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Objective: To develop a novel methodology to identify lapses in diabetic retinopathy care in electronic health
records (EHRs) and evaluate health disparities by race and ethnicity.

Design: Retrospective cohort study.
Subjects: Adult patients with diabetes mellitus who were evaluated at the Wilmer Eye Institute from January

1, 2013 to April 2, 2022.
Methods: The methodology to identify lapses in care first identified diabetic retinopathy screening or

treatment visits and then compared the providers’ recommended follow-up timeframe with the patient’s actual
time to next encounter. The association of race and ethnicity with odds of lapses in care was evaluated using a
mixed-effects logistic regression model controlling for age, sex, insurance, severity of diabetic retinopathy,
presence of other retinal disorders, and glaucoma.

Main Outcome Measures: Lapses in diabetic retinopathy care.
Results: The methodology to identify diabetic retinopathy-related visits had a 95.0% (95% confidence in-

terval, 93.0e96.6) sensitivity and 98.8% (98.1e99.3) specificity as compared with a gold standard grader. The
methodology resulted in a 97.3% (96.2e98.4) sensitivity and 98.1% (97.3e98.9) specificity for detecting a follow-
up recommendation, with an average error of �0.05 (�0.31 to 0.21) weeks in extracting the precise timeframe. A
total of 39 561 patients with 91 104 office visits were included in the analysis. The average age was 61.4 years.
More than 3 (77.6%) in 4 patients had a lapse in care. In multivariable analysis, non-Hispanic Black patients had
1.24 (1.19e1.30) odds and Hispanic patients had 1.26 (1.13e1.40) odds of ever having a lapse in care compared
with non-Hispanic White patients (P < 0.001, respectively).

Conclusions: We have developed a reliable methodology for identifying lapses in diabetic retinopathy care
that is tailored to a provider’s recommended follow-up. Using this approach, we find that 3 in 4 patients expe-
rience a lapse in diabetic retinopathy care and that these rates are higher among non-Hispanic Black and His-
panic patients. Deploying this methodology in the EHR is one potential means by which to identify and mitigate
lapses in critical ophthalmic care in patients with diabetes.
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Vision loss from diabetes mellitus can result from lapses in
diabetic retinopathy care, which can lead to delays or in-
terruptions in ophthalmic treatment.1e9 Racial and ethnic
minoritized groups, including Black and Hispanic pop-
ulations, have higher rates of vision loss from diabetes when
compared with White patients.10 However, studies have
found conflicting results on the association among race,
ethnicity, and risk of lapses in diabetic retinopathy
care.1,5,9 Obeid et al5 found higher rates of lapses in
diabetic retinopathy care among Black and Hispanic
populations as compared with White patients in a large
retrospective cohort study. However, no differences were
identified by race and ethnicity in another study at a
similarly large urban institution.9 In the context of a
clinical trial, non-White individuals, including Black,
ª 2023 by the American Academy of Ophthalmology
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Hispanic, and other race populations, had a higher propor-
tion of lapses in care compared with White participants;
however, race and ethnicity was no longer statistically
significantly associated with care lapses after adjusting for
other baseline demographic and ophthalmic characteristics.1

Differences in conclusions between these studies are
likely because of variations in the context of the analysis,
whether a clinical trial or observational study, and the spe-
cific definition of lapse in care. Most observational studies
in clinical settings apply a singular definition for lapses in
care for diabetic retinopathy (e.g., not returning in 6 months
or 1 year).3e6,8,9 However, the typical clinical trial uses an
adaptive definition that accommodates the providers’
recommended follow-up (e.g., not returning in 10 weeks if
the provider recommended an 8-week follow-up, or 20
1https://doi.org/10.1016/j.xops.2023.100295
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weeks for a 16-week follow-up).1 Tailoring the definition of
a lapse in care to the providers’ recommendation has several
advantages, including that it considers the underlying
urgency of follow-up and potential risk for vision loss.1,7

Because the risk of vision loss can be proportional to the
number of missed days, lapses in care should be identified
earlier in those with more urgent follow-up needs.7

Methods are needed to study lapses in care in the clinical
practice setting that incorporate the providers’ recom-
mended follow-up. Therefore, there were 2 purposes of this
study. The first was to develop a methodology for identi-
fying lapses in diabetic retinopathy care in the electronic
health record (EHR) that incorporates providers’ recom-
mendations and is scalable across the range of diabetic eye
disease complications. The second was to use this meth-
odology to evaluate racial and ethnic disparities in lapses in
diabetic retinopathy care in the practice of ophthalmology.

Methods

Study Design/Patient Selection

This was a retrospective cohort study of adult patients aged > 18
years with diabetes mellitus seen at the Wilmer Eye Institute at
Johns Hopkins Hospital from January 1, 2013 to April 2, 2022.
Data were collected and patients were screened for eligibility.
Diabetes mellitus was defined as having a qualifying International
Classification of Diseases (ICD) code (Table S1, available at
www.ophthalmologyscience.org) at any hospital encounter or a
hemoglobin A1c value of � 6.5%. This sensitive definition of
diabetes mellitus was used to include as many patients as
possible in this first step. Patients were included if they had � 1
completed office visit with a Wilmer provider either for diabetic
retinopathy screening or treatment with the first one occurring
between January 1, 2013 and April 2, 2020. Patients were
excluded if they had missing sociodemographic data or
ophthalmic diagnoses (N ¼ 6) (Fig 1). Office visits from January
1, 2013 to April 2, 2022 in the first 2 years after patient’s entry
into the cohort were analyzed to standardize the observation
period and opportunity for lapse in care. Office visits were
excluded if providers’ recommended follow-up timeframe was
missing or occurred after 52 weeks (see step B of the pipeline for
identifying lapses in diabetic retinopathy care). This study was
approved by the institutional review board of the Johns Hopkins
University School of Medicine and adhered to the tenets of the
Declaration of Helsinki.

Methodology for Identifying Lapses in Diabetic
Retinopathy Care in the EHR

Defining lapses in diabetic retinopathy care in the EHR involved
the following 3 major components (Fig 2): (1) office visits related
to the screening or treatment of diabetic retinopathy were identified
and isolated; (2) the providers’ recommended follow-up timeframe
was extracted; and (3) the providers’ recommended follow-up
timeframe was compared with the patient’s actual time to the
next office visit. A patient was defined as having a lapse in care
after an office visit if they returned beyond the preset threshold
(Table S2, available at www.ophthalmologyscience.org). This
multistage approach was adopted because of the complexities of
utilizing EHR data and the specialization of eye care in our
ophthalmology department. Some providers only address and
follow specific ophthalmic issues (e.g., glaucoma and cataracts).
Thus, to define a lapse in diabetic retinopathy care in a
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multidisciplinary ophthalmology department, we had to isolate
the relevant visits first and identify the follow-up specific to dia-
betic retinopathy care.
1. Office visits related to the screening or treatment of dia-
betic retinopathy were identified using a combination of
ICD codes and a rule-based natural language processing
(NLP) algorithm. This hybrid approach was taken because
the sensitivity of ICD codes to identify clinical phenotypes
(such as diabetic retinopathy) can be limited; 29.0% of
visits analyzed in our study were identified using only the
NLP algorithm.11 Office visits were included if there was
an encounter ICD code related to diabetes mellitus
(Table S1). The rule-based NLP algorithm was applied
on the clinical progress notes and used to identify addi-
tional office visits (Supplemental NLP Algorithm Material,
available at www.ophthalmologyscience.org). The re
Python package was used to search for a list of target
terms in the provider notes to produce a binary output
regarding the presence of diabetic retinopathy screening
or treatment. The list of target terms was fine-tuned
through an iterative process, qualitatively reviewing out-
puts on a development sample of data and then updating
the target term list until a sufficient level of performance
was achieved. Quantitative validation of the NLP pipeline
was performed on a separate held-out sample of test data
when the fine-tuning process was complete.

2. The providers’ recommended follow-up timeframe was
also extracted using a hybrid approach combining struc-
tured data available in the check-out section of the EHR
and a custom rule-based NLP algorithm applied to the
unstructured provider notes. Similar to the aforemen-
tioned extraction task, this hybrid approach was needed
because most office visits (77.6%) did not contain the
necessary follow-up in the structured check-out section,
and this information was only available in unstructured
provider notes. The algorithm leverages a dictionary of
target terms and character patterns to flag the portion of
the note that is likely to be immediately preceded or fol-
lowed by the recommended return time interval. Addi-
tional logic was introduced to search through the provider
notes in a specific sequence based on prior clinical
knowledge regarding the location of follow-up recom-
mendations in a provider note. When available, the rec-
ommended follow-up timeframe was extracted and
numerically standardized. The list of target terms, char-
acter patterns, and processing logic were iteratively fine-
tuned by qualitative review and evaluation of the algo-
rithm’s performance on the same development set as
above (Supplemental NLP Algorithm Material). The NLP
pipeline was quantitatively validated using a held-out
sample of test data.

3. The providers’ recommended follow-up timeframe was
compared with the patients’ time to the next diabetic reti-
nopathy screening or treatment office visit. A lapse in care
was defined as not returning within certain timeframes that
varied based on provider recommendations (Table S2).
These thresholds generally correspond to w 25% of the
provider’s recommended timeframe (e.g., threshold of 2
weeks for an 8-week recommended follow-up, 4 weeks
for a 20-week follow-up, 8 weeks for a 32-week follow-up,
and 12 weeks for a 52-week follow-up) and were devel-
oped based on the existing literature and expert guidance
(C.X.C.).1 If the threshold to return fell beyond the 2-year
observation window, then that encounter was categorized
as being unknown for lapse in care (Fig 2).
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Figure 1. Flow diagram for identification of adult patients with diabetes and the diabetes-related office visits in the electronic health record.

Cai et al � Lapses in Diabetic Retinopathy Care
Validation of Rule-Based NLP Algorithms

Task 1: automated detection of diabetic retinopathy screening or
treatment from provider notes (step A of the pipeline)

The NLP algorithm was evaluated using a held-out test set of
2000 randomly selected notes sampled from the initial set of
patients with diabetes mellitus. The notes were annotated by 2
expert graders with extensive clinical experience (C.X.C., a fully
trained vitreoretinal specialist; and T.T., a postgraduate year 4
ophthalmology resident). The graders assessed whether the note
text and ICD codes addressed diabetic retinopathy screening or
treatment and annotated the document with a binary label.
3



Figure 2. Methodology for identifying lapses in diabetic retinopathy care in the electronic health record (EHR). After the initial cohort selection, the
ophthalmology office visits related to diabetic retinopathy screening and treatment were isolated (step A), the providers’ recommended follow-up timeframe
was identified (step B), the time to the patient’s next office visit was calculated (step C), and the thresholds for defining lapses in diabetic retinopathy care
were applied (final). A sample patient’s timeline of different office visits in the EHR is shown on the right with examples of which visits were considered to
have lapses in diabetic retinopathy care.
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Performance of the NLP algorithm was compared with the gold
standard grader (C.X.C.), and sensitivity and specificity were
calculated. The 95% confidence interval (CI) for both metrics were
estimated via the bootstrap algorithm in which the test set was
4

resampled 1000 times with replacement, and the sensitivity and
specificity calculated and cached for each sample.12 Agreement
between the 2 graders was assessed using the Cohen’s k statistic.
Kappa statistic < 0.00 indicates poor agreement, 0.00 to 0.20



Cai et al � Lapses in Diabetic Retinopathy Care
slight, 0.21 to 0.40 fair, 0.41 to 0.60 moderate, 0.61 to 0.80
substantial, and 0.81 to 1.00 almost perfect agreement.13

Task 2: automated detection of providers’ recommended
follow-up timeframe (step B of the pipeline)

The NLP algorithm for this task was evaluated on the same test
set of 2000 notes annotated by the same graders. The graders first
annotated the document with a binary label indicating whether a
provider recommended follow-up. When present, the graders
extracted the timeframe of the providers’ recommended follow-up
from the note text. The timeframe was normalized into week-based
units for ease of comparison (e.g., 1 day ¼ 0.14 weeks, 1 week ¼ 7
days, 1 month ¼ 4 weeks, and 1 year ¼ 52 weeks). If a range was
provided in the note (e.g., the provider wanted the patient to return
in 4e6 weeks), then the larger value was used in the analysis (e.g.,
6 weeks).

The algorithm was evaluated based on coverage (i.e., correctly
identifying the presence of a recommended follow-up) and preci-
sion (i.e., correctly identifying the follow-up timeframe when
present). For coverage, the sensitivity and specificity of the NLP
algorithm was compared with the gold standard grader and the
95% CI calculated using bootstrapping with 1000 resamples.12 The
agreement between the 2 graders was evaluated using Cohen’s k.13

The precision of the algorithm was evaluated using the average
error (e.g., gold standard grader minus the NLP algorithm or
second grader) and average absolute error. Agreement on
precision between the 2 graders and the NLP algorithm was also
assessed qualitatively using the Bland-Altman plot.

Statistical Analysis

Differences in sociodemographic characteristics were assessed
between patients who had ever had a lapse in diabetic retinopathy
care and those who did not. These sociodemographic characteris-
tics included the following: age, sex, race and ethnicity, and in-
surance. Continuous variables were compared using Student t test,
and categorical variables using the Pearson’s chi-square test. A
mixed-effects logistic regression model with random intercepts at
the person level was constructed to evaluate the association of race
and ethnicity on lapses in diabetic retinopathy care, controlling for
the other sociodemographic characteristics, severity of diabetic
retinopathy (divided into no diabetic retinopathy, nonproliferative
diabetic retinopathy, and proliferative diabetic retinopathy on the
basis of ICD codes), other retinal disorders (including age-related
macular degeneration, vein occlusion, and artery occlusion), and
glaucoma14 (Table S3, available at www.ophthalmologyscien
ce.org). The mixed-effects model with a random intercept for
person effect was chosen to account for multiple office visits per
patient and differences in the number of available office visits per
patient. Conditional odds ratios were transformed into marginal
odds ratios for reporting.15 Statistical significance was set at P
value of � 0.05. All analyses were conducted in Python (Python
Software Foundation, Python Language Reference, version 3.8.9)
and Stata statistical software (Version 17.0 for Windows;
StataCorp LLC).

Sensitivity Analyses

A sensitivity analysis was performed on the subcohort of patients
with diabetes mellitus initially evaluated in the ophthalmology
department for diabetic retinopathy screening and treatment from
January 1, 2016 to December 31, 2017, with the end of the
observation window occurring on December 31, 2019. This anal-
ysis was conducted to avoid any potential effects because of the
transition from ICD9 to the more complex ICD10 which occurred
in October 2015 and the significant interruptions in ophthalmic
care that resulted from the coronavirus disease 2019 pandemic.11,16
Results

Validation of Rule-Based NLP Algorithms

Task 1: automated detection of diabetic retinopathy
screening or treatment from provider notes: the sensitivity of
the NLP algorithm for detecting diabetic retinopathy
screening or treatment was estimated to be 95.0% (95% CI,
93.0e96.6), and specificity was estimated to be 98.8% (95%
CI, 98.1e99.3). The k statistic for agreement between the
2 graders was 0.973 (standard error 0.022, P < 0.001).

Task 2: automated detection of providers’ recommended
follow-up timeframe: a total of 810 out of 2000 notes
contained a follow-up timeframe identified by either the
NLP algorithm or gold standard grader. The estimated
sensitivity of the algorithm was 97.3% (95% CI, 96.2e98.4)
and specificity 98.1 (95% CI, 97.3e98.9) for detecting the
presence of a follow-up timeframe. Eight hundred seven
notes were identified as containing a follow-up timeframe
by either of the 2 graders. The k statistic for agreement
between the 2 graders was 0.97 (standard error 0.02,
P < 0.001). In the 767 notes in which both the NLP algo-
rithm and gold standard grader detected a follow-up time-
frame, the average error was �0.05 (95% CI, �0.31 to 0.21)
weeks, whereas the average absolute error was 0.42 (95%
CI, 0.20e0.72) weeks. In the set of 782 notes in which the 2
graders detected a follow-up timeframe, the average error
was �0.09 (95% CI, �0.23 to 0.08) weeks and average
absolute error 0.32 (95% CI, 0.17e0.52) weeks. Bland-
Altman plots comparing the NLP algorithm and gold stan-
dard grader and between the 2 graders are shown in
Figure S3 (available at www.ophthalmologyscience.org).
Overall, most differences fell between the 95% limits of
agreement, suggesting that there were no systematic biases
in the NLP algorithm.

Lapses in Care and Racial and Ethnic Disparities
Results

A total of 39 561 patients with 91 104 office visits related to
diabetic retinopathy screening and treatment were included
in this study (Fig 1). Overall, 46.9% of patients were non-
Hispanic White, 36.7% non-Hispanic Black, 4.8% Hispan-
ic, and 11.6% other race and ethnicity. The majority of
patients were between ages of 45 and 65 (average, 61.4,
range, 18e100 years) (Table 4). Most patients were women,
had private or Medicare insurance, and did not have diabetic
retinopathy, other retinal diseases, or glaucoma.

The proportion of office visits with subsequent lapses in
care varied by provider recommended follow-up timeframe
(Table 5). When the recommended follow-up was < 8
weeks, 29.9% of office visits were followed by a lapse in
care; with 32 to 52 weeks recommended, the lapse rate was
42.7%.

On average, patients had 2.3 office visits in the 2-year
observation window. More than 3 (77.6%) in 4 patients
had a lapse in their diabetic retinopathy care at least once
during this time (Table 6). When stratified by the providers’
recommended follow-up, the rate of any lapse in care
decreased with the scheduled time until the next visit. For
5
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example, when the recommendation was � 8 weeks, we
estimate a lapse in care rate of 96.0%; when between 32 and
52 weeks to the recommended visit, 71.5% had a lapse in
care (Table 6).

On the patient-level, the proportion of office visits for
each patient categorized as a lapse in care averaged 60.1%
(Table 6). This value did not vary much when stratified by
the providers’ follow-up timeframe but differed significantly
depending on the total number of office visits in the 2-year
observation window. By definition, 100.0% of office visits
among patients who had only the index visit during the
2-year window were categorized as lapses in care. The
lapses in care decreased to 31.8% among those with 2 visits
and 19.8% among those with � 3 visits (Table 6). Patients
who only had 1 office visit in the 2-year observation period,
compared with those who had � 2 office visits, were
younger (mean, 60.1 years compared with 62.5 years;
P < 0.001), more frequently non-Hispanic Black or His-
panic persons (43.6% compared with 39.8%; P < 0.001),
and had Medicaid or no insurance (15.9% compared with
11.5%; P < 0.001). (Table S7, available at www.ophthalmo
logyscience.org).

In multivariable analysis, after controlling for age, sex,
severity of diabetic retinopathy, other retinal disorders, and
glaucoma, non-Hispanic Black patients were estimated to
have 24% increased odds of ever having a lapse in care
compared with non-Hispanic White patients. Hispanic pa-
tients had an estimated 26% increased odds, and patients of
other race/ethnicity had an estimated 38% increased odds (P
< 0.001, respectively) as compared with non-Hispanic
White patients (Table 8). Non-Hispanic Black patients had
similar odds for having a lapse in care compared with
Hispanic patients, but decreased odds compared with those
of other race/ethnicity (P < 0.05). Hispanic patients had
similar odds of having a lapse in care compared with pa-
tients with other race/ethnicity.

Older patients, those aged > 45 to � 65 and > 65 years,
had lower odds of ever having a lapse in care compared with
those aged � 20 years. Sex was not associated with lapses in
care. Having Medicaid or no insurance was associated with
higher odds of lapses in care, and having other insurance
was associated with lower odds. Patients with diagnosed
diabetic retinopathy had lower odds of having a lapse in
care; those with nonproliferative diabetic retinopathy were
estimated to have a 53% decreased odds, and those with
proliferative diabetic retinopathy had an estimated 69%
decreased odds (P < 0.001, respectively) compared with
patients without diabetic retinopathy. A diagnosis of other
retinal disorders, including age-related macular degenera-
tion, vein occlusion, and artery occlusion, was also associ-
ated with an estimated 24% lower odds of ever having a
lapse in care. Finally, having glaucoma was associated with
18% increased odds for a lapse in diabetic retinopathy care.

Sensitivity Analysis

Similar results were seen in the cohort of patients
(N ¼ 9560) who were seen after the ICD9 to ICD10 tran-
sition and before the coronavirus disease 2019 pandemic
from January 1, 2016 to December 30, 2019 (Tables S9,
6

S10). Non-Hispanic Black patients and patients with other
race/ethnicity had increased odds for ever having a lapse in
care compared with non-Hispanic White patients. Hispanic
patients also had increased odds for a lapse in care that was
not statistically significant (Table S10, available at
www.ophthalmologyscience.org).
Discussion

In a large clinical sample, we found that rates of lapses in
diabetic retinopathy care were very high. Overall, we esti-
mated that > 3 in 4 patients had � 1 office visit followed by
a lapse in care in the 2-year observation window. The
overwhelming majority of patients who were recommended
to frequent follow-up (� 8 weeks or > 8 to � 20 weeks) had
a lapse in care. Those who were recommended less frequent
follow-up (> 20 to � 32 weeks or > 32 to � 52 weeks) had
fewer lapses. Patients who had more overall office visits (2
or 3þ) in the 2-year period had lower rates of lapses in care
compared with those who only had 1 office visit. More than
half (60.1%) of any given patient’s office visits were fol-
lowed by a lapse in care. Non-Hispanic Black patients,
Hispanic patients, and those of other race/ethnicity were
more likely to have lapses in diabetic retinopathy care than
otherwise similar non-Hispanic White patients.

The rates of lapses in diabetic retinopathy care reported
in this study are largely consistent with those in the pub-
lished literature. When using a fixed interval of time to
define a lapse in care, other observational studies in a
clinical setting have found rates ranging from 16% to
61%.2e6,8,9 In this study, we found 44.6% had a lapse in
diabetic retinopathy care when applying a similar
definition of having an interval of � 6 months between
visits (data not shown). Rates of lapses in diabetic
retinopathy care in routine clinical practice are higher than
those found in clinical trials. Using our novel
methodology for identifying lapses in care, we were able
to apply an adaptive definition of lapses like the clinical
trial studies.1 In the context of the clinical trial, 55.3% of
patients had � 1 long lapse in care, but in our study, rates
were much higher at 77.6%. Not surprisingly, most
patients recommended for frequent follow-up had a lapse
in care because of more opportunity to do so. The higher
rates of lapses in care found in this study are also driven by a
large proportion (45.2%) of patients who only had 1 office
visit for diabetic retinopathy screening or treatment in the 2-
year observation window. Most prior studies using retro-
spective data excluded this group of patients by restricting
the analysis to patients who have presented at least
twice.2e6,8,9 In our cohort, patients who only had 1 office
visit had similar characteristics as those with lapses in
caredthey were younger, more frequently of non-
Hispanic Black or Hispanic race and ethnicity, and had
Medicaid or no insurance. Future interventions to decrease
lapses in care should identify and assist this population.

The finding that non-Hispanic Black and Hispanic pa-
tients had higher odds of a lapse in diabetic retinopathy care
is consistent with other reports of disparities in diabetic eye
care. These same populations bear a disproportionate burden
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Table 4. Demographic Characteristics of Patients with Diabetes Mellitus Seen in the Ophthalmology Department for Diabetic Reti-
nopathy Screening or Treatment Stratified by Race and Ethnicity (N ¼ 39 561)

Total
N [ 39 561 (%)

Non-Hispanic White
N [ 18 565 (%)

Non-Hispanic Black
N [ 14 502 (%)

Hispanic
N [ 1912 (%)

Other
N [ 4582 (%) P

Age (yrs) < 0.001
� 20 104 (0.3) 53 (0.3) 34 (0.2) 8 (0.4) 9 (0.2)
> 20 to � 45 4697 (11.9) 1516 (8.2) 2020 (13.9) 552 (28.9) 609 (13.3)
> 45 to � 65 18 880 (47.7) 7863 (42.4) 7838 (54.0) 950 (49.7) 2229 (48.6)
> 65 15 880 (40.1) 9133 (49.2) 4610 (31.8) 402 (21.0) 1735 (37.9)

Sex < 0.001
Female 20 635 (52.2) 8608 (46.4) 8754 (60.4) 962 (50.3) 2311 (50.4)
Male 18 926 (47.8) 9957 (53.6) 5748 (39.6) 950 (49.7) 2271 (49.6)

Insurance < 0.001
Private 14 838 (38.1) 7530 (40.8) 4914 (34.4) 502 (29.0) 1892 (42.3)
Medicare 15 694 (40.3) 8352 (45.3) 5554 (38.8) 366 (21.1) 1422 (31.8)
Medicaid 4214 (10.8) 895 (4.9) 2613 (18.3) 212 (12.2) 494 (11.0)
Other 3164 (8.1) 1561 (8.5) 936 (6.5) 111 (6.4) 556 (12.4)
None 1045 (2.7) 111 (0.6) 283 (2.0) 543 (31.3) 108 (2.4)

Diabetic retinopathy (DR) < 0.001
No DR 31 331 (79.2) 15 006 (80.8) 11 238 (77.5) 1493 (78.1) 3594 (78.4)
Nonproliferative diabetic
retinopathy (NPDR)

5957 (15.1) 2679 (14.4) 2251 (15.5) 298 (15.6) 729 (15.9)

Proliferative diabetic
retinopathy (PDR)

2273 (5.7) 880 (4.7) 1013 (7.0) 121 (6.3) 259 (5.7)

Other retinal disorders < 0.001
Absent 37 880 (95.8) 17 399 (93.7) 14 195 (97.9) 1881 (98.4) 4405 (96.1)
Present 1681 (4.2) 1166 (6.3) 307 (2.1) 31 (1.6) 177 (3.9)

Glaucoma < 0.001
Absent 33 551 (84.8) 16 474 (88.7) 11 485 (79.2) 1694 (88.6) 3898 (85.1)
Present 6010 (15.2) 2091 (11.3) 3017 (20.8) 218 (11.4) 684 (14.9)

Total office visits, mean (SD) 2.3 (2.6) 2.3 (2.7) 2.3 (2.5) 2.2 (2.6) 2.1 (2.6) < 0.001
1 office visit 17 883 (45.2) 7794 (42.0) 6842 (47.2) 940 (49.2) 2307 (50.3) < 0.001
2 office visits 13 294 (33.6) 6752 (36.4) 4488 (30.9) 622 (32.5) 1432 (31.3)
3þ office visits 8384 (21.2) 4019 (21.6) 3172 (21.9) 350 (18.3) 843 (18.4)

Ever have a lapse in care 30 707 (77.6) 13 492 (72.7) 11 905 (82.1) 1577 (82.5) 3733 (81.5) < 0.001

SD ¼ standard deviation.

Table 5. Proportion of Office Visits Followed by Lapses in Dia-
betic Retinopathy Care

Providers’ Recommended
Follow-up Timeframe

Total Number of
Office Visits

Proportion of Office
Visits with Lapses

in Care

� 8 wks 27 231 29.9%
> 8 to � 20 wks 8799 37.9%
> 20 to � 32 wks 10 636 37.1%
> 32 to � 52 wks 44 348 42.7%
Total 91 104 37.7%

Cai et al � Lapses in Diabetic Retinopathy Care
of diabetes, present with more severe diabetic retinopathy
and diabetic macular edema, and sustain more vision loss
from diabetic eye disease.10,17e20 They also have lower
rates of eye care utilization.21 The root causes underlying
racial and ethnic disparities in diabetic retinopathy care
likely can be traced to structural inequities that have led to
the maldistribution of social determinants of healthdthe
social, economic, and physical conditions in which people
live, work, and play that affect health outcomes.22 Future
work to better understand the social determinants of health
that underlie higher rates of lapses in diabetic retinopathy
care can be a means by which to address and eliminate
this health disparity.

Our findings of other variables associated with lapses in
care are in line with prior reports. Older patients are less
likely to have a lapse in diabetic retinopathy care, consistent
with other studies finding that the older population is more
likely to have high eye care utilization.23 We did not find a
difference in lapses in care by sex, but other studies have.23

Insurance is a major predictor of lapses in care and eye care
utilization.24 Consistent with other studies, we found that
having Medicaid or no insurance was associated with
higher odds of having lapses in care. Having other
insurance types was associated with lower odds of care
lapses in our study. This is likely because this category
included insurances, such as Tricare, worker’s
compensation, and international coverage. Patients with
worker’s compensation or international coverage could be
specifically seeking care in ophthalmology because of an
acute issue in addition to their more long-term diabetic
retinopathy care. Having a diagnosed retinal disorder,
whether diabetic retinopathy or another retinal disorder,
decreased the odds for a lapse in care, which is consistent
with other studies.24 However, having another major eye
7



Table 6. Proportion of Patients with Diabetes Mellitus Who Have Ever Had a Lapse in Diabetic Retinopathy Care and Proportion of
Office Visits per Patient Categorized as a Lapse in Care. Both Outcomes Are Stratified by Median Provider Recommended Follow-up

Timeframe and Total Number of Visits in the 2-year Observation Window

Recommended Follow-up Timeframe
by the Provider

Number of
Office Visits

Proportion of Patients Who Ever Had
a Lapse in Care

Average Proportion of Office
Visits with Lapses in Care

� 8 wks 1 100.0% 100.0%
2 100.0% 67.6%

3þ 92.2% 28.1%
Total 96.0% 59.4%

> 8 to � 20 wks 1 100.0% 100.0%
2 100.0% 69.7%

3þ 83.2% 29.0%
Total 92.8% 61.9%

> 20 to � 32 wks 1 100.0% 100.0%
2 100.0% 59.9%

3þ 56.9% 19.7%
Total 84.1% 58.9%

> 32 to � 52 wks 1 100.0% 100.0%
2 48.2% 24.2%

3þ 24.6% 8.1%
Total 71.5% 60.2%

Total 1 100.0% 100.0%
2 58.0% 31.8%

3þ 61.0% 19.8%
Total 77.6% 60.1%
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disease, glaucoma, increased the odds for a lapse in care. It
could be that patients were busy with glaucoma treatment
and thus delayed care for their diabetic retinopathy.

This study has several limitations. First, the proposed
pipeline relies on NLP algorithms that do not have perfect
sensitivity and specificity; however, the performance is in
line with other algorithms targeted toward follow-up.25,26

The NLP algorithm to identify office visits related to
diabetic retinopathy screening and treatment behaves
conservatively with higher specificity than sensitivity. As
such, we are more likely to overestimate than
underestimate lapses in diabetic retinopathy care. The
NLP algorithm to identify a providers’ recommended
follow-up timeframe tended to identify longer follow-up
as compared with the gold standard grader (on average
0.05 weeks). Identifying a longer follow-up timeframe
would cause the algorithm to underestimate lapses in dia-
betic retinopathy care. It is possible that these 2 compo-
nents of the pipeline (one that overestimates and one that
underestimates lapses in care) balance each other out.
Second, because we are relying on data from 1 institution,
we do not know whether the patients sought diabetic reti-
nopathy care elsewhere. Clinical experience and other
studies suggest that most patients tend to stay at the same
practice for longitudinal care.27e29 However, the degree to
which this is true needs to be studied more directly in a
future study. Third, we were unable to evaluate the pres-
ence of other medical comorbidities that might impact a
patient’s ability to follow-up for eye care. Most of this
population only had office visits at the Wilmer Eye Insti-
tute and no available diagnosis codes for other systemic
medical conditions (e.g., hypertension). Future NLP-based
studies are needed to extract systemic medical conditions
from ophthalmology progress notes to further refine risk
8

factors for lapses in care. Fourth, we also do not account
for patient death in this analysis because the exact date of
death is not reliably captured in the EHR. We presume this
affects a small proportion of our cohort because the
average age of this population is 61.4 years, we observe
them for only 2 years, the average life expectancy in the
United States is 77 years, and only 14% of our patients
were aged > 75 years.30 Last, because we are relying on
ICD codes for diagnoses, we do not know the extent to
which diagnosis codes represent reality. There could be
patients with vision-threatening diabetic retinopathy who
are not coded as such in the EHR. Future studies should be
aimed at understanding the clinical significance of lapses in
care and should offer additional resources and support for
the population(s) at highest risk of vision loss and lapses in
care to offer additional resources and support.

Our novel methodology of adaptively defining lapses in
diabetic retinopathy care based on the providers’ recom-
mended follow-up timeframe in the EHR confers numerous
advantages. The more sensitive definition allows the
detection of a lapse in care before a preset timeframe, such
as 6 months, has elapsed. This definition also allows for
identification of patients who only have 1 office visit fol-
lowed by a lapse in care. This methodology could be
deployed in real-time in the EHR to identify lapses in dia-
betic retinopathy care and create clinical decision support
systems.31 For example, once a lapse has been identified, the
system could alert administrative staff to call and follow-up
with patients. The clinical decision support system could
also be deployed at the point of care and assist clinicians.
For example, the system could show the treating clinician a
patient’s history of lapses in care and future risk for lapses.
Knowing the patient’s risk for a lapse in care can help guide
choice of ophthalmic treatment, for example, choosing



Table 8. Adjusted Odds Ratio of Having a Lapse in Diabetic Retinopathy Care, Results from the Multivariable Mixed-Effects Logistic
Regression Model with a Random Person Effect (N ¼ 39 561)

Ever Have a Lapse in Care
N (%)

Adjusted Odds Ratio*
(95% Confidence Interval) P

Age (yrs)
� 20 87 (83.7) (reference)
> 20 to � 45 3960 (84.3) 0.68 (0.42e1.08) 0.103
> 45 to � 65 14 971 (79.3) 0.50 (0.31e 0.8) 0.004
> 65 11 689 (73.6) 0.38 (0.24e0.61) < 0.001

Sex
Female 16 169 (78.4) (reference)
Male 14 538 (76.8) 0.97 (0.93e1.01) 0.103

Race and ethnicity
Non-Hispanic White 13 492 (72.7) (reference)
Non-Hispanic Black 11 905 (82.1) 1.24 (1.19e1.30) < 0.001
Hispanic 1577 (82.5) 1.26 (1.13e1.40) < 0.001
Other 3733 (81.5) 1.38 (1.29e1.47) < 0.001

Insurance
Private 11 478 (77.4) (reference)
Medicare 11 888 (75.7) 1.05 (0.99e1.10) 0.096
Medicaid 3693 (87.6) 1.26 (1.18e1.35) < 0.001
Other 2208 (69.8) 0.81 (0.75e0.87) < 0.001
None 893 (85.5) 1.46 (1.27e1.68) < 0.001

Diabetic retinopathy (DR)
No DR 23 895 (76.3) (reference)
Nonproliferative diabetic retinopathy (NPDR) 4879 (81.9) 0.47 (0.45e0.49) < 0.001
Proliferative diabetic retinopathy (PDR) 1933 (85) 0.31 (0.29e0.33) < 0.001

Other retinal disorders
Absent 29 342 (77.5) (reference)
Present 1365 (81.2) 0.76 (0.70e0.82) < 0.001

Glaucoma
Absent 25 691 (76.6) (reference)
Present 5016 (83.5) 1.18 (1.12e1.24) < 0.001

*Marginal odds ratios are presented

Cai et al � Lapses in Diabetic Retinopathy Care
between anti-VEGF or panretinal photocoagulation for
proliferative diabetic retinopathy, or offering social work
support to address social determinants of health. This
methodology can also be expanded to monitoring other eye
diseases that require routine follow-up to prevent blindness,
for example, glaucoma.

The approach presented in this study can be implemented
at other institutions. The NLP tools used to identify diabetic
retinopathy screening or treatment visits and the ones to
extract a providers’ recommended follow-up timeframe are
available on GitHub.32 Deploying these tools on
unstructured provider notes in combination with structured
data elements in the EHR will allow researchers at other
institutions to extract the 2 components needed to identify
lapses in diabetic retinopathy care. However, the
performance of these tools at other institutions, or external
validity, is currently unknown. Rule-based NLP algo-
rithms can have limited generalizability outside the text used
to develop it, thus, modifications of the search terms and
rules will likely be needed. Validation studies should be
performed, and the NLP tools should be tailored to optimize
the output for the unique documentation styles at other in-
stitutions. Furthermore, the NLP algorithms developed were
specific to the task of identifying lapses in diabetic reti-
nopathy care. Researchers who wish to adapt the code to
identify lapses in other types of ophthalmic care will also
likely need to modify the rules to include target terms spe-
cific to a subspecialty (e.g., intraocular pressure for glau-
coma care).

In conclusion, we have developed a novel methodology
for identifying lapses in diabetic retinopathy care in the
EHR and demonstrate high rates of lapses in diabetic reti-
nopathy care in the clinical practice setting. Furthermore, we
have identified health disparities whereby non-Hispanic
Black, Hispanic, and other race/ethnicity populations have
higher odds for lapses in diabetic retinopathy care compared
with non-Hispanic White patients. This methodology is a
major step towards EHR-based solutions, such as clinical
decision support systems, that could be leveraged to elimi-
nate disparities in diabetic retinopathy care.
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