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Abstract 25 

Aims 26 

To investigate the influence of comorbidities on undergoing a diabetic eye examination in 27 

patients with newly diagnosed type 2 diabetes mellitus (T2DM). 28 

Design 29 

Retrospective cohort study 30 

Methods 31 

This was a retrospective cohort study using data from health insurance claims made between 32 

January 2005 and March 2013 in Japan. The primary outcome was implementation of the 33 

fundus examination that includes fundus photography, ophthalmoscopy and optical coherence 34 

tomography by a doctor within one year of initial drug therapy for Type2 Diabetes Mellitus 35 

(T2DM). We used multivariable logistic regression models with adjustment for demographic 36 

parameters to investigate the influence of comorbidities (hypertension and/or hyperlipidemia) 37 

on patients with T2DM receiving fundus examinations. We conducted an additional analysis 38 
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to investigate whether the site of treatment might influence the performance of fundus 39 

examinations in patients with T2DM.   40 

Results 41 

A total of 6,492 patients were eligible for this analysis, of which 1,044 (16.1%) had 42 

comorbidities and 2,212 (34.1%) received the fundus examination. In the multivariable 43 

analysis, there was a significant association between comorbidities and a lower proportion of 44 

examination implementation (odds ratio [OR], 0.57; 95% confidence interval [CI], 0.48−0.68; 45 

P<0.001). The implementation proportion for patients treated for comorbidities and T2DM in 46 

the same facility was also low (OR, 0.52; 95% CI, 0.43−0.63; P<0.001). 47 

Conclusions 48 

These results suggest that the proportion of taking fundus examination is low among patients 49 

with comorbidities, especially in patients treated at the same facility for comorbidities and 50 

T2DM. This may help to increase the proportion of T2DM patients receiving fundus 51 

examinations. 52 

 53 
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1. Introduction 56 

Diabetic retinopathy (DR) is the second most common cause of visual disturbances in 57 

Japan [1]. DR is the initial diagnosis for approximately 40% of patients with type 2 diabetes 58 

mellitus (T2DM) [2]. The quality of life of patients is shown to decrease with increased 59 

severity of DR [3], and DR negatively affects family relationships and working life [4]. 60 

Although DR presents no symptoms in the early stages, the advanced stages such as 61 

proliferative DR, require ophthalmological treatment (e.g. laser photocoagulation or 62 

vitrectomy) [5]. These procedures can cause side effects, including night blindness, color 63 

vision changes, and visual loss following photocoagulation [6, 7]. 64 

Preventing the development and progression of DR via intensive glycemic control is 65 

important, especially for patients with newly diagnosed T2DM [8]. Intensive glycemic control 66 

achieves significant reduction in glycated hemoglobin (HbA1c) levels, as well as 67 

improvement in beta-cell function [9, 10]. However, a large reduction in blood glucose levels 68 

over a short period causes a temporary worsening of DR [11]. In addition, common 69 

comorbidities of DM include hypertension and hyperlipidemia, which are risk factors for DR 70 

[12, 13]. Tight blood pressure control and intensive hyperlipidemia therapy reduce the risk of 71 

DR [14-17]. Therefore, an early detection of DR is important for slowing the progression of 72 

the disease and for implementing an appropriate therapeutic strategy. Notably, previous 73 

studies report that the early detection of DR is important to prevent visual loss [18, 19]. 74 
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The optimal method for detecting DR is an eye examination; the guidelines for DM 75 

care recommend an eye examination performed by an ophthalmologist once a year [20, 21]. 76 

In the UK, health services are largely free at the point of use [22]. The first contact for 77 

medical care is generally a general practitioner (GP) that can make the necessary referrals to 78 

primary care trusts. However, some people cannot see their GP when necessary. The large 79 

number of cases processed through the UK’s NHS Diabetic Eye Screening Programme for 80 

patients with DM resulted in the reduced prevalence of advanced stages of DR [23]. In the US, 81 

there are some federal medical insurance programs (e.g. Medicare and Medicaid) as well as 82 

private medical insurance. However, More than 10% of the population is uninsured even after 83 

the implementation of the Affordable Care Act, and have no access to primary care [24]. On 84 

another front, EyeCare America provides eye care for citizens aged 65 or older through 85 

ophthalmologists at no cost [25]. This program recommends that anyone diagnosed with 86 

diabetes visit an ophthalmologist. Japan has a universal healthcare system, and people can 87 

access medical care freely, including ophthalmologists [26]. Despite a cooperative approach 88 

between internal medicine and ophthalmology, with the aim of reducing the rate of drop-out 89 

from regular eye examinations [27], the proportion of patients receiving the necessary 90 

ophthalmological examinations remains low [28, 29]. Furthermore, one study reports that 91 

approximately 50% of patients with DM have never received an eye examination [30]. 92 

Previous studies report factors influencing the implementation of eye examinations in 93 



6 

 

patients with DM from analyses of health insurance claims’ data used for the reimbursement 94 

of medical fees. For example, a study that used a Kaiser Permanente database demonstrates 95 

that age, duration of DM, insulin usage, poor vision, and severe DR were associated with the 96 

likelihood of a follow-up eye examination [31]. Moreover, a study of elderly patients with 97 

DM used Medicare claims’ data to reveal that there are associations between the reduced 98 

occurrence of regular eye examinations and male sex, low mobility, living a long distance 99 

from an ophthalmologist, and a low cognitive function [32]. However, although it is 100 

imperative to conduct an ophthalmological examination to facilitate the early detection of DR, 101 

none of these studies focused on patients with an initial diagnosis of DM. Some previous 102 

surveys of patients with DM based on questionnaires might have had uncontrolled potential 103 

bias (e.g. recall biases) [33-38]. Furthermore, the related factors should be evaluated for each 104 

country independently, as medical circumstances, including the guidelines for DM care and 105 

medical policies differ for each country. To the best of our knowledge, no previous study has 106 

investigated the factors related to implementation of an eye examination in patients with 107 

newly T2DM using nation-wide health insurance claims data in Japan.  108 

Using health insurance claims’ data in Japan, we evaluated the association between 109 

comorbidities and the proportion of patients with T2DM who received a fundus examination, 110 

which reveals the state of the retina in detail, within one year from initial drug therapy for 111 

T2DM. In particular, we focused on hypertension and hyperlipidemia.  112 
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2. Materials and Methods 113 

2.1 Study Design and Data Source 114 

This study was a retrospective cohort study using health insurance claims made 115 

between January 2005 and March 2013. Claims were anonymously obtained from the 116 

database of Japan Medical Data Center (JMDC) Ltd. (Tokyo, Japan). The population covered 117 

by the JMDC database consists of beneficiaries (employees and their dependents) in several 118 

health insurance unions across Japan in 2012. The claims provided inpatient and outpatient 119 

information, including demographics, diagnoses, drug prescriptions, and procedures. 120 

Diagnoses were categorized using the International Statistical Classification of Diseases and 121 

Related Health Problems, 10th Revision (ICD-10) diagnosis codes. Drugs were coded 122 

according to the Anatomical Classification of Pharmaceutical Products (ATC).  123 

 124 

2.2 Study Patients 125 

The cohort included patients aged >20 years diagnosed with T2DM (ICD-10 codes 126 

E10-14) between January 2005 and March 2013, and had been prescribed antidiabetic drugs 127 

(ATC codes: A10). The index month was defined as the first month in which the study 128 

patients had been diagnosed with DM and prescribed an antidiabetic drug. We excluded 129 

patients who were not prescribed an antidiabetic drug after the index month. In addition, we 130 

excluded patients without a 12-month follow-up period from the index month. Furthermore, 131 
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we selected the patients with newly diagnosed T2DM by reference to a previous study [39]. In 132 

particular, we excluded patients who had been diagnosed with DM or prescribed an 133 

antidiabetic drug during the nine months after registration in the database. In addition, 134 

patients with a definitive DR diagnosis prior to the index month were excluded. We also 135 

excluded patients who had undergone eye examinations (e.g. visual acuity or intraocular 136 

pressure), who had been diagnosed with eye diseases (ICD-10 codes H00-H59), or who had 137 

undergone an intervention for the eyes (e.g. cataract surgery or epilation) within the six 138 

months preceding the index month, in order to select patients who did not visit the 139 

ophthalmologist regularly. Lastly, we excluded patients without information regarding the 140 

facility at which DM treatment took place in the index month. 141 

The study protocol was approved by the Ethics Committee Graduate School and 142 

Faculty of Medicine Kyoto University (R0288).  143 

 144 

2.3 Measurements 145 

     In the present study, we utilized the following patients’ information from the health 146 

insurance claims data: sex, age, insulin usage during the index month, hospitalization during 147 

the index month, types of facilities for T2DM treatment in the index month (hospital or clinic 148 

with fewer than 20 beds [clinic]), comorbidities (hypertension and hyperlipidemia), and any 149 

other comorbidities within the six months preceding the index month (including large 150 
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categories of ICD-10 codes), and implementation of the fundus examination. The fundus 151 

examination included fundus photography, ophthalmoscopy and optical coherence 152 

tomography. Comorbidities were defined by the therapeutic medication for each disease 153 

within the six months preceding the index month (hypertension: ATC codes C02, C03, C07, 154 

C08, and C09; hyperlipidemia: ATC code C10). In addition, we have extracted patients 155 

diagnosed with DR. The diagnosis was defined by more than two times of diagnose for DR 156 

within the six months. 157 

 158 

2.4 Outcome 159 

     The primary outcome was implementation of the fundus examination within one year 160 

from the index month. 161 

  162 

2.5 Statistical analysis 163 

 Eligible patients were assigned to two groups: patients with either hypertension and/or 164 

hyperlipidemia and patients without these comorbidities. The subject characteristics for each 165 

group, including sex, age, hospitalization, insulin usage, types of facilities for T2DM 166 

treatment in the index month, and occurrence of diseases within six months preceding the 167 

index month, were described. We also described the comorbidities (hypertension and/or 168 

hyperlipidemia) and elucidated whether the treatment facilities for DM were the same as the 169 
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facilities for the comorbidities. Data are presented as the mean ± standard deviation for 170 

continuous variables, and the frequency (percentage) for categorical variables. Continuous 171 

variables were compared using Mann–Whitney U tests and categorical variables were 172 

compared using chi-square tests. In addition, the proportion of patients who underwent a 173 

fundus examination within one year of the index month was also described for each group. 174 

     To identify independent variables in patients at the index month, univariate and 175 

multivariable logistic regression analyses were performed. Covariates for the regression 176 

model were selected based on previously reported associations between covariates (sex, age, 177 

and insulin usage) and the frequency of eye examinations. The model also included 178 

hospitalization and the types of facilities for T2DM treatment (hospital or clinic) during the 179 

index month. Furthermore, we included the occurrence of diseases within the six months 180 

preceding the index month as a covariate, in order to consider the influence of visiting 181 

hospital on the incidence of other diseases. The comorbidities of hypertension and 182 

hyperlipidemia were also added to the model.  183 

We performed a sensitivity analysis using a subgroup from which patients who had 184 

visited both a hospital and clinic in the index month were excluded. To confirm the 185 

association between the incidence of comorbidities and the examination without these patients, 186 

we calculated adjusted odds ratios (ORs) for this subgroup using a multivariable logistic 187 

regression model. 188 
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We also investigated whether patients being treated for comorbidities and T2DM in the 189 

same facility influenced the likelihood of undergoing an eye examination. To confirm the 190 

influence of this factor, we calculated adjusted ORs using a multivariable logistic regression 191 

model with dummy variables that indicated whether facilities for the treatment of T2DM and 192 

comorbidities were identical. Patients who were prescribed an antidiabetic drug and received 193 

treatment for comorbidities at the same facility were referred to as “patients treated at the 194 

same facility”, while patients who were prescribed an antidiabetic drug and received treatment 195 

for comorbidities at different facilities were referred to as “patients treated at different 196 

facilities”.  197 

Results are presented as ORs and corresponding 95% confidence intervals (CI). 198 

P<0.05 in a two-sided test was considered statistically significant. Data management and 199 

statistical analyses were performed using SPSS software, version 22 (IBM SPSS, Armonk, 200 

NY, USA).  201 



12 

 

3. Results 202 

     We analyzed data from 203,870 patients who had a record of DM between January 203 

2005 and March 2013. Of the 6,492 patients with newly diagnosed T2DM who met the 204 

inclusion criteria, 1,044 (16.1%) were defined as patients with comorbidities and 5,448 205 

(83.9%) were defined as patients without comorbidities (Fig. 1). 206 

     Table 1 shows the baseline characteristics of the patients with T2DM in each group. 207 

The mean age of the patients with comorbidities was older than that of the patients without 208 

comorbidities. In the index month, the proportion of patients who administered insulin was 209 

lower for the patients with comorbidities compared with those without comorbidities, and the 210 

proportion of hospitalized patients was higher for the patients with comorbidities compared 211 

with those without comorbidities. The types of facilities for T2DM treatment in the index 212 

month were approximately equally represented. The proportion of patients who presented 213 

with other diseases within the six months preceding the index month was higher in the 214 

patients with comorbidities compared with those without comorbidities. When considering the 215 

patients with comorbidities only (n=1,044), 862 (82.6%) had hypertension and 529 (50.7%) 216 

had hyperlipidemia. A total of 910 patients (87.2%) were treated at the same facility for both 217 

the T2DM and comorbidities, while 134 (12.8%) were treated at different facilities. 218 

     Table 2 describes the proportions of patients in each group who underwent a fundus 219 

examination within one year from the index month. In total, 2,212 patients (34.1%) received a 220 
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fundus examination, including 236 (22.6%) patients with comorbidities and 1,976 (36.3%) 221 

patients without comorbidities. Among those who received the fundus examination, more than 222 

80% received it within 6 months. Of 2,212 patients taking fundus examination within one year, 223 

880 patients were diagnosed with DR within one year (39.8%). 224 

     Table 3 shows the results of the univariate and multivariable logistic regression 225 

analyses. In the univariate analysis, comorbidities and all other variables were significantly 226 

associated with receiving the fundus examination. The multivariable analysis revealed that, 227 

compared with patients without comorbidities, patients with comorbidities were less likely to 228 

undergo a fundus examination (OR, 0.57; 95% CI, 0.48−0.68; P<0.001). Furthermore, male 229 

patients (OR, 0.69; 95% CI, 0.62−0.77; P<0.001), patients aged <61 years (OR, 0.81; 95% CI, 230 

0.72−0.91; P=0.001), patients who were treated by a clinic (OR, 0.58; 95% CI, 0.52−0.65; 231 

P<0.001), and patients in whom other diseases occurred within the six months preceding the 232 

index month (OR, 0.88; 95% CI, 0.78−1.00; P<0.045) were less likely to have had the 233 

examination. Conversely, patients who self-administered insulin or were hospitalized were 234 

more likely to undergo the examination. In the sensitivity analysis restricted to patients who 235 

had not visited both a hospital and a clinic in the index month, there was a significant 236 

association between comorbidities and a lower proportion of examination implementation 237 

(OR, 0.57; 95% CI, 0.48−0.68; P<0.001), the same result obtained for the main analysis. 238 

Table 4 describes the results of the multivariable logistic regression analysis including 239 
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dummy variables indicating patients treated at the same or different facilities for T2DM and 240 

comorbidities. Compared with the patients without comorbidities, the patients treated at the 241 

same facility were significantly less likely to have undergone a fundus examination (OR, 242 

0.52; 95% CI, 0.43−0.63; P<0.001). Conversely, the likelihood of having undergone a fundus 243 

examination was not significantly different between the subgroup of patients treated at 244 

different facilities and the group of patients without comorbidities.   245 
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4. Discussion 246 

     This is the first study to use health insurance claims’ data to compare the 247 

implementation proportion of fundus examination between newly diagnosed T2DM patients 248 

with and without comorbidities.  249 

The proportion of patients who received a fundus examination within one year from the 250 

index month was 34.1%. Notably, comorbidities were associated with a lower implementation 251 

proportion of the examination. Furthermore, patients who were male, aged <61 years, had 252 

visited a clinic, and who presented with other diseases within the six months preceding the 253 

index month were associated with a low implementation of the examination. Conversely, 254 

patients who self-administered insulin or were hospitalized during the index month were 255 

associated with a high implementation proportion of the examination. 256 

Although the guidelines recommend an eye examination once a year, two-thirds of 257 

patients did not receive a fundus examination within one year of the index month. The result 258 

of this study was marginally higher than that of a previous study in Japan [28]. The efforts 259 

towards increasing the number of patients receiving the examination and the difference in the 260 

duration of the study period might have led to the differences in the results [27]. 261 

In the present study, comorbidities were associated with a lower implementation 262 

proportion of the examination in patients with T2DM. In an additional analysis, although the 263 

treatment of patients at different facilities for T2DM and comorbidities was not associated 264 
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with the examination, patients treated at the same facility showed a low implementation 265 

proportion of the examination. Several studies report that the types or expertise of physicians 266 

affect the incidence of regular eye examinations [34, 35, 40]. Some patients treated at the 267 

same facility for T2DM and comorbidities in this study would have been prescribed an 268 

antidiabetic drug by the same physician who prescribed the drug for comorbidities. Therefore, 269 

the competence of the physicians who prescribed the drugs for comorbidities might have 270 

influenced the occurrence of a fundus examination. 271 

    According to the multivariable analysis, insulin usage in the index month was related to 272 

a high implementation proportion of the fundus examination. This result is consistent with the 273 

findings of previous studies that focused on follow-up eye examinations in patients with DM 274 

[31, 33]. The reason that the implementation proportion of the examination was high in 275 

patients with insulin could be: 1 The patients might have had high HbA1c levels, 2 The 276 

patients might lower a hurdle of visiting hospital, 3 The patients might have taken a positive 277 

stance towards DM therapies. Although recent joint American and European guidelines for 278 

T2DM recommend initiating therapy with metformin [41], insulin is recommended as the 279 

initial drug for patients with high HbA1c levels [20, 42]. Therefore, patients who had started 280 

receiving insulin therapy might have had high HbA1c levels. High HbA1c levels constitute 281 

the most important risk factor for DR, and achieving long-term glycemic control is critical for 282 

reducing the risk of microvascular diseases [8, 12, 43]. In this case, because physicians would 283 



17 

 

have focused on the treatment of 2TDM first, they might not have diagnosed and treated other 284 

possible disorders. Thus, the proportion of insulin users might be high in patients without 285 

comorbidities. Also insulin usage might lower a hurdle of visiting hospital, and it might lead 286 

to a better chance of undergoing a fundus examination. In addition, differences in patients’ 287 

understanding of DM therapy would have influenced the consultation behavior. As patients 288 

with DM typically resist the initiation insulin therapy [44, 45], patients who accepted insulin 289 

therapy in the index month might have taken a positive stance towards DM therapy in general. 290 

It is presumed that the patients sufficiently understood the risk of DR associated with DM and 291 

the importance of the fundus examination for observing the state of the retina.  292 

The age, sex and occurrence of diseases within six months are presumed to be 293 

patient-related factors that influenced the implementation of the examination. The association 294 

between patients who were male or aged <61 years and a low implementation proportion can 295 

be attributed to their work commitments, which might have decreased their availability for the 296 

examination. These results are consistent with the findings of previous studies [31, 32]. 297 

Furthermore, the occurrence of diseases within six months prior to the index month was 298 

related to a low implementation proportion of the examination. This might be because patients 299 

visiting physicians regularly may avoid further visits to the clinic. 300 

The hospitalization and type of facility would be factors related to health care providers 301 

that influence the implementation of the examination. In the multivariable analysis, 302 
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hospitalization during the index month was related to a high implementation proportion of the 303 

examination. This might have been because it is convenient to receive the examination during 304 

hospitalization, especially if the facilities for DM treatment and the department of 305 

ophthalmology are in the same building. As for the type of facility for the treatment of T2DM, 306 

clinics were associated with a lower implementation proportion of the examination. 307 

Differences in the medical care system, including medical staff and medical facilities for DM, 308 

between clinics and hospitals might have influenced the implementation.  309 

The proportion of patients diagnosed with DR is consistent with a previous study [46]. 310 

In this study, we excluded type 1 diabetes mellitus (T1DM) because of the difference in 311 

the incidence and time to onset of DR in T1DM and in T2DM. The DR screening for patients 312 

with T1DM is recommended beginning 5 years after diagnosis [47]. 313 

The strength of the present study was in identifying patients with newly diagnosed 314 

T2DM and using the nationwide health insurance claims’ data. A previous Japanese study 315 

using health insurance claims’ data was conducted in a limited area and with a small sample 316 

size [28]. Our study, however, has several limitations. First, the data had a low proportion of 317 

elderly people and a high proportion of working people from urban areas. This bias in the data 318 

limits the ability to generalize our results. Therefore, additional studies considering age and 319 

area of residence are necessary to improve the general implications. Second, levels of HbA1c 320 

were not included in the analysis. However, this variable would not likely have influenced the 321 
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results of the study, as the levels of HbA1c are not associated with eye examinations [31]. 322 

Third, some of preferred variables could not be included in the analysis because of secondary 323 

use of data. We could include patients who were traceable at least one year from the initial 324 

treatment of diabetes in this study. However it was difficult to trace the same patients for the 325 

second consecutive year.  To confirm the regular eye examination for consecutive years, 326 

further research is needed. 327 

     In conclusion, only one-third of patients received a fundus examination within one year 328 

from initial therapy for T2DM. Our findings suggest that patients with comorbidities show 329 

low implementation proportion of the fundus examination, especially in patients treated at the 330 

same facility for comorbidities and T2DM. This result could help to increase the proportion of 331 

T2DM patients receiving fundus examinations. 332 

 333 

Acknowledgements 334 

We are grateful to JMDC for allowing us to access their claims data. We would like to thank 335 

Editage (www.editage.jp) for English language editing. 336 

 337 

Conflicts of Interest: T. Kawamura, Employee (Senju Pharmaceutical);  I. Sato, Grant 338 

(K-CONNEX), Yearly Pay (K-CONNEX); H. Tamura, Grant (Findex), Lecture fees (Findex, 339 

Novartis, RIAM NPO); Y. M. Nakao, None; K. Kawakami, Honorarium (Behringer Ingelheim 340 



20 

 

Japan, Daiichi Sankyo, Eisai, Mitsubishi Tanabe Pharma, Novartis Pharmaceutical, Sanofi, 341 

Shionogi Pharmaceuticals, Takeda Pharmaceutical), Consultant fees (Kaken Pharmaceutical, 342 

Kyowa Hakko Kirin, Olympus, Otsuka Pharmaceuticals) and K. Kawakami is responsible for 343 

data acquisition from Japan Medical Data Center Ltd.  344 

  345 



21 

 

References  346 

1. Wako R, Yasukawa T, Kato A, Omori T, Ishida S, Ishibashi T, et al. Causes and prevalence 347 

of visual impairment in Japan. Nippon Ganka Gakkai zasshi, 2014;118:495-501.(in Japanese)  348 

2. Stratton IM, Kohner EM, Aldington SJ, Turner RC, Holman RR, Manley SE, et al. UKPDS 349 

50: risk factors for incidence and progression of retinopathy in Type II diabetes over 6 years 350 

from diagnosis. Diabetologia, 2001;44:156-63. 351 

3. Fenwick EK, Pesudovs K, Rees G, Dirani M, Kawasaki R, Wong TY, et al. The impact of 352 

diabetic retinopathy: understanding the patient's perspective. Br J Ophthalmol, 353 

2011;95:774-82. 354 

4. Fenwick E, Rees G, Pesudovs K, Dirani M, Kawasaki R, Wong TY, et al. Social and 355 

emotional impact of diabetic retinopathy: a review. Clin Exp Ophthalmol, 2012;40:27-38. 356 

5. Mohamed Q, Gillies MC, Wong TY. Management of diabetic retinopathy: a systematic 357 

review. JAMA, 2007;298:902-16. 358 

6. Focal photocoagulation treatment of diabetic macular edema. Relationship of treatment 359 

effect to fluorescein angiographic and other retinal characteristics at baseline: ETDRS report 360 

no. 19. Early Treatment Diabetic Retinopathy Study Research Group. Arch Ophthalmol, 361 

1995;113:1144-55.  362 

7. Aiello LM. Perspectives on diabetic retinopathy. Am J Ophthalmol, 2003;136:122-35.  363 

8. Intensive blood-glucose control with sulphonylureas or insulin compared with conventional 364 



22 

 

treatment and risk of complications in patients with type 2 diabetes (UKPDS 33). UK 365 

Prospective Diabetes Study (UKPDS) Group. Lancet, 1998;352:837-53.  366 

9. Chen HS, Wu TE, Jap TS, Hsiao LC, Lee SH, Lin HD. Beneficial effects of insulin on 367 

glycemic control and beta-cell function in newly diagnosed type 2 diabetes with severe 368 

hyperglycemia after short-term intensive insulin therapy. Diabetes care, 2008;31:1927-32. 369 

10. Chon S, Oh S, Kim SW, Kim JW, Kim YS, Woo JT. The effect of early insulin therapy on 370 

pancreatic beta-cell function and long-term glycemic control in newly diagnosed type 2 371 

diabetic patients. Korean J Intern Med, 2010;25:273-81. 372 

11. Early worsening of diabetic retinopathy in the Diabetes Control and Complications Trial. 373 

Arch ophthalmology, 1998;116:874-86.  374 

12. Kawasaki R, Tanaka S, Tanaka S, Yamamoto T, Sone H, Ohashi Y, et al. Incidence and 375 

progression of diabetic retinopathy in Japanese adults with type 2 diabetes: 8 year follow-up 376 

study of the Japan Diabetes Complications Study (JDCS). Diabetologia, 2011;54:2288-94. 377 

13. Keech AC, Mitchell P, Summanen PA, O'Day J, Davis TM, Moffitt MS, et al. Effect of 378 

fenofibrate on the need for laser treatment for diabetic retinopathy (FIELD study): a 379 

randomised controlled trial. Lancet, 2007;370:1687-97. 380 

14. Matthews DR, Stratton IM, Aldington SJ, Holman RR, Kohner EM. Risks of progression 381 

of retinopathy and vision loss related to tight blood pressure control in type 2 diabetes 382 

mellitus: UKPDS 69. Arch ophthalmology, 2004;122:1631-40. 383 



23 

 

15. Tight blood pressure control and risk of macrovascular and microvascular complications 384 

in type 2 diabetes: UKPDS 38. UK Prospective Diabetes Study Group. BMJ, 385 

1998;317:703-13. 386 

16. Sjolie AK, Klein R, Porta M, Orchard T, Fuller J, Parving HH, et al. Effect of candesartan 387 

on progression and regression of retinopathy in type 2 diabetes (DIRECT-Protect 2): a 388 

randomised placebo-controlled trial. Lancet, 2008;372:1385-93. 389 

17. Chew EY, Ambrosius WT, Davis MD, Danis RP, Gangaputra S, Greven CM, et al. Effects 390 

of medical therapies on retinopathy progression in type 2 diabetes. N Engl J Med, 391 

2010;363:233-44. 392 

18. World Health Organization. Global Initiative for the Elimination of Avoidable Blindness – 393 

Action Plan 2006-2011. In: Vision 2020 The right to sight. 2007. 394 

http://apps.who.int/iris/bitstream/10665/43754/1/9789241595889_eng.pdf. Accessed 30 Jun 395 

2017. 396 

19. Ting DS, Cheung GC, Wong TY. Diabetic retinopathy: global prevalence, major risk 397 

factors, screening practices and public health challenges: a review. Clin Exp Ophthalmol, 398 

2016;44:260-77. 399 

20. Treatment of Diabetic Retinopathy. In: Evidence-based Practice Guideline for the 400 

Treatment for Diabetes in Japan 2013. 401 

http://www.jds.or.jp/modules/en/index.php?content_id=44. Accessed 30 Jun 2017. 402 



24 

 

21. Clinical Practice Guidelines for the Prevention and Management of Diabetes in Canada 403 

2008. Can J Diabetes, 2008;32:Supplement 1. 404 

22. Boyle S. United Kingdom (England): Health system review, 2011;13:1-483. 405 

23. Papavasileiou E, Dereklis D, Oikonomidis P, Grixti A, Vineeth Kumar B, Prasad S. An 406 

effective programme to systematic diabetic retinopathy screening in order to reduce diabetic 407 

retinopathy blindness. Hell J Nucl Med, 2014;17:30-4.  408 

24. Rice T, Rosenau P, Unruh LY, Barnes AJ, Saltman RB, van Ginneken E. United States of 409 

America: health system review. Health Syst Transit, 2013;15:1-431. 410 

25. https://www.aao.org/eyecare-america. Accessed 30 Jun 2017. 411 

26. Hatanaka T, Eguchi N, Deguchi M, Yazawa M, Ishii M. Study of Global Health Strategy 412 

Based on International Trends: -Promoting Universal Health Coverage Globally and Ensuring 413 

the Sustainability of Japan's Universal Coverage of Health Insurance System: Problems and 414 

Proposals. Japan Med Assoc J, 2015;58:78-101. 415 

27. Funatsu H, Hori S, Fukuda T, Miyakawa T, Yamaguchis N. Five years of changes in 416 

diabetic eye notebooks. Nippon Ganka Gakkai zasshi, 2010;114:96-104.(in Japanese)  417 

28. Tomio J, Toyokawa S, Tanihara S, Inoue K, Kobayashi Y. Quality of care for diabetes 418 

patients using National Health Insurance claims data in Japan. J Eval Clin Pract, 419 

2010;16:1164-9.  420 

29. Tanaka H, Tomio J, Sugiyama T, Kobayashi Y. Process quality of diabetes care under 421 



25 

 

favorable access to healthcare: a 2-year longitudinal study using claims data in Japan. BMJ 422 

open diabetes research & care, 2016. doi:10.1136/bmjdrc-2016-000291. 423 

30. Goh PP, Omar MA, Yusoff AF. Diabetic eye screening in Malaysia: findings from the 424 

National Health and Morbidity Survey 2006. Singapore Med J, 2010;51:631-4.  425 

31. Saadine JB, Fong DS, Yao J. Factors associated with follow-up eye examinations among 426 

persons with diabetes. Retina, 2008;28:195-200. 427 

32. Sloan FA, Yashkin AP, Chen Y. Gaps in receipt of regular eye examinations among 428 

medicare beneficiaries diagnosed with diabetes or chronic eye diseases. Ophthalmology, 429 

2014;121:2452-60. 430 

33. Saaddine JB, Engelgau MM, Beckles GL, Gregg EW, Thompson TJ, Narayan KM. A 431 

diabetes report card for the United States: quality of care in the 1990s. Ann Intern Med, 432 

2002;136:565-74.  433 

34. Moss SE, Klein R, Klein BE. Factors associated with having eye examinations in persons 434 

with diabetes. Arch Fam Med, 1995;4:529-34.  435 

35. Schoenfeld ER, Greene JM, Wu SY, Leske MC. Patterns of adherence to diabetes vision 436 

care guidelines: baseline findings from the Diabetic Retinopathy Awareness Program. 437 

Ophthalmology, 2001;108:563-71.  438 

36. Funatsu H, Hori S, Shimizu E, Nakamura S. Questionnaire survey on periodic ocular 439 

examination in Japanese diabetic patients. Am J Ophthalmol, 2003;136:955-7.  440 



26 

 

37. Chou CF, Sherrod CE, Zhang X, Barker LE, Bullard KM, Crews JE, et al. Barriers to eye 441 

care among people aged 40 years and older with diagnosed diabetes, 2006-2010. Diabetes 442 

care, 2014;37:180-8. 443 

38. Sheppler CR, Lambert WE, Gardiner SK, Becker TM, Mansberger SL. Predicting 444 

adherence to diabetic eye examinations: development of the compliance with Annual Diabetic 445 

Eye Exams Survey. Ophthalmology, 2014;121:1212-9. 446 

39. Mamtani R, Haynes K, Finkelman BS, Scott FI, Lewis JD. Distinguishing incident and 447 

prevalent diabetes in an electronic medical records database. Pharmacoepidemiol Drug Saf, 448 

2014;23:111-8. 449 

40. Jacques CH, Jones RL, Houts P, Bauer LC, Dwyer KM, Lynch JC, et al. Reported practice 450 

behaviors for medical care of patients with diabetes mellitus by primary-care physicians in 451 

Pennsylvania. Diabetes care, 1991;14:712-7. 452 

41. Inzucchi SE, Bergenstal RM, Buse JB, Diamant M, Ferrannini E, Nauck M, et al. 453 

Management of hyperglycemia in type 2 diabetes: a patient-centered approach: position 454 

statement of the American Diabetes Association (ADA) and the European Association for the 455 

Study of Diabetes (EASD). Diabetes care, 2012;35:1364-79. 456 

42. Ismail-Beigi F. Clinical practice. Glycemic management of type 2 diabetes mellitus. N 457 

Engl J Med, 2012;366:1319-27. 458 

43. The effect of intensive treatment of diabetes on the development and progression of 459 



27 

 

long-term complications in insulin-dependent diabetes mellitus. The Diabetes Control and 460 

Complications Trial Research Group. N Engl J Med, 1993;329:977-86. 461 

44. Polonsky WH, Fisher L, Guzman S, Villa-Caballero L, Edelman SV. Psychological insulin 462 

resistance in patients with type 2 diabetes: the scope of the problem. Diabetes care, 463 

2005;28:2543-5.  464 

45. Kunt T, Snoek FJ. Barriers to insulin initiation and intensification and how to overcome 465 

them. Int J Clin Pract Suppl, 2009;164:6-10. 466 

46. Yau JW, Rogers SL, Kawasaki R, Lamoureux EL, Kowalski JW, Bek T, et al. Global 467 

prevalence and major risk factors of diabetic retinopathy. Diabetes Care, 2012;35:556-64. 468 

47. American Academy of Ophthalmology Retina/Vitreous panel. Preferred Practice Pattern 469 

GUidelines. Diabetic Retinopathy. San Francisco, CA: American Academy of 470 

Ophthalmology; 2016. Available at: www.aao.org/ppp. 471 

  472 



28 

 

Figure legends 473 

Fig. 1 Flow diagram of the subject selection process  474 
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Table 1. Baseline characteristics of study patients (N = 6,492) 475 

  Patients with  

comorbidities* 

Patients without 

comorbidities 

(N = 1,044) (N = 5,448) 

Male sex 707 (67.7) 3,557 (65.3) 

Age, years 54.3 ± 9.7 53.0 ±11.7 

Age < 61 years 783 (75.0) 3,980 (73.1) 

Insulin use during the index month 86 (8.2) 844 (15.5) 

Hospitalization during the index month 110 (10.5) 410 (7.5) 

Type of facility for the treatment of T2DM 

   hospital 404 (38.7) 2,170 (39.8) 

   clinic 640 (61.3) 3,278 (60.2) 

Presence of diseases within six months† 884 (84.7) 1,553 (28.5) 

Data are presented as the mean ± standard deviation or n (%). T2DM, type 2 diabetes 476 

mellitus. 477 

*Comorbidities included hypertension and/or hyperlipidemia. 478 

†Presence of diseases within six months prior to the index month (confirming large categories 479 

of ICD-10 codes) 480 

  481 
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Table 2. Proportion of patients who received fundus examinations within one year of the 482 

index month. 483 

  Patients with 

comorbidities* 

Patients without 

comorbidities 

Total 

(N = 1,044) (N = 5,448) (N = 6,492) 

N % N % N % 

Fundus examination† 236 22.6 1,976 36.3 2,212 34.1 

  ≤ 6 months 191 80.9 1,636 82.8 1,827 82.6 

  7-12 months 45 19.1 340 17.2 385 17.4 

*Comorbidities included hypertension and/or hyperlipidemia. 484 

†Proportion of patients who received a fundus examination within one year from the index 485 

month. 486 

  487 
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Table 3. Univariate and multivariable logistic regression models 488 

  Univariate analysis Multivariable analysis 

OR 95% CI P OR 95% CI P 

Comorbidity* (vs. without comorbidities) 0.51 0.44−0.60 <0.001 0.57 0.48−0.68 <0.001 

Insulin use during the index month (vs. not 

used) 

2.86 2.48−3.29 <0.001 1.99 1.68−2.35 <0.001 

Hospitalization during the index month (vs. 

outpatients) 

2.55 2.12−3.05 <0.001 1.29 1.03−1.61 0.026 

Male sex (vs. female sex) 0.67 0.61−0.75 <0.001 0.69 0.62−0.77 <0.001 

Aged ≤60 years (vs. aged >60 years) 0.75 0.67−0.85 <0.001 0.81 0.72−0.91 0.001 

Type of facility for the treatment of T2DM 

  clinic (vs. hospital) 0.48 0.44−0.54 <0.001 0.58 0.52−0.65 <0.001 

Presence of diseases within 6 months† (vs. 

without diseases within 6 months) 

0.75 0.67−0.83 <0.001 0.88 0.78−1.00 0.045 

CI, confidence interval; OR, odds ratio; T2DM, type 2 diabetes mellitus; P, P-value.   489 

*Comorbidities included hypertension and/or hyperlipidemia. 490 

†Presence of diseases (ICD-10 codes) within six months prior to the index month.  491 
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Table 4. Univariate and multivariable logistic regression models with dummy variables 492 

  Multivariable analysis 

OR 95% CI P 

Patients treated at different facilities† (vs. 

patients without comorbidities*) 

0.88 0.61−1.29 0.52 

Patients treated at the same facility‡ (vs. patients 

without comorbidities) 

0.52 0.43−0.63 <0.001 

Insulin use during the index month (vs. not 

used) 

1.98 1.68−2.34 <0.001 

Hospitalization during the index month (vs. 

outpatients) 

1.25 1.00−1.56 0.053 

Male sex (vs. female sex) 0.69 0.62−0.77 <0.001 

Aged ≤60 years (vs. aged >60 years) 0.81 0.72−0.92 0.001 

Type of facility for the treatment of T2DM 

  clinic (vs. hospital) 0.58 0.52−0.65 <0.001 

Presence of diseases within 6 months (vs. 

without diseases within 6 months) 

0.88 0.78−1.00 0.046 

CI, confidence interval; OR, odds ratio; T2DM, type 2 diabetes mellitus; P, P-value. 493 

*Comorbidities included hypertension and/or hyperlipidemia. 494 
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†Patients who were not prescribed the antidiabetic drug at the same facility as the drug for 495 

treatment of hypertension and/or hyperlipidemia. 496 

‡Patients who were prescribed the antidiabetic drug at the same facility where the drug for the 497 

treatment of hypertension and/or hyperlipidemia was prescribed. 498 

 499 

 500 


