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Abstract

Background The long-term impact of multilevel workplace sedentary behavior interventions has not been
established beyond 12-months. We conducted a 2-arm group randomized trial examining the 24-month efficacy
of a multilevel workplace intervention with sit-stand workstations (SSW) relative to the same multilevel intervention
with delayed SSW implementation until 12-months.

Methods Worksites (N=24 worksites, N=630 employees) were randomized to participate in Stand and Move at Work
and received: (a) STAND +, a 12-month multilevel behavioral intervention targeting reductions in sedentary time

and increases in light physical activity (LPA) with SSW delivery during the 12-months or (b) MOVE+, the same mul-
tilevel intervention, however with SSW delivery at the end of the 12-month primary assessment period. We present
maintenance endpoints (24-month follow-up) of objectively measured sedentary behavior variables as well as cardio-
metabolic biomarkers of the total sample and an at-risk exploratory dysglycemic (prediabetes or diabetes) subgroup
per study arm.

Results All worksites (N=24; from academic [n=8], industry/healthcare [n=8], and government [n=8] sectors)

were retained and participated in 24-month follow-up data collection. A total of 464 participants (248 STAND+, 216
MOVE+; 1946 per worksite; 45.8 + 10.6 years of age, 73% female) completed the 24-month assessment. At 24 months,
the adjusted within-arm difference in sitting was -37.3 (C:—51.9, -22.7) min per 8 h workday for STAND+and -23.4
(-39.7,-7.0) min per 8 h workday for MOVE +. Findings at 12-months were reproduced at 24-months, in which

the majority of reductions in sitting translated to increasing standing with minimal change in LPA. There were no sig-
nificant changes in cardiometabolic risk within the total sample, while there were some significant changes in triglyc-
erides and blood pressure for the dysglycemic participants.
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Conclusions Multilevel workplace interventions incorporating SSWs have the potential to sustain reductions

in workplace sedentary time through 24-months. Further, delayed introduction of SSWs following a 12-month multi-
level workplace intervention seem to produce similar sitting time reductions relative to immediate introduction. SSWs
are a robust environmental stimulus within multilevel interventions targeting workplace sedentary behavior. A larger
sample size is needed to detect concomitant impact on cardiometabolic health.

Trial registration ClinicalTrials.gov Identifier: NCT02566317. Registered on 2 October 2015, the first participant
enrolled 11 January 2016. https://clinicaltrials.gov/ct2/show/NCT02566317. See Consort checklist.

Keywords Workplace, Multilevel, Sedentary behavior, Maintenance

Introduction

The rise in desk-based occupations has led to office work-
ers spending upwards of 70—-90% of the workday seated
[1], increasing the risk for cardiometabolic disease and
premature mortality [2—-4]. Thus, the workplace has
become an opportune environment to target sitting.
Research shows that replacing workplace sitting with
standing or light-intensity physical activity (LPA) has
beneficial implications for cardiometabolic health and
may reduce mortality risk [5]. Specifically, several studies
have shown that multilevel workplace interventions (i.e.,
targeting multiple levels of influence such as the indi-
vidual, physical environment, and organization) coupled
with sit-stand workstations (SSW’s) result in reduced
workplace sitting time [6—9]. Moreover, multilevel work-
place interventions have the potential to produce clini-
cally meaningful changes in cardiometabolic risk factors
among “healthy” workers as well as those at risk for
prediabetes or diabetes, largely facilitated by behavior
change (e.g., reduced sedentary behavior and increased
activity) [9, 10]. However, whether these interventions
can facilitate sitting reductions and improved cardio-
metabolic risk factors to be sustained in the long-term
remains largely unknown.

Recent group randomized-controlled trials utilizing a
multilevel intervention with SSW’s, demonstrated large
reductions in workplace sitting time (45-60 min/8 h
workday) between 3- and 12-months follow up [9, 11,
12]. The longest current follow-up period conducted
by Zhu et al. [13] observed a decrease in workplace sit-
ting time also of approximately 52.6 min/8 h workday at
18-months follow up. However, this study was limited
by lack of randomization and a small sample size [14].
Although these trials resulted in promising short-term
reductions immediately following the interventions, sev-
eral reviews of workplace sedentary behavior reduction
interventions have been unable to draw conclusions on
long-term effects due to the lack of long-term follow-up
periods [15-18].

To address this gap, this paper presents findings
from the Stand & Move at Work (SMW) trial [9, 19], a

12-month multilevel workplace sedentary reduction
intervention, to determine long-term follow-up main-
tenance effects at 24-months. In SMW, worksites were
randomized to receive either, (a) STAND +, a multilevel
intervention implementing SSW’s simultaneously, or (b)
MOVE+, the same multilevel intervention with delayed
implementation of SSW’s after completing the 12-month
intervention. After a 12-month multilevel workplace
intervention, the STAND + group exhibited ~ 60 min/8 h
workday reduction in workplace sitting, largely replaced
with standing, and exhibited favorable changes in car-
diometabolic risk score (CMR) within a dysglycemic
sub-sample (i.e., diabetes diagnosis or fasting blood glu-
cose>100 mg/dL) [9].

The purpose of this current study was to examine the
long-term maintenance (24-month) impact on workplace
sitting and LPA as well as cardiometabolic risk factors
following exposure to a 12-month multilevel interven-
tion with SSWs (i.e., STAND +) and the impact of delayed
SSW implementation following 12 months of exposure to
a multilevel intervention (i.e., MOVE+).

Methods

Participants

Full worksite and employee eligibility criteria and enroll-
ment strategies have been published [19, 20]. In brief,
eligible worksites: (a) were small to moderate in size (i.e.,
20 — 60 employees), (b) had>80% of employees work-
ing full time (on-site), (c) had predominately seated
desk-based office work with <10% of SSW users, and (d)
were not currently participating in a worksite wellness
program targeting sitting or increases in physical activ-
ity. Worksite leadership must have exhibited willingness
to be randomized to either study arm and have SSW
installed at the worksite. Worksites were recruited in the
Phoenix, AZ and Minneapolis/St. Paul, MN, USA greater
metropolitan regions and were selected using purpo-
sive sampling across academic, industry/healthcare, and
government sectors. All employees employed at eligible
worksites were invited to participate and were enrolled
if eligible. To participate, employees had to be 18 years
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or older and in generally good health with the ability
to safely reduce sitting and increase standing and LPA.
Institutional Review Board approval was given to the Ari-
zona State University and the University of Minnesota
study protocol. All participants signed informed consent
prior to baseline.

Study design
Stand & Move at Work (SMW) was a cluster-two-arm
group randomized design in which worksites (N=24)
were stratified by workplace sectors (i.e., academic,
industry/healthcare, and government) and nested within
geographical regions (i.e., Phoenix, AZ and Minneapolis/
St. Paul, MN). Study protocol [19] and primary findings
[9] have been published elsewhere. A simple randomiza-
tion procedure was used following stratification among
the three sectors (i.e., academic, industry/healthcare,
and government) nested within each of the two regions
(i.e., Phoenix, AZ and Minneapolis/St. Paul, MN), which
was performed by the study biostatistician. Four work-
sites were enrolled every 2 months between January 2016
and November 2016 to avoid seasonal effects. Workplace
activity and cardiometabolic risk factor variables were
collected between February and December of 2017 for
12-months, and 24-month (maintenance) outcome data
was collected between January and December of 2018.
Worksites were randomized to either STAND+, a
multilevel intervention plus SSWs, or MOVE+, the
same multilevel intervention with delayed SSW imple-
mentation after the 12-month primary outcome assess-
ment. Prior to any data collection, a pragmatic decision
in consultation with National Institutes of Health (NIH),
was made to provide MOVE+worksites with SSWs
immediately following the 12-month assessment, rather
than upon completion of the study at 24 months to cre-
ate balance between the two active interventions arms.
That is, both STAND +and MOVE +worksites received
the same 12-month multilevel intervention, however
the MOVE +worksites did not receive SSWs until after
the 12-month intervention was complete (as opposed
to STAND+worksites receiving SSWs at baseline).
Thus, this unique design allows us to examine within-
arm changes between 12- and 24-months in response
to a 12-month multilevel intervention with SSWs (i.e.,
STAND +) as well as the impact of a 12-month multilevel
intervention with delayed SSW implementation starting
12 months (MOVE+).

Interventions

The full description of the multilevel intervention is
published elsewhere [21]. The SMW interventions were
derived from the social ecological model encompass-
ing workplace changes at the organizational/policy (e.g.,
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managerial support), environmental (e.g., signage), social
(e.g., contests, role modeling), and individual (e.g., goal
setting, education) levels and designed to reduce sitting
and increase LPA at work. Worksites were responsible
for identifying employee(s) to serve as advocate(s) who
were responsible for delivering intervention compo-
nents and played an active role with study participants.
Advocate(s) received training and monthly calls from
the research study team and served as the primary con-
tact link between the research study team and worksites.
At the start of the study, the MOVE + participants were
given a goal of obtaining > 30 min of additional LPA over
the course of the workday. The STAND + participants
were given this same LPA goal with an additional goal of
increasing standing time to 50% of desk-based worktime.
It is important to note that the multilevel intervention
was intended as a 12-month intervention; advocates were
asked to deliver intervention components to the work-
sites in both study arms from baseline to 12-months.
The 12- to 24-month period was intended as a follow-
up period for the STAND+study arm, while in the
MOVE +study arm SSWs were distributed and partici-
pants were given ergonomic advice on how to use their
SSWss.

Measures

Demographic variables

Age, race, sex, education, and job type were assessed
via an online survey (Qualtrics, Salt Lake City, UT) at
baseline.

Workplace sitting time

To assess sitting time at work, the activPAL3c micro
accelerometer (PAL Technologies Limited, Glasgow,
United Kingdom), a valid measure of posture, was used
[22, 23]. To supplement this, a log was sent to par-
ticipants to determine daily work and nonwork time as
well as wake and sleep time. Participants were asked to
wear the waterproofed device (i.e., can wear while bath-
ing/water-activities) for seven consecutive days on their
right-thigh. Any long bouts of continuous sedentary or
standing time exceeding 6 h were classified as non-wear
time and excluded from analyses. Any wake periods
with<10 h of wear time or work periods with<4 h of
wear time were also excluded. Sleep logs provided time
in bed, though an automated algorithm was used when
not available [24]. Sensitivity analyses revealed no dif-
ference in estimates when sleep logs vs automated algo-
rithm methods were used. All outcomes are provided
as work periods (as the intervention was specific to the
workplace) and as total wake time to assess possible
compensation effects outside of work. All work periods
were standardized to an 8 h workday (i.e., standardized
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minutes =observed minutesx480/observed minutes of
wear time), whereas total wake times were standardized
to a 16 h day. Time spent in LPA and moderate-to-vig-
orous physical activity (MVPA) were derived from step
counts as<100 steps/minute for LPA and>100 steps/
minute for MVPA [25]. In total, the following outcomes
are derived for both work periods and total waking time:
sitting (min/day); standing (min/day); LPA (min/day);
MVPA (min/day); total physical activity, combined LPA
and MVPA (min/day); sit-to-stand transitions (number
of transitions/h of sitting); and sitting time accrued in
bouts >30 m (min/day). Participants in both study arms
received standardized reports of their activPAL data.

Cardiometabolic risk biomarkers

Measurements of body weight, and resting blood pres-
sure, as well as fasting and venous serum concentration
of glucose, insulin, triglycerides, and LDL- and HDL-
cholesterol were assessed following procedures from the
original trial with batch processing [9, 19]. Cardiometa-
bolic risk score (CMR) and individual biomarker scores
were also examined in a continuous fashion [26], also
following procedures from the original trial [9, 19]. An
exploratory subgroup of dysglycemic patients (i.e., diag-
nosed with diabetes or a fasting blood glucose >100 mg/
dL) was also examined at 24-months, within each study
arm.

Sample size and statistical analysis

Analyses were performed in SAS 9.4 (SAS Institute
Cary, N.C.). To remain consistent with reporting of our
primary outcomes [9], intent to treat procedures with-
out imputation were followed at the level of the work-
site (the unit of randomization), with 24 worksites being
randomized and analyzed. Individuals within worksite
were included when 24-month data were available. The
senior statistician was blinded to group assignment and
the analyst/programmer was blinded until the statistical
models were finalized. Individuals who became preg-
nant or lactating during the trial were excluded from
cardiometabolic analyses. Each outcome was defined as
24-month change from baseline and 24-month change
from 12 months. Distributions were examined and plot-
ted against baseline to identify implausible values and
influential points prior to analysis. Sensitivity analy-
ses using log transformed and winsorized (3rd quar-
tile+1.5*SD) outcomes gave similar results and are not
reported. Effects for STAND +and MOVE + were tested
separately. Linear mixed models were used to examine
within group changes. The group randomized design was
accounted for using a random effect for site nested within
treatment. Models were adjusted for baseline values of
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the respective outcome and a priori selected covariates:
age, sex, race/ethnicity, and baseline BMI.

Results

All worksites (N=24) were retained (12 per study arm)
in each region/sector stratum through 24-months. Fig-
ure 1 presents an updated CONSORT diagram to the
original trial extending retention through 24-months. A
total of 464 participants (248 STAND+, 216 MOVE +;
19+ 6 per worksite; 45.8+10.6 years of age, 73% female)
were retained from baseline for the 24-month follow up
with an overall 24-month participant retention rate of
74%. At 24-months the retained sample size per work-
site was 21+ 7 participants (range:10-35) for STAND +,
and 18+5 (range:10-26) for MOVE+. Loss-to-follow-
up from baseline through 12-months has been pub-
lished elsewhere [9]. Between 12- and 24- months,
STAND +lost 44 participants and MOVE+lost 31 par-
ticipants. Table 1 describes the baseline characteris-
tics of the 24-month sample in total and by study arm.
Supplementary Table 1 provides a comparison of the
demographics and baseline activity and cardiometabolic
risk biomarkers of the baseline and 12- and 24-month
analytical samples by study arm. Sample retention was
comparable between study arms and demographic, base-
line activity, and cardiometabolic risk characteristics of
participants retained and those lost-to-follow-up from
12-months to 24-months were similar.

At 24-months, 197 STAND+and 166 MOVE+ par-
ticipants completed the activPAL assessment. Overall,
activPAL wear time during waking hours was high: 84%
of STAND + participants had >5 valid days and 3 valid
work periods (6.5+ 1.5 valid days and 4.0+ 1.1 work peri-
ods) with a waking wear time of 15.2+1.0 h per valid day
and 8.4+1.0 h per valid work period. Similarly, 89% of
MOVE + participants had >5 valid days and 3 valid work
periods (6.7+1.2 valid days and 4.1+ 1.0 work periods),
with waking wear time of 15.2+0.8 h per valid day and
8.3+0.8 h per valid work period.

The results of the 24-month maintenance outcomes
of activPAL-measured variables for work time (stand-
ardized to an 8 h workday; Fig. 2) and total waking time
(standardized to a 16 h day), are displayed in Table 2. For
STAND +, the adjusted within-arm mean difference in
sitting time was 21.9 (9.3, 34.5) mins per 8 h workday at
24 months relative to 12 months, and -37.3 (-51.9, -22.7)
mins per 8 h workday relative to baseline. For MOVE +,
the adjusted within-arm mean difference in sitting time
was -23.4 (-39.7, -7) mins per 8 h workday at 24 months
relative to 12 months, and -31.8 (-43.5, -20.2) mins per
8 h workday relative to baseline. The adjusted within-arm
mean difference in standing time for STAND +was -18.8
(-30.7, -7.02) mins per 8 h workday at 24 months relative
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Ineligible reasons (n = 150)*

* Health reasons/pregnant (n =48)

Not full-time status (n = 15)

Not sedentary job (n = 23)

Has a sit-stand desk (n = 43)

Not willing to complete study activities (n =91)
« Main work area not at office (n =22)

*n reasons do not add up to total ineligible since
some individuals reported multiple reasons

Did not respond (n =422)

Worksites screened
(N =56)

'
v

Ineligible (n = 17)
+ Too small in size (n =9)

* Not primarily seated office work (n = 1)
Too many sit-stand desks (n = 3)

Leadership not willing to be randomized to
either study arm (n = 1)

Worksites enrolled (N = 24)
Cluster size = 55 + 22 employees

Outside metro (n =3)

Not interested (n =15)

Eligible participants

(N =756) No longer interested (n = 115)

Drop pi (n=11)
,,,,,,,,,,,,,,, » * Notwilling to wear activPAL (n = 5)
*  No longer interested (n =6)
RANDOMIZED
Worksites N = 24
Participants N = 630
Cluster size = 27 + 8 employees
I
1] i
STAND+ MOVE+
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Worksites (N =12)
Participants (n =354)
Mean size 30 +9
Weight (n =352)
Blood pressure (n =351)
Blood (n =322/354)
“Unable to draw (n =2)
*Refused draw (n =26)
“Insufficient sample (n =4)
activPAL (n =344/354)
“Insufficient valid workday (n =10)
*Missing covariate (n =0)

Worksites (N =12)
Participants (n = 276)
Meansize 24+ 5
Weight (n = 276)
Blood pressure (n =275)
Blood (n = 253/276)
*Unable to draw (n =1)
*Refused draw (n =13)
*Insufficient sample (n =9)
activPAL (n =273/276)
“Insufficient valid workday (n =3)
*Missing covariate (n =0)

Discontinued intervention (n = 19)

* Leftworksite (n=13) e --

* No longer wants desk (n = 6)

INTERVENTION START

---- 3-MOS PRIMARY OUTCOME

Discontinued intervention (n = 6)
_______ + * Leftworksite (n=5)
+ Toobusy (n=1)

STAND+ (N =12)
Participants (n = 335)
Did not attend (n = 5)
Weight (n = 328/330)
Blood pressure (n =328/330)
Blood (n = 286/330)
*Unable to draw (n =10)
*Refused draw (n =12)
“Insufficient sample (n=22)
*Missing covariate (n =10)
activPAL (n =303/335)
“Insufficient valid workday (n =20)
*Missing covariate (n =12)

MOVE+ (N = 12)
Participants (n =270)
Did not attend (n =11)
Weight (n = 257/259)
Blood pressure (n =256/259)
Blood (n = 214/259)
*Unable to draw (n =2)
*Refused draw (n =16)
*Insufficient sample (n=21)
*Missing covariate (n =6)
activPAL (n = 243/270)
*Insufficient valid workday (n =22)

*Missing covariate (n =5)

Discontinued intervention (n = 43)
* Leftworksite (n =37)

* No longer wants desk (n = 2)

* Nolonger interested (n = 2)

« Ergonomic issue (n = 2)

12-MOS PRIMARY OUTCOME

Discontinued intervention (n = 23)
« Left worksite (n = 19)
No longer wants desk (n = 1)

Hack desk (n=1)

No longer interested (n = 1)

Too busy (n = 1)

STAND+ (N = 12)
Participants (n =292)
Did not attend (n = 16)
Weight (n = 274/276)
Blood pressure (n =273/276)
Blood (n = 238/276)
*Unable to draw (n =3)
*Refused draw (n =27)
“Insufficient sample (n=3)
*Missing covariate (n =5)
activPAL (n = 263/292)
*Insufficient valid workday (n =17)
*Missing covariate (n =12)

MOVE+ (N = 12)

Participants (n = 247)

Did not attend (n = 10)

Weight (n = 231/237)

Blood pressure (n =234/237)

Blood (n = 204/237)
*Unable to draw (n =3)
*Refused draw (n =19)
*Insufficient sample (n=3)
*Missing covariate (n =8)

activPAL (n = 224/247)
*Insufficient valid workday (n =16)
*Missing covariate (n =7)

Discontinued intervention (n = 44)
*  Leftworksite (n =23)
Unresponsive (n = 3)

No longer interested (n = 4)

On leave from work (n = 3)
Unknown (n = 11)

24-MOS FOLLOW-UP

Discontinued intervention
(n=31)
«  Left worksite (n = 14)
«  Unresponsive (n = 6)

No longer wants desk (n = 1)
No longer interested (n = 2)
Unknown (n = 8)

STAND+ (N = 12)
Participants (n =248)
Did not attend (n = 31)
Weight (n =196/218)
Blood pressure (n =196/218)
Blood (n =193/218)
*Unknown (n=12)
*Unable to draw (n =2)
*Refused draw (n =5)
*No show (n=3)
*Recently gave birth (n=1)
*Not fasted (n=1)
*Car accident (n=1)
activPAL (n =197/248)
*Insufficient valid workday (n =47)
*Missing covariate (n =4)

Fig. 1 Worksite and participant flow

MOVE+ (N = 12)
Participants (n = 216)
Did not attend (n = 20)
Weight (n =177/196)
Blood pressure (n =179/196)
Blood (n =159/196)
“Unknown (n=16)
*Unable to draw (n =2)
*Refused draw (n =14)
*No show (n=2)
*Recently gave birth (n=1)
*Not fasted (n=2)
activPAL (n =166/216)
“Insufficient valid workday (n =46)
*Missing covariate (n =4)
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480 +
z
T 360 +
‘g MOVE+
= STAND+
P 240 }
-]
o
[
2
]
£ 120 +
=

0
Baseline 12-Months 24-Months
Time

Fig. 2 Mean workplace sitting time in STAND +and MOVE + study arms at baseline, 12- and 24-months. Note. Circle data points refer
to the STAND + study arm; Square data points refer to MOVE + study arms; Error bars are 95% confidence intervals

to 12 months and 37.2 (21.8, 52.6) mins per 8 h workday
relative to baseline. The adjusted within-arm mean differ-
ence in standing time in MOVE+was 32.8 (-43.5, -20.2)
mins per 8 h workday at 24 months relative to 12 months
and 24.4 (6.8, 41.9) mins per 8 h workday relative to
baseline. Both study arms observed reductions in sitting
largely translated into standing behaviors and changes in
LPA and MVPA activity were minimal.

CMR score data were available for 175 and 150
STAND +and MOVE + participants, respectively. The
individual components of CMR along with additional
anthropometric and chronic disease values of the total
and dysglycemic subgroups by study arm are presented
in Table 3.. For both the total and dysglycemic subgroup
samples for STAND +and MOVE+, effects were mostly
small. However, in the dysglycemic subsample there was
a significant reduction in triglycerides for STAND + from
12 to 24 months, and for MOVE +from 0 to 24 months
there were reductions in triglycerides and diastolic blood
pressure.

Discussion

The purpose of this study was to examine the long-term
maintenance (24-month) of workplace sitting and LPA
as well as cardiometabolic risk factors following imme-
diate and delayed implementation of SSW combined
with a 12-month multilevel intervention. Findings pro-
vide support to the efficacy of multilevel interventions
encompassing SSW’s (i.e., STAND+) on maintaining
workplace sitting time reductions through 24-months
— the longest current follow-up period for a workplace
intervention. In addition, we found evidence for reducing

workplace sitting time by implementing SSW’s follow-
ing a 12-month multilevel intervention (i.e., MOVE+).
Overall, our findings provide evidence for the ability of
multilevel interventions coupled with SSWs to produce
the most robust and sustained reductions in workplace
sitting time and lay the groundwork for understanding
long-term public health impacts of multilevel workplace
sedentary reduction interventions.

Reductions in workplace sitting observed within
STAND+at 12 months [9] were largely maintained
at 24 months. Specifically, although workplace sitting
slightly increased from 12 to 24 months by approxi-
mately 22 min per 8 h workday, participants maintained
an overall almost 40 min per 8 h workday reduction at
24 months compared to baseline. Past research exam-
ining long-term effects of non-occupational sedentary
behavior reductions have resulted in mixed findings [13,
27-30]. Our findings are similar to Thomsen et al. who
found an individually tailored behavioral intervention
targeting reductions in daily sitting time resulted in sus-
tained sitting reduction of over 60 min/day at 22-months
follow-up [31]. However, our findings are in contrast
to studies that found non-occupational sedentary time
reductions were not sustained in the long-term [32-34].
Although a shorter follow-up time period, our findings
are in line with Zhu et al. [13] who found a 53 min/8 h
workday reduction in workday sitting time following the
use of sit-stand workstations at 18-month follow-up.

While MOVE +exhibited negligible within-group
reductions in workplace sitting time from baseline to
12-months [9], workplace sitting time was reduced by
over 30 min per 8 h workday at 24-months compared to



Leonard et al. Int J Behav Nutr Phys Act (2025) 22:39

Page 8 of 13

Table 2 Intervention effects on objectively measured work time and total time activity variables, by study arm in minutes, at 0, 12, and

24 months of the 24 month analytic sample

Baseline 12-month 24-month 0-24 month, 12-24 month, Difference (95%
Mean+SD Mean+SD Mean+SD gli)fference (95%  dl)
STAND + (n=197) Long term effects ~ Maintenance Post 12-Month
Intervention
Work periods
Sitting 3286+81.8 2698+874 2912+918 -373(-5191,-22.7) 21.9(9.3,34.5)
Standing 11424777 1698+849 1513+885 37.2(21.8,526) -18.8(-30.7,-7.02)
LPA 315+15.7 336+165 315+17. 0.0(-2.0,2.1) -2.2(-43,-0.1)
MVPA 57146 6.8+6.5 6.1+4.7 0.3(-0.3,0.8) -09(-1.7,-0.1)
LPA+MVPA 372+172 404+189 376+186 03(-19,25) -3.1(-5.3,-0.8)
Prolonged sitting (>30 min)  142.2+913  1105+777 12924911  -124(-255,0.7) 20.0(7.6,32.3)
Sit-stand transitions® 70+44 83+64 76%6.1 06(-0.3,1.4) -0.7 (-1.5,0.2)
Total time
Sitting 611.8+1000 567.8+1134 5962+110.1 -150(-29.1,-1.0) 289(13.8,43.9)
Standing 24814863 291.3+985 2693+978 21.1(7.97,343) -22.1(-35.8,-8.5)
LPA 825+27.1 8254288 77.2+287 -55(-11.6,0.6) -5.5(-8.7,-2.3)
MVPA 17.7+£80 184+8.6 173173 -0.5(-1.6,0.5) -1.3(-22,-03)
LPA+MVPA 1002+31.8 101.0+£33.7 945+323 -6.0(-12.9,0.9) -6.7 (-10.3,-3.1)
Prolonged sitting (>30 min) 302.1+1069 275941096 305141105 34(-11.5,184) 30.2(14.7,45.7)
Sit-stand transitions® 59+2.1 62+22 58+2.1 -0.1(-0.5,0.2) -04(-0.7,-0.1)
MOVE + (n=166) Long term effects ~ Maintenance Post 12-Month
Intervention
Work periods
Sitting 32654772  3366+716 30411765 -234(-39.7,-7) -31.8(-43.5,-20.2)
Standing 1140+755 1048+704 13771758 244(68,419) 32.1(214,42.8)
LPA 32.7+160 3224148 315+£142 -09(-35,1.7) -0.8(-29,14)
MVPA 68+55 64+55 6.7+50 -0.1(-0.7,0.5) 0.5(-0.2,1.0)
LPA+MVPA 395+175 386+163 382+156 -1.0(-36,1.5) -0.2(-2.9,2.5)
Prolonged sitting (>30 min) 144.6+834  1644+879 1524+835 7.5(-88,239) -114(-23.0,0.3)
Sit-stand transitions® 65+39 55+£19 56+32 0.2(-2.2,26) -4.0(-123,4.3)
Total time
Sitting 6030+£892 6186+829 5912+905 -11.6(-279,48) -26.4(-38.3,14.6)
Standing 2519+785 2406+719 2664+784  14.2(-2.5,30.8) 24.7 (14.5, 35.0)
LPA 859+30.2 82.1+27.8 83.4+29.1 -25(-5.8,0.8) 14(-20,4.8)
MVPA 192472 18779 189+7.3 -0.2(-1.0,0.7) 0.3(-0.7,1.3)
LPA+MVPA 105.14335 1008+315 1024+332 -2.7(-64,1.0) 1.7(-20,54)
Prolonged sitting (>30 min) 2984+984  319.6+107.0 311.6+1006 128(-2.7,283) -7.9(-21.6,5.8)
Sit-stand transitions® 59+19 55+19 55+18 -0.3(-06,-0.1) 0.1(-0.2,0.2)

Linear mixed models were used to analyze the change in outcomes, accounting for age, sex, and race, and BMI. Random effect for site nested within treatment group

LPA Light-intensity physical activity, MVPA Moderate-vigorous physical activity. Work period outcomes have been standardized to an 8 h workday (minutes)

2 Sit-stand transitions are expressed as number of transitions per sedentary hour

baseline. This reduction was largely accumulated from
12- to 24-months, after receiving SSW’s following the
12-month primary assessment. Although exposure to the
multilevel SMW program for 12 months with worksite
policy, environment, cultural, social, and individual level
strategies may have helped set the foundation for behav-
ioral support, the MOVE+study arm likely produced

reductions in sitting at 24-months from the addition of
the SSW’s on top of consistent program exposure over
the first 12-months of the study. However, it is important
to note that past studies have found that the maximal
benefits of SSWs may not be reached without an accom-
panying multilevel intervention. For example, Neuhaus
and colleagues found that reduction in workplace sitting
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time were more than doubled in an intervention group
with SSWs plus a multilevel intervention compared to
an intervention group with SSWs alone [35]. Neverthe-
less, SSWs provide participants with additional capability
and opportunity to reduce sitting behaviors with minimal
impact on work productivity and engagement.

Consistent with findings from the first trial [9], the
reductions in workplace sitting were largely translated into
standing behavior for both STAND+and MOVE+; and
small effects were seen in physical activity at 24 months.
Based on average changes in sitting, standing, and physical
activity time, the changes did not meet the overall behavio-
ral targets (e.g.,, 50% increase in standing time). However,
the reductions in sitting time during the 24-month follow-
up period are clinically meaningful with the potential to
improve health outcomes [36]. Findings continue to exhibit
negligible compensation for sitting outside of work. Never-
theless, our findings highlight that workplace sitting time
reductions are sustained following a 12-month multilevel
intervention coupled with SSWss, as well delayed introduc-
tion of SSWs following a 12-month multilevel intervention.
Past research has shown that use of SSWs tend to decrease
over long periods of time [37], however, our findings sug-
gest that worksites may require initial behavioral support to
sustain SSW usage for work-related activities.

Minimal effects were seen in cardiometabolic risk fac-
tors from baseline to 24-months and 12- to 24-months
within the total sample, while there appeared to be some
significant effects for triglycerides and blood pressure for
the small dysglycemic subgroup for both STAND +and
MOVE+. Experimental research indicates that replacing
sitting with standing and/or LPA has the potential to ben-
eficially modify insulin sensitivity and glucose disposal
through activation of the large lower-body muscle groups
[38-43]. Frequent changes in posture through the use of
SSWs may have additional peripheral vascular benefits
favorable to cardiometabolic risk [44-46]. As sedentary
behaviors independently predicts the risk of future CVD
and all-cause mortality [47, 48], there is a need to further
explore potential benefits of workplace sedentary behav-
ior interventions on improving cardiometabolic health.

The current study is novel because of the long-term fol-
low-up of device-based workplace sitting time, LPA, and
cardiometabolic risk factors following a multilevel, sed-
entary behavior focused intervention. This study is also
among the first to examine the impact of adding SSW’s to
worksites after exposure to a multilevel behavioral inter-
vention for 12 months. Additional strengths of this study
include the generalizability of the results with 24 work-
sites recruited across three sectors and two states with
the longest current follow-up period of 24 months and
the use of objective assessments for workplace sitting time
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and LPA. Some limitations worth noting include the lack
of a non-intervention control group, limiting our ability
to compare our results to worksites with no intervention.
Also, this trial only included full-time sedentary work-
ers of relatively good health with no contraindications to
reduce sitting and increase standing and LPA. In addi-
tion, because of the differences between the STAND +and
MOVE +intervention groups from 12- to 24-months
(i.e., delayed intervention), we were unable to examine
between group differences in sustained workplace sitting
time and LPA and cardiometabolic outcomes. Finally,
although we obtained maintenance data of intervention
strategies throughout the 12-month intervention period
(e.g., what intervention components were implemented
and maintained) [49], we did not collect this data dur-
ing the 24-month follow-up period. Thus, we are unable
to examine what intervention strategies were maintained
and/or built upon during the 24-month follow-up.

Conclusion

In summary, we found that reductions in workplace
sitting were largely sustained through 24-month fol-
low-up. Examination of long-term follow-up is critical
to determine if the reductions observed in workplace
sedentary behaviors, as well as any uptake in standing
or moving, has been sustained. Identifying strategies
for sustained workplace sedentary behavior reduc-
tions in the long-term is essential as this may have
positive health outcome implications. The results from
the STAND + group indicate that even with minimal
researcher involvement, multilevel workplace programs
coupled with SSWs have the potential to sustain reduc-
tions in workplace sitting over 24 months. Further, the
delayed introduction of SSWs in the MOVE + study arm
allowed us to examine whether delivering a 12-month
multilevel intervention followed by the introduction of
SSWs would yield similar results to immediate intro-
duction of SSWs. We found similar reduction in sit-
ting time from 12-24 months in the MOVE +arm that
we observed in the STAND +arm from 0-12 months,
which in one sense replicated our original study results
but also suggested that delayed implementation of SSW
may have similar impact as immediate implementation.
More research is needed to determine potential long-
term health implications in response to a multilevel
behavioral intervention with SSWss.
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