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Abstract

Introduction: For women with diabetes, optimizing blood glucose is critical during pregnancy to reduce the risk of
complications. Mobile health interventions contribute to improved blood glucose control among non-pregnant adults with
diabetes, but their effect during pregnancy is not known.

Methods: We conducted a systematic review to determine the effect of mobile health interventions on blood glucose control
among women with type 1 diabetes, type 2 diabetes, and gestational diabetes mellitus during pregnancy. We searched the
databases Ovid Medline, Ovid Embase, The Cochrane Central Register of Controlled Trials, and ClinicalTrials.gov from
inception to August 2020. We did not apply limitations to our search. We also examined grey literature and reviewed the
reference lists of relevant articles. Studies were eligible for inclusion if they used a randomized controlled trial to determine
the effect of mobile health on blood glucose control among women with type 1 diabetes, type 2 diabetes, or gestational
diabetes mellitus during pregnancy. A modified version of the Cochrane Randomized Control Trial data collection form and
the Template for Intervention Description and Replication checklist guided data collection. We used the Cochrane Risk of
Bias 2.0 tool and the Grading of Recommendations Assessment, Development, and Evaluation approach to assess the risk of
bias and certainty of the evidence, respectively. Cochrane guidelines for Synthesis Without Meta-analysis informed data
analysis.

Results: We included four randomized controlled trials on the effect of mobile health as compared to usual care on blood
glucose control among women with gestational diabetes mellitus.

Discussion: Only one of the four trials reported a positive effect direction, while the remaining studies reported negative or
conflicting/unclear effects. The certainty of the evidence was low.

Conclusion: Mobile health may have little to no effect on blood glucose control among women with gestational diabetes
mellitus. Our synthesis revealed non-significant results and the certainty of evidence was low. However, as there is a current
scarcity of randomized controlled trials, future studies are warranted to explore this topic, particularly given the emphasis on
virtual healthcare as a result of the COVID-19 pandemic.
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Introduction
Background and Rationale

Pregnancy is accompanied by many potential risks.
Women who have pre-existing type 1 diabetes or type 2
diabetes or who are diagnosed with gestational diabetes
mellitus are at an even greater risk, as studies show that
women with diabetes have higher rates of pregnancy
complications compared to the general population [1-6].
Close monitoring of blood glucose to achieve glycemic
targets is imperative throughout pregnancy as uncontrolled
hyperglycemia is associated with increased pregnancy
complications, including higher rates of perinatal mortality
and congenital malformations [7,8]. To reduce
hyperglycemia and achieve glycemic targets, women with
type 1 diabetes are advised to continue existing
management, including frequent self-monitoring of blood
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glucose and insulin administration [1, 9-11]. Teratogenic
effects of any medication, including oral hypoglycemic
agents, taken during pregnancy must be minimized. As
insulin does not pass the placenta-blood barrier and is safe
during pregnancy, insulin is initiated for women with type 2
diabetes at the onset of pregnancy as a means of achieving
glycemic targets [1, 9-11]. For women who develop
gestational diabetes mellitus, a majority can self-manage
through lifestyle changes alone. However, in some cases,
insulin must also be initiated to achieve optimal glycemic
targets [1,9,10,12]. In all cases, women are advised on the
importance of self-monitoring blood glucose (SMBG) [9-
11]. Canadian guidelines emphasize the importance of
diabetes self-management education and support to
improve glycemic control and reduce the risk of maternal
and infant complications [1]. Evidence indicates that
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patients who frequently self-monitor their blood glucose
and make other lifestyle changes to proactively decrease
hyperglycemia can reduce the risk of complications for
themselves and their infant [1, 13]. Multiple studies have
demonstrated that patients who perform frequent SMBG
have better metabolic control and diabetes outcomes
compared to those who perform SMBG infrequently [14].
There is substantial evidence that indicates highly regulated
glycemic control reduces the risk of complications from
diabetes, and this control is especially imperative during
pregnancy [15-19]. Interventions that facilitate SMBG have
the potential to improve blood glucose control and reduce
the risk of diabetes-related pregnancy complications [20].

Mobile health (mHealth) is a self-management support
tool involving the practice of medicine enriched by the
power of technology and supported by mobile phone
devices [21]. The emerging field of mHealth has begun to
break down the systemic barriers of healthcare through the
use of smartphone applications that support effective
patient self-management, including self-monitoring of
blood glucose, among other things. mHealth provides an
opportunity to alleviate the massive global healthcare
challenges and economic burdens associated with diabetes
and its long-term complications [20]. Due to the ubiquitous
nature of smartphone technology, mHealth applications
provide an opportunity to facilitate and incentivize patient
engagement in the management of diabetes and allow for
interactive communication with healthcare providers
without the time and cost of a clinical appointment. For
pregnant women, there is the potential that mHealth
applications may be able to facilitate diabetes self-
management and contribute to minimizing the risks
associated with diabetes in pregnancy. The use of mHealth
could also lower the burden on the healthcare system [22].
A recent evaluation of systematic reviews of randomized
controlled trials showed that compared to usual care,
mHealth interventions lead to statistically significant and
clinically important improvements in glycemic control
among non-pregnant adults with diabetes when compared
to the usual antenatal care practices [23]. Yet, to date, the
effect of mHealth interventions on blood glucose control
during pregnancy across the spectrum of women with pre-
existing diabetes and gestational diabetes mellitus has not
been explored in a systematic review. Thus, given the high
level of evidence among non-pregnant adults with diabetes,
we hypothesize that mHealth interventions may result in
improved blood glucose control among women with
diabetes during pregnancy.

Objective

The objective of this systematic review is to determine
the effect of mHealth interventions on blood glucose
control among women with type 1 diabetes, type 2 diabetes,
and gestational diabetes mellitus during pregnancy.
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Methods

The Cochrane Handbook for the Conduct of
Systematic Reviews and Meta-Analyses [24], the Synthesis
Without Meta-Analysis in Systematic Reviews: Reporting
Guideline [25], and the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses [26] guided the
conduct and reporting of this review, respectively.

Protocol and Registration
We did not publish a protocol for this review.

Information Sources and Search

We searched the electronic databases Ovid Medline,
Ovid Embase, The Cochrane Central Register of Controlled
Trials, and ClinicalTrials.gov from inception up to August
2020. The search strategies employed a combination of the
following terms, modified as appropriate for each database:
“pregnancy,” “mHealth,” and “diabetes mellitus” and were
conducted without any limitations. Additionally, grey
literature publications were searched, and the reference list
of relevant articles and those pulled for full-text were also
reviewed. Table 1 provides the electronic search strategy
for the Ovid Medline search. The search strategies for the
other databases are available upon request.

Diabetes mellitus/ OR
Diabetes, Gestational/ OR
Gestational diabet*.mp OR
Diabet*.mp OR

Diabetes, Type 1/ OR
Diabetes, Type 2/ OR
Type 1 diabet*.mp OR
Type 2 diabet*.mp

AND

Pregnancy/ OR

Pregnancy, High-Risk/ OR
Pregnancy in Diabetics/ OR
Pregnan*.mp

AND

Telemedicine/ OR
Telemedicine.mp OR
Mobile Applications/ OR
Mobile app*.mp OR
Mobile health.mp OR
mHealth.mp OR
Smartphone/ OR
Smartphone.mp OR

Cell phone/ OR

Cell phone.mp OR

Text Messaging/ OR

Text messag*.mp

Table 1. Ovid Medline Search Strategy
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Eligibility Criteria and Study Selection

We exported all citations to Zotero for deduplication
and screening by two independent reviewers (TR and HA).
Inclusion criteria at the title and abstract stage included
studies focused on pregnancy and diabetes. Following title
and abstract screening, eligible studies were reviewed at the
full-text level. The inclusion criteria at this stage included
randomized controlled trials focused on mHealth
interventions for women with diabetes in pregnancy. Any
disagreements were resolved through discussion or by
consultation with a third reviewer.

Data Collection Process and Data Items

A modified version of the Cochrane Randomized
Control Trial [24] data collection form and the Template for
Intervention Description and Replication checklist [27]
guided data collection. The collection process was first
piloted among all reviewers to determine usability and
efficacy. Duplicate data extraction was performed by two
reviewers (TR and HA) with the inclusion of a third
reviewer to reach consensus if required. Guided by these
respective documents, we extracted information about the
study author, funding source, study year and design as well
as information on the population demographic, such as age,
gestational age, and socioeconomic  background.
Intervention methodology to the degree of replication was
also collected. The extraction of outcome data was focused
on blood glucose control. Due to the diversity in the
literature regarding the reporting of outcomes related to
blood glucose control, we will use the terminology “blood
glucose control” to represent our outcome of interest. In
this review, in order to include as many studies and
outcomes as possible, “blood glucose control” as an
outcome will include A1C, mean pre-prandial, post-
prandial, and fasting blood glucose, percentage of on- and
off-target blood glucose levels, post-partum oral glucose
tolerance tests result for patients with gestational diabetes
mellitus, and the need for medication during pregnancy for
patients with gestational diabetes (including oral
hypoglycemics and/or insulin). If the case arose where
authors reported blood glucose control using other outcome
measures than what we have indicated a priori, we planned
to at this time to discuss whether or not to include such
outcome data.

Risk of Bias in Individual Studies
The risk of bias assessment of individual studies was
completed using the Cochrane Risk of Bias 2.0 tool [28].
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Risk of bias assessment was performed in duplicate by two
reviewers (TR and HA) with the inclusion of a third if
needed to reach consensus.

Synthesis of Results

We planned to conduct a meta-analysis of the effect of
mHealth interventions on blood glucose control, this was
not possible due to a lack of required data presented in the
included studies. Only one of the included studies reported
the measures of variance required to conduct of a meta-
analysis (standard deviation). To remedy this, we attempted
to use a calculator tool by Cochrane Training to calculate
the missing standard deviations. Unfortunately, the tool
cannot calculate standard deviation if the study confidence
intervals, which are used in the calculation, are not
symmetrical about the mean, indicating that they may have
been calculated on transformed values. This was the case
when we attempted to calculate the missing standard
deviations. Therefore, we conducted a synthesis without
meta-analysis informed by the Synthesis Without Meta-
Analysis in Systematic Reviews: Reporting Guideline [25].
Data was grouped based on outcomes that assessed blood
glucose control. These outcomes included the use of
medication for gestational diabetes mellitus (metformin,
insulin, or both), results of the postpartum Oral Glucose
Tolerance Test, glycated hemoglobin A1C (AL1C) before
delivery, percentage of on- and off-target glucose
measurements, mean blood glucose, rate of change in
glycemia (mmol/L/28 days), and rate of change in A1C. We
chose effect direction as our standardized metric

Assessment of the Quality (Certainty) of Evidence

We used the Grading of Recommendations
Assessment, Development, and Evaluation approach [29] to
assess the certainty of the evidence.

Results
Study Selection

From the database and grey literature searches, we
obtained 474 articles of which 154 were removed following
deduplication, resulting in 320 articles that were screened at
the title and abstract level. This yielded 60 studies for full-
text review. However, five were excluded as we could not
retrieve the full-text. As such, 55 articles were assessed for
eligibility at the full-text level. A total of four randomized
controlled trials were included in our final review
[30-33]. Figure 1 provides the flow of the study selection
process.
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Figure 1. Flow Diagram of the Study Selection Process

Study Characteristics
Setting

The included studies were conducted in China, Israel,
Norway, and the United Kingdom.

Participants

Although our eligibility criteria included pregnant
women with type 1 diabetes, type 2 diabetes, and
gestational diabetes mellitus, the included studies consisted
of only pregnant women diagnosed with gestational
diabetes mellitus.

Interventions

mHealth applications were the intervention of interest
in the included studies. Although all studies used a different
mHealth application, each had a similar premise, offering
participants a platform to track health behaviours (physical
activity, diet, blood glucose levels) and facilitate
communication with their healthcare provider during
pregnancy.
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Comparisons

The comparison in all included studies was usual
antenatal care delivered in the outpatient clinic setting. The
level of detail regarding usual care varied across the
included studies. Available information indicated that usual
antenatal care was comprised of counseling related to
maintenance of a healthy diet, recommendations regarding
regular physical activity, and instruction on SMBG. Usual
care also included standard antenatal surveillance such as
monitoring for hypertension and proteinuria, non-stress
tests and biophysical profiles.

Qutcomes

The outcomes of interest were those that related to
blood glucose control. The measures related to the outcome
of blood glucose control reported varied and included the
use of medication for gestational diabetes mellitus
(metformin, insulin, or both), results of the postpartum Oral
Glucose Tolerance Test, glycated hemoglobin A1C (A1C)
before delivery, percentage of on- and off-target glucose
measurements, mean blood glucose, rate of change in
glycemia (mmol/L/28 days), and rate of change in A1C.

Page 4 of 12


https://www.urncst.com/
https://doi.org/10.26685/urncst.218

UNDERGRADUATE RESEARCH IN NATURAL AND CLINICAL SCIENCE AND TECHNOLOGY (URNCST) JOURNAL
Read more URNCST Journal articles and submit your own today at: https://www.urncst.com

Table 2. Characteristics of Included Randomized Controlled Trials Comparing mHealth to Usual Care on Blood Glucose in Women with Diabetes in Pregnancy

Population Intervention Control Outcome
Author Diabetes  Diabetes Medications AlC* Age, Comorbidities, mHealth Usual Care, Follow-Up Assessed Outcomes Related
[Ref], Type N (%) Mean Mean years N (%) App, N Participants to Blood Glucose
Year, % (SD) (SD) or N [%] N participants
Country
Borgen [12] GDM Intervention N/R Intervention N/R Pregnant+, Midwife and/or 3months  Treatment with insulin and/or metformin
2019, Metformin, 25 (10.7%) <29, 30[26.1] 112 diabetes nurse postpartum  2-hour OGTT
Norway consultations 3 months postpartum
Insulin, 45 (19.3%) 30-37, 66 [57.4] every two weeks, 2-hour OGTT change from baseline to 3
121 months postpartum
Insulin and Metformin >38, 19 [16.5]
12 (5.2%)
Control
Control <29, 27 [22.0]
Metformin, 15 (12.4%)
30-37, 62 [50.4]
Insulin, 24 (19.8%)
>38, 34 [27.6]
Insulin and Metformin,
4 (3.3%)
Guo [13], GDM N/R Intervention Intervention Hypertension Dnurse, Outpatient 3months  A1C before delivery
2018, 6.0 (0.4) 31.2(4.1) Intervention 64 treatment, postpartum % off-target fasting glucose
China 1(1.5%) 60 % off-target 2-hour postprandial glucose
Control Control Fasting OGTT at 3 months postpartum
5.9(0.3) 30.6 (3.1) Control 2-hour OGTT at 3 months postpartum
1(1.6%)
Miremberg GDM Intervention Intervention N/R Hypertension Glucose Control group, Delivery Mean blood glucose
[14], Insulin, 8 (13.3%) 5.2(0.33) Inclusion Intervention Buddy, 60 % off-target 1-hour fasting glucose
2018, criteria: 18-45 5 (8.3%) 60 % off-target fasting glucose measurement
Israel Control Control years Treatment with insulin
Insulin, 18 (30.0%) 5.2(0.4) Control
1(1.7%)
Mackillop GDM Intervention Intervention Intervention Hypertension GDm-health, Standard clinic Delivery Rate of change in glycemia (mmol/L/28 days)
[15], Metformin, 45 (44.6%) 5.42 (0.34) 33/9 (5.5) Intervention 101 care, Rate of change of A1C
2018, 2 (2.0%) 102 % fasting blood glucose on target within 4
United Control Control Control Control weeks of randomization
Kingdom Metformin, 57 (55.9%) 5.39 (0.35) 33.0(5.6) 6 (5.9%) % blood glucose postprandial observations on

target within 4 weeks of randomization

% blood glucose fasting observations on
target between 4 and 8 weeks of
randomization

% blood glucose postprandial observations on
target between 4 and 8 weeks of
randomization

*At diagnosis, recruitment, or randomization. Application, app; N/R, not reported; Oral Glucose Tolerance Test, OGTT

Ricci et al. | URNCST Journal (2021): Volume 5, Issue 5
DOI Link: https://doi.org/10.26685/urncst.218

Page 5 of 12


https://www.urncst.com/
https://doi.org/10.26685/urncst.218

UNDERGRADUATE RESEARCH IN NATURAL AND CLINICAL SCIENCE AND TECHNOLOGY (URNCST) JOURNAL
Read more URNCST Journal articles and submit your own today at: https://www.urncst.com

Table 3. Description of mHealth Interventions Based on the TIDieR Criteria of the Included Randomized Controlled Trials

Trials

TIDieR Criteria

Borgen, 2019 [12]

Guo, 2018 [13]

Miremberg, 2018 [14]

Mackillop, 2018 [15]

Name

Why?

What?

Who provided?

How?

Where?

When/how

much?

Tailoring?

Modifications?

How well?

Pregnancy+

mHealth may serve as a personalized tool to
facilitate improved diabetes self-management in
pregnancies complicated by gestational
diabetes.

Intervention participants downloaded the
Pregnant+ app on their smartphone and
communicated blood glucose data with and
received feedback from healthcare providers.
Education provided on the app focused on blood
glucose, exercise, diet, and diabetes information.

Midwives and/or diabetes nurses.

The intervention was delivered via the Pregnant+
smartphone app, which was a supplement to
usual care appointments every second week.
Participants could record manually or transfer
automatically via Bluetooth blood glucose data to
the app. Participants could also record personal
physical activity goals.

The app was available anytime from the
smartphone.

Participants began using the app upon diabetes
diagnosis and study enrollment. It was available
for use until the participant gave birth.

Blood glucose feedback was individualized.
Participants could also select one of three
different food cultures identified by language
(Norwegian, Urdu, or Somali) and receive
culturally adapted dietary information.

No modifications to the intervention occurred.

Analytical data on the usage of the application
was not collected to maintain participant privacy.
However, 34 women in the intervention group
and 41 women in the control group did not
complete the OGTT at 3-months postpartum
(primary outcome).

Dnurse

Strict control of blood glucose can reduce the
rate of adverse perinatal outcomes. Mobile
medical apps may increase patient compliance
and cooperation.

Intervention participants downloaded the Dnurse
app on their smartphone and used it to
communicate blood glucose data to and receive
feedback from their healthcare provider.
Education provided on the app focused on diet,
exercise, and diabetes medication.

Educational nurses and physicians.

The intervention was delivered via the
smartphone app, which was a supplement to
usual care. Participants recorded blood glucose
data into the app, which was compiled into tables
and charts, and transmitted them the healthcare
provider. Nurses provided education and
answered questions nightly between 7 and 9 pm.

The app was available anytime from the
smartphone.

The app was downloaded upon diabetes
diagnosis, between 24 to 28 weeks’ gestation,
and was used daily until the participant gave
birth.

Blood glucose feedback was individualized.
Participants were also given personalized
answers to questions posed to the educational
nurse during the nightly instructional and
question sessions.

No modifications to the intervention occurred.

Participant compliance (the actual blood glucose
measurements, divided by the instructed
measurements, multiplied by 100) was 83.3% in
the intervention group.

Glucose Buddy

mHealth may promote tight glycemic control,
increase patient compliance, and improve
perinatal outcomes for women with gestational
diabetes.

Intervention participants installed the Glucose
Buddy app on their smartphone and used it to
communicate blood glucose data with and
receive feedback from their healthcare provider.
Dietary information and opportunity to ask
questions was also provided.

Physicians, dieticians, and nurses.

Participants recorded blood glucose data on the
app and transmitted it daily to the healthcare
who provided daily feedback. This included
positive messages, dietary tips and insulin dose
adjustments. They could also ask questions
about any aspect of management diabetes and
receive immediate answers.

The app was available anytime from the
smartphone.

The app was downloaded upon study
recruitment at <34 weeks’ gestation was used
until the participant gave birth.

Feedback from healthcare providers and answers
to participant questions were personalized.

No modifications to the intervention occurred.

Participant compliance (actual blood glucose
measurements, divided by instructed
measurements, multiplied by 100) was 84% in
the intervention group.

GDm-health

mHealth-based real-time blood glucose
management may improve hyperglycemia
management and outcomes for women with
gestational diabetes.

Intervention participants were loaned a mobile
phone with the GDm-health app pre-installed.
Blood glucose data was recorded and transmitted
to healthcare providers who communicated diet
and medication adjustments via the app.

Diabetes midwives.

Participants recorded, tagged, and reviewed blood
glucose data that was automatically transmitted to
a secure website. Healthcare providers reviewed
this data three times per week and provided
feedback regarding diet recommendations and
medication adjustments as well as messages of
encouragement.

The app was available anytime from the
smartphone.

The app was downloaded upon study recruitment
at <34 weeks’ gestation was used until the
participant gave birth.

Feedback from healthcare providers was
individualized to each participant.

No modifications to the intervention occurred.

Seventy-eight of 98 participants in the
intervention group recorded at least 67% of the
expected number of blood glucose readings.

Application, app; mHealth, TIDieR, Template for Intervention Description and Replication
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Risk of Bias in Individual Studies

An assessment of the risk of bias was conducted using
the Cochrane Risk of Bias 2.0 tool. Figures 2 and 3 provide
a visual summary of the results of the risk of bias
assessment. All four included studies were judged to have a
low risk of bias. For bias arising from the randomization
process, all included trials used a random method of group
allocation, all trials either concealed or likely concealed
allocation until participants were assigned to the
intervention or control, and none of the trials reported
baseline differences between groups that suggested a
problem with randomization. Regarding the domain of bias
due to deviations from intended interventions, in all trials
the participants and those delivering the intervention were
aware of intervention assignment. We were unable to judge
whether deviations from the intended intervention arose

Overal Bias

Selection of the reported result

Measurement of the outcome

Miing outcome data

Deviations from intended interventions

Randomization process

0 10 20

Low risk

30

Some concerns

because of the experimental context as none of the trials
reported information regarding adherence in either the
intervention or control groups. For the domain of risk of
bias due to missing outcome data, only one study reported
data missing from a significant number of participants
(n = 75) for the outcomes of 2-hour Oral Glucose Tolerance
Test at three months postpartum and 2-hour Oral Glucose
Tolerance Test change from baseline to three months
postpartum [30]. However, the number of participants with
missing data was similar between the intervention and
control group (34 compared to 41) and we concluded that
this was unlikely to have biased the study findings in favour
of the intervention as the study outcomes were non-
significant. We had no concerns for risk of bias due to
measurement of the outcome or selection of the reported
result.
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Figure 2. Risk of Bias graph: review authors’ judgements about each risk of bias item presented as percentages across studies
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Figure 3. Risk of bias summary: review authors’ judgements about each risk of bias item for each included study
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Synthesis of Results

Two of the four studies included in our review did not
provide data on standard deviations. We attempted to derive
the missing values from available data, such as confidence
intervals and p-values, using a calculator provided by
Cochrane Training [34]. However, we were unable to do so
as the calculator indicated that the data appeared to have
been transformed and were unsuitable for such calculations.
As a meta-analysis was therefore not possible, our synthesis
followed the Cochrane guidelines for synthesis without
meta-analysis [25]. We prepared an Effect Direction Plot as
follows. For each included study, we grouped outcomes
that assessed blood glucose control (such as AL1C before

measurement, and others) and combined them into a single
outcome domain (blood glucose control). We calculated an
overall direction of effect for the outcome of blood glucose
control for each study that was based on the proportion of
outcomes within the domain that reported statistically
significant effects in a given direction.

mHealth versus Usual Care

Four studies with 685 participants were included in this
comparison. For the domain of blood glucose control, only
one of the four randomized controlled trials reported a
positive effect direction [32], with the remaining three
studies reporting negative or conflicting/unclear effects

delivery, percentage of off-target fasting glucose [30, 31, 33].
Study Author and Year Study design Blood Glucose Control
Borgen, 2019 [12] RCT \ A
Guo, 2018 [13] RCT <’
Miremberg, 2018 [14] RCT A°
Mackillop, 2018 [15] RCT v

glucose measurement; insulin treatment

four and eight weeks of randomization

a. Use of medication for GDM (metformin, insulin, or both metformin and insulin); 2-hour OGTT 3 months
postpartum; 2-hour OGTT change from baseline to 3 months postpartum

b. A1C before delivery; percentage of off-target fasting glucose measurement; percentage of off-target 2-hour
postprandial glucose measurement; Fasting OGTT at 3 months postpartum; 2-hour OGTT at 3 months postpartum

¢. Mean blood glucose; percentage of off-target 1 hour fasting glucose measurement; percentage of off-target fasting

d. Rate of change in glycemia (mmol/L/28 days); rate of change in A1C; percentage of blood glucose fasting
observations on target within four weeks of randomization; percentage of blood glucose postprandial observations
on target within four weeks of randomization; percentage of blood glucose fasting observations on target between
four and eight weeks of randomization; percentage of blood glucose postprandial observations on target between

randomized controlled trial.

AlC, glycated hemoglobin A1C; GDM, gestational diabetes mellitus; OGTT, oral glucose tolerance test; RCT,

Figure 4. Summary of direction of glycemic control from included studies

Assessment of the Quality (Certainty) of Evidence

The overall quality of the evidence was low [35]. The
risk of bias assessments determined that all four trials had a
low risk of bias. Therefore, we judged that the risk of bias
was not serious. The participants, interventions, and
comparators in the included trials were directly comparable
to our clinical question. As such, we judged concerns about
the indirectness of the evidence as not serious [36]. For
imprecision, the total number of participants in the included
trials met the threshold of greater than 400 (n = 695).
However, as only one study reported a 95% confidence
interval, which included no effect, we judged concerns
about imprecision as serious [36]. Therefore, we
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downgraded the quality of the evidence. For inconsistency,
overall, the results showed either a negative or unclear
direction of the effect of mHealth interventions on glycemic
control among women with gestational diabetes mellitus.
Two trials showed a negative effect direction, one showed
unclear or uncertain effect direction, and one study showed
a positive effect direction. Therefore, we judged the
evidence to have serious inconsistencies and downgraded
the quality [36]. We did not strongly suspect publication
bias as both negative and positive trials have been
published and included in our review and our search
strategy was comprehensive [36].
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Discussion
Summary of Evidence

Our systematic review included four randomized
controlled trials that explored the use of mHealth
interventions among women with diabetes in pregnancy.
The included studies were conducted in diverse
geographical and ethnic contexts and the data presented in
this review reflects a range of mHealth applications as well
as the effect of mHealth on participants of varied
sociocultural backgrounds. In general, the mHealth
intervention across all studies facilitated the tracking of
health behaviors and health data as well as communication
between participants and healthcare providers. As the data
reported in the included studies was insufficient to conduct
a meta-analysis, we performed a synthesis without meta-
analysis. This included the construction of an effect
direction plot to determine the effect of mHealth compared
to usual care on blood glucose control.

The results of our synthesis found that only one of the
four included trials reported a positive effect direction,
while the others reported effect directions that were
negative or unclear. The existing literature focused on the
effect of mHealth interventions on blood glucose control
among adults with diabetes has been mostly favourable.
Among non-pregnant adults with diabetes, a review of
systematic reviews found that mHealth interventions
contributed to statistically and clinically significant
improvements in A1C [37]. For women with diabetes in
pregnancy, a meta-analysis of randomized and non-
randomized studies focused on mHealth and web-based
interventions found a statistically significant decrease of
blood glucose among intervention compared to control
participants [38]. It is possible that given the incomplete
reporting of data within the small number of randomized
controlled trials included in our review, future studies may
find results that are more favourable.

Although our aim was to determine the effect of
mHealth on blood glucose control during pregnancy across
the spectrum of women with diabetes in pregnancy, we
were unable to locate any randomized controlled trials that
examined the effect of mHealth among women with type 1
diabetes or type 2 diabetes in pregnancy. Therefore, our
review only included randomized controlled trials that
explored the effect of mHealth on women with gestational
diabetes mellitus. As a result, the conclusions of our review
may not be applicable to all women with diabetes in
pregnancy, limited instead to those with gestational
diabetes mellitus.

Implications for Clinical Practice and Research

The results of our systematic review indicate that the
effect of mHealth on glycemic control during a pregnancy
complicated by gestational diabetes mellitus are mostly
negative or unclear. However, our conclusions are limited
given the small number of studies, insufficient reporting of
data, and the low certainty of evidence. Other existing
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literature, among non-pregnant adults and non-randomized
studies of women with diabetes in pregnancy, have shown
positive results, suggesting that mHealth may contribute to
improved blood glucose control [37,38]. Future research is
required to explore this further as well as to examine the
impact of mHealth interventions among women with type 1
and type 2 diabetes in pregnancy. Other studies have
suggested that mHealth may increase access to health
information and treatment, particularly for those who fall
between the gaps of standard care, such as those with low
socioeconomic status or those from rural areas [39].
mHealth may also represent a promising convenient
approach for women managing diabetes in pregnancy as
literature indicates that mHealth interventions are easy to
use and many would consider utilizing mHealth in future
pregnancies [32]. Although our review was focused on the
effect of mHealth on blood glucose control, the included
studies also assessed other outcomes, concluding that
mHealth may reduce the frequency of outpatient visits,
which may impact healthcare costs [31]. This presents
another potential avenue for the direction of future
research.

Limitations

Our systematic review is limited in that it only
consisted of four randomized controlled trials. In addition,
although data was available across all of the studies
regarding our outcome of interest, the included studies
determined the effect of mHealth on blood glucose control
during pregnancy using a variety of different measures.
These measures ranged from A1C before delivery,
percentage of off-target fasting glucose measurement, and
the results of the Oral Glucose Tolerance Test at three
months  postpartum, among others. As previously
mentioned, we were also limit the generalizability of our
conclusions as we were only able to find information
pertaining to gestational diabetes SMBG, with a lack of
studies regarding T1 and T2 diabetes. Unfortunately, we
were unable to conduct a meta-analysis as sufficient data
was not reported in the included studies (specifically,
measures of dispersion) and the available data did not allow
us to conduct our own calculation of these values. For this
reason, a synthesis without meta-analysis was the next best
option to yield standardized results when meta-analysis is
not possible. Although synthesis without meta-analysis
presents a viable option in the case of incompletely or
heterogeneously reported outcomes or effect estimates in
individual studies of a systematic review, it is not as
statistically powerful as a meta-analysis [25] and the
conclusions that can be drawn from our results are limited
in this regard.

Conclusions

The results of our systematic review regarding the
effect of mHealth interventions on glycemic control among
women with gestational diabetes mellitus revealed non-
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significant results with a certainty of evidence that was low.
However, our review was limited given the incomplete
reporting of data in the included studies. Other existing
literature suggests that mHealth has the potential to
positively impact blood glucose control among adults with
diabetes. As there is a current scarcity of randomized
controlled trials on this topic, additional research is
warranted, particularly given the emphasis on virtual
healthcare in light of the COVID-19 pandemic.
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