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Objective. To explore the regularity of fetal lung development of pregnant women with gestational diabetes mellitus (GDM) with
satisfactory blood glucose control and the clinical analysis with pregnancy outcome. Methods. 120 GDM pregnant women with
satisfactory blood glucose control (GDM group) and 200 normal pregnant women undergoing prenatal examination (Control
group) from 31 to 38 + 6 weeks of gestation were included. +e two groups of pregnant women were divided into 8 time periods
according to the gestational age, respectively. +e parameters of Doppler flow velocity curve of fetal main pulmonary artery,
diameter lines of fetal lung development, mode of delivery, neonatal weight, neonatal asphyxia, neonatal respiratory distress
syndrome (NRDS), and neonatal pneumonia were, respectively, compared and analyzed between the two groups. Results.
Acceleration time (AT) and AT/ejection time (AT/ET) were positively correlated with gestational age, and AT/ET showed
stronger correlation than AT, while no significant difference in AT and AT/ET between the two groups (P> 0.05). +ere was a
positive correlation between the diameter of fetal lung development and gestational age, but there was no significant difference
between the two groups (P> 0.05). In addition, there was no significant difference between the two groups in fetal delivery mode,
neonatal weight, neonatal asphyxia, NRDS, and neonatal pneumonia (P> 0.05). Conclusion. AT/ETmay be a potential index to
evaluate fetal lung maturity. +ere was no difference in fetal lung development and neonatal birth outcome between pregnant
women with satisfactory GDM blood glucose control and the normal pregnant women.+e pregnancy of GDM pregnant women
lasts until the end of 37∼38 weeks, and the neonatal incidence rate is decreased. +e key is to manipulate the blood glucose in the
normal range.

1. Introduction

Gestational diabetes mellitus (GDM) is a common preg-
nancy complication affecting the health of mothers and
infants, which is a crucial inducing factor for neonatal re-
spiratory distress syndrome (NRDS) as well as a variety of
adverse pregnancy outcomes, affecting the growth and de-
velopment of the fetus and leading to adverse pregnancy
outcomes such as abnormal fetus, premature birth, mac-
rosomia, intrauterine distress, fetal asphyxia, and neonatal
hypoglycemia [1, 2]. Studies have concluded a spiraling rate

of about 5% in the incidence rate of pregnancy complicated
with diabetes in the world [3], and as high as 15% in China.
+erefore, analyzing its impact on fetal growth and devel-
opment is essential and premier for avoiding adverse
pregnancy outcomes and enhancing the birth quality of
newborns.

Robert et al. found that the risk of NRDS in pregnant
women with GDM is six times higher than that in normal
pregnant women, whose greatest impact of GDM on the
fetus is the delay of fetal lung maturity [4]. Accurate prenatal
evaluation of fetal lung maturity can help obstetricians
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accurately grasp the delivery opportunity of pregnant
women and reduce the incidence of NRDS [5]. Especially in
the face of obstetric emergencies such as premature delivery,
premature rupture of membranes, and placenta previa, the
determination of fetal lung maturity can reduce the perinatal
incidence rate and mortality, and plays a vital role in im-
proving the quality of obstetrics [6]. At present, the clinical
evaluation of fetal lung maturity is mainly based on amniotic
fluid aspiration and analysis of lecithin/sphingomyelin (L/S)
ratio and lamellar body count (LBC) [7, 8]. Because am-
niocentesis is an invasive operation, which has operational
risks and accidents, and is difficult for pregnant women to
accept, the application of prenatal assessment of fetal lung
maturity in clinical work is very limited [9, 10]. +erefore, it
is urgent to develop a noninvasive, safe, and efficient method
for prenatal assessment of fetal lung maturity to meet the
actual clinical needs.

Understanding the growth law of fetal lung and fetal
pulmonary circulation is the basis for evaluating fetal lung
maturity [11]. Although the tissue structure of fetal lung did
not develop until 36 weeks, the outline of fetal lung could be
clearly displayed in the second trimester of pregnancy. +e
growth law of fetal lung could be reflected by measuring the
diameter lines of fetal lung through imaging examination
[12]. With the development of color Doppler flow imaging
technology, it is gradually used to evaluate fetal pulmonary
circulation (mainly pulmonary artery flow) [13, 14]. In order
to acquire a more objective basis, this subject intends to
compare the differences of fetal main pulmonary artery
Doppler flow curve parameters, fetal lung development
diameter lines, and neonatal birth outcomes between GDM
pregnant women with satisfactory blood glucose control and
normal pregnant women, exploring the law of fetal lung
development in the two groups and the correlation between
fetal main pulmonary artery Doppler flow curve parameters
and fetal lung maturity, and determining the most signifi-
cant parameters, so as to reflect the maturity of fetal lung
development. It provides a noninvasive method for clini-
cians to evaluate fetal lung maturity, and also serves as a
reference basis for clinical management of GDM pregnant
women and grasping the time point of delivery.

2. Data and Methods

2.1. Research Object and Grouping. 160 singleton pregnant
women conducting regular prenatal visits and inpatient
deliveries in our hospital from October 2020 to December
2021 and diagnosed with GDM before 28weeks of gestation
and satisfactory blood glucose control were selected as the
GDM group. 213 normal singleton pregnant women un-
dergoing prenatal examination and delivered in hospital in
the same period were selected as the control group. All
pregnant women voluntarily accepted the examination on
the premise of informed consent. +is study was approved
by the ethics committee of the Hunan Maternal and Child
Health Hospital (2020-S080).

Inclusion criteria (GDM group):① pregnant women are
healthy with accurate and regular menstruation and have no
bad habits and other diseases; ② Early ultrasound

examination of the gestational week of the fetus confirmed to
the actual gestational week, and structural malformations
were excluded by ultrasound system screening during
pregnancy;③GDMpregnant women had satisfactory blood
glucose control from 31 weeks to termination of pregnancy.
④ Single live fetus.

Exclusion criteria (GDM group): ① abnormal blood
glucose found in the process of test; ② Failure to satis-
factorily display the Doppler flow spectrum of fetal right
lung and main pulmonary artery due to maternal obesity or
other reasons;③+e presence of large artery malformations
or other malformations which may affect fetal respiratory
function.

Inclusion criteria (Control group): ① pregnant women
are healthy with accurate and regular menstruation and have
no bad habits and other diseases; ② Early ultrasound ex-
amination of the gestational week of the fetus confirmed to
the actual gestational week, and structural malformations
were excluded by ultrasound system screening during
pregnancy; ③ Single live fetus.

Exclusion criteria (Control group): ① fetal malforma-
tions possibly affecting respiratory function or large artery
malformations and other serious cardiac malformations;②
+e Doppler flow spectrum of fetal right lung and main
pulmonary artery fail to be displayed satisfactorily due to
maternal obesity or other reasons.

According to the screening criteria, 120 pregnant women
were included in the GDM group and 200 were in the
control group. +e age of pregnant women in the GDM
group was 26∼37 years, and the blood glucose was
4.3∼5.2mmol/L. +e age of pregnant women in the control
group was 25∼36 years, and the blood glucose was
3.7∼4.9mmol/L. +e two groups of pregnant women were
divided into 8 time periods according to the gestational age
from 31 to 38 + 6 weeks, respectively. 15 persons in the study
group and 25 persons in the control group were selected at
each time period. Figure 1 shows the inclusion process of the
participants.

2.2. Diagnostic Criteria for GDM. +e diagnostic criteria for
GDM refer to the health industry standard of the people’s
Republic of China WS 331-2011, diagnosis of gestational
diabetes [15]. Pregnant women routinely underwent 75 g
glucose tolerance test (OGTT) at point in 24∼28 weeks of
pregnancy. Patients with abnormal blood glucose at any
point are supposed to be diagnosed as GDM. +e whole
blood fasting or premeal blood glucose ≤5.3mmol/L, and
whole blood glucose ≤6.7mmol/L 2 hours after meal were
defined as the criteria for satisfactory blood glucose control
of pregnant women with GDM.

2.3. Instruments andMethods. Firstly, the fetal systems were
screened to eliminate malformations, and the fetal size was
determined to be in line with the normal gestational week.
Anatomically, the left lung is more likely to be affected by the
heart and prone to deviation in the process of measurement,
so the right lung is selected to observe the indicators of fetal
lung development.
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Measurement of Doppler parameters: the short axis
section of fetal heart bottom was taken, the bimodal fetal
pulmonary artery flow velocity curve was obtained(Fig-
ure 2), acceleration time (AT) and ejection time (ET) were
measured by manual spectrum profilometry, with the AT/
ET ratio calculated. +ey were measured at least three times
and the average value was taken.

Measurement of fetal lung development index: the
standard four chamber cardiac section was taken, and the
area of right lung, chest area (excluding spine), anterior
posterior diameter of right lung and left and right diameter
of right lung at the end of diastole (Figure 3) were manually
outlined; the sagittal section of the right lung was taken and
the upper and lower diameters of the right lung were
measured (Figure 4).

2.4. Maternal and Infant Follow-Up Records

(1) Record the basic information: age, gestational week
of delivery, mode of delivery and neonatal weight

(2) Record the neonatal condition: neonatal hypogly-
cemia, neonatal pneumonia, NRDS, neonatal as-
phyxia, neonatal death, and other indicators

2.5. Statistical Analysis. All the statistical analyses were
performed by using SPSS22.0 software. +e statistical de-
scription of measurement data was mean± standard devi-
ation (SD) and Student’s t-test was used for the comparison
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Figure 1: Flowchart of participant inclusion.

Figure 2: Measurement methods of acceleration time (AT) and
ejection time (ET).

Figure 3: Fetal lung development index: right lung area.
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χ2 test was utilized to compare the rate counting data,
P< 0.05 means the difference is statistically significant.

3. Result

3.1. ,e Basic Conditions of Pregnant Women. +ere was no
significant difference in the age of pregnant women, ges-
tational weeks of delivery, mode of delivery, and neonatal
birth weight between the two groups (P> 0.05, Table 1).

3.2.Changes ofDopplerParameterswithGestationalAge in the
GDM Group. Doppler parameters in the GDM group are
shown in Table 2, where ATand AT/ETwere associated with
an increase with gestational week.+e analysis of variance of
Doppler parameters at different gestational weeks showed a
significant difference between AT and AT/ET (F� 43.175
and 108.171, P< 0.05), while parameter ET has no obvious
correlation (F� 8.625, P> 0.05).

3.3.Changes ofDopplerParameterswithGestationalAge in the
ControlGroup. Doppler parameters in the control group are
shown in Table 3. +e parameters AT and AT/ET exhibit an
increase with gestational weeks, with no correlation between
ET and gestational age. Analysis of variance of Doppler
parameters at different gestational weeks showed a signifi-
cant difference in AT and AT/ET (F� 68.137 and 128.064,
P< 0.05), but ET has no obvious correlation (F� 4.825,
P> 0.05).

3.4. Comparison of the Doppler Parameters of Fetal Main
Pulmonary Artery between the Two Groups. Table 4 depicts
the comparison of fetal primary pulmonary artery Doppler
parameters between the two groups. +e results showed that
the Doppler parameters AT, ET, and AT/ET have no sig-
nificant difference between the two groups in any gestational
weeks (P> 0.05).

3.5. Changes of Fetal Lung Development Indexes with Ges-
tational Weeks in the GDM Group. +e measured values of
fetal lung development indexes in the GDM group are listed
in Table 5. All the measured values of fetal lung development
indexes were positively correlated with gestational weeks,

and display significant differences among fetuses at different
gestational weeks (P< 0.05).

3.6. Changes of Fetal Lung Development Indexes with Ges-
tationalWeeks in theControlGroup. +emeasured values of
fetal lung development indexes in the control group are
shown in Table 6. All the measured values of fetal lung
development indexes were also positively correlated with
gestational weeks, and display significant differences among
fetuses at different gestational weeks (P< 0.05).

3.7. Comparison of Neonatal Outcomes between the Two
Groups. +e incidence of NRDS, neonatal pneumonia,
neonatal hypoglycemia, and neonatal asphyxia in both
groups were poor, without statistically significant differences
(P > 0.05), appearing no neonatal death in both groups
(Table 7).

4. Discussion

In the present study, the results showed a positive corre-
lation of AT and AT/ET with the gestational age in both
GDM with satisfactory blood glucose control and normal
pregnant women where all increased with gestational age,
reflecting an increase in pulmonary vascular compliance and
a decrease in the mean pulmonary arterial pressure. +e-
oretically, with the increase of gestational age, the number of
pulmonary artery vascular beds increases and Pap gradually
decreases, indicating that the results of this study are con-
sistent with the development of fetal lung in theory, AT and
AT/ET can serve as reliable Doppler velocity indicators for
evaluating fetal pulmonary circulation, and AT/ET shows
stronger correlation than at here, which is consistent with
the published research results [16–18]. AT/ET may be a
potential and ideal index for noninvasive prenatal evaluation
of FLM.

+ere exists a long debate on the influence of diabetes
pregnancy on fetal lung maturation, mainly focusing on: will
diabetes cause the delay of fetal lung maturation? Is blood
glucose control in pregnant women with diabetes related to
fetal lung maturation [19, 20]? +is study shows no dif-
ference in the incidence of NRDS and neonatal asphyxia
between diabetes pregnant women with satisfactory blood
glucose control and normal pregnant women, indicating
that a close relationship between the blood glucose control
level of pregnant diabetes pregnant women and the maternal
and infant outcomes, and diabetes pregnant women with
satisfactory blood glucose control will not lead to the delay of
fetal lung maturation. +erefore, early screening and active
treatment to control the disease and manipulate the blood
glucose level within the normal range have great clinical
value in preventing maternal complications and improving
perinatal outcomes.

For a long time, the clinical guidelines for the timing of
termination of pregnancy for pregnant women with GDM
refer to the traditional diagnostic criteria of GDM: for GDM
patients treated with insulin, it is recommended to control
blood glucose until 38∼39 weeks and then terminate the

Figure 4: Upper and lower diameter of the right lung.
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pregnancy; for GDM patients free from insulin therapy, it is
recommended to observe until 40weeks then terminate
pregnancy. However, whether the new diagnostic criteria of

GDM should be utilized still remains controversial. +is
study shows no significant difference in the gestational
weeks of delivery, neonatal incidence rate, perinatal

Table 1: Comparison of basic conditions between the two groups.

Group GDM group (n� 120) Control group (n� 200) T P value
Age (year) 31.3± 5.1 30.2± 4.9 −0.121 0.795
Gestational week of delivery 37.8± 0.6 37.2± 0.5 1.124 0.192
Mode of delivery (cesarean section rate) 37 (31.16) 57 (28.69) 0.153 0.234
Neonatal weight (g) 3322.23± 143.2 3298.54± 171.1 0.171 0.215

Table 2: Comparison of Doppler flow velocity parameters in pregnant women with gestational diabetes mellitus.

Group Gestational weeks N AT (ms) ET (ms) AT/ET
1 31–31+6 15 38.23± 4.12 177.79± 14.23 0.208± 0.016
2 32–32+6 15 39.13± 4.25 180.34± 11.38 0.218± 0.021
3 33–33+6 15 40.34± 3.78 179.82± 12.68 0.229± 0.012
4 34–34+6 15 41.52± 3.34 179.56± 11.32 0.231± 0.011
5 35–35+6 15 42.68± 3.49 178.81± 15.13 0.239± 0.023
6 36–36+6 15 44.72± 2.33 180.33± 11.61 0.241± 0.033
7 37–37+6 15 46.23± 3.35 180.26± 12.22 0.251± 0.019
8 38–38+6 15 46.82± 8.12 181.05± 10.36 0.257± 0.026

F 43.175 8.625 108.171
P value 0.023 0.735 0.009

Table 3: Comparison of Doppler flow velocity parameters in the control group of pregnant women with different gestational weeks.

Group Gestational weeks N AT (ms) ET (ms) AT/ET
1 31–31+6 25 38.83± 4.02 178.72± 10.23 0.216± 0.019
2 32–32+6 25 39.66± 4.12 180.92± 10.12 0.225± 0.029
3 33–33+6 25 41.32± 2.23 180.22± 10.68 0.231± 0.016
4 34–34+6 25 41.62± 2.34 180.56± 9.32 0.234± 0.014
5 35–35+6 25 43.26± 3.99 179.81± 10.13 0.241± 0.023
6 36–36+6 25 45.22± 3.18 181.13± 11.61 0.245± 0.198
7 37–37+6 25 46.03± 3.35 180.56± 11.36 0.250± 0.023
8 38–38+6 25 46.54± 4.12 181.45± 9.34 0.255± 0.022

F 68.137 4.825 128.064
P value 0.011 0.827 0.006

Table 4: Comparison of Doppler parameters of fetal main pulmonary artery between the two groups.

Gestational weeks AT (ms) ET (ms) AT/ET

31–31+6 T 8.023 5.238 13.242
P 0.254 0.423 0.132

32–32+6 T 6.547 3.942 12.132
P 0.486 0.521 0.243

33–33+6 T 5.124 3.432 10.265
P 0.532 0.611 0.335

34–34+6 T 3.243 2.657 9.465
P 0.597 0.638 0.413

35–35+6 T 1.738 2.123 8.967
P 0.797 0.715 0.638

36–36+6 T 1.533 1.874 8.226
P 0.802 0.756 0.654

37–37+6 T 1.213 1.324 6.325
P 0.847 0.833 0.713

38–38+6 T 0.823 0.125 1.634
P 0.839 0.908 0.806
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mortality, and the incidence of macrosomia between the
GDM pregnant women satisfied with blood glucose control
depending on reasonable diet and exercise and those of
normal pregnant women, indicating a possibility that the
gestation of GDM pregnant women lasts until the 37th to
38th weeks to reduce the neonatal morbidity, with the crux
of controlling blood glucose within the normal range.

In conclusion, pregnant women with GDM who have
satisfactory glycemic control do not differ from normal
pregnant women in fetal lung development and neonatal
birth outcomes. Diabetes screening and examination should
be accepted as soon as possible during pregnancy, with the
key to ensuring health education guidance and monitoring
during GDM pregnancy. Manipulating blood glucose within
the standard range can reduce the risk of adverse perinatal
outcomes.
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