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Abstract

Environmental modifications have been shown to increase short-term stair use, longer-term

success is unclear. This study assessed the 2-year effectiveness of an environmental intervention

promoting worksite stair use. We assessed stair use at work by means of self-reports and infrared

beam counters (which send a safe and invisible beam of infrared light from one side of a stairwell

to a reflector on the other side; when an individual uses the stairs, the infrared beam is disrupted

and an instance of stair use is recorded) at six worksites (three intervention, three control) in a

group randomized, controlled worksite weight-gain prevention trial in Minneapolis/St. Paul, MN.

Intervention modifications were signs encouraging stair use, music, and art posters in stairwells.

We collected data before environmental modifications (2006–2007) and at the end of the 2-year

intervention (2008–2009). The intervention had a significant positive effect on stair use measured

both objectively and via self-report, with greatest increases reported among those participants who

used the stairs least at baseline. Following 2-years of continuously-maintained stairwell

modifications, increases in both objectively-measured and self-reported stair use were

significantly larger at intervention than control worksites. Study findings suggest that the positive

impact of environmental modifications on stair use persist over a longer time period than has been
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previously demonstrated. Results also indicate that infrequent stair users may be most amenable to

the behavior changes encouraged by these environmental enhancements.
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Introduction

Over two-thirds of American adults are overweight or obese (Flegal, Carroll, Ogden, &

Curtin, 2010), and insufficient physical activity is a key contributor to this energy surplus

(Lee, Djousse, Sesso, Wang, & Buring, 2010; Troiano et al., 2008). Lack of time to engage

in structured exercise is one of the most commonly cited reasons that individuals provide for

leading a sedentary lifestyle (Brownson, Baker, Housemann, Brennan, & Bacak, 2001).

However, because even brief bouts of physical activity can benefit health and contribute to

the balancing of energy intake and expenditure (Dunn, Andersen, & Jakicic, 1998; Haskell

et al., 2007), there has been a recent emphasis on incorporating more physical exertion into

the many necessary activities of daily life (Dunn et al., 1998).

As most American adults are employed outside of the home (Porter, 2006), one of the

necessary activities of daily life for many adults involves moving between floors at the

workplace. Workplace stairwells thus offer an accessible setting for individuals to engage in

daily physical activity. However, when stairwells and low-exertion forms of between-floor

transportation (e.g., elevators, escalators) are available for employee use in multi-story

workplaces, the low-exertion options tend to be used more often (Boutelle, Jeffery, Murray,

& Schmitz, 2001; Kerr, Eves, & Carroll, 2001c; Webb & Eves, 2007). Because replacing

elevator or escalator use with stair use enables individuals to engage in physical activity

while accomplishing something they may need to do anyway (i.e., move from one level of a

building to another), those individuals who were previously unaware or not focused on the

health benefits of brief bouts of physical activity might increase their activity level if these

benefits were made known or salient. Indeed, considerable prior research has demonstrated

that rates of stair use increase when simple signage is posted near a stairwell encouraging

stair use and/or describing the health benefits of taking the stairs (Andersen, Franckowiak,

Snyder, Bartlett, & Fontaine, 1998; Blamey, Mutrie, & Aitchison, 1995; Boutelle et al.,

2001; Brownell, Stunkard, & Albaum, 1980; Bungum, Meacham, & Truax, 2007; Coleman

& Gonzalez, 2001; Engbers, van Poppel, & van Mechelen, 2007; Eves et al., 2008; Ford &

Torok, 2008; Kerr, Eves, & Carroll, 2000, 2001a, b, c; Kerr, Yore, Ham, & Dietz, 2004;

Marshall, Bauman, Patch, Wilson, & Chen, 2002; Webb & Eves, 2007). This body of

research has also suggested that enhancing the attractiveness of stairwells, by such means as

music or artwork, can increase rates of stair use.

Although these prior research studies have demonstrated that a range of inexpensive

environmental modifications can produce significant short-term increases in stair use, it is

not known whether these modifications are effective over longer periods (Kerr et al., 2001b;

Matson-Koffman, Brownstein, Neiner, & Greaney, 2005). The present research investigates
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long-term change in stair use in the context of a 2-year worksite-randomized weight loss

trial. We collected both objective (via infrared beam counters) and self-report stair use data

at baseline and at 2-year follow-up. We hypothesized that stairwell modifications would

result in increased stair use at intervention worksites compared with control worksites. In

addition, we hypothesized that a subgroup of study participants would show greater

increases in stair use, specifically those who were not using the stairs or using the stairs

infrequently at baseline, compared with those who already used the stairs frequently at

baseline. We based this latter hypothesis both on prior research findings (Kerr et al., 2000)

and on the expectation that employees at a worksite are likely to make a relatively consistent

number of daily trips from one floor of their building to another and that some individuals

would already be making all or most of these trips via stairs at baseline; thus, these

individuals would be unlikely to significantly increase their stair use even if signage,

artwork and music made the stairwells more appealing.

Method

Study Design

We collected data as part of a group-randomized trial of six worksites in the Minneapolis/St.

Paul, Minnesota metropolitan area. We obtained approval for all study procedures from the

University of Minnesota Institutional Review Board. All worksites had at least two floors to

ensure the presence of one or more stairwells. The mean number of stairwells per site was

3.5 (range 2–6), and the mean number of stories per building was 5.8 (range 2–11). In

addition, we selected recruited sites based on the following criteria: size (250–1,000

employees), location (within the Twin Cities metropolitan area), minimal seasonal

fluctuation of employees, projected stability of location and workforce over the course of the

study period, and willingness to provide employees work contact information.

Participants

Employees at the six recruited worksites (three intervention and three control) were eligible

to participate in the larger trial if they were employed at least 50 % time on-site during a

daytime shift. There were 1,747 total participants enrolled in the study across the six

worksites. Of these participants, 1,356 provided self-report data on their stair use at both

baseline and 2-year follow-up. We display demographic characteristics of these 1,356

participants in Table 1 and the individual participant flow diagram in Fig. 1.

Procedures

As part of a worksite weight gain prevention trial, modifications were made to all stairwells

in the three intervention worksites in order to promote physical activity at work. The larger

intervention focused on assessing the long-term effectiveness of environmental approaches

to promoting healthy weight-related behaviors, including physical activity, diet (specifically

increased fruit and vegetable consumption and decreased intake of high-fat foods), and

increased weight self-monitoring. Key environmental change components included in this

program were scales placed at intervention worksites to allow employees to monitor their

bodyweight, changes to the food service environment (particularly an emphasis on offering a

greater ratio of healthful to unhealthful food in worksite cafeterias and vending machines),

Graham et al. Page 3

J Prim Prev. Author manuscript; available in PMC 2014 May 27.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



and changes made to stairwells to promote greater physical activity at work (for complete

details regarding the larger intervention, see Linde et al., 2012). To promote greater stair use

by employees at intervention worksites, modifications were made to increase the

attractiveness of stairwells (i.e., hanging decorative art posters and playing music) and to

encourage the use of stairs (i.e., posting motivational signage outside of the stairwells as

point-of-decision prompts to encourage use of stairs over lower-exertion automated forms of

between-floor transportation, in particular elevators and escalators). Stair prompts included

Blue Cross “DO” campaign posters featuring humorous messages about taking the stairs

(such as “Don’t let the machines win. Take the stairs.”) and riddles placed on stair risers in

the stairwells (these were introduced by 8.5 × 11 inch signs at stair entries, and then five

clues to solve the riddles were positioned on stair risers). All study signage is available from

the authors upon request or by accessing the supplemental materials link on the online

version of this article.

Messages included in stair-use prompts were benefit/gain framed (e.g., “Raise your fitness

level… one step at a time!”). Music played in the stairwells was selected by employees at

their worksite. Art posters included modern or classical artists’ works, inspirational message

posters, and movie posters. The stairwell modifications (i.e., signs, art, and music) remained

in place at the intervention worksites continuously for 2 years. For a comprehensive

compendium of intervention posters and signage, please see the electronic supplemental

materials link on the title page.

Measures

We measured stair use objectively via infrared beam counters placed on the ground floors in

stairwells at each worksite, using methodology adapted from procedures employed in a

study of stair use conducted by the Centers for Disease Control and Prevention (CDC)

within the CDC Rhodes building in Atlanta, Georgia (Kerr et al., 2004); specifically, study

staff recorded daily counts of stair use for 20 consecutive work days both at baseline and at

2-year follow-up. We also assessed self-reported stair use subjectively by means of a

questionnaire item which read “In the last month, how frequently did you use the stairs at

work?” Response options ranged from “1 time a month or less” to “6 or more times per

day.” We transformed all responses into number of times per week using the stairs.

Analyses

We fit generalized estimating equation (GEE) models to account for the nesting of

participants within worksites. GEE modeling is a regression-based, non-parametric approach

to account for dependency in measurements (e.g., Ballinger, 2004; Zeger, Liang, & Albert,

1988). GEE modeling produces more efficient and unbiased estimates when data are

correlated than do ANOVA-based models (e.g., Zeger & Liang, 1986) and adjusts for

within-cluster (i.e., worksite) correlations (Norton et al., 1998). This method is becoming

widely used to examine effects of interventions when worksites or schools are randomly

assigned to intervention and control conditions (e.g., Crespo, Sallis, Conway, Saelens, &

Frank, 2011). Although ideally suited to comparing a larger number of groups, Horton and

Lipsitz (1999) have reported that using model-based variance estimators can be helpful in

situations like the present analyses, when the number of groups being compared is small.
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Therefore, the GEE analyses conducted in this study utilized model-based variance

estimators. We performed these analyses to examine both objectively-measured and self-

reported stair use, comparing intervention versus control change over time on each measure

of stair use.

Analyses examining change over time in objectively-measured stair use (i.e., total stair use

trips during the 20-day recording period at the end of the 2-year intervention minus total

stair use trips during the 20-day baseline recording period) controlled for objectively-

measured baseline stair use, number of floors in the worksite building, and number of

stairwells monitored with infrared beam counters. Analyses examining change over time in

self-reported stair use (participant-reported flights of stairs per week at 1-year data

collection minus participant-reported flights of stairs at baseline) also controlled for number

of floors and number of stairwells monitored, as well as self-reported baseline stair use and

also individual-level demographic characteristics (i.e., age, sex, race/ethnicity, BMI, marital

status, and education). In addition, we tested a separate GEE model of self-reported stair use

that included an interaction variable (intervention status × baseline stair use) to investigate

whether the intervention was differentially effective among participants with higher versus

lower amounts of stair use at baseline. Baseline stair use was centered prior to the

computation of the multiplicative interaction term, and the analysis included main effects in

addition to the interaction term.

Results

Results of the GEE analyses, presented in Table 2, indicated that the intervention had a

positive effect on change from baseline to 2 years. The intervention sites showed greater

increases in stair use over time than the control sites for both objectively-measured and self-

reported stair use. Examination of predicted values from the GEE analyses indicated an

objective stair use decrease of 124.06 stair counts per day over time at the control sites; at

the intervention sites, stair use increased over time by 346.77 stair counts per day. For self-

reported stair use, the control group change was an increase of 0.73 stair-use trips per week

and the intervention group manifested an increase of 2.28 trips per week.

In addition, the interaction tested (intervention status × baseline stair use) was a significant

predictor of change in self-reported stair use, indicating that the intervention had a

differential impact on change in stair use behavior over time based upon participants’ initial

levels of stair use at baseline. To examine the nature of this interaction, we created a

dichotomous variable that split participants into daily versus less-than-daily stair use at

baseline (i.e., those who self-reported taking at least one flight of stairs per day at baseline

versus those who reported less than one flight of stairs per day). Re-running the GEE models

for only those participants reporting daily stair use revealed that intervention status was not

a significant predictor of change in self-reported stair use over time (b = 0.71, SE = 0.48, p =

0.14). However, for participants reporting less-than-daily stair use at baseline, a GEE model

of change in stair use over time indicated that the intervention significantly increased stair

use (b = 1.51, SE = 0.46, p = 0.001). Examination of predicted values from the GEE analysis

indicated that for these low stair users at baseline, the control group change in self-reported

stair use was an increase of 1.55 stair-use trips per week and the intervention group change
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was twice as large (i.e., an increase of 3.06 trips per week). Thus, the intervention was most

effective at increasing stair use among those participants who engaged in the lowest levels

of stair use at baseline.

Discussion

Simple and inexpensive environmental modifications made in and around worksite

stairwells were associated with long-term increases in objectively-measured and self-

reported stair use. Although these increases were relatively small overall among intervention

participants, it should be noted that the control participants’ stair use actually declined

during this same span; further, the increase of approximately one stair-use trip per week

among intervention participants constituted an average across those participants who already

used the stairs frequently at baseline as well as infrequent stair users. This is noteworthy

because, although those individuals who were already using the stairs frequently showed

small changes in stair use over time, the environmental modifications implemented in the

present intervention resulted in long-term increases in self-reported stair use of more than

three trips per week among those individuals who, at baseline, were using the stairs the least

(less than once per day).

These results support the enhancement of worksite stairwells as a low-cost strategy to

promote employee physical activity, and therefore physical fitness and health. Recently

many employers have begun offering incentives to employees to lose weight, increase their

physical activity, or otherwise improve their health (Linnan et al., 2008). Such strategies can

improve a workplace in a variety of ways, including saving money otherwise lost to illness

or injury sustained by less healthy employees (Goetzel & Ozminkowski, 2008). Our results

suggest that low-cost stairwell modifications can produce increased worksite physical

activity, especially among those who currently use stairs the least. Thus, stairwell

enhancement could work alongside other health promotion efforts being utilized in

workplaces (e.g., fitness breaks, incentives/infrastructure for walking or cycling to work) to

contribute to a more physically active workforce.

The present study objectively and subjectively measured stair use among individuals

participating in a worksite weight-loss trial. Objective and subjective measures of stair use

can be effectively used together to identify overall trends and to better understand patterns

of change over time. The self-report and objective data from the present study each provide

evidence that the intervention effectively increased worksite stair use, and each data source

provided its own strengths and weaknesses. Self-report measures of physical activity are

subject to exaggeration, recall bias, and other well-documented problems (Sallis & Saelens,

2000). With the objective measurement of stair use, it was not possible to identify whether

the individuals using the stairs were study participants or other individuals in the building

(e.g., employees not enrolled in the study, visitors). In addition, the number of employees

per site was counted only once, at baseline. Although no large changes in the worksite

populations under investigation were reported during this time period, it is possible that the

numbers of employees fluctuated during the study time frame. Such fluctuations could

constitute a limitation of the objective, but not the self-report, data collected.
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For both objective and subjective measures of stair use, we could not discern whether the

stair use was occurring as ascending or descending of the stairs. Use of a combined stair

ascent and descent measure is a limitation of both measures, because more than twice as

much energy is expended in climbing stairs as descending them (Teh & Aziz, 2002), and it

was possible in the study worksites for individuals to use elevators to ascend to higher floors

and stairs to descend. Although we cannot determine the frequency of this combination of

elevator and stair use, previous researchers have found descending stairs to be more

common than ascending (Eves, Webb, & Mutrie, 2006), and have also found interventions

to successfully increase descent, but not ascent (Kerr, Eves, & Carroll, 2001d). It is,

however, worth noting that stair descending burns significantly more calories than standing

in an elevator. Additionally, the present self-report stair use data are consistent with previous

work assessing stair ascending, in that the pattern of demographic characteristics of those

reporting the most stair use in the present study are consistent with previous work (e.g., non-

white, overweight individuals and females climb stairs less than their comparison groups;

Webb & Eves, 2007; Webb, Eves, & Kerr, 2011; Eves et al., 2006).

We also noted that not all intervention sites were equally compliant with study guidelines

regarding implementation of signage and music in stairwells. Specifically, one of the three

intervention worksites (notably, the one that showed the smallest increase in stair use over

time among the intervention sites) did not institute the intervention components of playing

music or placing decorative posters in the stairwells. This inconsistency in applying the

intervention could have weakened the efficacy of the intervention and resulted in smaller

increases in stair use at the worksite that did not fully comply with requested stairwell

modifications. Indeed, a similar intervention designed to increase stair use (Kerr et al., 2004)

produced a short-term increase in stair use, but stairwell use decreased after the first 3

months of the intervention for both artwork and signs, the two techniques used across all

three intervention sites. It is possible that if the non-compliant intervention site had

integrated all three recommended stairwell modifications the difference in stair-use change

over time we noted would have been even greater. Future studies of worksite stair use could

test various combinations of these three stairwell modifications (signage, art, and music) and

other changes, such as enhanced lighting, altering the type of stair covering, and color of

stairwell paint, to determine what combinations of factors work most effectively in concert

to promote stair use at worksites.

In addition, we note that although intervention and control worksites were randomized in

pairs to approximately match worksites on size and employee characteristics, no two

worksite buildings were identical. Some of the between-building differences were structural

elements that were relevant for the assessment of stair-usage. For example, one of the three

control worksites contained an escalator whereas its comparison intervention site did not

have an escalator. Escalator use was not explicitly assessed in this study, as employees could

use the escalator either actively (by walking on the moving stairs) or passively (by standing).

Another between-site difference was that one control site had a staircase that was open, in an

atrium, which could not be equipped with an infrared counter, so use of these stairs was not

measured objectively at either baseline or follow-up. Although we would have preferred to

objectively measure stair use on all stairs available at all worksites, it seems likely that

measuring stair use on all stairwells at five of the six worksites and five of the six stairwells
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at the remaining site, and having measured the same stairwells at both baseline and follow-

up, that the present analyses fairly reflect the overall rate of change across all the sites.

Additional support comes from the consistent findings in the self-report data, which

reflected use of all staircases at the worksites.

Although any individual employee’s increase in physical activity at a worksite which has

made enhancements to one or more stairwells is likely to be rather modest, modifying a

workplace stairwell as was done in this intervention is a relatively easy and low-cost

undertaking. The equipment (posters, signs, materials for hanging posters and signs, and

music player/music) can be obtained relatively inexpensively (approximately $200–300 for

an office stairwell, depending on the number of posters and signs as well as the type of

music player purchased) and quickly installed in stairwells. Recently, the cost-effectiveness

of obesity prevention interventions has become a critical measure of intervention success

and utility (Goetzel & Ozminkowski, 2008). Future research promoting worksite physical

activity could objectively monitor individual change over time using pedometers,

accelerometers, or other measuring devices to more precisely determine change in individual

energy expenditure from pre- to post-stairwell enhancement. In addition, future studies

could incorporate sophisticated analyses of cost-effectiveness of stair-use promotion

interventions. The present analyses have indicated that an inexpensive intervention can

successfully increase worksite stair use over 2 years, with greatest increases evident among

those individuals who were using the stairs the least at baseline.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Individual participant recruitment flow diagram
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Table 2

Change in stair use from baseline to 2-year follow-up using GEE models

Predictor Objectively-measured stair use Self-reported stair use

b (se) p b (se) p

Intervention versus controla 470.83 (96.14) <0.001 1.56 (0.63) 0.01

Baseline stair useb 0.07 (0.03) 0.03 −0.34 (0.03) <0.001

Floors (# at worksite) −74.24 (19.10) <0.001 0.01 (0.13) 0.93

Proportion of stairwells with associated elevator 1,160.65 (166.73) <0.001 −2.28 (1.22) 0.06

Age 0.01 (0.02) 0.83

BMI −0.16 (0.03) <0.001

Sexc −0.59 (0.35) 0.09

Raced 1.46 (0.54) 0.01

Education −0.15 (0.19) 0.43

Marital statuse −0.49 (0.34) 0.15

Interaction (baseline stair use × intervention)f −0.08 (0.04) 0.05

Note. Analyses accounted for clustering within worksite

a
Intervention coded as 1; control coded as 0

b
Baseline stair use assessed objectively (for objective stair use outcome) and via self-report (for self-reported stair use outcome)

c
Female = 2; male = 1

d
White = 1; else = 0

e
Married = 1; else = 0

f
Interaction tested in a separate model calculated using centered baseline stair use
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