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ABSTRACT
Aims/Introduction: Regular screening for diabetic retinopathy is essential. This study
aimed to show the process and current situation of diabetic retinopathy screening
prescribed by physicians (internists) and ophthalmologists for Japanese patients with
diabetes.
Materials and Methods: This retrospective cohort study used data from the Japanese
National Database of Insurance Claims between April 2016 and March 2018.
Ophthalmology visits and fundus examinations are defined using specific medical
procedure codes. The proportion of ophthalmology visits for patients with diabetic
medication and for fundus examination among those who visited ophthalmologists was
calculated in the fiscal year 2017. A modified Poisson regression analysis was carried out
to identify factors associated with retinopathy screening. Similarly, quality indicators by
prefectures were also calculated.
Results: Among 4,408,585 patients receiving diabetic medications (57.8% men, 14.1%
insulin use), 47.4% visited the ophthalmology department and 96.9% of those underwent
fundus examination. Regression analysis showed that female sex, older age, insulin use,
medical facilities with Japan Diabetes Society certification and large medical facilities were
predictors of fundus examination. By prefecture, the ophthalmology consultation rate and
the fundus examination ranged 38.5–51.0% and 92.1–98.7%, respectively.
Conclusions: Less than half of the patients who were prescribed antidiabetic
medication by their physicians visited an ophthalmologist. However, most of the patients
who visited an ophthalmologist had a fundus examination carried out. A similar tendency
was noted for each prefecture. It is essential to reaffirm the necessity of recommending
ophthalmologic examinations to physicians and healthcare professionals who care for
patients with diabetes.
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INTRODUCTION
Diabetic retinopathy is one of the most prevalent diabetic
comorbidities, which often causes visual loss in individuals with
diabetes1. In recent decades, the incidence of visual impairment
due to diabetic retinopathy has reduced as a result of better
glucose management with new antidiabetic drugs, greater eye
screening uptake and advances in diabetic retinopathy therapies,
including antivascular endothelial growth factor injections2–4.
Diabetic retinopathy is typically asymptomatic before it

develops into severe stages; hence, regular eye examinations
are required to detect its onset and progression. Subsequent
retinopathy screening is recommended to minimize the loss of
vision due to the progression of diabetic retinopathy5–8.
Nationwide systematic diabetic retinopathy screening programs
exist in Iceland, the UK and Ireland, and systematic diabetic
eye screening is also being promoted in other regions, includ-
ing parts of mainland Europe, Asia and Africa9. In Japan,
although some municipality insurers carry out systematic eye
screenings for patients with diabetes or hypertension10, most
diabetic eye screening relies on ad hoc referrals from physi-
cians (internists) to ophthalmologists. We have previously
reported that the number of patients in Japan undergoing reti-
nopathy examination once a year who are prescribed antidia-
betic drugs remains as low as 47%11. To increase the rate of
fundus examination among patients with diabetes, it is essen-
tial to identify the reasons for the current low rates. It is espe-
cially important to break down the rate of fundus examination
into the rate of ophthalmologist visits among patients with
diabetes and that of patients undergoing fundus examination
at the ophthalmologist office among those who visited
ophthalmologists.
The Japanese National Database (NDB)12 contains claimed

data of almost all Japanese citizens, excluding data on medical
expenses of patients who received welfare or those not covered
by insurance; for example, preventive medicine or maternity
expenses. In the present study, we used NDB data and investi-
gated the annual proportion of patients with diabetes who vis-
ited an ophthalmologist, including those who visited an
ophthalmologist for other reasons. We also investigated the
proportion of patients who underwent fundus examination
among those with diabetes who visited an ophthalmologist.

MATERIALS AND METHODS
The present cross-sectional study used an anonymous, nation-
wide claims database in Japan called the NDB. With approxi-
mately 3,500 insurers13, Japan holds a universal health coverage
that covers individuals based on their unique characteristics
(e.g., age, region and job). NDB includes almost all claim data,
except for fully publicly funded medical procedures and medi-
cal procedures not covered by medical insurance (e.g., data of
individuals receiving preventive medicine, traffic accidents or
maternity expenses). NDB comprises claims data submitted by
each insurer to the government of Japan (the Ministry of

Health, Labor and Welfare); these data are obtained from
98.4% of hospital claims, and 99.9% of pharmacy claims gath-
ered from hospitals, clinics and pharmacies. It provides anony-
mous data for administrative and research purposes12.
This study was approved by the institutional review board of

the National Center for Global Health and Medicine (NCGM-
G-002492-04). The institutional review board waived informed
consent, because the data in the database were anonymized
before being provided by the Ministry of Health, Labor and
Welfare.

Patients
All definition variables have been explained in Table S1.
Patients with diabetes were defined as those who received anti-
diabetic medication regularly. Antidiabetic medication was
determined using the anatomical therapeutic chemical classifica-
tion, and antidiabetic drugs were defined using the A10 code.
Data on voglibose 0.2 mg tablets and epalrestat were excluded
owing to their efficacy in diabetes prevention and diabetic neu-
ropathy, respectively14.
The patient selection process is shown in Figure 1. First, we

extracted data on adult patients with diabetes (≥20 years) who
received antidiabetic medications regularly (at least one pre-
scription every 3 months) in April 2017 and March 2018 (fiscal
year [FY] 2017). We excluded the following patients: (1) those
not prescribed antidiabetic medications in FY2016 (for the pur-
pose of excluding those who were newly diagnosed with diabe-
tes), (2) patients with admission history in FY2017, (3) patients
who received comprehensive medical care, and (4) patients
who had a disease name of blindness. We excluded patients
with comprehensive medical care that could cause underreport-
ing of the examinations carried out. Visual impairment was
defined using International Classification of Diseases, 10th Revi-
sion15. The details on comprehensive medical care and visual
impairment are shown in Table S1.
The type of diabetes was defined using International Classifi-

cation of Diseases, 10th Revision codes obtained from the med-
ical claims data. Patients were diagnosed with type 1 diabetes
mellitus if code E10 occurred at least once, and patients were
diagnosed with type 2 diabetes mellitus and other types if the
claims data had code E11-14.

Outcome variables
According to Guidelines for the Treatment of Diabetic Retinop-
athy (1st edition) in Japan16, the outcome variable was the
annual proportion of patients with ophthalmology visits and
fundus examinations among those with diabetes. Proportions of
the following were calculated: (1) patients who visited an oph-
thalmologist (A) among patients with diabetes (U), (2) patients
undergoing fundus examination (B) among those who visited
an ophthalmologist (A), and (3) patients undergoing fundus
examination (B) among those with diabetes (U); the calculated
proportions were A/U, B/A and B/U, respectively (Figure S1).
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Predictors and covariates
Definitions of predictors and covariates are shown in Table S1.
Patient characteristics and ophthalmology facilities were
extracted from medical claims data, whereas prescription infor-
mation and medical facilities for diabetic care were extracted
from medical and pharmaceutical claims data.
Medical facilities for regular diabetes care for each patient

were identified in the following order: (1) facilities where
patients received the most antidiabetic prescriptions during the
year, (2) Japan Diabetes Society (JDS)-certified facilities (JDS-
certified facilities are the facilities having a diabetes training
instructor and treatment or care for >200 patients with diabe-
tes), (3) facilities with the greatest number of beds and medical
facilities patients visited, and (4) facilities patients visited earlier
in FY2017. Information on the number of beds, whether the
medical facility was a JDS-certified education facility and the
location (prefecture) of the facility were also collected.
Ophthalmology facilities and departments for each of the

patients were identified using ophthalmology-related medical
remuneration point codes during FY2017. Such facilities and
departments were identified in the following order: (1) facilities
where a patient received fundus examination, (2) where a
patient visited most often, and (3) where a patient visited for
the first time in FY2017.

Statistical analysis
First, we described the patient’s characteristics, type of diabetes,
antidiabetic medication, and the medical facilities visited for dia-
betes treatment and ophthalmology visits. Categorical variables
are presented as numbers (percentages), whereas continuous vari-
ables are presented as means (standard deviation). For the pri-
mary analysis, we calculated the proportion of patients visiting

ophthalmologists and the proportion of those who carried out a
fundus examination among patients visiting ophthalmologists.
The v2-test was used to compare these proportions by individual
and facility characteristics. Next, a modified Poisson regression
analysis17 was carried out to identify factors associated with reti-
nopathy screening based on the following: sex, age, insulin use
and medical facilities prescribing antidiabetic medications.
The ophthalmology consultation rates of the patients and

fundus examinations in each prefecture were investigated to
validate the actual retinopathy screening condition. According
to the Position Statement of the American Diabetes Associa-
tion, for patients with no evidence of retinopathy for one or
more annual eye examinations, examinations can be considered
every 2 years7. Therefore, we analyzed the rate of ophthalmol-
ogy consultation and retinopathy screening among patients
with diabetes over 2 years (FY2016–17).
All statistical analyses were carried out using Stata 17.0 soft-

ware (StataCorp, College Station, TX, USA), with P < 0.05
showing statistical significance.

RESULTS
Among 5,747,182 adult patients who regularly received antidia-
betic medications in FY2017, 318,157 who were not prescribed
antidiabetic medications in FY2016, 963,512 who had admis-
sion history, 53,616 who received comprehensive medical care
and 3,312 who had visual impairment were excluded. The
remaining 4,408,585 patients were eligible for the present analy-
sis (Figure 1). Baseline characteristics are shown in Table 1.
More than half of the patients with diabetes were men and
aged >60 years. In addition, 85.9% of them did not use insulin,
97.3% had type 2 diabetes and most patients visited clinics for
antidiabetic medication.

Adult patients who received
antidiabetic medication regularly in

FY2017 (n = 5,747,182)

Subjects finally enrolled
(n = 4,408,585)

���Patients who were not prescribed antidiabetic medications
    in FY2016 (n = 318,157)

���Admission history in FY2017 (n = 963,512)

���Those who received comprehensive medical care
    (n = 53,616)

���Those who were visually impaired (n = 3,312)

Figure 1 | Flowchart of the selection of patients. FY, fiscal year.
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Rate of visiting ophthalmologists and fundus examination
The proportion of patients who visited ophthalmologists (A/U)
in FY2017 was 47.4%. Of those who visited ophthalmologists,
96.9% of the patients (B/A) underwent fundus examination.
The proportion of patients undergoing ophthalmology visit
(A/U) was lower among men (43.4% vs 53.0%, P < 0.001),
non-insulin users (45.2% vs 62.5%, P < 0.001) and patients
with type 2 diabetes (type 1 diabetes 64.6%; type 2 diabetes
47.4%; unknown 14.9%, P < 0.001). Patients who visited oph-
thalmologists often were those who cared for their diabetes at
JDS-certified education facilities (60.0% vs 45.7%, P < 0.001),
facilities with an ophthalmology department (55.0% vs 43.0%,
P < 0.001) and facilities with a large number of beds (0–19
beds 44.7%; 20–99 beds 46.2%; 100–199 beds 49.1%; 200 beds
56.3%; unknown 41.3%, P < 0.001). In contrast, the proportion
of patients undergoing fundus examination among those who
visited ophthalmologists (B/A) was high regardless of patient
characteristics or medical facilities for diabetes care (Table 1).
At 2 years, 56.2% of patients had had visited and ophthalmolo-
gist, and 97.1% underwent fundus examination among those
who visited an ophthalmologist (Table S2).
The proportion of patients who visited ophthalmologists by

prefectures (A/U) was 38.5–51.0% (Table 1). Out of the patients
who visited ophthalmologists, 92.1–98.7% underwent fundus
examination (B/U) in each prefecture.
The proportions of ophthalmology visits (A/U) stratified by

sex are shown in Figure S2. The proportion of ophthalmology
visits was consistently higher among women, irrespective of age
(Figure S2a), insulin use and non-insulin use (Figure S2b), any
number of beds in medical facilities (Figure S2c), and JDS-
certificated education facilities of JDS or not (Figure S2d).

Predictors for conducting fundus examination
In the multivariable modified Poisson regression analysis, the
following factors were found to be predictors of fundus exami-
nation: female sex (male vs female; adjusted risk ratio [aRR]
1.18, 95% confidence interval [CI] 1.17–1.18), older age (20s vs
30s: aRR 1.00, 95% CI 0.97–1.02; 20s vs 40s: aRR 1.00, 95% CI
0.98–1.03; 20s vs 50s: aRR 1.07, 95% CI 1.04–1.09; 20s vs 60s:
aRR 1.30, 95% CI 1.27–1.32; 20s vs 70s: aRR 1.59, 95% CI
1.56–1.62; 20s vs >80s: aRR 1.53, 95% CI 1.50–1.56), insulin
use (non-insulin users vs insulin users: aRR 1.38, 95% CI 1.37–
1.38), JDS facilities (JDS vs not JDS: aRR 1.18, 95% CI 1.18–
1.18), large medical facilities (0–19 beds vs 20–99 beds: aRR
0.99, 95% CI 0.99–1.00; 0–19 beds vs 100–199 beds aRR 1.05,
95% CI 1.05–1.06; 0–19 beds vs >200 beds: aRR 1.11, 95% CI
1.11–1.11; Table 2).

DISCUSSION
The present study found that less than half of Japanese patients
with diabetes who regularly received antidiabetic medications
visited ophthalmologists in a year. Men and middle-aged
patients visited the ophthalmology department less frequently
than women and younger patients. In contrast, the rate of

fundus examinations among those who once visited ophthal-
mologists was very high. To the best of our knowledge, this is
the first study assessing the proportion of patients undergoing
diabetic retinopathy screening (ophthalmology visits and fundus
examination) among patients visiting ophthalmologists.
The present results showed that middle-aged men and non-

insulin users were significantly less likely to visit ophthalmolo-
gists. Furthermore, patients who underwent eye screening were
more likely to be treated at more extensive medical facilities
with a JDS certification or an ophthalmology department
(Table 1). We found that the following were predictors of fun-
dus examination from the modified Poisson regression analysis:
female sex, older age, insulin use, medical facilities with a JDS
certification and large medical facilities (Table 2).
Previous studies also reported female sex18–20, insulin use18

and age >60 years18 to be associated with a higher likelihood
of receiving eye screening. Socioeconomic deprivation, which
was not measured in the NDB, was also reported as a major
reason for non-attendance at eye screening21,22. Furthermore, a
nationwide survey carried out in Korea reported that rural
areas, low academic status, unawareness about diabetes care
and a higher level of diabetic retinopathy were also associated
with a lower likelihood of undergoing eye examination20. In
Denmark, among those who were screened at least once, youn-
ger people, those who had been divorced and those with lower
incomes had fewer return visits, and those with more severe
diabetic retinopathy more often delayed attendance than
recommended23. The present results highlight the importance
of encouraging regular eye screening for patients who are youn-
ger, male, do not use insulin, and visit relatively small and
non-JDS-certified medical facilities.

Table 2 | Risk ratio for conducting fundus examination

Risk ratio 95% CI

Female 1.18 1.17–1.18
Age (years)
20–29 – –
30–39 1.00 0.97–1.02
40–49 1.00 0.98–1.03
50–59 1.07 1.04–1.09
60–69 1.30 1.27–1.32
70–79 1.59 1.56–1.62
≥80 1.53 1.50–1.56

Antidiabetic drug
Insulin (+) 1.38 1.37–1.38

Diabetic medical facilities
Education certified facility of JDS 1.18 1.18–1.18

No. beds (diabetic medical facilities)
0–19 - -
20–99 0.99 0.99–1.00
100–199 1.05 1.05–1.06
≥200 1.11 1.11–1.11

CI, confidence interval; JDS, Japan Diabetes Society. Total n = 4,388,234.
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If glycemic control is preferable, eye screening at every
2 years is recommended for patients with diabetes without reti-
nopathy7. We evaluated the rates of retinopathy screening at
both 1- and 2-year intervals. Because of the longer observation
period, there was an increase in the number of patients who
saw ophthalmologists and underwent fundus examinations;
nevertheless, the number was still insufficient. Future research
should additionally investigate the eye-screening participation
rate and cost over a longer time.
The present results show a chasm between physicians and

ophthalmologists, in parallel with a few studies already
highlighting this issue24–27. A study in Chiba Prefecture, located
next to Tokyo, found that patients visiting diabetologists had a
higher rate of continued ophthalmologic care than patients vis-
iting non-diabetologists (70.9% vs 56.5%)25. Additionally, an
interview survey in the USA found that of those who did not
receive a dilated eye examination, 82.2% visited a primary care
physician during the year26. More than 80% of the patients
with diabetes were not recommended regular eye examinations
by a doctor in Hong Kong24. According to the Diabetic Reti-
nopathy Barometer Report, which surveyed patients with diabe-
tes and healthcare professionals working in diabetes care or
ophthalmology in 41 countries, 27% of the patients had never
discussed eye complications with a professional or had done so
only after symptoms manifested27. According to these results,
one of the fundamental issues of a low rate of eye screening in
patients with diabetes can be the lack of encouragement from
the physician rather than the omission of fundus examinations
by ophthalmologists.
The rates of ophthalmologist visits varied by prefecture

(Table 1), which might be due to limited geographical access to
ophthalmologists and inadequate patient education. Careful
observation and evidence-based policy-making by prefectures
are critical to solving inequality. Introducing fundus photogra-
phy by internists, telemedicine screening with non-mydriatic
fundus photography28 and automated retinal image analysis29

are other alternatives that could reduce barriers to ophthalmo-
logic care. Expanding eye screening in municipal medical
checkups might also help close the gap and could be monitored
by a future study using medical checkup data in addition to
claims data.
The strength of the present study is that the NDB covers

almost all the insurance treatments in Japan, which has a uni-
versal health insurance system. Thus, we can track patient care
across different medical facilities, which is generally difficult in
hospital-based studies. We believe that our results provide a
basis for future systematic improvements in screening for dia-
betic retinopathy. Furthermore, it identifies a patient population
unfamiliar to eye screening and generates solutions for more
targeted initiatives.
However, the present study had some limitations. First, we

extracted claims data on patients diagnosed with diabetes as
they were receiving antidiabetic medications. As a result, we
did not include patients who had not been prescribed

antidiabetic medications. Although dilated and comprehensive
eye examination are recommended for patients on diet and
exercise therapy, they were not included in this study, and fur-
ther research on such patients must be caried out. Second, we
did not have clinical information, such as glycated hemoglobin
level and clinical status of diabetic retinopathy or other compli-
cations. Glucose level negatively affects retinopathy; therefore,
identifying the proportion of patients undergoing retinopathy
screening by glycemic level should be assessed. The progression
of other diabetes complications might also be a predictor of ret-
inopathy. Although it is not sufficient, we assumed that insulin
use controls the severity of diabetes in this analysis. Third, we
did not consider patients who underwent non-mydriatic fundus
camera-based examinations at the medical checkup as having
undergone a fundus examination, because National Health
Insurance did not routinely recommend these self-medical
checkups. However, as the municipality’s eye screening pro-
gram has expanded10, we must consider these uptake rates in
future studies using alternative data, as they are not captured in
claims data.
In conclusion, we showed that half of the patients taking

antidiabetic medication did not visit an ophthalmologist within
the first year, whereas almost all the patients who visited an
ophthalmologist received a fundus examination. The screening
rate remained constant during the 2-year interval. In Japan,
where systematic eye screening systems are non-existent for
patients with diabetes, it is necessary to resolve issues regarding
the recommendation of ophthalmologist-associated diabetes
care from a physician or health provider.
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Figure S1 | Venn diagram of visiting ophthalmologists and fundus examinations.

Figure S1 | Venn diagram of visiting ophthalmologists and fundus examinations.

Figure S2 | The proportion of visiting ophthalmologists by sex.

Table S1 | Definition of variables.

Table S2 | Data on 2 years of visiting ophthalmologists and fundus examination.

Table S3 | The REporting of studies Conducted using Observational Routinely-collected Data statement – checklist of items,
extended from the STrengthening the Reporting of OBservational studies in Epidemiology statement.
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