
Kobe University Repository : Kernel

PDF issue: 2025-12-04

Advantages of sensor-augmented insulin pump
therapy for pregnant women with type 1 diabetes
mellitus

(Citation)
Journal of Diabetes Investigation,14(12):1383-1390

(Issue Date)
2023-12

(Resource Type)
journal article

(Version)
Version of Record

(Rights)
© 2023 The Authors. Journal of Diabetes Investigation published by Asian Association
for the Study of Diabetes (AASD) and John Wiley & Sons Australia, Ltd.
This is an open access article under the terms of the Creative Commons Attribution-
NonCommercial-NoDerivs License, which permits use and distribution in any medium,…
provided the original work is properly cited, the use is non-commercial and no
modifications or adaptations are made.(URL)
https://hdl.handle.net/20.500.14094/0100485320

Imafuku, Hitomi ; Tanimura, Kenji ; Masuko, Naohisa ; Tomimoto, Masako
; Shi, Yutoku ; Uchida, Akiko ; Deguchi, Masashi ; Fujioka, Kazumichi …
Yamamoto, Akane ; Yoshino, Kei ; Hirota, Yushi ; Hirota, Yushi ; Ogawa,
Wataru ; Terai, Yoshito



Advantages of sensor-augmented insulin pump
therapy for pregnant women with type 1
diabetes mellitus
Hitomi Imafuku1, Kenji Tanimura1* , Naohisa Masuko1, Masako Tomimoto1, Yutoku Shi1, Akiko Uchida1,
Masashi Deguchi1, Kazumichi Fujioka2, Akane Yamamoto3, Kei Yoshino3 , Yushi Hirota3 , Wataru Ogawa3 ,
Yoshito Terai1
1Department of Obstetrics and Gynecology, Kobe University Graduate School of Medicine, Kobe, Japan, 2Department of Pediatrics, Kobe University Graduate School of Medicine,
Kobe, Japan, and 3Division of Diabetes and Endocrinology, Department of the Internal Medicine, Kobe University Graduate School of Medicine, Kobe, Japan

Keywords
Pregnant women, Sensor-augmented
pump, Type 1 diabetes mellitus

*Correspondence
Kenji Tanimura
Tel.: +81-78-382-6000
Fax: +81-78-382-6019
E-mail address:
taniken@med.kobe-u.ac.jp

J Diabetes Investig 2023; 14: 1383–
1390

doi: 10.1111/jdi.14075

ABSTRACT
Aims/Introduction: To evaluate the efficacy of sensor-augmented pump (SAP) for
improving obstetric and neonatal outcomes among pregnant women with type 1
diabetes mellitus by comparing it with continuous subcutaneous insulin infusion plus self-
monitoring of blood glucose (continuous subcutaneous insulin infusion [CSII]/SMBG).
Materials and Methods: This retrospective cohort study included 40 cases of
pregnancy complicated by type 1 diabetes mellitus treated with SAP (SAP group), and 29
cases of pregnancy complicated by type 1 diabetes mellitus treated with CSII/SMBG (CSII/
SMBG group). The obstetric and neonatal outcomes were compared between the two
groups.
Results: The median of the glycoalbumin levels in the first (18.8% vs 20.9%; P < 0.05)
and second (15.4% vs 18.0%; P < 0.05) trimesters, the hemoglobin A1c levels in the
peripartum period (6.1% vs 6.5%; P < 0.05) and the standard deviation score of
birthweights (0.36 vs 1.52; P < 0.05) were significantly lower in the SAP group than in the
CSII/SMBG group. The incidence rate of large for gestational age newborns was
significantly lower in the SAP group than in the CSII/SMBG group (27.5% vs 65.5%;
P < 0.05). No significant differences in the incidence rates of hypertensive disorders of
pregnancy, small for gestational age, respiratory distress syndrome, neonatal
hypoglycemia, hypervolemia and hyperbilirubinemia were observed between the groups.
Conclusion: The present study showed that SAP therapy is more effective in
preventing large for gestational age newborns in pregnant women with type 1 diabetes
mellitus than CSII/SMBG.

INTRODUCTION
Pregnant women with type 1 diabetes mellitus are at risk of
adverse obstetric and neonatal outcomes, including hypertensive
disorders of pregnancy (HDP), pre-eclampsia, cesarean delivery,
preterm delivery, large for gestational age (LGA), small for ges-
tational age (SGA) and respiratory distress syndrome (RDS)1.
Maternal hyperglycemia that occurs during the second and
third trimesters is associated with the incidence of pre-
eclampsia, preterm delivery, LGA, and neonatal hypoglycemia

and hyperbilirubinemia2,3. Therefore, optimal glycemic control
during pregnancy is necessary for pregnant women with type 1
diabetes mellitus to avoid such adverse outcomes.
The currently available treatments for type 1 diabetes melli-

tus are insulin therapy (two modes: multiple daily injections
[MDI] and continuous subcutaneous insulin infusion [CSII])
and glucose monitoring (two modes: self-monitoring of blood
glucose [SMBG] and continuous glucose monitoring [CGM]).
In the Continuous Glucose Monitoring in Pregnant Women
with Type 1 Diabetes (CONCEPTT) study, which was a ran-
domized controlled trial of MDI versus CSII in pregnant
women with type 1 diabetes mellitus, MDI users had betterReceived 6 April 2023; revised 4 August 2023; accepted 14 August 2023
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glycemic control, and lower incidence of HDP and neonatal
hypoglycemia than CSII users, regardless of whether CGM or
SMBG was used4. Whereas, in comparisons of CGM versus
SMBG, the incident rates of LGA and neonatal hypoglycemia
were lower in CGM users than in SMBG users, regardless of
whether MDI or CSII was used5. However, there are no recom-
mendations for a combination of insulin therapy and glucose
monitoring in pregnant women with type 1 diabetes mellitus.
Sensor-augmented pump (SAP) therapy involves the integra-

tion of an insulin pump with real-time CGM. It was found to
be associated with better glycemic control than MDI in non-
pregnant women with type 1 diabetes mellitus6,7. In Japan,
SAPs for patients with type 1 diabetes mellitus have been cov-
ered by insurance since February 2015, and the number of SAP
users has been increasing along with the increase in the num-
ber of CSII users.
To the best of our knowledge, there are no studies compar-

ing the obstetric and neonatal outcomes of pregnant women
with type 1 diabetes mellitus between SAP users and CSII plus
SMBG (CSII/SMBG) users. The present retrospective cohort
study aimed to evaluate the efficacy of SAP therapy for improv-
ing the obstetric and neonatal outcomes of pregnant women
with type 1 diabetes mellitus by comparing it with CSII/SMBG.

MATERIALS AND METHODS
The present retrospective cohort study was carried out accord-
ing to the principles of the Declaration of Helsinki and
approved by the research ethics committee of Kobe University
Graduate School of Medicine (reference number: B220081).
This study enrolled pregnant women with type 1 diabetes mel-

litus who used SAP (MiniMed 620G or MiniMed 640G; Medtro-
nic, Hertfordshire, UK) or CSII (Paradigm 712 or Paradigm 722;
Medtronic) plus SMBG and who delivered after 22 gestational
weeks (GW) between April 2008 and August 2022 at Kobe Uni-
versity Hospital, Kobe, Japan. The patients were managed by dia-
betologists and obstetricians at the university hospital. They were
re-educated about carbohydrate counting during early pregnancy,
and were recommended the six-divided diet with tripartition
energy (total energy intake: body mass index <25 kg/m2, stan-
dard bodyweight 9 30 + 250 [+50 in the first trimester] kcal;
body mass index ≥25 kg/m2, standard bodyweight 9 30 kcal
according to the guidelines for the management of diabetes).
Insulin titration was determined according to the attending phy-
sician’s instruction or the patients’ own judgment. The target
blood glucose (BG) levels were <100 mg/dL preprandially, and
<120 mg/dL postprandially according to the guidelines of Japan
Society of Obstetrics and Gynecology for diabetes management
in pregnancy throughout the study period8–10.
Patients who changed the methods of insulin therapy or glu-

cose monitoring after 22 GW were excluded from the study
analyses. Patients who used intermittently scanned CGM
(isCGM), which became available in Japan in September 2017,
were also excluded, because the number of patients who used
isCGM in this study period (n = 4) was too small to compare.

The patients’ and newborns’ characteristics and clinical find-
ings, including the methods of insulin therapy and glucose
monitoring, dose of insulin, age at delivery, gravidity, parity,
body mass index before pregnancy, hemoglobin A1c (HbA1c)
and glycoalbumin (GA) in the first and second trimesters and
the peripartum period, incidence of maternal severe hypoglyce-
mia, GW at delivery, incidence of HDP, delivery mode, birth-
weight, incidence of RDS, neonatal serum BG levels and
hematocrit at birth, use of phototherapy for neonatal hyperbilir-
ubinemia, and morphological anomalies of newborns were col-
lected from the medical records. Furthermore, the total basal
insulin dose (TBD) and total daily insulin dose (TDD) were
collected from the medical records. The time in range (TIR),
time above range (TAR) and time below range (TBR) were
analyzed from CGM data of patients who used SAP by using
the CareLink software (Medtronic).
The HbA1c values of the Japan Diabetes Society (JDS) were

converted to the National Glycohemoglobin Standardization
Program (NGSP) values of HbA1c as the formula: NGSP (%)
= 1.02 9 JDS (%) – 0.25%11. Maternal severe hypoglycemia
was defined as an event requiring assistance of another person
to treat due to low BG levels. HDP was defined as systolic
blood pressure ≥140 mmHg and/or diastolic blood pressure
≥90 mmHg during pregnancy12. The standard deviation score
and percentiles of birthweights were calculated using normative
birthweights for Japanese newborns13. LGA and SGA were
defined as birthweights of more than the 90th percentile and
less than the 10th percentile, respectively. RDS was diagnosed
based on the presence of clinical symptoms and chest X-ray
findings. Hypoglycemia was defined as neonatal serum glucose
levels at birth of <35 mg/dL. Polycythemia was defined as neo-
natal hematocrit of >65%. Hyperbilirubinemia was defined as
the need for phototherapy according to the 1992 Kobe Univer-
sity treatment criterion14,15. The target range of sensor glucose
levels for calculating TIR, TAR and TBR was defined as 63–
140 mg/dL16.

Statistical analysis
Clinical characteristics were compared between the SAP and
CSII/SMBG groups. The differences were analyzed using the
Student’s t-test or the Mann–Whitney U-test, and Fisher’s exact
test or the v2-test. P < 0.05 was considered to show statistical
significance. The Bonferroni correction was used for adjustment
in multiple comparisons. All statistical analyses were carried
out using EZR (Saitama Medical Center, Jichi Medical Univer-
sity, Saitama, Japan), a graphical user interface for R (The R
Foundation for Statistical Computing, Vienna, Austria).

RESULTS
A flow diagram of the study population is presented in Figure 1.
During the study period, 94 pregnancies among 75 pregnant
women with type 1 diabetes mellitus were managed at Kobe
University Hospital. All patients diagnosed with type 1 diabetes
mellitus received insulin treatment before pregnancy. Of the 15
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patients who had two pregnancies, six used SAP in both preg-
nancies; five used CSII/SMBG in both pregnancies; one used
MDI in both pregnancies; one used CSII/SMBG and SAP in
the first and second pregnancy, respectively; one used CSII/
SMBG and CSII plus isCGM in the first and second pregnancy,
respectively; and one used SAP and MDI plus isCGM in the
first and second pregnancy, respectively. Of the two patients
who had three pregnancies, one used MDI in all pregnancies,
and the other one used CSII/SMBG in the first pregnancy and
SAP in the second and third pregnancies. In the present study,
25 pregnancies among 22 patients were excluded: 20 pregnan-
cies among 17 patients who used MDI, two pregnancies among
two patients who used CSII plus isCGM, one pregnancy of a
patient who switched from MDI to CSII at 28 GW, and two
pregnancies among two patients who switched from CSII to
SAP at 23 GW and 27 GW, respectively.
The final analysis included 40 pregnancies among 33 patients

with type 1 diabetes mellitus in the SAP group and 29 preg-
nancies among 24 patients with type 1 diabetes mellitus in the
CSII/SMBG group.
The clinical characteristics of pregnant women with type 1

diabetes mellitus and their newborns are presented in Table 1.
The GA levels in the first trimester (P < 0.05), the second tri-
mester (P < 0.01) and the peripartum period (P < 0.05),
HbA1c levels in the second trimester (P < 0.05) and the peri-
partum period (P < 0.05), and standard deviation score of the

birthweights (P < 0.05) were significantly lower in the SAP
group than in the CSII/SMBG group. Regarding the insulin
doses and the TBD in the second trimester (P < 0.05) and
peripartum period (P < 0.05), the TBD/TDD ratios in the first
trimester (P < 0.01), second trimester (P < 0.01) and peripar-
tum period (P < 0.01) were significantly lower in the SAP
group than in the CSII/SMBG group. Two newborns had mor-
phological anomalies in the CSII/SMBG group; one had a cleft
lip and another had a ventricular septal defect. No significant
difference was observed in the TDDs between the two groups.
Furthermore, in the SAP group, there was no significant differ-
ence between the TDDs in the first and second trimesters;
however, the TDD in the peripartum period was significantly
higher than both TDDs in the first and second trimesters
(Figure 2a). In contrast, there was no significant difference in
the TDDs throughout the pregnancy in the CSII/SMBG group
(Figure 2b).
The obstetric and neonatal complications of the patients are

presented in Table 2. The incidence rate of LGA was signifi-
cantly lower in the SAP group than in the CSII/SMBG group
(P < 0.05). However, no significant differences were observed
in the incidence rates of HDP, SGA, RDS, neonatal hypoglyce-
mia, polycythemia and hyperbilirubinemia between the two
groups.
In a subanalysis of pregnancies in which SAP was used in

the present study, the obstetric and neonatal outcomes of 16

94 pregnancies among
the 75 women with type 1 DM

20 pregnancies among
the 17 women who used MDI

2 pregnancies among
the 2 women who used CSII plus isCGM

1 pregnancy among
the 1 woman in whom MDI was changed to CSII

after 22GW

2 pregnancies among
the 2 woman in whom CSII was changed to SAP

after 22GW

40 pregnancies among
the 33 women who used SAP

29 pregnancies among
the 24 women who used CSII plus SMBG

Figure 1 | A flow diagram of the study population. CSII, continuous subcutaneous insulin infusion; DM, diabetes mellitus; GW, gestational weeks;
isCGM, intermittently scanned continuous glucose monitoring; MDI, multiple daily injections; SAP, sensor-augmented insulin pump; SMBG, self-
monitoring of blood glucose.
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pregnancies in which 10 patients switched from MDI/SMBG to
SAP or six patients switched from CSII/SMBG to SAP at 5–19
GW (the switching to SAP group) were compared with those
in 24 pregnancies in which SAP was used before and through-
out pregnancy (the consecutive SAP group). The clinical char-
acteristics of pregnant women and their newborns are
presented in Table 3. The maternal age at delivery (P ≤ 0.01),
gravidity (P ≤ 0.01) and parity (P ≤ 0.05) were significantly
lower in the switching to SAP group than in the consecutive
SAP group. Both the GA (P < 0.05) and HbA1c levels
(P < 0.05) during the first trimester were significantly lower in
the consecutive SAP group than in the switching to SAP group.
Furthermore, the incidence rate of HDP was lower in the
switching to SAP group than in the consecutive SAP group,
but the difference was not significant (P = 0.06; Table 4). How-
ever, no significant differences were observed in the incidence
rates of neonatal complications between the two groups.

DISCUSSION
In the present study, it was suggested that SAP contributes to
the decrease in the incidence of LGA in pregnancies compli-
cated by type 1 diabetes mellitus compared with CSII/SMBG.
Interestingly, the incidence rate of LGA in pregnancies compli-
cated by type 1 diabetes mellitus in which SAP was initiated
after conception was not different from that in which SAP was
used before conception. In previous studies, obstetric and neo-
natal outcomes in pregnant women with type 1 diabetes melli-
tus were compared for CGM users versus non-CGM users5 or
for insulin pump users versus non-insulin pump users4. How-
ever, no study compared these outcomes in pregnant women
with type 1 diabetes mellitus for SAP users versus users of
other methods of insulin therapy and BG monitoring. To the
best of our knowledge, this is the first report showing the effi-
cacy of SAP for preventing the incidence of LGA in pregnant
women with type 1 diabetes mellitus compared with CSII/
SMBG.
In previous studies, the incidence rate of LGA was reported

to be 41.0–63.6% in pregnant women with type 1 diabetes mel-
litus using CSII4,17–21, and 33.6–60.0% in those using MDI19,20.
Some studies have shown that the incidence rate of LGA was
higher in CSII users than in MDI users19,20, whereas other
studies reported that the incidence rates were not significantly
different between the CSII and MDI users4,17,18,21. In contrast,
there were no data regarding the incidence rate of LGA in
pregnant women with type 1 diabetes mellitus using SAP. The
incidence rate of LGA in the CSII/SMBG group (65.5%) in the
present study was similar to those in previous studies. Notably,
the incidence rate of LGA in the SAP group in this study
(27.5%) was the lowest in the incident rates reported in the
previous studies of pregnant women with type 1 diabetes melli-
tus who received CSII or MDI. Indeed, the glycemic manage-
ment strategies for patients with type 1 diabetes mellitus have
been developed in recent years; for example, the development
of new devices, new insulin formulation, carbohydrates

Table 1 | Clinical characteristics of pregnant women with type 1
diabetes and their newborns

Clinical characteristics SAP group
n = 40

CSII/SMBG
group
n = 29

P-value

Age at delivery (years) 32.4 – 5.8 33.6 – 4.9 0.4
Gravidity 1.9 – 1.1 2.2 – 1.0 0.1
Parity 0.4 – 0.7 0.6 – 0.7 0.3
BMI before pregnancy
(kg/m2)

22.1 – 3.1 22.9 – 3.0 0.2

Weight gain during
pregnancy (kg)

11.6 – 4.6 11.5 – 4.3 0.9

Maternal severe
hypoglycemia

1 (2.5%) 1 (3.4%) 1.0

Laboratory findings and insulin doses
In the first trimester
HbA1c (%) 7.1 – 1.3 7.2 – 1.1 0.4
Glycoalbumin (%) 19.4 – 3.5 21.4 – 3.8† <0.05
TIR (%) 65.9 – 15.5‡ N/D –
TAR (%) 28.1 – 18.3‡ N/D –
TBR (%) 6.0 – 4.6‡ N/D –
TDD (units/day) 40.7 – 19.5 40.7 – 12.1 0.4
TBD (units/day) 14.3 – 7.5 17.9 – 7.5 0.06
TBD/TDD ratio (%) 31.9 – 12.1 44.0 – 11.5 <0.01
In the second trimester
HbA1c (%) 5.9 – 0.6 6.2 – 0.5 <0.05
Glycoalbumin (%) 16.0 – 2.4 17.7 – 2.6 <0.01
TIR (%) 69.3 – 11.2§ N/D –
TAR (%) 22.7 – 14.1§ N/D –
TBR (%) 8.0 – 5.4§ N/D –
TDD (units/day) 42.3 – 15.8 40.1 – 10.7 0.06
TBD (units/day) 12.5 – 6.8 15.3 – 5.2 <0.05
TBD/TDD ratio (%) 28.1 – 10.7 38.9 – 8.1 <0.01
In the peripartum period
HbA1c (%) 6.2 – 0.7 6.5 – 0.7 <0.05
Glycoalbumin (%) 14.3 – 1.6 15.2 – 2.0 <0.05
TIR (%) 74.4 – 10.7¶ N/D –
TAR (%) 19.3 – 11.8¶ N/D –
TBR (%) 6.3 – 4.4¶ N/D –
TDD (units/day) 57.6 – 24.6 52.1 – 19.3 0.6
TBD (units/day) 16.1 – 8.3 22.1 – 10.1 <0.05
TBD/TDD ratio (%) 28.5 – 11.5 43.8 – 9.0 <0.01

GW at delivery 37.7 – 2.0 37.8 – 1.2 0.9
Preterm delivery <37
GW

6 (15.0%) 4 (13.8%) 1.0

Cesarean delivery 14 (35.0%) 11 (37.9%) 1.0
SD score of the
birthweights

0.6 – 1.3 1.4 – 1.3 <0.05

Morphological anomalies
of newborns

0 2 (6.9%) 0.2

Data are expressed as the mean – standard deviation or the number
(percentage). †Eight patients had missing data. ‡16 patients had
missing data. §13 patients had missing data. ¶12 patients had
missing data. BMI, body mass index; CSII, continuous subcutaneous
insulin infusion; DM, diabetes mellitus; GW, gestational weeks; HbA1c,
hemoglobin A1c; N/D, not determined; SAP, sensor-augmented insulin
pump therapy; SD, standard deviation; SMBG, self-monitoring of blood
glucose; TAR, time above range; TBD, total basal insulin dose; TBR, time
below range; TDD, total daily insulin dose; TIR, time in range.
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counting and so on. Therefore, SAP, as well as other factors,
could have influenced the results of the present study. However,
we believe that the results of our study can be presented as
real-world data.
In the first trimester, the TDD and TBD were not different

between the SAP and CSII/SMBG groups. In the second tri-
mester and peripartum period, the TDD was not different
between the two groups, whereas the TBD was lower in the
SAP group than in the CSII/SMBG group. The TBD/TDD ratio
was lower in the SAP group than in the CSII/SMBG group
throughout pregnancy. In contrast, the TBD/TDD ratio during
the first trimester in the SAP group (31.9 – 12.1%) was similar
to that in the previous reports of Japanese non-pregnant type 1
diabetes mellitus patients whose basal insulin levels were

properly controlled by using SAP (28 – 8%22 and
30.9 – 14.4%23). Whereas, the TBD/TDD ratio during the first
trimester in the CSII/SMBG group (44.0 – 11.5%) was higher
than that in the previous reports of Japanese non-pregnant
type 1 diabetes mellitus patients whose basal insulin levels were
properly controlled by using CSII (27.7 – 6.9%24, 27.3 – 6.0%25

and 29 – 10%22). The patients in the SAP group might have
good glycemic control from early pregnancy. In addition, in
both the SAP and CSII/SMBG groups, the TDD in the peripar-
tum period was significantly higher than those in the first and
second trimesters. These results show that SAP can closely
monitor the changes in the BG levels, and SAP can maintain
the minimal insulin concentrations required to keep normal
basal BG levels. Furthermore, SAP can achieve the necessary
and sufficient insulin concentrations required to maintain nor-
mal postprandial BG levels. Tight control of BG levels in preg-
nant women with type 1 diabetes mellitus using SAP might
help prevent the incidence of LGA. Indeed, in the present
study, no significant differences were observed in the HbA1c
levels in the first trimester between the SAP and CSII/SMBG
groups, whereas the HbA1c levels in the second trimester and
peripartum period were lower in the SAP group than in the
CSII/SMBG group. The lower HbA1c levels in the second tri-
mester and the peripartum period might indicate better glyce-
mic control during pregnancy, which could lead to the
reduction in the incidence of LGA in the SAP group. In addi-
tion, there was no significant difference in the frequency of
maternal severe hypoglycemia during pregnancy between the
SAP and CSII/SMBG group (2.5% vs 3.4%).
Regarding the percentage of target glycemic range, TIR of

>70%, TAR of <25% and TBR of <4% are recommended for
glycemic control during pregnancy with type 1 diabetes
mellitus16. In the present study, however, some patients had
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Figure 2 | (a) The total daily insulin dose in the first and second trimesters, and the peripartum period in the sensor-augmented insulin pump
therapy group, and (b) continuous subcutaneous insulin infusion plus self-monitoring of the blood glucose group. Statistical significance was
calculated using the Mann–Whitney U-test with a Bonferroni correction.

Table 2 | Obstetric and neonatal complications in pregnancies
complicated by type 1 diabetes

Complications SAP group
n = 40

CSII/SMBG group
n = 29

P-value

Hypertensive disorders of
pregnancy

9 (22.5) 8 (27.6) 0.8

Large for gestational age 11 (27.5) 19 (65.5) <0.01
Small for gestational age 2 (5.0) 0 (0) 0.5
Respiratory distress
syndrome

2 (5.0) 1 (3.4) 1.0

Neonatal hypoglycemia 10 (25.0) 8 (27.6) 1.0
Neonatal polycythemia 4 (10.0) 3 (10.3) 1.0
Neonatal
hyperbilirubinemia

15 (37.5) 13 (44.8) 0.6

Data are expressed as the number (percentage). CSII, continuous subcu-
taneous insulin infusion; DM, diabetes mellitus; SAP, sensor-augmented
insulin pump therapy; SMBG, self-monitoring of blood glucose.
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missing data, the mean TIR in the peripartum period was
>70%, but the means of TIR in the first and second trimester
were 65.9% and 69.3%, respectively. The mean TAR in the sec-
ond trimester and the peripartum period were <25%, but the
mean TAR in the first trimester was 28.1%. Furthermore, the
mean TBR in all three periods was >4%. These results sug-
gested that the BG levels in pregnant women with type 1 dia-
betes mellitus in the SAP group were likely to be controlled
strictly and to be maintained lower.
A subanalysis of pregnant women enrolled in the SAP group

in the present study showed that SAP initiated before and con-
tinued after conception can lead to lower serum levels of
HbA1c and GA in the first trimester than SAP initiated after
conception. Notably, no differences were observed in the
HbA1c and GA levels during the peripartum period and the
incidence rates of LGA between the consecutive SAP group
and the switching to SAP group. These results show that the
initiation of SAP therapy even after conception might help pre-
vent the incidence of LGA.
In previous studies of pregnant women with type 1 diabetes

mellitus using CSII, the incidence rates of obstetric and neonatal
complications were as follows: HDP, 9.2–30.6%4,17,21; SGA, 0.4–
8.7%4,17,18; RDS, 8.8–10.0%4,17,21; neonatal hypoglycemia, 22.8–
31.8%4,17,21; and neonatal hyperbilirubinemia, 17.4–28.2%4,21.
However, there are currently no data on the incidence rates of
obstetric and neonatal complications in pregnant women with
type 1 diabetes mellitus treated with SAP. In the present study,
the incidence rates of HDP (22.5%), SGA (5.0%) and neonatal
hypoglycemia (25.0%) in the SAP group were similar to those
among the CSII users in previous studies. Furthermore, the

Table 3 | Clinical characteristics of pregnant women with type 1
diabetes using sensor-augmented insulin pump therapy and their
newborns

Clinical
characteristics

Switching to SAP
group, n = 16

Consecutive SAP
group, n = 24

P-
value

Age at delivery
(years)

29.5 – 5.8 34.4 – 5.0 <0.01

Gravidity 1.1 – 0.4 2.4 – 1.2 <0.01
Parity 0.1 – 0.3 0.7 – 0.8 <0.05
BMI before
pregnancy (kg/m2)

21.4 – 2.3 22.5 – 3.6 0.7

Weight gain during
pregnancy (kg)

11.2 – 4.3 12.0 – 4.8 0.6

Maternal severe
hypoglycemia

0 (0%) 1 (4.2%) 1.0

Laboratory findings and insulin doses
In the first trimester
HbA1c (%) 7.7 – 1.7 6.7 – 0.7 <0.05
Glycoalbumin (%) 21.1 – 4.0 18.5 – 2.8 <0.05
TIR (%) 73.0 – 14.1† 63.5 – 15.5¶ 0.2
TAR (%) 19.4 – 17.0† 31.0 – 18.2¶ 0.2
TBR (%) 7.6 – 5.6† 5.4 – 4.3¶ 0.3
TDD (units/day) 35.5 – 13.0 43.1 – 22.1 0.4
TBD (units/day) 13.7 – 7.6 14.4 – 7.5 0.7
TBD/TDD ratio (%) 32.1 – 13.4 31.6 – 11.4 0.9
In the second trimester
HbA1c (%) 5.9 – 0.7 5.9 – 0.5 1.0
Glycoalbumin (%) 16.3 – 3.2 15.7 – 1.7 0.6
TIR (%) 70.7 – 13.6‡ 68.6 – 10.3†† 0.7
TAR (%) 20.0 – 18.7‡ 23.8 – 12.1†† 0.5
TBR (%) 9.3 – 7.2‡ 7.5 – 4.6†† 0.5
TDD (units/day) 42.5 – 16.4 42.2 – 15.3 0.9
TBD (units/day) 11.0 – 5.5 13.4 – 7.5 0.6
TBD/TDD ratio (%) 25.7 – 10.5 29.3 – 10.7 0.3
In the peripartum period
HbA1c (%) 6.0 – 0.8 6.2 – 0.9 0.5
Glycoalbumin (%) 14.4 – 2.1 14.2 – 1.2 0.8
TIR (%) 81.6 – 7.7§ 71.1 – 10.4†† <0.05
TAR (%) 11.5 – 6.4§ 23.0 – 12.0†† <0.05
TBR (%) 6.9 – 4.8§ 6.0 – 4.3†† 0.6
TDD (units/day) 55.2 – 27.2 59.3 – 22.6 0.2
TBD (units/day) 13.8 – 6.8 17.6 – 8.8 0.2
TBD/TDD ratio (%) 25.5 – 11.6 30.4 – 11.0 0.2

GW at delivery 37.7 – 2.5 37.8 – 1.8 0.8
Preterm delivery <37
GW

4 (25.0%) 2 (8.3%) 0.2

Cesarean delivery 5 (31.3%) 9 (37.5%) 0.7
SD score of
birthweights

0.6 – 1.3 0.6 – 1.4 1.0

Data are expressed as the mean – standard deviation or the number
(percentage). †10 patients had missing data. ‡Eight patients had
missing data. §Seven patients had missing data. ¶Six patients had
missing data. ††Five patients had missing data. BMI, body mass index;
DM, diabetes mellitus; CSII, continuous subcutaneous insulin infusion;
GW, gestational weeks; HbA1c, hemoglobin A1c; SAP, sensor-
augmented insulin pump therapy; SD, standard deviation; SMBG, self-
monitoring of blood glucose; TAR, time above range; TBD, total basal
insulin dose; TBR, time below range; TDD, total daily insulin dose; TIR,
time in range.

Table 4 | Obstetric and neonatal complications in pregnancies
complicated by type 1 diabetes treated with sensor-augmented insulin
pump therapy

Complications Switching to SAP
group, n = 16

Consecutive SAP
group, n = 24

P-
value

Hypertensive
disorders of
pregnancy

1 (6.3) 8 (33.3) 0.06

Large for
gestational age

5 (31.3) 6 (25.0) 0.7

Small for
gestational age

1 (6.3) 1 (4.2) 1

Respiratory distress
syndrome

1 (6.3) 1 (4.2) 1.0

Neonatal
hypoglycemia

6 (37.5) 4 (16.6) 0.2

Neonatal
polycythemia

0 (0) 4 (16.6) 0.2

Neonatal
hyperbilirubinemia

7 (43.8) 8 (33.3) 0.5

Data are expressed as the number (percentage). DM, diabetes mellitus;
SAP, sensor-augmented insulin pump therapy.

1388 J Diabetes Investig Vol. 14 No. 12 December 2023 ª 2023 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

O R I G I N A L A R T I C L E

Imafuku et al. http://wileyonlinelibrary.com/journal/jdi

 20401124, 2023, 12, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jdi.14075 by K

obe U
niversity, W

iley O
nline L

ibrary on [30/11/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



incidence rate of RDS in the SAP group (5.0%) was lower than
that among the CSII users in the previous studies; this might be
because the preterm delivery rate in the present study (15.0%)
was lower than that in previous studies (20.1–43.2%)4,18,20,21. The
incidence rate of neonatal hyperbilirubinemia in the SAP group
(37.5%) was higher than that among the CSII users in previous
studies; this might be due to the differences in susceptibility to
neonatal hyperbilirubinemia by race26.
The present study had some limitations. First, it was not a

randomized controlled trial, but a retrospective cohort study.
Furthermore, because SAP was not available until February
2015 in Japan, all patients were treated with MDI/SMBG or
CSII/SMBG until this time. After SAP became available, diabe-
tologists suggested that patients with type 1 diabetes mellitus
using MDI/SMBG or CSII/SMBG before pregnancy can use
SAP. If the patients accepted their suggestions and selected
SAP, they switched from MDI/SMBG or CSII/SMBG to SAP.
Therefore, this study could not provide strong evidence of effi-
cacy of SAP. Second, in our present study, from April 2008 to
January 2015, pregnant women with type 1 diabetes mellitus
were treated with SMBG plus CSII or MDI. From February
2015, they could also be treated with SAP. Furthermore, since
January 2017, pregnant women with type 1 diabetes mellitus
could be treated with isCGM plus MDI or CSII. However, the
number of patients who used isCGM was too small (2 patients
treated with MDI/isCGM and 2 with CSII/isCGM) to analyze.
Therefore, we could not compare the obstetric and neonatal
outcomes between patients treated with SAP and those with
CSII/CGM in these real-world data settings. Further studies are
warranted to confirm the results of this study.
In conclusion, SAP therapy might be effective in preventing

the incidence of LGA in pregnant women with type 1 diabetes
mellitus. The present study will provide helpful information for
both obstetricians and diabetologists.
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