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ABSTRACT

Introduction When planning the treatment of women with

gestational diabetes, the current standard approach also

takes fetal growth development into account. The treatment

of pregnant women with type 1 diabetes mellitus (DM) used

to be based exclusively on maternal blood glucose values. This

study investigated the impact of including fetal growth pa-

rameters in the monitoring of pregnant women with type 1

diabetes mellitus.

Patients/Method 199 pregnant women with type 1 DM

were included in a cohort study. The patient population was

divided into two study cohorts. In the mBG cohort (n = 94; in-

vestigation period: 1994–2005) treatment was monitored us-

ing only maternal blood glucose (mBG) values; the aim was to

achieve standard target glucose values (mean BG < 5.5 mmol/

l, postprandial: at 1 h < 7.7mmol/l, at 2 h < 6.6 mmol/l). In the

fUS collective (n = 101, investigation period: 2006–2014) fetal

growth parameters were additionally included when monitor-

ing treatment from the 22nd week of gestation, and maternal

target glucose values were then individually adjusted to take

account of fetal growth. This study aimed to investigate the

impact of these two different ways of monitoring treatment

on perinatal and peripartum outcomes.

Results 91.4% of all patients were normoglycemic at the time

of delivery (HbA1c < 6.7%); 58.9% of patients achieved strict

normoglycemia (HbA1c < 5.7%). No differences were found

between the two study cohorts (fUS vs. mBG: HbA1c < 6.7%:

93.9 vs. 88.4%, n. s.; mean blood glucose (BG): 5.4 ± 0.6 to

6.6 ± 1.1 vs. 5.9 ± 0.7 to 7.4 ± 1.9 mmol/l, n. s.). Patients from

the fUS cohort required significantly lower weight-adjusted

maximum insulin doses (0.9 ± 0.3 vs. 1.0 ± 0.4 IE/kg body-* Shared first authorship.
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weight, p < 0.05). Pregnancy complications occurred signifi-

cantly less often in the fUS cohort (preeclampsia: 7.1 vs.

20.9%, p = 0.01; premature labor: 4.0 vs. 23.3%, p < 0.001;

cervical insufficiency: 0.0 vs. 11.6%, p = 0.001), and there

were significantly fewer cases with neonatal hyperbilirubine-

mia (19.2 vs. 40.7%, p = 0.001). There was no difference in

the rates of LGA infants between the two cohorts (21.2 vs.

24.4%, n. s.).

Conclusion Using maternal blood glucose values combined

with fetal growth parameters to monitor DM treatment allows

therapeutic interventions to be individualized and reduces the

risk of maternal and infant morbidity. The metabolism of pa-

tients in the fUS cohort was significantly more stable and

there were fewer variations in glucose values. It is possible

that the detected benefits are due to this metabolic stabiliza-

tion.

ZUSAMMENFASSUNG

Einleitung Zur Therapieführung bei Gestationsdiabetikerin-

nen ist die Einbeziehung des fetalen Wachstums inzwischen

Standard. Bei Schwangeren mit Diabetes mellitus Typ 1 (DM)

orientiert sich die Therapie in der Schwangerschaft bisher

ausschließlich an den mütterlichen Blutglukosewerten. In der

vorliegenden Studie wurde der Einfluss der Einbeziehung der

fetalen Wachstumsparameter in die Therapieführung bei Typ-

1-Diabetikerinnen in der Schwangerschaft untersucht.

Patienten/Methodik Im Rahmen einer Kohortenstudie wur-

den Schwangere (n = 199) mit DM Typ 1 eingeschlossen und

in 2 Studienkollektive rekrutiert: In der Kohorte müBG (n = 94;

Betreuung: 1994–2005) wurde die Therapie ausschließlich

anhand der mütterlichen Blutglukosewerte überwacht und

einheitliche Glukosezielwerte wurden angestrebt (MBG

< 5,5 mmol/l, postprandial 1 h < 7,7 mmol/l/2 h < 6,6mmol/l).

In der Kohorte fUS (n = 101, Betreuung: 2006–2014) wurden

zusätzlich ab der 22. Schwangerschaftswoche fetale Wachs-

tumsparameter in die Therapieführung integriert und die

mütterlichen Glukosezielwerte individuell an das fetale

Wachstum angepasst. Untersucht wurde der Einfluss der The-

rapieführung auf das perinatale und peripartale Outcome.

Ergebnisse 91,4% aller Patientinnen erreichten bis zur Ent-

bindung eine normoglykäme Stoffwechsellage mit

HbA1c < 6,7% und 58,9% eine strenge Normoglykämie mit

HbA1c < 5,7%. Es fanden sich hierbei keine Unterschiede in

den untersuchten Kohorten (fUS vs. müBG: HbA1c < 6,7%:

93,9 vs. 88,4%, n. s./mittlere BG: 5,4 ± 0,6 bis 6,6 ± 1,1 vs.

5,9 ± 0,7 bis 7,4 ± 1,9 mmol/l, n. s.). Patientinnen der fUS-Ko-

horte benötigten eine signifikant niedrigere gewichtsadap-

tierte maximale Insulindosis (0,9 ± 0,3 vs. 1,0 ± 0,4 IE/kgKG,

p < 0,05). Im fUS-Kollektiv traten signifikant seltener Schwan-

gerschaftskomplikationen auf (Präeklampsie: 7,1 vs. 20,9%,

p = 0,01; vorzeitige Wehen: 4,0 vs. 23,3%, p < 0,001; Zervix-

insuffizienz: 0,0 vs. 11,6%, p = 0,001), signifikant weniger

neonatale Hyperbilirubinämien (19,2 vs. 40,7%, p = 0,001).

Die Raten an LGA-Kindern unterschieden sich nicht (21,2 vs.

24,4%, n. s.).

Schlussfolgerung Durch eine Orientierung der Therapie-

steuerung an den mütterlichen Blutglukosewerten in Kombi-

nation mit den fetalen Wachstumsparametern können indivi-

dualisierte, therapeutische Interventionen ergriffen werden,

die das Morbidiätsrisiko für Mutter und Kind senken. Gleich-

zeitig konnte eine deutlich stabilere Stoffwechseleinstellung

mit geringerer Glukosevarianz erreicht werden. Möglicher-

weise ist der gezeigte Vorteil auf diese Stabilisierung der Stoff-

wechseleinstellung zurückzuführen.

GebFra Science |Original Article
Introduction
Around 6 million people in Germany are known to have type 1 or
type 2 diabetes mellitus (DM) [1]. According to the BQS (Bundes-
geschäftsstelle Qualitätssicherung gGmbH) evaluation of German
perinatal data from 2013, diabetes was present prior to concep-
tion in 0.95% (n = 6256) of cases out of 658735 persons who gave
birth [2].

Women with DM have higher rates of maternal and fetal mor-
bidity. Depending on the quality of maternal metabolic control,
higher rates of miscarriage, malformations, premature delivery
and preeclampsia have also been reported for this group of preg-
nant women. Children born to women with type 1 diabetes melli-
tus have higher rates of macrosomia, a higher risk of shoulder dys-
tocia and higher rates of postnatal adjustment disorders (hyper-
bilirubinemia, breathing disorders) [3–9]. In addition, the risk of
stillbirth and postnatal infant mortality is higher compared to
healthy collectives [10,11].

The DDG has recommended using a metabolic target of almost
normal values for at least 3 months prior to conception. HbA1c

should not be more than 0.5–1.0% above the respective reference
value for the laboratory method used. During the course of preg-
1200
nancy HbA1c should be determined every 4–6 weeks; target val-
ues are the reference values of a healthy population. The target
blood glucose values for patients with type 1 DM should be 3.3–
5.0mmol/l when fasting, < 7.7mmol/l at 1 h postprandially, and
< 6.6mmol/l at 2 h postprandially. According to the current guide-
line, mean blood glucose values, which are calculated using 6 val-
ues measured across the course of one day, should be between
4.7–5.8mmol/l [15,27].

The determination of fetal growth parameters and the use of
these fetal growth parameters to guide treatment is an estab-
lished approach when treating women with gestational diabetes
[14]. The current recommendations on managing the treatment
of pregnant women with manifest pregestational DM include fetal
biometry based on ultrasound examinations carried out every 2–
4 weeks from the 24th week of gestation (GW) in addition to stan-
dard diabetic monitoring of the maternal metabolism [15,27].
Although studies have shown the benefits of using fetal growth
parameters to monitor the treatment of women with gestational
diabetes (GDM) as it allows treatment to be individually adjusted,
these data are still lacking for women with pregestational DM [12,
13]. At present, ultrasonographic imaging is used to monitor the
fetus and detect possible risk constellations for fetal growth disor-
Schütze ST et al. Evaluation of Treatment… Geburtsh Frauenheilk 2019; 79: 1199–1207



Miscarriage

n 8=

No fetal ultrasound

(mBG) 1994–2005

n 94=

Mother-child data from 22nd

week of gestation, n 86=

Miscarriage

n 2=

Mother-child data from 22nd

week of gestation, n = 99

Fetal ultrasound

(fUS) 2006–2014

n 101=

Patients with type 1 diabetes mellitus

1994–2014

n 199=

Mother-child pairs

n 195=

Birth data missing

n 4=

▶ Fig. 1 Study population: 199 patients with type 1 diabetes mellitus during pregnancy were included in the study; 4 patients were retrospectively
excluded due to a lack of birth data. The data of 195 mother-child pairs were available for analysis. They were subdivided into 2 study cohorts: mBG
– patients whose treatment was monitored using only maternal blood glucose values (without fetal ultrasonography), and fUS patients whose
treatment management additionally included the monitoring of fetal growth parameters (with fetal ultrasonography). Miscarriages occurred in
both study cohorts, meaning that, after the 22nd GW, data from 86 mother-child pairs (mBG cohort) and from 99 mother-child pairs (fUS cohort)
was available for analysis.
ders or impaired fetal nutrition. There are currently no studies
which have investigated whether target blood glucose values
should be adjusted based on changes in the growth curves of fe-
tuses carried by type 1 diabetic women.

The aim of this study was to investigate whether ultrasound
measurement of fetal growth parameters, in addition to monitor-
ing the blood glucose values of pregnant women with type 1 DM,
could reduce pregnancy complications and improve fetal out-
comes.
Patients and Method
This study was a prospective cohort study (Cohort 2) based on the
retrospective collection of data from a comparable (Cohort 1). A
total of 199 pregnant women with type 1 DM who were managed
by UKJ from 1994–2014 were included in the study. After 4 pa-
tients were retrospectively excluded as data on the births were
lacking, 195 mother-child pairs were available for analysis
(▶ Fig. 1).

The study population consisted of 2 cohorts with the following
characteristics:

Cohort 1: mBG study collective, n = 94. This study cohort con-
sisted of pregnant women with type 1 diabetes who were treated
in the period from January 1994 to December 2005 and moni-
tored using only maternal blood glucose (mBG) values without fe-
tal ultrasound. All of their data was analyzed retrospectively and
obtained from archived blood glucose diaries and the data re-
corded in the electronic patient files EMIL®.

Cohort 2: fUS study collective, n = 101. This prospective study
group consisted of all pregnant women with type 1 DM treated in
Schütze ST et al. Evaluation of Treatment… Geburtsh Frauenheilk 2019; 79: 1199–1207
the period from January 2006 to December 2014; all women in
the fUS cohort were monitored and treated according to a clearly
defined study protocol which consisted of blood glucose monitor-
ing combined with monitoring based on fetal ultrasound (fUS).

Overall, 5.1% of pregnant women (n = 10) suffered a miscar-
riage. At the end of the 22nd week of gestation, the data of 86 pa-
tients from the mBG cohort and 99 patients from the fUS cohort
were available for analysis (▶ Fig. 1).

The study was approved by the Ethics Committee of Friedrich
Schiller University Jena (vote no. 5280-09/17), and all patients
gave their written consent to the data collection.

Study/treatment protocol

The maternal blood glucose values of the mBG study cohort were
recorded every two weeks using blood glucose diaries and the
memory in the measuring devices. The aim was to achieve the
following target values throughout the entire pregnancy: mean
maternal BG < 5.5mmol/l (mean of all pre- und postprandial glu-
cose levels measured during the day), postprandial BG: at
1 h < 7.7mmol/l, at 2 h < 6.6mmol/l. Insulin doses were con-
stantly adjusted to achieve these therapy goals.

In the fUS study cohort, fetal biometry was carried out from
the 22nd week of gestation (GW) in accordance with the DEGUM
guidelines for medical specialists. The estimated fetal weight was
calculated using the Hadlock IV formula [16]. All ultrasound ex-
aminations carried out during the investigation period were done
by only two different examiners and were performed in accord-
ance with the hospitalʼs own internal standards. If the increase in
fetal abdominal circumference (AC) was above the expected per-
centile increase and was more than the 75th percentile or
1201
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dropped to less than the 10th percentile during maternal treat-
ment for diabetes, the target value for maternal blood glucose
values was decreased by 0.5mmol/l or increased by the same
amount in cases of AC deceleration.

After the 21st GW, the 4-week arithmetic mean of all maternal
blood glucose values was calculated to evaluate maternal meta-
bolic control and compare the study cohorts.

A detailed gynecological and diabetic medical history was tak-
en of each patient when the patient first presented to the UKJ,
usually in early pregnancy. Blood pressure, body weight, urine sta-
tus, complications of pregnancy, insulin doses, and mean pre-/
postprandial, minimum/maximum blood glucose was recorded
every two weeks. HbA1c was measured every 4 weeks.

Secondary ailments in the total study population
of women with type 1 DM

Ophthalmological examinations were carried out to detect dia-
betic retinopathy prior to pregnancy, in the 1st–2nd trimester of
pregnancy, and prior to delivery. Diabetic neuropathy was scored
using the Neuropathy Symptom Scores (NSS) and the Neuropathy
Deficit Scores (NDS).

The diagnosis of diabetic nephropathy was made after testing
for albuminuria/proteinuria (examinations done prior to preg-
nancy/diabetic ID card); the stage of renal insufficiency was eval-
uated using criteria of the Kidney Disease Outcomes Quality Initia-
tive (KDOQI).

Delivery data

Data on the birth were recorded using the obstetric records of the
respective hospital where the patient gave birth, and neonatal
data were obtained by inspecting the obstetric/neonatal records
of the respective hospital.

Voigt birth weight percentile values were calculated using the
birth weight, sex and week of gestation at delivery as follows:
▪ < 10th percentile: small for gestational age (SGA)
▪ 10th–90th percentile: appropriate for gestational age (AGA)
▪ > 90th percentile: large for gestational age (LGA)
▪ ≥ 95th percentile: macrosomia [17].
▶ Table 1 Patient history and clinical findings at the start of pregnancy.

mBG coh

n = 94

Consultation with diabetologist prior to pregnancy (%) 38.5

Duration of diabetes at first consultation (years) 14.8 ± 7.9

Age at first consultation (years) 27.7 ± 5.0

First consultation at the center (GW) 11.1 ± 7.8

BMI prior to pregnancy (kg/m2) 24.1 ± 3.4

Systolic blood pressure (mmHg) 122 ± 13

Diastolic blood pressure (mmHg)  76 ± 9 [

Hypertension (antihypertensive medication) (%)   8.5

Diabetic nephropathy (%)   7.4

Diabetic neuropathy (%)   6.4

Diabetic retinopathy (%)  21.4

1202
The following neonatal morbidity criteria were evaluated
post partum and in the first few days of life:

▪ umbilical arterial pH
▪ Apgar score at 1, 5, and 10 minutes after the birth (appearance

[skin color], pulse, grimace response [reflexes] activity [muscle
tone], and respiration) [18]

▪ respiratory adaptation disorders
▪ malformations
▪ childbirth-related injuries
▪ hyperbilirubinemia: laboratory tests were done if neonates

presented with symptomatic metabolic imbalance

Laboratory methods
Maternal blood glucose

All patients self-monitored their blood glucose levels using a pock-
et glucometer; all self-monitored values were calibrated for plas-
ma prior to inclusion in the evaluation. The measurement accura-
cy of the glucometers was checked every 14 days by carrying out
a parallel measurement with an automatic analyzer.

The completeness of the glucose diary entries was checked by
retrieving the blood glucose values stored in the measurement
device or by electronic retrieval of the data stored in the measure-
ment devices.

Determination of HbA1c

Determination of glycosylated hemoglobin A1c was done using
standard certified laboratory methods.

Due to changes in normal ranges, HbA1c values were adjusted
to DCCT or NGSP normal ranges of 5.05 ± 0.5% [19].

Neonatal laboratory parameters

Bilirubin concentrations;
▪ Neonatal bilirubin was measured using direct photometry.

Age-dependent normal ranges were: 2nd day of life: 0–
130 µmol/l, 3rd day of life: 0–165 µmol/l, from 4th day of life:
0–200 µmol/l,
ort fUS cohort

n = 101

Significance

61.5 p < 0.001

[1–37] 14.5 ± 7.8 [0–32] n. s.

[16–40] 28.8 ± 4.8 [18–44] n. s.

[3–37] 12.6 ± 8.9 [3–33] n. s.

[18.4–34.9] 25.0 ± 4.7 [18.3–41.7] n. s.

[94–168] 121 ± 13 [93–168] n. s.

60–106]  76 ± 10 [52–107] n. s.

  4.0 n. s.

  8.9 n. s.

  1.0 p < 0.05

 18.8 n. s.

Schütze ST et al. Evaluation of Treatment… Geburtsh Frauenheilk 2019; 79: 1199–1207
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▶ Fig. 2 Changes in blood glucose values of pregnant women with type 1 diabetes. a Strict normoglycemic HbA1c levels (< 5.7%) and upper target
HbA1c levels (< 6.7%) achieved at various times during pregnancy. Comparison of a cohort of pregnant women whose diabetic control was only
checked by monitoring maternal blood glucose levels (mBG, blue) with a cohort of pregnant women whose diabetes was managed by monitoring
fetal growth parameters in addition to maternal blood glucose (fUS, red). b Mean blood glucose levels achieved during pregnancy: comparison of
two cohorts. c Changes in HbA1c levels during pregnancy: comparison of two cohorts. (mBG: cohort of pregnant women whose diabetic control
was only checked by monitoring maternal blood glucose levels; fUS: cohort of pregnant women whose diabetes was managed by monitoring fetal
growth parameters in addition to maternal blood glucose.)
▪ Total bilirubin. Age-dependent normal ranges were: 1st day of
life < 102.6 µmol/l, 2nd day of life < 171.0 µmol/l, 3rd–5th day
of life: 205.2 µmol/l, from 7th day of life < 171.0 µmol/l.

Bilirubin concentrations above the respective age- and method-
dependent normal ranges were defined as hyperbilirubinemia.
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Statistical analysis

Statistical analysis of the data was done using the statistical soft-
ware program SPSS for Windows, version 22.0. Normally distrib-
uted values are shown as mean ± standard deviation (x±s); non-
normally presented values are presented as median [minimum –
maximum].

A two-sided probability of error of p < 0.05 was considered sta-
tistically significant.
1203
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Results

Maternal characteristics of the study cohorts

The cohorts did not differ with regard to week of gestation at first
consultation, duration of clinical diabetes, age, BMI, or complica-
tions of diabetes. A higher percentage of the women in the fUS
study cohort were already being treated for diabetes (▶ Table 1).

Metabolic parameters during pregnancy

Overall, at the time of delivery 91.4% of patients in the total study
population had achieved normoglycemic values of HbA1c < 6.7%
(n = 169; mBG 88.4% vs. fUS 93.9%, n. s.). 58.9% of cases
(n = 109; mBG 55.8% vs. fUS 61.6%, n. s.) achieved strict normo-
glycemic metabolic status, with HbA1c < 5.7% (▶ Fig. 2a).
▶ Table 2 Maternal complications according to treatment: comparison of

Total study
population (%

n = 185

Preeclampsia 13.5

Premature labor 13.0

Cervical insufficiency  5.4

Cesarean section 57.3

▪ primary 11.9

▪ secondary 19.5

Surgically assisted vaginal delivery (forceps and VE)  6.5

1204
Pregnant women in the mBG study cohort showed no signifi-
cant difference in mean blood glucose values throughout the
course of pregnancy compared to the women in the fUS study co-
hort. However, glucose variance was lower in the fUS cohort, i.e.
their metabolic status was more stable (▶ Fig. 2b). Analysis of
HbA1c showed no differences between the two study cohorts pri-
or to pregnancy (HbA1c: mBG 7.2 ± 1.3 vs. fUS 7.1 ± 1.3%, n. s.),
during early pregnancy (mBG 7.0 ± 1.4 vs. fUS 6.6 ± 1.3%, n. s.) or
immediately prior to delivery (mBG 5.8 ± 1.1 vs. fUS 5.7 ± 0.8%,
n. s.) (▶ Fig. 2c). There was no difference with regard to absolute
insulin doses during pregnancy or after giving birth between the
two study cohorts (▶ Fig. 3). However, the weight-adapted maxi-
mum insulin dose was significantly lower for the fUS cohort
(0.9 ± 0.3 vs. 1.0 ± 0.4 IE/kg bodyweight, p < 0.05).

Maternal morbidity

Preeclampsia, premature labor and cervical insufficiency occurred
significantly less often in the fUS cohort. The data are presented in
▶ Table 2.

Perinatal data

Infants born to women in the fUS cohort presented significantly
less often with postnatal hyperbilirubinemia (19.2 vs. 40.7%;
p = 0.001) and also tended to be less likely to have respiratory ad-
justment disorders (22.2 vs. 30.2%; n. s.). 8.1% of children born to
women in the mBG study cohort and 8.2% of children born to
women in the fUS study cohort were SGA for gestational age,
24.4 and 21.2% were LGA, respectively. These differences were
not statistically significant. Rates of preterm births and rates of
umbilical artery pH < 7.2 did not differ between groups (▶ Table
3).
Discussion
The inclusion of fetal growth parameters in the management of
pregnant women with type 1 diabetes is not yet part of the stan-
dard treatment protocol [15,27]. Although the DDG has been rec-
ommending since 2006 that supplementary ultrasound examina-
tions be carried out every 2–4 weeks in addition to the standard
ultrasound examinations required by the German Maternity
Guidelines, these additional ultrasound examinations are only
mBG and fUS cohorts.

)
mBG cohort (%)

n = 86

fUS cohort (%)

n = 99

Significance

20.9  7.1 p = 0.01

23.3  4.0 p < 0.001

11.6  0 p = 0.001

54.7 59.6 n. s.

22.8 22.2 n. s.

33.7 37.4 n. s.

 7.0  6.1 n. s.

Schütze ST et al. Evaluation of Treatment… Geburtsh Frauenheilk 2019; 79: 1199–1207



▶ Table 3 Data of infants grouped according to maternal monitoring during pregnancy: comparison of mBG and fUS study cohorts.

Total

n = 185

mBG cohort

n = 86

fUS cohort

n = 99

Significance

Birth weight (g) [range] 3400 ± 673
[1710–5400]

3423 ± 698
[1935–5400]

3374 ± 652
[1710–5100]

n. s.

SGA (%)  8.2  8.1  8.2 n. s.

Birth weight > 90th percentile (%)/LGA 22.7 24.4 21.2 n. s.

Preterm birth < 37th GW (%) 24.7 26.4 23.2 n. s.

Apgar score < 5 (%)

▪ at 1 minute 12.2 15.9  9.1 n. s.

▪ at 5 minutes  3.9  4.9  3.0 n. s.

▪ at 10minutes  1.7  1.2  2.0 n. s.

Umbilical artery pH < 7.2 (%) 35.7 34.9 36.4 n. s.

Hyperbilirubinemia (%) 29.2 40.7 19.2 p = 0.001

Respiratory adjustment disorder (%) 25.9 30.2 22.2 n. s.
used to detect complications of pregnancy. Regular determina-
tion of HbA1c and monitoring of mean maternal blood glucose
levels over the course of the pregnancy is recommended to mon-
itor that management of diabetes is adequate [15,27]. Our study
in a population of 199 women with type 1 diabetes showed that
including fetal growth parameters to monitor metabolic status
during pregnancy can offer significant benefits to mother and
child. Glucose variance was noticeably improved, significantly re-
ducing the rate of stress-associated complications of pregnancy
and leading to improved neonatal outcomes due to a reduction
in the number of infants with postnatal hyperbilirubinemia.

It should be noted that the pregnant women in the fUS cohort
did not achieve normoglycemia more often than the women in
the mBG cohort. But compared to the patients in the mBG cohort,
glucose variance in patients in the fUS cohort was lower and the
weight-adjusted maximum insulin dose was also significantly low-
er. This suggests a more stable metabolic status with a lower risk
of hypoglycemic events. During pregnancy, recurrent hypoglyce-
mic events are particularly stressful for patients with type 1 diabe-
tes. Our data suggest that ultrasound monitoring of fetal growth
can be used to confirm the use of less strict therapeutic protocols
and that it is possible to reduce the variation in blood glucose lev-
els, despite the lower maximum insulin doses, and achieve a more
stable metabolic status.

It was found that stress-associated complications of pregnancy
such as preeclampsia and preterm labor occurred significantly less
often in the fUS cohort. The risk of preeclampsia is 2–4 times
higher for pregnant women with type 1 diabetes compared to
women without diabetes [20–22]. The rate of preeclampsia in
the population investigated in this study was 13.5%, which is
4 times higher than the incidence of 2–3% expected for the total
study population [2]. However, although the preeclampsia rate of
the mBG cohort was 20.9%, which was almost 10 times higher
than the normal rate, the rate for the fUS cohort was 7.1% or just
2.5 times higher than the incidence for all of Germany. The rates
of premature labor and cervical insufficiency were significantly
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lower in the fUS cohort. There was no case with cervical insuffi-
ciency in the fUS cohort, and the incidence of premature labor in
this cohort was 4%, which was practically almost the same as the
3% rate for all of Germany compared to 23.3% in the mBG cohort
[2].

According to the AQUA Institute, neonatal jaundice developed
in 0.26% of all neonates in 2013; the rate in the investigated study
population was 29.2% [2]. In 2004, Evers et al. reported a compa-
rable hyperbilirubinemia rate of 25.0% for infants born to preg-
nant women with type 1 DM [4]. Postnatal hyperbilirubinemia
was significantly lower in neonates born to mothers whose diabet-
ic management included monitoring using fetal ultrasound pa-
rameters. This finding demonstrates a marked improvement in
neonatal outcomes, as prolonged newborn jaundice is a common
reason for longer stays in hospital after birth. Maternal hypergly-
cemia results in fetal hyperinsulinemia. Insulin stimulates the
growth of fatty tissue, muscle and liver tissue, leading to in-
creased erythropoiesis and accelerated hemolysis. Chronic hyper-
glycemia and hyperinsulinemia lead to decreased placental blood
flow, resulting in chronic fetal hypoxemia which further increases
erythropoiesis. Increased erythropoiesis and hemolysis lead to hy-
perbilirubinemia in the postnatal period [23].

A comparison of the parameters used to assess the quality of
metabolic control (HbA1c and mean BG) found no differences be-
tween the compared cohorts. Accordingly, the rate of neonates
with macrosomia did not differ between the two cohorts. Any ex-
planation for the positive impact of including ultrasound parame-
ters on the rate of neonatal jaundice is therefore only speculative.
If placental hypoxia results in increased fetal erythropoiesis and
this increase causes prolonged jaundice in the newborn, improved
placental blood flow with improved oxygenation of the placenta
could conversely prevent an increase in neonatal hematocrit, pro-
viding an explanation for the reduced rate of neonatal jaundice.
To verify this possible explanation, a future study would need to
compare maternal placental perfusion parameters and hemato-
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crit values in fetal umbilical cord blood. These data are not avail-
able for the patient population investigated in this study.

The increased incidence of fetal macrosomia, hyperbilirubine-
mia and respiratory adjustment disorders compared to a normal
population, an incidence which persisted despite the improved
management of pregnant women with type 1 DM, demonstrates
the increased maternal and fetal risk for pregnant women with
type 1 DM and justifies intensified maternal and fetal monitoring
during pregnancy. Our data show that the inclusion of fetal
growth parameters in metabolic monitoring can reduce fetal and
maternal morbidity.

Our study has a number of limitations. The incidence of hypo-
glycemic events was not recorded for both study cohorts. This
means that the postulated therapeutic impact and the reduced
risk of hypoglycemia remains speculative. Another limitation is
that the actual number of women whose diabetic treatment was
adjusted based on fetal ultrasound parameters was not recorded.
The number of women with inadequate blood glucose control but
normal fetal growth parameters whose therapy was not intensi-
fied and whose insulin doses were not adjusted is therefore not
quantifiable. There are other influencing factors which can be
used to stabilize metabolic control; they include the use of new
diabetes technologies and the administration of insulin analogs
as part of the treatment strategy during pregnancy. It could be as-
sumed that the percentage of patients with insulin pumps and in-
sulin analogs in the later fUS cohort was higher. However, these
parameters were not taken into account in our analysis. Moreover,
the impact of other medication on changes in metabolic control
could not be evaluated in our study, as the use of drugs such as
ASA was not recorded. These drugs could have a potential impact
on the occurrence of preeclampsia and affect the findings. The
only recorded intake of medication was the use of antihyperten-
sive medication during pregnancy, and there were no differences
in intake between the two study cohorts.

Even before they became pregnant, significantly more of the
patients in the fUS study cohort were receiving regular treatment
for diabetes. This difference may be due to the increasing use in
recent years of technical devices which support treatment. Stud-
ies have shown that using an insulin pump with bolus manage-
ment can improve treatment by reducing HbA1c [24–26]. The
new treatment options which are based on the use of technical
devices require more frequent and closer monitoring by a diabe-
tologist, leading to more regular medical checkups. This has also
led to an increased understanding of the disease and how to treat
it. This study does not examine to what extent improved diabetic
care led to better outcomes.
Conclusions
Despite the extensive medical care available to pregnant women
with pre-existing type 1 diabetes, they still have a significantly
higher risk of fetal and maternal complications. Including fetal
growth parameters in a diabetic management protocol can con-
tribute to better metabolic control as it is based on individual ma-
ternal target blood glucose values. More individualized target val-
ues mean that therapeutic measures are taken more promptly,
which reduces the increased risk of morbidity, in particular the
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risk of stress-associated complications of pregnancy. Reduced
maternal stress in pregnancy is proposed as a possible explanation
for this positive effect. Further prospective studies are required to
investigate these connections in more depth.
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