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INTRODUCTION

ABSTRACT

Aims/Introduction: This study investigated the time trends of the maternal
characteristics and perinatal outcomes of Japanese pregnant women with diabetes.
Materials and Methods: This retrospective study included 621 deliveries in 429
Japanese women with diabetes between 1982 and 2020. The association of the delivery
date with clinical features was analyzed using the generalized estimating equations to
adjust for the within-person correlation.

Results: The mean age of delivery and the mean diabetes duration increased over time
(both P < 0.001), while the prevalence of diabetic retinopathy decreased (P = 0.006). The
mean HbATc values during pregnancy decreased significantly over time (all P < 0.001).
The decreasing trends were associated with preterm delivery (P = 0.021) but not with
other perinatal outcomes. The time trends were significantly different between patients
with type 1 diabetes mellitus and with type 2 diabetes mellitus in large for gestational
age (LGA) and stillbirth (both P for interaction <0.05). The rate of LGA decreased among
patients with type 2 diabetes (P = 0.003) but not those with type 1 diabetes (P = 0413).
In contrast, the prevalence of stillbirth was decreased among those with type 1 diabetes
(P < 0.001) but not those with type 2 diabetes (P = 0.768). The proportion of major
congenital anomalies did not change in the overall population (P = 0.259) and among
patients with type 2 diabetes (P = 0.229), but it increased among those with type 1
diabetes (P = 0.044), although the difference between those with type 1 diabetes and
type 2 diabetes was not statistically significant (P for interaction = 0.166).
Conclusions: Maternal glycemic control has improved over the decades, whereas the
improvement of perinatal outcomes has been limited. Perinatal outcomes still need to be
improved in Japanese women with diabetes.

with diabetes first detected during pregnancy, namely overt dia-

The prevalence of diabetes in pregnancy has been rising glob-
ally' . Preconceptionally diagnosed diabetes, namely pre-
existing diabetes, substantially increases the risks of various
perinatal adverse outcomes, including perinatal mortality, con-
genital anomaly, large for gestational age (LGA), preterm deliv-
ery, and preeclampsia®. These risks are also high in women
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betes in pregnancy (ODP), which includes type 2 diabetes mel-
litus (type 2 diabetes) developed but was overlooked before
pregnancy and type 1 diabetes mellitus developed during preg-
nancy®. Overt diabetes in pregnancy requires as careful perina-
tal management as pre-existing diabetes™®.

Several surveys in Europe and North America have reported
recent time trends of perinatal outcomes in women with dia-
betes™” !, However, little is known about the trends in Japan,
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where maternal characteristics including obesity, smoking, and
age, which can considerably affect perinatal outcomes are differ-
ent from those in Europe and North America. Obesity and
smoking are less frequent in Japan than in Europe and North
America'> "°, while women in Japan give birth relatively late'.

Another international difference lies in healthcare service
provision. Japan recommends and supports approximately 14
checkups per pregnancy'’, whereas in the United Kingdom
(UK), pregnant women usually have access to 7-10 antenatal
checkups'®. In the United States (US), although as frequent
checkups as in Japan are recommended'®, more than 20% of
pregnant women do not attend checkups during the first trime-
ster’’; in Japan, the corresponding proportion is <10%".

Furthermore, regimens of insulin therapy vary across coun-
tries. Insulin pumps are used by 50-60% of patients with type
1 diabetes in the US?, whereas the proportion in Japan is
<10% *. On the other hand, 30% and 20% of patients with
type 1 diabetes and type 2 diabetes use insulin syringes in the
US>, respectively, whereas almost all patients use insulin pens
in Japan.

These international differences may affect the perinatal fea-
tures of pregnancies with diabetes. This study aimed to reveal
the time trends of maternal characteristics and delivery out-
comes in Japanese pregnant women with diabetes.

MATERIALS AND METHODS

Study population

We identified all pregnant women with diabetes, both pre-
existing diabetes and ODP, who delivered in Osaka Women’s
and Children’s Hospital, Izumi City, Osaka Prefecture, Japan,
between 1982 and 2020. The hospital is a key facility for peri-
natal care in the prefecture. Women from abroad or those with
diabetes due to other specific mechanisms or diseases’ were
excluded from our study. There were 633 deliveries during the
study period. After excluding 12 multiple pregnancies, 621 sin-
gle pregnancies were finally included for the current analysis.
Clinical features of the 12 multiple pregnancies are summarized
in Table S1.

Clinical data were extracted from the medical records of the
hospital. The study protocol was in accordance with the Hel-
sinki Declaration and approved by the institutional review
boards of Osaka Women’s and Children’s Hospital and Osaka
University Hospital. We applied the opt-out method, offering
opportunities for refusal via the website of Osaka Women’s
and Children’s Hospital instead of obtaining informed consent.

Definitions

Overt diabetes in pregnancy was diagnosed in women without
pre-existing diabetes if their fasting blood glucose value was
>126 mg/dL (7.0 mmol/L) or the HbAlc value was >6.5%
(47 mmol/mol) during pregnancy’. The type of diabetes in
women diagnosed with ODP was reconfirmed after delivery’.
The information on the presence of pre-existing diabetes,
defined as diabetes diagnosed before pregnancy, and the type of
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diabetes was extracted from existing medical records. The infor-
mation was, therefore, based on the diagnostic criteria and the
definitions used in the clinical settings at the time, rather than
on unified criteria or definitions throughout the study period.
The terms ‘insulin-dependent diabetes mellitus’ and ‘non-
insulin-dependent diabetes mellitus’ without a clear specific
mechanism or disease in the medical records were translated to
type 1 diabetes and type 2 diabetes, respectively, in the current
study. Diabetic retinopathy was defined as having pre-
proliferative to proliferative retinopathy, a history of photocoag-
ulation for retinopathy, or a history of vitreous surgery for vit-
reous hemorrhage. Maternal pre-pregnancy body mass index
(BMI) was calculated as the pre-pregnancy weight in kilograms
divided by the height in meters squared. A BMI of >25 kg/m’
was defined as obesity’*. Smokers included both current and
former smokers.

Spontaneous miscarriage and stillbirth were defined as fetal
loss before and after 22 weeks of gestation, respectively'”. Pre-
term delivery was defined as delivery before 37 completed
weeks of gestation'”. Preeclampsia was defined as the onset of
elevated blood pressure (>140/90 mmHg [19/12 kPa]) and pro-
teinuria (>300 mg/24 h or >2+ on two random urine samples
collected at least 4 h apart)®. Cesarean section was defined as
the primary cesarean section performed for the first time in the
index woman. Large for gestational age was defined as sex- and
parity-specific birth weight for gestational age above the 90th
percentile of Japanese fetal growth curves®. Major congenital
anomalies were determined as structural or functional anoma-
lies diagnosed during pregnancy or within 7 days after delivery
that required surgery or repeated medical checkups. Neonatal
death denoted death of a liveborn infant within the first
28 days of life.

Maternal glycemic control was evaluated using HbAlc val-
ues. In Japan, the method of HbAlc measurement was not
standardized by the Japan Diabetes Society (JDS) until 1995;
therefore, we excluded the data measured before 1995. HbAlc
(JDS) was converted to HbAlc (National Glycohemoglobin
Standardization Program) units”. Maternal HbAlc was rou-
tinely measured every month in clinical settings at the hospital.
We calculated the mean HbAlc values for each trimester by
averaging all HbAlc values available during the trimester.

Statistical analysis

Dichotomous variables are presented as frequencies and per-
centages. Continuous variables are presented as mean and stan-
dard deviation. Descriptive statistics were demonstrated after
the study population was divided into quartiles of the delivery
date; April 14, 1982-October 9, 1997 (Period 1, n = 155);
November 10, 1997-February 5, 2008 (Period 2, n = 155);
February 24, 2008-July 12, 2014 (Period 3, n = 155); and
August 6, 2014-December 27, 2020 (Period 4, n = 156). We
also presented descriptive statistics by decades (19821991 [Per-
iod I], 1992-2001 [Period II], 2002—2011 [Period III], and
20122020 [Period IV]). The association of the delivery date
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with clinical features and the difference in clinical features
between type 1 diabetes and type 2 diabetes were analyzed
using generalized estimated equations to adjust for the within-
person correlation. The interaction analysis was performed to
check the difference between type 1 diabetes and type 2 dia-
betes related to the association of the date of delivery with clini-
cal features using generalized estimated equations.

The missing data for the HbAlc values were addressed by
the multiple imputation using the chained equations method.
We generated 10 imputed datasets and combined the results
based on Rubin’s rule. The time trends of the HbAlc values
were investigated with (1) all missing data of HbAlc values
throughout the study period being imputed and (2) only miss-
ing data after 1995 (after the measurement standardization)
being imputed. We also showed Supporting Information with-
out imputation.

Two-sided P-values of <0.05 were considered significant. All
statistical analyses were performed using R version 4.0.3 (R
Development Core Team, Vienna, Austria).

RESULTS

This study included 621 deliveries in 429 women: 214 (34%)
had type 1 diabetes and 407 (66%) had type 2 diabetes. Table 1
and Table S3 show the overall time trends of maternal charac-
teristics and perinatal outcomes. The prevalence of type 1 dia-
betes, the mean age of delivery, and the mean duration of
diabetes increased over time (all P < 0.001). The prevalence of
ODP and diabetic retinopathy decreased significantly

Table 1 | Overall trends of maternal characteristics and perinatal outcomes
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(P < 0.001 and P = 0.006). BMI and the prevalence of obesity,
smokers, and nulliparity did not change significantly over time
(all P> 0.05). The incidence of preterm delivery decreased sig-
nificantly (P = 0.021), whereas those of other perinatal out-
comes did not change significantly (all P > 0.05).

Table 2 shows the maternal characteristics and perinatal out-
comes of patients with type 1 diabetes and with type 2 diabetes.
Patients with type 2 diabetes were older (P < 0.001) and had a
shorter duration of diabetes (P < 0.001) than those with type 1
diabetes. ODP, obesity, and smokers were more prevalent
among patients with type 2 diabetes (all P < 0.001), whereas
patients with type 2 diabetes less frequently had diabetic
retinopathy (P < 0.001). The prevalence of most perinatal out-
comes were similar among type 1 diabetes and type 2 diabetes
patients; exceptions were primary cesarean section, preeclamp-
sia, and major congenital anomaly, the prevalence of which
were significantly higher in patients with type 2 diabetes
(P = 0.039, 0.025, and 0.014, respectively).

Table 3 and Table S4 demonstrate the time trends in mater-
nal characteristics and perinatal outcomes stratified by the type
of diabetes. The type of diabetes had a significant effect on the
time trends of the incidence of LGA and stillbirth (both P for
interaction <0.05). The incidence of LGA decreased significantly
among the patients with type 2 diabetes (P = 0.003) but not
among those with type 1 diabetes (P = 0.413) (Figure Sla,b).
In contrast, the incidence of stillbirth decreased significantly
over time among patients with type 1 diabetes (P < 0.001) but
not among those with type 2 diabetes (P = 0.768). The time

All Period 1 (Apr 14, Period 2 (Nov 10, Period 3 (Feb 24, Period 4 (Aug 6, P for
1982-Oct 9, 1997) 1997—Feb 5, 2008) 2008—Jul 12, 2014) 2014-Dec 27, 2020) trend
Number of deliveries n =621 n =155 n =155 n =155 n =156
Type 1 diabetes mellitus 34% 17% 36% 46% 39% <0.001
Age (years) 327 (5.) 312 (50) 31.7 (50) 334 48 346 (49) <0.001
Duration of diabetes (years) 77 (79) 42 (54) 75(75) 94 (86) 96 (85) <0.001
ODP 19% 34% 17% 14% 12% <0.001
Diabetic retinopathy 43% 6.5% 7.1% 26% 13% 0.006
BMI (kg/m?) 264 (5.8) 263 (54) 265 (6.2) 259 (6.0) 271 (5.7) 0250
Obesity 55% 57% 52% 51% 60% 0681
Smokers 32% 35% 36% 31% 26% 0071
Nulliparity 43% 33% 48% 53% 39% 0113
Spontaneous miscarriage 9.0% 9.0% 9.0% 9.0% 9.0% 0.568
Preterm delivery 13% 17% 15% 84% 11% 0021
Preeclampsia 9.8% 15% 7.7% 84% 83% 0.088
Primary cesarean section 22% 19% 23% 27% 19% 0905
Large for gestational age 33% 41% 31% 31% 30% 0.090
Stillbirth 08% 1.9% 0.0% 1.3% 00% 0238
Major congenital anomaly 74% 4.5% 7.7% 9.0% 83% 0259
Neonatal death 06% 06% 06% 06% 0.7% 0881

Data are shown as % or mean (standard deviation). Data were missing on the duration of diabetes at delivery in two women, on maternal BMI
before pregnancy in six women, and on birthweight percentiles in three infants, respectively. P values for trend were derived from generalized
estimating equations. BMI, body mass index; ODP, overt diabetes in pregnancy.
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Table 2 | Comparisons of materal characteristics and perinatal
outcomes between type 1 diabetes mellitus and type 2 diabetes
mellitus

Type 1 Type 2 P value

diabetes diabetes

mellitus mellitus
Number of deliveries 214 407
Age (years) 317 48) 333 (5.2 <0.001
Duration of diabetes (years) 134 (88) 47 (53) <0.001
ODP 51% 27% <0.001
Diabetic retinopathy 84% 22% <0.001
BMI (kg/m?) 222 (30) 286 (58) <0001
Obesity 16% 75% <0.001
Smokers 18% 40% <0.001
Nulliparity 46% 42% 0.266
Spontaneous miscarriage 11% 8.1% 0277
Preterm delivery 12% 13% 0682
Primary cesarean section 17% 25% 0039
Preeclampsia 6.1% 12% 0025
Large for gestational age 38% 31% 0065
Stillbirth 09% 0.7% 0.7%4
Major congenital anomaly 37% 93% 0014
Neonatal death 0.0% 1.0% NA.

Data are shown as % or mean (standard deviation). P values were by
generalized estimating equations. BMI, body mass index; N.A, not appli-
cable because no case was observed in type 1 diabetes mellitus; ODP,
overt diabetes in pregnancy.

trends of the other maternal characteristics and perinatal out-
comes of the type 1 diabetes and type 2 diabetes subgroups
were not significantly different (all P for interaction >0.05), and
their time trends were almost the same as those observed in
the overall population (Table 1). An exception was BMI, which
increased significantly over time among the type 1 diabetes and
type 2 diabetes subgroups (Table 3), although the time trends
did not reach statistical significance in the overall population
(Table 1), suggesting Simpson’s statistical paradox. Further-
more, the prevalence of major congenital anomaly increased
significantly among patients with type 1 diabetes (P = 0.044)
but not among the overall population (P = 0.259) or those with
type 2 diabetes (P = 0.229), although the difference in trends
among the patients with type 1 diabetes and type 2 diabetes
did not reach statistical significance (P for interaction =0.166)
(Figure Slc,d).

The mean maternal HbAlc values (95% confidence inter-
vals) were estimated to be 7.5 (7.2-7.8)% (59 [55-62] mmol/-
mol) during the first trimester, 6.3 (6.2-6.4)% (45 [44-46]
mmol/mol) during the second trimester, and 6.5 (6.2-6.8)%
(48 [44-51] mmol/mol) during the third trimester. Women
with type 1 diabetes had significantly lower mean HbAlc val-
ues than those with type 2 diabetes during the first trimester
(7.0 [6.7-7.31% vs 7.8 [7.4-8.2]%: 53 [50-56] mmol/mol vs 62
[57-66] mmol/mol, P < 0.001), but not during the second tri-
mester (6.2 [6.0-6.4]% vs 6.3 [6.2-6.5]%: 44 [42—46] mmol/mol
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vs 45 [44-48] mmol/mol, P = 0.248) or the third trimester
(6.5 [6.2-6.7]% vs 6.4 [6.1-6.8]%: 48 [44-50] mmol/mol vs 46
[43-51] mmol/mol, P = 0.672). As demonstrated in Table 4
and Table S5, the mean HbAlc values during all trimesters
decreased significantly over time (all P < 0.001), with no signif-
icant effect of the type of diabetes (all P for interaction >0.05).
In the subgroup with type 1 diabetes, the decreasing trends of
HbA1lc values did not consistently reach statistical significance
(P > 0.05 in the third trimester during the overall study period
and the second and third trimesters after 1995 in Table 4, and
in the first to third trimesters without imputation in Tables S6
and S7). The proportion of cases with HbAlc < 6.5%
(47 mmol/mol) followed similar time trends (Tables S8-S11); it
generally increased over time, although the proportion was still
43.3 (38.2-48.3)%, 84.2 (80.0-88.3)%, and 76.8 (71.5-82.2)%
during the first, second, and third trimesters, respectively, in
Period 4.

DISCUSSION

The current study demonstrated the time trends of maternal
characteristics and perinatal outcomes of Japanese pregnant
women with diabetes from 1982 to 2020. HbAlc in all trime-
sters generally decreased over time, whereas the mean maternal
age at delivery, the duration of diabetes, and BMI increased.
During the study period, which spanned four decades, not all
perinatal outcomes showed an improvement over time.

Several countries have reported recent time trends of perina-
tal outcomes of women with diabetes>>” !, However, the time
trends vary among countries. For example, the incidence of
LGA among women with type 1 diabetes increased in the UK,
while it was stable in the US and Spain®®. The prevalence of
congenital anomalies also followed different time trends across
countries®® ', Perinatal outcomes can be affected by maternal
characteristics and national healthcare systems. This is the first
study reporting recent time trends of perinatal features of Japa-
nese pregnant women with diabetes.

The current study confirmed that HbAlc values generally
decreased over time, although the trends were not always sig-
nificant for type 1 diabetes, despite no significant interaction
between type 1 diabetes and type 2 diabetes. The non-
significant decrease in patients with type 1 diabetes may be
attributed to the small sample size. The overall improvement of
glycemic control would reflect recent marked advances in
antidiabetic treatment; in Japan, human insulin became clini-
cally available in 1985, self-measurement of blood glucose was
covered by medical insurance in 1986, insulin pens became
available in 1988, insulin analogs became available in 2001,
continuous subcutaneous insulin infusion for type 1 diabetes
was covered by medical insurance in 2000, and the use of a
sensor-augmented pump was started in 2015. Table S2 shows
the time trends of antidiabetic treatment in the study popula-
tion. These advances would contribute to the improvement of
glycemic control over the past decades, although there is room
for improvement (Tables S8-S11). During individual
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Table 3 | Trends of maternal characteristics and perinatal outcomes stratified by the type of diabetes mellitus

Period 1 Period 2 Period 3 Period 4 P for P for
(Apr 14, (Nov 10, (Feb 24, (Aug 6, trend interaction
1982—COct 1997-Feb 2008-Jul 2014-Dec
9, 1997) 5, 2008) 12, 2014) 27, 2020)
Number of deliveries
Type 1 diabetes mellitus n=27 n=>55 n=71 n=6l
Type 2 diabetes mellitus n=128 n =100 n=2a4 n=295
Age (years)
Type 1 diabetes mellitus 300 (5.1) 2938 (49) 322 (40) 334 (48) <0.001 0964
Type 2 diabetes mellitus 315 (5.0) 327 (48) 344 (52) 355 (4.8) <0.001
Duration of diabetes (years)
Type 1 diabetes mellitus 88 (83) 132 (7.7) 14.7 (90) 14.1 9.2) 0.004 0.287
Type 2 diabetes mellitus 33 (40) 44 (5.2) 49 (50) 6.7 (65) <0.001
OoDP
Type 1 diabetes mellitus 19% 36% 42% 1.6% 0007 0.161
Type 2 diabetes mellitus 37% 25% 21% 19% <0001
Diabetic retinopathy
Type 1 diabetes mellitus 15% 18% 2.8% 33% 0002 0.824
Type 2 diabetes mellitus 4.7% 1.0% 24% 0.0% 0042
BMI (kg/m?)
Type 1 diabetes mellitus 2133 219 (28) 218 (28) 234 (3.1) 0010 0514
Type 2 diabetes mellitus 272 (52) 290 (6.1) 294 (5.8) 294 (5.8) <0.001
Obesity
Type 1 diabetes mellitus 80% 13% 14% 25% 0070 0594
Type 2 diabetes mellitus 66% 74% 82% 82% 0001
Smokers
Type 1 diabetes mellitus 33% 18% 13% 16% 0056 0076
Type 2 diabetes mellitus 35% 46% 46% 32% 0918
Nulliparity
Type 1 diabetes mellitus 26% 58% 52% 38% 0791 0590
Type 2 diabetes mellitus 34% 43% 54% 40% 0.144
Spontaneous miscarriage
Type 1 diabetes mellitus 22% 9.1% 85% 98% 0465 0248
Type 2 diabetes mellitus 62% 9.0% 9.5% 84% 0334
Preterm delivery
Type 1 diabetes mellitus 22% 15% 85% 9.8% 0058 0456
Type 2 diabetes mellitus 16% 15% 84% 12% 0.126
Preeclampsia
Type 1 diabetes mellitus 11% 36% 5.6% 6.6% 0666 0912
Type 2 diabetes mellitus 16% 10% 11% 95% 0222
Primary cesarean section
Type 1 diabetes mellitus 15% 15% 24% 13% 0.700 0886
Type 2 diabetes mellitus 20% 28% 29% 23% 0687
Large for gestational age
Type 1 diabetes mellitus 48% 28% 40% 42% 0413 0026
Type 2 diabetes mellitus 40% 32% 23% 23% 0003
Stillbirth
Type 1 diabetes mellitus 74% 00% 0.0% 0.0% <0.001 0003
Type 2 diabetes mellitus 08% 00% 24% 0.0% 0768
Major congenital anomaly
Type 1 diabetes mellitus 0.0% 1.8% 4.2% 6.6% 0044 0.166
Type 2 diabetes mellitus 55% 1% 13.1% 95% 0229
Neonatal death
Type 1 diabetes mellitus 0.0% 00% 0.0% 0.0% NA. NA.
Type 2 diabetes mellitus 08% 1.0% 12% 1.1% 0948

Data are shown as % or mean (standard deviation). P values were derived from generalized estimating equations. BMI, body mass index; N.A, not
applicable because no case was observed in type 1 diabetes mellitus; ODP, overt diabetes in pregnancy.
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Table 4 | Trends in HbA1c values
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Period 1 Period 2 Period 3 Period 4 Overall study period After 1995
(Apr 14, (Nov 10, (Feb 24, (Aug
1982-Oct  1997-Feb  2008-Jul 6 2014-Dec P fortend Pfor - Pfor - Pfor
9, 1997) 5 008) 12, 2014) 27, 2020) interaction  trend  interaction
Trends in the overall population
HbATc in the first trimester (%) 83 (77-90) 77 (73-80) 7.1(68-73) 70(67-73) <0001 0.001
(mmol/mol) 67 (61-75) 61 (56-64) 54 (51-56) 53 (50-56)
HbA1c in the second trimester (%) 68 (66-70) 64 (6365 60 (59-62) 59 (58-60) <0001 <0.001
(mmol/mol) 51 (49-53) 46 (45-48) 42 (4144) 41 (4042
HbATc in the third trimester (%) 70 (64-75) 65 (062-68) 62 (60-64) 6106063 <0001 0.002
(mmol/mol) 53 (45-59) 48 (44-51) 44 (42-45) 43 (42-45)
Trends by type of diabetes mellitus
HbA1C in the first trimester
Type 1 diabetes mellitus (%) 82 (74-90) 726975 66 (6468 638 (65-70) 0007 03815 0013 0993
(mmol/mol) 66 (57-75) 55 (52-59) 49 (46-51) 51 (48-53)
Type 2 diabetes mellitus (%) 83 (77-90) 79(7584) 75(72-77) 72 (69-75) 0003 0013
(mmol/mol) 67 (61-75) 63 (59-68) 59 (55-61) 55 (52-59)
HbATc in the second trimester
Type 1 diabetes mellitus (%) 70 66-74) 63 (6.1-65 60 (59-61) 6005962 <0001 0.686 0069 0452
(mmol/mol) 53 (49-57) 45 (43-48) 42 (41-43) 42 (41-44)
Type 2 diabetes mellitus (%) 68 (65-70) 64 (6365 615962 595860 <0001 <0.001
(mmol/mol) 51 (48-53) 46 (45-48) 4 (41-44) 41 (40-42)
HbATc in the third trimester
Type 1 diabetes mellitus (%) 73 (66-80) 65 (6268 63 (©6.1-65 63 (61-65) 0.053 0502 0230 0514
(mmol/mol) 56 (49-64) 45 (44-51) 45 (43-48) 45 (43-48)
Type 2 diabetes mellitus (%) 69 (63-74) 65 (6268 6.1 (59-64) 605862 <0001 0002
(mmol/mol) 52 (45-57) 45 (44-51) 43 (4146) 42 (40-44)

Data are shown as estimated means (95% confidence intervals). Data on HbATc values in the first, second, and third trimesters were missing in
264, 233, and 204 deliveries, respectively. P values were derived from generalized estimating equations.

pregnancies, HbAlc values decreased from the first to the sec-
ond trimesters, suggesting that glycemic control would be
improved by intensified antihyperglycemic therapy after the
confirmation of pregnancy. The mother’s enhanced motivation
for treatment would also contribute to the improvement. On
the other hand, HbAlc values slightly increased from the sec-
ond to the third trimesters. This apparent increase may be a
false HbAlc elevation due to maternal iron deficiency™ rather
than a deterioration of glycemic control.

The prevalence of type 1 diabetes has increased (Table 1), as
reported previously””. The increase may reflect the recent
increasing feasibility of pregnancy in type 1 diabetes women.
The recent advances in antidiabetic treatments reduce the risk
of undesirable hyperglycemia, a key risk factor for low fertil-
ity’’. Patients with type 1 diabetes, whose glycemic control is
generally more challenging than that of patients with type 2
diabetes, would have more benefit from these advances. Appro-
priate glycemic control also reduces the risk of diabetic
nephropathy, often considered as a contraindication to preg-
nancy. The prevalence of nephropathy has decreased in Japa-
nese patients with type 1 diabetes’, suggesting that fewer
women with type 1 diabetes may be deprived of a chance of
pregnancy by nephropathy than before.

The decreasing proportion of ODP may reflect a potential
domestic increase of opportunities for medical checkups of
women at college and in the workplace. In Japan, medical
checkups are mandatory for first-year students in junior college
and university, according to the Enforcement Regulations of
the School Health and Safety Law. Furthermore, the Industrial
Safety and Health Law obliges employers to make provisions
for medical examinations of workers conducted by a physician,
as provided by the Ordinance of the Ministry of Health,
Labour, and Welfare. The employment ratio, as well as the
enrolment ratio in tertiary education, has increased for
women>>*, This suggests that young women will have more
chances for medical checkups, and diabetes will less likely be
left undiagnosed before pregnancy. The prevalence of ODP was
higher among patients with type 2 diabetes than type 1 dia-
betes, which may be because type 2 diabetes is accompanied by
milder signs and symptoms at the onset than type 1 diabetes.
Type 2 diabetes would be more likely left undiagnosed in
women who miss the opportunity for such health checkups.
The prevalence of ODP may also be influenced by the screen-
ing system during pregnancy. In 1995, the Japan Society of
Obstetrics and Gynecology first recommended screening all
pregnant women for gestational diabetes mellitus by measuring
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2-4 h postprandial glucose levels™. In 2008, the society revised
their recommended screening method to random blood glucose
during the early stage of pregnancy and a 50 g glucose chal-
lenge test between 24 and 28 gestational weeks™. Those
changes in the screening opportunity during pregnancy may
also affect the prevalence of ODP.

The increase in the delivery age over the decades was consis-
tent with the nationwide time trend; in Japan, the average age
of first-time mothers increased from 26.4 years in 1980 to
30.7 years in 2019%°. Type 2 diabetes generally develops at a
later age than type 1 diabetes, often after reaching reproductive
age, and this may be attributed to the older delivery age of the
patients with type 2 diabetes. Pregnancy before the diagnosis of
type 2 diabetes was not included in this survey (i.e., statistically
truncated), which would inevitably increase their mean age at
delivery.

BMI and the proportion of obesity show different time
trends between the overall population (Table 1) and the sub-
groups (Table 3). This phenomenon is statistically known as
Simpson’s paradox”’. The prevalence of type 1 diabetes
increased over time (Table 1), and the mean BMI of the overall
population got closer to that of the patients with type 1 dia-
betes. Although the mean BMI increased over time in patients
with type 1 diabetes as in those with type 2 diabetes (Table 3),
the absolute value for the type 1 diabetes patients was lower
than that for the type 2 diabetes patients (21.3-23.4 vs 27.2—
29.4 kg/m?). Consequently, the increasing trend of BMI was
canceled by the increasing prevalence of type 1 diabetes when
analyzed in the overall population. BMI and the prevalence of
obesity increased, rather than was unchanged, over decades in
pregnant women with diabetes, either type 1 diabetes or type 2
diabetes.

This increasing prevalence of obesity was inconsistent with
the nationwide trend, where its prevalence in young female citi-
zens was steadily approximately 10%'%, and their mean BMI
value kept at approximately 21-22 kg/m”> over the decades
(Figure $2)*®. However, recent domestic surveys of patients
with diabetes in Japan showed that BMI and the prevalence of
obesity increased gradually’>*. Pregnant women with diabetes
would be no exception, although their values were much
higher. The higher BMI of our cohort would be partially
explained by their younger age; younger patients with diabetes
are reported to have a higher prevalence of obesity’. Another
reason for the higher BMI would be the requirement of strict
glycemic control for pregnancy™’. In women planning preg-
nancy, insulin is the only preferred medication for treating
hyperglycemia®. However, the medication can cause weight
gain*'. Women with diabetes aiming at tight glycemic control
would be subject to the risk of undesirable weight gain.

In Japan, the proportion of smokers in female citizens aged
20-39 years decreased from 34.8% in 2003 to 11.5% in 2019'%
Our study revealed that the proportion of smokers was
unchanged in both patients with type 1 diabetes and type 2
diabetes (Table 3). Moreover, the proportion of smokers in type
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2 diabetes was higher than that in Japanese women in general.
A higher proportion of smokers among young women with
type 2 diabetes was also reported by the Japan Diabetes Clinical
Data Management Study Group™, indicating a considerable
burden of smoking in young women with type 2 diabetes, irre-
spective of pregnancy.

The incidence of LGA among patients with type 1 diabetes
remained as high as approximately 40% over the decades. In
contrast, the prevalence of LGA among patients with type 2
diabetes decreased from 40% during Period 1 to 23% during
Period 4. However, it should be noted that the proportion was
still higher than that of the general Japanese population. Large
for gestational age is defined as the 90th or higher percentile of
birthweight*®, meaning that LGA should account for only 10%
of the general population.

A higher incidence of major congenital anomalies among
patients with type 2 diabetes than patients with type 1 diabetes
would be attributable to patients with type 2 diabetes having
higher HbAlc values during the first trimester, older age, and a
higher prevalence of smoking and obesity, all of which are
well-known risk factors for congenital anomalies***. The preva-
lence of major congenital anomalies in patients with type 1 dia-
betes significantly increased over time (P = 0.044). However,
the increase marginally lost significance after adjusting for
increased age (35 years or older) and BMI (30 kg/m* or
higher) (P = 0.061), indicating that the increase would be, at
least partially, explained by increased maternal age and BMI in
recent decades. The advances in image inspections such as fetal
ultrasonographic examination, enabling the easy detection of
mild abnormalities, may also contribute to the recent increase.

On the other hand, the incidence of stillbirth decreased
among patients with type 1 diabetes. All stillbirths observed in
patients with type 1 diabetes were caused by maternal diabetic
ketoacidosis in the current study. The incidence of maternal
diabetic ketoacidosis decreased in our cohort; the number of
deliveries with ketoacidosis was four during Period 1, one dur-
ing Period 2, and zero during Periods 3 and 4. Recent advances
in antidiabetic treatments would prevent diabetic ketoacidosis,
potentially reducing the risk of stillbirth.

There are some limitations of this study. One limitation is
the retrospective nature of the analysis. The information on
pre-existing diabetes and the type of diabetes was extracted
from medical records and was dependent on the diagnostic cri-
teria and definitions used in clinical practice at the time, and
changed over time. Such changes may have affected the time
trends. The changes in the screening and diagnosis systems
may also have influenced the trends. Furthermore, data on the
number of women who underwent screening for hyperglycemia
during pregnancy were unavailable, and data used for analysis
were from a single center. In addition, a quarter of women
were referred to our hospital during the second to third trime-
ster. The prevalence of spontaneous miscarriage may therefore
be underestimated. Lastly, the number of observed perinatal
outcomes, including major congenital anomalies, stillbirth, and

© 2022 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

1767

J Diabetes Investig Vol. 13 No. 10 October 2022



ORIGINAL ARTICLE

Fujikawa Shingu et al.

neonatal death, was so small that the statistical power was
insufficient, and the results were inconclusive.

In conclusion, maternal HbAlc in all trimesters have
decreased over recent decades in pregnant women with diabetes
in Japan, although there is still room for improvement. The
mean maternal age at delivery, diabetes duration, and the pro-
portion of obesity have increased over time. Not all perinatal
outcomes have improved over the decades.
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Table S5 | Trends in HbAlc values by 10 years

Table S6 | Trends in HbAlc values (raw data)

Table S7 | Trends in HbAlc values by 10 years (raw data)

Table S8 | Trends in proportion of HbAlc values <6.5% (47 mmol/mol) after multiple imputation

Table S9 | Trends in proportion of HbAlc values <6.5% (47 mmol/mol) by 10 years after multiple imputation
Table S10 | Trends in proportion of HbAlc values <6.5% (47 mmol/mol) (raw data)

Table S11 | Trends in proportion of HbAlc values <6.5% (47 mmol/mol) by 10 years (raw data)

Figure S1 | The trend of the proportion of LGA (a and b) and major congenital anomaly (c and d). Panel a and c, the study pop-
ulation was divided according to the quartiles of the delivery date. Panel b and d, the study population was divided by 10 years.

Figure S2 | The trend of the mean BMI value in Japanese female population among 20s and 30s™.
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