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Abstract

Determining factors influencing patient participation in and adherence to cancer screening recommendations is key
to successful cancer screening programs. However, the collection of variables necessary to anticipate patient behavior
in cancer screening has not been systematically examined. Using lung cancer screening as a representative example,
we conducted an exploratory analysis to characterize the current representations of 18 demographic, health-related,
and psychosocial variables collected as part of a conceptual model to understand factors for lung cancer screening
participation and adherence. Our analysis revealed a lack of standardization in controlled terminologies and common
data elements for these variables. For example, only eight (44%,) demographic and health-related variables were
recorded consistently in the electronic health record. Multiple survey instruments could collect the remaining
variables but were highly inconsistent in how variables were represented. This analysis suggests opportunities to
establish standardized data formats for psychological, cognitive, social, and environmental variables to improve data
collection.

Introduction

Anticipating patient behavior and providing specific interventions are important components of successful cancer
screening programs. If the benefits of cancer screening are to be achieved (i.e., improved early detection rates and
reduced cancer-specific mortality), participation in and adherence to recommended actions are surely critical. But the
collection of variables needed to understand what drives patient participation in and adherence to cancer screening is
hugely inconsistent. One set of variables that are associated with breast, cervical, and colorectal cancer screening
participation are social determinants of health (SDH),! which are “conditions in the places where people live, learn,
work, and play that affect a wide range of health and quality of life risks and outcomes.”? When incorporating SDH
into research, a major challenge is that there is presently a lack of consensus on standards for representing or
capturing SDH in electronic health records (EHRs).> Besides SDH-related variables, barriers to cancer screening
involve factors at several levels.*” For example, at the patient level are psychological barriers such as denial, fear, and
stigmatization; lack of education about cancer and cancer screening; lack of access to health care; and the quality of
patient-provider communication. At the provider level, there may be limited knowledge — and outright skepticism —
regarding screening guidelines and benefits. More generally, systemic barriers include lack of insurance coverage,
access to care, and repeated healthcare visits.

These issues are paramount in emergent areas, such as lung cancer screening. Lung cancer remains the leading cause
of cancer-related death in the United States (US).® Clinical trials have shown that screening with low-dose computed
tomography (LDCT) is effective in reducing lung cancer death rate by up to 20% or more.” '° The US Preventive
Services Task Force recently recommended that individuals who are 50 to 80 years of age with a minimum 20 pack-
year smoking who currently smoke, or have quit within the past 15 years, receive annual screening with LDCT.!! A
national coverage decision from the Centers for Medicare and Medicaid Services has covered lung screening since
2015'2 with a recent expansion in coverage February 2022.!* Although both Medicare and, in some states, Medicaid
cover annual screening LDCTs, an analysis by the American Lung Association through 2021 reveals low screening
rates across all states among eligible individuals, ranging from 1-18%.!* Moreover, our recent meta-analysis showed
that patient adherence to baseline lung cancer screening recommendations was only 57-65% across clinical lung cancer
screening programs in the US.!" Given the relative nascence of lung cancer screening, little is known about why screen-
eligible smokers decide (not) to undergo screening. To identify factors that are associated with screening behavior in
lung cancer, Carter-Harris et al. developed a conceptual model for lung cancer screening participation and adherence. '
This model proposes that multiple factors can influence lung cancer screening participation, including: psychological
variables; demographic and health status characteristics; cognitive variables; receiving a healthcare provider
recommendation; social and environmental variables; lung cancer screening health beliefs; and the shared decision-
making process between an individual and their health care provider (Figure 1). Although the conceptual model
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provides a blueprint of what variables should be considered, it does not specify how to measure and encode these
variables to facilitate data sharing and semantic interoperability. Markedly, the current state of data capture for the
enumerated variables (e.g., cancer fatalism, smoking-related stigma, lung cancer worry, fear, etc.) is not well-
characterized, and it is not clear how to best collect this information and from what data source.

Our long-term objective is to improve the overall participation and adherence rate to lung cancer screening among
eligible patients by enabling individualized interventions that encourage screening participation. In this work, we
focus on capturing the antecedents from the Carter-Harris conceptual model in a consistent and standardized manner.
Antecedents are the circumstances that exist before a behavior related to cancer screening. In the Carter-Harris model,
antecedents, a combination of SDH, and psychological and cognitive variables, are precursors to the stage of adoption
for lung cancer screening, the shared decision-making process, and the subsequent outcomes concerning lung cancer
screening behavior (Figure 1). Markedly, in prior studies, such antecedents have been shown to correlate with patient
participation in lung, breast, cervical, or colorectal cancer screening programs.'® Our goal is to examine the current
state and gaps in standardized collection of SDH data, using cancer screening as a driving application. We investigate
whether data standards exist for demographic, health-related, and psychosocial variables and their level of
completeness in the EHR. To our knowledge, no analysis has characterized the current representations of variables
affecting lung cancer screening participation — or more generally — and adherence across the EHR and existing medical
ontologies.
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Figure 1. The Carter-Harris conceptual model for lung cancer screening participation.
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Defining and mapping variables

Carter-Harris et al. grouped antecedents into five categories (Figure 1): 1) psychological variables, 2) demographic
and health status characteristics, 3) cognitive variables, 4) healthcare provider recommendation and 5) social and
environmental variables. Each category comprises of a set of variables, such as social influence and media exposure.
Among the 18 antecedents, seven are broadly considered SDH, including gender, race/ethnicity, income, education,
smoking-related stigma, social influence, media exposure.!” For each variable, we defined a data element with
permissible values, mapping it to EHR data relevant to the 18 antecedents, published ontologies, controlled
vocabularies (see Identifying relevant data elements in the EHR and existing ontologies section below), and/or
survey instruments whenever possible. Next, we identified potential data sources for each data element. Information
sources were represented in various formats, including the EHR and questions in a survey instrument, such as Shen’s
scale for measuring fatalism'8. When more than one source of representation was available for a specific variable, we
listed the most used representation(s) reported in systematic reviews on measures/survey instruments of these variables
(e.g., a systematic review on measuring medical mistrust'?). Considering data elements that are not currently collected
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in a standardized manner, we identified existing techniques in literature that have been used to collect this information
(e.g., survey instruments).

Identifying relevant data elements in the EHR, existing ontologies, and literature

1. Search strategy. The search terms were the exact expression of antecedents from the Carter-Harris conceptual
model. Specifically, we independently searched representations for each antecedent variable across potential data
sources. For example, ‘medical mistrust” was used as the search term (or keyword) for the medical mistrust variable
mentioned in the antecedents. We did not add synonyms of the antecedents in the search terms. However, we also
used a more general term that was not specific to lung cancer screening for certain variables. For example, we searched
cancer “worry” and cancer “fear” in addition to more specific lung cancer worries and fears.

2. Searching the EHR. Using our institution’s EHR (Epic Systems, Verona, WI) as a representative example, we
investigated which variables were presently captured, whether captured data were collected in a consistent and
standardized format; and if the variables were not available, alternative sources that could be used. This process was
conducted in three ways: 1) examining data elements that are displayed in the EHR user interface, 2) using the ‘Search’
bar with keywords, and 3) consulting with clinicians (D.R.A and A.E.P) on unstructured fields that may contain
relevant information. In addition to examining data elements that are explicitly captured in the EHR, we also examined
data elements collected as part of a questionnaire administered to the patient before his/her LDCT screening exam; a
digitized copy of the questionnaire is retained within the EHR. This questionnaire collects data variables required by
the PLCOwm2012 6-year lung cancer risk model? in a standardized manner (i.e., all multiple-choice questions, no free-
text questions, see Supplemental Materials for a list of variables included in this questionnaire). The EHR search was
conducted by Y.L who has 2 years’ experience of extracting patient information from our institution’s EHR.

3. Searching other catalogs and resources. Alongside searching the EHR, we queried BioPortal?!, a comprehensive
repository of biomedical ontologies and terminologies, and used ‘Class Search’ to examine existing medical
ontologies for the antecedents. In addition to BioPortal, search results from three vocabulary systems/toolkit were
summarized, NIH Common Data Elements (provides access to structured data elements that have been recommended
or required to use in research by NIH institutes or centers or other organizations)*?, NIH RADx-UP Common Data
Elements (captures a variety of variables such as sociodemographics, housing, insurance, medical history, health status,
tobacco use, medical trust, etc.)?*, and PhenX Toolkit (covers SDH variables, tobacco use, etc.)?*. Finally, PubMed
and Google Scholar were used to identify measures not captured in the EHR. Two authors (Y.L and R.D) searched
BioPortal, the NTH Common Data Elements, NTH RADx-UP Common Data Elements and PhenX Toolkit for relevant
concepts (end date of search: Mar 8, 2022). Discrepancies in search results were resolved through a consensus
discussion.

Data quality assessment

We focused on one dimension in data quality assessment — data completeness — where we characterized the current
level of coverage for antecedents by reporting what percentage of variables could be represented using existing
standardized data elements. Specifically, we identified what percentage of data elements can be populated using
information that is readily collected in the EHR, NIH Common Data Elements, NIH RADx-UP Common Data
Elements and PhenX Toolkit because these ontologies were likely to capture representations for a large number of
antecedent variables given their broad coverage of data elements in demographics, health-related, and psychosocial
variables. We also assessed the percent of antecedents captured in survey instruments from literature (unstandardized
data).

Results

Table 1 (a simplified version, see Supplemental Materials for the full version) summarizes possible data sources for
antecedents from the Carter-Harris conceptual model.

Few psychological, cognitive, social, and environmental variables are standardized in the EHR and existing
ontologies

Demographic and health status characteristics (age, gender, race/ethnicity, income, insurance status, education,
smoking status and family history of lung cancer) were well-standardized in current medical vocabularies. All
variables were captured in the EHR system at our institution in a normalized manner (i.e., each stored as a variable
with standardized values in the EHR database). Seven of eight variables could be obtained from all three medical
ontologies (the NIH Common Data Elements, NIH RADx-UP Common Data Elements, and PhenX Toolkit). Our
institution’s EHR implementation lacks a structured field that indicates whether a screen-eligible patient received a
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recommendation for lung cancer screening from a healthcare provider. Still, healthcare provider recommendations for
lung cancer screening among high-risk individuals were documented in physicians’ notes or the “Indication” section
of a screening CT interpretation.

The remaining three categories of antecedents were largely unstandardized: we found standardized mappings for a
few psychological, cognitive, social, and environmental antecedents from our EHR system, BioPortal searches, or the
three medical ontologies (the NIH Common Data Elements, NIH RADx-UP Common Data Elements, and PhenX
Toolkit)., and most of these mappings were proxies. For example, there existed ontologies for stigma (as a proxy for
smoking-related stigma) and fatalism (as a proxy for cancer fatalism) in BioPortal. Therefore, we attempted to map
the measurements of these variables with survey instruments developed in the literature. For the five psychological
variables (i.e., perceived smoking-related stigma, medical mistrust, cancer fatalism, lung cancer worries, and lung
cancer fear), we found at least one instrument that had been used to measure these variables. The instruments were
either a direct mapping of the antecedent developed from a screening or non-screening cohort or a proxy instrument
used in other domains (such as cancer screening and COVID-19) that could potentially be used in cancer screening.
For cognitive variables, the Lung Cancer Awareness Measure®® could be used to assess patients’ knowledge about
lung cancer. Given that no instruments had been developed to measure patients’ knowledge about lung cancer
screening, we listed a proxy instrument, a modified version of an instrument developed to assess patients’ knowledge
about colorectal cancer screening®. Similarly, no instruments existed for measuring social influence among
participants in lung cancer screening. We adapted instrument originating from breast cancer screening.*! A proxy
instrument* for measuring general and health-specific media exposure was included for media exposure because no
studies had investigated the effect of media exposure on lung cancer screening behavior.

In total, among 18 antecedents, nine (50%) variables were captured in the EHR system at our institution (Table 2).
Two standardized medical vocabulary repositories captured up to half of the antecedents: eight (44%) variables found
in the NIH Common Data Elements repository and nine (50%) variables were indexed in the NIH RADx-UP Common
Data Elements repository. The PhenX Toolkit had representations for eight (44%) antecedents. Although the EHR
and three medical vocabularies captured 44-50% of the antecedents, most variables were from the demographic and
health status characteristics category. Survey instruments from the literature provided measures for the nine (50%)
psychological, cognitive, social, and environmental variables, six of which (including proxies) were indexed in
BioPortal. Using a combination of EHR and survey instruments from the literature, all 18 antecedents were captured.
Yet 22% of these antecedents (including three survey instruments that were not included in BioPortal and the
healthcare provider recommendation variable, which was documented in free text in the EHR) lacked a standardized
data format and varied in semantics and permissible values, depending on survey instrument of EHR implementation.

Table 1 (Simplified Version). Potential data sources of antecedents in the Carter-Harris conceptual model for lung
cancer screening participation.

Variable Definition Common data sources Dimensions No. Items Scales/Values
Perceived A social process by Proxy: stigma. BioPortal: two
smoking- which exclusion, original ontologies in psychology
related rejection, blame or and nursing practice.
stigma devaluation occurs® Proxy: ‘covid_iso_chal’ in NIH
RADx-UP CDE.
Stuber et al.**2009 Devaluation 2 Four-point

Likert scale

The respondents’ 3 Dichotomous
perceptions that

they are the

subject of

differential

treatment due to

smoking
Internalized Stigma of Smoking Self stigma 3 Four-point
Inventory*’ (a=0.80, 0.81, and 0.70 Likert scale
for self stigma, felt stigma, and Felt stigma 3
discrimination experiences, C
respectively) 2015 Dlscrl_mmatlon 2

experiences
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Table 1 Continued (Simplified Version). Potential data sources of antecedents in the Carter-Harris conceptual
model for lung cancer screening participation.

Variable Definition Common data sources Dimensions No. Items Scales/Values
Medical Distrust of medical Proxy: 'trust_doc_2'in NIH
mistrust personnel and RADx-UP CDE. BioPortal: none
organizations® exists.
Medical Mistrust Index® (0=0.76) NA 7 Four-point
2009 Likert scale
Group-Based Medical Mistrust Suspicion 6 Five-point
Scale® (0=0.83) 2004 o Likert scale
Group disparity 3
Lack of support 3
Other instruments mentioned in a systematic review'?
Cancer The belief that death Proxy: fatalism. BioPortal: two
fatalism is inevitable when original ontologies in psychology
cancer is present’! and consumer health.
Shen et al." (applicable across a Predetermination 10 Five-point
wider range of health conditions Likert scale
and with a broader set of culture) Luck 4
(overall a=0.88, a=0.86, 0.80, L.
0.82 for predetermination, luck, Pessimism 6
and pessimism, respectively)
2009
Other instruments mentioned in a systematic review*?
Lung cancer Concerns about NIH CDE, BioPortal: one original
worry developing cancer or ontology in LOINC.
cancer recurrence, and  Proxy: cancer worry. BioPortal: NA 8 Four-point
the impact of these one original ontology. Cancer Likert scale
concerns on daily Worry Scale* (a=0.87) 2014
functioning, among
individuals at risk for ~ Proxy instrument: breast cancer NA 2 Categorical
hereditary cancer™ worry**(a=0.85) 2012
Lung cancer The threat of what a Proxy: cancer fear. BioPortal:
fear lung cancer diagnosis three original ontologies in
may mean to the primary care and clinical terms.
individual***’ Psychological Consequences NA 3 Five-point scale
Questionnaire®® 2008
Age Age EHR, NIH CDE, NIH RADx-UP NA NA Continuous or
CDE, PhenX Toolkit, categorical
BioPortal: >10 original
ontologies.
Gender Gender EHR, NIH CDE, NIH RADx-UP NA NA Dichotomous
CDE, PhenX Toolkit,
BioPortal: >10 original
ontologies.
Proxy: sex EHR, NIH CDE, NIH RADx-UP NA NA Dichotomous
CDE, PhenX Toolkit,
BioPortal: >10 original
ontologies.
Race/ethnicity ~ Race/ethnicity EHR, NIH CDE, NIH RADx-UP NA NA Categorical
CDE, PhenX Toolkit,
BioPortal: >10 original
ontologies.
Income Income: ontology- EHR, NIH CDE, NIH RADx-UP NA NA Continuous or
specific definitions CDE, PhenX Toolkit, categorical
BioPortal: >10 original
ontologies.
Proxy: zip code (map EHR, NIH CDE, NIH RADx-UP NA NA Continuous or

family income)

CDE, PhenX Toolkit,
BioPortal: >10 original
ontologies.

categorical
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Table 1 Continued (Simplified Version). Potential data sources of antecedents in the Carter-Harris conceptual
model for lung cancer screening participation.

Variable Definition Common data sources Dimensions No. Items Scales/Values

Insurance status EHR, NIH CDE, NIH RADx- NA NA
UP CDE, PhenX Toolkit,
BioPortal: >10 original
ontologies.

Insurance status Categorical

Education The highest level of

education

EHR (source: UCLA-specific NA NA
questionnaire), NIH CDE, NIH

RADx-UP CDE, PhenX Toolkit,

BioPortal: >10 original

ontologies.

Categorical

Smoking status Smoking status EHR, NIH CDE, NIH RADx- NA NA
UP CDE, PhenX Toolkit,
BioPortal: >10 original

ontologies.

Categorical

Family history Dichotomous

of lung cancer

A reported family
history of lung cancer
in one or more family

EHR, BioPortal: one original NA NA
ontology.

members
Knowledge Awareness of BioPortal: none exists.
about lung symptoms and risk _ ;
cancer factors of lung Lung Cancer Awareness Socio- 6 Dichotomous or
cancer’® Measure™ (overall a=0.88, demographical categorical
a=0.91 and 0.74 for the warning  characteristics
signs and risk factors subscales)
2012 Knowledge of 14 Continuous
warning signs
for lung cancer
Knowledge of 9
risk factors of
lung cancer
Knowledge Knowledge about BioPortal: none exists.
about lung . lur}g cancer screening Proxy: adapted from colorectal Screening 1 (2 follow-up Dichotomous
cancer screening  guidelines and .39 L2 .
cancer screening participation questions) (follow-up
frequency P
questions: free
text)
Screening 1 Free text
frequency
Healthcare Documented BioPortal: none exists.
provider recommendations of EHR (free text) NA NA Free text
recommendation  getting a screening
LDCT from
healthcare providers
Social influence ~ The influence of BioPortal: one original ontology.
family and friends on
an individual’s Proxy: adapted from breast NA 7 Five-point scale
behavior* cancer screening*' (a=0.93)
Media exposure The potential BioPortal: one original ontology
influence of in psychology.
commercial, print, Proxy: ‘Media Use During
and social mediaon  COVID-19” in PhenX Toolkit.
cancer screenin - -
o 4D 4% Proxy: media exposure® (a=0.74  General media 2 Continuous
participation
and 0.65 for general and health- exposure
specific media exposure, . .
Health-specific 3 Categorical

respectively) 2014 .
media exposure

a: Cronbach’s alpha, a measure of internal consistency or reliability for a survey/questionnaire.
EHR: electronic health record, NIH: National Institutes of Health, CDE: common data elements, LOINC: Logical Observation Identifier
Names and Codes.
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Table 2. Summary of representations of antecedents in the Carter-Harris conceptual model.

No Variable EHR NIH NIH RADx- Phenx Instruments
Common UP Common Toolkit from
Data Data literature
Elements Elements

1 Perceived smoking-related V* v
stigma

2 Medical mistrust V* v

3 Cancer fatalism v

4 Lung cancer worry v v

5 Lung cancer fear v

6 Age v v v v

7 Gender (or sex) N4 v v v

8 Race/ethnicity N4 v v v

9 Income * v v v v

10 Insurance status v v v v

11 Education v v v v

12 Smoking status v N N N

13 Family history of lung cancer NG

14 Knowledge about lung cancer v

15 Knowledge about lung cancer Vv
screening

16 Healthcare provider JEE
recommendation

17 Social influence v*

18 Media exposure NG v*

Percent captured (%) 50 (9/18) 44 (8/18) 50 (9/18) 44 (8/18) 50 (9/18)

# Include family income mapped by zip code.

* Need to adapt from other domains, such as COVID-19, breast and colorectal cancer screening.
** Unstandardized. E.g., free text.

EHR: electronic health record, NIH: National Institutes of Health.

Discussion

Using lung cancer screening as an example, our study highlights the lack of consistent and standardized representations
for variables that are needed to understand the drivers of patient participation in and adherence to cancer screening. In
this exploratory analysis, we mapped antecedents from the Carter-Harris conceptual model to existing standardized
medical vocabularies and EHR data, identifying gaps in data elements that needed to be collected from additional
sources (i.e., survey instruments). Our analysis suggests that many common antecedents, including psychological,
cognitive, social, and environmental variables, have yet to be standardized and consistently represented. While a
previous study revealed more than 1,000 clinical codes in common medical vocabularies (i.e., LOINC, SNOMED CT,
ICD-10-CM, and CPT) that could potentially be used to document SDH-related clinical activities,* our study showed
that a number of antecedents are missing from these codes.

As there is a lack of standardized representations from either the EHR or common data vocabularies, researchers face
the challenge of selecting the most appropriate survey instrument to address a specific antecedent. For example, a
systematic review on medical mistrust measures revealed at least 12 measures or scales for assessing medical mistrust
across a wide variety of health topics, including cancer screening, and observed varied conceptualizations of the term
‘medical mistrust’.!” We must understand how medical mistrust and other antecedents should be conceptualized in the
context of cancer screening before suggesting standardized representations.
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Facilitating clinical research in cancer screening by capture of psychological, cognitive, social, and environmental
variables is critical to ensuring the completeness and consistency of collected data. Improving the systematic collection
of these antecedents in a standardized manner will aid in the identification of factors that predict whether a patient
will be adherent to screening follow-up recommendations; this information can be used to tailor interventions to
patients to encourage their adherence. While a number of toolkits and resources that include SDH data elements exist,
these disparate efforts combined with a lack of awareness among investigators result in poor adoption and inconsistent
use of standards. One promising initiative, the Gravity Project, has been developing consensus-driven standards to
promote interoperability of available SDH data in the EHRs.* A centralized clearinghouse for SDH resources and
data collection instruments could aid in. While several groups have proposed various ontologies to represent different
aspects of SDH*"*8, much work needs to be done to broaden the coverage of existing ontologies. As demonstrated in
our work, common data elements need to be developed around specific use cases such as cancer screening. Societies
and professional organizations should promote the development of these common data elements and serve as resources
for their respective communities on how to utilize these resources. For example, societies that run national registries
(e.g., National Lung Screening Registry) could promote the use of standardized SDH specific to screening to ensure
interoperability of collected data across sites. When these standardized variables are readily available for use in clinical
research, researchers can verify them, allowing more opportunities to refine and improve our knowledge in predicting
patient participation in and adherence to cancer screening.

This work has several notable limitations. A single author (Y.L) conducted the searches in our institution’s EHR.
Additional raters for this task may minimize errors in the searches and increase the reliability of this study. This study
is limited to determining the completeness of obtaining antecedent information from EHR and other data sources. We
did not assess data quality in other dimensions, such as data consistency, accuracy, timelessness, and validity. We
limited the variables to the 18 antecedents from the Carter-Harris conceptual model. However, additional barriers to
cancer screening are unaddressed by this model, including the patient’s lack of access to health care, ongoing
skepticism about screening benefits, insufficient time for providers to discuss cancer screening, and a provider’s
knowledge deficits about screening guidelines*->°. We did not perform a comprehensive analysis of mapping quality
between antecedents and possible data sources. Although this study examined antecedents specific to lung cancer
screening, our approach could generalize to any domain, i.e., mapping standardized representations to data elements
in a conceptual model that can later be incorporated into analyses to inform clinical decisions.

Conclusion

A deep understanding of disparities in cancer screening can facilitate interventions to improve patient participation in
and adherence to cancer screening programs. Current EHR systems and standardized medical vocabularies (i.e., NIH
Common Data Elements and NIH RADx-UP Common Data Elements, etc.) cannot comprehensively represent
variables that capture patients’ beliefs about smoking, cancer and cancer screening, social, and environmental factors
in a standardized manner. Systematic collection of this information could help researchers understand why screen-
eligible patients decide (not) to undergo screening and why screening patients (do not) adhere to screening guidelines.
While there exist survey instruments in the literature for measuring psychological, cognitive, social, and
environmental variables, a lack of consistent representations of these variables impedes reliable and reproducible
research. To systematically collect psychological, mental, social, and environmental variables that influence
participation in and adherence to cancer screening recommendations, we need to be attuned to how these variables are
conceptualized, determine standardized representations through systematic reviews, make the variables available in
common clinical data sources (such as EHR), and encourage researchers to verify and improve the standardization in
clinical research.

Supplemental Materials

The full version of Table 1 and a list of variables captured by the UCLA questionnaire can be found here:
https://github.com/allyn1982/AMIA 2022 Student Paper.
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