
����������
�������

Citation: Sugimoto, M.; Sampa, K.;

Tsukitome, H.; Kato, K.; Matsubara,

H.; Asami, S.; Sekimoto, K.; Kitano,

S.; Yoshida, S.; Takamura, Y.; et al.

Trends in the Prevalence and

Progression of Diabetic Retinopathy

Associated with Hyperglycemic

Disorders during Pregnancy in Japan.

J. Clin. Med. 2022, 11, 165. https://

doi.org/10.3390/jcm11010165

Academic Editor: Francisco Javier

Ascaso

Received: 7 November 2021

Accepted: 20 December 2021

Published: 29 December 2021

Corrected: 16 May 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Clinical Medicine

Article

Trends in the Prevalence and Progression of Diabetic
Retinopathy Associated with Hyperglycemic Disorders during
Pregnancy in Japan
Masahiko Sugimoto 1,* , Kohei Sampa 1, Hideyuki Tsukitome 1, Kumiko Kato 1 , Hisashi Matsubara 1,
Shin Asami 2, Kaori Sekimoto 3, Shigehiko Kitano 3, Shigeo Yoshida 4 , Yoshihiro Takamura 5 , Takao Hirano 6,
Toshinori Murata 6, Miho Shimizu 7, Takamasa Kinoshita 7 , Sentaro Kusuhara 8 , Osamu Sawada 9,
Masahito Ohji 9, Rina Yoshikawa 10, Kazuhiro Kimura 10, Hiroto Ishikawa 11 , Fumi Gomi 11 , Hiroto Terasaki 12,
Mineo Kondo 1 , Tomoaki Ikeda 13 and on behalf of the Writing Committee of Japan-Clinical Retina Study
Group (J-CREST) †

1 Department of Ophthalmology, Graduate School of Medicine, Mie University, Tsu 514-8507, Japan;
k.sampa0525@gmail.com (K.S.); dyrkn618@yahoo.co.jp (H.T.); cqw14171jp@yahoo.co.jp (K.K.);
hmatsu@clin.medic.mie-u.ac.jp (H.M.); mineo@clin.medic.mie-u.ac.jp (M.K.)

2 Graduate School of Medicine, Faculty of Medicine, Mie University, Tsu 514-8507, Japan; 318002@m.mie-u.ac.jp
3 Department of Ophthalmology, Diabetes Center, Tokyo Women’s Medical University, Tokyo 162-8666, Japan;

sekimoto.dmc@twmu.ac.jp (K.S.); ge2s-ktn@asahi-net.or.jp (S.K.)
4 Department of Ophthalmology, Graduate School of Medicine, Kurume University, Kurume 830-0011, Japan;

usyosi@gmail.com
5 Department of Ophthalmology, School of Medical Sciences, University of Fukui, Yoshida 910-1193, Japan;

ytakamura@hotmail.com
6 Department of Ophthalmology, School of Medicine, Shinshu University, Matsumoto 390-8621, Japan;

takaoh@shinshu-u.ac.jp (T.H.); murata@shinshu-u.ac.jp (T.M.)
7 Department of Ophthalmology, Sapporo City General Hospital, Sapporo 060-8604, Japan;

miho.shimizu@doc.city.sapporo.jpn (M.S.); knst129@gmail.com (T.K.)
8 Division of Ophthalmology, Department of Surgery, Graduate School of Medicine, Kobe University,

Kobe 650-0017, Japan; kusu@med.kobe-u.ac.jp
9 Department of Ophthalmology, Shiga University of Medical Science, Otsu 520-2192, Japan;

eye.sawada@gmail.com (O.S.); ohji@belle.shiga-med.ac.jp (M.O.)
10 Department of Ophthalmology, Graduate School of Medicine, Yamaguchi University, Ube 755-8505, Japan;

rinayskw@yamaguchi-u.ac.jp (R.Y.); k.kimura@yamaguchi-u.ac.jp (K.K.)
11 Department of Ophthalmology, Hyogo College of Medicine, Nishinomiya 663-8501, Japan;

ohmyeye@gmail.com (H.I.); fgomi@hyo-med.ac.jp (F.G.)
12 Department of Ophthalmology, Graduate School of Medical and Dental Sciences, Kagoshima University,

Kagoshima 890-8520, Japan; teracchi16@yahoo.co.jp
13 Department of Obstetrics and Gynecology, Graduate School of Medicine, Mie University, Tsu 514-8507, Japan;

t-ikeda@clin.medic.mie-u.ac.jp
* Correspondence: sugmochi@clin.medic.mie-u.ac.jp; Tel.: +81-59-231-5027
† Writing Committee of Japan-Clinical Retina STudy Group (J-CREST) are listed in the data

Supplementary Materials.

Abstract: The aim of this study was to determine the prevalence and progression of diabetic retinopa-
thy (DR) with hyperglycemic disorders during pregnancy (HDPs) in Japan between 2013 and 2018
using two cohorts. The patients with HDPs were classified as those with pre-existing DM (pexD), ges-
tational DM (GDM), and overt DM (ODM). Cohort 1 was obtained from the health claims database
whose diseases were classified by the International Classification of Diseases-10. Cohort 2 was
derived from a retrospective, multicenter analysis of the medical records of 225 patients from 10 oph-
thalmological institutions. In Cohort 1, there were 5268 patients with an HDP prevalence of 8.4%.
Among them, 73 of 1139 patients had pexD (6.4%) and 61 of 4129 patients with GDM (1.5%) had
DR; the overall prevalence of DR was 2.5%. In Cohort 2, 36 of 225 patients (16.0%) had DR, and
149 patients were followed at the early and late stages of pregnancy. Moreover, 10 of the 102 patients
with pexD (9.8%) and two of five patients with ODM (40.0%) had a progression of DR. In conclusion,
the prevalence and progression of DR in patients with pexD is lower than previously reported. More
attention should be given to pexD and ODM.
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1. Introduction

The number of patients with diabetes mellitus (DM) in the world is increasing; the
International Diabetes Federation estimated that 463 million people were living with DM
in 2019. It has also been estimated that 20.4 million women who gave birth in 2019 had
hyperglycemic disorder during their pregnancy (HDP) (https://www.idf.org/e-library/
epidemiology-research/diabetes-atlas/159-idf-diabetes-atlas-ninth-edition-2019.html, ac-
cessed on 15 October 2021). Various complications can develop in these patients with
HDP. In general, specific risks of uncontrolled diabetes in pregnancy include spontaneous
abortion, fetal anomalies, preeclampsia, fetal demise, macrosomia, neonatal hypoglycemia,
and neonatal hyperbilirubinemia [1]. Therefore, strict glycemic control is recommended
during pregnancy to prevent these complications [2]. In the past, the prognosis of patients
with microvascular complications was poor, and termination of the pregnancy was recom-
mended. However, due to improvements in glycemic control, the perinatal mortality of
infants has decreased from 10.8% (in 1971–1975) to 1.1% (in 1986–1990) [3].

HDP is classified as pre-existing DM (pexD) and two types of glucose intolerance,
gestational diabetes mellitus (GDM) and overt diabetes mellitus (ODM) [4]. Among the pa-
tients with HDP, 8.5% were pexD, 83.6% were GDM, and 7.9% were ODM (https://www.idf.
org/e-library/epidemiology-research/diabetes-atlas/159-idf-diabetes-atlas-ninth-edition-
2019.html, accessed on 15 October 2021). The pexD is present in patients who had been
diagnosed as DM, including type 1 and type 2 DM, before the pregnancy. Particularly,
the number of women with type 2 DM in pregnancy exceeds that of women with type 1
DM [5]. One multi-institutional retrospective study reported a comparison of pregnancy
outcomes between women with type 1 DM and type 2 DM in Japan during 2003−2009.
There were no differences in the rates of perinatal mortality and congenital malformation
between pregnant women with type 1 DM and type 2 DM. However, women with type 2
DM displayed a higher risk of primary caesarean section [6].

GDM is considered as any degree of glucose intolerance after the first detection
of pregnancy and is defined as “any degree of glucose intolerance with onset or first
recognition during pregnancy”. The initial criteria for its diagnosis were established
more than 40 years ago, although have been modified since. These criteria were chosen
to identify women at high risk of developing of DM after pregnancy or were derived
from the criteria used for nonpregnant individuals [4]. The biochemical pathways related
to the development of GDM are not clear. However, maternal insulin resistance, low-
grade inflammation, and endothelial cell dysfunction are central features of GDM, with
various candidate regulators such as nuclear factor-κB, peroxisome proliferator-activated
receptors, sirtuins, AMP-activated protein kinase, glycogen synthase kinase 3, PI3K/mTOR,
inflammasome, and endoplasmic reticulum stress [7]. However, there is a possibility
that unrecognized glucose intolerance antedated the pregnancy is not excluded. There
is a need to identify these women and address perinatal risks. Thus, the International
Association of Diabetes and Pregnancy Study Groups (IADPSG) proposed a definition for
ODM: “pregnant women who met the criteria for DM in the nonpregnant state but were
not previously diagnosed with DM”. ODM has many differences compared with GDM:
(1) increased risk of congenital anomalies in offspring, (2) risk of diabetic complications
requiring treatment during pregnancy, (3) a need for rapid treatment and close follow-up
during pregnancy to ensure the prompt restoration of normal glycemia, and (4) a need
to ensure confirmation and appropriate treatment of DM after pregnancy [4]. The Japan
Diabetes and Pregnancy Study Group performed a multi-institutional retrospective study
and reported that people with ODM exhibited significantly higher HbA1c levels and a
higher incidence of maternal complications compared with people with GDM [8].

https://www.idf.org/e-library/epidemiology-research/diabetes-atlas/159-idf-diabetes-atlas-ninth-edition-2019.html
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Pregnancy is a risk factor for the progression of diabetic retinopathy (DR). The odds
ratio (OR) for DR progression in pregnant women is higher compared with nonpregnant
women [9]. Morrison et al. reviewed the prevalence and progression of DR with pexD [10].
The prevalence of DR in early pregnancy was 14% in type 2 DM (T2DM) [11] and up to
63% in type 1 DM (T1DM) [12]. However, these studies were reported in European or other
Western countries, and do not reflect recent trends in Japan. There has been no large-scale
analysis on the prevalence and progression of DR for pregnant women in Japan. Thus,
the purpose of this study was to perform a retrospective, large-scale analysis of Japanese
women with HDP to determine the prevalence and progression of DR.

2. Patients and Methods

This study consisted of two Japanese cohorts. The study protocol conformed to the
tenets of the Declaration of Helsinki for research involving human subjects. The protocol
was approved by the Institutional Review Board of Mie University Graduate School of
Medicine (H2019-066 and H2020-076), and it conformed to the principles of Good Clinical
Practice and the Helsinki Guidelines. This prospective study was registered online at
http://www.umin.ac.jp (UMIN ID 000037670 and UMIN ID 000039377).

2.1. Study Design and Source of Data for Cohort 1

The study design of Cohort 1 was a retrospective observational analysis of the data of
anonymized individuals obtained from the health claims database of the Japan Medical Data
Center (JMDC, Tokyo, Japan). The data were registered between 2013 and 2018 and con-
tained medical claims provided by multiple health insurance services. The database included
7,317,946 individuals consisting of 3,894,276 men and 3,423,670 women. They belonged to a
health insurance provider for company employees and their dependents in Japan. This nation-
wide claim database included the demographics and diagnosis codes, recorded as standardized
local codes of diseases defined by the Medical Information System Development Center and
mapped to the International Classification of Diseases (ICD)-10 codes. The data contained in
this database were anonymized; therefore, the requirement of individual informed consent
was waived. Details of the study protocol have been provided elsewhere [13].

2.2. Study Participants of Cohort 1

Cohort 1 consisted of pregnant women (age ≥ 18 years) diagnosed as GDM, T1DM,
T2DM, or DM (ICD-10 codes E10, E11, E14; O240, O241, O244; and O249, respectively)
between 1 January 2013, and 31 December 2018. All were registered in the JMDC more than
1 year before the pregnancy and observed from the early stage to 1 month after delivery.
Pregnancy was determined and accepted if a single pregnancy was confirmed in this period.
A woman with pexD was defined as presenting with DM before the diagnosis of pregnancy.
GDM was defined as an absence of DM at least 1 year before the index date, and the
existence of DM was determined after the diagnosis of pregnancy and before the delivery.
There is no ICD-10 definition of ODM; therefore, a part of ODM was included in the GDM
or pexD for this cohort.

2.3. Definitions of Outcomes

The first occurrence of DR was confirmed by ICD-10 codes E103, E113, E143, H356,
H360, H431, or H450. For the treatment of DR, laser retinal photocoagulation was identi-
fied by the healthcare insurance claim code K276. Vitrectomy and retinal surgeries were
determined by healthcare insurance claim codes K278, K279, K280, K280-2, K281, and K284.
Treatment with antivascular endothelial growth factor (anti-VEGF) agents was confirmed
by prescriptions of ranibizumab or aflibercept (ATC codes, S01P). Steroid treatments were
confirmed by prescriptions of triamcinolone acetonide (ATC codes, S01B or H02A1).

Systemic complications during pregnancy were defined as preeclampsia, hypertension
during pregnancy, and renal failure. Complications during pregnancy were determined
by ICD-10 codes I110, I119, I120, I129, I139, I150, I151, I152, I158, I159, O100, O101, O102,

http://www.umin.ac.jp
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O103, O104, O120, O121, O140, O141, O142, O149, O150, O151, O152, and O159. Processes
of obstetric delivery other than normal delivery were defined as caesarean section and
induced labor. Caesarean section was determined by ICD-10 codes O820, O821, and O829.
Induced labor was defined as a delivery with use of agents, with an ATC code of G02A.

2.4. Study Design and Source of Data for Cohort 2

Data for the individuals in Cohort 2 were the longitudinal medical records for a
demographically diverse patient population obtained from 20 retina specialists at 10 oph-
thalmological institutions in Japan. This cohort was identified by the existence of DR or the
progression of DR during pregnancy to determine the risk of cumulative incidences of DR
during the follow-up period. This retrospective observational study included all eligible
patients who had been diagnosed with HDP between January 2013 and December 2018.
They were followed during one pregnancy from early stage to 1 month after the delivery.

2.5. Subjects for Cohort 2

For this registry, patients were recruited from the Department of Ophthalmology and
Department of Obstetrics Gynecology during the gestational period. They were classified
as pexD, GDM, and ODM using the Japan Diabetes Society criteria for HDP based on the
international criteria stated by the IADPSG [4]. The gestational week was estimated based
on the findings from the early ultrasound scanning images. The patients were divided
into: (1) early stage, <27 weeks of pregnancy and in the first and second trimesters; and
(2) late stage, ≥27 weeks of pregnancy, in the third trimester. Women with multifetal
gestations, previous diagnosis of GDM or an active chronic systemic disease other than
chronic hypertension or renal disfunction, and those with the second pregnancies in the
same year were excluded. The data obtained from the medical records included the age,
type of DM with pexD, duration of the DM with pexD, DR stage, blood pressure, serum
creatinine levels, and the gestational age. The systolic blood pressure (SBP) and diastolic
blood pressure (DBP) were measured in the upper arm with a sphygmomanometer. The
hemoglobin A1c (HbA1c) levels were measured by column chromatography with the
nationally standardized glyco-hemoglobin program. The degree of nephropathy was
determined from the serum creatinine levels (Cr).

2.6. Ophthalmic Examinations

The patients were examined in the Department of Ophthalmology of each hospital
during the gestational period. All patients underwent comprehensive ophthalmologic
examinations including slit lamp biomicroscopy and fundus examination with dilated
pupils using 1% tropicamide and 2.5% phenylephrine hydrochloride. The fundus was
examined by trained retinal specialists using indirect ophthalmoscopy, and the severity
of DR was classified into five categories: no DR (NDR), mild nonproliferative DR (mild
NPDR), moderate NPDR, severe NPDR, and proliferative DR (PDR), according to the
International Clinical Diabetic Retinopathy Disease Severity Scale [14]. For eyes with
bilateral DR, we used the more severe side. The examinations were generally performed at
the early and late stages of pregnancy. A progression of DR was defined as an advancement
of one stage of DR in at least one eye.

2.7. Statistical Analyses

All values are presented as the means ± standard deviations. The prevalence of DR
was estimated by dividing the number of patients with DR by the number of each type
of HDP. The OR and 95% confidence intervals (95% CIs), chi-squared tests, and Cramer’s
coefficient of contingency were calculated to estimate the prevalence of DR for each type
of HDP. Multiple logistic regression analysis and analysis of covariance (ANCOVA) were
performed to adjust for potential confounding factors including the age, HbA1c, gestational
weeks, SBP, DBP, Cr, and insulin use. Tukey-type multiple comparisons was used to
compare the adjusted means. The threshold for statistical significance was set at p < 0.05.
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3. Results
3.1. Representative Data for Cohort 1 from Health Claims of Japan Medical Data Center
(JMDC) Database

There were 62,897 women identified as pregnant during this period. Among them,
6921 women developed HDP, representing a prevalence of 8.4%. It was difficult to identify
the type of HDP in 1653 patients with diabetes; therefore, 5268 women whose DMDP
could be classified were studied. Among them, 1139 had pexD and 4129 had GDM. The
demographics of these patients are shown in Supplementary Table S1. The average age of
the whole patient cohort was 33.8 ± 4.5 years, that of those with pexD was 34.2 ± 4.6 years,
and that of those with GDM was 33.7 ± 4.5 years. Seventy-three patients with pexD had
DR, with an average age of 34.4 ± 4.6 years, and sixty-one patients with GDM had DR,
with an average age of 35.4 ± 4.5 years.

Table 1 shows the prevalence of DR from the Cohort 1 data. The prevalence of DR
for all the HDP patients was 2.5%. The prevalence of DR in the pexD group was 6.4%
and that in the GDM group was 1.5%. The prevalence of DR was significant higher in the
pexD group than in the GDM group, with an OR of 4.6 (95% CI 3.2–6.5, p = 1.44 × 10−15;
Table 1). None of the patients with pexD or GDM received any postpartum ophthalmic
treatments. We also compared the type of maternal complications in this cohort relative
to the presence of DR (Table 2). The incidence of maternal complications associated with
DR was significantly high for pexD compared with GDM: hypertension (OR of 6.0 (95% CI
2.5–15.0), p = 9.78 × 10−5), renal failure (OR of 22.5 (95% CI 2.8–183.7), p = 0.003), caesarean
section (OR of 9.0 (95% CI 4.4–18.1), p = 1.19 × 10−9), and induced labor (OR of 6.5 (95%
CI 3.8–11.0), p = 6.05 × 10−12). There were no significant differences in the prevalence
of ophthalmic complications associated with the presence of DR between the HDP types:
cataract (p = 0.26), glaucoma (p = 0.64), and others (p = 0.23).

Table 1. The prevalence of DR from the Japanese claim database cohort.

Total DR (+) DR (−) Odds Ratio for
DR between
the Groups

p-Value
N Age

(Years) N (%) Age
(Years) N (%) Age

(Years)

pexD 1139 34.2 ± 4.6 73 (6.4) 34.4 ± 4.6 1066 (93.6) 34.2 ± 4.6
GDM 4129 33.7 ± 4.5 61 (1.5) 35.4 ± 4.5 4068 (98.5) 33.7 ± 4.5
Total 5268 33.8 ± 4.5 134 (2.5) 34.8 ± 4.5 5134 (97.5) 33.8 ± 4.5 4.6 (3.2–6.5) ** 1.44 × 10−15

DR: diabetic retinopathy, GDM: gestational diabetes mellitus, pexD: pre-existing diabetes mellitus. Values are
presented as the mean ± standard deviation. ** p < 0.01.

Table 2. Complications during pregnancy from Japanese claim database cohort.

pexD GDM
Odds Ratio (95% CI) p-Value

DR (+) DR (−) DR (+) DR (−)

<General complications>
Hypertension 13 (11.7%) 98 (88.3%) 8 (2.1%) 367 (97.9%) 6.0 (2.5–15.0) ** 9.78 × 10−5

Renal failure 9 (19.2) 38 (80.9) 1 (1.1) 95 (99.0) 22.5 (2.8–183.7) ** 0.003
Eclampsia 0 (0) 0 (0) 0 (0) 13 (100) Not available Not available

Caesarean section 25 (11.7) 189 (88.3) 12 (1.5) 812 (98.5) 9.0 (4.4–18.1) ** 1.19 × 10−9

Induced labor 32 (9.88) 292 (90.1) 6 (1.7) 1537 (98.3) 6.5 (3.8–11.0) ** 6.05 × 10−12

<Ophthalmic complications>
Cataract 1 (100%) 0(0%) 3 (27.3%) 8 (72.7%) 7.3 (0.2–225.9) 0.26

Glaucoma 2 (20.0) 8 (80.0) 4 (13.8) 25 (86.2) 1.6 (0.2–10.2) 0.64
Other 10 (12.8) 68 (87.2) 28 (8.4) 304 (91.6) 1.6 (0.7–3.4) 0.23

DR: diabetic retinopathy, GDM: gestational diabetes mellitus, pexD: pre-existing diabetes mellitus. Values are
presented as the mean ± standard deviation. ** p < 0.01.
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3.2. Representative Data from Patients of Cohort 2

The demographics and DR stage of Cohort 2 obtained from our patient registry are
presented in Supplementary Table S2. There were 225 patients identified with HDP in
all groups: 119 patients with pexD (67 patients with T1DM and 52 patients with T2DM),
96 patients with GDM, and 10 patients with ODM. The prevalence of DR across all the
groups was 16.0% (36/225). We compared the stage of DR for each group using multiple
logistic regression analyses (Table 3). Adjustments were made for age, HbA1c, gestational
weeks, SBP, DBP, Cr, and insulin use. Our results showed no significant association between
any of these factors with the stage of DR (p = 0.40, ANCOVA). There were 31 patients
presenting a sign of DR with pexD (26.1%), 2 patients presenting with GDM (2.1%), and
3 patients presenting with ODM (30.0%). The prevalence of DR was significantly higher
in the pexD group than in the GDM/ODM groups (p = 0.03, chi-squared test). The stage
of DR was significantly more severe in the pexD group than in the GDM group (p = 0.03,
Tukey-type multiple comparison).

Table 3. The distribution of DR stage from the multicenter cohort.

N Age
(Years) NDR Mild Moderate Severe PDR Total DR

pexD 119 33.4 ± 4.9 88 17 6 4 4 31 (26.1%) *
GDM 96 34.3 ± 5.3 94 2 0 0 0 2 (2.1%)
ODM 10 30.9 ± 4.6 7 2 1 0 0 3 (30.0%)
Total 225 33.6 ± 5.1 189 21 7 4 4 36 (16.0%)

DR: diabetic retinopathy, GDM: gestational diabetes mellitus, NDR: no diabetic retinopathy, ODM: overt diabetes
mellitus, pexD: pre-existing diabetes mellitus, PDR: proliferative diabetic retinopathy. Analysis of covariance
(ANCOVA) with Tukey-type multiple comparison as a post hoc test was performed. * p < 0.05.

3.3. Clinical Characteristics of Patients Who Were Evaluated during Early and Late Stages from the
Multicenter Database

There were 149 HDP patients in Cohort 2 who could be evaluated at both the early
and late stages of pregnancy. We compared DR progression between the groups (Table 4).
There were 102 patients with pexD (61 patients with T1DM and 41 patients with T2DM),
42 with GDM, and 5 with ODM. The clinical characteristics of these patients are presented
in Table 4. In these groups, no significant changes in HbA1c, SBP, DBP, or Cr were found at
the two stages (paired t-tests). There were 12 (8.1%) patients that had a progression of DR
between the early and late stages; 10 with pexD and 2 with ODM. Among them, 3 cases
presenting with pexD progressed from moderate NPDR to severe NPDR and were treated
with pan-retinal photocoagulation. No DR progression was observed with GDM.

Table 4. DR progression ratio from multicenter cohort.

N Age (Years) Duration (Years) DR Progression (%)

pexD 102 33.5 ± 4.6 12.9 ± 7.9 10 (9.8)
GDM 42 34.1 ± 5.4 0 (0)
ODM 5 31.6 ± 3.2 2 (40.0)
Total 149 33.6 ± 4.8 12.9 ± 7.9 12 (8.1)

DR: diabetic retinopathy, GDM: gestational diabetes mellitus, ODM: overt diabetes mellitus, pexD: pre-existing
diabetes mellitus.

4. Discussion

Our analyses of the two different cohorts enabled the examination of DR development
and progression in pregnant women with HDP in Japan. Although the prevalence of DR in
patients with HDP was not high in Japan, we still need to give attention to patients with
DR with pexD and ODM because the possibility of DR progression. The advantage of
Cohort 1 was the huge amount of data from the health claim system. However, there were
disadvantages with this cohort. First, our classifications of the types of disease were not
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strict. In this cohort, there were 1653 unknown patients with a diagnosis of “diabetes during
pregnancy”. There is no ICD-10 definition for ODM; therefore, we could not separate ODM
from GDM for these unknown patients. This may have affected the true prevalence of
DR. Second, the data of Cohort 1 lacked detailed clinical information. In addition, the
prevalence of pregnant complications (i.e., hypertension and caesarean section) seems to
be low compared to previous studies. To overcome these disadvantages, we established
Cohort 2, which comprised data obtained from the medical records of multiple institutions.
Although the number of patients was smaller for Cohort 2 (5268 vs. 225), this cohort
provided detailed information, including the stage of DR, which was lacking in Cohort 1.
We believe that these two cohorts complementarily represented the nationwide status of
DR in women with HDP in Japan.

4.1. GDM Presents Lower Risk for DR Prevalence and Its Progression

Similar to our result for Cohort 1, the general complications with GDM patients have
been reported to be fewer than those of patients with pexD [15]. Earlier studies also found
that patients with GDM do not require fundus examinations during pregnancy because
the risk for developing DR is very low [16]. Preferred Practice Patterns, published by the
American Academy of Ophthalmology, stated that women who develop GDM do not
have an increased risk for DR during pregnancy and do not require an eye examination
(https://www.aao.org/preferred-practice-pattern/diabetic-retinopathy-ppp, accessed on
15 October 2021). In fact, the prevalence of DR in the group of women with GDM was
very low in both of our cohorts (1.5% for Cohort I and 2.1% for Cohort 2). The definition
of GDM for a Japanese population was established by the Japanese Society of Diabetes
and Pregnancy in 2015 based on 2010 International Association of Diabetes and Pregnancy
Study Groups criteria. According to this definition, patients with DR during pregnancy
are newly categorized as pexD or ODM and separated from GDM. This new definition
was established in 2015; therefore, the study period in our analysis may have included
two different definitions. In a future study, we need to collect longitudinal data from
after 2015 and examine the prevalence of DR under new definitions. However, GDM has
other important complications. Although most GDM patients return to normal glycemic
control after delivery, their HbA1c levels have been found to be higher than those in
normoglycemic women [17], and GDM women have a greater risk of conversion to T2DM
during the follow-up period after delivery [18]. There is controversy about the importance
of long-term eye care in patients with GDM. Beharier et al. reported the results of long-term
observations of 9888 GDM cases in a single institution and concluded that patients with
GDM had significantly higher incidences of ophthalmic morbidity [19]. Appropriate follow-
up periods should be established for patients with GDM after pregnancy, in accordance
with the guidelines for T2DM, and including fundus examinations at the time of diagnosis
of conversion to T2DM. Our results also support this; GDM does not require a conventional
DR follow-up schedule in Japan.

4.2. Consciousness for DR and Its Progression for pexD Management

All our results presented from two cohorts show different aspects of pexD and ODM
compared to GDM. The progression of DR during pregnancy, especially for pexD, depends
on various factors. Relph et al. reported a meta-analysis of 56 cohort studies involving
12,819 pregnant women with diabetes: 40 studies from Europe and 9 from North America.
DR was associated with any preterm birth and preeclampsia. The risks of onset or wors-
ening of DR were increased in women who were nulliparous, smokers, presented with
existing proliferative disease, had more chronic diabetes [20]. Our results also show that
hypertension, renal failure, eclampsia, caesarean section, and induced labor are general
risk factors for DR. However, ophthalmic complications, including cataracts and glaucoma,
were not. Therefore, DR is still an important complication for pexD.

Although the development of sight-threatening retinopathy was rare, DR progression
occurred occasionally. Morrison et al. [10] reviewed studies on the progression of DR
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in patients with pexD. They reported that an average prevalence of DR progression was
approximately 10.0–22.0% with pexD. Bourry et al. reported DR progression in France with
T1DM using longitudinal retrospective data from 1997 to 2015; its progression rate was
15.9–24.4% [21]. They reported that progression mainly occurred in early or mid-pregnancy,
and elevated pre-pregnancy HbA1c levels and longer duration of diabetes were predictors
of DR progression. However, because most of the studies were from European or Western
countries, these results cannot be compared to our findings (9.8% for pexD in Cohort 2).
This difference was especially true because the ethnicity is a risk factor for developing
HDP [22]. There are only a few reports on the progression of DR in patients with pexD
in Japan. Toda et al. reported on the findings in 93 patients with pexD from a single
Japanese institution from 2004 to 2010. They concluded that the progression of DR was 17%,
lower than that reported in earlier studies [23]. Our results showed that DR progression
with pexD was 9.8% for Cohort 2, although PDR did exist during pregnancy. Advanced
ophthalmic care may contribute to preventing DR progression to severe stages before and
during pregnancy. Compared to previous reports, the progression of DR in patients with
pexD was also low. We concluded that DR progression in the pexD group was lower due to
better glycemic controls in Japan. Thus, our results confirm the AAO statement: “different
from the 1960s, DR is no longer considered as a reason for contraindication to vaginal
birth” [24]. However, because DR and its progression occur in patients with pexD, we still
need to be conscious about the management of pexD, although cases of severe progression
are rare in Japan.

4.3. ODM Requires Different Management in DR Compared with GDM

ODM is new definition, and there remain unclear points for DR management in
ODM. Sugiyama et al. retrospectively examined 1615 patients with GDM and ODM and
maternal complications and reported that the prevalence of DR was significantly higher in
ODM patients than in GDM patients. However, there were no detailed evaluations for the
characteristics such as the progression of DR [8]. Our results showed a progression of DR
with ODM, which is reasonable because the degree of carbohydrate intolerance is more
severe in ODM than GDM. In fact, two patients with GDM exhibited mild NPDR. We could
not identify the onset of DM clearly from the medical records for ODM patients, and it was
difficult to differentiate GDM from ODM. Therefore, as well as for GDM, there should be
increased focus on DR with ODM, the same as for with pexD.

4.4. Limitations

This study had some limitations. First, because data from health claims were used
for Cohort 1, it was not possible to determine whether glycemic control in each group
was appropriate. Second, there was a difference in the prevalence of DR between the
two cohorts. This is probably due to differences between the health claim database and
medical record database. The prevalence varies depending on the study design, including
community-based, hospital-based, nationwide, and local designs. Subjects in the JMDC
database were employees and their dependents; therefore, it is possible that a number of
patients in other categories, e.g., self-employed or public assistance, were not included.
In addition, because the sample size of Cohort 2 was small compared to Cohort 1, it
was difficult to compare both datasets. Detailed analyses should be obtained from these
different databases.

5. Conclusions

Using two different national cohorts in Japan, we found that the prevalence and
progression of DR in pregnant women with pexD were lower than reported. Although
severe DR progression is rare, we need increased attention on DR management with pexD
patients. Additionally, we do not need much attention for GDM patients, because DR
prevalence and its progression are rare. However, as with pexD, we should develop care
for ODM patients. In conclusion, developments should focus on pexD and ODM.



J. Clin. Med. 2022, 11, 165 9 of 10

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/jcm11010165/s1, Table S1: Patients’ background data from the multicenter cohort, Table S2:
Patients’ background data from the multicenter cohort (early and late phase) † Writing Committee of
Japan-Clinical Retina STudy group (J-CREST) are listed in the data Supplementary Materials.

Author Contributions: All authors contributed significantly. Conception and design: M.S. (Masahiko
Sugimoto), M.K. and T.I.; funding acquisition: M.S. (Masahiko Sugimoto); investigation: M.S.
(Masahiko Sugimoto); methodology: M.S. (Masahiko Sugimoto); writing—original draft: M.S.
(Masahiko Sugimoto); writing—review and editing: all authors; analysis and interpretation: S.A.
and K.S.; data management: H.T. (Hideyuki Tsukitome) and K.K. (Kumiko Kato); data collection
and curation: M.S., H.M., S.Y., K.S., S.K. (Shigehiko Kitano), Y.T., T.H., T.M., M.S. (Miho Shimizu),
T.K., S.K. (Sentaro Kusuhara), O.S., M.O., H.I., K.K. (Kazuhiro Kimura), R.Y., F.G. and H.T. (Hiroto
Terasaki); overall responsibility: M.S. All authors have read and agreed to the published version of
the manuscript.

Funding: This study was supported by a clinical research grant-in-aid by Novartis Pharma.

Institutional Review Board Statement: The study protocol conformed to the tenets of the Declara-
tion of Helsinki for research involving human subjects. The protocol was approved by the Institutional
Review Board of Mie University Graduate School of Medicine (H2019-066 and H2020-076), and it con-
formed to the principles of Good Clinical Practice and the Helsinki Guidelines. This prospective study
was registered online at http://www.umin.ac.jp (UMIN ID 000037670 and UMIN ID 000039377).

Informed Consent Statement: Informed consent was obtained from all the subjects involved in the
study for Cohort 2. Cohort 1 consisted of health claims database information; therefore, informed
consent statements were not applicable. Ethical consideration was obtained through optout.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Acknowledgments: We thank Emeritus Duco Hamasaki of the Bascom Palmer Eye Institute of
the University of Miami for critical discussion and final manuscript revisions. We also thank No-
rio Sugimoto for statistical analysis and the collaborators in the J-CREST (Japan Clinical Retina
Study) group.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. American Diabetes Association. Management of Diabetes in Pregnancy: Standards of Medical Care in Diabetes—2018. Diabetes

Care 2017, 41, S137–S143.
2. Kinsley, B. Achieving better outcomes in pregnancies complicated by type 1 and type 2 diabetes mellitus. Clin. Ther. 2007, 29,

S153–S160. [CrossRef] [PubMed]
3. Omori, Y.; Minei, S.; Testuo, T.; Nemoto, K.; Shimizu, M.; Sanaka, M. Current status of pregnancy in diabetic women. A comparison

of pregnancy in IDDM and NIDDM mothers. Diabetes Res. Clin. Pract. 1994, 24, S273–S278. [CrossRef]
4. International Association of Diabetes and Pregnancy Study Groups Consensus Panel. International association of diabetes and

pregnancy study groups recommendations on the diagnosis and classification of hyperglycemia in pregnancy. Diabetes Care 2010,
33, 676–682. [CrossRef] [PubMed]

5. Lapolla, A.; Dalfrà, M.G.; Fedele, D. Pregnancy complicated by type 2 diabetes: An emerging problem. Diabetes Res. Clin. Pract.
2008, 80, 2–7. [CrossRef]

6. Sato, T.; Sugiyama, T.; Kurakata, M.; Saito, M.; Sugawara, J.; Yaegashi, N.; Sagawa, N.; Sanaka, M.; Akazawa, S.; Anazawa, S.;
et al. Pregnancy outcomes in women with type 1 and type 2 diabetes mellitus in a retrospective multi-institutional study in Japan.
Endocr. J. 2014, 61, 759–764. [CrossRef]

7. Nguyen-Ngo, C.; Jayabalan, N.; Salomon, C.; Lappas, M. Molecular pathways disrupted by gestational diabetes mellitus. J. Mol.
Endocrinol. 2019, 63, R51–R72. [CrossRef] [PubMed]

8. Sugiyama, T.; Saito, M.; Nishigori, H.; Nagase, S.; Yaegashi, N.; Sagawa, N.; Kawano, R.; Ichihara, K.; Sanaka, M.; Akazawa, S.;
et al. Comparison of pregnancy outcomes between women with gestational diabetes and overt diabetes first diagnosed in
pregnancy: A retrospective multi-institutional study in Japan. Diabetes Res. Clin. Pract. 2014, 103, 20–25. [CrossRef]

9. Diabetes Control Complications Trial Research Group. Effect of pregnancy on microvascular complications in the diabetes control
and complications trial. The diabetes control and complications trial research group. Diabetes Care 2000, 23, 1084–1091. [CrossRef]

https://www.mdpi.com/article/10.3390/jcm11010165/s1
https://www.mdpi.com/article/10.3390/jcm11010165/s1
http://www.umin.ac.jp
http://doi.org/10.1016/j.clinthera.2007.12.015
http://www.ncbi.nlm.nih.gov/pubmed/18191067
http://doi.org/10.1016/0168-8227(94)90261-5
http://doi.org/10.2337/dc09-1848
http://www.ncbi.nlm.nih.gov/pubmed/20190296
http://doi.org/10.1016/j.diabres.2007.11.009
http://doi.org/10.1507/endocrj.EJ14-0140
http://doi.org/10.1530/JME-18-0274
http://www.ncbi.nlm.nih.gov/pubmed/31416051
http://doi.org/10.1016/j.diabres.2013.10.020
http://doi.org/10.2337/diacare.23.8.1084


J. Clin. Med. 2022, 11, 165 10 of 10

10. Morrison, J.L.; Hodgson, L.A.; Lim, L.L.; Al-Qureshi, S. Diabetic retinopathy in pregnancy: A review. Clin. Exp. Ophthalmol. 2016,
44, 321–334. [CrossRef] [PubMed]

11. Rasmussen, K.L.; Laugesen, C.S.; Ringholm, L.; Vestgaard, M.; Damm, P.; Mathiesen, E. Progression of diabetic retinopathy
during pregnancy in women with type 2 diabetes. Diabetologia 2010, 53, 1076–1083. [CrossRef]

12. Vestgaard, M.; Ringholm, L.; Laugesen, C.S.; Rasmussen, K.L.; Damm, P.; Mathiesen, E.R. Pregnancy-induced sight-threatening
diabetic retinopathy in women with Type 1 diabetes. Diabet. Med. 2010, 27, 431–435. [CrossRef]

13. Kimura, S.; Sato, T.; Ikeda, S.; Noda, M.; Nakayama, T. Development of a Database of Health Insurance Claims: Standardization
of Disease Classifications and Anonymous Record Linkage. J. Epidemiol. 2010, 20, 413–419. [CrossRef]

14. Wilkinson, C.P.; Ferris, F.L., III; Klein, R.E.; Lee, P.P.; Agardh, C.D.; Davis, M.; Dills, D.; Kampik, A.; Pararajasegaram, R.;
Verdaguer, J.T.; et al. Proposed international clinical diabetic retinopathy and diabetic macular edema disease severity scales.
Ophthalmology 2003, 110, 1677–1682. [CrossRef]

15. Sweeting, A.N.; Ross, G.P.; Hyett, J.; Molyneaux, L.; Constantino, M.; Harding, A.J.; Wong, J. Gestational Diabetes Mellitus in
Early Pregnancy: Evidence for Poor Pregnancy Outcomes Despite Treatment. Diabetes Care 2015, 39, 75–81. [CrossRef] [PubMed]

16. Ghanchi, F. Diabetic Retinopathy Guidelines Working G. The Royal College of Ophthalmologists’ clinical guidelines for diabetic
retinopathy: A summary. Eye 2013, 27, 285–287. [CrossRef] [PubMed]

17. Picón, M.J.; Murri, M.; Muñoz, A.; Fernandez-Garcia, J.C.; Gomez-Huelgas, R.; Tinahones, F.J. Hemoglobin A1c Versus Oral
Glucose Tolerance Test in Postpartum Diabetes Screening. Diabetes Care 2012, 35, 1648–1653. [CrossRef] [PubMed]

18. Bellamy, L.; Casas, J.-P.; Hingorani, A.D.; Williams, D. Type 2 diabetes mellitus after gestational diabetes: A systematic review
and meta-analysis. Lancet 2009, 373, 1773–1779. [CrossRef]

19. Beharier, O.; Sergienko, R.; Kessous, R.; Szaingurten-Solodkin, I.; Walfisch, A.; Shusterman, E.; Tsumi, E.; Sheiner, E. Gestational
diabetes mellitus is a significant risk factor for long-term ophthalmic morbidity. Arch. Gynecol. Obstet. 2017, 295, 1477–1482.
[CrossRef]

20. Relph, S.; Patel, T.; Delaney, L.; Sobhy, S.; Thangaratinam, S. Adverse pregnancy outcomes in women with diabetes-related
microvascular disease and risks of disease progression in pregnancy: A systematic review and meta-analysis. PLoS Med. 2021,
18, e1003856. [CrossRef]

21. Bourry, J.; Courteville, H.; Ramdane, N.; Drumez, E.; Duhamel, A.; Subtil, D.; Deruelle, P.; Vambergue, A. Progression of Diabetic
Retinopathy and Predictors of Its Development and Progression During Pregnancy in Patients With Type 1 Diabetes: A Report of
499 Pregnancies. Diabetes Care 2020, 44, 181–187. [CrossRef] [PubMed]

22. Lawrence, J.M.; Contreras, R.; Chen, W.; Sacks, D.A. Trends in the Prevalence of Preexisting Diabetes and Gestational Diabetes
Mellitus Among a Racially/Ethnically Diverse Population of Pregnant Women, 1999–2005. Diabetes Care 2008, 31, 899–904.
[CrossRef] [PubMed]

23. Toda, J.; Kato, S.; Sanaka, M.; Kitano, S. The effect of pregnancy on the progression of diabetic retinopathy. Jpn. J. Ophthalmol.
2016, 60, 454–458. [CrossRef] [PubMed]

24. Wong, T.Y.; Sun, J.; Kawasaki, R.; Ruamviboonsuk, P.; Gupta, N.; Lansingh, V.C.; Maia, M.; Mathenge, W.; Moreker, S.; Muqit,
M.M.; et al. Guidelines on Diabetic Eye Care: The International Council of Ophthalmology Recommendations for Screening,
Follow-up, Referral, and Treatment Based on Resource Settings. Ophthalmology 2018, 125, 1608–1622. [CrossRef]

http://doi.org/10.1111/ceo.12760
http://www.ncbi.nlm.nih.gov/pubmed/27062093
http://doi.org/10.1007/s00125-010-1697-9
http://doi.org/10.1111/j.1464-5491.2010.02958.x
http://doi.org/10.2188/jea.JE20090066
http://doi.org/10.1016/S0161-6420(03)00475-5
http://doi.org/10.2337/dc15-0433
http://www.ncbi.nlm.nih.gov/pubmed/26645084
http://doi.org/10.1038/eye.2012.287
http://www.ncbi.nlm.nih.gov/pubmed/23306724
http://doi.org/10.2337/dc11-2111
http://www.ncbi.nlm.nih.gov/pubmed/22688550
http://doi.org/10.1016/S0140-6736(09)60731-5
http://doi.org/10.1007/s00404-017-4362-4
http://doi.org/10.1371/journal.pmed.1003856
http://doi.org/10.2337/dc20-0904
http://www.ncbi.nlm.nih.gov/pubmed/33177172
http://doi.org/10.2337/dc07-2345
http://www.ncbi.nlm.nih.gov/pubmed/18223030
http://doi.org/10.1007/s10384-016-0464-y
http://www.ncbi.nlm.nih.gov/pubmed/27456842
http://doi.org/10.1016/j.ophtha.2018.04.007

	Introduction 
	Patients and Methods 
	Study Design and Source of Data for Cohort 1 
	Study Participants of Cohort 1 
	Definitions of Outcomes 
	Study Design and Source of Data for Cohort 2 
	Subjects for Cohort 2 
	Ophthalmic Examinations 
	Statistical Analyses 

	Results 
	Representative Data for Cohort 1 from Health Claims of Japan Medical Data Center (JMDC) Database 
	Representative Data from Patients of Cohort 2 
	Clinical Characteristics of Patients Who Were Evaluated during Early and Late Stages from the Multicenter Database 

	Discussion 
	GDM Presents Lower Risk for DR Prevalence and Its Progression 
	Consciousness for DR and Its Progression for pexD Management 
	ODM Requires Different Management in DR Compared with GDM 
	Limitations 

	Conclusions 
	References

