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Introduction

The cause of Gestational diabetes (GDM) is not clear. It 
can cause severe complications such as polyhydramnios, 
ketoacidosis, pregnancy-induced hypertension, spontaneous 
abortion and secondary infections in pregnant women. It 
can also cause fetal malformations and low fetuses. Blood 

sugar, stillbirth, hyperbilirubinemia and hypocalcemia, etc. 
The prognosis of GDM is mainly related to the condition 
of the patient’s diabetes and the control of blood sugar 
levels, and thus effective blood glucose monitoring is 
essential (1). Related surveys have shown that continuous 
dynamic blood glucose monitoring can effectively improve 
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the final pregnancy outcome of patients with GDM (2). 
The pre-pregnancy body mass index (BMI) and weight 
gain of patients with GDM also have a great impact on the 
pregnancy outcome, and hence it is necessary to effectively 
control the BMI and body weight to improve outcomes 
(3,4). The instantaneous scanning glucose monitoring 
system (ISGMS) is a new scanning glucose monitoring 
system based on sensors. Every time when the scanning 
detector is close to the sensor, the data will be transmitted 
to the scanning detector. The scanning detector will then 
display the current glucose level detected by the sensor, 
along with the glucose trend arrow and the glucose readings 
in the last eight hours. You can scan at any time to obtain 
the current glucose data according to your needs; it can 
also be automatically obtained and stored by the sensor 
(every 15 minutes). ISGMS an provide patients with a 
2-week glucose dynamic graph, which can detect blood 
glucose fluctuations instantly. This provides patients with 
accurate information and guidance and allows them to 
adjust measures related to blood glucose levels in a timely 
manner. In addition, the ISGMS does not require fingertip 
blood glucose monitoring, and therefore better patient 
compliance can be achieved (5,6). Previous studies mostly 
focused on the investigation of glucose monitoring system 
on the outcome of blood glucose, ignoring its influence on 
patients' compliance and health behaviors. In this study, we 
investigated the effects of ISGMs on compliance, health 
behavior, and body weight in patients with GDM to analyze 
the clinical promotion value of ISGMs.

We present the following article in accordance with the 
CONSORT reporting checklist (available at http://dx.doi.
org/10.21037/apm-21-439).

Methods

Patient selection

A total of 110 GDM patients admitted to our hospital from 
April 2019 to April 2020 were selected and divided into 2 
groups according to the random number table method, with 
55 cases in each group. The following inclusion criteria 
were applied: (I) patients aged 18–42 years old; (II) singleton 
pregnancies; (III) patients at gestational week 24–28; and 
(IV) patients who meet the diagnostic criteria for GDM. 
Patients were excluded from this study if they presented 
with the following: (I) type 1 diabetes; (II) type 2 diabetes; 
(III) language communication barriers; (IV) mental illness; 

(V) insulin-dependency; and (VI) unwillingness to cooperate 
during follow-up. This study was approved by the Ethics 
Committee of Haian People’s Hospital {Ethics approval 
number: [(2019)KY025]} and conducted in accordance with 
the Declaration of Helsinki (as revised in 2013). All subjects 
provided informed consent.

Interventions

All patients were followed up by telephone and the WeChat 
platform. Intervention staff designed home exercise, diet, 
and other intervention plans for patients based on the 
results of the blood glucose monitoring.

Patients in the experimental group wore an ISGMS 
sensor (Abbott Diabetes Care Ltd) with the transient sensor 
located on the outside of the upper wall of the patient. The 
ISGMS was used according to the manufacturer’s protocols. 
Briefly, 1 hour after starting the system, a scan was 
performed and compared to the patient’s fingertip blood 
sugar levels. After wearing the sensor for 2 days, the ISGMS 
readings were again compared to the fingertip blood glucose 
values. If there was a difference, the fingertip blood glucose 
level was considered the accurate measurement. A difference 
of 1.0 mmol/L of less was considered within normal 
limits, and may be due to interstitial fluid and capillary 
blood glucose self-differentiation. Each day, the patient 
was required to scan the sensor every 8 hours, and record 
their medication, daily diet, exercise, and hypoglycemia in 
a diary. If the sensor glucose monitoring value was below  
3.9 mmol/L, it was defined as a low glucose event. Following 
discharge from hospital, the patients regularly returned for 
follow-up and interpretation of the detection values, and 
one sensor can last up to 14 days and does not need to be 
removed during use. After interpretation and analysis of 
the monitored values, the patient would be informed of any 
adjustments to the relevant plan as necessary.

Evaluation indexes

The incidence of hypoglycemia
Blood glucose readings less than 3.9 mmol/L were 
considered hypoglycemic (7).

The qualified rate of weight gain at the end of 
pregnancy
The pre-pregnancy BMI was used to evaluate the qualified 
weight gain at the end of pregnancy. For patients with 
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BMI <18.5 kg/m2, the recommended weight increase is 
12.50–18.00 kg; for patients with 18.5≤ BMI <25.0 kg/m2,  
the recommended weight increase is 11.50–16.00 kg; for 
patients with 25.0≤ BMI <30 kg/m2, the recommended 
weight increase is 7.0–11.50 kg; and for patients with 
BMI ≥30 kg/m2, the recommended weight increase is  
5.00–9.00 kg (8).

Compliance with blood glucose monitoring
Patients who performed blood glucose monitoring 6–7 
times daily were considered fully compliant. Patients 
were considered partially compliant if blood glucose 
monitoring was performed 3–5 times a day. Patients who 
only monitored blood glucose levels 1–2 times a day were 
considered non-compliant. Overall compliance was taken to 
be full compliance plus partial compliance (9).

Health behavior patterns
Patient health behaviors such as regular blood glucose 
monitoring, strict diet control, weight monitoring, 
appropriate exercise, and regular obstetric checkups were 
assessed during admission and 2 weeks after the intervention. 

Statistical analyses

Statistical analyses were performed using SPSS22.0 (SPSS 
Inc., Chicago, IL, USA). Age, pre-pregnancy weight, and 
pre-pregnancy BMI were expressed as mean ± standard 
deviation and compared using two-tailed t-tests. The 
incidence of hypoglycemia, the qualified rate of weight gain 
at the end of pregnancy, compliance with blood glucose 
monitoring, and health behavior patterns were expressed 
as rates and percentages and compared using the χ2 test 
or rank-sum test. P<0.05 was considered statistically 
significant.

Results

General patient information

This study included 110 patients with GDM. In the 
control group, the average age was 33.17±4.08 years (range  
22–41 years), the average pre-pregnancy weight was  
50.72±4.52 kg (range 45–71 kg), and the average pre-pregnancy 
BMI was 24.59±2.13 kg/m2 (range 18.55–31.14 kg/m2).  
In the ISGMS group, the average age was 32.25±4.13 years 
(range 21–39 years), the average pre-pregnancy weight 
was 51.18±4.39 kg (range 47–73 kg), and the average  
pre-pregnancy BMI was 24.73±2.09 kg/m2 (range  
18.42–1.26 kg/m2). There were no statistically significant 
differences between the 2 groups for these parameters 
(P>0.05; Figure 1, Table 1).

The incidence of hypoglycemia

A total of 3 cases (5.45%) of hypoglycemia was detected 
in the ISGMS group, while there were 12 cases (21.82%) 
of hypoglycemia in the control group. Therefore, the 
incidence of hypoglycemia in the ISGMS group was 
significantly lower than that observed in the control group 
(χ2=6.253, P=0.012; Table 2). 

The qualified rate of weight gain at the end of pregnancy

In the ISGMS group, 50 cases achieved the qualified weight 
gain at the end of pregnancy, with a rate of 90.91%. In the 
control group, 39 cases achieved the qualified weight gain 
at the end of pregnancy, with a rate of 70.91%. The results 
demonstrated that the ISGMS group had a higher qualified 
rate of weight gain at the end of pregnancy compared to the 
control group (χ2=7.121, P=0.008; Table 3). 

Figure 1 Study profile.

Assessed for eligibility
(n=110)

2 weeks after discharge (n=55)
Lost to follow-up (n=0)

2 weeks after discharge (n=55)
Lost to follow-up (n=0)

Recruited to the clinical trail

Randomized allocation

Baseline comparison

55 included in the analysis 55 included in the analysis

Intervention group
(n=55)

Wear an ISGMS 
sensor

Control group
(n=55)

Routine blood 
glucose test
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Table 1 General patient information (n, x ± S)

Group Age (years) Pre-pregnancy weight (kg) Pre-pregnancy BMI (kg/m2)

Control group (n=55) 33.17±4.08 50.72±4.52 24.59±2.13

ISGMS group (n=55) 32.25±4.13 51.18±4.39 24.73±2.09

t value 1.175 0.541 0.348

P value 0.243 0.589 0.729

x, mean; S, standard deviation; BMI, body mass index; ISGMS, instantaneous scanning glucose monitoring system.

Table 2 A comparison of the incidence of hypoglycemia between the two groups (n, %)

Group Number of cases of hypoglycemia (n) The incidence of hypoglycemia (%)

Control group (n=55) 12 21.82

ISGMS group (n=55) 3 5.45

χ2 value 6.253

P value 0.012

ISGMS, instantaneous scanning glucose monitoring system.

Table 3 A comparison of the qualified rate of weight gain at the end of pregnancy between the two groups (n, %)

Group

BMI <18.5 kg/m2 18.5≤ BMI <25.0 kg/m2 25.0≤ BMI <30 kg/m2 BMI ≥30 kg/m2
The total 

qualified rate 
of weight 

gain

Total number 
of cases

Weight gain 
qualified 

cases

Total number 
of cases

Weight gain 
qualified 

cases

Total number 
of cases

Weight gain 
qualified 

cases

Total number 
of cases

Weight gain 
qualified 

cases

Control group 
(n=55)

0 0 41 28 13 10 1 1 39 (70.91)

ISGMS group 
(n=55)

3 3 37 33 12 11 3 3 50 (90.91)

χ2 value – 4.982 0.052 – 7.121

P value – 0.026 0.820 – 0.008

BMI, body mass index; ISGMS, instantaneous scanning glucose monitoring system.

Compliance with blood glucose monitoring

In the ISGMS group, 29 participants were completely 
compliant with blood glucose monitoring, 23 patients were 
partially compliant, and 3 were non-compliant. The overall 
compliance rate was 94.55% in patients who had ISGMS 
monitoring. In the control group, 20 cases were completely 
compliant, 21 patients were partially compliant, and 14 
participants were non-compliant. The overall compliance 
rate for the control group 74.55%. These results 
demonstrated that the ISGMS group had higher blood 
glucose monitoring compliance compared to the control 
group (χ2=8.419, P=0.004; Table 4). 

Health behavior patterns

Prior to intervention, there were no statistically significant 
differences between the 2 cohorts with regards to regular 
blood glucose monitoring, strict diet control, weight 
monitoring, appropriate exercise, and regular obstetric 
checkups (χ2=0.149, 0.039, 0.038, 0.037, and 0.227, 
respectively; P=0.699, 0.844, 0.846, 0.848, and 0.634, 
respectively). However, after 2 weeks of intervention, 
patients in the ISGMS group showed superior blood 
glucose monitoring, diet control, weight monitoring, 
appropriate exercise, and regular obstetric checkups 
compared to the control cohort (χ2=116.042, 7.066, 9.565, 
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7.698, and 5.492, respectively; P=0.000, 0.008, 0.002, 0.006, 
and 0.019, respectively; Table 5). 

Discussion

In recent years, there has been an increase in the incidence 
of type 2 diabetes in the younger population, and this 
has further increased the incidence of GDM (10). The 
probability of postpartum bleeding in GDM patients is 
5% higher than that in healthy pregnant women, and the 
probability of puerperal infection is 7% higher. Traditional 
blood glucose testing usually evaluates blood glucose levels 
2 hours after mealtimes and fasting blood glucose levels. 
However, it is difficult to dynamically monitor the blood 
glucose status of patients throughout the day, especially for 
the detection of reactive hypoglycemia at night (11,12). The 
ISGMS is a new method of blood glucose monitoring where 
the patient wears an ISGMS sensor and blood glucose levels 
can be monitored every 5–10 minutes and recorded through 
the computer. Thus, the daily fluctuations in the patient’s 
blood glucose levels can be accurately reflected (13). In this 

study, the ISGMS achieved good results in patients with 
GDM.

This study demonstrated that the incidence of 
hypoglycemia in the ISGMS group was significantly 
lower than that in the control group (P<0.05), suggesting 
that using the ISGMS device could effectively reduce the 
incidence of hypoglycemia in patients with GDM. Since 
ISGMS can dynamically monitor the patient’s blood glucose 
levels and detect night hypoglycemia as soon as it occurs, 
medical staff can adjust the relevant doses of hypoglycemic 
drugs and short-acting insulin in a timely manner to 
promote the maintenance of blood sugar stabilization, 
thereby avoiding a significant decrease in blood sugar 
levels, and ultimately effectively reducing the incidence of 
hypoglycemia (14,15).

The qualified rate of weight gain at the end of 
pregnancy in the ISGMS group was also higher than 
that in the control group (P<0.05), suggesting that 
implementation of the ISGMS to monitor blood glucose 
levels could ensure a reasonable weight gain in patients 
with GDM. It is likely that using the ISGMS enables the 

Table 5 A comparison of the health behavior patterns between the two groups before and after intervention (n, %)

Time Group
Regular blood  

glucose monitoring
Strict diet  

control
Weight  

monitoring
Appropriate  

exercise
Regular obstetric 

checkups

On admission Control group (n=55) 33 (60.00) 34 (61.82) 33 (60.00) 31 (56.36) 43 (78.18)

ISGMS group (n=55) 31 (56.36) 35 (63.64) 32 (58.18) 30 (54.55) 45 (81.82)

χ2 value 0.149 0.039 0.038 0.037 0.227

P value 0.699 0.844 0.846 0.848 0.634

After 2 weeks of 
intervention

Control group (n=55) 41 (74.55) 44 (80.00) 40 (72.73) 40 (72.73) 48 (87.27)

ISGMS group (n=55) 55 (100.00) 53 (96.36) 52 (94.55) 51 (92.73) 55 (100.00)

χ2 value 16.042 7.066 9.565 7.698 5.492

P value 0.000 0.008 0.002 0.006 0.019

ISGMS, instantaneous scanning glucose monitoring system.

Table 4 A comparison of the compliance with blood glucose monitoring between the two groups (n, %)

Group Full compliance Partial compliance Non-compliance Compliance

Control group (n=55) 20 (36.36) 21 (38.18) 14 (25.45) 41 (74.55)

ISGMS group (n=55) 29 (52.73) 23 (41.82) 3 (5.45) 52 (94.55)

χ2 value – – – 8.419

P value – – – 0.004

ISGMS, instantaneous scanning glucose monitoring system.
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patient to see the influence of daily foods on their blood 
sugar levels, and thus they can be more selective when 
choosing foods (16). Monitor blood glucose levels in real 
time also allows the patients to better understand the 
correlation between daily activities and fluctuations in 
blood glucose levels. This may improve their subjective 
initiative and encourage them to increase the amount of 
exercise to control their weight gain when blood glucose 
levels are on the rise (17,18).

Furthermore, the ISGMS group achieved higher blood 
glucose monitoring compliance and better health behaviors 
compared to the control group after 2 weeks of intervention 
(P<0.05). This suggested that the ISGMS could effectively 
improve the compliance of blood glucose monitoring in 
patients with GDM and improve patient health behaviors. 
The ISGMS is painless to wear, and the patient does not need 
to perform fingertip blood sampling calibration. The sensor 
worn on the outside of the arm can effectively monitor the 
patient’s blood glucose status in real time, thereby simplifying 
the monitoring process and improving compliance (19). 
At the same time, patients can make adjustments to daily 
exercise and eating routines in response to the real time 
results of dynamic blood glucose monitoring. This leads to 
improved control of blood sugar levels and promotes patients 
to establish healthy behaviors (20).

Conclusions

The use of the ISGMS in patients with GDM can improve 
the compliance of blood glucose monitoring, improve 
health behaviors, reasonably control weight gain, and avoid 
hypoglycemia.
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