
Work xx (20xx) x–xx
DOI:10.3233/WOR-230624
IOS Press

1

The effectiveness of a 6-month intervention
with sit-stand workstation in office workers:
Results from the SUFHA cluster
randomized controlled trial
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Portugal
bCentro de Investigação Formação Inovação e Intervenção em Desporto (CIFI2D), Universidade do Porto,
Portugal
cCalifornia Pacific Medical Center, Research Institute, San Francisco, CA

Received 1 November 2023
Accepted 1 April 2024

Abstract.
BACKGROUND: Prolonged periods of sitting have been linked to negative health outcomes. Implementation of sit-stand
desks in the workplace has been one strategy to reduce prolonged sitting.
OBJECTIVE: To assess the effectiveness of sit-stand workstations on reducing sitting time and improving other health
outcomes of office-based workers.
METHODS: 39 Portuguese office workers were randomized into a 6-month parallel-group cluster RCT consisting by the
implementation of sit-stand desks in the workplace. The primary outcome of sitting time was assessed using ActivPAL.
Secondary outcomes included biometric, psychological, and diet-related variables. All outcomes were assessed at baseline
and 6 months for the whole sample and at 3 months for a sub-sample of the intervention group (n = 11).
RESULTS: No significant time*group interaction was found for the primary or secondary outcomes, apart from waist
circumference favoring the control group (�–1.81 cm, pinteraction = 0.04). There were significant changes within the intervention
group for sitting time (–44.0 min/day), prolonged sitting (>30 min) (–45.3 min/day) and standing time (51.7 min/day) at 3
months in the sub-sample and in prolonged sitting (>30 min) (–26 min/day) in the full intervention group (p < 0.05). Changes
were also observed within the intervention group for percent body fat (�–3.7%) and ratings of quality of life (�2.2),
musculoskeletal discomfort (�–4.9), overall fatigue (�–2.2), and the need for recovery after work (�–1.7) at 6-month
follow-up (p < 0.05).
CONCLUSION: Although not being effective for reducing sitting time, the implementation of sit-stand desks in the
Portuguese workspace was shown to be feasible over the long term, received well by users, and may offer other health
benefits.
TRIAL REGISTRATION: OSF Registration, OSF.IO/JHGPW. Registered 15 November 2022. https://doi.org/10.17605/
OSF.IO/JHGPW.

Keywords: Sitting time, sedentary behavior, contextual modification, ActivPAL, standing time

∗Address for correspondence: Pedro B. Júdice, PhD Centro de
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1. Introduction

Despite the recognized health benefits associated
with attaining physical activity (PA) recommenda-
tions, most of the population is still inactive [1, 2]. In
addition to being inactive, it is estimated that adults
spend approximately 50–60% of their waking day
sedentary in a sitting, reclining, or lying position [3].
This is of concern given that high sedentary behavior
(SB) is associated with increased risk of cardiovascu-
lar disease (CVD) [4, 5], diabetes [6, 7], cancer [8],
cognitive decline [9, 10], overall lower quality of life
[11] and all-cause mortality [4], with these deleteri-
ous effects of too much SB being not just limited to
high-income countries, but also a reality in middle
and low-income countries [4]. In opposition, break-
ing up SB more often seems to protect against the
harm of prolonged SB [12].

Desk-based office work is responsible for most of
the SB accumulated during the day for many job occu-
pations and, thus a strategic setting for interventions
to reduce prolonged SB [13, 14]. Higher SB in the
office has been related to lower job satisfaction and
greater fatigue, and previous findings suggest that less
SB was associated with positive health outcomes that
do not seem to come at the expense of productivity
[15].

A height adjustable sit-stand desk is a device that
allows the worker to easily shift from a sitting to a
standing posture and vice-versa (i.e., break in SB),
without the need to interrupt working tasks. In the
last decade, several sit-stand desk-based interven-
tions have been performed around the world showing
modest to large reductions in workers’ sitting time
(i.e., –22.2 to –128.4 minutes/day) [16–34], but most
of these studies were performed in English-speaking
countries (i.e., 14 out of 23) [16–34]. In Europe, there
is a lack of interventions using sit-stand desks, with
only one performed in Finland [35], one in Aus-
tria [36], and one in Switzerland [37]. Thus, there
is a clear need for more evidence on the imple-
mentation, acceptance, and effectiveness of these
approaches in the work environment across coun-
tries with different cultural backgrounds and work
habits.

In Portugal, recent representative accelerometer-
based data suggest that, despite all efforts, PA has
remained fairly stable in the last years [38], with SB
still representing around 60% of a person average
waking day [3, 38]. To the authors best knowledge, no
sit-stand desk-based intervention has been performed
in this country or any other Portuguese-speaking

country. Thus, we aim to present the effectiveness of a
6-month intervention to reduce sitting time in office-
based workers using a sit-stand workstation prompted
by an initial educational session and ongoing moti-
vational prompts.

2. Methods

2.1. Study design

This study was a two arm (1 : 1), superiority
parallel-group cluster randomized controlled trial,
with measurements at baseline and 6 months follow-
up. The trial was prospectively registered (details
at: https://doi.org/10.17605/OSF.IO/JHGPW; Reg-
istered 15 November 2022. OSF Preregistration)
and has been previously described [39]. After
baseline measurements, cluster randomization was
performed by a researcher not involved in recruit-
ment or data collection using a list randomizer
(www.random.org). The randomization considered
that control and intervention groups were matched for
daily sitting time, the number of transitions from sit
to stand, BMI, and age. To reduce the risk of contam-
ination, participants who observed each other from
their workstations were constituted as a cluster and
were randomized as such.

2.2. Setting and participants

Inclusion criteria for the intervention consisted of
the suitability to install the sit-stand desk; working at
least 0.6 full-time; being more than 20 years-old; and
spending at least 70% of a working week performing
desk-related activities. Exclusion criteria consisted
of workers already using a sit-stand desk; work-
ers without a personal workspace where a sit-stand
desk could be assembled; or workers with muscu-
loskeletal disorders/health conditions inhibiting their
ability to work in a standing position. Recruitment
took place between December 2022 and January 2023
via university advertisements (e.g., banners, posters,
invitation institutional emails, and face-to-face word
of mouth), with baseline data collection in February
2023 and follow-up data collection in August 2023.
All participants provided written informed consent
and the project was approved by the ethics commis-
sion of the Faculty of Physical Education and Sport
at the University of Lusófona in Lisbon (Approval
number D0522).
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2.3. Intervention group

The intervention group received a sit-stand desk
(Vinsetto, Model 923-043), which was installed on
top of a conventional workplace desk by means of
a clamping arm. To enhance desk use, an initial
psychoeducational session regarding the independent
benefits of reducing and interrupting sitting time with
standing was given. Participants were also given the
following verbally and in written form: (i) a demon-
stration of how their sit-stand desk works; (ii) tailored
information on the correct ergonomic posture to use;
(iii) and individualized guidance on gradually build-
ing up standing time. Moreover, motivational nudges
were delivered via email and on the SUFHA’s website
(https://sufha.ulusofona.pt) during the intervention
period to support relatedness, perceived competence,
and autonomy to use the desk. These nudges varied
from 4 times in the first month, to 2 times in the sec-
ond and third months, and monthly until the end of
the intervention.

2.4. Control group

We included a waiting-list control group who
only attended the initial psychoeducational session
regarding the independent benefits of reducing and
interrupting sitting time with standing, with no con-
textual change during the 6-month intervention (i.e.,
no access to the sit/stand desk or any other prompt).
After the intervention period, the waiting-list control
group had access to the sit-stand desks.

2.5. Outcome measures

Primary and secondary outcomes were assessed at
baseline and at the end of the 6-month intervention
period. The primary outcomes were also assessed at
3 months in a subsample of the intervention group.

2.5.1. Primary outcomes
Sedentary and PA pattern data was collected using

an ActivPAL inclinometer/accelerometer monitor
(model ActivPAL4; PAL Technologies Ltd., Glas-
gow, UK), while using the CREA (v1.3) classification
algorithm that distinguishes between non-wear time,
lying, sitting, standing, cycling, seated during trans-
port, and stepping time. Changes in the following out-
comes were considered from the device in the current
study: 1) sitting min/day; number of sit-to-upright
transitions per day; prolonged (i.e., bouts of ≥ 30 min
and bouts > 60 min) sitting per day; sitting while com-

muting min/d; lying while awake (i.e., secondary
lying) min/d; lying while sleeping (i.e., primary
lying) min/day; cycling min/day; standing min/day;
stepping min/day; and number of steps per day.

Participants wore the device on their right thigh
24 h/day for 7 days at baseline, repeating this assess-
ment at the end of the intervention (6 month), and on
the third month of intervention (i.e., a subsample of
the intervention group).

2.5.2. Secondary outcomes
Body composition
Participants were weighed to the nearest 0.01 kg

while wearing minimal clothes and without shoes, on
an electronic scale (TANITA BC-601 scale). Height
was measured to the nearest 0.1 cm with a stadiome-
ter (Seca, Hamburg, Germany). BMI was calculated
as body mass (kg)/height2 (m). Waist circumference
was measured over the naked skin to the nearest
0.1 cm with the participants in a standing position.
according to the World Health Organization criteria
[40]. The mean of two measurements was consid-
ered. If the two measurements differed by more than
1 cm, a third measurement was performed, and the
two closest measurements were averaged.

A phase-sensitive single-frequency bioimpedance
analyzer (BIA) (101 Anniversary, Akern, Florence,
Italy) was used to assess percent fat mass and fat free
mass. The BIA analysis was performed with the par-
ticipant in a fasting condition (at least 8 hours) and
following the participant lying in a supine position for
a minimum of 5 min, with arms and legs abducted,
and all metallic accessories removed from the body.
Four electrodes were placed on the right side of the
participant’s body in the standardized points (two on
the right hand and two on the right foot) [40]. Previ-
ously validated equations were used to estimate body
fat-free mass from the BIA raw parameters [41]. Body
fat mass was calculated by subtracting fat-free mass
from total body mass.

Overall fatigue and musculoskeletal discomfort
Overall level of fatigue was calculated based on

the sum of the answers to 8 items from the Por-
tuguese version of the Fatigue Scale [42], which were
answered on a Likert point scale ranging from 0
(“nothing”) to 4 (“extremely”). A higher score indi-
cated more overall fatigue.

An adapted version of the Nordic Musculoskeletal
Questionnaire was used to assess musculoskele-
tal discomfort encompassing 9 regions of the
body (neck, shoulders, elbows, hands/wrists, tho-
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racic region, lumbar region, hips/thighs, knees, and
ankles/feet). A higher score indicated more overall
musculoskeletal discomfort.

Work engagement and quality of life
A shorter version of the original Ultretch Work

Engagement Scale (UWES-9), was used to assess
work related well-being. The scale has 9 items, which
were evaluated using a 7-point Likert scale rang-
ing from 0 (“never”) to 6 (“everyday”) [43]. A total
score was created by summing the answers to the 9
items, with a higher total score indicating more work
engagement.

Quality of life (QoL) was assessed by EUROHIS-
QOL-8 [44], which is a measure of QoL composed
of 8 questions revolving around physical, psycholog-
ical, social relations and environment domains that
are answered on a 5-point Likert scale. The sum of
the 8 responses was calculated and ranged from 0
to 32, with a higher value corresponding to a better
perception of QoL.

Work difficulties and recovery from work
Work difficulties was based on the total score

obtained from the sum of 8 statements from the Work
Limitations Questionnaire (WLQ-8) [45] that asked
the participant to indicate the percentage of output
lost per hour due to health problems interfering with
their performance of job tasks in the last 2 weeks.

The Need for Recovery Scale (NFR) [46] was used
to assess the need to recuperate from work induced
efforts. The questionnaire presents 11 items with
dichotomic answers 0 (“no”) and 1 (“yes”). A higher
total NFR score indicated that the worker was needing
greater recovery time from their work tasks.

Eating related habits/behaviors
Eating-related habits/behaviors were assessed

based on an 11-item questionnaire [47], where the
participant reported their weekly consumption of 9
food groups based on the Mediterranean diet (non-
refined cereals, fruits, vegetables, legumes, potatoes,
fish, meat and meat products, poultry, and full fat
dairy products including cheese, plus olive oil use
in cooking and alcoholic beverages intake) using a
scale of 0 to 5 (never, rare, frequent, very frequent,
weekly, and daily consumption). A composite score
summing all the responses was calculated and used
in the analysis.

Participants’ barriers and facilitators to the inter-
vention

A qualitative understanding of participant experi-
ences with the intervention as well as barriers and

facilitators was obtained from focus groups, open-
ended questionnaires, and monthly email feedback.
More details can be found in our previous publication
[39].

Demographic data
Information on age, sex, country of birth,

education, financial status, occupation, and tasks
assignment/duties, working hours and years of work,
current smoking status, presence of chronic disease,
and total use of medication and eventual changes
in medications were self-reported through an online
questionnaire.

2.6. Statistical analysis

2.6.1. Sample size
For cluster size and number calculation, we

assumed that participants within the same workplace
(cluster) would be independent, and therefore, an
intra-cluster correlation of 0.01 was used. Consid-
ering the main outcome of the present intervention
(i.e., sitting time) and using an effect size of 0.80, the
total number of participants for time*group interac-
tion analyses (control and intervention groups) with
a power of 0.80 and a significance level of 0.05 (two-
tailed test) would be 34 participants. Assuming a 20%
drop-out, we conservatively recruited a total sample
size of 40 participants (i.e., 20 controls and 20 in the
intervention group).

2.6.2. Data analysis
Statistical analyses were performed using PASW

Statistics for Windows version 28.0 (SPSS Inc., an
IBM Company, Chicago IL, USA) and statistical sig-
nificance was set at p < 0.05.

Differences between groups at baseline were
examined using independent sample t-tests and dif-
ferences between the baseline and 3-month follow-up
within the subsample were examined using paired-
sample t-tests or the non-parametric Mann-Whitney
U-test and the Wilcoxon signed-rank test, respec-
tively, for non-normally distributed variables. To
evaluate the effects of the intervention on primary
and secondary outcomes adjusted for age, sex, clus-
tering, and BMI, repeated measures ANCOVA was
used, where time (baseline, 6-month follow-up) was
the within-subjects factor and intervention group was
the between-subjects factor.
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Fig. 1. Flow diagram of participants through the study.

3. Results

Figure 1 displays the flow of participants through
the study. Between December 2022 and January
2023, 40 participants were recruited and assessed
at baseline. But due to health problems one partic-
ipant withdrew from the study, thus we randomized
27 office clusters, with 15 office clusters (20 partic-
ipants) randomized to the intervention arm and 12
clusters (19 participants) to the control arm. After ran-
domization, no participants withdrew from the study.
However, of these 39 participants that completed the
study, one participant from the intervention group
was not included in the analyses due to pregnancy
during the intervention period, so 38 participants (19
in each group) were considered in the final analyses.
The primary outcomes were additionally assessed at
3 months (midway of the intervention) in a subsam-
ple of the intervention group (11 participants; 55%
of the intervention group). There were no baseline
differences found for any of the primary outcomes
between this subsample and the remaining partici-

pants from the intervention group (p > 0.05) (data not
shown).

Baseline characteristics of the current sample are
depicted in Table 1. No differences were found
between the intervention and control groups for any
of the main outcomes (p > 0.05).

Comparisons between baseline and 3 months
follow-up for the primary outcomes of the subsam-
ple of the intervention group are presented in Table 2.
As shown, there were significant reductions in sitting
time and prolonged sitting time (> 30 min) and a con-
comitant increase in the time spent standing (p < 0.05)
during this period.

Within and between group comparisons of the
intervention and control group from baseline to the 6-
months are presented in Table 3 (primary outcomes)
and Table 4 (secondary outcomes).

As shown in Table 3, no significant time*group
interaction was found for any of the primary out-
comes. Although, there was a significant reduction
within the intervention group for prolonged sitting
(> 30 min) of about 26 min/day (p < 0.05).
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Table 1
Baseline characteristics at both cluster and individual levels according to randomized groups:

usual practice (control) and SUFHA intervention. Values are means (standard deviations)
unless stated otherwise

Characteristics Control Intervention Total

Cluster level (n = 12) (n = 15) (n = 27)
Mean No (range) of participants 1.6 (1–3) 1.3 (1–3) 1.5 (1–3)
No of participants:
≤2 9 14 23
>2 3 1 4
Individual level (n = 19) (n = 19) (n = 38)
Age (years) 42.3 (9.5) 45.3 (6.0) 43.8 (8.0)
Nationality (%):
Portuguese 84.2% 95.0% 89.6%
Brazilian 0.0% 5.0% 2.5%
Dual nationality (including portuguese) 15.8% 0.0% 7.9%
No (%) women 14 (73.3%) 15 (78.9%) 29 (76.3%)
No (%) men 5 (26.7%) 4 (21.1%) 9 (23.7%)
Smoking status (%):
Current 21.1% 5.0% 13.0%
Former 15.8% 45.0% 30.4%
Occasionally 5.3% 10.0% 7.6%
Never 57.9% 40.0% 49.0%
Worker status (No):
Full time 19 19 38
Part time 0 0 0
Years of Service 14.6 (11.5) 15.2 (10.1) 14.9 (10.7)
Daily Working (min/day) 467.4 (79.0) 480.0 (80.3) 474.0 (78.8)
Salary band (%):
Very difficult 5.3% 15.0% 10.1%
Sufficient for requirements 42.1% 60.0% 51.1%
Comfortable 52.6% 25.0% 38.8%
Education (%):
Ph.D. Degree 15.8% 10.0% 12.9%
Master’s Degree 15.8% 10.0% 12.9%
Bachelor’s Degree 31.6% 60.0% 45.8%
High School 36.8% 20.0% 28.4%
Occupation (%):
Academic/Administrative Services 26.3% 50.0% 38.2%
Management/Administrative Services 15.8% 20.0% 17.9%
Financial Services 15.8% 0.0% 7.9%
Other 42.1% 30.0% 36.0%
Chronic Disease
Yes 21.1% 20.0% 20.6%
No 78.9% 80.0% 79.4%
Medication
Yes 57.9% 20.0% 39.0%
No 42.1% 80.0% 61.0%
Biometric measurements
Body mass index (kg/m2) 30.5 (7.4) 27.2 (6.1) 28.8 (6.9)
Body fat (%) 38.3 (8.6) 36.5 (6.9) 37.4 (7.8)
Body weight (kg) 82.3 (21.1) 72.0 (16.5) 77.0 (19.4)
Height (m) 1.64 (0.1) 1.63 (0.1) 1.63 (0.1)
Waist circumference (cm) 90.2 82.8 86.4
ActivPAL outcomes
Sitting time (min/day) 475.9 (130.4) 469.0 (70.5) 472.4 (102.7)
Prolonged (≥ 30 min) sitting (min/day) 266.7 (118.7) 276.1 (93.8) 271.5 (105.4)
Prolonged (≥ 60 min) sitting (min/day) 125.6 (104.9) 145.0 (86.7) 135.5 (95.2)
Seated Transport Time (min/day) 69.9 (47.9) 63.8 (26.1) 66.8 (37.9)
Standing time (min/day) 248.4 (82.2) 274.2 (92.5) 261.6 (87.5)
Stepping time (min/day) 81.5 (23.3) 99.9 (27.3) 91.0 (26.8)
No sit to stand transitions 45.1 (12.2) 44.9 (11.2) 45.0 (11.6)
Total no Steps per day 6519.2 (2239.7) 8235.3 (2664.7) 7399.3 (2584.8)
Cycling time (min/day) 0.02 (0.1) 0.43 (1.7) 0.23 (1.2)
Wear time (min/day) 1440 (0.0) 1440 (0.0) 1440 (0.0)
No of valid days 6.0 (0.0) 6.0 (0.0) 6.0 (0.0)
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Table 2
Differences in ActivPAL outcomes between baseline and 3-month follow-up in a subsample of the SUFHA intervention group (n = 11)

Mean (SD) Paired-sample T-test

Baseline 3 Months Difference P value

Sitting time (min/day) 456.6 (81.9) 412.6 (106.5) –44.0 (72.4) 0.036*
Prolonged (≥ 30 min) sitting (min/day) 270.9 (105.7) 225.6 (96.1) –45.3 (68.6) 0.027*
Prolonged (≥ 60 min) sitting (min/day) 150.6 (84.9) 122.9 (74.8) –27.7 (76.5) 0.129
Seated Transport (min/day) 66.9 (21.3) 64.6 (28.7) –2.3 (32.0) 0.407
Standing time (min/day) 307.3 (111.6) 359.0 (125.1) 51.7 (53.3) 0.005*
Stepping time (min/day) 106.5 (30.3) 111.3 (31.5) 4.8 (14.1) 0.144
No sit to stand transitions 44.0 (9.3) 44.2 (8.4) 0.18 (10.2) 0.477
Total Steps per day 8750 (2927) 8933 (2855) 183.6 (1474) 0.344
Cycling time (min/day) 0.71 (2.3) 0.77 (2.5) 0.6 (0.3) 0.264
Wear time (min/day) 1440 (0.0) 1440 (0.0) 0.0 (0.0) N/A
No of valid days 6.0 (0.0) 5.9 (0.3) 0.09 (0.30) 0.170
∗Mean significant differences between moments of assessment based on the paired sample T-test analysis.

Table 3
Changes in primary outcomes at 6-month follow up between participants randomized to usual

practice (control) or SUFHA intervention

Mean change from baseline (SD) Time*group
interaction effect

Control (n = 19) Intervention (n = 19) P value

Sitting time (min/day) 8.63 (75.6) –9.91 (54.7) 0.392
Prolonged (≥ 30 min) sitting (min/day) –1.26 (65.9) –25.5 (58.2)* 0.236
Prolonged (≥ 60 min) sitting (min/day) –1.62 (68.1) –19.9 (70.6) 0.421
Seated Transport (min/day) 0.55 (39.5) 10.1 (20.7)* 0.355
Standing time (min/day) –11.8 (50.3) 5.96 (55.1) 0.307
Stepping time (min/day) 5.27 (20.8) 0.19 (21.5) 0.464
No sit to stand transitions 0.79 (7.35) 1.66 (6.11) 0.695
Total Steps per day 613.0 (2053) –90.1 (1916) 0.282
Cycling time (min/day) 0.43 (1.19) 0.73 (2.18) 0.289
Non-wear time (min/day) 3.89 (11.6) 1.48 (6.44) 0.623
No of valid days 0.00 (0.46) 0.00 (0.47) 0.899
∗Mean significant differences between moments of assessment based on the paired sample T-test analysis.
Note: The model included clustering, age sex, and BMI as covariates in the repeated measures ANCOVA.

There is relevant information from the monthly
self-reported questionnaire regarding the usage of the
sit-stand desk by the intervention group. In the first
month of the intervention the participants reported an
average of 4.6 days of usage, progressively reducing
to an average of 3.1 days of usage per week at the 6th
month. Also, they reported standing for bouts of 20–
30 minutes in the first month, reducing to 10–20 min-
utes in the last month. Regarding the percentage of the
day using the sit-stand desk while standing, it started
at an average of 36% lowering to 27% in the last
month of the intervention. The number of participants
that reported difficulties while using the sit-stand desk
changed from 4 in the first three months to 5 in the
fourth month, lowering to 3 in the final two months
of the intervention. Regarding the self-reported pain
during the intervention, there were 9 occurrences in
the first month, lowering to 4 in both the second and
third months, increasing to 7 in the fourth month, and
finally reducing to 5 in the last two months.

As shown in Table 4, no significant time*group
interactions were found for any of the secondary
outcomes, except for waist circumference, favoring
the control group. Although not statistically apart
from the alteration found in the control group, there
were significant improvements within the interven-
tion group for body fat mass percentage, quality of
life, musculoskeletal discomfort, overall fatigue, and
the need for recovery after work (p < 0.05).

4. Discussion

The findings from our intervention showed sig-
nificant reductions in sitting time and increases
in standing time at 3 months, but no differences
between the control and intervention group from
baseline to 6 months, for the main outcomes (e.g.,
sitting, standing, sit-to-stand transitions) (p > 0.05).
Despite the majority of the literature indicating a
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Table 4
Changes in secondary outcomes at 6-month follow up between participants randomized to

usual practice (control) or SUFHA intervention

Mean change from baseline (95% CI) Time*group
interaction effect

Control (n = 19) Intervention (n = 19) P value

Biometric measurements
Body mass index (kg/m2) –0.31 (–0.94 to 0.31) 0.01 (–0.37 to 0.38) 0.397
Body fat mass (%) –1.61 (–2.78 to –0.43)∗ –3.65 (–5.82 to –1.49)∗ 0.109
Waist Circumference (cm) –1.81 (–4.02 to 0.39) 1.48 (–0.74 to 3.69) 0.037#
Psychologic measurements
Need for Recovery after work (0–11) –1.05 (–2.44 to 0.33) –1.68 (–2.96 to –0.41)∗ 0.486
Work engagement (0–63) –2.11 (–6.03 to 1.82) 0.63 (–2.87 to 4.13) 0.282
Work difficulties (0–40) –2.37 (–5.56 to 0.82) –2.68 (–6.19 to 0.82) 0.889
Overall fatigue (0–32) –1.84 (–4.64 to 0.95) –2.21 (0.33 to 4.09)∗ 0.835
Musculoskeletal discomfort (0–77) –4.00 (–8.36 to 0.36) –4.89 (–8.86 to –0.93)∗ 0.752
Quality of Life (score) 1.53 (0.39 to 2.67)∗ 2.16 (0.76 to 3.55)∗ 0.466
Diet-related measurements
Adherence to Mediterranean diet (score) –3.68 (–2.06 to 1.32) 1.00 (–0.96 to 2.96) 0.274

Note: The model included clustering, age sex, and BMI as covariates in the repeated measures ANCOVA. #mean
significant time*group interaction, thus a difference between groups for the changes from baseline to the 6 months.
∗mean significant time effect within group based on the paired-sample T-test.

significant beneficial effect of sit-to-stand desks on
reducing sitting time after 6 months [16–34], this
is not the first time a sit-to-stand desk based inter-
vention failed to reduce sitting time at 6 months
[48–50]. In fact, in a previous trial, although there
were reductions of about 42 min/day in the interven-
tion group at 3 months in comparison to the control
group, these reductions were not maintained at 6
months [28]. Other studies have also reported suc-
cessful reductions in sitting time over the short term
in the intervention group as compared to the con-
trol group (3 months: –50.6 min/workday [51] and
–48 min/day [52]). Although only performed in a sub-
sample of the intervention group, the within group
reductions in sitting time at 3 months observed in
our study (–44.0 min/day) were like those reported
previously.

There are some reasons that may justify the lack
of intervention effect in the present trial at 6 months.
First, there seems to have been a decrease in the
usage of the sit-stand desk throughout the interven-
tion period (i.e., based on the self-reported results
from the monthly questionnaire), which can be jus-
tified not only by the lack of novelty effect as time
passes, but also by a higher work flux that participants
reported in the final month of the intervention. This
higher work-flux, in some cases, may have compro-
mised the habitual use of the sit-stand desk, making
the usage during the final month of the intervention to
not be completely representative of the usage during
the prior months. Indeed, the responses to the monthly

questionnaire revealed that 9 out of 19 participants
considered that during the final week of ActivPAL use
(i.e., 6-month), they had more work-flux than in the
baseline week. Also, when directly asked if the work-
flux somehow reduced their ability to use the sit-stand
desk, 13 out of 19 said yes, which again supports
our hypothesis. Moreover, the results for some of the
secondary outcomes support this idea, as significant
improvements were found from baseline to the end of
the intervention period in the intervention group that
did not happen in the control group, which may be
explained by changes in physical behaviors through-
out the intervention period that were not detected on
that final week of assessment.

Other reasons may explain the lack of results from
the present intervention in comparison to the ones
from previous 6-month interventions. For example,
in opposition to some prior interventions, in the cur-
rent study there were no mandatory goals to attain
(i.e., a specific amount of daily standing), but sim-
ply the recommendation to reduce sitting time as
much as possible, having in mind that shifting from
sitting to a standing posture more often would be
beneficial. There were some prompts to keep the par-
ticipants engaged (that went from 4/monthly in the
first month, progressively decreasing to 1/monthly in
the last month), however, this is substantially differ-
ent from several daily or hourly prompts throughout
the intervention [24, 25, 34]. Interestingly, a study
[53] that simply sent a monthly email to the partic-
ipants from the intervention group reminding them
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P.B. Júdice et al. / The effectiveness of a 6-month sit-stand desk-based intervention 9

about good practices, found a 22 min/day reduc-
tion in sitting time when compared to the control
group, which is similar to our intervention within-
subject reductions at 6 months (i.e., 19 min/day).
This fact can also justify the lower magnitude of
sitting time reduction at the end of the intervention
period and suggest that a more ecological approach,
in which the participants are not receiving prompts
as often, may not work as well as prompting them to
reduce sitting time in a more demanding way. Lastly,
there was no financial incentive given to the par-
ticipants, a strategy that has been used in previous
sit-stand interventions to boost participants to engage
deeper into this type of intervention [23, 25, 34, 51,
54].

Beyond our main outcomes, we also did not
observe a significant time*group effect for any of the
secondary outcomes. Nevertheless, the intervention
group significantly improved several aspects from
baseline to the end of the intervention, that are worth
noting. For example, there was a significant reduction
of 3.65% in body fat mass that can entail a clini-
cal meaning, as well as an improvement in overall
fatigue, need for recovery after work, musculoskele-
tal discomfort, and quality of life of these workers.
Also, despite the non-significant reduction in overall
sitting time, the time spent in this behavior in a pro-
longed manner (>30 min) was significantly reduced
in the intervention group by 26 min/day. This is of
significance given that breaking up 30 minutes of
sitting every 5 min has been shown to help regulate
blood pressure and control blood glucose levels [55].
Beyond the intervention group, we also observed
improvements in the control group from baseline to
the end of the 6 months for body fat mass and quality
of life. Even though the clustered nature of the present
RCT was to protect against the contamination of the
control group by the intervention group, the improve-
ments in the control group during the intervention
period may be associated with some alteration in
their normal routines in response to the initial psy-
choeducational session. Control group improvement
in PA intervention trials is not uncommon. A sys-
tematic review on this topic found that 28% of all
included studies reported significant improvements
in control group PA, most of which were similar to
the improvements observed in the intervention group
[56].

There is evidence suggesting that using a sit-stand
desk had no negative effect on performance or percep-
tion, and it can even lead to increased brain activity
in the alpha band for the parietal region [57], thus

concluding that users of sit-stand desks can freely
stand for any level of task difficulty for work that
involves working memory. However, not all standing
desks are the same, and one must be careful with
the space for working that these desks allow. For
example, some of our participants reported that this
specific standing desk (i.e., 80 cm per 63.5 cm) did
not have enough space to perform work that relies
on a lot of paperwork, which can limit the adoption
of a standing posture during this type of work. Also,
another limitation reported by some participants was
the fact that the space for the keyboard and mouse
was not deep enough to completely support the fore-
arm on that platform. This may have led to muscular
discomfort, although the intervention group reported
having decreased muscular discomfort during the 6
months. It is likely that the potential discomfort from
a standing desk is minor compared to the many dis-
comforts that can result from working in a prolonged
seated position at a desk [58]. Nevertheless, for work-
ers to maximally benefit from using a sit-stand desk
in terms of reduced risk of musculoskeletal disorders,
while also not compromising work productivity, it is
important that the ergonomic set up and allottable
functional working space of the desk are fully taken
into consideration.

Besides the impact of the intervention itself, there
is evidence supporting changes and fluctuations of
device-measured movement behaviors according to
seasons and weather [59]. In fact, PA volume and
moderate-to-vigorous PA have been found to be
greater in summer than winter [59]. Sedentary behav-
ior seems to be greater in winter than either spring
or summer, and inversely associated with photope-
riod and positively associated with precipitation [59].
Our data somehow contradicts this trend, as although
non-significant, we found higher standing and lower
sitting in the winter (March) and higher sitting and
lower standing in the summer (August), in the control
group. Once again, we believe that the higher work-
flux during the second moment of assessment may
have contradicted some of the natural changes that
could occur.

This study has many strengths, including its robust
randomized controlled cluster design, objectively
measured data for standing and sitting time, use of
validated questionnaires and focus groups to gain
in-depth understanding of reasons for the results
observed, and our excellent retention of participants
(0% drop-out) with no missing measures at the 6-
month follow-up. Despite strengths, there are some
limitations worth noting. First, our intervention con-
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sisted of office workers at a university and mostly
women. Thus, our results may not apply to office
workers in other types of industry jobs with different
work schedules and office space layouts. Secondly,
although our sample size was powered to detect sig-
nificant differences in our primary outcomes, we may
have been underpowered for some of our secondary
outcomes.

5. Conclusion

The implementation of sit-stand desks in Portugal
with full-time university office workers using a more
ecological approach was not effective at reducing sit-
ting time after 6 months of usage when compared to
workers without sit-stand desks. Nevertheless, there
were within group reductions in prolonged sitting
(≥30 min), need for recovery after work, and over-
all fatigue in workers using the sit-stand desk that
were not observed in the control group. Thus, SUFHA
demonstrated for the first time that the implementa-
tion of sit-stand desks in the Portuguese workspace
is feasible over the medium term, received well by
users, and, although not being effective for reducing
sitting time, may offer other health benefits. Future
studies in Portugal are needed using different office
work settings to collaborate on our findings.
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