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OBJECTIVE

SMART-GDM examined whether Habits-GDM, a smartphone application (app)
coaching program, can prevent excessive gestational weight gain (EGWG) and
improve glycemic control and maternal and neonatal outcomes in gestational
diabetes mellitus (GDM).

RESEARCH DESIGN AND METHODS

In this randomized controlled trial, women diagnosed with GDM between 12 and
30 weeks were randomly assigned to usual care (control) or to additional support
from Habits-GDM that integrated dietary, physical activity, weight, and glucose
monitoring (intervention). The primary outcomewas the proportion of participants
with EGWG. Secondary outcomes includedabsolute gestationalweight gain (GWG),
glycemic control, and maternal, delivery, and neonatal outcomes.

RESULTS

In total, 340 women were randomized (170 intervention, 170 control; mean6 SD
age 32.0 6 4.2 years; mean BMI 25.6 6 5.6 kg/m2). There were no statistically
significant differences in the proportions of women with EGWG, absolute GWG, or
maternal and delivery outcomes between experimental groups. Average glucose
readings were lower in the intervention group (mean difference 20.15 mmol/L
[95%CI20.26;20.03], P5 0.011) aswere the proportions of glucose above targets
(premeal: 17.9% vs. 23.3%, odds ratio 0.68 [95% CI 0.53; 0.87], P 5 0.003; 2-h
postmeal: 19.9%vs. 50%,0.54 [0.42;0.70],P<0.001).Whenregardedasacomposite
(although not prespecified), the overall neonatal complications (including birth
trauma, neonatal hypoglycemia, hyperbilirubinemia, respiratory distress, neonatal
intensive care unit admission, and perinatal death) were significantly lower in the
intervention group (38.1% vs. 53.7%, 0.53 [0.34; 0.84], P 5 0.006).

CONCLUSIONS

When added to usual care, Habits-GDM resulted in better maternal glycemic
control and composite neonatal outcomes (nonprespecified) but did not reduce
EGWG among women with GDM.
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Gestational diabetes mellitus (GDM) af-
fects20–30%ofpregnancies in Singapore
(1,2). It is associated with increased ce-
sarean section (CS) and the risk of pre-
eclampsia, preterm labor, macrosomia,
and neonatal hypoglycemia (3). Good
glycemic control has been shown to re-
duce complications (4).
Besides glycemic control, avoiding ex-

cessive gestational weight gain (EGWG)
may be an important goal. EGWG is as-
sociated with a higher risk of hyperten-
sive diseases in pregnancy, CS (5), and
large-for-gestational-age infants inde-
pendently of GDM (6). It is also a strong
predictor of postpartum weight reten-
tion (7), which in turn predicts future
development of type 2 diabetes (8). How-
ever, evidence on the effectiveness of
lifestyle interventions in reducing EGWG
is mixed, with some trials showing im-
provement and others showing no sig-
nificant benefit (9–11).
In Singapore, as in many countries,

womenwith GDMare supported to carry
out self-care through face-to-face con-
sultations and lifestyle intervention pro-
grams. These activities are resource
intensive, do not allow for learning to
be spaced over time to facilitate better
encoding and information retention, or
do not allow patients to revisit informa-
tion at their preferred time. Additionally,
patient support and feedback typically
occur only during consultations and may
not be delivered in a timely manner. The
use of mobile technologies could fill
these gaps and has been demonstrated
to improve glycemic control, adherence,
blood pressure, depression, and self-
management among nonpregnant patients
withdiabetes (12,13).Thewidespreaduse
of smartphones worldwide provides a
promising opportunity to harness tech-
nology to improve diabetes care and
self-management (14,15).
GDM may provide an ideal clinical

scenario for the use of smartphone tech-
nologies to improve outcomes. First,
studies (including our own interviews of
women with GDM) have found that
women of childbearing age prefer and
accept web-based and smartphone ap-
plication (app)-based support for diabe-
tes management (16–19). Second, they
are generally highly motivated, driven
by concern for the well-being of their
babies. Additionally, the short-lived and
finite intervention period (from the di-
agnosis of GDM until delivery) reduces

the likelihood of technology fatigue.
While there have been several studies
examining the use of technologies such
as websites, phone calls, short message
service (SMS), e-mails, and telemonitor-
ing to reduce gestational weight gain
(GWG) or HbA1c with largely positive
findings (20,21), these technologies
are not so relevant today. There are
only a handful of smartphone apps de-
signed specifically for GDM (16,22–25),
andmoststill involveasignificantamount
of manual feedback by health care pro-
fessionals, which is resource intensive.

In this randomized controlled trial (RCT),
we sought to examine the effectiveness of
Habits-GDM, a largely automated smart-
phone app-based lifestyle coaching pro-
gram designed for women with GDM,
aimed at preventing EGWG. As secondary
aims, we assessed its efficacy on glycemic
control and prevention of GDM-related
maternal and perinatal complications.

RESEARCH DESIGN AND METHODS

The Web/Smartphone-Based Lifestyle
Coaching Program in Pregnant Women
With Gestational Diabetes (SMART-GDM)
was a single-center RCT conducted at
National University Hospital (NUH), a
tertiary care hospital in Singapore. This
study was approved by the National
Healthcare Group Domain Specific Re-
view Board and was prospectively reg-
istered as a clinical trial. All participants
provided written informed consent be-
fore commencement of study procedures.

Eligibility Criteria
Universal screening for GDM was adop-
ted at NUH in January 2017.Womenwho
were diagnosed with GDM between 12
and 30 weeks of gestation and had
completed face-to-face GDM education
sessions as part of usual care were eli-
gible for the trial. GDM was diagnosed if
there was at least one abnormal plasma
glucose ($5.1, 10.0, and 8.5 mmol/L for
fasting, 60 min, and 120 min, respec-
tively) after a 75-g oral glucose tolerance
test (OGTT), using the World Health
Organization 2013 criteria (26). Other
inclusion criteria were age $21 years,
singleton pregnancy, possession of a
smartphone, ability to navigate an app,
proficiency in English, a plan to deliver
the baby at NUH, and ability to provide
informed consent. Exclusion criteria were
preexisting diabetes of any type before
the current pregnancy, unavailability of

first trimester (#12 weeks gestation)
weight, need for insulin therapy at the
start of GDM diagnosis, heart failure,
chronic kidney disease, feeding and eat-
ing disorders, history of bariatric surgery,
use of long-term systemic corticoste-
roids, impaired mobility, and concom-
itant participation in other phase I–III
clinical trials of investigational medici-
nal products.

Randomization
Participants were randomly allocated to
either intervention or control in a 1:1
fashion on thebasis of randompermuted
blocks with varying sizes of four and
six, assuming equal allocation between
treatment arms. Randomization was strat-
ified according to ethnicity (Chinese or
non-Chinese) and prepregnancy BMI
(,25 or $25 kg/m2). The randomized
sequence was generated using the ralloc
command of Stata statistical software.
Allocation was concealed, as the assign-
ment of intervention was made through
a central call center.

Treatment
This study was designed specifically to
isolate the effect of introducing the app
into the existing care pathway; hence,
participants in both arms received the
same usual care at NUH. Usual care
included one face-to-face education ses-
sion 1–2 weeks from diagnosis conducted
jointly by a diabetes nurse educator and
dietitian. This is a group (four to six
patients) teaching session that lasts 1–
1.5 h. A 1-h-long, individual session was
provided for those with plasma glucose
at 120 min of .11.1 mmol/L on OGTT.
The sessions covered pathophysiology
and complications of GDM, healthy eat-
ing, carbohydrate exchange, and future
risk of diabetes but not GWG. Self-
monitoring of blood glucose (SMBG)
using the Aina or Aina Mini glucometer
was initiated, typically seven times a day
for 2–3 days a week.

Subsequent care was provided by at-
tending obstetricians. Further advice on
diet and lifestyle modification and initi-
ation of insulin and/or metformin was
individualized on the basis of SMBG
results. In general, insulin was initiated
when two or more readings within a
7-point capillary glucose profile on any
2 days of a week exceeded 5.5 mmol/L
(premeal) or 6.6 mmol/L (2 h postmeal).
Once insulinwas initiated, SMBG frequency
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was increased to seven times daily. Pa-
tientswere referred to theendocrinology
service if their 120-min plasma glucose
on OGTT was $11.1 mmol/L or when
insulin exceeded 20 units/day. The clini-
cians were not blinded to the group al-
location. The frequency of clinic visits
was typically two to four weekly until 32
weeks, then two weekly until 36 weeks,
and weekly until delivery, but it could
be increased on the basis of individual
situations.
In addition to usual care, participants

in the intervention group downloaded
the Habits-GDM app and were given a
Bluetooth weighing scale. The app was
passcode protected throughout the study
period such that access was restricted
to only participants in the intervention
group. Habits-GDM was codeveloped
with Jana Care, the creators of the Habits
program, a smartphone app for diabetes
management among nonpregnant indi-
viduals (https://www.habitsprogram.com).
It targets behavior change to achieve
optimal weight and glycemia by provid-
ing education, easy monitoring, timely
feedback, and cues to empower patients
to make lifestyle changes. Preliminary
studies examining theHabits programon
weight changes, caloric intake, and phys-
ical activity have shownpromising results
(27). The components of its design fit
the key constructs of the Health Belief
Model, including perceived threat, bar-
riers, benefits, self-efficacy, and cues to
action (28). Incorporating behavior change
theories into the program design is impor-
tant for improving program adherence
and success, and the Health Belief Model
has been considered relevant for preg-
nant women (19,29).
Habits-GDM is a modification of the

original Habits programdesigned toequip
women with GDM with the means to
independently manage andmonitor their
own condition. It also takes into consid-
eration the nutritional requirements and
exercise restrictions during pregnancy as
well as the need to prevent EGWG as
opposed to weight loss, which is the aim
of the original program.
The program comprises 12 interactive

lessons;diet, SMBG,physical activity, and
weight tracking tools; and a messaging
platform with health care professionals.
The content was codeveloped by endo-
crinologists, obstetricians, diabetes edu-
cators, and dietitians at NUH. The lesson
content was similar to the in-person

education provided to both study arms,
with additional modules on GWG and
more detailed dietary and physical ac-
tivity guidance. Provided in “bite-sized”
modules, participants could go through
the lessons at their own pace and revisit
them whenever they wished.

Participants in the control group man-
ually recorded their SMBG readings on a
paper diary, which is usual care at NUH.
For the intervention group, the readings
were automatically captured into Habits-
GDMthat interfaceswith theAinaorAina
Mini glucometer. The app would prompt
participants to capture a 7-point capillary
glucose profile on any 2 days of the week
(increased to daily if on insulin). SMBG
reports were generated weekly for them
to monitor progress, which were re-
viewed by their health care teams as in
the control group.

A database of common foods in Sin-
gapore was incorporated into Habits-
GDM. To avoid overloading the users
with information, only two variables
(total calories and carbohydrates) rele-
vant to blood glucose and weight man-
agement were provided for each food.
Drawing from principles of ecological
momentary interventions (30,31), the
use of the food databasewas specifically
designed to get participants to reflect
and learn from the exercise rather than
to capture dietary intake accurately.
Rather than collecting comprehensive
dietary information in the formof a food
diary, participants were cued through
automatedmessages to record their diet
in the preceding 2–4 h when their 2-h
postmeal glucose readings were .6.6
mmol/L, maximizing ecological circum-
stances for real-time reflections and
learning.

To assist them with weight manage-
ment, participants were provided with
a Bluetooth weighing scale, which links
directly to the app. Participants were
prompted by automated messages to
weigh themselves weekly. Weight gain
was assumed to be linear over the course
of pregnancy. Optimal GWGwas defined
as per the 2009 Institute of Medicine
guidelines (32).We superimposeda range
of weights that was considered optimal
on the basis of the mother’s prepreg-
nancy BMI on the recorded weight-by-
timegraphon their app. The frequency of
prompts to weigh themselves increased
to daily once GWG exceeded the optimal
range.

Habits-GDM also has a manual chat
function where participants could pose
questions and the health care team
would respond within 24 h. The health
care team did not reach out proactively
through this function because most of
the coaching was designed to be auto-
matedasdescribedabove.Moredetailed
description on Habits-GDM, including
screen shots of the interface, are pro-
vided in Supplementary Information 2.

Outcome Evaluation
All participants were followed up at 35–
37 weeks of gestation for face-to-face
administration of questionnaires on de-
pression and anxiety. Information on
maternal and neonatal outcomes were
collected from delivery medical records.
Additional data, including SMBG and
frequency of interactive lessons accessed
and weight tracking, were extracted from
electronic and paper medical records as
well as from the Habits-GDM app as
required.

Sample Size Calculation
The sample size was estimated on the
basis of EGWG as the primary end point
of interest. It was postulated that 30%
of the control group would experience
EGWG (on the basis of 6-month retro-
spective data of clinic patients) and that
a reduction to 15% with EGWG in the
intervention group was considered to
be clinically important. A sample size of
170 participants per arm on the basis
of a two-sided significance level of 5%
would provide a power of at least 85% to
detect this difference, after accounting
for an anticipated attrition rate of 10%.

Primary Outcome
Theprimaryoutcomewas theproportion
ofparticipantswhohadEGWG.GWGwas
calculated by subtracting the first re-
corded weight in pregnancy at or before
12weeks gestation from themost recent
weight taken in the hospital clinics or
wards before delivery. The clinical staff
taking the weight were not aware of
whether the patient was enrolled in a
study or in which arm. The weighing
scales (Avamech B1000 or seca 703)
were standardized monthly using stan-
dard weights of 20, 40, and 60 kg. EGWG
was defined as GWG exceeding the rec-
ommended GWG for each prepregnancy
BMI category by gestational age at de-
livery on the basis of the 2009 Institute of
Medicine guidelines (32).
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Secondary Outcomes
Secondary outcomes included absolute
GWG, adherence to SMBG (frequency of
SMBG performed), glycemic control (av-
erage blood glucose readings and the
proportion of glucose above targets
[premeal .5.5 mmol/L, 2-h postmeal
.6.6 mmol/L]), the proportion of par-
ticipants requiring insulin therapy, ma-
ternal and delivery outcomes, and
neonatal complications. Maternal out-
comes included hypertensive disorders
of pregnancy (nonproteinuric pregnancy-
induced hypertension, preeclampsia,
eclampsia), depression (measured using
theEdinburghPostnatalDepressionScale)
(33), and anxiety (measured using the
State-Trait Anxiety Inventory) (34). De-
livery outcomes included mode of de-
livery, preterm delivery before 37 weeks
of gestation, Apgar score at 1 and 5 min,
birth weight, and macrosomia (birth
weight .4 kg). Neonatal complications
included birth trauma (shoulder dystocia
and soft tissue, bone, nerve, and intra-
abdominal injuries), neonatal hypoglyce-
mia (capillary blood glucose,2.6mmol/
Lwithin24hofbirth), hyperbilirubinemia
(according to diagnosis by attending pe-
diatricians), respiratory distress, neona-
tal intensive care unit (NICU) admission
within 24 h of birth, and perinatal death.
A composite measure of neonatal com-
plications defined by the presence of any
oneof these conditions is also presented.
The trial data were collected on printed
forms and entered into a REDCap web
database by the study team.

Statistical Analysis
Difference in proportion of participants
withEGWG,participants requiring insulin
therapy, mode of delivery, hypertensive
disorders, preterm delivery, Apgar score
of ,7 at 1 and 5 min, and neonatal
complications were compared between
groups using the Fisher exact test. The
effect estimates are presented as odds
ratios (ORs)with95%CIs. Covariates such
as insulin treatment of GDM and the
presence of baseline EGWG for gestation
at enrollment into the study were ac-
counted forusing logistic regressionanal-
ysis as appropriate.
For secondary outcomes, which are

continuousvariables suchasabsoluteGWG,
frequency of SMBG, average glucose
readings, depression and anxiety scores,
and birth weight, the mean differences
between interventions were compared

using the Student t test, with adjustment
for insulin treatment of GDM and pres-
ence of baseline EGWG in multiple linear
regression as appropriate. Prespecified
subgroup analyses stratified by whether
a participant already showed EGWG for
the gestational weeks at recruitment
were also performed for the primary
outcome and absolute GWG. All statis-
tical analyseswere generated using Stata
16 software and performed according to
the intention-to-treat principle. Statistical
significance was taken at P , 0.05. To
assess for safety because of concerns
that frequent reminder app messages
may cause increased anxiety and to ex-
amine the adequacy of the sample size,
a preplanned interim analysis was con-
ducted on 30 July 2018 when 167 par-
ticipants had been accrued, with 136
individuals completing follow-up and
contributing information. The reportwas
presented to a data and safety monitor-
ing committee comprising a multidisci-
plinary panel (an endocrinologist, an
obstetrician, and a statistician) indepen-
dent from the study team so that the
study operational team remained blinded
to the results.

RESULTS

A total of 340 eligible women (170 in-
tervention, 170 control) were enrolled
between September 2017 and Novem-
ber 2018. Two intervention and four
control participantswere lost to follow-up
because they returned to their home
country fordelivery (SupplementaryFig.1).
There was a further control participant
who delivered in another local hospital
and did not provide information on the
deliveryoutcomes.However, her depres-
sion and anxiety scores were collected
before delivery. One participant in each
arm withdrew from the trial but, never-
theless, contributed information to the
deliveryoutcomes.Thus, intotal,333par-
ticipants contributed to the analysis for
the primary outcome and delivery out-
comes. All participants, except for one in
the control group who withdrew very
shortly after recruitment, contributed
outcome information for frequency of
SMBG and blood glucose readings. Thir-
teen women (nine intervention, four
control) delivered before the scheduled
35–37-week gestational follow-up and
did not have their depression and anxiety
scores recorded. As such, only 319 par-
ticipants were included in the analysis of

the depression and anxiety outcomes.
Eighty-four (49.4%) participants in the
intervention group accessed the educa-
tional lessons. Mean 6 SD number of
weight values logged per week was
1.856 1.60, with 116 (68%) participants
logging weight at least once every week.

Participant Characteristics
Table 1 shows that the demographic
characteristics of participants in the two
study arms were comparable, with sim-
ilar distributions for age, BMI, ethnicmix,
and OGTT glycemia. The mean prepreg-
nancy BMI was 25.6 6 5.6 kg/m2, and
47.7% were overweight or obese with a
BMI $25 kg/m2. The proportion with
EGWG at recruitment was also similar
betweengroups, aswere theproportions
with a history of previousGDMandmean
HbA1c at GDM diagnosis.

Primary andOtherMaternalOutcomes
The effect of intervention on the pro-
portion with EGWG (OR 1.55 [95% CI
0.84; 2.87], P 5 0.152), absolute GWG
(mean difference 0.58 kg [95% CI20.32;
1.49], P5 0.207), hypertensive disorders
of pregnancy, or insulin use was not
statistically significant (Table 2). Adjust-
ment for insulin use or baseline EGWG
did not materially affect these outcomes
(Supplementary Table 3). However, the
average glucose readings were lower in
the intervention group than in the con-
trol group (meandifference20.15mmol/
L [20.26; 20.03], P 5 0.011), with no
differences in the frequency of SMBG.
The proportions of glucose above targets
were also significantly lower in the in-
tervention than in the control group
(premeal: 17.9%vs. 23.3%,OR0.68 [0.53;
0.87], P5 0.003; 2-h postmeal: 19.9% vs.
50%, 0.54 [0.42; 0.70], P , 0.001). The
intervention did not increase anxiety or
depression. Furthermore, in the prespe-
cified subgroup analyses according to
EGWG at recruitment, there was no dif-
ference between study arms with respect
to proportion with EGWG and absolute
GWG by the end of pregnancy (Supple-
mentary Table 4).

Delivery Outcomes
There were 98 (58%) and 85 (52%) male
babies in the intervention and control
groups, respectively. There was no dif-
ference between groups with respect to
mode of delivery, preterm delivery, Ap-
gar score ,7 at 1 and 5 min, and mean
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birth weight of babies. There were only
two cases of macrosomia in the control
group but none in the intervention group.

Neonatal Complications
A total of 152 infants (64 intervention,
88 control) experienced at least one of
the specified neonatal complications.
Although there were fewer events of

neonatal hypoglycemia, hyperbilirubine-
mia, respiratory distress, and NICU ad-
mission in the interventionversus control
group, these differences did not reach
statistical significance individually.When
regarded as a composite (although not
prespecified), the overall neonatal com-
plications were significantly lower in the
intervention group (38.1%) than in the

control group (53.7%; OR 0.53 [95% CI
0.34; 0.84], P 5 0.006) (Table 3). The
proportion experiencingbirth traumawas
similar in both groups (4%), and therewas
one perinatal death in the control group
because of hemolysis, elevated liver en-
zymes, and low platelet count syndrome
associated with stillbirth at 37 weeks of
gestation.

CONCLUSIONS

SMART-GDM showed that the use of a
smartphoneapp-based lifestyle coaching
programdesigned specifically forwomen
with GDM did not substantially reduce
the odds of EGWG compared with usual
care. However, women in the interven-
tiongroupdemonstratedbetter glycemic
control, and this was associated with
fewer composite adverse neonatal out-
comes, mainly as a consequence of re-
duced neonatal hypoglycemia.

A systematic review andmeta-analysis
on the useof telemedicine for diabetes in
pregnancy found insufficient evidence of
superiority over usual care, but the trials
included were small and displayed po-
tential methodological bias and the tech-
nologieswere not smartphone apps (21).
To our knowledge, there are only four
published RCTs that evaluated a smart-
phone app-based solution for the man-
agement of GDM (16,22–24). Improved
GWG was reported in two such trials
(22,24), and improved glycemia (mean
SMBG, proportion of off-target pre- and
postprandial glucose) and compliance
with SMBG were also reported in two

Table 1—Patient characteristics by experimental group

Intervention
(n 5 170)

Control
(n 5 170)

Total
(n 5 340)

Age (years) 31.7 6 4.0 32.2 6 4.4 32.0 6 4.2

Ethnicity
Chinese 75 (44.1) 74 (43.5) 149 (43.8)
Non-Chinese* 95 (55.9) 96 (56.5) 191 (56.2)

Prepregnancy BMI (kg/m2) 25.5 6 5.5 25.6 6 5.7 25.6 6 5.6

Nulliparous 82 (48.2) 83 (48.8) 165 (48.5)

Gestation at recruitment (weeks) 27.0 6 3.2 26.7 6 3.7 26.9 6 3.5

Gestation at delivery (weeks) 38.5 6 1.9 38.7 6 1.1 38.6 6 1.6

Plasma glucose on OGTT (mmol/L)
0 min 4.7 6 0.5 4.6 6 0.5 4.7 6 0.5
60 min† 10.3 6 1.4 10.2 6 1.2 10.3 6 1.3
120 min 8.6 6 1.4 8.6 6 1.3 8.6 6 1.3

Preexisting hypertension 6 (3.5) 0 (0) 6 (1.8)

Prenatal smoking 4 (2.4) 2 (1.2) 6 (1.8)

Prenatal alcohol consumption 23 (13.5) 23 (13.5) 46 (13.5)

History of previous GDM‡ 19 (11.3) 21 (12.7) 40 (12.0)

Family history of diabetes§ 69 (42.3) 79 (47.3) 148 (44.8)

HbA1c at recruitment
%| 5.3 6 0.4 5.3 6 0.4 5.3 6 0.4
mmol/mol| 34.4 6 4.7 34.2 6 4.5 34.4 6 4.6

EGWG at recruitment 38 (22.4) 34 (20.0) 72 (21.2)

Data are mean6 SD or n (%). *Non-Chinese included Malays, Indians, and other minority ethnic
groups such as Burmese, Filipino, Pakistani, Sikh, Sri Lankan, Thai, and Vietnamese. †Two with
missingdata.‡SevenwithhistoryofGDMunknown.§Tenwith familyhistoryofdiabetesunknown.
|One missing HbA1c in each arm.

Table 2—Primary and other maternal outcomes by experimental group

Intervention (n 5 170) Control (n 5 170) Effect estimate (95% CI) P value

Primary outcome
EGWG by end of pregnancy* 35 (20.8) 24 (14.6) 6.29 (21.88; 14.45) 0.152

Secondary outcomes
Absolute GWG (kg)* 9.03 6 4.49 8.44 6 3.88 0.58 (20.32; 1.49) 0.207
Frequency of SMBG per week† 12 6 5 12 6 6 0 (21; 1) 0.745
Blood glucose readings (mmol/L)† 5.40 6 0.53 5.54 6 0.53 20.15 (20.26; 20.03) 0.011
Proportion of glucose above target†‡
Premeal .5.5 mmol/L 30 (17.9) 39 (23.2) 0.68 (0.53; 0.87) 0.003
2-h postmeal .6.6 mmol/L 34 (19.9) 50 (29.4) 0.54 (0.42; 0.70) ,0.001

Insulin treatment* 17 (10.1) 27 (16.4) 26.24 (213.50; 1.01) 0.106
Hypertensive disorder of pregnancy* 8 (4.8) 4 (2.4) 2.34 (21.64; 6.32) 0.489
EPDS§ 5.1 6 4.1 5.3 6 4.3 20.25 (21.17; 0.67) 0.589
STAI state score§ 33.50 6 9.50 33.52 6 9.57 20.02 (22.12; 2.09) 0.988
STAI trait score§ 32.71 6 8.14 33.42 6 8.63 20.71 (22.56; 1.13) 0.448

Data are mean 6 SD or n (%) unless otherwise indicated. Effect estimate for comparison of means and proportions refers to mean difference and
difference inproportions, respectively, except forproportionof glucoseabove targets,whichare in termsofORs. EPDS, EdinburghPostnatal Depression
Scale; STAI, State-Trait Anxiety Inventory. *Seven with missing observations (two intervention, five control). †One missing observation in the control
groupbecauseof studywithdrawal.‡Analyzed throughmixed-effects logistic regression to take into accountpossible intracorrelation inmeasurements
taken at the various time points and assuming random effects of individuals and weeks of gestation nested within individuals. An interaction between
intervention and meal type (pre- or postmeal) was also included in this model. §Twenty-one missing observations (12 intervention, 9 control).
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studies (16,22). No studies showed dif-
ferences in maternal and neonatal out-
comes, except for a lower rate of CS in
one (23). SMART-GDM is the largest RCT
to date, adding to the literature reinforc-
ing the effectiveness of the use ofmobile
technologies for supporting themanage-
ment of glycemia in GDM. It is the first to
demonstrate an associated reduction in
adverse neonatal outcomes.
There are several possible reasons for

the intervention to show better glycemic
control but not the primary outcome of
EGWG. First is the intensity of interven-
tion. While the interventions in these
RCTs used smartphone apps, all of them
included proactive manual feedback by
health care professionals, which was
resource intensive. These included in-
dividualized daily manual feedback (up
to 2 h daily, including weekends) and
immediate answers to questions posed
through the app (16,22), proactive re-
view of SMBG readings one to three
times weekly and sending of feedback
manually (23,24), alerts sent to the health
care team when there was an abnormal
SMBG reading (22–24), and proactive
communication using a conversationmap
(24). In contrast, Habits-GDM provided
largely automated interactive coaching
to promote self-awareness of specific
lifestyle choices at momentary periods
in daily lives, minimizing the need of
intensive human resources, and this may
have had an impact on the magnitude

of effect. The temporal connection be-
tween lifestyle habits andweight changes
is more removed compared with blood
glucose levels, making the link between
diet or physical activity and GWG less
salient than that for blood glucose. Five of
the 12 educationmodules had little direct
bearing on weight management but cov-
ered other aspects of GDM, and the total
durationof thesemodulesmayhavebeen
insufficient to have effects on GWG.

Second, the time for intervention from
recruitment (27 weeks) to delivery (38
weeks) may be enough to show a dif-
ference in glycemia but too short to have
an impact on GWG. A study with mean
gestation at recruitment of 25 weeks
showed improved glycemia and GWG
(22), while another with mean gestation
of 31 weeks showed no effect on glyce-
mia and GWG (23). Third, only 21% of
participants had EGWG at recruitment,
and the likelihood of a substantial num-
ber of participants developing EGWG
after a GDM diagnosis when they were
more aware of lifestyle modification and
after being able tomaintain optimal GWG
for two trimesters before recruitment
was low. This would reduce the power
to detect a difference in EGWG. Fourth,
mean baseline BMI of our study popu-
lation was relatively low (25.6 kg/m2),
and in studiesnot limited toGDM,mobile
technologies appeared to have greater
efficacy in preventing EGWG among
women who were overweight or obese

before pregnancy (20,35) and less effec-
tive in those with lower baseline BMI
(36). Findings were more varied in GDM:
In two studies where baseline BMI was
.30 kg/m2 (24) and .25 kg/m2 (22),
both sawGWGreductions, but inanother
with mean baseline BMI of 31.3 kg/m2,
there was no GWG reduction (23).

Our study shows that improved gly-
cemic control in GDM is associated with
improved neonatal outcomes, evenwhen
EGWGisnot affected. This discordance in
the effects of our intervention on GWG
and glycemic control, while inadvertent,
provides an opportunity to make infer-
ences about the differential impact of
targeting EGWG as opposed to glycemia
in women with GDM. These are hard to
tease apart. Previous RCTs involving in-
terventions that decreased GWG did not
affect perinatal outcomes (37) and were
not performed in the context of GDM. It
is difficult to conduct interventional stud-
ies in GDM where a difference in EGWG
is reached while maintaining similar gly-
cemic control. RCTs have shown that
loweringglycemia improvesperinatalout-
comes in GDM (4), but all except for two
did not collect data on GWG. Both of the
studies that collected GWG data saw
improved glycemia but similar GWG,
with one showing a reduction in large-
for-gestational-age infants (38) but the
other showing no difference in neonatal
outcomes (39). Perhaps EGWG should be
the focus early in pregnancy, and it may

Table 3—Delivery and neonatal outcomes by experimental group

Total (n 5 333) Intervention (n 5 168) Control (n 5 165) P value

Delivery outcomes
Mode of delivery 0.769
Normal vaginal 201 (60.4) 104 (61.9) 97 (58.8)
Assisted vaginal* 16 (4.8) 7 (4.2) 9 (5.5)
CS 116 (34.8) 57 (33.9) 59 (35.8)
Elective 56 (16.8) 30 (17.9) 26 (15.8)
Emergency 60 (18.0) 27 (16.1) 33 (20.0)

Preterm 24 (7.2) 14 (8.3) 10 (6.1) 0.526
Apgar score ,7 at 1 min 10 (3.0) 6 (3.6) 4 (2.4) 0.750
Apgar score ,7 at 5 min 1 (0.3) 0 (0.0) 1 (0.6) 0.494
Birth weight (g) 3,060.1 6 452.5 3,055.5 6 414.9 3,064.8 6 489.0 0.853
Macrosomia .4 kg 2 (0.6) 0 (0) 2 (1.2) 0.245

Neonatal outcomes
Composite neonatal complications† 152 (45.8) 64 (38.1) 88 (53.7) 0.006
Birth trauma 13 (3.9) 7 (4.2) 6 (3.6) 1.000
Neonatal hypoglycemia 61 (18.3) 24 (14.3) 37 (22.4) 0.065
Hyperbilirubinemia 60 (18.0) 27 (16.1) 33 (20.0) 0.355
Respiratory distress 53 (15.9) 24 (14.3) 29 (17.6) 0.455
NICU admission 33 (9.9) 12 (7.1) 21 (12.7) 0.100
Perinatal death 1 (0.3) 0 (0.0) 1 (0.6) 0.495

Data are n (%) ormean6 SD. *Five vacuumand two forceps delivery in the intervention group and six vacuumand three forceps delivery in the control
group. †Not prespecified.
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be more relevant to the prevention of
GDM (40), allowingmore time to have an
impact at a point when it is more rele-
vant. After the diagnosis of GDM, the
focus should be on glycemia.
The strengths of SMART-GDM include

itsmethodical designand randomization,
a large sample size, and the real-life clin-
ical setting where it was conducted as
well as its consideration of a compre-
hensive range of outcomes. However,
our trial design did not allow for the
exploration of longer-termmaternal and
neonatal outcomes postpartum. Addi-
tionally, we did not collect data that
would have allowed us to evaluate the
mechanisms by which our digital inter-
vention differentially affected GWG and
glycemic control. This limits the ability to
inform the development of similar digital
applications for GDM in other cultural
contexts. Our trial did not evaluate the
digital intervention in place of usual care.
Nonetheless, we believed that the dem-
onstration of efficacy when added to
usual care was an appropriate first step
before attempting a noninferiority trial
comparing a digital intervention with
usual care. Clinicians initiating treatment
were not blinded to intervention assign-
ment and could have potentially intro-
duced bias, but the nature of the study
did not allow clinician blinding. Adher-
ence to the lessonmoduleswas relatively
low but satisfactory in weight measure-
ments. Other components of interven-
tion were more complex, and adherence
was difficult to define or measure.
In conclusion, we developed a smart-

phone app-based lifestyle coaching pro-
gram that integrates with SMBG and a
Bluetooth weighing scale designed to
prevent EGWG and optimize glycemic
control in women with GDM. When
added to usual care, the use of the app
loweredmaternal blood glucose andwas
associated with fewer neonatal compli-
cations but did not reduce EGWG. Fur-
ther studies are required to better
understand which components of the
app gave rise to these findings and to
determine whether it can replace some
components of usual care.
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