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Abstract

Background: Adults in urban areas spend almost 77% of their waking time being inactive at workplaces, which
leaves little time for physical activity. The aim of this systematic review and meta-analysis was to synthesize
evidence for the effect of workplace physical activity interventions on the cardio-metabolic health markers (body
weight, waist circumference, body mass index (BMI), blood pressure, lipids and blood glucose) among working
adults.

Methods: All experimental studies up to March 2018, reporting cardio-metabolic worksite intervention outcomes
among adult employees were identified from PUBMED, EMBASE, COCHRANE CENTRAL, CINAHL and PsycINFO. The
Cochrane Risk of Bias tool was used to assess bias in studies. All studies were assessed qualitatively and meta-
analysis was done where possible. Forest plots were generated for pooled estimates of each study outcome.

Results: A total of 33 studies met the eligibility criteria and 24 were included in the meta-analysis. Multi-
component workplace interventions significantly reduced body weight (16 studies; mean diff: − 2.61 kg, 95% CI: −
3.89 to − 1.33) BMI (19 studies, mean diff: − 0.42 kg/m2, 95% CI: − 0.69 to − 0.15) and waist circumference (13
studies; mean diff: − 1.92 cm, 95% CI: − 3.25 to − 0.60). Reduction in blood pressure, lipids and blood glucose was
not statistically significant.

Conclusions: Workplace interventions significantly reduced body weight, BMI and waist circumference. Non-
significant results for biochemical markers could be due to them being secondary outcomes in most studies.
Intervention acceptability and adherence, follow-up duration and exploring non-RCT designs are factors that need
attention in future research.
Prospero registration number: CRD42018094436.
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Background
Physical activity as a modifiable health behavior for

cardiovascular disease (CVD) prevention

According to the INTERHEART study, physical inactivity

is one of the 9 major modifiable risk factors responsible for

CVDs in both sexes worldwide [1]. It is responsible for

10% of the premature mortality, 6% of coronary heart dis-

ease burden and 7% of the diabetes burden worldwide [2].

Approximately 3.2 million annual deaths are attributable

to insufficient activity [3] and 25% reduction in inactivity

can avert 1.3 million deaths annually [2]. Physical activity

(PA) aids in better glycemic control and it is a vital compo-

nent of diabetes prevention and management [4]. The

World Health Organization (WHO) now recommends

150–300min of moderate to vigorous aerobic physical ac-

tivity (MVPA) for adults aged 18–64 [5]. Some of the most

common reasons for inactivity among adults are an unsup-

portive social and physical environment [6, 7] and lack of

time [8]. Adults in urban areas spend almost 77% of their

waking time being inactive at work or otherwise, leaving

little time for exercise [9, 10].

Worksite physical activity programs are specifically

designed with the aim of enhancing employee physical

activity levels and improving their dietary behavior at

the workplace [11]. Worksite settings provide effective

channels to reach defined populations, disseminate in-

formation, create an effective medium for program deliv-

ery and study the impact to maximize benefits [12, 13].

These can be suitable settings for advocating an active

lifestyle, improving employee productivity and reducing

healthcare costs [14, 15]. Contemporary workplaces are

thus ideal for interventions that promote higher levels of

physical activity amongst employees, to improve health

and optimize performance [16].

Rationale for the current systematic review and meta-

analysis

A number of narrative and systematic reviews have

demonstrated the positive effect of various worksite

physical activity interventions on physical activity,

productivity and cost outcomes [17–25]. However, only

a handful of them have comprehensively evaluated the

effects of these interventions on the major measurable

cardiovascular disease markers. The last comprehensive

review on the topic was done in 2010, included only

randomized controlled trials (RCTs) and did not meta-

analyze the effects [26]. Worksite PA interventions can

provide an effective lever to address the CVD burden.

However, the effectiveness of these interventions needs

to be quantified. Given the availability of numerous pri-

mary studies in the area, it becomes imperative to

present not only an overview but also obtain an overall

quantitative estimate of intervention effects from differ-

ent studies, both randomized and non-randomized.

Therefore, we aimed to undertake a comprehensive

and systematic synthesis of literature and meta-analysis

of available evidence, to obtain a holistic view, of the po-

tential of worksite PA interventions in improving the

cardio-metabolic health of working adults.

Objective

To summarize evidence for the effect of worksite physical

activity interventions on CVD risk markers (body weight,

waist circumference, body mass index, blood pressure,

lipids and blood glucose) among working adults and de-

scribe the intervention approaches used in the different

studies.

Research question

Do worksite physical activity interventions lower the

cardio-metabolic disease risk of adults?

Methods
The review methodology was registered with PROS-

PERO (registration ID: CRD42018094436) and has been

described in detail in the protocol [27].

Search strategy and inclusion of studies

We searched Cochrane Central, PUBMED, CINAHL,

PSYCINFO and EMBASE to identify relevant studies on

workplace physical activity interventions published till

March 2018 using keywords like “workplace”, “workers”,

“physical activity”, “exercise”, “wellness”, “counseling”,

“RCTs”, “trials” etc. A comprehensive strategy was pre-

pared by one researcher (RM) and reviewed by the sec-

ond (CS) researcher. The PUBMED search strategy is

illustrated in the Additional File 1. It was then modified

as per the indexing system of other databases.

Eligibility criteria for inclusion of studies

� Study designs- Experimental study designs with a

comparator group including randomized controlled

trials, controlled trials, cluster RCTs, quasi-

experimental studies; a comparator could be no

intervention, minimal intervention, usual care,

waitlisted control.

� Study populations- Studies involving individuals

aged 18 and above; healthy populations as well as

populations at risk of CVD were included

� Study outcomes- Studies reporting any of the CVD

outcomes (body weight, body fat, waist

circumference, BMI, blood pressure, plasma glucose,

lipids and triglycerides)

� Study interventions- Workplace studies

implementing physical activity based interventions

targeting inactivity to improve the cardio-

metabolic disease markers (anthropometric and

biochemical) in adult employees
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Exclusion criteria: Studies not published in the English

language, those with a follow-up period of less than 6

months, observational studies and experimental studies

without a comparator.

Referencing software Zotero was used to import the

search results and remove the duplicates. Titles and ab-

stracts of all the retrieved articles were screened inde-

pendently by RM; CS independently screened 10% of the

citations. The reference list of relevant studies obtained

was further hand searched. Full texts of eligible studies

were screened by RM and reviewed by CS. Wherever data

for meta-analysis was unavailable in the public domain,

the study authors were electronically contacted.

Data extraction, quality assessment and analysis

Data extraction was performed independently by the

two researchers. Disagreements were resolved within the

team. Items in the data extraction form were prepared

by RM using the Cochrane Handbook recommendations

and were verified by CS. Outcomes were appropriately

converted to the International System of Units for stud-

ies that reported them in other units. Findings from all

the studies were included in the narrative synthesis. Re-

view Manager (RevMan version 5.3) was used for the

meta-analysis. The inverse-variance method was used to

combine effect sizes using the random effects models

(REMs) [28]. The treatment effect was reported as mean

difference (MD) with 95% confidence intervals (CIs)

wherein CIs excluding 0 were considered to be statistically

significant. Forest plots were generated using RevMan to

compare each of the proposed outcome measures in the

intervention vs the control groups in the included studies.

Studies that did not provide this data were excluded from

the meta-analysis. REMs were used to report the overall

mean difference with 95% CIs. The confidence intervals

for each study in the meta-analysis were observed for their

level of overlap, for a visual assessment of heterogeneity.

I2 values, defined as ‘the percentage of variability in effect

estimates that is due to heterogeneity rather than sam-

pling error’, were used to determine the magnitude of

variation beyond chance. It is calculated as [(Q-df)/Q]*100

where Q is the chi-square statistic and df is its degrees of

freedom. A chi-square p-value of less than 0.05 was con-

sidered statistically significant for the presence of hetero-

geneity. Degree of heterogeneity was ascertained based on

the cut-offs mentioned in the Cochrane handbook (0–

40%: not important, 30–60%: moderate, 50–90%: substan-

tial, 75–100%:considerable heterogeneity) [29].

The intervention effects on various CVD markers were

also assessed under the sub-groups of study design (RCTs

vs cRCTs), duration (6–12months vs > 12months), inter-

vention type (predominantly educational vs predominantly

behavioral change vs predominantly environmental chan-

ged based) and employee health status (all employees vs

those at risk of CVD). The chi-square test p-value for sub-

group differences was assessed for significant sub-group

effects (a p < 0.05 indicates significant sub-group effect).

We classified the various intervention approaches used

in the included studies based on a 2012 review by Heath

et al. [30]. The interventions were broadly categorized as

follows:

Campaigns and informational approaches: This involves

information dissemination through different mediums like

text messages, emails, newspapers, television, radio, to

raise awareness and encourage a change in health behav-

iors mainly increasing activity and improving diet.

Behavioral and social approaches: This involves a

change in individual behavior to incorporate more phys-

ical activity in their regular routine through goal setting,

peer support and self-rewards. It can be implemented in

groups (through technological means) as well as on an

individual level with the help of a health provider/trainer

and personalized activity plans.

Environmental and policy approaches: This involves

making the office infrastructure and physical environ-

ment more activity friendly through construction of

walking paths, changes to the vending machines, intro-

duction of ergonomic workstations, break rooms, fitness

facilities etc.

The Cochrane risk of bias tool [31] was used to assess

the bias in included studies. The assessment was inde-

pendently performed by RM and CS and disagreements

were resolved by consensus. Possible publication bias

among the studies was visually assessed using funnel plots.

Results
Literature search and characteristics of included studies

Our search identified a total of 3774 records (Fig. 1).

Out of these, 1873 were retrieved through Pubmed via

MEDLINE, 696 through EMBASE, 922 through CEN-

TRAL and 283 through CINAHL and PsychInfo. An

additional 10 records were identified through other

sources (identified by manually searching the reference

list of included studies). After removal of duplicates, we

screened 2517 records and identified 101 full text arti-

cles for eligibility assessment. Of these, 33 studies were

included in the narrative synthesis. Studies reported vari-

ous outcomes: weight (n = 16) [32–47], BMI (n = 19)

[32–37, 39–44, 46, 48–53], waist circumference (n = 13)

[32–36, 39, 42, 43, 45–47, 51, 54], lipids (n = 15) [32,

34–37, 39, 42, 44–47, 49, 51, 52, 55], triglycerides (n = 8)

[37, 39, 44–47, 49, 52], blood pressure (n = 16) [32–37,

39, 42–47, 49, 51, 52] and glucose (n = 10) [32, 34, 37,

39, 44–47, 49, 52]. A total of 24 studies were included in

the meta-analysis. Data from other studies was not

available.

Common reasons for excluding studies from the re-

view are reported in the PRISMA diagram. Twelve RCTs
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[32–39, 49, 54, 56, 57], 15 cluster RCTs [40, 41, 43, 44,

46–48, 50, 53, 58–63], 3 quasi experimental trials [42,

52, 64], and 3 controlled trials [45, 51, 55] were included

in the review. A total of 36,188 men and women aged 32

to 55 years participated in these studies with the study

sample sizes ranging from 45 to 10,281.

The descriptive characteristics of the included studies

are presented in Table 1. The studies had a varied popu-

lation which included school and university personnel,

employees of public and private sectors, blue collar

workers (carpenters, bricklayers, road workers, crane op-

erators, locomotive maintenance workers, gardeners,

drivers, transportation workers, garage staff and factory

workers), professional and technical, salaried and hourly

workers, hospital staff, security guards, healthcare workers,

casino employees and industry workers.

Out of the 33 studies reviewed, 13 studies [32–34, 36,

38–40, 43, 46, 49, 51, 56, 60] (8 RCTs, 4 cluster RCTs

and 1 controlled trial) included only employees who had

at least one raised CVD risk factor while the other 20

studies [35, 37, 41, 42, 44, 45, 47, 48, 50, 52–55, 57–59,

61–64] included all employees irrespective of their

health status.

Narrative analysis

Study interventions

The studies used different types of interventions like

campaigns, workshops and education; individual level

behavioral change; and changes to the office environ-

ment and policies. Out of the 33 studies reviewed, 28

studies [32, 36, 37, 39–47, 49–64] used a mix of the

three approaches whereas the other 5 studies [33–35, 38,

48] implemented any one of these three approaches. The

intervention duration in all the studies ranged from 6

months to 5 years. Campaign approach included lifestyle

coaches to educate on physical activity, workshops on

cardiac risk factors, wellness fairs, point of choice

prompts and information dissemination through

Fig. 1 PRISMA FLOW diagram for study selection
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newsletters, brochures, internet etc. Behavioral change in-

cluded incentivized group activities or tailored-for-

individual weight loss regimes through physical activity,

goal setting and rewards. Organizational changes included

making stairs and walls more aesthetic, mapping of walk-

ing routes and more. Detailed description of the interven-

tion and control groups is presented in Additional File 2.

Risk of bias in included studies

Risk of bias among the included studies was assessed

using the Cochrane risk of bias assessment tool as

shown in Fig. 2. The risk of bias summary for individual

studies has been presented in Additional File 4.

The highest risk of bias emanated from performance

bias due to unblinded participants and study personnel.

There was also a high unclear risk of selection bias and

detection bias due to lack of adequate data reported on

randomization, allocation concealment and blinding of

study outcome assessors.

Meta-analysis

Intervention effects on cardio-metabolic risk markers

We undertook exploratory meta-analyses to pool the ef-

fect estimates for body weight, body mass index, waist cir-

cumference, systolic and diastolic blood pressure, total

cholesterol, low density lipoprotein (LDL-C) and high

density lipoprotein (HDL-C) cholesterol, triglycerides and

blood glucose. Review Manager Software (RevMan version

5.3) was used to generate forest plots. The random effects

model was used to generate intervention effects.

Results from the meta-analyses showed an overall signifi-

cant intervention effect for body weight (16 studies, Mean

difference: -2.61, 95% CI- -3.89, − 1.33), body mass index

(19 studies, Mean difference: -0.42, 95% CI- -0.69, − 0.15)

and waist circumference (13 studies, Mean difference: -1.92,

95% CI- -3.25, − 0.60) but there was considerable heterogen-

eity among estimates (I2 = 94, 89 and 92% respectively; p-

value < 0.0001). The pooled estimates for lipids, blood pres-

sure and blood glucose were not statistically significant.

The overall mean difference and 95% CIs for each out-

come, along with the heterogeneity in individual studies

have been presented in Table 2. Exploratory sub-group

analysis showed a significant sub-group effect by study de-

sign for body weight (p = 0.0008) and BMI (p < 0.00001)

and by intervention type for BMI (p = 0.008) and TC (p =

0.0007). However, there was no sub-group effect for the

other outcomes (waist circumference and biochemical

markers). (Additional File 3) In conclusion, sub-groups

could not explain the high levels of heterogeneity respon-

sible for the variability in study effect size estimates be-

cause the I-squared values were not reduced substantially.

Also, since these analyses usually involve multiple test-

ing in case of many outcomes and would ideally require

a much smaller p-value cut-off for significance, sub-

group analysis estimates are observational and should be

interpreted with caution.

The forest plots for all the individual outcomes have

been shown in the figures below. Each forest plot shows

the individual effect estimates for the intervention and

control groups and the mean difference in each study,

along with the overall pooled mean difference and corre-

sponding CIs. (Figs. 3, 4, 5, 6, 7, 8, 9, 10, 11, 12).

(A visual assessment of the funnel plots for each out-

come showed the presence of some asymmetry for a few

biochemical outcomes but we did not conduct any for-

mal statistical tests to assess the same.)

Discussion
Based on the 33 studies reviewed, we found that changes in

diet and physical activity at worksites had a significant and

positive effect on body weight, body mass index and waist

circumference of working adults. It can be concluded that

workplace based physical activity interventions can posi-

tively affect anthropometric outcomes and thus have the

potential to alter the biochemical risk markers too. The

results need to be interpreted with caution though, due to

high heterogeneity among studies. The p-values for the chi-

square test for heterogeneity were quite significant, suggest-

ing a high degree of variability in effect estimates due to

Fig. 2 Risk of bias graph- review authors’ judgments about each risk of bias item presented as percentages across all included studies
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actual differences in studies and not due to sampling error

(chance). This may be due to variability in sample sizes

(they ranged from 45 to 10,281 participants) as well as the

different study designs used in different studies. The various

intervention approaches used across studies might also

have contributed to the heterogeneity, as indicated by the

exploratory sub-group analyses.

There could be a few reasons for the lack of a stronger

evidence for the effect on biochemical variables. An-

thropometric outcomes were the primary outcomes in

almost all the studies whereas biochemical outcomes in

a third, and only as secondary outcomes in half of the

studies included in the meta-analyses. Those studies

were therefore not adequately powered to detect signifi-

cant changes in blood pressure, lipids and glucose levels.

Some reviews done in the past have shown a similar

pattern with most included studies focusing only on an-

thropometric outcomes, which underscores the need for

more high quality trials studying the effect of physical

activity interventions on blood pressure and biochemical

measures as well [65] [66].

A few previously done reviews such as the one by Fleming

et al. [67], a 2010 review by Groeneveld et al. [26] and a brief

overview of worksite health promotion programs and non-

communicable disease prevention [68] have all suggested

the possibility of greater intervention effectiveness among

Table 2 Pooled estimates from meta-analysis of studies for change in each CVD risk outcome

Outcome Number of studies Mean difference Confidence interval Heterogeneity

Body weight (kg) 16 -2.61 [−3.89, − 1.33] 94%

Body mass index (kg/m2) 19 -0.42 [−0.69, − 0.15] 89%

Waist circumference (cm) 13 -1.92 [−3.25, −0.60] 92%

Systolic blood pressure (mmHg) 16 −1.73 [−4.25, 0.79] 93%

Diastolic blood pressure (mmHg) 15 −1.73 [−4.25, 0.79] 93%

Total cholesterol (mg/dl) 11 −3.75 [−9.84, 2.33] 86%

HDL cholesterol (mg/dl) 12 0.54 [−1.13, 2.20] 88%

LDL cholesterol (mg/dl) 10 −3.25 [−8.00, 1.51] 75%

Triglycerides (mg/dl) 8 0.62 [−4.82, 6.06] 55%

Blood glucose (mg/dl) 10 −3.14 [−6.47, 0.20] 94%

Estimates highlighted in bold indicate the effect sizes that were statistically significant

Fig. 3 Forest plot for change in body weight
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Fig. 5 Forest plot for change in waist circumference

Fig. 4 Forest plot for change in body mass index
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populations already at risk of CVDs compared to mixed

populations. Hence, there is need for better quality studies

to ascertain the role of employee health status in interven-

tion effectiveness. A comparison of the effects of individual

level behavior change on CVD risk reduction, compared to

educational approaches and changes to the office environ-

ment is also an interesting facet that can be further

explored.

Another aspect that needs consideration is participant

compliance and barriers to intervention adherence.

Fig. 7 Forest plot for change in diastolic blood pressure

Fig. 6 Forest plot for change in systolic blood pressure
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Unlike clinical or medical interventions which can be

constantly monitored for acceptability, the effectiveness

of lifestyle based interventions is difficult to evaluate

since intervention uptake is a complex measure [69].

Some studies concluded lack of compliance, issues with

intervention adherence, low participation and retention

rates and inadequately motivated employees as some of

the reasons which could have affected the study results.

Non-adherence could also be one reason for very small

effect sizes in studies with larger sample sizes [70].

Long-term participation and employee adherence thus

seem to be major challenges in implementation of work-

site physical activity interventions [70] [71]. It becomes

paramount to devise innovative and practical ways to

motivate the workforce and ensure sustained interest of

the participants throughout the study [72]. Greater ad-

herence and acceptability would ensure greater uptake

that would in-turn result in more tangible health bene-

fits to the employees.

Limitations and strengths

Our review has a few strengths. To the best of our

knowledge, this is the first meta-analysis focused solely

on the anthropometric and biochemical outcomes re-

lated to physical activity interventions at worksite. Sec-

ondly, the last review reporting the effects of worksite

Fig. 9 Forest plot for change in HDL-cholesterol

Fig. 8 Forest plot for change in total cholesterol
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interventions on anthropometric and biochemical CVD

risk markers was done in 2010 and our work provides

updated literature on the topic. Thirdly, considering that

we were dealing with multi-component PA interventions

with multiple outcomes (and not a drug trial) we used a

broad search strategy and covered 5 different databases

to obtain a synthesis of all the relevant literature for

practical understanding and future research. Fourthly,

unlike a majority of previous reviews assessing the effect

of worksite PA interventions primarily on physical activ-

ity, the proximal outcome, our review goes to the next

level and summarizes the effects on the more distant an-

thropometric and biochemical outcomes.

A limitation of our study was that assessment of bias

in individual studies was based on the data as reported

in them. In some studies, relevant information on as-

pects of randomization and reporting of data was not

presented which may have led to an underestimation of

their quality. Another limitation was that we could not

include data from nine studies in our meta-analyses

since the estimates required for the analysis were not

available. We wrote to the study authors but unfortu-

nately only one of them provided data for our analyses.

Additionally, it is possible that the interventions caused

a change in other health behaviors like diet too, apart

from physical activity, which in-turn could have led to

an improvement in CVD outcomes.

Conclusions
Worksite physical activity interventions were effective in im-

proving anthropometric measures, namely body weight,

BMI and waist circumference. We were however unable to

demonstrate a significant effect on biochemical variables. A

possible reason could be that almost two-third of the studies

were either not reporting the biochemical outcomes or not

adequately powered to assess intervention effects on these

Fig. 11 Forest plot for change in triglycerides

Fig. 10 Forest plot for change in LDL-cholesterol
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variables. The potential of such interventions to prevent

CVD and overall non-communicable diseases (NCDs) needs

attention by employers and policy makers for improving the

health status of the population. This can significantly con-

tribute to achieving the UN targets of a 25% relative reduc-

tion in premature deaths from NCDs by 2025 [73].

Implications for future research

Overall, the evidence on the wide-ranging benefits of

physical activity interventions is robust for action, and

the absence of statistically significant biochemical im-

provements should not act as a deterrent to adoption by

worksites. Ways to enhance uptake of worksite physical

activity interventions by employers, employees and the

environment need to be studied. A robust process evalu-

ation framework along with assessment of factors like

dietary changes, frequency of sickness, back pain, absen-

teeism etc., would provide greater insights into the rela-

tive effectiveness and complementarity of the different

types of interventions. A design based on a theoretical

framework like the Medical Research Council framework

[74] for designing and evaluating complex intervention

studies is an option. Also, future worksite PA interven-

tion studies should adequately power for the biochem-

ical outcomes and have longer follow-up durations.

Hard-endpoints should be strived for wherever possible.
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