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This paper systematically reviews the literature on the effectiveness of physical activity programs at worksites
with respect to work-related outcomes. A computerized literature search, a reference search, and a manual search
of personal databases were performed using the following inclusion criteria: randomized controlled or controlled
trial, working population, worksite intervention program to promote physical activity or physical fitness, and
work-related outcomes. The study quality was evaluated using nine methodological criteria. Conclusions were
based on a 5-level rating system of evidence. Eight studies (4 randomized controlled trials and 4 controlled trials)
were identified, but their methodological quality was generally poor. The outcomes were absenteeism, job
satisfaction, job stress, productivity, and employee turnover. The evidence of an effect was limited for absentee-
ism, inconclusive for job satisfaction, job stress and employee turnover, and nil for productivity. The scientific
evidence on the effectiveness of physical activity programs at worksites is still limited. Because of the few high-
quality randomized controlled trials, it is strongly suggested that this type of study be carried out. Future
randomized controlled trials should pay special attention to the description of randomization, inclusion criteria,
compliance, and analyses according to intention to treat.
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Despite the promotion of a more physically active life-
style, only a minority of adults is engaged in physical
activity at a level sufficient to maintain or increase fit-
ness and health (1, 2). Because regular physical activi-
ty is associated with a decrease in risk factors for sev-
eral chronic diseases (3–7), encouraging people to be
(more) physically active is of major public health im-
portance. In addition to the person-related benefits, em-
ployers may experience benefits from enhancing physi-
cal activity among their employees. Currently, corpora-
tions in western countries have become more and more
aware of the importance of worksite programs aimed at
increasing physical activity and fitness levels (8) and
have offered such programs to their employees far more
often during the past 20 years than before (9). Both in
practice and in the literature, physical activity programs,

physical fitness programs, and exercise programs have
been used rather interchangeably. Such an interchange
is in fact undesired because of the different meanings
of the constructs physical activity, physical fitness and
exercise. In order to reduce confusion regarding these
different constructs, we have chosen arbitrarily to ap-
ply one single term in this article for all programs that
describe physical activity, physical fitness, or exercise
at worksites, namely, physical activity programs at
worksites. Thus, in this paper, we consistently apply this
term, which includes any one of the three types of pro-
grams mentioned.

According to Jex & Heinisch (10), the primary ra-
tionale for implementing physical activity programs at
worksites is that exercisers are healthier than nonexer-
cisers, and therefore represent reduced health care costs
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for the company. Dishman et al (9) supports this ration-
ale by stating that physical activity programs at work-
sites are aimed at increasing productivity and at reduc-
ing health care costs. Many studies, and some reviews,
have addressed the effectiveness of physical activity
programs at worksites (9, 11–13). Two of these reviews
(11, 13) described studies that investigated the impact
of such interventions on both health-related and work-
related outcomes, but failed to evaluate the internal va-
lidity of the studies. Two other reviews (9, 12) exam-
ined the methodological quality of the studies included.
However, both of these reviews focused on health-re-
lated outcomes only. In conclusion, no review was found
that evaluated the effectiveness of worksite physical-ac-
tivity programs on work-related outcomes while taking
into account the methodological quality of each study.
Therefore, the purpose of the our review was to assess
the effectiveness of physical activity programs at work-
sites on work-related outcomes systematically by apply-
ing several methodological quality criteria and using a

rating system to determine the level of evidence as to
effectiveness.

Methods

Literature search

The literature search included a computerized database
search, a reference search, and a manual search in our
personal database. The computerized literature search
was conducted in Medline, Psychinfo, Sportdiscus, OS-
Hrom, and Cisdoc. The key words used for the search
were divided into four headings in accordance with the
inclusion criteria given later in this paper. English, Ger-
man, and Dutch publications from 1980 to 2000 were
selected. Subsequently, the reference and manual search
results were examined for additional studies. The inclu-
sion criteria were (i) randomized controlled trial (RCT)
or controlled trial (CT), (ii) working population, (iii)
worksite program intended to increase physical activity
or fitness; and (iv) work-related outcomes. Criteria for
exclusion were (i) physical activity programs at work-
sites aimed at secondary prevention of specific health
complaints and (ii) comprehensive worksite health pro-
gram in which physical activity or fitness was merely
one of the many program components.

Methodological quality

Two reviewers (KP and BS) independently evaluated the
studies identified by means of a list containing method-
ological criteria (table 1). These criteria were derived
from methodological guidelines for systematic reviews
developed by the Cochrane Collaboration Back Review
Group (14). As these guidelines were developed to re-
view randomized controlled trials in the field of thera-
pies and secondary prevention for back pain, some cri-
teria had to be omitted or adjusted for the purpose of
this particular review.

As the first criterion (randomization procedure) is
not applicable to studies without the randomization of
subjects, controlled trials could reach a maximal quali-
ty score of 8 rather than 9. A positive score was given
if there was a satisfactory description and adequate per-
formance of each item concerned, according to the dis-
cretion of the reviewer. The reviewing process was
planned so that a consensus meeting between the two
reviewers would take place in order to solve disagree-
ments, if such would arise. If no consensus could be
reached during this meeting, a third reviewer should be
consulted. Conclusions with regard to the effectiveness
of physical activity programs at worksites on a certain
outcome measure were drawn using a rating system as
to levels of evidence. This rating system was based on

Table 1. Criteria list for the methodological quality assessment of
(randomized) controlled trials on the effectiveness of physical
activity programs worksites and the definition of the criteria.

Criterion Definition

A Randomization Positive if a random (unpredictable) assignment
procedure a sequence of subjects to the study groups was

used and if there was a clear description of the
procedure and adequate performance of the
randomization

B Similarity of study Positive if the study groups were similar at the
groups beginning of the study with regard to age and at

least one of the relevant outcome measures; if
differences existed between the groups, an
adjusted analysis had to be performed

C Inclusion or Positive if inclusion or exclusion criteria were
exclusion criteria specified

D Dropouts Positive if the percentage of dropouts during the
study period did not exceed 20% for short-term
follow-up (≤ 3 months) or 30% for long-term
follow-up (> 3 months)

E Blinding Positive if the person performing the assess-
ments was blinded as to the assignment of
subjects to the groups or if objective instruments
were used; if questionnaires only were used, a
negative score was given

F Compliance Positive if the participants attended at least 75%
of the prescribed frequency; if several adherent
groups were distinguished, the high-frequency
group had to attend at least 75% of the
prescribed frequency to score positively

G Intention-to-treat Positive if the intervention and reference subjects
analysis were analyzed according to the group belonging

to their (initial) assignment, irrespective of
noncompliance and cointerventions

H Timing of outcome Positive if the timing of the outcome measure-
assessments ment was identical for all the intervention and

reference groups and for all important outcome
assessments

I Follow-up Positive if follow-up was 6 months or longer

a Item A is only applicable for randomized controlled trials.
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several best-evidence syntheses applied in earlier com-
parable reviews (15–17). The following five levels of
evidence were distinguished: (i) strong evidence: at least
two randomized controlled trials of high quality with
consistent results; (ii) moderate evidence: one rand-
omized controlled trial of high quality and at least one
randomized controlled trial of low quality or one rand-
omized controlled trial of high quality and at least one
controlled trial of high quality (for both situations, con-
sistent results were required); (iii) limited evidence: one
randomized controlled trial of high quality and at least
one controlled trial of low quality or more than one ran-
domized controlled trial of low quality or more than one
controlled trial of high quality (for all situations, con-
sistent results were required); (iv) inconclusive evi-
dence: only one study or multiple controlled trials of low
quality or contradictory results; and (v) no evidence:
more than one study with the consistent result that no
significant or relevant results were shown. A study was
considered to be of high quality if more than 50% of
the methodological criteria was scored positively. Oth-
erwise, the study was considered to be of low quality.
High and low quality are relative qualifications and have
to be interpreted as relatively high and relatively low.
The results of the studies were first examined for statis-
tical significance. In case of no statistical significance,
we checked whether the results were meaningful from
an employer’s perspective, defined as a 20% difference
between study groups, in favor of physical activity pro-
grams at worksites (18). The results were considered to
be consistent if at least 75% of the studies involved re-
ported statistical significance or were meaningful as al-
ready defined. In this process, a hierarchical order of
design and quality was used for the studies. For exam-
ple, for strong evidence to be the conclusion, only re-
sults of the identified randomized controlled trials that
were of high quality were taken into account and eval-
uated for consistency.

Results

The (computerized, reference, and manual) search iden-
tified 218 (193, 19, and 6, respectively) publications.
Reading the title or abstracts or both resulted in the ex-
clusion of 177 publications. After the whole text of the
rest of the publications was read, another 20 (19–38) had
to be excluded. Most of the studies were excluded be-
cause they did not involve a physical activity program
at a worksite or did not evaluate the effect on work-re-
lated outcomes. In addition, nine studies were excluded
because of a lack of a reference group (39–47). Finally,
12 publications were selected (48–59). Three publica-
tions concerned the same randomized trial (52, 56, 57),
and three others described one nonrandomized control-
led trial (49, 50, 58). For that reason, eight studies were
evaluated (4 randomized controlled trials and 4 control-
led trials). The two reviewers reached initial total agree-
ment on 72% of the studies. Cohen’s kappa was 0.45
for this initial agreement. Interpretation errors were the
main reason for discrepancies between the two review-
ers. After some discussion, the two reviewers could not
reach agreement concerning item C (table 1) for four
studies. As a result, a third reviewer (VH) was consult-
ed.

The quality scores ranged from 3 to 7 for the rand-
omized controlled trials and from 1 to 5 for the control-
led trials (table 2). Two of the randomized controlled
trials (51, 53) and one of the controlled trials (59) were,
according to our rating system, of high quality. For the
randomized controlled trials, most of the shortcomings
were due to unclear descriptions of the randomization
procedure and the inclusion criteria. For the controlled
trials, a lack of a sufficient description of the inclusion
criteria, dropouts, or the level of compliance with the
intervention were common shortcomings. Moreover,
with the exception of one study (59), none of the trials
had included an intention-to-treat analysis.

Table 2. Methodological quality of each study. (NA = not applicable)

Study Methodological quality criterion a Total score

A B C D E F G H I

Randomized controlled trials

Kerr & Vos, 1993 (53) + + - + + + - + + 7
Grønningsäter et al, 1992 (51) - + + + - + - + + 6
Halfon et al, 1994 (52); Rosenfeld et al,
1989 (56); Rosenfeld et al, 1990 (57) - - - + + - - + + 4
Oden et al, 1989 (55) - + - + + - - - - 3

Controlled trials

Skargren & Öberg, 1999 (59) NA + + + - - + + - 5
Cox et al, 1981 (49); Cox et al, 1987 (50);
Shephard et al, 1981 (58) NA + - - + - - + + 4
Blair et al, 1986 (48) NA + - - + - - - + 3
Norris et al, 1990 (54) NA - - - - - - + - 1
a See table 1 for the definitions of the criteria.
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Table 3. Detailed description of the randomized controlled trials and the controlled trials.

Study Intervention Posttest/ Study population Outcome measures and Results a

follow-up their assessment

Randomized controlled trials
Grønningsäter et al, 1.Aerobic exercise aimed at im- 10 weeks and 171 insurance company Job satisfaction: questionnaire as- Job satis-
1992 (51) proving physical capacity, 6 months workers (92 men, 79 sessing comfort, challenge, financial faction: –

strength, flexibility and relaxa- women); age 25-67 reward, relations with co-workers, Job
tion; 10 weeks, 3 times per years; 72 used for the resource adequacy, and promotions stress:  0
week, 55 minutes analysis Job stress: questionnaire assessing

2.Cognitive behavioral stress stress related to workload, commu-
management, lectures, group nication, relocation, and leadership
discussions, self-study and
home assignments; 10 weeks,
3 times per week, 55 minutes

3.Reference: no intervention
Halfon et al, 1994 (52); 1.Regular physical exercise, 7 months 522 pharmaceutical Absenteeism: (number of hours Absent-
Rosenfeld et al, 1989 stretching, relaxation, strength, workers (255 men, 267 absent due to illness / total number eeism
(56); Rosenfeld et al, aerobic exercises; 7 months, women); mean age 40 of hours expected to work) × 100 from
1990 (57) 5 times per week, 15 minutes years; 461? used for work: 0

2.Reference: social games; 7 the analysis Job satisfaction: questionnaire Job satis-
months, 5 times per week, Productivity: (i) self-reported work faction: +
15 minutes efficiency (workload/work fatigue) Produc-

and (ii) objective self-efficiency / tivity (i):  +
[(actual time needed to complete Produc-
one defined unit × the number of ivity (ii):  0
units produced)/net assigned work-
time self-efficiency]

Kerr & Vos, 1993 (53) 1.Exercises aimed at improving 12 months 152 bank workers Absenteeism: absence time Absent-
endurance, strength, flexibility, (gender ?); mean age registered in bank records eeism: +
good body posture; 12 months, 37.6–39.4 years; 152
1 time per week, 60 minutes used for the analysis

2.Reference: no intervention
Oden et al, 1989 (55) 1.Aerobics, walk or jog, bicycle 24 weeks 45 blue-collar workers Job satisfaction: questionnaire Job satis-

ergometer,  aerobic dance; (9 men, 36 women); Job stress: questionnaire faction: 0
24 weeks, 3 times per week mean age 29.3 years Productivity: (i) net allowed hours Job

2. Reference: no intervention (exercise group), 29.2 (number of hours allowed for work stress: +
years (reference group); on the product hours + the un- Produc-
45 used for the analysis planned labor hours such as re- tivity (i): 0

work and repair of a product) and Produc-
(ii) quality yield (percentage of the ivity (ii): 0
product that passes inspection)

Controlled trials
Blair et al, 1986 (48) 1.Weekly exercises and health 10 weeks (job 12 136 school district Absenteeism: computer tape data Absent-

education classes; 2 different satisfaction); workers [79% women from the district personnel office eeism: +
program cycles of a 10-week 1 year (absen- (participants), 78% wo-
intervention phase teeism) men (nonparticipants)];

2.Reference: participant group mean age 42.7 years
starting at a different time (participants), 41.0 years

(nonparticipants); 1835?
used for the analysis (job
satisfaction), 10 806 used
for the analysis (absen-
teeism)

Cox et al, 1981 (49); 1.Rhythmic calisthenics, jogging, 3 and 6 months 534 of 1858 insurance Absenteeism: collected for several Absent-
Cox et al, 1987 (50), ball games, lectures; 6 months, company workers com- months for several years eeism: +
Shephard et al, 3 times per week, 30 minutes pleted all 3 physiological Job satisfaction: questionnaire Job satis-
1981 (58) 2.Reference: no intervention tests (234 men, 300 assessing type of work, supervision, faction: 0

women); mean age pay, opportunities for promotion, Produc-
30.2–40.1 years; 1858 and co-workers tivity: 0
used for the analysis Productivity: average of quarterly Employee
(absenteeism), 481 departmental records turn-
used for the analysis Employee turnover: provided for over: +
(job satisfaction) individual departments along with

an arbitrary assessment of produc-
tivity per department

Norris et al, 1990 (54) 1.Aerobic training: road running; 10 weeks 150 police officers (all Job stress: questionnaire Job
10 weeks, 3 times per week, men); age 20–50 years; stress: +
45 minutes 77 used for the analysis

2.Anaerobic training: weight
training to improve muscular
strength; 10 weeks, 3 times per
week, 35 minutes

3.Reference: no intervention

(continued)
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The outcome measures of the studies were absen-
teeism from work, job satisfaction, job stress, produc-
tivity, and employee turnover.

Description of the studies

A description of the characteristics of each study is giv-
en in table 3.

Type of intervention. Of the four randomized control-
led trials, three involved a combined program of aero-
bic, strength, and flexibility exercises (51–53, 56, 57).
The other (55) focused on aerobic training only. Of the
four controlled trials, the type of program differed some-
what. In the study reported by Cox et al (49, 50) and
Shephard et al (58), the main focus was on the develop-
ment of cardiorespiratory fitness, while in the study of
Skargren & Öberg (59) strength exercises were added
to cardiovascular capacity exercises. In the study of
Norris et al (54), two intervention programs were com-
pared with a reference program, namely, an aerobic pro-
gram and anaerobic program, which was aimed at im-
proving muscle strength.

Study period. The study period of the four randomized
controlled trials varied from 6 to 12 months, while that
of the controlled trials lasted from 8 weeks to 1 year.

Study population. Both blue- and white-collar workers
were investigated in the studies. Two of the randomized
controlled trials evaluated the effect of physical activi-
ty programs at worksites using white-collar employees
(51, 53), another randomized controlled trial used both
white- and blue-collar employees (52, 56, 57), while the
study of Oden et al (55) investigated the effect using
blue-collar subjects. Also, among the controlled trials,
both blue- and white-collar employees were investigat-
ed. The types of employees studied in the controlled tri-
als were employees working in insurance companies
(49, 50, 58), nursing staff (59), police officers (54) and
school district employees (48).

Absenteeism from work
One high-quality randomized controlled trial (53), one
low-quality randomized controlled trial (57), and two
controlled trials (48–50, 58) were identified that evalu-
ated the effect on absenteeism from work. The rand-
omized controlled trial of high quality (53) and one con-
trolled trial (48) showed a statistically significant posi-
tive effect of the program on absenteeism from work.
In the study of Kerr & Vos (53), both experimental
groups showed a decrease in the frequency of absentee-
ism, while the frequency of absenteeism in the reference
groups increased. The other randomized controlled tri-
al (57) did not show a change during the study period.
Furthermore, both controlled trials reported a positive
influence of the intervention on absenteeism. On the ba-
sis of these findings, it was concluded that there is lim-
ited evidence for the effectiveness of worksite physical
activity programs on absenteeism from work.

Job satisfaction
One randomized controlled trial of high quality (51),
two randomized controlled trials of low quality (52, 55,
57), and one low-quality controlled trial (49, 50, 58)
were identified that investigated the effect of physical
activity programs at worksites on job satisfaction. The
trial of high quality (51) reported a significant negative
effect of the program on job satisfaction in that a de-
crease in job satisfaction was seen in the aerobic train-
ing group when it was compared with a stress manage-
ment group and a reference group. In contrast, the study
reported by Rosenfeld et al (57) and Halfon et al (52)
showed a positive effect of physical activity training in
that the reference group reported significantly lower job-
satisfaction scores than the workers engaged in a physi-
cal activity program at their worksites. The third rand-
omized controlled trial (55) did not find a statistically
significant change in job satisfaction for either group
during the study period. Finally, the only controlled
trial (49, 50, 58) did not show a significant effect for
the intervention. Thus it was concluded that there is

Table 3. Continued.

Study Intervention Posttest/ Study population Outcome measures and Results a

follow-up their assessment

Skargren & Öberg, 1.General strength and cardio- 8 weeks 106 nurses and nursing Organizational or psychosocial work Organiza-
1999 (59) vascular exercises; 8 weeks, aides [84% women (par- conditions: questionnaire measuring tional or

2 times per week, 45 minutes ticipants), 86% women work climate, work content, work- psychoso-
per session (nonparticipants), 88% pace, demands on attention, work cial work

2.Reference: no intervention women (referents)]; planning, job security, job contraints, condi-
mean age 35.8 years and work-role ambiguity tions: 0
(participants), 37.7 years Physical work conditions: ques- Physical
(nonparticipants), 36.3 tionnaire measuring heavy lifting, work
years (referents); 78 demanding work positions, high condi-
used for the analysis workpace, high demands on con- tions: 0

centration and precision, and mainly
sitting

a 0 = no effect; + = positive effect; – = negative effect.
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inconclusive evidence for the effectiveness of physical
activity programs at worksites on job satisfaction.

Job stress

One high-quality randomized controlled trial (51), one
low-quality randomized controlled trial (55), and two
controlled trials (54, 59) were identified that studied the
effect of a physical activity program on job stress. The
study of Grønningsäter et al (51) found no effect of the
physical activity program on job stress. Although Oden
et al (55) could not find statistically significant differ-
ences in job stress, differences between the experimen-
tal and reference groups were evaluated as meaningful.
The study of Norris et al (54) showed significant im-
provements in self-reported measures of stress among
the subjects participating in the aerobic and anaerobic
training when compared with the reference group. In
addition, the improvement of those engaged in aerobic
training was greater than the effect of those engaged in
anaerobic training. Finally, the study of Skargren &
Öberg (59), who evaluated the effect on organizational
and psychosocial conditions and also physical work con-
ditions, suggested that a physical activity program at
work does not affect perceived work conditions, with
one exception, namely, work planning. According to the
results of the studies selected, we concluded that there
was inconclusive evidence for an effect on job stress.

Productivity

Definitions of productivity in the studies included were
(objective) self-efficiency, (perceived) work efficiency,
quality yield, and net allowed hours. In addition, the
method of measuring productivity differed among the
studies in that some used subjective ratings (52, 56),
while others used objective measures of productivity
(49, 50, 55, 56, 58). Rosenfeld et al (56) evaluated the
effectiveness on both objective and subjective measures
of productivity. Two randomized controlled trials (52,
55, 56), both of low quality, evaluated the effect of a
physical activity program at worksites on productivity.
The study described by Halfon et al (52) and Rosenfeld
et al (56) found significantly higher ratings of perceived
work efficiency in the physical activity group than in
the reference group. However, the objective measure of
productivity, as reported by Rosenfeld et al (56), showed
no change during the study period. The latter finding
was supported by Oden et al (55), who also showed no
statistically significant change in objectively measured
productivity. The controlled study described by Cox et
al (49, 50) and by Shephard et al (58) also found no sig-
nificant changes in productivity. Based on these find-

ings, no evidence was found to indicate an effect of
physical activity programs at worksites on productivi-
ty.

Employee turnover

Only one controlled trial was identified that had stud-
ied the effect on employee turnover (49). This study (49)
showed that both high and low adherents had signifi-
cantly less employee turnover than the nonparticipants.
But, due to a lack of (randomized) controlled studies,
inconclusive evidence was concluded for the effective-
ness of physical activity programs at worksites on em-
ployee turnover.

Discussion

Effectiveness

The purpose of this systematic review was to gain in-
sight into the effectiveness of physical activity programs
at worksites on work-related outcomes. Despite the
shortcomings of most of the trials, the outcomes sug-
gest that there is limited evidence for the effectiveness
of physical activity programs at worksites on absentee-
ism from work. For absenteeism, two randomized con-
trolled trials were retrieved; one of high quality and one
of low quality. The randomized controlled trial of high
quality reported positive results, in contrast to the sec-
ond randomized controlled trial identified, which was
of low quality. As studies with lower methodological
quality are supposed to have biased findings, we highly
value the (positive) result of the one high-quality rand-
omized controlled trial. Consequently, we believe that
physical activity programs at worksites may offer rele-
vant benefits for business and corporations regarding ab-
senteeism from work. In addition, the difference in the
study population and the intervention of the reference
group between the two randomized controlled trials in
question may explain the contradictory findings. The
(high quality) trial that reported a positive effect on ab-
senteeism from work used white-collar bank employees,
while, in the (low quality) trial without positive out-
comes, the majority of the subjects were laborers. As a
larger gain can be obtained with subjects not being phys-
ically active, it is expected that white-collar workers,
performing hardly any physical activities during work,
show greater benefits than blue-collar workers do (60).
The results of these two randomized controlled trials
confirmed this dose-response relationship. Another ex-
planation for the differences between the randomized
controlled trials identified involves the program of the
reference group. The trial that showed positive findings
applied a reference group that did not take part in the
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fitness program and did not get any attention. In con-
trast, the study that did not find an effect used a refer-
ence group that received a social activity program and
identical attention when compared with the physical ac-
tivity group. This finding suggests a potential for a Haw-
thorne response, due to the less amount of attention the
reference group received in comparison with the atten-
tion received by the intervention group.

We concluded that inconclusive evidence exists for
the effect of physical activity programs at worksites on
job satisfaction and job stress. Inconsistent results were
the main reason behind this conclusion. In our opinion,
the inconsistency of findings is largely due to variations
in definition and the assessment of the outcomes or to
the compliance with the program. With respect to the
compliance, most of the studies failed to describe this
aspect sufficiently so that we cannot determine the ex-
tent to which a positive effect can be expected for com-
pliance. As the effectiveness of physical activity pro-
grams at worksites strongly depends upon compliance,
future studies should pay attention to the description of
the participation rate. Furthermore, it should be noted
that most studies not having reported significant effects
showed positive trends. It is noteworthy that 50% of the
randomized controlled trials and the controlled trials
used less than 100 subjects for their analyses, and there-
fore these studies may have lacked the statistical power
needed to detect significant differences. Probably a larg-
er sample would have resulted in significant effects.

With regard to productivity, different results were
found between the studies evaluating the effectiveness
on subjective and objective measures. The only rand-
omized controlled trial examining the effect on per-
ceived productivity showed a positive effect, whereas
the same trial, plus another randomized controlled trial,
could not find a change in favor of physical activity pro-
grams at worksites with respect to objectively measured
productivity. These contradictory findings suggest that
the experience of workers with regard to their produc-
tivity does not necessarily reflect what they, in fact, pro-
duce. Another plausible explanation for this contradic-
tion may be that the subjects involved in the studies us-
ing objective measures were mainly blue-collar work-
ers, whose productivity is determined by machinery in-
stead of by worker control. Thus it may be that an in-
crease in physical activity will lead indeed to feelings
of improved efficiency, while in fact productivity rates
remain constant because of machinery control.

Finally, inconclusive evidence was found for em-
ployee turnover, due to a lack of studies. Since a high
employee turnover rate is very costly for the company,
more high-quality research, preferably randomized con-
trolled trials, should be conducted to determine wheth-
er physical activity programs at worksites prevent or re-
duce employee turnover.

Limitations of the studies

The methodological quality of the randomized control-
led trials and the controlled trials included was poor
overall. Most of the study shortcomings were due to a
lack of, or unsatisfactory description of, randomization,
intention-to-treat analysis, inclusion criteria, and com-
pliance. It was stated in most studies that the employ-
ees were randomized into the intervention or reference
group, without any mention of the randomization pro-
cedure or the person performing the randomization. As
it remains unclear to the reader of these articles wheth-
er an adequate procedure was performed, bias may have
existed (61). The randomization procedure was suffi-
ciently described in only one study (53).

Another shortcoming included the compliance with
the program, which in most cases was either described
poorly or was found to be low according to our criteria.

Finally, with the exception of one controlled trial,
none of the studies performed an intention-to-treat anal-
ysis. Absence of such an analysis may lead to bias since
employees may drop out because of specific reasons that
make them not comparable with the group that com-
pletes the study with respect to the outcome variables.
Consequently, if dropouts are not taken into account, the
effectiveness may be overestimated.

The aforementioned shortcomings are fully in line
with the conclusions of Shephard (12), who reported that
most of the studies he reviewed suffered from low meth-
odological quality, like small and biased samples or lack
of appropriate control observations. Most of the studies
identified did not randomize their subjects into an in-
tervention or reference group. Taking into consideration
that the nonrandomized studies included in this review
often compared participants and nonparticipants, with-
out controlling for baseline differences, personality, and
other differences between these groups should not be
ignored when the results are explained (11, 62). Self-
selection of participants into the intervention is a well
known and very serious scientific shortcoming of non-
randomized studies evaluating the effects of physical
activity programs at worksites. One should bear in mind,
however, that employees who do not enjoy exercise, or
who do not want to participate in a physical activity pro-
gram at work, simply cannot be forced to do so.

Limitations of the review
As we excluded unpublished studies and abstracts, the
possibility of publication bias cannot be ruled out. Small
studies without significant differences in outcomes have
a large chance of not being published (63, 64). Thus tak-
ing into account the fact that unpublished studies prob-
ably more often have negative results, there may be a
danger of an overrepresentation of positive effects of
physical activity programs at worksites in this review.
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However, since the (published) studies identified in the
review could often not prove statistically significant dif-
ferences or meaningful results from an employer’s
standpoint, we consider the possibility of such an over-
estimation of positive effects to be small.

Another problem that cannot be ruled out is the pos-
sibility that not all relevant publications were identified.
However, this risk is probably small since we used dif-
ferent search strategies and several different biblio-
graphical databases.

Moreover, in a systematic review, the possibility of
bias due to a restriction in language may exist, as publi-
cations with significant results are more often published
in English than in other languages (63, 65). Although
we did not restrict this review to English-written stud-
ies only, the potential for such an overestimation of sig-
nificant (positive) results still remains.

Methodological quality assessment

A meta-analysis (ie, the statistically pooling of data)
may provide more conclusive evidence about the effec-
tiveness of physical activity programs at worksites than
a qualitative analysis. Nevertheless, we decided to car-
ry out a qualitative analysis and to perform a best-evi-
dence synthesis and refrain from conducting a meta-
analysis for two reasons. First, the methodological qual-
ity of the studies reviewed was rather poor, and, sec-
ond, these studies were very heterogeneous in terms of
context, design, and subjects. Although the rating sys-
tem we applied is arbitrary, it is considered to be a suit-
able method for distinguishing objectively between dif-
ferent study designs (randomized controlled trials ver-
sus controlled trials) and to assess the methodological
quality of studies (relatively high versus relatively low)
in a reproducible manner. For example, strong or mod-
erate evidence can only be concluded for outcomes from
randomized controlled trials of high quality. The cut-
off points used for categorizing a study as a high-quali-
ty study and for concluding consistent results were cho-
sen arbitrarily. Theoretically, other conclusions could
have been drawn if we had applied other cut-off points.
However, raising or lowering the cut-off point by 10%
would not have led to more or fewer high-quality rand-
omized controlled trials; therefore the same conclusions
would have been drawn and the results from this review
can be considered not to be sensitive to a change in these
cut-off points. And also, with this methodology, our re-
sults agreed with those of other systematic reviews (16,
17).

In conclusion, there is limited evidence for the ef-
fectiveness of physical activity programs at worksites
with respect to absenteeism from work and inconclusive
evidence for effectiveness regarding job satisfaction, job
stress, and employee turnover, and there is no evidence

for effectiveness in respect to productivity. These con-
clusions are probably due to a lack of randomized con-
trolled trials of high methodological quality. As many
questions still remain unanswered, we strongly recom-
mend that randomized controlled trials of high method-
ological quality be carried out on the effectiveness of
physical activity programs at worksites with respect to
work-related outcomes, although we realize that con-
ducting such research in occupational settings is diffi-
cult.
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