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To analyze the effect of early nursing intervention based on fetal heart signal extraction algorithm and Internet of Things (IoT)
wireless communication technology on the adverse pregnancy outcomes of pregnant women with gestational diabetes mellitus
(GDM) and newborns, 88 pregnant women diagnosed with GDM who underwent the 75 g glucose tolerance test at 24-28
gestational weeks in the hospital were selected as the research objects. According to the different intervention methods, the
patients were divided into 44 cases of the experimental group (nursing intervention based on maternal and infant monitoring
system) and 44 cases of the control group (outpatient follow-up intervention). The results showed that the compliance score
and diet compliance rate of patients in the experimental group were signally higher than those in the control group at 1 and 3
months after intervention (P < 0:05). The levels of fasting blood glucose (FBG), blood glucose 2 hours after the meal, and
hemoglobin A1c (HbA1c) in the experimental group were lower than those in the control group at 1 and 3 months after
intervention (P < 0:05). The number of giant babies, hypoglycemia, hyperbilirubinemia, fetal distress, premature delivery, and
birth weight in the experimental group was all lower than those in the control group, while the Apgar scores were higher than
that in the control group (P < 0:05). To sum up, the intervention based on the intelligent maternal and infant monitoring
system could timely help pregnant women adjust their diet structure and optimize the management of blood glucose and
blood lipids, thus effectively improving the adverse pregnancy outcome and maintaining the health of pregnant women and
newborns.

1. Introduction

Gestational diabetes mellitus (GDM) mainly refers to diabe-
tes that does not exist before pregnancy but appears after
pregnancy, which is caused by abnormal glucose metabolism
due to a series of physiological changes during pregnancy [1,
2]. Nowadays, with the improvement of people’s living stan-
dards and the development of medical technology, the inci-
dence of GDM is getting higher and higher [3]. If GDM is
not treated in time, it is very detrimental to the health of
pregnant women and fetuses [4–6]. For pregnant women,
GDM can increase the mother’s possibility of developing
high blood glucose, high blood pressure, and preeclampsia.
For the fetus, it can increase the incidence of abortion, intra-

uterine growth retardation (IUGR), fetal malformation,
giant babies, neonatal distress syndrome, and neonatal
hypercholesterolemia [7, 8]. Besides, the long-term effect of
GDM on mothers and infants cannot be ignored, which
can lead to an increased risk of diabetes and other chronic
diseases in the future [9]. Therefore, it is necessary to per-
form the targeted nursing intervention for pregnant women
and fetuses in the early stage of pregnancy.

Fetal heart rate (FHR) monitoring is an important way
of prenatal examination. Through 20 minutes of FHR mon-
itoring, the trend of FHR can be figured out intuitively from
the fetal heart curve, whether the fetus intrauterine hypoxia
can be judged, and fetal health status can be assessed, which
is usually suitable for the fetus in the perinatal period [10,

Hindawi
Computational and Mathematical Methods in Medicine
Volume 2022, Article ID 8535714, 11 pages
https://doi.org/10.1155/2022/8535714

https://orcid.org/0000-0003-2708-6134
https://orcid.org/0000-0002-9191-9949
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/8535714


11]. If the pregnant woman is at high risk with advanced age,
or she has pregnancy complications, the FHR monitoring
needs to be performed in advance to avoid that fetal hypoxia
is not noticed in time [12]. Traditional fetal monitoring can
only be performed in the hospital, so pregnant women
require to run back and forth for prenatal examination,
which brings great trouble to pregnant women. Moreover,
the traditional cable is adopted for data signal transmission,
with great technical limitations [13, 14]. The Internet of
Things (IoT) is an extended and expanded network based
on the Internet. Through sensing devices, any item can be
connected to the Internet according to the agreed protocol
for information exchange and communication to realize
the intelligent identification, positioning, tracking, monitor-
ing, and management of items [15]. In recent years, with the
pervasiveness of IoT technology and wireless network tech-
nology, there are various kinds of portable monitoring
equipment that shows the good effect, and they can effec-
tively get rid of the limitations of traditional cable and assist
the hospital to better monitor the vital signs of maternal and
infant [16, 17]. Besides, in the past, the obtained fetal heart
signals could only be analyzed according to the personal
experience of physicians, and special fetal heart rate changes
could not be identified. Hence, the artificial intelligence (AI)
fetal heart signal processing algorithm was introduced to
further improve the effectiveness of maternal and infant
monitoring [18].

To sum up, the adoption of the combination of AI algo-
rithm, IoT technology, and wireless network technology in
maternal and infant monitoring is a hot topic for scholars.
An intelligent maternal and infant monitoring system based
on fetal heart signal extraction algorithm and IoT wireless
communication technology was proposed and applied in
the early nursing intervention of pregnant women diagnosed
with GDM who received the 75 g glucose tolerance test at
24-28 gestational weeks. The influence of early nursing
intervention based on fetal heart signal extraction algorithm
and IoT wireless communication technology on adverse
pregnancy outcomes of pregnant women with GDM and
neonates was deeply discussed, to provide help for early clin-
ical nursing monitoring of pregnant women with gestational
diabetes.

2. Materials and Methods

2.1. The Research Objects. In this study, 88 pregnant women
who were diagnosed with GDM by the 75 g glucose tolerance
test at 24-28 gestational weeks in the hospital from October
10, 2018, to May 1, 2020, were selected as the research
objects, and the age ranged from 20 to 38 years old. All
patients and their family members understood and signed
informed consent. This study had been approved by the
ethics committee of the hospital.

The inclusion criteria were as follows: (I) patients who
did not have diabetes before pregnancy, (II) patients who
did not receive the systematic diabetes health education,
(III) patients with complete clinical data, and (IV) patients
with the biochemical parameters of regular follow-up visits.

The exclusion criteria were as follows: (I) patients who
dropped out of the experiment, (II) patients with other met-
abolic diseases, (III) patients with hyperthyroidism, (IV)
patients with mental diseases, (V) patients who were unwill-
ing to cooperate with follow-up visits, and (VI) patients who
previously took any medication that affected the glycolipid
metabolism in pregnant women.

2.2. Grouping. Patients were randomly divided into experi-
mental group (n = 44) and control group (n = 44). Patients
in the experimental group received the intervention based
on the intelligent maternal and infant monitoring system.
Patients in the control group received the outpatient
follow-up intervention.

For the outpatient follow-up intervention, exercise train-
ing and diet plan guidance were implemented face-to-face,
and the traditional oral education on GDM was also given
simultaneously.

For the intervention based on the intelligent maternal
and infant monitoring system, the maternal and infant mon-
itoring system was used to collect and organize maternal and
infant physiological information and surrounding environ-
ment information. The real-time data were checked by the
physicians on the mobile devices, and the maternal and
infant status assessment was made based on the analysis
results of the computer. Then, through WeChat and QQ,
patients were given the targeted diet plan and exercise
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Figure 1: Process diagram of optimizing the median filtering
algorithm.
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rehabilitation program. Furthermore, the information about
GDM was sent to pregnant women every week. Patients
were encouraged to eat at home as much as possible and
use a glucose meter to measure blood glucose by themselves.

2.3. Fetal Heart Signal Extraction Algorithm. Most of the
existing portable fetal heart signal acquisition equipment
relied on battery power, with the problems of small storage
space and limited energy. Hence, the median filtering algo-
rithm was introduced and optimized accordingly. Median
filtering [19] is a nonlinear digital filter technology that is
often used to remove the impurities in images or other sig-
nals. In Equation (1), median filtering was used to get the
midvalue of the sample set in the window scope.

H mð Þ =median x m −Mð Þx m −M + 1ð Þ⋯ x mð Þ⋯ x m +Mð Þ½ �:
ð1Þ

In Equation (1), ½xðm −MÞxðm −M + 1Þ⋯ xðmÞ⋯ x
ðm +MÞ� represented the sample set, and median½� rep-
resented the midvalue of 2m + 1 samples.

The problem of the traditional median filtering algo-
rithm lay in the heavy sorting workload of the window, so
the idea of the binary search was introduced to construct
and optimize the median filtering algorithm. This algorithm
only needed to sort the window data when it was used for
the first time, use the binary search method [20] to find

the elements to be replaced, and insert new elements in the
process of window movement. In the subsequent operation,
it only needed to adjust the new elements to complete the
correct sorting of the window data. Figure 1 shows the spe-
cific process.

2.4. Design of Maternal and Child Monitoring System Based
on Internet of Things Technology. An intelligent maternal
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Figure 3: Data management process of the local wireless monitoring terminal.
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Figure 2: The schematic diagram of the whole structure of the intelligent maternal and infant monitoring system.
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Figure 5: Continued.
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and infant monitoring system was designed by using the AI
algorithm and IoT wireless communication technology,
which was classified into the maternal and infant monitoring
equipment and the hospital monitoring center. The mater-

nal and infant monitoring equipment (Figure 2) was mainly
used to collect the physiological parameters and surrounding
environment conditions of pregnant women and fetuses and
transmit the information to the hospital monitoring center.
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Figure 5: Comparison of the general sociological data of patients between two groups. (a) Age, height, and weight. (b) Gestational weeks
and the number of pregnancies. (c) Educational level. (d) Family income. (e) Medical form.
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Figure 6: Comparison of the compliance and the compliance rate of the diet standards between the two groups. (a) The compliance score.
(b) The compliance rate of the diet standards. 0-2: before the intervention, 1 month after the intervention, and 3 months after the
intervention. ∗ meant that compared with the experimental group, P < 0:05.
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This equipment included the information collection sensor
and the local wireless monitoring terminal. The information
collection sensor used a miniature wireless fetal heart sensor
and a miniature wireless uterine pressure sensor. The local
wireless monitoring terminal was used for information sort-
ing, display, and transmission. Figure 3 shows the procedure
of information processing.

The hospital monitoring center was the most vital part
of the whole system, which could provide physicians with
accurate results of data analysis, including the client and
the central server. The central server (Figure 4) was used
to receive and store the collected physiological information
and surrounding environment information of pregnant
women. The client was mainly for the hospital physicians
who could log in to the client on mobile devices, check the
real-time displayed data, and make the diagnosis based on
the analysis results of the computer.

2.5. Observation Indexes. General sociological data of preg-
nant women were recorded, including age, height, weight,
gestational week, number of pregnancies, the educational
level (primary school, junior high school, high school, col-
lege for professional training, and bachelor degree or above),
family income (<3,000 yuan, 3,000-5,000 yuan, 5,000-10,000
yuan, 10,000-30,000 yuan, or >30,000 yuan), and medical
form (provincial and municipal medical insurance, the new
rural cooperative medical insurance, or self-funded medical
insurance). The compliance scores and compliance rate of
the diet standards of pregnant women before and after inter-
vention were recorded. Biochemical indexes of pregnant
women before and after intervention were recorded, such as
fasting blood glucose (FBG), postprandial blood glucose
(PBG), hemoglobin A1c (HbA1c) levels, red blood cell
(RBC), and hemoglobin (HGB). The Apgar scores [20],
weight, and complications of the fetus at birth were recorded.
The adverse events were recorded during the follow-up visits,
such as pregnancy-induced hypertension (PIH), premature
rupture of membranes, oligohydramnios, polyhydramnios,
anemia, threatened abortion, and preeclampsia.

2.6. Statistical Methods. SPSS 19.0 was employed for data
statistics and analysis. Mean ± standard deviation (�x ± s) was

how measurement data were expressed, and percentage (%)
was how count data were expressed. One-way analysis of var-
iance was used for pairwise comparison. The difference was
statistically significant with P < 0:05.

3. Results

3.1. Comparison of the General Sociological Data of
Patients between Two Groups. In Figure 5, there were
insignificant differences between the experimental group
and the control group in age, height, weight, gestational
week, number of pregnancies, the educational level (pri-
mary school, junior high school, high school, college for
professional training, and bachelor degree or above), family
income (<3,000 yuan, 3,000-5,000 yuan, 5,000-10,000 yuan,
10,000-30,000 yuan, or >30,000 yuan), and medical form
(provincial and municipal medical insurance, the new rural
cooperative medical insurance, or self-funded medical insur-
ance) (P > 0:05).

3.2. Comparison of the Compliance and the Compliance Rate
of the Diet Standards between the Two Groups before and
after Intervention. In Figure 6, there were no statistically sig-
nificant differences in the compliance score and the compli-
ance rate of the diet standards between the experimental
group and the control group before intervention (P > 0:05).
The compliance score and the compliance rate of the diet
standards of patients in the experimental group at 1 and 3
months after intervention were observably higher than those
in the control group, with significant differences (P < 0:05).

3.3. Comparison of Biochemical Indexes between the Two
Groups before and after Intervention. In Figure 7, there were
no considerable differences in FBG, blood glucose 2 hours
after the meal, HbA1c levels, RBC, and HGB between the
two groups before the intervention (P > 0:05). The levels of
FBG, blood glucose 2 hours after the meal, and HbA1c in
the experimental group at 1 and 3 months after intervention
were markedly lower than those in the control group
(P < 0:05). There was no statistically considerable difference
in RBC and HGB between the experimental group and the
control group at 1 and 3 months after intervention (P > 0:05).
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Figure 7: Comparison of metabolic biochemical indexes between the two groups before and after the intervention. (a) Fasting blood glucose.
(b) Blood glucose 2 hours after the meal. (c) Hemoglobin A1c levels. (d) Red blood cell. (e) Hemoglobin. 0-2: before the intervention, 1
month after the intervention, and 3 months after the intervention. ∗ meant that compared with the experimental group, P < 0:05.
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3.4. Comparison of Neonatal Status between the Two
Groups. The number of giant babies, hypoglycemia, hyper-
bilirubinemia, fetal distress, and premature delivery in the
experimental group was evidently lower than that in the
control group (P < 0:05) (Figure 8(a)). The Apgar scores
at birth in the experimental group were obviously higher
than that in the control group (P < 0:05) (Figure 8(b)).
The birth weight of newborns in the experimental group

was signally lower than that in the control group (P <
0:05) (Figure 8(c)).

3.5. Comparison of the Adverse Events between the Two
Groups. In Figure 9, there were 2 patients with PIH, 1 patient
with premature rupture of membranes, 1 patient with oligo-
hydramnios, 0 patients with polyhydramnios, 2 patients
with anemia, 0 patients with threatened abortion, and 1
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Figure 8: Comparison of neonatal status between the two groups. (a) Complications. (b) The Apgar scores. (c) Weight. ∗ meant that
compared with the experimental group, P < 0:05.
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patient with preeclampsia in the experimental group. In the
control group, there were 4 cases of PIH, 5 cases of prema-
ture rupture of membranes, 3 cases of oligohydramnios, 2
cases of polyhydramnios, 6 cases of anemia, 1 case of threat-
ened abortion, and 4 cases of preeclampsia. The incidence of
adverse events in the experimental group was manifestly
lower than that in the control group (P < 0:05).

4. Discussion

GDM is a special type of diabetes and is a risk factor for
adverse pregnancy outcomes. It not only negatively affects
the pregnant woman and the fetus but also poses a poten-
tial threat to the future health of the pregnant woman and
newborn. Consequently, it is necessary to find an effective
method for the early intervention of pregnant women with
GDM [21, 22]. An intelligent maternal and infant moni-
toring system based on the AI algorithm and IoT wireless
communication technology was designed. Meanwhile, 88
pregnant women diagnosed with GDM who underwent
the 75 g glucose tolerance test in the hospital at 24-28 gesta-
tional weeks were enrolled. According to the different inter-
vention methods, they were classified into the experimental
group (the intervention based on intelligent maternal and
infant monitoring system) and the control group (the outpa-
tient follow-up intervention). The general sociological data
were firstly compared between the two groups. The results
reflected that there were insignificant differences between
the experimental group and the control group in age, height,
weight, gestational week, the number of pregnancies, the
educational level (primary school, junior high school, high
school, college for professional training, and bachelor degree
or above), family income (<3,000 yuan, 3,000-5,000 yuan,
5,000-10,000 yuan, 10,000-30,000 yuan, or >30,000 yuan),
and medical form (provincial and municipal medical insur-
ance, the new rural cooperative medical insurance, or self-
funded medical insurance) (P > 0:05). It provided the basis

for the following research. The compliance scores and the
compliance rate of the diet standards of patients in the exper-
imental group were signally higher than those in the control
group at 1 and 3 months after the intervention (P < 0:05).
With the improvement of people’s living standards, the
nutritional intake of pregnant women during pregnancy is
adequate, but the collocation of diet is not often very reason-
able, and it is prone to the problem of excess energy during
pregnancy [23, 24]. Hence, the intervention based on the
intelligent maternal and infant monitoring system could help
pregnant women adjust their diet structure in time and
ensure a good compliance rate of the diet standards, thereby
improving the compliance of pregnant women.

Chen Y et al. [25] applied the combination of IoT and
exercise-based individualized nursing intervention in the
treatment of 139 patients with GDM. The results showed
that the IoT combined with individualized exercise-based
nursing intervention could effectively improve patients’
blood glucose, insulin resistance, and psychological state,
thus significantly improving their pregnancy outcome and
mental state. The levels of FBG, blood glucose 2 hours after
the meal, and HbA1c in the experimental group at 1 and 3
months after the intervention were markedly lower than
those in the control group (P < 0:05), which indicated that
the intervention based on intelligent maternal and infant
monitoring system was helpful for patients with GDM to
optimize the blood glucose management and adjust and
control the blood lipid indexes. The incidence of adverse
events in the experimental group was remarkably lower than
that in the control group (P < 0:05), which demonstrated
that the intervention based on the intelligent maternal and
infant monitoring system helped effectively reduce the com-
plications of pregnant women and improve their pregnancy
outcomes. Moreover, the number of giant babies, hypoglyce-
mia, hyperbilirubinemia, fetal distress, premature delivery,
and birth weight in the experimental group was notably
lower than those in the control group, while the Apgar
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Figure 9: Comparison of the adverse events between the two groups. (b1–b7) Pregnancy-induced hypertension, premature rupture of
membranes, oligohydramnios, polyhydramnios, anemia, threatened abortion, and preeclampsia. ∗ meant that compared with the
experimental group, P < 0:05.
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scores were higher than that in the control group (P < 0:05).
The abnormal changes in substance metabolism or
structure-function during fetal growth and development
were caused by adverse environmental effects, such as
maternal high blood glucose in patients with GDM. These
adverse effects were possible to persist after birth or even
throughout life. Furthermore, the intervention based on
the intelligent maternal and infant monitoring system could
effectively improve the adverse pregnancy outcome and
maintain the physical and mental health of pregnant women
and newborns [26].

5. Conclusion

An intelligent maternal and infant monitoring system based
on the AI algorithm and IoT wireless communication tech-
nology was designed. Simultaneously, 88 pregnant women
diagnosed with GDM who underwent the 75 g glucose toler-
ance test in the hospital at 24-28 gestational weeks were
included as the research objects. According to the different
intervention methods, they were classified into the experi-
mental group (the intervention based on intelligent maternal
and infant monitoring system) and the control group (the
outpatient follow-up intervention). The results showed that
the intervention based on the intelligent maternal and infant
monitoring system could timely help pregnant women
adjust their diet structure, ensure a good compliance rate
of the diet standards, optimize blood glucose and lipid man-
agement, and improve the compliance of pregnant women,
thereby effectively improving the adverse pregnancy out-
come and maintaining the physical and mental health of
pregnant women and newborns. Nevertheless, the follow-
up time of pregnant women and newborns in this experi-
ment is only three months, and the long-term data is not
collected. Follow-up studies will collect patient data from
larger regions and different conditions to further analyze
the feasibility of clinical application of the maternal and
infant monitoring system in this research. In conclusion, this
experiment provided a theoretical reference for the early
nursing intervention of pregnant women with GDM.
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