DOI 10.15641/ghi.v2i2.812 Global Health Innovation, 2019, 2(2), article #4 Review Article

GLOBAL
w |Ij NEC)6ALT|TOHN OPEN UCT PUBLICATIONS

A review of mHealth interventions for diabetes in pregnancy

Jason Leslie Collier”, Jill Fortuin Abrahams

Division of Biomedical Engineering, Department of Human Biology, University of Cape Town, Cape Town, South Africa

Received 15 August 2019; Accepted 30 October 2019; Published online 27 November 2019

Abstract

Gestational diabetes mellitus (GDM) has high morbidity and risk for mortality when mismanaged. This is particularly
relevant in low- and middle-income countries (LMIC), where GDM related complications occur at a higher rate, with worse
outcomes, due to a lack of healthcare resources. Mobile health (mHealth) presents an opportunity to improve the
management of GDM in LMIC. We conducted a meta-analysis, which found that using mHealth as an intervention for GDM
caused a statistically significant decrease of 0.38 mmol/L (95% CI -0.52 mmol/L to -0.23 mmol/L) in overall blood glucose
levels during pregnancy compared to the control group. There was a significantly higher probability of vaginal deliveries in
the intervention group than the control group (risk ratio (RR) = 1.18, 95% CI 1.03 to 1.36). It was less likely for new-borns
from the intervention group to be diagnosed with hypoglycaemia than new-borns from the control group (RR = 0.67, 95%
CI10.48 to 0.93). This review found evidence for mHealth offering improvements in biological, maternal, perinatal, cognitive
and economic outcomes by aiding in the management of GDM. This could be particularly important to LMIC where the
lack of resources and high healthcare-related costs contribute to the mismanagement of GDM.
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Introduction

Diabetes is a chronic, non-communicable condition which affects the body’s ability to process glucose (American Diabetes
Association, 2014). Gestational diabetes mellitus (GDM) arises during pregnancy and increases the risk of complications
for both the mother and child before, during and after birth (Garnweidner-Holme et al., 2015).

Once GDM has been diagnosed, controlling blood glucose levels becomes a fundamental part of its management
(Kampmann et al., 2015). Eating healthily, exercising regularly, managing bodyweight and learning about one’s disease are
key to controlling blood glucose levels (Garnweidner-Holme et al., 2015). In some cases, insulin or oral medication may be
necessary to aid the control of blood glucose levels (Kampmann et al., 2015). Women with GDM are encouraged to record
their blood glucose levels at least 3-4 times daily (Garnweidner-Holme et al., 2015). Delivering these measurements along
with related information to healthcare professionals is important because this is the information that healthcare professionals
use to manage and monitor their patients, which may include providing advice, modifying medication or making diagnoses
(Mackillop et al., 2018). Thus, regular medical check-ups are required for the healthcare professional to analyse the patient’s
blood glucose levels, and these occur every 1-4 weeks during the last 3 months of gestation (Mackillop et al., 2018). If this
condition is poorly managed or left untreated, women and their children will be at an increased risk of complications, before
during and after birth (Kampmann et al., 2015).

Approximately 7% of all pregnancies (ranging from 1% to 14%, depending on the population studied and the diagnostic
tests employed) are complicated by GDM (American Diabetes Association, 2014). In low and middle-income countries
(LMIC), pregnancy is becoming more common in wealthier, older and more obese women, which means the prevalence of
GDM in these countries is increasing rapidly (Kampmann et al., 2015). The intensive GDM management process is
especially challenging in LMIC where access to resources and trained personnel is limited; this results in GDM-related
complications occurring at a higher rate, with worse outcomes in LMIC (Goldenberg et al., 2016).

Lau et al. (2016), Ming et al. (2016) and Rasekaba et al. (2015) have systematically reviewed various studies which indicate
that mobile health (mHealth) may aid in the management of women with GDM, to assist with tighter glycaemic control and
in preventing antenatal, perinatal and post-partum complications. However, these studies involved high-income countries,

*Corresponding author: jasoncollier@live.com
© 2019. The Author(s). Published under a Creative Commons CC-BY License.
http://Journals.uct.ac.za/index.php/GHI
Page 1 of 11



Global Health Innovation, 2019, 2(2), article #4

leaving the question as to whether the principles of mHealth being used to aid the management of GDM can be applied to
LMIC, as a result of the increased adoption of smartphones in LMIC (Bloomfield et al., 2014).

The major benefit offered by mHealth is the potential for remote diagnosis, monitoring and treatment (Bloomfield et al.,
2014). This is especially important in LMIC where it is not possible to access the entire population through physical
healthcare institutions due to a lack of resources (Goldenberg et al., 2016). Thus, mHealth has the potential to provide a
more cost efficient and effective solution to the GDM management problem (Lau et al., 2016). This combined with
mHealth’s other benefits, e.g. its ability to digitally record and display blood glucose data, underlies this review of the impact
of mHealth on the management of GDM, and its potential in LMIC.

Methods

This study broadly follows the Preferred Reporting Items for Systematic reviews and Meta-Analysis (PRISMA) framework
(Moher et al., 2009). The review addresses the research question: “Will mHealth be a more effective management solution
for women with GDM when compared with existing GDM management practices?”’

Inclusion criteria

Studies included in this review included women with GDM. However, pregnant women who had previously been diagnosed
with type 1 diabetes (T1D) or type 2 diabetes (T2D) were also included, because they followed a similar cycle of care as
women who were diagnosed with GDM (over the last 12 — 16 weeks of gestation), according to Mackillop et al. (2018).

The intervention of mHealth included all electronic devices which transferred data via an internet connection to provide
health information. The intervention was compared to existing GDM management practises, which included the process of
manually recording blood glucose levels in logbooks and presenting the data to healthcare professionals at medical check-
ups. Screening, diagnosis and recommended lifestyle changes were the same for intervention and comparison groups.

The primary outcome of this research was to gauge the effectiveness of the intervention by comparing intervention groups
and comparison groups regarding biological outcomes (blood glucose levels and HbAic levels). Secondary outcomes
include:

e maternal outcomes (vaginal delivery rates, caesarean section rates, gestational ages at delivery and gestational
hypertension rates),

e perinatal outcomes (birth weights, neonatal hypoglycaemia rates, macrosomia rates, Neonatal Intensive Care Unit
(NICU) admission rates and premature birth rates),

e behavioural outcomes (patient compliance in terms of blood glucose recordings),

e economic outcomes (frequency of outpatient services and healthcare related costs during pregnancy), and

e  cognitive outcomes (patient and healthcare professional satisfaction levels).

Journal articles published between January 2014 and December 2018 were included; the fast progression of mHealth-related
technologies meant that mHealth interventions prior to this 5-year period were deemed less relevant and thus were excluded.
All articles with population groups including animals or males were excluded. Only quantitative studies in the form of
randomised control trials (RCTs) and clinical control trials (CCTs) were included.

Search strategy

Table 1 shows the search strategy (adapted where necessary to specific databases). It includes the keywords used to search
the databases for relevant articles. The search was performed in the following databases, with the help of a professional
librarian: Academic Search Premier, CINAHL, Computers and Applied Sciences Complete, EBSCOHost, EI Compendex,
Health Source: Nursing/Academic Edition, IEEE Electronic Library, Pubmed, PsycINFO, Scopus, Technology Research
Database and Web of Science. Endnote was used as a reference management tool.

Study selection

The first author and co-author screened all articles based on title and abstract in an effort to identify potentially significant
articles from the original search. The full texts of the remaining articles were then evaluated; ineligible articles were excluded
based on the inclusion criteria.

The title and abstract screening and full text screening criteria used were as follows: the population group in the article was
women with GDM or pregnant women who had previously been diagnosed with type T1D or T2D; the intervention was
mHealth-related; and one of the primary outcomes was blood glucose levels.
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Table 1. Search strategy (adapted where necessary to specific databases).

#1 MeSH terms diabetes, gestational

#2 Free text (gestational or gestation or pregnancy-induced or (pregnancy induced)) and (diabetes or diabetic)

#3 (#1 OR #2)

#4 MeSH terms telemedicine or computers, handheld or medical informatics applications or mobile applications

#5 Free text Android or blog or cell phones or cellular phones or computer or digital health or digital health interventions or e-counselling

or eHealth or e-health or Facebook or handheld computers or ICT or information communications technology or iPad or
iPhone or internet-based or messaging or mHealth or m-health or mms or mobile apps or mobile applications or mobile-based
or mobile devices or mobile health or mobile phones or mobile technology or online chat or online social network or phone
or podcasts or portable electronic applications or SMS or smartphones or smart phone or social media or telecommunication
in medicine or telecare or telehealth or telephone-based or telemedicine or text messaging or text messages or tweet or twitter
or WhatsApp or WeChat or web-based or web site or website or web app

#6 #4 OR #5

#7 #3 AND #6

#8 Publication dates: 2014 - 2018
#9 #7 AND #8

Quality Assessment and Data Extraction

Each of the included studies was scored for risk of bias using the Cochrane Collaboration Risk of Bias Tool (Higgins et al.,
2003). Data relating to the primary and secondary outcomes were extracted by the author and stored in a Review Manager
(RevMan Version 5.3) comparison table. The extracted data included blood glucose levels, HbAic levels, vaginal delivery
rates, caesarean section rates, gestational ages, birthweights, hypoglycaemia rates, NICU admission rates, premature birth
rates, hypertension rates, patient compliance rates and healthcare costs.

Statistical Analysis

A meta-analysis was conducted with the aid of Review Manager (RevMan Version 5.3). For dichotomous outcomes, the
Mantel-Haenszel statistical method was used with the risk ratio (RR) as the effect measure. For outcomes of the continuous
data type, the inverse variance statistical method was used to report mean difference. Results were presented with a 95%
confidence interval (CI).

Given the variance across studies regarding technologies employed, standards of care, and research methods, a large amount
of heterogeneity was anticipated. Therefore, the random effects analysis model was applied and the I? characteristic reported.
Heterogeneity was estimated using 12, with an I? value greater than 50% representing substantial heterogeneity (Higgins et
al., 2003). The results were considered significant if the p value was less than 0.05. The pooled data were displayed in a
forest plot, but only if there were more than three studies with relevant data.

Results

The search process is depicted in Figure 1 as a PRISMA flow diagram (PRISMA, 2019). Once the search was complete, all
1109 references were saved in Endnote, which was used to automatically remove duplicates, leaving 875 unique articles.
Once the title and abstract of the articles were screened as per the eligibility criteria, 50 articles remained. The screening of
the full text of each article left 8 relevant articles. Articles were excluded for the following reasons: the article was a duplicate,
i.e. the results had been published elsewhere (n = 8), the full text was inaccessible (n = 7), the intervention or the population
did not meet inclusion criteria (n = 6), the results were not aligned with the required outcomes (n = 16), or the article was
not quantitative (specifically a RCT or CCT) in nature (n = 5).

Study Characteristics

Quantitative studies were used in the meta-analysis and to identify the main features and functions of existing mHealth
solutions for GDM. Systematic reviews were used as a source of related work to which results could be compared. Table 2
shows the characteristics of the eight quantitative studies extracted.

The eight quantitative studies included 791 participants, 399 in the intervention group and 392 in the control group. The
studies were conducted across nine countries, including the United States (Bartholomew et al., 2015), Switzerland (Bromuri
etal., 2016), Spain (Carral et al., 2015), Northern Ireland (Given et al., 2015), Republic of Ireland (Given et al., 2015), China
(Guo et al., 2018), United Kingdom (Mackillop et al., 2018), Israel (Miremberg et al., 2018) and Australia (Rasekaba et al.,
2018). All the individual studies were relatively small in size, ranging from 24 to 203 participants (a population size of
around 1000 was required according to Ming et al. (2016)). All the included articles were peer-reviewed, and all were
supported by grants. Seven studies used RCT designs and one used a CCT design (Carral et al., 2015).

Study Quality

The study quality was assessed by evaluating the risk of bias. Figure 2 depicts the risk of bias of the eight quantitative studies.
All the trials displayed potential sources of methodological bias. Six studies out of the eight adequately randomised the
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sequence generation. Two studies had adequate sequence concealment. Due to the nature of the intervention, blinding of
participants and personnel was not possible in any of the studies. None of the studies addressed the blinding of outcome
assessments and all were marked with an unclear risk. All the studies had an unclear risk of selective reporting.

Academic Search Premier CINAHL Technology Research Database Web of Science
2014-2018 2014-2018 2014-2018 2014-2018
180 Citation(s) 96 Citation(s) 41 Citation(s) 299 Citation(s)
Computers and Applied Sciences Complete EI Compendex Pubmed Scopus
2014-2018 2014-2018 2014-2018 2014-2018
13 Citation(s) 54 Citation(s) 298 Citation(s) 72 Citation(s)
Health Source: Nursing/Academic Edition IEEE Electronic Library PsycINFO
2014-2018 2014-2018 2014-2018
42 Citation(s) 0 Citation(s) 14 Citation(s)

L

875 Non-Duplicate
Citations Screened

825 Articles Excluded
After Title/Abstract Screen

Inclusion/Exclusion
Criteria Applied

50 Articles Retrieved

0 Articles Excluded
During Data Extraction

42 Articles Excluded
After Full Text Screen

Inclusion/Exclusion
Criteria Applied

4

8 Articles Included

Figure 1. PRISMA flow diagram

Random sequence generation (selection hias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance hias)

Blinding of outcome assessment (detection hias) |

Incomplete outcome data (attrition bias)

Selective reporting (reporting hias)

|
Other bias |

0% 26% 50% 75%  100%

B Low risk of bias []unclear risk of bias [l Hioh risk of bias

Figure 2. Risk of bias.
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Table 2. Characteristics of included studies.

Study Population Size Population Intervention Type 2
> @
(Intervention:Control) Type 2 2 m - m k] 2 @ g 3 A
z - = | £ || €| S|t 2
2|l g |2 | & |2 || 5|35 | 2|82 |8|sg|0
Sl 2|2 |2 |= |5 | g |E|E |28z
= % a 5 = oo B3] m = = Z g = =
= = = o ° ) 2z 3 « 2 e E=] "nl.m -]
o = z e0 o = = = =
= 2 £ G = = ) = =1 £ @ S =) =
g < () S 2 = =3 g @) 5 =3 < = S
— = < < 2] o=t > — = > = =) 5]
& = | > | O O | & == P z - = | O o =
Bartholomew et al. 74 GDM & T2D | App logbook with automatic data entry v v
(2015) (40:34) Data reviewed via website by HP
Bromuri et al. (2016) 24 GDM App logbook with manual data entry v
(12:12) Data reviewed via website by HP
Carral et al. (2015) 104 %Muﬁwz\r TID & | Website logbook with manual data entry v v v v v v v
(40:64) Data reviewed via website by HP
Given et al. (2015) 47 GDM Telemedicine hub with automatic data entry
(21:26) Dmﬁ.m available on website logbook for v v v v v v v v v
patients
Data reviewed via website by HP
Guo et al. (2018) 124 GDM App logbook with automatic or manual data
(64:60) entry v v v v v v v v
Data reviewed via app by HP
Mackillop et al. (2018) 203 GDM App logbook with automatic data entry
v v v v v v v v v v v
(101:102) Data reviewed via app by HP
Miremberg et al. (2018) 120 GDM App logbook with manual data entry v ¥ v ¥ v v v v
(60:60) Data reviewed via exported results by HP
Rasekaba et al. (2018) 95 GDM Website logbook with manual data entry v v v v v v v
(61:34) Data reviewed via website by HP
Total 791
(399:392)

HP=Healthcare Professional
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Biological Outcomes

Three studies assessed blood glucose levels (Figure 3) as an outcome (Bartholomew et al., 2015, Bromuri et al., 2016,
Miremberg et al., 2018). The meta-analysis revealed that the intervention reduced overall (pre-prandial and postprandial
combined) blood glucose levels with a mean difference of -0.38 mmol/L (3 studies, n = 218 participants, 95% CI -0.52
mmol/L to -0.23 mmol/L, I>= 0%).

The HbA i levels (Figure 4) were reduced by the intervention, as assessed by four studies (Carral et al., 2015, Given et al.,
2015, Guo et al., 2018, Mackillop et al., 2014), with a mean difference of -0.13% (4 studies, n = 449 participants, 95% CI -
0.47% t0 0.22%, 1> = 98%).

Intervention Control Mean Difference Mean Difference
Study or Subgroup  Mean [mmol/L] SD [mmol/L] Total Mean [mmol/L] SD [mmollL] Total Weight IV, Random, 95% CI [mmol/L] IV, Random, 95% CI [mmol/L]
Bartholomew 2015 5.49 074 40 5.69 0.71 34 18.3% -0.20[-0.53,0.13] ——
Bromuri 2016 5.4 1 12 57 1 12 31% -0.30 [-1.10, 0.50]
Miremberg 2018 5.83 048 60 6.25 0.41 60 78.6% -0.42[-0.58,-0.26) -
Total (95% CI) 112 106 100.0% -0.38 [-0.52, -0.23] L 2
Heterogeneity: Tau®= 0.00; Chi*=1.41, df= 2 (P = 0.49); F= 0% 51 -D= s 3 055 15
Test for overall effect: Z=5.20 (P < 0.00001) Favours fintervention] Favours [control]

Figure 3. Forest plot of blood glucose levels (total).

Intervention Control Mean Difference Mean Difference
Study or Subgroup Mean [%] SD[%] Total Mean [%] SD[%] Total Weight IV, Random, 95% CI [%] IV, Random, 95% CI [%]
Carral 2015 5.4 0.3 30 5.4 0.3 47 24.7% 0.00[-0.14,0.14] —
Given 2015 53 0.2 21 5.2 0.2 26 25.0% 0.10 [-0.02,0.22) el
Guo 2018 47 0.2 64 5.3 0.3 60 25.2% -0.60 [-0.69,-0.51] —-—
Mackillop 2018 548 034 100 548 035 101 252% 0.00[-0.10,0.10] —

Total (95% CI) 215 234 100.0% -0.13[-0.47,0.22] "

Heterogeneity: Tau®= 0.12; Chi*=126.04, df= 3 (P < 0.00001); F=98% 1

e - -1 -05 0 05 1
Testfor overall effect Z=0.71 (P = 0.48) Favours [intervention] Favours [control]

Figure 4. Forest plot of HbA . levels.

Maternal Outcomes

Mackillop et al. (2018), Miremberg et al. (2018) and Guo et al. (2018) found a higher probability of vaginal deliveries
(Figure 5) in the intervention group than in the control group (RR = 1.18; 3 studies, n = 447 participants, 95% CI 1.03 to
1.36, I = 0%).

Six studies reported on the number of caesarean sections (Carral et al., 2015, Given et al., 2015, Guo et al., 2018, Mackillop
et al., 2018, Miremberg et al., 2018, Rasekaba et al., 2018) as seen in Figure 6. The results showed that women in the
intervention groups were less likely to have a caesarean section (RR = 0.81; 6 studies, n = 693 participants, 95% CI 0.60 to
1.10, I2 = 46%)).

Of the above six studies, three reported on the number of emergency caesarean sections (Mackillop et al., 2018, Miremberg
et al., 2018, Rasekaba et al., 2018). They found that women in the intervention group were less likely to have an emergency
caesarean section than women in the control group (RR = 0.23; 3 studies, n = 418 participants, 95% CI 0.21 to 1.46, I> =
66%).

Four studies assessed the number of gestational hypertension cases (Carral et al., 2015, Given et al., 2015, Mackillop et al.,
2018, Miremberg et al., 2018). These studies found that women in the intervention group were less likely be diagnosed with
gestational hypertension than women in the control group (RR = 0.67; 4 studies, n = 474 participants, 95% CI 0.25 to 1.77,
I> = 0%). There was no difference found in gestational ages at delivery between the intervention and control groups.

Intervention Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Mackillop 2018 52 1 42 102 21.8% 1.25[0.93,1.69] 2018 -
Miremberg 2018 48 60 40 60 40.7% 1.20[0.96,1.49] 2018 —
Guo 2018 43 64 40 60 37.5% 1.13[0.90,1.41] 2018 —
Total (95% CI) 225 222 100.0% 1.18 [1.03, 1.36] -
Total events 148 122
Heterogeneity: Tau®= 0.00; Chi*=0.35, df= 2 (P=0.84), F=0% 0?5 D?? 1?5 é
Testfor overall effect: Z= 2.34 (P = 0.02) Favours [intervention] Favours [control]

Figure 5. Forest plot of normal vaginal deliveries.
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Intervention Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Carral 2015 12 40 26 64 16.3% 0.74[0.42 1.29 I E—
Given 2015 10 21 10 26 13.4% 1.24 [0.64, 2.40] e R —
Guo 2018 16 64 20 60 16.4% 0.75[0.43,1.31] —_— 1
Mackillop 2018 27 101 47 102 23.0% 0.58 [0.39, 0.85] e —
Miremberg 2018 12 60 20 60 145% 0.60([0.32,1.12] I
Rasekaba 2018 28 61 11 34 16.4% 1.42[0.81, 2.48] I
Total (95% CI) 347 346 100.0% 0.81[0.60, 1.10] 0
Total events 108 134
Heterogeneity: Tau®= 0.07; Chi*=9.33, df=5 (P = 0.10); F= 46% 05_2 0?5 é é

Testfor overall effect: Z=1.36 (P = 0.17) Favours [intervention] Favours [control]

Figure 6. Forest plot of caesarean sections.

Perinatal Outcomes

The neonatal hypoglycaemia cases (Figure 7) were assessed by four studies (Carral et al., 2015, Given et al., 2015, Guo et
al., 2018, Mackillop et al., 2018). The results showed that it was less likely for new-borns from the intervention group to be
diagnosed with hypoglycaemia than new-borns from the control group (RR = 0.67; 4 studies, n = 460 participants, 95% CI
0.48 t0 0.93, I = 0%).

The meta-analysis of the premature births (Figure 8) showed that it was less likely for new-borns from the intervention group

to be born prematurely than new-borns from the control group (RR = 0.50; 4 studies, n = 354 participants, 95% CI 0.23 to
1.09, I? = 0%), as shown by four studies (Carral et al., 2015, Given et al., 2015, Mackillop et al., 2018).

Three studies (Given et al., 2015, Guo et al., 2018, Rasekaba et al., 2018) assessed the number of macrosomia cases. The
studies found that new-borns from the intervention group were more likely to have macrosomia than new-borns from the
control group (RR = 1.44; 3 studies, n = 266 participants, 95% CI 0.44 to 4.67, I> = 40%). There were no differences found
in birthweights and NICU admissions between the intervention and control groups.

Intervention Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Carral 2015 1 40 2 64 2.0% 0.80[0.07, 8.54]
Given 2015 4 21 6 26 88% 0.83[0.27,2.55) —
Guo 2018 1 64 2 60 2.0% 0.47 [0.04, 5.04]
Mackillop 2018 M 96 44 89 87.2% 0.65 [0.45, 0.93] . =
Total (95% CI) 221 239 100.0% 0.67 [0.48, 0.93] <>
Total events 37 54

ity: e :Chi*= = = R= } t } :
Heterogeneity: Tau*= 0.00; Chi*=0.26, df=3 {(P=0.97), F=0% 00 02 : 20

Testfor overall effect: Z=2.38 (P =0.02) Favours [intervention] Favours [control]

Figure 7. Forest plot of neonatal hypoglycaemia cases.

Intervention Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Carral 2015 3 40 5 64  32.0% 0.96 [0.24, 3.80] —a—
Given 2015 0 21 2 26 68% 0.25[0.01, 4.85)
Mackillop 2018 5 101 13 102 61.2% 0.39[0.14,1.09] —l—
Total (95% ClI) 162 192 100.0% 0.50 [0.23, 1.09] -
Total events 8 20

it 2 — . i = - = R = { : : :
Heterogeneity: Tau*= 0.00; Chi*=1.34, df=2 {(P=0.51); F=0% N1 01 10 100

Testfor overall effect: Z=1.73 (P = 0.08) Favours [intervention] Favours [control]

Figure 8. Forest plot of premature births.

Cognitive Qutcomes

Three studies assessed patient compliance (actual blood glucose measurements divided by instructed measurements) as an
outcome (Bartholomew et al., 2015, Guo et al., 2018, Miremberg et al., 2018). The meta-analysis revealed that women in
the intervention group were 10.9% (3 studies, n = 318 participants, 95% CI -0.27% to 22.06%, 1> = 99%) more compliant
than women in the control group. Mackillop et al. (2018) and Bromuri et al. (2016) supported these findings; however, their
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measures of compliance were different to those of the three studies included in the meta-analysis. Figure 9 shows a forest
plot of the patient compliance percentages.

Intervention Control Mean Difference Mean Difference
Study or Subgroup  Mean [%] SD [%] Total Mean [%] SD[%] Total Weight IV, Random, 95% CI [%] IV, Random, 95% CI [%]
Bartholomew 2015 893 633 40 876 519 34 33.4% 1.70 [-0.93, 4.33] =
Guo 2018 833 125 64 704 1041 60 32.6% 12.90 [8.91, 16.89] ——
Miremberg 2018 84 016 60 66 0.28 60 34.0% 18.00[17.92,18.08] u
Total (95% CI) 164 154 100.0% 10.90 [-0.27, 22.06] —-.—-
Heterogeneity: Tau®= 95.36; Chi*= 154.20, df= 2 (P < 0.00001); F=99% _250 ~150 1 1:0 250
Testfor overall effect: 2= 1.91 (P = 0.0) Favours [intervention] Favours [control]

Figure 9. Forest plot of patient compliance

Economic Outcomes

Mackillop et al. (2018) assessed the healthcare costs for women with GDM. It was found that women in the intervention
group paid a mean of £1044 (1 study, n = 203 participants, 95% CI —£2186 to £99) less than women in the control group.
However, the results were not statistically significant. Rasekaba et al. (2018) found that the intervention had no impact on
service provider costs.

The frequency of outpatient services was reduced by the intervention, as assessed by three studies (Guo et al., 2018,
Mackillop et al., 2018, Rasekaba et al., 2018), with a mean difference of -1.35 (3 studies, n = 422 participants, 95% CI -3.36
to 0.65, I> = 96%). Carral et al. (2015) supported these findings but reported the results in a different manner to the studies
included in the meta-analysis. Figure 10 shows a forest plot of the frequency of outpatient services.

Intervention Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Guo 2018 81 13 64 112 11 60 343% -3.10[-3.52,-2.68] ——
Mackillop 2018 465 289 101 506 286 102 33.0% -0.41[1.20, 0.38) — T
Rasekaba 2018 62 21 61 6.68 2 34 327%  -0.48[1.33,0.37] —
Total (95% CI) 226 196 100.0% -1.35[-3.36, 0.65] ——
Heterogeneity: Tau®= 3.00; Chi*= 52.62, df= 2 (P < 0.00001); F= 96% 54 52 b 5 ‘i
Testfor overall effect Z=1.33 (P=0.19) Favours [intervention] Favours [control]

Figure 10. Forest plot of the frequency of outpatient services

Behavioural Outcomes
The benefits reported by the various studies included:

e the convenience of recording blood glucose levels digitally as opposed to paper logbooks (Garnweidner-Holme et
al., 2018, Pais et al., 2017, Skar et al., 2018) and the convenience of viewing the results graphically (Skar et al.,
2018),
the smaller chance of error in digital data entry (Mackillop et al., 2018),
the alerts and reminders provided by the mHealth platform (Anderson, 2017),
the two-way communication with healthcare professionals who can provide feedback (Anderson, 2017),
the ease of access to GDM related information for patients (Garnweidner-Holme et al., 2018, Skar et al., 2018),
the transport and outpatient service time saved for patients (Hirst et al., 2015),
the real-time analysis of blood glucose data by healthcare professionals (Mackillop et al., 2018),
the ease of access to patient data for healthcare professionals (Pais et al., 2017), and

e time and cost effectiveness of remote monitoring for healthcare professionals (Pais et al., 2017).

The challenges reported by the various studies included:

e technical difficulties, especially relating to the automatic transfer of blood glucose levels, which created a barrier
for use for patients (Garnweidner-Holme et al., 2018, Skar et al., 2018),

e the lack of interoperability between mHealth apps and glucose meter devices (Skar et al., 2018),

e ensuring that mHealth provided GDM information matched with healthcare provided information (Garnweidner-
Holme et al., 2018, Skar et al., 2018),

e providing culturally inclusive nutritional advice to patients (Garnweidner-Holme et al., 2018),
the possible loss of privacy of patient data (Given et al., 2015), and
convincing healthcare professionals to adopt the new technology (Skar et al., 2018).
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Discussion

The eight studies included in the meta-analysis were small in population size and assessed different mHealth technologies,
so it was not possible to draw conclusions from all of the results. It was shown, however, that mHealth offered several
advantages in terms of biological outcomes, maternal outcomes, perinatal outcomes, cognitive outcomes and economic
outcomes. Many of the outcomes that favoured mHealth were based on substantially heterogeneous results (I > 50%) and
statistically non-significant margins (P > 0.05). The evidence showed no association of mHealth with harmful effects.

Several limitations were identified. The search was limited to English articles over a 5-year period from 2014 to 2018 to
exclude articles based on mHealth technology older than 5 years (due to the fast progression of mHealth related
technologies); this may have excluded relevant articles. The included studies all took place in developed countries which
meant that the mHealth solutions reviewed would have to be adapted to suit LMIC contexts. The small overall population
size was a limitation because the meta-analysis was likely to be underpowered and lacking the ability to detect less common
perinatal outcomes like shoulder dystocia and stillbirth. The variation in the mHealth technologies being tested, in the
screening protocols that were implemented and in local medical practices, may have contributed to the substantial
heterogeneity across many of the outcomes. Finally, seven studies were omitted because the full text was not accessible;
however, none of the omitted studies were RCTs or CCTs, so they were not expected to affect the results.

The eight studies included in the meta-analysis were deemed to contain moderate sources of potential bias. This was largely
due to the fact that the blinding of participants and personnel was not possible in any of the studies and none of the studies
addressed the blinding of outcome assessments or the risk of selective reporting.

The biological outcomes showed that mHealth resulted in a statistically significant decrease in overall blood glucose levels
(pre-prandial and postprandial combined). This was different from studies reviewing trials conducted prior to 2014, which
did not find statistically significant evidence that the mHealth intervention reduced blood glucose levels in women with
GDM (Ming et al., 2016, Rasekaba et al., 2015). The improved blood glucose levels may be as a result of newer mHealth
technologies, which had become more effective due to the continuous research on this subject, or this may be a skewed result
due to the limitations of the study, such as the small population size. The reduction in blood glucose levels was likely due to
women, who were using the intervention, receiving direct feedback from healthcare professionals, the ease of access to GDM
information through the intervention, the monitoring of diet, weight gain and medication adherence, and the automated alerts
and reminders that went with the mHealth interventions. The impact of mHealth on blood glucose levels could be larger in
LMIC, because of the higher mismanagement occurring in these countries due to a lack of resources (Goldenberg et al.,
2016).

The results showed that mHealth interventions helped women to reduce their HbA 1. levels, which is consistent with previous
meta-analyses (Lau et al., 2016, Ming et al., 2016, Rasekaba et al., 2015). The reduction in HbA . levels found were not
statistically significant and were based on substantially heterogenous data, however. The reduction in HbAi. levels was
likely due to tighter control of blood glucose levels due to the use of mHealth.

The maternal outcomes showed that mHealth successfully increased the probability of a normal vaginal delivery by a
statistically significant amount, based on homogeneous data. Reductions in the probability of caesarean sections, emergency
caesarean sections and gestational hypertension, as a result of the intervention, were not statistically significant. All these
outcomes were based on data of acceptable heterogeneity, except for the emergency caesarean section outcome. The meta-
analysis found no difference in gestational ages at delivery. These finding were not in keeping with previous meta-analyses
that assessed maternal outcomes. Previous studies found mHealth to result in increases in caesarean sections (Lau et al.,
2016, Ming et al., 2016) and gestational hypertension cases (Ming et al., 2016); these studies reported results that were not
statistically significant. However, the findings of the current study agree with those of Rasekaba et al. (2015), who also
found a statistically non-significant decrease in caesarean sections due to mHealth. None of the previous systematic reviews
reported on normal vaginal delivery rates as is done in the current study.

The meta-analysis of the perinatal outcomes found no statistically significant results for the analysis on birthweights,
macrosomia rates, NICU admissions or premature births, as found by previous reviews (Lau et al., 2016, Ming et al., 2016).
There was, however, a statistically significant reduction in the probability of neonatal hypoglycaemia, based on
homogeneous data, which was not found in previous studies. Although not statistically significant, the meta-analysis also
found a notable reduction in the probability of a premature birth due to the use of mHealth.

The cognitive outcomes were not statistically significant; however, patient compliance was improved by the intervention.
The data were substantially heterogeneous due to the possible differences in methods used to measure patient compliance.
Patient compliance was not measured in previous studies, but previous studies found that mHealth motivated patients in the
self-management of their disease (Lau et al., 2016, Ming et al., 2016, Rasekaba et al., 2015); this may explain the improved
compliance found in the present analysis. It is expected that mHealth could have a larger impact on patient compliance in
LMIC, where the interventions could be used to manage blood glucose levels remotely, addressing access constraints.

Economic outcomes were assessed in previous studies, which found that mHealth reduced the need for face-to-face
consultations while achieving similar maternal and perinatal outcomes (Ming et al., 2016, Rasekaba et al., 2015). Rasekaba
et al. (2015) found two studies which reported a net cost saving for GDM patients using mHealth. The reduction in the
frequency of outpatient services was a probable reason for the healthcare costs for patients to be reduced. The Ming et al.
(2016) and Rasekaba et al. (2015) findings were supported by the current study which reported a notable, but statistically
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non-significant reduction in outpatient services due to mHealth (although this result was based on substantially
heterogeneous data). The reduction in the frequency of outpatient services would be of specific importance in LMIC, given
the lack of access to healthcare facilities. This may result in a reduction in cost for patients with GDM in LMIC.

Five studies (Garnweidner-Holme et al., 2018, Hirst et al., 2015, Nicholson et al., 2016, Pais et al., 2017, Skar et al., 2018)
reported that mHealth was associated with high levels of patient satisfaction; this was in agreement with a previous meta-
analysis (Ming et al., 2016). The major benefits of using mHealth to manage GDM included the convenience of digital
record keeping and the time and cost effectiveness associated with being remotely monitored by healthcare professionals.
Some of the challenges reported in the study included technical difficulties associated with the use of technology and various
data privacy concerns.

Conclusion

Using mHealth as an intervention resulted in a statistically significant decrease in overall blood glucose levels during
pregnancy when compared to a control group. There was a higher probability of vaginal deliveries in the intervention group
than in the control group. It was less likely for new-borns from the intervention group to be diagnosed with hypoglycaemia
than new-borns from the control group. The results suggest that mHealth has the potential to aid the management and
monitoring of women with GDM in LMIC, but further research would be required to address LMIC contexts specifically.
The major advantage of mHealth in LMIC could lie in its ability to support remote monitoring and reduce outpatient services,
thereby reducing healthcare costs for patients. This would be particularly beneficial in resource-scarce settings where
conventional methods of GDM management, such as seeing a healthcare professional at a healthcare facility, are not always
possible due to the lack of availability, lack of access and high healthcare-related costs.
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