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Abstract: Office workers often experience occupational musculoskeletal disorders. The aim of the current
systematic review was to investigate the effectiveness of workplace exercise intervention on the oldest age
group of office workers who have been reported in the literature so far, in terms of workability and well-being.
Randomized Controlled Trials were used and the methodological guidelines of PRISMA were followed. The
keywords used were: office workers, older, exercise intervention, workplace, microbreaks, workability and
well-being. The databases searched were: PubMed, PEDro, ResearchGate, CINAHL, PsychINFO and Science
Direct. PROSPERO ID: CRD42022329656. Five studies (total number of participants: 1190, mean age: 46,4) met
the inclusion criteria. Their quality was deemed to be moderate to high, according to PEDro and MPSER scales.
Workplace interventions of gradually increased strengthening and moderate stretching exercises, isometric
positioning and postural reminders, either with or without supervision, result in decreasing musculoskeletal
pain, disability, sick-leave from work and in the improvement of quality of life and physical activity of the
middle-aged office workers, without negative impact on their workability. Despite the worldwide aging
workforce, there is a knowledge gap due to research absence in the field of microbreak exercise interventions
in the group of older office workers.

Keywords: exercise microbreaks; office workers; middle-aged; musculoskeletal disorders;
workplace

1. Introduction

Although the huge progress in technology has brought about new opportunities [1], the
associated increased screentime of sedentary lifestyle arising from technology has led to a significant
decline in physical activity levels [2]. Recent data suggest that an average person adopts sedentary
behavior for 8-9 hours each day, with about 70% of this time occurring in the workplace [3]. This
phenomenon is even more intensified the last couple of years compared with the pre-COVID-19
pandemic period, as mobility restrictions and teleworking are two necessary factors to reduce the
spread of the virus [4-6].

According to the Centre for Disease Control and Prevention, musculoskeletal disorders (MSDs)
are injuries of the muscles, nerves, tendons, joints, cartilage and spinal disc and work-related
musculoskeletal disorders are those in which the work environment contributes to the conditions or
worsens it [7]. Work-related musculoskeletal disorders represent the most common occupational
related disorders in the world, with 20-60% of office workers reporting as having encountered
musculoskeletal pain [8]. In addition to physical pathology, the effects of sedentary behavior have
been linked with mental illnesses such as depression, worse cognitive function, increased risk of
dementia and overall lower scores of quality of life (QoL) versus non sedentary behavior (48.4 £ 9.6
vs 53.9 +£9.5), as assessed using SF-36 [9].

Research suggests that exercise microbreaks during work hours are more effective than simply
standing up and stretching [10]. Physical activity at work improves psycho-physical performance,
social relationships and work performance, while simultaneously reduces sickness, absenteeism and
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work injuries [11]. Particularly, it has been shown that scheduled exercise microbreaks result in
decreased musculoskeletal pain and in improvements in work quality, efficiency and productivity
[3,12]. Systematic reviews of Randomized Control Trials have concluded that simple and brief
workplace-based exercises are effective in improving somatic health symptoms like musculoskeletal
disorders of workers with either sedentary or standing work [13-15].

Civilian labor force is recorded by Organizations and Agencies to age groups: a) 16 to 19, b) 20
to 24, c) 25to 34, d) 35 to 44, e) 45 to 54, ) 55 to 64, g) 65 to 74 and h) 75 and older [16-18]. The definition
of older workers varies internationally and is influenced by different factors, such as the retirement
age of each country and age discrimination legislation [19]. The International Labor Organization has
estimated that the number of older workers aged 55 to 64 years is set to equal one quarter of the
global labor force by 2030 [20]. A key goal of occupational health policy is keeping older workers
healthy and productive [21] and, more specifically, within the framework of the EU-CHAFEA
ProHealth65+project [22], we could characterize the workplace exercise interventions for the older
workers as a crucial study field for those interested in workplace health promotion.

The key question of the current systematic review was: which are the effects of workplace
exercise intervention on the older or middle-aged office workers: a) on their workability, as far as
their productivity, presenteeism at work and musculoskeletal disorders is concerned and b) on their
well-being, as far as their work satisfaction, their lifestyle and attitude in relation to physical activity
is concerned? Furthermore, through our review it will be demonstrated if there is a short break
exercise intervention that is most positively effective as far as their workability and well-being is
concerned.

Previous reviews that evaluate workplace intervention programs for office workers have not
specifically addressed the older or middle-aged worker group. The aim of the current systematic
review was to investigate both the effectiveness of workplace exercise intervention on older or
middle-aged office workers” workability, and well-being. Efforts to quantify the dose of microbreaks
needed, will be reported and proposals on future research priorities will be formed.

2. Materials and Methods

This Systematic Review was conducted by using studies published in English language, from
January 152011 to March 1st 2022 and followed the methodological guidelines of the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [23].

2.1. Data sources and search strategy

The databases that were used for the search of studies were PubMed, PEDro, Research Gate,
CINAHL, PsychINFO and Science Direct. The study search was performed by using a combination
of keywords, synonyms and PubMed Medical Subject Headings (MeSH) relevant terms. More
specifically, search terms included office workers (and synonyms, relevant terms), older (and
synonyms, relevant terms), exercise intervention (and synonyms, relevant terms), workplace (and
synonyms, relevant terms), microbreaks (and synonyms, relevant terms), workability (and
synonyms, relevant terms) and well-being (and synonyms, relevant terms). Search strategy is shown
in Table 1.

Table 1. Search Strategy.

Number Keywords Synonyms, Relevant Terms
“Office employee*” OR “Clerical worker*” OR “Desk based
1 Office workers worker*” OR “Administrative worker*” OR “Computer user*”

OR “Computer operator*” OR “Occupational group*”
“Senior*” OR “Elder” OR “Elderly” OR “Ageing” OR
“Aged”OR “Middle-aged” OR “Mature”

2 Older
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“Exercises” OR “Program*” OR “Exercise activity*” OR

3 Ini);izllifon “Exercise therapy” OR “Exercise method*” OR
“Interventions” OR “Method*” OR “Prevent*” OR “Promote*”
4 Workplace  “Work”
. “Microbreak” OR “Work break*” OR “Short break*” OR
5 Microbreaks

“Micropause*”

“Productivity” OR “Absenteeism” OR “Presenteeism” OR
“Musculoskeletal discomfort” OR “Musculoskeletal
symptom*” OR “Musculoskeletal pain” OR “Musculoskeletal
complaint®” OR “Musculoskeletal injury*” OR
“Musculoskeletal disease*” OR “Musculoskeletal problem™*”
OR “Musculoskeletal disorders”

“Work satisfaction” OR “Job satisfaction” OR “Attitude*” OR

%17

6 Workability

7 Well—Bemg “ Active ageing" OR “Life Style

Final Search: 1 AND 2 AND 3 AND 4 AND 5 AND 6 AND 7

2.2. Inclusion and exclusion criteria - Study selection

One reviewer performed a review of all retrieved data by title and abstract and then by full text,
in order to determine whether they met the inclusion criteria. Study selection was based on the
PICO’s framework (Patient, Problem or Population — Intervention — Comparison, Control or
Comparator — Outcome), as shown in Table 2. The inclusion criteria are formed as below:

1. The sample consists of older or middle-aged office workers: when the intervention of a study
was targeted at both the entire workforce and younger workers, only subgroup analyses for older or
middle-aged were deemed eligible. Our initial intention was to include studies that the age of
participants was =55 years old, but while screening, we concluded that there was no study that met
this criterion. While setting as criterion the age of office workers >45 years old and 240 years, we
noted that there was no study that met this age criteria either, so we decided to include studies that
the age of participants was 235 years old and the mean age of participants in each of the study
included was >45 years old.

2. The intervention included exercise

3. The intervention took place in the workplace, during working hours

4. The study design was Randomized Control Trial (RCT)

5. At least one of the study results referred to the effects of exercise intervention

6. The article was published from January 15t 2011 to March 1%t 2022 in English language and in
full-text

Table 2. PICO framework of the systematic review.

Office workers with minimum age 35 years old and

P Population - ,
participants’ mean age > 45

Microbreaks that included exercise in the workplace during working

I Intervention
hours

C Comparison No microbreaks, other type of microbreaks

At least one of the study results refers to the effects of the exercise

O Outcome . .
intervention

Non Randomized Control Trials, thesis, conference presentations and announcements, pilot
trials, unpublished studies, studies where the intervention did not include exercise, studies where
their sample consisted of office workers with mean age < 45 years old and minimum age <35 and
studies where the intervention was not performed in the workplace during working hours, were
excluded.
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The process of study selection is shown to Figure 1, according to PRISMA 2020 flow diagram for
systematic reviews [23].

e ™)
Total records identified

: through Databases:

5 _—

.3 PubMed: 272 , PEDro: 183, Duplicate records removed:

:'-E_- Research Gate: 252, CINAHL: 164,

2 Science Direct: 196, PsychINFO: 177 n=975

n=1244
-
e N <
Records screened title and abstract:
_— Records excluded
n=269
n=222

g .

S Records excluded:

2 Full-text records

6,‘5 assessed for eligibility: Not office workers: n= 16

> Sample size <30: n= 02
n=47 No exercise intervention: n= 07
p——— Not workplace intervention: n= 04
No related outcomes: n= 03
Studies left: —
n=15 B E—
\ ) Records excluded:
p Participants’ mean age < 45 and/or
min age < 35: n=10

o

3 Studies included:

2 —

%]

= n=5

Figure 1. Flow diagram of trial selection, adapted from PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) [23].

2.3. Quality assessment

For the assessment of the methodological quality and the potential risk of bias of the articles, the
PEDro scale was chosen to be used, which contains 11 items [24]. Randomized Controlled Trials
(RCTs) are traditionally considered the gold standard for examining the efficacy of interventions, and
the assessment of the quality of these types of studies helps to select the best study designs [25]. The
Physiotherapy Evidence Database (PEDro) scale is one of the most frequently used scales aimed to
assess the methodological quality of RCTs in systematic reviews of interventions in physiotherapy
and other fields, including medicine, nutrition and speech pathology [26]. The PEDro Scale assesses
11 items related to the study internal validity and statistical reporting, except for the first one
(eligibility criteria), which is not computed in the total score because it evaluates the external validity
of trial results. Each item is scored as either present or absent, leading to a maximum score up to 10.
A high-quality study is defined when scoring positive in at least 50% (5/10) of the items, and a low-
quality study is defined when scoring positive in less than 50% of the items.

In the present study PEDro score was calculated by one reviewer, by adding up all the “present”
answers from items 2 to 11. The outcomes were verified by a second reviewer and when differences
were not resolved, a structured consensus approach was used that involves: a) re-review of the
studies, b) discussion of the adherence to standards, c) a third reviewer was consulted to reach full
consensus. In our review, trials were considered to be of adequate quality based on the PEDro cut off
of 5 points, which is widely used in the literature [27-30]. All of the RCTs included in our review are
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scored =5 points (Table 3). Particularly, three RCTs score 5/10 [31-33], one RCT scores 6/10 [34] and
one RCT scores 7/10 [35].

Table 3. PEDro scale for evaluating the quality assessment of the included RCTs.

Del Pozo-
Andersen = Dalager Kaeding Skoglund.
PED 1 .
roScale/Study ) 2012 etal, 2015 CUF  etal, 2017 etal, 2011
et al.,, 2013
Specification of
L] L] L] L] L]
eligibility criteria
Random allocation to
L L] L] L] L]
groups
Concealed allocation o o o o o
Baseline similarity of
L L] L] L] L]
group
Blinding of subjects o o
Blinding of therapists o o
Blinding of assessors o o o o 0
Drop out <15% o o o o o
Intention-to-treat
. ° (@) 0] (] [e)
analysis
Reported statistical
L] L] [ ] [ ] L]
comparisons
Reported point and
L) ° L] L] L]
variability measures
PEDro Score 5/10 5/10 6/10 7/10 5/10

The PEDro scale in its original form includes various rating criteria that are not relevant to
ergonomics-based research. As a result, ergonomic articles which lack a basis for those criteria may
score lower on the original PEDro scale and may be falsely represented as lower quality. It is because
of this discordance that the Modified PEDro Scale for Ergonomics Research was created. The
Modified PEDro Scale for Ergonomics Research (MPSER) is an assessment tool created in order to
assess more accurately the quality of research in the field of ergonomics [36]. In place of the traditional
10 score seen with the PEDro, the MPSER utilizes a seven-point scale that appraises more accurately
the quality of ergonomics-based research [36]. This is the reason why we decided to add MPSER tool
to the quality assessment of our review. According to this scale, articles that score from 4 to 5 are
categorized as “moderate quality”, and those that score from 6 to 7 are categorized as “high quality”.
Articles that score below four are categorized as “low quality”.

MPSER score was calculated by one reviewer in our study, by adding up all the “present”
answers from items 1 to 7. The outcomes were verified by a second reviewer and when differences
were not resolved, a structured consensus approach was used that involves: a) re-review of the
studies, b) discussion of the adherence to standards, ¢) a third reviewer was consulted to reach full
consensus. According to Modified PEDro Scale for Ergonomics Research, like according to PEDro
Scale in its original form, all of the RCTs included in our review are scored 25 points, as shown in
Table 4. Particularly, three RCTs score 6/7 [31,32,34] and one RCT [35] scores 7/7, which are
categorized as “high quality”, whereas one RCT scores 5/7 [33], which is categorized as “moderate

quality”.

Table 4. MPSER scale for evaluating the quality assessment of the included RCTs.

Modified PEDro Scale Del Pozo-
. Andersen  Dalager
for Ergonomics Re-

1., 2012 1., 201
search (MPSER) etal, 20 etal, 2015

Kaeding Skoglund

Cruz — al, 2017 etal, 2011

et al., 2013
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Adequate
explanation of . o o o .
procedures

Randomized
allocation or
randomized
sequence of
interventions and
measurements

Blinding of
assessors

Drop out
<15%
Intention-to-treat
analysis

Reported statistical
comparisons

Reported point and
variability o o . o o
measures
MPSER Score 6/7 6/7 6/7 7/7 5/7

Each Randomized Control Trial that is included in the present systematic review was screened
thoroughly to determine its methodological quality, using both the original PEDro scale and the
Modified PEDro Scale for Ergonomics Research (MPSER). The utilization of both of these quality
assessment tools leads to a more accurate determination of each methodological quality, as the
MPSER scale assesses more accurately the quality of the selected articles in the field of ergonomics
[36]. The quality scores of the included Randomized Control Trials were deemed appropriate for
review.

2.4. Data extraction and synthesis

The characteristics of the included articles were extracted by one reviewer in a standardized
way, following the characteristics of the studies’ methodology, considering the participants’
characteristics, the type and parameters of interventions, the outcome measures and the results. The
accuracy of extracted data was verified by a second reviewer and when differences were not resolved,
a third reviewer consulted to reach full consensus.

The characteristics and findings of the included Randomized Control Trials are summarized
with information presented in Table S5. In each study we present: the sample size, participants’
characteristics, the intervention category, the characteristics of the exercise intervention (description,
supervision, frequency and duration), the comparator intervention, the tools that were used for the
measures and the findings for intervention. Clinical homogeneity was assessed by recording the
sample population and the characteristics of the exercise intervention (description, supervision,
frequency, duration), as described in Table S5.

It was concluded that, according to the studies included in our review, there are four categories-
types of exercise that were used: a) strengthening intervention [31,32], b) strengthening intervention,
postural reminders, stretching and exercises to improve postural stability [34], c) isometric
intervention with vibration [35] and d) active exercise with simultaneous breathing [33]. Exercise
protocol of each study is described in Table S5 (Intervention Exercise: Description, Supervision,
Frequency and Duration). The quality assessment of each study is already shown in Tables 3 and 4,
according to PEDro and MPSER scale, respectively.

The effect of exercise intervention for each study was concluded based on the reported
outcomes. The results are shown in Table 6, by using a rating system according to the level of
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evidence. Findings where the exercise intervention is statistically more effective than the control
group in at least one outcome are classified as positive. Findings where the exercise intervention is
statistically less effective than the control group in at least one outcome are classified as negative. A
neutral rating (no effect) is classified when the exercise intervention does not statistically differ from
the control group in any outcome.

Table 6. Effect of exercise intervention based on reported outcomes of each study.

Study T}-Ipe of exe.rcise Reported outcomes Effect of ex?rcise
intervention intervention
Exercise intervention
effectively reduced
Andersen et al, 2012 s‘trengthel?ing nec¥< and' shoulder pain Positive*
intervention in office workers
compared with the
control group.
Only the training
. roups improved
Dalager et al., 2015 s.trengther.ung gigni?icantfy their Positive*
intervention
muscle strength and
endurance.
intervention that The exercise
concludes intervention showed
strengthening and clinical improvements
Del Pozo-Cruz et al., Postural in quality of life and N
2013 reminders and selected lower back Positive*
stretching and  pain outcomes in the
exercises to experimental group
improve postural compared to the control
stability group.
There are significant
effects of exercise
training in the
Intervention Group
compared to the
Control Group,
isometric regarding the }.)rlr.nary
Kaeding et al., 2017 intervention with ogtco-rrlle subj ECU,V © Positive*
vibration dlsablhty‘, th? Pam—
related disability as
measured, the health-
related quality of life,
the health effective
physical activity and
the post-interventional
sick leave.
. . Exercise intervention is
active exercise ,
Skoglund et al., 2011 with simultaneous not more effective than Neutral**
breathing _ no-
intervention.

*Positive: the exercise intervention is statistically more effective than the control group in at least one outcome.
**Neutral: the exercise intervention does not statistically differ from the control group in any outcome.
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The rating system based on the quality and outcome of the studies is as follows and the results

are shown in Table 7:

e Strong evidence: consistent findings (at least 75% of the trials report statistically
significant results in the same direction) among 1 or more high quality RCTs

e Moderate evidence: consistent findings (at least 75% of the trials report
statistically significant results in the same direction) among multiple (2 or more)
low quality RCTs and/or 1 moderate quality RCT

e Limited evidence: 1 low-quality RCT

e Conflicting evidence: inconsistent findings among multiple RCTs

e No evidence: no RCTs

Table 7. Effect of exercise intervention based on the quality and reported outcomes of the studies.

Effect of exercise

Type of exercise intervention Study intervention

a) Andersen et al., 2012

Strengthening intervention Strong evidence

b) Dalager et al., 2015

Strengthening intervention
andpostural reminders and Strone evidence
stretching and exercises to Del Pozo-Cruz et al.,, 2013 &

improve postural stability
I tric int ti ith

SOmEtHe 1.n erYen ronwi Kaeding et al., 2017 Strong evidence

vibration
Acti . h
ctive exercise wit Skoglund et al., 2011 Moderate evidence

simultaneous breathing

3. Results

3.1. Characteristics of the included studies

The included studies of the current review were published from 2011 to 2017 and were
conducted in European countries (Table S5). All the included studies applied randomization
methodology of the sample prior the implementation of exercise intervention with pre- and post-
evaluation of the intervention. Separation of the sample was conducted into a control group and
either one intervention group [33-35] or more intervention groups with different frequency and level
of supervision of the exercise intervention [31,32]. The duration of the intervention varies among the
studies (Table S5), with the most frequent that of 20 weeks [31,32]. Participants’ size varies among
the included studies (Table S5), with the smallest sample size of 37 participants [33] to the largest
sample of 573 participants [32].

3.2. Participants’ demographics

The total number of participants within all the included studies was 1190 (N=1190), with
minimum age 35 years and maximum 57 years old and total mean age 46,4 years (Table S5) with
Standard Deviation= 1 and Coefficient of Variation (CV)= 2,15%, which means that the age of
participants in the present systematic review is homogenous (CV<10%) [37] and the results are
representative for office workers of middle age. All of participants were office workers performing
sedentary work. Participants in three of the five studies [31-33] were of the general population
(N:=1059), in one study [34] the participants were all diagnosed with non-specific low back pain in
the absence of any major neurological deficit and with the first or recurrent episode having lasted
more than six weeks but less than 12 weeks (N2=90) and in one study [35] participants reported
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chronic low back pain which was defined as persisting for approximately 12 weeks or longer and
during that time increasing and decreasing and varying in intensity (Ns=41).
The exclusion participants’ criteria of the six studies are shown in Table 8.

Table 8. Exclusion criteria of the participants in each study.

Study Exclusion criteria of the participants

a) hypertension (systolic Blood Pressure >160mmHg,
diastolic BP >100 mmHg), b) cardiovascular diseases, c)
Andersen et al., 2012 syTnptomatlc herniated dl?C or sev.er.e dls.orders of the

cervical spine, d) postoperative conditions in the neck and
shoulder region, e) history of severe trauma or other

serious disease and f) pregnancy

a) hypertension (systolic Blood Pressure >160 mmHg,
diastolic BP >100 mmHg), b) cardiovascular diseases, c)
Dalager et al., 2015 sy.mpton.latic herniated diéc or severe dis.orders of the

cervical spine, d) postoperative conditions in the neck and
shoulder region, e) history of severe trauma or other

serious disease and f) pregnancy

a) diagnosed cause of backache, b) reported chronic
Del Pozo-Cruz et al., 2013  backache, c) clinical red flags such as disc disease, d) any
other major disease and e) a lack of fluency in Spanish

a) thrombosis, b) surgeries in the last 6-8 weeks, c) artificial
joint replacements in the last 6 months, d) coronary heart
disease or arterial occlusive disease, e) insufficiently treated
hypertension, f) diabetes mellitus (with advanced
microangiopathies, gangrenes, diabetic feet, retinal
Kaeding et al,, 2017 problems)_, g) Cardiac.: or brain pacemaker, h) pregnancy, i)

acute inflammation of the musculoskeletal system
(activated arthrosis or arthropathy), j) acute tendinopathies
in body parts affected by the intervention, k) acute hernias,
1) acute radicular pain or complicate back pain, m) recent
fractures in body partsinvolved in the intervention, n)
rheumatoid arthritis, o) epilepsy and p) intrauterine device

Skoglund et al., 2011 no exclusion criteria

3.3. Quality of the reviewed RCTs

Each study in our systematic review was screened thoroughly to determine its methodological
quality, using both the original PEDro scale and the Modified PEDro Scale for Ergonomics Research
(MPSER). The quality assessment of each study is already shown in Tables 3 and 4, according to
PEDro and MPSER scale, respectively. The utilization of both of these quality assessment tools leads
to a more accurate determination of the methodological quality of each study. Quality scores of the
studies and the level of evidence they bring was deemed appropriate for review. The results of quality
ratings are summarized in Table 9.

Table 9. Quality rating of each study.

Study PEDro and MPSER Score
PEDro:  5/10
Andersen et al., 2012 MPSER: 6 /7
PEDro:  5/10
Dalager et al., 2015 MPSER: 6 /7

Del Pozo-Cruz et al., 2013 PEDro: 6 /10
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10
MPSER:  6/7
Kaeding et al., 2017 iil?SrER 7"7//170
Skoglund et al., 2011 I;},EH?;ER 55//170

3.4. Clinical homogeneity

Clinical homogeneity was assessed by examining the characteristics of each of the exercise
interventions (description, supervision, frequency, duration) and the characteristics of participants
[38].

In two studies of the present review the type of workplace exercise microbreak was
strengthening intervention [31,32], with a duration of 20 weeks in each study. In one other study the
workplace exercise microbreak was strengthening intervention, postural reminders, stretching and
exercises to improve postural stability [34] which lasted 36 weeks, in another study it was isometric
intervention with vibration [35] which lasted 12 weeks and in the last study the intervention was an
active exercise with simultaneous breathing [33] with duration of 6 weeks.

Since there were two studies in the type of strengthening intervention with the same duration,
clinical homogeneity was assessed by examining the characteristics of each of the two strengthening
exercise intervention and the characteristics of the correspondent participants [38]. All participants
in both studies were office workers [31, 32]; in each of the two studies mean age was 46 years and
minimum age was 35 years. Additionally, the exclusion criteria were the same in both studies, as
presented in Table 8. Although the duration of the exercise intervention was the same in both studies
(20 weeks) [31,32], the other characteristics of the exercise intervention were different (Table S5); in
one study there were three intervention groups [31], whereas in the other study there were four
intervention groups [32]. All the intervention groups of the one study were with supervision [31],
whereas in the other study three of the intervention groups were with supervision and the fourth
group with minimal supervision [32].

As concluded from the above, the studies were not considered as homogeneous and the results
were not pooled into a meta-analysis.

3.5. Types and effects of workplace exercise intervention

Results of workplace exercise intervention are reported according to each of the four types of
workplace exercise interventions that were used in the included studies and the key questions which
refer to their effect on the middle-aged office workers: a) on their workability, as far as their
productivity, presenteeism at work and musculoskeletal disorders is concerned and b) on their well-
being, as far as their work satisfaction, their quality of life and life style and attitude is concerned.
The measurement tools that were used for the data extracted are recorded for each type of workplace
exercise.

1.  Strengthening exercise intervention

The results of strengthening exercise intervention showed reduced neck and shoulder pain in
the training groups after 20 weeks compared with control group [p<0.01 [31], approx. 50% reduction
[32]. From a baseline pain rating of 3.2 (SD 2.3) in the neck among office workers with neck pain, one
group of 1 hour-training once a week (1WS), experienced a reduction of 1.14 (95% CI 0.17 to 2.10),
one group of 20 minute-training 3 times a week (3WS), experienced a reduction of 1.88 (0.90 to 2.87)
and one group of 7 minute-training 9 times a week (9WS), a reduction of 1.35 (0.24 to 2.46) [31].
Disability in Arms, Shoulders and Hands (DASH) was reduced in 1WS and 3WS groups, with a
significant reduction between 3WS versus control group (p<0.001) [31]. There was a significant
improvement to muscle strength (8(4-13)%) and endurance (27(12-37)%) in the training groups,
compared with control group [32]. There was not demonstrated any change in productivity [31,32]
or Quality of Life (QoL) [32]. Regarding readiness to change life style, there was no change in
intervention groups but only in control group [31,32], which significantly increased the percentage
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of readiness to change from 52.0% at baseline to 67.5% at follow-up [31]. There was no data extracted
as far as presenteeism and work satisfaction are concerned.

The tools that were used for the above measurements are: productivity was measured with a
question of an 11-step numerical rating scale from 0 to 10 [31,32], musculoskeletal disorders were
measured with the Nordic questionnaire (pain or discomfort) scale 0-9 [31,32] and the Disabilities of
the Arm, Shoulder and Hand (DASH) questionnaire [31] and QoL was measured with self-rated
health on a 5-step ordinal scale [32]. Lifestyle and attitude in relation to physical activity were
measured with a question of 5-step ordinal scale [31,32].

2. Strengthening intervention, postural reminders, stretching and exercises to improve postural
stability

The results of strengthening intervention and postural reminders and stretching and exercises
to improve postural stability showed 37% reduction of low-back disability for the intervention group
compared with control group and 76% reduction of low-back pain of the intervention group
compared with control group [34]. There was also a significant improvement in the risk of chronicity
of lower back pain (SBST clinical change, 75%, P <0.001) and in Quality of life (QoL) 3.58 times greater
than the control group. However, participants allocated to the intervention group were not more
likely to improve their daily task perception (p = 0.103) [34]. There was no data extracted as far as
productivity, presenteeism and work satisfaction are concerned.

The above measurements of musculoskeletal disorders were measured by Oswestry Disability
Index questionnaire and StarT Back Screening Tool (SBST) questionnaire to measure the risk of lower
back chronicity.

3. Isometric intervention with vibration

The results of isometric intervention with vibration showed reduction of chronic low back pain
(p=0.002) and disability (p=0.027) and limited improvement of trunk flexors’ strength for the
intervention group compared with control group [35]. There was an improvement in intervention’s
group physical activity (p=0.022) and quality of life (p=0.013) compared with control group [35].
There was also a reduction of sick-leave for the intervention group compared with control group
(p=0.008) and there was no data extracted as far as productivity and work satisfaction are concerned.

The tools that were used for the above measurements are: presenteeism was measured with
written data from the company, musculoskeletal disorders with Ronald and Morris disability
questionnaire (RMQ), Oswestry Disability Index (ODI), isokinetic test of the musculature of the trunk
and a static posturography. Quality of Life was measured by SF-36 and lifestyle and attitude in
relation to physical activity with the Freiburg activity questionnaire.

4. Active exercise with simultaneous breathing

The results of active exercise with simultaneous breathing showed an improvement of neck pain
(reduction of neck pain from 32 to 23 points), limited reduction of neck disability (score from 5 to 4
points after the training) and limited improvement of quality of life (improvement from 70% before
to 76% after intervention) for the intervention group [33]. There was no data extracted as far as
productivity, presenteeism, work satisfaction, life style and attitude in relation to physical activity
are concerned.

The above measurements for musculoskeletal disorders were measured with the questionnaire
of von Korff, the Borg-CR10 scale and with three-questions that addressed pain intensity in the
neck/shoulder region. Quality of Life (QoL) was measured with the SF-12 and the EuroQol
questionnaire five dimensions three levels (EQ-5D-3L).

4. Discussion

The major finding of the current review is the knowledge gap due to research absence for the
effects of microbreak exercise interventions in the group of older office workers. Although a variety
of microbreak exercise interventions has been developed on office workers in their workplace with
positive effects on them, there is a research absence for the older personnel of office workers. Older
workers’ health profile differs from that of young and middle-aged, as ageing process increases
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vulnerability to physical and psychological problems such as arthritis, osteoporosis, changes in
muscle mass and strength, depression, and sensory impairments [39-41]. Furthermore, taking into
consideration the worldwide phenomenon of aging workforce [41], the necessity of future researches
to be conducted specifically for older office workers, is arisen.

Although through screening we found that from January 15t 2011 to March 15t 2022 there are six
reviews that present the results of workplace exercise interventions in office workers [42-47], the
present systematic review is the first one which sets age inclusion criterion in the included
Randomized Control Trials and, specifically, sets as age inclusion criterion the oldest age group of
office workers that has been studied so far (participants” age > 35 years old and mean age >45 years).
Considering the reviewed age classification of the World Health Organization [48] and the age of
participants, the results of the current systematic review correspond to middle-aged office workers.

According to the International Labor Organization (ILO), musculoskeletal disorders are the most
common health problem among office workers in the 27 countries of the European Union [49] and
the percentage of office workers that suffer from MSDs ranges from 20 to 60 per cent [8], which has
led the researchers to the study of this phenomenon. Three studies in the current review [31-33]
examined the musculoskeletal disorders which refer to neck and shoulder pain and two studies the
musculoskeletal disorders which refer to low-back pain (chronic and non-specific) [34,35]. This comes
in agreement with another study which concluded that office workers report that the regions of lower
back (58.1%), shoulders/neck (53.0%) and hands/wrists (50.2%) are those more affected by
musculoskeletal disorders, while hips/thighs/buttocks (35.9%), knees (22.6%) and ankles/feet (20.7%)
are the least indicated body regions with MSDs and noted a progressive increase in MSDs from the
young to middle-aged and older office workers [50]. Additionally, one more study concluded that
the MSDs recorded more often among office workers are located on the regions of neck, shoulders,
arms, hands, wrists and low back [51], which also comes in agreement with the examined body
regions of the RCTs included in the current review.

Although an association in MSDs and age of office workers is also shown in other studies [52,53],
there are studies that it is concluded that there is not such an association [54,55]. One study concluded
that the upper back is the only region higher affected than other body regions by MSDs in young
office workers [56], while most of the studies where the participants are both young and middle-aged
office workers have examined the musculoskeletal disorders on the regions of neck and shoulders
[57-60]. The above preferable examined body regions could be justified by researchers’ conclusion
that among all occupations, office workers have the highest incidence of low-back and neck shoulder
disorders at 17% to 21% [44,61].

Another important outcome of the present review is that results were overall independent of the
supervision, which was not found to be a significant predictor of compliance [32], although
supervision increases the level of commitment [62]. This outcome is very important for the
organizations and companies, as supervision of exercise microbreaks could be a significant cost for
them.

The present review showed that workplace exercise intervention had an overall positive effect
in middle-aged office workers both on their workability and their well-being. These findings are in
agreement with results of other systematic reviews which refer to younger participated office
workers than those of our review and support the workplace exercise microbreaks [13,42-47].

1.  Workability

Although workplace exercise interventions had no positive effect in productivity of office
workers [31,32], no negative effect was recorded either in our review. A positive effect was recorded
in presenteeism as sick-leave was reduced [35], which is of great interest for the organizations and
the companies. Despite the fact that it is difficult to determine whether the office workers’
musculoskeletal disorders are work-related or not, microbreak exercise interventions in the
workplace had positive effect on them and more specifically, workplace exercise microbreaks
resulted in the reduction of neck and shoulder pain [32,33], reduction of shoulder, arm and hand
disability [31], improvement of muscle strength of the arm [32], reduction of non-specific low-back
pain and disability [34], improvement in risk of chronicity of non-specific low back pain [34] and
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reduction of chronic low-back pain [35]. Our results agree with those of two other systematic reviews
[44,46] in which, although the participants were of younger age than those of our review, it was
shown that exercise intervention in workplace reduced musculoskeletal disorders in neck, shoulder,
upper arm and lower back [44,46].

One finding of a systematic review where the participants were younger office workers than the
participants of the present review, states that neck/shoulder strengthening exercise microbreaks
reduced neck pain in office workers who were symptomatic, but had no positive effect in general
population of office workers [47], while both of the studies in our review that examined strengthening
exercise microbreaks in office workers that were of general population, resulted in the reduction of
neck pain [31,32]. We have to consider that our review is the only one that corresponds specifically
to middle-aged personnel, which may be the cause of any difference noted while compared with
other systematic reviews, in which participants are of younger age. Finally, a subgroup of a review
[13] of sedentary workers concluded that the most positively effective microbreak exercise in
musculoskeletal pain for sedentary occupations is that of stretching, followed by resistance and
strengthening exercise; this comes in agreement with the intervention microbreak exercise programs
that were studied in our review (Table 5), which leads us to the conclusion that the types of
microbreak exercise programs that have been studied so far are similar for younger and middle-aged
office workers and are beneficial for them, as they reduce symptoms of musculoskeletal disorders
that might have worsen without workplace microbreaks during working hours.

2. Well-being

Workplace exercise intervention resulted in improvement of Quality of Life in two studies of
our review [34,35], in one study there was a limited improvement [33] and in one study there was no
change [32]. It is notable that the improvement of QoL was recorded in the two studies where
participants were with low-back pain (non-specific and chronic) [34,35]. Our results strengthen the
known positive effect of workplace active exercise intervention in Quality of Life of office workers
[42,43] and enforce the necessity of their adaptation in the workplace during working hours.

It is remarkable that an increase of readiness to change lifestyle and attitude in relation to
physical activity was recorded in control groups and not in the intervention groups in two studies of
our review [31,32]. This finding may be an indicator of the difficulties encountered by the intervention
groups in performing regular exercise microbreaks in the workplace, during working hours. It is
known that workplace training during working hours is generally well accepted by the office
workers, but the daily five-day training is too much for them [58]. Additionally, two causal factors of
this finding may be the difficulty for the workers to change working culture [63,64] and the possible
inadequate organizational encouragement and implementation of occupational health guidelines as
far as health promotion of workers is concerned.

The present review was limited by the small number of Randomized Control Trials available
that performed workplace exercise intervention microbreaks to middle-aged office workers.
Additionally, clinical heterogeneity was found in the characteristics of the studies. Improvement in
the quality of studies is required to strengthen the current evidence on workplace exercise
interventions on middle-aged office workers.

5. Conclusions

The present systematic review to the best of our knowledge is the first one which studies the
oldest age group of office workers that has been studied so far and, specifically, the effect of
workplace exercise intervention on them.

According to the results of the current systematic review, it is suggested that a microbreak
exercise intervention that is most positively effective for the middle-aged office workers at their
workplace, as far as their workability and well-being is concerned, may constitute of gradually
increased strengthening and moderate stretching exercises, isometric position and postural
reminders, either with or without supervision and with preferable frequency of either 20 minutes 3
times per week or about 12 minutes daily. More particularly, microbreak exercise intervention with
the above characteristics, either with or minimal supervision, results in the decreasing of
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musculoskeletal pain, of disability, of sick-leaving from work and in the improvement of quality of
life and physical activity of the middle-aged office workers, without negative impact on their
workability.

The effective fitting and embodying of microbreak exercise interventions on middle-aged office
workers in the workplace during working hours, is positively effective both for the office workers
themselves and the companies or organizations. Future researches specifically in older office workers
need to be conducted in order to amplify microbreak exercise interventions in workplace, under the
umbrella of the labor health policy for the older workers.
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