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Background: The Total Worker Health (TWH) program of the
National Institute for Occupational Safety and Health aims to ad-
vance worker well-being by integrating injury and illness preven-
tion efforts with work-related safety and health hazard efforts.

Purpose: To evaluate evidence on the benefits and harms of
integrated TWH interventions.

Data Sources: MEDLINE, Cochrane Library, and PsycINFO (Jan-
uary 1990 through September 2015); clinical trial registries; and
reference lists.

Study Selection: English-language studies that enrolled em-
ployed adults and compared integrated interventions with usual
work practice, no intervention, or another intervention.

Data Extraction: Dual abstraction and risk-of-bias (ROB)
assessment.

Data Synthesis: Ten of the 15 included studies had high ROB,
primarily because of selection and attrition bias. Findings graded
as having low strength of evidence (SOE) supported the effec-
tiveness of TWH interventions for improving smoking cessation,
as measured by self-reported 7-day abstinence over 22 to 26

weeks (2 randomized, controlled trials [RCTs]; n = 737), and in-
creasing consumption of fruits and vegetables over 26 to 104
weeks (3 RCTs; n = 6056); results apply to populations of blue-
collar manufacturing and construction workers. Findings graded
as having low SOE supported the effectiveness of TWH interven-
tions for reducing sedentary work behavior in office workers
over 16 to 52 weeks (2 RCTs; n = 262). Evidence was insufficient
or lacking for other outcomes of interest, such as rates of work
injuries, quality of life, and harms.

Limitation: Small, diverse body of evidence with many method-
ological limitations; possible publication bias.

Conclusion: Integrated TWH interventions might improve
health behaviors (for example, reduce tobacco use and seden-
tary behavior and improve diet) of workers, but effects of these
interventions on injuries and overall quality of life are not known.

Primary Funding Source: Agency for Healthcare Research and
Quality.
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Traditionally, occupational safety and health (OSH)
and health promotion (HP) efforts have functioned

independently in workplaces (1). Occupational safety
and health interventions focus on preventing work-
related injuries and illnesses, which can lead to morbid-
ity, mortality, and considerable financial and social
costs (2–4). Health promotion interventions, often
called wellness programs, promote overall health and
well-being. They often address modifiable behavior risk
factors, such as smoking, physical activity, and diet,
which are leading causes of morbidity and mortality in
the United States (5).

In the past decade, interest in integrating OSH and
HP interventions has grown substantially (1, 6). This is
partly explained by the emergence of evidence sup-
porting the idea that workplace factors contribute to
adverse health outcomes traditionally considered to be
unrelated to work (such as cardiovascular disease and
depression) (7).

The National Institute for Occupational Safety and
Health (NIOSH), a part of the Centers for Disease Con-
trol and Prevention, focused attention on integrated
approaches to worker health and safety in 2011 by cre-
ating the Total Worker Health (TWH) program. “Total
Worker Health” is currently defined as “policies, pro-
grams, and practices that integrate protection from
work-related safety and health hazards with promotion
of injury and illness prevention efforts to advance
worker well-being” (8). Earlier descriptions of TWH
highlighted the strategic integration of OSH and tradi-
tional worksite HP programs (9); NIOSH's current defi-
nition is broader and emphasizes work-related factors
(such as wages, workload, and stress levels) as impor-
tant factors in determining worker well-being (10).

“TWH,” a trademarked term, was not commonly
used in past studies of integrated interventions. For this
review, we use the term “TWH interventions” to refer to
integrated interventions that are consistent with
NIOSH's TWH initiative even if they differ in intent, com-
plexity, and approach to integration. For example, an
“integrated” intervention may involve strategic coordi-
nation between staff responsible for OSH and HP deci-
sion making to develop comprehensive, multicompo-
nent programs to improve worker health and safety.
Integrated interventions may also involve single-
component interventions (or policies) that simultane-
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ously address OSH concerns and promote healthy
behavior.

Prior research has outlined indicators and metrics
of integration that are important in TWH interventions,
such as organizational leadership, data integration, or-
ganizational coordination across departments respon-
sible for OSH and HP, and adequate resources (11).
However, no research has evaluated these elements
separately to determine whether (and to what extent)
they contribute to intervention effectiveness beyond
other factors, such as intervention content.

This article is part of a larger systematic review sup-
ported by the Agency for Healthcare Research and
Quality (AHRQ) to inform a research agenda for the
National Institutes of Health (NIH) 2015 Pathways to
Prevention Workshop that focused on TWH. Our pur-
pose was to evaluate evidence on the benefits and
harms of TWH interventions.

METHODS
The NIH Pathways to Prevention Working Group

provided the initial key questions (KQs). The RTI
International–University of North Carolina Evidence-
based Practice Center (EPC) further refined them and
incorporated guidance from a technical expert panel
into the final research protocol (see the Supplement,
available at www.annals.org). The KQs concerned 1)
populations, work settings, intervention types, and out-
comes in studies of TWH interventions; 2) benefits and
harms of interventions; 3) characteristics of effective in-
terventions; 4) contextual factors potentially affecting
intervention effectiveness; 5) research gaps; and 6) fu-
ture research needs. Detailed methods and data for
this review, including the analytic framework, search
strategies, eligibility criteria, risk-of-bias (ROB) rating,
and strength-of-evidence (SOE) grading methods, are
available in the full report (12).

Data Sources and Searches
A research librarian searched MEDLINE, the Co-

chrane Library, the Cochrane Central Register of Con-
trolled Trials, and PsycINFO from 1 January 1990 (re-
flecting the timing of increased attention and focus on
integrated interventions) to 21 September 2015. We
searched for relevant unpublished studies by using
ClinicalTrials.gov and Academic Search Premier. To en-
sure that our database searches had not missed rele-
vant citations, we used reference lists from pertinent
reviews and a bibliography that we received from
NIOSH listing studies relevant to the TWH program.

Study Selection
Two investigators independently reviewed ab-

stracts and full-text articles against prespecified
eligibility criteria (Appendix Table 1, available at www
.annals.org). We included English-language studies of
employed adults (aged ≥18 years) that assessed any
integrated intervention that met the definition of a TWH
strategy (as defined earlier) (8). To be eligible for inclu-
sion, an intervention had to be designed with the dual
objective of improving workplace health and safety and

overall health, health behaviors, or risk factors for
chronic diseases. To assess the effectiveness and harms
of interventions, we considered only studies with a con-
current control group comparing an integrated inter-
vention with usual work practice, no intervention, or an
active comparator (for example, an HP-only interven-
tion or another integrated intervention that differed in
content).

To address KQs related to the benefits and harms
of interventions, we included commonly reported out-
comes considered to be important measures of worker
health and safety (Appendix Table 2, available at www
.annals.org). To determine widespread and important
outcomes in this body of literature, we reviewed prior
studies of TWH interventions and requested input from
technical expert panel members on our eligibility crite-
ria before settling on the final research protocol. Final
health outcomes included quality of life, functional sta-
tus, and occupational illnesses and injuries, among oth-
ers. Examples of intermediate outcomes were rates of
smoking cessation, healthy eating behaviors, and out-
comes related to hazardous workplace exposures. We
also included use of health services and rates of work-
ers' compensation and short-term disability claims. Fi-
nally, we searched for harms associated with TWH in-
terventions, such as victim blaming and increased
barriers to reporting work-related injuries or illnesses.

Study designs included randomized, controlled tri-
als (RCTs); nonrandomized, controlled trials (NRCTs);
and prospective cohort studies. In the full systematic
review, we also included pre–post studies for some KQs
(for example, to inform research gaps and future re-
search needs). We included studies conducted in any
workplace setting in a developed country (“very high”
Human Development Index per the United Nations De-
velopment Programme) (13) to increase the applicabil-
ity of our conclusions to U.S. worksites.

Data Extraction and Quality Assessment
We developed a template for evidence tables by

using the PICOTS (population, intervention, compara-
tor, outcomes, timing of outcomes measurement, and
setting) framework and abstracted relevant information
on characteristics of study populations, interventions,
comparators, time frames, settings, study designs,
methods, and results. One reviewer initially abstracted
relevant data from each included article; a second team
member reviewed each data abstraction against the
original article for completeness and accuracy.

Two independent reviewers assessed the ROB for
studies with a concurrent control group as low, me-
dium, or high by using predefined criteria (14, 15). Dis-
crepancies were resolved by consensus.

Data Synthesis and Analysis
We graded the SOE as high, moderate, low, or in-

sufficient according to the AHRQ Methods Guide for
Effectiveness and Comparative Effectiveness Reviews
(15, 16). This approach incorporates 5 key domains:
study limitations, directness, consistency, precision of
the evidence, and reporting bias. We graded the SOE
for an outcome only when at least 1 study that was
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rated as having low or medium ROB reported it; when
we had at least 1 study rated as having medium ROB
for a particular outcome, we used studies rated as hav-
ing high ROB to assess the consistency of evidence
when they reported the same outcomes in similar pop-
ulations of workers. We did not attempt meta-analysis
because of the heterogeneity of study designs, popu-
lations, interventions, and outcomes. Additional details
on the SOE assessment are provided in the Appendix
(available at www.annals.org).

Role of the Funding Source
The AHRQ funded the review; an NIH working

group assisted in developing the review's scope. Nei-
ther agency had any role in the study selection, quality
assessment, or data synthesis. The investigators are
solely responsible for the content.

RESULTS
The Appendix Figure (available at www.annals.org)

summarizes our literature search yields and selection
decisions. Searches of all sources identified 1532 po-
tentially relevant articles. After dual review of abstracts
and full-text articles, we retained 24 studies (in 33 pub-
lications). Nine were single-group pre–post studies;
these are omitted here but are described in the full
review (12). Of the 15 included studies (in 23 publica-
tions) with concurrent control groups, 12 were RCTs
(10, 17–35), 2 were NRCTs (36, 37), and 1 was a pro-
spective cohort study (38).

Study Characteristics
Across the 15 included studies, heterogeneity was

substantial with regard to the work settings and popu-
lations, intervention types, and outcomes evaluated
(Appendix Tables 2 and 3, available at www.annals
.org). Most of the studies enrolled workers from 2 main
sectors: manufacturing and construction industries (7
studies; participants were predominantly male, with a
mix of blue-collar production workers and white-collar
workers) and health care and social assistance indus-
tries (4 studies; participants were predominantly female
nurses). Nine studies were done in the United States, 2
were done in the Netherlands, and 4 were done in
Scandinavian countries. The average age of commonly
targeted workers was 30 to 50 years. Few studies de-
scribed the baseline health status of enrolled workers,
including presence of chronic conditions. The OSH and
HP interventions available at worksites (in addition to
the intervention being studied) were generally not
described.

All 15 studies assessed an intervention focused on
an integrated objective (for example, addressing occu-
pational hazards and promoting overall health). Six of
the studies evaluated an intervention that involved stra-
tegic coordination across organizational departments
or staff responsible for decision making related to OSH
and HP (10, 19, 26, 30, 36, 37). Most focused on devel-
oping a comprehensive program to promote worker
health and safety informed by staff from various depart-
ments (for example, human resources, managers, OSH

representatives, and HP representatives). Eleven stud-
ies evaluated an intervention that involved worker par-
ticipation in its development, design, planning, or im-
plementation (10, 19, 22, 24–26, 29, 31, 33, 36, 38).
The type and degree of participation varied across
studies. Four studies assessed an intervention with
both strategic integration and worker participation (10,
19, 26, 36).

Most studies assessed complex multicomponent
interventions; 3 evaluated a single-component inter-
vention (23, 30, 38). In terms of content, 1 study as-
sessed the effectiveness of integration alone (without
added OSH or HP content) (30). Of the 14 other in-
cluded studies, 7 assessed interventions that included
new, comprehensive OSH and HP components not pre-
viously available to workers (10, 19, 24, 26, 29, 32, 36);
5 assessed interventions that included mostly HP con-
tent (tailored to the specific needs of workers) (22, 23,
25, 37, 38); and 2 focused primarily on reducing occu-
pational injuries, illnesses, or exposures (including
work–life stress) and also included content promoting
healthy behavior (31, 33).

Overall, studies measured a wide variety of out-
comes (Appendix Table 2); few assessed the same out-
comes in similar populations of workers. Of the 15 stud-
ies with a concurrent control group, we rated 5 RCTs as
having medium ROB (25, 26, 31–33) and the other 10
studies as having high ROB (10, 19, 22–24, 29, 30, 36–
38), primarily due to high rates of attrition and selection
bias.

Final Health and Safety Outcomes
We were unable to grade SOE for any final health

and safety outcome because of the diversity of out-
comes measured and methodological shortcomings of
the studies. Commonly assessed health outcomes in-
cluded quality of life, work-related stress, and musculo-
skeletal symptoms. No study assessed work-related in-
juries or illness. Appendix Table 4 (available at www
.annals.org) summarizes results of individual studies.

Intermediate Outcomes
Included studies assessed a wide range of interme-

diate health outcomes (Appendix Table 4). We were
able to grade SOE for only 3 intermediate outcomes:
smoking cessation, fruit and vegetable consumption,
and sedentary work behavior. Results for these out-
comes and our SOE grades are summarized in the
Table.

Evidence from 2 RCTs rated as having either me-
dium (25) or high (22) ROB supported the effectiveness
of TWH interventions compared with no intervention
for improving rates of smoking cessation (measured by
7-day abstinence rates) over 22 to 26 weeks (low SOE).
Both were worksite RCTs comparing a multicomponent
intervention featuring organizational integration and
employee participation versus no intervention; one en-
rolled unionized construction laborers (25), and the
other enrolled participants of a building and trade ap-
prentice training program (22).

Three RCTs (all from the same research team) rated
as having either medium (25, 26) or high (10) ROB mea-
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sured changes in fruit and vegetable intake among U.S.
manufacturing or construction workers who were ran-
domly assigned to a multicomponent integrated inter-
vention or no intervention. Evidence from these 3 RCTs
supported the effectiveness of TWH interventions com-
pared with no intervention for improving fruit and veg-
etable consumption over 26 to 104 weeks (low SOE).

Finally, findings from 2 RCTs rated as having me-
dium ROB (31, 32) supported the effectiveness of TWH
interventions (compared with any comparator pro-

gram) for reducing sedentary behavior at work over 16
to 52 weeks (low SOE). One RCT enrolled Dutch office
workers employed at a financial institution, with depart-
ments randomly assigned to 1 of the following 4
groups: no intervention control group, social environ-
ment intervention, physical environment intervention,
or combined social and physical environment interven-
tion (31). At 52 weeks, workers in the physical environ-
ment group decreased sedentary behavior at work
compared with the control group. The second RCT (n =

Table. Summary of Key Findings and Strength of Evidence for Total Worker Health Interventions

Population
(Reference)

Intervention and
Comparator

Time
Point, wk

Studies, n Participants, n Study
Limitations

Outcome and Results Strength of
Evidence

Construction (25) and
manufacturing (22)
workers

Integrated
intervention vs.
no intervention

22–26 2 737 Medium or
high

Self-reported 7-d smoking abstinence,
intervention vs. no intervention

1 RCT (n = 188 smokers and recent
quitters at baseline) rated as
having medium ROB (25): 19%
vs. 8% of workers at 26 wk;
P = 0.03*

1 RCT (n = 490 smokers at baseline)
rated as having high ROB (22):
26% vs. 17% of workers at 22
wk; P = 0.014

Low for
benefit

Manufacturing
(19, 26) and
construction (25)
workers

Integrated
intervention vs.
no intervention

26–104 3 6056 Medium or
high

Self-reported fruit and vegetable
consumption, intervention vs.
no intervention

2 RCTs rated as having medium
ROB:

1 RCT (n = 578) (25): mean
change from baseline in
servings of fruits and
vegetables per day, 1.52
(SD, 3.39) vs. −0.09 (SD, 3.31);
P ≤ 0.0001

1 RCT (n = 3092) (26): mean
change from baseline in
number of workers consuming
≥5 servings of fruits and
vegetables per day†, 7.5% vs.
1.1%; P = 0.048

1 RCT (n = 2386) rated as having
high ROB (10): mean change
from baseline in servings of
fruits and vegetables per day,
0.22 vs. 0.09; P = 0.04

Low for
benefit

Sedentary office
workers (31, 32)

Integrated
intervention vs.
any comparator

16–52 2 262 Medium Sedentary activity at work, intervention
vs. comparator

1 RCT (n = 412) (31): change in
minutes spent sedentary per
day (physical environment
intervention vs. control group),
−57.9 (95% CI, −111.7 to 4.2);
P = 0.03‡

1 RCT (n = 60) (32): change in
percentage of work time spent
sedentary (integrated
intervention§ vs. OSH-only
group), −2.0 (95% CI, −4.4 to
0.3) vs. −0.4 CI, −1.1 to 0.2);
P = 0.08

Low for
benefit

OSH = occupational safety and health; RCT = randomized, controlled trial; ROB = risk of bias.
* This RCT also found benefit favoring the integrated intervention for rates of 7-d abstinence from any tobacco use (19% vs. 8%; P = 0.005) (25).
† In the overall sample of workers, intervention and control worksites did not differ (mean change from baseline in percentage consuming ≥5
servings per day: 5.4% vs. 1.7%; P = 0.41), and managers at intervention worksites reported decreased consumption of fruits and vegetables
compared with managers at control worksites (mean change from baseline in percentage consuming ≥5 servings per day: −5.5% vs. 3.6%; P =
0.048) (26).
‡ The other 2 active comparators (social environmental intervention and combined social and physical environmental intervention) and the control
group did not differ on any measure of work-specific physical activity or sedentary behavior outcome (31).
§ Workers were randomly assigned to an ergonomic workstation optimization intervention alone or an integrated intervention that included the
same ergonomic intervention plus access to a seated activity–permissive workstation (32).
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60) randomly assigned sedentary office workers to a
workstation optimization intervention (ergonomic as-
sessment, education, and prompts to promote breaks
and posture variation) plus access to a seated activity–
permissive workstation (TWH intervention) or to the
workstation optimization intervention alone (32). At 16
weeks, workers randomly assigned to the TWH inter-
vention reduced the percentage of time spent engag-
ing in sedentary behavior compared with those as-
signed to the ergonomic intervention alone, but the
difference between groups was not statistically signifi-
cant (33).

Evidence was insufficient for the following interme-
diate outcomes (because of unknown consistency due
to their being reported by a single study rated as hav-
ing medium ROB): blood pressure, weight, overall and
work-specific levels of physical activity, consumption of
red meat, safety behaviors, and safety compliance.

Utilization Outcomes and Occupational Injury
and Illness Surveillance Outcomes

No study rated as having low or medium ROB as-
sessed rates of health care utilization or occupational
injury and illness surveillance outcomes. One NRCT
(n = 519) rated as having high ROB (37) found no sig-
nificant difference between intervention and control
U.S. automotive manufacturing worksites in the per-
centages of workers who had 1 or more workers' com-
pensation claims and short-term disability claims at 28
weeks.

Harms
Two studies, both rated as having high ROB, inves-

tigated potential harms that were not prespecified.
One cohort study (n = 172) enrolling Danish inpatient
nurses evaluated an intervention aimed at improving
shift work scheduling compared with no intervention;
participants in the intervention group judged the inter-
vention schedule as having a worse effect on family life
at 52 weeks than the preintervention schedule (38).
One RCT (n = 860) enrolling Norwegian postal workers
assessed potential harms in a 4-group study that com-
pared an integrated intervention with aerobic exercise
alone, stress management alone, or no intervention
(29). Participants reported no subjective negative ef-
fects of the intervention on work environment, work sit-
uation, and other factors at 12 and 52 weeks, but the
study did not present quantitative results (29).

Characteristics of Effective Interventions
We evaluated common characteristics of interven-

tions that were effective for improving any outcomes
for which we were able to grade the SOE for benefit
(Table). Effective interventions were heterogeneous;
separating individual components from the overall
types (or “bundles”) of interventions that showed effi-
cacy was not possible.

In 5 of the 6 studies contributing to our SOE
grades, worker participation informed the develop-
ment, design, planning, or implementation of the inter-
ventions. Two studies set in manufacturing worksites
(10, 26) involved the creation of a joint worker–manage-

ment employee advisory board comprising workers,
production managers, and representatives from the
health and safety and human resources departments,
who planned and implemented the intervention in part-
nership with the study investigators. Employee advisory
board members gave input on specific components;
for example, policies aimed at reducing hazardous oc-
cupational exposure were cowritten by the study inves-
tigators and workplace managers (26). In 3 studies, the
intervention was designed based on input (or prior re-
search) from members of the targeted occupational
group (for example, related to culture, potential occu-
pational exposures, or work experience) (22, 25, 31); in
2 of these studies, the intervention was implemented in
collaboration with union members or support from ap-
prenticeship program leaders (22, 25). Most effective
interventions tailored their components or materials to
cultural or social aspects of the worker population (for
example, to workers with low literacy skills). All effective
interventions were complex multicomponent interven-
tions that reinforced messages about health and safety
through multiple levels of influence or multiple meth-
ods of delivery (or both) over time.

Contextual Factors
We abstracted data from included studies that re-

lated to contextual factors that the original authors
identified as potential modifiers of intervention effec-
tiveness. We included factors that investigators had
noted in their results (such as whether the intervention
was more or less effective at worksites that differed by a
specific contextual factor) and factors mentioned in
the discussion that could have facilitated or hindered
effectiveness.

Few studies identified contextual factors that could
have played a role in influencing intervention effective-
ness. Work organization and union membership status
were the 2 most commonly mentioned factors. Others
mentioned in at least 1 study included health insurance
status or access to primary care services, support from
higher management, availability of resources, and em-
ployee stress or strain related to company downsizing
during the intervention period.

DISCUSSION
Overall, the body of evidence supporting the effec-

tiveness of integrating OSH and HP efforts was small
and heterogeneous in terms of populations, interven-
tions, and measured outcomes; for some areas of inter-
est, evidence was nonexistent. The evidence from con-
trolled studies is shown in Appendix Table 4, and our
SOE grades for smoking cessation, fruit and vegetable
consumption, and sedentary work behavior are sum-
marized in the Table. The small size of the body of ev-
idence (15 studies with concurrent control groups) is
not surprising given that the concept of integration is
relatively new. The body of evidence about TWH inter-
ventions may reasonably be expected to grow over the
next few years.
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Findings graded as having low SOE supported the
effectiveness of TWH interventions for increasing rates
of smoking cessation over 22 to 26 weeks, increasing
fruit and vegetable intake over 26 to 104 weeks, and
reducing sedentary work behavior over 16 to 52 weeks.
Evidence was insufficient to assess the effectiveness of
integrated interventions for improving quality of life,
stress, blood pressure, weight, overall and work-
specific levels of physical activity, consumption of red
meat, safety behaviors, and safety compliance. Effective
interventions were informed by worker participation
and included comprehensive program content that
highlighted the potential additive or synergistic risks of
hazardous workplace exposures and health behavior.

We found no eligible studies with a concurrent
control group that reported on the incidence of injuries
or chronic diseases (including work-related injuries and
illnesses) or on the harms of interventions. Many stud-
ies had methodological limitations, such as high attri-
tion and no statistical methods to control for baseline
differences between groups. Outcomes were assessed
over a relatively short period; only 4 of the 15 studies
measured outcomes beyond 1 year.

We did not identify any previous systematic review
in our search (MEDLINE, the Cochrane Library, the Co-
chrane Central Register of Controlled Trials, and
PsycINFO from 1 January 1990 to 21 September 2015)
that was similar in scope or that graded the SOE related
to common outcomes reported in studies of TWH. One
prior systematic review (39) and one expert (or narra-
tive) review (40) did provide a broad overview of TWH
interventions. The results of our review are generally
consistent with those of previous reviews with respect
to conclusions about the limitations of the evidence
base. For example, Anger and colleagues noted that
integrated interventions improved risk factors for
chronic diseases. They concluded, however, that the
evidence that integration itself confers a significant
benefit is lacking and is “perhaps the most glaring gap
in the TWH literature” (39).

During our review process, we systematically ab-
stracted key factors (identified a priori) that may affect
the applicability of the evidence base. We focused on
issues for populations of workers and worksites in the
United States. Studies demonstrating the effectiveness
of TWH interventions for improving rates of smoking
cessation or increasing the consumption of fruits and
vegetables involved U.S. blue-collar workers and used
survey data collected before 2004; these investigations
all came from the same group of researchers (10, 19,
25, 26).

Our review had limitations beyond those already
noted. The most critical may be the lack of consistent
terminology related to TWH interventions. As of No-
vember 2015, the definition of TWH had shifted from a
relatively narrow focus on integrating OSH and HP to
“an approach [that] advocates for a holistic understand-
ing of the factors that contribute to worker well-being”
(8). Also, reporting or description of intervention com-
ponents in some studies was potentially inadequate.
For these reasons, we may have overlooked some stud-

ies that could be considered related to TWH interven-
tions. To address this deficiency, we solicited and re-
ceived a database from NIOSH that listed studies
deemed relevant to TWH. Our search strategies had
identified the vast majority of these studies. Neverthe-
less, some studies that we excluded might still be con-
sidered related to TWH.

Publication bias and selective reporting of out-
comes are other potential limitations. Although we
searched for unpublished trials and outcomes, we did
not find direct evidence of either of these biases. We
excluded non–English-language studies largely be-
cause of limitations in time and resources. However, we
identified such studies in our searches and did not see
any references that seemed to meet our eligibility cri-
teria. Searches of the NIOSH references did not un-
cover any non–English-language studies. Given this,
and given the fact that TWH is a relatively new strategy,
we believe that limiting our review to English-language
studies had little effect.

Workplace OSH and HP programs are likely to
have improved since the mid-2000s. Whether the re-
sults of these trials would apply to worksites that have
active HP programs or robust policies that promote
smoking cessation and healthy eating is not clear. In
other words, integrated OSH and HP initiatives may not
add much to strong efforts already in place. They may,
however, be models for industries or worksites that cur-
rently lack such policies or programs.

Moreover, relatively recent changes in health pol-
icy or practice, such as community-based health inter-
ventions and health care, may also limit the applicabil-
ity of TWH studies published 10 or more years ago. For
example, smoking cessation services may be more
widely available because of these changes than they
were a decade or more ago.

Additional adequately powered multisite RCTs or
other prospective studies with a concurrent control
group are needed to replicate encouraging findings
that have been observed in only a few trials to date. In
addition, future studies need to be designed explicitly
to assess the benefits of integration separate from new
OSH or HP components not previously offered at work-
sites. Including a broader range of workers in future
studies could increase the applicability of TWH inter-
ventions and enable reviewers to assess the consis-
tency of findings. It might also answer the question of
whether integrated strategies are or are not more effec-
tive in groups of workers who differ by demographic,
social, or occupational characteristics that contribute to
adverse health outcomes. In terms of methods, investi-
gators should plan for high attrition (and use methods
to address missing data when necessary) and should
provide a clear flow diagram to show the flow of partic-
ipants from group assignments through the final
analysis.

In conclusion, evidence was insufficient to assess
the effectiveness of integrated interventions for improv-
ing various health outcomes that matter for worker
populations, such as quality of life, levels of stress, and
rates of injuries. With respect to intermediate outcomes
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relating more to work safety factors, we also had little
or no information about TWH effects on safety behav-
iors and safety compliance. Insofar as physicians and
other health professionals are concerned with such risk
factors as tobacco use, diet and nutrition, and seden-
tary lifestyles, our findings are encouraging. Although
evidence was meager, it does point to the utility of in-
tegrated TWH interventions that include efforts to en-
courage smoking cessation, consumption of more fruits
and vegetables, and less sedentary work. Health pro-
fessionals should understand the relationship between
working conditions and overall health, such as how
working conditions can promote or act as a barrier to
healthy behavior. Recognizing the synergy between
OSH and HP may increase the relevance of health rec-
ommendations and potentially promote employee par-
ticipation in workplace programs.
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APPENDIX: SOE ASSESSMENT
We graded the SOE of the accumulated evidence

on a given issue to answer the specific KQs on the ben-
efits and harms of the interventions in this review; we
used the guidance established for the EPC program
(16). Developed to grade the overall strength of a body
of evidence, this approach now incorporates 5 key do-

mains: study limitations (including study design and ag-
gregate ROB), consistency, directness, precision of the
evidence, and reporting bias. It also considers other
optional domains that may be relevant for some sce-
narios, such as plausible confounding that would de-
crease the observed effect and strength of association
(that is, magnitude of effect).

Appendix Table 5 describes the evidence grades
that can be assigned. Grades reflect the strength of the
body of evidence to answer outcomes relevant to KQ2
(comparative effectiveness, efficacy, and harms of the
interventions in this review). Two reviewers assessed
each domain for each key outcome, and differences
were resolved by consensus. For each assessment, 1 of
the 2 reviewers was an experienced EPC investigator.

An unfavorable assessment for any of the 4 key do-
mains (inconsistency, indirectness, imprecision, or me-
dium aggregate ROB) typically resulted in downgrad-
ing from high to moderate SOE. Two unfavorable
assessments typically resulted in downgrading to low
SOE. When only 1 study reported an outcome of inter-
est (with unknown consistency and imprecision), we
usually graded the SOE as insufficient; when similar in-
terventions had consistent results in different popula-
tions of workers or at different outcome timings, we
graded the SOE as low. Appendix D of the full review
presents tables (see Appendix Tables 6 to 14) showing
our assessments for each domain and the resulting
SOE grades for outcomes eligible for KQ2, organized
by outcome category.

Web-Only Reference
41. Sorensen G, McLellan D, Dennerlein JT, Pronk NP, Allen JD,
Boden LI, et al. Integration of health protection and health promo-
tion: rationale, indicators, and metrics. J Occup Environ Med. 2013
Dec;55(12 Suppl):S12-8. [PMID: 24284762] doi:10.1097/JOM.00000
00000000032
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Appendix Table 1. Inclusion/Exclusion Criteria for Studies of TWH Interventions

PICOTS
Framework

Inclusion Exclusion

Population Employed adults (18 years of age or older) Children and adolescents under age 18
Intervention Any “integrated intervention” that meets the definition of a TWH strategy, defined

as “a strategic and operational coordination of policies, programs, and
practices designed to simultaneously prevent work-related injuries and
illnesses, and enhance overall workforce health and well-being” (41).

We will not judge inclusion and exclusion based on the degree or type of
integration.* To meet inclusion criteria, an intervention must include a
component aimed specifically at improving workplace health and safety† and a
component aimed at improving overall health, health behaviors, or risk factors
for chronic diseases.‡

Interventions may include a range of components that focus on changes in policy;
organizational structure; work organization; environmental factors; or individual
worker education, counseling, training, or social support (or combinations of
these components).

All other interventions

Comparator Usual practice, usual care, standard care, or no intervention; head-to-head studies
comparing an integrated intervention with another intervention that differs in
content, intensity, or degree of integration

No comparison; nonconcordant historical controls

Outcomes Health and safety outcomes: Mortality; incidence of injuries, cardiovascular
disease, or cancer; morbidity related to injuries, illnesses, or chronic disease
(including work-related injuries and illnesses); depression or anxiety; validated
measures of functional status, quality of life, stress or distress

Intermediate outcomes: Tobacco, alcohol, or illicit drug use; weight or body mass
index; blood pressure; cholesterol (total cholesterol, low-density lipoprotein
cholesterol and high-density lipoprotein cholesterol); incidence of diabetes;
frequency of physical activity; healthy eating behavior (e.g., increased
consumption of fruit and vegetables); rates of hazardous exposures or “near
misses”

Utilization outcomes and occupational injury and illness surveillance outcomes:
Hospitalizations, emergency department visits, or outpatient clinic visits;
measures of workers' compensation claims or injury or illness surveillance
outcomes

Harms: Any potential harm reported in included studies, such as increased
barriers to reporting work-related injuries or illnesses, work stress, adverse
effects on personal health, discrimination, victim blaming, and others

Contextual factors: This is a descriptive summary of contextual factors identified
as potential modifiers of intervention effectiveness across all included studies.
Contextual factors may include (but are not limited to) the following:
legal-regulatory environment (e.g., state laws with respect to union
representation); employer characteristics, policies, or benefits (e.g., availability
of health insurance coverage or paid sick leave); work organization (e.g., shift
work); and social or economic factors (e.g., income or availability of community
resources to support or promote health).

All other outcomes, such as measures of aerobic
capacity (e.g., VO2max) or exercise performance
(e.g., number of sit-ups performed); intake of
specific foods; measures of self-efficacy;
participation in specific health promotion or safety
programs (that are separate from the intervention);
economic evaluation outcomes (e.g., cost or return
on investment); work productivity measures (e.g.,
absenteeism)

Timing Any duration of follow-up None
Setting Studies conducted in any workplace setting in a developed country (“very high”

human development index per the United Nations Development
Programme) (13)

Studies conducted in other countries

Study designs Original research, including randomized, controlled trials; nonrandomized,
controlled trials; prospective cohort studies with a concurrent control group§

All other designs, including case reports, case series,
retrospective cohort studies, nonsystematic
reviews, systematic reviews, studies with historical
(rather than concurrent) control groups

PICOTS = population, intervention, comparator, outcomes, timing of outcomes measurement, and setting; TWH = Total Worker Health; VO2max =
maximal rate of oxygen consumption as measured during incremental exercise.
* Variations in the degree to which interventions are “integrated” and how integration is accomplished, as well as the specific intervention
components included, are considered characteristics of the integrated interventions and are the focus of key question 1 (characteristics of inter-
ventions) and key question 3 (characteristics of effective interventions).
† Occupational safety and health: Intervention (or program) components aimed at reducing hazardous exposures at work that can lead to work-
related injury, illness, and disability. Interventions can be at the organizational or individual level (or both). Examples include (but are not limited to)
the following: employer policies to improve (or remove) work hazards, engineering controls designed to eliminate or substitute hazards, adoption
of improved personal protective equipment, and individual-level health and safety training to employees.
‡ Worksite health promotion: Intervention (or program) components aimed at promoting worker health by decreasing risk factors for chronic
diseases (e.g., smoking, sedentary behavior, obesity, blood pressure, and others), improving stress, and promoting overall well-being (e.g., via
social support or physical activity). Intervention components may incorporate employee assistance programs, clinical prevention services, disease
management programs, and other health benefits. Interventions may also include community-based services (e.g., referral for community-based
health services) or environmental changes (e.g., increasing access to healthy foods at a worksite).
§ We included pre–post studies for some descriptive key questions in the full report and to inform future research needs (12).
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Appendix Figure. Disposition of articles for systematic
evidence review of Total Worker Health interventions.

Records found through database
searching and other sources
(n = 1625)

   MEDLlNE: 1400
   PsycINFO: 35
   Cochrane Library: 78
   Hand-searches of references: 63
   Gray literature*: 32
   NIOSH bibliography: 17

Duplicates removed
(n = 93)

Records screened
(n = 1532)

Records excluded
(n = 1237)

Full-text articles assessed
for eligibility 

(n = 295)

Eligible studies included
in systematic review

(n = 24 [33 publications])

Full-text articles excluded
(n = 262)

   Non–English-language: 1
   Ineligible publication type: 3
   Not original research: 38
   Ineligible design: 22
   Ineligible PICOTS: 198

NIOSH = National Institute for Occupational Safety and Health;
PICOTS = population, intervention, comparator, outcomes, timing of
outcomes measurement, and setting.
* ClinicalTrials.gov and Academic Search Premier.
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Appendix Table 3. Characteristics of Work Settings and Populations

Study, Year (Reference)
Study Name

Industry
Worksite
(Worksites, n; Workers, n)
Country

Occupational Groups Mean Age (SD),
y*

Female, % Nonwhite, %

Allen et al, 2003 (37)
International's Allergy

Project

Manufacturing
Worksites producing medium- and heavy-duty

trucks and diesel engines
(7; 519)
United States (Illinois, Indiana)

Blue-collar production workers and
while-collar workers (percentage
across worksites NR)

43–46 (NR) 31 NR

Bøggild and Jeppesen,
2001 (38)

Health care and social assistance
Inpatient wards (7) in one regional hospital
(1; 172)
Denmark

Nurses and nursing aides 35–42 (NR) NR NR

Carr et al, 2016 (32) NR
Private company
(1; 60)
United States (Iowa)

Sedentary desk job workers at a
private company†

45 (11) 70 4–15

Coffeng et al, 2014 (31)
Coffeng et al, 2013 (34)
Coffeng et al, 2012 (35)

Finance
Departments of a financial service provider
(NR; 412)
The Netherlands

Office employees with mainly desk
jobs

38–44 (9.2–10.5) 38–45 NR

Eriksen et al, 2002 (29) Transportation
Post office or postal terminal
(31; 860)
Norway

Postal service employees (office
clerks and blue-collar workers)

37–39 (NR) 59–64 NR

Hammer et al, 2015 (33) Multiple industries
Workers employed by a municipal public

works department
(NR; 292)
United States (state NR)

Construction and utility workers,
including electricians, plumbers,
carpenters, heavy equipment
operators, sidewalk repair
persons, and others

45 (9.6) 10 21

Maes et al, 1998 (36)
Brabantia Project

Manufacturing
Producer of household goods
(3; 264)
The Netherlands

Blue-collar production workers 39–41 (10.4–10.5) NR NR

Okechukwu et al,
2009 (22)

MassBUILT

Construction
Building trade apprentice training program
(10; 1213)
United States (Massachusetts)

Apprentice training participants
(boilermakers, bricklayers,
electricians, hoisting and
portable engineers, ironworkers,
painters, plumbers, pipefitters,
and others)

28–29 (6.7–6.9) 4–6 15–18

Palumbo et al, 2012 (23) Health care and service
Hospital (academic medical center)
(1; 14)
United States (Vermont)

Registered nurses, licensed
practical nurses on hospital
wards requiring patient lifting

≥49‡ 100 NR

Sorensen et al, 1998 (10)
Sorensen et al, 1996 (17)
Sorensen et al, 1995 (18)
WellWorks

Manufacturing
Worksites producing industrial, chemical, and

other products; textile dyeing; firefighting;
and newspapers

(24; 2658)
United States (Massachusetts)

Blue-collar production workers,
firefighters, textile-dying
machine operators§

<35: 27%
35–50: 51%
>50: 23%

24 <4

Sorensen et al, 2003 (19)
Lamontagne et al,

2005 (20)
Hunt et al, 2005 (21)
WellWorks-2

Manufacturing
Worksites associated with probable use of

hazardous chemicals
(15; 9019)
United States (Massachusetts)

Blue-collar (hourly) and white-collar
(salaried) workers

<31: 12–16%
31–40: 27–33%
41–50: 28–32%
51–60: 19–24%
61–70: 4–5%
≥71: 0–1%

34–43 15–22

Sorensen et al, 2005 (26)
Hunt et al, 2007 (27)

Barbeau et al,
2004 (28)

Healthy Directions-Small
Business

Manufacturing
Worksites producing medical equipment, dog

food, specialty pumps, textiles, and
electronics; and laundry and printing
service providers

(26; 1740)
United States (Massachusetts)

Blue-collar workers (83%–84%) and
managers (16%–18%)

43–44 (NR) 25–44 18–25

Sorensen et al, 2007 (25)
Tools for Health

Construction
Workers with membership in the Laborers'

International Union of North America
(NA; 674)
United States (multiple states)

General laborers, concrete
workers, heavy construction
workers, demolition workers,
jackhammer

40–41 (9.5–9.7) 5–6 30–37

Tveito and Eriksen,
2009 (24)

Health care and social service
One nursing home for older people
(1; 40)
Norway

Nursing auxiliaries, nurses,
assistants, other helping staff

NR 100 NR

von Thiele Schwarz et al,
2015 (30)

Health care and social service
Inpatient units (12) in one county hospital
(1; 312)
Sweden

Registered nurses, assistant nurses,
others with direct patient care

45–47 (9.2–12.1) 91–96 NR

NA = not applicable; NR = not reported.
* When only the mean age per study group (e.g., intervention and control groups) is provided, we present that as a range across groups.
† Employees with the following were excluded: acute illness or injury, self-reported cognitive impairments, psychosis or other severe psychological
illness; self-reported chronic conditions (e.g., heart disease or cancer); workers who had a height-adjustable workstation; workers with a body mass
index <25 kg/m2; and workers who reported sitting <75% of a typical workday (32).
‡ Mean age NR; however, study enrolled nurses ages ≥49 y (23).
§ More than half of the 24 worksites in the WellWorks study were described as comprising a majority of blue-collar workers, ranging from 52% of
the workers at the high-volume battery manufacturing worksite to 98% of workers at the firefighting worksite; the investigators did not describe
non–blue-collar workers in detail (18).
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Appendix Table 4. Results for Intermediate and Final Health Outcomes From Studies of Total Worker Health Interventions

Study, Year (Reference)
Study Design
Risk of Bias

Group (Number)
Outcome Timing, wk*

Outcome Category
Outcome (Measure)
Results

Bøggild and Jeppesen, 2001 (38)
Cohort study
High

G1: Improvements in shift work (26)
G2: No intervention (60)
24

Intermediate outcomes
Smoking cessation (percentage of workers who smoked at baseline):

G1: 27% vs. G2: 27%
Median change from baseline (IQR):
G1: 0 (0) vs. G2: 0 (0)
P = NS

General physical activity outcomes (percentage with no exercise at baseline):
G1: 12% vs. G2: 7%
Median change from baseline (IQR):
G1: 0 (1) vs. G2: 0 (0)
P = NS

Carr et al, 2016 (32)
RCT
Medium

G1: Integrated intervention (30)
G2: OSH-only intervention (30)
16

Intermediate outcomes
Mean change from baseline (95% CI):

Work-specific physical activity outcomes (Total occupational physical activity – average
counts/workday)†:

G1: 9752 (1067 to 18 436) vs. G2: −142 (−10 623 to 10 339)
Between-group difference P = 0.14

Work-specific physical activity outcomes (work time sedentary – percentage of workday):
G1: −2.0 (−4.4 to 0.3) vs. G2: −0.4 (−1.1 to 0.2)

Between-group difference P = 0.08
Work-specific physical activity outcomes (work time in light intensity physical activity –

percentage of workday):
G1: 0.7 (−0.2 to 1.7) vs. G2: −0.4 (−1.1 to 0.2)

Between-group difference P = 0.04
Work-specific physical activity outcomes (work time in moderate intensity physical activity –

percentage of workday):
G1: 1.1 (−1.1 to 3.2) vs. G2: 0.07 (−0.7 to 0.8)

Between-group difference P = 0.38
Work-specific physical activity outcomes (work time in vigorous intensity physical activity –

percentage of workday):
G1: 0.3 (0.0 to 0.5) vs. G2: 0.0 (−0.3 to 0.3)

Between-group difference P = 0.44
Coffeng et al, 2014 (31)
RCT
Medium

G1: Combined social and physical
environment intervention (92)

G2: Social environment
intervention (118)

G3: Physical environment
intervention (96)

G4: No intervention (106)
52

Health outcomes
Difference between active comparator and control group, beta coefficient (95% CI)‡:

General stress (need for recovery§):
G1 vs. G4: −6.8 (−14 to 0.4); P = 0.07
G2 vs. G4: −2.3 (−8.7 to 4.2); P = 0.49
G3 vs. G4: −4.2 (−11 to 2.7); P = 0.23

Work-related stress (exhaustion��):
G1 vs. G4: −0.2 (−0.3 to −0.1); P < 0.01
G2 vs. G4: −0.1 (−0.1 to 0.0); P = 0.13
G3 vs. G4: −0.1 (−0.2 to 0.0); P = 0.23

Work-related stress (detachment after work¶):
G1 vs. G4: 0.0 (−0.3 to 0.3); P = 0.85
G2 vs. G4: 0.1 (−0.1 to 0.4); P = 0.35
G3 vs. G4: 0.2 (−0.1 to 0.5); P = 0.16

Work-related stress (relaxation after work¶):
G1 vs. G4: 0.1 (−0.2 to 0.4); P = 0.55
G2 vs. G4: 0.1 (−0.1 to 0.4); P = 0.25
G3 vs. G4: 0.2 (−0.1 to 0.5); P = 0.12

Intermediate outcomes
Difference between active comparator and control group, beta coefficient (95% CI)**

General physical activity outcomes (light physical activity):
G1 vs. G4: −37.3 (−396.8 to 322.2); P = 0.84
G2 vs. G4: −322.5 (−665.5 to 20.5); P = 0.07
G3 vs. G4: −217.1 (−573.6 to 139.4); P = 0.23

General physical activity outcomes (moderate physical activity):
G1 vs. G4: 54.8 (−58.1 to 171.8); P = 0.36
G2 vs. G4: 63.1 (−48.9 to 175.2); P = 0.27
G3 vs. G4: 6.8 (−108.1 to 121.7); P = 0.90

General physical activity outcomes (vigorous physical activity):
G1 vs. G4: −38.5 (−88.0 to 11.0); P = 0.13
G2 vs. G4: −11.6 (−59.3 to 36.2); P = 0.64
G3 vs. G4: −4.6 (−53.2 to 44.0); P = 0.86

General physical activity outcomes (leisure activities††):
G1 vs. G4: −41.5 (−155.9 to 72.8); P = 0.48
G2 vs. G4: 33.5 (−76.9 to 144.0); P = 0.55
G3 vs. G4: −28.0 (−141.1 to 85.2); P = 0.63

General physical activity outcomes (sport activities††):
G1 vs. G4: −18.9 (−77.1 to 39.3); P = 0.52
G2 vs. G4: 30.4 (−22.0 to 82.7); P = 0.25
G3 vs. G4: 3.6 (−51.2 to 58.6); P = 0.83

Work-specific physical activity outcomes (stair climbing at work – number of times
participants took the stairs during a usual workday):

G1 vs. G4: 0.5 (−0.0 to 1.1); P = 0.05
G2 vs. G4: −0.1 (−0.6 to 0.4); P = 0.63
G3 vs. G4: 1.0 (0.5 to 1.5); P < 0.01

Work-specific physical activity outcomes (active commuting†† – minutes per week):
G1 vs. G4: 142.0 (−5.5 to 289.6); P = 0.06
G2 vs. G4: −8.3 (−150.0 to 133.4); P = 0.91
G3 vs. G4: 91.9 (−53.8 to 237.5); P = 0.22

Work-specific physical activity outcomes (sedentary behavior at work – minutes per day):
G1 vs. G4: −33.8 (−90.3 to 22.7); P = 0.24
G2 vs. G4: −29.8 (−80.3 to 20.8); P = 0.28
G3 vs. G4: −57.9 (−111.7 to 4.2); P = 0.03

Hammer et. al, 2015 (33)
RCT
Medium

G1: Integrated intervention (NR)
G2: No intervention (NR)
Total number = 264
52

Health outcome
Quality of life (SF-12 physical health component summary score):

Difference between groups on postintervention score (SE): −0.32 (0.82); P = 0.69

Maes et al, 1998 (36)
The Brabantia Project

NRCT
High

G1: Integrated intervention (113)
G2: No intervention (113)
156

Health outcome
Mean change from baseline:

General stress (Symptom Checklist-90)
G1: −0.01 vs. G2: 0
P = NS

Continued on following page
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Appendix Table 4—Continued

Study, Year (Reference)
Study Design
Risk of Bias

Group (Number)
Outcome Timing, wk*

Outcome Category
Outcome (Measure)
Results

Okechukwu et al, 2009 (22)
MassBUILT
RCT
High

G1: Integrated intervention (251)
G2: No intervention (239)
22, 43

Intermediate outcomes
Smoking cessation (percentage of baseline smokers reporting 7-day abstinence at

22 weeks)
G1: 26% vs. G2: 17%
P = 0.014

Smoking cessation (percentage of baseline smokers reporting 6-month abstinence at
43 weeks)

G1: 9% vs. G2: 7%
P = 0.48

Other smoking outcomes (cut down by at least one half-pack smoked daily at 43 weeks)
OR, 3.13 (95% CI, 1.55 to 6.31)

Other smoking outcomes (percentage of baseline smokers who made ≥1 quit attempt at
43 weeks)

OR, 1.31 (95% CI, 0.88 to 1.96)
Other smoking outcomes (percentage of workers reporting a decrease in the number of

days smoked at 43 weeks)
OR, 1.18 (95% CI, 0.62 to 2.25)

Palumbo et al, 2012 (23)
RCT
High

G1: Tai chi (7)
G2: No intervention (7)
15

Health outcomes
Mean change from baseline (SD)

Quality of life (SF-36 general health score)
G1: 0.6 (7) vs. G2: −4.0 (4.2)
P = 0.33

Quality of life (SF-36 mental health score)
G1: 2.5 (9.3) vs. G2: −7.0 (9.1)
P = 0.62

Quality of life (WLQ overall score)
G1: −3.1 (1.2) vs. G2: −0.8 (1.4)
P = 0.03

Quality of life (WLQ physical demands subscale)
G1: −10.4 (11.7) vs. G2: −2.5 (8.1)
P = 0.14

Quality of life (WLQ mental demands subscale)
G1: −11.1 (10.1) vs. G2: 0 (6.6)
P = 0.03

General stress (PSS)
G1: −2.8 (2.4) vs. G2: −1.4 (3.9)
P = 0.42

Work-specific stress (NSS)
G1: −6.1 (14.2) vs. G2: −1.6 (2.4)
P = 0.89

Tveito and Eriksen, 2009 (24)
RCT
High

G1: Integrated intervention (19)
G2: No intervention (21)
36

Health outcomes
Mean score (95% CI)

Quality of life (SF-36 general health score)
G1:

Baseline: 42.3 (95% CI, 37.8 to 46.8)
Posttest: 49.4 (95% CI, 43.5 to 55.3)

G2:
Baseline: 45.7 (95% CI, 41.7 to 49.7)
Posttest: 44.7 (95% CI, 38.1 to 51.2)
P = 0.27 (difference between G1 and G2 posttests)

Quality of life (SF-36 mental health score)
G1:

Baseline: 47.3 (95% CI, 42.7 to 51.9)
Posttest: 52.9 (95% CI, 48.4 to 57.3)

G2:
Baseline: 45.7 (95% CI, 41.7 to 49.7)
Posttest: 49.8 (95% CI, 45.9 to 53.7)
P = 0.98 (difference between G1 and G2 posttests)

Continued on following page
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Appendix Table 4—Continued

Study, Year (Reference)
Study Design
Risk of Bias

Group (Number)
Outcome Timing, wk*

Outcome Category
Outcome (Measure)
Results

Sorensen et al, 1998 (10)
Sorensen et al, 1996 (17)
Sorensen et al, 1995 (18)
WellWorks
RCT
High

G1: Integrated intervention (NR)
G2: No intervention (NR)
Overall number for smoking

outcomes = 549‡‡
Overall number for healthy eating

outcomes = 2386
104

Intermediate outcomes
Smoking cessation (percentage of baseline smokers reporting 6-month abstinence)

All occupational classes:
G1: 15% vs. G2: 9%
P = 0.123

Smoking cessation (percentage of baseline smokers reporting 6-month abstinence)
Subgroup of skilled and unskilled laborers (n = NR):
G1: 17.9% vs. G2: 9.0%
P = NS

Smoking cessation (percentage of baseline smokers reporting 6-month abstinence)
Subgroup of office workers (n = NR):
G1: 2.5% vs. G2: 5.1%
P = NS

Smoking cessation (percentage of baseline smokers reporting 6-month abstinence)
Subgroup of professionals and managers (n = NR):
G1: 14.2% vs. G2: 18.6%
P = NS

Healthy eating behavior (consumption of fruits and vegetables, servings per day)
Mean change from baseline
G1: 0.22 vs. G2: 0.09
P = 0.04

Healthy eating behavior (daily fiber intake, grams per 1000 kcal):
Mean change from baseline
Overall sample:
G1: 0.58 vs. G2: 3.39
P = 0.08
Subgroup of skilled and unskilled laborers (n = NR):
G1: 0.89 vs. G2: 0.36
P = 0.012
Subgroup of office workers (n = NR):
G1: 0.11 vs. G2: 0.29
P = NS
Subgroup of professionals and managers (n = NR):
G1: 0.47 vs. G2: 0.57
P = NS

Healthy eating behavior (number of kcal consumed as fat)
Mean percentage change from baseline
Overall sample:
G1: −3.36 vs. G2: −1.55
P = 0.01

Sorensen et al, 2003 (19)
Lamontagne et al, 2005 (20)
Hunt et al, 2005 (21)
WellWorks-2
RCT
High

G1: Integrated intervention
(smoking cessation, n = 436;
healthy eating behavior,
n = 2413)

G2: HP alone (smoking cessation,
n = 389; healthy eating behavior,
n = 2214)

104

Intermediate outcomes
Smoking cessation (percentage of baseline smokers reporting 6-month abstinence)

Overall sample:
G1: 11.3% vs. G2: 7.5%
P = 0.17
Subgroup of hourly workers (n = 684):
G1: 11.8% vs. G2: 5.9%
P = 0.04
Subgroup of salaried workers (n = 141):
G1: 9.9% vs. G2: 12.7%
P = 0.63

Healthy eating behavior (consumption of fruits and vegetables, servings per day)
Mean change from baseline
G1: −0.10 vs. G2: 0.05
P = 0.24

Sorensen et al, 2007 (25)
Tools for Health
RCT
Medium

G1: Integrated intervention (any
tobacco use, n = 134; smokers,
n = 101; healthy eating behavior,
n = 298)

G2: No intervention (any tobacco
use, n = 113; smokers, n = 87,
healthy eating behavior, n = 280)

26

Intermediate outcomes
Smoking cessation (percentage of baseline smokers reporting 7-day abstinence)

G1: 19% vs. G2: 8%
P = 0.03

Smoking cessation (percentage of baseline tobacco users reporting 7-day abstinence – any
tobacco use)

G1: 19% vs. G2: 7%
P = 0.005

Other smoking outcomes (percentage of baseline smokers who made ≥1 smoking quit
attempt)

G1: 53% vs. G2: 35%
P = 0.03

Healthy eating behavior (consumption of fruits and vegetables, servings per day)
Mean change from baseline (SD)
G1: 1.52 (3.89) vs. G2: −0.09 (3.31)
P < 0.0001

Continued on following page

Annals of Internal Medicine • Vol. 165 No. 4 • 16 August 2016 www.annals.org

Downloaded from https://annals.org by Univ of North Carolina user on 08/13/2019



Appendix Table 4—Continued

Study, Year (Reference)
Study Design
Risk of Bias

Group (Number)
Outcome Timing, wk*

Outcome Category
Outcome (Measure)
Results

Sorensen et al, 2005 (26)
Hunt et al, 2007 (27)
Barbeau et al, 2004 (28)
Healthy Directions-Small Business

Study
RCT
Medium

G1: Integrated intervention (NR)
G2: No intervention (NR)
Overall number = 3092§§
78�� ��

Intermediate outcomes
Mean change from baseline

Healthy eating behavior (percentage of participants consuming ≥5 servings of fruits and
vegetables per day)

Overall sample:
G1: 5.4% vs. G2: 1.7%
P = 0.41
Subgroup of managers:
G1: −5.5% vs. G2: 3.6%
P = 0.048
Subgroup of workers:
G1: 7.5% vs. G2: 1.1%
P = 0.048

Healthy eating behavior (percentage of participants consuming ≤3 servings of red meat
per week)

G1: 4.1% vs. G2: 3.0%
P = 0.72

General physical activity outcomes (percentage of participants who exercise ≥2.5 hours
per week)

Overall sample
G1: 5.4% vs. G2: −0.9%
P = 0.23
Subgroup of managers:
G1: −2.0% vs. G2: 3.7%
P = 0.09
Subgroup of workers:
G1: 7.1% vs. G2: −2.1%
P = 0.09

G = group; HP = health promotion; IQR = interquartile range; NR = not reported; NRCT = nonrandomized, controlled trial; NS = not significant;
NSS = Nursing Stress Scale; OR = odds ratio; OSH = occupational safety and health; PSS = Perceived Stress Scale; RCT = randomized, controlled
trial; SF-12 = 12-Item Short Form Health Survey; SF-36 = 36-Item Short Form Health Survey; WLQ = Work Limitations Questionnaire.
* Unless otherwise specified, this is the timing of outcome assessment in relationship to the baseline survey.
† Measured via an ankle-worn accelerometer; this is the sum of all activity counts accumulated on valid accelerometer wear days. Days participants
wore the monitor for <12 hours were excluded from the analysis (32).
‡ Outcomes are adjusted for age, sex, education, marital status, general health (measured with a single item, “In general, how would you rate your
health?” on a scale of 1 [poor] to 5 [excellent] from the Dutch validated version of the SF-36 from the RAND Medical Outcomes Study), job demands,
supervisor support, and corresponding baseline measure of the outcome variable. A negative beta indicates a decrease in the outcome mea-
sure (31).
§ Assessed using the Need for Recovery after Work scale (score of 0 to 100 with higher scores reflecting greater need). Beta scores used as
measures of intervention effect, with negative scores reflecting lower need for recovery compared with no intervention group (31).
�� Measured using the Oldenburg Burnout Inventory (score of 1 to 4 ranging from “totally agree” to “don't agree”) (31).
¶ Measured using the Recovery Experience Questionnaire (score of 1 to 7 ranging from “never” to “always”) (31).
** All outcomes below are adjusted for age, sex, education, marital status, general health (measured with a single item, “In general, how would you
rate your health?” on a scale of 1 [poor] to 5 [excellent] from the Dutch validated version of the SF-36 from the RAND Medical Outcomes Study), job
demands, supervisor support, and corresponding baseline measure of the outcome variable. A negative beta indicates a decrease in the out-
come (31).
†† Physical activity levels were measured using the Short Questionnaire to Assess Health-enhancing Physical Activity Questionnaire. Active com-
muting refers to walking or cycling to and from work. Leisure activities include walking, cycling, gardening, chores, and sports. Employees were
asked to report the frequency (times per week), duration of activities (in minutes), and self-reported intensity (light, moderate, or vigorous) (31).
‡‡ This was the number of smokers who responded to baseline and follow-up assessments; the study reports that in the cohort of participants who
responded to both baseline and follow-up assessments, 23% were smokers (10).
§§ Per the authors, 974 workers responded to both the baseline and follow-up survey. This “embedded cohort” is included in the overall analysis,
but results are not reported separately for this group (26).
�� �� 18 months (26).

Appendix Table 5. Definitions of the Grades of Overall Strength of Evidence*

Grade Definition

High We are very confident that the estimate of effect lies close to the true effect for this outcome.
The body of evidence has few or no deficiencies. We believe that the findings are stable
(i.e., another study would not change the conclusions).

Moderate We are moderately confident that the estimate of effect lies close to the true effect for this
outcome. The body of evidence has some deficiencies. We believe that the findings are
likely to be stable, but some doubt remains.

Low We have limited confidence that the estimate of effect lies close to the true effect for this
outcome. The body of evidence has major or numerous deficiencies (or both). We believe
that additional evidence is needed before concluding either that the findings are stable or
that the estimate of effect is close to the true effect.

Insufficient We have no evidence, we are unable to estimate an effect, or we have no confidence in the
estimate of effect for this outcome. No evidence is available or the body of evidence has
unacceptable deficiencies, precluding reaching a conclusion.

* From reference 16.
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Appendix Table 6. Strength of Evidence: Smoking Cessation

Population
Intervention
Comparator
Outcome Measure
Time Point

Studies, n;
Participants, n
Study Design

Study
Limitations

Consistency Directness Precision Direction and Magnitude of
Effect

Strength of
Evidence

Construction laborers (25)
and manufacturing
workers (22)

Integrated intervention vs.
no intervention

Self-reported 7-day
abstinence

22–26 weeks

2; 737
RCTs

Medium or
High

Consistent Indirect Precise One RCT rated as having medium
ROB (25) found that more
workers in the integrated
intervention group reported
7-day abstinence at 26 weeks
than workers in the control
group: 19% vs. 8%; P = 0.03*

One RCT rated as having high
ROB (22) found more workers
at intervention worksites
reported 7-day abstinence at
22 weeks compared with
workers at control worksites:
26% vs. 17%; P = 0.014

Low for
benefit

RCT = randomized, controlled trial; ROB = risk of bias.
* This RCT found also found benefit favoring the integrated intervention for rates of 7-day abstinence from any tobacco use (19% vs. 8%; P =
0.005) (25).

Appendix Table 7. Strength of Evidence: Healthy Eating Behavior (Increased Consumption of Fruits and Vegetables)

Population
Intervention
Category
Time Point

Studies, n;
Participants, n
Study Design

Study
Limitations

Consistency Directness Precision Direction and Magnitude of Effect Strength of
Evidence

Manufacturing workers
(10, 26) and
construction
workers (25)

Integrated intervention
vs. no intervention

26–104 weeks

3; 6056
RCTs

Medium or
High

Consistent Indirect Precise Two RCTs rated as having medium ROB:
One RCT (n = 578) (25) found that

more workers in the intervention
group increased consumption of
fruit and vegetables than workers in
the control group: mean increase in
servings per day, 1.52 (SD, 3.39) vs.
−0.09 (SD, 3.31); P < 0.0001

One RCT (n = 3092) (26) found more
workers at intervention worksites
reported consuming 5 or more
servings of fruits and vegetables per
day than workers at control
worksites*: mean change from
baseline, 7.5% vs. 1.1%; P = 0.048

One RCT (n = 2386) rated as having
high ROB (10) found more workers
at intervention worksites increased
consumption of fruit and vegetables
than workers at control worksites:
mean change from baseline
servings per day, 0.22 vs. 0.09;
P = 0.04

Low for
benefit

RCT = randomized, controlled trial; ROB = risk of bias.
* In the overall sample of workers, there was no difference between intervention and control worksites (mean change from baseline percentage
consuming ≥5 servings per day: 5.4% vs. 1.7%; P = 0.41), and managers at intervention worksites reported decreased consumption of fruit and
vegetables compared with managers at control worksites (mean change from baseline consuming ≥5 servings per day: −5.5% vs. 3.6%; P =
0.048) (26).
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Appendix Table 8. Strength of Evidence: Healthy Eating Behavior (Decreased Consumption of Red Meat)

Population
Intervention Category
Time Point

Studies, n;
Participants, n
Study Design

Study
Limitations

Consistency Directness Precision Direction and
Magnitude of Effect

Strength of
Evidence

Manufacturing workers (26)
Integrated intervention vs. no

intervention
78 weeks

1; 3092
RCT

Medium Unknown Indirect Imprecise Percentage of workers
who reported
consuming ≤3 servings
of red meat per week:
mean change from
baseline, 4.1% in the
intervention group vs.
3.0% in the control
group; P = 0.72

Insufficient

RCT = randomized, controlled trial.
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Appendix Table 10. Strength of Evidence: Work Stress

Population
Intervention Category
Time Point

Studies, n;
Participants, n
Study Design

Study
Limitations

Consistency Directness Precision Direction and Magnitude of Effect Strength of
Evidence

Office workers employed
at a financial
institution (31)

Integrated intervention
vs. no intervention

52 weeks

1; 412
RCT

Medium Unknown Direct Imprecise Workers in the combined intervention
group* experienced greater
reduction in exhaustion measured
by the Oldenburg Burnout Inventory
than the control group. There was
no difference between the control
group and any of the 3 active
comparator arms on the following
outcomes: need for recovery after
work, detachment after work, and
relaxation after work.

Insufficient

RCT = randomized, controlled trial.
* The study randomly assigned workers to 1 of 4 groups: 1) no intervention control group, 2) social environment intervention, 3) physical environ-
ment intervention, and 4) combined social and physical environment intervention.

Appendix Table 11. Strength of Evidence: Quality of Life (SF-12)

Population
Intervention Category
Time Point

Studies, n;
Participants, n
Study Design

Study
Limitations

Consistency Directness Precision Direction and Magnitude of
Effect

Strength of
Evidence

Construction and utility
workers (33)

Integrated intervention
vs. no intervention

52 weeks

1; 264
RCT

Medium Unknown Direct Imprecise No difference between groups*
on the SF-12 physical health
component summary score:
difference between groups
on postintervention score
(SE): −0.32 (0.82); P = 0.69

Insufficient

RCT = randomized, controlled trial; SF-12 = 12-Item Short Form Health Survey.
* Workers were randomly assigned to an intervention aimed at improving work–life stress (via supervisor behavior training and employee work
groups) or no intervention.

Appendix Table 12. Strength of Evidence: Safety Compliance and Safety Behaviors

Population
Intervention Category
Time Point

Studies, n;
Participants, n
Study Design

Study
Limitations

Consistency Directness Precision Direction and Magnitude of
Effect

Strength of
Evidence

Construction and utility
workers (33)

Integrated intervention
vs. no intervention

52 weeks

1; 264
RCT

Medium Unknown Direct Imprecise No difference between groups*
in mean safety participation
scores (0.14; SE, 0.09;
P = 0.014) or mean safety
compliance scores (−0.02;
SE, 0.08; P = 0.83).

Insufficient

RCT = randomized, controlled trial.
* Workers were randomly assigned to an intervention aimed at improving work–life stress (via supervisor behavior training and employee work
groups) or no intervention. Safety compliance and safety participation were measured via self-report on items such as “I use the correct safety
procedures” and “I voluntarily carry out tasks or activities that help to improve workplace safety”; responses were rated on a 5-point scale and
computed as a mean response (higher scores = higher levels of safety and compliance).
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Appendix Table 13. Strength of Evidence: Blood Pressure

Population
Intervention Category
Time Point

Studies, n;
Participants, n
Study Design

Study
Limitations

Consistency Directness Precision Direction and Magnitude of
Effect

Strength of
Evidence

Sedentary desk job
workers (32);
construction and
utility workers (33)

Integrated intervention
vs. any comparator

16 to 52 weeks

2; 324
RCT

Medium Unknown Indirect Imprecise One RCT (n = 264; construction
and utility workers) found a
small statistically significant
improvement in MAP in the
integrated intervention
group* compared with
controls at 52 weeks (change
in MAP, −2.15 mm Hg;
SE, 1.03; P = 0.038) (33)

One RCT (n = 60; sedentary
office workers) found no
difference between groups†
at 16 weeks; only P values
reported for systolic blood
pressure (P = 0.90) and
diastolic blood pressure
(P = 0.48) (32)

Insufficient

MAP = mean arterial blood pressure; RCT = randomized, controlled trial.
* Workers were randomly assigned to an intervention aimed at improving work–life stress (via supervisor behavior training and employee work
groups) or no intervention.
† Workers were randomly assigned to an ergonomic workstation optimization intervention alone or an integrated intervention that included the
same ergonomic intervention plus access to a seated activity–permissive workstation (32).

Appendix Table 14. Strength of Evidence: Weight

Population
Intervention Category
Time Point

Studies, n;
Participants, n
Study Design

Study
Limitations

Consistency Directness Precision Direction and
Magnitude of Effect

Strength of
Evidence

Sedentary desk job
workers (32)

Integrated intervention vs.
OSH-only intervention

16 weeks

1; 60
RCT

Medium Unknown Indirect Imprecise No difference between
groups* in the weight
change from baseline
to follow-up at 16
weeks (P = 0.80; data
not reported)

Insufficient

OSH = occupational safety and health; RCT = randomized, controlled trial.
* Workers were randomly assigned to an ergonomic workstation optimization intervention alone or an integrated intervention that included the
same ergonomic intervention plus access to a seated activity–permissive workstation (32).
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