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Abstract 

Background  Digital interventions are potential tools for reducing and limiting occupational sedentary behaviour 
(SB) in sedentary desk-based jobs. Given the harmful effects of sitting too much and sitting for too long while work‑
ing, the aim of this systematic review and meta-analysis was to examine the effectiveness of workplace interventions, 
that incorporated digital elements, to reduce the time spent in SB in office workers.

Methods  Randomised control trials that evaluated the implementation of workplace interventions that incorporated 
digital elements for breaking and limiting SB among desk-based jobs were identified by literature searches in six elec‑
tronic databases (PubMed, Web of Science, Scopus, CINAHL, PsycINFO and PEDro) published up to 2023. Studies were 
included if total and/or occupational SB were assessed. Only studies that reported pre- and postintervention mean 
differences and standard deviations or standard errors for both intervention arms were used for the meta-analysis. The 
meta-analysis was conducted using Review Manager 5 (RevMan 5; Cochrane Collaboration, Oxford, UK). Risk of bias 
was assessed using the Standard Quality Assessment Criteria for Evaluating Primary Research Papers from a Variety 
of Fields QUALSYST tool.

Results  Nineteen studies were included in the systematic review. The most employed digital elements were informa‑
tion delivery and mediated organisational support and social influences. Multicomponent, information, and counsel‑
ling interventions measuring total and/or occupational/nonoccupational SB time by self-report or via device-based 
measures were reported. Multicomponent interventions were the most represented. Eleven studies were included 
in the meta-analysis, which presented a reduction of 29.9 (95% CI: -45.2, -14.5) min/8 h workday in SB (overall effect: 
Z = 3.81).

Conclusions  Multicomponent interventions, using a wide range of digital features, have demonstrated effective‑
ness in reducing time spent in SB at the workplace among desk-based employees. However, due to hybrid work (i.e., 
work in the office and home) being a customary mode of work for many employees, it is important for future studies 
to assess the feasibility and effectiveness of these interventions in the evolving work landscape.

Trial registration  The review protocol was registered in the Prospero database (CRD42022377366).
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Introduction
Recent advancements in technology have led to a sig-
nificant increase in sedentary behaviour (SB) in the 
workplace [1]. Office workers who have a desk-based 
occupation spend the majority of their daily time (68%) 
in workplace sitting [2, 3]. High levels of workplace SB 
has a significant impact on employees’ physical and 
mental health, along with work-related outcomes, such 
as work performance and presenteeism [4–7]. Moreo-
ver, breaking up prolonged sedentary periods and 
replacing them with physical activity (PA) of any inten-
sity has been shown to provide health benefits [8–10]. 
Given that work is the primary domain where SB com-
monly occurs in office workers, it is crucial to priori-
tise interventions that target this behaviour to improve 
desk-based workers’ health, as well as work-related out-
comes [8, 11–14].

Several systematic reviews have been conducted in 
recent years to assess workplace interventions targeting 
SB [15–17]. These studies, including 34 [15], 26 [16] and 
40 [17] studies respectively, have described a wide vari-
ety of interventions, including physical changes in the 
workplace design and environment (e.g., sit-stand desks), 
policies to change the organisation of work (e.g., breaks 
to sit less), provision of information and counselling (e.g., 
distribution of leaflets), and multicomponent interven-
tions [15]. The interventions reviewed, rating the quality 
of evidence of the most included studies as low or very 
low [15], fair [16] or non-reported [17], demonstrated 
a broad range of levels of effectiveness on SB measured 
by self-reported or via device-measures. However, none 
of them focused on examining what specific elements of 
the intervention were most effective. Additionally, many 
of the interventions required substantial investment (i.e., 
sit-to-stand desks), while the effectiveness of more cost-
efficient and scalable interventional approaches, such as 
digital interventions [18], were not determined.

Recent evidence has highlighted the potential of tech-
nology to enhance behavioural change interventions 
[19], especially to promote PA and reduce SB [20]. A 
scoping review classified the digital features that may 
help to reduce SB among office workers, such as infor-
mation delivery, digital log, passive data collection, 
connected device, scheduled prompts, automated tai-
lored feedback, and mediated organisational support 
and social influences [21]. However, to our knowledge, 
no previous reviews have analysed the effectiveness of 
workplace digital interventions to reduce time spent in 
SB in office workers as the target population.

In this context, it is essential to acknowledge the tech-
nological elements that have the potential to facilitate 
workplace interventions to influence employees’ behav-
iours. Therefore, the aim of this systematic review and 
meta-analysis was to examine the effectiveness of work-
place interventions that incorporated digital elements to 
reduce SB in office workers.

Methods
The current systematic review was performed following 
the Preferred Reporting Items for Systematic Reviews 
(PRISMA) guidelines. The review protocol was registered 
in the Prospero database (CRD42022377366).

Search strategy
Six electronic databases (PubMed, Web of Science, Sco-
pus, CINAHL, PsycINFO and PEDro) were searched for 
relevant articles published from 2017 (date of the most 
recent studies included in the last review on the topic) to 
October 2023. The reference lists of the included studies 
were then reviewed. The search included terms related to 
office work, SB, and digital technology (Table 1).

Eligibility criteria
Eligible study designs included, randomised controlled 
trials (RCTs), crossover RCTs, cluster-RCTs, and quasi-
RCTs. The Population, Intervention, Comparison, and 
Outcomes (PICO) characteristics were: office workers 
(i.e., ≥ 18  years) whose occupations involved spending 
most of their working time sitting at a desk; a digital ele-
ment as part of the intervention to reduce SB (i.e., mobile 
technologies, computers software, messages, wear-
able devices such as activity trackers for self-monitoring 
activity patterns, providing feedback or prompts, social 
media, or websites for improving health, sharing expe-
riences, changing perceptions and cognitions around 
health, assess and monitoring SB); against a control, com-
parison and/or other intervention group; and duration of 
time spent in SB during working hours or on work days 
measured either by self-report or using device-based 
measures.

Study selection
Initially, a single reviewer (FMB) screened titles and 
abstracts for inclusion. Duplicates were eliminated using 
reference management software (Zotero, Corporation for 
Digital Scholarship, George Mason University). Full texts 
of the remaining articles were independently assessed 
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by two researchers (FMB, IPS), and in case of any disa-
greements, a discussion with a third reviewer (JBR) took 
place.

Data extraction
For selected articles, the following data were extracted: 
article characteristics (i.e., authors, year, and coun-
try), study population (i.e., job type, age, gender, and 
sample size), study design, intervention characteristics 
(i.e., type of intervention, general description includ-
ing the dose and theoretical basis if used, duration and 
digital features), SB measurement tool (i.e., self-report 
or device-based measures), primary and secondary out-
come measures, and main statistical findings (Table  3). 
The type of intervention was classified into four catego-
ries: physical changes in the workplace design and envi-
ronment (e.g., height-adjustable desk), policies to change 
the organisation of work (e.g., active breaks), provision of 
information and counselling (e.g., educational e-booklet), 
and multicomponent interventions (i.e., combining at 
least two of the three above) [15]. Digital elements (i.e., 
information delivery, digital log, passive data collection, 
connected device, scheduled prompts, automated tai-
lored feedback, and mediated organisational support and 
social influences, see Table  2) of the interventions were 
also documented specifying what digital element of the 
intervention covers each category [21]. The outcome 
extracted was time spent in SB at work or in a working 
day. For missing information, corresponding authors 
were contacted by email using a template. One reviewer 
(IPS) extracted the relevant information, and a second 
reviewer (JBR) checked/confirmed the data.

Data analysis
The meta-analysis was conducted using Review Manager 
5 (RevMan 5; Cochrane Collaboration, Oxford, UK) and 

following the general recommendations in the Cochrane 
handbook for Systematic Reviews of Interventions [22].

The adjusted mean difference (AMD) and standard 
deviation (SD) of the intervention and control groups 
were extracted for studies reporting these measures. 
For studies that reported the AMD and 95% confidence 
interval (CI) instead of SD, the AMD was extracted, 
and the standard error (SE) was calculated, which was 
entered in RevMan 5 to calculate the SD. For studies 
that did not report the AMD, the unadjusted mean dif-
ference (UMD) was calculated from the means at base-
line and postintervention in each group. For missing 
information, authors were contacted via email.

The mean differences were combined using time 
spent in SB in minutes per eight-hour workday (min/8 h 
workday) as a standard unit as this was the most preva-
lent unit presented in the included interventions. Stud-
ies which reported min/8  h workday were combined 
with studies which reported other units, such as hours 
per week, hours per workday or minutes per day. The 
latter units were firstly converted to minutes if this was 
necessary, and then scaled from week to day, and subse-
quently converted to min/8 h, considering a day as 24 h 
or a workday as 8 h. One study presented SB in minutes 
per shift, the shift was assumed as eight hours. Stud-
ies with multiple intervention arms were included as 
two separate studies, while studies with multiple time 
points, the baseline and “postintervention” measures 
(collected at the end of the intervention) were included 
as one study in the meta-analysis, no follow-up meas-
ures outside the specified intervention time were used. 
The sensitivity of the pooled intervention effects was 
assessed. The overall combined intervention effect 
was estimated using the random effect model and the 
inverse variance. Heterogeneity was assessed by I2, and 
significance was set at p < 0.05. Inverse variance weight-
ing was used to compensate for heterogeneity of sample 

Table 2  Digital elements description

Digital element Definition

Information delivery Variation of digital media (text, videos) used to present static information over time (e.g., health facts, motivational 
messages, tips, suggestions).

Digital log Users’ entering data through a digital media (e.g., mobile phone diary for self-monitoring, web-based questionnaires)

Passive data collection Automatic SB or PA records obtained through wearables, smartphones, computer software’s or other technological 
methods

Connected device External sensor devices connected to central computing device through wirelessly or with a cable.

Scheduled prompts Reminders for breaking SB delivered either at fixed intervals or with some schedule adaptive to the real-time users’ 
status.

Automated tailored feedback Feedback on individual behaviours and goals or challenges progress, which require data calculations from digital log 
or passive data collection.

Mediated organisational sup‑
port and social influences

Messages conveying managers’ approval, users’ communication and/or competition through digital elements, such 
as online forums for the social influences or organisational support purpose.
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sizes between studies. The sensitivity of the pooled 
intervention effects was assessed after the exclusion of 
one study through the leave-one-out method.

The meta-analysis was performed for all studies 
together and for the following subgroups: 1) studies that 
applied device-based measures for measuring SB, 2) stud-
ies that compared a workplace intervention that included 
digital elements with another workplace intervention 
that included digital elements, 3) studies that compared 
a workplace intervention that included digital elements 
with a usual care group, and 4) studies in which the core 
elements of the intervention were digital. Additionally, a 
sub-analysis was conducted comprising of subgroups two 
and three.

Risk of bias assessment
Risk of bias was assessed using the Standard Quality 
Assessment Criteria for Evaluating Primary Research 
Papers from a Variety of Fields QUALSYST tool. The 
QUALSYST consists of a 14-item checklist, where every 
item is scored depending on adherence to the specific 
criterion (“yes” = 2, “partial” = 1, “no” = 0, and “n/a” = not 
applicable). Included articles were assessed indepen-
dently by two reviewers (AC, IPS). Discrepancies were 
discussed with two additional reviewers (KD, JBR). A 
summary score was calculated for each paper by sum-
ming the total score obtained across relevant items and 
dividing it by the total possible score.

Results
Selected studies
Figure 1 provides a flow diagram of the article selection 
criteria for the systematic review. The search in six data-
bases yielded 1403 unique articles. After duplicate review 
and initial screening of titles and abstracts, 225 full arti-
cles were retrieved. A total of 68 full-text articles were 
critically appraised for eligibility. Fifty articles did not 
meet the inclusion criteria, and the main reasons were as 
follows: a) the study design was not a RCT, b) the inter-
vention did not include digital technology features, c) 
participants were not office workers, and d) the outcome 
under study did not include SB measures. After review-
ing the reference lists of the included studies, one addi-
tional article was selected for inclusion in the systematic 
review [23]. A total of 19 studies were included in the 
qualitative synthesis.

Characteristics of the studies
The 19 included studies, which are summarised in 
Table 3, comprise cluster-RCTs (n = 10) [24–33], RCTs 
(n = 5) [23, 34–37], crossover-RCTs (n = 2) [38, 39], 
and quasi-RCTs (n = 2) [40, 41]. Studies evaluating 

workplace interventions that included digital ele-
ments to reduce SB ranged from 2 weeks to 12 months 
in duration. The most common duration of included 
interventions was between 8 and 13  weeks (n = 11) 
[26, 27, 29, 30, 32–34, 36, 38, 40, 41]. Of the 19 stud-
ies, nine included an intervention and a control group 
(i.e., no intervention elements) [24, 26, 27, 30, 33, 
37–39, 41], five included an intervention group and 
a comparison group (i.e., lighter variant intervention 
than intervention group) [25, 28, 29, 31, 32], and two 
included three groups, intervention, comparison and 
control [25, 31]. Four studies included two interven-
tion groups [23, 34, 35, 40], and one of them also had a 
third control group [40].

Studies have been undertaken in a wide range of 
countries. The most represented countries were the 
United Kingdom (n = 8) [24–27, 34, 35, 38, 40] and Aus-
tralia (n = 2) [28, 41]. European countries such as Spain 
[29], Denmark [30], Belgium [31], Italy [36], the Neth-
erlands [32], and Ireland [39] were also represented.

A total of 3529 participants were included in the 19 
studies, with samples sizes ranging from 18 to 756. All 
the participants were adult office workers, and most of 
them were women who represented a mean of 61.7% 

Fig. 1  Flow diagram of the study selection process
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in the included studies. Two studies solely focused on 
men [35, 39].

Measurement methods
Occupational and nonoccupational SB outcomes were 
measured by self-report questionnaires (n = 7) [25, 31–34, 
36, 37] or via device-based measures (n = 14) [23–30, 35, 
36, 38–41], with two studies utilising both approaches [25, 
36]. Self-reported tools included were the Global Physi-
cal Activity Questionnaire (GPAQ) [34], Workforce Sit-
ting Questionnaire (WSQ) [31], International Physical 
Activity Questionnaire (IPAQ) [36], Occupational Sitting 
and Physical Activity Questionnaire (OSPAQ) [25, 37], 
and unvalidated or adapted questions [32, 33]. Fourteen 
studies employed thigh-based accelerometers, with the 
activPAL (PAL Technologies, Glasgow, UK) being the 
most employed (n = 10) [23–29, 35, 38–40], and three 
studies used ActiGraph GT3X + (ActiGraph, Shalimar, 
FL, USA) [30, 41]; only one study applied a wrist-based 

accelerometer, the Axivity AX3 (Axivity, Newcastle upon 
Tyne, UK, 2013) [36].

Table 4 shows the measurement unit of SB, presented 
in a wide range of ways, such as in hours, minutes, or 
proportions of time spent in SB during the day, work-
day, or work hours. Some of the studies reported the data 
in more than one measurement unit [24, 25, 27, 29, 36, 
38–40].

Digital element of the intervention characteristics
Multicomponent interventions were used in 16 studies 
[23–26, 28–30, 32, 33, 35–41], seven of which included 
elements from design and environmental changes (e.g., 
sit-stand desks) [23–25, 30, 36, 39, 41], and 15 of which 
comprised policies to change the organisation (e.g., SB 
breaks) [23–26, 28–30, 32, 33, 35, 37–41]. All of them 
included information and counselling interventions (e.g., 
prompts, distribution of leaflets or counselling). Three 
studies only included information and counselling inter-
ventions [27, 31, 34].

All studies combined different digital features. Infor-
mation delivery was included in 18 of the studies [23–25, 
27–41]. Digital media forms of information delivery 
cover educational and informational materials to increase 
knowledge and awareness in a range of ways, such as 
e-booklets [38], e-newsletters [23, 24], website [30, 31, 
33, 34], online sessions [25], videos [33, 41], Toolkit [23], 
Garmin watch [35], and gamification tools [32]. Two of 
the studies did not specify what type of channel was used 
to distribute text messages [30, 37]. Text messages sent 
through emails [23, 30, 32, 38, 41], mobile phone applica-
tion [28, 29], or computer software [27] were also covered 
by the information delivery digital element.

Automated tailored feedback (n = 11) comprised peri-
odical feedback of the individual or team behaviours and 
progress, as well as goal accomplishment, sent in a vari-
ety of ways (i.e., emails [32, 38, 41], uploaded in a mobile 
phone application [24, 28, 36], website [29, 31, 39], and 
visually via the wearable device [35]). One study did not 
specify what channel was used to send text messages [37].

Scheduled prompts, such as reminders to break SB 
[24–27, 29, 35, 38–40] and/or to participate in PA [26, 
33, 34, 39], as well as to use environmental strategies (i.e., 
change sit-stand desk position) [41] were implemented 
in 12 studies [24–27, 29, 33–35, 38–41]. Prompts were 
delivered visually [29, 33, 34, 38, 39], audibly [29, 39–41] 
and/or by vibration [24, 35, 39, 40] through computer 
screens [25–27, 33, 38, 41], emails [34], mobile phone 
applications [25, 26, 29, 40], SMS [34], wearables (i.e., 
smartwatches [39], or bracelets [35]) and/or seat cushions 
[24]. Three studies did not report the delivery method of 
the reminder [25–27]. The frequency and duration of the 

Table 4  Measurement units according to the different studies

METs metabolic equivalents of task

Measurement unit Number papers (reference)

Hours
  Hours/week 3 [29, 32, 33]

  Hours/typical day 1 [34]

  Hours/day 2 [28, 29]

  Hours/workday 1 [29]

  Hours/working time 1 [29]

  Hours/nonworking time 1 [29]

  Hours/weekend 1 [29]

Minutes
  Minutes/8 h workday 5 [23, 24, 30, 38, 40]

  Minutes/16 h workday 1 [40]

  Minutes/shift 1 [26]

  Minutes/day 3 [24, 25, 31, 35]

  Minutes/weekday 1 [39]

  Minutes/workday 3 [24, 37, 39]

  Minutes/work hours 1 [25]

  Minutes/day on nonworkdays 1 [25]

  Minutes/weekend 1 [39]

METs
  Met/working day 1 [36]

  Met/weekend 1 [36]

Proportion (%)
  Proportion of time spent sitting dur‑
ing work

1 [41]

  Proportion of workday sitting 1 [25]

  Proportion of total sitting work hours 2 [27, 38]

  Proportion total sitting all days 1 [27]
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prompts and breaks differed in each intervention, being 
either selected by the intervention administrator or self-
selected by the workers themselves.

Ten studies reported passive data collection of time 
spent in SB through applications [24, 25, 28, 32, 36], web-
sites [29, 39], wearables [35], and software [25, 38, 41]. 
Seven of them used an external connected device, such 
as mobile phones [29, 36], computers [38], wearables [28, 
32, 39], or cushions [24]. One study combined an exter-
nal device (i.e., Garmin watch) and a digital log to self-
report manual pedalling time [39]. Three studies used 
a digital self-monitoring log of the behaviour through a 
mobile phone diary [40], a virtual board [26], and a ques-
tionnaire [26, 31, 40].

The mediated organisational support and social influences 
were represented in seven studies covering e-newsletter 
from the managers’ [24], support emails from employees’ 
leader [23], organisation signed prompt messages [27], tel-
ephone support [23], and challenges [26, 32, 37] allowing (or 
not) social comparison [32].

Effectiveness of the intervention with digital elements 
in reducing SB
Six out of 16 multicomponent interventions [23, 24, 30, 33, 
37, 40], including information delivered through e-news-
letters [23, 24], website [30, 33], video demonstrations [33], 
or text messages [37, 40]; non-digital physical changes (i.e., 
height adjustable desks [23, 24, 30]); prompts to break SB 
or participate in PA delivered through a cushion [24], com-
puter screen notifications [33] or mobile phone application 
notifications [40]; support from the organisation and social 
influences demonstrated through emails [23], e-newslet-
ters [24], or challenges [37]; feedback on the behaviour [24, 
37]; and/or behaviour data collected through a device or 
manually entered [24, 40], reported significant changes in 
time spent in SB at work. Ten multicomponent interven-
tions reported reductions, although they were not statisti-
cally significant on daily, workday, or working SB [25, 26, 
28, 29, 32, 35, 36, 38, 39, 41]. These interventions com-
prised informational and educational material delivered 
through online sessions [25], emails or app messages [29, 
38, 41], e-booklets [38]; feedback on behaviour [28, 32, 35, 
39, 41] collected passively [25, 28, 29, 32, 35, 38, 39, 41] 
(i.e., through a wearable [28, 32, 39], mobile phone app 
[29] or computer [38] connected to an application [28, 32], 
website [29], computer software [38] or platform [39]) or 
manually [26, 39] (i.e., entering data onto a virtual board 
[26] or onto a platform [39]); organisational support and 
social influences illustrated through challenges [26, 32], 
or social competition [39], prompts delivered through the 
computer [25, 26, 38, 41], mobile phone app [25, 29] and/
or wearables [35, 39]. Only one of them, characterized by 
a mobile phone application including real-time data and 

self-monitoring, prompts, daily summary messages and 
weekly motivational messages, automated strategies and 
goals, showed higher reductions, but not statistically sig-
nificant, in the comparison group, which used a partial 
application including self-monitoring features, compared 
to the intervention group [29].

Ten of the 16 multicomponent interventions were 
developed based on theories of behaviour change 
[23–25, 30, 33, 36–40]. Three of these interventions 
were grounded in multiple theories [24, 25, 30], while 
the other studies were based only on one theory. The 
Behaviour Change Wheel (BCW) [24, 25, 33] and socio-
ecological model [23, 39, 40], as well as the habit for-
mation model/theory [24, 25, 38] and social cognitive 
theory [24, 25, 30] were the most commonly employed 
theories. Other theories employed for the develop-
ment of interventions were organisation development 
theory [24, 25], self-regulation theory [24, 25], relapse 
prevention theory [24, 25], Roger’s diffusion of innova-
tions theory [30], goal-setting theory [30], self-deter-
mination theory [36], and the health action process 
approach [37]. The six multicomponent interventions, 
which demonstrated significant changes, used theories 
to develop their interventions [23, 24, 30, 33, 37, 40].

Two of the three studies that comprised informa-
tion and counselling interventions, including prompting 
positive messages on the computer screen [27] and web-
based computer-tailored advice, feedback messages and 
action planning [31], showed higher reductions, although 
not statistically significant, for intervention groups com-
pared to control groups in time spent in SB during work 
[27, 31]. One information and counselling intervention, 
which had two intervention groups and no control group 
and implemented website educational materials and mes-
sages via SMS or email. The two groups showed reduc-
tions that were not statistically significant in daily SB at 
12  weeks [34]. Two of the three information and coun-
selling interventions were based on theories, such as the 
theory of planned behaviour [31, 34] and self-regulation 
theory [31], to develop their interventions. One of the 
two studies followed two theories to develop the inter-
vention and showed reductions in SB time, but these 
changes were not statistically significant [31]. One study 
did not use a theory to develop the intervention, and 
showed non statistically significant reductions in SB [27].

Four studies had an intervention and treatment active-
comparison group, including prompts and feedback on SB 
time vs no prompts and no feedback [29]; action plan vs 
no action plan [31]; and different goals vs the same goal 
across the intervention [28, 32]. One of these studies had 
three groups: intervention, comparison and control [31]. 
All the studies showed reductions in SB, but none of 
them were statistically significant. Additionally, the study 
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with three intervention arms showed higher reductions 
between the intervention and comparison groups than 
studies that included two intervention arms. Five studies 
had two intervention groups, including height-adjustable 
desk vs no desk [25]; prompts every 30  min vs 60  min 
[40]; feedback on SB time vs feedback on upright time 
[35]; increased standing (with height-adjustable desk) vs 
increased moving time (no desk) [23]; and messages via 
SMS vs via email [34]. Two of them included three groups, 
two intervention and one control group [25, 40]. The five 
studies showed reductions in SB; three of them showed 
favourable differences between groups in favour of the 
height-adjustable desk and prompts every 60 min [23, 25, 
40], while two others reported higher reductions in inter-
vention groups that included messages via SMS and feed-
back on SB time [34, 35]. However, in only two of the five 
studies were these changes statistically significant [23, 40].

Of eleven studies using activPAL as the measurement 
tool [23–29, 35, 38–40], ten revealed reductions in SB 
time in intervention groups compared to control groups 
[23–28, 35, 38–40]. Three of these were statistically sig-
nificant [23, 24, 40]. Only one study showed higher 
reductions in the comparison group than in the interven-
tion group [29]. Two studies used the ActiGraph accel-
erometer as a device-based measure, and both reported 
higher reductions in SB during work in favour of the 
intervention groups [30, 41]. One study using Axivitiy as 
a device-based measure and the IPAQ as a self-reported 
measure did not find significant differences in either 
measurement method [36]. Those studies employing the 
WFQ and OSPAQ showed reductions in SB time in the 
two groups, with higher reductions in the intervention 
group [25, 31, 37]. Measuring SB with GPAQ also showed 
reductions in SB time from baseline to postinterven-
tion, although these findings were not statistically sig-
nificant [34]. Studies that used unvalidated self-reported 

measures did not find associations between digital inter-
ventions and SB reductions [32, 33].

Meta‑analysis
Nine of the 19 studies were included in the meta-analysis 
[23–26, 29, 33, 35, 38, 40]. Two of the nine studies were 
considered as two independent studies due to the inclu-
sion of three intervention arms [25, 40]. The reason for 
exclusion of the eight other studies was missing data (see 
Fig. 2).

The total change in workplace SB was -29.9 (95% CI: 
-45.3, -14.5) min/8  h workday (Z = 3.81; I2 = 81%) (see 
Fig. 2). The leave-one-out sensitivity analysis showed that 
the strength of the pooled estimate was robust and did 
not significantly differ when one study was omitted at a 
time (see Additional file 1). No changes in the pool esti-
mated and confidence intervals were significant by exclu-
sion of any one study. Removing the largest study [33] did 
not substantially change the point estimate (-31.4 (95% 
CI: -49.5, 13.4) min/8 h workday).

Figure  3 shows the results from the digital interven-
tions subgroup, which covers interventions that were 
entirely digital interventions [29, 33, 35, 40], or digital 
interventions that included a unique non-digital ele-
ment (i.e., an educational session) [26]. In this subgroup, 
SB was reduced by 15.28 (95% CI: -28.5, -2.07) min/8 h 
workday.

Fig. 2  Total sedentary behaviour reductions (min/8 h workday)

Fig. 3  Digital interventions (min/8 h workday)
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Figure 4 illustrates the pooled results from the sub-
analysis. Four studies comprised the intervention vs 
intervention group [23, 25, 35, 40], eight studies com-
prised the intervention vs control [24–26, 33, 38, 40], 
and four of them belonged to two studies [25, 40]. 
Intervention arm subgroups identified a change of 
-35.6 (95% CI: -48.6, -22.6) min/8 h workday in SB.

The results of the device-based measures subgroup 
are presented in Fig.  5, which includes 10 studies 
[23–26, 29, 35, 38, 40], four of which correspond to 
two studies [25, 40]. In this subgroup analysis, changes 
of -31.4 (95% CI: -49.3, -13.5) min/8  h workday were 
observed in SB.

Risk of bias assessment
The mean quality score for 19 articles was 74.3%, ranging 
from 50% [36] to 92.9% [24]. The main reasons for lower 
scores were the lack of blinding of investigators and sub-
jects (21.1% and 39.5%, respectively), and small sample 
sizes (44.7%). The higher scores included appropriate study 
design to respond to research questions and described and 

presented appropriate analysis (100%). The detailed quality 
score for each study can be found in Additional file 2.

Discussion
The aim of this systematic review and meta-analysis was 
to explore the effectiveness of workplace interventions 
that incorporated digital elements to reduce SB in office 
workers. A total of 19 studies published between 2017 
and 2023 met the inclusion criteria. In the identified 
studies, the most effective interventions were multicom-
ponent and included a wide variety of digital features, 
with the delivery of information and educational mate-
rials the most common, followed by scheduled prompts 
to break SB or participate in PA and behaviour feedback. 
Text messages, e-newsletters, websites, and videos were 
the most common way to deliver information for increas-
ing knowledge and awareness, while computer screens 
and mobile phone apps were the most typical way to 
deliver visual prompts.

Our meta-analysis highlights that workplace inter-
ventions that include digital elements (ranging 
from 8  weeks to 12  months) reduced SB by an aver-
age of 30  min/8  h workday, which is similar to a pre-
vious meta-analysis, demonstrating a reduction of 
32.6  min/8  h workday [42], and slightly lower com-
pared to other two meta-analyses with 40  min/8  h 
workday and 41 min/day [19] reductions. Two of these 
meta-analyses included studies with digital elements, 
although they did not focus on them in their analy-
ses, combining the results of multiple intervention 
arms and time points into a standardised single result 
or included non-RCTs, which may indicate its higher 
result [16, 42]. The other study considered computer, 
mobile and wearable technology interventions to 

Fig. 4  Sub-analysis sedentary behaviour reductions (min/8 h workday)

Fig. 5  Device-based measures of sedentary behaviour reductions 
(min/8 h workday)
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reduce SB across the whole day and the results were 
presented in minutes per day, which would explain 
our lower reductions presented in minutes per 8  h of 
workday [19]. The intervention effects seen in the pre-
sent study may be clinically relevant, with evidence 
showing that a decrease in SB of 30  min or more per 
day had a favourable effect on body weight, body mass 
index, as well as significantly increased energy and 
social functioning and reduced pain and sleep dis-
turbance [43, 44]. Additionally, replacing SB time of 
30 min per day with low intensity PA or moderate-to-
vigorous PA was associated with lower all-cause mor-
tality risk [45], and reduced blood cholesterol [46].

The World Health Organisation (WHO) recom-
mends breaking and limiting the time spent in SB in 
any context, including work, and replacing it with PA 
[47]. Although performing PA breaks involves work-
ing time, productivity is not affected, in fact it improves 
by improving other outcomes, such as health [48, 49]. 
This suggests that the use of technology, such as activ-
ity trackers and mobile phone applications, has great 
potential for measuring and encouraging PA [50] and 
has been shown to be effective in behavioural change 
interventions [19, 20] since these digital elements, 
aimed at health and PA, incorporate established behav-
iour change techniques [50]. Furthermore, digital ele-
ments may provide a crucial intervention tool as it 
provides information such as self-monitoring progress, 
individual goal progress, and real-time information at 
low cost, and usually is an acceptable tool according 
to workers’ opinions [20, 50]. Hence, our findings may 
show that technology is a great element to fulfil WHO 
recommendations, specifically in the workplace, where 
workers spend the most of their SB time.

Multicomponent interventions with two groups (i.e., 
intervention, and control groups) were the most repre-
sented among the studies, followed by information and 
counselling interventions. There was no representa-
tion of interventions only including physical changes in 
the workplace design and environment, and policies to 
change the organisation of work as intervention tech-
niques alone. Our results of the meta-analysis suggest 
that multicomponent interventions including environ-
mental changes (e.g. sit-stand desks) as the core ele-
ment of the interventions, but were complemented 
by digital elements, reported the highest SB reduc-
tions (-59.2 (95% CI: -74.4, -44.) and -58.6 (95% CI: 
-74.1, -43.1)) [23, 25]. Interventions with environmen-
tal changes as core elements in the intervention have 
been shown to reduce SB and increase standing time, 
but not PA time. In addition, they showed difficulties in 
maintaining utilisation over time [51, 52]. Digital mul-
ticomponent interventions which only include digital 

elements, show the higher reductions in SB present 
prompts as the core component of the interventions 
(-49.7 (95% CI: -93.7, -5.72) and -38.2 (95% CI: -85.6, 
9.22)) [38, 40]. Therefore, digital elements, such as 
prompts, may complement interventions with physi-
cal changes for maintaining and encouraging its use. 
Although the evidence shows the benefits of breaking 
SB time at work on health and work-related outcomes, 
the frequency and duration of the breaks are uncertain 
[53, 54]. Hence, future research should examine the 
most effective duration and frequency of SB breaks to 
reduce that behaviour.

Despite reductions in SB, multicomponent inter-
ventions, given their nature, have a large heterogene-
ity in the intervention’s components, as well as in the 
digital elements, making it difficult to compare them to 
determine the most effective intervention. Due to the 
lack of data, it was impossible in our meta-analysis to 
compare specific intervention types. Even though there 
is no conclusive evidence about the effectiveness of 
multicomponent interventions, the literature indicates 
that multicomponent interventions based on behav-
ioural change theories, such as the BCW, theory of 
planned behaviour, and the socioecological model tend 
to be more effective [55]. Our results of the systematic 
review and meta-analysis suggest that interventions 
based on theories, including organisational strategies 
or policy components, environmental changes and edu-
cational or informational material reported higher SB 
reductions (-59.2 (95% CI: -74.4, -44.0) and -58.6 (-74.1, 
-43.1) min/8 h workday) [23, 25], than studies that have 
not been based on theories (5.4 (95% CI: -12.9, 23.7), 
-2.17 (95% CI: -63.1, 58.7), and -16.6 (95% CI: -45.0, 
11.8) min/8  h workday) [26, 29, 35]. This finding may 
contribute to a better understanding of what compo-
nents a behaviour change intervention should include 
to be effective.

The advancement of wearable technologies has made 
possible the device-based determination of activities 
based on body posture. The studies included in the pre-
sent systematic review mainly reported the time spent in 
SB using device-based measures, especially through the 
activPAL device, which showed significant reductions 
of -31.4 (95% CI: -49.3, -13.5) min/8  h workday. Given 
the heterogeneity in unit measurement and the lack of 
data, effectiveness was not compared with other meas-
urement tools, but evidence suggests that thigh-worn 
devices showed higher levels of accuracy to measure SB 
compared with wrist-worn devices [56]. Furthermore, 
self-report tools showed low correlation with device-
based data and low precision [57]. A previous meta-
analysis showed smaller reductions in time spent in SB 
for self-reported measures than device-based measures 
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[16], which may be due to difficulties in recalling this 
behaviour, and therefore the difficulty to recollect the 
data accurately. These smaller reductions may be likely 
a result of the measurement method, rather than the 
intervention.

Strengths and limitations
A key strength of this study is that, to our knowledge, 
it is the first systematic review that comprehensively 
assesses how workplace interventions that incorporated 
digital elements, affect office workers’ SB reductions, 
who are the most sedentary work sectors. Addition-
ally, it is the first study that quantifies these findings 
through a meta-analysis and sub-analysis and present a 
mid-high quality (74.3%) of the included studies. How-
ever, the study includes acceptability and feasibility 
studies, as well as pilot studies presenting small sam-
ple sizes, lack of control of confounding and the lack of 
the assessment of statistically significant changes in the 
results.

This study has several limitations. One such limitation 
was the lack of opportunity to assess one intervention, 
using digital elements in one group and non-digital ele-
ments in the other group, to examine the effectiveness 
of the digital elements in the workplace interventions. 
The variety in SB unit measurement was a limitation of 
the current study. We standardised all the data to min/8-
h workdays for the meta-analysis. That fact may have 
influenced our results, given lower reductions since not 
knowing whether total SB in the studies covered all day 
or only waking hours, we transformed the data from 24 
to 8 h. The lack of data (i.e., mean differences from base-
line to postintervention) and the nonresponse from the 
authors were other limitations for the meta-analysis, as 
the absence of data resulted in the removal of some stud-
ies. Overall, the meta-analysis showed greater heteroge-
neity (Chi2 = 53.82; I2 = 81%); hence, caution should be 
taken when interpreting these results.

Future implications
Although the evidence supports the effectiveness of 
workplace interventions using digital elements in reduc-
ing SB in the traditional office setting, the hybrid work 
model (i.e., work in office and home) has become the cus-
tomary mode of working for many employees since the 
COVID-19 pandemic [58]. This new paradigm of work 
has been associated with even more drastic increases in 
SB patterns [59, 60]. Therefore, future research should 
prioritise exploring how these theory-driven digital-
based interventions, can be feasible for breaking and 
limiting SB when working from home. Additionally, it is 
important to investigate the adoption and maintenance 

of this behaviour change on employees’ health and 
work performance. Recent evidence has identified digi-
tal interventions as complex interventions [20], and it 
is recommended to involve multiple stakeholders in the 
development process of these interventions to ensure 
their effectiveness in future studies [20, 61].

Conclusions
This review provided evidence for the effectiveness of 
workplace interventions using digital elements to reduce 
SB among office workers. Our findings indicated an 
approximate reduction of 30  min per 8-h work day, sug-
gesting that multicomponent interventions incorporating 
a wide variety of technological features (i.e., information 
delivery and mediated organisational support and social 
influences) may be effective approaches to reduce SB in 
workplaces. Considering the emerging evidence indicating 
an increase in SB in the hybrid work mode, future studies 
need to adapt these interventions in the home-office envi-
ronment to evaluate their feasibility and effectiveness.
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