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Abstract Background Although patients who work and have related health issues are usually
first seen in primary care, providers in these settings do not routinely ask questions
about work. Guidelines to help manage such patients are rarely used in primary care.
Electronic health record (EHR) systems with worker health clinical decision support
(CDS) tools have potential for assisting these practices.
Objective This study aimed to identify the need for, and barriers and facilitators
related to, implementation of CDS tools for the clinical management of working
patients in a variety of primary care settings.
Methods We used a qualitative design that included analysis of interview transcripts
and observational field notes from 10 clinics in five organizations.
Results We interviewed 83 providers, staff members, managers, informatics and infor-
mation technology experts, and leaders and spent 35 hours observing.We identified eight
themes in four categories related toCDS for worker health (operational issues, usefulnessof
proposed CDS, effort and time-related issues, and topic-specific issues). These categories
were classified as facilitators or barriers to the use of the CDS tools. Facilitators related to
operational issues include current technical feasibility and new work patterns associated
with the coordinated caremodel. Facilitators concerning usefulness include users’ need for
awareness and evidence-based tools, appropriateness of the proposed CDS for their
patients, and the benefits of population health data. Barriers that are effort-related include
additional time this proposed CDSmight take, and other pressing organizational priorities.
Barriers that are topic-specific include sensitive issues related to health and work and the
complexities of information about work.
Conclusion We discovered several themes not previously described that can guide
future CDS development: technical feasibility of the proposed CDS within commercial
EHRs, the sensitive nature of some CDS content, and the need to assist the entire health
care team in managing worker health.
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Background and Significance

Although patients with medical issues, such as symptoms of
asthma that may be caused by the work environment, are
usually first seen by primary care providers (PCPs), these
patients are not regularly asked about their work situa-
tions.1–5 While occupational health specialists have devel-
oped evidence-based guidelines to manage such patients,
PCPs are rarely aware of the existence of these guidelines.6

Computerized clinical decision support (CDS) tools could be
used to increase awareness and provide guidance, but they
must be developed and implemented with care in conjunc-
tion with the users who would benefit from the CDS.7

The aims of the parent project, funded by the National
Institute for Occupational Safety and Health (NIOSH) of the
Centers for Disease Control and Prevention (CDC), were to
design, develop, and pilot CDS for improving the health of
working patients in primary care settings. The parent study
design phase included prior development of three knowl-
edge resources (KRs) containing evidence-based informa-
tion, decision logic, scenarios, and examples of use as step
one. Step two was fieldwork to assess need and provide
feedback, which is the focus of this paper.

In step one, the KR topics were carefully selected based on
need expressed in an Institute of Medicine report.8 The KRs
were related to (1) work environment factors that impact the
management of diabetes, (2) guidance for managing recom-
mendations for returning to work after a low back pain
diagnosis not related to work, and (3) the diagnosis and
management of work-related asthma. These three topics
were selected because they are related to the health of
patients who work and are considered especially pertinent
to primary care.8 Please see ►Table 1 for summaries of the
KRs.

The KRs follow the Guideline Elements Model (GEM)9 for
translating specificguidelines intoa computable format that an
information system designer could adapt into their local
information system. Each KRwas prepared by a subjectmatter
expert (SME) group guided by an informatician (R.N.S.) with
expertise in GEM. Each consists of computable decision rules,
along with evidence-based supporting information, scenarios,
andexamplesofuse. Creationofcomputabledecisionruleswas
aidedbyBRIDGE-Wiz10 software.Detailsof thedevelopmentof
theKRsand theircontentshavebeendescribedelsewhere.11–15

The primary care context withinwhich the CDS described
in the KRswould be implementedwas expected to impact its
usefulness and primary care was not represented in the SME
groups that developed the KRs. Therefore, we designed a field
study in primary care clinics to gain a picture of the environ-
ment and to assess the need.

Objectives

The goals of this qualitative study were to (1) evaluate the
need for CDS for the clinical management of working
patients in a variety of primary care settings, (2) investigate
the barriers and facilitators related to implementation and
use of the proposed CDS tools, and (3) assess the technical
and organizational feasibility of implementing the CDS
represented by each KR.

Methods

This study was approved by the NIOSH and Oregon Health &
ScienceUniversity’s (OHSU) Institutional ReviewBoards (IRBs)
and each relevant human subjects review panel at the study
sites. For sites that did not have IRBs, we received permission
from relevant committees designated by the sites.

Table 1 Summaries of the Knowledge Resources

Refractory diabetes

A diabetic patient’s working conditions, such as working more or different hours or working in hot environments, can
contribute to hyper- or hypoglycemic episodes. Also, for some “safety-sensitive” jobs, a worker with impairment of cognition
due to low blood sugar could be at risk for injury to himself or to others. Triggered by an A1C level greater than 8 or a
hypoglycemia diagnosis, the clinical decision support (CDS) would prompt providers to ask specific work-related questions
and would generate educational information for the provider and patient based on the responses.

Return to work activity prescriptions for low–back pain

Some patients with low back pain (CDS trigger) and functional limitations may request their provider write a letter to their
employer describing their limitations. The provider, based on both the patients’ reported function limitations (e.g., in a
questionnaire) and the clinical assessment, chooses from four levels of recommended activity (sedentary, light, light-medium,
medium). The systemwould guide the provider through generating a letter that specifies permitted activities based on which
activity level was chosen and provides a date for elimination of activity restrictions.

Work-related asthma

Many cases of work-related asthma first present in a primary care setting and recognizing this connection is important to the
success of the patient’s management. The proposed CDS system would be triggered for adult patients with new onset or
worsening asthma symptoms of less than 2 years of duration. The system would suggest the provider ask three questions
about the relationship of the asthma symptoms to the patient’s work. If the patient responds positively to any of these
screening questions and the diagnosis of asthma is supported by spirometry results, the system would provide both clinician
and patient information about work-related asthma. This information would help identify specific potential high-risk work
exposures and referral resources. It would also prompt scheduling an extended visit to obtain work and exposure history and
documentation in the EHR of the discussion.
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Study Design
We selected the Rapid Assessment Process (RAP)16–19 as our
methodological approach, both because it was feasible with-
in the time frame and is rigorous. We followed generally
accepted strategies for assuring trustworthiness, including
triangulation, member checking, audit tracking, reflexivity,
and saturation.18 Interdisciplinary teammembers, several of
whom had used RAP for numerous other projects, were
trained prior to fieldwork. Five organizations were selected
as sites based on variability of geography, type of health care
organization (providing varied patient demographics), and
size. Ten clinics within those organizations served as obser-
vation sites because they offered primary care services to
socioeconomically diverse groups of patients. Patients were
selected based on role for interviewing and availability for
observing. We developed and tested semistructured inter-
view guides. To gain a sense of clinic workflow, we also
shadowed staff members, as well as clinicians, including
providers, nurses, and pharmacists, as they worked.

Setting
The research sites included: two federally qualified health
centers (FQHC), both using the NextGen (Irvine, CA) EHR,
located in California and Mississippi; two large integrated
health systems, one in New York and one in Ohio, using
Allscripts (Chicago, IL) and Epic (Verona, WI) EHRs, respec-
tively; and one smaller integrated health system in Massa-
chusetts using Epic. Although we did not deliberately select
sites with clinics that had been designated as patient-cen-
tered medical homes (PCMHs), it turned out that all five
settings included them, though not all of the specific clinics
we studied were in that category.

Sample Selection
We asked a local investigator at each site, who also helped
with human subjects approval and arrangements, to identify
interviewees based on role (providers and other clinicians,
medical assistants, information technology personnel, infor-
maticians, managers, and quality improvement staff), and to
arrange for observations throughout the clinics. Providers
were also selected to represent a broad range of EHR users,
from champions to skeptics.

Data Collection
The research team consisted of social scientists, clinicians, an
information technology (IT) specialist, informaticians, and
NIOSH staff. In part 1 of each interview, subjects were asked
several questions (see►Table 2 for a summaryof topic areas) to
elicitgeneralviewsaboutCDS. Inpart2, theywerequeriedabout
descriptions of hypothetical CDS tools developed based on the
KRs.20,21Wehavepreviously published adetailed description of
the interview process, along with sample interview guides
including questions for both parts of the interviews.20

Summaries and flow diagrams of the KRs were shared
with interviewees during part 2 when appropriate. For
example, IT experts were especially interested in the flow
diagrams. Interviews were recorded and later transcribed.
All interviewees were formally consented.

We shadowed clinicians and other personnel interacting
with the EHR and office management systems during their
work. Subjects who agreed to be shadowed were formally
consented. Researchers then unobtrusively observed subjects
for periods from30minutes to 2 hours at various times during
clinichours, dependingon thesubject’s availability. Fieldnotes
were subsequently expanded and typed within days.

Data Analysis
Transcripts and field notes were entered into NVivo (QSR
International, Doncaster, Victoria, Australia). We used both
grounded hermeneutic and template approaches to data
analysis.22,23 Six team members broke into static dyads and
eachdyadreadall documents. Thefirstdyadcodeddatausinga
high-level template after each site visit to obtain initial results
prior to the next site visit andwrote preliminary reports to the
SMEs. The second dyad used an open grounded approach,
developing codes directly from the part-1 data and building
themes. The third dyad analyzed comments in the part-2

Table 2 Topics in interview guides

1. Clinical interviewee question areas

Background and role of interviewee

Your work patterns

About CDS

About CDS for worker health

The three knowledge resources: how useful, who should
be involved in asking questions and educating, and where
each fits workflow; rank and discuss

2. Informatics and IT question areas

Background and role of interviewee

Clinician work patterns and clinic workflows

About your EHR

About training, support, and customization

About CDS

About CDS for worker health

The three knowledge resources: how useful, who should
be involved in asking questions and educating, and where
each fits workflow; rank and discuss; technical feasibility

3. Management and staff question areas

Background and role of interviewee

Your work patterns

About CDS

About worker health CDS

The three knowledge resources: how useful, who should
be involved in asking questions and educating, and where
each fits workflow; rank and discuss; technical feasibility

Source: Used with permission from Clinical Decision Support for Worker
Health Qualitative Study Final Report to NIOSH. Submitted by Ash JS,
Baron S, Chase D, Filios M, Luensman G, Marovich S, Murphy E,
McCormack J, Shiffman RN, Wiesen J. October, 2016. Produced under
contract 200–2015-M-61837 for CDC/NIOSH.
Abbreviations: CDS, clinical decision support; EHR, electronic health
record; IT, information technology.
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interview data about each KR summary and used both a
predefined template andopen coding. The teammet frequent-
ly to discuss and agree on themes.

Results

Data Gathered
We conducted five site visits between July 21 and Septem-
ber 11, 2015. We interviewed 41 clinicians (physicians,
nurses, pharmacists, etc.), not deeply involved in informatics,
23 individuals who were primarily informaticians or infor-
mation technology specialists, 15 managers or staff mem-
bers in differing roles, and 4 quality improvement specialists,
for a total of 83 interviewees (►Tables 3 and 4). We spent 35
person-hours observing in 10 locations within the five
organizations. Analysis of data pertaining to the three KRs
gathered during graphic elicitation interviews20 yielded
valuable content and context-related information which
subsequently led to revision of the KRs by the expert groups.

Facilitators, Barriers, and Themes
We identified eight themes (►Fig. 1) during our needs assess-
ment process. The themes explore the need for the CDS de-
scribed in the KRs, and the feasibility of implementing the CDS
as described. They naturally grouped into four major categories
of barriers and facilitators. Belowwediscuss each of the themes,
foundat all sites, andprovide representative, especially succinct,
quotes for each. For a list of themes and a more complete list of
representative quotes, see Supplementary Appendices A and B

(available in the online version).

Facilitators

Operational Issues

Technical Feasibility
Although the sites hadwidely varying levels of experience
with CDS, all had the technical expertise to put into
machine executable form the three KRs without assis-
tance from their vendors. The ability to build CDS tools in-
house is important because, as we were told by an IT staff
member, “it’s going to cost” to have it built by the vendor
unless the vendor decides to provide it for all customers. A
CDS analyst is essential, according to interviewees, and all
sites had at least a part-time person in this role. Most
vendors supply development tools for the use of local
analysts. IT staff at all sites felt that, if analysts are given
the information in the KR describing the content about
asthma, back pain, and diabetes, the CDS could be built on
site. In fact, interviewees felt theywere underutilizing the
CDS development capabilities offered by their EHRs: “they
(the vendor) gave us the keys to the kingdom, and if you
have the resources, you can set it up to make it bark and
rollover and do whatever you want it to.”

Many interviewees suggested that patients themselves
should enter the data that would screen for information
and trigger the CDS when we asked who should be doing
this. They suggested this be done through patient portals,
which all sites had available. Implementation of a portal is
one of the recommended options for PCMH designation,
consistent with the PCMH emphasis on patient involve-
ment. The sites varied considerably in the extent towhich
patient portals were used and the degree of integration
with the EHR. Some sites were just beginning to use a
portal, but one site already had patients filling out ques-
tionnaires on tablet computers in the waiting room,
sometimes aided by staff.

As designed, the logic to trigger each CDS tofirewas not
based on a patient’s job information. Information in EHRs
about jobs is not regularly updated, a finding which was
confirmed during our site visits, and was an unstructured
field in the majority of EHR systems. The diabetes KR uses

Table 4 Number and role of subjects at each site

Organization A B C D E Total

Clinicians 7 5 9 7 9 41

Clinical informatics and
Information technology

3 3 5 5 9 23

Management and staff 5 3 2 3 4 15

Quality improvement 1 1 1 0 1 4

Total interview patients 12 16 17 15 23 83

Table 3 Site information and data gathered

Organization A B C D E Total

Location California Mississippi Massachusetts New York Ohio

Setting Federally
qualified
health center

Federally
qualified
health center

Academic and
community
outpatient

Academic and
community
outpatient

Academic and
community
outpatient

System NextGen NextGen Epic Allscripts Epic

Date of visit 7/21–22 7/22–23 8/18–19 8/20–21 9/9–11

Hours observing 8 3 6 8 10 35

No. clinic locations
observed

2 2 2 2 2 10

No. interviews
and patients

12 interviews
12 patients

11 interviews
16 patients

18 interviews
17 patients

15 interviews
15 patients

22 interviews
23 patients

78 interviews
83 patients
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A1C level as a trigger; the asthma KR uses recent onset;
the return to work KR uses a complaint of low back pain.
However, even though the CDS modules we described
were not triggered by work information interviewees
were quick to spontaneously point out that patients could
be routinely entering job information themselves, so that
it is always up to date (►Fig. 1).

Work Patterns, the Patient-CenteredMedical HomeModel,
and Roles Involved
All of these organizations hadwork patterns intowhich the
decision support could fit at appropriate times without
disrupting provider workflow. Interviewees described how
the PCMH model is different from traditional models, and
we noted these differences while observing. We were told
that, becauseof the teamorientationofPCMHactivities, the
CDS should target the team, not just the provider.

Usefulness of the Proposed Clinical Decision Support

Users’ Need for Awareness, Reminders, and Evidence
Some nonprovider interviewees noted that they had
never considered asking patients about their jobs. One
said the diabetes KR summary appealed to her “because
I’ve worked with diabetics so long, and I never thought
about their occupation.”

Even providers who did indicate that they often con-
sidered this relationship said they would like to be
reminded about it. Guidance about how to question
patients would be especially helpful for newor unfamiliar
patients. Interestingly, during our many hours of observ-
ing, we rarely heard the topics of occupation or jobs
discussed by patients and their providers.

Many clinicians expressed the desire for truly evi-
dence-based clinical decision support. Several interview-
ees involved with quality improvement or management

thought that the proposed CDS would be useful for
standardizing clinical practice.

The Three Knowledge Resource Topics are Relevant in
These Settings
For all of these organizations, diabetes in particular was a
common diagnosis in their patient populations. About
work and diabetes one provider said: “I have patients
doing day shift and then they do a graveyard and then go
home and rest for a couple of hours and they do
babysitting stuff,” which makes managing diabetes
difficult.

Each of the five sites serves diverse populations of
patients. We asked each interviewee to give us examples
of instances where knowing a patient’s job could help in
patient care. In California, they described housecleaners
and warehouse workers who were exposed to airborne
pollutants and heat. The staff in Mississippi told us about
casino workers in smoke-filled environments and fish-
ermen and oil-rig workers exposed to flesh-eating bac-
teria. Interviewees in Massachusetts often described job
exposure to lead paint. In Ohio and New York, we heard
about a broad mix of blue-collar workers’ health risks.
The latter sites also served white-collar workers, with
carpal tunnel syndrome often mentioned, but interview-
ees noted that it is the blue-collar workers most at risk.
Several interviewees emphasized that their most vulner-
able populations would receive the greatest benefit from
our proposed CDS.

Population Health and Registries
Interviewees often noted that information about patients’
work would be helpful for triggering CDS and also for
searching registries, so it would serve two purposes.
Because of their emphasis on integrated care, all of our
sites used registries for identifying high risk or targeted

Fig. 1 Facilitators and barriers to worker health CDS.
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patients. For example, a diabetes care manager could
query a registry to find high-risk patients who needed
to be reminded to make an appointment. Some used
third-party population analytics software that somewhat
integrates with their EHR (some information could go
back and forth between systems), one used a third-party
product that could be accessed from within the EHR,
and one directly used its EHR, which had recently devel-
oped a more robust analytics capability. The registries
were used for writing reports, to plan individual care,
and to meet requirements for quality and funding
purposes, in addition to risk identification. Many inter-
viewees spontaneously raised the idea of including infor-
mation about patient occupations in registries. One
interviewee suggested that a registry might be searched
to find patients with lung problems to find those who
might have recently taken on new jobs that could have
exacerbated symptoms. As much as they were looking
forward to using population data, however, they also
expressed frustrationswith the present state: “the quality
of the data and the skills of the people who have to get the
data out are both problematic.”

Barriers

Effort- and Time-Related Issues
Interviewees consistently noted that our proposed CDS
might add to their time burdens or to that of others in their
clinics. As is the case with most organizations, some of these
sites had received complaints from users about the number
of alerts causing alert fatigue. When we asked users what
CDS they most appreciated, they said it was reminders and
information resources. They were willing to take the time to
seekout these resources if theywere in the EHR, easily found,
up to date, and evidence based. They wanted CDS that would
be well worth their time. For example, many interviewees
noted that the CDS that would help to generate a letter about
returning towork after a low back pain diagnosis might offer
themextremely useful guidance, so they reacted positively to
it (►Fig. 1).

Other Pressing Organizational Priorities
Interviewees told us that their organizations were so
burdened by responding to other needs such as PCMH
designation at the time of our study that they were just
“struggling to get the basics working.” When asked about
other priorities, one IT manager said “well, first priority is
how it’s affecting billing.” Efficiency was offered as an-
other priority: “and then it would be, you know, how can
we streamline the process?”

Topic-Specific Issues

Sensitivities about Worker Health and a Sense of
Powerlessness
Within all organizations, we heard that asking questions
related to worker health is challenging. Such questions
could raise issues of workers’ compensation. These clinics

had difficulty, or no capability for, filing workers’ com-
pensation claims that can be administratively challenging
and time consuming for clinicians. Several do not have
occupational health services to which patients can be
referred. Patients might not beworking andmay not want
to discuss work. Others are working two or three jobs in
unpleasant circumstances that they do not want to talk
about because they perceive that asking for changes at
work would lead to retaliation. Raising work-related
issues during a patient encounter, we were told, could
present a barrier to provider–patient communications. A
manager said “there can be sensitivity around asking
about the workplace” because these patients have no
choice about their jobs and job conditions.

Complexities of Occupational Information
While the three proposed CDS approaches we were
describing that do not require the collection of informa-
tion about work to use as a trigger, many of our more
technical and managerial interviewees wanted to talk
about capturing job information in a more structured
way. Because gathering information about occupation is
required or recommended for PCMH designation by
different entities, it is collected by all of our sites,
usually as free text or through a limited drop-down
menu, but not in a fashion that is clinically useful. We
asked everyone to describe when in the workflow this
type of information is collected, and the question eli-
cited complaints, both about putting the information in
and getting it out. Information about a patient’s em-
ployer is usually in the system because it relates to
insurance, but interviewees sometimes questioned the
usefulness of information about occupation, industry, or
job title for clinical purposes. Some respondents said
that knowing high level information like occupation or
industry is most useful: “being a fisherman … we really
have to watch out for, because we have had patients
with significant issues, and especially with the flesh-
eating bacteria that can progress really rapidly.” Others
said they need to know the tasks done by a patient at
work, and often learning the patient’s occupation does
not offer that level of detail. Regardless, we were told
that if the information about work could be entered
easily in a structured way, the information could poten-
tially be used for CDS.

On the other hand, there is considerable distrust about
structured data about occupations. There was quite a
difference in the way providers reacted to our questions
about the need for worker health CDS and the way non-
providers reacted. When providers talked about them-
selves personally, they usually said that they seek
information about a patient’s work activities when they
need it and they prefer asking about it themselves. They
indicated that they do not trust the information they
might find in structured fields in the EHR, no matter
how it got there. We were told repeatedly that patients
change jobs often or describe an occupation they no
longer have, or have several jobs and only describe one.
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Providers said that they trust their own notes or those of a
team member, such as a care coordinator, but not entries
in fields for demographic information.

There were also issues with the input of work informa-
tion and the retrieval of it. When we asked providers if,
when they discovered that the patient had a new job, they
would enter that information into a structured field in
addition to their note, they said no, that would take too
much time.Wemost often received the same answer from
other teammembers, who noted they keep their notes up
to date in this respect but did not have time to update
other areas of the EHR.Wewere also consistently told that
even if they wanted to retrieve information on a patient’s
job, it would be too hard and take too much time. Many
interviewees had given up looking for occupational infor-
mation. One interviewee told us that she had stopped
using the drop-down list when she once searched for
“nurse” and found nothing.

Discussion

We identified eight themes in four categories related to how
to enable CDS in EHRs to use work information about
patients in a meaningful way, as well as barriers and chal-
lenges. While some themes we found were similar to those
described in prior studies, others were new and unexpected
and likely they reflect changes precipitated by newer models
of care.

Facilitators
Of the facilitators listed in ►Fig. 1, technical feasibility is
immensely important. We expected to discover that users
would express a need for the proposed CDS, especially if it
were evidence based. This is consistent with what others
have found.24,25 We also expected there to be interest in
population health, since health care is moving toward value-
based care creating greater interest in data analytics to
improve management of the health of their patient popula-
tion.26Wedid not expect therewould be such interest across
all clinic sizes, however. With this selection of sites, the
interest in population health is likely tied to their status as
PCMHs required to identify high-risk patients and report on
numerous measures.

Barriers
On the barrier side, we fully expected to hear that any CDS
that might take additional time and cognitive effort on the
part of providers would be unpopular. This is consistent with
prior work.27,28 Interviewees thought nonproviders should
receive the CDS, but it needs to be noninvasive because of
their time burden. We suspected that there would be com-
peting priorities in health care organizations. Conveniently,
one of their competing priorities, the “journey,” as several
patients called it, toward fully implementing the PCMH
model, can actually become a facilitator for implementing
the CDS we are proposing because a PCMH must collect
extensive data about its patients, so data to trigger CDS then
becomes more available.

A barrier that has been described in the occupational
health literature, the sensitivities about work and health, has
not been discussed in the primary care or informatics
literature, yet recognition of it by these disciplines could
lead to better provider–patient communications.

Past studies have reported underutilization of workers’
compensation insurance by injuredworkers,29 fear of divulg-
ing PTSD symptoms by police after September 11,30 patients’
fear of retaliation after reporting work-related exacerbation
of asthma,31 and reluctance by coal miners to participate in a
program to identify and track the progress of lung disease.32

Investigating and developing CDS to helpmanage discussions
about this and similar sensitive issues could help guide
development of the most effective CDS for this purpose.

Several patients expressed frustration that a useful list of
occupations was not available in their EHR systems. NIOSH
has since developed occupational data for health (ODH)
which includes an information model, vocabularies, data
sharing standards, and a functional profile to guide collec-
tion and use of information related to work in EHRs. The
vocabularies for data elements including occupation and
industry are available in the Public Health Information
Network Vocabulary Access and Distribution System (PHIN
VADS).33 They can be used to provide accessible choices for
patients to identify their jobs. A work and health functional
profile provides guidance for EHR vendors on the use of
elements in ODH.34 ODH provides an approach that can be
adopted across commercial EHR systems to capture consis-
tent, structured information about work.

Unexpected Results
What we also did not expect to discover was that experts at
all of our sites, regardless of the vendor they used, were
confident that the three proposed CDS KRs could be trans-
formed into CDS tools by in-house staff members. Prior
studies35 led us to believe this would be difficult, but the
provision of new tools by vendors made it possible for the
participating sites. Tools from vendors for CDS modification
and development must be used by trained on-site analysts,
however, thus organizations must be willing to invest in the
right people and train them to use the tools.36

Another surprise facilitator was the uniform recommen-
dation that our proposed CDS should not necessarily be
targeting providers. Past literature notes that as the primary
decision maker, the provider is usually the target.27 How-
ever, there is recent recognition that with continued devel-
opment of team medicine, different members of the care
team, including the patient, could receive different notifi-
cations through the CDS.37 The patient, as a member of the
team, could not only enter data needed to trigger the CDS,
but might also be a receiver of a reminder, for example. It
appears that the PCMH model needs CDS and also can
facilitate the usefulness of CDS by incorporating CDS into
a team-based approach rather than one aimed solely at the
provider.

Our results imply that commercial EHR vendors are
increasingly providing needed tools for both CDS develop-
ment and population health and that newer models of care
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such as the PCMH can benefit from a team-based approach to
CDS. The results also point to the need for future research
about terminologies representing occupations, CDS for sen-
sitive topics, and CDS that might increase rather than de-
crease efficiency. In addition, further study is needed to
determine the standardized data and tools needed to support
widespread adoption beyond the types of sites selected in
this study.

Based onwhat we learned in the field, webelieve that CDS
to improve the health of workers is technically feasible and
can be customized within different EHR products using tools
already available. The three KRs would provide information
participants feel is important and useful, but the CDS should
involve other teammembers in addition to providers to limit
the time demands on providers and to achieve more coordi-
nated care.

Limitations

This study had some limitations. As a qualitative study, this
investigation produced rich, in-depth knowledge about five
sites and three proposed CDS tools. It is possible that these
sites are not truly representative. Though we did not seek
out PCMH sites, all five fit this category, so our results may
apply more specifically to organizations using this model of
care. We did purposive sampling, so we approached the
clinics and they needed to agree to participate. Given that
they knew we were researching work-related CDS, clinics
that had an interest and a need in this area were more likely
to participate. Though we prefer conducting interviews
with one person at a time, so we can discover individual
perspectives, at times we had to interview two together
because of their schedules. Interviewers may have differed
in their interview styles and perspectives, but an assistant
interviewer was always present to ask follow-up questions.
The topics of the three KRs may be such that findings about
them may not be generalizable to other occupational CDS.
Three of our five sites used the same EHR product and all
implementations differ, so generalizability of our results is
limited, as it is with any qualitative study. Finally, data
gathering began several years ago, so it is possible the
technology has changed somewhat since then. Regardless,
there remains a need for this type of CDS in primary care
and the topics addressed by the KRs remain relevant.

Conclusion

Our aim was to identify the need for, and barriers and
facilitators related to, implementation of CDS tools for the
clinical management of working patients in a variety of
primary care settings.

We identified themes representing both barriers and
facilitators that can be considered as CDS is further devel-
oped and implemented. Some of these factors are similar to
those discovered in prior CDS research. Others, such as
changing work patterns and roles due to the PCMH model,
and the sensitivities and complexities of work-related infor-
mation are novel and deserve further investigation.

Clinical Relevance Statement

Individuals who are designing and implementing CDS might
use our descriptions of barriers and facilitators when
attempting to optimize successful use of CDS. Our discussion
of themes could assist organizational decision makers in
primary care settings in understanding issues related to both
CDS and worker health.

Multiple Choice Questions

1. The authors of this paper found that commercial EHRs

a. Already provide useful data about the work of patients.
b. Are capable of incorporating the proposed CDS.
c. Do not provide CDS.
d. Are not useful for diabetes management.

Correct Answer: The correct answer is option b. The commer-
cial EHRvendorsprovide tools so that trained staff at local sites
can develop certain types of CDS for use by that site.

2. CDS for worker health could be useful because:

a. Primary care providers do not always take into account
what patients do for a living and how that might influence
their health.

b. Hazards like flesh eating bacteria cannot be identified
without CDS.

c. Workers are always eager to talk about their jobs.
d. Providers always ask about work, so the data are available

in the system.

Correct Answer: The correct answer is option a. Primary care
providers rarely ask patients what they do for a living, yet
while they are at work theymight be exposed to health risks.
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