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Abstract

Background—American workers spend 70–80% of their time at work being sedentary. 

Traditional approaches to increase moderate-vigorous physical activity (MVPA) may be perceived 

to be harmful to productivity. Approaches that target reductions in sedentary behavior and/or 

increases in standing or light-intensity physical activity [LPA] may not interfere with productivity 

and may be more feasible to achieve through small changes accumulated throughout the workday.

Methods/Design—This group randomized trial (i.e., cluster randomized trial) will test the 

relative efficacy of two sedentary behavior focused interventions in 24 worksites across two states 

(N=720 workers). The MOVE+ intervention is a multilevel individual, social, environmental, and 

organizational intervention targeting increases in light-intensity physical activity in the workplace. 

The STAND+ intervention is the MOVE+ intervention with the addition of the installation and use 

of sit-stand workstations to reduce sedentary behavior and enhance light-intensity physical activity 

opportunities. Our primary outcome will be objectively-measured changes in sedentary behavior 
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and light-intensity physical activity over 12 months, with additional process measures at 3 months 

and longer-term sustainability outcomes at 24 months. Our secondary outcomes will be a clustered 

cardiometabolic risk score (comprised of fasting glucose, insulin, triglycerides, HDL-cholesterol, 

and blood pressure), workplace productivity, and job satisfaction.

Discussion—This study will determine the efficacy of a multilevel workplace intervention 

(including the use of a sit-stand workstation) to reduce sedentary behavior and increase LPA and 

concomitant impact on cardiometabolic health, workplace productivity, and satisfaction.

Keywords

sedentary behavior; workplace; cluster randomized trial; cardiometabolic health; physical activity; 
sit-stand workstations

1. Introduction

The health benefits of moderate-vigorous physical activity (MVPA) are well-established, 

and progress is being made toward the 2008 Physical Activity Guidelines for Americans.1 In 

addition to recommendations for MVPA, the Guidelines state the need to “avoid inactivity” 

and suggest any amount of physical activity will produce a health benefit. American adults 

spend an average of 7.5h/day sedentary.2 While the strongest benefit on health is conferred 

from MVPA, recent studies suggest replacing sedentary time (i.e., sitting/reclining with low 

energy expenditure while awake3) with standing or other non-exercise activities - even when 

holding MVPA constant - is associated with lower cardiometabolic risk4,5 and longevity.6,7

Sedentary behavior has been identified as important health target for workplaces.8 American 

workers, especially those with primarily desk-based jobs, can spend up to 70–80% of their 

time at work being sedentary.9 Traditional approaches to increase MVPA may be 

unsustainable in workplace settings as they require time away from work, and may be 

perceived as harmful to productivity.10 Sedentary behavior interventions (i.e., approaches 

targeting reductions in sitting and/or increases in standing or light-intensity physical activity 

[LPA]) may not interfere with productivity,11,12 and may be more feasible to achieve 

through small changes accumulated throughout the workday. Additionally, intervention 

strategies that incorporate environmental and policy-level changes - which are likely 

necessary for sustained behavior change - may be more feasible to implement in workplaces 

than other contexts.

Sedentary behavior interventions in the workplace have shown promising effects.13 Multi-

level approaches targeting individual, social, and environmental factors have been most 

effective.14,15 The most robust environmental support has been the use of sit-stand 

workstations, providing opportunities for workers to reduce sitting while maintaining 

productivity.13 However, a recent Cochrane review rated sit-stand workstation interventions 

to be “of very low methodological quality” due to small sample sizes, short follow-up (≤ 4 

months), and quasi-experimental designs. Notably, there are feasibility problems for trials 

randomizing individuals within a single worksite to different environmental conditions (i.e., 

dependency among observations).16
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Two recent group randomized trials17,18 have addressed this by selecting worksites as the 

unit of randomization. Both studies delivered programs that targeted individual, social, 

environmental, and policy factors, alongside the installation of sit-stand workstations, to 

reduce sedentary time. Danquah et al.17, in a 3-month intervention among Danish public and 

private health workers (n worksites = 19; n subjects = 317), observed 48 min/8-hr workday 

reductions relative to a usual practice control. Healy et al.18, in a 12-month intervention of 

Australian public health workers (n worksites = 14; n subjects = 231), observed 45 min/8-hr 

workday reductions relative to a usual practice control.

While the results of these studies address critical issues raised in the Cochrane Review,16 

three important limitations warrant further study. First, effects on sedentary time were 

smaller at the most distal time point compared to interim time points, suggesting “novelty” 

effects may exist. Longer-term follow-up of sustained impacts needs to be examined. 

Second, a relatively homogenous set of worksites within a single workplace sector were 

included. More diversity in worksite type is necessary to demonstrate generalizability. 

Finally, the interventions were compared to a usual practice control. Given the ongoing 

presence of alternative health promotion activities, it is important to compare sedentary 

behavior interventions to more robust comparison conditions. The purpose of this paper is to 

describe the development and design of a multi-level group randomized controlled worksite 

intervention aimed at reducing employee’s sedentary time.

2. Methods

2.1 Study aims

Our primary aim is to evaluate the efficacy of a workplace-delivered, multicomponent 

intervention and the provision of a sit-stand workstation, relative to a multicomponent 

comparison without a workstation, for reducing sitting and increasing LPA in the workplace 

over 12 months. Additional process outcomes at 3 months and maintenance outcomes at 24 

months will be collected. Our secondary aim is to evaluate relative changes between 

intervention arms in cardiometabolic risk (composite measure of fasting glucose, insulin, 

triglycerides, HDL-cholesterol, and blood pressure), workplace productivity, and workplace 

satisfaction outcomes over 12 months.

2.2 Study design

Our design is a two-arm group-randomized trial. Worksites (N=24) of small to moderate size 

(20–50 employees enrolled; N=720 employees across the 24 sites) will be randomized to 

one of two interventions: (a) MOVE+, a multi-level behavioral intervention targeting 

increases in LPA at the worksite; or (b) STAND+, the multi-level MOVE+ intervention 

along with the installation of sit-stand workstations to allow workers to stand at their desks 

while working. Both worksite interventions are expected to reduce sitting and increase LPA 

over 12 months and improve cardiometabolic risk and work performance outcomes. We 

hypothesize the effects to favor the STAND+ study arm because the additional sit-stand 

workstation enhancement will provide a robust environmental stimulus to reduce sitting and 

provide a unique catalyst for LPA in the workplace. The MOVE+ arm will receive sit-stand 

workstations at 12 months and both arms will be assessed for follow-up at 24 months.
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2.3 Study setting

Worksites will be enrolled in the greater Phoenix, AZ, USA and Minneapolis, MN, USA 

metropolitan regions. Twelve worksites will be randomized in each region. Selected 

worksites will be drawn from three distinct work sectors: higher education, industry/

healthcare (e.g., law firms, health insurance providers), and government (e.g., state 

departments). Worksites will be equally selected in each sector across each region (n=4/

sector/region worksites).

2.4 Study eligibility

2.4.1 Worksite eligibility criteria—Worksites will be screened for eligibility by study 

questionnaires completed by worksite leadership and followed up with interviews by study 

personnel to verify eligibility. Worksite eligibility criteria will be as follows: (a) small to 

moderate in size (i.e., 20–50 employees); (b) >80% of employees working full time in the 

office (30+ hours/week); (c) predominant worksite occupation being seated office work with 

little movement or walking (i.e., computer or telephone-based work); (d) not currently 

undergoing a wellness program aimed at reducing sitting or increasing LPA at work; (e) 

<10% of employees currently using a sit-stand workstation at work; (f) willing to have sit-

stand workstations installed at the workplace; and (g) worksite leadership willing to be 

randomized to either study arm. To minimize the potential for contamination across 

worksites, we plan to recruit relatively isolated units, with minimal physical interaction with 

other worksites.

2.4.2 Participant eligibility criteria—Upon enrollment of the worksite, all employees 

within the worksite will be invited to complete participant-level screening via a self-

administered questionnaire. Participant eligibility criteria will be as follows: (a) 18 years or 

older; (b) generally good health and able to safely reduce sitting and increase LPA; (c) 

working full-time on-site (i.e. 30+ hours and at least 4 days in the office per week); (d) not 

currently pregnant; (e) predominant worksite occupation being seated office work; (f) not 

currently using a sit-stand workstation at their primary desk location at work; (g) willing to 

have a sit-stand workstation installed at their desk; and (h) willing to be randomized to either 

study arm.

2.5 Procedure

2.5.1 Recruitment—Worksites within each sector will be contacted by email and 

telephone and invited to participate in the Stand & Move at Work study. Brief informational 

handouts directed toward worksite managers will be prepared detailing study goals and 

expectations. If a worksite is deemed eligible, informational sessions will be conducted by 

study personnel at the worksite to outline the study requirements and expectations at the 

worksite and individual level. A memorandum of understanding will be developed and 

signed by the worksite manager and study principal investigators to facilitate adherence to 

the intervention.

An online eligibility survey will be distributed to each worksite employee following the 

informational sessions. All eligible participants will be invited to schedule a 30-minute slot 

during an assessment morning held at the worksite. Randomization will not occur until all 
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four worksites in the recruitment wave (2 per region) have completed their baseline 

assessments. Therefore, a participant will be considered enrolled in the active intervention 

once they have consented, completed baseline assessments, and paired worksites have been 

randomized to study arm. Prior work by our research team has suggested that we should 

expect 40%-75% participation within the identified worksite, which based upon worksite 

size will approximate our target recruitment of N=720 participants.

2.5.2 Randomization—Randomization to either the STAND+ or MOVE+ intervention 

arms of the trial will be at the level of the worksite. Randomization will be stratified on the 

three sectors nested within each of the two regions (Phoenix, AZ and Minneapolis/St. Paul, 

MN). Within each region, eligible worksites will be enrolled in pairs matched on sector, and 

each matched pair will be randomized so that one is randomized to receive the STAND+ 

intervention with the other receiving the MOVE+ intervention. This scheme will ensure a 

balanced design by both region and sector. We will also rotate the enrollment of sector pairs 

over the seasons of the full calendar year to help avoid seasonal effects, beginning with the 

first two pairs enrolled in January and the final two pairs enrolled in November. Enrolling 

two pairs every other month will also alleviate logistical and labor burdens for recruitment, 

data collection, and intervention implementation.

2.5.3 Interventions—The ‘Stand & Move at Work’ interventions will be delivered over 12 

months. The intervention development team is comprised of behavioral scientists, exercise 

scientists, ergonomists, and worksite wellness coordinators. The primary behavioral target of 

the MOVE+ intervention is to accumulate 30 minutes or more additional LPA each day. This 

target was selected as an achievable goal with evidence for modest cardiometabolic 

benefit.19 The primary behavioral target of the STAND+ intervention is, in addition to the 

MOVE+ target, to increase time spent standing to 50% of desk-based time during the 

workday (e.g. standing for 3 hours out of 6 total desk-hours per day). This target was 

selected based upon preliminary work by our research team where this target was selected 

and was deemed feasible to achieve and produced significant cardiometabolic benefit.20

All intervention materials will be manualized into the Stand & Move at Work “Toolkit.” The 

toolkit will be distributed to each worksite prior to the intervention start date. It is expected 

that each worksite and/or sector may differ in the time, resources, space, and personnel 

available to dedicate to the implementation of the intervention. The Toolkit will therefore be 

comprised of both “required” strategies (i.e., strategies that are required to be implemented 

by worksite staff during the intervention period) and “optional” strategies (i.e., strategies that 

worksite staff are encouraged to implement as are appropriate given the worksite context). 

Additional strategies generated by the worksite staff will also be encouraged. This approach 

ensures uniformity of the delivered interventions across worksites and allows flexibility and 

autonomy among worksites. Actual implementation of intervention strategies will be closely 

monitored through quarterly worksite audits and worksite leader interviews.

2.5.3.1. Intervention framework: Stand & Move at Work interventions are based upon the 

social ecological framework, which posits behavior is influenced at multiple levels.21 

Interventions that are scalable and create sustainable public health impact require “real-

world” approaches that include strategies across numerous levels of the social ecological 
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spectrum.22,23 This framework is widely used in the physical activity behavioral intervention 

field24 and has more recently become common in sedentary behavior focused 

interventions.25 Our approach will target intervention strategies at the individual, social, 

environmental, and organizational levels (Figure 1). Intervention strategies are also heavily 

based on social cognitive theory principles that seek to enhance sources of self-efficacy, 

improve outcome expectations, and leverage person-environment-behavior interactions (i.e., 

reciprocal determinism).26 To ensure that behavior change techniques are incorporated at 

each level, the behavior change taxonomy outlined by Michie et al.27, was translated into a 

workplace specific multi-level model that is outlined in Table 1 and summarized below.

2.5.3.2. Intervention elements

2.5.3.2.1 Policy-level components: The intervention framework is highly dependent on the 

identification and engagement of worksite administrators and managers to enact policy-level 

workplace modifications, implement robust environmental changes (e.g., sit-stand 

workstations), and to model and promote behavior change. Therefore, a required item will 

be to identify a worksite leader and advocate(s). A leader is defined as a person holding a 

higher-level management position to which the department, division, or unit employees 

report. The primary role of this individual will be to provide higher-level support for 

intervention strategies to be implemented. Primary responsibilities will be to determine 

appropriate Toolkit items, encourage participation in worksite initiatives, and approve 

potential policy changes. An advocate is defined as a person who plays an active role with 

study participants and will work closely with the Stand & Move at Work study team to 

implement the selected changes. Advocates will be considered the primary contact to link 

worksite employees, management, and the study team. Primary responsibilities will include 

aiding the implementation of strategies agreed upon by higher-level management.

Organizational changes will be reinforced by the distribution of four quarterly support 

emails sent by the leader to employees in the workgroup. Templates will be provided to 

minimally include: (a) support for the program and employee participation; (b) a brief 

review of the previous quarter progress; (c) commendation of individuals who have shown 

high levels of engagement; and (d) an outline of new intervention initiatives for the 

upcoming quarter. Leaders will also formally agree to allow employees up to 5 minute 

breaks every hour.

Shared leader and advocate responsibilities will include quarterly meetings with an 

experienced behavioral science research team member who will be the designated worksite 

coordinator throughout the study to review past progress and plan for the coming quarter 

using the Toolkit as a guide. The aim of the research team member is to facilitate the 

intervention by ensuring all materials and concepts are explained fully explained, it is not to 

actively lead the intervention. As such, all team members will have extensive knowledge of 

the Stand and Move Toolkit to provide the leaders and advocates with support. Successes 

and challenges from the previous quarter will be discussed and each worksite will be 

encouraged to implement a new strategy to maintain or potentially increase employee 

interest in the program. Similarly, all worksite leaders and advocates will be invited to join a 

monthly STAND+ and MOVE+ conference call with the study principal investigators. These 
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will serve several purposes: (a) to provide opportunities for other worksites to share and 

learn from other worksites within the same randomized study arm; (b) to document worksite 

participation, progress, and new strategies; and (c) to provide insight into the breadth and 

scale of the study to reinforce participation from a scientific and health-based perspective.

2.5.3.2.2 Environment-level components: The primary environmental difference between 

the STAND+ and MOVE+ study arms will be the installation of a sit-stand workstation for 

the STAND+ arm only. The workstations will be installed by our trained research staff, as 

well as worksite-specific ergonomic and wellness professionals. The Ergotron sit-stand 

workstation Workfit-TL model (Ergotron, Inc., St. Paul, MN) has been selected because it is 

able to be retro-fitted for use with almost all workspaces, requires little or no installation as 

it is simply placed on the existing desk surface, is affordable relative to many alternatives, 

has more desk surface area then many alternatives on the market, it can be easily raised and 

lowered to a broad range of positions, and can accommodate one or two large computer 

monitors. The Workfit-TL transitions from seated to standing positions by holding two 

levers and providing minimal force. Prior to installation a workspace inventory will be 

conducted for each participant to identify any potential barriers to use such as overhead 

shelving, insufficient computer cabling, or fixed keyboard trays. To eliminate these barriers, 

overhead shelving will be moved by worksite facilities management, cable extenders added 

(if needed), and additional wireless keyboards will be provided to those with keyboard trays 

so that participants are not required to move their existing keyboards with each sit-stand 

transition. The same Ergotron Workfit-TL will be installed at the 12-month time point for all 

MOVE+ arm participants. All participants will receive ergonomic instructions for both 

sitting and standing postures via the e-newsletter and will undergo a coaching session at the 

time of installation.

Other required environmental changes will include a signage starter pack that is designed to 

(a) provide information about the behavior; (b) provide information on benefits of action 

(e.g., benefit of taking the stairs); (c) encourage goal setting (e.g., “make this a standing 

meeting”; (d) provide general encouragement (e.g., “we stand for health”); (e) provide 

instruction (e.g., walking routes around the office space); and (f) serve as visual cues. 

Signage will also demonstrate organizational support for the program and intent to change 

the cultural norm. Walking routes will be created for each worksite to reinforce the 

behavioral targets listed above. Typical routes will include alternative restrooms, centralized 

printing and trash can areas, and indoor and outdoor (if possible) perimeter routes. The 

distance per route and estimated number of steps will be provided on the signage. Advocates 

will be encouraged to place walking routes in communal and prominent areas throughout the 

worksite.

All participants regardless of randomization will be provided with a footrest. The footrests 

will serve the following three purposes: (a) as a resting position for either foot while both 

seated and standing; (b) as a stretching aid (gastrocnemius and soleus); and (c) as a visual 

reminder regarding participation in the program. Leaders and advocates may also wish to 

implement additional optional environmental changes throughout the program via combined 

environmental, individual, and social strategies. For example, a prominent and interactive 

communal board to promote the Stand & Move at Work program (termed an “Ideaboard”) or 
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implementing environmentally based worksite challenges (e.g., centralized printing only 

challenges). Ideaboard templates and example challenges will be provided in the Toolkit.

2.5.3.2.3 Individual- and social-level components: An e-newsletter (The Insider) will 

provide a regular and direct medium for delivering individual-and social-level intervention 

content. The Insider will incorporate both individual (e.g., goal-setting) and social elements 

(e.g., quizzes and worksite social announcements). The Insider will be sent weekly during 

the first month of the intervention to facilitate transition and encourage early engagement. 

During months 2–12, the Insider will be sent bi-weekly, and a total of 26 newsletters will be 

sent. See Table 2 for a list of Insider topics. The content has been developed and designed by 

behavioral scientists and worksite wellness professionals to target 25 out of the 26 

components of the behavioral taxonomy wheel. Motivational interviewing will be the only 

component not targeted, given the need for face-to-face interaction. The Insider will be 

coordinated with and reinforced by additional complementary organizational, 

environmental, and social components.

Other individual level strategies will include a 1-on-1 coaching session to identify specific 

goals and behavior change strategies relating to the key intervention messages. Using a goal 

setting sheet, participants will be encouraged to record and display their goals within daily 

eyesight. Participants will also receive instructions regarding the desk-based ergonomic set 

up (both MOVE+ and STAND+). The STAND+ arm will receive specific instructions 

(guided by an experienced ergonomist) regarding their new sit-stand workstation set up. Key 

messages will include switching position regularly and gradually increasing standing or LPA 

time. Social strategies (i.e., formation of walking or stretching groups) may be endorsed by 

leaders via support emails, actively led by advocates, or promoted via additional signage and 

Ideaboard content.

Due to the variation in worksite culture, job demands and environmental challenges, it is 

expected that new ideas and variations of the suggested Toolkit items will emerge. This will 

be discussed and documented during the quarterly meetings and quarterly audits. The 

required multi-level tactics show reinforcement of behavior change across the social-

ecological spectrum, utilizing all aspects of the behavior change taxonomy wheel. This 

integrated approach shows promise for shifting the cultural norm within a workplace from 

reinforcing highly sedentary, seated behavior patterns to one where standing and moving is 

expected, rewarded, and celebrated. This cultural shift is necessary to produce sustainable, 

long lasting changes that are likely to impact health and well-being on a large scale.

2.5.3.3. Primary differences between study arms: The primary study arm differences will 

be implemented at the environmental level with the provision of a sit-stand desk at the start 

of the intervention for the STAND+ group only. This primary difference will require small 

adaptations to other intervention strategies. First, participant goals will differ per arm to 

reflect the different arm intervention goals (i.e., increasing standing and LPA time for 

STAND+ vs. increasing LPA only for MOVE+). All participants will be encouraged to 

adhere to a ‘30-minute rule’, however, the meaning of this target rule will differ per arm. For 

the STAND+ group this will be communicated as achieving a 30:30-minute sit to stand ratio 

to ultimately replace half their sit time with a combination of standing and moving at work. 
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For the MOVE+ group this will be communicated as replacing 30 minutes of sit time with 

an equal accumulation of moving more throughout the work day. The 1-on-1 sessions held at 

the start of the program will facilitate specific goalsetting at the individual level to help 

achieve the ‘30-minute rule’ per arm. Consequently, the strategies communicated during the 

1-on-1 session and throughout the study duration will differ slightly per arm (see Table 3). 

Second, although the STAND+ and MOVE+ arms will be provided with an identical Stand 

& Move Toolkit and the same level of support to implement socio-ecological changes, it is 

likely that the application of the Toolkit will differ per arm to target the specific target 

intervention arm goals. Finally, in some instances, the e-newsletter topics will remain the 

same across arms but the content will be adjusted per arm to reduce contamination and 

ensure that information is specific to the intervention arm. For example, the ergonomically 

themed e-newsletter will include sit-stand desk information for the STAND+ group, 

however, the MOVE+ content will only include seated desk information. Stand & Move 

intervention support for STAND+ will cease following the 12-month assessment period. 

However, MOVE+ participants will receive a sit-stand desk and ergonomic advice at the 12-

month time point, and after which no additional intervention support will continue post-

installation. Both arms will still have access to the Toolkit during this follow-up period (12–

24 months).

2.6 Measures

All measurements will be taken at baseline and 12 months, with additional interim 

measurement at 3 months and follow-up at 24 months. Table 4 shows the measures taken at 

each assessment visit. Demographic and health history variables will be assessed at all time 

points. All questionnaires will be administered via Qualtrics (Salt Lake City, UT) and 

participants will be allowed to complete the measures at their convenience during the week 

of each measurement time point.

2.6.1 Primary outcomes—Our primary outcomes, time spent sitting and LPA at work, 

will be assessed with the activPAL3 micro accelerometer (PAL Technologies, Glasgow, 

United Kingdom) for seven consecutive days at each measurement time point. The activPAL 

provides a valid and reliable measure of posture (sitting vs. standing) for free-living 

settings28,29 and uses a transducer suitable for detecting lower intensity movements.30 The 

activPAL will be waterproofed using medical grade adhesive covering and attached to the 

midline of the thigh using a breathable, hypoallergenic tape. This method allows for the 

monitor to be worn continuously for seven consecutive days without removing for bathing or 

other water-based activities (a valuable feature that reduces missing data). Additional 

adhesive dressing will be given to all participants for re-application as necessary. The 

primary outputs of the activPAL are time spent sitting, time spent upright, and time spent 

“stepping.” Participants concurrently will complete an online daily log where they will 

report their sleep/wake schedule and time arriving and departing their workplace. The daily 

logs will be used to filter time spent sitting and LPA during work hours. In addition, any 

uninterrupted sedentary bouts of more than six hours that occur within reported wake times 

will be considered non-wear times and treated as missing data. Days with <10h of monitor 

wear data or <80% of reported work time as monitor wear data will be excluded from 
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analyses. Outcomes will be reported as a standardized 8h workday to account for differences 

in total work time.

2.6.2 Secondary outcomes—The secondary outcomes of the intervention are 

cardiometabolic risk, workplace productivity, work engagement, and workplace satisfaction. 

We will measure resting blood pressure and fasting levels of glucose, insulin, triglycerides, 

and HDL-cholesterol at each assessment period. Blood pressure will be measured with the 

Omron BP742 automated machine and the Omron HEM-RML30 cuff (Omron Healthcare 

Inc., Lake Forest, IL) three times following five minutes of quiet sitting, with 30 seconds in 

between each measurement. The lowest two measures of diastolic and systolic blood 

pressures will be averaged for final blood pressure values. Participants will be instructed to 

fast for nine consecutive hours prior to each blood draw. Blood will be drawn from the 

antecubital vein into EDTA vacutainers, and plasma will be stored at −80C until analysis in 

batch. Samples from the Phoenix site will be shipped to UMN on dry ice periodically for 

batch-processing. Biomarker analyses will be conducted by the Advanced Research and 

Diagnostic Laboratory at the University of Minnesota, Minneapolis, MN, using a Roche 

COBAS 6000 chemistry analyzer (Roche Diagnostics, Indianapolis, IN). Plasma glucose 

will be measured in by the hexokinase method (interassay CV = 1.3% at 97.2 mg/dL, 1.8% 

at 223.3 mg/dL). Plasma HDL-C will be measured by the modified direct enzymatic 

approach (interassay CV = 3.2% at 27.0 mg/dL, 1.9% at 51.7 mg/dL). Plasma triglycerides 

will be measured with the GPO-Trinder kit (Roche Diagnostics, Indianapolis, IN; 

interasssay CV = 2.0% at 112.4 mg/dL, 2.3% at 195.8 mg/dL). Plasma insulin will be 

measured with a sandwich immunoassay using electrochemilumincescence (Roche 

Diagnostics, Indianapolis, IN; interassay CV = 3.1% at 121.2 pmol/L, 3.1% at 377.9 

pmol/L).

Risk factors for diabetes and cardiovascular disease are fundamental to the concept of 

metabolic syndrome and will be studied on a continuous spectrum rather than using clinical 

cutpoints. The literature has clearly demonstrated that these components operate on a 

continuous linear spectrum in predicting future disease occurrence31–35 and optimal 

statistical power can be retained using a composite continuous score. The Z-scores for each 

component based on the baseline mean and standard deviation of the entire group will be 

computed and summed for each participant (HDL z-score is subtracted rather than added). 

The sum of these z-scores - which we refer to as the metabolic risk score - will be a 

secondary outcome measure. This metabolic risk score has become common in 

epidemiologic and more recently experimental and clinical studies.34,36–39

Workplace productivity will be measured using the validated Work Productivity and Activity 

Impairment Questionnaire – General Health (WPAI-GH).40 This six-item questionnaire asks 

about the total hours missed from work and total hours that the respondent worked during 

the past 14 days, and the degree to which they feel that a health problem has affected both 

their productivity at work and their ability to do daily activities. WPAI-GH outcomes will be 

expressed as (1) the percentage of work time missed due to ill-health (absenteeism), (2) the 

percentage impairment while working due to ill-health (presenteeism), (3) the percentage of 

overall work impairment due to health, and (4) the percent of activity impairment due to 

health using the same methods by Zhang et al.41 The questionnaire had been shown to have 
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moderate-strong correlations with health outcomes (Spearman r= 0.34 – 0.77) among 

patients with rheumatoid arthritis. In addition, WPAI-GH had been validated to quantify 

work impairments associated with other diseases.42 The Utrecht Work Engagement Scale 

(UWES-9) will be used to determine work engagement. The 9-item questionnaire assesses 

three dimensions of work engagement: vigor, dedication, and absorption, using a 7-point 

Likert-type frequency scale ranging from 0 (never) to 6 (always).43,44 The internal 

consistencies (Cronbach’s alpha) of the three-factor structure of UWES-9 ranges from 0.81 

– 0.85 for vigor, from 0.83 – 0.87 for dedication, and from 0.75 to 0.83 for absorption. 

Moreover, the questionnaire had been shown to be a stable indicator of occupational well-

being.45 Workplace satisfaction will be measured using a single-item question that pertains 

to overall job satisfaction of respondents on their main job using a 7-point scale that ranges 

from 1 (extremely dissatisfied) to 7 (extremely satisfied).46 The questionnaire is a reliable 

(α= 0.73) and valid measure of overall job satisfaction (r= 0.82 vs the 15-item Job 

Satisfaction Scale).47 Adverse events that may potentially be related to participation in either 

intervention arm will be assessed at each measurement timepoint or more often if reported 

by participants.

2.6.3. Exploratory outcomes—Additional exploratory outcomes will be assessed at 

each assessment period. The 24-Hour Physical Activity Recall will be administered on a 

single random day during each assessment period to assess overall physical activity and 

physical activity type.48 The questionnaire classifies each 15-minute epoch of the 

participant’s past 24 hours into lying down or sleeping, seated, standing, moving about, 

moderate, heavy, or very heavy activity. The total time spent on each of these categories will 

be summed and an energy expenditure estimate will be calculated using established MET 

codes from the compendium of physical activities. The Workforce Sitting Questionnaire 

(WSQ)49 will be used to assess total and domain-specific forms of sitting. The questionnaire 

evaluates total sitting time related to (1) transportation, (2) work, (3) television watching, (4) 

using a computer at home, and (5) doing leisure activities on work and non-workdays. 

Dietary consumption will be assessed on a single random day during each assessment period 

using the Automated Self-Administered 24-Hour (ASA24) Dietary Assessment Tool. The 

ASA24 is a web-based tool that allows users to recall their diet in the past 24 hours.50,51 

Musculoskeletal complaints will be assessed with the Nordic Musculoskeletal 

Questionnaire,52 a validated measure of pain, discomfort, and physical limitations in nine 

bodily regions during the last month and year. This measure will be used to examine any 

unique musculoskeletal complaints that may arise as a result of additional standing or LPA. 

Finally, focus groups will be conducted at the 12-month timepoint at each worksite to collect 

feedback regarding the barriers and facilitators to the intervention implementation. These 

will be conducted by an experienced qualitative scientist who is not a member of the 

research team to avoid potential bias.

2.7 Data analysis

2.7.1 Statistical analysis plan—Threats to internal validity (e.g. contamination, envy)53 

preclude randomization of individuals within the same worksite; hence, a group-randomized 

trial is being conducted.54 Such a trial involves randomization of worksites with members 

within a worksite being assigned to the same experimental condition. Hierarchical linear (or 
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generalized linear) models will be used to provide valid estimates of the intervention effect 

and its variance (for generating the test of statistical significance). Because the number of 

sites is limited by feasibility, the asymptotic balance of all measured and unmeasured 

confounders is not applicable, and hence it is important to randomize worksites within small 

blocks (or pairs) of matched worksites with similar characteristics likely to affect the 

outcome measure. Because our goal is to enroll 12 worksites in the Phoenix area and 12 in 

the Minneapolis area, we will stratify the randomization scheme on geographical location so 

that we will not have any confounding by geographical location (AZ vs. MN). We will 

identify six pairs of sites in AZ and six pairs in MN, with the pair members having the same 

sector (academia, government, or healthcare/industry). Each pair will be randomized so that 

one worksite in each pair is assigned to the MOVE+ intervention and the other in that pair 

assigned to the STAND+ intervention. One of the site PIs and a Biostatistician at the 

University of Minnesota will be responsible for the randomization. Randomization will 

occur immediately following the baseline data collection for both sites. The PI will notify 

the biostatistician when there are two matched worksites ready for randomization. The two 

worksites will be ordered as “First” and “Second” depending on the calendar dates of the 

baseline data collection. The statistician, with no knowledge of the worksites, will use a coin 

flip to assign the two worksites to the Stand+ or Move+ interventions.

Initial analyses will provide descriptions of the baseline frequencies and means (SD) of 

characteristics by worksite and by experimental condition. Statistical testing of differences 

in baseline characteristics is not necessary, but will provide assurance that the randomization 

has not produced a grossly unbalanced assignment. If the distributions of our outcome 

variables are not normally distributed, we will log-transform the outcome data. Our primary 

hypotheses will be tested by invoking a repeated-measures hierarchical linear model of the 

experimental contrast between the two conditions of the 12-month measure of LPA (min/8-

hr) and sitting (min/8-hr), respectively. Because total time is standardized to 8 hours, we will 

also express our outcomes in percent of time in LPA and sitting. A repeated measures 

hierarchical analysis will be conducted. The covariates expected to include are age, sex, 

body mass index, and the baseline values of the dependent variables (e.g., sitting time, LPA, 

and metabolic risk score). The resulting estimate and its standard error provide a t-statistic 

based on 2(g-1) degrees of freedom (df), where g represents the number of worksites per 

experimental condition.54 A similar analysis will examine the secondary hypothesis for the 

metabolic risk score. Other outcomes, including sit-stand transitions, will use hierarchical 

generalized linear models with a log link. The analysis approach for process (3 month) and 

maintenance (24 month) outcomes will be similar.

In terms of missing data, sensitivity to member-dropout is small; if on average only 85% are 

followed, the detectable effect sizes increase by a factor 1.05. Worksite dropout would be a 

major threat to validity, but that is highly unlikely to occur. Baseline characteristics of those 

not providing follow-up data will be examined to assess whether these are non-informative 

missingness. Under the assumption that dropout is not related to the measures that would 

have been collected, the analysis of the data excluding dropouts is unbiased.

2.7.2 Sample size calculation—We will enroll 24 worksites (N=12 per condition) 

evenly distributed across Arizona and Minnesota with, on average, 30 employees per 
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worksite (Total N members = 720 employees). In a baseline-adjusted analysis, let D 

represent the minimal detectable intervention effect, g the number of worksites per 

experimental condition, m the average number of members per worksite, S2 the member 

variance, T2 the work-site level variance, rm and rg the member and work-site correlations 

over time respectively, and t(d,a/2) and t(d,p) the critical t-statistic values based on d df for a/

2=Type I alpha level (2-sided) and p=power. Then the minimal detectable difference is D2 = 

(t(d,a/2) + t(d,p))2 (S2(1- r2
m)/m+ T2(1- r2

g))*2/g. Dividing by S2 yields the square of the 

Effect Size (ES),54,55 and T2/S2 is the variance components ratio (VCR). In the unlikely 

situation where the g is unequal, replacing 2/g by (1/g0+1/g1) will lead to a minimal increase 

in D unless the g are grossly unequal. With g=12 (worksites per condition), d=22, and 

N=720, m=30; a/2 is set to 0.025 and power is set 80%. The detectable effect sizes for this 

trial range from 0.21 to 0.26 across sedentary time, LPA, and cardiometabolic risk, which 

are relatively small effects, and thus we are well powered in this study. On an absolute scale 

we will be able to detect a difference between intervention arms as small as 12.2 min/8-hr 

work day of LPA and 14.6 min/8-hr work day of sitting time. Our preliminary studies clearly 

demonstrate our ability to achieve these effects: (a) For LPA; a cross-over study20 showed a 

38.4min/8-hr workday increase (other two studies did not target LPA or did not use a 

monitor designed to detect LPA); (b) for sitting, both the crossover and a natural experiment 

showed >30min/8-hr workday reductions; and (c) for cardiometabolic risk, all three studies 

showed moderate to large effect sizes. This study is powered well to detect effects that are 

considerably smaller than what we have observed in our preliminary studies.

3. Discussion

This project stands to be one of the most definitive studies to date on the efficacy of multi-

level workplace interventions to increase LPA, reduce sitting, and improve cardiometabolic 

health. Findings will inform the potential health benefits of sit-stand workstations, an 

increasingly popular environmental intervention among employers. The findings will be 

highly generalizable to much of the sedentary workforce, and will inform employer and 

insurer decisions regarding cost, investment, and potential healthcare savings.

The likelihood of dissemination has been an important design feature of our preliminary 

studies and this is reflected in the current proposed research strategy. First, our choice of a 

group-randomized trial is critical to produce the most generalizable results that employers 

and worksites can immediately use to enhance the health and well-being of their workplace. 

Second, our active interventions will be delivered in collaboration and support by the 

wellness professionals already employed in the worksites. We acknowledge the challenge of 

maintaining internal validity with this approach, but have been successful with this approach 

in our preliminary studies and feel that this will enhance the long-term sustainability of our 

approach. Third, we have partnered with Ergotron, Inc. to provide low-cost sit-stand 

workstations that can be retro-fitted for almost any desk configuration that is used by 

worksites. This approach has distinct advantages over full-desk height-adjustability or 

walking workstation options which are generally not feasible options for most worksites. In 

summary, we believe this study will result in findings with high dissemination potential.
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Several characteristics of our study warrant careful consideration. First, given the design of 

our study (i.e. a group-randomized trial), we are not randomly assigning individuals to 

intervention arms. We are assigning the intervention arm condition to entire worksites, so all 

employees in a given worksite will receive the same intervention. The statistical power of 

group-randomized trials is typically much lower than the individual randomized trial, due to 

the clustering of members within groups (employees within worksites). Our sample size is 

24 worksites rather than 720 individuals, and we have strong rationale from our preliminary 

studies and are using precise behavioral monitors to maximize our power. Given issues of 

cross-contamination and generalizability, a group-randomized trial is state-of-the-art and 

required to move the field forward, and we are prepared to recruit the sample and power to 

achieve the necessary effects. Second, we do not have an inactive control group. Both groups 

will receive an active intervention. While this may be viewed as a limitation by some, we 

believe this is necessary and favorable to achieve the most meaningful and generalizable 

results. Our preliminary studies have consistently suggested that the use of sit-stand 

workstations are a critical environmental feature for decreasing sitting and increasing LPA. 

Furthermore, worksites are interested in knowing whether this modest investment is 

worthwhile for the health and well-being of their employees. Adding an additional arm is 

not feasible in this large group-randomized trial. We believe comparing two active 

interventions is ideal for producing real-world, generalizable results that can readily be used 

by worksites related to the health impact of sit-stand workstations. Third, we have chosen to 

give the MOVE+ intervention worksites the sit-stand workstations immediately following 

the primary outcome at 1-year. This approach allows us to minimize resentful 

demoralization that may occur by withholding the sit-stand workstations for a full two years, 

and it also allows us to test the timing of sit-stand workstation roll-out by comparing the two 

arms at the 24-month time point, which is an additional question above and beyond the 

primary follow-up analysis at 24 months. We believe this design will provide the most 

scientific insight from these interventions, while also enhancing the real-world, 

generalizable aspect of this project.

No study is without its challenges and limitations, especially group-randomized intervention 

trials in worksites. Thus, we have carefully considered four challenge-areas and describe a 

plan for addressing them before and during the trial, as follows:

1. Ability to recruit and enroll 24 worksites: We have already solicited considerable 

interest in our trial from worksites. We started with large employers with whom 

we worked for our preliminary studies. These companies have many other 

worksites now interested in being involved in our proposed trial. We are well on 

our way toward having a sufficient number of interested worksites from which 

we can begin to formally screen for inclusion into the study.

2. Ability to recruit and retain the full sample: Our preliminary studies demonstrate 

our ability to recruit and retain worksites and participants within the worksites. 

Combined across our three intervention studies described earlier, we recruited 6 

worksites for interventions lasting one to six months, and we had 100% retention 

at the worksite level. At the individual participant level, retention was ∼90%. We 

attribute much of our success to having managers at the worksite take a role in 
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endorsing the studies, and often modeling the intervention behavior, when 

appropriate. We also worked with the respective wellness personnel at the 

worksites so that our efforts would be appropriately integrated in the most 

effective way at each site.

3. Cooperation among worksites for organization-level changes: Our initial efforts 

to garner interest from worksites for this trial have been met with great 

enthusiasm. These sites are genuine in embracing change for a more active and 

healthy employee environment. Our decision to include two active intervention 

arms (both of which involve organization-level changes) is critical to our success 

in working effectively and sustainably with worksites.

4. Communication and coordination across two sites: The principal investigators 

have worked together very effectively in coordinating their preliminary studies 

and using their formative work toward designing a state-of-the art worksite 

randomized trial. We have capitalized on the many layers of the social-ecological 

model and have assembled a very strong multi-disciplinary approach. We have 

identified the key areas of strength that each worksite brings, so that there are 

clear roles for each investigator and staff at each of the worksites. We have 

developed a leadership plan that lays out the vision for effective communication 

and coordination. The mix of investigators from varying career stages and the 

presence of senior mentorship are key elements to our predicted success.

Health promotion strategies to promote moderate-vigorous physical activity are well-known; 

however, less is known about strategies to reduce sitting and increase light-intensity physical 

activity. This research will provide new evidence-based strategies for improving workers’ 

health using administrative and environmental tactics including the use of sit-stand 

workstations. This project stands to be the most definitive study to date on the efficacy and 

effectiveness of multi-level workplace interventions to decrease sitting and increase LPA at 

work, improve cardiometabolic health, and enhance workplace productivity.
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Figure 1. 
Social ecological approach to reducing sitting and increasing light-intensity physical activity 

in the workplace.
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Table 1

Behavior change techniques delivered in ‘Stand and Move at Work’ interventions.

Behavioral Taxonomy Organizational Environmental Social Individual

1. Information about behavior Quarterly meetings*
PI calls

Signage* PI calls E-newsletter*

2. Information about
consequences/benefits

Quarterly meetings*
PI calls

Signage*
Ideaboard

PI calls E-newsletter*

3. Information about others’
approval

Quarterly support emails*
Ideaboard
PI calls

PI calls E-newsletter*

4. Prompt intention formation 5-min breaks*
PI calls
Standing/w alking meetings

Signage*

Footrest*

Desk**
Ideaboard

Walking/
Stretching groups

E-newsletter*

Goal-setting sheet*

5. Prompt barrier identification Quarterly meetings*
PI calls

E-newsletter*

1 on 1 coaching*

6. Encouragement Quarterly support emails*

5-min breaks*
PI calls

Signage*
Ideaboard
Contests

E-newsletter quiz
Contests

E-newsletter*

1 on 1 coaching*

7. Graded tasks Contests Contests E-newsletter*

8. Provide instruction Quarterly meetings*
PI calls

Signage*

Walking routes*
Ideaboard

Ideaboard E-newsletter*

9. Model behavior Leader and advocate* E-newsletter*

10. Goal setting Quarterly support emails* E-newsletter*

Goal-setting sheet*

1 on 1 coaching*

11. Review goals Quarterly support emails* E-newsletter*

Goal-setting sheet*

12. Prompt self-monitoring E-newsletter*

Goal-setting sheet*

1 on 1 coaching*

13. Provide feedback Quarterly support emails*

Quarterly meetings*
E-newsletter*

14. Provide rewards Quarterly support emails* Footrests* E-newsletter quiz
Contests

15. Teach to use cues Signage*

Walking routes*

Footrests*

Desk*
Ideaboard

E-newsletter*

Signage*

16. Agree behavioral contract Leader and advocate*

Quarterly meetings*

5-min breaks*
PI calls

E-newsletter*

1 on 1 coaching*

Goal setting sheet*
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Behavioral Taxonomy Organizational Environmental Social Individual

17. Prompt practice 5-min breaks* Footrests*

Desk**
Contests

Contests E-newsletter*

18. Follow up prompts Quarterly meetings*
PI calls

E-newsletter*

19. Opportunity for social
comparison

Quarterly support emails*
PI Calls

E-newsletter*

20. Social support Quarterly support emails*
PI calls
Ideaboard
Standing/w alking meetings

Ideaboard Ideaboard
Walking/
Stretching groups

E-newsletter*

21. Identification of a role
model

Quarterly support emails*
Ideaboard

Ideaboard Ideaboard E-newsletter*

22. Prompt self talk E-newsletter*

23. Relapse prevention Signage* E-newsletter*

24. Stress management E-newsletter*

25. Motivational interviewing 1 on 1 coaching*

26. Time management E-newsletter*

*
Required toolkit item for both study arms;

**
Required toolkit item for STAND+ only
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Table 2

E-newsletter topics.

1 Desk based ergonomics

2 Tips to stand and move more at work

3 Productivity and moving more

4 Walking routes and quiz

5 The risks of sedentary behavior

6 Stretching at work-guidelines

7 Goalsetting (SMART)

8 Social support from co-workers

9 Cognition and productivity breaks

10 Participant ideas

11 LPA and depression

12 Supporting and maintaining change

13 Cardiometabolic risks of sedentary behavior

14 Revisiting your goals

15 Sleep and LPA

16 Revisiting your ergonomics

17 Moving and stretching

18 Time management and Q&A

19 Workplace challenges to stand and move

20 Revisiting social support

21 Goal progression

22 Participant ideas and Q&A

23 Frequently Asked Questions

24 Stress management and self talk tips

25 Maintenance and relapse prevention

26 Motivational recap and thank you
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Table 3

Intervention strategies per study arm

STAND+ MOVE+

Individual strategies

Take 15 × 2-min, 10 × 3-min or 6 × 5-min move breaks throughout your workday X X

Progress from 5 to 30 minute standing breaks every hour X

Use a restroom further away X X

Use the stairs only X X

Remove the trash can from your desk X X

Remove the recycling can from your desk X X

Use a walking route once a day X X

Stretch for 5 minutes per day X X

Use face to face interaction rather than email X X

Use centralized printing areas X X

Get away from your desk for lunch X X

Use a smaller water bottle to fill it more frequently X X

Stand during phonecalls X X

Check your emails while standing X

Set reminders to stand every 30-min on your calendar X

Leave your sit-stand desk in the standing position at the end of the workday to encourage
standing the next day X

Set reminders to move every 30-min on your calendar X X

Workplace strategies

Implement a short break (to stand or move) during meetings > 60-min in duration X X

Implement walking meetings X X

Implement standing meetings X X

Implement standing challenges (e.g one person standing at all times, group standing
periods) X

Implement moving challenges (e.g stair/walking route challenges, not using restrooms on
the same floor, passing an item around the office throughout the day) X X

Promote standing and moving at the organizational level vi a quarterly support emails

X X

Contemp Clin Trials. Author manuscript; available in PMC 2018 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Buman et al. Page 24

Table 4

Measurement schedule.

Measurement
Month

Baseline
0

Process
3

Primary
12

Maintenance
24

Demographics, health history ◊

Primary Aim

  Sitting (at work) • • • •

  Light-intensity physical activity (at work)

Secondary Aim

  Blood pressure • • • •

  Blood draws (glucose, insulin, HDL, triglycerides) • • • •

  Workplace productivity ◊ ◊ ◊ ◊

  Work engagement ◊ ◊ ◊ ◊

  Workplace satisfaction ◊ ◊ ◊ ◊

Additional outcomes

  Workplace sedentary behavior ◊ ◊ ◊ ◊

  Physical activity ◊ ◊ ◊ ◊

  Diet ◊ ◊ ◊ ◊

  Functional health and well-being ◊ ◊ ◊ ◊

  Musculoskeletal problems ◊ ◊ ◊ ◊

•
Objectively monitored;

◊
Online survey-administered.
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