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In this work, the related risk factors and perinatal outcomes of pregnant women with gestational diabetes mellitus (GDM) were
analyzed based on color Doppler ultrasound (CDU) diagnosis. Backpropagation (BP) algorithm-based CDU imaging algorithm
(BPC) was constructed in this study and applied in CDU images of 80 pregnant women with GDM. Besides, amplitude and phase
estimation (APES) and low-complexity adaptive beam (LCA) algorithms were introduced for comparison with BPC in turn. It was
found that Dice similarity coefficient (96.44%), sensitivity (95.45%), and specificity (91.56%) of BPC were greater than those of
APES (83.97%, 85.84%, 78.45%) and LCA (84.74%, 86.29%, 82.35%), while its running time (6.44± 1.39 s) was shorter than that of
APES (11.87± 2.41 s) and LCA (13.76± 1.54 s) (P< 0.05). Pregnant women in the experimental group (group B) were older than
those in the control group (group A) (P< 0.05).*e pulsatility index (PI) and renal artery resistance index (RI) of fetuses in group
B (0.95± 0.15) were higher than those of group A (0.57± 0.24) (P< 0.05). In addition, pregnancy age, family history of hy-
pertension, and abortion history were positively correlated with GDM (P< 0.05). In conclusion, BPC could not only improve
diagnosis accuracy in fetuses’ CDU images but also shorten calculation time. Pregnancy age, family history of hypertension, and
abortion history were the related risk factors for GDM in pregnant women.

1. Introduction

DM is a metabolic disease caused by a variety of pathogenic
factors, which is mainly manifested as chronic hypergly-
cemia and characteristic of multisystem dysfunction caused
by carbohydrate, fat, and protein metabolism [1]. What is
more, GDM is a type of DM which only appears or is
diagnosed during pregnancy [2]; that is, the patient has
glucose metabolism before pregnancy. *e incidence of
GDM is about 1%–14% worldwide while it is about 1%–5%
in China. *e GDM patients in China account for about
80% of pregnant women with DM, which has increased in
recent years [3]. *e GDM will weaken the heart function
of the fetus and cause hypoxia or even asphyxia in the
fetuses [4]. *e clinical treatment process of GDM is very
complicated, which puts both the mother and the fetus at

risk. *erefore, the exploration of risk factors for GDM is
beneficial to reducing the incidence of perinatal compli-
cations [5].

CDU, also known as B-ultrasound and color ultrasound,
is suitable for the ultrasound examination of various parts of
the body, especially for the examination and diagnosis of the
heart, limb blood vessels, superficial organs, abdomen,
obstetrics, and gynecology. It is a noninvasive technology to
examine the intracardial shunt and reflux [6, 7], which
involves autocorrelation technology for Doppler signal
processing. *e blood flow signal obtained by autocorre-
lation technology is color-coded and superimposed on a
two-dimensional image in real time. It not only has the
advantages of two-dimensional ultrasound images but also
provides rich information on hemodynamics [8, 9]. Deep
learning is a branch of machine learning. Besides, deep
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learning is an algorithm for characterizing and learning data,
which adopts artificial neural networks (ANN) as the
framework, mainly including deep neural networks, con-
volutional neural networks, deep belief networks, and re-
current neural networks [10]. BP is a common method
applied in combination with optimization methods (such as
gradient descent method) to train ANN and is adopted to
calculate the gradient of the loss function for all weights in
the network, which will be fed back to update the weights to
minimize the loss function for the optimization of the color
Doppler image [11, 12]. *erefore, the BP neural network
algorithm was adopted in this study to analyze the CDU
images of patients.

To sum up, deep learning technology has a wide range
of applications in clinical imaging diagnosis. Based
on this, APES and LCA were introduced for comparison
with the established BPC in turn, and BPC was used
for CDU imaging diagnosis of 80 cases with GDM, so
as to comprehensively evaluate the related risk
factors and perinatal outcomes of pregnant women with
GDM.

2. Materials and Methods

2.1. Selection of Research Samples. 80 pregnant women di-
agnosed pathologically as having GDM were selected in
group B in this study, who were treated in the hospital from
May 18, 2018, to October 20, 2019. Besides, 80 healthy
pregnant women were in group A.*e experiment had been
approved by the Medical Ethics Committee of the hospital,
and each patient and his/her family members had under-
stood the situation of this experiment and signed the in-
formed consent forms.

*e inclusion criteria are as follows: patients who were
diagnosed as GDM pathologically; the primipara; patients
who did not take drugs that interfered with glucose and fat
metabolism; patients younger than 45 years old; and patients
with clear consciousness.

*e exclusion criteria are as follows: patients who had a
mental illness; patients suffering from other diseases such as
hypertension, kidney, and cardiovascular; patients who
smoked or drank alcohol; and patients who withdrew from
this experiment due to personal reasons.

2.2. Diagnostic Standards for Gestational Diabetes Mellitus.
*e diagnostic standards in this study were according to the
sixth edition of Obstetrics and Gynecology (People’s
Medical Publication House). First, group B were screened
with 50 g of glucose at the 25th–28th weeks. If the blood
glucose level was higher than 7.9 mmol/L after 1 hour, the
patient was confirmed to be positive of glucose screening
and then examined for fasting blood glucose. If the blood
glucose level was abnormal, the patient was diagnosed as
having GDM.*e healthy pregnant women underwent an
oral glucose tolerance test (OGTT). Further, 75 g OGTT
was performed, with 5.6 mmol/L being the fasting blood
glucose content upper limit under normal conditions.*e
blood glucose content 1 hour, 2 hours, and 3 hours after a

meal was 10.3mmol/L, 8.6mmol/L, and 6.7mmol/L, re-
spectively. If the content of two or more terms exceeded the
normal range, the patient was diagnosed as GDM.

2.3. Doppler Ultrasound Examination Method. GEV730 and
Philips U22 color Doppler ultrasound diagnostic appara-
tuses were adopted in this study, and the frequency of the
probe was 3.5–5.0MHz. *e pregnant woman took the
supine position and was asked about the results of the
ultrasound diagnosis in the early pregnancy and the time
of the last menstruation. After the pregnancy cycle was
determined, the routine growth indexes of obstetrics were
measured, including the head circumference, biparietal
diameter, femur, and abdominal circumference of every
fetus. *e ultrasonic probe was placed at the junction of
the umbilical artery and the placenta. During the detec-
tion process, a closer distance between the probe and the
placenta indicates a more accurate measurement value.
*e angle between the Doppler sampling line and the
blood vessel should be less than 25°, the blood flow ve-
locity of the umbilical artery should be recorded accu-
rately, and the spectrogram should be preserved during
this experiment. Moreover, the cross-sectional image of
the fetal brain was obtained based on the double parietal
diameter, and the Doppler ultrasound signals were ac-
quired on the side close to the middle cerebral artery. RI,
PI, ventricular systolic peak velocity (S), ventricular di-
astolic peak velocity (D), and atrial systolic maximum
velocity (A) should be recorded, and the S/D value was
calculated.

2.4. Parallel Beam Filtered Backprojection Algorithm. *e
two-dimensional Fourier inverse transform was employed,
so as to obtain the original image g(x, y), expressed as the
following equation:

g(x, y) � 
∞

−∞

∞

−∞
G(a, b)

ej2π(ax+by)dadb. (1)

Polar coordinate (α, β) was converted from a rectangular
coordinate system (a, b), expressed as follows:

a � α cos β,

b � α sin β.
(2)

In equation (2), a and b are the horizontal and vertical
coordinates, respectively, and α and β are the angular di-
mensions. *e partial derivative of a and b is expressed as

dadb �

za

zα
za

zβ

zb

zα
zb

zβ





dαdβ � αdαdβ, (3)

where dadb is the partial derivative of a, b. Equations (2) and
(3) are substituted into equation (1), to get the following
equation:
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g(x, y) � 
2π

0
dβ
∞

0
G(α cos β, α sin β)e

j2π(xcosβ+ysinβ)αdα.

(4)

According to the Fourier slice theorem,
G(α cos β, α sin β) is replaced by Q(α, β) to obtain the
following:

g(x, y) � 
2π

0
dβ
∞

0
G(α, β)e

j2πα(xcosβ+ysinβ)αdα. (5)

*eprojection process is symmetric. Besides, a set of rays
differ by 180°, and the two paths coincide. *us, the fol-
lowing equation is obtained:

Q(s, β + π) � Q(−s, β), (6)

where s is the angular dimension. Due to the special
properties of the Fourier transform, there is a corresponding
Fourier transform equation as follows:

Q(α, β + π) � Q(−α, β). (7)

Equation (7) is then substituted into equation (5) to
obtain the following equation:

g(x, y) � 
π

0
dβ
∞

−∞
Q(α, β)|α|e

j2πα(xcosβ+ysinβ)dα. (8)

In equation (8), Q(α, β) is the Fourier transform of the
projection at the angle α. It is multiplied by |α| after the
Fourier transform is completed. In the space domain, the
projection is made by filtering function of frequency domain
|α|, called the filtered back projection. If h(s, β) is filtered
backprojection, equation (9) is obtained as follows:

h(s, β) � 
∞

−∞
Q(α, β)|α|e

j2πα(xcosβ+ysinβ)dα. (9)

*en, the following equation is obtained based on
equation (8):

g(x, y) � 
π

0
h(s, β)dβ � 

π

0
h(x cos β + y sin β)dβ.

(10)

Equation (10) indicates that all filtered projections
passing through g(x, y) should be accumulated if the value
of g(x, y) at a certain position in the area needs to be
reconstructed. *en, a suitable spatial domain function f(s)

is selected for the Fourier transform, and the function f(s) is
backpropagated to the projection:

g(x, y) � 
π

0
dβ
∞

−∞
Q s′, β( f s − s′( ds′, (11)

where s′ is the postprojection parameter of s. *e above is
the CDU imaging algorithm constructed in this study based
on the BP neural network, which is abbreviated as BPC.

2.5. Algorithm Performance Evaluation Indexes. APES [13]
and LCA [14] were introduced for comparison with the
constructed BPC. *e Dice similarity coefficient, sensitivity,
specificity, and running time were selected as the evaluation

indexes of algorithm performance, which were calculated as
follows:

Dice � 2 ×
T1 ∩T2




T1


 + T2



, (12)

Se �
TP

TP + FN
× 100%, (13)

Sp �
TN

TN + FP
× 100%. (14)

In equations (12)–(14), T1 is the professional evaluation
result; T2 is the diagnostic result of the algorithm; and TP,
TN, FP, and FN represent true positive, true negative, false
positive, and false negative, respectively.

2.6. StatisticalMethods. *edata was processed by SPSS19.0,
the measurement data was expressed as the mean± standard
deviation (x± s), and the count data was represented by the
percentage (%). *e t-test was for comparison between
APES, LCA, and BPC in Dice similarity coefficient, sensi-
tivity, specificity, and running time. *e analysis of variance
was comparison in the pregnancy age, exercise history,
breakfast history, body mass index (BMI), pulmonary vein
indexes (S, D, S/D, A, and Tei index), PI and RI of pregnant
women, and gestational age and birth weight of fetuses. A
multiple regression model was adopted to analyze the risk
factors of GDM in pregnant women. P< 0.05 was set as the
threshold for significance.

3. Results

3.1. Comparison of the Diagnostic Performance of the :ree
Algorithms. Figures 1 and 2 show the comparison results of
the Dice similarity coefficient, sensitivity, specificity, and
running time of the three algorithms. It was found that the
Dice similarity coefficient of APES was 83.97%, its Se was
85.84%, its Sp was 78.45%, and its running time was
11.87± 2.41 seconds. *e Dice similarity coefficient, Se, Sp,
and running time of LCA were 84.74%, 86.29%, 82.35%, and
13.76± 1.54 seconds in turn. Furthermore, the Dice of BPC
was 96.44%, the Se was 95.45%, the Sp was 91.56%, and the
running time was 6.44± 1.39 seconds. *e results indicated
that the Dice similarity coefficient, sensitivity, and specificity
of BPC were hugely greater than those of APES and LCA,
and the difference was statistically obvious (P< 0.05). *e
running time of BPC was dramatically shorter than that of
APES and LCA, and there was a statistically great difference
(P< 0.05).

3.2. Comparison of Basic Data of PregnantWomen in the Two
Groups. Figure 3 shows the comparison results of pregnancy
age, exercise history, and breakfast history (whether the
subject had routine breakfast) of pregnant women in
groups A and B. It could be seen that the pregnancy age of
pregnant women in group B was obviously greater than
that of group A, suggesting that the difference was sta-
tistically obvious (P< 0.05). *e number of pregnant
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women in group B with a history of exercise and breakfast
was sharply less than that of group A, with a statistically
great difference (P< 0.05).

Figure 4 reveals the comparison of BMI of pregnant
women in the two groups. It indicates that the number of
pregnant women in group B with BMI less than 25 kg/m2

was hugely greater than that of group A, with a statistically
marked difference (P< 0.05) while the number of pregnant
women in group B with BMI greater than or equaled to
25 kg/m2 was steeply less than that of group A, and the
difference was statistically obvious (P< 0.05).

3.3. Color Doppler Ultrasound Images of Some Fetuses in the
Pregnant Women with Gestational Diabetes Mellitus. *e
CDU image of the fetus of one pregnant woman from group
B is shown in Figure 5; she was 36 years old. It revealed that
the kidneys were clearly displayed without obvious abnor-
malities, and clear structures at the midline of the brain
could be observed. *ese acoustic windows included the
frontal suture, anterior fontanelle, and sagittal suture from
front to back. *e corpus callosum was slender and an-
echoic, and its upper and lower boundaries presented the
linear high echo. Figure 6 indicates a case of CDU images of
the fetus of one pregnant woman from group A (aged 25
years). It shows that there was no obvious abnormality in the
structure of the kidneys. *e ultrasound appearance of the
pregnancy sac displayed a dark area in the center and a
complete and uniformly thick echo around the dark area.

3.4. Comparison of Hemodynamic Parameters of Pulmonary
Vein among Pregnant Women in the Two Groups.
Figures 7 and 8 reveal the comparison results of S, D, S/D, A,
and Tei index of the pulmonary veins of pregnant women in
the two groups. It was found that the S/D and Tei index levels
of pregnant women in group B were markedly increased by
comparing with group A, with a statistically obvious dif-
ference (P< 0.05); the A level of pregnant women in group B
were sharply lower than the level of group A, and the dif-
ference was statistically substantial (P< 0.05). In addition,
the difference between the S and D levels of pregnant women
in groups A and B was not statistically remarkable (P> 0.05).

3.5. Comparison of the Renal Artery Hemodynamic Param-
eters among Pregnant Women in the Two Groups. *e
comparison results of PI and RI among pregnant women in
the two groups are reflected in Figure 9. PI of pregnant
women in group B was 0.95± 0.15 and its RI was 1.94± 0.31,
while PI and RI of pregnant women in group A were
0.57± 0.24 and 1.31± 0.27 in turn. *us, PI and RI of
pregnant women in group B were dramatically greater than
those of group A, showing a statistically great difference
(P< 0.05).
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Figure 3: Comparison of the pregnancy age, exercise history, and
breakfast history of pregnant women in the two groups. Note.
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3.6. Comparison of Gestational Age and Birth Weight of Fe-
tuses in the Two Groups. *ere was a comparison of the
gestational age and birth weight of fetuses in the two groups,
as shown in Figure 10. It reveals that the gestational age of
fetuses in group B was 34.17± 3.88 weeks, and the birth
weight of fetuses was 4.114± 0.547 kg. Moreover, the ges-
tational age and birth weight of fetuses in group A were
38.66± 2.75 weeks and 3.281± 0.429 kg in sequence. *e
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Figure 8: Comparison of A and Tei index levels of pulmonary veins
among pregnant women in the two groups. Note. ∗ indicates that
the difference was statistically considerable in contrast to group B,
P< 0.05.
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Figure 4: Comparison of BMI of pregnant women in the two
groups. Note. ∗ means that there was a statistically obvious dif-
ference was in contrast to the algorithm of group B (P< 0.05).

Figure 5: *e CDU image of the fetus of one pregnant woman
(aged 36 years) in group B.

Figure 6: *e CDU image of the fetus of one pregnant woman
(aged 25 years) in group A.
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Figure 7: Comparison of S, D, and S/D of pulmonary veins among
pregnant women in the two groups. Note. ∗ indicates that the
difference was statistically considerable compared to group B,
P< 0.05.
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gestational age of fetuses in group B was greatly shorter than
that of group A (P< 0.05).

3.7. Regression Analysis of Factors Related to Gestational
Diabetes Mellitus in PregnantWomen. As shown in Table 1,
the dependent variable was whether a pregnant woman
suffered fromDM (1 for the pregnant womanwith DM and 0
for the pregnant woman without DM), and pregnancy age,
BMI, exercise history, breakfast history, anemia, family
history of hypertension, and abortion history were regarded
as independent variables for single-factor regression anal-
ysis. It suggested that pregnancy age, BMI, family history of
hypertension, and abortion history were all extremely
positively correlated with GDM in pregnant women
(P< 0.05), and exercise history and breakfast history were all
greatly negatively related with GDM in pregnant women
(P< 0.05). What is more, there was a marked negative
correlation between anemia and GDM in pregnant women
(P< 0.05).

*e dependent variable was whether a pregnant woman
had DM (pregnant woman with DM was for 1 and pregnant
woman without DM was for 0), and multiple factors re-
gression analysis was used for the independent variables
(pregnancy age, BMI, exercise history, breakfast his-
tory, family history of hypertension, and abortion history)
(Table 2). *ere was a substantially positive correlation of
pregnancy age, family history of hypertension, and abortion
history with GDM in pregnant women (P< 0.05). However,
BMI, exercise history, and breakfast history were not ex-
tremely related to GDM in pregnant women (P> 0.05).

4. Discussion

GDM refers to abnormal glucose metabolism that occurs
during pregnancy, with an incidence rate of 1%–5%. When
DM occurs, insufficient insulin secretion will cause a series
of metabolic disorders such as glucose, protein, fat, water,

and electrolytes. As a stress factor, pregnancy can aggravate
various metabolic disorders and even ketoacidosis or
hyperosmolar nonketosis diabetes coma [15]. *e clinical
process of GDM is more complicated, and the maternal and
infant mortality rate is still high. If not treated in time, it can
lead to abortion, premature delivery, stillbirth, poly-
hydramnios, giant fetus, and fetal malformation. *erefore,
it is very critical to monitor the change of pregnant women’s
signs in time [16]. In this study, BPC was compared with the
introduced APES and LCA, respectively.*e results revealed
that the Dice similarity coefficient, sensitivity, and specificity
of BPC were markedly greater than those of APES and LCA,
but its running time was extremely shorter than that of APES
and LCA (P< 0.05), which indicated that the BPC con-
structed in this study had an excellent performance in the
diagnosis of infant CDU images. It could not only promote
the diagnosis accuracy but also reduce the running time [17].

*e pregnancy age of pregnant women in group B was
considerably greater than that of group A, and the number of
pregnant women with exercise history and breakfast history
dropped obviously in contrast to group A (P< 0.05). *is
was similar to the research results of *apa et al. [18]. Every
organ function, insulin receptor, and insulin affinity de-
creased with the growth of pregnancy age, indicating that
pregnancy age, regular exercise, and regular breakfast might
have an impact on pregnant women with GDM [19]. *e S/
D and Tei index of pregnant women in group B were ob-
viously higher than those of group A, and the level of A was
sharply lower than the level of group A (P< 0.05), showing
that pregnant women with high blood glucose would affect

Table 1: Single-factor regression analysis of related factors of GDM
in pregnant women.

Variable Regression
coefficient t P

Pregnancy age 0.426 4.721 0.011∗
BMI 0.399 3.865 0.008∗
Exercise history −0.421 3.477 0.037#

Breakfast history −0.415 4.156 0.019#

Anemia −0.215 2.831 0.051
Family history of
hypertension 0.361 3.864 0.007∗

Abortion history 0.407 4.666 0.016∗

Note. ∗indicates obvious positive correlation with GDM, P< 0.05; #indicates
obvious negative correlation with GDM, P< 0.05.Gestational weeks

Birth weight
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Figure 10: Comparison of gestational age and birth weight of
fetuses in the two groups. Note. ∗indicates a notable difference
in gestational age versus the experimental group, P< 0.05, and
#indicates a notable difference in birth weight versus the experi-
mental group, P< 0.05.

Table 2: Multivariate regression analysis of related factors of GDM
in pregnant women.

Variable Regression
coefficient t P

Pregnancy age 0.326 3.755 0.032∗
BMI 0.207 1.875 0.065
Exercise history 0.221 2.677 0.052
Breakfast history 0.160 2.236 0.059
Family history of
hypertension 0.389 3.694 0.014∗

Abortion history 0.445 4.237 0.024∗

Note. ∗indicates obvious positive correlation with GDM, P< 0.05.
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the heart function of the fetuses. *e PI and RI of pregnant
women in group B increasedmarkedly compared with group
A (P< 0.05), which was consistent with the research findings
of Duan et al. [20]. It suggested that the ultrasound ex-
amination of the fetal pulmonary vein and renal artery blood
could reflect the fetal hypoxia in the uterus. Multivariate
regression analysis revealed that pregnancy age, family
history of hypertension, and abortion history were markedly
positively associated with GDM in pregnant women
(P< 0.05), which showed that pregnancy age, family history
of hypertension, and abortion history were the related risk
factors for GDM in pregnant women.

5. Conclusion

*e constructed BPC in this study was compared with APES
and LCA and applied to the CDU imaging diagnosis of 80
pregnant women with GDM. It was found that the BPC had
excellent performance in infant CRU imaging diagnosis,
which not only enhanced the diagnosis accuracy but also
decreased the calculation time. Age of pregnancy, family
history of hypertension, and abortion history were the re-
lated risk factors leading to GDM in pregnant women.
However, the number of pregnant women selected in this
study is small, and the follow-up time is relatively short,
which would reduce the power of the study and increase the
margin of error. In the future, the sample size should be
increased to further explore the risk factors of GDM. *e
study innovatively analyzed the correlation between preg-
nancy weight and birth weight with the GDM and the results
provided a good theoretical basis for the clinical diagnosis
and treatment of GDM.
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