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Abstract
Our objective was to evaluate the impact of a smartphone application as an adjunct to face‐to‐

face consultations in facilitating dietary and physical activity change among pregnant women.

This multicentre, nested randomised trial involved pregnant women with a body mass index

≥18.5 kg/m2, with a singleton pregnancy between 10 and 20 weeks' gestation, and participating

in 2 pregnancy nutrition‐based randomised trials across metropolitan Adelaide, South Australia.

All women participating in the SNAPP trial received a comprehensive dietary, physical activity,

and behavioural intervention, as part of the GRoW or OPTIMISE randomised trials. Women were

subsequently randomised to either the “Lifestyle Advice Only Group,”where women received the

above intervention, or the “Lifestyle Advice plus Smartphone Application Group,” where women

were additionally provided access to the smartphone application. The primary outcome was

healthy eating index (HEI) assessed by maternal food frequency questionnaire completed at trial

entry, and 28 and 36 weeks' gestation. Analyses were performed using intention‐to‐treat princi-

ples, with statistical significance at p = .05. One hundred sixty‐two women participated: 77 allo-

cated to the Lifestyle Advice plus Smartphone Application Group and 85 to the Lifestyle Advice

Only Group. Mean difference in HEI score at 28 weeks of pregnancy was 0.01 (CI [−2.29, 2.62])

and at 36 weeks of pregnancy −1.16 (CI [−4.60, 2.28]). There was no significant additional benefit

from the provision of the smartphone application in improving HEI score (p = .452). Although all

women improved dietary quality across pregnancy, use of the smartphone application was poor.

Our findings do not support addition of the smartphone application.
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1 | INTRODUCTION

Approximately 2 million people, or 40% of the world's population,

are overweight or obese (World Health Organization [WHO],

2015), representing a significant global health problem.
l Registration: Australian and

12612001277831OPTIMISE

Zealand Clinical Trials Regis-

wileyonlinelibrary.com/j
Furthermore, almost 50% of women in developed nations enter

pregnancy with a body mass index (BMI) above 25.0 kg/m2 (Chu,

Kim, & Bish, 2009; Scheil, Scott, Catcheside, Sage, & Kennare,

2015). Even for women of normal BMI, pregnancy often represents

a significant turning point in their health trajectory, with physiologic

changes during pregnancy promoting weight gain (Mannan, Doi, &

Mamun, 2013), placing them at risk of subsequent obesity

(Gunderson & Abrams, 2000; Schmitt, Nicholson, & Schmitt,

2007). In view of this, the WHO has highlighted the importance
© 2017 John Wiley & Sons Ltdournal/mcn 1 of 11
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Key messages

• Smartphone applications are becoming increasingly

popular in the health care setting as a supplementary

source of information.

• Smartphone applications have been used to provide

pregnancy‐related information, and although pregnant

women use these tools to seek health‐related advice,

evaluation of both content and efficacy is limited.

• Although well received by women, providing access to a

smartphone application provided no additional benefit

over and above face‐to‐face consultation and printed

materials in improving dietary and physical activity

patterns.
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of prevention of weight gain, particularly among women of repro-

ductive age (WHO, 2008).

Population‐based cohort studies accessing data from more than

240,000 pregnant women have highlighted the effects gestational

weight gain during pregnancy on pregnancy and birth outcomes

(Cedergren, 2006). Regardless of maternal BMI on entering preg-

nancy, weight gain above 16 kg was associated with an increased

risk of developing pre‐eclampsia, of requiring either a caesarean sec-

tion or instrumental vaginal birth, or giving birth to an infant with

weight above 4.0 kg (Cedergren, 2006). Conversely, weight gain of

less than 8 kg, again regardless of maternal BMI on entering preg-

nancy, was associated with a reduction in risk of pre‐eclampsia and

high infant birthweight, although it appeared to be at the expense

of an increase in the chance of birth of an infant small for gestational

age (Cedergren, 2006).

These findings led to a number of pregnancy intervention trials to

limit gestational weight gain, which have been summarised by

Thangaratinam and colleagues in a comprehensive systematic review

(Thangaratinam et al., 2012). Provision of an antenatal intervention

was associated with a modest reduction in gestational weight gain

(n = 6,543, 1.42 kg; 95% CI [0.95–1.89 kg]), although the effect on

pregnancy and birth outcomes was less certain (Thangaratinam et al.,

2012). Furthermore, provision of a maternal dietary and lifestyle inter-

vention has also been associated with improvements in maternal die-

tary intake and physical activity patterns (Dodd, Cramp, et al., 2014;

Guelinckx, Devlieger, Mullie, & Vansant, 2010; Poston et al., 2015;

Poston et al., 2013; Rae et al., 2000; Wolff, Legarth, Vangsgaard,

Toubro, & Astrup, 2008), although these studies have largely been con-

ducted in women who are overweight or obese.

Smartphone applications have been used as adjunct tools to stan-

dard clinical consultations to promote weight loss in nonpregnant

adults, facilitate individual access to resources, and increase engage-

ment and as a strategy to overcome some barriers associated with tra-

ditional face‐to‐face health care interactions (Okorodudu, Bosworth, &

Corsino, 2014). Smartphone applications have been used to provide

information regarding pregnancy care (Kaewkungwal et al., 2010),

and although pregnant women use these tools to seek health‐related

advice, evaluation of both content and efficacy is limited (Hearn, Miller,

& Lester, 2014). Several small pilot studies have investigated

smartphone applications as a tool to prevent excessive gestational

weight gain or to promote weight loss after birth (Herring, Cruice, Ben-

nett, Davey, & Foster, 2014; Knight‐Agarwal et al., 2015; Pollak et al.,

2014; Soltani et al., 2015; Willcox et al., 2017), although robust evalu-

ation of their impact on relevant clinical pregnancy and nutritional out-

comes is limited by both their small sample size and poor reporting of

outcomes indicative of behavioural change, including modification of

dietary and physical activity patterns.

Further rigorous methodological evaluation of smartphone appli-

cations is required before their widespread introduction as an adjunct

tool to support dietary and physical activity change and weight man-

agement during pregnancy. Our objective was to conduct a nested

randomised trial to evaluate the impact of a smartphone application

as an adjunct to standard face‐to‐face consultations in facilitating die-

tary and physical activity change among pregnant women with

BMI ≥ 18.5 kg/m2.
2 | METHODS

We conducted a nested randomised trial, in the context of two cur-

rently recruiting pregnancy nutrition‐based randomised trials, GRoW

(Trial Registration Australian and New Zealand Clinical Trials Registry

ACTRN12612001277831) and OPTIMISE (Trial Registration Austra-

lian and New Zealand Clinical Trials Registry ACTRN

12614000583640). These trials recruited women at 10 to 20 weeks'

gestation, from public maternity hospitals across metropolitan Ade-

laide, South Australia. In brief, the GRoW randomised trial is recruiting

pregnant women with BMI ≥ 25 kg/m2 to evaluate the effects of met-

formin use during pregnancy, as an adjuvant therapy to a dietary and

lifestyle intervention on pregnancy and birth outcomes (Dodd et al.,

2016). The OPTIMISE randomised trial is recruiting pregnant women

with BMI = 18.5–24.9 kg/m2 to evaluate the effects of an antenatal

dietary and lifestyle intervention on pregnancy and birth outcomes.
2.1 | Inclusion and exclusion criteria

Women who participated in the GRoW trial and women who partici-

pated in the intervention arm of the OPTIMISE trials received the com-

prehensive dietary and lifestyle intervention over the course of

pregnancy and were therefore eligible for participation in the nested

SNAPP randomised trial. The SNAPP trial was evaluating the use of a

smartphone application as an adjunct to standard face‐to‐face consul-

tations and standard written materials (as utilised previously; Dodd,

Turnbull, et al., 2014) to facilitate dietary and physical activity change

(Figure S1). Women participating in the OPTIMISE trial had a healthy

BMI (≥18.5–24.9 kg/m2), whereas women participating in the GRoW

trial were overweight or obese (BMI ≥ 25.0 kg/m2).

Women with a multiple pregnancy and a diagnosis of diabetes or

who did not own a smartphone were ineligible to participate in the

SNAPP randomised trial.
2.2 | Randomisation

At the time of a woman's first antenatal appointment, her height and

weight were measured, BMI was calculated, and written informed
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consent was provided to participate in the GRoW or OPTIMISE trials.

Women from both trials who were randomised to the comprehensive

dietary and lifestyle intervention over the course of pregnancy were

then provided with additional written information relating to participa-

tion in SNAPP. At this point, women were then additionally

randomised in the SNAPP nested trial to either the “Lifestyle Advice

Only Group” or to the “Lifestyle Advice plus Smartphone Application

Group” using the central computer randomisation service. The

randomisation schedule was computer generated, with balanced vari-

able blocks, and stratification for BMI category, maternal parity, and

centre of recruitment.
2.3 | Treatment schedules

Women who were randomised to the Lifestyle Advice Only Group

received a comprehensive lifestyle intervention involving a combination

of dietary, physical activity, and behavioural strategies, as have been

described and utilised previously (Dodd, 2014; Dodd et al., 2016). Over

the course of pregnancy, women attended two face‐to‐face sessions

(within 2 weeks of trial entry and 28 weeks' gestation) with a dietitian

and a face‐to‐face session at 36 weeks' gestation with a research assis-

tant were provided with specific written materials. In addition, each

woman received three telephone calls with the research assistant at

22, 24, and 32 weeks' gestation to reinforce both the written informa-

tion and the information provided in the face‐to‐face sessions.

The dietary advice provided was consistent with current Austra-

lian standards (Australian Guide to Healthy Eating, n.d.), to maintain a

balance of carbohydrates, fat, and protein, and to reduce intake of

foods high in refined carbohydrates and saturated fats, while increas-

ing intake of fibre and promoting consumption of two servings of fruit,

five servings of vegetables, and three servings of dairy each day (Aus-

tralian Guide to Healthy Eating, n.d.). Exercise advice primarily encour-

aged women to increase the amount of walking and incidental activity

(for example, taking the stairs rather than the elevator; Royal College

of Obstetricians and Gynaecologists, 2006). Tailoring of the interven-

tion was informed by stage theories of health decision‐making (Ben-

nett & Murphy, 1997). Women were encouraged to set achievable

goals for dietary and physical activity change and to self‐monitor their

progress, to identify potential barriers in the implementation of their

dietary and physical activity goals, to use these perceived barriers to

solve problems, and to develop individualised strategies to facilitate

their successful implementation.

Women who were randomised to the Lifestyle Advice plus

Smartphone Application Group received the same comprehensive life-

style intervention involving a combination of dietary, physical activity,

and behavioural strategies as outlined above. In addition, women

received access to a specifically developed interactive smartphone

application to reinforce the key information presented in both the

face‐to‐face sessions and telephone calls. The application was

designed by the researchers and Good Dog Designs (a local web devel-

opment company) and was web based and accessible on all

smartphones and tablets. A web‐based application was chosen, as

opposed to “native” applications (e.g., iOS or Android specific) as it

allowed for easier data transfer and was more cost‐effective (Hebden,

Cook, van der Ploeg, & Allman‐Farinelli, 2012). The application was
designed to be a simple intuitive application, requiring little instruction.

The information provided in the application was based on the Austra-

lian dietary guidelines (Australian Guide to Healthy Eating, n.d.) and

physical activity guidelines for pregnancy (Royal College of Obstetri-

cians and Gynaecologists, 2006). The application was designed to

encourage women to set dietary and physical activity goals and moni-

tor their progress (Okorodudu et al., 2014; Pagoto, Schneider, Jojic,

DeBiasse, & Mann, 2014). At their first study appointment, women

received a link to the smartphone application and information on

how to create a login. They received reminders and encouragement

to use the smartphone application at all study appointments and con-

tacts with research staff. Examples of the application interface are pre-

sented in Supporting Information.

Following development, the smartphone application was pilot

tested with 10 research staff for usability, after which modifications

were made to improve ease of use. We then piloted the application

on the first 20 women enrolled in the trial who were asked to rate

the usability of the application to determine if there were any issues

with the operation of the application, after using it for 2 weeks. Feed-

back indicated the application was easy to use on all mobile devices,

and further modification was not required.
2.4 | Study outcomes

The primary outcome of the SNAPP trial was change in healthy eating

index (HEI) over the course of pregnancy. Using information derived

from the food frequency questionnaire obtained at 28 and 36 weeks'

gestation, we used the 2005 HEI as an index of diet quality (Guenther,

Reedy, & Krebs‐Smith, 2008), consisting of 12 components, with a

maximum score of 100. Total fruit (including 100% juice), whole fruits

(excluding juice), total vegetables, dark green and orange vegetables,

vegetables and legumes (legumes included as a vegetable only after

the Meat and Beans standard was met), total grains, and wholegrains

categories are each scored out of five. Milk (all products made from

cow's milk, goat's milk, and soy beverages but excluding products that

are primarily fat such as butter, cream, sour cream, and cream cheese),

meat and beans (meat products, eggs, nuts, seeds, soy‐based products,

and legumes), oils (fats that are liquid at room temperature, from a

plant source and not described as “hydrogenated” or “shortening”

including oils from plant, fish, nuts and seeds, or margarines), saturated

fat, and sodium are each scored out of 10. Calories derived from solid

fats (all excess fat from the milk, meat, and beans components beyond

that would be consumed if only the lowest fat forms were eaten, solid

fats added to foods in preparation or at the table including cream, but-

ter, stick margarine, regular or low‐fat cream cheese, lard, meat drip-

pings, cocoa, and chocolate), alcoholic beverages, and added sugars

(SoFAAS) are scored out of 20. Scores for saturated fat, sodium, and

calories derived from solid fats, alcohol, and added sugars are reverse

scored, where a higher score indicates lower consumption. An HEI

above 80 is considered good, between 50 and 80 needs improvement,

and below 50 poor. The HEI has been validated for use in a pregnant

population (Pick, Edwards, Moreau, & Ryan, 2005).

Secondary outcomes included maternal dietary intake of macronu-

trients and number of servings of each food group, assessed by com-

pletion of the Harvard Semi‐quantitative Food Frequency
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questionnaire (The Willett Questionnaire) at 28 and 36 weeks' gesta-

tion. The Willett Questionnaire was developed in 1985 in the United

States to measure the daily intake of nutrients from 126 food items,

with an indication of standard portion size, divided into seven food

groups (Willett, Reynolds, Cottrell‐Hoehner, Sampson, & Browne,

1987), and has been validated for use during pregnancy (Fawzi, Rifas‐

Shiman, Rich‐Edwards, Willett, & Gillman, 2004) and in an Australian

setting (Ibiebele et al., 2009; Rumbold et al., 2006).

Maternal physical activity was assessed by completion of the Short

Questionnaire to Assess Health‐enhancing physical activity (SQUASH;

Wendel‐Vos, Schuit, Saris, & Kromhout, 2003), at 28 and 36weeks' ges-

tation. The 11‐item questionnaire evaluates the time spent in different

categories of physical activity, including commuting, leisure, household

and incidental, and work‐related activities. Each activity was assigned

an estimate of intensity in metabolic equivalent task units (METs; Ains-

worth et al., 2011). As the SQUASH reports physical activity during an

average week, MET minutes per week was calculated as duration (in

minutes) × frequency (days per week) × MET intensity.

Evaluation of the smartphone application was completed by

women randomised to the Lifestyle Advice plus Smartphone Applica-

tion Group via self‐completed questionnaire at 36 weeks' gestation.

Specific questions included whether the application was easy to under-

stand, whether women considered it useful, and whether the informa-

tion assisted in making healthier food choices and more time to

exercise. For each of the 12 questions, there were five alternate

answers on a Likert scale (strongly agree, agree, undecided, disagree, or

strongly disagree).
2.5 | Sample size

On the basis of our previous work in a similar population of pregnant

women, we estimated a mean (SD) HEI score of 72.1 (±7.1) following

the provision of a similar face‐to‐face lifestyle intervention (Dodd,

Cramp, et al., 2014). To detect a difference in mean HEI score between

treatment groups of 3.5 points (power 80%; α = .05), and allowing for

85% return rate of valid questionnaires, we required a sample size of

162 women. Previous trials have found significant associations

between diet quality and health complications with differences in

HEI score as small as 2 points (Mangou et al., 2012); we have chosen

3.5 points as more clinically meaningful difference and more likely to

influence practice.
FIGURE 1 Flow of participants through the SNAPP trial
2.6 | Statistical analyses

Analyses were performed on an intention‐to‐treat basis, according to

the treatment group allocated at randomisation (Lifestyle Advice Only

or Lifestyle Advice plus Smartphone Application). Analysis was on raw

data only without imputation for missing data. Women were included

in the analysis if they returned one or more valid questionnaires. Die-

tary questionnaires were considered invalid if over 25% of responses

were missing or if total energy intake was unrealistic (<4,500 or

>20,000 kJ; Meltzer, Brantsaeter, Ydersbond, Alexander, & Haugen,

2008). Physical activity questionnaires were considered invalid if the

total hours of activity reported exceeded the number of hours in a

week (Dodd, Cramp, et al., 2014; Dodd, Turnbull, et al., 2014).
To examine the effect of the smartphone application over time,

analyses used linear regression models with a generalised estimating

equation to account for repeated measures, and a time by treatment

interaction term. Results are presented as mean (and standard devia-

tion), with estimates of effect reported as differences in means with

95% confidence intervals, and derived separately at each time point.

Models included adjustment for centre, parity, and BMI category.

Responses to the questionnaire assessing women's opinions on

the smartphone application were assessed descriptively, using fre-

quencies and percentages. All analyses were performed using SAS

v9.3 (Cary, NC, USA).
2.7 | Ethics approval

Ethics approval was granted by the Women's and Children's Local

Health Network Human Research and Ethics Committee at the

Women's and Children's Hospital, the Central Northern Adelaide

Health Service Ethics of Human Research Committee (Lyell McEwin

Hospital), and the Flinders Clinical Research Ethics Committee (Flin-

ders Medical Centre). All women provided written informed consent

to participate.
3 | RESULTS

A total of 162 women participated in the SNAPP nested randomised

trial, with 77 women allocated to the Lifestyle Advice plus Smartphone

Application Group and 85 women to the Lifestyle Advice Only Group.

At least one valid dietary and physical activity questionnaire was

received from 76 women in the Lifestyle Advice plus Smartphone

Application Group and 85 women in the Lifestyle Advice Only Group

(Figure 1). At the time of trial entry, maternal characteristics were
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similar between the two treatment groups (Table 1). Approximately

43% of women were of normal BMI, 19% were overweight, and 38%

were obese. Approximately 9% of women were smokers, and 44%

were in their first ongoing pregnancy. Almost 50% of women were

from the two highest quintiles of social disadvantage, and 73% identi-

fied themselves as of Caucasian background.
3.1 | Healthy eating index

At trial entry, the HEI score and its components were similar between

the two treatment groups. The addition of the smartphone application

was not associated with any statistically significant differences in HEI

score, compared with the provision of lifestyle advice alone, at any

time point across pregnancy (Table 2). All women participating in the

trial demonstrated improvements in their consumption of milk and

wholegrains, and a reduction in their consumption of sodium over

the course of pregnancy, although there were no statistically signifi-

cant differences between the two treatment groups.
3.2 | Macronutrient and food group intake

At trial entry, macronutrient and food group intake were similar

between the two treatment groups. The addition of the smartphone

application was not associated with any statistically significant differ-

ences in macronutrient or food group intake, compared with the provi-

sion of lifestyle advice alone, at any time point across pregnancy

(Table S1). Women participating in the trial demonstrated increased

consumption of the number of servings of dairy per day and decreased

consumption of noncore food groups over the course of pregnancy,
TABLE 1 Baseline characteristics at trial entry

Characteristic

Lifestyle Advice plus Sma
Application Group
n = 77

Maternal age: Mean (SD) 30.87 (5.07)

Gestational age: Mean (SD) 16.78 (2.07)

BMI category: N (%)

BMI = 18.0 to 24.9 kg/m2 33 (42.86)

BMI = 25.0 to 29.9 kg/m2 17 (22.08)

BMI = 30.0 to 34.9 kg/m2 16 (20.78)

BMI = 35.0 to 39.9 kg/m2 6 (7.79)

BMI ≥ 40.0 kg/m2 5 (6.49)

Caucasian ethnicity: N (%) 56 (72.73)

Smoker: N (%) 7 (9.09)

Nulliparous: N (%) 33 (42.86)

SEIFA IRSD quintilea: N (%)

Quintile 1 (most disadvantaged) 20 (25.97)

Quintile 2 17 (22.08)

Quintile 3 13 (16.88)

Quintile 4 17 (22.08)

Quintile 5 (least disadvantaged) 10 (12.99)

Note. Data are presented as mean ± SD for continuous data, and n and percent
Socio‐Economic Disadvantage; SEIFA = Socio‐economic Indexes for Areas.
aIndex of socio‐economic disadvantage as measured by SEIFA.
although there were no statistically significant differences between

the two treatment groups.
3.3 | Physical activity

Overall, baseline physical activity patterns were similar between the

two treatment groups. Although women in the Lifestyle Advice plus

Smartphone Application Group reported higher leisure activity at trial

entry, this did not persist over the course of pregnancy (Table 3). There

were no statistically significant differences between the treatment

groups with regard the nature of the physical activity engaged in, and

all women reduced their total activity and work‐related activity over

the course of pregnancy.
3.4 | Evaluation of the smartphone application

A total of 24 women (31.2%) reported using the smartphone applica-

tion during their pregnancy (Table 4). Of those women who did not

use the smartphone application, reasons included that they forgot

(28.3%), they did not feel that they needed the additional information

(9.4%), or that they were too busy (7.6%). Only two women (3.7%) indi-

cated that they did not use the application due to problems in

accessing or navigation. Although the overall response rate was poor,

of those women who responded, approximately 50% liked the

smartphone application and found the information provided useful,

particularly in relation to portion size, food groups and recipe sugges-

tions, as well as the opportunity to set dietary and exercise goals.

Women indicated that use of the smartphone application assisted

them to make healthier food choices and time to exercise.
rtphone Lifestyle Advice
Only Group Overall
n = 85 n = 162

31.01 (6.16) 30.94 (5.65)

16.51 (2.07) 16.63 (2.07)

36 (42.35) 69 (42.59)

14 (16.47) 31 (19.14)

16 (18.82) 32 (19.75)

10 (11.76) 16 (9.88)

9 (10.59) 14 (8.64)

62 (72.94) 118 (72.84)

8 (9.41) 15 (9.26)

39 (45.88) 72 (44.44)

20 (23.53) 40 (24.69)

21 (24.71) 38 (23.46)

16 (18.82) 29 (17.90)

16 (18.82) 33 (20.37)

12 (14.12) 22 (13.58)

age for categorical data. BMI = body mass index; IRSD = Index of Relative



TABLE 2 Maternal dietary healthy eating index

Outcome
Lifestyle Advice plus
Smartphone Application Group

Lifestyle Advice
Only Group

Estimated effect of smartphone
application (95% CI)

p
value

HEI 0.452a

Trial entry 66.94 (9.44) 67.82 (8.86) −1.77 [−4.57, 1.03] 0.214

28 weeks 68.73 (8.29) 68.01 (8.86) 0.01 [−2.59, 2.62] 0.992

36 weeks 67.69 (9.24) 68.51 (10.21) −1.16 [−4.60, 2.28] 0.509

Total fruit score 0.616a

Trial entry 4.65 (0.83) 4.50 (1.15) 0.10 [−0.22, 0.41] 0.548

28 weeks 4.68 (0.79) 4.56 (0.96) 0.03 [−0.24, 0.30] 0.846

36 weeks 4.59 (1.03) 4.62 (0.96) −0.08 [−0.45, 0.28] 0.645

Whole fruit score 0.040a

Trial entry 4.88 (0.59) 4.65 (0.91) 0.21 [−0.03, 0.46] 0.089

28 weeks 4.87 (0.68) 4.87 (0.65) −0.05 [−0.28, 0.17] 0.635

36 weeks 4.71 (0.98) 4.80 (0.79) −0.12 [−0.45, 0.20] 0.457

Total vegetable score 0.962a

Trial entry 4.84 (0.51) 4.78 (0.59) 0.05 [−0.12, 0.22] 0.595

28 weeks 4.91 (0.37) 4.86 (0.49) 0.03 [−0.11, 0.17] 0.673

36 weeks 4.85 (0.49) 4.77 (0.68) 0.05 [−0.16, 0.26] 0.645

Dark green/orange veg score 0.524a

Trial entry 4.57 (0.99) 4.34 (1.14) 0.14 [−0.19, 0.47] 0.409

28 weeks 4.69 (0.82) 4.49 (1.09) 0.12 [−0.17, 0.42] 0.414

36 weeks 4.56 (0.98) 4.51 (1.11) −0.06 [−0.43, 0.31] 0.760

Total grains score 0.299a

Trial entry 2.96 (1.09) 3.12 (1.15) −0.24 [−0.59, 0.12] 0.190

28 weeks 3.16 (1.09) 3.13 (1.18) 0.03 [−0.32, 0.39] 0.847

36 weeks 3.03 (0.99) 3.15 (0.97) −0.17 [−0.53, 0.20] 0.372

Wholegrains score 0.454a

Trial entry 1.39 (1.24) 1.24 (1.22) 0.07 [−0.30, 0.44] 0.706

28 weeks 1.51 (1.28) 1.54 (1.35) −0.03 [−0.43, 0.37] 0.878

36 weeks 1.44 (1.21) 1.67 (1.36) −0.23 [−0.67, 0.21] 0.300

Total milk score 0.168a

Trial entry 6.57 (2.92) 6.30 (2.99) 0.34 [−0.59, 1.27] 0.474

28 weeks 7.51 (2.43) 7.66 (2.42) −0.22 [−1.00, 0.55] 0.569

36 weeks 7.52 (2.49) 8.26 (2.02) −0.58 [−1.43, 0.27] 0.182

Meat and beans score 0.493a

Trial entry 9.82 (0.80) 9.81 (0.73) −0.02 [−0.28, 0.23] 0.874

28 weeks 9.93 (0.45) 9.77 (0.67) 0.11 [−0.09, 0.31] 0.279

36 weeks 9.74 (0.85) 9.73 (0.93) −0.04 [−0.37, 0.29] 0.819

Total oils score 0.325a

Trial entry 3.67 (3.03) 4.04 (3.32) −0.47 [−1.46, 0.51] 0.346

28 weeks 3.44 (3.01) 3.60 (3.13) 0.05 [−0.94, 1.04] 0.919

36 weeks 3.53 (2.97) 3.49 (3.48) 0.24 [−0.86, 1.35] 0.668

Total saturated fat score 0.804a

Trial entry 3.97 (3.28) 4.56 (2.95) −0.83 [−1.82, 0.17] 0.104

28 weeks 3.65 (3.01) 3.94 (3.11) −0.48 [−1.45, 0.49] 0.335

36 weeks 3.37 (2.72) 3.83 (3.24) −0.54 [−1.61, 0.54] 0.326

Total sodium score 0.146a

Trial entry 8.01 (1.41) 8.36 (1.40) −0.41 [−0.82, 0.01] 0.054

28 weeks 8.51 (1.09) 8.40 (1.40) −0.03 [−0.43, 0.38] 0.891

36 weeks 8.59 (1.13) 8.48 (1.17) 0.02 [−0.37, 0.42] 0.902

Total SoFAAS score 0.321a

Trial entry 11.61 (5.55) 12.11 (5.83) −0.73 [−2.51, 1.05] 0.419

(Continues)

6 of 11 DODD ET AL.
bs_bs_banner



TABLE 2 (Continued)

Outcome
Lifestyle Advice plus
Smartphone Application Group

Lifestyle Advice
Only Group

Estimated effect of smartphone
application (95% CI)

p
value

28 weeks 11.88 (5.14) 11.18 (5.90) 0.54 [1.15, 2.23] 0.533

36 weeks 11.75 (5.82) 11.20 (5.29) 0.38 [−1.63, 2.40] 0.709

Note. Results are presented as mean and standard deviation; estimates of effect are differences in means, with 95% confidence intervals. Models included
adjustment for centre, parity and body mass index category. HEI = Healthy Eating Index; SoFAAS = calories from saturated fats, alcohol and added sugar.
ap values are for test of time by treatment interaction.

TABLE 3 Maternal physical activity

Outcome
Lifestyle Advice plus Smartphone
Application Group

Lifestyle Advice
Only Group

Estimated effect of smartphone
application (95% CI)

p
value

Commuting 0.158a

Trial entry 98.55 (178.67) 89.37 (260.64) 5.48 [−63.99, 74.96] 0.877

28 weeks 76.83 (152.67) 110.37 (342.39) −40.77 [−126.04, 44.51] 0.349

36 weeks 66.83 (125.86) 133.23 (361.53) −81.96 [−180.92, 17.00] 0.105

Leisure 0.154a

Trial entry 1480.26 (1590.64) 917.51 (1090.16) 517.49 [91.56, 943.41] 0.017

28 weeks 1030.29 (947.31) 879.02 (1071.42) 96.34 [−224.20, 416.87] 0.556

36 weeks 940.98 (880.56) 760.40 (1021.09) 155.33 [−207.33, 518.00] 0.401

Housework 0.578a

Trial entry 3709.11 (3955.37) 3505.87 (3857.23) 13.21 [−1083.19, 1109.60] 0.981

28 weeks 2890.46 (3080.78) 3242.52 (3643.54) −528.09 [−1482.95, 426.76] 0.278

36 weeks 2849.60 (2901.83) 3147.62 (3317.30) −233.11 [−1231.08, 764.86] 0.647

Work 0.681a

Trial entry 4723.75 (3041.92) 4343.88 (3348.65) 733.67 [−144.81, 1612.16] 0.102

28 weeks 4484.89 (3306.10) 3757.48 (3379.39) 783.01 [−136.90, 1702.92] 0.095

36 weeks 3609.34 (3405.45) 2252.91 (2764.43) 1191.17 [65.70, 2316.65] 0.038

Total METs 0.382a

Trial entry 10011.68 (4303.88) 8856.64 (4108.97) 1233.91 [−111.66, 2579.49] 0.072

28 weeks 8517.06 (4088.03) 7989.38 (4305.85) 336.04 [−956.72, 1628.79] 0.610

36 weeks 7452.67 (4230.63) 6294.16 (3978.80) 1018.02 [−503.98, 2540.02] 0.190

Note. Results are presented as mean and standard deviation measured in MET minutes per week; estimates of effect are differences in means, with 95%
confidence intervals. Models included adjustment for centre, parity, and body mass index category. MET = metabolic equivalent task.
ap values are for test of time by treatment interaction.

TABLE 4 Evaluation of the smartphone application

Question Strongly agree Agree Undecided Disagree Strongly disagree No response

Liked smartphone application 3 (12.50) 9 (37.50) 1 (4.17) 0 (0.00) 0 (0.00) 11 (45.83)

Overall easy to follow and understand 5 (20.83) 8 (33.33) 1 (4.17) 0 (0.00) 0 (0.00) 10 (41.67)

Information on food groups easy to follow 4 (16.67) 9 (37.50) 1 (4.17) 0 (0.00) 0 (0.00) 10 (41.67)

Information on safe exercise easy to follow 4 (16.67) 10 (41.67) 0 (0.00) 0 (0.00) 0 (0.00) 10 (41.67)

Information on portions easy to follow 4 (16.67) 9 (37.50) 1 (4.17) 0 (0.00) 0 (0.00) 10 (41.67)

Practical suggestions in app were useful 5 (20.83) 8 (33.33) 1 (4.17) 0 (0.00) 0 (0.00) 10 (41.67)

Recipe suggestions were useful 5 (20.83) 7 (29.17) 2 (8.33) 0 (0.00) 0 (0.00) 10 (41.67)

Overall found app useful 4 (16.67) 7 (29.17) 3 (12.50) 0 (0.00) 0 (0.00) 10 (41.67)

Helped me make healthier food choices 2 (8.33) 6 (25.00) 5 (20.83) 1 (4.17) 0 (0.00) 10 (41.67)

Helped me make time to exercise 2 (8.33) 6 (25.00) 5 (20.83) 1 (4.17) 0 (0.00) 10 (41.67)

Setting dietary goals helped 3 (12.50) 10 (41.67) 1 (4.17) 0 (0.00) 0 (0.00) 10 (41.67)

Setting exercise goals helped 3 (12.50) 10 (41.67) 1 (4.17) 0 (0.00) 0 (0.00) 10 (41.67)
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4 | DISCUSSION

The findings of our nested randomised trial indicate that the addition

of a smartphone application as an adjunct to a comprehensive lifestyle

intervention comprising face‐to‐face and telephone contact with dieti-

tians and research assistants, in addition to provision of written infor-

mation, was not associated with significant improvements in maternal

dietary intake or physical activity patterns. Although the smartphone

application was favourably evaluated, overall uptake and utilisation

during pregnancy was poor.

Our nested randomised trial utilised robust methodology and,

to our knowledge, is the first to evaluate the use of a smartphone

application as an adjunct tool to a comprehensive lifestyle inter-

vention during pregnancy, and the first to evaluate the impact

on maternal dietary intake and physical activity. Limitations

include our reliance on self‐completed questionnaires, which may

have introduced an element of recall bias, although this would

be expected to be operating in a similar direction and magnitude

across treatment groups. Although more detailed 24‐hr dietary

recall methods and use of an accelerometer may have provided

more accurate assessments of dietary intake and physical activity,

it was not considered feasible in this research context. A further

limitation is the low response rate of women in the evaluation

of the smartphone application, with potential introduction of non-

responder bias, where women who responded may have viewed

the application in a more positive manner, than those women

who did not complete the evaluation questionnaire.

Willcox and colleagues report the feasibility of a comprehen-

sive mHealth intervention during pregnancy, although not directly

comparable with our trial, compared with provision of healthy diet

and exercise brochures involving a total of 91 women. A combina-

tion of programme‐generated information and maternal self‐report

supported the feasibility of the intervention, which was also found

to be associated with improvements in gestational weight gain.

Although women reported a smaller reduction in physical activity

during pregnancy following access to the intervention, there were

no reported differences in maternal dietary intake (Willcox et al.,

2017). The PEARS randomised trial is evaluating the impact of

an mHealth lifestyle package as compared with usual care among

pregnant women who are overweight or obese on gestational dia-

betes (Kennelly et al., 2016). The findings of this trial will further

add to the available literature evaluating the role of mHealth

interventions during pregnancy.

There has been considerable interest in the use of smartphone

applications for the delivery of dietary and lifestyle interventions to

facilitate weight loss in nonpregnant individuals, with a number of sys-

tematic reviews conducted (DiFilippo, Huang, Andrade, & Chapman‐

Novakofski, 2015; Hutchesson et al., 2015; Stephens & Allen, 2013).

Some studies assessing smartphone applications have been associated

with improved knowledge about nutrition (DiFilippo et al., 2015),

including an effect on weight loss and increased physical activity (Ste-

phens & Allen, 2013). A more comprehensive systematic review and

meta‐analysis by Hutchesson et al. (2015) evaluated a broader range

of electronic health care interventions, including internet, computer,

mobile, and smartphone technologies to promote weight loss. The
addition of any one of these modalities to standard face‐to‐face

counselling was not associated with any additional clinical benefit in

terms of weight loss (Hutchesson et al., 2015). Although such interven-

tions have been evaluated favourably (Stephens & Allen, 2013), cur-

rent evidence would suggest little additional benefit over standard

counselling sessions.

We report a low uptake and use of the smartphone application,

being used by only 31.2% of eligible women, despite the provision of

reminders at all study appointments and contacts with research staff,

a finding consistent with other reports in the limited pregnancy litera-

ture (Hearn et al., 2014; van Zutphen, Milder, & Bemelmans, 2008).

Following focus group consultation, the Western Australian Govern-

ment developed a healthy lifestyle website and smartphone applica-

tion for pregnancy, which was subsequently promoted through

antenatal clinics, hospitals, and general practitioners (Hearn et al.,

2014). Uptake of the smartphone application was very low with only

7% of pregnant women accessing this information (Hearn et al.,

2014). In a Dutch study, similar low rates (17%) of use have been

reported for an online lifestyle intervention in pregnancy, even follow-

ing the advice and recommendation of their midwife (van Zutphen

et al., 2008). Importantly, the women who accessed this online inter-

vention were more highly educated and had a healthier lifestyle, when

compared with the general pregnant population (van Zutphen et al.,

2008), highlighting the difficulty in engaging women who may derive

most benefit such an intervention. Furthermore, in both of these stud-

ies, the information provided in the smartphone application was pro-

vided as a stand‐alone intervention (Hearn et al., 2014; van Zutphen

et al., 2008).

Further research is required to determine the optimal method of

engaging pregnant women in healthy lifestyle interventions, particu-

larly those delivered by mobile and smartphone technologies. The

mean gestational age of recruitment to the SNAPP trial was 16 weeks.

This may be too late, with evidence that women are accessing infor-

mation about pregnancy on smartphone applications and the internet

prior to attendance for their first antenatal appointment

(Kraschnewski et al., 2014; Rodger et al., 2013). Women report

accessing and comparing information across multiple websites and

applications, and of tiring of applications quickly (Rodger et al.,

2013). Similar themes have been identified in a study in young adults

(Dennison, Morrison, & Conway, 2013). Although participants indi-

cated an interest in improving health, they were not committed to

using any one particular application, often downloading and compar-

ing several related applications (Dennison et al., 2013).

Our smartphone application included a combination of infor-

mation provision, goal setting, feedback, and self‐monitoring.

More recent studies are investigating the use of momentary or

context sensing, and gaming to increase uptake of interventions

(Dicianno, Parmanto, & Fairman, 2015). Momentary sensing

involves the collection of data in real time from the smartphone

and may include information such as movement, location, and

mood (Dennison et al., 2013; Dicianno et al., 2015). This informa-

tion can then be used to provide responses that are appropriate

to the context without needing the user to input any information,

for example, providing feedback and encouragement when activity

is sensed and goals are met (Dennison et al., 2013). Gaming



DODD ET AL. 9 of 11
bs_bs_banner
involves the use of popular strategies to maintain interest and

engagement with the application and may include virtual points

or rewards, and individual or team challenges with other users

(Dicianno et al., 2015). Incorporation of momentary sensing or

gaming strategies may potentially increase usage and uptake of

future smartphone applications among pregnant women.
5 | CONCLUSION

To our knowledge, the SNAPP randomised trial is the first to evaluate

effect of the addition of a smartphone application to support an antena-

tal lifestyle intervention among pregnant women, with an assessment

of dietary and physical activity outcomes. Our findings do not support

the use of a smartphone application over and above a comprehensive

intervention comprising face‐to‐face and telephone contacts with

research staff. Future research should further explore ways of improv-

ing engagement with and uptake of healthy lifestyle messages during

pregnancy and may include the further use of evolving technologies.
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