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Ontological Issues in Patient Reported Outcomes: Conceptual issues and challenges addressed 

by the Patient-Reported Outcomes Measurement Information System (PROMIS®)  
 

Patient reports are a critically important aspect of documenting the impact of illness and 
health care interventions on individual’s daily functioning and well-being. Medicine has a long 
history of emphasis on the “objective” or observable aspects of disease where the “patient” was 
considered a passive host. However, there has been increasing recognition of the important 
need for a patient-centered approach to monitor disease and assess health care outcomes. 
Truly patient-centered medicine requires patient-reported measures that provide information 
essential to characterizing outcome heterogeneity for individuals with the same condition, and 
outcome comparability for individuals across different conditions. 

Although it took nearly a century to be implemented, the modern era of patient-
centeredness was initiated by Sir William Osler in the 19th century: “It is much more important 
to know what sort of a patient has a disease than what sort of a disease a patient has.”(Osler, 
1892). As we consider the ontology of patient-reported outcomes (PROs), it is useful to reflect 
on the history and evolution of the terminology and its aspects, including how they aggregate 
into higher-order components reflecting health perceptions.  An examination of ontology leads to 
an appreciation of the value of consensus on the existence of these higher-order components 
and measurement of their many aspects. Indeed, generating consensus is critical if such an 
ontology is to be adopted toward the aim of elevating the patient perspective to serious 
consideration of treatment outcomes. 

In this paper, we briefly review the history of measuring perceptions of health and quality 
of life, followed by an examination of conceptual issues regarding terminology that have led to 
potentially conflicting ontologies. Then, we discuss challenges posed by the lack of consensus 
on common meaning and the proliferation of measures. Next, we suggest a solution grounded 
in an ontology adopted in the National Institutes of Health (NIH) funded Patient Reported 
Outcomes Measurement Information System (PROMIS®) project (Cella et al., 2007).  We 
conclude by discussing issues associated with mapping the PROMIS domain framework onto 
other familiar ontologies and recommend a way forward for PROMIS to provide a sustainable 
ontological structure to enable coherent common measurement. 

I. Derivation of the term “Patient Reported Outcome” (PRO) 

Relative to the work done in this area, the term PRO is new.  It was originally proposed by the 
US Food and Drug Administration (FDA) as a neutral term to reflect the full range of treatment 
effects best reported directly from patients. The FDA definition of a PRO as “any report coming 
from patients about a health condition and its treatment” has been interpreted to include health 
behaviors such as adherence to doctor recommendations, smoking, and exercise. It also 
includes treatment preferences, perceptions of health care (including perceptions of benefit and 
harm), and participation in health care decisions. While a wide range of patient reports are 
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important, this discussion of PROs is confined to a subset consistent with the precursor terms of 
“quality of life” (QoL) and “health-related quality of life (HRQoL). As the term suggests, HRQoL 
is meant to cover those aspects of life quality related to one’s health, thereby excluding 
concepts like climate, environment, wealth, crime, and other aspects of the broader QoL 
concept. HRQOL includes symptoms such as pain, fatigue, depression, and anxiety, side effects 
of treatment, functional level, and general perceptions of health and well-being. Thus, PROs’ are 
restricted in this proposed ontology to HRQoL and do not include patient reports about health 
behaviors such as medication adherence, substance use, and treatment preferences. (Fung & 
Hays, 2008). 

II. Why is an ontology needed for patient reported outcomes?  

PROs derive from a decades-long legacy of research examining the HRQoL associated with 
various diseases and their treatments. The myriad of HRQoL studies have deployed a wide 
range of survey instruments that ask different questions, often tapping different concepts from 
one another, but all drawing conclusions about HRQoL or QoL. This has resulted in confusion, 
and at times disagreement, about what is HRQoL. The absence of a shared ontology for the 
concept has rendered it less useful in considerations of clinical benefit and policy impact. By 
contrast, a shared ontology, including an understanding of its components, would render HRQoL 
a more potent consideration in evaluating health care than it has been to date. In an era where 
patient-centeredness has become a priority, the need for a common language for PROs and 
HRQoL has become paramount.  

III.  Relevant historical ontologies and  

In 1948, The World Health Organization (WHO) publicly released a definition of health as “a 
state of complete physical, mental, and social well-being and not merely the absence of disease 
and infirmity“ (WHO, 2001). This definition opened the door to move away from the notion that 
health could be defined simply as the absence of disease, a notion that had dominated 
medicine prior to World War II. It emphasizes the full spectrum of life quality, with three primary 
components (physical, mental, social). Several groups, working independently, have confirmed 
the factorial structure of physical and mental health as separate-but-related concepts, but 
evidence for a distinct social health component is mixed (Carle et al., 2015; Hays, Spritzer et al., 
2018; Hays & Stewart, 1990; Larson, 1996). Indeed, the social health aspect of the WHO has 
been viewed with skepticism.  Larson (1996, p. 182) noted that “The RAND Health Insurance 
Experiment based its measures of health on the WHO definition but was critical of the social 
component of the definition. Their data did not confirm the existence of social well-being as an 
independent dimension of health.” He argues for psychosocial health that combines mental and 
social health. But the failure to identify a separate social health domain may be due to 
insufficient questions asking about social health and may require more appropriate measures 
(Carlson et al, 2011). 

In the decades that followed the 1948 WHO definition, it was noted that it continued to imply that 
absence of disease or disability connoted better health. Recognizing the prevalence of chronic 
illness and disability in the world, and in the interest of placing all people regardless of disease 
status on level ground, WHO began to revise its thinking about health. By 1984, its definition of 
health evolved to "the extent to which an individual or group is able to realize aspirations and 
satisfy needs and to change or cope with the environment”(WHO, 2001). A series of health 
promotion conferences, the first being in Ottawa, Canada 
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(http://www.who.int/healthpromotion/conferences/previous/ottawa/en/), ensued, with the goal of 
enabling people to improve their lives by taking increased control over their health. To reach that 
“state of complete physical, mental and social well-being,” people must be able to identify their 
aspirations, satisfy their needs, and adapt or cope with life demands and the environment. The 
concept of health was thereby transformed into a positive concept emphasizing the balancing of 
social and personal resources with physical capacity.  

Parallel to this shift in conceptualizing health as a positive aspiration, WHO developed its 
International Classification of Functioning, Disability, and Health (ICF). Designed as a 
complement to the more familiar and widely used International Classification of Diseases (ICD) 
series, ICF is a tool that provides internationally comparable information about the experience of 
health and disability. As indicated in the figure below, ICF disability and functioning are viewed 
as outcomes of interactions between health conditions (diseases, injuries, etc.) and contextual 
factors, including environmental, physical, social, attitudinal, and personal influences (WHO, 
2001).  Body functions are physiological and psychological functions of body systems. Body 
structures refer to the physical anatomy. Impairments are problems in body structure or function 
deviant from what is typical. Activity refers to one’s execution of a task or intended action. 
Activity limitation can result from any of the model components. Finally, participation refers to 
one’s involvement in a life situation. Participation restriction also may occur due to any of the 
model components. The ICF depicts limitations associated with disabilities to be largely a 
socially created problem (WHO, 2002).   

 

The ICF framework has been useful at the individual, institutional, and societal level, and it has 
helped in health policy development and planning, economic analysis, and research (Post, de 
Witte, & Schrijvers, 1999). However, it is not well-suited as an ontology for PROs for two 
reasons. First, its scope is much broader, as it includes physiological and anatomical aspects of 
a person, and second, because it includes environmental factors, also outside the scope of 
PROs or HRQoL. 

In their landmark paper, Wilson and Cleary (1995) proposed a model of HRQoL that depicts a 
causal chain with influential environmental and individual characteristics. The causal chain 
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begins with biological and physiological influences from disease and treatment, which cause 
symptoms that may or may not impair functional status. Decrements in functional status in turn 
can produce decline in general or overall health status. Together, these components of the 
model influence a person’s global evaluation of life quality as it relates to one’s health. Each of 
these components (symptoms, function, general health, and quality of life) can be influenced by 
individual characteristics (personality, stoicism, amplification, values, etc) and by environmental 
characteristics (social and psychological support, etc). While the Wilson and Cleary model has 
been well-received by the HRQoL community, it does not detail the ontology of symptoms, 
function, general health perceptions, and quality of life. 

 

Valderas and Alonso (2008) proposed a classification system for PROs that combined the ICF 
framework and Wilson and Cleary Model. (figure) Using a common set of concepts consistently 
identified in the two classification systems, they developed a cross-classification system and 
mapped several commonly used PRO questionnaires to it. While this illustrated how various 
PRO questionnaires could be mapped onto a descriptive system, it did not solve the 
fundamental problem of specifying the content of the subordinate domains within the 
classification system. For example, it did not articulate common symptoms or functional 
domains in terms of their nature, boundaries, and relationship to one another.  This articulation 
is needed to unify measurement into a common language at the subordinate domain level. 
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In summary, there is general agreement that there are three primary spheres of life 
(physical; mental; social), and that there is often a replicable causal path from disease and 
treatment physiology to symptoms, then to functioning, and then to broader perceptions of 
health and life quality (albeit influenced by various individual and environmental characteristics). 
However, these general classification categories have not been sufficiently detailed about their 
content and subordinate components, to enable researchers and policy makers to coalesce 
around a common ontology. In fact, the opposite has been the case. Over the past 50 years, a 
vast number of PRO questionnaires have been developed and published to measure physical, 
mental, and social health. The PROQOLID database identifies over 4,000 patient-centered 
clinical outcome assessments, the majority of which are PROs.(PROQOLID, 2021) These 
assessments, and others not included in that database, utilize overlapping terminology that is 
often not reflected in the content of the questions. For example, among the many measures of 
pain, some reflect pain intensity, others reflect pain frequency or duration, and still others reflect 
the extent to which pain interferes with function or HRQoL. In some cases, these questions are 
separate, while in others they may be bundled together into a single “pain” score. As a result, 
although pain is a common and important symptom in the PRO ontology, we continue to see it 
measured in different ways, yet using the same terminology. This makes it very difficult to 
evaluate pain as an endpoint in systematic reviews and meta-analyses within and across 
therapeutic areas. The same is true for other symptoms, such as fatigue, depression, anxiety, 
and dyspnea, to name a few. Similarly, in the area of physical function, there is a wide range of 
ability and limitation captured under this term, including mobility (ambulation; self-transport), 
upper extremity function (range of motion; dexterity), flexibility, and activity level. So, when one 
reports on improved physical function, it is necessary to identify the specific questions asked to 
identify the nature of that improvement.  

There is a family of preference-based measures that summarize the important domains 
and provide weights for each domain, producing a health utility score generally between 0 and 
1, where 0 is dead or a health state equivalent to dead and 1 is a health state equivalent to 
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perfect health (Kaplan et al, 2011; Kaplan & Hays, 2021). Each of these systems is based on a 
health classification system that weights the life domains according to local community or 
societal values, to produce that utility value, which in turn can be used to modify survival time for 
its quality (e.g., quality adjusted life year). While useful for economic and policy review, none of 
these systems provides the ontology for HRQoL that is the focus of this manuscript. 

The implicit approach to PRO development has been one of “letting a thousand flowers 
bloom,” justified as it encouraged innovation and improvement over existing assessment 
options. As a result, we now have a plethora of PRO instruments available, including general 
(so-called “generic”) questionnaires and measures targeted to specific diseases and treatments. 
Unfortunately, there has been a significant downside. As a result of the organic evolution of 
PRO measures developed over the past 50 years, an evolution lacking an accepted, common 
terminology, we have different concepts being measured but using the same terms, similar 
concepts measured using different terms, and a resulting “Tower of Babel”(Mor & Guadagnoli, 
1988).  We are now at a point where it would be a major advance to the field of PRO 
measurement if the PRO developers and end-users were to adopt an ontology with common 
language and associated common metrics. 

IV. The PROMIS framework as an ontology for PROs 

In 2004, under its Roadmap (now Common Fund) initiative, the NIH launched a 
cooperative group of PRO measurement scientists to address the issues identified above. This 
initiative, PROMIS, was charged to improve assessment of self-reported symptoms and other 
domains of health across a wide range of chronic diseases. PROMIS was situated to be a 
translational and ideally transformational arm of the larger NIH effort: “Re-engineering the 
Clinical Enterprise.” Aiming to standardize assessment of common self-reported symptoms and 
function across the full range of chronic disease, the use of item response theory (IRT) has 
been proposed as a solution to the conflicting array of measurement within and across disease 
(Bjorner, 2021; Cella et al, 2013; Choi et al, 2014; Schalet et al, 2015; 2021). IRT allows one to 
build banks of questions, each of which is a representation of the underlying domain (trait). 
Once the assumptions underlying IRT are met, and the fit of the model is satisfactory, the items 
in the bank can be used interchangeably (Segawa et al, 2020). This provides great flexibility in 
selection of specific items for specific settings, while at the same time providing a score on a 
single, common metric. In addition, IRT enables computerized adaptive testing which 
customizes assessment to the level of the individual responding to the questions, thereby 
enhancing measurement precision (reliability).  Relevant to the focus of this manuscript, the 
building of these item banks, and the testing of their measurement properties, requires careful 
definition of terms and even more careful articulation of the specific domains that are included in 
the PROMIS framework. 

In the early months of the 10-year PROMIS project, armed with literature review and 
their measurement experience, investigators discussed what would be the optimal framework 
under which to articulate self-reported health domains and items. We considered both WHO 
definitions, the ICF, the Wilson and Cleary Model, and other options. We decided that the 
original 1948 WHO health definition was best for our purposes. This was because, as 
mentioned, the ICF framework and the Wilson and Cleary model included components outside 
the scope of our charge, which was focused on self-reported health outcomes. By contrast, the 
WHO definition of physical, mental, and social well-being provided a useful, open starting point 
(Cella et al, 2007). From the beginning, we recognized that these three components of health 
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are not mutually exclusive. Pain, situated under physical health, has mental and even social 
components. Sleep is both physical and mental. Sexual function includes physical, mental, and 
social aspects. Nevertheless, we partitioned symptoms, function, and more general health 
perceptions into one or another of these broad components and proceeded to define each 
domain and populate them with items (Hays, Schalet et al, 2017; Pilkonis et al., 2011).  

PROMIS domain teams were established and deployed across physical, mental and 
social health, with each embarking on the process of adopting, modifying, and writing items 
according to standard protocols for mixed (qualitative and quantitative) methods (Cella et al, 
2007; 2010, 2019; DeWalt et al, 2007; Pilkonis et al, 2011; Reeve et al, 2007). Common 
terminology with domain definitions were adopted and tested, using responses obtained from 
large-scale testing. The result was a PROMIS domain framework that now includes over 100 
domains, each with a specific definition and item set that has been demonstrated to reliably 
assess a single underlying concept. A Table of the PROMIS domains and their definitions, each 
consisting of a set of calibrated items, is appended to this manuscript. This provides a possible 
ontology for adoption and use by others seeking to arrive at a more standardized reporting and 
communication.  

 
V. Standardized measurement development and evaluation 

A statistical plan was developed to guide analyses of the psychometric properties of the 
PROMIS measures.  Analyses evaluated assumptions of IRT (monotonicity, sufficient 
unidimensionality and local dependence), IRT model fit, item fit, and differential item functioning 
(Reeve et al., 2007). Results of analyses were provided on an iterative basis to domain teams 
leading the development of the measures to finalize item banks. Analysts and content experts 
discussed each item, and decisions were made as to whether an individual item should be 
calibrated and included in item banks; not calibrated but retained for possible future calibration; 
or excluded from further consideration. The final selected item banks were calibrated using the 
IRT graded response model (Samejima, 1969). To identify the metric for the PROMIS item 
parameter estimates, the scale for person parameters was fixed relative to the United States 
general population with a mean of 50 and SD of 10 (Liu et al, 2010). The reliability (scale 
information) and validity (including responsiveness to change) of the PROMIS measures have 
been extensively evaluated (Hays et al, 2015; Irwin et al, 2015; Jensen et al, 2017; Schalet et 
al, 2016; Zhang et al, 2021). 
 

VI. Linking to legacy measures 

If PROMIS is to become a unifying ontology for HRQoL assessment, it will be important for 
those who prefer other measure alternatives to suspend that preference and consider either 
switching to PROMIS or demonstrating that scores on their preferred questionnaire can be 
expressed on the common PROMIS metric. The latter option can be achieved through various 
linking procedures. When two measures are sufficiently correlated with one another and define 
a common underlying continuum; they can be empirically linked on a common metric (Cella et 
al, 2013; Choi et al, 2014; Schalet et al, 2015; 2021). For example, the PROMIS global physical 
and mental health scores were empirically linked to the legacy Veterans RAND 12-item general 
health survey.  The link makes it possible to estimate the legacy scores (RAND physical and 
mental health scores) directly from the PROMIS scores (global health) and vice versa (Schalet 
et al, 2015). Much of this work has been done for commonly-used legacy measures in physical, 
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mental, and social health, with more than 60 linking tables and reports posted at 
www.prosettastone.org.   

 
VII.  Reconciling ontologies 
 
 The ontology offered by the PROMIS framework has been mapped to the WHO ICF 
model (Tucker et al, 2014a; 2014b).  At the time this was done, all 1006 PROMIS items could be 
mapped to ICF concepts. PROMIS item banks mapped to multiple ICF codes indicating one-to-
one, one-to-many and many-to-one mappings between PROMIS and ICF second level 
classification codes (Tucker et al, 2014b). The majority of major concepts in the ICF Body 
Functions (b) and Activity & Participation (d) components were found to be supported by 
PROMIS. Custom instruments to measure ICF codes can therefore be developed. Given 
PROMIS focuses on PROs, ICF concepts in body structures, many body functions, and many 
ICF environmental factor have minimal coverage in PROMIS. As a result of this mapping, users 
interested in measuring ICF content that maps to PROMIS can do so. Similarly, the PRO 
elements captured in the Wilson and Cleary (1995) model can be measures with PROMIS 
instruments, or legacy instruments that have been linked to the PROMIS metric. 
 

VII. Sustaining and updating a PROMIS ontology over time 

After supporting the development and initial validation of PROMIS for 10 years (2004-
2014), the NIH supported a 4-year “Person Centered Assessment Resource.” The explicit 
purpose of this resource was to transition PROMIS and three other NIH-supported 
measurement systems [Quality of Life in Neurological Disorders (Neuro-QoL), NIH Toolbox for 
Assessment of Neurological and Behavioral Function (NIH Toolbox), and Adult Sickle Cell 
Quality of Life Measurement System (ASCQ-Me)], into a sustaining resource for wide use. 
Independence from government support was deemed critical for sustainability. Northwestern 
University received the 4-year award to build this sustaining infrastructure which would make 
these tools as freely-available at possible, while supporting the necessary human resources to 
curate, distribute, and update with improvements over time. With the ending of this award in 
2018, Northwestern has assumed management and distribution responsibility for the PROMIS 
item banks through the “HealthMeasures” website (www.healthmeasures.net). From this site, 
anyone can download PROMIS fixed short form assessments in English and Spanish. A free 
scoring service will generate and return IRT-based scores. Computerized Adaptive Testing 
capability is provided through an application-programming interface (API), which is licensed 
including technology-supporting fees either for individual use or for distributors. Languages 
other than English are provided with distribution fees that can be waived for academic use.  This 
model has sustained the costs of curating and distributing PROMIS for the years since public 
funding has ceased.  In addition to this, the 18 principal investigators of the PROMIS Common 
Fund effort started a charitable [501(c)(3)] foundation with the purpose of educating people 
about PROMIS and relieving the burden of government. This foundation, The PROMIS Health 
Organization (PHO), now has several hundred members and conducts educational workshops 
and an annual international meeting. Together, the partnership between Northwestern University 
and the PHO provides a stable base to secure the future of PROMIS. 
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