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Purpose: Use of the electronic health record (EHR) has motivated the need for data standardization. A gap in
knowledge exists regarding variations in existing terminologies for defining diabetic retinopathy (DR) cohorts. This
study aimed to review the literature and analyze variations regarding codified definitions of DR.

Design: Literature review and quantitative analysis.
Subjects: Published manuscripts.
Methods: Four graders reviewed PubMed and Google Scholar for peer-reviewed studies. Studies were

included if they used codified definitions of DR (e.g., billing codes). Data elements such as author names,
publication year, purpose, data set type, and DR definitions were manually extracted. Each study was reviewed
by � 2 authors to validate inclusion eligibility. Quantitative analyses of the codified definitions were then per-
formed to characterize the variation between DR cohort definitions.

Main Outcome Measures: Number of studies included and numeric counts of billing codes used to define
codified cohorts.

Results: In total, 43 studies met the inclusion criteria. Half of the included studies used datasets based on
structured EHR data (i.e., data registries, institutional EHR review), and half used claims data. All but 1 of the
studies used billing codes such as the International Classification of Diseases 9th or 10th edition (ICD-9 or
ICD-10), either alone or in addition to another terminology for defining disease. Of the 27 included studies that
used ICD-9 and the 20 studies that used ICD-10 codes, the most common codes used pertained to the full
spectrum of DR severity. Diabetic retinopathy complications (e.g., vitreous hemorrhage) were also used to define
some DR cohorts.

Conclusions: Substantial variations exist among codified definitions for DR cohorts within retrospective
studies. Variable definitions may limit generalizability and reproducibility of retrospective studies. More work is
needed to standardize disease cohorts.
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Diabetic retinopathy (DR), a common microvascular
complication of diabetes mellitus, is one of the leading
causes of preventable blindness in the adult working pop-
ulation.1,2 It is estimated that by 2045, DR will affect 160.5
million adults in the world, disproportionately affecting
patients in the Middle East, North Africa, and the Western
Pacific.1 Despite advances in DR treatments through
clinical trials3 and advances in DR telehealth screening,4,5

there remain significant disparities in screening and
treatment outcomes.6,7 To address this gap in knowledge,
retrospective studies have been crucial in advancing our
understanding of epidemiologic differences,8e10 treatment
outcomes,11,12 and health disparities.13,14
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The adoption of the electronic health record (EHR) has
resulted in significantly increased data availability in clinical
practice and secondary use such as research and billing.
Within ophthalmology, large data sets such as the American
Academy of Ophthalmology Intelligent Research In Sight
(IRIS) Registry15 and the National Institutes of Health All
of US Research Program16 have integrated structured
EHR data for retrospective big data studies. Additionally,
EHR data has facilitated the development of artificial
intelligence models, which have been particularly useful in
automated DR diagnosis and screening.17,18 However,
developing big data studies and artificial intelligence
models with generalizable outcomes is highly dependent
1https://doi.org/10.1016/j.xops.2024.100468
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on the utilization of diverse data sets, which is limited by
data sharing.19,20 Standardized representation of data,
including structured data and images, is needed to
facilitate data sharing and has the potential to increase the
quality of clinical care and research.20e22

With increasing interest in data standards within the
ophthalmic community,20,23 there remains a secondary need
for standardized terminologies and definitions such as
disease (and associated severity) and visual acuity.
Because these concepts are often used to define cohorts or
outcomes, it is critical these clinical concepts are
standardized to ensure robust and generalizable analyses
and artificial intelligence models. Currently, terminologies
such as the International Classification of Diseases (ICD)
and Systematized Nomenclature of Medicine Clinical
Terms (SNOMED-CT) are often used to define disease-
based cohorts. Tavakoli et al24 recently showed that
coverage of billing codes defined by SNOMED and ICD
for ophthalmic infections and trauma demonstrated
discrepant alignment, meaning that depending on the use
of disease terminologies, different disease-based cohorts
could be extracted. This is problematic as it may result in
differing demographics across varying disease cohorts,
resulting in ungeneralizable and potentially inaccurate study
conclusions, and has profound implications in understand-
ing health disparities.25 Using DR as a use case, our study
had the following aims: (1) to perform a literature review
of retrospective studies using codified DR definitions and
(2) to broadly analyze variations between codified DR
definitions.
Methods

Literature Review

We reviewed articles identified using PubMed and Google Scholar
using a combination of the following keywords: “Electronic Health
Record,” “Diabetic Retinopathy,” “cohort definitions,” “billing
codes,” and synonyms and acronyms when appropriate. Cited ar-
ticles in reviewed references were used to expand our search. This
study adhered to the Declaration of Helsinki. The requirement for
informed consent was waived by the University of California San
Diego Institutional Review Board for this study as no patient data
were used.

We performed a literature review for articles published before
March 2023, with the most recent search date on 3/12/2023. No date
range limitation before this date was imposed. Four individual re-
viewers (J.S.C., I.A.C., C.V., and P.S.) manually reviewed each
article for inclusion if the study was (1) a retrospective study design
(e.g., retrospective cohort, cross sectional, or case-control); (2) used
and listed codified definitions such as International Classification of
Diseases, Ninth Revision (ICD-9) or Tenth Revision (ICD-10) to
define study cohorts based on incident DR and its associated com-
plications (i.e., diabetic macular edema [DME] or proliferative dia-
betic retinopathy [PDR]); and (3) contained a complete list of codes
used to define DR and DR subtypes within the text or in Table S1
(available at www.ophthalmologyscience.org). International
Classification of Diseases codes are managed by the World Health
Organization, and in the United States, there are additions to the
base coding system called Clinical Modifications.26 International
Classification of Diseases-10-Clinical Modifications was included
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in the ICD-10 category in this study. Articles were excluded if
other criteria such as clinical assessment by fundoscopic examina-
tion or imaging were used to classify DR diagnosis,27e29 a DR
cohort could not be identified,30e32 or the study did not follow a
retrospective study design. For each study reviewed, a second
reviewer verified the inclusion of articles, using the same inclusion
criteria in the primary review. With consensus between both re-
viewers, articles were considered eligible for review within this
study. The full search query, inclusion, and exclusion criteria are
articulated in Table 2.

For each study, the following data were extracted: authors and
year published, data set source (i.e., EHR or claims database),
sample size of DR cohorts, location (single or multicenter), DR
cohort type (new diagnosis or known diagnosis), study purpose and
aims, and data terminology (ICD codes, Current Procedural Ter-
minology [CPT], Healthcare Common Procedure Coding System,
etc.). We additionally extracted whether the DR definitions were
used to create the study’s inclusion cohort or used as an outcome
measure, labeled as “inclusion” and “outcome” respectively. We
then generated descriptive statistics of all variables to identify
variations among the included studies.
Quantitative Analysis of Terminologies Used

All data analyses were performed in R (version 4.0.2).33 An
analysis examining the distribution of terminologies defining
DR versus data set source was performed. The broad
categories of cohort definitions for each study were labeled as:
“ICD Only,” “Other Definitions,” or “ICD þ Other
Definitions.” A study was labeled in the “ICD Only” category
if it defined DR using ICD-9 or ICD-10 codes, as well as
associated codes and modifications such as Clinical Modifica-
tions codes. Conversely, a study was labeled in the “Other
Definitions” category if it defined DR using any other non-ICD
codes such as CPT, Anatomical Therapeutic Chemical codes,
and SNOMED. A study was labeled as “ICD þ Other Defini-
tions” if it incorporated a combination of ICD-based definitions
and non-ICD terminologies.

Studies were additionally labeled as “database” or “retrospec-
tive EHR” studies. “Database” studies were defined as studies
using data from aggregated, multiinstitution data from a third party,
and “retrospective EHR” studies were defined as studies whose
data came from secondary use of their institutions’ EHR. The sum
of studies using the combinations of “ICD Only” � “Other Defi-
nitions” as well as “database” or “retrospective EHR studies” was
calculated. A Sankey Diagram was then created to visualize the
combination of these data.
Subgroup Analysis of ICD Terminologies Used in
DR Cohorts

A subgroup analysis of specific ICD terminologies was performed
for all included studies. As part of the study review process, all
unique ICD-9 or ICD-10 codes were extracted for each study. All
codes were truncated to 2 decimal places as this level of precision
captured all relevant unique diagnoses with mostly preserved dis-
ease severity/staging for simplicity of analysis; however, this did
collapse diagnoses with or without DME for a given severity into
the same category for ICD-10. If “.x” was included as part of the
included ICD code (i.e., ICD-9 361.x), then all possible ICD values
containing the given code to 2 decimal places were considered
included in that study. The sum of each specific ICD code used
across all included studies was then calculated.

http://www.ophthalmologyscience.org


Table 2. Search Query, Inclusion, and Exclusion Criteria for This Study

Literature Review Elements Description

Databases included PubMed
Google Scholar

Search keywords “Diabetic retinopathy � electronic health records,” “diabetic retinopathy � EHR, “diabetic retinopathy � big data,”
“diabetic retinopathy � “International Classification of Diseases,” “diabetic retinopathy � ICD codes,” “diabetic
retinopathy” � “ICD” � “billing codes” � “codes” � retrospective

Inclusion criteria 1. The disease(s) of interest included diabetic retinopathy (DR) or a specified stage of severity associated with the
condition (i.e., nonproliferative DR, vision-threatening DR, or diabetic macular edema).

2. Was peer-reviewed.
3. Communicated original research.
4. Was published before March 2023.
5. Identified participants using electronic health record (EHR) data or a clinical repository.
6. Used a retrospective study design (e.g., retrospective cohort, cross sectional, or case-control).
7. Used EHR-based definitions and not clinical definitions (i.e., fundoscopic imaging) to define DR.
8. Used the International Classification of Diseases, Ninth Revision (ICD-9) or International Classification of Diseases,

Tenth Revision (ICD-10) codes.
9. A complete list of codes used to define DR and DR subtypes was found within the text or supplementary materials to

ensure reproducibility.
Exclusion criteria 1. Clinical assessment by fundoscopic examination or imaging was used to classify DR diagnosis.

2. A DR cohort could not be identified.
3. Did not follow a retrospective study design.

Chen et al � DR Cohort Review and Analysis
Results

Characteristics of Included Studies

Our initial literature search yielded 207 articles. After
eliminating duplicates, 184 articles were screened for
relevance and eligibility for inclusion. After screening for
lack of relevance (N ¼ 28 articles) and applying our
exclusion criteria, (N ¼ 109), 42 articles were included in
this study (Fig 1). Table 38e14,34e68 lists the included
studies (N ¼ 42) in this literature review. The articles
included published studies from 2008 to 2022. Terminol-
ogies for defining DR cohorts included: ICD-9, ICD-10,
Anatomical Therapeutic Chemical, CPT, Healthcare
Fig 1. Flowchart of included and excluded literature in this literature review.
Common Procedure Coding System, Office of Population
Censuses and Surveys Classification of Procedures, Na-
tional Drug Codes, and SNOMED-CT. The majority of
studies focused on associations between other clinical
factors (i.e., dementia, ptosis) and DR (N ¼ 17) and
progression (N ¼ 10). The remainder of the studies
focused on factors such as the incidence of DR in a
population (N ¼ 5), accuracy of billing codes documented
(N ¼ 4), expenditures for DR (N ¼ 2), defining DR
phenotypes using EHR data (N ¼ 2), and treatment trends
(N ¼ 2). Further details are available in Table S4
(available at www.ophthalmologyscience.org).

Table 5 summarizes the characteristics of the studies
included in this study. The most common study design
3

http://www.ophthalmologyscience.org


Table 3. Included Retrospective Studies in This Literature Review of Cohort Definitions of DR in Electronic Health Record Data

Author Year Purpose of Study Cohort of Interest Data Terminology

Bearelly et al14 2008 Identification of DME from clinical records DME ICD-9 codes
Lee et al34 2008 Cost of employees with DR DR of any severity ICD-9 and CPT Codes
Schmier et al35 2009 Estimation of expenditures for DR by Medicare in the US DR of any severity ICD-9 codes
Mollazadegan
et al36

2013 Assessment of risk of developing DR from DM1 and celiac
pts

Incident DR of any severity ICD-9 and ICD-10 codes

Nwanyanwu
et al37

2013 Assessment of risk factors of progression from NPDR to PDR DR of any severity ICD-9 and CPT codes

Jeng et al38 2016 Association between DR progression in patients with and
without DM nephropathy

DR of any severity ICD-9 codes

Restrepo et al39 2016 Identification of DR cohort of DM2 African Americans
using a developed algorithm

DR of any severity ICD-9 and CPT codes

Chiu et al40 2017 Correlation of ICD-9 diabetic complications with problem
lists

DR of any severity ICD-9 codes

Ooley et al41 2017 Association between level of DR and diabetic neurosensory
hearing loss

DR of any severity ICD-9 codes

Wang et al42 2017 Identification of risk factors for DR progression in patients
with DM1 and DM2

DR of any severity ICD-9 and CPT codes

Douros et al43 2018 Association between GLP1 agonists and incident DR DR of any severity ICD-10 codes
Kawasaki et al44 2018 Association between lipid-lowering meds and development

of DR
DR with and without DME ICD-10 and ATC codes

Lau et al45 2018 Accuracy of DR billing codes DR of any severity ICD-9 codes for DR and
CPT/HCPCS codes for

treatment
O’Brien et al46 2018 Association between bariatric surgery and development of

DM complications such as DR
DR of any severity ICD-9 and CPT codes

Obeid et al47 2018 Determination of lost to follow-up rates in pts with PDR PDR ICD-9, ICD-10, and CPT
codes

Benoit et al48 2019 Determination of rates of eye examination visits in DM pts
and estimate cumulative incidence of DR

DR of any severity ICD-9 codes

Chapman et al49 2019 Assessment of health care resource utilization related to
managing DM2 and its complications

DR of any severity ICD-10 or OPCS codes

Chung et al50 2019 Assessment of effects of SGLT2 and DPP4 inhibitors on DR
progression

DR of any severity ICD-10 codes

Lee et al51 2019 Association between 3 age-related eye diseases (including
DR) and dementia-related neuropathology

DR of any severity ICD-9 codes

Chung et al9 2020 Progression of DR in Korean pts DR of any severity ICD-10 codes
Gange et al52 2020 Determination of rates of eye examinations and diabetic eye

disease in first 5 yrs of DM2 diagnosis
DR of any severity ICD-9 and CPT codes

Kozio1 et al8 2020 Assessment of prevalence of DR in Poland DR of any severity ICD-9 and ICD-10 codes
Kume and
Kashiwagi53

2020 Factors associated with DME development in DR patients DME ICD-10 codes

Moshfeghi et al54 2020 5-yr patterns of DR progression in the US DR of any severity ICD-9 and ICD-10 codes
Suresh et al55 2020 Assessment of the proportion of PDR patients lost to follow-

up
PDR ICD-9 and ICD-10 codes

Yu et al56 2020 Association between kidney function and vision-
threatening DR

PDR or DME ICD-9 and ICD-10 codes

Bagdasarova
et al57

2021 Assessment of protective effects of cataract surgery with risk
of development of CRVO or BRVO

DR of any severity ICD-9, ICD-10, and CM
codes

Cai et al58 2021 Accuracy of DR and complications during transition from
ICD-9 to ICD-10

DR of any severity ICD-9 and ICD-10 codes

Gange et al13 2021 Progression to PDR from initial DM diagnosis PDR ICD-9 and CPT codes
Gong et al59 2021 Assessment of the change in treatment patterns for PDR

over time
PDR ICD-9, ICD-10, and CPT

codes
Hwang et al60 2021 Association between ophthalmic conditions and dementia DR of any severity ICD-9 codes
Wang et al61 2021 Early detection of DR through a predictive model using the

EHR model
DR of any severity ICD-9 and ICD-10 codes

Wittenborn et al62 2021 Identification of the prevalence of major eye disorders in
Medicare recipients

DR of any severity ICD 10 codes, CPT,
HCPCS, and NDC

Wykoff et al11 2021 Association between newly diagnosed DR and risk of
blindness compared with patients with good vision (20/40

or better)

DR of any severity ICD-9, ICD-10, and CM
codes

Bathelt et al63 2022 Validating the use of OMOP data on the effect of COVID
on DR diagnosis

DR of any severity ICD-10-GM

Chan et al12 2022 Association between socioeconomic factors and DR DR of any severity SNOMED-CT and CPT
codes
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Table 3. (Continued.)

Author Year Purpose of Study Cohort of Interest Data Terminology

Lee et al64 2022 Effectiveness of oral hypoglycemic medications on glycemic
control and chronic complications

DR of any severity ICD-10 codes

Lundeen et al65 2022 10-yr trends of DME or VTDR in Medicare beneficiaries PDR, DME ICD-9 and CPT codes
Mauricio et al66 2022 Associations between Alzheimer’s disease and DR DR of any severity ICD-10 codes
Sugimoto et al10 2022 Prevalence/progression of DR associated with hyperglycemia

conditions during pregnancy
DR of any severity ICD 10 codes

Um et al67 2022 Association between DR and insomnia risk DR of any severity ICD 10 codes
Lin et al68 2023 Incidence of ptosis in DR patients DR of any severity ICD-9 codes

ATC ¼ Anatomical Therapeutic Chemical code; BRVO ¼ branch retinal vein occlusion; CM ¼ Clinical Modifications; COVID ¼ coronavirus disease;
CPT ¼ Current Procedural Terminology; CRVO ¼ central retinal vein occlusion; DM ¼ diabetes mellitus; DM1 ¼ type I diabetes mellitus; DM2 ¼ type II
diabetes mellitus; DME ¼ diabetic macular edema; DPP4 ¼ dipeptidyl peptidase 4; DR ¼ diabetic retinopathy; EHR ¼ electronic health record; GLP1 ¼
glucagon-like peptide 1; HCPCS ¼ Healthcare Common Procedure Coding System; ICD ¼ International Classification of Diseases; NDC ¼ National Drug
Code; NPDR ¼ nonproliferative diabetic retinopathy; OMOP ¼ Observational Medical Outcomes Partnership; OPCS ¼ Office of Population Censuses and
Surveys Classification of Procedures; PDR ¼ proliferative diabetic retinopathy; SGLT2 ¼ sodium glucose cotransporter 2; SNOMED-CT ¼ Systematized
Nomenclature of Medicine Clinical Terms; US ¼ United States.

Chen et al � DR Cohort Review and Analysis
was a retrospective cohort study (N ¼ 27) and less
commonly cross sectional (N ¼ 11) and case-control
(N ¼ 4). The most common data sources were EHR or
claims-based data sets only (N ¼ 20) respectively, whereas
only a couple of studies used multimodal data (N ¼ 2). The
majority of studies included in this review were from
multicenter institutions (N ¼ 39). The majority of DR
cohorts focused on known DR (N ¼ 29) and were used as
the inclusion data set (N ¼ 24).

Distribution of Codified Definitions of DR

The majority of studies included some components of billing
codes designated by the Centers for Medicare & Medicaid
Services to define DR. Of the 42 studies included, 27 studies
Table 5. Characteristics of Included Studies in this Literature
Review

Characteristic of Included Studies Count, n (%)

Study design
Case-control 4 (9.5%)
Retrospective cohort 27 (64.3%)
Cross sectional 11 (26.2%)

Data source
Claims database only 20 (47.6%)
EHR only 20 (47.6%)
Multimodal (EHR þ claims) 2 (4.8%)

Geographic scope
Single center 4 (9.5%)
Multicenter 38 (90.5%)

DR cohort
Known DR 29 (69.0%)
New DR 12 (28.6%)
New and known DR 1 (2.4%)

DR identifier
Inclusion 24 (57.1%)
Outcome 10 (23.8%)
Inclusion and outcome 8 (19.1%)

DR ¼ diabetic retinopathy; EHR ¼ electronic health record.
used a third-party database as a data set, and 15 used a
retrospective EHR-based institutional data set. Of the studies
conducted on a third-party database, 15 used ICD-based
definitions only, 11 used ICD with other definitions, and 1
study used non-ICD-based codes to define their cohort; in
this study, SNOMED was used to define DR.12 Of the studies
conducted on a retrospective EHR data set, 10 used ICD-
based definitions only, and 5 used ICD with other defini-
tions. The distribution of codified definitions utilized in the
included studies is shown in Figure 2.

Specific ICD-9 and ICD-10 codes were extracted for all
included in this study. For studies utilizing ICD-9 data (N ¼
27), the majority of studies utilized the 362.01 (N ¼ 24),
362.02 (N ¼ 21), 362.03 (N ¼ 20), 362.04 (N ¼ 20), 362.05
(N ¼ 21), and 362.06 (N ¼ 19) codes, which define mild to
severe or unspecified nonproliferative DR and PDR without
specification of the presence or absence of macular edema.
Additionally, 19 studies used ICD-9 codes, including
362.07 for DME. Some studies used the 250.5x code for
diabetes with ocular manifestations (N ¼ 14), and far fewer
studies used the ICD-9 249.5 code for secondary diabetes
mellitus with ophthalmic manifestations (N ¼ 2). Some
studies also used complications of DR such as tractional
retinal detachment or other retinal complications in defining
their DR cohorts (N ¼ 10). For studies utilizing ICD-10 data
(N ¼ 20), the majority of studies utilized E08.3x (N ¼ 8),
E09.3x (N ¼ 8), E10.3x (N ¼ 15), E11.3x (N ¼ 17), E12.3x
(N ¼ 4), and E13.3x (N ¼ 11) codes, corresponding to the
full spectrum of nonproliferative DR and PDR severity.
Some studies additionally used H36.0, or DR (N ¼ 11). A
few studies also included complications of DR in their ICD-
10 inclusion criteria, including neovascular glaucoma
(H40.x) and vitreous hemorrhage (H43.1).10,44,58 One study
also chose to include various degrees of vision impairment
(H54.x) in patients with known diabetes to identify their
DR cohort.49 The distribution of ICD-9 and ICD-10 codes
is shown in Figure 3A and 3B respectively. International
Classification of Diseases codes and associated diagnoses
are referenced in Table S1.
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Fig 2. Sankey Diagram of studies utilizing Database vs. Retrospective Electronic Health Record (EHR) data vs. definitions used in their cohorts for diabetic
retinopathy.
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Discussion

In this study, we reviewed manuscripts using codified co-
horts for DR and analyzed variations in coding and char-
acteristics between these studies. This study has 3 key
findings: (1) there was substantial variation in coding sys-
tems used to define DR cohorts; (2) even with studies using
the same coding systems, different definitions were used;
and (3) the vast majority of studies used provider-defined
billing diagnosis codes, with only a small minority using
procedure codes or other clinical data elements.

Thefirst key finding is that therewas substantial variation in
coding systems used to define DR cohorts. Although the
Fig 3. The distribution of (A) ICD-9 and (B) ICD-10 codes.

6

majority of included studies used ICD-9 and ICD-10 to define
DR, a significant number of studies included other terminology
systems such as SNOMED, CPT codes (i.e., treatments or
procedures), or other disease qualifiers (i.e., complications),
etc. across a variety of data sets (claims, IRIS registry, etc.). Of
note, there was a transition in the usage of ICD-9 to ICD-10
codes, likely due to the formal transition in 2015,69 although
this is problematic as the diagnosis codes did not necessarily
map 1 to 1.58 A key difference with ICD-10 codes is that a
single code can specify DR severity and DME status, whereas
in ICD-9, only the presence or absence of DME is codified
(362.07). Although these ICD codeswere generally accurate in
staging DR severity70 and identifying treatment,45
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comparisons between DR cohorts defined by other nonbilling
coding systems such as SNOMEDmay prove problematic and
limit our ability to compare outcomes between studies using
different systems to define DR cohorts. Attempts to
standardize and aggregate large population-based data sets
such as IRIS and All of Usmay help address this variation and
availability of data for analyses, although they are limited by
the types of data collected. Harmonization of cohort definitions
across different vocabularies may be achieved by standardized
mapping of concepts, such as the Observational Medical
Outcomes Partnership model.23,71,72 This case for
standardization for large data analyses extends beyond
coding systems used and has important implications for
imaging standards for ophthalmology.73 These large data sets
will not only need to address standardized methodologies
used to define diseases but also ensure accurate and complete
data and accessibility.

The second key finding is that different definitions were
used even within the same coding system. For example, for
both ICD-9 and ICD-10 based cohorts, studies demonstrated
numeric variability among the codes used to bill for non-
proliferative DR (362.0x and E08-E13.x respectively) (Fig 3).
Although we analyzed broadly by ICD codes for all types of
DR cohorts, the specific composition of cohorts was likely
affected by the authors’ choices to incorporate factors
beyond diagnosis codes such as treatments given and other
diabetic complications. For example, only 1 study49 used
ICD10 codes for low vision and visual impairment (H54.x)
as part of their cohort definition for DR. Additionally, some
studies11,13,14 only used the diagnoses codes to define their
DME cohorts, whereas others incorporated treatments such
as anti-VEGF or steroids.38,44,59 There also existed
differential usage of CPT codes, for example, Lee et al34

and Hwang et al60 used different sets of CPT codes (67036,
67038, 67039, 67040, 67107, 67108 vs. 67113, 67042,
respectively) to define vitrectomy. Although these variations
may be in part due to a given study’s cohort of interest,
these findings emphasize the concern regarding the lack of
standardization in defining DR cohorts. Similar issues
regarding the standardization of data elements have been
raised by Hribar et al74 regarding definitions of visual acuity
after cataract surgery and intraocular pressure after
glaucoma surgery for assessing ophthalmic quality
measures. Thus, there exists a secondary need for
standardizing disease definitions within a coding system for
various DR entities (i.e., PDR, center-involving DME, DR
with VH, and DR with tractional retinal detachment) among
other ophthalmic diseases. Although there have been attempts
to create standardized definitions of chronic diseases75 and
DR,76 the overall lack of universally accepted standardized
definitions for DR affects the ability to compare outcomes
between studies, assess the generalizability of multistudy
findings in reviews, and adversely affects the reproducibility
of studies in other settings.

The third keyfinding is that the vastmajority of studies used
provider-defined billing diagnosis codes, with only a small
minority using procedure codes or other clinical data elements.
Specifically, diagnosis billing codes such as ICD-9/10 are
defined by the provider to bill for the visit. Although some
studies used other clinical data (i.e., medications, and
treatments as defined by CPT) to supplement their ICD-based
cohorts of DR (Fig 2), some of these codified definitions
require manual input from the investigators to define DR,
although some vocabularies such as CPT and RxNorm may
be employed to identify diagnoses programmatically.
Creating codified phenotypes for diseases such as DR may
be a potential solution to accurately and potentially
automatically define DR severity and complications without
physician input, which may be inaccurate and incomplete
(i.e., unspecified).77 Although there exist tools to aggregate
disease phenotypes and other features to create cohort
definitions and atlases, these tools are not used widely
outside of the research sphere.78 Although codified
phenotypes to define type II diabetes mellitus75,79,80 and
coronavirus disease81,82 exist, there is a need for more
specific definitions in ophthalmology, for which many
diseases are defined based on examination-based and image-
based findings documented in the EHR, which were
excluded from our study butwould likely introduce evenmore
variation. However, these data may be challenging to include
due to variability in documentation and incompleteness.
Specific documentation standards and guidelines and physi-
cian buy-in will be needed to promote standardized data entry
conducive to codified cohort phenotyping without increasing
the documentation burden of the EHR.83,84 Inclusion of other
data such as visual acuity may have important implications in
outcomes studies for these diabetes patients and would enable
improved public health reporting to potentially address
disparities in diabetes and DR.25 Standardized vocabularies
such as the Observational Medical Outcomes Partnership
model may be a promising means to codify clinical findings
such as visual acuity. Other solutions may include high-
throughput phenotyping using EHR data, which has been
employed extensively in genomic analyses, andmay also have
a role in reproducibly selecting patient cohorts.85,86

This study has additional limitations. First, our study only
examined codified definitions of DR. Future work will be
needed to understand how we can incorporate fundoscopic
definitions for DR, which were used in many seminal DR tri-
als,87,88 but are difficult to incorporate into discrete DR
diagnoses in retrospective studies. Second, we did not
quantify the impact of various coding schemas and specific
coding definitions used for DR cohort composition. Future
research would be invaluable in elucidating the
consequences of such variation in cohorts based on various
studies’ DR definitions. Third, our study did not analyze how
DR defined using other codified definitions, such as
SNOMED, varied compared with other billing code-based
criteria. This was in part due to the low number of studies
that used non-ICD codes in definingDR.More work is needed
to understand the impact of DR definitions using various def-
initions of DR and how these cohorts compare to each other.

Overall, there exists significant variation in which coding
systems are used and how they are used to define DR co-
horts. This has important implications for the generaliz-
ability and reproducibility of retrospective studies in
ophthalmology. Ongoing efforts in standardization are
needed to create reproducible and interoperable codified
definitions and cohorts for DR and other ophthalmic
diseases.
7
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