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Abstract
Background
Current evidence supports the use of pedometers as effective motivational tools to promote physical activity and improve health-related quality of life in the general population. The aims of this study are to examine whether a pedometer-driven walking programme can improve health-related quality of life, and increase ambulatory activity in a population of meat processing workers when compared to a control group receiving educational material alone.

Methods/design
A feasibility study employing a randomized controlled trial (RCT) design will collect data at three time points. A sample of up to 60 meat workers will be recruited and randomly assigned to either an intervention group N = 30 (12-week pedometer-driven walking program, brief intervention, and educational material), or control group N = 30 (educational material only). The primary outcomes of ambulatory activity, health-related quality of life, and functional capacity, will be evaluated at baseline, immediately following the 12-week intervention and then at three month post-intervention.

Discussion
This paper describes the design of a feasibility randomized controlled trial, which aims to assess the effectiveness of the introduction of a workplace pedometer-driven walking program compared to normal lifestyle advice in meat processing workers.

Trial Registration Number
(ANZCTR): 12613000087752.
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Abbreviations
RCTRandomized controlled trial


MSDMusculoskeletal disorders


PAPhysical activity


PWPedometer-driven walking


CGControl group


SFFSilver fern farms


BPBlood pressure


BMIBody mass index


BFBody fat percentage


WCWaist circumference


SF-36v2The short form 36 version2 questionnaire


IPAQ-SFInternational physical activity questionnaire short form


HRQLHealth related quality of life


SW200The Yamax Digi-walker pedometer SW-200(Yamax, Tokyo, Japan


6MWTThe Six Minute Walk Test


SRTSelf-regulation theory


NZNew Zealand


ACCAccident Compensation Corporation.




Introduction
The meat processing industry is the second most important sector in the New Zealand (NZ) economy, employing approximately 24,000 workers, and contributing approximately 13% of New Zealand’s exports [1]. Meat processing involves different work stages that include slaughtering, boning, cutting, and packing, which demand different physical workloads and tasks. These often require prolonged periods in task-related non-neutral postures, potentially leading to an increased risk of occupational injuries.
Work-related disorders and occupational injuries reported to afflict workers in the meat processing industry are varied, with musculoskeletal disorders (MSD) being a commonly reported health problem [2–4]. Relevant risk factors include hazardous working conditions [4, 5] with repetitive movements, heavy physical workload, and sustained standing [6–8] that have been linked to increased levels of disability, sick leave, and work incapacity [9]. The prevalence of MSD among meat processing workers has been previously published [2]. For example meat processing in the USA is considered one of the most hazardous industries, with an overall incidence injury rate of 6.9 per 100 fulltime workers in 2009 [10], while in Canada, the incidence injury rate was 23.48 per 1,000 [11]. In NZ the prevalence of MSD is at a higher rate than any other sector based on Accident Compensation Corporation (ACC) claims data in 2005–2006, with annual cost of approximately $12 million [12] while in 2003, the MSD incidence rate for meat processing was 59 per 1000 full-time equivalent workers (FTE) compared to 20 per 1000 FTE for forestry and logging and 16 per 1000 FTE for construction [12]. The most common injuries usually involve the upper extremities [13–15], with shoulder, and neck, as well as lower back, having the highest reported incidence [13, 16–23].
These conditions are known to impact on health-related quality of life, increase healthcare costs, and also decrease daily activities [24]. It has also been reported that adults with MSD have an overall poorer health-related quality of life than the general population reporting no pain [24, 25]; this effect is likely to be increased among aging employees due to the health problems that accrue over a working life-span.
Improving general health status by increasing the level and capacity for physical activity (PA) may help lead to a reduction in occupational injury and protect workers from accidents; reduce working hours lost as a result of absence due to illness or injury; as well as reduce the costs of treatment, and claims for compensation [26–28].
Physical activity (PA) plays an important role in the prevention and management of various chronic diseases including sedentary obese, high blood pressure, and cardiovascular disease [29–31], with a reduction in premature mortality and improvement in quality of life [32]. Studies have demonstrated the benefit of increased PA in reducing pain and improving quality of life in workplace populations with MSD [33, 34]; levels of PA also correlate with reductions in the risk for premature all-cause mortality across all groups and sexes in the general population [35, 36]. A critical review by Propper and colleagues identified clear evidence for the benefit of worksite PA to manage MSD among employees [37]. Currently, there are studies that support the use of walking-based interventions that encourage people with MSD (including LBP, osteoporosis, hip, and knee osteoarthritis [38–42] to assume a physically active role in their recovery. A recent publication has also demonstrated the effect of pedometer-driven walking on relieving musculoskeletal symptoms (for both function and pain) in chronic LBP among adults aged 18 or over [43].
National and international PA guidelines have recommended that every adult accumulate at least 150 minutes of moderate-to-vigorous intensity physical activity every week, to gain significant health benefits [44]. Despite the well-known benefits of regular PA, the World Health Organization (WHO) reported in 2008, that 31% of adults over 15 years exhibit a sedentary lifestyle, and have a 20-30% increased risk of mortality compared to active people, with this effect being more noticeable among females compared to males [45, 46]. Although The New Zealand Physical Activity Guidelines state that adults should participate in at least 30 minutes of moderate activity on most, if not on all days of the week [47] data from Sport and Physical Activity Surveys NZ 2008 [48] show that only 48.2% of NZ adults are physically activity on five or more days per week, while a recent New Zealand Health Survey 2012 [49], found 54% of adults met the current recommendations of daily PA daily. Physical inactivity is a significant public health issue in New Zealand [45] contributing to non-communicable diseases and health problems; costing approximately $1.3 billion for the 2010 year [50].
Walking is considered to be an ideal form of PA to promote and maintain health status in the general population. For most it requires no additional physical skills, and is achievable by all ages with little risk of injury [51, 52]. A systematic review [53] examined the effectiveness of interventions aimed to promote walking that including 19 randomised controlled trials and 29 non-randomised controlled studies. The review concluded that the strongest evidence exists for tailored interventions that focused at the level of the individual needs and sedentary groups such as pedometers with individual goal setting to be more effective to promote walking.
Walking with a pedometer as the intervention tool is becoming widely used in different health related domains to promote PA levels, and improve health status in a wide range of populations. Pedometers can supply valuable information on the number of steps and distance travelled, time spent in an activity, and also provide an estimate of energy expenditure [54]. The majority are a reliable and valid device for increasing and measuring physical activity, particularly as part of a walking programme [55]. In clinical studies pedometers have been widely used in the assessment and management of PA within a range of conditions including sedentary obese [56, 57], diabetes [58], and knee osteoporosis [39, 59], with an aim to encourage increased habitual physical activity, and improve health-related quality of life.
A variety of workplace pedometer walking interventions have been developed to improve health-related outcomes and increase the PA levels of employees [60, 61]. Workplace pedometer-based interventions with goal setting (such as 10,000 steps per day) and weekly e-mail messages have shown a positive effects on PA and health outcomes in the short-term [62, 63] as well as long-term [64]. Correlations between number of steps and health outcomes have been shown [60, 61, 64]: for example Chan and colleague [65] reported in group of intervention an average daily step count increase of 3,451 ± 2,661 with a concurrent significant decrease in body mass index and waist girth. These results illustrate the potential that the workplace offers as an ideal setting for health promotion and PA strategies.
To our knowledge, no study has employed pedometer-driven walking as a motivational strategy and intervention together with goal setting in order to increase daily ambulatory activity among meat processing workers. The meat industry has substantial economic importance to the New Zealand economy. However it is known that the population of meat-workers in New Zealand is aging and has health related issues consistent with an aging population, a sedentary lifestyle, and chronic disease that include obesity, hypertension, diabetes, and other cardiopulmonary problems [66, 67]. Although these factors can impact adversely on work productivity and sick leave [9], they are also known to positively respond to increased PA [29, 30]. A healthier more active work force will likely be associated with reduced sick leave, reduced injury rates, and increased productivity [60]. The use of a simple, cheap, performance driven physical intervention, and one that is socially interactive, may be a significant step towards improving the health and lifestyle of these workers.
The primary aims of this study are to examine whether a pedometer-driven walking programme, incorporating a brief intervention, along with an educational material can improve health-related quality of life, and increase ambulatory activity in a population of meat processing workers when compared to a control group receiving educational material alone. Secondary effects on blood pressure, body mass index, body fat percentage, and waist circumference will be also measured. We hypothesize that the pedometer-driven walking intervention will be a feasible and effective tool to increase participants’ daily ambulatory activity levels and improve health outcomes compared to a control group.

Methods/design
Study design
This will be a feasibility study using a randomized controlled trial (RCT) design. Data will be collected at three time points (baseline, 12 weeks (at conclusion of intervention), and 3 months post intervention). The study will recruit up to 60 participants and comprise two arms (i) pedometer-driven walking (PW) n =30), (ii) control group receiving normal lifestyle advice (CG n = 30).This randomised clinical trial will be reported according to the recommendations of the CONSORT statement [68].

Ethical approval
The study design has been approved by the Otago Human Ethics Committee number (12/313) and the study protocol is registered on the Australian New Zealand Clinical Trials Registry (ANZCTR): 12613000087752. Written informed consent will be obtained before participants enter the study.

Description and selection criteria of participants
A large, local meat processing plant in the South Island of New Zealand (with 900 people working in 12 departments) has agreed to participate in the study. Employee recruitment will be through advertisements (posters) in different work-sites including the health clinic, plant administration, cafeterias, and all department notice-boards until a target sample (n = 60) is achieved. Participants will eligible to participate if they are: currently working, male or female aged 18–65 years, have a sedentary lifestyle and/or low levels of physical activity (less than 7,499 steps per day); are able to walk continuously for at least 10 minutes; able to read and sign an informed consent form and questionnaires, and are willing to participate for the full study duration.

Screening
Potential participants will initially be screened for eligibility for entry into the randomized control trial by wearing the pedometer (Yamax Digi-walker SW-200) for seven consecutive days. Participants will be instructed on how to wear and use the pedometer at the assigned location on a waist band above the lateral hip during all waking hours, except for periods immersed in water (bathing, swimming), during certain sporting activities (playing basketball or soccer, etc.), or in bed at night. They will be instructed to reset the pedometer to zero at the beginning of each day, and remove it at the end of each day, record on a step calendar the date and the time pedometer was attached and also removed, and the total number of steps displayed on the pedometer at the end of each day.
Participants who have accumulated an average of 7,500 or more steps per day will be excluded before baseline assessment. In addition, the ability of the participant to be physically able to participate in walking program will be screened using the physical activity readiness questionnaire (PAR-Q) [69]: if a participant answers yes to one or more questions on the PAR-Q, they will be advised to consult their healthcare provider and that physician consent will be required prior to program participation.

Randomization
After successfully completing the baseline assessment and signing the informed consent form, randomization to one of the two groups will be performed using sealed envelopes. Participants will be invited to choose an envelope from a basket containing envelopes that allocate 50% of the sample for the intervention and the other 50% for the control groups: each will contain the group name for allocation, and the timetable of the study. Researchers and participants will be not be blinded to group allocation. The assessor for final outcome measurements will be blinded to group allocation until the final assessment is achieved. The flow of participants through the recruitment process and randomisation is presented in Figure 1.[image: A12955_2013_Article_1227_Fig1_HTML.jpg]
Figure 1
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Outcome measurements and methods
The outcome measurements will be made at baseline, immediately after the 12 week pedometer-driven walking programme (and equivalent for control group), and at the 3 month follow-up time point. Data from all outcome measures will be securely stored and only analysed once the trial is complete. The primary outcome measurements are quality of life, PA level, and functional capacity. Secondary outcome measures will include blood pressure (BP), body mass index (BMI), body fat percentage (BF), and waist circumference (WC).
Health-related quality of life
This will be measured using The Short Form 36 version2 (SF-36v2) questionnaire. The SF-36v2 has been widely used to measure quality of life in general and specific populations [70, 71]. It has eight domains of health-related quality of life: physical functioning, role limitations resulting from physical health problems, bodily pain, social functioning, general mental health, role limitations resulting from emotional problems, vitality, and general health problems. The SF-36 questionnaire has been validated and is a reliable measure of physical and mental health that can be completed in five to ten minutes [71, 72].

Ambulatory activity levels PA
Objective change in PA level will be measured using a pedometer. The Yamax Digi-walker SW-200(Yamax, Tokyo, Japan) will be used in this study. This model demonstrates acceptable reliability for research purposes in the adult population [73, 74]. It was found to be the most accurate pedometer in counting steps, recording between 1-3% error within both free living and controlled laboratory settings [75–77]; it has been found to most accurately record at walking speeds of 80–107 m.min-1
[78, 79]. Each participant will also complete the International Physical Activity Questionnaire short form (IPAQ-SF), which was developed as an instrument to measure health-related physical activity in work age populations, and is a valid and reliable measure for monitoring population levels of physical activity [80–82]. The questionnaire consists of 7 items which provide information within various intensity levels including aerobic activities vigorous-intensity, cycling activities moderate-intensity, walking activities, and sitting time in the last seven days [80, 83].

Functional exercise capacity
Functional exercise capacity will be measured using the Six Minute Walk Test (6MWT). The 6MWT is a self-paced task that has been used to assess functional exercise capacity within a variety of chronic conditions, as well as in healthy adults [84, 85]. It is a practical and simple test which does not require expensive equipment or advanced training for technicians, and only requires a 100-ft walkway. The test involves asking people to walk the longest distance possible on an over-ground, hard surface in a period of 6 minutes. It has been shown to have good reliability and validity when used to assess functional capacity [86, 87]. These walks will be performed on a smooth level surface in an under-cover area, using a straight 30 meter line marked off in 5 m segments by a piece of adhesive tape. Technicians will encourage participants with standardized statements such as You’re doing well, Keep up the good work, and do your best, and the total distance walked will be recorded in meters. Percent predicted values for 6MWT will be calculated using the regression equation described by Enright & Sherrill [88].

Physical activity self-efficacy scale
The five point scale of Self-efficacy will be administered to assess participants’ beliefs or their confidence in their physical ability to successfully achieve their goals in different situations [89]. The questionnaire consists of 5 questions and response should take no longer than one minute which scored by summing a 5 point Likert scale ranging from (1 = not at all confident to 5 = extremely confident) with a higher score reflecting greater self-efficacy for exercise. This scale has been shown to have acceptable two week test-retest reliability (0.90) and an internal consistency coefficient of 0.78 [89].

Anthropometric and physiological measures
During baseline, 12-week, and follow-up 3 months assessments, several secondary measures will be obtained in both intervention and control groups including blood pressure (BP), body mass index (BMI), body fat (BF), waist circumference (WC), height and weight.
Blood pressure will be measured with an Omron MX3 Plus Blood Pressure Monitor (HEM-7200-E) [90] on 3 occasions with a rest period of one minute between measurements.
Body Mass Index (BMI) will be calculated as recorded mass divided by height squared.
Body Fat Percentage will be formulaically measured using skinfold thickness (The Harpenden Skinfold Caliper W/Software) which was taken from four sites (triceps, biceps, subscapular, and suprailiac) according to recommended locations and technique [91, 92]. Three measurements to the nearest 0.1 mm will be taken averaged then will be recorded on the report survey. Body fat will be calculated by Linear Software (Durnin and Womersley) [93] which valid for people between 17 and 68 years old: body fat = (triceps + biceps + subscapular + suprailiac skinfolds) according to the participant’s weight kg and age [93, 94].
Waist Circumference will be measured using plastic tape by placing it around the waist at the level of the umbilicus (iliac crest).
Height and Weight will be measured without shoes and light clothing using commercially available digital bathroom scales (Terraillon Lovely Classic Electronic Bath Scale) to assess weight which can weigh in 100G increments up to a maximum of 150 Kgs, and a standard laboratory stadiometer (Seca 213 Portable Stadiometer) to measure height.


Sample size
Sample size calculations for effectiveness will be not performed. As this will be a feasibility study, one of the aims of data collection will be to determine the effect of the intervention which will then allow size calculations for an adequately powered RCT. However, we will invite the pool of ≈ 900 workers from a local meat processing plant on the South Island of New Zealand to consider participating in the study. Volunteer participants will be screened and the study will begin when the first 60 participants who meet eligibility criteria have been recruited (N =30 participants each group).

Statistical analysis
Statistical analysis will be performed using SPSS software 20.0, and will include descriptive data and means, confidence intervals, and the standard deviation from the mean. This will be determined for all outcome measures recorded at baseline, 12-week, and the follow-up measurement (3 months after the intervention).
The feasibility and acceptably of using pedometers as an intervention to promote ambulatory activity and improve health outcomes in this population will be evaluated through participant satisfaction with the intervention by using survey questionnaire about pedometer usage after completion the intervention. Participants will be asked about participation in the intervention, and about their satisfaction with participation. Details of the questionnaire were described elsewhere [95]. In addition, adherence to the pedometer-driven walking program by using pedometer logs to determine the number of days that pedometer was worn and divided by the total number of intervention days, and a positive change in the outcomes variable over 12-week periods.


Procedure
Preparation of participants
All potential participants will be instructed to wear the pedometer on the waistband of their clothing for seven days, based on previous study protocols [96–99] in order to establish baseline step-counts during normal daily activity. Tudor-Locke and Bassett [52] have classified pedometer-determined PA in adults by an average step count of less than 5,000 steps/day as a sedentary lifestyle, and 5,000 to 7,499 steps per day as low activity; therefore, participants who accumulate an average baseline step count of 7,500 steps per day or more will be excluded; remaining participants will be randomized to one of the two groups. Baseline outcomes measures were collected during the seven days pedometer assessment including the primary and secondary outcomes. After randomization, all participants will attend a 30 minute education session on the health benefits of being physically active, then participants in the walking group will receive a brief intervention group session of up to 70 minutes, including a 10 minute self-efficacy walk, a 30 minute session focussing on physical activity behaviour change, and 30 minutes focused on the education resource material (physical activity and PA booklet). This intervention session will be based on the Back2Activity protocols [100] and conducted by physiotherapists (including one with training in motivational interviewing), and student researcher.

Intervention protocol
The 12 week pedometer-driven walking intervention will be based on self-regulation theory (SRT) [101] and include goal setting, feedback, educational material, and the use of a step calendar for self-monitoring. Participants will be required to walk for at least five days per week to meet evidence based international guidelines that recommend adults to accumulate at least 30 minutes of moderate intensity activity, on at least five days/week, to achieve optimal health benefits [102].
Educational materials
Participants in both the walking (intervention group) and control groups will also receive standardised educational material that consists of written and graphical information describing the importance of walking as a PA for health benefits and prevention of disease [29, 30].

Goal setting
At the beginning of each week, participants will receive a weekly email reminder about his or her step-count goal for that week based on their baseline walking activity level; the goal will aim to gradually increase the level of activities by 5% from their previous goal setting target with an aim to reach at least 10,000 steps per day at the end of the 12 week period. These targets are based on international guidelines for walking interventions [52]. However for those who reached 10,000 steps per day at any time during the program will be also encouraged to maintain and increase their physically active lifestyle.

Step count and feedback
Participants in the intervention group will receive permanent step-count feedback by looking at the digital display on the pedometer monitor. Participants will also receive personalized weekly emails about daily average step-count and additional health information, to encourage their adherence with the program.

Step calendar
Participants in the walking group will be given a diary to record their walks and note each day as to whether they are adhering to the program, the time of day, duration of the walk, the week’s step-count goal, and the number of steps taken at the end of each day.


Control group
Participants randomly allocated to the control group will be encouraged to read the educational activity material and be asked to record any exercise they perform over the 12 weeks. At the completion of the 12 weeks, and at the follow up at 24 weeks, these participants will again wear the pedometer for one week to establish a weekly step count for comparison to baseline scores.


Discussion
Although pedometer-driven walking has been increasingly investigated as a management strategy for chronic disease and workplace populations, there has been no previous study of their use as an intervention for meat processing workers. This study will focus on a walking program as a management strategy for those populations. Results of this feasibility study will be used to inform the development of a future fully-powered controlled trial of the effectiveness of this intervention in this population.

Acknowledgements
The study is funded by Mark Steptoe Memorial Trust, School of Physiotherapy, University of Otago, New Zealand. The authors acknowledge the directors of Silver Fern Farms (NZ) Ltd who have agreed in principle to support this research and who will provide access to the worksite and to the workforce which will allow the research team to recruit participants for the study. Professor Suzanne McDonough, University of Ulster, UK, for advice on the intervention and trial design, and Mr Chris Higgs, School of Physiotherapy, University of Otago, for advice on the development of the brief intervention.

References
1.
Tappin DC, Bentley TA, Vitalis A, Macky K: An analysis of sprain and strain injury data for the New Zealand meat processing industry from national and industry injury surveillance databases.
                  Ergonomics 2008,51(11):1721–1734. 10.1080/00140130802277570PubMed

2.
Tappin DC, Bentley TA, Vitalis A: The role of contextual factors for musculoskeletal disorders in the New Zealand meat processing industry.
                  Ergonomics 2008,51(10):1576–1593. 10.1080/00140130802238630PubMed

3.
Kristensen TS: The occupational environment and health of slaughterhouse workers: V. Low back pain and absence on account of low back symptoms.
                  Ugeskr Laeger 1985,147(41):3276–3283.PubMed

4.
Campbell DS: Health hazards in the meatpacking industry.
                  Occup Med 1999,14(2):351–372.PubMed

5.
Omokhodion FO, Adebayo AM: Occupational hazards and self-reported health problems of butchers in Ibadan, southwest Nigeria.
                  J Public Health (Germany) 2013,21(2):131–134. 10.1007/s10389-012-0528-5

6.
Arvidsson I, Balogh I, Hansson GT, Ohlsson K, Åkesson I, Nordander C: Rationalization in meat cutting - consequences on physical workload.
                  Appl Ergon 2012,43(6):1026–1032. 10.1016/j.apergo.2012.03.001PubMed

7.
Gangopadhyay S, Ray A: An analysis of repetitive strain injuries among three groups of workers.
                  Ind J Occup Environ Med 2000,4(1):39–41.

8.
Van Rijn RM, Huisstede BMA, Koes BW, Burdorf A: Associations between work-related factors and the carpal tunnel syndrome - a systematic review.
                  Scand J Work Environ Health 2009,35(1):19–36. 10.5271/sjweh.1306PubMed

9.
Ilardi JS: Relationship between productivity, quality and musculoskeletal disorder risk among deboning workers in a Chilean salmon industry.
                  Work 2012,41(1):5334–5338.PubMed

10.
Bureau of Labor Statistics USDoL: Incidence rates and numbers of nonfatal occupational illnesses by major industry sector, category of illness, and ownership. USA: United States Department of Labor; 2009.

11.
Yassi A, Sprout J, Tate R: Upper limb repetitive strain injuries in Manitoba.
                  Am J Ind Med 1996,30(4):461–472. 10.1002/(SICI)1097-0274(199610)30:4<461::AID-AJIM12>3.0.CO;2-2PubMed

12.
Tappin DM, Bentley T, Parker R, Ashby L, Vitalis A, Riley D, Hide S: Industry interventions for addressingmusculoskeletal disorders (Strains/Sprains) in New Zealand meat processing. New Zealand: Massey University; 2007.

13.
Mohammadi G: Risk factors for the prevalence of the upper limb and neck work-related musculoskeletal disorders among poultry slaughter workers.
                  J Musculoskelet Res 2012,15(1):1250005–1250013. 10.1142/S0218957712500054

14.
McPhee CS, Lipscomb HJ: Upper-extremity musculoskeletal symptoms and physical health related quality of life among women employed in poultry processing and other low-wage jobs in northeastern North Carolina.
                  Am J Ind Med 2009,52(4):331–340. 10.1002/ajim.20687PubMedCentralPubMed

15.
Lipscomb HJ, Epling CA, Pompeii LA, Dement JM: Musculoskeletal symptoms among poultry processing workers and a community comparison group: black women in low-wage jobs in the rural South.
                  Am J Ind Med 2007,50(5):327–338. 10.1002/ajim.20447PubMed

16.
Schulz MR, Grzywacz JG, Chen H, Mora DC, Arcury TA, Marín AJ, Mirabelli MC, Quandt SA: Upper body musculoskeletal symptoms of Latino poultry processing workers and a comparison group of Latino manual workers.
                  Am J Ind Med 2012,56(2):197–205.PubMed

17.
Widanarko B, Legg S, Stevenson M, Devereux J, Eng A, Mannetje AT, Cheng S, Douwes J, Ellison-Loschmann L, McLean D, et al.: Prevalence of musculoskeletal symptoms in relation to gender, age, and occupational/industrial group.
                  Int J Ind Ergon 2011,41(5):561–572. 10.1016/j.ergon.2011.06.002

18.
Nag PK, Nag A: Hazards and health complaints associated with fish processing activities in India-evaluation of a low-cost intervention.
                  Int J Ind Ergon 2007,37(2):125–132. 10.1016/j.ergon.2006.10.012

19.
Sormunen E, Oksa J, Pienimäki T, Rissanen S, Rintamäki H: Muscular and cold strain of female workers in meatpacking work.
                  Int J Ind Ergon 2006,36(8):713–720. 10.1016/j.ergon.2006.05.003

20.
Quandt SA, Grzywacz JG, Marín A, Carrillo L, Coates ML, Burke B, Arcury TA: Illnesses and injuries reported by Latino poultry workers in western North Carolina.
                  Am J Ind Med 2006,49(5):343–351. 10.1002/ajim.20299PubMed

21.
Stuart-Buttle C: A discomfort survey in a poultry-processing plant.
                  Appl Ergon 1994,25(1):47–52. 10.1016/0003-6870(94)90031-0PubMed

22.
Chiang HC, Ko YC, Chen SS, Yu HS, Wu TN, Chang PY: Prevalence of shoulder and upper-limb disorders among workers in the fish-processing industry.
                  Scand J Work Environ Health 1993,19(2):126–131. 10.5271/sjweh.1496PubMed

23.
Ohlsson K, Hansson GA, Balogh I, Stromberg U, Palsson B, Nordander C, Rylander L, Skerfving S: Disorders of the neck and upper limbs in women in the fish processing industry.
                  Occup Environ Med 1994,51(12):826–832. 10.1136/oem.51.12.826PubMedCentralPubMed

24.
Bergman S, Jacobsson LTH, Herrström P, Petersson IF: Health status as measured by SF-36 reflects changes and predicts outcome in chronic musculoskeletal pain: A 3-year follow up study in the general population.
                  Pain 2004,108(1):115–123.PubMed

25.
Mäntyselkä PT, Turunen JHO, Ahonen RS, Kumpusalo EA, Brown MM: Chronic pain and poor self-rated health.
                  Evidence-Based Eye Care 2004,5(2):110–111. 10.1097/00132578-200404000-00024

26.
Méndez-Hernández P, Dosamantes-Carrasco D, Siani C, Flores YN, Arredondo A, Lumbreras-Delgado I, Granados-García VM, Denova-Gutiérrez E, Gallegos-Carrillo K, Salmerón J: A workplace physical activity program at a public university in Mexico can reduce medical costs associated with type 2 diabetes and hypertension.
                  Salud Publica Mex 2012,54(1):20–27. 10.1590/S0036-36342012000100004PubMed

27.
McEachan RRC, Lawton RJ, Jackson C, Conner M, Lunt J: Evidence, theory and context: using intervention mapping to develop a worksite physical activity intervention.
                  BMC Public Health 2008, 8:326. 10.1186/1471-2458-8-326PubMedCentralPubMed

28.
Pronk NP: Physical activity promotion in business and industry: evidence, context, and recommendations for a national plan.
                  J Phys Act Health 2009,6(SUPPL. 2):S220-S235.PubMed

29.
Rossi A, Dikareva A, Bacon SL, Daskalopoulou SS: The impact of physical activity on mortality in patients with high blood pressure: a systematic review.
                  J Hypertens 2012,30(7):1277–1288. 10.1097/HJH.0b013e3283544669PubMed

30.
Li J, Siegrist J: Physical activity and risk of cardiovascular disease-a meta-analysis of prospective cohort studies.
                  Int J Environ Res Public Health 2012,9(2):391–407.PubMedCentralPubMed

31.
Katzmarzyk PT, Lear SA: Physical activity for obese individuals: a systematic review of effects on chronic disease risk factors.
                  Obes Rev 2012,13(2):95–105. 10.1111/j.1467-789X.2011.00933.xPubMed

32.
Warburton DE, Nicol CW, Bredin SS: Health benefits of physical activity: the evidence.
                  CMAJ 2006,174(6):801–809. 10.1503/cmaj.051351PubMedCentralPubMed

33.
Zebis MK, Andersen LL, Pedersen MT, Mortensen P, Andersen CH, Pedersen MM, Boysen M, Roessler KK, Hannerz H, Mortensen OS, et al.: Implementation of neck/shoulder exercises for pain relief among industrial workers: a randomized controlled trial.
                  BMC Musculoskelet Disord 2011, 12:205. 10.1186/1471-2474-12-205PubMedCentralPubMed

34.
Andersen LL, Christensen KB, Holtermann A, Poulsen OM, Sjogaard G, Pedersen MT, Hansen EA: Effect of physical exercise interventions on musculoskeletal pain in all body regions among office workers: a one-year randomized controlled trial.
                  Man Ther 2010,15(1):100–104. 10.1016/j.math.2009.08.004PubMed

35.
Wen CP, Wai JPM, Tsai MK, Yang YC, Cheng TYD, Lee MC, Chan HT, Tsao CK, Tsai SP, Wu X: Minimum amount of physical activity for reduced mortality and extended life expectancy: a prospective cohort study.
                  Lancet 2011,378(9798):1244–1253. 10.1016/S0140-6736(11)60749-6PubMed

36.
Gulsvik AK, Thelle DS, Samuelsen SO, Myrstad M, Mowé M, Wyller TB: Ageing, physical activity and mortality-a 42-year follow-up study.
                  Int J Epidemiol 2012,41(2):521–530. 10.1093/ije/dyr205PubMed

37.
Proper KI, Koning M, Van der Beek AJ, Hildebrandt VH, Bosscher RJ, Van Mechelen W: The effectiveness of worksite physical activity programs on physical activity, physical fitness, and health.
                  Clin J Sport Med 2003,13(2):106–117. 10.1097/00042752-200303000-00008PubMed

38.
Ng NT, Heesch KC, Brown WJ: Efficacy of a progressive walking program and glucosamine sulphate supplementation on osteoarthritic symptoms of the hip and knee: a feasibility trial.
                  Arthritis Res Ther 2010,12(1):R25. 10.1186/ar2932PubMedCentralPubMed

39.
Talbot LA, Gaines JM, Huynh TN, Metter EJ: A home-based pedometer-driven walking program to increase physical activity in older adults with osteoarthritis of the knee: a preliminary study.
                  J Am Geriatr Soc 2003,51(3):387–392. 10.1046/j.1532-5415.2003.51113.xPubMed

40.
Hurley DA, Eadie J, O’Donoghue G, Kelly C, Lonsdale C, Guerin S, Tully MA, van Mechelen W, McDonough SM, Boreham CA, et al.: Physiotherapy for sleep disturbance in chronic low back pain: a feasibility randomised controlled trial.
                  BMC Musculoskelet Disord 2010, 11:70. 10.1186/1471-2474-11-70PubMedCentralPubMed

41.
Hartvigsen J, Morso L, Bendix T, Manniche C: Supervised and non-supervised Nordic walking in the treatment of chronic low back pain: a single blind randomized clinical trial.
                  BMC Musculoskelet Disord 2010, 11:30. 10.1186/1471-2474-11-30PubMedCentralPubMed

42.
Hurley DA, O’Donoghue G, Tully MA, Moffett JK, van Mechelen W, Daly L, Boreham CA, McDonough SM: A walking programme and a supervised exercise class versus usual physiotherapy for chronic low back pain: a single-blinded randomised controlled trial: (The Supervised Walking In comparison to Fitness Training for Back Pain (SWIFT) Trial).
                  BMC Musculoskelet Disord 2009, 10:79. 10.1186/1471-2474-10-79PubMedCentralPubMed

43.
McDonough SM, Tully MA, Boyd A, O’Connor SR, Kerr DP, O’Neill SM, Delitto A, Bradbury I, Tudor-Locke C, Baxter GD, et al.: Pedometer-driven walking for chronic low back pain: a feasibility randomized controlled trial.
                  Clin J Pain 2013,29(11):972–981. 10.1097/AJP.0b013e31827f9d81PubMed

44.
(WHO) WHO: Global strategy on diet, physical activity & health. Physical activity and adults recommended levels of physical activity for adults aged 18–64 years. Geneva, Switzerland: World Health Organization; 2011.

45.
Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT: Effect of physical inactivity on major non-communicable diseases worldwide: an analysis of burden of disease and life expectancy.
                  Lancet 2012,380(9838):219–229. 10.1016/S0140-6736(12)61031-9PubMedCentralPubMed

46.
(WHO) WHO: Prevalence of insufficient physical activity:Global Health Observatory (GHO). Geneva, Switzerland: World Health Organization; 2008.

47.
Health. Mo: Sport, Recreation & Physical Activity Participation Among NZ Adults, National Physical activity guidlines. Edited by: Zealand SN. Wellington: Ministry of Health NZ; 2001.

48.
(SPARC) SaRiNZ: Results of the New Zealand Sport and Physical Activity surveys (2007–2008): Adults and children. Wellington: Sport New Zealand; 2008.

49.
Health. Mo: The health of New Zealand adults 2011/12: key findings of the New Zealand health survey. Wellington: Ministry of Health NZ; 2012.

50.
Auckland City Council WRC, Committee WRS: The costs of physical inactivity: toward a reginoal full-cost accounting perspective. Auckland: Sport New Zealand; 2010.

51.
NICE: Four commonly used methods to increase physical activity: brief interventions in primary care, exercise referral schemes, pedometers and community-based exercise programmes for walking and cycling. United Kingdom: National Institute of Clinical Excellence; 2006.

52.
Tudor-Locke C, Bassett DR Jr: How many steps/day are enough? Preliminary pedometer indices for public health.
                  Sports Med 2004,34(1):1–8. 10.2165/00007256-200434010-00001PubMed

53.
Ogilvie D, Foster CE, Rothnie H, Cavill N, Hamilton V, Fitzsimons CF, Mutrie N: Interventions to promote walking: systematic review.
                  Br Med J 2007,334(7605):1204–1207. 10.1136/bmj.39198.722720.BE

54.
Lubans DR, Morgan PJ, Tudor-Locke C: A systematic review of studies using pedometers to promote physical activity among youth.
                  Prev Med 2009,48(4):307–315. 10.1016/j.ypmed.2009.02.014PubMed

55.
McKay J, Wright A, Lowry R, Steele K, Ryde G, Mutrie N: Walking on prescription: the utility of a pedometer pack for increasing physical activity in primary care.
                  Patient Educ Couns 2009,76(1):71–76. 10.1016/j.pec.2008.11.004PubMed

56.
Sugden JA, Sniehotta FF, Donnan PT, Boyle P, Johnston DW, McMurdo ME: The feasibility of using pedometers and brief advice to increase activity in sedentary older women–a pilot study.
                  BMC Health Serv Res 2008, 8:169. 10.1186/1472-6963-8-169PubMedCentralPubMed

57.
Pal S, Cheng C, Egger G, Binns C, Donovan R: Using pedometers to increase physical activity in overweight and obese women: a pilot study.
                  BMC Public Health 2009, 9:309. 10.1186/1471-2458-9-309PubMedCentralPubMed

58.
Diedrich A, Munroe DJ, Romano M: Promoting physical activity for persons with diabetes.
                  Diabetes Educ 2010,36(1):132–140. 10.1177/0145721709352382PubMed

59.
Fontaine KR, Haaz S: Effects of lifestyle physical activity on health status, pain, and function in adults with fibromyalgia syndrome.
                  J Musculoskeletal Pain 2007,15(1):3–9. 10.1300/J094v15n01_02

60.
Puig-Ribera A, McKenna J, Gilson N, Brown WJ: Change in work day step counts, wellbeing and job performance in Catalan university employees: a randomised controlled trial.
                  Promot Educ 2008,15(4):11–16. 10.1177/1025382308097693PubMed

61.
Freak-Poli R, Wolfe R, Backholer K, de Courten M, Peeters A: Impact of a pedometer-based workplace health program on cardiovascular and diabetes risk profile.
                  Prev Med 2011,53(3):162–171. 10.1016/j.ypmed.2011.06.005PubMed

62.
Thomas L, Williams M: Promoting physical activity in the workplace: using pedometers to increase daily activity levels.
                  Health Promot J Austr 2006,17(2):97–102.PubMed

63.
Faghri PD, Omokaro C, Parker C, Nichols E, Gustavesen S, Blozie E: E-technology and pedometer walking program to increase physical activity at work.
                  J Prim Prev 2008,29(1):73–91. 10.1007/s10935-007-0121-9PubMed

64.
Gemson DH, Commisso R, Fuente J, Newman J, Benson S: Promoting weight loss and blood pressure control at work: impact of an education and intervention program.
                  J Occup Environ Med 2008,50(3):272–281. 10.1097/JOM.0b013e318162f628PubMed

65.
Chan CB, Ryan DAJ, Tudor-Locke C: Health benefits of a pedometer-based physical activity intervention in sedentary workers.
                  Prev Med 2004,39(6):1215–1222. 10.1016/j.ypmed.2004.04.053PubMed

66.
Ivanov Z, Ivanov M: Obesity, hypertension and the lumbar syndrome in workers at the Neoplanta Meat Plant in Novi Sad.
                  Gojaznost, hipertenzija i lumbalni sindrom radnika ad “Neoplanta” industrija mesa Novi Sad 2000,53(5–6):297–300.

67.
McLean D, Cheng S, T Mannetje A, Woodward A, Pearce N: Mortality and cancer incidence in New Zealand meat workers.
                  Occup Environ Med 2004,61(6):541–547. 10.1136/oem.2003.010587PubMedCentralPubMed

68.
Moher D, Hopewell S, Schulz KF, Montori V, Gøtzsche PC, Devereaux PJ, Elbourne D, Egger M, Altman DG: CONSORT 2010 explanation and elaboration: updated guidelines for reporting parallel group randomised trials.
                  J Clin Epidemiol 2010,63(8):e1-e37. 10.1016/j.jclinepi.2010.03.004PubMed

69.
Shephard RJ: PAR-Q, canadian home fitness test and exercise screening alternatives.
                  Sports Med 1988,5(3):185–195. 10.2165/00007256-198805030-00005PubMed

70.
Hasegawa T, Suzukamo Y, Akizawa T, Fukuhara S: Validation of the Japanese SF-36 v2 acute form in patients with chronic kidney disease.
                  Jpn J Nephrol 2008,50(1):42–50.

71.
McHorney CA, Ware JE Jr, Raczek AE: The MOS 36-item short-form health survey (SF-36): II: psychometric and clinical tests of validity in measuring physical and mental health constructs.
                  Med Care 1993,31(3):247–263. 10.1097/00005650-199303000-00006PubMed

72.
Scott KM, Tobias MI, Sarfati D, Haslett SJ: SF-36 health survey reliability, validity and norms for New Zealand.
                  Aust N Z J Public Health 1999,23(4):401–406. 10.1111/j.1467-842X.1999.tb01282.xPubMed

73.
Vincent SD, Sidman CL: Determining measurement error in digital pedometers.
                  Meas Phys Educ Exerc Sci 2003,7(1):19–24. 10.1207/S15327841MPEE0701_2

74.
Schneider PL, Crouter SE, Bassett DR Jr: Pedometer measures of free-living physical activity: comparison of 13 models.
                  Med Sci Sports Exerc 2004,36(2):331–335. 10.1249/01.MSS.0000113486.60548.E9PubMed

75.
Grant PM, Dall PM, Mitchell SL, Granat MH: Activity-monitor accuracy in measuring step number and cadence in community-dwelling older adults.
                  J Aging Phys Act 2008,16(2):201–214.PubMed

76.
Le Masurier GC, Tudor-locke C: Comparison of pedometer and accelerometer accuracy under controlled conditions.
                  Med Sci Sports Exerc 2003,35(5):867–871. 10.1249/01.MSS.0000064996.63632.10PubMed

77.
Kang M, Bassett DR, Barreira TV, Tudor-Locke C, Ainsworth BE: Measurement effects of seasonal and monthly variability on pedometer-determined data.
                  J Phys Act Health 2012,9(3):336–343.PubMed

78.
Feito Y, Bassett DR, Thompson DL: Evaluation of activity monitors in controlled and free-living environments.
                  Med Sci Sports Exerc 2012,44(4):733–741. 10.1249/MSS.0b013e3182351913PubMed

79.
Le Masurier GC, Lee SM, Tudor-Locke C: Motion sensor accuracy under controlled and free-living conditions.
                  Med Sci Sports Exerc 2004,36(5):905–910.PubMed

80.
Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE, Pratt M, Ekelund U, Yngve A, Sallis JF, et al.: International physical activity questionnaire: 12-country reliability and validity.
                  Med Sci Sports Exerc 2003,35(8):1381–1395. 10.1249/01.MSS.0000078924.61453.FBPubMed

81.
Papathanasiou G, Georgoudis G, Papandreou M, Spyropoulos P, Georgakopoulos D, Kalfakakou V, Evangelou A: Reliability measures of the short international physical activity questionnaire (IPAQ) in Greek young adults.
                  Hellenic J Cardiol 2009,50(4):283–294.PubMed

82.
Van Der Ploeg HP, Tudor-Locke C, Marshall AL, Craig C, Hagströmer M, Sjöström M, Bauman A: Reliability and validity of the international physical activity questionnaire for assessing walking.
                  Res Q Exerc Sport 2010,81(1):97–101. 10.1080/02701367.2010.10599632PubMed

83.
Lee PH, Macfarlane DJ, Lam TH, Stewart SM: Validity of the international physical activity questionnaire short form (IPAQ-SF): a systematic review
                  .
                  Int J Behav Nutr Phys Act 2011,8(1):1–11. 10.1186/1479-5868-8-1

84.
Hill K, Wickerson LM, Woon LJ, Abady AH, Overend TJ, Goldstein RS, Brooks D: The 6-min walk test: responses in healthy Canadians aged 45 to 85 years.
                  Appl Physiol Nutr Metab 2011,36(5):643–649. 10.1139/h11-075PubMed

85.
Soares MR, Pereira CAC: Six-minute walk test: reference values for healthy adults in Brazil.
                  Teste de caminhada de seis minutes valores de referência para adultos saudáveis no Brasil 2011,37(5):576–583.

86.
Society AT: Guidelines for the six-minute walk test.
                  Am J Respir Crit Care Med 2002,1(166):111–117.

87.
Alameri HF, Sanai FM, Al Dukhayil M, Azzam NA, Al-Swat KA, Hersi AS, Abdo AA: Six minute walk test to assess functional capacity in chronic liver disease patients.
                  World J Gastroenterol 2007,13(29):3996–4001.PubMedCentralPubMed

88.
Enrichi PL, Sherrill DL: Reference equations for the six-minute walk in healthy adults.
                  Am J Respir Crit Care Med 1998,158(I):1384–1387.

89.
Marcus BH, Selby VC, Niaura RS, Rossi JS: Self-efficacy and the stages of exercise behavior change.
                  Res Q Exerc Sport 1992,63(1):60–66. 10.1080/02701367.1992.10607557PubMed

90.
Coleman A, Freeman P, Steel S, Shennan A: Validation of the Omron MX3 Plus oscillometric blood pressure monitoring device according to the European society of hypertension international protocol.
                  Blood Pressure Monit 2005,10(3):165–168. 10.1097/00126097-200506000-00009

91.
Ulbricht L, Neves EB, Ripka WL, Romaneli EFR: Comparison between body fat measurements obtained by portable ultrasound and caliper in young adults. : Conf Proc IEEE Eng Med Biol Soc; 2012:1952–1955.

92.
Goacher PJ, Lambert R, Moffatt PG: Can weight-related health risk be more accurately assessed by BMI, or by gender specific calculations of percentage body fatness?
                  Med Hypotheses 2012,79(5):656–662. 10.1016/j.mehy.2012.08.003PubMed

93.
Durnin JVGA, Womersley J: Body fat assessed from total body density and its estimation from skinfold thickness: measurements on 481 men and women aged from 16 to 72 years.
                  Br J Nutr 1974,32(1):79–97.

94.
Durnin JV, Rahaman MM: The assessment of the amount of fat in the human body from measurements of skinfold thickness.
                  Br J Nutr 1967,21(3):681–689. 10.1079/BJN19670070PubMed

95.
Jane M, Zoe A: Paths to health pedometer pack: phase 1 and 2. Scotland: Genesis Strategic Management Consultants, University of Strathclyde; 2006.

96.
Tudor-Locke C, Ham SA, Macera CA, Ainsworth BE, Kirtland KA, Reis JP, Kimsey CD Jr: Descriptive epidemiology of pedometer-determined physical activity.
                  Med Sci Sports Exerc 2004,36(9):1567–1573. 10.1249/01.MSS.0000139806.53824.2EPubMed

97.
Berlin JE, Storti KL, Brach JS: Using activity monitors to measure physical activity in free-living conditions.
                  Phys Ther 2006,86(8):1137–1145.PubMed

98.
Clemes SA, Griffiths PL: How many days of pedometer monitoring predict monthly ambulatory activity in adults?
                  Med Sci Sports Exerc 2008,40(9):1589–1595. 10.1249/MSS.0b013e318177eb96PubMed

99.
Kubota A, Nagata J, Sugiyama M, Ishiduka K, Unno Y: [How many days of pedometer monitoring predict weekly physical activity in Japanese adults?].
                  Nippon Koshu Eisei Zasshi 2009,56(11):805–810.PubMed

100.
McDonough S, Tully M, O’Connor S, Boyd A, Kerr D, O’Neill S, Delitto A, Bradbury I, Tudor-Locke C, Baxter D, et al.: The Back 2 Activity Trial: education and advice versus education and advice plus a structured walking programme for chronic low back pain.
                  BMC Musculoskelet Disord 2010, 11:R163. 10.1186/1471-2474-11-163

101.
Baumeister RF, Gailliot M, DeWall CN, Oaten M: Self-regulation and personality: how interventions increase regulatory success, and how depletion moderates the effects of traits on behavior.
                  J Pers 2006,74(6):1773–1801. 10.1111/j.1467-6494.2006.00428.xPubMed

102.
Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN, Franklin BA, Macera CA, Heath GW, Thompson PD, Bauman A: Physical activity and public health: updated recommendation for adults from the American college of sports medicine and the American heart association.
                  Med Sci Sports Exerc 2007,39(8):1423–1434. 10.1249/mss.0b013e3180616b27PubMed



Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
All authors have been involved in the development of the study design and research protocols. All authors read and corrected draft versions of the manuscript and approved the final manuscript.


OEBPS/sidebar.gif





OEBPS/A12955_2013_Article_1227_Fig1_HTML.jpg
[ Assessed for suitability ]

Exclusions
[ Consent and Randomization ]
Intervention group Control group
N=30 N=30

Week 12: Assessment: Immediately post intervention

Week 24: Assessment: Follow-up






OEBPS/contact.gif





