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ABSTRACT

Objective: The study sought to develop an information model of data describing a person’s work for use by

health information technology (IT) systems to support clinical care, population health, and public health.

Materials and Methods: Researchers from the National Institute for Occupational Safety and Health worked

with stakeholders to define relationships and structure, vocabulary, and interoperability standards that would

be useful and collectable in health IT systems.

Results: The Occupational Data for Health (ODH) information model illustrates relationships and attributes for a

person’s employment status, retirement dates, past and present jobs, usual work, and combat zone periods.

Key data about the work of a household member that could be relevant to the health of a minor were also mod-

eled. Existing occupation and industry classification systems were extended to create more detailed value sets

that enable self-reporting and support patient care. An ODH code system, available in the Public Health Informa-

tion Network Vocabulary Access and Distribution System, was established to identify the remaining value sets.

ODH templates were prepared in all 3 Health Level 7 Internationalinteroperability standard formats.

Discussion: The ODH information model suggests data elements ready for use by health IT systems in the

United States. As new data elements and values are better defined and refined by stakeholders and feedback is

obtained through experience using ODH in clinical settings, the model will be updated.

Conclusion: The ODH information model suggests standardized work information for trial use in health IT sys-

tems to support patient care, population health, and public health.
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INTRODUCTION

BACKGROUND AND SIGNIFICANCE
Work plays a major role in health. The majority of adults in the

United States work and they spend approximately half their waking

hours at work, where they may encounter hazards such as heat, radi-

ation, heavy lifting, chemicals, dusts, and noise.1–4 Occupational in-

juries and illnesses cause substantial morbidity and mortality in the

United States. Recent estimates indicate that between 5.7 and 6 mil-

lion cases of occupational injury and illness occur annually.5 Many

of these, particularly chronic illnesses, are not recognized as work-
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related in clinical practice. Beyond specific work-related conditions,

work may provide opportunities or barriers to maintaining health

and managing clinical conditions for individual patients.

Occupation and employment status are also important social

determinants of health.6–9 Work can determine income and benefits,

define key relationships for individuals and families within their

communities, and be connected to security or lack thereof in hous-

ing, education, food, and health care. Because it is not often col-

lected as discrete information, but rather interwoven with other

determinants of health such as gender, race, ethnicity, and immigra-

tion status, information about work itself rarely guides clinical deci-

sion making or population health activities and is poorly studied as

a significant health determinant.10,11

A number of existing systems collecting health data currently re-

quire information regarding a person’s occupation and industry, in-

cluding systems for death certificates, cancer registries, and state

health department case reports.12–17 These systems are a mix of pa-

per, electronic transmission of paper, web forms, and emerging in-

teroperable information technology (IT) systems. Additionally, the

National Committee for Quality Assurance asks for collection of oc-

cupation as part of their Patient-Centered Medical Home recogni-

tion criteria.18–20 In all of these systems, collection of work

information is incomplete and inconsistent, as the information is of-

ten not available in the medical record. At present, if it is included, it

is unstructured data.21,22

In 2011, the Institute of Medicine (IOM) studied the potential

benefits of incorporating occupational information in electronic

health records (EHRs).21 The IOM committee found that this infor-

mation could improve patient care through better diagnostic accu-

racy; improve management, treatment, and return to work of

patients; and reduce health disparities. In addition, work informa-

tion could provide opportunities for patient engagement, care coor-

dination, enhanced community services, and population health.

Finally, this information would support public health surveillance

for work-related risks to health. In 2014, another IOM committee

also noted the value of including patient work information in

EHRs.23

Physicians recognize the important relationship between work

and health and would welcome access to timely, useful work infor-

mation to support evaluation of the role that work plays in a

patient’s health.24 Although EHRs are critical for the storage and

management of patient information, other health IT systems provide

much of the benefit, including clinical decision support tools, per-

sonal health records (PHRs), population health management solu-

tions, health information exchanges, data visualization applications,

public health systems and tools, and many others.25 The inherent ca-

pabilities of these systems leverage structured and standardized data

to support patient care, population health, and public health.

The Office of the National Coordinator for Health Information

Technology (ONC) expressed the intention to include work-related

information such as current employment status, current industry

and occupation, and usual (ie, longest-held) industry and occupation

in EHR certification criteria when appropriate standards and collec-

tion methods were developed.25 Currently, there is not an accepted

model for work information applicable to U.S. health IT systems to

support patient care, population health, and public health. This arti-

cle describes development of an Occupational Data for Health

(ODH) Information Model to suggest a standard structure, data ele-

ments, vocabulary, relationships, and constraints for self-reported

data about work that could be useful in health IT systems. In creat-

ing the model, ODH interoperability standards were also developed.

OBJECTIVE

The National Institute for Occupational Safety and Health (NIOSH)

sought to work with stakeholders to model and define information

pertaining to patients’ work that can be tested and implemented in

health IT systems to inform clinical diagnosis and management,

population assessments of opportunities for health interventions,

and public health activities.

MATERIALS AND METHODS

The ODH information model was developed using an iterative ap-

proach, with ongoing discussions across a broad spectrum of stake-

holders, including clinicians, epidemiologists, health informatics

specialists, health IT system vendor representatives, payer represen-

tatives, worker representatives, and government agencies. The di-

verse members of the NIOSH EHR Work Group provided scientific

input. A 2012 Request for Information in the Federal Register soli-

cited public comments26 and additional public input came through

engagement with professional societies and webinars for stakehold-

ers. Key government agencies were engaged, including the ONC,

Department of Veterans Affairs, Department of Defense, other pro-

grams within the Centers for Disease Control and Prevention, and

state and local health departments.

In devising ODH, NIOSH staff and contractors provided the

draft model to the modelers of the Federal Health Information

Model and OpenEHR architecture and obtained feedback.27,28

NIOSH staff, contractors, and affiliates also obtained and incorpo-

rated feedback from members of Integrating the Healthcare Enter-

prise International (IHE) and Health Level 7 (HL7) International,

including a wide array of representatives from clinical care, health-

care organizations, and health IT system vendors. NIOSH collabo-

rated with 2 IHE domains to develop and ballot ODH clinical

document architecture (CDA) specifications and multiple HL7

Work Groups to develop standards for ODH in CDA, V2 messag-

ing, and Fast Healthcare Interoperability Resources (FHIR) formats.

Additional input was obtained through testing the IHE CDA tem-

plate at IHE North America Connectathons and demonstrating its

use in the Interoperability Showcase at Health Information Manage-

ment and Systems Society Annual Global Health Conference and

Exhibitions. Demonstration participants included a wide array of

health IT systems, including EHRs, a PHR, a public health system,

middleware, integration engines, and others.

The ODH vocabulary formulation process included review of

existing resources for medical terminology, public health and eco-

nomic classifications, and health IT standards and specifications

(Supplementary Appendix A).29–36 Questions related to work infor-

mation in surveys conducted in the United States and analyses of the

data obtained by these surveys were used to better understand the

challenges and complexities of collecting, standardizing, and using

work information data elements.37–42 Definitions for the ODH data

elements that required value sets, and for value set terms except oc-

cupation and industry terms, were reviewed and accepted by the

HL7 Vocabulary Work Group Harmonization Committee. In keep-

ing with current best practices identified through the HL7 efforts,

LOINC (Logical Observation Identifier Names and Codes) codes

were used to represent the names and semantic meanings of ODH

question concepts (Supplementary Appendix B).

Through the stakeholder collaborations and discussions, data

elements (ie, question concepts) and value set terms (ie, answer con-

cepts) were identified, defined, and refined. NIOSH EHR Work
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Group members also prepared or collected user stories demonstrat-

ing utility of the data elements as structured data in health IT sys-

tems (Table 1). Data elements were chosen only if at least 1 user

story illustrated their value in supporting patient care or population

health; support for public health also was considered. These user

stories helped to determine relational dependencies among the data

elements and define the actions and operations associated with

them.

Occupation and industry vocabulary were selected by consider-

ing national and international classification standards and reviewing

current NIOSH practices for coding these data collected in public

health surveys and death records (Supplementary Appendix A).29,43–48

A series of 5 prototypes were developed for user testing to investi-

gate effective methods for collecting self-reported ODH. Test sub-

jects were both internal and external to NIOSH. Seven to thirty

subjects were observed entering data during each round of testing.

The observer asked clarifying questions ad hoc to determine the sub-

ject’s level of comfort with the selection process and their final

choices. Each version explored different approaches for collecting

standardized occupation and industry, such as drill-down options,

find as you type, co-selection of categories with detailed terms, and

keyword searches. Lessons learned were incorporated into the next

prototype. Initial prototypes focused only on the collection of occu-

pation and industry, as these are the most complex vocabulary in

the ODH model. The fifth prototype explored collection of all ODH

data.

RESULTS

The model was named ODH in order to emphasize its broad appli-

cability to healthcare, as opposed to the disciplines of occupational

health. An entity relationship diagram (ERD) was chosen to illus-

trate the ODH information model because it is agnostic to imple-

mentation and could convey segmentation of the data elements into

entities with relationships, optionality, and cardinality (Figure 1).

Modeling was based on a logical workflow approach (ie, how the

data would likely be collected, stored, and ultimately used) (Fig-

ure 2). Each entity provided structure for 1 or more data element(s)

that were logical to group together and link to the patient. This en-

abled showing how data for each job had to remain associated with

the person and with one another by job, even if the person has multi-

ple current jobs. The detached entity structure also supported com-

patibility with uses of data subsets, for example, incorporation of

usual work information in the HL7 implementation guides for

reporting to cancer registries and vital statistics, and current job in

the HL7 implementation guide for electronic case reporting.15–17

The detached entity structure also facilitated inclusion of ODH in

the Federal Health Information Model Person domain.27 Some of

the ODH concepts were incorporated in the OpenEHR archetypes

for Occupation and Occupation Summary.28

User stories and subject matter expertise were applied to select

only those data elements with anticipated value for patient care,

population health, and public health, and with minimal burden for

data collection and use. For example, work schedules could have

been be characterized using an extensive array of questions and

answers, but that would have caused undue burden in collecting the

information.49 At the recommendation of the HL7 Vocabulary Har-

monization Committee, a new code system was developed for ODH

and made available through the Public Health Information Network

Vocabulary Access and Distribution System (PHIN VADS).32 PHIN

VADS provides a “home” for the code system and code system ver-

sioning, and provides access to the code system and related value

sets. The Value Set Authority Center provides U.S. licenses for code

systems such as SNOMED CT (Systematized Nomenclature of Med-

icine Clinical Terms) but does not host code systems.50 SNOMED

CT was explored for representing ODH value set terms but ulti-

mately rejected because the ODH data elements (except employ-

ment status) describe a job or work, not a person.29

Occupation and industry value sets
Occupation and industry were included in the ODH information

model as the basic descriptors for work. Both data elements were de-

termined to be important. For example, an administrative assistant

(occupation) working in the banking industry may have different

health risks than an administrative assistant working in chemical

manufacturing. Therefore, standardized vocabulary was sought to

support collection and use of occupation and industry as part of

ODH. Analysis of existing national classification standards found

the following:

Table 1. Example user stories for data elements to be included in

the Occupational Data for Health information model

Topic User story

Patient care A 42-year-old man presents with asthma. Symptoms of

wheezing and cough began 6 months ago. For the

past year, he has worked in an autobody shop paint-

ing cars. This occupation is identified by a clinical de-

cision support tool as one associated with work-

related asthma. An occupational medicine consultant

identifies isocyanates in the paints he uses as a likely

cause for his asthma. Change to a job without expo-

sure to these paints results in resolution of symptoms

over a period of 3 months.

Population

health

A practice that routinely collects information on occu-

pation during registration uses the population health

tool to analyze the occupations of the patients in its

care population. Notable are the numbers of patients

who are housepainters. In follow-up discussions with

some of these patients, it is revealed that much of

their work involves removing lead paint from older

houses. Screening for lead poisoning is instituted

based on occupation, and educational materials are

provided to these patients through the health IT sys-

tems, so they are aware of important preventive

measures to take while working.

Public health A 19-year-old man presents to an emergency depart-

ment with flu-like symptoms. His occupation is a

farm worker and the industry in which he works is

peach farming. Based on this information, the physi-

cian asks about his activities during the time right be-

fore symptom onset. He was at work, picking

peaches. Laboratory testing confirms a diagnosis of

pesticide poisoning. As required by state law, a report

is sent by the healthcare organization through their

health IT systems to the state health department. A

health department epidemiologist analyzes reported

cases from all nearby healthcare facilities and sees

that several such cases within the month were per-

sons working for the same employer. The state health

department works with the employer to assess and

reduce exposure to pesticides.

IT: information technology.
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Figure 1. Occupational Data for Health entity-relationship diagram. Attributes and relationships between Occupational Data for Health entities and the patient are

illustrated. Cardinality is expressed for these relationships to specify the number of instances in which an entity can validly participate.
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1. Insufficient granularity for use in a clinical setting: Large num-

bers of similar yet distinctly different occupations and industries

were classified together; jobs with different duties and hazards

would have then been indistinguishable at the patient level.

2. The use of expert terminology, which would not be easy for the

care provider and patient to understand.

In the ODH model, this challenge was addressed by coding lists

of detailed terms associated with an occupation and an industry

classification system. The North American Industry Classification

System (NAICS) index of detailed titles and the O*NET-SOC alter-

nate titles were found to include terms likely to be familiar to most

workers. Military branches of service were noted to be in the indus-

try value set and military service occupations in the occupation

value set. NIOSH researchers assigned an identification number to

each term and extended the respective classification system codes

with that number, maintaining the association between the term and

the classification category (Supplementary Appendix D). With this

approach, the national classification standards, NAICS and

O*NET-SOC, could still be used to examine populations while a

more descriptive and relatable term could be maintained at the pa-

tient-level.

NIOSH and others have a long history of using occupation and

industry to study work-related health risks. The data are usually col-

lected as free text and subsequently coded into categories using

CDC_Census Occupation and Industry Classifications.47 The

CDC_Census Occupation and Industry indexes51 were considered

and rejected as potential value sets because the selected lists were

found to be more comprehensive and included over 99% of the

terms in the CDC_Census indexes. In addition, descriptions are

available for NAICS and O*NET-SOC classifications and not for

CDC_Census classifications. A crosswalk from the new value sets to

the CDC_Census classifications was created to support public health

activities that use these classifications. The new occupation and in-

dustry value sets and crosswalks were made available through PHIN

VADS.32

Employment status and retirement date
Employment status, independent of retirement, has been shown to

provide insight into factors that contribute to health disparities, be

an important social determinant of health, impact mental health,

and provide a measure of job security.6,52,53 The ODH Employment

Status entity was designed for current and historical data collected

over time (Table 2). The employment status value set uses Bureau of

Labor Statistics terms that are mutually exclusive and therefore

should facilitate collection and common understanding of each term

(Supplementary Appendix C).3

Combat zone period
Working in a military combat zone, whether as a civilian or armed

forces service member, could affect a person’s health beyond injuries

inflicted in warfare.54–56 In the ODH information model, combat

zone work was included as a time period or periods, without addi-

tional data (Table 2). The data were directly linked to the person

rather than a past or present job entry because service members indi-

cated that they do whatever work is needed in a combat zone, re-

gardless of their occupation. Including theatre, country, ship, or

other indicator of location was considered and rejected as too com-

plex to capture. Service members indicated that it would not be sim-

ple to answer, as deployed personnel can move through a range of

locations, and we did not identify user stories for structured combat

zone location data that illustrated added value beyond knowing the

time periods. Recording time periods when work was performed in

other hazardous conditions was discussed with multiple stakehold-

ers and rejected. The discussion of hazardous conditions ranged

from working in a biosafety level 4 laboratory to disaster clean-up,

and no clear definition was achieved.

Figure 2. Overall flow for collecting and using Occupational Data for Health (ODH) in health information technology systems. Horizontal lanes represent timing

and vertical lanes are the actors.
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Past or present job
The past or present job entity was devised for the data related to

each current or previous work situation or position, including some

voluntary positions (Table 3). The data were modeled together per

job, given that they would logically be collected, viewed, and used in

patient care this way. Job duties and occupational hazards were the

only data elements included in the ODH model as free text, other

than employer information. We did not identify value sets specific to

job duties or occupational hazards that were ready for use in the

clinical environment. Use of O*NET-SOC to capture occupations

will, however, facilitate access to lists of tasks, activities, and work

contexts via O*NET OnLine.44

The work classification and supervisory data elements were in-

cluded in part to facilitate and clarify data collection (Table 3).

Work classification is sometimes confused with industry or occu-

pation; in the ODH model, it was used to distinguish armed forces

jobs from civilian jobs and identify self-employment, unpaid

work, and voluntary work. The ODH values for work classifica-

tion were based on values used by the International Labour Orga-

nization, the U.S. Census Bureau, and Bureau of Labor Statistics

(Supplementary Appendix C).31,41,57 In addition, no occupation

value set could possibly allow for consistent collection of both

supervisory level and type of work (trade) in a single entry. A na-

tional study of risk factors for stroke demonstrated that collecting

supervisory level helped in accurately coding occupation informa-

tion.40 Supervisory level was also included in the ODH to facili-

tate discussions of related health factors, identify increasing levels

of responsibility or skill within the military, and distinguish be-

tween officers and enlisted servicemembers in some occupations.

Military pay grade was used to represent service member supervi-

sory levels because ranks and ratings are not interpretable across

branches of service.

The primary considerations in modeling time spent at work were

health impact and ease of entering accurate information (Table 3).

Work schedule values were devised to cover most if not all of the

wide array of possible arrangements (Supplementary Appendix C).

“Part-time” and “full-time” do not have the same meaning for all

jobs and workers and therefore were not included. Hours per day

and days per week at a job were included as numerical values in-

stead of time bands so that there would be no need for a drop-down

list. Key health factors, such as the amount of time spent at work

and working a compressed schedule, can be determined using these

3 data elements.

Usual work
The ODH information model was designed with a distinct entity for

information about usual work, which can span multiple jobs (Ta-

ble 2). It is focused on the longest-held occupation and the industry

in which the person held that occupation for the longest time. Meas-

ures of time were included to support evaluation of potential expo-

sures over time and latency of some chronic lung conditions and

cancers. Usual work was modeled as a single record, without a his-

tory of change, to simplify record keeping (see Figure 1). The model-

ing decision to separate usual work from past or present jobs was

based on a number of goals:

1. to lessen data entry burden, that is, instead of including extrane-

ous data elements (eg, employer- usual work could span multiple

employers) or requiring full history of jobs from which usual

work data could be derived;

2. to improve data accuracy58; and

3. to facilitate use of this entity in HL7 interoperability standard

implementation guides supporting data sharing with cancer reg-

istries.15

ODH for household member of a minor
Patients who are minors can be exposed to substances and condi-

tions affecting their health through a household member’s work. For

Table 2. Occupational Data for Health data dictionary: Data elements and descriptions for employment status, retirement date, combat zone

period, and usual work entities

Data element Data type Description

Employment status entity

Employment status Code Self-reported economic relationship to work (eg, having 1 or more jobs) for a specified time period.

Employment status start date Date Date employment status started or observation date.

Employment status end date Date Date employment status ended. NULL if current or observation date captured.

Retirement date entity

Retirement date Date Date a person self-defines as being retired, usually from a job or occupation.

Combat zone period entity

Combat zone period start date Date Date a person self-reports starting military service or employment in a combat zone.

Combat zone period end date Date Date a person self-reports ending military service or employment in a combat zone.

Usual work entity

Occupation Code Self-reported type of work performed for the longest amount of time during a person’s life, regardless of

the job currently held and regardless of whether or not the person performed this type of work for a

continuous time.

Occupation description Text Self-reported brief description or title for usual occupation; only captured if a value set term is not identi-

fied.

Industry Code Self-reported kind of business (ie, primary business activity) in which a person has worked the longest

while in the usual occupation.

Industry description Text Self-reported brief description or title for usual industry; only captured if a value set term is not identi-

fied.

Duration in years Number Self-reported total of all periods of time a person has spent in their usual occupation as of the date

recorded, not including any intermittent period(s) where the person was not working in that occupa-

tion.

Start year Date Self-reported year that a person started working in their usual occupation.
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Table 3. Occupational Data for Health data dictionary: Data elements and descriptions for past or present job, including some voluntary

work

Data element Data type Description

Job start datea Date Date that this job started.

Job end datea Date Date that this job ended. NULL if current

Current flaga Boolean Identifies present job.

Occupationa Code Self-reported type of work done in this work situation or position (ie, job).

Occupation descriptiona Text Self-reported brief description or title for this job’s occupation; only captured if a value set term is not identi-

fied.

Industrya Code Self-reported kind of business (ie, primary business activity) conducted by the employing organization for

this work situation or position (ie, job). For voluntary work, this is the primary activity of the organiza-

tion that engaged the person.

Industry descriptiona Text Self-reported brief description or title for this job’s industry; only captured if a value set term is not identi-

fied.

Employer name Text Company, organization, or individual that provides compensation (either direct or indirect) for this job, as

reported by the person. For military, this is the name of the home base. For voluntary work, this is the or-

ganization that engaged the person.

Employer location Address Legal mailing address of the employer for this job, as reported by the person.

Work classification Code Type of compensation and sector for this job.

Supervisory level Code Indicator of responsibilities for directing work and personnel management as part of this job, as reported by

the person. For military jobs, this is pay grade.

Work schedule Code Typical arrangement of working hours for this job, as reported by the person.

Daily work hours Number Average number of hours per day or shift worked at this job, as reported by the person.

Weekly work days Number Average number of days in a week worked at this job, as reported by the person.

Job duty Text Brief description of a regular action performed at this job, as reported by the person; multiple job duties can

be listed.

Occupational hazard Text Brief description of a hazard specific to the work or work environment and with which the person might

come in contact at this job, as reported by the person. Multiple hazards can be listed. A hazard is a source

of potential harm to a person’s physical or mental health. Hazards can be biological, physical, psychologi-

cal, chemical, or radiological in nature.

All data elements are collected for voluntary work pertaining to work in disaster/emergency response.

Voluntary work of �20 h/wk is also included, using only certain data elements.
aOnly these elements are collected for other voluntary work of greater or equal to 20 hours/week.

Table 4. Occupational Data for Health data dictionary: Data elements and descriptions for occupational data of household member(s) of a

minor

Data element Data Type Description

Household member entity

Household member role Code Designates the relationship between the patient and the person whose job or work is identified.

Household member nickname Text User defined nickname or description of a unique household member.

Past or present job entity

Occupation Code Self-reported type of work done in this work situation or position (ie, job) by the household member.

Occupation description Text Self-reported brief description or title for this job’s occupation; only captured if a value set term is not identi-

fied.

Industry Code Self-reported kind of business (ie, primary business activity) conducted by the employing organization for

this work situation or position (ie, job) of the household member. For voluntary work, this is the primary

activity of the organization that engaged the household member.

Industry description Text Self-reported brief description or title for this job’s industry; only captured if a value set term is not identi-

fied.

Employer name Text Company, organization, or individual that provides compensation (either direct or indirect) for this job of

the household member, as reported by the person. For military, this is the name of the home base. For vol-

untary work this is the organization that engaged the household member.

Usual work entity

Occupation Code Self-reported type of work performed for the longest amount of time during the household member’s life, re-

gardless of the job currently held and regardless of whether or not the person performed this type of work

for a continuous time.

Occupation description Text Self-reported brief description or title for usual occupation; only captured if a value set term is not identi-

fied.

Industry Code Self-reported kind of business (ie, primary business activity) in which the household member has worked the

longest while in the usual occupation.

Industry description Text Self-reported brief description or title for usual industry; only captured if a value set term is not identified.
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Figure 3. Occupational Data for Health for household members in the record of a minor. Relationships between Occupational Data for Health entities and the

household member of minors are illustrated. Cardinality is expressed for these relationships to specify the number of instances in which an entity can validly par-

ticipate.
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example, prenatal exposure to loud noise can damage hearing59,60

and children can be exposed to lead brought home on a household

member’s work clothes or shoes.61,62 Therefore, key data elements

reflecting household members’ work that could improve care of

minors were also modeled (Table 4 and Figure 3).

ODH data sharing standard templates
The ODH information model was developed in conjunction with

ODH HL7 and IHE interoperability templates. These templates

were published for trial use after extensive restructuring through

ballot comment reconciliation. The IHE ODH CDA template speci-

fication was included in the Patient Care Coordination Technical

Framework Draft Content Modules via an option in the Quality Re-

search and Public Health Domain Healthy Weight Profile.63,64 The

HL7 CDA version was prepared as a supplemental template to the

consolidated CDA Implementation Guide.65 ODH segments and vo-

cabulary were included in the HL7 V2.9 messaging standard.66 The

FHIR ODH template was designed as a set of profiles on the obser-

vation resource, as recommended by HL7 FHIR subject matter

experts.67

DISCUSSION

Knowledge of and access to information about work that is collected

and structured as part of medical information in health IT systems

could provide opportunities to improve patient health outcomes—

both for health issues wholly or partially caused by work and for

those whose management is affected by work.68–70 The ODH infor-

mation model was built to standardize how health IT system devel-

opers meet this need by illustrating the relationships among defined

data elements that describe a person’s work, are useful for improv-

ing patient care, and can be leveraged by health IT systems for clini-

cal decision support and population health. The ODH data elements

also include those needed for public health case reports as required

by law. Case reports facilitate recognition of ongoing exposures by

public health agencies, enabling appropriate interventions with

employers to prevent other workers from being exposed.71

An information model cannot illustrate all of the details about

how to collect and use data. To provide this kind of guidance,

NIOSH staff, contractors and affiliates developed a Work and

Health Functional Profile of the HL7 EHR System Functional

Model.72 This profile was used to outline features for the collection,

management, and exchange of ODH, many of which could also be

applied to other health IT systems. For example, it is recommended

that voluntary work in disaster response or emergency services be

recorded as a job. Individuals that volunteer in emergency or disas-

ter response positions, such as volunteer firefighters or postflood re-

mediation volunteers, face potential hazards.73,74 Volunteers

account for nearly 70% of all firefighters in the United States and

experience substantial rates of related injuries and illnesses.74,75 Ad-

ditionally, persons who volunteer for a nonemergency or disaster re-

sponse organization (eg, animal shelter, food pantry, soup kitchen)

for a substantial amount of time (ie, more than 20 hours a week)

may face health risks.76 The profile was also used to clarify how mil-

itary service can be captured using the ODH model data elements,

given the interest in providing this information for patient care.25

The work and health functional profile also was used to describe

ways to reduce the burden of ODH collection and management. For

example, required data elements are defined as occupation and in-

dustry. A job is not considered a new job unless 1 of 4 data elements

is changed: occupation, industry, work classification, or supervisory

level while working for the same employer. Any other changes or

updates can be made inline. Data entry burden also could be re-

duced by leveraging health IT system interoperability: ODH col-

lected once in a PHR or patient portal could be included in the

primary care provider’s EHR medical record, shared from there

with other care providers such as a specialty care provider, and in-

corporated in an electronic case report to public health. The ODH

templates in CDA, V2, and FHIR formats are starting to be incorpo-

rated in key IHE profiles and HL7 implementation guides.15–17,77–83

Because some of these uses of ODH currently require CDC_Census

categories for occupation and industry, crosswalks from the newly

suggested vocabulary to the Census category codes have been pro-

vided in PHIN VADS.32

There are limitations to the work presented here. Until the ODH

model is tested in multiple clinical environments, it is not possible to

evaluate its implementability or utility. Some known challenges in

content remain to be addressed. Although direct awareness of haz-

ards and duties at work could support patient care, occupation and

industry are used as proxies until appropriate value sets can be iden-

tified. Currently, there is no consensus on how to define temporary,

seasonal, or “gig” work, so they were not included in this version of

the ODH information model.52,53,84 In addition, prototype testing

has suggested that collecting a start and end date for each employ-

ment status may be unnecessarily cumbersome and has suggested

that values for voluntary and unpaid work occupations may need to

be added to the occupation value set. Comments made during the

ODH interoperability standards trial use periods and lessons learned

as ODH is tested in clinical settings will likely suggest changes that

will be addressed in future versions of the ODH information model.

CONCLUSION

The ODH information model was developed to suggest standard-

ized and structured work information for use in health IT systems to

provide a potential framework suitable for broad application across

many use cases supporting patient care, population health, and pub-

lic health. Developing the ODH model involved working with a

broad array of stakeholders to determine the most pertinent infor-

mation to collect and the appropriate attributes and relationships

among them. The process for developing ODH interoperability

standards was a key tool to vet the ODH data elements and refine

the structure. Guidance for EHR and other health IT system devel-

opers was provided elsewhere to express additional details that

could not be illustrated by modeling alone. Next steps involve pilot-

ing implementation and use in clinical settings and working to en-

gage in the U.S. Core Data for Interoperability expansion process of

the ONC to propose ODH as a new data class.85 As ODH is used,

stakeholders will likely suggest further adjustments to the model to

reflect the changing nature of work, healthcare needs, and experi-

ence with the model and related products.
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