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Review and Special Articles

eta-Analysis of Workplace
hysical Activity Interventions

icki S. Conn, PhD, RN, FAAN, Adam R. Hafdahl, PhD, Pamela S. Cooper, PhD, Lori M. Brown, MS,
ally L. Lusk, PhD, RN, FAAN, FAAOHN

ontext: Most adults do not achieve adequate physical activity levels. Despite the potential benefits
of worksite health promotion, no previous comprehensive meta-analysis has summarized
health and physical activity behavior outcomes from such programs. This comprehensive
meta-analysis integrated the extant wide range of worksite physical activity intervention
research.

vidence
cquisition:

Extensive searching located published and unpublished intervention studies reported from
1969 through 2007. Results were coded from primary studies. Random-effects meta-analytic
procedures, including moderator analyses, were completed in 2008.

vidence
ynthesis:

Effects on most variables were substantially heterogeneous because diverse studies were
included. Standardized mean difference (d) effect sizes were synthesized across approxi-
mately 38,231 subjects. Significantly positive effects were observed for physical activity
behavior (0.21); fitness (0.57); lipids (0.13); anthropometric measures (0.08); work
attendance (0.19); and job stress (0.33). The significant effect size for diabetes risk (0.98)
is less robust given small sample sizes. The mean effect size for fitness corresponds to a
difference between treatment minus control subjects’ means on VO2max of 3.5 mL/kg/
min; for lipids, �0.2 on the ratio of total cholesterol to high-density lipoprotein; and for
diabetes risk, �12.6 mg/dL on fasting glucose.

onclusions: These findings document that some workplace physical activity interventions can improve
both health and important worksite outcomes. Effects were variable for most outcomes,
reflecting the diversity of primary studies. Future primary research should compare
interventions to confirm causal relationships and further explore heterogeneity.
(Am J Prev Med 2009;37(4):330–339) © 2009 American Journal of Preventive Medicine
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lthough strong evidence shows that exercisers
are healthier than non-exercisers, most adults
do not perform enough physical activity to

chieve health and well-being benefits.1 Workplaces
ay implement physical programs in hopes of keeping
orkers healthy and reducing healthcare costs.2 Be-
ause employed adults spend about half of their work-
ay waking hours at workplaces, offering physical activ-

ty programs at work may be an efficient strategy to
ncrease physical actvity.3–5 Convenience, group sup-
ort, existing patterns of formal and informal commu-
ication among employees in a worksite, and possible
orporate behavior norms are potential advantages of
orksite programs over other approaches.6–8 Work-
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issouri, Columbia MO 65211. E-mail: conn@missouri.edu
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lace programs may be especially important because
he imbalance between physical activity and energy
ntake at work may contribute to the obesity epidemic.4

his meta-analysis addresses the need to quantitatively
ynthesize the rapidly growing literature reporting
orkplace physical activity programs.
Despite the potential health and economic benefits

f worksite health promotion,2 no previous compre-
ensive meta-analysis has summarized health and phys-

cal activity behavior outcomes from these programs.
everal previous narrative reviews were limited in scope
nd unable to address either the magnitude of out-
omes or potential workplace moderators of out-
omes.4,5,9,10 The broadest narrative review was con-
ucted using studies published before 1995.11 Two
revious meta-analyses addressed physical activity be-
avior outcomes across some studies included in this
roject. One 1998 meta-analysis of 26 studies reported
n effect size consistent with a standardized mean
ifference of 0.22, which was not significantly different
rom zero. The authors noted that their attempted
oderator analyses suffered from inadequate statistical

0749-3797/09/$–see front matter
ed by Elsevier Inc. doi:10.1016/j.amepre.2009.06.008
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ower.3 A 1996 meta-analysis synthesized data for di-
erse adults and reported a workplace effect size con-
istent with a standardized mean difference of 0.35.12

This meta-analysis moves beyond the previous re-
orted quantitative syntheses by greatly expanding the
earch strategies to ensure a more comprehensive
ynthesis, addressing both physical activity behavior and
ealth outcomes, examining work-related outcomes,
nd conducting exploratory moderator analyses. The
esearch questions were as follows: (1) What are the
verall effects of interventions to increase physical
ctivity on physical activity behavior; health (fitness,
ipids, anthropometric measures, diabetes risk); well-
eing (quality of life, mood); and work-related out-
omes (work attendance, healthcare utilization, job
tress, and job satisfaction)? (2) Do interventions’ ef-
ects on outcomes vary depending on workplace char-
cteristics? (3) What are the effects of interventions on
utcomes among studies comparing treatment subjects
efore versus after interventions?

ethods

tandard strategies for quantitative systematic reviews were
sed to locate and secure potential primary studies, deter-
ine eligibility, extract data from research reports, meta-

nalyze primary study results, and interpret findings.

earch Strategies to Locate Primary Reports

comprehensive search was completed using multiple strat-
gies to move beyond previous reviews and limit bias.13 An
xperienced health sciences reference librarian used broad
earch terms in 11 computerized databases (e.g., MEDLINE,
sychINFO, EMBASE, Cochrane Controlled Trials Register,
issertation Abstracts International). Multiple research regis-

ers were examined, including NIH Computer Retrieval of
nformation on Scientific Projects; Australian/New Zealand
linical Trials Registry; and mRCT, which has 14 active

egisters and 16 archived registers. Computerized database
earches on principal investigators of funded studies and on
he first three authors of eligible primary studies were com-
leted. Hand searches were conducted in 114 journals. An-
estry searches were completed on previous reviews and
ligible studies. These comprehensive search strategies
ielded 7251 papers, reports, and reviews that were examined
o locate eligible primary studies.

nclusion Criteria

rimary studies of interventions to increase physical activity
hat were reported in English between 1969 and late 2007
ere included. Reports with adequate data to calculate an
ffect size for at least three subjects were included. Studies
hat focused on chronically ill workers were excluded. Pub-
ished and unpublished studies were eligible because synthe-
es using only published studies may overestimate the effect
ize.14 Small-sample studies, which often lack statistical power
o detect treatment effects, were included because they may
eport on novel interventions or may include difficult-to-

ecruit subjects.14 d

ctober 2009
Studies with varied designs were included. RCTs may be
specially difficult to implement at worksites because of
mployee resistance to randomization and potential contam-
nation among workers with extensive contact.11 Some pre-
xperimental studies compare programs developed at work-
laces. Some investigators find it unethical to withhold
reatment when interventions are thought to be beneficial.15

eparate analyses were conducted for single-group and two-
roup comparisons. A richer variety of interventions and
amples were included by using unpublished reports, small-
ample studies, and pre-experimental research.

ata Coding and Analysis

coding frame to record primary study characteristics and
esults was developed, pilot tested, and refined. Company
ize, profit versus nonprofit status, and whether multiple
ompanies were included in the study, were coded. The
xtent of worksite involvement in the intervention was coded
n two ways: whether the interventionist was a workplace
mployee and if the worksite designed the intervention.
ther coded data included whether interventions were deliv-

red during employees’ paid time, whether data were col-
ected at the workplace, whether interventions included fit-
ess facilities at worksites, and whether some form of
rganizational policy change occurred in association with

nterventions. Interventions could include motivational or
ducational sessions or supervised exercise sessions.
A priori lists of outcome measures were used to select from

mong multiple possible measures reported in primary stud-
es, as a way of avoiding coder or author bias. For example, if
tudies presented both objective ergometer (step-counter)
easures and self-reports of physical activity, the ergometer

alues were coded. Physical activity behavior was recorded
nly if the study clearly measured physical activity behavior
eparate from any interventionist-supervised exercise. Fitness
as coded as oxygen consumption (VO2max). Lipid measures

ncluded total cholesterol, high-density lipoproteins, or the
atio of total cholesterol to high-density lipoproteins. BMI,
eight, abdominal girth, and percent body fat were coded for
nthropometric measures. Both quality of life and mood
e.g., depression, anxiety) were assessed with self-report mea-
ures. Diabetes risk was measured as fasting glucose or insulin
evels. Work attendance and health services utilization mea-
ures were derived from company records. Job satisfaction
nd stress were coded from self-report instruments. The data
hat were reported most distally from completion of the
ntervention were recorded, because persistence of interven-
ion effects is most important for long-term benefits to health.
o ensure analysis of only independent samples, author lists
ere cross-checked to locate reports that might contain
verlapping samples. When possible, multiple papers describ-

ng the same study were used to code comprehensive data.
oding was not masked because evidence indicates it does
ot decrease bias.16

Data calculations were handled by standard meta-analytic
pproaches using standardized mean difference (d) effect
ize weighted by inverse of variance. Exploratory moderator
nalyses were conducted among two-group post-intervention
omparisons. Many potential moderators could not be ana-
yzed because too few studies reported the necessary informa-
ion (e.g., company focus, such as manufacturing). Analysis

etails are available from the authors.

Am J Prev Med 2009;37(4) 331
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esults

pproximately 38,231
ubjects participated in
he studies included in
he meta-analysis (k�206
omparisons, s�138 re-
orts).17–155 Indepen-
ent two-group post-test
ffect sizes included data
rom 24,520 subjects
k�94, s�71); two-group
re–post effect sizes,
rom 14,630 subjects
k�80, s�59); and pre–
ost treatment group
omparisons, from
2,413 subjects (k�192, s�125). Sample sizes varied
ramatically from 12 to 5038 subjects.78,155 Multiple
reatment groups were common: 34, ten, three, and
ne paper(s) reported on two, three, four, and six
reatment groups, respectively. Twelve unpublished dis-
ertations and one unpublished presentation paper
ere included. Many studies reported funding (s�59).
ne report was disseminated before 1970, five in the

970s, 35 in the 1980s, 49 in the 1990s, and 48 were
isseminated after 2000. The earliest study was re-
orted in 1969 and the most recent study in 2007.
nalyses were completed in 2008.
Among the studies that reported details about work-

ites, 55 were for-profit and 50 were not-for-profit
ompanies. Most papers did not report company size
s�80). Among the papers reporting this information,
he vast majority were large companies (at least 750
mployees), with only five described as small (fewer
han 100 employees). Most studies were conducted in
ingle companies at one location (s�87), 17 used
ultiple locations of one company, and 23 conducted

tudies at multiple companies. The most common types
f companies were education or health services (s�37);
overnment (s�32); and manufacturing (s�17). Few
tudies reported whether study data were collected at
he worksite; among those providing this information,
1 collected data at the workplace and 14 did not.
nterventions were more often delivered at the work-
lace (s�51) than in other locations (s�21). Nearly all
f the studies recruited subjects at the worksite (s�121).
nly 32 papers reported that interventions were deliv-

red during employees’ paid time. Most studies used inter-
entionists employed by the research project (s�101) in-
tead of workplace employees. Only six studies reported
ncluding an organizational-level policy change, such as
roviding free or reduced memberships to fitness centers
ot located at the worksite. Twenty-six studies involved
orkplace employees in designing interventions. Thirty-
ight papers reported on interventions that included fitness

Table 1. Intervention characte

Variable

Minutes/session of supervised
Number of supervised exercise
Frequency/week of supervised
Minutes/session of motivationa
Number of motivational sessio
Days over which intervention w
Recommend frequency of unsu

physical activity
Recommend minutes/session o

physical activity

Note: Interventions could include
physical activity.
s, reports; min, minimum; max, m
acilities at the worksite. Supervised exercise was used in 27% h

32 American Journal of Preventive Medicine, Volume 37, Num
f the studies while 80% used motivational or educational
essions. Further details about interventions are found
n Table 1.

Visual and statistical assessment of funnel-plot asym-
etry, as an indicator of possible publication bias,

uggested substantial evidence of asymmetry for physi-
al activity, fitness, lipids, and diabetes risk, especially
or single-group comparisons. Evidence of asymmetry
as weaker but still notable for anthropometric mea-

ures and mood. Because of the relatively few effect
izes on quality of life, health services utilization, work
ttendance, job stress, and job satisfaction, evidence for
r against funnel-plot asymmetry was inconclusive for
hese variables.

ffects of Interventions on Physical Activity
ehavior, Health, and Well-Being

able 2 presents the overall effects of interventions on
hysical activity, health, and well-being outcomes. The
ndings should be interpreted with caution given the
mall number of studies or subjects for some outcomes.
or physical activity behavior, the mean overall effect at
ost-test comparison in two-group studies was 0.21. The

wo-group pre–post effect and treatment group pre–post
omparisons were of comparable magnitude. The Com-
on Language Effect Size (CLES) of 0.56 for the two-

roup post-test effect size indicates that 56% of the time a
andom treatment subject would have a higher physical
ctivity score than a random control subject (all CLES
alues reported are based on a random-effects mean
ffect size for two-group post-test comparisons). To en-
ance interpretability, mean physical activity effect sizes
ere transformed to steps/day using means and SD

rom appropriate reference groups. For two-group
ost-test comparisons, the raw mean difference was 612,
hich corresponds to a final steps/day mean of 8869

or treatment subjects versus 8257 for control subjects.
he homogeneity test and estimated between-studies
D (Q and �̂� in Table 2) demonstrated significant

s

Reports
(s) Min Q1 Median Q3 Max

ise 44 7 32 50 60 160
ons 45 4 28 36 60 2028
ise 47 1 3 3 3 14
tent 32 10 30 60 60 240

101 1 1 4 9 390
livered 145 1 42 84 183 4179
ised 47 2 3 4 5 7

supervised 36 5 30 30 45 90

ised exercise or motivational and educational content to increase

m; Q1, first quartile; Q3, third quartile
ristic

exerc
sessi
exerc
l con

ns
as de
perv

f un

superv
eterogeneity for all physical activity behavior compar-

ber 4 www.ajpm-online.net
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son types. The I2 value (Table 2), the percentage of
otal variation among studies’ observed effect sizes that
s due to heterogeneity rather than sampling of partic-
pants, also documents significant heterogeneity.

Fitness outcomes also were significantly better among
reatment than control subjects, and better at post-test
hen treatment subjects’ pre- and post-intervention

cores were compared. Mean effect sizes ranged from
.47 to 0.57 (CLES�0.66). As with steps/day for phys-
cal activity, the mean effect size on fitness was trans-
ormed to maximal oxygen consumption (VO2max). For
wo-group comparisons, the raw mean difference was
.5, which corresponds to, for example, a final VO2max

ean of 37.7 mL/kg/min for treatment subjects versus
4.2 mL/kg/min for control subjects. Fitness effect
izes were significantly heterogeneous, which indicates
hat some studies found significantly better fitness
utcomes than other studies.
Diabetes risk was significantly reduced by interven-

ions. Mean effect sizes for the two-group comparisons
ere 0.90 to 0.98 (CLES�0.76). For two-group studies,

he calculated raw mean difference was �12.6, corre-
ponding to a post-intervention fasting glucose mean of

able 2. Random effects of health and well-being outcome e

ependent variable k
�̂�

(M of true ESs; 95% CI)

hysical activity
Two-group post-test 41 0.21*** (0.11, 0.31)
Two-group pre–post 27 0.22*** (0.14, 0.29)
Treatment pre–post 56 0.26*** (0.20, 0.32)

itness
Two-group post-test 35 0.57*** (0.40, 0.73)
Two-group pre–post 35 0.51*** (0.39, 0.63)
Treatment pre–post 85 0.47*** (0.38, 0.56)
iabetes risk
Two-group post-test 6 0.98* (0.06, 1.90)
Two-group pre–post 6 0.90** (0.27, 1.53)
Treatment pre–post 19 0.31*** (0.16, 0.47)

ipids
Two-group post-test 27 0.13* (0.02, 0.24)
Two-group pre–post 26 0.17* (0.01, 0.33)
Treatment pre–post 69 0.12*** (0.08, 0.17)

nthropometric
Two-group post-test 44 0.08* (0.02, 0.15)
Two-group pre–post 41 0.07*** (0.03, 0.11)
Treatment pre–post 126 0.13*** (0.10, 0.17)
uality of life
Two-group post-test 7 0.23 (�0.09, 0.56)
Two-group pre–post 6 0.35† (�0.03, 0.73)
Treatment pre–post 10 0.24*** (0.15, 0.32)
ood
Two-group post-test 12 0.13 (�0.05, 0.31)
Two-group pre–post 7 0.21** (0.07, 0.36)
Treatment pre–post 21 0.31*** (0.22, 0.40)

ote: Under homogeneity (H0: �i�� for all studies), Q is distributed a
izes; this test also applies to the between-studies variance component
ssume �12�0.8. Boldface indicates significance.
p�0.10, *p�0.05, **p�0.01, ***p�0.001 (for Q and ��)
S, effect size
1.0 mg/dL for treatment subjects versus 93.6 mg/dL m

ctober 2009
or control subjects. Both mean values are within the
ange considered normal fasting glucose levels. Diabe-
es risk effect sizes exhibited significant substantial
eterogeneity. Diabetes risk findings should be consid-
red tentative given the small number of studies that
eported this variable (k�6).

Lipid and anthropometric effect sizes were more
odest but positive, indicating better scores following

nterventions among treatment subjects. Lipids mean
ffect sizes ranged from 0.12 to 0.17 (CLES�0.54). In
erms of the ratio of total cholesterol to high-density
ipoprotein, the raw mean difference was �0.2, such as
rom a mean post-intervention ratio of 4.6 for treat-

ent versus 4.8 for control. All of the lipids effect sizes
ere significantly heterogeneous. Anthropometric mean
ffect sizes for treatment subjects varied from 0.07 to
.13 (CLES�0.52). For the two-group comparison in
erms of BMI, the raw mean difference was �0.3, which
ould occur if the post-intervention BMI mean were
5.0 for treatment versus 25.3 for control. Anthropo-
etric effect sizes were significantly heterogeneous,

xcept the two-group pre–post comparisons.
Mean effect sizes for both quality of life (0.23) and

tes and tests

Q
(heterogeneity)

�̂�

(SD of ESs)
I2

(heterogeneity index)

102.8*** 0.206 0.61
86.3*** 0.146 0.70

728.4*** 0.206 0.92

75.3*** 0.306 0.55
77.6*** 0.258 0.56

1656.8*** 0.367 0.95

84.0*** 1.100 0.94
76.0*** 0.748 0.93

223.2*** 0.301 0.92

51.3** 0.164 0.49
299.2*** 0.358 0.92
623.9*** 0.158 0.89

59.3* 0.086 0.27
42.1 0.030 0.05

708.8*** 0.143 0.82

19.8** 0.340 0.70
39.9*** 0.446 0.87
18.7* 0.087 0.52

14.9 0.146 0.26
7.9 0.096 0.24

123.6*** 0.169 0.84

imately as �2 with df�k�1, where k is the number of observed effect
0: ��

2�0). Treatment group pre–post and two-group pre–post effects
stima

pprox
, ��

2 (H
ood (0.13) two-group comparisons were positive, indi-

Am J Prev Med 2009;37(4) 333
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ating better outcomes among treatment subjects, but
hese did not reach significance. Effect sizes for two-group
re–post and pre–post effects were significant, with im-
roved quality-of-life and mood scores following interven-
ions. Most of the quality-of-life and mood effect sizes
xhibited significant heterogeneity.

ffects of Physical Activity Interventions on
ork-Related Variables

stimates and tests for work-related outcomes are re-
orted in Table 3. The two-group post-test comparison
f work attendance documented that, on average,
reatment subjects had lower mean absenteeism than
ontrol subjects (effect size�0.19, CLES�0.55). Al-
hough the direction of the effect was similar, mean
ffect sizes were smaller for both two-group pre–post
ffects and treatment group pre–post comparisons. Job
tress was significantly lower at follow-up among treat-
ent subjects than control subjects (effect size�0.33,
LES�0.59). Job stress effect sizes were positive for
ther comparisons but were not significant. Job satis-
action was significantly greater following interventions
mong treatment subjects than controls in the two-group
re–post effect analysis (effect size�0.20, CLES�0.54),
ut similar findings did not achieve significance for the
wo-group post-test analysis. Effect sizes for most com-
arison types on most outcomes were significantly
eterogeneous, as documented by Q, estimated be-

ween-studies SDs, and I2 values.
Healthcare utilization two-group post-test analyses

evealed significantly higher healthcare utilization among
reatment subjects than among control subjects (effect
ize��0.17, CLES�0.45). The two-group pre–post effect

able 3. Random effects work-related outcome estimates and

ependent variable k
�̂�

(mean of true ESs; 95% CI)

ork attendance
Two-group post-test 12 0.19*** (0.11, 0.27)
Two-group pre–post 9 0.05 (�0.19, 0.29)
Treatment pre–post 10 0.02 (�0.08, 0.13)

ob stress
Two-group post-test 3 0.33† (�0.06, 0.73)
Two-group pre–post 3 0.53 (�0.15, 1.22)
Treatment pre–post 5 0.14 (�0.07, 0.34)

ob satisfaction
Two-group post-test 6 0.15 (�0.10, 0.40)
Two-group pre–post 5 0.20** (0.06, 0.35)
Treatment pre–post 6 0.08 (�0.09, 0.25)
ealthcare utilization
Two-group post-test 5 �0.17** (�0.29, �0.06)
Two-group pre–post 3 �0.18 (�0.54, 0.17)
Treatment pre–post 3 �0.04 (�0.11, 0.02)

ote: Under homogeneity (H0: �i�� for all studies), Q is distribute
ependent) observed effect sizes; this test also applies to the between-s
wo-group pre–post effects all assume �12�0.8.

p�0.10, *p�0.05, **p�0.01, ***p�0.001 (for Q and ��)
S, effect size

34 American Journal of Preventive Medicine, Volume 37, Num
stimate was of similar magnitude (�0.18) but not
ignificant. The pre–post comparison for treatment
ubjects revealed no utilization differences. Healthcare
ffect sizes were more homogeneous than most other
ariables in the project. Findings regarding job stress,
ob satisfaction, and healthcare utilization should be
iewed as tentative given the small numbers of studies
hat reported these variables (k in Table 3).

oderator Analyses

nalyses of potential workplace moderators were con-
ucted for variables with sufficient cases: physical activ-

ty behavior, fitness, lipids, and anthropometric vari-
bles. Dichotomous moderator results are presented in
able 4. Profit versus nonprofit company status was not

ignificantly linked with mean effect size for any vari-
ble (QB in Table 4). Neither company size nor whether
ultiple companies were included in the study were

ignificant moderators of mean effect sizes on physical
ctivity behavior, fitness, lipids, or anthropometric out-
omes. Three-level moderator analyses were conducted
or numbers of companies and locations (results avail-
ble from first author): The only significant effect was
or anthropometric effect size, with significantly higher

ean effect size for interventions conducted in one
ulti-location company (0.22) than in other combina-

ions of numbers of companies and locations (both
.04).
Intervention delivery at the worksite or elsewhere was

ignificant only for anthropometric effect sizes, such
hat interventions delivered at workplaces yielded a
arger mean effect size (0.17) than in those delivered
lsewhere (0.05). Whether employees received inter-

s

Q
(heterogeneity)

�̂�

(SD of ESs)
I2

(heterogeneity index)

7.3 0 0.00
74.1*** 0.328 0.89
34.8*** 0.135 0.74

3.4 0.224 0.41
21.1*** 0.575 0.91
20.7*** 0.204 0.81

9.0 0.202 0.44
3.3 0 0.00

26.3*** 0.181 0.81

0.2 0 0.00
7.9* 0.264 0.75
0.9 0 0.00

roximately as �2 with df�k�1, where k is the number of (possibly
variance component, ��

2 (H0: ��
2�0). Treatment group pre–post and
test

d app
tudies
ber 4 www.ajpm-online.net
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entions on company paid time was significant for two
f the four outcomes: Studies with employees paid
uring intervention reported larger mean effect sizes
han those with employees receiving interventions out-
ide company paid time on both fitness (0.92 vs 0.49)
nd anthropometric measures (0.22 vs 0.02). Interven-
ions with employee interventionists were more effec-
ive than those with others as interventionists for fitness
1.03 vs 0.50); lipids (0.59 vs 0.09); and anthropometric

able 4. Independent-group comparison mixed-effects analy

oderator k0 k1

�̂�0
(mean of
true ES)

�̂�1
(mean
true E

hysical activity
Profit status 16 16 0.12 0.22
Large company 4 15 0.29 0.22
Multiple companies 24 13 0.25 0.15
Data collected at WP 5 11 0.27 0.18
Intervention delivered at WP 19 22 0.22 0.17
Paid during intervention 37 4 0.21 0.01
Employee interventionist 33 7 0.19 0.13
WP-designed intervention 38 3 0.18 0.29
Fitness facility onsite 32 9 0.19 0.22

itness
Profit status 17 9 0.68 0.66
Large company 5 5 0.58 0.66
Multiple companies 21 5 0.54 0.61
Data collected at WP 3 10 0.47 0.52
Intervention delivered at WP 19 16 0.56 0.61
Recruitment at WP 5 30 0.50 0.59
Paid during intervention 27 8 0.49 0.92
Employee interventionist 27 5 0.50 1.03
WP-designed intervention 28 4 0.49 1.18
Fitness facility onsite 23 12 0.53 0.68

ipids
Profit status 11 13 0.20 0.11
Large company 3 7 �0.04 0.19
Multiple companies 17 4 0.10 0.12
Intervention delivered at WP 11 16 0.10 0.17
Recruitment at WP 3 24 0.03 0.15
Paid during intervention 21 6 0.09 0.25
Employee interventionist 20 3 0.09 0.59
Organizational policy change 24 3 0.11 0.22
WP-designed intervention 20 3 0.11 0.29
Fitness facility onsite 16 11 0.07 0.32

nthropometric outcome
Profit status 18 19 0.18 0.09
Large company 3 12 0.07 0.08
Multiple companies 22 9 0.04 0.05
Intervention delivered at WP 24 20 0.05 0.17
Recruitment at WP 7 37 0.10 0.09
Paid during intervention 32 12 0.02 0.22
Employee interventionist 34 6 0.05 0.32
Organizational policy change 40 4 0.03 0.24
WP-designed intervention 33 7 0.06 0.22
Fitness facility onsite 31 13 0.05 0.24

ote: kj�number of (possibly dependent) ES estimates in group code
roups (distributed as �2 on df�1 under H0: ��0

���1
); QW�combine

eighted method of moments used to estimate between-studies vari
p�0.10, *p�0.05, **p�0.01, ***p�0.001 (for QB and QW)
S, effect size; WP, workplace
easures (0.32 vs 0.05). Workplace participation in p

ctober 2009
esigning the interventions, as compared to interven-
ions designed by people not employed by the worksite,
as significant for fitness (1.18 vs 0.49) and anthropo-
etric outcomes (0.22 vs 0.06) but not for lipids or

hysical activity behavior. Neither recruitment nor data
ollection location (workplace versus elsewhere) was
elated to variables with adequate data for moderator
nalyses.

The presence of a fitness facility onsite in the work-

four major variables

QBetween groups
(heterogeneity)

QWithin groups
(heterogeniety)

�̂� (SD
of ESs)

I2

(heterogeneity
index)

0.9 89.2*** 0.223 0.66
0.2 41.6*** 0.228 0.58
1.1 109.5*** 0.222 0.68
0.3 38.9*** 0.246 0.63
0.4 113.6*** 0.217 0.65
1.3 112.2*** 0.209 0.65
0.3 106.7*** 0.211 0.64
0.5 105.9*** 0.205 0.63
0.1 113.2*** 0.211 0.65

0.0 53.9*** 0.401 0.55
0.1 13.9† 0.272 0.38
0.1 48.0** 0.338 0.49
0.0 11.9 0.104 0.00
0.1 65.5*** 0.331 0.49
0.2 65.5*** 0.332 0.49
5.4* 53.9* 0.267 0.38
6.4* 49.4* 0.265 0.38

10.5** 45.1* 0.235 0.32
0.8 62.8** 0.318 0.47

0.5 46.4** 0.165 0.52
0.9 28.7*** 0.181 0.71
0.0 29.9† 0.142 0.34
0.3 48.8** 0.164 0.48
0.7 44.6** 0.148 0.43
1.6 50.4** 0.170 0.49
6.6* 42.6** 0.152 0.50
0.7 50.0** 0.168 0.49
1.2 43.9** 0.176 0.51
3.8† 48.3** 0.155 0.47

1.0 44.3 0.086 0.19
0.0 24.9* 0.116 0.46
0.0 35.3 0.069 0.15
3.1† 48.9 0.063 0.12
0.0 55.1† 0.089 0.22
8.1** 44.5 0.038 0.03
6.1* 45.1 0.064 0.14
6.5* 45.9 0.047 0.06
3.9* 45.9 0.073 0.15
3.9* 49.1 0.063 0.13

oderator levels: 0�no, 1�yes. Heterogeneity statistics: QB�between
in groups (distributed as �2 on df�k0�k1�2 under H0: ��0

2 ���1

2 �0).
omponent ��

2. Analysis reported if k0�3 and k1�3.
sis on

of
S)

d j. M
d with
ance c
lace did not affect mean effect sizes on fitness or
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hysical activity behavior. Studies with onsite fitness
acilities reported larger mean effect sizes on lipids
0.32) than studies without such facilities (0.07). An-
hropometric outcomes also yielded larger mean effect
izes among studies with onsite facilities (0.24) than in
hose without facilities (0.05). Organizational policy
hange could be analyzed for lipids and anthropomet-
ic outcomes only. Lipid effect sizes were unrelated to
olicy changes while anthropometric outcomes yielded
ignificantly larger mean effect sizes in studies with
olicy changes (0.24) than in those without policy
hanges (0.03). Whereas for physical activity behavior,
tness, and lipids, nearly all moderators left significant
esidual heterogeneity (QW in Table 4), all but two
oderators left nonsignificant residual heterogeneity

or anthropometric outcomes. Results of exploratory
ultiple moderator analyses are available from the

orresponding author.

iscussion

hese findings document that some interventions im-
rove physical activity in some subjects, and these
hanges may in turn improve selected health outcomes,
ork culture, and job stress. However, significant het-
rogeneity requires cautious interpretation of findings.
The physical activity mean effect size of 0.21 is similar

o that reported in 26 worksite studies (r�0.11, d�
.22)3 and smaller than the effect size reported of 33
orkplace studies (r�0.17, d�0.35).12 This might re-
ect more comprehensive searching that could have

ocated more studies with small effect sizes. Previous
orkplace quantitative syntheses have not addressed
ealth, well-being, or work-related outcomes of im-
roved physical activity; the present study therefore
onstitutes the first published report of the impact of
hysical activity interventions on these variables. This
eta-analysis moved beyond previously reported syn-

heses by comprehensively searching to obtain far more
tudies, separating effect sizes for one- and two-group
esigns, and conducting moderator analyses on two-
roup studies.3 The results of single-moderator analyses
hould be interpreted cautiously given the potential for
onfounding of moderators.

Improvement in fitness was documented with an
ffect size of 0.57. The magnitude of physical activity,
tness, and health benefits appears modest, and it is
nclear if the physical activity dose was sufficient to

mprove health to meet public health goals.5

This meta-analysis was limited by the number of
tudies located with sufficient data to calculate effect
izes and substantial heterogeneity among studies. Phys-
cal activity interventions varied widely, as did methods
or assessing some variables. For example, physical
ctivity was rarely objectively measured, leading to

ifficulties in comparisons across interventions.

36 American Journal of Preventive Medicine, Volume 37, Num
Although findings on improved work attendance, job
atisfaction, and job stress were mixed, this study sug-
ests that some physical activity programs are effective
eyond direct health benefits. Even modest reductions

n absenteeism may result in substantial fiscal savings
hen multiplied by many employees. The findings
egarding health utilization should be interpreted
autiously given the very small sample size and the
nadequate time between interventions and utilization

easurement among these studies. Some programs
ay have conducted health screening prior to encour-

ging subjects to begin exercising, which might have
rompted needed health care.156 Longer follow-up
tudies could determine the enduring economic im-
act of programs.

onclusion

ell-designed studies evaluating worksite physical activ-
ty promotion programs are needed. Direct compari-
ons between programs that allow employees to partic-
pate on paid work time versus those that do not should
e investigated. Also necessary are direct comparisons
f programs with and without worksite fitness facilities
o determine whether the cost of providing onsite
acilities is justified by improvements in employee
ealth and productivity. Investigations targeting at-risk
ubjects would determine whether interventions need
o be tailored to specific subgroups of employees.
nvestigations should also examine the impact of inter-
entions on important worksite-related outcomes that
nfluence worker productivity, including absenteeism,
tress levels, and job satisfaction.
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