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Abstract
Background  Gestational diabetes mellitus (GDM) is a health problem that threatens maternal and infant health with increas-
ing prevalence in the world. Patient education is very effective in managing the disease.
Aim  In this study, we aimed to investigate the effect of a smartphone-based nursing counseling and feedback system on 
physical activity, glycemic control, and patient satisfaction among women with GDM.
Design  This was a single-center, randomized controlled study. Women with GDM were randomized to the intervention and 
control groups. The groups received (1) routine biweekly prenatal care (control group) or (2) counseling and feedback from 
the nurse via a platform installed on their smartphone (smartphone group) in addition to routine clinical care.
Results  A total of 45 GDM patients were randomly assigned to either the control (n = 22) or intervention groups (n = 23). 
Women in the intervention group received a mobile and web-based counseling program in addition to standard care. GDM 
knowledge, physical activity, and adherence to diet were higher in the intervention group compared to the control group 
(p < .05). There was no difference between the groups in terms of glucose level (p > .05). This study concluded that the mobile 
and web-based nursing counseling program increased patient satisfaction.
Conclusion  Nursing counseling and feedback provided via smartphone is important as a factor in the individualization of 
care. It increased the physical activity status of women, facilitated their adherence to diet, increased patient satisfaction, and 
reduced the rate of insulin therapy. No effect was found on blood glucose values.

Keywords  Smartphone-based · Gestational diabetes mellitus · Nursing · Self-care

Introduction

GDM is one of the most common medical problems of 
pregnancy [1]. The prevalence is reported to be 5.4% 
in Europe [2] while this rate is estimated to be between 
6.5–15.7% in the east and southeast Asia [3]. GDM is asso-
ciated with several long- and short-term adverse outcomes 
for the mother and child [4], including an elevated risk of 

premature birth and cesarean section, shoulder dystocia or 
birth injury, preeclampsia, neonatal hypoglycemia [5] pre-
mature rupture of membranes, congenital anomalies, fetal 
macrosomia, and later development of type 2 diabetes [6]. 
In Turkey, according to the clinical protocol, GDM testing 
should be performed at 24–28 weeks of gestation using a 
50 g, 1-h glucose challenge test. If the blood glucose level 
is higher than 140 mg/dL, women undergo a 100-g, 3-h 
oral glucose tolerance test (OGTT). GDM is diagnosed in 
women who have ≥ 2 abnormal values for the 3-h OGTT 
(fasting ≥ 95 mg/dL, 1 h ≥ 180 mg/dL, 2 h ≥ 155 mg/dL, 
3 h ≥ 140 mg/dL). Diagnosis criteria of American Diabetes 
Association (ADA) Diagnosis and classification of diabetes 
mellitus are used in Turkey. Dietary and lifestyle modifica-
tion advice is generally recommended as the primary treat-
ment strategy for women with GDM [7]. Medical treatment 
is started when blood sugar levels cannot be controlled by 
lifestyle changes [8]. GDM treatment usually begins with 
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education that includes medical nutrition therapy, physical 
activity, weight management, and self-monitoring of blood 
glucose [9]. GDM training given by health personnel may 
be insufficient due to limited clinic visiting hours, crowded 
clinical environments, and insufficient number of nurses 
[10]. New ways are needed to train and equip women to 
manage their GDM.

Mobile health (mHealth) interventions are rapidly gaining 
popularity due to their low cost, ease of use, and sustainable 
features [11]. Smartphones are technological advances that 
can be easily integrated into educational interventions and 
used to improve the health of vulnerable groups in a com-
munity [12]. Smartphone applications can be considered as 
a support for health programs because they can be used by 
anyone individually [13]. It was stated that mobile applica-
tions personalize health services, improve patient care, and 
increase patient compliance [14]. The limited number of stud-
ies in the literature are generally planned as feasibility studies. 
However, to the best of our knowledge, no study was found in 
Turkey and in the recent literature on the use of smartphone-
based nurse counseling for women with GDM. The present 
randomized, controlled study aimed to analyze the effects of 
a smartphone-based counseling system for women with ges-
tational diabetes on compliance, glycemic control, and satis-
faction. The following hypotheses were tested in this study:

	H1.	 There are differences between intervention and the 
control group women’s GDM knowledge.

	H2.	 There are differences between intervention and the 
control group women’s blood glucose levels.

	H3.	 There are differences between intervention and the 
control group women’s compliance diet and physical 
activity.

	H4.	 There are differences between intervention and the 
control group women’s satisfaction

Materials and methods

Study design

The study was a randomized controlled trial including 
women diagnosed with GDM at 24–28 weeks of gestation. 
Newly diagnosed GDM women were randomly allocated 
to the intervention or control groups. Group (1) (control) 
received prenatal clinic care. Group (2) (intervention) addi-
tionally used a smartphone-based counseling system. Results 
for pre- and post-intervention were compared.

Study sample

As no similar study was found in the literature, a priori sam-
ple size calculation would not be possible at first. So, the 

power of the study was calculated based on the completed 
data set covering all groups in the current study. G*Power 
3.1. the software was used to calculate the sample size of the 
study. As GDM knowledge score was the main outcome, the 
power of the study was calculated based on the mean differ-
ences in total GDM Knowledge test scores from the base-
line to the week 14. The sample size was determined with 
a power of 86% and an α-value of 0.05; the power analysis 
was conducted using the G*Power program, version 3.1.7.

Randomization

The list of potential participants was reported to the 
researchers by a nurse who was working at a perinatology 
outpatient clinic every week. The principal investigator (PI) 
evaluated the participants based on eligibility criteria and 
defined the study protocol to the selected patients. The study 
sample consisted of 50 women with GDM, who met the eli-
gibility criteria and agreed to participate in the study. Of the 
50 patients included in the study, 2 women from the inter-
vention and 3 women from the control group were excluded 
because they did not enter their blood glucose levels regu-
larly (Fig. 1). To ensure homogeneity between the interven-
tion and control groups, the women were stratified according 
to age (18–34; 35–45), number of births (nullipara-primi-
parous) and body mass index (BMI) (below 18.5 kg/m2; 
18.5–24.9 kg/m2; 25–29.9 kg/m2). To accomplish alloca-
tion, alternating assignment was used. Accordingly, the first 
patient was assigned to the control group, and the next was 
assigned to the intervention group by the independent nurse, 
as long as they were in the same strata in terms of condition-
ing regimen as the patient in the control group. If the next 
patient was not in the same strata as the patient in the control 
group, the patient was assigned to the control group. There 
were no differences between the two groups in terms of the 
conditions (p > 0.05). The inclusion criteria were as follows: 
uncomplicated pregnancies, at least primary school gradu-
ate, internet access, and able to use computer or smartphone. 
The exclusion criteria were as follows: co-morbid neurologi-
cal or psychological disease, pregnancy loss, not following 
blood glucose levels regularly, and wanting to quit the study.

Instruments

Data were gathered using a patient information form (PIF) 
GDM knowledge test (GDMKT), physical activity diary 
(PAD), food diary form (FDF), and satisfaction form (SF) 
prepared by the researchers based on previous literature.

The patient information form was developed by the 
researchers after reviewing the related literature [15, 16] and 
included questions about the women’s sociodemographic 
characteristics, general health status, previous pregnancies, 
current pregnancy, and GDM.
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The physical activity diary was developed by the 
researcher to determine the type of physical activity, fre-
quency of physical activity, and duration of physical activity 
of women and the reasons for not doing physical activity 
daily by researching the related literature [17]. The partici-
pants filled in the form daily themselves.

The food diary form was developed by the researcher 
based on the relevant literature [17, 18]. The form consisted 
of a total of six questions to determine the number of daily 
meals, the status of diet and reasons for noncompliance, 
blood glucose values, insulin initiation status, weight gain 
during pregnancy, and average daily water consumption. The 
participants filled in the form themselves daily.

The GDM information test was developed for this study 
after reviewing the related literature [17–19] and included 
16 multiple-choice questions. The opinions of three experts 
were considered for content validity, necessary adjustments 
were made. GDM knowledge test scores vary between 0 and 
16 points. On the GDM knowledge test, 0–7 points indicate 
low knowledge level, and 8–16 points indicate high knowl-
edge level. The Cronbach’s alpha coefficient was 0.55 for the 
pre-test and 0.88 for the post-test.

The satisfaction form was created by the researcher in 
line with the relevant literature (8,21, 22) to evaluate the 
satisfaction of women with health services. It consists of 
three open and closed-ended questions. The first question 
was prepared to determine the satisfaction levels of women, 
the second question was prepared to determine their opin-
ions about satisfaction, and the third question was prepared 
to determine their suggestions. The satisfaction form was 

finalized by taking the opinion of experts in the field of 
women’s health nursing.

The inventories were presented to both groups using 
the following schedule: the PIF during the first interview, 
the GDM knowledge test during the first interview and at 
14 weeks, and PAD and FDF during the first interview and 
every day for 14 weeks. The SF form was filled out by the 
intervention group at the end of 14 weeks. The interven-
tion group completed all the inventories online through the 
application.

Statistical analysis

The data were analyzed using IBM SPSS Statistics software 
(version 23.0, IBM Corporation, Armonk, NY, USA). The 
relationship between two independent categorical variables 
was analyzed using the chi-square test. Variables were 
compared with the McNamar and Friedman tests. Wom-
en’s open-ended expressions were grouped and coded by 
the researcher and the frequency distributions are given as 
number and percentage. The alpha level used to define sig-
nificance was 0.05.

Interventions

The intervention group received smartphone-based coun-
seling accompanied by education with a nurse following the 
women’s health status with individual and group counseling 
for 14 weeks. The control group received standard care and 
was evaluated with the data collection tools only.

Fig. 1   Participant flow diagram
Assessed for eligibility (n= 102)

Excluded (n=52   )

Not meeting inclusion criteria (n=37  )

Other reasons (n=15 )

Lost to follow-up (n=2) women did not enter their blood 

glucose levels regularly in the 1st and 2nd weeks of the study 

Allocated to intervention group (n=25)

Lost to follow-up (n= 3) women did not enter their blood 

glucose levels regularly in the 4th weeks of the study

Allocated to control group (n=25)

Allocation

Analysis

Follow-Up 

Randomized (n=50  )

Analysed (n= 23 ) Analysed (n=22 )
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Smartphone‑based counseling system

Women assigned to the smartphone group installed an app 
on their smartphones in addition to standard care. The appli-
cation (https://​www.​gdmge​be.​com) is web-based, freely 
available, and simple to use, and was available only to 
women in the intervention group with a username and pass-
word during the study. A 15-min hands-on training about 
the use of the application was given to all women by one of 
the researchers in the pregnant training room of the hospital. 
A pilot test was employed with a small sample of women 
with GDM unrelated to the study to test the application. 
The application consists of a digital education booklet about 
GDM (in different versions with audio, visual, and video), 
diet compliance tracking (weight gain, number of meals, 
blood glucose levels, status of initiation of insulin therapy, 
and their insulin doses), and physical activity monitoring 
(type, intensity, and duration of their physical activity), a 
platform to ask questions and receive immediate answers 
regarding any aspect of GDM management and synchro-
nized and asynchronous nursing counseling. Each patient 
documented each of their blood glucose measurements, 
diet status, and physical activity status using the applica-
tion, which generated a daily report transmitted by an admin 
page every day from our computerized research database. 
The patient received short message service (SMS) messages 
to remind her about the lack of data transmission. According 
to clinical protocol, women who had high blood sugar levels 
for 3 days and did not do physical activity 3 days a week or 
had problems in following their diet were sent a warning 
message by the system and women received individualized 
feedback from the nurse. In addition, the patients were given 
synchronized individual and group counseling by the nurse, 
and the problems they experienced in managing the disease 
were discussed, therapeutic recommendations were given, 
and the patients were motivated. Online group counseling 
was given to the women by the researcher from the links 
section of the application once a week at a time that was 
appropriate for most of the women. Group counseling was 
done 7 times in total. The counseling time which the women 
communicated with other women and their questions were 
answered by the researcher, lasted about half an hour. Medi-
cal treatment could only be initiated by clinical appointment 
and not via the application.

Standard care

Pregnant women diagnosed with GDM are followed by a 
perinatology specialist once every 2 weeks until the 35th 
gestational week and once a week from the 35th gestational 
week until delivery. At the first visit, women with GDM are 
directed to the diabetes nurse by the perinatologist to teach 
them the correct use of the glucometer, the use of insulin if 

they receive medical treatment, and to inform them about 
the disease. Then they are directed to a dietitian for proper 
nutrition principles and dietary counseling in GDM. Patients 
are told to monitor blood glucose levels 4 times a day and 
manually record the measurements in a diary for review with 
their physician at each visit. Women in the control group 
received only standard care and filled out the PIF and GDM 
knowledge pretest in the first interview and the GDM knowl-
edge posttest at 14 weeks. PAD and FDF were given during 
the first interview and recorded every day for 14 weeks and 
handed to the researcher at each perinatal visit. Reminder 
messages were sent to women’s phones to complete these 
diaries.

Results

Women in the intervention and control groups were similar 
in terms of sociodemographic and obstetric characteristics 
(Table 1; p > 0,05). Most of the women in the intervention 
and control groups were between the ages of 18 and 34 years 
(I: 65.2%, C: 77.3%) and mass index between 18.5 and 24.9 
(I: 69.6%, C (81.8%) More than half of the women were 
primipara (I:52.2%, C:63.6%) and high school graduates (I: 
56.5%; C: 81.8%) and almost all of them were non-smokers 
(I: 95.7%, C 81.8%). Most of the women in both groups did 
not experience curettage or abortion (I: 78.3%; C: 86.4%) 
and had no history of large infants (I: 85.7%; C: 60.0%) and 
did not have a history of GDM in their previous pregnancy 
(I: 95.7%; C: 86.4%). More than half did not have a history 
of diabetes among first-degree relatives (I: 71.3%; C: 90.9).

The average pre-test knowledge score for women in the 
intervention group was 2.82 ± 1.33 and the pre-test knowl-
edge score for women in the control group was 2.91 ± 1.38. 
The pre-test knowledge scores of women in both groups 
were similar (p > 0.05). The mean score of post-test knowl-
edge for women in the intervention group was 8.43 ± 1.53 
and the mean post-test knowledge for women in the control 
group was 3.1 ± 0.99. The difference between the interven-
tion and control groups was found to be statistically sig-
nificant in terms of the mean post-test knowledge score 
(p < 0.05) (Table 2).

There was no statistically significant difference between 
diet compliance rates of the women in the intervention and 
control groups (I: 34.8%; C: 40.9%) the first week after the 
diagnosis (p > 0.05), while there was a significant difference 
between the two groups at the end of the 14th week (I:78.3%; 
C:59.1%) (p < 0.05). Among women in the intervention and 
control group, physical activity in the first week (I: 34.8% 
C: 22.7%) was not statistically significant, but there was a 
statistically significant difference between the two groups 
in terms of physical activity at the end of the 14th week 
(I: 78.3%, C: 27.3%) (p < 0.05). One of the women in the 
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intervention group (4.3%) started insulin therapy in the first 
week and this number did not change at the end of the 14th 
week (p > 0.05) (Table 3). In the control group, there was no 
woman who started insulin in the first week, and 6 women 
(27.3%) had started to use insulin at the end of the 14th 
week. The increase in the number of women using insulin 
in the control group was noted.

There was no significant difference between the two 
groups in terms of fasting, 1-h postprandial, and 2-h post-
prandial blood glucose values in the first week and 14th 
week in the intervention and control groups (p > 0.05) 
(Table 4). In the intragroup comparison of women in the 
intervention group, there was a decrease in fasting blood 
sugar at the 1st and 14th weeks (94.0 ± 8.1; 92.1 ± 6.7) 
but not statistically significant (p > 0.05). It was deter-
mined that the 1st hour (148.4 ± 19.2; 116.1 ± 13.3) and 
2nd hour (132.0 ± 25.6; 110.6 ± 11.0) postprandial blood 

Table 1   Demographic and 
obstetric characteristics

a Pearson’s chi-squared test
b Fisher’s exact test

Intervention group 
n = 23 (%)

Control group n = 22 
(%)

p-valuea

Age
18–34 15 (65.2) 17 (77.3) .372
35–45 8 (34.8) 5 (22.7)
Body mass index
 > 18.5 1 (4.3) -
18.5–24.9 16 (69.6) 18 (81.8) .473
25–29.9 6 (26.1) 4 (18.2)
Number of births
Nullipar 12 (52.2) 14 (63.6) .436
Primipar 11 (47.8) 8 (36.4)
Education
Secondary school graduate 3 (13.1) 1 (4.5) .184
High school graduate 13 (56.5) 18 (81.8)
Graduated from a University 7 (30.4) 3 (13.6)
Smoking status
Yes 1 (4.3) 4 (18.2) .187b

No 22 (95.7) 18 (81.8)
Curettage/abortion
Yes 5 (21.7) 3 (13.6) .699b

No 18 (78.3) 19 (86.4)
History of large infants (n = 12)
Yes 1 (14.3) 2 (40.0) .523b

No 6 (85.7) 3 (60.0)
History of GDM in previous pregnancy 1 (4.3) 3 (13.6) .346b

Yes 22 (95.7) 19 (86.4)
No
History of diabetes in first-degree relatives
Yes 5 (21.7) 2 (9.1) .414b

No 18 (71.3) 20 (90.9)

Table 2   Knowledge difference between intervention and standard 
care groups before and the end of the intervention

a statistical analysis within group
b statistical analysis between groups
* Wilcoxon t test
** Independent samples t test

Groups Knowledge score average

Pre-test knowledge 
score average

Post-test knowledge 
score average

p-valuea

X ̄ ± ss X̄ ± ss

Intervention 2.82 ± 1.33 8.43 ± 1.53 .001**
Control 2.91 ± 1.38 3.1 ± .99 .650**
p-valueb .838* .001*
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glucose values also decreased at the 14th week compared 
to 1st week. and the difference was statistically significant 
(p < 0.05) (Table 4). In the intragroup comparison of women 
in the control group, there was a decrease in fasting blood 
sugar at the 1st and 14th weeks, (96.1 ± 7.8; 93.8 ± 8.2) but 
not statistically significant (p > 0.05). It was determined 
that the 1st hour (156.8 ± 23.1; 126.7 ± 11.9) and 2nd hour 
(140.0 ± 31.4; 121.1 ± 13.8) postprandial blood glucose val-
ues also decreased at the 14th week compared to 1st week. 

and the difference was statistically significant (p < 0.05) 
(Table 4).

Women in the intervention group stated that the web-
based counseling service increased their knowledge 
level (65%), reduced fear and stress related to the baby 
and health (65%), motivated them (60%), and increased 
their physical activity levels (56.5%). Receiving instant 
answers to their questions made them feel valued (56.5%) 
(Table 5).

Table 3   Difference of adherence 
to diet physical activity and 
start insulin therapy between 
intervention and standard care 
groups at the beginning and at 
end of the intervention

* McNemar test
** Friedman test
a First week differences of intervention and control groups; Pearson’s chi-squared test
b 14th week difference of intervention and control groups; Fisher’s exact test

Intervention group 
(n = 23)

p-value 
within 
group

Control group (n = 22) p-value 
within 
group

p-value 
between 
groups

First week 14th week First week 14th week

S % S % S % S %

Adherence to diet
Adherence 8 34.8 18 78.3 .002* 6 27.3 9 40.9 .250 * .586a

Non-adherence 15 65.2 5 21.7 16 72.7 13 59.1 .011b

Physical Activity Status
Doing 8 34.8 18 78.3 .002* 5 22.7 6 27.3 .372a

Not doing 15 65.2 5 21.7 17 77.3 16 72.7 1.000* .001b

Frequency of physical activity (week)
2 days in a week 7 87.5 2 11.1 .025** 3 60.0 4 66.7 .317** .510a

3 days in a week 1 12.5 8 44.4 2 40.0 1 16.7 .025b

4 days in a week - - 8 44.4 - - 1 16.7
Duration of physical activity (min/day)
15 4 50.0 1 5.6 .083** 3 60.0 4 66.7 .317**
20 4 50.0 10 55.6 2 40.0 1 16.7 1.000a

30 - - 7 38.9 - - 1 16.7 .006b

Start insulin therapy
Yes 1 4.3 1 4.3 1.00* - - 6 27.3 .031* 1.000a

No 22 95.7 22 95.7 22 100.0 16 72.7 .047b

Table 4   Blood glucose values

a Wilcoxon tests
* First week differences of intervention and control groups; independent samples t test
** 14th week difference of intervention and control groups; independent samples t test

Blood glucose values Intervention group (n = 23) p-value 
within group

Control group (n = 22) p-value 
within group

p-value 
between 
groupsFirst week 14th week First week 14th week

X̄ ± ss X̄ ± ss X̄ ± ss X̄ ± ss

Fasting (mg/dl) 94.0 ± 8.1 92.1 ± 6.7 .140a 96.1 ± 7.8 93.8 ± 8.2 .340a *.876
**.772

1-h Postprandial (mg/dl) 148.4 ± 19.2 116.1 ± 13.3 .001a 156.8 ± 23.1 126.7 ± 11.9 .001a *.183
**.586

2-h Postprandial (mg/dl) 132.0 ± 25.6 110.6 ± 11.0 .001a 140.0 ± 31.4 121.1 ± 13.8 .002a *.206
**.158
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Discussion

With the development of technology, web-based mobile 
applications, one of the innovative approaches in the field 
of health, provide healthcare professionals with new ways 
to educate patients [20]. These practices are also effective 
in strengthening self-management skills for disease and 
raising the level of knowledge [21]. In our study, women 
in both groups had insufficient knowledge (I: 2.82 ± 1.33, 
C: 2.91 ± 1.38). Salvi et al. [21] indicated that women had 
insufficient knowledge about GDM-related risk factors, 
GDM screening, treatment, and outcomes [22]. In our study, 
GDM knowledge of the women in the intervention group 
increased at the end of the intervention and this increase 
was statistically significant (p < 0.05). Although there was 
an increase for knowledge of women in the control group at 
the 14th week, this increase was not statistically significant 
(p > 0.05). It is thought that the increase in knowledge of 
women in the control group is because they had informa-
tion about GDM in routine care, even if it is not planned 
education. Previous research stated that web-based educa-
tion is more effective in increasing knowledge and creat-
ing individual behavior changes compared to face-to-face 
education [23].

Women’s compliance with diets given by dietitians is very 
effective in improving pregnancy outcomes of GDM [24]. In 
our study, there was no difference in the rates of compliance 
with diets given by a dietician between intervention and con-
trol group in the first week (I:34.8%; C:40.9%). The rate of 
dietary compliance in the intervention group was higher than 
the control group in the 14th week (I:78.3%; C:59.1%) and 
the difference was statistically significant (p < 0.05). Mirem-
berg et al. similar to our study results, found that smartphone 
feedback facilitated compliance with diets given by a dieti-
cian for women with GDM [25]. In our study, the probable 
reason for this result in the intervention group is that women 

had effective communication with health personnel and dis-
cussed the factors that made it difficult to adapt to their diets 
with health personnel. Also using reminders and receiving 
feedback may motivate the women, while group discussions 
with other women on a common platform may affect compli-
ance to diet. Regular physical activity in women with GDM 
is recommended because of its positive effect on perinatal 
outcomes [4]. Previous research indicated that web-based 
mobile applications are effective in increasing physical 
activity levels [26]. In our study, there was a significant 
increase in physical activity levels in the intervention group 
in the 14th week compared to the control group (p < 0.05).

The use of digital technologies in GDM management 
offers women an opportunity to follow blood glucose val-
ues from home and share them simultaneously with health 
personnel without going to the health facility [26]. In our 
study, there was no significant difference between fasting 
and postprandial blood glucose levels in the first week and 
in the 14th week of the study between the intervention and 
control group (p > 0.05). However, although the changes in 
women’s blood sugar were similar, at the end of the treat-
ment 1 patient from the intervention group and 6 women 
from the control group started insulin therapy. Miremberg 
et al. reported that web-based mobile applications reduced 
the rate of initiation of insulin therapy in women with 
GDM, similar to our results [25]. Possible explanations 
for this result in the intervention group may be that women 
entered their blood glucose values into the system regu-
larly and received rapid feedback and individual counseling 
if they could not manage their blood glucose levels. It is 
thought that possible reasons that are effective in keeping 
blood sugars under normal limits; the genetic characteris-
tics of women are different from each other, the predomi-
nance of carbohydrate-based diet in our food culture, and 
the cultural belief that overnutrition during pregnancy 
will be beneficial for the mother and child. However, in 

Table 5   Women’s satisfaction 
with the web-based counseling 
service

Women’s expressions (n = 23) S %

Increased my knowledge 15 65
It reduced my fears and anxiety about my baby and myself 15 65
It made me very motivated 14 60
Increased my physical activity level 13 56.5
Getting immediate answers to our questions made me feel valuable 13 56.5
It made easier to adherence my diet 11 47.8
It saved my time 10 43.4
It provided the opportunity to ask all my questions to the health staff 8 34.7
Learning by listening made me not interrupt my daily work 6 26.0
İnformed my family and pleased them 4 17.3
Having phone application provided ease of use 4 17.3
Offered the opportunity to repeat the information as much as I want 3 13.0
It made me feel lucky to be in the program 3 13.0
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comparisons within the group in both groups, it was deter-
mined that there was a decrease in fasting (p > 0.05) 1st 
and 2nd-hour postprandial blood glucose level (p < 0.05). 
This result may be due to the increase in the frequency of 
perinatal control as pregnancy progresses, the increase in 
women’s adaptation to pregnancy and diabetes, and the 
development of self-management.

The experience and satisfaction of patients are an important 
criteria for evaluating the quality of health services [20]. In 
our study, women were most satisfied because of their increas-
ing knowledge level, reduced fear and stress about their baby 
and their health, motivation, and increased physical activity 
levels and making them feel valued. In studies evaluating the 
satisfaction of women receiving web-based health services, 
women stated that they spent less time, were motivated, it 
helped control diabetes, and was easy to use and fun [27].

Strengths and limitations

The strengths of this study include the randomized design. 
It is the first study which used a smartphone-based interven-
tion for patients with GDM in Turkey. This study has some 
limitations. The study was done at a single center with a 
small sample group. Results cannot be generalized to other 
locations.

Conclusion

In conclusion, the present study provides an important con-
tribution to the literature; a smartphone-based nursing coun-
seling and feedback system can be used for women with 
GDM and improves health outcomes. In our study, all GDM 
patients did not report similar benefits; compliance diet and 
physical activity, knowledge about GDM, and improved gly-
cemic control were better in the intervention arm compared 
with control group.

Declarations 

Conflict of interest  The authors declare no competing interests.

Ethical approval  Ethical approval was given by Hacettepe University Eth-
ics Commitee (number 16969557-615). Written informed consent was 
obtained from women after they had agreed to participate in the study.

References

	 1.	 Gestationel Diabetes Mellitus. ACOG Practice Bulletin No. 190. 
American College of Obstetricians and Gyncologist. Obstet Gyne-
Col. 2018;131:e49-64.

	 2.	 Eades CE, Cameron DM, Evans JM. Prevalence of gestational 
diabetes mellitus in Europe: a meta-analysis. Diabetes Res Clin 
Pract. 2017;129:173–81.

	 3.	 Nguyen CL, Pham NM, Binns CW, Duong DV, Lee AH. Preva-
lence of gestational diabetes mellitus in eastern and southeastern 
Asia: a systematic review and meta-analysis. J Diabetes Res. 2018. 
https://​doi.​org/​10.​1155/​2018/​65369​74.

	 4.	 Cefalu WT, Berg EG, Saraco M, Petersen MP, Uelmen S, Rob-
inson S. Classification and diagnosis of diabetes: standards of 
medical care in diabetes-2019. Diabetes Care. 2019;42:S13–28.

	 5.	 Behboudi-Gandevani S, Bidhendi-Yarandi R, Panahi MH, Vaismo-
radi M. The effect of mild gestational diabetes mellitus treatment 
on adverse pregnancy outcomes: a systemic review and meta-
analysis. Front Endocrinol. 2021;12:271.

	 6.	 Eltoony LF, Ibrahem SA, Hafez MZED, Ali OM, Elsewify WAE. 
Prevalence and risk factors for gestational diabetes in Aswan, 
Egypt according to International Association of the Diabetes 
and Pregnancy Study Groups (IADPSG). Egypt J Hosp Med. 
2021;82(4):701–7.

	 7.	 Webber J, Charlton M, Johns N. Diabetes in pregnancy: man-
agement of diabetes and its complications from preconception 
to the postnatal period (NG3). British Journal of Diabetes. 
2015;15(3):107–11.

	 8.	 American Diabetes Association Management of diabetes in preg-
nancy. standards of medical care in diabetes-2018. Diabetes Care. 
2018;41(Suppl 1):S137–43.

	 9.	 Minschart C, Amuli K, Delameillieure A, Calewaert P, Mathieu 
C, Benhalima K. Multidisciplinary group education for gestational 
diabetes mellitus: a prospective observational cohort study. J Clin 
Med. 2020;9(2):509.

	10.	 Carolan-Olah M, Sayakhot P. A randomized controlled trial of 
a web-based education intervention for women with gestational 
diabetes mellitus. Midwifery. 2019;68:39–47.

	11.	 Serrano-Ripoll MJ, Ricci-Cabello I, Jiménez R, Zamanillo-Cam-
pos R, Yañez-Juan AM, Bennasar-Veny M, Sitges C, et al. (Effect 
of a mobile-based intervention on mental health in frontline 
healthcare workers against COVID-19: protocol for a randomized 
controlled trial. J Adv Nurs. 2021;77(6):2898–907.

	12.	 Ghaderi M, Farahani MA, Hajiha N, Ghaffari F, Haghani H. The 
role of smartphone-based education on the risk perception of type 
2 diabetes in women with gestational diabetes. Heal Technol. 
2019;9(5):829–37.

	13.	 NagahHasan Mohamed S, Sade Ramadan Fayad S, Mahmoud 
Sayed Ahmed Elawady S. Effect of smart phone-based educa-
tional program on self-care practices for hepatitis C patients. 
Egypt J Health Care. 2021;12(3):669–89.

	14.	 Garg N, Arora S, Kaur K. Application of mobile technology for 
disease and treatment monitoring of gestational diabetes mellitus 
among pregnant women: a systematic review. J Diabetes Sci Tech-
nol. 2022;16(2):491–7.

	15.	 Erem C, Kuzu UB, Deger O, Can G. Prevalence of gestational 
diabetes mellitus and associated risk factors in Turkish women: 
the Trabzon GDM Study. Arch Med Scie: AMS. 2015;11(4):724.

	16.	 Gui J, Li A, Su X, Feng L. Association between hyperglycemia 
in middle and late pregnancy and maternal-fetal outcomes: a ret-
rospective study. BMC Pregnancy Childbirth. 2014;14(1):1–7.

	17.	 Umpierrez GE. Therapy for diabetes mellitus and related disorders 
6th ed. Canada: American Diabetes Association; 2014

	18.	 Kajiyama S, Hasegawa G, Asano M, Hosoda H, Fukui M, Naka-
mura N, Kitawaki Imai S, et al. Supplementation of hydrogen-
rich water improves lipid and glucose metabolism in patients 
with type 2 diabetes or impaired glucose tolerance. Nutr Res. 
2008;28(3):137–43.

	19.	 Holmen H, Torbjørnsen A, Wahl AK, Jenum AK, Småstuen MC, 
Årsand E, Ribu L. A mobile health intervention for self-manage-
ment and lifestyle change for persons with type 2 diabetes, part 2: 

536

https://doi.org/10.1155/2018/6536974


International Journal of Diabetes in Developing Countries (July August 2023) 43(4):529–537–

1 3

one-year results from the Norwegian randomized controlled trial. 
JMIR Mhealth Uhealth. 2014;2(4): e57. https://​doi.​org/​10.​2196/​
mheal​th.​3882.

	20.	 Rhoads SJ, Serrano CI, Lynch CE, Ounpraseuth ST, Gauss CH, 
Payakachat N, Lovery CL, et al. Exploring implementation of 
m-health monitoring in postpartum women with hypertension. 
Telemed e-Health. 2017;23(10):833–41.

	21.	 Salvi D, Ottaviano M, Muuraiskangas S, Martínez-Romero A, 
Vera-Muñoz C, Triantafyllidis A, Umpiérrez MFC, et al. An 
m-Health system for education and motivation in cardiac rehabili-
tation: the experience of HeartCycle guided exercise. J Telemed 
Telecare. 2018;24(4):303–16.

	22.	 Elamurugan S, Arounassalame B. What do mothers know about 
gestational diabetes: knowledge and awareness. Indian J Obstet 
Gynecol Res. 2016;3(4):393–6.

	23.	 Saini K, Wahid A, Purohit GN. Traditional learning versus web-
based learning: performance analysis. Int J Comput Sci Inf Tech-
nol. 2014;5(4):5182–4.

	24.	 American Diabetes Association (ADA). Diagnosis and classifica-
tion of diabetes mellitus. Diabetes Care. 2015;38(1):8–16.

	25.	 Miremberg H, Ben-Ari T, Betzer T, Raphaeli H, Gasnier R, 
Barda Bar J, et  al. The impact of a daily smartphone-based 

feedback system among women with gestational diabetes on 
compliance, glycemic control, satisfaction, and pregnancy out-
come: a randomized controlled trial. Am J Obstet Gynecol. 
2018;218(4):453-e1.

	26.	 Macias C, Panch T, Hicks YM, Scolnick JS, Weene DL, Öngür D, 
Cohen BM. Using smartphone apps to promote psychiatric and 
physical well-being. Psychiatr Q. 2015;86(4):505–19.

	27.	 Bartholomew ML, Soules K, Church K, Shaha S, Burlingame 
J, Graham G, Sauvage L, Zalud I. Managing diabetes in preg-
nancy using cell phone/internet technology. Clin Diabetes. 
2015;33(4):169–74.

Publisher's note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

537

https://doi.org/10.2196/mhealth.3882
https://doi.org/10.2196/mhealth.3882

	Effects of a smartphone-based nursing counseling and feedback system for women with gestational diabetes on compliance, glycemic control, and satisfaction: a randomized controlled study
	Abstract
	Background 
	Aim 
	Design 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study design
	Study sample
	Randomization
	Instruments
	Statistical analysis
	Interventions
	Smartphone-based counseling system
	Standard care

	Results
	Discussion
	Strengths and limitations

	Conclusion
	References




