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Abstract
Purpose  To explore the effects of mobile health (mHealth) intervention on pregnancy weight management, blood glucose 
control and pregnancy outcomes.
Methods  A total of 124 patients with gestational diabetes mellitus (GDM) were selected. Patients were randomly divided 
into two groups. The 60 patients in the control group received standard outpatient treatment, while the remaining 64 patients 
received a nurse’s online guidance both through a mobile medical App installed on their phone and through regular offline 
clinical treatment in the mHealth group. Patients were treated for an average of 13 weeks and general conditions, compliance, 
blood glucose, glycosylated hemoglobin, weight gain, pregnancy, and neonatal outcomes were monitored in both groups 
longitudinally.
Results  The mHealth group demonstrated higher levels of compliance (83.3 ± 12.5% vs. 70.4 ± 10.1%, t = − 6.293, df = 122, 
p < 0.001), lower frequency of outpatient service (8.1 ± 1.3 vs. 11.2 ± 1.1, t = 14.285, df = 122, p < 0.001), lower hemoglobin 
A1C before delivery (4.7 ± 0.2 vs. 5.3 ± 0.3, t = 13.216, df = 122, p < 0.001) as well as the rates of off-target measurements 
both fasting (4.6 ± 0.4% vs. 8.3 ± 0.6%, t = 40.659, df = 122, p < 0.001) and 2 h post-prandial (7.9 ± 0.7% vs. 14.7 ± 0.8%, 
t = 50.746, df = 122, p < 0.001). Weight gain in the mHealth group was less than control group (3.2 ± 0.8 vs. 4.8 ± 0.7, 
t = 11.851, df = 122 p < 0.001).
Conclusion  Mobile health intervention management of gestational diabetes mellitus improves patients’ compliance and 
blood glucose control, and reduces weight gain, thereby reducing the rates of complications in both pregnant women and 
fetuses during delivery during pregnancy.
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Introduction

The prevalence of GDM, defined as glucose intolerance 
with onset or first recognition during pregnancy, is increas-
ing worldwide [1, 2]. In 2013, a survey conducted by the 
International Diabetes Federation (IDF) found that GDM 
affected 14.2% of pregnant women globally [3]. A survey 
of 17,186 pregnant women in 13 hospitals in China between 

2010 and 2012 showed that the prevalence of GDM was as 
high as 17.5% [4]. Research has demonstrated that obesity 
prior to pregnancy and excess weight gain during pregnancy 
are closely linked to the occurrence of GDM, which in turn 
results in an increased risk of obesity and metabolic syn-
drome in offspring during both their childhood and adult-
hood. People with gestational diabetes are at increased risk 
of preeclampsia, preterm birth, stillbirth, and macrosomia. 
Although the blood glucose values of most women tend to 
be stable after the birth of the fetus, the risk of developing 
type 2 diabetes mellitus (T2DM) is elevated in women previ-
ously diagnosed with GDM [5, 6].

It has been conclusively shown that strict control of blood 
glucose, weight control, and good compliance with medical 
advice can reduce the rates of complications in both preg-
nant women and fetuses during delivery, and can reduce the 

 *	 S.‑Y. Li 
	 lsy_tj2006@163.com

1	 NHC Key Laboratory of Hormones and Development 
(Tianjin Medical University), Tianjin Key Laboratory 
of Metabolic Diseases, Tianjin Medical University Metabolic 
Diseases Hospital, Tianjin Institute of Endocrinology, 
Tianjin 300070, China

http://orcid.org/0000-0001-8712-9787
http://crossmark.crossref.org/dialog/?doi=10.1007/s40618-018-0975-0&domain=pdf


710	 Journal of Endocrinological Investigation (2019) 42:709–714

1 3

rates of adverse outcomes such as macrosomia and shoulder 
dystocia [7, 8]. At present, the health education of GDM 
patients primarily relies upon medical personnel teach-
ing patients relevant details about their condition, leaving 
the patient to passively absorb this information. Providing 
diabetes self-management education and support to GDM 
patients is an effective means of controlling GDM [9]. 
Mobile health care is a relatively new emerging technology 
that is gradually being adapted as an effective management 
tool for myriad diseases. A recent meta-analysis shows that 
a T2DM-focused mobile medical App is easy for patients 
to use and can improve their cooperation and compliance, 
ultimately strengthening their T2DM self-management skills 
[10, 11]. Many previous studies have focused on the effects 
of mobile medical treatment on blood glucose in patients 
with GDM, while there are few studies on the effects of 
mobile medical treatment on maternal weight management 
and pregnancy outcomes. In this study, a mobile medical 
App was used to educate and manage GDM patients and 
to explore the effects of mobile medical interventions on 
weight management, blood glucose control and pregnancy 
outcomes in these patients.

Objectives and methods

Study objectives

Patients diagnosed with gestational diabetes mellitus (GDM) 
between 24 and 28 weeks of pregnancy in the Metabolic 
Disease Hospital of Tianjin Medical University between 
December 2015 and December 2017 were selected. Patients 
were 21–45 years old, pregnant with a single fetus, skilled 
at using smartphones, and were willing to cooperate with 
research and regular follow-up visits. Patients with pre-
pregnancy diabetes, multiple pregnancies, or severe illness 
were excluded. The purpose and significance of the study 
was explained to participants and their informed consent 
was obtained. All patients signed informed consent forms, 
and the study was approved by the Ethics Committee of the 
Metabolic Disease Hospital of Tianjin Medical University 
(Number: 20150503). The study conforms to the Declaration 
of Helsinki (as revised in Fortaleza, Brazil, October 2013).

The GDM diagnosis was made based on the diagnostic 
criteria for gestational diabetes introduced by the American 
Diabetes Society in 2011. Pregnant women who had not pre-
viously been diagnosed with overt diabetes were challenged 
with 75 g OGTT during weeks 24 and 28 of pregnancy after 
an 8 h fast. Blood glucose levels were measured before and 
1 and 2 h after oral administration of glucose. If elevation of 
blood glucose during pregnancy was in accordance with one 
of the following criteria: fasting blood glucose ≥ 5.1 mmol/L, 
or blood glucose 1 h after OGTT ≥ 10.0 mmol/L, or blood 

glucose 2 h after OGTT ≥ 8.5 mmol/L, then GDM was diag-
nosed. According to the recommended standard in the IOM 
guidelines, for females a BMI of ≥ 25 kg/m2 and < 29.9 kg/
m2 is defined as overweight, while a BMI of ≥ 30 kg/m2 is 
defined as obese before pregnancy.

Research method

Patients were randomly divided into two groups using the 
Excel table random sampling method. One group receiving 
a conventional outpatient treatment regimen (n = 60) served 
as the control group. The other group used a combination 
of “mobile medical management and outpatient treatment” 
(n = 64), serving as the Mobile health (mHealth) group.

Mobile medical management model of GDM

1.	 The outpatient treatment model includes personal-
ized dietary guidance by an educational nurse during a 
patient’s first visit. This nurse calculates the amount of 
protein, fat, and carbohydrates the patient needs daily 
based on their weight and activity level, develops a train-
ing plan, helps patients choose appropriate aerobic exer-
cise, and checks their diet and exercise performance on 
a return visit. The specialist established the outpatient 
medical service file for each patient to record data for 
each visit, including blood glucose and weight, which 
can help with disease assessment and treatment plan-
ning. For their initial visits, patients are required to make 
one visit a week for 3 consecutive weeks. Fasting and 
post-prandial glucose self-measurements are monitored 
at least 3 days per week, and are manually recorded 
using a paper diary for review with their doctors at each 
visit. During the return visit, the educational nurses eval-
uate the implementation of the diet and exercise plans 
and the physician adjusts the treatment plan as needed. 
After patient blood glucose had stabilized, patients were 
required to visit once every 2–4 weeks. Blood glucose 
was monitored for at least 2 days per week, and fasting 
and post-prandial blood glucose were measured within 
1 day. Patients were required to return to the clinic 
3 months after delivery. The education nurse would call 
patients in the two groups to remind them of their con-
sultation time, and patients needed to provide medical 
records of childbirth. At this time, the 75 g OGTT was 
performed again.

2.	 Patients allocated to the control group received the 
aforementioned care. Patients assigned to the Mobile 
health (mHealth) group received our standard care, and 
in addition had an application installed to their smart-
phones. The mobile health (mHealth) group requires 
patients to download the Dnurse App (Beijing Dnurse 
Technology Co., Ltd) in which they used the outpatient 
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mode. Fasting and post-prandial glucose self-meas-
urements could be monitored using the Dnurse blood 
glucose meter (automatic data upload or manual data 
upload). Blood glucose data were compiled into tables 
and charts that were then uploaded and transmitted to 
the Doctor’s version of Dnurse App where they were 
subsequently viewed by the outpatient service doctor. 
Patients’ blood glucose meters were required to regu-
larly undergo comparisons with hospital laboratory 
blood glucose meters (Biosen C-Line Blood Glucose 
Analyzer, EKF, Germany) to correct for any testing 
error. The education nurse provided online instruction 
available to patients every night from 7:00 PM to 9:00 
PM, including answering questions about diet, exer-
cise, blood glucose monitoring, insulin injection, and 
any other relevant topics. When the patient uploaded an 
abnormal blood glucose result, they were notified and 
the underlying cause is analyzed. Patients could also 
learn more about gestational diabetes by reading addi-
tional information about diet, exercise, medicine, and 
diabetes education in the Dnurse App.

Statistical method

Statistical analyses were conducted using the SPSS11.5 
statistical software package. The measured data that were 
in accordance with a normal distribution are represented 
by x ̄ ± s. T test were used to compare the mean of the two 
groups. The χ2 test was used to compare the composition 

ratios of the two groups. p < 0.05 was considered statisti-
cally significant.

Results

A total of 124 patients were randomized, 60 were assigned 
to the control group and 64 were assigned to the Mobile 
health (mHealth) group. No statistically significant differ-
ences were found between the groups in terms of maternal 
age, gestational age at first visit, family history, education 
level, chronic hypertension, abortion history, nulliparity, 
previous GDM, assisted reproductive technology, history of 
macrosomia childbirth, the value of HbAlc at diagnosis, oral 
glucose tolerance test (OGTT) values at diagnosis (p > 0.05). 
No statistical differences were found in pre-pregnancy BMI 
or weight gain at first visit, No statistical difference was 
found between the groups in overweight (%) and obesity 
(%). Weight was measured before delivery, the comparison 
in two groups after treatment showed that the weight gain of 
the mHealth group was less than the control group (3.2 ± 0.8 
vs. 4.8 ± 0.7, t = 11.851, df = 122 p < 0.001) (Table 1).

The glycemic control characteristics are shown in 
Table 2. Patient compliance defined as the actual blood 
glucose measurements/instructed measurements X100, was 
higher in the mHealth group as compared to the control 
group (83.3 ± 12.5% vs. 70.4 ± 10.1%, t = − 6.293, df = 122, 
p < 0.001). Frequency of outpatient service in mHealth 
group was less than in the control group. (8.1 ± 1.3 vs. 
11.2 ± 1.1, t = 14.285, df = 122, p < 0.001). Hemoglobin A1C 

Table 1   Maternal characteristics 
of the study groups

ART​ assisted reproductive technology, BMI (kg/m2) body mass index

Control group (n = 60) mHealth group 
(n = 64)

p value

Maternal age (years) 30.6 ± 3.1 31.2 ± 4.1 0.604
Gestational age at first visit (w) 25.1 ± 3.5 24.7 ± 5.1 0.726
Family history of DM, n (%) 21 (35.0%) 23 (35.9%) 0.732
High school and below, n (%) 6 (10.0%) 6 (9.4%) 0.865
Junior college, n (%) 20 (33.3%) 23 (35.9%) 0.712
University and above, n (%) 34 (56.7%) 35 (54.7%) 0.753
Chronic hypertension, n (%) 1 (1.6%) 1 (1.5%) 0.975
Abortion history, n (%) 18 (30.0%) 21 (32.8%) 0.692
Nulliparity, n (%) 35 (58.3%) 39 (60.9%) 0.732
Previous GDM, n (%) 9 (15.0%) 10 (15.6%) 0.884
ART, n (%) 2 (3.3%) 3 (4.6%) 0.531
History of macrosomia childbirth, n (%) 6 (10.0%) 8 (12.5%) 0.689
Pre-pregnancy BMI (kg/m2) 25.6 ± 2.9 25.7 ± 3.3 0.878
Overweight (%) at first visit 25 ≤ BMI < 29.9 35 (58.3%) 37 (57.8%) 0.741
Obesity (%) at first visit BMI ≥ 30 14 (23.3%) 16 (25.0%) 0.625
Weight gain at first visit (kg) 8.1 ± 2.2 7.9 ± 2.6 0.578
Weight gain after treatment (kg) 4.8 ± 0.7 3.2 ± 0.8 < 0.001
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before delivery was lower in mHealth group compared to the 
control group (4.7 ± 0.2 vs. 5.3 ± 0.3, t = 13.216, df = 122, 
p < 0.001), as well as the rates of off-target measurements 
both fasting (4.6 ± 0.4% vs. 8.3 ± 0.6%, t = 40.659, df = 122, 
p < 0.001) and 2 h post-prandial(7.9 ± 0.7% vs. 14.7 ± 0.8%, 
t = 50.746, df = 122, p < 0.001). No statistical difference 
was found between the groups in OGGT-fasting or 120 min 
value at diagnosis, or OGTT-fasting value after 3 months 
of delivery.

Delivery characteristics and neonatal outcomes are sum-
marized in Table 3. There were no differences between the 
groups in any of the measured characteristics and outcomes.

Discussion

HAPO’s studies have shown that patients with gestational 
diabetes increases in blood glucose levels are associated 
with the corresponding increase in the risk of adverse preg-
nancy outcomes for mothers and infants [12]. The basic aim 

of GDM therapy is both to control diet and increase activity 
levels. Because patients have only limited opportunities to 
directly interact with a doctor, they often forget the specific 
medical advice offered by their physicians in a short time. 
As such, medical personnel are constantly looking for better 
ways to encourage healthy behavior. An advanced mobile 
medical App based on smartphones can remind patients to 
monitor their blood glucose on time, and can be used for 
daily doctor–patient communication and feedback, urging 
patients to conduct self-glycemic monitoring and improve 
compliance, so as to jointly improve medical results.

Emerging mobile medical (mhealth) technology has 
offered a new medical management model for the mobil-
ity, digitization and high efficiency management of diabetes 
mellitus, and as a result this approach has become popular 
topic at home and abroad [13–15].

Ming et al. study on telemedicine for gestational diabe-
tes mellitus showed a decrease in HbA1c levels, which is 
consistent with the results of our study [16]. In this study, 
the mobile health (mHealth) group showed higher compli-
ance with blood glucose monitoring, lower hemoglobin A1C 
levels before delivery, and a lower percentage of off-target 
fasting glucose and 2 h post-prandial glucose measure-
ments. The number of outpatient visits in the mHealth group 
patients decreased. The patients were able to upload blood 
glucose, diet and exercise information at any time through 
their mobile phones. The education nurse was addition-
ally available for online instruction every night and urged 
the patient to measure blood glucose on time. The doctor 
promptly identified problems and communicated these with 
the patient to rapidly provide the correct medical guidance. 
All these innovations serve to increase patients’ compliance, 
make it easier to achieve normal blood glucose, and save 
patients’ time and money.

The “Fetal Metabolism Programming Hypothesis” 
states that malnutrition or overnutrition during early life, 

Table 2   The glycemic control characteristics of the study groups

Compliance (%): the actual blood glucose measurements/instructed measurements X100

Control group (n = 60) mHealth group 
(n = 64)

p value

Compliance (%) 70.4 ± 10.1 83.3 ± 12.5 < 0.001
Frequency of outpatient service(n) 11.2 ± 1.1 8.1 ± 1.3 < 0.001
The value of HbAlc at diagnosis (%) 5.9 ± 0.3 6.0 ± 0.4 0.853
Hemoglobin A1C before delivery (%) 5.3 ± 0.3 4.7 ± 0.2 < 0.001
Percentage of off-target fasting glucose measurement (%) 8.3 ± 0.6 4.6 ± 0.4 < 0.001
Percentage of off-target 2 h post-prandial glucose measurement (%) 14.7 ± 0.8 7.9 ± 0.7 < 0.001
OGTT—fasting value at diagnosis (mmol/L) 4.9 ± 0.9 5.0 ± 0.8 0.741
OGTT—120 min value at diagnosis (mmol/L) 9.9 ± 1.5 9.7 ± 1.3 0.701
OGTT—fasting value after 3 months of delivery (mmol/L) 4.3 ± 0.8 4.2 ± 0.9 0.602
OGTT—120 min value after 3 months of delivery (mmol/L) 7.1 ± 1.5 7.0 ± 1.6 0.683

Table 3   Delivery characteristics and neonatal outcomes of the study 
groups

Control 
group 
(n = 60)

mHealth 
group 
(n = 64)

p value

Normal vaginal delivery, n (%) 40 (66.7) 48 (75) 0.142
Instrumental delivery, n (%) 4 (6.7) 3 (4.6) 0.364
Episiotomy, n (%) 9 (15.0) 7 (10.9) 0.298
Shoulder dystocia, n (%) 0 0 > 0.99
Cesarean delivery, n (%) 20 (33.3) 16 (25.0) 0.352
Hypoglycemia of the newborn, 

n (%)
2 (3.3) 1 (1.6) 0.185

Fetal macrosomia n (%) 6 (10.0) 4 (6.3) 0.295
Gestational age at delivery (W) 37.8 ± 2.5 38.1 ± 1.6 0.654
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including during pregnancy and/or lactation, have a long-
term adverse effect on children, leading to a significantly 
higher risk of metabolic diseases such as obesity, diabetes, 
and cardiovascular disease in adulthood [17]. Therefore, 
the monitoring and control of BMI is of great importance 
for patients with GMD. Weight during pregnancy should 
be strictly controlled and individual guidance should be 
given based on a patient’s BMI to effectively minimize 
adverse outcomes for mother and child and to reduce the 
incidence of long-term metabolic syndrome in children 
[18–20]. In this study, there was no statistical difference 
in the pre-pregnancy BMI and weight gain at the time of 
treatment. After treatment, the mobile health (mHealth) 
group gained less weight than the control group. These 
patients uploaded the diet and exercise condition each 
day through the mobile phone App, while the education 
nurses communicated with the patients in real time and 
provided information on an appropriate diabetes-friendly 
diet education if the uploaded data suggested inappropri-
ate nutrition. This led to better control of daily total calo-
rie intake, allowing for improved blood glucose control 
thanks to a reasonable diet. Improved diets reduced rates 
of weight gain in pregnant women, thereby reducing the 
rate of adverse delivery outcomes and the risk that their 
children will suffer from metabolic diseases. Compared 
with the control group, the mHealth group exhibited 
improved GDM self-management behavior, and this man-
agement efficiency was improved through individualized 
remote guidance.

Studies have shown that pregnancy outcomes are closely 
linked to blood glucose and weight control in expectant 
mothers. Strict control of blood glucose and good compli-
ance can reduce maternal and fetal complications during 
delivery. Blood glucose monitoring is the main mean by 
which doctors are able to develop glucose reduction proto-
cols for GDM patients, and patients with GDM can benefit 
from advanced technology platforms to improve their com-
pliance and thus improve pregnancy outcomes [21, 22].

Our research also has limitations. First, the study found 
that the mHealth group had a clear improvement in the con-
trol of blood glucose and body weight among these GDM 
patients; however, there was no statistically significant dif-
ference between these two groups in terms of pregnancy 
outcomes. We were able to identify some trends, such as 
the lower incidence of macrosomia and the lower inci-
dence of adverse risk to newborns in the mHealth group. 
Second, our study only included patients with smartphones 
and proficiency in the use of mobile Apps, the majority of 
whom already have a high level of cultural literacy, indicat-
ing that the included participants may not be representa-
tive of expectant mothers in high-risk and low socioeco-
nomic groups. Third, this study currently lacks long-term 
follow-up, and the research on the impact of Mobile Health 

intervention on postpartum progression to type 2 diabetes in 
patients with gestational diabetes is insufficient. We plan to 
conduct further research on this in the future.

In conclusion, advanced mobile medical technology can 
be used to facilitate communication and feedback between 
doctors and patients in real time, thereby improving the 
medical outcomes. In this study, the mHealth group exhib-
ited good compliance and ideal blood glucose and weight 
control, thus reducing rates of complications for pregnant 
women and fetuses during delivery.
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