification of physical activities (such as standing,
sitting, and locomotion) can be collected. Nowadays, physical activity monitors are
becoming more and more convenient. However, high cost and restricted registration
time are still barriers. Future research should attempt to use an objective measure to

evaluate physical activity level.

The follow-up period of exposure and disease for the studies varied
considerably, ranging from three to 25 years for physical activity level and from one
month to lifetime for neck or low back pain. Of three cohort studies, only one study
recorded data every year for three years (van den Heuvel et al,, 2005), whereas the
rest of the studies recorded data at the beginning and the end of study only. No
data collection regarding exposure and disease during follow-up period may pose a
threat of recall bias. This bias may result in an under- or overestimation of the risk of
association with an exposure. Kremer et al. reported that patients with pain
significantly underestimated their activity level (Kremer et al,, 1981). Schmidt and
Brands found that patients were less capable of estimating their physiological level
of exertion during a performance test situation than healthy controls (Schmidt and
Brands, 1986). Future studies should pay more attention to the frequency of data
collection during their follow-up period and it is recommended that data are
collected at least every three months or are obtained from a continuous registration

system.



32

Evidence for association between physical activity and neck pain

Studies were conducted in substantially varying groups of subjects, including
school children, workers and the general population. One may argue that the effect
of physical activity level in different population groups might be different, particularly
between adolescents and adults. This seems to be the case for neck pain. When the
effect of physical activity level was separately analyzed for workers and school
children, there were limited evidence for no association in workers and strong

evidence indicating no association in school children.

Performing physical work, adopting awkward working postures and having
sedentary lifestyle are common for workers, while such activities are rare in an
adolescent population. Epidemiological studies have shown that adopting awkward
working postures for prolonged time combined with having sedentary lifestyle have
been found to be associated with neck pain (Cagnie et al., 2007; Janwantanakul et
al., 2009; Ortiz-Hernandez et al., 2003). Therefore, increased physical activity level in
workers may be beneficial for preventing neck pain. However, the preventive effect
of increased physical activity level on neck pain may not be so obvious in
adolescents, who usually do not stay in awkward positions (Auvinen et al., 2007) and
are more physically active than adults (Breuer, 2005). Thus, future research should be
more specific regarding the study population and taking the impact of work status on
physical activity into account. In addition, due to the low number of high quality

studies, more research is needed to confirm our findings in this respect.

Evidence for association between physical activity and low back pain

The body of evidence regarding the role of physical activity level and low
back pain is somewhat more inconsistent than that for neck pain. Even with the
separate analysis of the effect of physical activity on low back pain in adolescents
and adults, the conflicting evidence still existed. One of the possible explanations for
inconsistent findings among studies may relate to heterogeneity in methods of

exposure assessment among studies. To assess the physical activity level in patients
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with musculoskeletal pain, an objective measure is a preferable measurement device
to self-report measurement (Verbunt et al., 2009). Wedderkopp et al., who used
accelerometers to measure physical activity level, reported that low level of physical
activity increased the risk of low back pain in school children (Wedderkopp et al,,
2009). Being physically active may lead to improved physical fitness, which
consequently reduces the risk of low back pain and helps the back to function
better (Mikkelsson et al., 2006). However, the rest of the studies employed self-
report measurements to examine physical activity level, which are prone to the risk
of recall bias. For example, those without low back pain may be more likely to
consider themselves to be physically active than those with low back pain or those
who are physically active may be more likely to consider their back to be in better
condition than those who are less physically active, even if this is not the case
(Wedderkopp et al.,, 2003). Due to conflicting results, more high quality studies are
needed before a final conclusion can be reached regarding the effect of physical

activity on low back pain.

Sensitivity analysis

Methodological quality of included studies ranged between 43% and 88%,
with eight of seventeen studies scoring between 43% and 57%. In this review, a priori
cut-off point of >50% was used, which might have influenced the level of evidence
and potentially the results of the review. Thus, we assessed the effect of the cut-off
point used in the methodological quality assessment on the level of evidence.
Shifting the cut-off point from >50% to >60% or shifting the cut-off point from >50%

to >40%, would not have influenced our levels of evidence at all.

The strength of evidence was divided into five levels. However, in an earlier
study by Hamberg-van Reenen et al, three levels of evidence were used, i.e. 1)
strong evidence: consistent findings in multiple high-quality studies; 2) moderate
evidence: consistent findings in one high-quality study and in at least one low-quality

study, or consistent findings in multiple low-quality studies; 3) inconclusive evidence:
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inconsistent findings in multiple studies, or the results based on one or no study
provided findings for or against an association (Hamberg-van Reenen et al., 2007).
Changing the method to assess the strength of evidence into the one used by

Hamberg-van Reenen et al. would not have altered our conclusions.

Limitations of this review

There are a number of methodological limitations of this systematic review
that are noteworthy. First, the search strategy was limited only to full reported
publication in English. The possibility of publication and selection bias cannot be
ruled out, which may affect to the results of the review. Second, we summarized the
results from studies with substantial heterogeneity. This may explain the observed
variation in the results among studies. Future research is required to indicate whether
differences in these aspects affect the association between physical activity on one
hand and neck and low back pain on the other. Lastly, quality assessment tools to
appraise observational studies are less well established than those for randomized
controlled trials. As no universally accepted quality assessment tool for
observational studies exists, the methodological quality assessment used in the
present review was based on the assembly of criteria lists in the previous reviews
(Hoogendoorn et al., 2000; van der Windt et al,, 2000). It is believed that the items
included in the criteria list assessed the important components to validate these

types of studies.

Conclusions and Recommendations

This review showed limited evidence for no association between physical
activity and neck pain in workers, and strong evidence for no association in school
children. Conflicting evidence was found for the association between physical activity
and low back symptoms. More high quality studies are needed before more definite
conclusions can be drawn on the effect of physical activity on neck and low back

pain. The design of future studies may be improved by taking into account a number
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of methodological limitations that are present in the published studies. These
include increasing participation rate of samples, using an objective tool to assess
physical activity level, measuring physical activity both at work and leisure time,
having continuous data collection during the follow-up period, and being more

specific regarding study population.
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Summary

This review showed limited evidence for no association between physical
activity and neck pain in workers and conflicting evidence for the association
between physical activity and low back symptoms. More high quality studies are
needed before more definite conclusions can be drawn on the effect of physical
activity on neck and low back pain. Thus, the main aim of dissertation was to
examine the causal relationship between daily walking steps and the 1-year

incidence of neck and low back pain in those with sedentary jobs (Chapter IV).

The physical activity level measurement methods used in studies included in
the systematic review were self-reported questionnaire, interviewing, and objective
instrumentation (i.e., an accelerometer). The physical activity level measured by the
objective methods does not always correlates to those obtained by the subjective
methods. No study has investicated the correlation of physical activity level
measured by a subjective and objective tool in sedentary workers. The next chapter
(Chapter IlI) was aim to examine the correlation of physical activity level measured

by a subjective and objective method among sedentary workers.
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Abstract

Background: This study aimed to examine the correlation of physical activity levels
assessed by pedometer and those by the Global Physical Activity Questionnaire
(GPAQ) in a population of office workers.

Methods: A cross-sectional study was conducted on 320 office workers. A self-
administered questionnaire was distributed to each office worker by hand. Physical
activity level was objectively assessed by a pedometer for 7 consecutive days and
subjectively assessed by the GPAQ. Based on the pedometer and GPAQ outcomes,
participants were classified into 3 groups: inactive, moderately active, and highly

active.

Results: No correlation in the physical activity level assessed by the pedometer and
GPAQ was found (rs = .08, P = 0.15). When considering the pedometer as the
criterion for comparison, 65.3% of participants had underestimated their physical
activity level using the GPAQ, whereas 9.3% of participants overestimated their

physical activity level.

Conclusions: Physical activity level in office workers assessed by a subjective
measure was greatly different from assessed by an objective tool. Consequently,
research on physical activity level, especially in those with sedentary lifestyle, should
consider using an objective measure to ensure that it closely reflects a person’s

physical activity level.
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Background

Daily physical activity, which is activity at rather low to moderate levels, when
performed sufficiently is widely known to have important health benefits (Ainsworth
and Youmans, 2002). Insufficient levels of daily physical activity has been linked to
several chronic health problems, including diabetes mellitus (Allender et al., 2007,
Nguyen et al., 2007), ischemic heart disease, stroke, breast cancer, colon/rectal
cancer (Allender et al., 2007), and chronic musculoskeletal complaints (Holth et al.,
2008). Musculoskeletal disorders are common among the working population (Guo et
al., 2004) and office workers are one of occupations that suffer from musculoskeletal
symptoms with a high proportion experiencing symptoms in the spine
(Janwantanakul et al., 2008). Apart from personal suffering and impaired quality of
life in general, musculoskeletal symptoms in office workers can lead to sickness
absence and reduced work effectiveness (Hagberg et al., 2002; van den Heuvel et al,,

2007).

Sedentary behaviour is defined as having an energy expenditure lower than or
equal to 1.5 Metabolic Equivalent of Task (MET), while in a sitting or reclining
position. Sedentary behaviour is distinct from physical inactivity; a person can be
performing sedentary activities, but still be physically active according to physical
activity guidelines (Owen et al., 2010). For instance, an office worker sitting 7 hours
per day at work and watching 2 hours of television per day, can still commute by
bicycle and exercise for half an hour three days per week. This person performs
sedentary activities on the one hand, while is physically active on the other.
Associations have been found between sedentary behaviour and diabetes mellitus,
cardiovascular disease, and all-cause mortality, independent of the level of physical
activity (Ekblom-Bak et al., 2010; Owen et al., 2010; Proper et al., 2011; Thorp et al,,
2011; van der Ploeg et al,, 2012). However, the evidence for these associations is less
strong for occupational sedentary behaviour in specific (van Uffelen et al., 2010).
Thus, the notion of potential health benefits is of high interest, not only for

increased physical activity but also for decreased sedentary behavior.
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Common measurement methods of physical activity level include self-
reported questionnaire, interviewing, and objective instrument (i.e. an accelerometer
or a pedometer). Pedometer is one of objective tools for assessing physical activity
(Verbunt et al., 2009). Step count from a pedometer is used to represent physical
activity level. However, a pedometer can neither measure non-ambulatory activity
nor intensity or type of physical activity. Still, several studies have shown that a
pedometer provide a valid and accurate measure of physical activity level in free-

living conditions (Bassett et al., 1996; Crouter et al., 2003; Welk et al., 2000).

The global physical activity questionnaire (GPAQ) is one of commonly used
questionnaires for assessing physical activity level in population-based studies due to
their low cost, low participant burden and ease of administration (Amin et al., 2012;
Armstrong and Bull, 2006; Guthold et al., 2011; Trinh et al., 2008). The GPAQ consists
of 16 questions assessing a typical week’s activity undertaken in different domains,
such as work, transport, and leisure or recreation. Fifteen items assessing physical
activity, while one additional item pays attention to time spent in sedentary
activities. The GPAQ has been reported to be a reliable questionnaire for physical

activity measurement (Bull et al., 2009; Trinh et al., 2009).

Different occupations are exposed to different working conditions and the
nature of the work influences the health of workers (Coté et al., 2008). Therefore, an
expectation of the same health benefits of increased physical activity for all those in
differing occupations would be irrational. Thus, research on the health benefits of
increased physical activity should take the impact of work status into account. The
GPAQ records physical activity in the work domain, in which both vigorous and
moderate activities are assessed. However, sedentary workers, such as office workers,
may only have light activities at work, consequently affecting the accuracy of the
GPAQ. To date, no study has investigated the correlation of physical activity level
measured by a subjective and objective tool in sedentary workers. Thus, the aim of
this study was to examine the correlation of physical activity level measured by the

GPAQ and a pedometer among sedentary workers. Knowledge obtained from this
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study aims to provide researchers with guidance on the appropriate measurement

method of physical activity level in those with sedentary jobs.

Methods
Participants and procedures

A cross-sectional study was conducted on a convenience sample of office
workers recruited from workplaces in Bangkok. Office workers were defined as those
working in an office environment with their main tasks involving computer use,
participation in meetings, presentations, reading, and telephoning (Umker et al,
2006). Subjects were excluded if they had had neck or low back symptoms during
the previous 3 months with reporting pain intensity greater than 30 millimeters (mm)
on a 100-mm visual analogue scale, reported pregnancy, or had a history of surgery,
trauma, or accidents in the spinal region. Subjects who had been diagnosed with
congenital anomaly of the spine, rheumatoid arthritis, infection of the spine and
discs, ankylosing spondylitis, spondylolisthesis, spondylosis, tumor, systemic lupus

erythymatosus, or osteoporosis were also excluded from the study.

Before principal data collection, repeatability of data from both the
pedometer and GPAQ (see: measures) was assessed in 10 office workers. Each
subject was tested on two occasions separated by an interim of 7 days between

measurements.

Principal data collection consisted of assessments using pedometers and
questionnaires. First, each participant was given a pedometer with an instruction to
carry it for 7 consecutive days. Second, a self-administered questionnaire, i.e. the
GPAQ, was distributed to each office worker by hand and the researcher returned to
collect the completed questionnaire around 20 minutes later. The body weight and
body height of all participants were obtained to calculate the body mass index.
Written informed consent was obtained from all participants. The study was

approved by the Chulalongkorn University Human Ethics Committee.
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Measures

Pedometer. The pedometer used in the present study was the Yamax Digiwalker
CW-700 (Yamax, Tokyo, Japan). The Yamax pedometer is accurate and reliable for
counting steps (Crouter et al.,, 2003; Schneider et al,, 2004). Each participant was
asked to wear the pedometer for 7 consecutive days in order to record daily steps
during these days. Participants were instructed to carry the pedometer on the right
side of the belt, in the midline of the thigh, from getting up in the morning until
going back to bed at night. Participants were allowed to remove the pedometer only
while immersing the body in water. Participants received a short massage via mobile
phone everyday to remind them to wear the pedometer during the 7-day period of
physical activity measurement. Average steps per day recorded by the pedometer
were calculated for each participant, who had at least four daily measurements
(Cleland et al., 2011; Schmidt et al., 2008; Tudor-Locke and Myers, 2001). Participants
were classified, according to their average daily steps, as inactive (<5,000 steps per

day), moderately active (5,000 to 9,999), and highly active (>10,000) (Kl et al., 2012).

Questionnaire. The self-administered questionnaire consisted of two sections in
order to gather data on demographics and physical activity level (the GPAQ)
(Armstrong and Bull, 2006). Participants reported duration (min) and frequency
(time/week) of physical activity participation in three domains; activity at work, travel
to and from places, and recreational activities. Total physical activities were
calculated by the sum of the total metabolic equivalents (MET) minutes of activity
computed for each domain. For the calculation of a categorical indicator, the total
time spent in physical activity during a typical week, the numbers of days as well as
the intensity of the physical activity are taken into account. Total physical activity
scores from the GPAQ were used to divide participants into 3 groups: inactive,

moderately active, and highly active. The criteria for these levels are shown below.
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Highly active

A person reaching any of the following criteria is classified in this category:
vigorous-intensity activity on at least 3 days achieving a minimum of at least 1,500
MET-minutes per week OR 7 or more days of any combination of walking, moderate-
or vigorous-intensity activities achieving a minimum of at least 3,000 MET-minutes per

week.
Moderately active

A person not meeting the criteria for the “Highly active” category, but
meeting any of the following criteria is classified in this category: 3 or more days of
vigorous-intensity activity of at least 20 minutes per day OR 5 or more days of
moderate-intensity activity or walking of at least 30 minutes per day OR 5 or more
days of any combination of walking, moderate- or vigorous- intensity activities

achieving a minimum of at least 600 MET-minutes per week.
Inactive

A person not meeting any of the above mention criteria falls in this category.

Statistical analyses

For the reliability study, the intraclass correlation coefficient (ICC) was
calculated for the average daily steps measured by pedometer. The Kendall’s tau-b

was calculated for the physical activity level measured by the GPAQ.

Descriptive statistics were calculated for all variables. Kolmogorov-Smirnov’s
test was performed to check the distribution of the data. Due to the non-normal
distribution of data, the Spearman’s rank correlation test was applied to assess the
association between the physical activity level assessed by pedometer and the
GPAQ. All statistical analyses were performed using SPSS statistical software, version

16.0 (SPSS Inc, Chicago, IL, USA). Statistical significance was set at the 5% level.
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Results

The reliability results demonstrated good reliability for the pedometer with
an ICC (3,2) score of 0.77 as well as the GPAQ outcome with a Kendall’s tau-b score

of 0.89.

In total, 320 office workers participated in the study. Table 1 displays the
descriptive variables including the demographic data, level of physical activity from
the pedometer and GPAQ. There was no correlation in the physical activity level

assessed by the pedometer and GPAQ (rs = 0.08, P = 0.15).

When stratified subjects by age, the result showed significant but low
correlation between the physical activity level assessed by the pedometer and GPAQ
in those aged between 20-29 years (n = 77, rs = 0.27, P = 0.01). No correlation was
found for participants aged between 30-39 years (n = 155, rs = -0.01, P = 0.87) and
over 40 years (n = 88, rs = 0.09, P = 0.39).

Figure 1 shows the proportion of participants for each physical activity level
assessed by the pedometer and GPAQ. When considering the pedometer as the
criterion for comparison, 65.3% of participants had underestimated their physical
activity level using the GPAQ, whereas 9.3% of participants overestimated their

physical activity level (Table 2).
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Table 1 Demographic and physical activity levels of participating office workers (n =

320)

Characteristics N (%) Mean (SD)
Demographic characteristics
Age 34.8 (6.2)
Gender
Male 64 (20.0)
Female 256 (80.0)
Body mass index (kg/m2) 23.6 (4.9)
Education
Lower than Bachelor’s degree a7 (14.7)
Bachelor’s degree 224 (70.0)
Higher than Bachelor’s degree 49 (15.3)
Physical activity levels
Pedometer (Steps/day)
Inactive (<5,000) 20 (6.2)
Moderately active (5,000-9,999) 210 (65.6)
Highly active (=10,000) 90 (28.1)
GPAQ
Inactive 193 (60.3)
Moderately active 90 (28.1)
Highly active 37 (11.6)
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Figure 1 Proportion of participants according to physical activity level assessed by

the GPAQ and pedometer (n = 320)

Table 2 Distribution of participants according to physical activity level assessed by

the GPAQ and pedometer (n=320)

Pedometer Total
GPAQ Inactive  Moderately Highly n (%)
n (%)  active n (%) active
n (%)
Inactive 15@7° 129403  49(153)° 193 (60.3)
Moderately active 3 (0.9 56 (1757  31(9.7) 90 (28.1)
Highly active 2(0.6)  25(7.8) 10 (3.1)° 37 (15.2)
Total 20(6.2) 210(65.6) 90 (28.1) 320 (100)

Abbreviation: GPAQ, the Global Physical Activity Questionnaire. a Pedometer as the
criterion for comparison: correct estimator, b Pedometer as the criterion for
comparison: under-estimator, ¢ Pedometer the criterion for comparison: over-

estimator.
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Discussion

We found that physical activity level assessed by a subjective tool, such as
the GPAQ, did not correlate to that assessed by an objective tool, such as a
pedometer, in an office worker population with sedentary lifestyle. Only a small
improvement of correlation in physical activity level measured by the pedometer
and GPAQ was found when stratified participants by age. Participants were likely to
underestimate their physical activity level when using the GPAQ compared to a
pedometer. The finding is in line with recent studies investigating the association
between physical activity level measured by subjective and objective tools. Kl et al
found a small association between physical activity level measures by the
pedometer and GPAQ in a general population (Kl et al., 2012), while Cleland et al
found significant but modest correlation between physical activity level measured by
pedometer and the International Physical Activity Questionnaire in a general

population (Cleland et al., 2011).

On the one hand, all questions in the GPAQ, which evaluates physical activity
in work, transport, and leisure or recreation domains, focus on long duration and
moderate- to high-intensity activities, for example, “Does your work involve vigorous-
intensity activity that causes large increases in breathing or heart rate for at least 10
minutes continuously?” or “How many days do you do vigorous-intensity activities as
part of your work?” or “How much time do you spend doing vigorous-intensity
activities at work on a typical day?” On the other hand, a pedometer counts the
steps during all types of activities for a whole day. The target population of the
present study consisted of office workers, whose job characteristic is sedentary.
Tudor-Locke and Myers, in their review about physical activity measurement among
sedentary adults, reported that self-reported measures tend to capture structured
activities of long duration and high intensity, whereas pedometers can capture
incidental activities of shorter duration and lower intensity (Tudor-Locke and Myers,
2001). As a result, no correlation in the physical activity level assessed by the

pedometer and GPAQ was found among office workers.
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Physical activity level measured by the GPAQ was underestimated when using
the pedometer as a criterion for comparison. Verbunt et al, in their review of
assessment methods of physical activity level, indicated that self-report
measurements may lead to either under- or overestimation of physical activity level
(Verbunt et al,, 2009). Recently, Kl et al, in their validity study, found that the GPAQ
had overestimated physical activity level when using pedometer as a criterion for
comparison in a general population (Kl et al,, 2012). The discrepancy between the
present study and their previous study may be due to difference in studied
population. In the study by Kl et al, participants’ occupation was not controlled,
while in the present study participants were healthy office workers. Physical activity
engagement is different across occupational categories. Blue-collar workers showed
significantly higher occupational physical activity and were thus involved in more
moderate- and high-intensity activity types, while white-collar workers spent most of
their time at work sitting and performing light occupational activities (Steele and
Mummery, 2003). In the present study, most office workers reported no moderate or
vigorous physical activity at work when completing the GPAQ. Consequently, using
the GPAQ to evaluate physical activity levels in office workers would likely lead an
underestimation of physical activity level when using the pedometer as a criterion for
comparison. Given the recent insights regarding the adverse health effects of
sedentary behaviour, future intervention studies might aim at changing occupational
sedentary behaviour into light physical activities at work. Underestimation of
occupational activities of short duration and low intensity would be particularly
problematic in such intervention studies, since potential beneficial effects might

remain unnoticed.

Small correlation between the pedometer and GPAQ was found in younger
office workers. One possible explanation for small improvement in the correlation
among younger participants may relate to the fact that physical activity is dependent
on age or, in other words, the probability of physical inactivity increases
proportionally with increasing age (Breuer, 2005). The magnitude of underestimation

of physical activity level measured by the GPAQ compared to the pedometer may
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be reduced in those with moderate to high physical activity. Since this is the first
study to investigate the correlation of physical activity level measured by the GPAQ
and a pedometer in those with sedentary jobs, further study is required before firm

conclusions can be drawn.

A number of previous studies on physical activity level employed self-
reported questionnaire or interviewing (Sitthipornvorakul et al., 2011). The findings of
the present study showed that objective methods reported different results from
those obtained from subjective methods, especially in those with sedentary lifestyle.
Self-report measurements may lead to incorrect physical activity level, which may
result in bias in the association between physical activity and interested outcomes.
An objective measure is preferable for assessing physical activity level. Its advantages
include having greater validity with minimal burden on participants, although high
cost and restricted registration time can still be barriers. Future research should

attempt to use an objective measure to evaluate physical activity level.

Strengths and limitations of the study

The major strength of this study is the relative homogeneity of the
population. Indexes that classify pedometer-determined physical activity are
proposed for those free of chronic diseases and disabilities (Kl et al.,, 2012). Only
healthy office workers were included in this study. However, there are three main
methodological limitations that should be taken into consideration when interpreting
the results of the present study. First, the pedometer is generally not sensitive to
non-ambulatory activities. Despite the limitations of a pedometer, use of this device
is a relatively simple way to monitor the performance-based physical activity status
of healthy people. Second, body mass index was not controlled among participants
in the present study. Previous studies had indicated that the pedometer could not
accurately record steps for obese people (Melanson et al., 2004; Swartz et al., 2003).
Although hardly any obese workers were included in the present study, future study

with a control of body mass index among participants is recommended to confirm
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the findings of this study. Lastly, no physical verification method was implemented
to check if participants used the pedometer as instructed, although they were
reminded through a short massage via mobile phone everyday to wear the
pedometer during the 7-day period of physical activity measurement. Future studies
should consider inclusion of a physical verification method of using the pedometer

to increase data accuracy.

Conclusions

To conclude, the subjective measurement of physical activity level, i.e. the
GPAQ, was not associated with the objective measurement, i.e. a pedometer, in
office workers. Self-reported measurement likely led to underestimation of physical
activity level. Therefore, further research on physical activity, particularly in those
with sedentary lifestyle, should consider using objective measures rather than those
based on subjective self-reports. Additional study is necessary to validate the above

conclusion.
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Summary

The study showed that the subjective measurement of physical activity level
by the GPAQ was not associated with the objective measurement by a pedometer in
office workers. Self-reported measurement likely led to under-estimation of physical
activity level. Thus, in the next study, in which the causal relationship between daily
walking steps and the 1-year incidence of neck and low back pain in sedentary
workers was investigated, a pedometer was used to measure the physical activity

level.
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Abstract

Objective This study aimed to investigate the causal relationship between daily
walking steps and the 1-year incidence of neck and low back pain in workers with

sedentary jobs.

Methods A 1-year prospective study was carried out among 387 workers who
reported no spinal symptoms in the previous 3 months with pain intensity greater
than 30 mm on a 100-mm visual analog scale. Data were gathered using a self-
administered questionnaire, physical examination, and pedometer. Follow-up data
were collected every month for the incidence of musculoskeletal disorders and
every 3 months for daily walking steps. Two regression models were built to analyze

the effect of daily walking steps on the 1-year incidence of neck and low back pain.

Results Among 367 (95%) participants followed for 1 year, 16% and 14% reported
incident neck and low back pain, respectively. After adjusting for confounders, a
negative association between daily walking steps and onset of neck pain was found.
Increasing daily walking steps by 1,000 reduced the risk of neck pain by 14%. No
significant association between daily walking steps and the onset of low back pain

was found.

Conclusions Increasing daily walking steps is a protective factor for onset of neck
pain in those with sedentary jobs. Interventions to reduce neck pain should include

attempts to increase daily walking steps.

Keywords Pedometer Musculoskeletal disorder Office worker Exercise
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Introduction

A sedentary lifestyle is common in modern society. Insufficient levels of daily
physical activity have been linked to several chronic health problems, including
diabetes mellitus (Allender et al., 2007; Nguyen et al.,, 2007), ischemic heart disease,
stroke, breast cancer, colon/rectal cancer (Allender et al., 2007), and chronic
musculoskeletal complaints (Holth et al, 2008). Neck and low back pain are
significant health problems in the general population (Croft et al.,, 2001; Walker, 2000)
as well as working population (Guo et al.,, 2004). Apart from personal suffering and
impaired quality of life, musculoskeletal disorders can lead to sickness absence and
reduced work effectiveness, leading to a great socio-economic burden on patients

and society (van den Heuvel et al., 2007).

A recent systematic review revealed indefinite conclusions regarding
associations between sedentary behavior and musculoskeletal disorders in the spine
(Sitthipornvorakul et al.,, 2011). Coté et al. proposed that different occupations are
exposed to different working conditions and the nature of the work influences the
health of workers (Coté et al., 2008). Therefore, an expectation of the same effect of
increased physical activity on musculoskeletal disorders for all those in differing
occupations would be irrational. Research should be more specific regarding the

study population and consider the impact of work status on physical activity.

Previous studies showed that female workers with higher physical activity
level had higher odds of recovering from persistent neck pain than their counterparts
with sedentary leisure time (Rasmussen-Barr et al., 2013). An intervention aiming to
improve daily function helped regain functional status to the normal level in chronic
LBP patients who were in work and had initial mild to moderate disability (van Hooff
et al,, 2014). To date, no study has investigated the effect of daily physical activity
level on incident neck and low back pain in those with sedentary jobs, theoretically
prone to adverse effects of decreased daily physical activity on health. In this study,
walking, which is one of the most common forms of physical activities commonly
emphasized by public health initiatives (Bravata et al., 2007) and is usually performed

during recreational activities, transportation, occupational tasks, and in daily routine,
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was used to reflect the physical activity level of an individual. Therefore, the aim of
this study was to examine the causal relationship between daily walking steps and

the 1-year incidence of neck and low back pain in those with sedentary jobs.

Methods
Study population and procedures

A prospective cohort study with 1-year follow up was conducted in a
convenience sample of workers recruited from four large-scale enterprises in
Bangkok. The enterprises participating in this study were a public university and three
ministry’s head offices. Participants’ jobs mainly involved computer use, participation
in meetings, presentations, reading, and telephoning. Participants were included if
aged 20-45 years and working full-time. Participants were excluded if they had
reported musculoskeletal symptoms in the spine in the previous 3 months with pain
intensity greater than 30 mm on a 100-mm visual analog scale, reported pregnancy
or planned to become pregnant in the next 12 months, had a history of trauma or
accidents in the spinal region, had a history of spinal, intra-abdominal, or femoral
surgery in the previous 12 months, or had been diagnosed with congenital anomaly
of the spine, rheumatoid arthritis, infection of the spine and discs, ankylosing
spondylitis, spondylolisthesis, spondylosis, tumor, systemic lupus erythymatosus, or
osteoporosis. Volunteers were screened into the study using a self-administered

questionnaire.

At baseline, participants completed a self-administered questionnaire and
underwent physical examination by trained physical therapists according to
standardized protocol. Daily walking steps were assessed using a pedometer and
participants received a self-administrated diary to record the incidence of neck or
low back pain. The researcher returned to collect the diaries from participants every
month over a 12-month period (Figure 1). The study was approved by the

Institutional Human Ethics Committee.
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Figure 1 Flow of participations through the study.
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Questionnaire

The self-administered questionnaire comprised three sections designed to
gather data on individual, work-related physical, and psychosocial factors. Individual
factors comprised gender, age, marital status, educational level, frequency of regular
exercise or sport, smoking habits, and number of driving hours a day. Work-related
physical factors included current job position, number of working hours, years of
working experience, frequency of using a computer, performing various activities
during work, and rest breaks. The questionnaire also asked respondents to self-rate
the ergonomics of their workstations and work environment conditions. Psychosocial

factors were measured by the Job Content Questionnaire (Phakthongsuk, 2009).

Physical examination

The physical examination included in the study was selected based on the
theoretical effect of prolonged computer use on body parts, which may lead to
forward head posture, rounded shoulders, and kyphotic upper thoracic spine (Ming et
al, 2004). Each participant underwent a physical examination according to
standardized protocol. Physical examinations included the following items and took

a 30-minute single session to complete.

® Body weight and height were measured by electronic digital scale and a

wall-mounted standiometer, respectively.

® \Wajst circumference was measured midway between the lower rib margin
and the superior border of the iliac crest using a tape measure (Janssen et

al., 2002).

® Neck flexion, extension, rotation, and lateral flexion range of motion were
measured using the cervical range of movement device (Tousignant et al,,

2000; Tousignant et al., 2002; Tousignant et al., 2006).

® Trunk extension flexibility was assessed by the modified-modified Schober

test (Clare et al., 2007).
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® Neck flexor endurance was assessed according to the procedure

described by Harris et al. (Harris et al., 2005).

® Frector spinae and Multifidus muscle endurance was assessed by the

Biering-Sérensen test (Tekin et al., 2009).

Before data collection, repeatability of data from the questionnaire and
physical examination was assessed in 20 workers. Each subject was tested on two
occasions separated by an interim of 7 days between measurements for the

questionnaire and 10 min for the physical examination.

Daily walking steps

Data on daily walking steps were collected at baseline and every 3 months
over a 12-month period (at M0, M3, M6, M9, and M12). Digi-walker Pedometer
CW700s (Yamax, Tokyo, Japan) were used to measure the daily walking steps of
participants, who wore the pedometer for 7 consecutive days. Participants were
instructed to carry the pedometer on the right side of the belt, in the midline of the
thigh, from getting up in the morning until going back to bed at night. Participants
were allowed to remove the pedometer only while immersing the body in water.
Participants received a short message via mobile phone every day to remind them to
wear the pedometer as instructed. An individual’s daily walking steps were derived
from average daily walking steps from Monday to Sunday. Daily walking steps at MO,
M3, M6, M9, and M12 were averaged and used for data analysis in this study. Before
data collection, repeatability of data from the pedometer was assessed in 10
workers. Each subject was tested on two 7-day occasions with no time interval

between measurements.

Outcome measures

The area of neck and lower back was defined according to the standardized

Nordic questionnaire (Kuorinka et al., 1987). Participants answered the question ‘Have



58

you experienced any neck or low back pain lasting >24 hours in the past month?’ If
they answered ‘Yes’, follow-up questions about pain intensity measured by a visual
analogue scale, and the presence of weakness or numbness in the upper or lower
limbs were asked. Participants were identified as cases if they answered ‘Yes’ to the
first question, reported pain intensity greater than 30 mm on a 100-mm visual analog
scale, and had no weakness or numbness in the upper or lower limbs. Participants
were followed until becoming symptomatic, withdrawing from the study, or

completing the 12-month follow up.

Statistical analysis

For the reliability study, the intraclass correlation coefficient (ICC) was
calculated for continuous data and Phi coefficient for nominal data. The ICC (3,1) was
calculated for the questionnaire and physical examination outcomes. The ICC (3,7)
was calculated for daily walking steps outcome. The ICC values were interpreted as
follows: >0.75 was excellent, 0.40-0.75 was fair to good and <0.40 was poor. (Fleiss,

2011)

Subjects’ characteristics were described by means or proportions. To
determine whether an individual’s daily walking steps varied over the 1-year follow

up, a repeated-measures analysis of variance (ANOVA) was performed.

Multivariable logistic regression models were built to analyze the effect of
daily walking steps on onset neck and low back pain. The average daily walking steps
were scaled into 1,000 steps, i.e. divided by 1,000, and entered into the regression
analysis as a continuous variable. The 40 possible covariates were assessed by
entering potential covariates into a logistic regression model one at a time, and then
comparing the unadjusted and adjusted ORs. Final logistic regression models
included covariates that altered the unadjusted OR by at least 10% (Rothman and
Greenland, 1998). Adjusted ORs and 95% Cl for the final models are presented in the
results. Statistical significance was set at the 5% level. All statistical analyses were

performed using SPSS statistical software, version 16.0 (SPSS Inc, Chicago, IL, USA).



59

Results

The test-retest reliability results demonstrated fair (0.53) to excellent (1.00)
reliability for questionnaire outcomes and good (0.72) to excellent (0.91) reliability for
physical examination outcomes. The test-retest reliability results also demonstrated
fair (0.44) reliability for daily walking steps outcome. Table 1 presents the baseline
characteristics of the study population. Participants in this study reported high job
control, moderate physical and psychological job demands, high job security,
moderate social support, and low work hazards. Mean (SD) daily walking steps at
baseline, 3-month, 6-month, 9-month, and 12-month were 8,108 (2,410), 7,798
(2,637), 7,783 (2,276), 7,602 (2,306), and 7,838 (2,360) steps per day. The repeated-
measures ANOVA indicated significant difference in daily walking steps among
measurement times (F3.38,1183.30 = 6.164, p < 0.001). Mean daily walking steps at
baseline was significantly higher than those measured at the 6-, 9-, and 12-month
follow-ups (p < 0.05). Mean differences in daily walking steps between measurement

sessions were small relative to daily walking steps, ranging from 39.9 to 506.1 steps.

Table 1 Baseline characteristics of participants (n=387)

Characteristics n (%) Mean (SD)

Demographic characteristics

Gender
Male 92 (23.8)
Female 295 (76.2)
Age 30.9 (6.2)
20-29 94 (24.3)
30-39 190 (49.1)
40-45 103 (26.6)
Body mass index (kg/mz) 239 (5.4)

Waist circumference (cm) 77.4(11.2)
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Education
Lower than Bachelor’s degree 52(13.4)
Bachelor’s degree 281 (72.6)
Higher than Bachelor’s degree 54 (14.0)
Exercise frequency in the past 12 months (%)
Never performed 97 (26.4)
Occasionally performed but not regularly
every week 228 (62.1)
Regularly performed at least once a week 39 (10.6)
Not sure about the answer 3(0.8)
History of neck pain
Yes 206 (53.2)
No 181 (46.8)
History of low back pain
Yes 244 (63.0)
No 143 (37.0)
Occupational-related characteristics
Duration of employment (years) 9.7 (6.5)
Working days per week (days per week) 5.0 (0.3)
Working hours per day (hours per day) 8.0 (1.0)
Sitting >2 hrs. during work
Yes 359 (92.8)
No 28 (7.2)
Psychosocial characteristics
Job control (the maximum score range 35.1(4.8)
possible: 12.1-48.4)
Psychological job demands (12-48) 32.7(4.3)
Physical job demands (6-24) 13.6 (2.7)
Job security (5-20) 16.3 (1.5)
Social support (10-40) 30.3 (4.7)

Hazards at work (12-36)

16.9 (3.6)
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Physical characteristics
Cervical flexion (degree) 61.0 (8.5)
Cervical extension (degree) 66.4 (10.5)
Cervical lateral flexion (degree)
Right 42.8 (6.7)
Left 44.9 (6.7)

Cervical rotation (degree)

Right 73.3(7.1)

Left 73.3 (6.7)
Neck flexor endurance (sec) 31.4(22.2)
Trunk extension flexibility (cm) 2.2(0.8)
Trunk extensor endurance time (sec) 62.6 (35.5)

Association between daily walking steps and onset of neck pain

Due to incomplete data from 5 participants, final analysis was based on data
collected from 362 participants. Over the 12-month follow-up, 58 (16%) participants
reported the incidence of neck pain. According to univariate analyses, factors
selected for multivariate logistic regression analysis included daily walking steps,
history of neck pain, chair adjustability, and physical job demand (Table 2).
Multivariate logistic regression analysis revealed significant negative association
between daily walking steps and the onset of neck pain (adjusted OR, 0.86; 95% Cl,
0.74-1.00).
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Table 2 Odds ratio (OR) and 95% confidence interval (95% Cl) of neck pain to daily
walking steps (n=362)

N Incidence  Unadjusted OR Adjusted OR’

n (%) (95% Cl) (95% Cl)

Daily walking steps 0.88 (0.76-1.02)  0.86 (0.74-1.00)
(per 1,000 steps)
History of neck pain

Yes 192 41 (21.4) 2.44 (1.33-4.49)  2.50 (1.34-4.65)

No 170 17 (10.0) 1.00 1.00
Chair adjustability

Yes 236 30 (12.7) 1.00 1.00

No 126 28 (22.2) 1.96 (1.11-3.46)  1.97 (1.10-3.52)
Physical job demands 1.07 (0.96-1.19)  1.05(0.94-1.19)

* All OR associated with particular factors were adjusted for the effect of all other

factors that were in the model.
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Association between daily walking steps and onset of low back pain

Due to incomplete data from 1 participant, final analysis was based on data
collected from 366 participants. Over the 12-month follow-up, 52 (14.2%)
participants reported the incidence of low back pain. According to univariate
analyses, the factors selected for multivariate logistic regression analysis included
daily walking steps, history of low back pain, standing > 2 hrs. during work, and
psychological job demands (Table 3). Multivariate logistic regression analysis revealed
no significant association between daily walking steps and the onset of low back pain

(adjusted OR, 1.01; 95% Cl, 0.87-1.18).

Table 3 Odds ratio (OR) and 95% confidence interval (95% Cl) of low back pain to

daily walking steps (n=366)

N Incidence Unadjusted OR  Adjusted OR’

n (%) (95% Cl) (95% ClI)

Daily walking steps 1.03 (0.90-1.19)  1.01 (0.87-1.18)
(per 1,000 steps)
History of low back pain

Yes 233 43 (18.4) 3.12(1.47-6.62) 3.30 (1.53-7.10)

No 133 9 (6.8) 1.00 1.00
Standing >2 hrs. during work

Yes 54  12(22.2) 1.94(0.94-4.00) 1.63(0.75-3.54)

No 312 40(12.8) 1.00 1.00
Psychological job demands 1.11 (1.04-1.19) 1.12(1.04-1.20)

“ All OR associated with particular factors were adjusted for the effect of all other

factors that were in the model.
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Discussion

In this study, we were interested in the causal relationship between daily
walking steps and the 1-year incidence of neck and low back pain. Deconditioning
from sitting behind a computer and doing document work for long hours may lead to
musculoskeletal disorders (Wahlstrom, 2005). A distinct group of participants was
selected for the present study, that is, those with sedentary jobs, to ensure
participants would theoretically benefit from high daily physical activity level. The
findings demonstrated the significant negative association between daily walking
steps and onset of neck pain in those with sedentary jobs. However, such association
does not exist in the case of low back pain. Knowledge regarding the causal
relationship between daily walking step and neck pain provides an opportunity to

effectively prevent neck pain in those with sedentary jobs.

Our data showed that the daily walking steps of the sample population
varied only slightly throughout the year with the average (+SD) steps per day of 8,296
(£2,078) steps for males and 7,649 (+£1,997) steps for females. Miller and Brown
found that the average number of steps per day among working Australian adults
was 8,543 for males and 9,093 for females (Miller and Brown, 2004). Schmidt et al.
reported the median steps per day to be 8,761 among adults aged between 26-36
years (Schmidt et al., 2009). The discrepancy between the present study and their
previous study may be due to differences in the studied populations. In the study by
Miller and Brown and Schmidt et al., participants’ occupation was not controlled,
while in the present study the participants were healthy office workers. Physical
activity engagement differs across occupational categories. Blue-collar workers
showed significantly higher occupational physical activity and were thus involved in
more moderate- and high-intensity activity types, while white-collar workers spent
most of their time at work sitting and performing light occupational activities (Steele

and Mummery, 2003).

The 1-year incidences of neck and low back pain in office workers were 16%
and 14.2%, respectively. Previous epidemiological studies reported annual incidence

in office workers to be in the range of 34-49% for neck pain (Hush et al., 2009;
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Korhonen et al., 2003) and 23% for low back pain (Juul-Kristensen et al., 2004). The
discrepancy between our and previous studies may be due to differences in defining
a symptomatic case. For example, Hush et al. defined an episode of neck pain as a
period of neck pain lasting longer than 24 hours (Hush et al., 2009), whereas Juul-
Kristensen et al. defined incident cases as those reporting LBP at least eight days
during the preceding 12 months or a pain intensity score above 3 within the last 3
months (Juul-Kristensen et al,, 2004). In this study, apart from having pain lasting
more than 1 day, participants were required to report pain greater than 30 mm on a
100-mm visual analogue scale with no weakness or numbness in the upper limbs to

be identified as cases.

Daily walking steps and onset of neck pain

After adjusting for confounders, increasing daily walking steps by 1,000
reduced the risk of neck pain by 14% in those with sedentary jobs. Pedersen et al.
(Pedersen et al., 2009) found that increased physical activity at worksites reduced
musculoskeletal symptoms among office workers. The pathomechanism of work-
related musculoskeletal disorders is associated with several risk factors, including
individual, physical and psychosocial factors (Wahlstrém, 2005). Work-related physical
demands, such as sitting for long periods of time or sustaining awkward postures
during work, increases physical load on body parts. Increased physical load leads to
increased muscle activity and fatigue. If there is insufficient time to allow
regeneration of body tissue capacity, then a series of responses (muscle fatigue) may
further reduce available capacity. This may continue until some types of structural
tissue deformation occur, leading to musculoskeletal disorders. A previous study
showed a positive association between prolonged sitting at work and neck pain,
implying that the risk of neck pain was elevated for those working almost all day in a
sitting position (Ariéns et al., 2001). Thus, increased daily walking steps in sedentary
workers may indirectly indicate frequent rest breaks, allowing sufficient tissue

recovery to occur.
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Daily walking steps and onset of low back pain

The results of this study indicated no significant association between daily
walking steps and the onset of low back pain in those with sedentary jobs. Previous
studies found that low levels of physical activity increased the risk of low back pain
and low back muscle endurance was an independent predictor of low back pain in a
working population (Heneweer et al., 2012). Performing computer and document
work usually requires prolonged sitting and consequently results in low physical
activity levels. Evidence suggests that both prolonged sitting and low physical activity
level may lead to poor back muscle endurance (O'Sullivan et al., 2006). Thus, further
study should investigate the role of back muscle endurance as a modifier of the

effect of daily walking steps on onset low back pain.

Strengths and limitations of the study

The major strength of this study is its prospective design and inclusion of
several individual, work-related physical, and psychosocial factors for their
confounding effects on neck and low back pain. Additionally, physical activity levels
were objectively assessed using pedometers. However, the current study has three
main limitations. First, the use of convenience sample restricts the external validity
of this study. Thus, generalization of the results from this study to other working
populations should be made with caution. Second, the nature of some work-related
physical factors, i.e. frequency of using a computer, performing various activities
during work, rest breaks, and the diagnosis of musculoskeletal disorders were
subjective, possibly leading to data inaccuracy. One noteworthy drawback of self-
reported data is the risk of overestimation of exposure. Also, some workers may be
more sensitive to any somatic disturbance than others. As a result, there is a risk of
under- or over-reporting incidence. Future studies should consider inclusion of
objective information from a physical examination to increase data accuracy. Last,
fair repeatability for daily walking steps outcome restricts the internal validity of the

study. Our data showed excellent repeatability of daily walking steps outcome when
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using data from Monday to Friday (the ICC [3,5] = 0.77), whereas poor repeatability of
daily walking steps outcome was obtained when using data from Saturday to Sunday
(the ICC [3,2] = 0.17). Although most participants in this study reported never or only
occasional exercise in the past 12 months, an individual’s level of daily walking steps
over the weekend can still vary considerably from one weekend to another because
the individual chooses to undertake a large variety of physical activities over the
weekend, e.g. shopping, visiting relatives and friends, caring for children, working
overtime, or engaging in a hobby. Thus, inconsistent activities over the weekend may

partly be accountable for the fair repeatability of daily walking steps outcome.
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Summary

The results showed that increasing daily walking step was a preventive factor
for neck pain in those with sedentary job. The next chapter (chapter V) aimed to
develop of the application (‘app’) for a smart phone or tablet to calculate daily

walking steps to prevent neck pain in office workers.



CHAPTER V
Development of the application for a smart phone or tablet

to calculate daily walking steps to prevent neck pain in office workers

Introduction

Daily physical activity, which is physical activity at rather low to moderate
levels, when performed sufficiently is widely known to have important health
benefits (Ainsworth and Youmans, 2002). However, modern living leads to a more
sedentary lifestyle. Reduced daily physical activity has been linked to several chronic
health problems, including diabetes mellitus (Allender et al., 2007; Nguyen et al,,
2007), ischemic heart disease, stroke, breast cancer, colon/rectal cancer (Allender et

al., 2007), and chronic musculoskeletal complaints (Holth et al., 2008).

Common measurement methods of physical activity level include self-
reported questionnaire, interviewing, and objective instrument (i.e. an accelerometer
or a pedometer). Pedometer is one of objective tools for assessing physical activity
(Verbunt et al.,, 2009). Step count from a pedometer is used to represent physical
activity level. Several studies have shown that a pedometer provide a valid and
accurate measure of physical activity level in free-living conditions (Bassett et al,,
1996; Crouter et al., 2003; Welk et al., 2000). In this dissertation, it was confirmed
that, at least in a population of office workers, a subjective measure (the Global
Physical Activity Questionnaire) was not closely reflects an actual person’s physical

activity level (assessed by pedometer).

The primary aim of this dissertation was to investigate the causal relationship
between daily walking steps on workdays and the 1-year incidence of non-specific
neck and low back pain in office workers. The results showed that increasing daily

walking step is a preventive factor for neck pain in those with sedentary job.

To date, many types of pedometer have been developed and provide a valid

and accurate measure of physical activity level, including in the form of the
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application (‘app’) for a smart phone or tablet, which is inexpensive and easy to use.
From the results of prospective cohort study, the formula for calculate daily walking
steps to prevent neck pain in office workers was created and used in the
development of the ‘app’ for a smart phone or tablet to calculate daily walking

steps to prevent neck pain in office workers.

Step of application development

The following 4 steps were taken to develop the ‘app’ to calculate daily

walking steps to prevent neck pain in office workers:
Step 1: Identifying factors in a mathematic formula;
Step 2: Creating the mathematic formula;
Step 3: Testing the formula;

Step 4: Developing the ‘app’.

Step 1: Identifying factors in a mathematic formula

A mathematic formula to calculate daily walking steps to prevent neck pain
in office workers was based on data of prospective cohort study. To generate the
mathematic formula, a number of factors were needed. From the previous
prospective cohort study, history of neck pain and chair adjustability was risk factors
of neck pain in office workers. To our knowledge, the risk factors of neck pain in
office workers were gender and history of neck pain (Paksaichol et al.,, 2012). In
addition, physical activity seems to be particularly dependent on age. The probability
of physical inactivity increases linearly with increasing age (Breuer, 2005). A previous
study in adult population revealed that physical activity level seems associated with
body weight and height (Liao Y et al.,, 2012). Lastly, prolong sitting and standing may
affect the daily steps. Therefore, all 8 factors (chair adjustability, gender, history of
neck pain, age, body weight and height, prolong sitting and standing) were included
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to generate the mathematic formula to calculate daily walking steps to prevent neck

pain in office workers.

Step 2: Creating the mathematic formula

Multiple logistic regression analysis with enter method was performed on
data of 75% of participants, who were randomly selected from the previous
prospective cohort study, to determine the optimal combination of identified factors
in Step 1 needed to predict the daily steps for preventing neck pain. The statistical

program Stata 12.0 for Windows was used for all the analysis.

Step 3: Testing the mathematic formula

To validate the mathematic formula generated, twenty datasets of office
workers from the previous prospective cohort study were randomly selected from
those not included in Step 2. To examine the relationship between daily walking
steps calculated from the mathematic formula generated and actual daily walking
steps from the prospective cohort study, Pearson product-moment correlation
coefficient was used. All statistical analyses were performed using SPSS statistical

software, version 16.0 (SPSS Inc, Chicago, IL, USA).

Step 4: Developing the ‘app’

The researcher hired an application developer at the Halal Science Center,
Chulalongkorn University, to develop a prototype of the application for a smart
phone or tablet to calculate daily walking steps to prevent neck pain in office
workers. The researcher provided description of the application design and its
function as well as the mathematic formula generated to calculate daily walking

steps to prevent neck pain in office workers.
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Results

Two hundreds and seventy-four subjects in the 1-year followed up study
were used in this study to generate the mathematic formula for preventing neck
pain. The factors included in the formula were gender, age, weight, height, history of
neck pain, chair adjustability, sitting and standing. Table 1 shows the results of

multiple linear regression analysis.

Table 1 Enter method

NP Coef. Std. Err. | z P>zl [95% Conf. Interval]
Step per day -0.220 | 0.099 -220 [0.028 |-0.415 |-0.024
NP history 1.169 0.394 2.97 0.003 | 0.397 1.941
Chair adjustability | 0.613 0.372 1.65 0.099 |-0.116 1.342
Gender 0.399 0.592 0.67 0.500 |-0.761 1.560
Age 0.016 0.031 0.52 0.603 |-0.045 |0.078
Weight 0.010 0.011 0.86 0.392 |-0.012 |0.032
Height 0.050 0.036 1.40 0.160 | -0.020 0.120
Sit -0.362 0.718 0.50 0.614 | -1.045 1.769
Stand 0.203 0.477 -0.42 0.671 |-1.138 0.733
_cons -11.325 | 6.803 -1.71 [ 0.087 |-24.977 | 1.689

. (11.644 + 0.220(step per day) — 1.169(NP history) — 0.613(chair adjustability) - 0.399(gender) —
P(Neck pain) = 1/(1 + e

0.016(age) — 0.010(weight) — 0.050(height) + 0.362(sit) — 0.203(stand)

)

The mathematic formula generated was;

Step per day = [[(In((1/0.2)-1))-11.644+1.169(NP history)+0.613(Chair
adjustability)+0.399(Gender)+0.016(Age)+0.01(Weight)+0.05(Height)-
0.362(Sit)+0.203(Stand)]/0.22] x 1000
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Variable

Gender: Male = 1, Female = 2

Chair adjustability: yes = 1, No = 2
Age: Age in years

Body weight: Body weight in kilogram
Height: Height in centimeter

History of neck pain: Having no neck pain for longer than 3 months in the

past = 1, Having neck pain for longer than 3 months in the past = 2

Sitting: Working in prolong sitting position > 2hours = 1, Working in prolong
sitting < 2hours = 2

Standing: Working in prolong standing position > 2hours = 1, Working in

prolong standing < 2hours = 2

Testing for the mathematic formula

Daily steps calculated from the mathematic formula generated was positively

correlated with actual daily steps from the prospective cohort study (r = 0.61, p-

value = 0.01). Table 2 showed numbers of daily steps per day calculated from the

mathematic formula generated and the actual daily steps assessed by pedometer

from the prospective cohort study.
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Table 2 Comparison of steps per day calculated from the mathematic formula

generated and the actual daily steps assessed by pedometer (n=20)

Subjects Steps from the Real steps count Error (steps)
(Gender/Age) formula (steps) (steps)
F/ 30 12843 10410 2433
F/ 25 7034 9159 2125
F/ 42 8943 7548 1395
F/ 40 7315 5630 1685
F/ 31 10984 8304 2680
F/ 36 10825 7640 3185
F/ 34 10361 9074 1287
F/ 37 6443 8058 1615
F/ 26 10325 7778 2547
F/ 39 11975 11138 837
M/ 35 11829 11984 155
M/ 42 7952 7266 686
M/ 43 10561 7520 3041
M/ 44 11320 8177 3143
M/ 36 11575 11910 335
M/ 25 8993 7500 1493
M/ 43 10525 7520 3005
M/ 26 8302 7195 1107
F/ 34 13147 9074 4073
F/ a1 8511 7066 1445
Mean (SD) 1914 (1068)




74

Application development

The application for calculating daily walking steps was developed as “Daily
Steps Calculator”. This application was designed to calculate an appropriated step
per day for preventing neck pain in office workers. Figure 1-3 shows the pattern of

this application. There are 3 steps for using this application as followed;

1. On the first page of the application, a user is required to select the body area

of interest (i.e. the neck or low back region).

Daily step calculator to prevent
neck and low back pain in office
workers

H To prevent neck pain
D

i To prevent low back pain

D mming

Figure 1 The first page of the application
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2. On the second page of the application, a user is required to fill out all

questions in this page and select click “Calculate” button.

Daily Step Calculator

g To prevent neck pain
450

1.Gender

2.Age (years) 29
3.Weight (kg.) 60
4 Height (cm.) 162

5.Have you had a history of
neck pain?

6.Do you usually sit
continuously for > 2 hours
on a working day?

7.Do you usually stand
continuously for > 2 hours
on a working day?

Reset Calculate

Figure 2 The second page of the application provide the questions of each variable

3. On the third page of the application, the screen shows the appropriated daily

walking step for preventing neck pain in office workers.

N

11,700 steps

Figure 3 The third page of the application showing the number of steps per day
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Discussion

In this study, the researcher developed the ‘app’ for calculating daily walking
steps to suit individual office worker to prevent neck pain. The results revealed that
this ‘app’ can calculate the number of steps per day with moderate correlation to

actual steps count by pedometer from the prospective cohort study.

Daily walking steps calculated from the ‘app’ was tested on 20 subjects from
the prospective cohort study. Of these subjects, 16 subjects had higher daily walking
steps calculated from the ‘app’ compared to actual steps counted from pedometer.
However, difference in daily walking steps between those calculated from the
application and actual steps counted from pedometer were relatively small (mean

difference (SD) = 1914 (1068) steps per day).

This ‘app’ is a starting point for further research into theory-based interventions
designed to promote appropriated physical activity level for preventing neck pain
among office workers. Further research is needed to validate this ‘app’ on a new

group of office workers using a randomized controlled trial design.



CHAPTER VI

General conclusion

6.1 Summary of the results

The first aim of the study was to systematically review the scientific literature
to gain insight into the association between physical activity and neck and low back
pain as well as the strength of evidence (Chapter ). There were seventeen studies
were included in this review, of which 13 were rated as high quality studies. This
review showed limited evidence for no association between physical activity and
neck pain in workers, and strong evidence for no association in school children.
Conflicting evidence was found for the association between physical activity and low
back symptoms. More high quality studies are needed before more definite
conclusions can be drawn on the effect of physical activity on neck and low back

pain.

The second aim of the study was to examine the correlation of physical
activity level measured by a pedometer and the GPAQ among office workers
(Chapter Ill). The results showed that physical activity level assessed by a subjective
tool, such as the GPAQ, did not correlate to that assessed by an objective tool, such
as a pedometer, in an office worker population with sedentary lifestyle. Only a small
improvement of correlation in physical activity level measured by the pedometer
and GPAQ was found when stratified participants by age. Self-reported measurement
likely led to underestimation of physical activity level. Therefore, further research on
physical activity, particularly in those with sedentary lifestyle, should consider using

objective measures rather than those based on subjective self-reports.

The third aim of the study was to examine the causal relationship between
daily walking steps and the 1-year incidence of neck and low back pain in those with
sedentary jobs. (Chapter IV). The results of this study demonstrated the significant

negative association between daily walking steps and onset of neck pain, increasing
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daily walking steps by 1,000 reduced the risk of neck pain by 14% in those with
sedentary jobs. However, such association does not exist in the case of low back
pain. Knowledge regarding the causal relationship between daily walking step and
neck pain provides an opportunity to effectively prevent neck pain in those with

sedentary jobs.

The last aim of the study was to develop the application (‘app’) for a smart
phone or tablet to calculate daily walking steps to prevent neck pain in office
workers. (Chapter V). Through this study, the researcher developed the ‘app’ for
calculating daily walking steps to suit individual office worker to prevent neck pain.
The results revealed that this ‘app’ can calculate the number of steps per day with
moderate correlation to actual steps count by pedometer from the prospective

cohort study.

6.2 Limitations of the study and suggestions for further study

In the first study, a systematic review, there are a number of methodological
limitations of this systematic review that are noteworthy. First, the search strategy
was limited only to full reported publication in English. The possibility of publication
and selection bias cannot be ruled out, which may affect to the results of the
review. Second, we summarized the results from studies with substantial
heterogeneity. This may explain the observed variation in the results among studies.
Future research is required to indicate whether differences in these aspects affect the
association between physical activity on one hand and neck and low back pain on
the other. Lastly, quality assessment tools to appraise observational studies are less
well established than those for randomized controlled trials. As no universally
accepted quality assessment tool for observational studies exists, the
methodological quality assessment used in the present review was based on the
assembly of criteria lists in the previous reviews (Hoogendoorn et al., 2000; van der
Windt et al,, 2000). It is believed that the items included in the criteria list assessed

the important components to validate these types of studies.
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In the second study, the correlation of physical activity level measured by a
pedometer and the GPAQ among office workers, there are three main
methodolosgical limitations that should be taken into consideration when interpreting
the results of the present study. First, the pedometer is generally not sensitive to
non-ambulatory activities. Despite the limitations of a pedometer, use of this device
is a relatively simple way to monitor the performance-based physical activity status
of healthy people. Second, body mass index was not controlled among participants
in the present study. Previous studies had indicated that the pedometer could not
accurately record steps for obese people (Melanson et al., 2004; Swartz et al., 2003).
Although hardly any obese workers were included in the present study, future study
with a control of body mass index among participants is recommended to confirm
the findings of this study. Lastly, no physical verification method was implemented
to check if participants used the pedometer as instructed, although they were
reminded through a short massage via mobile phone everyday to wear the
pedometer during the 7-day period of physical activity measurement. Future studies
should consider inclusion of a physical verification method of using the pedometer

to increase data accuracy.

In the third study, the causal relationship between daily walking steps and
the 1-year incidence of neck and low back pain in workers with sedentary jobs, there
are three main limitations. First, the use of convenience sample restricts the external
validity of this study. Thus, generalization of the results from this study to other
working populations should be made with caution. Second, the nature of some
work-related physical factors, i.e. frequency of using a computer, performing various
activities during work, rest breaks, and the diagnosis of musculoskeletal disorders
were subjective, possibly leading to data inaccuracy. One noteworthy drawback of
self-reported data is the risk of overestimation of exposure. Also, some workers may
be more sensitive to any somatic disturbance than others. As a result, there is a risk
of under- or over-reporting incidence. Future studies should consider inclusion of
objective information from a physical examination to increase data accuracy. Last,

fair repeatability for daily walking steps outcome restricts the internal validity of the
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study. Our data showed excellent repeatability of daily walking steps outcome when
using data from Monday to Friday (the ICC [3,5] = 0.77), whereas poor repeatability of
daily walking steps outcome was obtained when using data from Saturday to Sunday
(the ICC [3,2] = 0.17). Although most participants in this study reported never or only
occasional exercise in the past 12 months, an individual’s level of daily walking steps
over the weekend can still vary considerably from one weekend to another because
the individual chooses to undertake a large variety of physical activities over the
weekend, e.g. shopping, visiting relatives and friends, caring for children, working
overtime, or engaging in a hobby. Thus, inconsistent activities over the weekend may

partly be accountable for the fair repeatability of daily walking steps outcome.

In the fourth study, the ‘app’ was developed on a relatively homogeneous
sample of office workers. This homogeneity may limit the extent to which the ‘app’
can be generalized. Therefore, this ‘app’ will be limited to whom with sedentary

work, i.e. office worker.
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APPENDIX C

Global physical activity questionnaire analysis and calculations



Global physical activity questionnaire analysis and calculations

For the calculation of a person’s overall energy expenditure using GPAQ data, the

following MET values are used:

Domain MET value
Work ® Moderate MET value = 4.0
® Vigorous MET value = 8.0
Transport Cycling and walking MET value = 4.0
Recreation ® Moderate MET value = 4.0

® \igorous MET value = 8.0

Levels of total physical activity

Description: Percentage of respondents classified into three categories of total

physical activity.

Instrument questions:

® P1-P6: activity at work

® P7-P9: travel to and from places

® P10-P15: recreational activities

Total physical activity MET-minutes/week(= the sum of the total MET minutes of

activity computed for each setting)

Equations: Total physical activity =

[(P2*P3*8)+(P5*P6*4)+(P8*P9*4)+(P11*P12*8)+(P14*P15%*4)]

146

Level of total
physical
activity

Physical activity cutoff value

High

® |F: (P2+P11) > 3 days AND Total physical activity MET
minutes per week is > 1500

OR

® |F: (P2+P5+P8+P11+P14) > 7 days AND Total physical
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activity MET minutes per week is > 3000

Moderate ® |F: level of physical activity does not reach criteria for
high levels of physical activity
AND at least one of the following:
® |F: (P2+P11) > 3 days AND ((P2*P3)+(P11*P12)) > 3*20
minutes
OR
® |F: (P5+P8+P14) > 5 days AND
(P5*P6)+(P8*P9)+(P14*P15)) > 150 minutes
OR
® |F: (P2+P5+P8+P11+P14) > 5 days AND Total physical
activity MET minutes per week is > 600
Low IF level of physical activity does not reach the criteria for

either high or moderate levels of physical activity
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