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Abstract
Objectives: The purpose of this study was to investigate the effect of remotely delivered telemedicine dietary advice on monitoring of blood glucose levels and weight gain of women with
gestational diabetes mellitus (GDM).
Methods: Women with GDM were recruited and randomly allocated into two groups: a TeleGDM group that received a telemonitoring device, and a control group that was followed-up
traditionally. A telemonitoring service calculated the ratio of reaching or exceeding the pregnancy
weight gain target (according to pre-pregnancy weight), following Institute of Medicine guidelines
for healthy pregnancy weight gain.
Results: The sample comprised 27 women in the Tele-GDM group and 30 in the control group.
At the end of pregnancy, the Tele-GDM group showed significantly lower 2-hour postprandial
glucose levels than the control group. Most women in the Tele-GDM group reached their
recommended range of weight gain at the end of pregnancy. Additionally, the Tele-GDM group
showed significantly lower weight gain than the control group.
Conclusions: Telemonitoring can facilitate close monitoring of women with GDM and motivate
patients to adopt a healthy lifestyle.
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Introduction
Gestational diabetes mellitus (GDM) is
defined as glucose intolerance of varying
levels that is initially diagnosed during
pregnancy and typically disappears postpartum.1 It is widespread, affecting all populations worldwide.2 It is estimated that
GDM affects 5% of all pregnancies3
depending on the diagnostic criteria used
and the population studied,3 and there is
an exponential increase in incidence proportional to body mass index (BMI).4
The pathophysiology of GDM is
unclear. However, it seems that insulin
resistance develops under the influence of
pregnancy hormones as pregnancy progresses, and a failure to adjust physiologically to the decline in insulin sensitivity
results in glucose intolerance and GDM.5,6
GDM is associated with multiple complications, such as abnormal labour, increased
risk of caesarean section, macrosomia, and
stillbirth.3,7 Women with a history of GDM
have an increased risk of developing type 2
diabetes mellitus (DM),8 and foetuses
exposed to GDM have a greater risk of obesity and type 2 DM later in life.9,10
Multiple factors increase the risk of
GDM in pregnant women, such as a history
of GDM, a previous infant >4.5 kg, polycystic ovary syndrome, parity, and maternal obesity.11–13
Automated smart health monitoring systems can be used to monitor weight.14
These are smart devices that facilitate
remote, real-time collection and analysis
of biomedical informatics data to manage
chronic illnesses.14 Telemedicine is a

clinically and financially effective approach
to the treatment of chronic illnesses, such as
heart failure, hypertensive diseases, and
type 2 DM.15,16 Many teletechnology studies of diabetic patients have demonstrated
improvement in glycaemic control and
glycosylated haemoglobin (HbA1c).17,18
However, there have been no investigations
of the use of telemedicine to manage GDM.
The purpose of this study was to investigate the effect of remotely delivered telemedicine dietary advice on monitoring of
blood glucose levels and weight gain in diabetic women throughout pregnancy. The
aim was to determine whether telemedicine
is an effective method for managing hyperglycaemia in pregnant women.

Materials and methods
Ethical approval
Ethical approval was obtained from the
Unit of Biomedical Ethics Research
Committee at King Abdulaziz University
Hospital (KAUH) (reference number
336-16), and the study complied with the
requirements of the National Committee
on Bio and Medical Ethics (registration
number HA-02-J-008). All participants provided written informed consent before their
enrolment in the study.

Participants
Women with established GDM diagnosed
using the criteria of the International
Association of Diabetes and Pregnancy
Study Group (IADPSG) (75 g oral glucose
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tolerance test)19 were recruited from the
GDM unit at KAUH and enrolled in a
randomised open label controlled study.
All women diagnosed with GDM at a gestational age of 24–28 weeks were invited to
participate in the study. Women diagnosed
with type 1 or type 2 DM, and those receiving cortisone or experiencing any other illness, were excluded from the study. The
study aim and procedure, including consent
procedures, were explained to all participants. Then participants were categorised
into two groups according to the randomisation protocol (Figure 1).
Both groups maintained routine visits to
GDM and antenatal clinics and all participants were referred to a dietician for
appropriate dietary recommendations. All
pregnant women attending our unit were
encouraged to eat a low carbohydrate and
high protein diet. For consistency, all participants received structured dietary advice,
an assessment of dietary structure, and

standard national healthy eating information for pregnancy.

Telemonitoring
After a face-to-face explanation of the
study, an information sheet was given to
volunteers prior to obtaining written consent. The participant was supplied with a
telemonitoring device (a SmartphoneGlucometer and a Glucomail application
installed in their phones, obtained from
ePoint Healthcare (Limburg, Belgium)
with a contract for 12 months of open service20) and given full instructions and training on using the system. Telemonitoring
began from the day of diagnosis with
GDM (24–28 weeks of gestation) and continued until 6 weeks post-delivery.
The telemonitoring device was used to
monitor blood sugar and weight gain.
Participants were asked to download their
daily blood sugar readings and weekly

Figure 1. Random allocation of women with gestational diabetes mellitus.
GDM: gestational diabetes mellitus; DM: diabetes mellitus; BMI: body mass index.
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weight measurements and fill out the questionnaire every week. This information was
reviewed weekly by the diabetic care team
at the GDM clinic to evaluate whether participants needed further interventions, such
as lifestyle monitoring or insulin/medication adjustments.
Glucose monitoring plan. Based on the
IADPSG guidelines, the study targeted a
mean fasting plasma glucose (FPG) and 2hour postprandial plasma glucose (PPG)
less than 5.1 and 8.5 mmol/L, respectively.
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Patients were advised to measure their
blood sugar four times daily: once early in
the morning before breakfast (FPG), ensuring at least 6 hours of fasting, and three
readings 2 hours after meals (breakfast,
lunch, and dinner). The Glucomail application was adjusted to signal an emergency
alert for hyperglycaemia or hypoglycaemia.
For example, when three thresholds of
high or low blood glucose levels were met,
the doctor was immediately informed
by SMS or email (Figure 2a) and further
actions taken.

Figure 2. Compliance of patients with GDM in telemonitoring. Proactive communication graphs showing
an alert system for the healthcare provider using an email (a), a questionnaire link (b), and a coaching
message (c) to indicate the health status of the patient. Average number of monitoring episodes per week
for participants in the telemedicine group for glucose (GLU) readings, weight (WT) and questionnaire (QUS)
response. GDM: gestational diabetes mellitus.
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Weight management plan. Maternal weight
gain during pregnancy was the second
major outcome of this study. Body weight
was recorded every week using the
Glucomail application. This application
was developed to observe weight gain
during pregnancy and to ensure patients
remain within the normal ranges of recommended weight gain. The gestational weight
gain target was estimated by the Glucomail
application using an online calculator
(https://www.calculator.net/pregnancy-wei
ght-gain-calculator.html) to calculate the
weight gain per week. The calculations
used weight and height measurements
before pregnancy and followed guidelines
from the Institute of Medicine for healthy
weight gain during pregnancy.21

Laboratory tests

Conversation map. A feedback questionnaire
and conversation map were used to enable
proactive communication between healthcare
professionals and patients. Patients were
asked to regularly complete an online questionnaire about their health condition
(Figure 2b). The questionnaire assesses
weekly factors that may affect GDM, including healthy food intake, glucose intake, medications, exercise, toileting, stress, and pain.
Most items use yes/no responses.
An automated message from the application to the patient was generated weekly.
The coaching system was adjusted for each
pregnant woman according to her due date
(Figure 2c). The message included some
useful facts about body changes, baby size
and growth stage, healthy food, and what
to avoid during pregnancy (Figure 2c).
Additionally, appropriate dietary advice
was delivered to each patient in the TeleGDM group by text message after hyperglycaemia or hypoglycaemia alerts were
received (Figure 2a).
The average glucose values, weight, and
participant responses recorded by the
Glucomail application were recorded per
week for all cases (Figure 2d).

At the end of pregnancy (38–40 weeks gestation), blood tests, including the two-point
glucose test (FPG and 2-hour PPG) and
HbA1c, were performed for all studied
cases and controls.

Sample size calculation
The estimated GDM prevalence, based on
local figures, ranged from 32.4% to 51% in
the most recent epidemiological studies in
the Kingdom of Saudi Arabia, published
in 2014 and 2015, respectively.22 We chose
the primary study outcome, a reduction in
hyperglycaemia, to calculate the appropriate sample size. Our estimates of the standard deviation in the study and control
groups were obtained from pilot studies
and analysed by Power and Sample Size
from NCSS software (NCSS, Kaysville,
UT, USA). A sample size of 24 in each
group has 95% power to detect a difference
between means of 1.56 mmol/L with a significance level (alpha) of 0.05 (two-tailed).
Allowing for 20% additional patients to
account for dropout and protocol violation,
a total of 60 patients were required (30 in
each group).

Statistical analysis
GraphPad Prism 7 software (GraphPad
Software Inc., La Jolla, CA, USA) was
used to calculate descriptive statistics for
the telemonitoring service data, including
patient compliance, daily blood glucose
levels, and BMI. Additionally, unpaired
t-tests were used to compare the TeleGDM group and the control group on glucose levels, HbA1c levels, and weight gain.
A chi-square test was used to compare the
number of women that reached/exceeded
the recommended range of weight gain in
the Tele-GDM group between the endof-pregnancy and post-delivery periods.
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Results

application; data were obtained from the
service for the Tele-GDM group only.
Glucose level readings were obtained at
the end of pregnancy, either by telemonitoring or by traditional measures, after the
completion of the follow-up study.
The mean FPG was still high (6.5  0.8
mmol/L; 95% confidence interval, 6.0–6.9
mmol/L). The 2-hour PPG levels were
well-monitored (mean, 6.9  0.6 mmol/L;
95% confidence interval, 6.6–7.2).
This result was consistent with laboratory tests (Figure 3) showing that the 2-hour
PPG in the Tele-GDM group was
significantly less than in the GDM control
(P-value ¼ 0.002). However, there were no
significant between-group differences in
FPG and HbA1c.

Patients were enrolled in the study. The
Tele-GDM group (n ¼ 30) was monitored
with the telemonitoring system. Only 27
pregnant women continued with telemonitoring for 18–20 weeks throughout pregnancy and 6 weeks post-delivery. Three
pregnant women joined the study for less
than 2 weeks but were excluded from
the study. Cases were closely monitored at
the GDM clinic (weekly visit); the results
of the control group (n ¼ 30) were compared with the Tele-GDM group.
Information on the anthropometric and
sociodemographic characteristics of all participants was obtained via closed-question
questionnaire interviews (Table 1).

Well-monitored postprandial glucose
We examined the mean blood glucose
levels with 95% confidence intervals for
women with GDM using the Glucomail

Management of weight during pregnancy
In the Tele-GDM group, more women
reached the recommended range of weight

Table 1. Sociodemographic characteristics of respondents.
Variablesa
Age (years)
Gestational age at GDM diagnosis (weeks)
Gravidity
Parity
Abortion or IUFD
BMI
Waist circumference (inches)
Activity >30 minutes per dayb
Yes
No
Educational levelc
High
Intermediate
Low

GDM
(n ¼ 30)

Tele-GDM
(n ¼ 27)

P-value

32.4  5.3
27.6  3.2
4.6  2.9
2.4  1.8
1.4  1.5
30.2  5.5
42.6  4.2

32.5  5.8
26.5  4.4
4  2.6
1.5  1.2
1.8  2.1
31  5.7
42.7  5.3

NS
NS
NS
NS
NS
NS
NS

17
13

17
10

15
10
5

15
8
4

Data show frequencies or means  standard deviations.
Activity >30 minutes per day was defined as exercise such as walking.
c
A high level of education was defined as a bachelor’s degree or higher. Intermediate education was defined as completed
intermediate or high school. Low education was defined as no formal education or completed elementary school
Abbreviations: BMI: body mass index; GDM: gestational diabetes mellitus; IUFD: intrauterine foetal death; NS: not
significant.
a

b
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Figure 3. Results of laboratory investigations,
including FPG, 2-hour PPG and glycated haemoglobin (HbA1c) are compared between the TeleGDM and control groups. Values are expressed as
mean  standard error of the mean. Statistical significance was determined by unpaired t-tests
(n ¼57); **P < 0.001.

gain at the end of pregnancy than exceeded
it. Equivalent results were obtained for the
post-delivery time. However, the weight
management was more effective at the end
of pregnancy than in the post-delivery
period (P-value ¼ 0.01; Figure 4a).
Additionally, the weight gain in the TeleGDM group was significantly lower than in
the control group (P-value ¼ 0.03; Figure 4b).

Discussion
Our results demonstrate that data from
close monitoring of PPG levels during pregnancy were reflected in the laboratory
results at the end of pregnancy. Weight
management in pregnant women is a critical
issue that demands the targeting of blood
glucose levels in women with GDM.
Intensive monitoring of GDM patients via
telemonitoring with an appropriate notification system for hyperglycaemia or hypoglycaemia might help patients to control
their blood glucose levels by adjusting
their diet or physical activities.
In this study, we demonstrated that telemedicine is an efficient new technique to

Figure 4. Improvement in weight gain during
pregnancy in the Tele-GDM group. (a) The number
of women from the Tele-GDM group categorised as
reaching or exceeding the recommended weight
either at the end-of-pregnancy or post-delivery
period. (b) The average weight gain (in kilograms)
during pregnancy in both groups is expressed as
mean  standard error of the mean. Statistical significance was determined using a chi-square test or
an unpaired t-test (n ¼ 57); *P < 0.05.

control 2-hour PPG. Several studies indicate that PPG levels are an important
contributor to glycaemic control and can
guide the management of diabetes.23–25
Furthermore, PPG has been identified as
an independent risk factor for cardiovascular disease,25 with some reports showing
that patients with a high 1-hour PPG had
a worse cardiovascular risk profile (hypertension, inflammatory markers, and high
uric acid levels).26,27 Another study demonstrated an association between carotid
intima-media thickness and 1- and 2-hour
PPG.28 Although there is strong evidence
that monitoring PPG with FPG is crucial
to achieving better glycaemic control,
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there is controversial evidence showing
that increased PPG levels might be an independent risk factor for cardiovascular
complications.29,30
In pregnant women with GDM, PPG is
the best predictor of neonatal macrosomia.31 Further studies conducted among
women with GDM suggest that preprandial
and postprandial hyperglycaemia are
important predictors of foetal weight.32,33
Although the use of FPG and PPG values
is useful in monitoring blood glucose levels
in women with GDM,34 it is unclear whether 2-hour PPG values are superior to 1-hour
PPG values in monitoring these patients.
Thus, given the lack of definitive evidence,
clinicians typically recommend that patients
measure their capillary glucose levels four
times per day (fasting glucose before breakfast and PPG level 1 to 2 hours after meals).
We used a similar approach for regular glucose self-monitoring among our patients.
Telemedicine is a clinically and financially effective approach to the treatment of
chronic illnesses, such as heart failure,
hypertensive diseases, and type 2 diabetes.15,16 Many teletechnology studies of
diabetic patients have demonstrated
improvements in glycaemic control and
HbA1c.17,18 Two studies that investigated
the impact of telemedicine on weight management, eating habits, and exercise showed
that an electronic behavioural intervention
was effective in promoting a healthy lifestyle35 and preventing excessive weight
gain during pregnancy.36 In another largescale study conducted on GDM patients
assigned to a telephone nurse management
program at 12 health centres in the USA,
investigators found that the risk of macrosomia was lower among women obtaining
care at centres that had frequent referrals to
the telephone nurse management service.37
A group from the UK explored the feasibility of telemedicine for patients with
GDM living in rural areas.38 The results
showed that patients expressed satisfaction
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with not having to commute long distances
for clinic visits. However, healthcare practitioners have expressed concerns that telemedicine should not be used as a
substitute for face-to-face contact with
patients,39,40 but should instead be considered a tool to facilitate face-to-face contact.40 Some researchers have suggested
that telemonitoring can allow physicians
to allocate more time to patients who need
extra care.38 The focus of this study was
glucose monitoring and weight control. In
patients with GDM, insulin resistance leads
to hyperglycaemia; FPG level is an early
sign of hyposensitivity that can affect
healthy lifestyle during the rest of the day.
Our data suggest that the Glucomail application motivates patients to reduce high
carbohydrate diet or to increase exercise
to avoid high glucose levels detected in the
early morning. This might explain why 2hour PPG levels were well-controlled compared with FPG levels.
This study has several limitations. First,
the number of times that women in the intervention group had to control their blood
glucose might have caused some participants
not to monitor their glucose levels as
required. Second, factors such as educational level and language barriers might have led
to some withdrawals. Telemonitoring technology should be developed to be userfriendly to appeal to a wide range of
people. Finally, our sample size does not
permit us to generalise the findings to
patients in other countries; more extensive
prospective studies on different populations
are needed.

Conclusions
Overall, our results suggest that telemonitoring is a useful tool to facilitate close
monitoring of pregnant women with
GDM. Furthermore, it can be used to motivate patients to adopt a healthy lifestyle and
prevent weight gain during pregnancy.
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